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BCTYII

Y 3B’I3Ky 13 MPOTHO30BAaHUM BHYEPIAHHSIM OCHOBHUX BHUJOOYBHHUX
€HEProHOCIiB, €Hepris 13 BIJHOBIIOBAJLHUX PECYpCIiB € OJHIED 3 HANUOUIBII
00roBOpIOBaHUX TeM B €BpOIll Ta B YChOMY CBITI. Ben4e3Hi BUKUIU BYTJIEKUCIIOTO
raszy i MeTaHy B arMocdepy NpHU3BOJATH 10 30UIBIICHHS TAPHUKOBOTO e(DEeKTy.

[lepen arpapHUMHU TIANPHUEMCTBAMU IIOCTAa€E OO ’€KTHBHA HEOOXITHICTH
BIIPOBA/DKEHHSI 1HHOBAIIMHUX EHEPro30epiraloynx TEXHOJOTINH, OpPIEHTOBAaHUX Ha
BUPOOHHUIITBO O10JIOTIYHUX BHUIB TAJKBA, K1 OJCPKYIOTh Y PE3YNIbTaTi EPEpOOKU
6iosoriuHoi cupoBuHU. (OCHOBOIO CKJIAJOBOIO TOTEHLIaTy OiomMacu € coyioma.
Oco0nmBe Miciie B BUKOPUCTaHHI OioMacu 3aiiMae OTpUMAaHHS IIJISIXOM aHaepOOHOTO
30poKyBaHHA 010Ta3y Ta BHCOKOSIKICHUX €KOJIOTIYHO O€3MEeYHUX OpTraHIYHUX
n00puB.

3anmyyeHHs B CHEPreTUYHUM OanaHc OIOJOTIYHMX BHJAIB TajJuBa  SK
MOHOBJIIOBAHUX PECYPCIB aKyMYJIbOBAHOI COHSIYHOI €HEPrii € OJJHUM 13 CTpaTEri4YHUX
HaIpsIMKIB PO3BUTKY MUBLII3aMIl. OMHAK MONIMPEHHS BUKOPUCTAHHS O10JOTTYHHUX
€HEepropecypciB JOBOJI CKIAJAHUN Mpoliec, 10 MNOTpedye IO0AATKOBUX BUTpAT AJIs
HaJIaHHS IM CIIOKUBYMX SKOCTEH. Y TOM ke 4ac, MOCTIMHUM PICT I[IH HA MaJMBO Ta
HEOOXITHICTh 30€peKeHHS MPUPOJHOTO CEPENOBHINA MOTPEOYIOTh 30CEPEIKEHHS
3yCWJIb Ha pO3poO0Ill METOMIB Ta TEXHIYHUX 3aco0iB s 3a0e3MeueHHs
€HEProaBTOHOMHOCTI CLIILCHKOTOCIOIaPCHKOI0 BUPOOHUIITBA.

TexHiuHI Ta TEXHOJOTIYHI pIIIEHHS, HABEJEHI B JAaHOMY HaBYAJIbHOMY
MOCIOHUKY  JaJyTh MOKJIMBICTh pallOHAIBHOIO BHUOOpPY Ol10€HEPreTUYHOro
oOJialHaHHS ISl arpapHOr0 BUPOOHUIITBA 3aJICKHO Bij (DIHAHCOBUX YMOB KOXHOTO
KOHKPETHOTO TOCIIOIapCTBA.

Po3poOky HaBUagbHOTO MOCIOHWKA BUKOHAHO HAa OCHOBI OCTaHHIX JOCSATHECHB
MPOBIAHUX HAYKOBIIIB B Taly31 TEXHIYHOI OI0CHEPTEeTHUKUA Ta Pe3yJbTaTiB HAyKOBO-
JOCIITHUX POOIT OTPUMAHUX ABTOPCHKUM KOJEKTHMBOM. BiH MICTHTHh akTyalibHi
y3arajbHEHHS MO0 KOHCTPYKIIIi, PO3paxyHKy Ta eKCIuTyaTalii Ol0€HEepreTHYHUX
CUCTEM B arpapHoMmy BHpOOHUITBI. Cepel HHX OCHOBHI TOHATTA IIOJO
Ol0OCHEPTeTUYHUX CHUCTEM B arpapHOMy BHUPOOHHIITBI, OCHOBM BHPOOHMIITBA 1
BUKOPUCTAHHA JU3EIbHOTO OlomanuBa, OloeTaHONMy, BUpPOOHMIITBA Oiorasy,
BUKOPUCTAaHHA Olorazy Ha TEIUIOBI MOTpeOM Ta JJii OTPUMAHHS EJIEKTPOEHEpTii,
MeXaHi3allii 3aroTiBjli COJIOMHU AJiI €HEPreTUYHOI0 BUKOPUCTAHHS Ta BUPOOHUIITBA
CHEPTreTUYHUX KYJBTYP.

HaBuanpHuii mociOHMK po3po0seHo 3a (piHAHCOBOI MIATPUMKH ATEHTCTBA
OOH 3 nutanp npomucioBoro po3sutky (UNIDO), a came npoekty "IlinBuiieHHs
EHEepreTHyHoi e(EeKTUBHOCTI Ta CTUMYJIIOBAHHS BHKOPHUCTAHHS BiJHOBJIIOBAHHX
JDKEpeNl eHeprii B arpo-XapyoBUX Ta IHIIMX MajMX Ta CEPeAHIX MIAMPUEMCTBAX B
VYkpaini". TlociOHMK po3paxoBaHO [JIsi MIATOTOBKU (DaxiBIIB OCBITHROTO CTYIICHS
«bakamaBp» 1 «Marictpy MamMHOOYMIBHUX Ta arpolHyKEHEPHUX HANpPsIMiB
MITOTOBKYM CHEINANICTIB y BUIMUX HaBUYAIbHUX 3akiafgax Ykpainu III-IV piBHiB
aKpeauTaIti.



1. BIOEHEPIT'ETHUYHI CUCTEMHA B ATPAPHOMY BUPOBHUIITBI.
OCHOBHI ITOHATTS, TEPMIHU 1 BUSHAYEHHS

1.1. Poab eHepropecypciB y BHPOOHHITBI Ta KMTJI0BO-KOMYHAJIbLHOMY
rocnoaapcTBi

EnepreTuyni pecypcu B CydyacHHMX yMOBax HEOOXIJHI, SK JUIsI OpraHizarii
camMoro TmpoIecy BHUPOOHHUIITBA Tak 1 s 3a0e3meueHHs NOTped IoneH, IIo
3aiiMaroThCsl UM BHpPOOHHITBOM (puc. 1.1). ArpapHe BHPOOHHMIITBO TaKOX
HEMOXJTHBE 0€3 e(hEeKTUBHOTO 3a0€3MeUEHHS EHEPTOPECyPCaMH.

EEMEHTH (OMYHATIbHE
— OPIrAHI3ALUII
BMPOBHULTBA roCrnogArPCTBO
aniTanoBKNageHHs PUroTyBaHHS iXi
T B —
|  BypiBenbHi cnopyan | MasoBi nAuTH, AYXOBKM,
CKOPOBapKu
| TexHonoriune o6nagHaHHs |
KyxoHHe
| EHepreTu4He o6nagHaHHs | enekTpoobnagHaHHs
| TpaHcnopT | —— OnaneHHs, BeHTUNALIA |
S Poboua crna | | Fa3oBi Ta enekTpuyHi koTnu |
- = BeHTunaropu,
| YnpaBniHcbkui nepconan | KoHAMLIOHEPH, TennoBi
| Hacocu

| MpauiBHUKK

Enepropecypon | — BogonocTavyaHHs |

| | Hacocw, BogoHarpiBayi |

- Mo6yToBi 3py4yHoCTi |
OcBiTneHHsA, Tenesi3opu,
| BeH3uH | KoMn'loTepm i T.n.

Puc. 1.1. Cxema BUKOPUCTAHHS €HEPropecypciB y BUPOOHHUITBI TA *KUTJIOBO-
KOMYHAJIbHOMY I'OCIOXaPCTBi

| EnekTpoeHepris

| Ou3encHe nanveo |

ko npoaHanizyBaTH CHOKMBAHHS €HEPropecypciB B YKpaiHi 3arajiom Ta
OKpeMO B arpapHoMy BuUpoOHMITBI (Tabia. 1.1), To MokHa 3pOOMTH BHUCHOBOK, IIO
CITbCBKOTOCTIOAPChKE BUPOOHHUIITBO CIOKHMBAE€ HE3HAUHY YacCTKy ITMX PECYpPCIB.
[Ipore, cnokuBaHHS OCH3WHY 3HAXOAUTHCA Ha PiBHI 5 % BiA HWOro 3arajibHOTO
CIIO’KMBAaHHS, a BUTpPaTH AW3EIBHOrO majmBa — Ha piBHI 23,5 % Bixg 3aranpHOI
KUIBKOCT1 BUTPAT JU3EILHOTO MajnBa B KpaiHi.



Heo0ximHo 3ayBakuTH, 110 332 OJUHUITI0O YMOBHOTO TManuBa (y.II.) mpuitmanacs
TEIUIOTBOPHA 37aTHICTh 1 KI KaM'ssHOTO BYT1LIS, IO cTaHOBUTH 29,3 Mk a6o 7000
KKaJl.

Tabimnus 1.1. Cno:xkuBanus eHepreTuyHux pecypceis y 2013 ta 2014 pp.

CinbchKe, J1iCOBE Ta pUOHE FOCIIOIaPCTBO
Bun Crioxuto BiJ 3arajibHOT B HATYPaJIbHUX
eHEepropecypeis KUIBKOCT1 Y % OJIMHULISIX
2013 p. | 2014 p. | 2013 p. | 2014p. | 2013 p. | 2014 p.
¥ CHOT0, MITH. T 1657 | 1274 | 1.9 22 315 | 2,80
YMOBHOFO ITaJINBa
Byrinmsa, muH. T 71,3 53,9 0,1 0,2 0,0713 | 0,1078
I'as npupoini, 497 | 386 11 10 | 05467 | 0,3860
MJIpI. M
bensus MOTOpHHH, | 4159 o | 31061 4.6 4.9 1850 | 1522
TUC. T
gf‘”;m AUMSCIBHS, | e1652 | 54373 | 22,1 235 | 13625 | 1277.8
Jlposa ns , | 28925 | 2916,6 6,4 6,4 185,12 | 186,66
OInaJICHHA, THUC. M
Enexrpoenepris, | gg4795 | 171507 | 1.6 1,7 2906 2940
MJH. KBT. ros.

Mixuaponue enepreruune areHTCTBO (IEA) 3a onMHMIIO YMOBHOTO TajuBa
npuitmae HaTOBUM €KBIBAJICHT, 3BUYAitHO Mo3HauyBaHuii adpesiatyporo TOE (anrm.
Tonne of oil equivalent). Ogna ToHHa HadTOBOrO €kBiBaJieHTa AOpiBHIOE 41,868
I'Ix a6o 11,63 MBT rox., a6o »x 10000 kkaun.

1.2. Cno:xxuBaHHS eHepropecypciB y arpapHoMy BUPOOHUITBI

SKIIO TOTJIIHYTH Ha JAWHAMIKY CIIOKHWBAHHS €HEPropecypciB y CLIbCHKOMY
rocroaapctsi (Tabia. 1.2) To ocTaHHIMU pOKaMH BiIOYBAa€ThCs HE3HAYHE 3POCTAHHS
CTIOKMBAHHS PIIKOTO JU3EIBHOTO Ta TBEpAOro (ApoBa Ta BYTULIS) MaluBa.
Croctepiraetbcss 3MEHIICHHS BUKOPUCTAaHHS TMPHUPOAHOTO Tazy Ta OCH3UHY.
CnoxuBaHHS €JIeKTPOCHEPrii 3aJIMIIAETHCA Ha CTAOUIBLHOMY pIBHI 1 3aJ€XHUTh BiJl
CE30HHUX YNHHUKIB.

Cepiio3Huii BIUIMB Ha €(EKTHUBHICTH CLIHCHKOTOCIIOAAPCHKOTO BHPOOHHUIITBO
MalOTh HACIIIKHA MOJAOPOKYAHHS MOTOPHOTO MayivBa (30UTBIIICHHS I[IHU MaJiMBa Ha
1 rpH./KT IPU3BOAUTH 10 JOJATKOBUX 3aTpaT B arpapHOMY BHPOOHHUIITBI y pO3Mipi



Bix 1,3 mo 1,5 mapx. rpu.). Jlopoxkdae Takox razonoioHe naiauBo. Tak ¥oro 1iHa i3
1390 rpu/m® Ha mouarox 2015 pPOKy 3pocTe 0 HPOrHO30BaHHMX 7670 rpE/M° Ha
noyatok 2017 poky.

Kpim Toro, B 3B’3Ky 13 pocToM Tapu(iB, 3HAYHO 3pOCTAIOTh BUTPATH Ha
CIIEKTPOCHEPTIIO CIIOXKHUTY B CLIBCHKOMY Tocrogapctsi (puc. 1.2).

Taoauusa 1.2. /IluHaMika CHOKMBAHHS EHEPropecypciB y CLIbCBKOMY
rocnoapcTBi YKpainu

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Poxkn

Puc. 1.2. /lunamika 3MiHH BaApTOCTI eJIeKTPOCHEPrii CIOKUTOI y

ClJILCHKOr0COAAPCHKOMY BHPOOHULTBI

P
Pecypcu o
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
[usenbHe
TATTHBO, 1821|1956|1834(1697|1687|1540|1154(1174|1233|1253(1201|1350/1319|1363(1278
TUC. T
benzun,
o 506 |1058|1077| 971 | 976 | 888 | 317 | 299 | 289 | 216 | 232 | 224 | 204 | 185 | 152
ﬁﬁlﬂf’“ 0,1310,13/0,13/0,07 0,07 |0,06 /0,07 |0,07 | 0,07 |0,06 | 0,07 |0,07 |0,07 | 0,07 | 0,11
a3
npupommwii, |0,27 0,39 (0,46 |0,51|0,58|0,65 0,57 |0,54 |0,64 10,60 0,61 (0,69 |0,59 |0,55 | 0,39
MJIPJI. M
HpoBa s
onamenns, | 695 [1050(1259(1171(1035| 867 | 222 | 186 | 170 | 27 | 187 | 180 | 183 | 185 | 186
THUC. M3
Enexrpuuna
;’J{E“"’ — | = | = | = | = |2774]2814|3097|2916|2928|3054 /2990|2829 /2906|2940
kBTt ros.
= 4000
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Came TOMy HEOOXIHO MPUIUIATA YyBary po3poOIll eHeprozoepiraroymx
TEXHOJIOTIM Ta BIAMOBIIHOT TEXHIKM, BUKOPHUCTAHHIO BIJIHOBJIFOBAHOTO PIJIKOTO,




TBEPJOTO Ta TAa30MOIOHOTO TMajlvBa, BIPOBAKCHHIO IMEPEPOOKH CHPOBUHU Ha
MICIICBOMY piBHI, ONTUMI3alil 1HGPACTPYKTYpH 1 TpPaHCHOPTHUX Mmochyr. Bei i
1HHOBAIIIMHI 3MiHHU 3a0€3MeYarh JOJAaTKOBY NMPUOYTKOBICTh ClIHCHKOTOCIIOAAPCHKOTO
BUPOOHHUIITBA B YMOBAX POCTY IIiH HA CHEPTCTHUYHI PECYPCH.

1.3. O0'extn dioenepreruununx cucrem B AIIK

3Bakaoud Ha Te, MO B KpaiHax wieHax €C croctepiraeTbcsi 0COOIMBO
CTPIMKHI pO3BUTOK 010€HEPTeTUYHUX CUCTEM, JUpeKTuBamMu €Bporelicbkoro Corosy
3alJIaHOBAHO B eHepreTuyHOMY OanaHci yacTky 6iomacu 110 2020 poky Ha piBHi 20%.

B Vkpaini Takoxx HEOOXiHHMW 1 MAOUIIBHUM pO3BUTOK BUPOOHHIITBA 1
BUKOPDUCTaHHA OlomanuBa, IO CHOPUSATHME MIJBUIICHHIO PIBHSA EHEPreTUYHOI
ABTOHOMHOCTI Ta €()eKTUBHOCTI CLILCHKOTOCIIOAAPCHKOTO BUPOOHUIITBA.

Po3BuTOK BUpOOHUIITBA 1 BUKOPUCTaHHS 010ManuBa NOBUHEH 3/1MCHIOBATHCS B
TpaauiiitHuX HanpsMkax (puc. 1.3), a came:

— BUPOOHUIITBO 1 BUKOPUCTAHHS AU3EIHHOTO OiomanuBa Ta O10HaApTH;

— BUPOOHUIITBO 010€TAHOIY;

— BUPOOHUUTBO 1 BUKOPUCTAHHS O10raszy Ta mipoJi3HOro rasy (mporasy);

— BUKOPHUCTaHHS COJOMM Ta MOJAPIOHEHOI AEPEeBMHM HA TEIUIOBI MOTpPeOH,
BUPOOHUIITBO OPUKETIB 13 HE3EPHOBUX BIIXO/IB Ta TUPCH.

BIOEHEPITETU4YHI CUCTEMU
B ATPAPHOMY BUPOBHULUTBI

3aroTiBna conomu ans BMpOGHMLI,TBO
€HepreTu4yHoro OAN3eribHOoro
BUKOPWUCTAHHA oionanuBa
BupoGHuuTBO BupoGHuuTBO
eHepreTu4YHUX bioeTaHony
KyneTyp Bupo6HuuTteo
Oiorasy
CnantoBanHa BukopucTaHHs
Biomacu AW3ernbLHOoro
Gionanuea
CnanwoBaHHA
biorasy
| Ouuncrka Giorasy |—— Bukopucranns
bioeTtaHony
BukopuctaHHsA BupobHuureo
TOBapHOro enekTpoeHeprii
biomeTaHy

| YTunizauis Bigxonis BMpo6HULTBA Gionanue |

Puc. 1.3. O0’e€xkTHn 0ioeHepreTUHYHUX CUCTEM B AarPAPHOMY BHUPOOHHMITBI



OueBHIHO, LI0 HAa CY4YaCHOMY €Talll Iepel JIIOACTBOM IOCTalo JAEKIIbKa
HeBiAKIaaHuX mpobneM. [0NOBHI cepeq HUX — MPOAOBOJbYA, EHEPreTUYHA Ta
€KOJIOTi4YHa, PO3B’SI3aHHA SKUX BUMAarae MakCUMajlbHO €()eKTHBHOTO 30alaHCyBaHHS
Xap4yoOBUX, CHPOBHHHUX Ta €HEPreTUYHHUX MOTPEO 3 MOMKIMBOCTSIMHU arpOEKOCHUCTEM
IpU OJIHOYACHOMY aKyMYJIIOBaHHI COHSYHOI €Heprii y BUIJISAI TYMyCy Ta yTPUMaHH1
i po3IIMpeHHi 010JIOTTYHOTO PI3HOMAHITTS 01011eH031B. KoMIIIeKCHE BUPIIIICHHS ITUX
npo0sieM CHpsIMOBaHE Ha IMOAOJAHHS MPOTUPIUYS, KOJIU 30UIbIICHHS BUPOOHMIITBA
NPOAYKTIB XapuyBaHHs a00 BHPOOHHUIITBA Ta CIOXUBAaHHS €HEprii MpU3BOIUTH IO
MOPYIIEHHSI EKOJIOTIYHOI pPIBHOBaru Ta TOTIPIIEHHS CTaHy HAaBKOJHUIIIHBOTO
IPUPOJIHOTO CEPEIOBHUIIIA.

1.4. TepminoJiorissi moao 0a30BuUX 00'€KTiB Oi0eHepreTHYHHUX CHCTEM B
arpapHoMy BUPOOHMUTBI

Bioenepreruxka (bioenergy) — 1e Hayka mpo 3arajibHi 3aKOHOMIPHOCTI
NEPETBOPEHHS €HEPTIi B KUBUX cUcTeMax (KIITHHAX, OpraHi3aMax, €KOCHUCTeMax).

Texniuna GioeHepreruka (technical bioenergy) — me Hayka mpo 3araibHi
3aKOHOMIPHOCTI BHpPOOHMIITBA Ta BHUKOPUCTAHHA €HEprii (TBEpAOro, piIKOro Ta
ra3ono/iioHoro OilomanuBa) 13 JpKepenl OlOJIOTIYHOTO MMOXO/KeHHs. TexHiuHa
OloeHepreTMka 1€ OJWH 3 HaAmpsMIB  MNPUPOJOOXOPOHHOI  O10TEXHOJOTIi
(environmental biotechnology), moB'sa3anuii 3 epeKTUBHUM BUKOPHCTAHHSAM E€HEPTIi
(dhoTocuHTE3y.

Bioenepreruxka arpapuoro BupoonunrTBa (bioenergy agricultural
production) — rajxy3p €HEpPreTMKH, 3aCHOBaHAa Ha BUPOOHHUIITBI Ta BHUKOPUCTAHHI
rajrBa 13 610MacH CUIbChKOT'OCTIONAPCHKOTO MTOXOIKCHHS.

Jakepesia eHeprii (POWer source) — MatepiajibHi 00'€KTH, B IKHX 30CEPEHKCHA
€Hepris, MpuaTHa I MPAKTUYHOTO BUKOPUCTaHHSA. EHEpreTHdHI pecypcu MOKHA
PO3MOJIIUTH HAa HenoHosmosani: Topd; Byruuia, HadTa; NOpUPOAHUN Tras;
paJloaKTHBHI €JIEMEHTH Ta HOHO6MH06aHI: TBepAa Olomaca, 0Oioras3; moOyToBi Ta
MIPOMMCIIOBI BIIXO/H K NAJIMBO; €HEPTisl NIPUPOAHUX CTUXIH.

Biomaca (biomass) — 0ioyioriyHO BiJHOBJIIOBAJIbHA PEYOBHHA OPraHIYHOTO
MOXO/DKEHHS, 10 3a3HA€ 010JIOTTYHOTO PO3KIIALTY.

Enepreruuni KyJabTypu (ENErgy Crops) — 1ie OKpeMi BUAM JECPEB Ta POCIIHH,
[0 CIeIiadbHO BUPOIIYIOTHCS IS BUPOOHHUIITBA TBepAoro OiomanuBa. BoHu
MOAUIAIOTECS HAa TPU OKpeMi Tpylu: WIBUIKOPOCTYYl JepeBa; OaraTtopiuHi TpaBu
(MICKaHTYyC Ta 1H.); OJJHOPIYHI TpaBU (COPro, TpUTHKajie). Jlo eHepreTuuHuX KyJiabTyp
TaKOXK HaJIekKaTh TPAAMINIINHI CITECHKOTOCTIONAPCHKI KYJIBTYPH, IO BUPOIIYIOTHCS 3
METOI0 BHPOOHUIITBA JU3EIbHOTO OlonmanuBa (pimak, COHSIIHUK), Ol0€TaHOIY
(KyKypya3a, IieHuIs ) Ta 0iora3y (KyKypyasa).

Huzeanne oiomanuso (biodiesel) — metnnoBi abo eTWIIOBI ecTepH BHIIHMX
OpraHiYHUX KUCIIOT, OTPUMAHUX 13 POCIUHHUX 0111 a00 TBAPUHHUX KUPIB.

Bioeranoa (bioethanol) — cniupt eTwnoBHMit 3HEBOJHEHHI, BUTOTOBJICHUN 3
6ioMacu abo CIUPTY €TUIOBOTO-CHPIIIO.



bioras (biogas) — ra3, orpumanuii ipu aHaepoOHOMY 30pOJKyBaHHI OioMacu
(THIHM, MOCHIia, CWIOC, OCajJ CTIYHHUX BOJ, TBepJl MoOyToB1 Biaxoau). OCHOBHUMH
KOMITOHeHTaMu Oiora3y € meTaH (50-70 %) ta Byrnexkucuii ras (30-45 %).

Be3Binxoane BupooHunTBo (Cleaner production) — mporec BUPOOHUIITBA,
AKUM 3a0e3nedye KOMIUIEKC Ooreparliii 3 MOBHUM BUKOPUCTaHHSM yCiX KOMIIOHEHTIB
CUPOBHHH.

Biomeran (biomethane) — raz orpumanuii B pesynbTaTi BupaieHus CO, i1
IHIITMX JOMIIIOK 13 Oiorasy.

Korenepanisi (cogeneration) — 1ie npoiiec BUpOOHHUIITBA JIBOX BHUJIB €HEPrii
OJIHOYAaCHO, 30KpeMa, €JIeKTPUYHOI Ta TEIIOBOI.

Korenepaniitna ycranoBka (cogeneration unit) — yctaHoBka KOMOIHOBaHOTO
BUPOOITKY TEIJIOBOI 1 €IEKTPUYHOI €HEPTii.

Oo6eproBuii MeTanTeHK (rotary methane tank) — GiopeakTop BUKOHaHUM y
BUTJISAJII TOPU3OHTAIBHOTO MIIIHApPA, SKUH O00EpPTaEThCs B PIAMHI  HABKOJIO
TOPU30HTAJIBHOI OCI, OMUPAIOYHCHh HA MMPOTHIIEKHO PO3MIIIIEHI OChOBI LaI(H.

1.5. Konuenuis auBepcuikoBaHOrO BHPOOHHUITBA
CUIBCHKOT0CIIOAAPCHKOI MPOAYKIIl Ta 0ioNaMBa B arpOeKOCHCTEMAax

[lepcniekTUBHOIO LTSI VYkpainu € KOHIIETILIIS PO3BUTKY
CUIbCHKOTOCTIONIAPCHKOTO  BUPOOHUIITBA, sIKa BUXOJIUTH 3 TOr0, MO CLIbCHKE
roCIoJapCcTBO 1€ €KOJIOTIYHO Oe3rneuyHe, auBepcudikoBane (OaratornpodiibHe)
BUPOOHMIITBO HATypaJbHUX TMPOAYKTIB XapuyBaHHS 13 IIUPOKUM 3aCTOCYBaHHSIM
OpraHiYHMX Ta MOMIPHUM 3aCTOCYBaHHSIM MIHEpAJIbHUX J0OpUB, OlOJOTTYHHUX
3aco0IB 3aXHUCTY Ta COPTIB KYyJbTYp paloHOBaHMX B VYKpaini. Taka KoHIEMIIis
3a0e3neyye: PO3BUTOK TBAPWHHHUIITBA, SIKE BUKOHYE pPOJIb MEpepoOHOi ramysi AJis
MPOJYKTIB POCIMHHULITBA, Ta € JKepesoM (IHAHCOBUX HAAXOIKEHb 1 poOOUYMX
Micilb. [lpy NpuUMHATTI Takoi KOHIEHIlI TEXHIKO-TEXHOJIOTIYHE 3a0e3nedyeHHs
arpapHoOro BUPOOHUIITBA TOBUHHO OYyTH 371MCHEHO Ha 0a3l BITUYM3HAHOI TEXHIKH, SIKa
Mae Oyrhu  mpumbaHa  3a  BiacHI  KomTh  (pIHAHCOBO  CTaOULIBHUX
CUTbCHKOTOCTIONAPCHKUX MIAMPUEMCTB MPU MOCHIBHIN Yy4acTi JIepiKaBU.

Takox Oyne 3a0e3medyeHO CTAaOUTBHUNA PO3BUTOK CUTBCBKUX TEPHUTOPIH,
30UThIIIEHHST 010JIOTIYHOTO PI3HOMAHITTA B arpoeKOCHCTeMax, MpU BUPOOHHUIITBI
OpraHIYHUX MPOJYKTIB XapuyBaHHS BUCOKOI SKOCTI. Y TEPCHEKTUBI 1€ IPU3BEE 10
¢dinaHCcoBOI cTadimizaiii 6araronpoduUIBHUX CUTHCHKOTOCTIOIAPCHKUX MiAIPUEMCTB, a
BIJITTOBIJTHO 1 TJIATEXIB Y OFO/KET.

BignoBigHO 10 KOHIEMINI €KOJIOriyHO Oe3nmeyHoro, OararonpogiabHOTro
CLITBCHKOTOCTIOAAPCHKOTO BHPOOHUIITBA, arpoeKocHcTeMa IMOBMHHA MaTH Taki
CTPYKTYpPHi €JIeMEHTH, a00 HANpSIMKHA BUPOOHHMIITBA: POCIMHHHUIITBO, TBAPUHHUIITBO
Ta MTaXIBHUIITBO, NEpepoOKa Ta 30epiraHHs ClLIbCHKOIOCIOAAPCHhKOT MPOAYKIIii,
BUPOOHMIITBO Ol0MaIMBA.

Sk mnpukian BUIE3rajaHoi KOHIEMIi po3BUTKY Ha puc. 1.4. HaBeaeHO
CTPYKTYpPHY CXeMy JHUBEpCH(]PIKOBAHOTO BHUPOOHMIITBA CUIBCHKOTOCIIOMAPCHKOT
MpOayKIii 3 Ol0OCHEePTrOKOHBEPCIEID OpPraHiYHOI CUPOBHHH Ta BHUPOOHHUIITBOM
OiomanuB, a TaKOX 3 HACTYITHUM OTPUMAHHSM TEIJIOBOI Ta €JIEKTPUYHOI €HEepTii 13
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TBEPAOro Ta ra3o0mnoAi0HOro 6ionanusa Ajs 6-MiIbHOI CIBO3MIHM 3arajibHOO TUIOMICIO

300 ra.

HpCI[CTaBJ'ICHa CcXCMa Hepez[6at1ae:

— BUPOIIYBaHHS IOJBOBHX KYJIBTYpP CiBO3MIHM 3 BHPOOHHUIITBOM 3€pHA Ta
IyKPOBUX OYPSIKIB;
— 30MpaHHs COJIOMH 36pHOBUX KYJIBTYp Ta CTeOeN pinaky;

TeIyIa Ta eJIEKTPOeHeprii 3 Oiorasy;
— MIATOTOBKY 1 BUKOPUCTAHHS COJIOMH 3€PHOBHX KYJIBTYp Ta CTEOCI pinaky Ha
TEIJIOB1 NOTPEOH y BUIJISA1 OpPUKETIB, PYyJIOHIB a00 CIUKU;
— BUKOPHUCTaHHS COJIOMHU 3€PHOBUX KYJIBTYp, CTEOEN pinaky Ta 30po/KeHOro
rHOIO0 a00 TOCIIy /Il BUPOOHHUIITBA KOMIIOCTY;
— BUPOOHUIITBO CyOCTpaTy njisi BHUPOIIyBaHHS Medepuilb abo TJIMBU Ta
BUPOOHUIITBO IPUOIB;
— BHPOOHHUIITBO IU3EIHHOTO 010MaanBa 3 PIIaKOBOTO HACIHHS;
— BUKOPHUCTaHHS TJIIIEPUHOBOTO OCajJy Ha TEIIOBI MOTpeOu abo #oro
aHaepoOHe 30po/KyBaHHS.

3IMIIICHHS OAPIOHEHUX cTeOeN KYKYPYI3H Ha MOJI Y BUTJISAI MYJIbYi;
BUPOOHHIITBO KOPMIB JIJIsi TBAPUHHUIITBA Ta aKBaKYJIbTYPH,
BUPOOHMIITBO MPOAYKTIB TBAPUHHUIITBA Ta aKBAKYJIBTYPH,

MeTaHOBe (aHaepoOHe) 30poKyBaHHS THOIO ab0 TOCIITy 3 BUPOOHHUIITBOM

Banasc rymycy Cigozmina zoum JlicocTemy 300|ra Peanmzamia sepHa YpoxaiiEicTs 3epHO 4T BioetraHoa
0 xrra Bararopius Tpaen O3t pinak Q242 muemma 40 %% 30,0 wra 150 T 16 xrira
SD‘ra 50|ra 50|ra
. Kvkvpynsa N Afdua M'sco BPX
258 :rra Lyxposi Gypmat 25|ra (aepHo) st 0,2 MIH.MT. 17,60 T
50‘1’3 25[ra (cunoc) 50|ra M'sconmrmui 1046 T Moaoko
1,03 1T 476 T
5[ 20(% 2%
Heseprora 9acTHEA | Tlepepobxa u}:xposux GypAKiE i Bupobnarso xopsis Kypu-mecyaxu CerHoMaTEH Jlifiri KopoEn
vpoxazw (HIV) piIaKy 0.8 THC. 1T, 20 mr. 87 T
201984 kop. on. Bmxin 018 TTwili i MOCTHIKE, 485 THiii 1 macTHTES, 62.0
| Mea Iykop | mocHgy |KrTol o6y xr/moby 2 Kr/moby 6
—| Conoma | 5T 1251 77 xrira Besoro, T 52 Comoma. T 15 Conoma, T 190
BEE | Oain Ectepudicani Bioamieas | THili, T 255 Trite T 1886
10,0 T * 23171 Tnofeka, T 116 T'nofera, T 266
45(% MeTanon Karamzatop TniliepyHOEHI 0can Tuili
2341 321 0321 24l T
Cramosaums py.osis, Onamosam it 06'en 3468 M Tnofexa, ocan, rinepms:
OpiKeTie, cimal 4-1 Tenao 2634 Tl | "t
JIOOATKOEA COMOMA J0 KOMIOCTY 68 T MeTanTerK
Tlocierui mitrertii [] { 101 3’ Ocan T 784
10T 27 Boma Tanga, T 7] BHpoGHUIITE® KOMMOCTY [] s/ moby | 015
¥ * 2T + KommocT 1763 T | | Bioraz AKBaKyIBETYPa |
Bupobmmmreo cybeTpaty BupobHHITES rpHOE TIHEH Ha cyBerpar 8 53 THe. M 254 2
141

33

-

T Cy6cTpat

20 T

T

Korenepatop

3.0

%

M'sico pubn
143 T

Bupyuka Bin peamizamii 18817

rpa/ra

Ha gobpreo 1622 1 Tlocieruii Miemi
02 % osf
Topd 19T | BupoSHHITEO T o | . Bupobmareo cyfcTpary
B, 6 Y Y
Bamx 2T TPYHTY | - TR0 TPHOIE NETEpE CybeTpar 106 T
Binnpaus oeami cydcTpaT M1 ‘ Mesepmumi, T 20 | T

EnexTpoeHepria
64717 kBT-rog

Mpubyrox 2994 rpr/ra

emao

206 Tx

Puc. 1.4. CrpykrypHa cxema quBepcudikoBaHOro BUPOOHHMIITBA
CJIbCHKOT0CIOAAPCHLKOI NMPOAYKIII Ta 0ionaanBa B arpoeKocucTeMax

CrnanroBaHHS COJIOMU 3a0e3ledye OJepXKaHHS €Heprii, sfka Moxke OyTu
BUKOPHUCTAaHA JUIsi OOIrpiBy MNTaxiBHUYMX, TBAPUHHULIBKUX Ta aJAMIHICTPATHBHHUX
HNPUMIIIEHb, @ TAKOX CYIIIHHS 3epHa. 30pO/KYBaHHS THOIO Ta MTAIIMHOTO MOCIiAY



notpedye oONamTyBaHHS METAaHTEHKIB Ta 3a0e3neduye BHPOOHULTBO Olorasy.
BukopuctanHs KoreHepaliiiHOi yCTaHOBKHM, LIO Mpalioe Ha Oiorasi, Ja€e 3MOry
orpuMatu 26 % enekTpoeHeprii Ta 66 % BiJ TENIOEHEPrii 3araibHOi eHEePreTUYHOI
IIHHOCTI Oiorazy. Onep:kaHa eleKTpOeHEpPTis Moke OyTH BUKOpPUCTaHA ISl poOOTU
010ra30BO1 YCTAHOBKHU Ta IHIIUX MOTPeO. TermioBa eHepris y BUTIISIAL HArpiTOi BOAM
MO>Ke OyTH BUKOPHCTaHA JIJIsl OTAJICHHS Ta rapsiuoro BOAOIOCTaYaHHS.

CrnoxuBaHHA pIJKOIO MalliBa CUILCHKOTOCIOAAPCHKUM — BUPOOHHUIITBOM
cranoBuTh Bix 50 no 110 n/ra, B Tomy uucini 6ensuny Big 10 no 30 n/ra. BinBenenus
OJIHOTO 3 TIOJIIB CIBO3MIHHM IiJl BUPOIIYBAaHHS PIMaKy JacTh 3MOTY B PO3PaxyHKY Ha
onuH rektap, Bupoobutu Big 100 mo 110 1 6i0an3eIBbHOTO MaMBa, a OCKUIBKHU Pilak €
MPEKPaCHUM MEIOHOCOM — IIie ¥ ONM3BKO 5 TOHH MeZy. 3ajekKHO BiJ CHUTYyallll Ha
PUHKY PIMaKOBOTO HACIHHSA Ta JAW3EIHHOTO MaJIMBa TOCTIOJAPCTBO MOXKE MPHHHSITH
pILIEHHS K MPO peaii3aliio HACIHHS pIMaKy 1 3aKyIKy JAW3EIbHOT0 MNaJbHOIO, TaK 1
BUPOOHUIITBO O10/IM3€JILHOTO MaJIMBa 200 K MPHUIHATH 1HIIIE KOMIIPOMICHE PIIICHHS.
ITlin gyac BUpOOHMIITBA 010M3EIHHOTO TAjMBa YTBOPIOETHCS TINIICPUHOBUN OCa,
SAKUW JIOUITLHO BUKOPUCTOBYBATH SK PIJIKE IMAJMBO B TEIUIOBUX IIpoIlecax, IO
3a0e3ne4YnTh BUPOOHUIITBO TOJATKOBOT €HEPrii.

[[upoka Mepexa CHUPTOBUX 3aBOJMIB JAa€ MOXJIMBICTh 3a0e3medyBaTH
BUPOOHMIITBO O10€TaHOMY B JIOCTaTHIX o0csrax Mg poOOTH aBTOMOOIIBLHOTO
TPaHCIOPTY Y ClIbCbKOMY TocnoaapctBi. [loTpeba B 3epHi aisi BUPOOHUIITBA
0loeTanoisty He nepesuiye 10 % 3aranbpHoro oocsry peanizoBaHoro abo 4 % obcsry
BUPOOJICHOTO B arpOCKOCUCTEMI 3epHa.

3ajydyeHHs] B C€HEpreTUYHUi OanaHc OIOJOTIYHMX BHJAIB TajduBa 5K
MOHOBJIIOBAHUX PECYPCIB aKyMyJIbOBAHOI COHSYHOI €HEPrii € OJTHUM 13 aKTyaJIbHUX
3aBJaHb  CHLOT'OJECHHS. OnHak  MOWIMPEHHST ~ BUKOPUCTAHHS  O10JOTTYHUX
E€HEepropecypciB — JI0BOJI CKJIAAHUMN MPOIleC, 10 NOTpeOye JOAATKOBUX BUTpAT AJIS
HagaHHA IM cHOXuBYMX sAKocTed. CIoKMBayl HajiBa TEXHOJIOTIYHO Ta TEXHIYHO
HaJAIITOBAaHI BIPOJOBX OCTAHHBOT'O CTOPIYYS HA BUKOPHUCTAHHS KOHIIEHTPOBAHUX
HETIOHOBJIFOBAHUX JIXKEpels eHeprii. J[Jis mepexomy 10 BUKOPUCTaHHS MTOHOBIIOBAHUX
O10JIOTIYHUX EHepropecypciB HEOOXIJHI 3HAYHI KamiTajdbHI BUTpaTH, OJHAK
IMOPIYHMKM  NepIIUT TMMaJuBa IS BUKOHAHHS OCHOBHHUX IIOJIBOBHX pOOIT Ta
HEOOXIHICTh 30€peKEHHS TPUPOJHOTO CEPEJOBHINA MOTPEOYIOTh 30CEPEIKEHHS
3yCMJb Ha po3poOili METOAIB Ta TEXHIYHUX 3aco0iB i 3a0e3MeueHHS
€HEProaBTOHOMHOCTI CLIICHKOTOCIOIaPCHKOT0 BUPOOHUIITBA.

[IpoTe, BUKOpPUCTaHHS EHEPreTUYHOro MOTEeHIlany OioMacu OOMEXKEHO
BIJICYTHICTIO arpoONpOMHUCIOBUX TEXHOJOr OTPUMaHHA €Heprii Ta BIAMOBIAHOI
TEXHIKM 1 OOJIaJlHAaHHA, SKI aJanTOBaHI 10 YMOB (DYHKI[IOHYBaHHS KOHKPETHUX
arpoekocucteM (tabma. 1.3). Ilpudyomy, HE0OXigHO BpaxoBYBaTH, IO 3MEHIICHHS
BUTpAT €Heprii, 30UIbIIEHHS NPOIYKTUBHOCTI BIAMOBIAHMX MAIIWH Ta OOJaJHAHHS,
iX TOKa3HUKIB HAIIMHOCTI ¥ BIAMOBIIHOCTI arpOTEXHIYHHMM BHMOTaM € OCHOBHHMH
HampsiMaMu yAOCKOHAJIEHHsI 3aco01B MexaHi3allii 1 oOJaJHaHHS B TEXHOJOTIYHUX
MpoIiecax CiIbChKOTOCIOAAPChKOTO BUPOOHHUIITBA.

[Ipoutecu, wmammHUM Ta oONagHAHHS 1  OTPUMAHHA  €Heprii 13
CLTBCHKOTOCTIONAPCHKOT CUPOBUHM TOBHHHI 0a3yBaTHCh HAa O€3BIIXOJHUX ITMKJIAX



BUPOOHMIITBA, IO 3aCHOBAaHI HAa KOMIUIEKCHOMY BHKOPUCTaHHI TMPUPOJIHO-
CUPOBHUHHUX PECYPCIB.

Kpim Toro, BaxmmBo ¢dopMai3yBaTd Ta OI[IHUTH, SKAW BIUIUB Ha
e(EeKTUBHICTh  arpO€KOCHUCTEMU  3JIMCHIOIOTh  OOCSITM  CHPOBHMHH, IO
BUKOPHCTOBYETHCS B SIKOCTI EHEPIrETHUHUX PECYPCIB.

1.6. BcTaHOBJ/IeHHSI TPAHUYHUX OOCATIB CHMPOBMHHM /Jisi BHPOOHUITBA
OionmajimBa B arpoeKocucTeMax

Jlns TBepporo OlomanvBa MOTEHIA] CHPOBHMHU POCIUHHOTO TOXOKEHHS
CTaHOBUTHUME:

CE =gsiui[kjjn ~(kz 4k )-N T m) (1.1)

j=1

Tabaumua 1.3. MexaHiKo-TeXHOJIOTiYHi 0CcO0JMBOCTI BHPOOHHUIITBA
OionaJiuBa Ta OTPMMAHHS €HePril B arpoeKoCHCTEeMAaX

IlepeBaru | [Tpobnemu
BupoOuuirso 6iorasy
—  BUPOOHUIITBO MOHOBJIIOBAHOI €HEPrii; | — po3lIapyBaHHSA Macu cyOcTpary, 110
—  BUPOOHUUTBO €KOJIOT1YHO YHUCTUX 3HAYHO 3HM)KYE €(PEKTUBHICTh BUILICHHS
OpraHIYHUX JOOPUB; METaHy;
—  TIOKpAaIlleHHS CaHITapHO- —  BHUCOKI €HEpProBUTPATH HA
€M1JIeM10JIOTIYHOTO CTaHy JTOBKIJIIS; nepeMIlllyBaHHs CyOCTpaTy.

—  IIKMpOKa pI3HOMAaHITHICTh CUPOBHUHH,
sIKa MO’K€ 3aCTOCOBYBATHUCS JJIsl pOOOTH
010ra30BUX YCTaHOBOK.

OTpHUMaHHS TEMJIOBOI €Heprii

—  BUPOOHMIITBO IMOHOBIIFOBAHOI €HEPril; | — BIJACYTHSA CTPYKTYpa TEXHOJIOTTYHOTO

—  HasSBHICTbH BEJIMKOTO PECYPCHOTO npolecy KoHBepcii (CramroBaHHs YU
MOTEHI[1aTy CHPOBUHH JTOCTYITHOT JJIs nepepoOKH ) HE3EPHOBOT YACTUHH BPOXKAK) —
KOHBEpCIi y TEIJIOBY €HEPTIfo. COJIOMU;

—  BIJICYTHI TeXHIYHI 3acO0U JIs
JIpiIOHOTOBAPHOTO CIAIIOBAHHS COJIOMU;

—  He BUpILIeH] TpoOJeMH pIBHOMIPHOCTI
3TOPSIHHSI COJIOMH B TOTIII KOTJIA.
BupoO6Hu1TBo nu3enpHoro 6ionaavuBa

—  BHUPOOHUIITBO €KOJOTIYHO YHCTOTO —  CKJIaJIHICTh TEXHOJIOT1M OTPUMaHHS
NaJnBa JiJIsl TU3EIbHAUX JIBUTYHIB; JIN3eJIbHOTO O101maInBa;

—  HasBHICTb BEJIMKOI'O PECYPCHOIO — icHywooue obnaHaHHs He 3a0e3neuye
MOTEHITIay /i1 BUPOOHUIITBA IU3EJIBHOTO | HEOOX1AHY €PEKTUBHICTh MPOTIKAHHS
Oionanusa. peaxiiii MeTaHoJIi3Y;

—  BHCOKI €Hepro3arpaTH Ha
HepeMillyBaHHS €MYJIIbCIi.

ne CE — Buxif 13 ciBO3MiHU 010MacH COJIOMH, sika MOXe OyTH HamnpaBiieHa Ha
3a0e3MeyeHHs Ui eHepreTUUHUX NoTped, T; N — KUIBKICTh KYJIbTYp B CIBO3MIHI; Sj —



II0IIa BUICHA Mi BUPOUIYBAaHHSA i-1 KYJIbTYPH, Ta; #; — YPOKAUHICTh -1 KyIbTypH
B CiBO3MiHI, T/ra; k), — KoeQilieHT BUXOAY COJOMH i-i KymbTypH; K, —
Koe(iIieHT, SIKUH BpaxoBYy€e 0OCST COJIOMH, IO 3ATHIIAETHCS HA MO TICIsI 30MpaHHS
i-i kynerypu; Ky — KkoedillieHT HAIXOMKEHHS COJOMHM HA KOMIIOCTYBaHHS, M —
KITBbKICTh BHUJIB MOTOMIB’SI TBapHH Ta NTUI; Nj — MOromis’s TBapWH Ta OTHULI j-TO
BHIY; 1; — CTIiJIOBMIA TepioA MOTONiB’Sl TBAPUH Ta MTHUII j-ro BuAy, Ai6; m) —
KUTBKICTh COJIOMH JIJISl TIICTHJIKY JIUIS J-TO BUAY TBaApHH a00 MTHIII, T/TOJIOBY 32 100Y.
[Torenuian 6iomacu BUpOOHUIITBA Oiorasy:

BE:kBFkEyZNjTJ.(mé +m) +m}7) (1.2)
j=1

ne BE — Buxin 6iorasy, M*; Kg;— KoedilicHT BHKOPUCTAHHS THOIO B 6i0ra3oBHX
ycTaHoBKax; Kgy — KoedilieHT Bixoxy Giorasy B Giora30BHX yCTaHOBKAX, M/T, m b
Maca eKCKPEMEHTIB j-TO BHy TBapHH a0o MTHIl, T/TOJNOBY 3a 100y; m) — maca
BOJIOTH, IO HAJXOJUTh B €KCKPEMEHTH J-r0 BHIY TBapuH a0O0 MTHII, T/TOJOBY 3a

100y.
[ToTeHmian 6ioMacu BUPOOHHIITBA T€HEPATOPHOTO Ta3y:

TE=KL| Ysu;[kh, = k2, + KL )|- 2N, T,m}, (1.3)
i=1 j=1
ne ['E — BHXiZ TeHepaTopHOro rasy, M K,z — KOe(IIlieHT BHXOXIY

FEHEPATOPHOTO Ta3y i3 610MACH CONOMH i- KYIbTYpH, M /T.

[ToTpebu arpoexkocucTeMu B AU3EIbHOMY OiomnajiuBi Ta 010€TaHOJI MOXKHA
BU3HAYUTU BUXOJSYM 13 MUTOMUX BUTPAT BIAMOBIIHUX BUJIB MajiuBa Ha 1 ra piyui Ta
BCTAHOBUTHU IUJIOINLY BHUPOIIYBaHHS KYJbTYp, IJisi 3a0€3ME€UEHHS] CUPOBUHOKO IS
BHPOOHUIITBA BIJIMOBITHOTO BUY TaJINBAa:

_ i=1

R (44
uﬂ BKJ] *BJl

P (S Sg — ILJI0oIIa HeO6XiI[Ha JJIA BI/IPOH_IYBaHHSI KYJ'IBTypI/I, 1o 336C3HC‘II/ITB

anoeKOCHCTeMy CI/Ip0BI/IHOIO JJIA BI/Ip06HI/II_[TBa JAN3CIIBHOI'O 6iOHaJ'II/IBa, ra, N,ZZ —

HOpMa BI/ITpaT AN3CIIBHOT'O 610H3HI/IB8, T/Fa; uﬂ — ypO>KaI/IH1CTB Ky.HBTypI/I HpI/I)IaTHOI

JUIS. BUPOOHUIITBA JHM3EIbHOIO OloIaivBa, T/Ta; Koy — Koe(iIlieHT BUKOPHUCTAHHS

KyJIbTYpU [IJI1 BHUPOOHHIITBA JW3EJIBbHOTO OiomanuBa; k, —— KOe(DIMIEHT BUXOIY

Bl
IIN3EJILHOTO O10IaINBa;

S, = EE (1.5)
E~ g .
l'IE kBKE kBE
ne Sp — miom@a HeoOXiJAHa IJs BHUPOIILYBaHHS KyJIbTypU IO 3a0€3MEUYUTh
arpoOeKOCUCTEMY CHUPOBHHOIO NJIi BHPOOHWIITBA OloeTaHomNy, ra; EE — motpeba B

O0ioeraHonl, T, U, — YpPOXKaWHICTh KyJIbTYpU MPHUAATHOI MAJii BUPOOHMIITBA



O1loeTtaHoiy; T/ra; Kgp, — KOE]ILIEHT BUKOPUCTAHHSA KYJIbTypU I BUPOOHMIITBA

0ioeraHoNy; Ky, — Koe(IiLieHT BUXOAY O10€TaHOITy.

Tak, HampuKkiaJg HAa OCHOBI ICHYIOYMX IIOKAa3HUKIB, IO XapaKTepU3YIOTh
CLILCHKOTOCTIOAPChKE BUPOOHHUIITBO YKpaiHU 3arajoM YMNpOJOBXK OCTaHHIX POKIB,
BCTAHOBJICHO, III0 CEpEIHE 3HAYCHHS TIPAHUYHUX OOCSTIB COJOMH, $IKY MOKHA
BUKOPHUCTATH Ha TEIJIOBI MOTPEOH y BIACOTKAX JO 3arajbHOI KiIJIBKOCTI COJIOMH, Ma€e
HACTYTHHUMN BUTJIS;

C”* =-0,57 /] + 48,66 (1.6)
ne C* — IpaHUYHUN OOCAT COJIOMU BiJI 3arajbHOi KUIBKOCTI, SIKY MO>KHa
BUKOPHUCTATH Ha TEIIOB1 MOTpedu, %; /[ — piunuii 1ediuut rymycy, Kr/ra.

Crin 3a3HauMTH, MO TIPH 3araibHOMY AedinuTi TyMycy B Mexax Bim 80 1o
90 kxr/ra, BUKOPUCTOBYBATH COJIOMY Ha TEIJIOBI MOTPEOH YK€ HEMOKIUBO 13 YMOBHU
30€pEKEHHST POJIOYOCTI IPYHTIB. ['paHUYHUN 0OCST COJIOMH, SIKy MOXKHA
BUKOPUCTATU HA TEIUIOBI MOTPEOH, MpU HYJIHLOBOMY OajlaHCI r'ymMycCy, CTaHOBUTH
osm3bko 50 %.

TakuM YMHOM, PO3BUTOK BHUPOOHHUITBA 1 BUKOPHUCTAHHS O10€HEPTETHYHUX
cucteM B AIIK mnoBuHeH OyTu HampaBlieHW Ha BUPOOHHUIITBO 1 BHUKOPUCTAHHS
JIU3eNbHOTO OlomanuBa Ta OloHadTH, BHUPOOHHUIITBO O10€TaHONY, BUPOOHUIITBO 1
BUKOpUCTaHHA Oiora3y Ta MipoJi3HOro rasy (miporasy), BUKOPUCTAHHSI COJIOMH Ta
MoIpiOHEHOT IEPEBUHM HA TEILJIOBI MOTPeOU, BUPOOHUIITBO OPUKETIB 13 HE3EPHOBUX
BIIXOJIIB Ta TUPCH.

[Ipouiecu, wMammHU Ta oONagHAHHS s OTPUMaHHA  €Heprii 13
CLITBCBKOTOCIIOIAPCHKOI CUPOBUHHU TOBHHHI 0a3yBaTHCh Ha OE3BIIXOJHHUX ITMKIaX
BUPOOHUIITBA, 1[0 3aCHOBaHI Ha KOMIUUIEKCHOMY BHUKOPHUCTaHHI IPUPOJIHO-
CUPOBHHHHUX PECYPCIB.

JlaGopaTopna podora 1: BusHauuTu €KOHOMIYHY  €(EKTHUBHICTb
(YHKILIOHYBaHHSA arpo€KOCUCTEMH 3 BUPOOHHUIITBA €HEPrii Ha OCHOBI O10JIOTTYHHMX
BU/IIB MAJINBA.

Mera poboru. BcraHoBuTHM BeaM4MHY (PIHAHCOBMX HAIXOJKCHb B
arpoeKOCUCTEMI 13 BUPOOHUIITBOM O10TaIHB.

JlaGopaTophe 00JIaTHAHHSI. Komn’rotepHa iMiTariifHa MOJENb
(YHKIIOHYBaHHS CUTLCHKOTOCTIONIAPCHKOTO BHPOOHMIITBA, IO BKIOYae B cede,
BUPOOHMIITBO TPOAYKIIi pPOCIMHHWIITBA, TBAPUHHHUIITBA Ta TPUOIBHUIITBA,
BUPOOHMIITBO OJIii, JW3EIBbHOrO OlomanuBa, Ol0€TaHOMYy, €JIeKTPOCHeprii W
TEIUIOEHeprii 13 610ra3zy Ta TEIIOeHePrii 13 COJIOMH.

Buxinni nanni. [noma ciBosminu — 300 ra punii i3 BUPOILILYBaHHSAM O3UMOIi
nmeHunl 50 ra, KyKypyasu Ha cujoc 25 ra 1 3epHo 25 ra, ozumoro pinaky 50 ra,
auMeHto 50 ra, nykpoBux OypsikiB 50 ra ta 6araropiunux tpaB 50 ra. Llinu peanizamii
BUPOOJICHOT MPOYKIIII Ta €HEPrii, a TAKOXK iX cO0IBAPTICTh BUPOOHUIITBA HABEJECHI B
tabn. 1.4. KutbkicTh BUPOOIEHOI MPOAYKILIi Ta Ol0ManuB, IpU ypoxanHOCTI 0a30BOi
KyJbTypH — o3umoi mienuui 30 1/ra, HaBegeHa B Taou. 1.5.



Ta6auug. 1.4. Ilinu peasizauii Ta codiBapTiCTh BUP00JIEHOI TPOXYKIIL

Bun mpomyxkiii On. Bumipy g;}?;lg?{i T&;EZ [ina peamizarii
3epHO MIICHHUII IpH./T 1462 1872
3epHO KYKypyA3Hu TpH./T 1401 1768
3epHO SUMEHIO TPH./T 1446 1711
3epHo pinaky TpH./T 3242 4188
I{yxpoBi Oypsiku I'PH./T 422 497
ST I'pH./IIT. 0,5 0,8
M'sico Turi I'PH./T 12815 10845
M'sico cBuHEN TpH./T 17477 18459
Mogoko TPH./T 3283 3645
M'ssco BPX I'pH./T 21284 13651
M'sico pubu TpH./T 10635 9295
Men TpH./T 10500 15000
['pubu nevepwuili I'pH./KT 27 35
['pubu rnuBa I'pH./KT 22 39
Omist I'PH./KT 9,5 20
Jln3enpHe Gl0maanBo TPH./T 15132 16640
bioeTanon TpH./T 14650 16700
Enextpoenepris rpH./KBT ro. 0,56 0,86
Tenmoenepris rpH./T" JTx 30 90

Ha ocHOBI KOMI'IOTEPHOI MOJIENl CTPYKTYpPHOI CXE€MHU IHUBEPCU(]PIKOBAHOTO
BUPOOHHUIITBA CLIbChKOTOCTIONApChKoi mpoaykmii (m’sica BPX, cBunel, kypei Ta
puOHu, MOJIOKa, s€llb, Meay, TpUOIB TJIMBM Ta TedYepuilb) Ta OlomanuB (oJii,
JU3eNbHOTO OlomanuBa, O10€TaHOMY, EJIEKTPOCHEprii Ta TEIJIOeHEeprii Ha OCHOBI
Olora3y Ta TEIUIOGHEPTii 13 COJIOMH), BU3HAYAEMO BaJIOB1 I'POIIOBI HAIXOKEHHS Ta
MpUOYTOK y pO3paxyHKY Ha OJIMH IeKTap CIBO3MIHM 32 HACTYITHUMHU BUPA3AMH:

Oi el Oi ) i _Ci
S S
ne B — BanmoBl TpOIIOBI HAAXOJKEHHA B pO3paxyHKy Ha OJMH TeKTap

CIBO3MiHH, TpH./Ta; O; — 00CSIr BUPOOHUITBA i-TO BUAY MPOAYKIii, T a00 MJIH. IIT.
JUISL sI€llb, i-TO BUAY OlomayivB, T Ta i-ro Buay OioeHeprii, kBT roa. abo I'[{x; I]; —
I[iHa peani3aiii i-ro BUAY MPOAYKIIii, TPH./T a00 TpH./MJIH. WIT. JJIS SI€Nb, i-TO BUIY
OlomanuB, TpH./T Ta i-ro Buay Oioeneprii, rpH./kBT roa. ab6o rpu./I'/x; IIp —
NpuOYTOK y pPO3paxyHKy Ha OJWH TEeKTap CiBO3MiHM, rpH./Ta; C; — cOOIBapTICThH
BUPOOHMIITBA [-TO BUIY MPOMAYKIIii, TPH./T a0 TpH./MJH. IIT. JJsl S€Ib, i-TO BHUIY
Olomanus, TPH./T Ta i-TO BUAY OioeHeprii, rpH./KBT roa. ado rpa./I'JIk; S — 3arayiibHa
IJIOIIA CIBO3MIHH, Ta.

ExoHOMIUHMI aHali3 BUPOOHHUIITBA CUIBCHKOTOCIOAAPCHKOT MPOAYKINT Ta
OlomanuB MPOBOAUMO ISl TPHOX BapiaHTIB (PYHKIIOHYBAHHS arpOE€KOCUCTEMH:



Taboauusa. 1.5. Po3paxyHok BapTocti npoaykuii Ta NpUOYTKY B 3aJ1€5KHOCTI
DOEKOCHCTEMI

BiJl CTPYKTYpH BUPOOHHMITBA NPOAYKUII B ar

[TpuBeeHi MOKa3HUKM, TPH./Ta

Opn. . ;
Bun nponykumii . KinbkicTs Bapricts
BHUMIpY npotykuii [TpuGyTox
BupoOHuuTBo npoaykuii pocIHHHUITBA

3epHO NIICHUIT T 149 927 202,95
3epHO KYKYpYII31 T 83 490 101,77
3epHO STUMEHIO T 143 813 125,88
3epHo pinaky T 104 1451 327,79
LlykpoBi Oypsiku T 1255 2079 313,73

Bcroro 5759,72 1072,11

BupoOHnuTBO NPOAYKIii pOCTHHHHIITBA, TBADHHHUIITBA TAa TPUOIBHUNITBA

3epHO NIICHUIT T 89 556 121,77
3epHO KYKYypyA3u T 50 294 61,06
3epHO STYMEHIO T 86 488 75,53
3epHo pinaky T 104 1451 327,79
LlykpoBi Oypsiku T 1255 2079 313,73
Sing MJIH. IIIT. 0,2 541 200,17
M'saco nruni T 1 37 -6,78
M'sico cBUHEN T 19,5 1198 63,71
MosJtoko T 476 5783 574,36
M'sco BPX T 17,6 801 -447,75
M'sico pubu T 14,3 444 -63,99
Men T 5 250 75,00
['pubu neuepwuiti T 20 2303 526,41
['pubu rimBa T 7 846 368,87

Bceroro 17070,60 2189,88

BupoOHnuTBO NpoAyKuii pOCTHHHMITBA, TBADUHHUNTBA, IPHOiBHULITBA, Oionaaus Ta
OioeHeprii

3epHo MIIeHHUIII T 89 556 121,77
3epHO KYKYpYyII31 T 36 213 44,28
3epHO STYMEHIO T 86 488 75,53
LlykpoBi Oypsiku T 1255 2079 313,73
Slins MJIH. IIT. 0,2 541 200,17
M'sco nTui T 1 37 -6,78
M'sco cBuHEH T 19,5 1198 63,71
Moioko T 476 5783 574,36
M'sco BPX T 17,6 801 -447,75
M'sico pubu T 14,3 444 -63,99
Men T 5 250 75,00
['pnbu neuepuri T 20 2303 526,41
['pubu rimBa T 7 846 368,87
Omnis T 10 666 348,90
Jln3enpHe 010maanuBO T 23,1 1281 116,12
Bioetanon T 4.8 267 32,80
Enextpoeneprist kBT ron. 64717 186 64,72
Tennoenepris I'JIx 2929 879 585,89

Bcroro 18817,32 2993,74




— 13 BUpOOHUIITBOM JIUIIIE MPOIYKI[i1 pOCIMHHUIITBA,;

— 13 BHUPOOHUIITBOM MPOJYKIIi POCIMHHUIITBA, TBApUHHUIITBA Ta
rpuOIBHUIITBA,;

— 13 BUpPOOHHUITBOM  TPOAYKIII  POCIUHHUIITBA,  TBAPUHHMIITBA,
rpuOIBHUITBA, Ol0MaMB Ta O10eHeprii.

OtpumaHHI 3HAYCHHS BAJIOBHX TPOIIOBUX HAAXOKEHb Ta MPUOYTKYy B
PO3paxyHKy Ha OJIMH reKTap CiBO3MIHU MpUBEACHO B Ta0I. 1.5.

[Ticnst 1bOro BU3HAYAEMO MUTOMY Bary BajOBUX TpPOILIOBUX HAAXOIKEHb Ta
NpUOYTKIB y pPO3pPaxXyHKy Ha OJMH TEKTap CIBO3MIHM B arpoeKoCcHCTeMi 13
BUPOOHMIITBOM OilomayiuB Ta Oil0oeHeprii HUISIXOM MOOYIOBH KPYrOBUX Jliarpam Ha
OCHOBI JaHux Tabnuui 1.6 (puc. 1.5 ta 1.6).

Tabdauusa. 1.6. Po3paxyHok HaaXo[:KeHb KOWITIB Ta NPUOYTKIB B
3aJ1€KHOCTI Bi/l CTPYKTYPU BHPOOHUIITBA MPOAYKIIii B ATPOEKOCUCTEMI

["amy3b BUpOOHUIITBA, BUA BapticTts npomyxkitii, [TpubyTOK,

OiomanuBa Ta 6ioeHeprii TpH./Ta TpH./Ta
PociuuHUIITBO 3335,91 555,30
TBapUHHUIITBO 9053,45 394,73
['pubiBHUIITBO 3149,28 895,28
Omist 666 348,90
JlnzenpHe OGlomanuBo 1281 116,12
Bioeranon 267 32,80
EnexTpoenepris 186 64,72
Tennoenepris 879 585,89

TBapuHHHLITBO I'pu6iBHMITBO Bioeranon_ g JeKTpoeHepris

o)
48% 17% 1% 1% Tennoenepris

5%

JAu3enbHe
OionaauBo
7%

Ouaist

Poc.imHHHIITBO 304

18%

Puc. 1.5. CTpyKTypa HaAX0AK€Hb KOIITIB Bil BAPOOHUITBA
CUIBCBKOTOCIOIAPCHKOI MPOAYKIIII Ta OionmajauB



I'pubiBHULITBO Bioeranoa Enexrpoenepris
30% 1% 2%

TenJioenepris
20%

Jln3eabHe
oionajuBo
49

TBapuHHULTBO
13% PocauHHMUTBO

18%

Puc. 1.6. CTpykrypa npudyTKiB Bil BAPOOHUIITBA CLILCHKOTOCIOIaPChKOL
npoaykuii Ta dionaaus

KoMm’toTepHa Mozenb CTPYKTYPHOI CXEMH AMBEPCH(PIKOBAHOIO arpapHOTo
BUPOOHMIITBA MPOAYKLIi Ta OlomaiuB JO3BOJSIE PO3pAxXyBaTH BUPOOHUYI,
TEXHOJIOTIYHI Ta EKOHOMIYHI TOKAa3HUKH AarpoOEKOCHUCTEMHU TMPU PI3HUX PIBHIX
peaizalii 3epHa Ta pi3HUX CIHIBBIAHOLIEHHSX PO3MOLITY HasIBHOT KOPMOBOI 0a3u Jyist
YTpUMaHHS TIOTOJIIB’ Sl TBAPUH Ta MITHUIIL.

TakuMm 9MHOM, arpoeKoCUcTeMa 13 BUPOOHUIITBOM Oi0MajWB y TOPIBHSIHHI 13
cucteMoro 0e3 BUpOOHMIITBA OlomanuBa 3abe3nedye 301UIbIICHHS BAIOBUX TPOIIOBUX
HajxopkeHb Ha 17 % ta mpulyTtky 39 % y po3paxyHKy Ha OJIMH reKTap CIBO3MIHHU.

IIpakTuuna po6ora 1: BuzHauutu oOCAT CONOMH, Ky MOKHA BUKOPUCTATH
JUTSL TETJIOBUX TOTPEO.

Buxingni nani: CepeHe 3Ha4€HHsI BEJIMUMHU MIHEpali3allii TyMycy B CiBO3MIiHI
M=1033 kr/ra, cepeHe 3HAYCHHS BEJIWYMHU HAJXOKEHHS TYMYCY B CIBO3MIHY 3a
paxyHoK pociauHHuX pemtok H;=407 kr/ra, cepeaHe 3HAYCHHS BEJIWYUHU
HAJXO/UKEHHSI TYMYCy B CIBO3MIHY 3a paxyHOK Oiomacu cuuepatiB H,=150 kr/ra.
OOcsr Oiomacu Oyp'siHIB, BTpaT COJOMH IMiJl 4ac 30MpaHHs, HE3EPHOBOI YACTHHH
KYKYPY/ZI3H, IO 3aJMIIAETHCS HA TOJI iX BOJOTOCTI Ta KoedimieHTH rymidikarii
3rigHo Tabm. 1.7,

bananc rymycy B ciBO3MiHI MPU BUKOPUCTAHHI POCITMHHUX PEHITOK Ta OGlomMacH
cuzeparis, by (kr/ra):
b, =-M+H, +H, =-1033 + 407 +150 = —476 xe/ za.



HaaxomxkeHHss rymycy B CIBO3MIHY 3a paxyHOK Oiomacu Oyp’siHIB,

COJIOMH Ta HE3€pHOBOI YaCTHHU KYKYPY/3H, THOIO Ta mociiny, Hs (Kr/ra):

W,
=—205 k, =29 755, (1—§j 0,2+
100 300 100

+ 268 - 1—£ -0,2+1622 - 1—E 014 +79- 1—E 013 | =
100 100 100

=75+143 + 212 +10 =440 k2 / 2a.

BTpaT

Taoauusa 1.7. bajnanc rymycy B CiBO3MiHi Ipy BUKOPHUCTAaHHI OiomMacu
Oyp'siHiB, OioMmacu He3i0paHoi Ta BTPa4Y€HOl COJIOMH, 2 TAKO0K MOCJIy TA THOI0

O6c¢sr 6iomacu Oyp'sHIB (i3 po3paxyHKy 2,5 T/ra), T Oby | 750
Bomnoricts Giomacu, Oyp'siHiB, % Wz | 85
Koedimient rymidikanii 6iomacu, Oyp'sHiB, BiH. O1. Krg | 0,2
Jledinut rymycy npu BUKOpUCTaHHI OioMacu Oyp'sHiB, Kr/Ta Hy |-401
3araJibHUHN BUX1Jl POCIMHHOI 010MacH, 110 3aJIUIIAETHCS Ha MO, T Obpy | 268
Bounoricte pocimaHOi 6ioMacH, %o Wps | 20
KoedoirienT rymidikaiii pocauHHOI 6ioMacH, B T.4. COJIOMH, BiJH. O/I. Krps | 0,2
HedimuT rymycy nmpu BUKOpHUCTaHH1 O1oMacu Oyp'siHIB Ta pOCIUHHOI

. Hpgy | -258
Oilomacu, Kr/ra
BHecenHs koMnocTy, T Ob;; 1622
Bonoricts komnocty, % W, | 72
Koedirient rymidikairii KoMImocry, BiJiH. OJ. kr; |0,14
Jediuut rymycy npu BUKOPUCTaHHI OloMacu Oyp'siHIB, POCIIMHHO1 % 46
OlomMacH Ta KOMIOCTY, KI/Ta PRK
BaecenHs cyOcTparty, T Obp | 79
Bonoricte komnocty, % W, | 72
Koedirient rymidikairii KoMImocry, BiJiH. OJ. kKrz 10,13
bananc rymycy npu BUKOpucCTaHH1 6iomacu Oyp'siHIB, POCTUHHOT i, | -36

6iomacu, KOMIIOCTY Ta CyOCTpary, Kr/ra

bananc rymycy B CiBO3MIHI IIPM BHKOPUCTaHHI Oilomacu Oyp’siHIB, COJIOMH,

THOIO Ta nociiay, b, (kr/ra):

b,=—-M+H, +H,+H, =-1033 +407 +150 + 440 = -36 x2/ ca.

[Ticnst po3paxyHKy KOMIIEHCAIlli BTpAT TYMYCY 3a PaXyHOK POCIMHHUX PEIITOK
Ta 6lomacu cujepartiB, 6iomacu Oyp'sHiB, HE310paHOi Ta BTPAY€HOI COJIOMH, a TAKOK
MOCHIy Ta THOK, BU3HAYAETHCS JOAATKOBA KUIBKICTh COJIOMH, SIKY HEOOX1JTHO
BUKOPUCTATH I KOMIIEHcalli OamaHCcy Tymycy (IIOCATHEHHS MOTo HYJIBOBOTO

3HaueHHs), C (T) 32 BUpA3OM:
b,S 36 - 300

C= ‘ = =68 m.

1000(1— Ve Ji 1000(1—20j 0,2
100 100




JlonaTkoBuii 0o0cAr COJIOMH Ui KOMIIEHCallli BTpaT TyMycy Moxe OyTu
BUKOPHCTAHUN IIIAXOM 3ajMINEHHS 1 Ha I0JIi, BUKOPHCTAHHSM COJIOMH Ha
M1JCTUIIKY TBapUHAM Ta IIUISIXOM BUPOOHHUIITBA Ha il OCHOB1 KOMITOCTY ab0 cyOcTpaTy
JUISL BUPOIIYBaHHSA T'puOIB. Y NOJQIBIIOMY IMIJACTUIKOBUN THINA, KoMmocT abo

BIJIMpallbOBaHUN CyOCTpaT BHOCHTHCA Ha IO B SKOCTI OpraHiYHOIro J00pHBa
(Tab:. 1.8).

Taoauuda 1.8. Bagdauc cojtomn

bionoriunuii yposkai COIOMH, T 783
OO6csT HE3ePHOBOI YACTUHU YPO’Kalo, 110 3aJTUIIAE€THCS HA MO, T 268
OOcsr coJIOMH HA MiACTHIKY, T 205
OO6csr conomu st TOTped rpuOIBHUIITBA, T 10
JloiaTKoBHi1 0OCAT COOMM JIJIsl KOMITEHCallli BTPAT 'yMycCy, T 68
ConomMa Ha TerIoBi MOTPeoH, T 233
Conoma Ha TeIIoBl MOTPeOH Bij 610JOTIYHOTO YpoKaro, Yo 30

Kinbkicte xomnocty K (1) abo kiiabkicth cyoctpaty Ch (T), sika Moxke OyTu
OTpMMaHa IMPU BUKOPUCTAHHI JOJATKOBOI KUIBKICTh COJIOMH JUIsI KOMIIEHCAIli
OaJlaHCy TYMYCY CTaHOBHTb:

K=4C,, =4-68=272 m;
CHh=3C,, =3-68=204 m.

Takum 4MHOM, OOCST COJIOMH, IKY MOKHA BUKOPUCTATH JJISl TEIJIOBUX TOTPEO
BU3HAYAETHCS B 3QJIKHOCTI BiJl AedIUUTYy TyMycy B IpyHTax. [Ipu iHTEHCHBHOMY
BUKOPUCTaHHI CHUJEPATiB, OOCAT COJIOMH Ha TEIJIOBI MOTPEON MOKE CTAHOBUTH O1Jis
30 % Bix GiosoriyHOTO ii yposkaro.

3anuTaHHA V151 CAMOKOHTPOJIIO:

JlaiiTe BUBHAUEHHS TEPMIHY TE€XHIUHA O10€HEPreTHKA.
BxaxiTh OCHOBH1 0COOJIMBOCTI TEXHIYHOI 010€HEPTETUKH.
Sxi 0coOMUBOCTI O10CHEPTETHYHUX CUCTEM B arpapHOMY BHPOOHHIITBI?
Sxi1 mxepena eHeprii B mpupoi?
Sxi1 Bunm 6Giomacu B arpapHOMY BUPOOHUIITBI?
JlaiiTe BU3HaUEHHS TEpMiHY O10Ta3.
Ha3BiTh OCHOBHI BHIM TBEPAOTO OiomaINBa.
Sxi Bugm pigkux OlomajiWB MOXJIMBO OTPUMATH B  arpapHOMY
BHPOOHHUIITBI?

9. Skwuit Bug BUpOOHUIITBA € OE€3BIIXOTHUM?

10. Sxy poab eHepropecypcH BiAIrparoTh y BUPOOHHUIITBI?

11. Sxy poab eHepropecypcu BITITPAIOTh Y KHUTJIOBO-KOMYHAIHLHOMY
rocro1apcTBi?

12. Sxwuii piBeHb CHOKHUBAHHS E€HEPrOpecypCiB y CUILCHKOTOCIOAAPCHKOMY
BUPOOHMUIITBI YKpaiHu?

13. ki 06'exTH O10€HEPTETUYHUX CUCTEM B arpapHOMY BUPOOHMIITBI?

NGk owdE



14. 'V sgxux HanmpsMKax NOBHHEH 31MCHIOBATHUCA PO3BHUTOK BUPOOHHIITBA
Oiomanua?

15. 'V gxux HanpsMKax MOBUHEH 31HCHIOBATHCS PO3BUTOK BHUKOPUCTAHHS
Oiomanua?

16. B 4yoMy CyTHICTh KOHIUEMII JUBEPCU(PIKOBAHOTO BUPOOHHUIITBA
CLIIBCBKOTOCIIOIAPCHKOT MPOYKIIii Ta OlomainBa B arpoeKocrucreMax?

17. SIxi OCHOBHI 3aBJIaHHSI C1JIbCHKOTOCIIOAPChKOT0 BUPOOHUIITBA?

18. Yomy BaxIuBUM € 30UIbLICHHS OIlOJOTIYHOTO PI3HOMAHITTS B
arpoexkocucreMax?

19. ki OnokM BXOAATH B CTPYKTYpHY CXeMa arpoeKOCHCTeMH 13
BUPOOHUIITBOM OilomanuB?

20. Ha3Bith HaIPsIMKH TUBEpCcU(PIKOBAHOTO BUPOOHHIITBA
CUIBCHKOTOCTIOAAPCHKOT MPOAYKIIi Ta O10MaIMB B arpOEKOCHCTEMAX.

21. Yum 0OMEXEHO BHKOPHUCTAHHS EHEPreTHYHOro MOTEHIiay OioMacu B
arapHoMy BUPOOHUIITBI?

22. Slxi OCHOBHI MEXaHIKO-TEXHOJOTIYHI  OCOOJMBOCTI  BHUPOOHHUIITBA
OlomanuBa Ta OTPUMAHHS €HEPrii B MEeXKax arpoOeKOCUCTEMU?

23. SIki OCHOBHI IepeBaru 1 HEIOMIKM BUPOOHUIITBA 1 BUKOPUCTAHHS Oiorazy
B arpapHOMY BUPOOHUIITBI?

24. Slki OCHOBHI mepeBard BUPOOHHUIITBA TEIUIOBOi €HEPrii 13 CHUPOBUHU
CLIIbCBKOTOCTIOIAPCHKOTO TTOXOIKEHHS?

25. B YoMy moJATaroTh CKJIATHONI Ta TEpPeBard BUPOOHHUIITBA PIiJKOTO
OiomanuBa B arpapHOMY BUPOOHUIITBI?

26. Bim doro 3ajexarh TpPaHWYHI 3HAYEHHS OOCATIB CHUPOBHHH IS
BUpPOOHMIITBA OiomanuBa’?

27. Sxuii BKIax BUPOOHMIITBA O10MANHB y CTPYKTYpl HAAXOKEHb KOIITIB Ta
MpUOYTKIB BiJl BUPOOHUIITBA CLIILCHKOTOCIOAAPCHKOI MPOTYKIIIi?
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2. OCHOBHUA BUPOBHUMIITBA JU3EJIBHOI'O BIOITAJIUBA
2.1. TexHoJiorii BUPOOHHUIITBA 0JIii Ta JU3EJIHHOTO0 OionajnBa

Ha croroHimiHii 4ac iCHy€ MIMPOKE PI3HOMAHITTS TEXHOJOT1M BUPOOHHUIITBA
POCIIMHHOT OJTi1 Ta JW3ENBHOTO OloIajguBa, OJHAK HE BCl BOHM HAOyJHU IIMPOKOTO
NOIIUPEHHA Yepe3 TMpoOJeMH i3 CTBOPEHHSAM OOJaJHAHHAM Ta iX MAaJoko
e(eKTUBHICTIO. YMOBHO BCl TEXHOJIOTii MOKHa po30uTH Ha JB1 rpymu (puc. 2.1 ta
2.2): TPOMHCIOBI Ta arponpoOMHCIIOBI (CKOpOYEHWH BapiaHT MPOMHCIOBHX
TEXHOJIOT1M, CHeIlialbHO aJanTOBaHWX IS 33J0BOJICHHS TMOTpeOd arpapHoOro
BUPOOHUIITBA Y OJIii Ta IU3eIbHOMY O10TaIHB1).
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Puc. 2.1. Cxema BUPOOHMITBA POCTUHHOI 0JTii

TexHosoriss BUpOOHUIITBA POCIMHHOI OJI11 BKJIFOUYA€ HACTYMHI OCHOBHI €Tallu:
MIArOTOBKAa 3€pHa A0 OTPUMAaHHS OJili; OTPUMAHHSA Ta OYMCTKM OJIIMHOI MacH, a
BUPOOHMIITBA AW3EIBHOrO Ol0ManuBa, KpPIM TOro — ecrepudikaiiio Ta OYHCTKY
METUIIOBOTO edipy (Au3eapHOro 0i0MnaauBa).

[IpomuciioBa TEXHOJOTISE BUPOOHUITBA POCIMHHOI OJii  TPaAUIIHHO
BUKOPUCTOBYETHCSI HA OJIMHO-)KUPOBUX KOMOIHATaX, [Ki MEpPepoOIsIIOTh ONiHY
CUpOBUHY. BOoHa CKlamaeThCsl 13 HACTYMHHUX €TalliB: MPHUIMAHHA Ta OYMCTKU 3€pHA
BiJl JIOMIIIOK, CYIIIHHS 3€pHa, OTPMMaHHS Ta OYMCTKHM OJIHHOI Macu, padiHarii,
BiHTEpi3allli Ta MOBTOPHOT OYMCTKH OJIii.



[lepeBarn MpOMHUCIOBOI TEXHOJOTII: BUCOKa SKICTh BUPOOJIEHOI MPOAYKIIIi,
ORI TEPMIH MPUIAATHOCTI OJIii Ta BUPOOJICHUX 3 HEl MPOAYKTIB, OUIBIIMN BUXI1T
HEOUHUIIEHOT OJIIHHOT MacH 3a paXyHOK BUKOPUCTAHHS METOJy €KCTPAKIIIi.

Jlo HeMoJiKIB MPOMHUCIOBOI TEXHOJIOTIT MOXHA BIJIHECTH: 3HAYHI BUTpATH
€JIEKTPOCHEPTii, CKIaJHICTh O0JIaIHaHHS, BTpaTa KOPUCHUX MOKUBHUX PEYOBUH T
yac padinarii.

[lepeBarn  arponmpoMHUCIIOBOiI  TEXHOJIOT1i:  MEHIA KUIbKICTh  €TalliB
BUPOOHUIITBA (BIACYTHI oOrmepamii eKCTpakiii Ta BOJIOro-TeIIoBOi OOpOoOKH B
OTpPHMaHHI CHpOI OJIii), MPOCTOTA Ta JOCTYIHICTh OOJaHAHHS, OTPUMaHa OJisl Mae
OpPUPOJHUN CMaK, 3amax Ta 3abapBieHHs, COOIBApTICTh BHUPOOJICHOI MPOAYKIIi
HI’KYa 32 PaXyHOK MEHIIUX BUTPAT €JIEKTPOEHEPTii.

HenonikamMu arpornpoMuCIIOBOT TEXHOJIOTii HACTYMHI: OTpUMaHa pPOCIWHHA
OJIIsI MAa€ HWXKYY SIKICTb, MICTUTh BUIbHI )KUPHI KUCIOTH, POC(OIINIIN, a TAKOK Ma€e

MEHIIUN TEPMiH MPUTATHOCTI.
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Puc. 2.2. Cxema BUPpOOHHITBA AU3eJIbHOI0 HionajnBa

[TpomMucioBa TEXHOJIOTISE BUPOOHHUIITBA AM3EIBHOTO OioMaanBa CKIANA€ThCS 3
TaKUX OCHOBHHUX IIpoOIleCiB: ecrepudikaiii; posmiieHHs Ha Qpakmii (au3enbHe
OlomanuBo — Jerka ¢paxiiis Ta TIIEPUHOBHM ocaa — Baxkka (pakxilis), BIATOHKH
METHUJIOBOTO CIIHPTY; IPOMHUBKHU AU3EIHHOTO O10MMaMBa MMiIKUCICHO BOJIOIO Ta HOTO
3HEBOJHEHHS.

Ecrepudikanisa — 1ie mpoiiec B3aeMoil CyMilll >KUPHUX KUACTIOT (TBAPUHHOTO
a00 POCIMHHOTO TOXO/KEHHS) 31 COHPTOM (METHJIOBUM, E€THUJIOBHUM Ta 1H.) 3
BUKOpUCTaHHAM Jy>)kHoro katamizaropa (KOH, NaOH) nns npuckopeHHs
MPOXO/KEHHS peakilli, B pe3yibTaTl SIKOrO OTPUMYIOTh JHU3EJIbHE Ol0MaJuBO Ta
[IIIIEPUHOBHI ocal (TIIEprH, 3aIMIIKHA CIIUPTY Ta 1H.).



Peakuist ecrepudikariii mpoXoauTh 3a TAKUM HAOIMKEHUM BUPA30OM:
Cs7HggOg + 3 CH30H = Cs57H10,06 + C3HgO3

ne Cs7HggOg — pocmuuna omis;; CH3OH — merunoBuit crimpt; Cs7Hi02,06 —
MeTuoBul edip (au3enbae 6ionanuBo); C3HgO3 — rinepuHoBHiA oca.

BpaxoByroun MOJSIpHY Macy BXIJHUX 1 BUXIIHUX KOMIIOHEHTIB, BHUXiJ
AN3eIbHOTO OlomanuBa 13 pOCIUHHOI 0T TPUOIU3HO TOPIBHIOE KIJIBKOCTI POCIMHHOT
ouii. OHaK HA MPAKTHUIIl BiH ACIIO MEHIIMK 1 3HaXOAUTHCA B Mexkax BiJ 85 10 95 %.

HeoOxigHiCTh BIATOHKM METHJIOBOTO CIHUPTY OOYMOBJIEHA THUM, IO HOTO
IPUCYTHICTh B JU3EIbHOMY O10TajuBlI MPU3BOJIUTH 10 PYHWHAIlll TYMOBUX JeTajei
JIBUTYHA Ta MOIIKOXKEHHA JTaKo()apOOBUX MOBEPXOHb.

[IpomMuBKa MiJKUCIEHOIO BOJOI0 HEOOXITHA JIS BHUAAJIEHHS KaTalli3aTopa,
SAKUW TPU3BOAUTH J10 MOSABH ocanay. [IoBTOpHY NMpOMHBKY AM3EIBHOrO OlomainBa
BOJIOIO 3MIMCHIOIOTH JUIsl BHJAJEHHS KHCJIOTH, SKa TOTpAIUIiE B HBOTO I dYac
MepiIoi NPOMHUBKHU. 3HEBOJAHEHHS JU3EJIHHOTO OlomaanBa HEOOX1AHE I BUAATICHHS
BOJIOTH, SIKa IMOTPAIUISIE€ B HHOTO TMi/T 4aC MPOMHBOK, aJPKe MTPUCYTHICTh BOJIU B IMAJIMBI
MPU3BOJIUTH O HETIOBHOTO 3TOpaHHS, 3HWKEHHS IMOTY)KHOCTI JBUTYHA, KOpPO3ii Ta
YTBOPCHHSI Harapy y IWIIHApax JIBUTYHA.

[IpomuciioBa TEXHOJIOTISI BHPOOHMIITBA TPAAMILINHO BUKOPUCTOBYETHCS Ha
BEIMKMX Ta TIPOMHUCIOBUX MIAMPUEMCTBAX, 3 PIYHAM BHUXOJOM JH3EIHHOTO
6ionanusa Big 20000 1o 100000 T1/pik.

Jlo mepeBar MPOMHCIIOBOI TEXHOJIOT1I BUPOOHHUIITBA JMU3EIHHOTO OiomaauBa
MOXHa BIJJHECTHM HOTO BHCOKY SKICTh, IO Ja€ MOXIIMBICTH BHUKOPHCTOBYBATU
Ju3enbHe 010IMaiMBO SIK B CyMIIIax, Tak 1 0€3 J0/laBaHHs TPAAUIIIHHOTO TU3EIHHOTO
naguBa. OCHOBHI HENOJIKM TaKOro BUPOOHHIITBA: CKJIAIHICTh OOJIaTHAHHS, 3HAYHI
BUTPATH €JIEKTPOCHEPT1i, BUCOKA COOIBAPTICTh BUPOOJICHOT TPOTYKITIi.

ATrpoInpoMHCIIOBa TEXHOJOTIS BUPOOHULTBA NHU3EIBHOTO OlOMaivMBa MIMPOKO
BUKOPUCTOBYETHCS JJI1 BUPOOHUITBA JU3EIBLHOIO OlonainBa 3 PiYHUM OOCSATOM Bif
100 mo 5000 t/pik. Bona cknamaetrbcs 3 erepudikamii, po3aiieHHs Ha (pakiii
(mu3enpHE OloMANMBO — Jerka (paKilis Ta TIIINEPUHOBHIA ocaj ado TIIIEeposT — BaXKa
(dpaxuis, sika € MOOIYHUM MPOJYKTOM MPU BUPOOHMIITBI AU3EIHHOTO OlomaivBa) Ta
OYMCTKHU JU3ETBbHOr0 OlonanuBa (BIATOHKM METaHOJIy Ta OUYUCTKY BiJ Iejienoai0HOoro
ocaay nuisixom ¢iapTparii abo ocamKeHH).

Jlo mepeBar arpornpoMHCIIOBOI TEXHOJIOT1] y MOPIBHSHI 3 MPOMHCIOBOIO MOKHA
BIJIHECTU: MEHINI €HEPTrOBUTPATU, MPOCTOTA Ta JOCTYIHICTH OOJIaJIHAHHS, HIDKYA
co0iBapTICTh OTPUMAHOI MPOTYKIIIi.

2.2. Ouinka CUPOBHHHOI 0a3uM  arponpoMHCJI0BOr0 BHPOOHHITBA
JAU3EeJIBHOr0 0ionajauBa NP ABOXCTYNIHYATOMY BilXKHMAHHI POCJTMHHOI OJIil

ATrponpoMHCIIOBa TEXHOJIOTISI BUPOOHUITBA IU3EJIBbHOrO OlomaivBa — L€
TEXHOJIOTIYHO CIPOLIEHA MPOMHUCIOBA TEXHOJIOTIS, IKa aJanToBaHa MmiJl (epMepchbKi
rOCIIOIapCTBa 3 BUPOOHUIITBOM TU3EIHHOTO OiomanuBa AJis BIACHOTO BUKOPUCTAHHS.
VY Tolt xe 4yac, mUTaHHSA 30UIBIICHHS EKOHOMIYHOI €(eKTUBHOCTI BUPOOHHUIITBA
JU3EIbHOTO Oil0MaarBa 3 pOCIMHHUX O B TAKUX YMOBAX 3aJIMLIAETHCS BIIKPUTUM.



TexHonoriss BUPOOHUITBA JU3EIBHOrO OlomajgnBa MPH JBOXCTYHIHYATOMY
BI/DKMMaHHI POCITWHHOI OJii MNIIIXOM TIpPEeCyBaHHS BKIIOYAE TIEpIIE XOJIOTHE
BIDKMMaHHS Ta Apyre rapsde BiKuManus (puc. 2.3).

ATpONpOMUCIIOBE BHUPOOHMIITBO U3ETHHOTO OiomanmBa BKIIOYAE HACTYIIHI
orieparlii: OYMCTKY 3€pHa BiJ JIOMIIIOK, CYIIIHHS J0 3aJaH0i HOPMH BMICTY BOJIOTH,
npecyBaHHS, MiJ 4Yac SKOTO OTPUMYIOTh HEOUHIIECHY OJII0 MEpIIOTro (XOJOTHOTO)
BI/DKIMAaHHS Ta MaKyXy 3 BHCOKHM BMICTOM OJiii, Ky HiAJal0Th TOBTOPHOMY
(rapstaomy) BIKMMAHHIO.
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T
L]
| Makyxa 3 BUCOKUM BMicTOM onii |-—| lapsve gidwumaHHs H Makyxa 3 HU3bKMM BMicTOM onil |
!
t
lHeoum.ueHa onifA XonoaHoro Elip,}Kl‘lMy‘ | HeouuieHa onia rapAvoro Bigxumy |
i
®dinbmpysaHHA |<-| OyuuieHHs I—*| OcaodxeHHsi | | O4uLyeHHs Wnsaxom ocadKeHHs ‘
| Binmepisayisa onii I—'l Bocku | | Binmepiszayis onii |—'| Bocku ‘
i
| GinbmpyeaHHa abo ocadkeHHs \ | OYuLYeHHs WnaxoM ocadkeHHs \
\ OuuweHa pocnuHHa onis \ | OuMileHa pocnuHHa onis \
| Ha xap4o8i notpetu ‘ | Ha BupoBH1LTBO AM3enbHoro Gionanuea ‘
L]
Metanon+KOH (abo NaOH) H Ecmepucpikauis I——‘ Po3dinenHs Ha pakyil |
I
] )
‘ HeouuweHnin meTunosui edip ‘ | IMiuepon |

* T
Oyucmka memunogozo egi ‘ -
‘ Pipy 3anuwku renenogib-

i | / HOro ocaay

| OcadxeHHs Memunosozo eqipy

36epiraHHna i peanizauia gusensHoro
OionanuBa

Puc. 2.3. Cxema arponpomMucJioBoro BUpOOHUITBA 0J1ii X0JI0AHOT0 BilXKUMAaHHS
Ta AU3eJbHOr0 Oionajmnsa i3 0J1ii rapsiuoro BilxKUMAaHHS

Omito  XOJIOAHOTO  BIDKMMAHHS OYHWINAKOTh MUIAXOM  ¢iabTpartii  ado
OCa/KCHHS, MiJJar0Th BIHTEpi3allii, MOBTOPHO (PUIBTPYIOTH ab0 OCAIKYIOTh Ta
BUKOPUCTOBYIOTh IJIi Xap4yoBHX moTped. Onito rapsyoro BIIDKUMAHHS OYMILAIOTH
IUISIXOM OCaJKEHHS, MIJJIal0Th BIHTEpi3allli Il BUIAJEHHS BOCKIB, IOBTOPHO
OUYMINAIOTH MIJIIXOM OCA/PKEHHSI Ta BUKOPHUCTOBYIOTh SIK CUPOBHHY JIJIsI BUPOOHUIITBA
JTM3eJIbHOTO OlomayivBa, a caMe: MpH J0JIaBaHHI METHJIATY KaJlil0 IPOBOJISITH MPOIIEC
ectepudikailii, po3aUIOTh Ha ¢pakuii, OTpUMaHU METWIOBHM edip OYMIIAIOTh
IUISIXOM OCa/KEHHSI Ta BIIKAYYIOTh y pe3epByap s 30epiraHHs JIU3EJIBHOTO
OlomanuBa.

[Tpu npecyBanHI MaEMO PiBHSHHS OajaHCy MacH OJii:

M0:M0X+MOF (2.1)



ne M, —3arangpHa Maca omii, SIKy MOKHa OJEpXaTu TPH IMPecyBaHHI 3epHa
OJiHOT KynbTypH, Kr; M ,, — Maca ouii mepmoro (X0JIOIXHOTO) BIPKHMAaHHS, KT
M, —Maca omnii qpyroro (raps4oro) BiJuKMMaHHS, KI.

[ToMHOXMBIIM PIBHAHHS OajaHCy Macu OJii Ha IIHY KOXHOTO KOMIIOHEHTY
OTPUMAEMO:

Mol =MoL oy + Mo L o (2.2)
ne [, —uina omnii, rpa/n; L ,, — 1iHa ouii nNepuoro (XoJ0JHOr0) BIIKUMaHH,
rpu/i; I, — 1iHa onii Apyroro (raps4oro) BIIPKUMaHHs, TPH/JL.

PozninuBiing Ha Macy 3epHa OMIHOL KyJIbTYpH OJEPKUMO:

M M M

]\JOUOZ ]\;X on"‘ﬁllor a60 Koll, =Koy Loy +Kor Lo (2.3)

ne K, — 3aranbauii koeditient Buxoay odmii, %; K, — koedimieHt Buxoay odii

nepiroro (xomoaHoro) Bimkumanus, %; K, — koedimieHT BHXOMy OIii APYyroro
(rapstyoro) BiKUMaHHs, %0.
Bpaxysasuy, mo K, =K, —K,, , MOKHa 3anmcari:

koao - kOXHOX = (ko B kox )Hor (2.4)

3BIKA TpaHWYHA IiHA OJii JApyroro (rapsdoro) BI[DKUMaHHS TMpU KA HE
OyIyTh 3MEHITYBATHUCS TPOIIOBI HAJIXOJKEHHS BiJl TPOJIAXKy OJIi1 CTAHOBUTUME:

Hor _ kouo — kOXHOX (2.5)
ko - kox
AHani3 mokazye, 10 TpaHUYHA ILIHA OJii APyroro (rapsyoro) BiIPKMMaHHS
3MEHIIYEThCS MPU 30UIBIIECHHI I[IHU MEPHIOro (XOJOAHOTO) BIHKUMAHHA Ta MpH
30UIbIIeHH] KOe(il[leHTa BUXOAY OJIii XOJOAHOTO BiIKUMaHHA. [IpuUHIMIIOBO
MOJIMBO OTPUMATH HYJbOBI 3HAYEHHS T'PAHUYHOI I[IHU OJii Apyroro (rapsyoro)
BIDKMMAaHHS MPU BUCOKIM IIiHI 01 XOJOJHOTO BIDKMMAaHHS Ta MpH KoedilieHTax
BUXO/Y OJIi1 mepioro (xonoaHoro) BimkuManus suiie 20 % (puc. 2.4).
BcranoBneno, mo 13 30UIBIICHHSAM I[IHA OJIii MepHIoro (XOJOJIHOTO)
BI/DKMMaHHS, HYJIbOBAa TPaHUYHA IIHA OJIii JPYroro (rapsvoro) BIKUMAHHS MOXKE
OyTH JOCSITHyTa TpPH MEHIIMX 3HAYEHHAX Koe(DillieHTa BHUXOJY OJdii TEpPIIOro
(X0M0MHOTO) BIPKUMAaHHS Ta MPH OUTBIIUX 3HAYCHHAX KoedilieHTa BUXOIY OJIii
apyroro (raps4oro) BUDKMMaHHS. Tak, Hampukiaag, OpU IIHI OJIii TEepIIoro
(xomomHOro) BimKUMaHHS 18 TpH/KT, TpaHWYHA IiHA OJii JApyroro (rapsyoro)
BI/DKMMAaHHS MaTUME HYJIbOBE 3HAYEHHS MpPH KOe(ILIEHTI BUXOAY OJii MEPIIOro
(xonogHoro) BimkuMmaHHs 29 % Ta Koe(ili€eHTI BUXOAY OJii JIpyroro (rapsyoro)
BipKUMaHHS 4 %. Ilpu wiHi oiii mepmoro (XoJOoAHOIO) BiIKUMaHHSA 26 TpH/KT
aHajoriyHa cutyaiiss Oydae MaTth Micle NpH Koe(DilieHTI BUXOAY OJii MEpPIIOro
(xonoguoro) BimxkumanHs 20 % Ta koeQilieHTI BUXOAY OJii JIPYyroro (rapsvoro)
BlpxknManHsa 13 %.
VY Bumnaaxy, Kojau KOe(ilieHTH BUXOIY OJIii MEPIIOro (XOJOJHOTO) Ta IPYroro

(rapsi40ro) BIIP)KUMaHHS OJHAKOBI 1 CTaHOBIATE K, =K, = 70 , IIHA OJi1 APYyroro



(raps/goro) BIKMMaHHS B 3aJIEKHOCTI BiJ I[HU OJi MEepHIoro (XOJIOZHOTO)
Bi/DKMMaHHS CTAHOBUTHME:

Lo =20, — L, (2.6)
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Puc. 2.4. 3anexuicTb koedinieHTIB BUX0/Y 0J1ii mepuioro (Xo0J0HOr0) Ta
APYroro (rapsiaoro) BIIKUMAHHS BiJl HiHK 0JIiI MepiIoro (XoJ04HOr0)
BI/IDKMMaHHSA NPHU HYJIbOBOMY 3HAYEHHI LiHM 0JIii APYroro (raps4oro)

BiJUKHMaHHA

TakuM YMHOM, AJi1 OTPUMAHHS POCIMHHOI OJIli HEOOXIAHO 3aCTOCOBYBATH
JIBOXCTYIIHYATE BI)KUMAaHHS, MPUUOMY BUCOKOSIKICHY OJIIF0 MEPIIOTrO (XOJOTHOTO)
BI/DKMMAaHHS JIOUIJIBHO BHUKOPUCTOBYBATH JUIsl XapyOBHX TMOTped, a HEAopory,
MOPIBHSIHO 3 OJIIIO0 MEPIIOro (XOJOAHOTO) BIIKUMAaHHS, OJil0 APYroro (rapsyoro)
BIJDKUMaHHS — JJ14 TOTpe® BUPOOHUIITBA AU3EIBHOrO O10MaInBa.

2.3. TexHiuHe 3a0e3ne4YeHHsI BUPOOHUIITBA IN3€JILHOI0 OionajauBa

YHpomoBK OCTaHHROTO Yacy pO3pOOKOI OONaJHAHHS I BHPOOHUIITBA
au3enbHOro OlonanuBa 3aiiManuch HaykoBmi HHI[ «lHcTuTyT Mexanizamii Ta
enexTpudikarii CLITBCHKOTOCIIOAAPCHKOTO rocroJIapcTBay, Harmionansauit
YHIBEpPCUTET OlOpecypciB 1 TPUPOJOKOPUCTYBaHHS YKpaiHu, bimorepkiBCcbkuit
Jep>KaBHUM arpapHuil yHiBepcuteT, OfechbKuil 1epKaBHUN arpapHUid YHIBEPCUTET Ta
1HII1, SIKI HAMarajucs BJOCKOHAJUTH OOJIaJIHAHHS, BUKOPUCTOBYIOUM Pi3HI METOAU
nepeMillyBaHHsi B mpolieci ecrepudikaiii, amke YUM Kpaiie BiaOyaeTbes
nepeMillyBaHHs, TUM SKICHIIIUM OyJie BUpOOJieHe au3enbHe OlonanuBo. Y mpoiieci
ectepudikailii BHUKOPUCTOBYIOTHCA Taki BUIU [EPEMILIyBaHHSA: MEXaHIUHE
nepeMilTyBaHHs, T1IPOIMHAMIYHE Ta T1IPOMEXaHIUYHE TTepEMITITyBaHHS.

s arpomnpoMHCIIOBOrO0 BUPOOHMIITBA Ju3eiabHOTro OlomanmBa B HHIJ
«IHCTUTYT MexaHi3alli Ta enekTpu@ikalii ClIbChbKOrOCHOIaPCHKOr0 TOCMOIapCTBA
Oynmo  po3pobieHO  ycraHOBKY rmepiomgmdyHoi mii  YBME-1000 (puc. 2.5)



npoayktusHicTio 1000 n/roa., B sKii mepeMillyBaHHS BiIOYBA€ThCA 3a JOMOMOTOIO
pamMKoBoOi Mimmmanku. HemomikoM 1aHOT YCTAHOBKH € Te, IO IMiJI KOKHY TEXHOJIOTIYHY
OTIeparlito 3aCTOCOBYEThCS OKPEMa EMHICTh 3 HACOCOM.

Kpim ycranoBku nepioauunoi aii YBME-1000 Oyna po3poOieHa ycTaHOBKa
oesnepepBHoi Aii YB-TP-20 (puc. 2.6) npoayktusHicTio Big 5 a0 20 a/rox., y skii
nepeMinryBaHHs BiOYBA€ThCsl 3a JOMOMOTOI0 TMPOXOJDKEHHS POCIMHHOI Oii Ta
JY’)KHOTO KaTanizaTopa uepe3 TpyOuacTtuil ectepudikarop. OaHaK JaHA yCTaHOBKA
NpU3HAuY€HA Ui BHUKOPUCTaHHS Y MPOMHUCIOBOMY BHPOOHHIITBI JIU3EIBHOTO
Oiomanuaa.

Puc. 2.5. YcTanoBKa UM 0/iep:KaHHS IM3eJbHOr0 0ionaausa i3 pocauHHUX OJTii
npoayktuBHicTio 1000 1/pixk YBME-100

[Tapanensno 3 mum B HVYBIIl VYkpainm mnig kepiBHUUTBOM mpodecopa
Hyoposina B.O. Oyna po3pobieHa ekcriepuMeHTallbHa YCTaHOBKa JIJIsi BUPOOHUIITBA
Au3ebHOr0 OlomanuBa mpoaykTuBHIicTIO 100 /rox. (puc. 2.7), Ha 6a3i sikoi Oyna
pealti3oBaHa IPOMHCIIOBA yCTaHOBKA MpoaykTuBHicTIO 300 1/pik (puc. 2.8). YV mux
YCTAHOBKAax NEPEMINTyBaHHS 3IACHIOETHCS 3a JOMOMOTOI0 MEXaHIYHOI JIOMaTeBOi
MIIIAIKH.

Hemonikom paHoro oOmamHaHHSA, TaK SK 1 B IIONEPEIHIX BapiaHTax €
BHUKOPUCTAHHS MiJ KOXHUK eTanm BUPOOHMIITBA JHM3EIBLHOIO OioIajliBa OKPEMOi
€MHOCTI 3 IONOMDKHUM YCTaTKyBaHHSM, KPIM TOTO MepeMIlTyBaHHs BiOyBaeThCA 3a
JI0TIOMOTO10 JIOMATEBOI MIMIAJIKH, IO MOTIpIIye Mpoiiec erepudikaiii y HOpiBHAHHI 3
PaMKOBOIO MIIIATKOIO.



Puc. 2.6. O6agnanHs 115 BUPOOHUNTBA An3eabHOro oionaausa Yb-TP-20
NPOAYKTUBHICTIO 5 JI/TO/.

Puc. 2.7. O6agnanHsi 1151 BAPOOHUIITBA IM3eJIbHOT0 GionmajnBa
npoaykruBHicTio 100 s1/rogx.



B Vkpaini icHyOTh HIANPUEMCTBA, SKI BHUPOOJSAIOTH OONATHAHHS IS
BUPOOHMIITBA JMU3EIBHOrO OlomnajguBa abo MPOAAIOTH IMIIOPTHE OO0JIaHAHHS PI3HOI
MPOJYKTUBHOCTI 13 3aCTOCYBaHHSM aBTOMaru3alii Ta 0e3 Hei, a TaKkox
BUKOPHCTOBYIOTh KOHCTPYKIIIAHI MaTepiaiu pi3HOI SIKOCTI, 110 BIUIMBAE Ha BapTICTh
oOnaHaHHS.

Puc 2.8. O6s1agHaHHA 1J151 BUPOOHMITBA IM3€JBHOI0 Oionaausa
npoaykruBHicTio 300 T/pik

Bigomuii croci6 BUpOOHUIITBA METUJIOBOrO e(dipy >XKUpPHOI KHCIOTH Ta
oOnagHaHHS A HWoro 3aiicHeHHs (puc. 2.9), ae 10 MicTKOCTi 4 i 3MINTyBaHHS 13
KOHTEWHepa 3 TONa€ThCd METWJIOBHHM CIHPT, a 13 KOHTEHWHepa 2 TOMAETHCS
Kartajizatop. ¥ MICTKOCTI 4 3a JONOMOIOI MEXaHIYHOi MIIIajikud 5 BiOyBaeThCs
3MINTYBaHHS METHJIOBOTO CHHPTY 3 KaTamizaTopoM. JKup, sKWii 3HaAXOJUTHCS B
KOHTEiHepl 1 Ta cymiml MeTuiaTy Kajilo 3 €éMHOCTI 4 3a JIONOMOIor Hacoca 6
MOTPAIUISIOTh JI0 PeakIliiHoi 30HW 7, 1€ BimOyBaeThcs mpoliec ectepudikaiiii B
3MINIYBaJIbHOMY MPUCTPOi 8. OTpuMaHa emMyJibCisl HAIXOIUTh A0 AUCTHISTOpa 9, ne



MIIJAETHCS BUMIAPOBYBAHHIO, B PE3yJIbTATI SKOTO METHUJIOBUI CIUPT BUBUIBLHIETHCS
gyepe3 BIABIAHUK MeTWiIoBoro crnupTy 10, a oTpumaHmii MeTHIOBHH edip depes
BiAMoBiAH1 30HU auctuistopa 11. HeecrepudikoBaHi peyoBUHU BiJIOKPEMITIOIOTHCS 1
30MparoThes Yy TpHUCTpid BimokpemseHHs (a3 12. Ilpu HeoOXigHOCTI, YacTHHA
HeecTepru(PiKOBaHUX PEYOBHH IO TPyOOMpoBOAYy HacocoM 13 TmoBepTaeThCs y
JUISHKY 1epeOyBaHHs KupiB 1.

3

Y

1 — KoHTeliHep IJIA KUPY; 2 — KOHTelHHep AJs KaTtajizaTopa; 3 — eMHICTh
JAJSI METHJIOBOrO0 CHNHMpTYy; 4 — €MHICTH AJs1 3MillyBaHHA; 5 — MeXaHiYHMi
3MilIyBa4; 6 — HacOC BUCOKOI0 THCKY; 7 — peakuiiiHa 30Ha; 8§ — 3MilIyBaJIbLHUI
npucrpin; 9 — aucruasarop; 10 — BiaBinHuUK MeTH/J0BOro cmupry; 11 — 30HHM
BiJIBe/IeHHs IM3eJbHOr0 OiomanuBa; 12 — npucTpiii Bitokpemiennsi; 13 — Hacoc
JJIAl BilKauyBaHHA HeecTepu(iKOBAHUX PEYOBHH

Puc. 2.9. Cxema o0J1aiHaHHS 1Jisi BUPOOHMITBA IU3€JIbHOT0 OionajauBa i3
3aCTOCYBAHHSAM CTATHYHOI0 3MilLyBAJIbHOI0 MPUCTPOIO (MATEHT YKPaiHU HA
BHHAaXxia 44931)

[lepeBaramu gaHoro oOJilafHAHHS € BUKOPUCTAHHS BHCOKOE()EKTHUBHOL
TypOyJICHTHOCTI JJisl MPOBEJEHHS mpolecy ectepudikaiii. Hegomikom € Te, mo gaHe
oOJlalHaHHS Ma€ CKJIAJHICTh y BHUKOPUCTAHHI Ta HU3bKUU BUXIJ JIU3EJIBHOTO
OlomanuBa, ajKe MpU BUMNAPOBYBAaHHI OYyIyTh BIAOYBaTHCS BTpPAaTH JM3EJILHOTO
OlomanuBa.



Po3pobieno Takok oOnagHaHHS AN OACpXKaHHS OlomanuBa AN JTU3ETIB
(puc. 2.10), sixe mpailtoe HaCTYITHUM YHHOM: 13 eMHOCTI 2 kaTtanizatop KOH no3ytoTh
3a JJOTIOMOTO¥0 J103aTopa 3 Ha CITKY EMHOCTI 4 Kyl TaKOX TOJal0Th CIIUPT 3 EMHOCTI
1 st mpUroTyBaHHS CIUPTOBOIO PO3YMHY KaTalizaTopa. Y BiJHOIIEHHI 2:1 mogaoTh
OJIIIO 1 CIIMPTOBHMM PO3YMH Ha CTaJIil0 CHHTE3Y, a caMe y KaBiTallliHUN pucTpiit 8, e
3MIIIYIOTh, HArpiBalOTh 1 CHHTE3YIOTh pagukanu edipiB Ta MOJAIOTh KUCIOTY 3
€EMHOCTI 7 sl HEWTpamizaiii KarajizaTopa, a MOTIM — Ha CTaJll0 PO3MOAUICHHS
OJIep’KaHUX MPOAYKTIB, a came uepe3 (PuIpTp s BigAUIeHHS TBepaoi dpakuii 14
(MUII0) B 1Ba pO3MOAUTBHUKA 15, KyIy MOIal0Th BOAY 3 EMHOCTI 16 1J1st BiAMUBaHHS
OJIep’)KaHUX TMPOIYKTIB 1 TMPOCYIIYBaHHA TapsSs4UM TMOBITPSIM 3a JOIOMOTOIO
BeHTWIATOpa 17 3 mimirpiBauem moBiTps 18. Omepxanuit edip depes GiabTp s
BinmineHHsT BigxodiB 19 30upatore y emuocti 20, a rTiinepon — y emHocti 21.
HenpopearoBani mapu cnupTy BiJKadylOTh 3a JOMOMOTOI0 BakyyM-Hacocy 11, a
KoMIipecopoM 12 moparoTe B KOHAEHcATOP crupTy 10, a OTIM CIIUPT MOBEPTAIOTH Y
EMHICTB ISl CIUPTY 1.

21

Puc. 2.10. YcraHoBKka AJjs1 oiep:KaHHs 0ionajuBa JJIA JU3eJ1iB 3rilHO NaTEeHTy
Ykpainu Ha KOpUCHY MoaeJIb 19495 (Mo3HAaYeHHS B TEKCTI)

VY KkaBiTaluiifiHOMY TPUCTPOI § PIAMHM, MOTPAIUIAIOYM Y BXIIHHUNA naTpyOoK 28
3a JOMOMOIOI0 HUPKYJsIiiHOro Hacocy 9 mig tuckom 0,5 MIla, a mortim B
IPUCKOPIOIOYOMY 3aBUTKY 24, IMIBUIKO IPUCKOPIOIOTBCS Ta 3aKpy4dylOThCS B
BUXPOBOMY pyci 1 moTpamisaioTh y TpyOy 23. 3akpydyenwili moTik y TpyOi 23



MEPEMIILY€EThCS 110 TBUHTOBIM CHipaii y CTIHKaX TpyOu 10 MPOTHIIEKHOTO KIHII, IO
3aKIHYY€ThCS 3BYKEHOIO NIISHKOI 25 3 orBopoM 27. Ilepen 0TBOPOM CHUMETPUYHO
oci TpyOM BMOHTOBaHa BiOpalliiiHa IjiacTHa 26, 0 BUKOHYE POJIb KaMepTOHa, 3
METOI0 BIOpYBaHHS 1 IIBHJIKOTO TajJbMyBaHHS BUXpPOBOTO MOTOKY. PesepByap 22
CIIyTye JUIsl HarpiBaHHs piguHu 3 mBuAKICTIO 0,5-3 °C 3a xB. Po3Mipu 30HU KaBiTarii
PO3IIMPIOIOTHCS B pa3l 30UIBIICHHS THCKY Ha BXIJHOMY maTtpyOky 28 Bim 0,5 1o
0,7 MlIla.

HenomnikamMu naHOi YyCTAaHOBKHM € CKJIQJHICTh KOHCTPYKINi, BEIHKI rabapuTH,
BHCOKA BapTiCTh.

Binoma rizponmHamidHa yCTaHOBKa JJIsi OTPUMaHHS TU3EIBHOTO OlomainBa
(puc. 2.11), B siKil €IEKTPOABUTYH | MPUBOAUTH B JIi0 TiApOHACOC 2, KUl B CBOIO
yepry BCMOKTYE€ OJIif0 3 eMHOCTI 13 B Mmarictpainsb (a) yepe3 Biakputuit kpan 3. [Ipu
IbOMY KpaH 4 MOBUHEH OyTH BiIKpUTHUM, a Kpanu 5, 8, 10 — 3akpwuTi. Ilicnsa uporo,
kpaH 10 BinKpHBaIOTH 1 MOJAIOTh Y€pe3 HbOTO JU3EIbHE MAIMBO 3 €MHOCTI 9 y
3MinryBau-exekTop 11. 3a momomororo kpaHa 4 peryioTh poOOYHMM THCK Y
HarHiTaldbHIN MaricTpaii 12, SKuil KOHTPOIIOETHCS MAHOMETPOM 7.
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Puc. 2.11. l'inpoanHamiyHa yCTaHOBKA /IJIsl OTPUMAHHSA IM3€J1bHOT0 0ionajauBa
3riIHO MATEeHTY YKPaiHU HA KOPUCHY MoAeJdb 31463 (Mo3HAYEHHS B TEKCTI)



JluzenpHe MamuBO MMiJ THCKOM TPOXOJWTH MO HArHITadbHINA Marictpam 12 Ta
noTparvisie 'y KaBiTarop 6, 1e Bi0yBaeTbCs 1HTEHCMBHE HACHYEHHS JIU3EJIBHOIO
najuBa pinakoBow omiero. I3 Buxomy 15 kaBiTaTopa riipoJguHaMIYyHa CYMIII IO
marictpam (0) momaerbes y TexHoyoriunuii 6ak 14. Ilicias HacHYCHHS IU3EIBHOTO
najuBa pImaKkoBoOIo oji€ro, kpaHu 8, 10 3aKkpuBarOTh, a yCTAHOBKY BIAKIIOYAIOTb.

[lepeBaramu oOsagHAaHHS € TMPOCTOTAa KOHCTPYKIII Ta BIAMOBIAHO i
JIOCTyMHICTh. HemonikamMu maHOi YCTaHOBKM € Te, IO BOHA MpH3HAYCHA IS
T1IPOIMHAMIYHOTO 3MIITYBaHHS PIMAaKOBOI OMii 3 AM3EIBHUM MaUBOM, a MiJ poOOTy
Ha CyMIIII PIMaKoBOi OJIii 3 METHJIATOM KaJlil0 BOHA HE pO3paxoBaHa.

3anponoHOBaHa TaKOXK yIOCKOHAJIEHA MOAYJIbHA YCTAaHOBKA JIsI BUPOOHHUIITBA
au3enpHoro OionanuBa (puc. 2.12), mo mpaioe HACTYTHUM YHHOM: Yy €MHOCTI |
NOBUHHA OYyTW OJIisl, Y 3aKpUTOMY pe3epByapi 2 MeTaHos, y OyHKepi-mo3zatopi 3
JY’)KHHUM KaTani3aTop.
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1 — emuicTh oJii; 2 — €MHiCTH METWJIOBOIO CHHMPTY; 3 — [103aTop

KaTajgizaropa; 4 — peakTop 3MillIlyBaHHS METHJIOBOTO CIIMPTY Ta KATAJi3aTOpPa;
5 — I0AATKOBHUIl HUPKYJIALIIHUNA HACOC; 6 — OCHOBHUII HUPKYJIsALIiiHUEA Hacoc; 7
— peakTop; 8 — kaBiTaniiiHa kamepa; 9 — Teni000MinHuK; 10 — BigcTilinuk; 11 —
reHepaTop yJbTpa3ByKy; 12 — yabTpa3ByKoOBi BUIIPOMIHIOBaYi BiacTiiiHuKa; 13
— YJAbTPa3BYKOBI BUIIPOMiHIOBAa4i peakTopa
Puc. 2.12. MoayJjbHa yCTAHOBKA 1JI1 BAPOOHMITBA AU3€JBHOI0 dionajausa
(maTeHT YKpaiHH HA KOPHCHY Moj1eJIb 36284)

€MHICT, 4 HaANOBHIOETHCA HEOOXITHUM o00'eMoM wmeTtaHomy. OmHOYacHO
BKJTFOYAIOTHCS 3MINTyBATBHUN HAcoC 5, 103aTop JIY’)KHOTO Karaimizatopa 3 Ta
yIbTpa3ByKoBI BumpomiHiooBaui 13. Ilupkynsmis MeTaHOdy Ta aKTHBAIiiiHa



yJIbTpa3ByKoBa 0OpoOKa peareHTHOrO0 PO3UYHMHY MPOAOBKYIOTHCS MICIs MPUITMHEHHS
noJiaul Jy>KHOTO Kartaji3aTopa JA03aTopoM 3 1€ BIPOAOBK MMEBHOTO BCTAHOBJIEHOTO
TepMiHy. Jlam BKIIOYAEThCS HUPKYJSALIMHUNA HAcoc 6, SKWUNM 3alOBHIOE CYMIIIIITIO
METHUJIOBOTO CIIUPTY Ta POCIMHHOI OJIii 10 3a7aHoro 00'emy peaktop 7. Ilicas mporo
UPKYJIALISA MPOJAOBXKYEThCS dYepe3 KaBiTallliiHy Kamepy 8, a mpu HEOOXiTHOCTI U
gyepe3 TeII000OMIHHUK 9, MIC/sA 4oro Bech 00'eM MepekadyeTbes y BiacTiHUK 10, e
BKJTFOYAIOTHCS YJIBTPA3BYKOBI BUIIPOMiHIOBaYl 12 1711 yTBOpPEHHS Ocaiy.

[lepeBaraMmu fmaHOi YCTAHOBKH € MOXIIMBICTb BUKOPHUCTaHHS 11 Yy
arpornpoMHCIOBOMY BHUPOOHMIITBI, HASIBHICTh YJIbTPa3BYKOBHX BUIIPOMIHIOBAYiB Y
BIJICTIHHUKY, PEaKTOp1 3MIIIyBaHHS METHJIOBOTO CHHUPTY Ta JY>KHOTO KaTai3aTropa
3a0e3rneyye MIBUKE YTBOPEHHS OCaly, BCTAHOBICHHS JOJATKOBOTO IUPKYJIISAIIHHOTO
Hacoca J03BOJISE SIKICHO 3MIIIATH XIMIYHI peareHTH.

Henonikom naHOi yCTaHOBKHM € BHCOKa BapTiCTh 3a PaxyHOK JIOJaTKOBHUX
€MHOCTEH, YJIbTPA3BYKOBHX BHUIIPOMIHIOBAYIB Ta JOJATKOBOTO IHUPKYJISAIHHOTO
Hacoca, 10 3aBa)ka€ KOHKYPYBaTH Ha PHUHKY 3 OUIBII TPOCTUM OO0JIaIHAaHHSIM
PO3pOOICHUM Tl BUKOPUCTAHHS B arpOIPOMUCIOBOMY BUPOOHUIITBI.

Po3pobnena TakoX MOJIyJbHAa YCTaHOBKA JJisi BHUPOOHUUTBA JU3EIBHOIO
OionamuBa (puc. 2.13), KoTpa TMpalroe HACTYIHHM YHHOM: WIpU BKIIOYCHHI
IPUBOJHOTO E€JIEKTPOABUTYHA 2 MPUBOJUTHCS B PyX TiAPOHACOC 3, KM BCMOKTYE
pIiNakoBy oJ1it0 3 €éMHOCTI 1. PoGounii TUCK perysitoeThCss B MaricTpaii MaHOMETPOM
4. PimakoBa ouisl MiJ THUCKOM HIPOXOJWUTh MO HAMIpHIA MaricTpail 1 Momnajgae B
no3aTop-3minryBad 5. OgHOYacHO THpH BIJKPUTHUX KpaHax 13 cekuii Oaka 6 B
KOJIEKTOp 7 MOTPAIUISIIOTh AU3EIbHE NaJluBO, METUJIOBUM CHOUPT 1 KaTaii3aTop, sKi
MOTIEPEIHHO B HHOMY 3MIIIYIOTHCS Ta BCMOKTYIOTHCS B MOPOKHHUHY PO3PiIIKEHHS
no3zatopa 5. Ilonepeqnpo HacCM4YEeHA CyMIlll HAIXOUTh Y T1APOJAUHAMIYHUMA KaBITATOP
9, ne BUKOHYEThCS TIHOOKE IUCIEPTyBaHHS CyMillli KOMIIOHEHTIB 3 pPIMaKOBOIO
OJII€I0 Ha MOJIEKYJISIpHOMY piBHI. OTpuMaHa CyMilll HAJIXOJIUTh MO TPyOOIPOBOIY B
TeXHOJIOT1uHY eMHicTh 10, a motiM B cemaparop 11, e posnuiserbcs Ha pakiii
IU3eNbHOTO OlomanuBa Ta BOJHO-TIIIEPUHOBOI CYMIlI, TOTIM KOXKHA (pakiis
HaJIXOJHUTh J0 €MHocTe 12 1 13. Jlam BOMHO-TJIIIEPUHOBA CYyMIII TOJAETHCS 13
eMHOCTI 13 B (puIbTp-BONOrOOYUCHUK 14, ne pO3AUISETHCS HA TIIIEPUH 1 BOIY.
I'mnepun 31uBaeThcs B €MHICTH 15, a Boga B eMHICTh 16. J[u3enpHe OlomanuBo i3
eMHOCTI 12 mo TpyOompoBoay, Yepe3 BUTpaTtoMmip 17, HAIXOAUTH NIl TOJABIIOTO
BUKOPHUCTAHHS.

[lepeBaramMu naHOi YCTAaHOBKM € BHCOKOSKICHE TEPEMIITyBaHHS 3a PaxyHOK
TAPOAMHAMIYHOTO JUCHEPraTopa, MOKIUBICTD BUKOPUCTAHHSA y CE30HHIN poOOTI.
HenonikamMmu € CKJIaAHICTh KOHCTPYKI[li, BHCOKI BHpPOOHMYI BUTpaTH Ta ii
rabapuTHICTb.

3anpornoHOBaHO JO BUKOPUCTAHHS TaKOX OOJagHAHHA JUIsi BUPOOHMIITBA
IU3eNbHOTO OlomanuBa, SKE TMpaIlo€ HACTYIMHWUM YWHOM: JIO0 MICTKOCTI 3 Jyis
3MINTyBaHHS 13 KOHTEWHepa | momaeTbcss METUJIOBUM CIHPT, a 13 KOHTEHHepa 2 Ha
CiTKy 4 momaeThcst KataiizaTop (puc. 2.14). Y micTkocTi 3 3a A0MOMOT00 Hacocy 5
B1I0YBAETHCS 3MINTyBaHHSI METHJIOBOTO CIIUPTY 3 KaTajiizaropoM. [licis 3aBepiieHHs
nepeMillyBaHHs YTBOPEHUN METHIJIAT KaJiio 3a JOMOMOTOI0 HAacocy 5 MOTparuise 10
MICTKOCTI 6 HaKOMMYEHHS METHJIATy KaJliio 3 SIKO1 MOTIM CaMOIUIMBOM MOJAETHCS A0



Hacocy 8. PocnMHHUN XUp TakoX MOJAETbCS CAMOIUIMBOM 13 KOHTEWHepa 7 10
Hacoca 8. CyMilll METHJIATy KaJlil0 3 >KUPOM HACOCOM & MOAAIOTh 0 TpyOdaToro
3MmilioBHKa 9 115 ecTepuddikaliii xxupy, e 3a J0IOMOTro0 BCTaBOK-TypOymizatopis 10
Bi10yBaeThes ii mepeminryBadHs. [licis nmpoxokeHHs eTepudikaliii Kupy oTpuMaHa
eMyJIbCl HAIXOJWTh Y TpaBiTAllliHUN po3aumoBad 11, B sSKOMYy BIIOYBa€ThCS
PO3IJICHHS] Ha JU3eNbHEe O10MajyuBO Ta TIIIEPUHOBUN ocan. Ju3enpHe Oi0MaivBO
BIJIBOJIUTHCS 13 TpaBiTaIlifHoro po3aumoBaya 11 uepes mivky 12.

6

g |

\
{
{
\
{

L

&\\ N
N\l

iy

N

/7 54

14

§ b

1 — TeXHOJIOTiYHA €MHICTH (IJIs1 PIMAKOBOI 0Jii); 2 — eJIEKTPOABUIYH; 3 —
rigponacoc; 4 — MaHoMmeTp; 5 — g03aTop 3MmimyBay; 6 — 0ak; 7 — KojekTop; 8 —
AaT4YuK Temmneparypu; 9 — rigpoamnamiunuii qucneprarop; 10 — emuicrb; 11 —
cenapatop; 12 — eMHicTh JJI IU3eJbHOr0 Oionajausa; 13 — eMHICTD ISl BOJAHO-
rjainepuHoBoi cymimi; 14 — pinbTp-ouncHuk; 15 — emHicTs A riainepuny; 16 —
€MHICTB /151 BoJIoru; 17 — BUTPaTOMip AU3€JIbHOI0 OionajanBa

Puc. 2.13. MoayJjibHa yCTAHOBKA /1Jis1 BAPOOHUMIITBA JU3€eJIbHOI0 Oionaausa
(maTeHT YKpaiHu HAa KOpHCHY MojeJb 37619)

78

N

[lepeBaramMu 1bOro 00JIAAHAHHS € TE€, 1[0 BOHO JO3BOJIE 3MEHIIUTH MUTOMY
€HeproMiCTKICTh BUPOOHMIITBA O10AM3EILHOTO MalMBa 3a PaxXyHOK IHTEHCHU(iKaIli
npolecy mepeMinryBaHHA mpu ectepudikamii xupy. BoHO Takox Mae He3HAUHY



MaTEPI1aIOMICTKICTh 3@ PAXyHOK BHKOPUCTAHHS TiIPO3MILIYBAaHHSI METHIOBOTO
CIUPTY 3 KaTaJli3aTOPOM.

HenomnikamMu € Te, M0 HE BHKOPUCTOBYETHCS TEILIO, SKE BHUAUISETHCS TPU
PO3YMHEHH]1 KaTraji3aTopa METWJIOBUM CIHUPTOM Ha MIiITPIB  KUPY Tepen
BUTOTOBJICHHSAM O10JJM3€JHHOTO TAJIMBa, TpPyOUyaTHil 3MIHOBHK Ma€ 3aBHCOKUI
TipaBIidYHUHN OMip, IO MiJABUIIYE EHEPTOMICTKICTh MpoIecy ecTepudikariii >xupy Ta
CKJIAJIHUM y BHUTOTOBJEHHI 1 MOHTaXy, KpiM TOoro oOJiaJiHaHHS He 3abe3reuye
HAJICKH1 TOKA3HUKH AKOCTI 010/IM3€bHOTO MaluBa 32 KOPOTKHM Yac BIJICTOIOBAHHS Y
MOTOII.

1 — eMHicTh 3 METHJIOBUM CHUPTOM; 2 — EMHICTH 3 KaTajgizaTtopom; 3 — 0ak
N 3MIIIyBaHHA METHJIOBOIO CHHMPTY Ta Kartajgizatopa; 4 — cirtka aJs
Karajizaropa; 5-—Hacoc JJIs1 NepeKauyyBaHHs MeTWiIaTy Kajgiw; 6-—
HAKONMUYYBAJbHA €EMHICTh METHJIATY KaJilo; 7 — 0aK MJIs KUPY; 8 — Hacoc auis
NMepeKavYyBaHHS KHPY Ta METWIATy KaJjiw; 9 — tpyduaruid 3miioBuk; 10 —
BCTaBKa-TypoOy.JtizaTop; 11 — rpaBitauiiinuii po3ainoBay; 12 — jiiiika

Puc. 2.14. O61aqHaHHSA I BAPOOHUITBA AN3eIbHOT0 0iomaanBa (maTeHT
Ykpainu Ha Bunaxig 89320)

Bumie onrcane o6nagHanHs Oyino YIOCKOHAJICHO MIJISTXOM 3aMiHU TPyOUYacTux
TypOyI1i3aTOpiB Ha IMJIIHAPHYHO-KOHIYHI KoMrieHcaTopH (puc. 2.15).

[lepeBaramu 11p0r0 06JIATHAHHS € TE, 10 B1IOYBA€THCA AKICHE EPEMIIITYBaHHS
32 paxyHOK MPOXOJKEHHS JKUPY Ta METHJIATy Kalilo depe3 TpyOdaTwii 3MIHOBUK 3
MATTHAPUIHO-KOHIYHIMH KOMIIEHCATOPAMHU.



HenonikamMu € Te, mo gaHe oOiajgHaHHA MOTPIOHO BUKOPHCTOBYBATH NpU
MOCTIMHIN TT0a4l CHPOBUHU JIO0 PEaKTOPa, M0 3a0e3Meuy€eThCs IPU BEIMKUX 00CsATax
BUPOOHUIITBA Ju3eNbHOTO OiomanmBa. llepiogwuHe BUKOPUCTaHHS  TaKOTO
oOJamHaHHS TPU3BOIUTH JI0 CKJIATHOTO 1 JOPOTOr0 TEXHIYHOTO OCHAIICHHS 1
00CITyTOBYBaHHS.
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1 — €eMHicTh 3 METHJIOBHUM CHHUPTOM; 2 — EMHICTH 3 KaTtajizatopom; 3 — 0ak
IJIA KUPY; 4 — 0ak il 3MILLYBAHHS METWJIOBOIO CIIUPTY Ta KaraJjizaropa; S —
HACOC /Il epPeKAYyBAHHA METHJIATY KaJlil0; 6 — HacocC 1Jis BIAKaYyBaHHS KUPY
Ta BUKOHAHHSA NepeMilllyBaHHA B riipo3milnyBayvi; 7 — Tpy0YaTuil 3MioBUK; 8
— HWIIHAPO-KOHIYHI KOMIIeHcaTopu; 9 — rpasiraniiiHuii po3gimoBau; 10 —
giika; 11 — pogarkoBuil rpasitauiiiHui posginoBa4d; 12 — ¢inbTpyroumi
eJIeMeHT

Puc. 2.15. O61agHaHHsI VI BUPOOHUITBA IN3€JIbHOT0 GionajnBa (MaTeHT
Ykpainu Ha BuHaxin 94346)

Bigome obGmamHaHHS m1si BUPOOHHUIITBA JHU3EIBLHOTO OlOIajiBa, SIKE MPAIIOE
HACTYITHUM YUHOM: JI0 €MHOCTI 4, 13 KOHTelHepa 1 METHIIOBOTrO CHUPTY MOJAETHCS
MmeTwiioBuid criupT (puc. 2.16). Karamizatop i3 KOHTelHHepa 2 MOJAEThCS B EMHICTH 4
st po3unmHeHHs. Hacoc 5 3a0esneuye MMOBHE PO3YMHEHHS KaTamdi3aropa B
MetusoBoMy crnupTi. Hacoc 6 momae 13 koHTeliHepa 3 *HUp 1 OJIHOYACHO HAcOC D 13
€EMHOCTI 4 TmoJae pO3YMH METWIATYy Kaliio B rigpo3MimyBad /. Ilig wdac
nepeKavyyBaHHs eMyJibCli, Hacoc 6 mojae cymill B riipoMilaiiky 8, sika o0epTaeTbes
32 PaxXyHOK TiJpOPEaKTUBHOI CHJIM CTPYMEHIB, 10 BUXOIATH 13 (opcyHok 10
PO3MIIIEHUX HA IITaHTax 9 rijpomimanku 8.



[Ticas mpoxomxeHHs ecTepudikaliii )KUpy OTpUMaHa €MYJIbCIs 3aMUIIAETHCS Y
ripo3MinryBayul / J0 TOBHOTO pO3JUICHHS Ha au3enbHe OilomanuBo (JBII) Ta
riminepunoBuii ocaz (I'O).

[lepeBaramMu maHoro oOJaAHAHHA € Maja TabapUTHICTh, OCTYITHA BapTiCTh
yCTaTKyBaHHS 3a PAaxXyHOK BHUKOPHUCTaHHS TiApOTIEpEMIlTyBaHHSA, MOXJIMNBICTh
BUKOPHUCTAHHS Y CE30HHI pOOOTI.

Henomnikamu € Te, 110 nmepeMilnyBaHHs eMyJIbCii BiI0YBAa€ThCS MOIIAPOBO 1 HE
3a0e3MevuyeThes JOCTaTHIN piBeHb MEpEeMIlTyBaHHS 1i 1IapiB.
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1 — eMHiCTh 3 METHJIOBUM CIIMPTOM; 2 — EMHICTh 3 KaTaJi3aTopom; 3 — 0aK
NJIs KMpPY; 4 — 0aK [AJis1 3MILIYBAaHHSI METHJIOBOIO CIIMPTY Ta KaTaJjgizaropa; S —
HACOC ISl IepeKavYyBaHHA METIWIATY KaJlilo; 6 — Hacoc A1l BiAKA4YyBaHHS KUPY
Ta BHKOHAHHSI NepeMillyBaHHSlI B ripo3mimyBaui; 7 — rigposmimyBay; 8 —
rigpomimanka; 9 — mranru rigpomimanaku; 10 — popcynku
Puc. 2.16. Ob6aagHanHs 1Jis BUPOOHUUTBA IU3€JIbHOT0 0ionajauBa (MaTeHT
Ykpainu Ha Bunaxin 100569)

B mpomucnoBomy iHcTUTyTI MexaHizauii puibHuITBa (ITIMP, Tlonkma) Oyno
po3pobiieHe oOJiaqHaHHS JJIi  BUPOOHHUIITBA Ju3eibHOTO OlomanuBa W500M
(puc. 2.17) mnponyktuBhicTo 50071 3a 1 1uKI, B SKOMY 3aCTOCOBYETHCS
nepeMilryBaHHs 0e3 1oTpeOu MATPUMKHA TEMIIEpaTypHOTo pexumy. JlaHe
oOJasiHaHHS PO3PaxOBaHE /AJIsi BAKOPUCTAHHS y CE30HHIM poOOTI 1 Mpu HEOOX1THOCTI



MOK€ MOOITBPHO TEpeBO3UTHCH Ha mnpuueni (puc.2.18) i 3acTocyBaHHS
(hepMepChKUX TOCTIOIapCTBAX.

Puc. 2.17. Ecrepudikarop 111 BUPpOOHMITBA IN3€JIbHOI0 0ionaauBa B yMoBax
¢epmepcbkux rocnogapers (Iosbina)

Puc. 2.18. MobisiibHe 001aJHAHHS 1JI1 BUPOOHMITBA AN3€JbHOI0 OionaaiuBa
W500M



Psn ycraHoBok [isi  BUPOOHHWIITBA JU3EIBLHOTO OlomManvMBa  MPOWIILIIH
BUNPOOYBaHHs B YKpaiHcbkomMy HJII mporHo3yBaHHs Ta BUIPOOYBaHHS TEXHIKHU 1
TexHoJoTit mnga c-r  BupoOHuurBa 1iM. JI. Iloropiumoro. Opnak pe3epBu
yIOCKOHAJIEHHS 00JIaIHaHHS ISl BUPOOHMIITBA JU3EJIBHOTO OloMaiivBa IIie B MOBHIN
MIpl HE BUYEPITaHi.

2.4. TeopeTu4Hi 0OCHOBH BHPOOHHUIITBA IU3€JIbHOI0 OionmajuBa

3a eKCHEpTHOI OIIIHKOI SKICHUX TIOKa3HUKIB JW3EIHHOT0 OlomasinBa,
HAWBaroMilIMMH TOKa3HUKAMHU SIKOCTI BHPOOJICHOTO AH3ENbHOTrO OlomanuBa €
KiHEMaTH4Ha B’SI3KiCTh Ta TeMIepaTypa CHalaxy. IX CHijbHA BaroMiCTh CTAHOBUTb
60 %, a TOMy OIIIHKY SKOCTI AW3elIbHOr0 OiomajanBa AONUIBHO BH3HAYATH 32
HACTYITHUM BHPa30M:

Vo Vg . .TCH_TCtD.
I, =aV,>v,;——0)+ (T, <Ty — :0) (2.8)
VH CH
ne Iy — TNOKa3HUK BEJIMYMHU BIIXWICHHS (DaKTUYHUX 3HAYEHb SKOCTI

IU3EIIbHOTO OlomajivBa BiJ HOPMAaTUBHUX (y3arajJlbHEHHH MOKAa3HUK SIKOCT1), %o; o —
BaroMiCTh TOKa3HHWKAa KIHEMATU4YHOI B’S3KOCTI mamuBa, %; Ve, Vy — (akTU4YHE 1
HOPMATHBHE 3HAYCHHS KiHEMATHYHOI B’SI3KOCTi, MMZ/C; [ — BArOMiCTh MOKa3HMKA
temrniepatypu cnanaxy, %; Tce, Tcy — ¢GakTHuHE 1 HOPMATUBHE 3HAYCHHS
TeMmneparypu cnanaxy,°C.

BcraHoBiieHo, o0 KiHeMaTH4YHa B’S3KICTh JIM3CIBHOrO OlomajiMBa 3ajICKUTh
BiJl KOHIIGHTpaIlii MeTWUJaTy Kajilo, a TeMmIepaTypa chajaxy — BIJ yacy
B1JICTOIOBAHHS 3 JOCTYTIOM MOBITPSI.

ExcniepuMeHTa bHI JOCTIKEHHS ToKa3ainu (puc. 2.19), mo i3 301IbIICHHIM
KOHLIEHTpalli METUJIaTy Kajilo Hpu ecTepudikaiii poCAMHHOI OJii 3MEHUIYEThCS
KiHeMaThuHa B’si3kicTh. [Ipu momaBanHi 143 r 1 Oinblne MeTUIATy Kajlilo HA OJUH
JITp PpINAaKoBOi OJii KIHEMaTW4YHA B’S3KICTh OyJA€ BIANOBIAATH BUMOTam
JCTY 6081:20009.

[3 30ijbIIEHHSM dYacy BIJACTOIOBaHHS MeTHioBoro edipy (puc. 2.20)
30UTBIIYyEThCS  WOTO TeMmIeparypa crajgaxy, IO TMOSICHIOETbCS TOCTYTIOBUM
BUBUIHHEHHSIM 3JIMIIKIB METHUJIOBOTO crnupTy. HeoOXigHuii dYac BiJCTOIOBAHHS
METUJIOBOTO edipy s OTpUMAHHS HOPMOBAHOI TEMIIEpaTypu Clajaxy 3TigHO
JICTY 6081:2009 cranoBuTh HE MeHIIe 148 roauH.

JInst BU3HAYEHHS! KOE(IIEHTY BUXOAY IMU3EJIBHOrO OlomajiiBa KOPUCTYHOTHCS
BHUPA30M:

V i
K s = ———100% (2.9)
Vo
ne Kgsz — KoedimieHT BHXOmy au3enpHOTO OlomammBa, %; Visz — 00’eM
JIHA3eJIbHOTO Olommanusa, 11; Vo — 00’em oii, 1.
Jlis BU3HAUYEHHS NPOJYKTUBHOCTI Mpoliecy ecTepu@ikaiii poCIMHHOI Ofii B
Tu3eNbHe 010MaIMBO BUKOPHUCTOBYIOTH BUPA3:
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Puc. 2.19. 3ajexkHicTh KiHeMaTHYHOI B SI3KOCTI Bil KOHIEHTPALl MeTHJIATY
KaJIiIo
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Puc. 2.20. 3anexHicTh TeMIepaTypu cnaJjaxy Bil yacy BiACTOIBAaHHA

MeTWJI0BOI0 edipy 3 10CTYNIOM NOBITPA



ne Q — IPOIYKTHBHICTH mporiecy ectepudikaiii, M>/Tox. Ky — xoedimieHT
BUXOJYy AM3EIBbHOr0 OlomanuBa, BITH. Of.; T3 — Yac 3aKadyBaHHS B PEAaKTOp CYMIIIl
POCIIMHHOT 0J1i1 Ta METUJIATy KaJlilo, TOI.; Ty, — Yac MepeMilllyBaHHs CYMIllli, TO.; Tz —
Yac B1JICTOIOBAHHS CyMIIIll Ha JU3eJIbHE O10MaIMBO 1 TJIIIEPUHOBHM 0cajl, IO,
CHoXuTy eJIeKTPOCHEPrit0 BU3HAYAIOTh 32 BUPA30M:
P,r,+P, 7,

T 1000 (211)

ne W — cnoxwura enektpoeHepris, kBrroa.; P; — ¢akTuyHa MOTYXHICTb
Hacoca IpH 3akadyBaHHI B PEaKTOp CyMIIll POCIMHHOL 01l Ta METUJIATy Kajito, BT,
P);— dbaxTuuHa MOTYXHICTh Hacoca MpHU MepeMillyBaHH1 cyMiri, BT.

[luTomi BUTpaTH e€JEKTPOCHEPrii Ha BUPOOHUIITBO U3EJIBLHOTO OlomananBa
BHU3HAYAIOTh 32 BUPA3OM:

W
E=—-100 (2.12)
VJEH
ne E — IUTOMi BUTpATH elIeKTpoeHeprii, KBT rom./m°.
[IpuBeneHi 3aJIe)KHOCTI  JIO3BOJISIIOTH ~ BH3HAYMTH OCHOBHI  SIKICHI  Ta
EHEePreTUYH1 MTOKa3HUKU BUPOOHUIITBA IU3EIHLHOTO O10TIaInBa.

2.5. ExonomiuHa edeKTHBHiCTH BUPOOHUIITBA IM3€JIbLHOI0 OiomajuBa

VY arpapHomMy BUPOOHUIITBI JJIs BJIACHUX MOTPEO JOIIIBHO BUKOPUCTOBYBATH
HEBEJIMKI YCTAHOBKM Ta MIHI-3aBOJM 3 BHUPOOHMIITBA AU3EIBLHOTO OlomanuBa
npoayktuBHIicTIO Bifg 30 1o 300 T 3a pik. CiTbChKOTOCMONAPCHKI MIAMPUEMCTBA Y
IIbOMY BHUIIAJIKy MarOTh MOMJIHMBICTh E€KOHOMHUTH OOITOBI KOIITH 1 TMPHU I[OMY
MOBHICTIO 3a0e3nevyBaTu cede AU3ETbHUM O10MalvBOM, a TBAPUHHUIBKY Taly3b
MaKyXoio.

BupoOHu4l BUTpaTH Ha BUPOOHHUIITBO JAM3EIBHOTO OlomajiuBa 3a JOIOMOTIOIO
obnagHanHs BJ{Y-100 mponykrtuBhicTio 100 n/rox. ympomosx 2008-2013 pp.
npuBeeHi B Tabnwii 2.1. Ik BuaHO 13 TabnuIll, BUPOOHUYI BUTPATU Ha BUPOOHUIITBO
JU3ENbHOTO OlomayiuBa 3a OCTaHHI 5 POKIB (PAKTUYHO TOJBOITUCS 3a PaxyHOK
30UTBIIIEHHST BApTOCTI OOJaAHAHHS, BApTOCTI EJIEKTPOEHEPTii Ta POCTy 3apOOITHOI
TUIATH.

TexHIKO-€eKOHOMIYHI  MOKA3HWKH BUPOOHUIITBA JTU3EJIBHOTO OlomayinBa
(Tabm. 2.2) BuU3HAUamUCs MpU KWOro BUXOAl 13 omii 95%, posxomi pimakoBoi oJii
53 T/pik, BUXOA1 TuinepuHoBoro ocagy 10,7 T/pik, CHIBBIAHOUMIEHHI METAHOMY 1 OJIii
0,14 BinH. og. Ta kartamizatopa 1 metaHosy 0,1 BigH.OX., a TakKOX BIAMOBITHO
po3xoay metanony 7,37 T/pik 1 posxoxy karamizatopa 0,74 1/pik. TemnorBopHa
3/1aTHICTh IU3EJIBHOTO MaJIMBa MPU po3paxyHKax npuiiManacs Ha piBHi 42 M/Ix/kr, a
nu3enbHoro Oionanusa — 37 MJK/Kr.

['ycTHHA AM3€IBHOrO OiomanmBa mpuiiMamacs Ha piBHi 840 kr/m°. CraBka
aMOpTHU3allIHHUX BlApaxyBaHb MpHiiManacs Ha piBHI 8 %, a BiApaxyBaHb Ha TEXHIUHE
0OCITyroByBaHHs 1 peMOHT Ha piBHi 6 %.



Taboauus 2.1. Bupo6OHuuyi BUTpPaTM HA  BHUPOOHHMUTBO  IM3€JbHOIO
oioma;imBa

Mapka o6nagsasss | BAY-100| 2008 | 2009 | 2010 | 2011 | 2012 | 2013

[TpoIyKTUBHICTB H/Fqﬂ' 100

T/piK 50
KamitanoBkiaaeHHs TpH 29000 | 33263 | 35558 | 37941 | 39686 | 40281
AMopTH3alIiiHI rpu/pik | 2320 | 2661 | 2845 | 3035 | 3175 | 3222
Bi/IpaxyBaHHS T'PH/T 46,40 | 53,22 | 56,89 | 60,70 | 63,50 | 64,45

rpu/pik | 1740 | 1996 | 2133 | 22/6 | 2381 | 2417
rpu/t | 34,80 | 39,92 | 42,67 | 45,53 | 47,62 | 48,34

Binpaxysanus va TO

Bapriers TPKBT | g 45 | 052 | 0,60 | 073 | 073 | 0,79
€JIEKTPOCHEPT1i TOJI.

Butparu —— mal | 368 | 473 | 544 | 6,66 | 6,66 | 7,20
CJIICKTPOCHCPI'1IO

KuipkicTh

00CITyTrOBYIOYOTO YOI 1 (cyMiCHHK)

IIEPCOHAIY

Micsyra  3apruiata
00CITyTOBYHOYOTO rpa/mic | 1101 | 1220 | 1430 | 1759 | 2086 | 2340
TIePCOHATY
doHn saprutati| TpH/pik | 18206 | 20174 | 23646 | 29616 | 34494 | 38694

TepCOHANY rpu/t | 364,12 | 403,48 | 472,93 | 592,32 | 686,88 | 773,88
Bcboro BUTpar rpu/t | 402,80 | 448,1 | 521,0 | 644,5 | 744,2 | 829,4
3aranpHOBUPOOHUY1 % 5
BHTpPATH rpw/t | 20,14 | 22,41 | 26,1 | 32,23 | 37,21 | 41,47 |
3arajabHOTOCIIO- % 10
JapChKi1 BUTpaATH rpa/t | 40,28 | 44,81 | 52,10 | 64,45 | 74,42 | 82,94

[Tutomi  BUpOOHHKYI
BUTPATH

rpu/T | 463,22 | 515,34 | 599,20 | 742,18 | 855,79 | 953,83

[Tutomi BuTpatu enexrpoeneprii craHoBwi 9,1 kBt ron./r (BcranoBieHa
noTyxkHicTh 1 kBt, koedimienT Bukopucranns notyxkunocti 0,8 BinH. on. Bennumna
BiJIpaxyBaHHS Yy coIliaibHi (JOHIM 13 3apIuIaTu npuitManucs Ha piBHi 37,8%.

Ax BuaHO 13 Tabmuil, 1iHa pocyuHHOI omii B 2013 porti Oyna B MOpIBHSIHHI 3
2008 pokoM OLITBIIOI0 B 2 pa3u, IiHA METHUJIOBOTO CIIUPTY Ta Karaji3aTopa 3a Ie ke
nepiof 30utbimIIacs 1,7 pasu, a 1iHa Ha JU3eNbHE MAJIMBO BUpOCa B 2,5 pa3u. A 1ie
B CBOI0 YEpry BIUIMBAa€E HAa pIBEHb PEHTAOETHLHOCTI BUPOOHHUIITBA JIU3EJIBHOIO
OlomanuBa Ta NpuOyTOK. OCKIIBKM ILIHKM Ha HA(TONPOIYKTH 3 KOXHUM POKOM
30UTBLIYIOTHCS, 3pOCTAE TAKOX BAPTICTh CHPOBUHU Ta XIMIYHUX KOMIIOHEHTIB, a 1€ B
CBOIO 4epry, BIUIMBA€ Ha pPIBEHb PEHTA0ETbHOCTI BHPOOHUIITBA JIU3EJIBHOIO
OlomanuBa Ta NpUOYTOK.



Ta6auus 2.2. TexHiko-eKOHOMIYHI MOKA3HUKN BHPOOHUIITBA IN3€J1bHOIO

OiomajimBa

BAY-
Mapxka ob6siagHaHHS 100 2008 | 2009 2010 2011 2012 2013
Bapricte Mmetanony | rpa/t | 5000 | 5660 6424 8011 8596 7907
Bapricts rpr/t | 17800 | 20150 | 22870 | 28519 | 30600 | 28148
KaTtaiizaropa
Bapricts peaktusiB | rpa/T | 999,16 | 1131,05|1283,74|1600,82 |1717,68 | 1580,01
[ina
[TIEPUHOBOTO rpa/T | 1355 | 1534 1741 2171 2329 2143
ocajy
Baprictb
TTIEPUHOBOTO rpa/T | 290,97 | 329,38 | 373,84 | 466,18 | 500,21 | 460,12
ocajy
Coo6iBapricts omii | rpa/T | 2930 | 3857 4516 6197 6494 5814
BapricTs omii rpu/T | 3085 | 4060 4762 6524 6836 6120
g;lf;’gﬁ;‘;z [Br | TPW/T| 4256 | 5377 | 6263 | 8400 | 8909 | 8193
Bapricte Il y pix| rpe/a| 5,19 6,43 8,97 9,51 9,27 13,98
Bukopuctanusa JBII | rpu/T | 6175 | 7653 | 10683 | 11326 | 11034 | 16640
[TpuOyTok rpu/T | 869 955 2682 944 148 5824
Mpuoyrox — micna| .| 609 | 668 | 1878 | 661 | 103 | 4077
OIIOIATKYBAHHSI
PenTabenbHICTh % 14,3 12,4 30,0 7,9 1,2 49,8
Tepmin okymHOCcTi | pokiB | 0,95 1,00 0,38 1,15 7,68 0,20
CepeniHe 3HAUEHHS | POKIB 1,89

TakuM 4YMHOM, OLIHKY €KOHOMIYHOI €(peKTUBHOCTI BUPOOHHUIITBA JAU3EIHHOIO
OlomanuBa AOIITBLHO 3IIMCHIOBATH 3 YpaxXyBaHHSIM IHJWBIAyaIbHUX OCOOJMBOCTEH
KOHKPETHOI0 (hepMepChKOro rocro1apcTana.

JlabopaTtopna pobota 2: O3HalOMUTHCS 3 KOHCTPYKIIIEIO T1APOMEXAHIUYHOI
MIIIIAJIKH 11 BAPOOHMIITBA JU3EIBHOTO OlomnanuBa Ta BU3HAYUTH 11 TapaMeTpH.
Meta poboTu: O3HAHOMHUTHCH 3 TPUHITUIIOM JIii T1IAPOMEXAHIYHOI MIITAIKH.

BusnaunTH 3a5eKHICTh 9aCTOTH 00€pTaHHS T1APOMEXaHIYHOI MIIIAJIKHA BiJ] YaCTOTH
CTPYMY, IIIO TIOJIA€THCS HA E€JICKTPOIBUTYH.

Ipuaagu Ta o0JagHAHHS: TiIpoMEXaHIYHA Millajika, TiAPOCTaHIIS,
Ja3epHUN BUMIPIOBAaY 4YacTOTH OOEpTaHHS, YaCTOTHHH TEPETBOPIOBAY CTPYyMY,
aHai3aTop rnapaMeTpiB MEpexi, CEKYHIOMI.

O3zHaltoMJIEHHS 3 KOHCTPYKIIIEIO T1IPOMEXaHIuyHO1 MIMIAJIKK I BUPOOHUIITBA
U3eNbHOTO OlomananuBa MPOBOAMTHCS 3TIMHO cxemu oOnagHaHHs (puc. 2.21) Ta
MIAKIIOYSHUX IS BUMIPIOBAHHS JOTOMDKHHUX MpuiaaiB. ['igpoMexaHiyHa Milanka
MIIKITIOYAETHCSA IO CICKTPUYHOT MEPEXi Yepe3 YacTOTHUU TMEepPETBOPIOBAY CTPYyMY.



3MIHIOIOYHM YacCTOTy CTPyMY, IO MOJAEThCS HA enekTpoaBuryH Big 50 mo 20 I'm, B
MeXaxX 3aJaHOTO 4Yacy BHMIpPIOBaHb, BHM3HAYAEThCS 4YacToTa oOOepTaHHS BaJa
€JICKTPOJABUTYHA Ta KUIBKICTh 00EPTIB MIIIAJIKU. Pe3yiabTaTh BUMIPIB 3aHOCATHCS B
tabnuiro 2.3.

Taboauua 2.3. Pe3yJbTaTd BHMIPIOBaHb MapaMeTpiB riapomexaHiuHoi
MilIAJIKH

Yacrora cTrpymy, . Yacrora KiibkicThb
Ha3Ba 3aganuni .
10 MOJAETHCS HA o0epTaHHsA o0epTiB
napameTpy e1eKT yac .
POJABUIYH BaJIa IBUT'YHA | MilIAJIKHU
[To3HnaueHHs f t Ny N
O.I[HHHHI I'o c 00/XB. 00/XB.
BUMIPIOBaHHS
Jocming 1 50 10 1497 25,5
Hocnig 2 40 10 1197 25,5
Jocmix 3 30 10 897 24
Hocnin 4 20 10 597 18
8 9 A
380V

Il
00000a
I
A

1 — rizpomexaniuna mimanaka; 2 —Jjionarka; 3 — (popcyHka; 4 —
€JIEKTPOABUIYH; 5 — My(TOBe 3’€AHAHHA; 6 — JIa3epHUIl BUMIPIOBAaY YacTOTH
o0epTaHHs; / — HACOC LIECTEePIHYACTHI; 8 — YACTOTHMI MEPEeTBOPIOBAY CTPYMY;
9 — ananizaTop napametpiB Mepexi; 10 — Tpudaszna esekTpuuHa mepe:ka
Puc. 2.21. Cxema 3araJibHOro BUIJISIAY 00JIaJHAHHS /1151 BAPOOHMITBA
JAU3eJBHOr0 0ionaauBa 3 BAKOPUCTAHHAM TiIPOMEXaHIYHOI0 MepeMilryBaHHS
Ta HOT0 MIAKJIIOYEHHS 10 eJIeKTPUYHOI Mepexi



3a pe3ynbTaTamu JOCHiIIB OyayeThbes rpadiyHa 3alIexKHICTh KIJTbKOCTI 00epTiB

TiIpOMEXaHIYHOT MIIIaJKK BiJl YaCTOTH CTPyMY, IO MOJA€ThCS Ha €IEKTPOJABUTYH
(puc. 2.22).

26
< —u
<
=
«
g2 24
p=
£
o

w4
22 2
=4 (=]
w2
o
2 20
N4
w2
-5
< 13

20 30 40 50

YacroTra cTpyMmy, 110 MOAAETHLCHA HA eJIeKTPOABUIYH, I'11

Puc. 2.22 3anexHicTs KiTbKOCTi 00epTiB rirpoMexaHiuyHoi MilIajaKky Bil 4acTOTH
CTPyMY, L0 MOJA€THCH HA eJICEKTPOABUIYH

TakuM 4MHOM, €KCIEPUMEHTAILHO BCTAHOBJIEHO, IO 31 301IBIICHHSM YaCTOTH
CTpyMy, IO TOJAEThCA HA EJEKTPOABUTYH YaCTOTa OOEpPTaHHS TiJIpOMEXaHIYHOT
MIIIAJIKKU 30UIbIIYy€eThCS. OCOOJIMBO 1€ XapaKTEepHO MPHU 3MiHI YaCTOTU CTpyMy Bia 20
no 40 TI'm. Ilpm 3miri vactrotu ctpymy Bigx 40 mo 50 ['m wactora oOepTanHHS
TIAPOMEXaHIYHOI MIMIAJKU € HEe3MIHHOW. MakcuManbHa KUIBKICTh 00€pTiB
TpOMEXaHIYHOT MIITAJIKA CTAaHOBUTH 25,5 00/XB.

IMpakTuuHa podora 2: Po3paxyBaTu BapTICTh OJii rapsS4oro BiHKUMaHHS TS
BHKOPHUCTaHHS IIPH BUPOOHUIITBI JU3EIHHOTO Oi0IMaliiBa, a TaKOXK HEOOXigHI o0caru
METUJIaTy Kamiio (METHUIOBOro edipy ¥ TIAPOOKUCTY Kaliio) Ta BUXIJ AU3EIHLHOTO
OlommayMBa 13 OJHIE€T TOHH OJii.

Buxigni mamni: 3arampHuii koedimieHnt Buxomy ouii Ko =30 %; koedirieHT
BUXOJy OJii mepmoro (XoJOAHOro) BimkuMaHHs, Koy=10%; miHa omii
Lo = 16 rpH./KT; 1iHa Oii mepuioro (XoiaoaHoro) BikuManHs oy = 20 rpu./kr. ¥V
po3paxyHKax TMPUHAHATH, IO JJI BHPOOHMIITBA JU3EIBLHOTO  OiomaiavBa
BUKOPUCTOBYIOTh METHJIAT Kallito, IKMM € cymimo metuwioBoro cnupty 1 KOH y
cuiBBigHomeHHi 10:1. Burtpara merunaty Kamito sl OTPUMaHHS JU3EJIHHOTO
OlomanmuBa: Ha 1 mitp pocnuuHOI omii — 150 mm metwmnary kamito. daktuyHa
MOTY)XHICTh HacOoca MPH 3aKayyBaHHI B PEAKTOP CYMIIlll POCIMHHOI OJii Ta METUJIATY
Kajito craHoBuTh 2250 BT, a QaxTuuHa MOTYXXHICTh HAacoca NpU MepeMillyBaHHI
cymimr 1890 Br.



[Ipy ABOXCTYMHYATOMY BUDKUMaHHI KOE(IIIEHT BHUXOAY OJii JpPyroro
(rapsiaoro) Bimkumanus Koy Ta i rpannyHa miHa {pr CTaHOBUTHMYTh:

Ko =Ko — Koy =30-10=200%,

koll, —K, 1, 30-16-10-20
L, = = =14 rpn./xr.
Ko —Kox 30-10
KoedirtieHnT Buxomy oJii mepuoro (X0J0IHOTO0) BIPKMMaHHS MPH SIKOMY I1HA
oJ1ii APYyroro (rapsiuoro) BiIPKUMaHHSI MaTUME HYJOBE 3HAUCHHS CTAHOBHTD:

K, =k, Ho —3020 _o404
20
(0),¢

Konu koeditieHTH BUXOy OJii MEepHIoro (XOJ0IHOr0) Ta APYroro (rapsaoro)

BI/DKAMAaHHS OJHAKOBI 1 CTAHOBJISTH Koy =Koy = k_O, rpaHuYHa I[iHA OJIii JIPYyroro
2

(rapsiyoro) BIPKMMaHHS B 3aJIEKHOCTI BiJ I[IHU OJIi MEpHIOro (XOJIOJAHOIO)
BIJDKUMaHHS CTAHOBUTHME:
, =21,-1,, =2-16—-20 =12 rpu./xr.
[Ipu 3MiH1 IIHU I11HA OJTi1 MepIIoro (XOJ0AHOr0) Bi/PKUMaHHS B MeXax Bia 18
7m0 26 TpH./Kr, TpaHWUYHA I[iHA OJIi JApyroro (rapsdoro) BIIKUMaHHA Oyje
3MIHIOBAaTUCS B MeXkax Bif 14 10 6 rpH./kr (puc. 2.23).
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ina oJii mepumoro (XoJ10AHOr0) BilxKMMaHHS, TPH./KI

Puc. 2.23. 3ajexkHicTb HiHU 0J1ii APYyroro (rapsiyoro) BilxKUMAaHHS Bil IiHU 0JTii
NnepuIoro (XoJ0HOI0) BilKMMAHHS



Jlnst orpumanss 1000 1 pocnuHHAOT 011 HEOOX1THO TIEPEPOOUTH MPUOITH3HO 3
ToHU 3epHa. Po3xig mermnaty kamito — 1501 ma 1000 1 pocaunuoi omi. Jlis
BUTOTOBJICHHS | T METHJIaTy Kallilo HEOOXiJHO BHKOpPHUCTATH | JTp METHUIIOBOTO
cnupty Tta 100 rpam KOH. Otxe na 1000 n pocnunHoi omii HeoOxigHo 150 n
meTuioBoro crupty 1 15 kr KOH.

BpaxoBytoun, mo i3 cymimri Vo = 1000 1 pocinunnoi omii ta 150 1 Metunary
Kaniro MoxkHa orpumatd Vzz; = 9001 = 0,9 M® MeTHIoBoro edipy (AH3ENBHOrO
OiomanuBa) Ta Big 150 mo 190 1 rhinepuHOBOrO OCaxy, BH3HAYMMO KOEQIIIEHT
BUXOJTy TU3ETHHOTO Oi0mManuBa 3a HaCTYITHUM BUPa30M:

Vv
K gy = —22L = 99015006 — 90%

V, 1000
3Ha0uM yac 3aKauyBaHHSI POCIMHHOI OJIii Ta METUJIATY Kajlilo, SIKUil CTAHOBUTD
0,2 rox.; yac mepeMilllyBaHHs, SKUM CTaHOBUTH 0,5 TOJI.; a TAKOX 4Yac BIJICTOIOBAHHS
IICIIS IEPEMIIITYBaHHS, SSIKUM CTAHOBUTD 2 TOJI., MOYKHA PO3paxyBaTH MPOAYKTUBHICTh
o0JialHaHHS 111 BAPOOHMIITBA JIU3EIHLHOTO 010TIaIMBa 32 BUPA30M:

Q= VoKun _ 100009 409 /o0y 0,333M/TOx.
7,47, +75 0,2+05+2
CHoXuTy €NeKTpUYHY €HEprilo MpU BUKOPUCTAaHHI HIECTEPIHYACTOrO Hacoca
JUTSI OJJail Ta MEepEMILITYBaHHS CyMIIll BUBHAYAETHCS 3a BUPA3ZOM:
W= P,t,+P,7, _ 2250-0,2+1890-0,5
1000 1000
[IuToMy eHeproeMHICTh BUPOOHMIITBA JU3EJIbHOrO OlonajavBa BU3HAYAIOTH 32
BHUPa30M:

=1395 kBT rog.

W 1395
Vi 09

TakumM  YWMHOM, JBOXCTYMIHYATE€  BIUKUMAHHSA  JIO3BOJISIE  OTPUMATH
BHUCOKOSIKICHY OJIIF0 TIEPIIOTO (XOJOJHOTO) BIKMMAHHS JJIs XapuyoBHUX MOTpeO Ta
HEJIOPOTY OJit0 Apyroro (rapsyoro) BUDKMMAaHHS — JJIsi MOTpe® BUPOOHUIITBA
JU3EILHOTO O10ManuBa.

E = =155 KBt rog./m®

3anuTaHHA I CAMOKOHTPOJIIO:

1. Sxi ocHOBHI ormepallii TEXHOJOTIYHOTO TIPOIeCYy MNPH BUKOPHUCTAHHI
MIPOMMCIIOBOT TEXHOJIOT1i BUPOOHUIITBA POCIMHHOI OJI117

2. Skl TeXHOJIOTIYHI orfepauii BIACYTHI B arponpOMHUCIOBINH TEXHOJOTIT
BUPOOHUIITBA AU3EJILHOrO Oi0MaivBa y MOPIBHIHHI 3 MPOMUCIOBOIO?

3. Slkuil BIACOTOK POCIMHHOI 0111 BUPOOJISETHCS B CLIILCHKOMY TOCIIOAAPCTBI
3a arpornpoOMHCIIOBOIO TEXHOJIOTI€0?

4. OnuuiTe TEXHOJOTIYHY CXEMy arponpoOMHCIOBOTO  BHUPOOHHMIITBA
JIM3EIILHOTO O10TMaNMBa 13 BUKOPUCTAHHSIM JBOXCTYITIHUATOTO BIPKUMAHHS OJTii.

5. SIki ocHOBHI omeparlii TeXHOJIOTTYHOTO MPOIECY OTPUMAHHS JU3EITHHOTO
OiomanuBa?



6. SIki OCHOBHI mTepeBaru HEBETUKHUX 3aBOMIB MJIs arpONpPOMHUCIOBOTO
BUPOOHUIITBA TU3EIBLHOIO OlomaanBa?

7. Slxa HEOOXI1THICTh 3aCTOCOBYBAHHS JIBOXCTYIIHYATOI'O BIDKUMAHHS IS
OTpUMAaHHS POCIMHHOT OJI1i?

8. Sk moke OyTu BU3HAY€Ha IliHA OJii Apyroro (raps4yoro) BiDKMMaHHS B
3QJIEKHOCTI BiJl IIIHKM OJii Mepmoro (XOJ0JHOr0) BIIDKMMAHHS Yy BHUIAIKY, KOJIH
Koe(iIieHTH BUXOAY OJIii MepIIoro (X0J0HOT0) Ta APYroro (rapsyoro) BiIKUMaHHS
OJTHAKOBI?

9. SIxki OCHOBHI HEJONIKM 3aCTOCYBaHHS  JBOXCTYNEHEBOI  CXEMHU
BUPOOHUIITBA POCIUHHOT Oi1?

10. 3a paxyHOK 4YOTO JOCSTA€ThCS €KOHOMIYHA €(PEKTUBHICTH BUPOOHHIITBA
JU3eIbHOTO Oil0MajarBa MpU 3aCTOCYBAHHI ABOXCTYIIHYATOTO BIKUMAHHS ?

11. OxapakTepu3yiTe 3aJIeKHICTb LIHU OJIli IPYroro (rapsayoro) BiIKUMaHHs
B1JI I[IHU OJIii MEepIIOro (XOJIOAHOTO) BIIKUMAaHHS.

12. SIki OCHOBHI HEJOJIKHM ICHYIOUHMX YCTAaHOBOK JJIsI BHUPOOHHUIITBA
JU3eNbHOTO OlomanuBa?

13. Bix axux pedoBUH HEOOX1THO OUMIATH AU3EIbHE 010MMaTUBO?

14. ki peakTOpH 3aCTOCOBYIOTHCS ISl BUPOOHUIITBA TU3EILHOTO OlomaiuBa?
Oxapakrepusyiure ix.

15. SIki OCHOBHI mepeBard HEBEIMKUX 3aBOJIB [JIsI arpolpOMHCIOBOTO
BUPOOHMIITBA IU3EIBHOTO OlonanuBa’?

16. 3a paxyHOK YOTrO JIOCSATAETHCS CKOHOMIYHA €(PEKTHBHICTH BUPOOHHUIITBA
NU3eIbHOro OlomaauBa?

17. Big skux ¢akTopiB 3aleKUTh COOIBAPTICTh BUPOOHUITBA IU3EIBHOTO
Oilomanuga?

18. Sxuit BUA mepeMilryBaHHS CyMIIlll POCIMHHOI OJii Ta METHJATy Kallito
Halie(DeKTUBHIIINN?

19. Ilo aBnsie coboro mporiec ectepudikaiii?

20. Sxwmii BUXig Au3eabpHOTr0 Ol0airBa i3 PpOCIMHHOT OJ11i?

21. 3a sSKMMH TOKAa3HWKAMH OIHIOITHh SKICTh BUPOOJEHOTO JU3EIHHOTO
OiomanuBa?

22. Sk 3MIHIOETBCS KIHEMATHYHA B A3KICTh JHU3EJIILHOIO OlomajnBa B
3aJIe)KHOCTI B1J] KOHLIEHTpAllli METUJIaTy Kajito?

23. Sk 3MIHIOETbCS TeMIeparypa choajaxy Ju3elbHOro OlonaiuBa B
3aJIEKHOCTI B1J] 4acy HOro BIJCTOIOBAHHSA 3 IOCTYIIOM MOBITPS?

24. Sk BU3Ha4aeThCs KOE(PIIIEHT BUXOY IU3EIHLHOTO OlomaauBa?

25. Sk BU3HAYaA€THCA MPOJIYKTUBHICTH Mpolecy ectepudikaiii pocIuHHOT
0J111 B JU3€EJIbHE 010TTaINBO?

26. Sk BHU3HAYAIOTHCA TMHUTOMI BUTPATH EJIEKTPOEHEPrii Ha BUPOOHUIITBO
JU3eNBLHOTO OlomanuBa?

27. OnumiiTe poboTy 00J1aTHAHHS JIJIs1 BUPOOHUIITBA TU3EIHHOTO OiomaanBa 3
BUKOPUCTAHHSAM T1IPOMEXaHIYHOTO MEPEeMIITyBaHHS .

28. Sk 3anmexxaTh 00EPTH T1APOMEXAHIYHOI MINIAIKH BiJl YaCTOTU CTPYMY, IO
MOJIA€THCS HAa €NIEKTPOJBUTYH ?



Jlireparypa:

1. BupoOHULITBO Ta BHUKOPHUCTAHHsS JAHM3EILHOIO OlolajuBa Ha OCHOBI
pociunHux onii / [[omy6 I'.A., TlaBnenko M.IO., Uyb6a B.B., Kyxapeusr C.M.; 3a
pen. n-pa TexH. Hayk, npod. ['.A. I'ony6a] // K. : HYBill Ykpainu, 2015. — 119 c.

2. T'ony6 I'. EexTUBHOCT, TPOM3BOJCTBA JU3EILHOIO OHOTOIUIMBA B
ycnoBusax (epmepchkux xo3scTB / ['ennaauii I'ony6, Makcum [laBnenko, CeTiana
Ocaynenko / MOTROL. Commission of motorization and energetics in agriculture.
— Lublin, 2014. —Vol. 16. Ne 4. — C. 263-268.

3. Tony6 I'.A. O1inka CHpOBHUHHOI 0a3u BUPOOHUIITBA TU3EIHLHOTO O10TauBa
IpY ABOXCTYMHIHYACTOMY BiIPKUMaHH1 pociauHHoi onii / I'.A. ['ony6, M.IO. ITaBnenko
// " HaykoBuii  BicHMK  HaiioHanmpHOro  yHiBepcutery  OlopecypciB 1
npupoaokopuctyBanHs Ykpainu. Cepisa: TexHika Ta eHepretuka AIIK / Peaxour.:
. O. Menpunuyk (Biamn. pen.) ta iH. — K.: BI] HYBill Vkpainu, 2014. — Bun. 194,
y.1. - C. 175-181.

4. Tony0I'.A. Amnami3 TexHOJIOTi BUPOOHUIITBA POCIUHHOI OJii Ta
Jau3eIbHOTO OiomanuBa Ha ii ocHoBi. / I'.A. T'ony6, M.1O. I1aBnenko, C.B. JIyk’sHenpb
/ TeXHIKO-TEXHOJIOT1YHI aCMEKTH PO3BUTKY Ta BUIPOOYBaHHA HOBOI TEXHIKU 1
TEXHOJIOTIM JJIsl CLIBCBKOTO TOCHoJapcTBa YKpaiHu: 30ipHUK Hayk. np. / JIHY
«YKpalHChKMI HayK.-JIOCJ. 1H.-T. TPOTHO3YBaHHS Ta BHUIPOOYBAHHS TEXHIKU 1
TEXHOJIOT1 AJist ¢.-T. BUupoOHuuTBa iM. Jleonina Iloropumoro» (YxkpHIAIIBT im. JI.
[Toropinoro); Peakoin.: KpaBuyk B.I. (ronos. pen.) Ta iH. — Jocmignuueke, 2012. —
Bun. 16 (30), xu. 2. — C. 391-399.

5. Tony6 I''A. HampsiMku yaOCKOHaJIeHHS BHUPOOHMIITBA 1 BHUKOPUCTAHHS
muzensHoro OlonanmmBa / [.A.Tomy6, B.B.Uyb6a, M.IO. IlaBnenko // 306ipHUK
HaykoBuX mpanb BHAY. — Binnuns, 2012, — Bumn. 10, 1.1 (58). — C. 20-23.

6. Tony60I'.A. Texuonoriuna cxema BUPOOHHUIITBA KOMOIKOpMIB Ta
muzenpHoro OiomanuBa / I'.A. T'omy6, M.IO. IlaBnenko, O.M. AukeBuu // BicHuk
XKHAEY. — XKutomup: 2015. — Bumyck Ne2 (50), T 1.— C. 364-368.

7. T'ony6 I''A. Oco0iMBOCTI yCTAaHOBOK JJii BHUPOOHMIITBA JAM3EIBHOTO
oiomanuBa / I'.A.Tony0, B.B.Uyb6a, M.I. BipboBka // IlpomucnoBa rigpasiika i
nHeBMaTuka (BceykpaiHcbkuil HaykoBO-TexHIUHMN KypHan). — 2011, — Ne 2 (32). —
C. 91-95.

8. T'ony60I''A. ExoHomiuHa e(EeKTUBHICTb BHPOOHHUIITBA JAM3EIBHOTO
OlonmanuBa B ymoBax (depmepchkux rocnomapcts / I.A. T'ony6, M.IO. [1aBnenko,
C.B. Ocaynenxko // Bicauk JKHAEY. — XKuromup: 2014. — Bunyck Ne2 (45), T 4. u Il
—C.272-278.

9. Tony6I'. MHocmimkeHHsT eHEpreTHdHoi e(QEeKTUBHOCTI IUPKYJISIIHHUX
peakTopiB-posaiaroBadiB / I'. T'ony6, C. Kyxaperp, O. Ocunuyk [ta iH.] / Texniko-
TEXHOJIOT14HI aCleKTHU PO3BUTKY Ta BUIPOOYBAHHSA HOBOI TEXHIKM 1 TEXHOJOTIN AJIs
CUIBCBKOTO TOcCHoAapcTBa YKpainu: 30ipHuUK HaykoBux mpainb / JJHY "VxpHII
MIPOTHO3YBaHHS Ta BUMPOOYBAaHHS TEXHIKH 1 TEXHOJIOTIH JJIA C.-T. BAPOOHUIITBA IMEHI
Jleonina IMoropinoro" (YkpHIITIBT im. JI. IToropinoro). — Jocniguuipke, 2015. —
Bun. 19 (33). — 502 c. — C. 276-282.

10. Golub G.A. Omenka CbIppeBOM  0a3bl  MPOM3BOJACTBA  JIU3EIHHOIO
OMOTOIUIMBA IIPH ABYCTYINIEHYATOM OT)KbIME pacTuTebHOTO Macia / Gennadiy Golub,



Maksim Pavlenko, Natalia Olar // MOTROL. Commission of motorization and
energetics in agriculture. — Lublin, 2014. — Vol. 16. Ne 3. — C. 26-33.

11. Golub G.A. D¢eKTUBHOCTH HCHOJB30BAHHMS  OOOpYAYBaHUS A
mpou3BoJicTBa au3enbHOoro OuortorummBa / Gennadiy Golub, Maksim Pavlenko,
Saveliy Kuharets // MOTROL. Commission of motorization and energetics in
agriculture. — Lublin, 2015. — Vol. 17. Ne 3. - C. 11-16.

12. Golub G.A. CoBeplieHCTBOBaHHE TEXHOJIOTUYECKON CXEMbI MPOU3BOJICTBA
KOMOMKOpMOB ¥ nu3enbHOro OmorormBa / Gennadiy Golub, Maksim Pavlenko,
Oksana Achkevych // MOTROL. Commission of motorization and energetics in
agriculture. — Lublin, 2015. — Vol. 17. Ne 4. — C. 187-191.

13. Dubrovin V.A. MozZnosti a perspektivy vyroby a pouziti kapalnych biopaliv
na Ukrajin¢ / V.A. Dubrovin, A.l. Grigorovich, S.V. Dragnev [et all] // Sbornik
prednasek a odbornych praci. — Praha, 2014. — P. 120-124.

14. Kyxapenp C.M. Anaini3 npoiiecy OTpUMaHHS 010/IM3€JIbHOTO MaJbHOTO Ta
OOTpYHTYBaHHsSI OCHOBHHMX IapaMeTpiB peaktopa-poszaunoBaya / C.M. Kyxaperp,
I'.A. T'ony0, B.M. Xpyc /l CyuacHi npobsieMu 30aJ1aHCOBaHOTO
MPUPOJOKOPUCTYBaHHA: 30IpHUK HaykoBuX mpanb. Crnemianbhuii Bumyck no IX
HayKOBO-MPakTU4HOI KoH(pepenii. / [Toginbchbkuil aep:kaBHUN arpapHO-TEXHIYHHMA
yHiBepcuteT. — Kam'suenp-Iloginecekuit, 2014, — 220 ¢. — C. 137-143.

15. Oceiiko M.1. Texnomnorist pocaunaHux omiit: [Tinpyunuk / M.I. Oceiiko — K.:
Bapra. — 2006. — 280 c.

16. ITaBnerako M.FO. AmHami3 TeXHOJOTIH BHUPOOHMIITBA POCIWHHOI OMil /
M. 1O. I1aBnenko // HaykoBuii BicHUK HaiioHambHOTO yHIBEpPCUTETY O10pecypcCiB 1
npupogokopuctyBanHs Ykpainu. Cepis: TexHika ta enepretuka AIIK. — K., 2013. —
Bum. 185, 14.2. — C. 83-87.

17. ITaBnenko M.FO. AHai3 T€XHOJIOT1H BUPOOHUIITBA JU3EIHHOTO OlomainBa
/ M. 1O. I1aBnenko // HaykoBuii BicHuk HarioHaIbHOTO yHIBEPCUTETY OlopecypciB i
npupogokopuctyBanHs Ykpainu. Cepis: Texnika ta enepretuka AIIK. — K., 2013. —
Bumn. 185, 4.1. — C. 161-166.

18. TlaBnenko M.FO. EHepromMicTKiCTh TiApOMEXaHIYHOTO MEPEMINTyBaHHS MPU
BUpOOHUIITBI au3enbHOoro OlomanuBa / M.IO. IlaBnenko, I'.A.Tony6 // BicHux
CyMcBhKOTO HaIllOHAJILHOTO arpapHoro yHiBepcutety. Cepis "Mexanizaiisa Ta
aBromatu3zaiis BupoOHnunx mporeciB". — Cymu: CHAY, 2014. — Bumn. 11 (26). —
135. - C. 39-41.

19. Golub G. Production and use of biodiesel in agrosystems / G. Golub,
V. Dubrovin, M. Pavlenko [et all] // The 8th International Research and Development
Conference of Central and Eastern European Institutes of Agricultural Engineering.
Poznan, Puszczykowo, Poland: 2013. — P. 49-53.

20. I'ony6 I'.A. TlepcriekTUBM BUKOPHUCTaHHS OOJIaHAHHSA 3 LUPKYJISLUIAHUM
nepeMilllyBaHHsIM Tpd  BHPOOHHMITBI  au3enbHoro OiomammBa [/ T.A. Tomy0,
C.M. Kyxapeup, M.IO. ITaBnenko // HaykoBuii BicHuK HallioHanbHOTO yHIBEpPCUTETY
OiopecypciB 1 mpupoaokopucTyBanHs Ykpainu. Cepis: TexHika Ta eHepretuka AIIK.
—K.: 2016. — Bum. 240. — 383 c. — C. 377-382.



3. OCHOBHU BUKOPUCTAHHSA JU3EJBbHOI'O BIOITAJIMBA

3.1. OcHoOBHIi BJIACTMBOCTI JM3€JIbHOI0 0ionmajuBa HA OCHOBI POCTMHHHUX
0J1iii IK MOTOPHOT0 MAJIUBA

JuzenpHe OlomajavBO — 1€ TaJIMBO, BUPOOJICHE 3 POCIMHHUX OJid abo
TBapUHHUX KUPIB, SIKE 3a CBOIMU XapaKTEPUCTUKAMH MOJAI0OHE 10 TU3EIbHOrO MajJnuBa
1 MOK€ BHUKOPHCTOBYBATHCh Yy IU3EJIbHUX IBUTYHAX, K B CyMIIIax 13 JAU3CIbHUM
MaJUBOM, TaK 1 B YUCTOMY BUTJISII.

['onoBHa TexHiuHa mpobOjaemMa MIMPOKOTO BIPOBAKEHHS AH3EIBHOTO
OlomanuBa MOJIATaE y HEOOXITHOCTI ajanTaili ICHYIOUMX AM3EIbHUX JBUTYHIB /10
JaHOTO THUIMY MalliBa 4epe3 BIAMIHHICTH JESKUX (PI3UYHUX BIACTUBOCTEH 1aHOTO
TUIY NAJIMBA Y TIOPIBHIHHI 3 JTU3EIbHUM MajauBoM (Tadur. 3.1).

Taoaunsa 3.1. @izyyni BJIACTHBOCTI JAH3€JBHOI0 NAJWBAa, JIH3EJILHOI0
OionmajimBa Ta pinaKkoBoi 0JIil
JuzenpHe | JlusembHe | PimakoBa
XapakTepucTHKa . )
IaJIUBO OlomanBO oJist

IleTanoBe 4KCIIO, HE MEHIIIC 45 51 —
['ycTuHa, KI/M® 860 860-900 952
KinemarnuHa B'I3KICTb, MM7/C 3,0-6,0 3,55 78,7
Temneparypa po3ronku, °C
5% 214 326 300
50% 280 335 —
96% 370 341 —
Bwmict Boau (3a metogom Kapna ®imepa), Mr/kr 52 500 310
MacoBa yacTka cipku, % He OuTbIIe 0,288 0,001 0,009
Temmepatypa crajaxy B 3aKpUTOMY THTJIi HE 40 120 394
MeHiue, °C
['pannuna Temmneparypa dinbTpoBaHocTi, °C He 5 +5 B
BHIIIC
Koxkcosanicts 10% 3amumiky, % He Oibiie 0,3 0,3 <0,01
30/1bHICTD, % HE OLIbIIIE 0,01 0,02 <0,01
Bwmict, %
C 87 77,4 77
H 12,6 12,3 12
0) — 10 11
Hwxya terora 3ropanns, MJx/kr 425 37,1- 37,8 36

Amnauni3 ganux 1abi. 3.1 nmokasye, 1Mo au3esibHe 010MaJMBO HAWOUIbII OJIM3bKE

3a €HEProMICTKICTIO Ta XIMIYHUM CKJIaJIOM A0 JW3EJIbHOTO TajiuBa, TOMY HOro
3aCTOCYBaHHS TOTpeOye MIHIMAJIBHUX 3MIH Yy CHCTEMI >KUBJICHHS JIU3EJIBHOTO
JBUTYHA.



Jlo mepeBar Au3enbHOTO OiomajanBa TMOPIBHSHO 3 JU3EIHHUM IaUBOM CJIiJT
BITHECTH:

—  BIJIHOBJIFOBAJIbHICTH CHPOBHUHHOI 0a3H;

— 3HAYHO MEHINY €eMICII0 BYIJIEKMCIIOIO Tra3y, SK MapHUKOBOTO Ta3y B
atMocdepy;

— Kpallll MacTHJIbHI BJIACTHBOCTI, 110 3MEHIIYE 3HONIYBAHICTh MAJIUBHOTO
HAcoca BUCOKOTO THCKY Ta 301IbIITY€E TEPMIH HOTO CITY»KOU;

— BHIIY TOXXEKO00E3MEeUHICTh, OCKIUIPKA BOHO Ma€ BHIINY TEMIEPaTypy
caMo3aliMaHHS;

—  BHIIE [IETAHOBE YUCJIO;

— MPaKTUYHO MOBHA BIJICYTHICTH CIPKU B NAJINBI;

— BIACYTHICTH IIKOIM TMPH TOIMAaHHI B HABKOJHUIITHE CEPEAOBHINE, OCKITLKH
BOHO MEPepOOISETHCS TPYHTOBUMHU MIKPOOPTaHi3MaMU YIPOJOBXK 3-4-X THXKHIB.

— MOXJIMBICTh MOTO BUKOPUCTAHHA SK Y YUCTOMY BUIJISIII, TaK 1 B CyMIII B
OyIb-SIKMX MPOTOPIISAX 3 JU3ECTLHUM MaJTUBOM.

Jlo HemOoJIKIB TU3ENbHOrO OlomaiviBa, KOTPl BaXKKO YCYHYTH THM YU 1HIIUM
CIIocoO0M y TIporieci BUpOOHUIITBA, CJIIJT BIAHECTH:

—  BUIIY KIHEMAaTUYHY B’SI3KICTb;

—  BUILY TPaHUYHY TeMneparypy GUIbTpyBaHHS Ta 3aCTUTAHHS;

— arpecuBHY /IO Ha HaTypalbHI PE3WHU Ta JCSIKI €TaCTOMEPH;

— JIOCUTh HU3bKY OKHCIIIOBaJIbHY CTa0IBHICTh HA BIIKPUTOMY MOBITPI;

—  HIDKYY TEIUIOTBOPHY 3/IaTHICTb.

Huxua xanopiiiHicTh AW3ENbHOrO OlomanuBa Ha BenuuuHy Big 13 g0 15 %
MOSICHIOETHCSI MEHILIUM BMICTOM BYTJIEIIO B IM3€IbHOMY O10MaauBi, M0 TPU3BOAUTD
70 3017BIICHHS TOJWHHOT Ta MATOMOI BHTpaTH MajnuBa. HasBHICTH y OU3EITLHOMY
OoiomanmuBi 10-11 % kwucHIO [J03BOJIsiE 1HTEHCH(IKyBAaTH TMPOILEC 3TOpaHHS 1
3a0e3nedye MIABUIICHHS TEMIEpaTypHu 3ropaHHS B IWIIHApI ABUTYHA. [3 omgHOTO
OOKy 1€ chpus€e TMABUIICHHIO 1HIUKATOPHOTO Ta €(MEKTUBHOTO KOePIIEHTY
KOPUCHOI [ii JBUTYHA, a 3 IHIIOTO — JO 30UIBIIEHHS BMICTY OKCHIIB a30Ty Yy
BIIMpAaIibOBaHUX Tra3ax.

Bucoka kiHeMaTWuHa B’S3KICTh AW3EIBHOrO OiolajvBa BIUIMBAE Ha IIPOIIEC
Horo GIITpYBaHHS, MPOXOJDKEHHS IO MAJUBONPOBOAAX, a TAaKOXK Ha TMPOIIEC
PO3MUJICHHS TTAJINBA.

OpmHi€0 13 BOKIMBUX XApaKTEPUCTUK IU3EJIBHOTO TMajivBa, 110 3a0e3mnedye
nojady Ta (QUIBTPYBaHHS MajlMBa € MOT0 PYXJIMBICTh NPH HU3BKIM Temmeparypi.
HusbkoTeMnepaTypHi ~ BJIACTUBOCTI  MajiuBa  OIHIOIOTBCS  TEeMIEpaTypamu
MIOMYTHIHHSI, TIPU AKIHA 3MIHIOETHCS (Ha30BUI CKIIa]a ManvBa (Mopsy 3 piakor (azoro
3'SIBISETBCS TBEpAA), Ta 3aCTUTAHHS, MpPU SKIA TaIUMBO TOBHICTIO BTpayae
PYXJIUBICTb.

Barommii BIjIMB Ha BIIACTHBOCTI JAU3EIIBHOrO OlOMaliMBa Ma€ BUJ POCIMHHOL
OJIii 3 IKOTO BOHO OTPUMAHO, /K€ BMICT KHPHUX KUCJIOT y KOXKHOI POCIHHH CBIH 1
3MIHIOETBCS B JIOCUTh HIMPOKHX MEXKax, 1 HaBITb y POCIUH OJIHOTO BHIY MOXKE
CYTTEBO BIAPI3HATHUCA B 3aJIEKHOCTI BiJl COPTYy Ta YMOB BupolnyBaHHs. Ckian
KUPHUX KHUCIIOT POCIMHHOI OJii 00yMOBIIIOE TEIJIOTBOPHY 3[ATHICTh, B SA3KICTh Ta



TYCTUHY JAM3€IbHOrO OlomanuBa, SIKI B CBOIO 4Yepry BHU3HAYalOTh OCOOJIMBOCTI
3aCTOCYBaHHS Ta eKCILTyaTarliiiHi mapameTpu podbotu MTA.

VYV tabmuii 3.2 HaBedEeHI OCHOBHI BJACTHUBOCTI JIHU3EJIBbHOTO OlomajmMBa 3
OJIINHUX KYJIBTYpP, SAKIi BUPOIIYIOTHCA B YKpaiHi Ta MalTh CYTTEBUH BIUIMB Ha
BUKOPHCTAHHS TU3EJILHOTO OlomaiiBa.

Taboauua 3.2. BiactuBocTi  au3e/ibHOI0 OiomajuBa BHPOOJEHOTO 3
OCHOBHMX OJIITHUX KYJbTYP YKpaiHu

IToxa3nukmu
Bun pociHHOT «| Kinematnuna [Temmneparypa cnanaxy] OO0’ eMHui
omii ['ycTuHa, R . .
o B 5{3K1§:TL , Y BIJIKPUTOMY BUXI1]T
MM°/c trr, °C O1omanuBa, %

PinakoBa 878 1,7 135 86,5
Jlnsanaa 887 7,11 140 89,3
CoeBa 880 7,88 137 83,2
PwxieBa 885 8,0 136 85,4
['ipununa 878 7,83 121** 86,5
CoHAIIIHUKOBA 885 7,94 123** 83,3

* — nani orpuMai ripu temneparypi 20 °C;
** — Temmeparypa crajiaxy y 3aKpUToMy THUTJIL.

AHani3 Tabnauil nokasye, 010 MOKa3HUKHU JU3EIbHOTO OlomaiiBa OTPUMAHOIO
13 PI3HUX POCIUHHUX OJIIA CYTTEBO HE BIAPI3HSIIOTHCS, MPOTE CHIJ BIAMITUTU JAESIKI
BIIMIHHOCTI II0JI0 00’ €MHOTO BUXO/Y JIU3EJIBHOTO MAJIMBA 3 POCIMHHUX OJIM.

Y tabmuni 3.3 HaBeJeH] pe3yabTaTH JOCHTIKEHb TEMIIEPATypy MOMYTHIHHS Ta
3aCTUIaHHA JU3EJIbHOrO OlomajiiBa OTPUMAHOTO 13 HAWMOUIMPEHIIIUX POCIMHHUX
OJIIH.

Ta6auus 3.3. Temneparypa NOMYTHIHHSI Ta 3aCTHTaHHS U3€eJbHOTO
OionmajimBa 3 Pi3HUX POCJTUHHHUX OJIiH

oKasHIK _ );.[.HSCJ'IBHC 6i0naJ11/11.3.0 Ha OCH.OBi -

CO€BOI OJ1iT | COHSANIHMKOBOI OJIii | pimaKoBoi oJIii
Temnepatypa nomytHiaHs, °C 10,0 9,6 7,9
Temneparypa 3acturanns, °C 2,7 0,9 -0,8

AHani3 mokasye, 0 TpaHWYHA TeMIlepaTypa HaBKOJHUIITHHOTO CEPEIOBHIIA,
sAKa JO3BOJISIE EKCIUTyaTallll0 JIU3EJIbHOTO JBUTyHa ©0€3 BUKOPUCTAHHS IMIIITPIBY
JU3eILHOTO O10MauBa B MAJIMBHOMY 0Oarli cTaHOBUTH 0m3bko 10 °C.

3riJHO BUKOHAHOTO aHaNli3y BJIACTUBOCTEH JU3€IbHOrO OlomaliiBa Ha OCHOBI
POCIIMHHUX OJIIA MOKHA 3pOOUTH HACTYMHI BUCHOBKH:

— B SKOCTI MajnuBa JJs JU3EJIbHUX JBUTYHIB BHYTPIIIHBOTO 3TOPAHHS
HaWOIIBIIT MIAXOAUTh JW3EJIbHE OI0MajuBO HAa OCHOBI METHJIOBUX €(ipiB KUPHUX
KHUCJIOT POCIIMHHUX OJIiH;



— IpU BUKOPHUCTaHHI JU3eIbHOrO OlomanuBa Oyae BinOyBaTuCS 301IbIIEHHS
floro BUTpaTH y MOPIiBHAHHI 3 AU3EIbHUM MAJIHBOM;

— TeMmIepaTypa HaBKOJMIIHBOTO  CEPEJOBUINA MpH  SAKIH  MOMIJIHBO
BUKOPHUCTAHHA YUCTOTO AU3EIBHOTO OionanuBa cTanoBUTH Buine Hixk 10 °C.

3.2. Excrutyaramiiini mapamerpu po00oTH M3eJbHOr0 JBUTYHA NpH
3aCTOCYBaHHI JU3eJbHOI0 OionajanBa

Ha ocHOBI mpoBefeHNX eKCIEPUMEHTATBHUX JAOCTIHKEHb POOOTH JU3EITHHOTO
neuryHa /[-65H Ha perynstopHux xapakrepuctukax (puc. 3.1) BCTAaHOBIICHO, 1110 TIPH
3aCTOCYBaHHI JIM3€JIbHOrO OlomajguBa Ta KWOro CyMmilied MOTYXKHICTb Ta KPYTHUN
MOMEHT, SIKMM pPO3BUBA€ JIBUTYH, 3aJIMIIAETHCA HA TOMY K pIBHI K 1 TpHU
BUKOPUCTaHHI JU3EJIBHOTO MajuBa, MPOTE BiAOYBAETHCS 301IBIICHHS TOJUHHOI Ta
MATOMOI BUTPATH MaJIMBA. 3TIAHO 13 TPOBEICHUMHU JTOCIIIKEHHIMH T'OJMHHA BUTpaTa
najuBa B PEXUMI MaKCUMalIbHOI TOTYXHOCTI TpPH BHUKOPUCTAHHI JAU3EIHHOTO
OlomamuBa ckmanma 12,92 xr/rox., nmzenpHOro mammBa — 11,50 kr/rox., cymimmi
75 % nmuzensHOTO TanmBa Ta 25 % mm3enpHOrO OiomanmBa — 11,84 kr/rox., cymimi
50 % nuzenpHoro mamuBa Tta 50 % muszenpHoro OlomammBa — 12,27 xr/roa. IIutomi
BUTpAaTU TajJuBa JUIs BCIX 3a3HAYEHUX BHUJIB TMajJlWBa CKJIAJIA BiJIIIOBITHO
276 v/(kBt rox.), 254 r/(kBt roa.), 260 r/(kBt rox.) ta 248 r/(kBt roa.). 3okpema
IpU TEePeXoJil 13 AM3EIBHOrO MajuBa Ha BUKOPUCTAHHS cyMmimnl 75 % au3eabHOro
najguBa Tta 25 % nauszenbHOro 0ionaanuBa, BUTPATa MajluBa 30UIBIIYETHCS HA BEIIMUYUHY
Big 2 10 8 %, nmpu BukopuctanHi 50 % mu3ensHoro mamuea Ta 50 % nu3enpHOTO
OlomanuBa — Ha BeauuuHy Bi7 7 10 12 %, a Ipu BUKOPUCTaHHI YUCTOTO JTU3EIHHOTO
OlomanuBa — Ha BenuuumHy Bim 13,5 no 18 % B 3almeKHOCTI BiJi 3aBaHTaKCHHS
JIBUTYHA.

[ToniOHI pe3ynbTaTH OTpUMaHI NPHU BUKOPUCTAHHI JU3EJIBLHOTO OiomanuBa Ta
HOro cyMmilie 1 i1l ABUTYHIB 1HIIMX MapoK.

Tax mpu ranpmiBHUX BHUMNpoOyBaHHSAX nABHUTyHa [[-248 i3 BUKOpHCTaHHSIM
IU3eNbHOro OlomayiiBa Ta MOro cymimed 3 Ju3eIbHUM TajJuBOM, OTPUMAHO
30UIBIIIEHHS] TOAUHHOT BUTpaTu nayiuBa Bi 4 % 10 18 % y 3a1ekHOCTI B CKIamy
nanuBHOi cywmimni. [lpu poOOTI ABUTYHA Ha MAJUBHUX CyMilIaX 13 YacTKOIO
au3enbHoro OlomanmuBa 40 %, 60 %; 80 % ta 100 %, muroma BUTpaTa NajvBa
BianoBigHO ckiana 241; 243; 255 i 271 r/(xkBr roa.) npotu 230 r/(kBt roa.) mpwu
po0oTI Ha nu3enpbHOMY manuBi, mo Ha 3,5 %; 6,5 %; 11,3 % 1 17,8 % Oinbiie, HIX
MUTOMa BUTpaTa Au3enbHOTOo nanuBa. [Ipu poboti neuryna [[-238 Ha musenbHOMY
MajuBl OTPUMAHO PE3YJIbTaTH SKI TOKa3ald, IO MPU JOCSITHEHHI OJIHAKOBOI
MOTY>KHOCTI BHUTpaTa najiuBa Ipu poOOTI HA U3EIbHOMY Ol0MaIMBl 30UTBIIYETHCS
Ha BenuuuHy Big 12 1o 20 %. AHami3 OTpUMaHUX PETYJIATOPHUX XapaKTEPUCTHUK
poborn nuryna CMJI-14H (puc. 3.2) Ha au3enbHOMY MalMBI Ta JU3EIBHOMY
OlomanuBi, a TAKOXK 1X CyMIIIax 13 Pi3HOIO KOHIIEHTpPALII€l0 MTOKa3aB, 110 BiI0YBAE€ThCS
3MEHIICHHS €()EeKTUBHOI MOTYKHOCTI ABUryHa Ha 12 % Ha QoHi omHOYACHOTrO
30uIbIIeHHsT mUTOMOi BuUTpatu mnanuBa Big 10 go 17 % y 3alexHOCTI BijI
KOHIICHTpAIIil AU3eJIbHOro O10MaauBa B MaJUBHIN CyMilIl.
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Puc. 3.1 PeryasitopHi xapakrepucruxku Asuryna /[-65H

301bIIeHHS BUTPAaTH MallMBa, 110 HE BIAMOBIJAE PI3HUII TEIIOTBOPHHUX
3JaTHOCTEH OM3EIbHOr0 OlomaauBa Ta AU3EIBHOrO ITaJNBa, OUIBIIICTH JOCIIIHUKIB



MOB’SI3yIOTh 13 BIAMIHHOCTSMHU TYCTHMHHM Ta KIHEMATHUYHOI B’A3KOCTI JTaHOTO THUITY
naauBa.

n, ob/xe
o —
’\
"\

1800 l
1700 X\ /
1600 \ /

300

r

ge a0

400

™
// \m}m
1

{

350

300

250

10 20 30 40 50 Ne, kBT

0 — mmseabne mnamuso (JI0); 7— pusenbHe Oiomasuso (JABII); 1 —
95 % AII+5 % ABIT; 2 — 90 % JAIT+10 % ABII; 3 — 80% JAI1+20% JBII; 4 —
70 % AI1+30 % JABIT; 5 — 50 % AI+50 % JABIT; 6 — 30 % AI1+70% ABII
Puc. 3.2. PeryastopHi xapakrepucruxku nsuryna CM/I-14H

Bumii Ha 10 % rycruna ta y 1,5 pa3u KiHeMaTH4Ha B'S3KICTh JU3EIBHOTO
OlonmanuBa cnpuuuHse 301IbIIeHHS Ha 14 % manekoOiitHOCTI manuBHOTO (pakena Ta
3pOCTaHHS JliaMeTpy KpaIlJIuH PO3IMUJICHOTO MajJuBa, 10 MPU3BOAUTH 10 TMOPYIICHHS
CYMIIIOYTBOPEHHSI Ta 30LIbIICHHS MEpIOAYy 3aTPUMKH CaMO3aiiMaHHsS, BHACII1JIOK
4Ooro BiOYBA€ThCS 3HIDKCHHS €(DEKTUBHOTO THUCKY 3TOpaHHS, IO MPU3BOIUTH IO
3HIDKCHHS €)EKTUBHOCTI 3TOPAHHS TU3EIHHOTO O10TIAIHBA.

Ha ocHOBI MOpIBHSUJIBHOTO aHali3y €KCIUTyaTalliiHUX MapameTpiB poOOTH
JU3EILHOTO JIBUTYHA Ha JU3EIbHOMY OlomaivBi Ta JU3ETLHOMY TMajWBI MOKHA
3poOUTH HACTYITHI BUCHOBKHU:

— TIOTYXHICTb Ta KPYTHHA MOMEHT TIPU BHUKOPHUCTAHHI JHU3EIHHOTO
OlomanuBa MaiKe HE 3MIHIOETHCS;

— CIIOCTEpIraeThbCs 30UIBIIEHHS BUTpPAaTH IMajuBa Ha BEIUYHUHY, IO
MEPEBUIIyE PI3HUIIO TEIUIOTBOPHUX 3JaTHOCTEH JU3ENBbHOTO OlomanwBa Ta
JM3EIILHOTO TarBa HA)TOBOTO TTOXOKECHHS;

— 3MeHUIeHHs €(eKTUBHOCTI 3TOPSHHS TU3EIbHOro OlomanuBa MOB’A3aHO 13
BHCOKOIO KIHEMAaTUYHOIO B’S3KICTIO TAHOTO THUITY MAJIABA.



3.3. KinemarnuHa B’3KicTh AU3EJHLHOI0 0iomajinBa

Jns  migBuIIEHHS €(QEKTUBHOCTI BUKOPHUCTAHHS JIU3EJIBHOTO OlomajanBa,
HEOOX1THO 3MEHIIUTH MOro KIHEMaTH4YHY B’S3KICTh, IO MOXE OyTH JOCITHYTO 3a
pPaxyHOK BUKOPHUCTAHHS HOTO CYMIIIIeH i3 MOI0HUM 3a BJIACTUBOCTSIMH TAJIMBOM ajic
MEHIIIOI0 KIHEMAaTHYHOK B ’sa3kicTio. HalOinbm  HaOMMKEHMM 3a  CBOIMH
BJACTUBOCTSAMHU TAJMBOM, SKE€ MOXXHA BHUKOPHUCTATH IS CTBOPEHHS CYyMIII €
TU3eNbHE TTAJIMBO HAPTOBOTO MOXOKEHHS.

Y tabaumi 3.4 mpencTaBieHo pe3yabTaTH JOCTIIKEHb BIUTUBY TEMIIEpaTypH Ha
KIHEMAaTUYHY B’S3KICTh AU3EIBHOTO OioManirBa Ha OCHOBI PIMaKOBOI Ta COEBOI OiHA, a
Ha PHUCYHKY 3.3 300paKEHO XapaKTEPUCTHKHA 3MIHM KIHEMAaTUYHOI B S3KOCTI
NATMBHUX CyMilIed Iu3eabHOro OlomaivBa 13 AM3EIbHUM IaJUBOM HAPTOBOTO
MMOXOJKEHHS.

Taoauusa 3.4. [Toka3HNKH 3MiHH KiHEMAaTHYHOI B’ I3KOCTi MAJINBa, mMm2/¢

Temneparypa, °C
Tun nammsa 0 3 85 140 | 175 20
Juzensre naguso (A1) | 10,22 8,43 6,13 5,27 4,85 45
Jluserbue OIoNamso i3 | 42 45 | 4331 | 1097 | 8,92 82 | 764
pinakoBoi oii (PME)
JluzenbHe 610ManuBo 13 *
coeroi oxii (CME) 14,23 11,06 8,5 7,21 6,68 6,15

* — nani 3adikcoBano npu temmepatypi 8,2 °C.

EdexTuBHui miana3oH BUKOPUCTAHHS JU3EJIBHOrO OlomMajnBa, TPH SKOMY
KiHEMaTHU4HA B’SI3KICTh HE OyJie CyTTEBO BIUIMBATH Ha POOOTY AU3EIHHOTO JBUTYHA
JUIsL cymiled 3 IU3eIbHUM MaJMBOM Ta YUCTOTO JM3EIBHOTO OlomajauBa 13 CO€EBOI
0J1ii, 3HaXOAUTHCA MpPU TemrepaTypi Outbiii 3a 5 °C, a ISl YUCTOrO JIU3EJIHHOTO
OlomanuBa 13 pinakoBoi OJii pu Temneparypi outbmiii 3a 10 °C.

BpaxoBytoun Te, 110 KiHEMaTH4YHa B’S3KICTh 3MEHIIYETHCS 31 301IBIICHHSIM
TeMrepaTypu 1 pi3Ko 3pOCTa€ MpU i1 3HWKEHHI, OJHUM 13 €(EKTUBHUX METOMIIB
3HUKEHHS KIHEMaTUYHOI B’SI3KOCTI € 3aCTOCYBaHHS MMiAIrPIBY MaJKBa.

Ha puc. 3.4 HaBeieH1 NOPIBHSUIBbHI TOCHII)KEHHS 3MIHU MMOKA3HUKIB TYCTUHU Ta
B’S3KOCTI1 IM3€JILHOTO OioIajiiBa Ta IU3EILHOTO MMaJliBa HA()TOBOT'O MOXOKCHHS.

[3 miaBUIIEHHSIM TeMIIepaTypHu 3HIKEHHS KIHEMAaTHYHOI B’ SI3KOCTI IU3ETBHOTO
OlomanuBa BiAOyBaeThCs OIIBIN 1HTEHCHMBHO, HIK JMU3EIBHOTO TMajvBa. Tak, B
temriepatypaomy mianazoni Big 20 °C mo 95 °C BinOyBaeThCsi 3MEHIICHHS
KIHEMAaTUYHOI B’S3KOCTI AU3EJIBHOrO Oilonanusa y 4 pas3u, JU3EIbHOTO NajuBa — y 3
pasu. 3MEHIIeHHS TYCTHHU TMajuB 13 MIABUIICHHSAM TEMIEpaTypu Mae TpsMO
MponopIiiHui xapakTtep. Y temneparypHoMy aianasoni Big 20 °C no 95 °C ryctuna
JM3EJIbHOTO TMajiuBa 3MEHIIyeThCs Ha 5,6 %, nuzenbHoro OiomanuBa Ha 6,2 %.
JlocSTHEHHS OJJHAKOBUX ITOKA3HUKIB KIHEMATHYHOI B’ SI3KOCTI JU3EIBHOIO OlomajnBa

Ta AU3EIBHOrO MajruBa MOXKJIMBE MPU TEMIEPATYpl IU3EIbHOr0 OioMnanuBa BULIIN HA
30-40 °C.
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Puc. 3.4. 3anexHicTh KiHeMaTHUYHOI B’A3KOCTi Ta TYCTMHM NMAJUBA Bijl

TeMIlepaTypu

I'ycruna, Kr/m®

BpaxoByroun Te, 1m0 TemmnepaTypa IW3eJIbHOr0 MajiiBa B TOJIOBILI MAJIMBHOTO

Hacoca BHUCOKOTO THCKy csarae temmneparypu 60 °C 1 KiHeMaTH4yHa B SI3KICTb
o : 2 -

AU3eIbHOTO TMajuBa MpU JaHiil TemmepaTypl CTaHOBUTh 2 MM'/C, aHaJOTI4HE



3HAYCHHS KIHEMATUYHOI B’SI3KOCTI JJIS TU3EJIbHOTO Ol0TairBa MOXKe OyTH JOCSITHYTO
npu Temreparypi Omumsbkid go 100 °C. Jlmg mporHo3yBaHHS 3MiHHM IOKa3HHUKIB
KIHEMaTHU4YHOI B’SI3KOCTI MajauB mpu Temmeparypl Ouibmniil 3a 100 °C, BHUKOHaHO
IHTEPHOJALII0 OTPUMAHUX EKCIEPUMEHTAIIbHUX JaHUX, fKa [oKa3aja, 110
KiHEMaTU4YHa B’S3KICTh JAU3EJIBHOTO OloMajivBa 13 POCTOM TEMIIEpaTypy IMOCTYHOBO
3HMXKYETBCS, TPOTE IHTEHCUBHICTH MAIIHHS B’ SI3KOCT1 CYTTEBO 3MEHIIYEThCS.

Takum ynHOM, e€(hEeKTUBHUMN Miama30H BUKOPUCTAHHS AU3EIHLHOTO Ol0maiuBa,
Ipy  SKOMY KIHEMaTHYHA B’SI3KICTh HE Oyne CyTTEBO BIUIMBATH Ha pPoOOTY
IN3eIbHOTO JIBUTYHA, 3HAXOAUTHCA TpU TemrepaTypi Outbmiii 3a 10 °C anst yuctoro
au3enbHOro OionmanuBa Ta 5 °C nmus Horo cywimiei 3 au3ensHuM manuBoM. [pu
nigBuieHHi Temrepatypu Bix 20 1o 95 °C BinmOyBaeThCcsl 3MEHIIICHHS KiHEMAaTHIHOL
B’SI3KOCTI JU3EIHLHOTO OlomayimBa Maiike B 4 pa3u, MpOTe TOCATHEHHS OJHAKOBHUX
MMOKa3HUKIB KIHEMATUYHOI B’S3KOCTI 13 JU3EJbHUM [aJMBOM MOXIIUBE MpPH
TeMmrnepaTypi au3ensHoro 6ionanuBa Ha 30—40 °C puiiit.

3.4. HigBueHHs epeKTUBHOCTI BAKOPUCTAHHS JU3€eJIbHOIr0 OionajuBa

J171st mepeBipKu BIUTMBY MOKA3HUKIB 3MIHU KIHEMATHYHOI B’ SI3KOCT1 AU3EIHHOTO
OlomanyMBa Ha XapaKTEPUCTUKU HWOTO BIOPCKYBAaHHS OYJI0 BUKOHAHO JIOCIHIJIKEHHS
3MIHM KyTa pO3NWICHHS (akena AW3EIBHOTO IMajuBa Ta JU3EJIBHOrO OlomaliuBa
¢dopcynkoro @UI 62005 (nBuryna CM/I-14) B moBiTps OpHu 3MIHI TeMHEpPaTypH
nanus (puc. 3.5).

5,[ 32 ‘ py ‘ {--{--;
S0 PO !
«
=]
= 08 ,/
« O
= )/
=3
= 26
=
S o/
= 2 4
=) /
s;22 —
Z
20

10 20 30 40 50 60 70 80 90 100
Temneparypa najausa, °C

— Au3eqbHe 0lONAJMBO  — — [QH3eJbHE NAJHBO
Puc. 3.5. 3mina kyTa po3nuwieHHs ¢akesa Bil TemMnepaTypu najusa

[IpoBeneni excriepuMEHTaIbHI JOCHTIKEHHS MOKa3ai, 10 KyT PO3MUJICHHS
¢dakena nmanuBa npu MiABUIICHHI TeMiieparypu manusa 3 10 go 100 °C 36inbmuBcs
Bix 21° no maibke 30°, To6TO Ha 40 %, IpOTE HE NOCAT 3HAUYCHHS KyTa PO3IMUIICHHS



g qu3enbHoro naigusa npu 15 °C. Cain BIAMITUTH HECYTTEBHI BIUIUB TEMIIEpaTypH
HarpiBy JU3EJIHLHOTO MaJIMBa HA 3MIHY KyTa PO3MUICHHS.

TakuMm 4YMHOM, MIJBUILEHHA TEMIEPAaTypu AU3EIBHOrO OioNanuBa IMepes
BIIOPCKYBAHHSIM TMOKPAIIy€ XapaKTEPUCTUKHU (pakena pPO3MUIICHHS, IO MPU3BOJIUTH
70 TIOKpAIIEHHS MPOLIECYy CYMIIIOYTBOPEHHSI Ta TMOBHOTH 3TOPaHHS AU3EIHHOTO
OiomanuBa. [Ipote mpu Temmeparypi HarpiBy ausenbHoro OiomanuBa 100 °C He
JIOCSITAEThCS 3HAYCHHS KyTa PO3MUJICHHS AU3EIHHOTO TMajnBa, IO CBIAYUTH MPO TE,
o e()EeKTUBHUN Jlana3oH HAarpiBy AW3EIHHOTO OlOMaMBa 3HAXOIUTHCS TPH JIEIIO0
BHUILIIA TeMIepaTypi.

BpaxoBytouu Te, 1110 TemnepaTypa mairpiBy JIu3eabHOro 0iomnajirBa oOMexeHa
TEMIIEpATypHUM PEKUMOM pOOOTH TMAaJIMBHOIO HAcOCAa BHCOKOTO THUCKY, MJIs
M1IBUINCHHS €(EeKTUBHOCTI 3aCTOCYBaHHS JW3eIbHOr0 OlomanuBa Oyia po3poliieHa
crcTeMa JIBOCTYIICHEBOT'O ¥oro miairpiBy (puc. 3.6).
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1 - 0ak au3eJIbHOr0 mnajuBa; 2 — 0ak [aU3eJbHOro OiomaauBa; 3 —
TeII000MiHHUK; 4 — GinbTp rpydoro ounmieHHsi; 5— QIAIbTP TOHKOIO
OYMIEHHSI; 6 — MAJJUBHMH HACOC BHCOKOI0 THCKY; 7 — NaJMBONPOBOAH
BHCOKOI0 THCKY; 8 — HarpiBajibHa kKamepa; 9 — popcynkm asuryna; 10—
ABUTYH; 11 — OJI0K KOHTPOJIIO TeMIepaTypu

Puc. 3.6 Cucrema I1BOCTYNEHEBOI0 MiAirpiBy Au3e1bHOr0 OionajnBa

3anponoHOBaHa CHCTEMa JI03BOJISIE PO3IIMPUTH TEMIEPATypHUH iama3oH
BUKOPUCTAHHS JAU3EIHHOTO OlomajnBa 3a PaxyHOK MOTro MOMEpPeIHBOTO MiAIrpiBy B
naguBHOMY Oarti 10 temmeparypu 35-40 °C. Tlpu miii TemmepaTypi KiHEeMaTH4YHA
B SI3KICTh JM3EILHOrO 6GioNannBa CTAHOBUTH MEHINE 3a 5 MMZ/C i 3a0e3MneuyeThCs
foro QinpTpyBaHHa y ¢insTpax rpy0oi Ta TOHKOI ouncTkM TmanuBa. [linmBuiieHHS
e(eKTUBHOCTI 3TOpPaHHS JU3EJBHOTO OlomaivBa JOCSTAETHCS 32 PaxyHOK
MOCIIAYIOUOTO OUIbII IHTEHCUBHOTO HOro HarpiBy MiCis NaJWBHOTO Hacoca
BHCOKOTO THUCKY TIepe]] BHOPCKYBaHHSIM JI0 IFJIIHPIB IBUTYHA.



[Ipu 3actocyBaHHI 3alpPOIMOHOBAHOI CHCTEMH TYyCK JIU3EJILHOTO JIBUTYHA
B110yBaBCsl HA U3EJILHOMY IMAJIUBI, SIKE MICTUTHCS B OCHOBHOMY MaJIMBHOMY Oarri 1.
Ha nu3enbHOMY manivBi ABUTYH HArpiBa€eThCsi 10 poO0OYOi TemrepaTypu, OJHOYACHO
po3irpiBaeTbcss Oak 3 JU3CIbHUM OlOMaJMBOM 2 3a JOMOMOTOK TpyOuacToro
TEIJIOOOMIHHUKA 3, SKUH TNpUETHAHUNA JO CHUCTEMH OXOJOJKEHHS JBUTYHA
BHYTPIIHBOTO 3ropaHHs. [Ipu MOCsATHEHHI HEOOXITHOT TeMIlepaTypu U3EJIbHOTO
JIBUTYHA Ta JU3EJIbHOrO OlomajauBa JABUTYH MEPEBOJUTHCA Ha JU3elIbHE O10MaluBO.
Jlam majmBoO MO MaIUBONPOBOAX HAAXOAWTH 10 (PuIbTpa rpydoi ounctku 4, GutbTpa
TOHKOTO OYHIIICHHS 5 1 1aJll MOTPAIUISE IO MAJIMBHOTO HACOCA BUCOKOTO TUCKY 6. Bin
MAJIMBHOTO HACOCA BUCOKOTO TUCKY 6 MO MaJIMBOIMPOBOAAX BUCOKOTO THCKY 7 MAJIMBO
MPOXOJNTHh Yepe3 HarpiBalbHy Kamepy &, ¢ HarpiBaetbcs 0 HEOOX1THOT
TEMIIEpaTypu BIIOPCKYBaHHS 3a PaxXyHOK TeIUIa BIANPAIlbOBAaHUX Ta3iB JBHUTYHA.
[ToTiM manuBo momaerbest A0 (POPCYHOK 9, yepe3 AKI PO3MUIIOETHCSA B IMIIIHIAPAX
JIBUTYHA BHYTpIIIHbOro 3ropanHHs 10. VY BUIIYCKHOMY KOJIGKTOpl JBUTYHA
BHYTPIIIHHOTO 3TOpPaHHS BCTAHOBJICHO TMIEPEIYCKHY 3acliHKY, SKa Jla€ 3MOry
HalpaBsiTH YacCTUHY BHUXJIOMHUX Ta3iB JI0 HarpiBajJibHOi Kamepu 8 0e3
JPOCETIOBAHHS BUIYCKHOTO KoyiekTopa. [lojlokKeHHs TMepenycKHOi — 3aciiHKH
BU3HAYA€ KUIBKICTh Ta3lB sIKI MPOXOIATh 4Yepe3 HarpiBajibHy Kamepy 8 i
KOHTPOJIIOETHCSI OJIOKOM KOHTPOJIIO TemriepaTypu 11 13 BpaxyBaHHSIM 3MiHH OO€pTiB
JIBUTYHA BHYTPIITHBOTO 3rOPaHHs Ta IUKIOBOI MOa4l MaIuBa.

[Tpu peanizamii 3ampornonoBanoi cxemu Ha TpakTtopi Kwuii-14102 nHeobxigHO
BHECTH 3MIHM B INTaTHY CHUCTEMY IAJIMBOINPOBOMIB HHU3BKOTO THUCKY. 3BOPOTHY
MaricTpalb, sika 3’€/IHy€ MaJIUBHUI HACOC BUCOKOTO THUCKY 6 3 OCHOBHUM MaJMBHUM
O0akoM 1, HeoOXxigHO 3’€AHATH 3 MariCTpa/ull0 Mojayl nanuBa. bak Au3enbHOro
OlonmanuBa 1 mig'eJHYETHCS JO OCHOBHOI MaricTpaib mojiadi najaupa. Peanizaiis Takoi
cxema IMIJIKIIOYEeHHsS] Ja€ 3MOTy OTpUMAaTH KUIbLUEBMA KOHTYp HanuBomnojayi. Y
MOJANIBIIIOMY, TIPH 3aKpUBaHHI TNAJIMBHUX KpaHIB 0aKy AW3EIHHOTO IajiiBa Ta
BIJIKpUBaHHI KpaHa Oaky au3elbHOro OlomayivBa, MIAITPITe AW3ETbHE O10MaInBO
MOTpaIvisie B MaricTpaib nanupornoadi. [Ipu 3BopoTHOMY mepexoji IBUTYHAa Ha
KUBJICHHSI JU3CIHHUM MMAJbHUM, MAaricTpajb MOBHICTIO 3allOBHIOETHCS TU3EIbHUM
nanuBoM. J[aHa cxema Oyna peanizoBaHa Ha TpakTtopax [IM3-6 AKJI ta Kuii-14102
(puc. 3.7) Ta BUKOPUCTOBYBaJacs TMpPHU TMPOBEAEHHI CTEHIOBUX Ta TMOJHLOBUX
JOCHIIKEHb.

CuctemMa JBOCTYNIEHEBOTO IMIJAITPIBY MajJiiBa  JO3BOJWJIA BHU3HAYUTHU
ONTUMAJIbHUM TeMIlepaTypHUN Jianma3oH HarpiBy AW3EIbHOro OlomnajauBa mepen
BIIOPCKYBAaHHSM B HWJIIHAPH ABUTYHA. [Ipu mpoBeneHHI CTEHIOBHX BUIIPOOYBaHb
pobotu nuzensHOTO ABUryHa J[-65H oTprmaHOo 3a71eKHOCTI 3MiHU MTUTOMOI BUTpATH
JIU3ENbHOTO OlomanuBa BiJ TEMIIEpaTypyd HArpiBy NOpH PIi3HOMY 3aBaHTAKEHHI
nsuryna (puc. 3.8).

AHaJi3 mokasye, mo 31 301TbIICHHSIM TemIeparypu HarpiBy, MATOMa BHUTpaTa
JU3ENLHOTO OloMajanuBa TMOCTYMOBO 3HIDKYETHCS 1 JOCSTA€ CBOTO MiHIMAJIBHOTO
3HadYeHHs BianoBigHO: 318 r/(kBrroa.) mpu 3aBanTaxkeHHi nBuryHa 37 kBr; 329
(r/kBrrox.) mnpu 3aBanTaxkeHHi aBuryHa 28 kBt Ta 386 r/(kBrroa.) mnpu
3aBaHTaXeHH1 ABuryHa 19 kBT B TemmepatypHoMy aiamazoni Big 115 go 120 °C.
Crnin 3a3HAaYUTH, 10 XapakTep 3MIHHM 3aJEKHOCTEH MUTOMOI BHUTPATHU JU3EIHHOTO



OiomanuBa BiJ TeMIIEpaTypH HarpiBy MpH PI3HOMY 3aBaHTa)XKEHI JBUTYHA MOJIOHUH,
MIPOTE 3HAYCHHS TEMIICPAaTypH HArpiBY AM3EIHHOTO O10IaanuBa, IPH SKil JOCATAETHCS
MiHIMaJIbHa BUTpaTa NajauBa, 3HaX0AuThcs B Aiana3oHi Bijx 115 °C mo 120 °C.

EUCE=ay

Puc. 3.7. Tpakropu [IM3-6 AKJI Ta Kuii-14102 o61aaHaHi cucTemMoio
JABOCTYNIEHEBOI'0 MiJAIirpiBy najuBa
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Puc. 3.8. 3ajnexHicTh MUTOMOI BUTPATH AM3€/1bHOI0 OiomajauBa Bia
TeMIIepaTypPH HATPiBY TA HABAHTAKEHHS IBUTYHA

[Ipu 3acTocyBaHHI HarpiBy AW3EIBLHOTO OioManuBa B TEMIEPATYPHOMY
iaTepBani Bix 90 nmo 120 °C BigOyBaeThCsl 3HMKEHHS B SA3KOCTI MajluBa, WIO
BIIOPCKYETHCS, SK  HACTIZOK, BIIOYBA€ThCS  IMOKPAIEHHS  XapaKTEPUCTHUK
BIIOPCKYBaHHS (30UIBITYETHCSI KyT PO3MIUTY TANIMBa, 3MEHIIYETHCS HAIEKOOIHHICTh
¢dakena, 3MEHIIY€ETHCS A1aMETP KPAIUIMH PO3NUIY), [0 IPU3BOIUTE 10 MOKPAILIEHHS



MOBHOTH 3TOPaHHS TaJiMBa Ta 3MEHIICHHS HOro muTomoi BuTpaTu. Ilpm Harpisi
naguBa moHaa 125 °C BigOyBaeThCsd MOJANbIIe 3HUKEHHS B’A3KOCTI TajguBa, B
pe3yabTaTi 4oro BiIOYBAa€ThCS HAAMIPHE 3MEHIIEHHS JlaMeTpa KpaluluH Ipu
PO3NMIICHH] TajuBa, IO MPU3BOAUTH 10 3MEHIIEHHS aajiekoOiitHOCTI (dakena,
3MEHIIEHHS TypOYJIEHTHUX BHXpPIB TMAJUBO-TIOBITPSIHOI CyMmilll B  IWJIHIPI,
YTBOPEHHS 30H 3 HAJMIPHOIO KOHILIEHTPAIIEI0 MaJIMBa Ta HEAOCTATHHOIO KUIBKICTIO
NOBITPs. Y IIMX 30HAX 3MEHIIYEThCSA MIBUIKICTh FOPIHHA NajMBa Ta MOBHOTAa HOTO
3ropaHHs, sIK HAC/II0K, BiIOYBA€ThCS 30UIBIIICHHS MTUTOMOI BUTPATH MaJINBa.

Jlyisa mepeBipKy BIUTUBY TEMIIEpaTypH HarpiBy AM3ENBbHOrO OlomanuBa, Oyio
BUKOHAHO TOPIBHSUIbHI TajdbMIBHI BUIIPOOYBaHHS au3enpHOro asuryna J[-65H 13
BU3HAUCHHSM TEXHIKO-€KCIUTyaTalliiHUX Ta EKOJIOTIYHUX TIOKa3HHUKIB pOOOTH
TU3EILHOTO JIBUTYHA. Y PE3yJbTaTi OTPUMAHO 3aJIEKHOCTI 3MIHM ITUTOMOI BUTPATH
NajvuBa MpU BUKOPUCTAHHI JU3EJIBHOrO NalMBa, IU3EJIbHOro OiomanuBa 0e3 Ta 13
3aCTOCYBaHHSM HarpiBy TNajWBa Iepel] BIOPCKYBAHHSAM Y IHWIIHIP JBUTYHA
(puc. 3.9), a TakoX OTPUMAaHO 3HAYEHHS MMOKA3HUKIB BUKUIIB udagHoro razy (CO)
(puc. 3.10), ByrmeBomueBux cmonyk (C,Hp) (puc.3.11), okcumis asory (NO,)
(puc. 3.12) Ha BiANOBITHUX PEKUMAX PETYIATOPHUX XAPAKTCPUCTHK.

OtpumaHi 3HAYEHHS TMHMTOMOI BUTPATH TajvBa, BUKWJIIB 4YaJHOTO Trasy,
BYTJIEBOJIHIB Ta OKCHJIB a30Ty, Jal0Th 3MOTY OLIIHUTH BIUIMB TEMIIEpaTypH HArpiBy
Ha TPOIIEC 3rOopaHHs JU3EJIbHOTro OlomaiuBa y MOPIBHAHHI 3 JIU3EIbHUM MaJIUBOM
HaTOBOTO MOXOIKEHHSI.
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Puc. 3.9. 3miHa NnUTOMOT BUTPATH NAJMBA Bi/l HABAHTAKEHHS IBUTYHA

AHaJti3 OTpUMaHuX EKCIUTyaTalliiHUX XapaKTEepUCTHK mokasye (puc. 3.9), mo
npu poOOTI Ha NM3EIbHOMY NalMBI JABUTYH PO3BUHYB NOTYXHICTh 46,31 kBT mpu
4acToOTi oOepTaHHsA KoJjiHuyacTtoro Baja 1771 o0/xB. Ta mMUTOMIN BUTpaTi MaJMBa
248 v/(xBT rox.), Ha nuzenpHOMY OlomanuBi 0e3 mimirpiBy 46,13 kBT npu vacToti



o0epraHHA KoJiH4YacToro Bamda 1764 006/xB. Ta TUTOMIM BHUTpaTl MalvBa
297 v/(xkBT roxn.), Ha nuzenpHOMY OilomanuBi 3 migirpiBoM 45,99 kBt mpu dgacToTi
obepTaHHs KoJiHYAacToro Bama 1759 o6/xB. Ta mnuUTOMIN BUTpaTi MaJiuBa
280 r/(xkBt ron.), mo BiamoBimHo Ha 19,75 % Tta 12,9 % Oinbine, HDK BUTpaTa
IU3ENbHOTO TajiiBa. 3acTOCYBAHHS HArpiBy JIM3€JIbHOrO OlomayiivuBa Mepes
BIIOPCKYBaHHSM B IIWITHIPHU JIBUTYHA JO3BOJISIE€ JOCSTTH 3MEHIIEHHS TEPEBUTPATH
nu3enbHoro Oionanusa Big 3 10 10 % B 3a1€KHOCTI Bijl HABAaHTA)KCHHS JBUTYHA.
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Puc. 3.10. 3mina nMTOMHUX BUKHUAIB YaTHOTO ra3y BiJl HABaHTaKeHHs JIBUTYHA

VY muzenpHux asuryHax CO yTBOpIOETBCS B JIOKAJIbHUX 30HaX 3 0araroro
CYMIIIIIIO 1 JOOKUCIIOETbesl 'y Byriekucauii raz (CO,) B mpoueci po3LIupeHHs,
OCKUIbKM B ITWJIIHApP] 3aBXJIU € B JIOCTaTKy KUCEHb. AHaNi3 MOKAa3HUKIB BHUKU/IIB
yaaHoro rasy (puc. 3.10) nokasye, 110 mpu 3aBanTakenHi 10 kBt nuromi Bukuau CO
Maii’ke OJIHAKOBl 1 CTaHOBJATh Ha Au3enbHoMmy mnanusi 21,16 r/(kBtroa.), Ha
au3enbHOMy  OlomanuBi  06e3 HarpiBy 21,72 r/(xkBrroxm.), a 3 HarpiBom
22,92 v/(xkBr ron.). Ilpu 306inpmienHi nHaBaHnTaxkeHHs 10 20 kBt BigOyBaeThcs
3MEHIIICHHSI 3HaYeHb TUTOMHX BUKHUJIIB /ISl TU3EIHHOTO MMAJIMBa MAIKe B JIBA Pa3H Ta
B TPH pa3u JUIA Ju3elbHOro OlomanmBa. B inTepBam HaBaHTaxkeHb Big 20 mo 30 kBt
mutoMi Bukuau CO g OU3EIBRHOIO IMaJMBa 3aJHINAIOTHECSA MaiKe HE3MIHHHUMU 1
JO0CSTal0Th CBOTO MiHIMAabHOTO 3HadeHHs Omm3pko g0 10 r/(kBrrom.). I3
MOJaJbIIUM POCTOM HABAHTAXEHHS B1AOYBAETHCS MOCTYNOBE 301IbIIEHHS BUKHIIB
no 13,33 r/(xkBrrox.) mpu MakcuMaabHOMY HaBaHTaXEHHI. [3 301IblICHHSIM
HaBaHTakeHHs nmuToMi BUkuau CO mpu poOOTI HA JU3EIBHOMY 010TalIMB1 TOCTYIIOBO
3HHKYIOTBCSI 1 CSTaloTh CBOTO MiHIMymMy ©Oe3 mimirpiBy 3,80 r/(kBrroxa.) Ta



4,72 r/(xBr rox.) 3 miairpiBoM mnpu HaBaHTaxeHHI Omm3pkomy 1o 39 kBrt. Ilpwu
MaKCUMaJIbHOMY HaBaHTA)KCHHI JIBUTYHA BIIOYBA€ThCS Pi3Ke 301IBIICHHS 3HAYCHb
nutomux BukunieB CO mo 23,17 r/(xkBt ron.) ta 15,42 r/(kBt rog.) npu poboti Ha
nu3enpHOMY OiomanuBi 0e3 HarpiBy Ta 3 HarpiBom, 1o mnepesuinye Ha 81,3 % Ta
15,6 % 3Ha4YeHHS BUKUIIB JI OU3EJILHOTO MajMBa. SHIHKEHHI muToMuX BUKUIIB CO
Ipy BUKOPUCTAHHI JM3EIBHOTO OlomajiiviBa B MOPIBHSHHI 3 AW3EIbHUM MAJIMBOM
Mai>ke Ha BCbOMY Jlialla30Hi 3aBaHTaXCHHS TOSCHIOETHCS HASBHICTIO B CTPYKTYpi
MOJIEKyIH OlomajliiBa BUIPHOTO KHCHIO, IO CHpUsA€ O TMOBHOMY HOrO
OKHCJICHHIO.

AHani3 XapakTepUCTUK 3MIHHM NHTOMHUX BHKHUIIB BYIJIEBOJHEBUX CIIOIYK
(puc. 3.11) mokasye, 1m0 XapakTep 3MIiHM 3Ha4€Hb BUKHJIB B niama3oHi Big 10 mo
40 kBT, maiike oJHaKOBUI 1 CyTTEBO HE BIAPI3HAIOTHCA OJUH BiJ OAHOTO. [3 pocToM
HABAHTAKCHHS BiIOYBAE€THhCS 3MEHIIICHHS] TUTOMUX 3HAYEHb BHUKHUIIB BYTJICBOTHEBUX
cnosiyk. 3HaueHHs nutomux BukuiiB C,Hy, utst au3ensHoro 6iomanvsa 6€3 MiirpiBy
JIENIO HIDKY1, HDK Y JIM3€NIbHOTO mnayivBa. [Ipu MakcuMallbHOMY HAaBaHTAKEHHI CIIiJT
BIIMITUTH pi3Ke 30UIBIICHHS IUTOMUX BHUKHJIIB BYIJICBOJHEBUX CIOJYK IS
JU3eNbHOTO OlomanuBa 0€3 MiAIrpiBy, 5Kl y 2 pa3u MEePEeBUIMIN 3HAYEHHS BUKHUJIIB
JUTSI TA3EJIbHOTO TMaJiuBa.
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Puc. 3.11. 3mina nuToMHUX BUKH/IIB BYTIJIEBOJHEBUX CHOJIYK BiJl HABAHTAKEHHS
JABUT'YHA

AHani3 OTpUMaHUX EKCIIEPUMEHTAIbHUX 3ajexHocTel (puc. 3.12) mokasye,
[0 TTUTOMI 3HAYEHHS OKCHIIB a30Ty 3MIHIOETHCS MaiKe 1EHTUYHO, 1 HECYTTEBO
BIIPI3HAIOTECS OAWH Bifg oxHOro. [Ipm MakcumanbHIN TOTYXHOCTI TOKa3HUK
nmuToMux BHKUIIB NOyx I au3enpHOTrO OlomajuBa 3 MiAIrpiBOM IIEPEBUINHUB Ha
7,7 % ta 17 % 3HaueHHS BUKHOIB IS JU3EIHHOIO ITaJMBa Ta JU3EJILHOTO OlomanuBa
0e3 miairpiBy.
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Puc. 3.12. 3mina nMTOMHX BUKHUAIB OKCHAIB 30Ty BiJl HABAHTAKeHHsI IBUTYHA

Pi3ke 3pocTaHHS MOKa3HWKIB MUTOMHUX BHUKUIIB MKIIIMBUX crnodyk CO Ta
C,Hy nuzenbHOro [BUTryHa Ha MAaKCHUMAJbHIM MOTYKHOCTI MpU poOOTI Ha
JU3eNbHOMY OlomnaiuBi 0e3 MiAirpiBy y MOPIBHAHHI 31 3HAUEHHSIMH I TU3EJIbHOTO
MajuBa IMOB’s3aHE 13 HEIOCTATHHOIO AKICTIO PO3MUITY Ta CyMIIIOYTBOPEHHS (Kparuii
najguBa TMPHU PO3MIIIL OIBIN, HIK Yy JU3EIBHOTO TajnuBa, 4epe3 BHUIE 3HAYCHHS
KIHEMaTHYHOI B’SI3KOCTI1), IO Ha TJI MaKCHUMaJbHOI IIMKJIOBOi TOJadl ITaJiuBa
MPU3BOAUTE JI0 30UIBIICHHS KIJIBKOCTI 30H 3 HEIOCTATHBOI KUIBKICTIO KHCHIO
HaBKOJIO KpaIlIMH TajrBa, JIe MOJICKYJIM JH3EJIbHOr0 OloMmajuBa, MalO4M OUIBIIHIMA
MOJICKYJIIPHUYN JIAHITIOT HE BCTUTAIOTh IPOUTH TTOBHY JIECTPYKIIIIO Ta OKUCIEHHS 1, SIK
HACJIZOK, Bi1IOYBA€ThCA NOTIPUIEHHS MOBHOTHM 3TOpaHHA MajiuBa Ta 3POCTaHHS
IIKIIJTABAX BUKHIIB YQTHOTO T'a3y Ta BYTJICBOIHIB.

3HaueHHsS] MUTOMUX BUKHJIB JJIs1 AW3EIBHOrO OlomaivBa 13 3aCTOCYBaHHSAM
HarpiBy Maii’ke Ha BCbOMY 1HTEpBaJll HABAHTAXKEHHSI JI€IO BUIIl, HIK y TU3EJIBHOIO
OlonmanuBa Oe3 mimirpiBy. Ilpum HarpiBi au3enpHOTO OlomajvBa 10 TEeMIIEpaTypu
120 °C BiaOyBaeTbCs MOKPAILIEHHS PO3MUJICHHS Ta CYMIIIOYTBOPEHHS, Y pe3yibTaTi
4Oro 30UTBIIYETHCS TOBHOTA 3rOPaHHs XBOCTOBOI YaCTHHA TAJIMBA, 10 CKIAJAETHCS 3
BHCOKOMOJICKYJISIpHUX ByrJeBoAiB. lle mnpusBoauth 10 301IBIIEHHS KUIBKOCTI
IIKIJIMBAX BUKHUIIB Ta 3HIKECHHS TOAWMHHOI Ta MHUTOMOI BUTpPATH TalWBa MPH
3acTocyBaHHI HarpiBy. Oco0JMBO 11€ BIJYYTHO MPH MAaKCHMAaJIbHOMY HAaBaHTAKECHHI
JBUTYHA, KOJH B IIWIHAPI CKJIAJAIOTHCA HECHPUSTIUBI yYMOBHU [JIi TOBHOTO
sropanss nanuBa. [Iutomi Bukuan CO ta C Hp, y 1boMy pekumi sl TU3EITHHOTO
nanuBa 0e3 migirpiey Ha 50 % Ta 90 % BIANOBIAHO MEPEBUINMIM MOKA3HUKHU IS
JUM3eNIbHOTO OlomaiivuBa 3 HArpiBOM. bijibllie 3HAUY€HHS MUTOMUX BUKHJIIB OKCH/IIB
a30Ty I JAW3eJbHOro OlomajauBa 3 MIAICPIBOM TMOB’Si3aHE 31 301IBIIEHHAM
TEMIIepaTypy JIOKAJbHUX 30H 3rOpaHHs MajuBa 3a PaxyHOK 301IbIICHHS MOBHOTH
Horo 3ropaHHs, 110 B CBOIO uepry crnpusie inTeHcudikarii yrsopeHHs NOy.



Y pesyabTari JOCHIPKEHb BCTAHOBJIEHO, M0 3aCTOCYBaHHS HAarpiBy
nu3enbHOro OlomanuBa A0 TemrepaTypu 120 °C mokpalilye MOBHOTY 3TOpaHHS
najauBa, K HACNIIJIOK CIOCTEPIraeThCsl 3MEHILIEHHS BUTPATH JAU3EIBHOTO OlomanuBa,
IIPpU HECYTTEBOMY TOTIPIIEHHI MOKAa3HUKIB IIKIIIMBUX BUKUIIB. CIiJl BIAMITHTH
3MEHIIECHHS] BUKU/IB YaJIHOTO Ta3y IpPH 3aCTOCYBaHHI AW3EIbHOTO OlomanuBa. Tak,
IIpHU 3aBaHTa)K€HHI1 JBUTyHa B iHTepBaji Bix 30 mo 40 kBT, BoHM y ABa pa3u MeHI,
HIXK y AU3€JIbHOTO NaiuBa. BUKUIM BYyTJIeBOJHEBUX CIIOIYK Ta OKCU/IB 30Ty MAIOTh
no/IiI0HUI XapakTep 3MiH Ta CYTTEBO HE BIJIPI3HAIOTHCS OnHE Bia ogHoro. CyTTeBa
BIJIMIHHICTB BiJ 3araJIbHOTO XapaKTepy 3MIHH IIKIITUBUX BUKUIIB CIIOCTEPITa€ThCs
P MAKCUMAaJILHOMY 3aBaHTAXCHH1 JBUTYHA, Yepe3 BUHUKHEHHS HECHPHUSATIMBUX
YMOB JJIi CyMIIIOYTBOPEHHSI Ta 3rOpaHHs MajnBa, aje JaHUN pexXUM poOOTHU HE €
XapaKkTepHUM JJIs TU3ETbHUX JBUTYHIB NIPU BUKOHAHHI TEXHOJIOTIYHUX OIEparliil B
CLIBCBKOTOCTIOAAPCHbKOMY BUPOOHUIITBI.

TakuMm 4UHOM, ONTUMAIBHUMN TEMIIEpaTypHUH Jiana3oH HarpiBy AU3EIHHOTO
OlomanuBa mepesa BIOPCKYBAHHSAM Yy HWJIHAPU JBUTYHA 3HAXOJUTHCS B MEXKax BiJ
115 no 120 °C. Ilpu uboMy MOKpAITy€e€THCS TOBHOTA 3TOPSIHHS MaIUBa 1 SIK HACTIIOK,
CIIOCTEPITa€ThCS 3MEHIIIEHHS BUTPATH JIM3EJIbHOrO O10MaivBa HA BEIUMYMUHY Bif 3 10
10 % B 3aJ€XHOCTI BiJi HAaBaHTAXXEHHS, MPU HECYTTEBOMY IMOTIPIIEHHI MUTOMHUX
IMOKA3HHUKIB IIKIUTHBUX BUKH/IIB.

3.5. Bupoonuua mnepeBipka podoru MTA i3 3acTocyBaHHSIM CHCTEMH
ABOCTYIIEHEBOI'0 MIAIrPiBY AU3EJHbHOIO0 OionajanBa

Bupobnuua nepeBipka e(peKTUBHOCTI 3aCTOCYBaHHS AU3EIBHOTO OloMajanBa Ta
CUCTEMH JABOCTYIIEHEBOIO MiAIrpiBy nanusa npu podoti MTA Oyna BukoHaHa Ha 0asi
tpakropa [IM3-6AKIJI 3 neurynom /[-65H nipu BUKOHaHHI TEXHOJOTIYHUX ONEparii
MepeANnOCiBHOI KyJIbTUBALlIl Ta KOTKYBaHHS TMOCIBIB, a TakoK Ha 0a3i Tpaktopa Kwuii-
14102 mpu BUKOHAHHI TEXHOJOTIYHUX OIepalliii OpaHKH, TUCKyBaHHS Ta MOCIBY.

Amnaiz pesynbraTiB podotd MTA Ha 6a3i Tpaktopa [IM3-6 AKJI (ta6u. 3.5)
MOKa3aB, IO MiJ 4YaC BUKOHAHHSA TEXHOJOTIYHOI omeparlii CyIiUIbHOI KyJIbTHUBAIlii
IPYHTY TIpH poOOTI Ha JU3EIbHOMY OlomanuBi 3adiKCOBAHO 301IBIIICHHS BHTPATH
nanuBa Ha 17,7 % y MOpIBHSHHI 3 BHUTPATOIO TMajMBa Ha JAU3EILHOMY IaJIMBI.
3acTocyBaHHs HarpiBy JIM3eJIbHOrO OlomanuBa 0 TeMIepaTypHOro aiamasony 110—
125°C no3Bonwiio 3MEHIIMTH BuUTpaTy mnanuBa Ha 7,5 %. Ilpu BuKOHaHHI
TEXHOJIOT1YHO1 oOmepallii MPUKOYYBaHHA IOCIBIB BUTpaTa AW3EIBHOrO OlomaiuBa
3o0ubminacss Ha 18,2 %, a 3acrocyBaHHS HarpiBy AW3€IbHOTO OlomanuBa M0
temrnepatypu 100-110 °C 3menmmno Butpary nanuBa Ha 4,7 %. llpore cimin
3a3HAYMTH, 10 ONTHMAJBHOTO TEMIIEPATYpPHOTO Jiama3oHy HarpiBy IU3EIHHOTO
OlomanuBa, TpPU BHUKOHAHHI TEXHOJOTIYHOI omepalii MPUKOYYBaHHS TOCIBIB
JOCATHYTO HE 0YJI0.

BumnpoOyBanus tpaktopa Kwuit-14102 3 pgBurynom J1-245 (pwuc. 3.13)
BUKOHYBAJIOCS M1/ Yac OCIHHIX MOJHOBUX POOIT MpU TEMIEpaTypl HABKOIHUIITHHOTO
cepenoBuia Big MiHyc 1 go mmoc 6 °C, TemmepaTypa HarpiBy JIU3€JIBHOTO
OilomanuBa miaTpuMyBajacs B iHTepBaii Big 115 no 120 °C.



Ta6anus 3.5. Exkcnuryaraniiini Burpatu nanusa MTA Ha 0a3i Tpaktopa
1IM3-6AKJI

Tun manuBa § o °\i
Jlusenbe JusenbHe 6iomaanBo &g 8
Bu onepaii HATHBO = 2 %
Butpara . Butpara Q Z E
TemneparypHuii 5= o
naJjMBa, . o naJiBa, = H g
mianas3oH, °C
Kr/ra Kr/ra
CyuinbHa KyJIbTUBALS: 5 6065 6,12 17,69
[IM3-6AKJI + KIIC-4 ’ 110-125 5,69 9,4
[IpuKOYyBaHHS MOCIBIB: 143 40-55 1,69 18,18
IIM3-6AKJT + 3KKIII-6 ’ 100-110 1,61 12,58

Puc. 3.13. Tpakrop Kuii-14102 o6.;1agHaHuii cCCTEMOI0 IBOCTYIIEHEBOTO
nigirpiBy AM3eJIbHOI0 0ionaJMBa NPU BUKOHAHHI 10J1bOBUX BUIIPOOYBaHb

AHani3 OoTpUMaHMX pe3ynbTariB (Tabn. 3.6) mokaszye, WO TepeBUTpaTa
IN3eIbHOTO OloTmaMBa MOPIBHSIHO 3 TU3EIHHUM MaJIMBOM CTAaHOBHJIA PU BUKOHAHHI
opanku 8,58%, a mnpu guckyBanHi — 9,02%, 1O TOSCHIOETHCS MEHIIOIO
TETJIOTBOPHOIO 3/IaTHICTIO IU3EIBHOTO O10TIATHBA.

VY OuIbLIOCTI BUIMAJKIB HIXKYY TEIUIOTY 3TOPSIHHS JM3EIbHOro OlomalinBa
npuitMaroTh Ha piBHI 37,5 M/[x/kr, ipoTe BOHA MOXXE CYTTEBO BIAPIZHATHUCS, TOMY
HUKYY TEIUIOTY 3TOPSHHS AU3EIHHOTO OlomananBa HEOOX1THO BU3HAYATH B KOKHOMY
KOHKPETHOMY BHUIMAJIKy OKPEMO.

JInst mepeBipkM aJeKBaTHOCTI OTPUMAHMX pPE3YyJIbTAaTiB BUKOHAHO IEPEBIPKY
HIKYOT TEIUIOTBOPHOI 3MaTHOCTI JU3EJIHHOTO MajluBa Ta AU3EIHHOrO OiomayivBa,
[UITXOM CHIATIOBAHHS 3pa3KiB MaNBa, K€ BUKOPUCTOBYBAJIOCS TiJl Yac MPOBEACHHS
€KCIIEPUMEHTIB B KaJIOPUMETpUUHIA O0MO1. JloCHiPKeHHS NoKa3alid, 110 HIKYa
TEIUIOTBOPHA 37aTHICTh AU3EbHOr0 OlonanuBa MeHIa Ha 8,25 %, HIK Y IU3eIbHOTO
najvBa, W0 MIATBEP/KYE aJICKBATHICTh OTPUMAHUX JaHUX TPH MPOBEICHHI
BUPOOHUYMX BUIIPOOYyBaHb poboTU TpakTopa Kuii-14102.



[TpoBeneni BupoOHuui BunpoOyBaHHS MTA 3 BHUKOPUCTAaHHS CHCTEMHU
JIBOCTYIIGHEBOTO TIJITPIBY JU3EIBHOTO OlomanuBa, IIOKa3ajiu, IO IepeBUTpaTa
JU3eNbHOrO OlomMajiiBa MpPH BUKOHAHHI TEXHOJOTIYHHUX OMEparii CTaHOBUTH BiJ
8,0 % no 13 %, npu 30epekeHH] MOKa3HUKIB MPOYKTUBHOCTI Ta MOTYx)HOCTI MTA.

Taboauua 3.6. Ekcnuiyarauniiini BuTpatn nmaausa MTA Ha 0a3i TpakrTopa
Knii-14102 3 BUKOPUCTAHHAM CHCTEMH MiAIrPIBY AM3eJbHOI0 OionajnBa

Tun 1 BUTpaTa nanusa,
Bup onepanii Buxopucrano r/ra HepeBHT?aTa
JBII, n T TBII JBII, %
Opanka:
Kuii-14102 + PRO-3 200 15,85 17,21 8,58
JluckyBaHHS:
Kuii-14102 +BJB-3 670 5,74 6,258 9,02
ITocis:
Kuii-14102 + Great 380 8,7 9,8 12,64
Plains-1,5

HageneHi pe3ynbTati BUPOOHHYOT MEPEBIPKU T03BOJISIIOTH CTBEPKYBATH PO
€()EeKTUBHICTb 3aCTOCYBaHHS CUCTEMH MIIICPIBY IU3EIBHOIO Ol10MaIHBa.

3.6. Opranxizauiiini acnekTH BUKOPHCTAHHS IU3eJILHOr0 0ionajauBa

JluzenbHe O10MaNMBO JOCUTH arpeCUBHO MOBOAMTHCS IOAO KOHCTPYKIIIHHUX
MarepiaiaiB, TOMY MpPU HWOTO BUKOPUCTAHHI JOIIJIBHO JTOTPUMYBATHCS HACTYITHHX
MpaBUIL:

— nu3enpHe OiomanuBo MOBMHHO Bigmosimatu Bumoram JICTY 6081:2009
"ITanuBo motopHe. Edipn METUIOBUX KUPHUX KUCIOT ONiH 1 )KUPIB AJIA JTU3EITbHUX
nBUryHiB. TexHiuH1 ymoBH";

— Ji3esibHE 010MaJIuBO MOBUHHO OYTH BUKOPHUCTAHE YIPOJOBXK IIECTH MICSALIB
3 JaTH BUTOTOBJICHHS;

— €MHOCTI JiJisi 30epiraHHs JAu3eIbHOro OlomaiivBa Ta MajuBHI OAKW MOBHHHI
MeploIMYHO OYHUIIATHUCS Bl OCay Ta YTBOPEHb MIKpOQIIOpH;

— JUTSI 3MEHILIEHHS! HETaTHBHOTO BIUIMBY JAM3EIILHOTO OiomaivnBa Ha MOTOPHY
OJIUBY TOYaTOK poOOTH Ta HarpiB JABUTYHAa JO poOoyoi Temieparypu
PEKOMEHAYEThCS 3/IIMCHIOBATH Ha JU3EJIbHOMY IaJvBi;

— 3aKiH4yBaTh poOOTy HEOOXITHO TaKOXX Ha JAU3EIbHOMY MaluBi, 1100
3a0e3leuynTy  3aMIlEHHs AU3eJbHOro OlomajaWBa B HAJWBHIA CHCTEMI JUIA
3IIHCHEHHS, B MOJAJIbLIIOMY, IPABUIILHOTO 3aIyCKYy JIBUTYHA;

— TpY MOTPAIUITHHI AU3EIbHOTO OiomnanuBa Ha Jako(apOoBe MOKPUTTS, HOTO
TEPMIHOBO HEOOXIJTHO 3MHUTH ab0 HAcyxo BUTEPTH, TaK0X MNOTPIOHO 3amodiraTtu
MOTPAIJISIHHIO IU3€JIbHOTO OloTNannBa Ha TyMy;




— mpu poOOTI Ha JW3ENbHOMY OlOmManuBI PEKOMEHIYETbCA B JIBa pasu
3MEHIIUTH TEPMIH eKCIUlyaTalli MOTOPHOi OJMBU Ta (UIbTpAa TOHKOI OYUCTKU
najanBa;

— 4yepe3 KoxHMX 50 roauH poOOTH HEOOXIJHO BHUKOHYBATH OIEpalliio
3MUBaHHSA 0cany 3 PUIbTPIB rpy00T Ta TOHKOT OUMCTKH MaINBa;

— He nomyckaTu ekcruryatamii MTA mnpu 3amumikax manuBa MeHme S5 %
00’eMy TaJTMBHOTO OaKYy;

— HEOOXiZIHO BUKOHYBAaTH TMepioguyHui 3muB 5 % 3aiMIlIKy MHanuBa Yepe3
koxHUX 100 roguH poOOTH 3 METOI KOHTPOIIO 3a YTBOPEHHSIMU OCaay Ta
BIJIKJIa/ICHb MIKPOQIIOpH;

— MPU TOCTAHOBII TPAaKTOpa Ha JAOBrOTpUBaie 30epiraHHs 4YM MpHU MepepBi B
poOOTI OUIBII HIX Ha MICAUb, AW3EIbHE OIOMAaJUBO MOBUHHO OyTH 3JIHMTO 13
MaJIMBHOTO OaKy.

AHani3 BUpOOHUYOTO J0CBIYy BUKOPUCTAHHS JU3EIBHOrO OlomavBa MOKA3ye,
o OUIBIIICTE MPOOJEeM, SKI OOMEXKYIOTh IIMPOKE BUKOPUCTAHHS JIU3EJIBHOTO
OlomanuBa CUILCHKOTOCIIOAAPCHKUMU MiANPUEMCTBAMHU, TOB’sA3aHa 3 HEOOX1JTHICTIO
JOTPUMaHHS BHUMOT 30epiraHHs JIU3eNbHOTO OiomajuBa Ta KOHTPOJIO 3a MOro
napamMeTpamMu, a TaKOXX HEOOXIJHICTIO OpraHi3aiii BHUCOKOTO pPIBHS TEXHIYHOIO
00CITyroByBaHHS TEXHIKH, SKY 3alPaBISIIOTH AU3EILHUM O10MAJIMBOM.

OcHoBHa mpoOiema 30epiraHHs AW3EIbLHOrO OlomajvMBa MOJSTae B HOTro
3IaTHOCTI HATATYBATH BOJIOTY Ta PO3UMHATH Opyn 1 jakodapOosi mokputrrts. Lle
MOTIPIIYE SKICTh AU3EIBLHOTO 010MaNuBa, a TOMY:

— CIIJ peryisipHo BiaOWpath mpoOM ManuMBa IJis TIEPEBIPKM MOro Ha
BianoBiaHicTh cTangapty JACTY 6081:2009;

— HE PEKOMEHIYEThCS JOBrOCTPOKOBO 30epiratv Jau3esibHe O10MaJIMBO Mij
MPSIMUM BIUTMBOM BHCOKHX 200 HU3BKHUX TEMIIEPATyp;

— MaJMBO HEOOXIiIHO 30epiraTu B YUCTUX 1 CYXHX €MHOCTSIX 0€3 momajgaHHs
COHSIYHHMX MTPOMEHIB;

— HEOOXITHO 3MAIMCHIOBATH MEPIOJUYHUN KOHTPOJIb 3a 3MICTOM BOIU Y
NajauBl, 100 YHUKHYTH HEOE3MEKH PO3BUTKY MIKPOOPTaHi3MIB, YTBOPEHHS IIEPEKUCIB
1 KOPO31MHOTO BIUIMBY BOJIA, Y TOMY YHCIIl i HA €JIEMEHTH MMAJIMBHOI arapaTypu;

— ¢  OO0OB'I3KOBO BHUAAIATH BOJY 13 IIMCTEpH 30epiraHHs Iepes
3aIIOBHEHHSM iX TU3€JIbHUM O10MaInBOM;

— A MiHIMIZamii  KOHACHCAIli BOJOrM TIIpu  30epiraHHi JIH3EIbHOIO
OlomanrBa HEOOX1THO TPUMATH MAJIMBHI EMHOCTI MAaKCUMAJIbHO 3alIOBHEHUMH, MUTH
1 OCyIIIyBaTH iX /10 3alIOBHEHHS 1 MICJISl CIOPOXKHEHHS;

— TIpY BUKOPUCTaHHI NAJIMBHUX CYMIIICH AU3EIHHOTO MajuBa Ta JU3EIHHOTO
OiomanuBa X HeOOX1/IHO BiICTOIOBATH YIIPOJIOBX 24 TOJUH MICIs 3MILTyBaHHS.

[lepen moyaTkoM eKkcIuTyaTallii JBUTYHA HA AU3EIbHOMY O10MaanBi HEOOX1THO
3BEPHYTH yBary Ha MPOBEICHHS HACTYMHUX MPODUIAKTHYHUX POOIT:

— HEOOXITHO 3IWCHUTH MPOMHBKY Ta 3aMiHy (UIBTPIB rpyOOTO 1 TOHKOTO
OYMIIICHHS ITaJMBa, BHUIAJIMTH IUIAKOBI BIJKJIQJAaHHS B NaJMBHIA CHCTEMI U
amaparypi;



— 3IIMCHUTH 3aMiHYy PE3MHO-TEXHIYHUX BUPOOIB Ha CTIHKI 70 Mii AU3ETHHOTO
OlomajanBa;

— HEOOXITHO 3MIHMTH KyT BHIEpPEDKCHHSA IoJavl MMajJiiBa JIBUTYHA
BIJIMOBIAHO /10 pEKOMEHAAIlM 3aBOJy BUPOOHWKA MPH BUKOPUCTAHHI TU3EIHHOTO
OlomanuBa;

— PEKOMEHIYEThCS BUKOHYBAaTH 30€piraHHs IW3EIbHOTO OiomanwBa MpHU
TeMIiepaTypi Buiii 3a mioc 10 °C.

3.7. ExoHoMiuHa eeKTHBHICTH BUKOPHCTAHHS IN3€JIbHOI0 OionajiuBa

VY CiIbCHKOTOCTIOAAPCHKOMY BUPOOHHIITBI 3arajibHa eKOHOMIYHA €()EeKTUBHICTD
HOBUX TEXHOJIOTIA 1 TEXHIKM BH3HAYAETHCS, BUXOJAYM 13 BHU3HAUECHHS PO3MIPY
MpUOYTKY BIJl iX BUKOPUCTAHHS.

3araJibHOBIZIOMO, IO MPUOYTOK BU3HAYAETHCS SIK PIZHUI I[IHU peatizarii
MPOJIYKIi Ta 11 cO0IBapTOCTI 3 ypaxyBaHHSIM aMopTHU3allii. ¥ co0iBapTICTh MPOTYKITi
BXOJISITh CKJIAJIOB1 BUTPAT MOB’s3aHi 3 11 BUPOOHUIITBOM, a caMe 3arajbHl BUTPATH Ha
Marepiai Ta CHPOBHHY, BapTICTh TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTY
oOnajHaHHS, BapTICTh EHEPropecypciB, Ta 3apoliTHA IulaTa 3 HapaxXyBaHHAMH.
ExoHomiuHy e(eKTHBHICTh 3aCTOCYBaHHS JU3EJIBHOTO OlomanuBa TpH PpoOOTI
MalIMHHO-TPAKTOPHUX arperaTiB y MOPIBHSHHI 3 poOOTOI0 Ha JW3EIHHOMY MaJIMBI,
CJIIJT PO3IJIAJIATH SIK PI3HUII0 BAPTOCTI BUKOPUCTAHOTO MaJlMBa Ta €KCIUTyaTallliHUX
3aTpar, BIAHECEHMX JO OJMHHII MEBHOrO 00’eMy BHKOHaHOI pobOotu. Ilpu
pO3paxyHKax NpuUHAMaeMo, M0 YMOBHO-TIOCTiIMHI BUTpatu (3apoOiTHa IIaTa 3
HapaxyBaHHSIMHU Ha COLIaJbHI BUIUIATH, aMOPTHU3ALIHI BIApaxyBaHHSA, BUTPATH Ha
PEMOHT, BapTICTh CHOXKHUTUX MOCAYr Ta I1HIII MOpsAMI BUTpPaTH) 3aJIMIIAIOTHCS
HE3MIHHUMHU TIPU 3aMiH1 JU3EJIbHOTO MajuBa Ha JU3eiibHe O10TaInBoO.

Piuna exoHOMi4YHa €(EKTHUBHICTh 3aCTOCYBAHHS JIM3EJIBHOrO OloMaivMBa MpH
po6oti MTA cTaHOBUTH:

q (1_ k3P0)
E :H,ZZH( i _QHH)_Q,ZZEH H,ZZEH +k—QMOUMO ! (3'1)
3PO" MO

ne E — ekoHOMIYHAa €(DEeKTUBHICTh 3aCTOCYBaHHS AM3EIBHOrO OlomanuBa Mpu
po6oti MTA, rpH; 1{;;; — BapTICTh IU3€IBHOTO MaluBa, IpH/I; Qy; — piuHUL 00cAT
BUKOPHMCTaHHs JM3€JLHOTO MNanuBa, J; Q, — PiYHMH 00CAT J0IaTKOBOi BUTPATH

JW3EJILHOTO NaJIMBa MpU poOOTI HA AU3EILHOMY Olomanusi, 1; Q sy — pluHMHA o0csAT
BUKOPUCTaHHS AM3EIBLHOrO Olomanusa, J; I{;5; — BapTICTh AM3EIBLHOrO Ol0NaluBa,
rpH/IT; K3pp — KOSQIIIEHT 3MEHIICHHS PECYPCY MOTOPHOI OJIMBH TPU BUKOPUCTAHHI
IU3ENbHOTO TanuBa, BIAH. OO.; Ty — PEcypc MOTOPHOI OJMBUA B OJMHUIISLX
BUKOPHUCTAHOTO JU3EJIHLHOTO TajauBa, J; Qo — 00°’€M OJIMBU B CUCTEMI 3MalllyBaHHS
JU3ENLHOTO ABUTYHA, JT; []);0 — BAPTICTh MOTOPHOI OJIUBH, TPH/ L.

[Ipn Bu3HAYeHHI EKOHOMIYHOI e(EKTUBHOCTI HEOOXIIHO BpPaxOBYBATH
30UTBIIIEHHST BUTPATH JU3EIBHOTO OloManuBa y MOPIBHSHHI 3 JAU3EILHUM MAIUBOM,
SIK€ TIPY BUKOPHUCTAHHI YMCTOTO AW3EIbHOr0 OiomanuBa csarae Bif 18 mo 20 %.



Jlns BukopucTaHHS Ju3enpHOro OlomanuBa npu pobotri MTA, mamusHi
CUCTEMH JIBUTYHIB EHEpPreTUYHUX 3aco0IB TMOBUHHI OyTH MOJEPHI30BaHI, IO
noTpedye TOJaTKOBUX KalliTaJloBKIaJeHb. CHcTeMa JTBOCTYIEHEBOIO IMIIITPIBY IS
BUKOPHUCTAHHS JU3EIILHOTO OiomanuBa J03BOJISIE 3HU3UTU HOTO BUTpaTy Ha 5-6 % Ta
pO3IIUpsiE TEMIIEPATYPHHH Jianla30H BUKOPUCTAHHS TU3EIbHOTO 0i0TainBa.

BpaxoByroun BHUIIICHaBEIEHE BHTpaTa AW3EIBHOTO OiomainBa MOXe OYyTH
BHU3HAUYCHA BUXO/ISIUM i3 BUTPATH JU3EIHHOTO MajiBa HACTYITHAM YHHOM:

QLZEH = k3B (Q,ZZH - an)’ (3-2)
ne K3z — KoediieHT 301IbIIeHHS BUTPAT AM3CIBHOIO OionaiiBa y MOPIBHSIHHI
3 IU3€JIbHUM MaJIMBOM, BiJl. O/I.

JlonaTkoBi eKcIUTyaTalliifHi BUTPATH NMPU BUKOPUCTAHHI IU3EILHOI0 O10TaiiBa
MOB’si3aH1 31 3MEHIICHHSIM TEPMiHY CIy>KOM MOTOpPHOI OJIUBH, (PUIBTPIB OYUCTKU
najuBa Ta JOJATKOBUX BHUTPAT JW3EIILHOTO TMajuBa, SIKi IMOB’sA3aHI 3 3allyCKOM
JIBUTYHA Ha TU3EIbHOMY MaJIUBI Ta 3 HEOOX1THICTIO 3A1MCHEHHS MiITPIBY MAJUBHOTO
O0aky nu3enpHOro OlomanWBa TIPU HU3BKUX TEMIlepaTypax HaBKOJHUIIHBOTO
CepeIOBHIIIA.

Burtpara nu3enbHOro mnanuBa, IIOB’s3aHa 13 3amyckoM JBUryHa MTA,
BU3HAYAETHCSI BHUXOASYM 3 KOHCTPYKTHBHUX OCOOJMBOCTEH eHeproszacoly, 3a
BHPa30M:

3 _
Q,Z]H - k317 (V(DFO +V<DTO +V17 +V17H )’ (33)
ne Qj,— BUTparTa AU3ENIBHOIO IaIKMBa Ha 3aIyCK JBHUTYHA, JI; K37 — Koedimient

3amacy, BiiH. 0A.; Varo — 00°eM GuIbTpy rpy00i ounCTKH nanusa, JI; Vero — 00°eM
GITBTPY TOHKOT OUUCTKY MANNBA, JI; V7 — BHYTPIIIHIN 00’ €M MaJuBONPOBOIIB, JTT; V 7y
— BHYTPIIIIHIA 00’ €M rOJIOBKHM MAJIMBHOTO HACOCA BUCOKOTO TUCKY, JI.
Butpaty au3enpHOro majuBa MpU TEMIlepaTypl HaBKOJIMIIHBOTO CEPEOBUIIA
Hk4ii 3a 10 °C, Mo’)kHA BU3HAYUTH HACTYITHUM YHHOM:
H
Qu =1,G,o (3.4)
H . .
ne Q;, — 3MIHHA BHTpaTa JM3ENILHOTO NalvBa Ha 3aIlyCK JBUTYHA Ta Harpis

najuBa B NajduBHOMY Oarli, Ji; ty — yac poOOTH ABUTYHA Ha AU3EILHOMY MaJWBI,
HEOOXITHUI ISl po3irpiBy AU3eNbHOTO OiomanuBa B maJmBHOMY Oarli, roa.; Groz —
rOJIMHHA BUTpATa JU3EJIbHOTO MaJMBa MPU PEKUMI pOOOTH JBUTYHA 3 PO3IrPIBOM
JI3E€IbHOT0 Ol0MNaJInBa, JI.

3aranpHy OOJATKOBY BHUTpaTy JW3€JIbHOrO mnanuBa, npu podori MTA Ha
TU3eNbHOMY Ol0TaMBi, BUXOASYHM 3 PIYHOI BUTpPATH AU3EIHHOTO TAajnuBa, MOKHA
BHU3HAUUTH HACTYITHUM YHHOM:

szzn = Qﬂ [kKP k317 (quro + V(DTO + Vn +V17H ) + (1 - kKP )IHGFO,ZZ ] ) (3-5)
3M
ne Kgp — Koe(ili€HT pO3MOMIICHHS BHTPAT OW3EILHOTO MajMBa, 3TiTHO
IpPaHUYHOI TEeMIlepaTypy BUKOPHCTAHHS AM3EJIBbHOTrO OlomanuBa 0e3 3aCTOCYBaHHS
HarpiBy, BiJiH. 011.; Q3 — cepeaHs 3MiHHA BUTpatu nanua MTA, 1.



JlaGopaTopna po6ora 3: BusHauntu BUTpaTy nanusa npu poOOTI JU3ETHHOTO
JIBUTYHA Ha JU3EIHHOMY IMAJIUBI Ta JU3EIHHOMY O10TIaJMBI.

Meta podoTu: O3HAHOMUTHUCH 13 KOHCTPYKIIIEID OOKaTyBaJIbHO-TaJIbMIBHOTO
creuay KMN-5543-'OCHUTH Ta npoBecTH BU3HAYEHHS PO3XOAY MalMBa MpU poOOTI
JM3EJIPHOTO JIBUTYHA Ha JHU3EJIbHOMY O10TajiiBl Ta JU3EIHHOMY TajauBl HaTOBOTO
MTOXOKCHHSI.

Ipuaagu Ta o6aagHaHHS: OOKaTyBaJbHO-rajdbMiBHOTO cTeHa KHM-5543-
I'OCHUTMH, nuzenvHuUii IBUTYH, Bard, CEKYHIOMIp.

Oo6xaryBanpHO-ranbMiBHHA  cTeHn — KU-5543-'OCHUTHU (puc. 3.14)
NpU3HAYCHUN JUII OOKAaTyBaHHS 1 BUIPOOOBYBAaHHS TPAaKTOPHHUX JABHUTYHIB. Moro
OCHOBHI TEXHIYHI XapaKTEPUCTUKU HaBeeHO y Tabmuii 3.7.
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1 — 0ak 3 majgbHUM; 2 — Baru JJd najusBa; 3 — piaAuHHuUi peocrart; 4
BUMiploBajibHui 0J10K; S — JIBC.
Puc. 3.14. Cxema po3MillleHHS eJ1eMeHTiB 00KATYBaJIbHO-TAJIbMIBHOTO CTEHIY
KHN-5543 TOCHUTHU

[Ipu poboti obkaryBanbHO-TaigbMiBHOTO cTeHay KU-5543-TOCHUTU
BUOpaHWI THIT IMajuBa HAIXOIUTh 3 Oaka J0 JBUTYHA. BUMIpIOBaHHS BHUTpPATH
[MajiuBa 3I1MCHIOETHCI 3a OONOMOIOI0 BariB uid naimBa. Ha oJHIN yamimi BariB



BCTAQHOBJIIOIOTh TMPO30pa €MHICTh, HA IHOIY YalllKy CTaBUTHCS BaHTaX, IO ii
BpiBHOBaXKye. [Ipu nonoskeHH1 kpany "3amip" najaruBO MOJAETHCS 3 MPO30POi EMHOCTI
B JIBUT'YH.

Ta6auus 3.7. OCHOBHI  TexHiYHI  XapaKTEePUCTHMKM  O0OKATYyBAJIbHO-
rajabmiBHOTO cTeHay KM-5543 'OCHUTHU

[Toka3HUK, OIUHULL BUMIPY 3HaueHHS
Jliama3oH peryjloBaHHA YacTOTH OOepTaHHs
pOTOpa eIeKTPOMAIINHHU, 00/XB.:
— B PEXHMI JBUTYHA 600 — 1440
— B PEKHUMI reHepaTopa 1700 — 3000
HaiiGinpia ranbpMiBHA MOTYXHICTh CTEHIy MPHU
3000 06/xB., kBT 110
Howminanbuuii kpyTHUit MOMEHT, H M 390
[lopsimok BUKOHAaHHA pOOOTH — MICHS NPOrpiBaHHSA JIBUTYHA, BaX1ib

KEpYBaHHSI PEryJSATOPOM BCTAHOBIIOIOTh B TIOJIOKEHHS MaKCHUMaJIbHOI Tojayl
BUOpaHOrO0 TWUMY TMajyMBa Ta BU3HAYAIOTh MAKCHUMaJbHYy YacTOTy OO€pTaHHS
xojioctoro xoxy 1 yac Butpatu 100 rpamiB manuBa. [licis mporo peocrtaTowm,
BKJIIIOYEHUM B KOJO pOTOpa €JIEKTPOMAIINHU, 3MIHIOIOTh HABAaHTAKEHHS 1
BU3HAYAIOTh MPHU IIOMY 4YacToTy oOepTaHHs 1 yac Butpatu 100 rpamiB majivBa.
PesynbraTu 3aHoCATH B Ta0IMIIO 3.8.

Ta6auus 3.8. Pe3yabTaTd BUMIPIOBaHHS MOKA3HUKIB IBUTYHA

Pr, xr | n,00/xB. | At C AGr, 1 | Ng, kBt | Gp, kr/roa. | Gg, r/(xkBt ron.)
Jln3enapHe NaauBo

0 1853 107,8 100 — 3,34 —

7 1833 75,0 100 9,86 4,8 0,486
16 1826 53,3 100 21,48 6,75 0,314
22 1807 45,0 100 29,54 8 0,270
30 1793 35,5 100 40,05 10,14 0,253
34 1788 32,0 100 44,84 11,25 0,251

Jn3enpHe 610maaInuBO

0 1889 86,3 100 — 4,17 —

7 1850 65,1 100 10,08 553 0,548
15 1838 48,6 100 20,03 7,4 0,369
22 1826 39,2 100 29,84 9,2 0,301
30 1805 31,3 100 39,34 11,5 0,292
34 1793 28,0 100 44,94 12,85 0,285




Ha ocHOBI oTprMaHMX JaHUX BH3HAYAIOTh €()EKTUBHY MOTYXHICTh ABUTYHA 32
dhopmyIoro:
P.n
1000
ne: Nz — edeKTUBHA MOTYXKHICTh JBUTYHA, KBT; Py — IOKa3u CTPIJIKU MO IIKaJIi
BaroBOro MeXaHi3My, Kr; N — dacToTra OOepTaHHS pOTOpa EIEKTPOMAIIUHU TIO
TaxoOMeTpy, 00/XB.

["'onuHHYy BUTpaTy NajiiBa BU3HAYAIOTh 32 BUPA3OM:
G, = 3,6£
At

ne: Gy — roguHHA BUTpaTa MajiuBa IBUTYHOM, KT/To.; AG — Maca BUTpaue€HOTO
nanuea, r; At —4dac, 3a sKuii ABUTYH BUTpavae 103y nanusa AG, c.

Ha ocHOBI po3paxyHkiB OyayioTh rpadik 3aJIeKHOCTI TOJAWHHOI BUTPATH
MajauBa BiJ] MOTY>KHOCTI IBUryHa (puc. 3.15) nis 1u3enbHOro najiuBa Ta JIU3eIbHOrO
Olomanuaa.
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Puc. 3.15. 'ogunHa BUTPATA NAJMBA NPH MAKCUMAJIBLHOMY TOJIOKEHHI BaxKeJis
noJaayvi nmajusa



[TuTomMy BUTpaTy mayiMBa BU3HAYAIOTH 32 BUPA3OM:
3
~ G, 10
s =
N
ne: Jp — MATOMa BUTpaTa nmayimsa r/kBT rog.
Ha ocHOBIi po3paxyHKiB OyaytoTh rpadik 3ajJeXKHOCTI MUTOMOT BUTPATH TaInBa

BiJl TOTY)XHOCTI aBuryHa (puc.3.16) i Ou3eapbHOr0 MajuBa Ta TU3EIHHOTO
Oiomanuaa.
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Puc. 3.16. [luToma BUTpaTa BUTPATH NAJIUBA NPU MAKCUMAJIBHOMY M0JI0KEHHI
BasKeJIs MoJAa4vi majnuBa

TakuM 4YMHOM, Ha OCHOBI aHali3y EKCIEPUMEHTAIbHUX JaHUX poOOTU
JU3EILHOTO JIBUTYHA HA PETYJISTOPHUX XapaKTePUCTHUKAX BCTAHOBIICHO, IO TIpU
3aCTOCYBaHHI JHW3EJIHHOTO OlomayiBa BiOYBA€ThCS 30UIBIICHHS TOIWHHOI Ta
MATOMOI BUTpaTH TMajnuBa Ha BenuuuHy Bim 13,5 no 18 % B 3anexxHOCTI BiA
3aBaHTAXCHHS JIBUTYHA.

IIpakTuuna po6ora 3: BuszHauutu piyHy noTpely B IU3EIbHOMY OlomaiuBi
Ta pO3paxyBaTU €KOHOMIYHY €(EKTHUBHICTh 3aCTOCYBaHHSI AM3EIbHOr0 OlomajinBa
pu poboti MTA.

Buxinni gani: Piune 3aBantaxenHs MTA Hj; = 1150 y.e. ra; HopmaTuBHa
BUTpaTa MajiiBa Ha YMOBHUH eTajoHHu# rekrap Gygz = 9,1 n/y.e. ra; cepeans 3MiHHa
ButpaTu nanua MTA Q3 = 70 51.; BapTicTs Au3ensHoro nanusa L{;; = 13,98 rpu/x;
BapTICTh JU3eJIbHOrO OlonamuBa L[;z; = 7,21 rpu/n; BapTICTh MOTOPHOI OJIUBU



Lo =50 rpa/n. Excrmyaraniiini napamerpy MTA Ta KOHCTpYKTHBHI HapaMeTpH
JIBUTYHA €HEpro3aco0y HEOOXITHI Ui PO3pPaxyHKy EKOHOMIYHOI e(EeKTHUBHOCTI
npuBeneHi B Tabn. 3.9. BapianT MojepHizalli MajuBHOI CHCTEMHU JIBUTYHA
eneprozacooy MTA nis pobotu Ha 1U3eaIpHOMY OlomanuBi 3T1IHO puc. 3.6.

Taboauua 3.9. EkcnuiyaraniiiHi Ta KOHCTPYKTHBHI mapaMeTpW JBUIYHA
eHepro3aco0y MTA npu BUKOPHUCTaHHI IU3€JIbHOTO0 0ionajnBa

KoedimienT po3moaiieHHs BUTpAaT AW3EIBHOTO TaJliBa, 3TiTHO

IpAaHUYHOI TEMIEepaTypH BUKOPUCTAHHS am3elbHOro OiomammBa 0e3| Kyp | 0,7
3aCTOCYBAaHHS HarpiBy, BiAH. OI.

KoeinienT 3anacy npu 3MiHI TUITy MaJuBa, BiTH. OF. Ky | 1,2
Yac poOoTu JABUTYHAa Ha JU3EILHOMY TMajuBi, HEOOXITHUN I t 05
PO3IrpiBYy JU3ENIbHOTO OlonaiiBa B NAJIMBHOMY Oarli, TOJI. 1 ’
['oguHHa BUTpara majuBa Ha PEeKUMI POOOTH JBUTYHA MPHU PO3IrpiBi G 10
JIIU3E€IBbHOTr0 Ol0MmanBa, JI rox
Koedimient 36iHBIHCHHH.BI/ITpaT JIM3EJIbHOTO OloMaivBa y MOPIBHIHHI Keg | 1,12
3 TN3EJIHbHUM TaJIuBOM, BiJIH. O]I.

KoedirieHT 3MeHIIIeHHsT pecypcy MOTOPHOI OJIMBU MPU BUKOPUCTAHHI K 08
IU3E€IBbHOr0 OlomaanBa, BiIH. O, 3PO ’
06’eM (inbTpa rpyd0i OYUCTKY NATUBA, JI Vaoro| 0,7
006’eM (iTbTpa TOHKOT OYNCTKH TTAJTUBA, JI Vero| 0,3
BHyTpimHiit 06’€M MaauBOIPOBO/IIB, JI V| 0,2
BHyTpimHi# 06’€M roJOBKM NAJIMBHOTO HACOCA BUCOKOTO THUCKY, JT Vi | 0,35
O6’eM 0TMBU B CUCTEMI 3MalllyBaHHsI IU3EJIBHOTO JIBUTYHA, JT Quo| 12
Pecypc MOTOpHOi OJIMBM B OJIMHUILSX BUKOPUCTAHOTO JH3EIHHOTO Tvo | 4200
MaJINBA, JI

KanitanbHi BUTpaTH Ha MOJIEPHI3aIlil0 MAJIMBHOI CUCTEMHU, TPH K 120000

Buxoasun 13 HOpPMAaTHUBHOTO piyHOro 3aBaHTaxkeHHs MTA Bu3Hauaemo
BUTPATY JU3EIBHOTO NAJIUBA:

Q. =H;G,; =1150-9,1=1046511.
Buxonsun 3 ymoB ekcruryatanii MTA Ha au3enbHOMY Ol0MaiuBi T10AATKOBY
BUTPATY JAM3EIBHOTO MalMBa, MOYKHA BU3HAYUTH TH HACTYITHUM YHHOM:

Q
an =—= [kKP Ko (V@ro +Voro +Vi +Viy ) + (1 — K )tHGFOﬂ] =
M

= 1%00,7.12(0.7+03+0,2+035) + (1-0.7)-05-10]= 418 1.

70
Cnix 3a3HauMTH, MO0 KOEDIIEHT PO3MOAUICHHS BUTpAT AW3EIILHOTO TaJuBa,
3rITHO TPAHWYHOI TeMIepaTypud BUKOPUCTAaHHS JM3€JbHOrO OlomanuBa 0e3
3aCTOCYBAaHHS HAarpiBy B MajJuBHOMY Oari Kxp MoOXKe mA€IIo BIAPI3HATHCS Bij
MPUUAHSITOTO, OCKUIBKM BHU3HAYAETHhCS  KIIMATUYHOKO 30HOI0  pO3TalllyBaHHS
rocro/1apcTBa.



HeoOximHa KIIBKICTH OH3EILHOIO OlomaimBa Id 3aMIMIEHHS IU3EIbHOIO
najgrBa Ha)TOBOTO TIOXO/PKCHHS BU3HAYAETHCS 32 BUPA30M.

Qs =Ky (Qr — Q% ) =112 (10465 — 418) =11252 1.

YMOBHO-TIOCTIHHI BUTpaATH (3apo0iTHA TUIaTa 3 HapaxyBaHHSIMH Ha COLIaJbHI
BUILJIATH, aMOPTHU3AlliiH1 BiJpaxyBaHHs, BUTPATH Ha PEMOHT, BapTiCTh CHOXUTHX
MOCITYT Ta 1HII IPSMiI BUTPATH) 3aJIMIIAIOTHCS HE3MIHHUMH TPHU 3aMiHl JU3EIBHOTO
najquBa Ha Ju3eibHEe OlomasuBo. EKOHOMIYHY €(EeKTHUBHICTh 3aCTOCYBaHHS
nu3enpHOTO OlomanmBa mpu poboTi MTA, BigHeceHy n0 oAuHUIN ab0 TEBHOTO
00’eMy BHUKOHAHOI pPOOOTH, BHU3HAYAIOTH SK PI3HUIIO BApTOCTI BUKOPHCTAHOTO
naquBa Ta JOJATKOBUX BHUTpAT MOB’S3aHMX 3 ocoOimBicTio podotu MTA mnpu
BUKOPHUCTaHHI JU3EIbHOTO Oil0MainBa:

1-Kk
E:Uﬂﬂ( ﬂn_QjZZH)_QﬂEH uﬂEH_'_MQMOHMO -

3PO" MO
(l_ 018)

0,8-4200
TepmiH OKYIHOCTI KamiTaJdbHUX 3aTpaT Ha mnepeobOnagHanHs MTA s
BUKOPUCTAHHS JHU3EJBHOTO O10MaiuBa BU3HAYAETHCS SK BIIHONICHHS 3aTpayeHUX

KOIITIB IO €KOHOMIYHOT €()eKTUBHOCTI BUKOPUCTAHHS TU3EIHHOTO O10MaInBa;

T= K _ 20000 0,34 poxiB.

E 58633
TakuM 4YMHOM, piYHA €KOHOMIYHA €(PEKTHUBHICTh 3aCTOCYBAHHS JAM3EIBHOTO
OlomanmuBa ang onHoro MTA Moxe craHoButu 58,633 THC. TPH. NpU TEpPMiHI
OKYITHOCTI JIOJAATKOBOr'O0 OOJagHAHHS HEOOXITHOTO Jii BUKOPUCTAHHS JU3EIBHOTO
OlomajrBa MEHIIIE OJTHOTO POKY.

=13,98- (10465 — 418) —11252- (7,21 + .12-50) = 58633 rpH.

3anuTaHHA VISl CAMOKOHTPOJIIO:

1. o sBisie co6o010 au3eNbHE O10MaTHBO?

2. Slka ronoBHa TexHIYHA MpoOseMa MIMPOKOTO BIPOBAHKEHHS AU3EITHHOTO
Oionanusa?

3. VYV YoMy TOJIOBHA BiJIMIHHICTh AHM3EIHHOTO OlomaivBa BiJ] AU3EIHLHOTO
najguBa’?

4. 'Y 4oMmy TOJIOBHI TMepeBard AM3EIbHOTO OlomajauBa TOPIBHAHO 3
IU3EIbHUM ITaJIMBOM?

5. SIKi OCHOBHI HEJOJIIKU JU3EIBbHOTO Ol0MannBa, KOTP1 BaXKKO YCYHYTH TUM
YY 1HIIUM CIIOCOOOM Y MpoIeci BUPOOHUIITBA?

6. VY d4omy monsAraroTh OCHOBHI BIAMIHHOCTI JIM3€JIBHOTO TajuBa
BUPOOJICHOTO 13 PI3HUX POCIMHHUX OJI1I?

7. Sk 3MIHIOETBCA TpPHU 3aCTOCYBaHHI JAM3EIBHOrO OlomanuBa Ta MHOro
CyMilllel 3 JIU3eIbHUM NaJIUBOM MOTYKHICTh 1 KPYTHUI MOMEHT, SIKMl pO3BHUBA€E
JBUT'YH?

8. Sk 3MIHIOETBCS TpU 3aCTOCYBaHHI JM3EJIBHOTO OlomanuBa Ta MOro
CyMIIlIeH 3 AU3ENbHUM MAJIMBOM MTUTOMA 1 TOJUHHA BUTpaTa MajanuBa?



9. 3a paxyHOK 4YOro MIJBUIICHHS TEMIEpaTypu AU3EbHOTO OlomanuBa
nepe/1 BIOPCKYBAHHSM MOKPAIIy€e HOTro 3rOpaHHs?

10. Sxuii edekTUBHMM Alania30H BUKOPHCTaHHS JU3EILHOIO OlomayiuBa, Mpu
AKOMY KiHEMaTWyHa B’SI3KICTb HE Oy/ie CYTTEBO BIUIMBATU HA POOOTY AM3EIBHOTO
JIBUTYHA JIJISl CyMIIIIEH 3 TU3EIbHUM MAJIMBOM Ta YUCTOTO JIU3EJIbHOrO OlonanuBa?

11. OnumiTh CUCTEMY ABOCTYIIEHEBOIO MIITPIBY IU3EIHLHOTO O10MaInBa.

12. Tlpwm sxiif TeMrepatypi HarpiBy AU3EJIbHOTO Ol0MaanBa JOCATAETHCS HOTO
MiHIMaJIbHa BUTpaTa’?

13. OxapaktepusylTe  3aJeKHICTh THUTOMOI BHTpaTH TajJWBa  BIJ
HABAaHTA)XCHHA JBUTYHAa TPU BUKOPUCTAHHI JU3EIBHOTO TMalvBa, TU3EIHHOTO
OiomanuBa 0e3 HarpiBy Ta i3 3aCTOCYBAaHHSM HarpiBy MajuBa.

14. OxapakTepu3yiTe 3aJeKHICTb NHUTOMUX BHUKHUIIB YaTHOTO Ta3y Bif
HABAaHTA)XCHHA JBUTYHAa TIPpU BUKOPUCTAHHI JU3EIHHOTO TMAalWBa, TU3EIHHOTO
OlomanuBa 0e3 HarpiBy Ta 13 3aCTOCYBaHHSM HarpiBy IajuBa.

15. OxapaktepusyiTe 3aJeKHICTh TUTOMHUX BUKHU/IB BYTJIEBOJHEBUX CITOJIYK
BiJI HaBaHTa)XCHHS JBUTYHA IMPU BUKOPUCTAHHI JIU3EIBHOTO MaJUBa, IU3EIBHOTO
OlomanuBa 0e3 HarpiBy Ta 13 3aCTOCYBaHHSM HarpiBy IajuBa.

16. OxapakTepusyiTe 3aJeKHICTh MUTOMHX BHKHJIB OKCHUIIB a30Ty BiJ
HABAHTAXKCHHS JBUTYHA TP BHUKOPUCTAHHI JU3EIBHOTO TMajiiBa, JAU3EIHHOTO
OlomanuBa 6e3 HarpiBy Ta 13 3aCTOCYBaHHSM HarpiBy IajuBa.

17. Sx BHOJMBae BHUKOPUCTAHHS CHUCTEMH JBOCTYIIEHEBOI'O MIJIIPIBY
JIU3ENIbHOTO OlomNanuBa Ha IMEPEBUTPATy OU3EIIBHOrO OlomanuBa y MOPIBHSAHHI 3
AN3eTbHAM MaJIUBOM HA()TOBOTO MOXOMKEHHS?

18. SIkmX OCHOBHMX TpPaBHUJ AOLIIHHO IOTPUMYBATHUCS MPH BUKOPUCTAHHI
NU3eIbHOro OlomaauBa?

19. ki ocHOBHI mTpodigakTU4YHI pPOOOTH HEOOXITHO BHKOHATH TIEPE.
MMOYaTKOM EKCILTyaTallli IBUT'yHa Ha JU3eIbHOMY O10IainBi?

20. 3a paxyHOK 4YOTO JOCATA€THCA €KOHOMIYHA €(PEKTHUBHICTh 3aCTOCYBAHHS
JU3eNLHOTO OlomanuBa?

21. Sk BU3HAYA€THCS BUTpaTa MajJMBa MPH POOOTI IU3EIBHOTO JIBUTYHA 3a
JIOTIOMOT 00 00KaTyBaIbHO-TaJIbMIBHOTO CTCHIY?
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4. OCHOBHU BUPOBHHUIITBA BIOETAHOJIY
4.1. 3araabHi BizomMocTi npo 6ioeTaHoa

CeiToBe BUpPOOHUIITBO O10€TAaHONy SK aJbTEPHATHUBHOTO TalWBa JUIs
TpaHcnopTy 3pocio i3 17 mupa. mitpiB y 2000 mo 85 mupa. mitpiB y 2012 porri.
3riIHO 3 ONTUMICTUYHUMU IIPOTHO3aMH, OUIKYBaHUHN 00'€éM BUPOOHUIITBA O10€TAHOTY
B cBiTi y 2020 p. cxinane 281,5 Map. JiTpiB OpU CEPeIHbOPIUHOMY TEMIIl 3pOCTAHHS
o0'emy punKy 3a mepioa 3 2016 mo 2020 pp. 12,5%. 3a mecuMiCTUYHOTO TPOTHO3Y,
ouikyBaHuUi 00'eM crnoxuBaHHs OioetaHomy B 2020 p. Oyae CTaHOBHUTH
187,5 Mapn. MITpiB OpU  CEPEeTHBOPIYHOMY TEMIIl 3pOCTaHHA  00'€eMy pHUHKY
6ioeranony B 2016-2020 pp. — 10%. ¥ o060x cuenapisx y 2020 p. o6'eM cBiTOBOI
TOpriBii OioeTtaHosioM ckiagatume 10 10% Bix CBITOBOro 00'eMy BUPOOHMIITBA
piakoro nanuBa. Jlinepamu, sk 1 panime, 3anumarbess CIIA 1 bpasumis, ix cymapHa
gyacTKa y cBiToBoMy BUpoOHHUITBI 10 2020 p. ckinagatume Big 55 1o 65%.

[IpoctopoBa OymoBa artomy Oioetanony (XimiuHa ¢opmyna C,HsOH)
npuBeneHa Ha puc. 4.1

Puc. 4.1. IIpocTropoBa 0yaoBa aromy 0ioeranoJy (0L1vi KOJIip — BOJAEHb,
YepPBOHHMH KOJIIP — KUCeHb, YOPHUH KOJIIP ByTIJIelb)

Vkpaina crioxxuBae 4,5 MiIH. T O€H3UHY B piK. BnacHuil BuA0OyTOK CUpPOBUHU
— "HadTH 1 ra3oBUX KOHJEHcATiB 3abesneuye jumie 20% 11i€i KUTBKOCTI, pelTa
OCH3MHY BUPOOJISETHCS 3 IMIOPTHOI HAPTH a00 3aBO3UTHCS 13 CYCIAHIX KpaiH.

beH3nHOBa 3aneXHICTh KpaiHM MOXe OyTH ICTOTHO 3HIKEHA 3a PaxyHOK
BUPOOHMIITBA 1 BHUKOpPUCTaHHS OloeTaHONy. [HTepec IHBECTOPIB 10 IILOTO BUIY
TISTBHOCT1 3'IBUBCSl TUIBKU micist mogonanHHs OeHzuHoM Ha A3C y 2011 pomi
miHoBoro piBHs 1,25-1,35 non. CIIA 3a mitp. Co6iBapTiCTh €TaHOIBMICHUX J0OABOK
crtanoButh 0,7-0,8 mon. CILA 3a mitp. Bynyun 3mimani 3 O€H3MHOM, BOHU JalOTh
LIJIKOM MPUCTONHUI OeH3UH Tuiy A-95, 3 HU3BKUM BMICTOM CIPKH 1 apOMaTUYHUX
ByrieBogHiB. Ha puc. 4.2 HaBeneHO TNPUKIAAM BUKOPUCTAHHS TOBApHOIO
OioeTaHoITy.

bioeranon — TepmiH, AKuM 3'IBUBCA OIM3bKO 15 pOKiB TOMY, UIsl TO3HAYEHHS
€TUJIOBOTO CIUPTY, OTPUMAHOTO IUISIXOM O10XIMIYHOI TEPEpPOOKH POCIUHHOT
cupoBuHU. ETunoBuii crnupt (eTaHon) MOXe OyTH OTPUMAaHHMM 1 YHUCTO XIMIYHUM


https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B5_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D1%8C%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B5_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/2000
https://uk.wikipedia.org/wiki/2007

[IUISIXOM 3 €TUJICHY, OJTHAK 1€l €TaHOJ BXKe He Oy/e 'eKOJOTiYHUM'', OCKUIBKH BiH
BUPOOJICHUH 13 HE BIJHOBIIIOBAHOI BYTJIEBOAHEBOI CHpOBUHU. CHaitoBaHHS TaKOIO
€TaHOJIy MPHU3BOJIUTH J0 3POCTAaHHS KOHIIEHTpaIlii BYTJIIEKUCIIOro razy B atMocdepi
TaK caMo, SIK 1 CIaJrOBaHHS MPUPOTHOTO Ta3y Ta MPOAYKTIB mepepoOku HadTu. [Ipu
CIaJlOBaHHI kK Ol0€TaHONYy BYTJEKUCIWN Tra3, 10 BUBUIBHSAETBCS B aTMochepy
PO3TIISAIAETHCA TAaKUM, 110 HE BUKJIMKAE TJI00aIbHe MOTEIUIIHHS, OCKUIBKH BIH 30BCIM
HeJlaBHO OyB 3acBOEHHMU pociMHaMH 13 atMocdepu mig dac dorocuHTedy. Tepmin
"0loeTaHONM" TOMMUPHBCA B TOM dYac, KOJIM BUHUKIA 3arajbHa 3aHEMOKOEHICTh
HACJIIKaMH aHTPOIIOT€HHOI 3MIHU KJIIMATy TUTAHETH.

Puc. 4.2. 3anpaBka aBTOMOOiJIs1 610eTaH0J10M E85 ta Buriasaa misimku
JAE€HATYPOBAHOI'0 €TAHOJLY

Takum unHOM, OGl0€TaHOII — 11e 6€3BOIHUI BUCOKOOKTAHOBHM €TUIIOBUM CITUPT
(oxTaHOBE YHCIO CTaHOBUTH 105), oTpuMaHuil y mpoIeci MepepoOKHd POCIUHHOI
B1JIHOBJTIOBJIBHOI CHUPOBHHH, METOJAOM (epMeHTaIlli I[yKpiB MIKpOOpraHi3MamH,
KU BUKOPHCTOBYETHCS B SIKOCTI MOTOPHOTO MajivBa (MICTUTH HE MeHmie 99%
€THWJIOBOTO CIHUPTY). BUKOPUCTOBYETHCA BIH TAaKOX JJIi BUTOTOBJIEHHS MOTOPHOTO
CYMIIIIEBOTO MajinBa ab0 J00aBOK 10 MOTOPHOTO MAaJNBA.

3a pesyiapTaTaMW CTaTUYHHX HAMpalloBaHb MIAMPUEMCTB  CIIUPTOBOI
MIPOMMCIIOBOCTI Ta HAYKOBIIB, (DI3UKO-XIMIYHI MMOKa3HUKHU O10€TaHOIY YHOPMOBAHO
710 TIOKa3HUKIB HaBeIeHUX y Taonuii 4.1.

bioeraHon MoOHa 3acTOCOBYBaTH B CY4YaCHHUX JIBHUTYHaxX BHYTPIITHBOTO
3ropanHs (06e3 3MiHM 1X KOHCTpYKIii) 10 15% y cymimn 3 O€H3MHOM, 30UIbLIYIOUH
TUM CaMHM OKTAHOBE YHMCJIO OCTaHHBOTO, a00 Oe3mocepeHbo K naauBo. bioetanon,
Ha BiAMIHY Bix HaQTH, € OJHI€0 3 (GOPM BUKOPUCTAHHS TOHOBJIIOBAHUX JDKEPEN
eHeprii, sKi MOXHa OTPUMATH 3 CLIBCHKOTOCTIOAAPChKOi cupoBuUHU. Kpim
0l0eTaHOTy, B TEXHOJOTIYHOMY MPOIECi BUPOOHHUIITBA, TAKOXK OTPUMYIOTH IIHHY
KOPMOBY J100aBKy — Oapmy.


https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%84%D1%82%D0%B0

Ta6auug 4.1. SIkicHi nokazuukm GioeTaHoy

Ne HasBa HOKA3HIKA Hopwma noka3nuka
/T Mapka A | Mapka b
1 |30BHINIHIN BUTIISA Ta KOJIIP [Ipo3opa 6e30apBHa

pianHa abo CBITIO
YKOBTOTO 3a0apBIICHHS
2 |Tycruna 3a Temmeparypu (20+0,1)°C, kr/m® Biz 787 no 792
3 |Temneparypu npu 760 MM pT. CT.:
KHUITIHHS 78
TIJIaBJICHHS -35
criajaxy 112
3 |O0'emna yacTka BoaH, %, He OLJIbIIIE 0,2
4 |MacoBa KOHIIEHTpaIllisl CYXOTO 3aJIUIIKY, MI/IMC, He 100
GNiSiHE
5 |O6’emMHa yacTKa CIIUPTY €TUIIOBOTO, %, HE MEHIIIE 97,8 | 98,3
6 |O06’eMHa yacTKa MeTaHOIy, %o, HE O1JIbIIIE 1,0
10 |O6’emua yacTka OeH3WHY (BYTJIEBOAHIB), %0 Big 1,0 mo 1,5

bioetanon 1e BuOyXOBO-HEO€3l€UHA pEUOBHMHA, QK€ Mapu CIUPTY
3MIIIYIOYUCH 13 MOBITPSAM y KoHUeHTpauii Bix 2,8 mo 13,7 % no 06’emy moBITps,
MaloTh 3JaTHICTh BUOYXaTH BiJ JKEpesia BOTHIO a00 iICKpH, a KOHIIEHTPOBaH1 BOJHI
PO3YMHHU JIETKO 3aiiMaloThcsl 1 TOpSATh 0e3 yTBOpeHHs KinTsBu. bioeTaHon
rirpockomniyHuii, BiH abcopOye Bosory i3 moBiTps. [lapu € oTpyiHUM IS JTFOAWHM,
TBAapUH, a TAKOX JIJII MIKPOOPTaHi3MiB, MAaKCUMaJIBHO JIOMyCTHUMa KOHIIEHTpAIlis iX B
moBIiTpi — 1 M/

Ha BigMiHy Bij XapuoBOTO CIHPTY, 3 IKOTO BUPOOJISAIOTHCS aJIKOTOJIbHI HAIO1,
MaJMBHUN  €TAHOJ BUTOTOBISETHCA IIISAXOM  CKOPOYEHOI  JAMCTHIAIT  (1Bi
pexkTudikaiiifHi KOJOHH, 3aMICTh I’SITH), TOMY BIH MICTUTh METAHOJI Ta CUBYIIHI
Maclia i IPOXOAUTh MPOIeC JeHaTypallli OEH3MHOM, 10 POOUTH MOT0 HENpUIATHUM
JUTSI BYKMBAHHS.

InTepec no eraHosy, SIK NaldWBy, BUHMK Ha0araTto paHille, HDXK JIOJCTBO
MOMITWIIO TJIoOaibHE TOTeIUIiHHA. Bin OyB oOymoBieHuit aedirurom HadTOBOTO
najuBa B JEAKMX KpaiHaX 1 HAsABHICTIO 3HAYHUX PECYpCiB JUisl BUPOOHUIITBA
Gioeranomny. MeTbes B mepiy depry mpo bpasuiiio, ypsa KO 104aB 3a0X04yBaTH
BUKOPUCTAaHHS 010€TaHOJIy B SIKOCTI KOMITOHEHTA TajnBa IS IBUTYHIB 13 1CKPOBUM
3anamoBaHHsAM. [loTiM 70 mporecy 4acTKoBOi 3aMiHM Ha(TOBOTO aBTOMOOIIBLHOTO
najnuBa OioeranonoMm cranu migkimrodatucs CIHIA 1 Kanama, kpainm €Bporm. Ha
CHOTOJIHIIIHIN JIeHb BUPOOHHUITBO O10€TAHOJNY CYTTE€BO MOUIMPUIIOCH Ta CTajo
OJIHUM 13 BQXJIMBUX HAMPSAMKIB PO3BUTKY CBITOBOi €KOHOMIKH. 3O01IBIICHHS
BUPOOHMIITBA 010€TaHONYy CHPUYMHWIIO PO3IIUPEHHS TIOCIBIB  TTOHOBIIIOBAHOT
CHUPOBHHH — ITyKPOBOI TPOCTHHH, KYKYpYA3H, IHIIUX 3€PHOBUX KyJbTyp. [louamocs
BUPOOHUIITBO  OaraTonajMBHUX  JBUTYHIB 13  ICKPOBUM  3allaJIlOBaHHSIM,
IIPUCTOCOBAHUX O CIIOKUBAHHS IMAJIUB 13 BMICTOM O10€TaHoy J10 95%.



4.2. CupoBuHHA 6a3a Ta OCHOBHU NMPOLleCY BUPOOHMITBA 0ioeTaHOJTY

B ymoBax VkpaiHu CHpOBHHOIO 11 BUPOOHHIITBA O10€TAHOIY MOXKYTh OyTH
CIITBCBKOTOCIIONIAPCHKI KYJIBTYPH, Kl MICTATh IyKOp (IIyKpOBUH OypsK, IIYKpOBE
COpro, TOMHaMOYp) 4n Kpoxmaib (KyKypy/3a, )KUTO, IMIICHUII, KAPTOIUIs), a TAKOXK
1HIIIl BUJIM POCJIMH YH 1X 3aJUIIKU (cTebna, TpaBa, 3aJUIIKH CUIbChKOIOCTIOAapChKOT
Ta IepeBOOOPOOHOT TPOMHUCIIOBOCTI).

Kapronsi Haif011b111 TOBHO BiAMOBIIa€ TEXHOJOTTYHUM BUMOTaM CIIUPTOBOTO
BUPOOHUIITBA, TaK SK IIBUIKO PO3BAPIOETHCSA, YTBOPIOE OJHOPIAHE CYCJO, IO
MICTUTh HEOOXIIHY KUIBKICTh QA30TUCTUX PEYOBWH IS JKWUBIICHHS JPIKIKIB.
Kapromnsuuit kpoxmaip 3a0e3nedye HaiOUTbI BUCOKHUIA BUX1J CIIAPTY.

3epHOBUMHU KYJBbTYPH, SIKI MIAXOASITH ISl BUPOOHMIITBA CIUPTY € SIUMIHb,
KUTO, TIIICHUI, OBEC, MPOCO, KYKypya3a, a TaKOX MOXXHA OTPUMYBATH CTHUIIOBHMA
CIUPT 3 COPro, TPEUYKH, TOPOXY, BUKH, COUEBHUIII Ta 1H. XIMIYHUHN CKJIJ] 3€pHA PI3HUX
CLIBCHKOTOCTIONAPCHKUX KYJIBTYP HaBEeJCHO B Ta0I. 4.2.

Ta6auus 4.2. YcepeaneHuii XiMiyHMi CKJIaI OCHOBHHX 3€PHOBHUX KYJIbTYP
(y % Ha cyXy pedyoBHHY)

["'emirentososu 1 MitepaiLi
Kynbrypa |Kpoxmans|Llykop|Llemtonoza| mektunoBi  |binku|Kupu P
pEYOBUHU
PEYOBUHU

Kykypynza 70 3,0 2,1 7,0 10 | 4,6 1,3
Slaminb 55 4.0 6,0 11,0 12 | 2,0 3,5
Osec 45 2,0 14,0 13,0 12 | 55 3,8
ITpoco 58 3,8 11,0 2,0 12 | 4,6 4.0
[Tireans 60 43 2,8 8,0 16 1,9 2,2
Kuro 65 5,0 2,2 10,0 13 1,7 2,0

[3 3epHOBUX KyJIbTYyp HAMKpaIOI CHUPOBHUHOIO ISl BUPOOHUIITBA CIUPTY €
KYKYypy/i3a, aJ[’K€ BOHa MICTUTBCSI BIIHOCHO OLIIbIIIE KPOXMAJI0, MEHINE KIIITKOBUHH,
Outbiie >xupy (IO MIABUILYE KOPMOBY IIHHICTH Oap/i) KpiM TOTO, YPOKaWHICTb
KYKypyA3u B 2-3 pa3u BULIE BPOKAMHOCTI 1HIIUX 3€PHOBUX KYJIBTYP.

Measica, ska € BIIXOJOM BHUPOOHUITBA IyKPY, IO YTBOPIOETHCA TMICIsS
KpUCTami3aiii MyKpy. 3a 30BHIIIHIM BUTJIAIOM Mesica € TyCTOI PIIUHOI TEMHO-
KOPUYHEBOTO KOJIBOPY.

Henaron03a — CKIAAOBUII KOMIIOHEHT BIJIXOMIB TEpPEPOOKH JE€PEBUHH,
HEKOH/IMIIIfHA IepeBUHA, a TAaKOXK KYKYypyA3sSHI KayaHW, COHAITHUKOBE JTYIITHHHS,
0aBOBHHMKOBE JyIIMUHHA TOI0. T00TO, TI MaTepianu, sIKi MICTATh B 3Ha4YHIN
KUTBKOCTI MOJIITYKPH, TIEPII 32 BCE TETIOI03Y.

Y Tabnumi 4.3 HaBeneHUN OPIEHTOBHUM THUTOMHUN BUXid OloeTaHONy 13
010CMpOBHMHHU, a Ha PUCYHKY 4.3 — cepeiHiil Buxin Ol0€TaHOMY 13 PO3PaxyHKY Ha
OJIMH TEKTap.



Ta6auus 4.3. OpieHTOBHA YPOKAHHICTH CUIBCHKOTOCHOAPCHKUX KYJILTYP
Ta MOXKJIMBHIA BUXiJ 0i0eTaHO.TY

Kynbrypa (6iocupoBHHa)

YpoxkaitHicTh, 11/Ta

Buxin 6ioeranony, J1/T

[{ykpoBuii Oypsix 300...600 50...100
TonminamOyp 300...400 82...87
[{ukopiit 250...350 50...92
Kaproms 130..320 93...117
Kykypynza (3epHo) 60...75 210...416
[Mmenwnis 45...60 185...395
STamiHb 45...60 180...370
Kuto 25...40 170...340
Mensica 270...300
HepeBuna 160...200
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Puc 4.3. Cepenniii Buxia 6ioeranosy i3 pi3HUX BHAIB CLIbCHKOTOCIOAAPCHKUX

KyJbTYyp (1xkepesto uk.wikipedia.org)

[Tpu BUpOOHUITBI O610€TaHOIY CHOYATKYy HEOOXIAHO PIBHOMIPHO MOAPIOHUTH

cupoBuHy. HactymHi

eTalmyd  TEXHOJIOTIYHOTO nmpooecy —

CYCIIeH1yBaHHS

i

OLIYKPIOBaHHS, B PE3yJbTaTl SKUX MOJICAaXapuAu KPOXMAIIO TIAPONI3YIOThCA Y
NpUIATHI A5 30pOKyBaHHS APDKIKaMU MOHOITYKPHU 32 BUPA3OM:



(CsH,0y), +nH,0 - nC,H,, 0O, 4.1)
[TepeTBOpEHHSI CUPOBHHH B 010€TaHOJ 3MIMCHIOETHCS 32 JOTIOMOTO APIKIKIB
AK1 € OJHOKJIITHHHUMHU MIKpPOOpTraHi3MaMH KJIaCy acKOMIIIETIB (CyMYacTUX TpuOiB).
Hpixmki Hamexath A0 ¢akyJIbTaTUBHUX aHaepoOiB. lle o3Hauae, 110 BOHH
BUSIBJISIIOTH CBOI KUTTEBI (PYHKIII, SIK Y MPHUCYTHOCTI KHUCHIO TOBITPs (aepoOHMIA
npoliec), Tak 1 Ipu HOTO BIACYTHOCTI (aHaepoOHMii mporiec). 3a BIACYTHOCTI MOBITPS
BOHU ISl 3IHCHEHHS CBOiX JKUTTEBUX (YHKIIM BUKOPUCTOBYIOTh KHCEHb, SIKUN
MICTUTBCS B oOpraHiyHuX pedyoBuHax. @DepMmeHtaliss 3a aHaepoOHOIO CXEMOIO
Ha3UBAEThCS OpoAiHHAM. [IpM LIbOMY YTBOPIOETHCS E€THJIOBHM CHUPT Ta JIOKCH
BYTJICIIO:
C6H1205 = 2C2H50H + 2C02 +234 KI[)K (42)
OntumyMm 1HTEeHCUBHOCTI OpozainHsa 35°C. buiblmicTh OpLKIKIB - A00pe
po3BuBaeThcss y Mexkax pH 3,7-3,3. Ha po3BUTOK JpikIKIB 3HAYHO BIUIMBAE
KOHIIEHTpallis Iykpy. OnTUMalbHUN WOro BMICT y CEpPEIOBHUILI IS APLKIKIB
ckianae Big 13 mo 20%. Ha apixmki ciupT Mae MPUTHIYYIOUY Jit0, MaKCUMallbHA
KOHLIEHTpalisl ciupTy B cnupToBiil Opaxui 11-12%. 31 301IblIEHHAM KOHIIEHTpALii
CIUPTY B Opakill IHTEHCUBHICTh OPOIHHS 3MEHIIIYETHCSI.

4.3. OcHOBH 0i0TEXHOJIOTIYHOT0 MPOLIECY OTPUMAHHS 0ioeTaHOTy

TexHosoriuHa cxema BUPOOHMIITBA CHHMPTY 13 KPOXMAaJIE€BMICHOI CHPOBHHHU
nependadyae BUKOHaHHS HACTYIMHHUX TEXHOJOTIYHHUX ONEpalii Ha MPUKIaJl 3€pHOBUX
KYJBTYP.

I[IpuiiMmanusi cupoBMHHM. 3epHO Mae OyTH 3I0pPOBHM, 3 BHCOKOIO
KPOXMAJIUCTICTIO, BOJIOTICTIO BiA 14 10 17 %, B 3aneXHOCTI BiJ KyJIbTYpH Ta MaTu
HE3HauHy 3acMiueHICTh. [Ipu npuiiMaHHi 3BepTalOTh yBary Ha IIUIbHICTh 3€pHA, SKa
MOBMHHA 3HAaXOJUTUCh B Mexax: y Kykypyasu 680-820, kura 680-750, muienwui
730-840, stamento 580-700, BiBca 400-450, mpoca 680-780 /M,

O4uleHHsT CMPOBHHHU. YCi BUIM 3€pHA, SIKI HAJAXOAWTh y BUPOOHHULTBO,
OYMINAIOTH BiA MWy, 3€MJIi, KaMiHHs, METaJCBUX IMpeaMeTiB Ta iH. Jlomimku, ski
BIIPI3HSIOTBCS B 3€pHAa JaHOi KyJbTypH TOBIIMHOI a00 MIMPUHOKO 1
aepoJMHAMIYHUMHU BJACTHBOCTSMH, BIJIOKPEMIIIOIOTH Ha MOBITPSHO-CUTOBOMY
cenaparopi. Y OYHIIIEHOMY 3€pHI BMICT JOMIIIOK MOBUHEH OyTtu He Outbiie 1%.
HpiOHi pepomMarHiTHI JOMIMIKH, SKI MICTATBCS Y 3€pHI MICIS OYUCTKH Y TOBITPSHO-
CUTOBHX CEMapaTopax, BIJJOKPEMIIIOIOTh 32 JIOMOMOTOI0 MAarHITHUX CEMapaTopiB.

IMoapioHenns 3epHa. [Ipu BucokoTemnepaTypHOMY pO3BaprOBaHHI 3epHa Mpu
temrnepatypax Big 120 go 160°C npoxia nmomeny Kpi3b CUTO 3 OTBOPAMH J1aMETPOM
1 MM noBuneH Oyt 100%. A 1npu HU3BKOTEMIIEPATYpHOMY pPO3BapIOBAHHI MPHU
temnepatypax Big 85 g0 95°C momen moBUHEH OyTH MOHAATOHKHUM, TOOTO MPOXIiJ
Kpi3b cUTO 3 oTBOopamu aiamerpom 0,25 mm moBuneH ctanoButu 100%.

IIpuroryBanus 3amicy. (i oTpumaHHS 3amicy MOMeEN 3€pHa 3MIIIYIOTh 3
BOJIOIO Y CHIBBIJHOIIEHHI 2,5-3 ;1M3 Ha | kxr momeny. Haiibinbima KibKICTh
PO3YMHHUX BYTJIEBOJIIB HAKOMIMYYETHCS B 3aMiCax, MIPUTOTOBICHUX MPHU TEMIEPATypl
60—-65°C. [Ins 3MeHIIeHHs] BUTpAT BOJAM Ta MOKpamlaHHs (Pi3UKO-XIMIYHOTO CKIIaay
3aMicy B OCTaHHI poku a0 50% Boau 3aMiHIOIOTH QiabTpaToM Oapau. OKpim TOro, B



3amic momaetrbest A0 30% pO3PIIKYIOYOTO TEPMOCTAOLTLHOTO (PEPMEHTHOTO
npernapary JJis 3MEHIIICHHS OT0 TYCTHHH.

TepmodepmentatuBHa 00podka 3amiciB. OCHOBHAa MeTa — MIATOTOBKA [0
OIYKPIOBaHHS KpoxManro. OIyKproBaHHS HAWOIIbII aKTUBHO 1 TIOBHO IMPOXOJUTH
TOJi, KOJM KPOXMaslh HE3aXWIECHUH KIITHHHUMH CTiHKaMH, OKJICHCTEpe30BaHUU i
po3unHeHuit. lle mocsraeThcs po3BaplOBaHHSM — TEILUIOBOIO OOPOOKOIO CHpPOBUHH
IpH MIJBUILIEHOMY TUCKY 1 Temmnepatypax Big 85 mo 170°C. Jlani 3aMic mogaeTbes B
anmapatu TepMmodepMeHTaTuBHOI 00poOKHM, B sSKMX BiH 00poOmserbes 90-120 xa.,
MOCTYIOBO MEPETiKal4M 13 ogHoro B iHMMHA. [Ipu 11bOMYy NPOBOIUTHCS MOCTIHHE
nepeMilryBaHHs 3aMiCy JUIsi KOHTAKTy 3 (hepMEHTOM.

OunykproBanns (rigposi3) po3Bapenoi Mmacu. OIYKpPIOBaHHS CKJIaAEThCA 13
OXOJIOJKEHHSI PO3BapeHoi Macu 10 TemmepaTypu Bin 57 go 60°C, 3MinryBaHHA
po3BapeHoi Macu 3 (EpPMEHTHUMH IMIpermapaTamMu, O€3MOCEepPEeIHbO OIYKPIOBAHHS
KPOXMAaJIO Ta OXOJIOJKEHHS Cyclla 10 OYaTKOBOi TeMmmepaTypu Horo OpomiHHA. Y

pe3yNbTaTi OLYKPEHHS pO3BApEHOT Macu OTPUMYIOTH HAMBIOPOAYKT — CYCIIO
CIIUPTOBOI'O BUPOOHUIITBA.
KyabTuByBaHHsl ApikIkKiB. J[piKMKI COUPTOBOrO BUPOOHHUIITBA — II€

30pOoJI>KEHE CYCI0 ISl IPIKKIB, MACOBA YACTKA CyXUX PEUOBUH Y SIKOMY 3MEHIIICHA
710 TIOJIOBUHH a00 TPETHHH B1JI IOYATKOBOI Ta 3 KOHIIEHTpalie€r JpixmkiB Big 180 1o
200 mutH. KiTHE B | oM.

30pomxyBaHHs cyca. Y OpOoIWJIBHHMX amaparax IyKop cycia 30pOKyIOTh
apixxamu y cnupT. Cycio, mo OpoauTh Ha3UBalOTh OPAXKKOI0, a 30pOIPKEHE CYCI0
— 3puioro Opaxkkoro. [Ipu nepioguuHoMy cioco01 30pOIKYBaHHS BUPOOHUY1 JPIKIKI
BHOCATh Yy OpOJIWJIBHUM amapar, KM MOTIM TOCTYIOBO 3allOBHIOIOTH CYCJIOM.
KinpkicTh BUpOOHMUYWX JpiXIKIB cTaHOBUTH Big 8 mo 10% Bim ob'emy cycna.
HopmanbHa TpuBanicth OpoaiHHS 72 TOM., a 3aBASIKU BUKOPHCTAHHIO CY4YaCHUX
Croco0iB MOMEPENHbOI MIATOTOBKU Cycja BOHa MOXKe OyTu ckopoueHa no 60 ro.
Temneparypa OpomiHHS 3aJ€XKWUTh B IITaMy BHKOPHUCTAHHMX APDKIKIB 1 MOXKE
MIITPUMYBATUCh B Mexax Bia 28 mo 35°C. bpoaiHHs BBa)KarOTh, 3aKIHUCHUM, KOJIHU
BMICT He36POIKEHNX IyKpiB y Opaxmi gocsrae 0,2-0,3 /100 cm®.

Buainennss cnupty (nmeperonka) ta ioro pexkrtu¢ikaunisi. Ha neperonky i
pekTudikaiiro CoupTy MOAAEThCS 3piia Opaxkka, sika cKiagaeTses 3 Boau (82-90 mac.
%), cyxux pedoBuH (4-10 % mac. %) Ta €TUIOBOTO CIHPTY 13 CYMyTHIMU JIETKUMH
nomimikamu (6-10 % wmac. a6o 9-14 06. %). Y 6paxui micturses Takox 1-1,5 o/’
TIOKCHUIY BYTJIEIIO, ii kuciaoTHicTh 0,5°, pH 4,5-5,2.

[leperonka — poO3MIIEHHS CyMIIIl JIETKUX PEYOBHMH, IO MAalTh PI3HY
TEMIIepaTypy KHIIIHHS, Ha OKpeMi KOMIIOHEHTH a00 (pakiii HUITXOM YacTKOBOTO
BUIAPOBYBAHHS Ta HACTYNMHOI KOHJAEHcauii mapu. Pektudikaiis — Oaratopa3oBa
MeperoHka B 3yCTPIUHOMY TOTOIN PIAMHU 1 mapu. Y pe3yibTari TeIIOMacOOOMIHY
MDK KOMIIOHEHTaMH Ha KOHTAaKTHUX MPUCTPOSX (Tapijkax) mapa, 1o MiTHIMAEThCA
Bropy 10 peKTU(]IKaiiHIN KOJIOHI, 30aradyeTbCsi CHOUPTOM, a piAWHA, IO
ONyCKa€eThCsl JOHU3Y, 30imHIOeThes. Ilmsixom pektudikamii  (Oararopa3zoBoro
BUITAPOBYBAHHSA 1 KOHJEHcCAIlli) mpu aTMOChHEpHOMY THCKY MOKHA JIOCSTHYTHU
MaKCUMaJbHOI KOHIIEHTpallii eTanoiny — 97,2 00. %. Ha upomy mporiec oTpumMaHHs
010eTaHOy 3aKIHUYETHCS.



HaiiGinpmr mpocTtuM  crmocoboM OTpUMaHHS CIOHUPTY 13 3puioi Oparm €
3MIHCHEHHS HOro MEPErOHKH 3a JOIOMOI00 JUCTHIATOpa (puc. 4.4).

I N\ df [o 7\ I/ \\

Puc. 4.4. HaitnpocTimuii JUCTHIATOP (IMOSICHEHHS B TEKCTI)

JlucTunsaTop  CKIAAaeThbcsl 3 BUOApPHOI €MHOCTI | 1 KOHJeHcaTopa-
0XO0JIO/KyBaua 4, 5Kl 3'€JTHaHI MK COOOI0 MOXWJIMM NMAaTpyOKOoM. €MHICTh 3alIOBHEHA
3puUior0  Oparoro 2, HarpiBaHHs SIKOi 3JIMCHIOETbCS HarpiBauem 3. UYepes
KOHJICHCATOP-0XOJIO/)KyBau TMOCTIMHO TMPOTIKAE OXOJIOMKYyroya Boja (ToKa3aHa
cTpiikamu). JIjist 3pydHOCTI poOOTH 3 JUCTUIIATOPOM Y BEPTUKAJIbHIN YacTUHI
natpyOka Moxe OyTH BCTAHOBJIEHUN TEpMOMETP 7, KM PEECTpyE TeMIEpATypy
napu, 1o NnpsMye Ha KOHAeHcarito. OTpuMaHui TUCTUIAT 6 CTiKae B MPUHAMAIbHY
EMHICTB 5.

CrpoimieHa TpoMHUCTIOBAa CXeéMa BHUPOOHHUIITBA O10€TaHOy TpUBEICHA Ha
puc. 4.5.

3HeBOHEeHHs i feHaTypauif. [IopiBHSIHO 3 MUTHUM CIIUPTOM, TEXHOJOTTYHUHN
mpoilec OTpUMaHHS Oi10€TaHOJly HE BUMAara€ BHCOKOTO OYHMIICHHS BiJ] CYIyTHIX
JTOMIIIOK aJjie JIOMOBHIOEThCSA CTaIsIMU 3HEBOJHEHHS (COUPT MILHICTIO 96%,
MPOXOJUTh CHCTEMY MOJIEKYJISIPHUX CHUT, J€ TM030aBIsIETbCA Bil 3aJUIIKOBOI
KUJTBKOCTI BOJU 1 cTa€ aOCOJIOTHUM €TAaHOJIOM) 1 JeHarypalii (JoJaBaHHS 0
6loeTaHoly O€H3UHY B KUIBKOCTI B 2 10 5%, 110 poOUTH MOro HEmpUAaTHUM 0
Xap4OBOTO CIIOYKUBAHHSI.

4.4. TexHoJIOTiYHI cXeMU BUPOOHUIITBA OioeTaHOTy

OauH 13 BapilaHTIB TEXHOJIOTIYHOI CXEMHU BHUPOOHUIITBA Oil0ETaHOITY
npeacTtaBieHnii Ha puc. 4.6. TexHonorii BUpOOHUIITBA O010ETAHOIY 3aJiekKaTh BiJ
BuOpaHoi cupoBruHU. OHAK BC1 BOHHU, K MPABUIIO, BKIIFOYAIOTh HACTYITHI €TAIlN:

1. miAroTOBKa CHPOBUHH,

2. eKCTpaKIis IyKpy a0o rigponi3 (OIyKpIOBaHHS) CHPOBHHH;

3. epmenTartis (30O KyBaHHS ) OLIYKPEHOI MacHu;



4. muctunsis (meperoHka) oparu,
5. ountieHHs (pekTrdiKaIlis) CIupTy.

1 — mocrayaHHs CHUPOBMHM, 2 — NOAPiOHEHHs], 3 —IPUTOTYBaHHA 3aMicy, 4 —
OLYKPIOBaHHS, 5 — 30po:KyBaHHsA, 6 — nucTHiIsANisA, 7 — pekTudikanis, 8 —
30epiranHs 0ioeTaHouy, 9 — TpancnopryBaHHs OioeranoJy, 10 — po3aiieHHs
O0apam, 11 — TpancnopryBaHHs piakoi 0apau, 12 — BunapoByBaHHs B0JIOTH, 13 —
roMoreHisauis, 14 — cyminus 6apau, 15 — rpancnopryBaHHs cyxoi 6apau
Puc. 4.5. Cnpoiena cxema BUpOOHMUTBA 0ioeTaHOJTy (I:Kepesio
http://rupec.ru/analytics/30699/)

CnoyaTKy cUpOBMHA PIBHOMIPHO MOJIPIOHIOETHCS, IO TPUCKOPIOE MEPEPOOKY.
Hactynmuuii etam TEXHOJOTIYHOTO TPOIECY CYCIEHIyBaHHS 1 OIyKPIOBaHHS.
CycnennyBaHHSI ¥ OIyKPIOBAaHHS — L€ MEPETBOPEHHS IMOJIicaxapuay KpOXMalllo y
MpUAATHI JJ1 30pODKYBaHHS IPKIKaMU MOHOITYKpH. B mporieci cycnieHiyBaHHs 3a
paxyHOK J0JIaBaHHS BOJM OTPUMYIOTH cycrensito. [IoTiM cycneH3iro HarpiBaroTh
Mapor y CHeIlialbHOMY arapati - po3BapioBadi, /¢ KpoXMallb Mg i€l aibda-
amina3Hux (GepMeHTIB 3piKyeThbes. [lin aiero aMiomTHIHUX PEPMEHTIB KPOXMaIb
MEPETBOPIOETHCS HA PO3UMH OMITOIyKpiB. L{e# rimpomizoBanmii KpoxMaih MiAIaeTbCs
MOAAJIBIITNA TIepepoOIll — OILYKPIOBAHHIO, Y XOA1 SIKOTO NIEPETBOPIOETHCS Y MPUIATHY
111 30pOIKYBaHHS TIIFOKO3Y.

Hacrtynna cranist — depMenTanis uu 30pokyBanHss Ha npomy erami yactuHa
OILIYKPEHOTO Cycjia TOMA€ThCS B APLKIKOTEHeparop. [HIIa yacTHHA OIyKPEHOTO
cycja 3 anapary-olyKpioBada 3MIIlTye€ThCS 3 aKTUBOBAHOO P1KIKOBOIO 610Macoro B
oponunsHoMy amaparti. [Ipornec OponinHsi TpuBae Big 48 mo 60 roaws, nmpudomMy
nepeMillyBaHHsl 3a0e3neuye ONTUMAIbHUN KOHTAKT APULKIKIB 13 LyKpaMu, a
pETyNIIOBaHHS TEMIEPAaTypyd Ta BMICTY TMOXKHUBHUX PEUOBHH MIATPUMY€E HEOOXiIHY
IIBUIKICTh 30pO/KyBaHHA. B mporieci OpoaiHHA IyKpU cycia 30pOIKYIOTHCS [0



eTaHosly 1 Byriiekucioro razy. OTpuMana B pe3ysibTari OpOAIHHS TakK 3BaHa
KyJbTypajibHa piiuHa MiCTUTH 110 10% eTaHoy.
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1 — OyHKep I CHPOBMHM, 2 — 103aTOP, 3 — 3MilnyBa4, 4 — arjiomeparop, S —
cenaparop, 6 — npoMuBa4 KJIEHKOBUHH, 7 — EMKICTb JJI5l CYCIICHIYBAHHS, 8 —
€MKICTB JJIf1 OL[yKPIOBaHHS, 9 — NpiIKi, MiHepaJbHi coJii, 10 — emKicTb 1751

30poaxyBaHHs, 11 — Hacoc, 12 — nui1acTUHYACTHI TEeNJI000MiHHMK, 13 —
AUCTUJIALIHA KOJI0HA, 14 — MoJsiekyJIsipHe cuTO, 15 — cemapartop, 16 —
BUNIApIOBaY, 17 — 3mimyBay4, 18 — cymapka, 19 — kopmoBsi apixmaxki, 20 — Boaa,
21 — dioeTaHoOJI

Puc. 4.6. Texnosoriuna cxeMa BUPOOHMITBA CIHUPTY i3 3ePHO-KAPTONJISIHON

cupoBuHu (Kepesio http://hiller-us.com/ethanol.php)

CnupToBl JIpLKIXKI, Kl 3aCTOCOBYIOTHCS JI MEPEepOoOKH KpPOXMAaJIEBMICHOI
CUPOBHHM TIOBMHHI MaTH BHUCOKY OpOJIMJIbHY AaKTHUBHICTh, IIBUJAKO 1 TIOBHO
30pO/KyBaTH I[yKPH, a TaKOX BUKOPHCTOBYBATH IHIII KOMITOHEHTH TIOKUBHOTO
cepeloBHIla B aHAaepOOHUX yMOBaX, OyTH CTIMKMMH JI0 MPOJYKTIB peakiii, go0pe
MPOTUCTOSATH PO3BUTKY IIKITUBOT MIKPOQIOpH.

Jami B mporecax auctuisiii 1 pextudikamii BigOyBaeThCs BHAUICHHS 1
ouuIieHHss OloeTaHoiy. JMCTHIAIIS TOYMHAETHCS 13 OpaxHOi KoioHu. Y HiM 13
MPOYKTY OpOJiHHA (KyJIbTYPaJIbHOI PIIMHU) BIATAHSIETHCS CyMIIll €TAHOJIY 1 BOJH.
[lomanpmie ouuieHHs BiAOyBaeTbcs B peKTU(IKAIIWHIA KOJOHI, J€ CHOUPT
MaKCUMaJILHO 3BUILHIETHCS Bl BOIM.

OcTaHHIM eTarnoM Ipu BUPOOHUIITBI 010€TAHOIIY € MPOIEC MOr0 3HEBOJHEHHS.
EtunoBuii cnupT, Ha BIIAMIHY BiJI METHUJIOBOTO, YTBOPIOE 3 BOJOK azeoTpon. B
a3e0TPOIHOMY CTaH1 KOHLEHTpalli CIIUPTY B Mapi 1 piAUHI, 3 SAKOi YTBOPIOETHCS LIS
napa, 30irarotbcs. s eTunoBoro cnupty 1 Boaum I1ie BiamoBimae 97,2 06. % 3a
aTMOC(EPHOTO THUCKY.



Haii6inp11e mpomMucioBe 3HaU€HHSI Ma€ 3HEBOJHEHHS 32 JJOTIOMOTOI0 a1copOIii
Ha MOJICKYJSIpHUX cUTaX. Hu3bka co0iBapTicTh MOJEKYJISPHUX CHUT, MPOCTOTA iX
00CITyTOBYBaHHSI 1 HEBUCOKI €HEPreTUYHI BUTPATH TO3BOJISIIOTH 3HAYHO CIIPOCTUTH
IPOIIEC 3HEBOIHEHHS CITUPTY.

KinneBuit mpoaykr (6ioeTaHOJI) HampaBiISIETBCA Ha 30epiraHHsA, a MOTIM
criokuBauaMm. Ha erami AMCTWIISINT YTBOPIOETHCS OCHOBHMM BIJIX1J] BUPOOHHUIITBA
OloeTaHOJTy — MICIACIIUPTOBA Oap/ia, siKa CIIOYaTKy HalpaBiIs€ThCA Ha JCKaHTYpalliio,
7e BiAOyBaeTbed 1i MOALT Ha piAKy 1 TBepAy ¢paxiii. Pigka BigcemapoBaHa (pakiiis
HAIXOMUTh Ha BUMAPHY YCTAHOBKY Il BHIAJCHHS HAIJIUIIKOBOI BOJOTH 1
OTpUMaHHs KOHIIEHTpoBaHOTO cupoiy. [licmscnuproBa Oapaa nepepoOiseTbes s
oJIep>KaHHsI KOPMOBHUX JIPLKIKIB a0 Oiorasy.

4.5. OrpuMaHHs 0ioeTaHOJIY i3 HEJTI0JI030BMICTHUX MaTepiaiiB

[entono3oBMicTHI (200, SK X 4aCTO HA3UBAIOTh, JITHOIEIONO03H1) cyOCcTpaTu
CHOTOJ[HI HAWTMOIIMPEHII MOHOBIIOBaHI OpraHiuHi croiyku. [I{opiuyHo Ha OAHOTO
KUTEJS TUIAHETH YTBOPIOETHCS O5M3bK0 20-25 T 11e110103H.

Jlnst xpaiH 3 TMOMIPDHUM KIIIMAaTOM, $IKI BOJIOAIIOTH BEJIUKUMHU JICOBUMHU
MacuBaMH, JEIIEBOI0 CHPOBUHOIO JIJIsl BETMKOTOHHAXKHOTO BUPOOHMIITBA O10€TaHOIY
CIIyKUTh JCPEBUHA.

JlepeBHa MOXe€ BHUKOPHCTOBYBATHCS K CHPOBHMHA 3a YMOBU pPyWHYBaHHS
CTPYKTYPHUX 3B'AI3KIB JITHIHY 3 LEJIOJI030I0 Ta TIIPOJII30M OCTaHHBOI, TOOTO
noTpiOHa neBHa XiMiuHa abo OloxiMmiuHa momnepeans oOpoOka. Lle cTpumye neBHUM
YUHOM IMPOKE BUKOPUCTAHHS JCPEBUHU JIJIT OTPUMAHHS CITUPTIB.

JepeBuHa — 11€ MPOAYKT O10JIOTIYHOTO, a caMe POCIMHHOTO MOXOJKEeHHs. Sk
OyIib-sIKUi O10JIOTTYHUIN OpTaHi3M, AEPEeBUHA CKIAAAEThCA 3 KITUH. KIITHHHI CTIHKH
npubim3Ho Ha 99% ckiamaroTbesl 3 OPraHIYHMX CHOJIYK. MiHepanbHI PEYOBHHU
CTaHOBJISITH 3a3BUYail He OLbIe 1%.

Tak stk KJIITKOBUHA TPHU T1IPOJII31 A€ TIIFOKO3Y, a TIIIOKO3Y, K BIJIOMO, MOKHA
MEPETBOPUTU HA €TAHOJ, TO CIIUPT MOXKHA OJIEP’KYBATU IIISTXOM XIMIYHO1 TTEpepoOKU
EJTI0JI030MICTKUX MaTepiaiiB. 3a OJTHUM 13 CIIOCO0IB, OTPUMAHHS €THJIOBOTO CIIUPTY
13 IIEJTFOJIO30MICTKUX MaTepiasliB 3M1MCHIOETHCS HACTYITHUM YMHOM: B T1IPOJII3HOMY
amaparti 3 CIpuaHOIO0 KHCJIOTOIO HArpiBarOTh JIEPEBHI BIAXOAM, HANPHUKIAA THPCY 1
Tpicky. KIiTKOBHHA MpU LIbOMY T1IpOJII3y€ThCs 10 TIIOK03U. CipyaHy KUCIOTY MOTIM
HEHTPaIi3yIOTh BAIHAHUM PO3YMHOM 3 yTBOpeHHsM ocaay (CaSQ,), skuil MoTiM
BIIOKpeMITIOIOTh. OTpUMaHUNi PO3YMH TJIOKO3M IMiJJIaI0Th OpPOJIHHIO Yy 4YaHaxX B
MPUCYTHOCTI ApiXKiB. Ilicist OpoaiHHS PO3UMH BIAOKPEMIIIOIOThH BiJ JPIAKIKIB 1 B
pekTU(IKAIMHUX KOJIOHAX BIATAHSIOTH 13 HBOTO CIHUPT; JAPIKIHKI HAMPaBISIOThH
3HOBY B OpoawinbHuii vaH. Ha 3aknroyHoMy eTami cOMpPT HOPOXOJIWTH CTaii
3HEBOJIHCHHSI Ta JIEHATYpaIlii.

TexHomnoris OTpUMaHHSA COHUPTY INUIIXOM  30pOJKYBaHHS  JIEPEBHUX
TiApOITi3aTiB TOCUTh €HEproeMHa (Ha CTafil TiApodizy) 1 moTpedye BUKOPUCTAHHS
1P)KOCTIMKOTO YCTAaTKyBaHHsS (OCHOBHA TEPENIKO/Aa ii MIMPOKOTO BUKOPUCTAHHS B
npakTuili). EKoHOMIUHICTh 1 e€(EeKTHBHICTH BUPOOHHUIITBA MOXE OYTH JOCSTHYTa
TUTBKY TIPY BEITUKUX 00CsTax MPOIYKITIi.



Benuki mepcnmekTHBH 711 BHUKOPUCTAHHS IICNIOJIO3W SIK CHUPOBUHU  JIJIS
OTpUMaHHS HaWPI3HOMAHITHIIIUX MPOAYKTIB BIAKpUBAE (PePMEHTATHUBHUM T1IpOJIi3,
3MIACHIOBAaHWI KOMIUJICKCAMHU IIEJUTI0a3 1 TEeMHIIeIUTIONA3, SKi TPOAYKYIOThCS
NesKuMU rpudamu 1 6aktepissMu. Takuii riiposii3 mpoTikae npu temmneparypi Big 40
no 60°C 1 pH Bim 4 g0 7, He BUMAara€e BEJIMKUX EHEPrOBUTpAT Ta 1P>KOCTIMKOTO
yCTaTKyBaHHSI.

OcrtaHHIM yacoM Ha0yBa€ IMOIIMPEHHS CH3UMAaTWIHUU Mmeton (puc. 4.7). Tyt
rizpomi3 BimOyBaeThcsl Tmmij Jiero eH3uMiB (Hampukian 1richoderma viride).
[Tonepeanst o6poOka BKiItOUae B cebe ycyBaHHS JITHIHOBOI 0OOJIOHKH 3a JOMOMOTOIO
CHEIIaIbHOTO OOPOOITKY 13 3aCTOCYBaHHSIM PO3YMHHHUKY KaJOKCEHY (po34HH 13 5-7%
BMICTOM OKCHIY KaaMmiro Ta 28% eTuneHanaminy) Ta 0OpoOKy piIKUM aMiaKOM ITiJT
BHCOKUM THCKOM, KOTPHI pyHHY€E BOJIOKHA B IIEJIONIO31, MOJETIIYIOYH TPOHUKHEHHS
eH3uMIB. Takum criocoOOM BIA€ThCS JOCSATTH MPAKTUYHO CTOBIJICOTKOBOI MEPEPOOKHU
LEJTIOJIO3H.

1 — nes1101030BMicHA CHPOBHHM, 2 — NONepeHs 00poOKa, 3 — riapoJii3 mix giero
€H3UMiB, 4 — MAroTOBKAa eH3UMiB, 5 — ¢pepMeHTaNIcA, 6 — TUCTHISA LIS, 7 —
BUKOPHCTAaHHA 0i0€TaHOJIy, 8 — CTPYKTYypa MOJIEKYJIH IJIIOKO3H, 9 — CTPYKTYypa
MOJIeKYJIN DioeTaHoy
Puc. 4.7. Cnpouiena cxema eH3UMATHYHOT0 MeTO/ly BUPOOHMITBA 0ioeTaHOJIY
(mxepesio http://www.ifpenergiesnouvelles.com/Research-themes/New-
energies/Producing-fuels-from-biomass/Biocatalysts-one-of-IFPEN-s-expertise-
field-Questions-to-Frederic-Monot-Head-of-the-Biotechnology-Department-at-
IFPEN)

[I[o6 po3MMPUTH MOMKIMBOCTI 3aCTOCYBaHHS JACPEBUHU [UJIsl OTPUMAHHS
0l0€TaHONy  IHTEHCHUBHO  pPO3pOOJIIOIOTBCA  PI3HI  TEXHOJOTl  JeCTPYKIIi
JITHOLIETIONO3U: MeXaHiyHl (po3mentoBaHHs), ¢i3u4HI (TaMMa-ONMpOMIHEHHS),
¢bi3uKo-XiMiuHI (TapoBuil BUOYX, a00 MApOKPEKIHT), XiMiuHI (TiIpoJii3), O610J0TiuHI
(bepmenTaTUBHUN TiApoi3) Ta pi3HI KOMOIHAINT TepepaxoBaHuUX MeToAiB. Jlo
HAWOUIbII ~ TEpPCNEKTUBHUX  CHiJl  BIJHECTH TO€AHAHHA  MApPOKPEKIHTYy 3
(GbepMEeHTaTUBHUM TiAPOII30M, KOJIU CHPOBHHA OOpPOOJISAETHCS MapoOM IMPHU BUCOKIN
TEeMIIepaTypi Ta BUCOKOMY THCKY. IIpu mipormy BinOyBaeTbcs BUOYX KpPHUCTATIUHUX



CTPYKTYp Ta BUIUIGHHS JITHIHY BiJ TEIIOJIO3W 3 TOMAIBIINM TiAPOJIi30M
KJIITKOBUHHU IEJTIOJIO30ITHYHUME (pepMEHTaAMHU.

BripoBaKyrOThCsl y BUPOOHHUIITBO TaKOK TEXHOJIOTIi OTpUMaHHs 0i0€TaHOIY
13 MOPCBKHX BOJIOpOCTEN. Y Takux npoiecax MoaudikoBaHi 6akrepii Oe3mocepeHbO
KOHBEPTYIOTh Oypi BOJOPOCTI B €TaHOJ 3a PaXyHOK MEPETBOPEHHS MOicaxapuiy -
aJIbI'THOBO1 KMCJIOTHU (aJIbI'HATY), SIKUM Y BEJIMKIA KIJIKOCT1 MICTUTBCS Y BOJIOPOCTSIX.

4.6. Texniuna peaJiizauisi BUpoOHUIITBA OioeTaHOTY

TexniuHe 3abe3nedeHHss BUPOOHMIITBA O10TEHONY MOAIOHE 10 3abe3meueHHs
BupoOHUITBa eTaHony (puc.4.8). OgHMM i3 OCHOBHHUX C€JCMEHTIB TEXHOJOTIYHOI
JiHIT BUPOOHMIITBA € TUCTHIIALINHI UM pekTUdiKauiiHi KonoHu. [TpuHmnm gii Takux
KOJIOH OJTHAKOBUU, TUTbKH JUCTUJIALIINHI KOJOHH BUKOPUCTOBYIOTH JIJISl BIJIIIJICHHS
OioeTaHoy, a pekTUIKaIIiHI TSl HOr0 OYHIIICHHS.

Puc. 4.8. 3aBoja i3 BupoOHuUIITBA GioeTaHOTy

Pextudikamniiina (quctuisiiiina) konona (puc. 4.9) — TEXHOJIOTIYHHMIA anapar,
MpPU3HAYEHUW IS PO3MIJICHHS PIAKUX CyMIIIed, CKIaJO0Bl SKUX MalTh pPI3HY
TeMriepatypy kumiHHs. Knacudna kojioHa siBisie COOO0 BEPTUKAIBHUN IWIIHAP 13
KOHTAaKTHUMH TPUCTPOSIMU BcepeanHl. Y pekTUdIKaIiitHy KOJIOHY TOJAa0ThCS MapH
piOUH, 10 neperaHsioThes. [lapy mNigHIMAIOTBCS Y BEPXHIO YacCTUHY KOJIOHH,
OXOJIOJIKYIOTHCSI, KOHJACHCYIOTHCSI B XOJOAMIBHUKY 1 TIOJIAIOTHCS Ha3aJ Ha BEPXHIO
Tapiaky KoioHd. Crikaroyd BHHA3 1O  Tapuikax, piauHa 30arayyerbes
BOKKOKHUIUISTYMMH KOMIIOHCHTAMH, a Iapy, YMM BHUIIE MiAHIMAIOTHCS B KOJIOHI, THM
OinpIe 30aradyroThbCs JETKOKUIUITYIMMHI KOMIIOHEHTaMH. TakuM YMHOM, 3 BEPXHBOI
YaCTUHU  KOJOHHM  BIABOJMUTBCS  TPOAYKT  30aradyeHuil  JIETKOKUIUISTYUMH
KOMIIOHECHTAMHU — JUCTHJIAT (Ol0eTaHOT).

VY Bumaaxy, SKIIO PEYOBHHA CKIIAJIAETHCS 3 JIBOX KOMIIOHEHTIB, KIHIICBUMH
MPOIYKTaMU € IUCTHIIAT, IO BUXOIAUTh 3 BEPXHBOI YACTUHU KOJOHH 1 KyOOBUH


https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BA%D1%82%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BF%D0%B0%D1%80%D0%B0%D1%82

3QITMIIOK (MEHIII JIETIOYUH KOMIIOHEHT Y PiIKOMY BHUTJISII, 10 BUXOIUTH 3 HUKHBOI
JaCTHUHU KOJIOHH).

Pextudikariiiini ycTaHOBKH 3a IIPUHIIAIIOM Jii TTOJUISIIOTHCS HA MEPIOUYHI Ta
oesmepepBHi. B ycTaHOBKax Oe3mepepBHOI /il KOJEKTHBHA CHpa CYMIIl HAJIXOJHUTh B
KOJIOHY 1 TPpPOAYKTH MOy BHBOIATBCS 3 Hei Oe3mepepBHO. B  ycraHoBkax
MepioANMYHOT JIii CyMill, SKYy MOJIIAIOTh, 3aBaHTAXKYIOTh B KyO 1 pekTH(IKaIlio
MIPOBOJIATH JI0 OJCP)KAaHHS MPOIYKTIB 3aJaHOTO KIHIIEBOT'O CKIIAJTY.

Puc. 4.9. 3aranbuuii BUrisa pektugikaniinoi KoJoHH Ta 6araToKoJI0HHOI0
AUCTHJIATOPA

[TpomuciioBi pexTudikamiiHi KOJOHH MOXYTh gocsirath 60 MeTpiB y BHCOTY 1
6 MeTpiB y aiaMeTpi. Y peKTU(IKAIIHHUX KOJOHAX Y SKOCTI KOHTAaKTHUX MPUCTPOIB
3aCTOCOBYIOThCSA TapuUIKM 1 Hacaaku. Hacajgku, 1110 3alOBHIOIOTH KOJIOHY, MOXYTb
OyTH 13 MeTally, KepaMiKu, CKJia Ta 1HIIMX MaTepianiB. KoHjeHcallis 31CHIOETbCS
Ha MTOBEPXHI [IUX EJIEMEHTIB.

BaxnuBuMm eneMeHTOM BUPOOHMIITBA O10CTAHOIY € HOTro 3HEBOJHCHHS IS
VHUKHEHHS PO3IIApOBYBaHHsS TMpHU 3MilTyBaHHI 3 OeH3uHOM. [l 3HEBOAHEHHS
MOXKJIUBE BUKOPHCTAHHS MOJEKYJISPHUX CHUT (aJCOpOEHTIB) — IIe HalcydacHima
HU3BKOCHEPTreTUYHA TEXHOJIOT1sl 3HEBOAHIOBAHHS. Y Iiil TEXHOJIOTIT TIeperpita CyMirl
MapiB €TaHOIY 1 BOJU MPOXOJIUTh Yepe3 Map 1eoiTy, TOOTO MOPUCTOTO MaTepiany i3
Iy>’Ke TOYHO BUTPUMAHUM PO3MIpoM Nop. MoseKysid eTaHOTy TPOXH OUIbILI pO3MIpy
Mop 1 3aTPUMYIOTECSI B TOpax €JIEKTPOCTATUYHUMH CHJIaMH. Y TOH K€ Yac MEHI
MOJIEKYJIH BOIM TPOXOIATH Kpi3h MOJCKYJISIpHI CHTa, HE 3aTPUMYIOUUCH. Y
pe3yabTaTi YyTBOPHOEThCA 0€3BoHUM OloeTaHou. Judy3iliHe BUMApIOBaHHS — 1€ IIIE
OJIMH METOJl OCYIIYyBaHsA, Yy SKOMY 3aCTOCOBYIOThCS TiApoduibHI MeMOpanu. I3
OJTHOTO OOKY MEMOpaHU CTBOPIOETHCS BaKyyM. 3aBSKH PO3XOHKCHHIO AU(PY31HHOTO
OTIOpY ¥ MapIiaJIbHOTO TUCKY €TAaHOJY 1 BOJU B1IOYBAETHCS PO3AUICHHS IIMX PEYOBUH
Ha MeMmOpaHi. Boga mpoxoauTh Kpi3b Hel, a 3HE3BOAHEHUN €TaHOJ 3IUIAEThCs. [
3HEBOJHEHHSI TaKOX BHUKOPHUCTOBYETHCS a3€0TPOIHA MEpPEroHka. Y a3eoTpOIHUX



YCTAaHOBKAX Yy CYMIII COIUPTY ¥ BOJU MOJAETHCS PO3IUISIOUNN areHT, 10 YTBOPIOE
a3e0TPON 3 €TaHOJIOM abo BojOK. IloTiM y pereHeparliiiHiii KOJIOHI LM a3e0Tpor
PO3IISAETHCS HA PO3AUISIIOUNMA areHT 1 KOMIIOHEHT BUX1IHOT CyMiIIi.

TakuM 4MHOM, TEXHIYHE 3a0e3NedeHHs BUPOOHUIITBA 010€TaHOJY IMOCTIMHO
YIOCKOHAIOETECS B HANpPSMKY MIABUIICHHS MPOIYKTHBHOCTI, 3MEHIIICHHS
€HEePIroMICTKOCTI Ta MiABUIIEHHS SIKOCTI OTPUMAaHO1 IPOIYKIIi.

JlabopaTtopHa podoTa 4. BuzHauntu BMIiCT O10€TaHOIY B CKJIa/Al CyMIIIEBOTO
6ensuny A-95 6io.

Merta poGoru: O3HaiiomMuTHCH 13 KOHCTpyKuiero amapary APHC-1M musa
dpakuitHoro moaury HaQTOMPOAYKTIB Ta BU3HAUUTU BMICT O10€TaHOIY B MAJWBHIN
cyMimri 6en3uny A-95 6io.

Hpunagm ta obaagnanns: Anapatr APHC-1M mns ¢dpakuiitHoro mnoaity
HadTOMPOIYKTIB, KOJIOa Bropiia, MipH1 HITIHIPH.

Anapar APHC-1M (puc. 4.10) npusHadeHuil s QpakiiiHOro MOILTY
Ha(TOMPOYKTIB Ta BUKOPUCTOBYETHCS B SIKOCTI JTAOOPATOPHOTO OOJIaJHAHHS IS
BU3HAYCHHS (DPAKIiIHOro CKJIamy mamuB. Voro OCHOBHI TeXHiUHi XapaKTepHCTHKHU
HaBeJIeHOo y Tabnui 4.4,

2
2
4
)
/
I Tl
[HEN
— —

1 — ko162 Bropua; 2 — xo10AMIbHUK; 3 — TepMOMeTP; 4 — MipHUIA
nwiainap; S — TEH enexkrpuvnnid
Puc. 4.10. Cxema anapary ¢pakuiiinoro noginy nagpronpoaykris APHC-1M

[Tpu poGoti amapaty APHC-1M nanuBo mocTymoBO HarpiBaeThCsi B KOOl
Bropuia Ta BUMapoByeThCs, MICAS YOrO Mapyd HAAXOASATh Yy XOJOAWIBHUK JI€



KOHAEHCYIOThCs. [licist mporo piguHa 30irae 13 XOJIOAMIBHUKA Ta HAKOMHYYETHCS Y
MIPHOMY ITHJIIHIPI.

Ta6auus 4.4. OCHOBHI TeXHiYHi MapaMeTpPH Ta XapAKTEPUCTUKH anapary
APHC-1M

[Toka3HUK, OIUHULI BUMIPY 3HaueHHS
TemnepaTypHuil niana3oH po3aiieHHS HAQTONMPOAYKTIB, 0-400
°C
[Toxnubka BuMiproBanHs Temnepatypu, °C +5
Jliana3oH perysiboBaHoOi MOTY>KHOCTI HarpiBy, % 0-100

Cnovatky B MipHu# uitinap Bigoupatots V3=100 ma npobu 6en3uny A-95 610
Ta TMEpeNrBalOTh Yy KOJOY JUIS TEpPEroHKH, CIOCTEpIrarodud 3a THUM, II00 >KOAHA
Kparwisi piAuHU HE MOTpanwia B MapoBiABIAHY TpyOKy. KonOy BCTaHOBIIOIOTH Ha
HArpiBHUN €JIEMEHT 1 PeryJIiol0ud BEPTUKAIbHY BUCOTY, BUCTABIISIOTH TAKUM YHHOM,
o0 mMmapoBiABIIHA TPyOKa 3a JOMOMOIOI NPOOKH, Yepe3 sIKy BOHA IMPOXOAUTH,
IIUIBHO 3’€HyBajacs 13 TpyOKow XojoauibHuKa. IlapoBinBinHa TpyOKka NMOBHHHA
BXOJIUTH B TPYOKY XOJIOJAMJIbHUKA HA BiJICTaHb BiA 25 10 50 MM. Yepes OTBip MILIBHO
IPWIArardoi NPoOKHU B TOPJIOBUHY KOJIOM BCTAHOBJIIOIOTH TEPMONIAPY TAKUM YHHOM,
o0 BOHa poO3MIIIyBajacsl MO ILEHTPY TOPJOBUHM KOJIOM, a i1 HIDKHIM KiHEIb
3HAXOJAMBCS Ha OJHOMY PIBHI 3 HIDKHBOIO TOYKOI BHYTPINIHBOT CTIHKH
napoBiABIAHOT TpyOku. MipHUM TUIIHAP PO3MINIYIOTh MiJ HIKHIM KiHEIb TPYOKH
XOJIOMUJIPHAKA 3 TaKUM pPO3PaxXyHKOM, W00 KiHEIb TPYOKH XOJOJUJIbHUKA
3HAXOJIMBCS B LICHTPI IIWJIIHIAPA 1 BXOJUB B HHOT'O HA BiJICTaHb HE OLIbIIE 25 MM, aie
i He Hkde Biamitkn 100 v, TTicis MbOro MIIBHO 3aKpUBAIOTh IIAJIHIP IIMATKOM
¢upTpyBaJIbHOTO Tamnepy a0o IHIIMM aHAJIOTIYHUM MartepiajgoM. 3a JONOMOTOI0
HarpiBaya MOCTYIOBO HArpiBalOTh pPIAMHY BUTPUMYIOUM TEMIIEPATYpHI PEXKUMHU
pobotu xomomunbHuka (0-4°C) 1 oAHOYACHO BEOYTh CIOCTEPEXKEHHS 3a
TeMIEepaTypol0 HarpiBaHHsS Ta KUIBKICTIO mMajuBa, 10 TmeperaHserbcs. [lpu
JOCSITHEHH1 Temmneparypu mapiB Ha piBHI 78°C (IKCYIOTh KUIBKICTh MajauBa, IO
3HaXOAUThC y MipHOMY 1wmiHapt V. Ilicas pocsraenHs temnepatypu 79°C,
MEePErOHKY MaJMBa 3aBEPIIYIOTh, (PIKCYIOTh MPHU IIbOMY KIHIIEBE 3HAYEHHS KIJTBKOCTI
nanuBa Vi y MipHOMY IIWmiHApl. BpaxoByrouu, 10 TemmepaTypa KHUITIHHS
6ioetanony ctaHoBuTh 78,3°C, pi3HUIA MDK MOYATKOBUM Ta KIHIIEBUM 3HAYCHHSIM
00’eMy majiMBa B MIpHOMY LWJiHAp1, Oyae cTaHOBUTH 00'eM Ol0€TaHOIY B 3pa3Ky
MajnBa, Mo JOCITHKYBaBCs.

PesynpTaTi BUMiprOBaHb Ta pO3paxyHKiB 3aHOCATH y Tab. 4.5.

O06'eM OloeTaHOITy B 3pa3Ky MajuBa, 110 JTOCIIHKYBaBCS CTAHOBUTH:

V.=V, -V, =355-23=12,5 mi. (1)

BinHomieHHs: OTpUMaHOro 00’eMy 010€TaHOIY 10 MOYaTKOBOTO 00’€My 3pa3Ka

najvBa, OyJe CTAaHOBUTH BMICT 010€TaHOJY B JAaHOMY ITAJIMUBI:

K, = V5210006 = 12210006 =12,5% . )

v, 100



Ta6auus 4.5. Pe3yabTaTd BHUMIPpIOBAHHSI BMIiCT 0ioeTaHOJNy B CKJadi
CYMIilIEBOI0 OEH3HHY

[Toka3uuk Ilo3naueHHs | 3HaYeHHS
O06’em nanuBa nepersanoro 10 78°C, miu Vi 23
006’em nanuBa nepersanoro j1o 79°C, miu Vi 35,5
O06’em GioeTaHOITy, MJT Vg 12,5
BwmicT Gioetanoiry B manugi, % — 12,5

TakuM YHMHOM, EKCIIEPHUMEHTAIbHO BCTAaHOBIICHO, IO B JIOCIIHKYBaHOMY
3pa3Ky najiBa BMICT 610€TaHOIy CTaHOBUTH 12,5%.

IIpaktuuna poGora 4: Po3paxyBaT TEXHIKO-€KOHOMIYHI MOKa3HUKHU
BUPOOHMIITBA 010€TaHOJIY Ta BU3HAYUTHU OOCSTM CUPOBUHHU ¥ HEOOXIIHY IUIONLY IS
MOBHOTO 3aMillI€HHs O€H3UHY, IO CIIOKUBAETHCS B arpapHOMY BUPOOHUITBI.

Buxigni npami: CupoBuHa s BUpPOOHMITBA O10€TaHONY — KYKypy/3a,
ypoxalHicTh V=7 1/ra; BapTicThb 3epHa KyKypya3u [[x=2700 rpH./T, uiHa
oioeranony [lzz=15rpH./kr; miHa OeH3uHy [[z=15,35TpH./1;, piuHi O0OCATH
BUKOPUCTaHHA O€H3MHY B arpapHoMy BUPOOHUITBI [l5= 152 Tuc.T., HMWKYa
TEIUIOTBOPHA 3AaTHICTh OeH3uHy Qp = 42 MJDX/KT; HM)KYa TEIUIOTBOPHA 3JaTHICTH
6ioeranony Qpg =27 MK/, rycruHa Oioeranomy pgr = 0,8 kr/m°. IloKa3HHKH
mpoiiecy BUPOOHUIITBA 010€TaHONY, HEOOXIJHI JUIsi TPOBEACHHS PO3PAXYHKIB
HaBeneHl B Tadiuin 4.6.

Ta6auus 4.6. IlokasHuku npouecy BHUPOOHUNTBA OioeTaHouay i3 3epHa
KYKYPY/A3H

IToka3nuk Ilo3nauenHs | 3HaYeHHS
Butparta Boau Ha 3aMilllyBaHHSI CHPOBHHM JI/KT Qs 3
Butpara api>kJKIB 110 BITHOIICHHIO J10 00CATY 3aMicy , % dz 8
Bwmict cniupry y 6paxiri, %. U5 13
YacTtka BUpPOOHMYMX BHTpAT BigHECEHAa O IIIHHU K 05
CHUPOBHHH, BiJ. OJI. BB ’
Butpara 6eH3MHY Ha JeHaTypaIio CoupTy, % Os 3

Po3paxyHkn  BUKOHYIOThCS B  HacTymHoMy  mopsiaky.  Crodatky
PO3pPaxOBYEThCSI TEXHOJOTIYHA MOTpeda B BOAI I 3aMIlTyBaHHS MOAPIOHEHOTO B
MyKY 3€pHa KYKypyJ3W TpU BHUPOOHUIITBI Ol0€TAaHOIY 13 pO3paxyHKy Ha Mg =1
TOHHY CUPOBUHHU:

V, =m.Q, =1000-3 =3000/T.

BpaxoByroun, 1m0 mOpu TPUTOTYBaHHI 3amicy MOApiOHEHE B MYKY 3€pHO
MOBHICTIO PO3YMHSAETHCS Y BOJI, MPUHAMAEMO, 10 00’€M 3aMiCy JOpIBHIOE 00’ €My
BOJAM 3aTpadeHoi Ha Woro ¢dopmyBaHHs. Jlami oTpumMaHui 3aMmic  MiITAIOTh
TepMo(epMeHTaTUBHIM 00pOoOIll Ta MPOLECy OIYKPIOBaHHS, B PE3yJbTaTl SKOTO
OTPUMYIOTh CYCII0, 00’€M SKOTO piBHHUI 00’ eMy 3amicy, T00TO V.. = V3.



[Torpeba y BuUpOOHMUMX APDKIKAX AN 30pOIKyBaHHS OTPUMAHOTO CycCla
BU3HAYAETHCSI HACTYITHUM YHHOM:

8
V), =V, =3000- — =240,

100
[Ticnst 3mimryBaHHS 3aMicy 13 APIKIKaMU YTBOPIOETbCA CYCJIO SIKE MiAIAI0Th
30pO/KYBaHHIO YIIPOJOBKOM MEBHOTO Yacy, B pe3yjbTaTl 4OTO YTBOPIOETHCS 3piia
Opakka 00’ eMOM:

V. =V +V, =3000 + 240 = 3240 1.
Buxizg 6ioeTaHoy CTAHOBUTHME:
v, =v, 9 _ 304013 _ 401,
100 100

[To6iuHMM TPOAYKTOM BHUPOOHUIITBA OloeTaHONy € Oapaa, sKy MOXKHA
BUKOPHCTOBYBAaTH HAa KOPMOBI LIl MPU BIATOJIBII XyaA00u a00 HampapisTH Ha
METaHOBe 30pOJKYyBaHHS 3 METOI0 OTpuMaHHs Oiorazy. Buxin Oapau micis
BUPOOHUIITBA 010€TaHOTY CTAHOBUTH:

V, . =VE,{ - qﬂj - 3240(1— Ej = 2819,

100 100
BaprticTh KyKypya3u B 1iHI O10€TaHOIY
B. = He _ 2700 _ 8,02 rpH./kT.

V.. P 421-0,8
OpieHToBHA cOO1BapTICTH BUPOOHUIITBA 0610€TAHOITY 13 3€pHA KYKYpPY/A3H:
C,, =(1+Kg,,)B- =(0+0,5)-8,02=12,03rpu./kr.

[TpubyToK Bix BUpOOHUIITBA O10€TAHOMY 13 3€pHA KYKYPYI3HU:

=1, —-C,. =15-12,03= 2,97 rpu./kr.
PenrtaGenpHicTh BUpOOHUIITBA 010€TAHOITY 13 3€pHA KYKYPY/A3H:

P = H = 2,97 100% = 24,69 %.
C,. 12,03
Buxia 0ioeTaHosy 13 OHOTO TeKTapa IOl M KyKypyA3010:
VBSE =WV, =7-421=2947 n.
[ToTpeba B OeH3MHI IJii BUKOHAHHS JIeHATypailii 010€TaHOJIy OTPUMAHOTO 3
OJIHOTO TeKTapa KyKypyI3Hu:

V, =V5q, = 2947 —88,41y.

100
Bapricte OeH3uHY nJisi MPOBEACHHS JeHATypallii OTPUMAHOTO E€TaHOIy 13
OJIHOTO TeKTapa KyKypya3u:
B, =V,1], =88,41-15,35=1357 1rps.
[Totpeba B GioeTaHomdi 1S 3aMillleHHS OGH3WHY B arpapHOMY BHUPOOHMIITBI
Ykpainu:

_1,Qy _152-42 236,445 Tuc. T/pik.

I
Q. 27



[Torpeba B 3epHiI KyKypya3uW Ta IUIOIII MiJ ii BHUPOIIYBaHHS JJIsl TIOBHOTO
3aMileHHs 010€TaHOJIOM OCH3MHY B arpapHOMY BUPOOHUIITBI:

=—>=>—10" = 10° = 702034 1/pi
M3 Vo pon 421.08 T/piK.
s, = Muc _ 102034 150591,
\% 7

TakuM 4yrHOM, TIPOBEJEHI PO3paxyHKH IMOKa3aiH, 10 MpU MepepoOll 3epHa
KYKYypyA3H 13 OJIHI€T TOHHU 3epHa oTpumyemo 421 1 Gioeranony Ta 2819 1 Gapawm,
PenTabenpHicTh BUpOOHMIITBA Ol0o€TaHONy 13 3€pHa KyKypyA3u Oe3 BpaxyBaHHs
peamizamnii Oapam craHoButh 24,69%. Buxing OioeTaHoidy i3 OJHOTO TeKTapa
KYKypyA3u CTaHOBHUTH 2947 1., a s TOBHOTO 3aMillleHHs OCH3WHY B arpapHoMy
BUPOOHUIITBI HEOOXigHO mepepoOutn Ha OioeraHon 702 TuC. T KyKYpyaA3Hy,
BHpolieHii Ha mront 100 Tuc. ra.

3anuTaHHSA 1)1 CAMOKOHTPOJIIO:

1. Slky pedyoBHHY Ha3UBAaIOTh O10€TAHOJIOM?

2. JlaiiTe xapakTepuCTHKYy OioeTaHoTy?

3. Yum BiApI3HAETHCS O10€TaHO Bij] €TAaHOTY?

4. BkaxiThb OCHOBHI €Tanmd TEXHOJOTIYHOTO TPOIECy BUPOOHUIITBA
OloeTaHoITy.

5. nst yoro moTpiOHE 3HEBOIHEHHS O10€TaHOTY?

6. SIkuit Buxin 6ioTeHaNy i3 OCHOBHUX ClIBCKOTOCIIOAAPCHKUX KYJIbTYp?

7. 1o sBnste cOOOKO TUCTUIISAIIMHA KOJIOHA?

8. Mo sBnsie coboro pekTudikariiftHa KooHa?

9. OnumiTe TEXHOJOTII0O OTpUMaHHS Ol0€TaHONy 13 KPOXMIIEBMICHOI
CUPOBHHH.

10. OnuiiTh TEXHOJIOTIIO OTPUMaHHS 010€TaHOJY 13 ITyKPOBMICHOT CUPOBUHH.

11. OnumniTh TEXHOJIOTIK0 OTPUMAaHHA Ol0€TaHOJy 13 I[IOJIOJI030BMICHOI
CUPOBHHH.

12. OnuunTh TEXHOJOTIYHY CXEMY BUPOOHUIITBA CIHPTY 13 KPOXMaJEBMICHOI
CUPOBUHU?

13. B 4oMy CyTHICTbh TEXHOJIOT1] OTPUMaHHS 010€TaHOJY 13 BOJAOPOCTEH?

14. SIxi cioco6u 3HeBoAHEHHS O10eTaHony Bu 3HaeTe?

15. [Ilo Take MOJIEKYJISIPHE CUTO?

16. ki kpainu € nigepamMu y BUpoOHUIITBI O10€TaHOITy?

17. Ha3BiTh OCHOBHI HalpsIMKH BUKOPUCTaHHS O10€TaHOMY.

18. Sk npoxoauTh 30pOHKYBaHHS CUPOBUHHM MPU BUPOOHUILITBI O10€TaHOITY?

19. Po3kpuiiTe CyTHICTh TEXHOJOTIYHOTO MPOIECY OIYKPIOBAHHS CHUPOBUHU
MpU BUPOOHUIITBI O10€TaHOITY .

20. Po3kpuiiTe CyTHICTh €H3UMAaTUYHOTO METOIy BUPOOHUIITBA O10€TAHOITY.

21. 3 siK010 METOI0 TOAPIOHIOITH 3€PHO B MPOIeci BUPOOHUIITBA 6i0€TaHOTY?

22. SIki UUIAXW 3MEHIIEHHS BUTpPATH BOJW Ha MPUTOTYBAaHHS 3aMiCIB TPHU
BUPOOHUIITBI 610€TaHOTY?
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5. OCHOBHU BUKOPUCTAHHSA BIOETAHOJIY
5.1. OcHOBHI BJacTUBOCTI 0i0€TaAHOJIY SIK MOTOPHOI'0 NMAJINBA

bioeranon € ogHUM 13 BITHOBIIOBAHUX JDKEpENl €HEprii sl  JBUTYHIB
BHYTPIIITHHOTO 3TOPAHHS 3 ICKPOBHM 3aIlaICHHSIM.

OcHoBHI (h13UKO-XIMIYHI TOKA3HUKU O10€TaHOJIY B SIKOCTI MOTOPHOIO MaivBa
HaBeJIeHo B Tabmmi 5.1.

Ta6auus 5.1 OcHOBHI NOKa3HUKH 0ioeTaHOJIY, SIKHI BUKOPUCTOBYETHCS B
SIKOCTi MOTOPHOI0 NAJIMBA Y NOPiBHAHHI 3 0€H3MHOM

[TokazHuku On. Bumipy Brx Hannpd
OeH3UH 610eTaHoN

ineHicTh npu 20°C KD/M> 740 810

Huxua TernoTBopHa 3/1aTHICTh MJL/kr 43,3-44 25-26,8
MJIx/n 325 20,25

Kan.op%nchTb CTEX10METPUIHOI KB 3439-3910 3850

cyminm

Tennora napoyTBOPEHHS k/J[x/kr 330 850

Temneparypa KuIiHHS °C 30-205 /8

Temnepatypa cnanaxy °C 230-260 404

CTexiOMngHqHa notpeda B MOBITP1 I 14.9 9

y TIPOIIECi 3TOPSTHHS

OKTaHOBE YHUCIIO:

— 32 MOTOPHUM METOJIOM — 82-84 94

— 32 JOCITHUIIBKIM METOJIOM — 92-100 108

IleTanoBe 4uncIoO - 3-14 8

Temmneparypa noiyM'st B OBITpP1 °C 2062-2197 1962

AHai3 $i3UKO-XIMIYHHX BIIACTHBOCTEH JIa€ MOMIIMBICTH CTBEPKYBATH, 110 Yepe3
MEHIITy TETUIOTBOPHY 3/IaTHICTh 010€TaHOITy, TPH MOT0 BUKOPUCTAHHI B YUCTOMY BUTJISII
y TOpIBHSIHHI 3 OCEH3MHOM, BUTpara MajMBa 3pocTace Ha BenuuuHy Onm3bko 30%. Buia
TEIJIOTa MApOYTBOPEHHS BKA3ye, IO Yy TMOPIBHSHHI 3 OCH3MHOM, MPH BUIIAPOBYBAaHHI
OJTHAKOBOI KUJIBKOCTI TAJIMBA, HEOOX1THO TABECTH OUTBbIIIE HIXK Y JIBa pa3u TEIUIOTH IS
BUMAPOBYBaHHsA, TOMY 3allyCTUTH JBUTYH TIpU TEMIEpaTypax HaBKOIHUIITHBOTO
cepenoBuiiia MeHiii 3a 10°C, nmpu BUKOPUCTaHHI YUCTOTO 010€TaHOIY, JOCUTh CKJIJTHO.
MeHina Teriora 3ropaHHs Ta KUIbKICTh MOBITPS, HEOOXIAHA JJIsl 3TOPAHHS, BKAa3ye Ha
HEOOXIHICTh CEpHO3HMX 3MiH HAJAIITYBaHb CUCTEMHU TOJaul MajvBa Ta MOBITPS IMPH
BUKOPUCTaHHI O10€TaHONy B YMCTOMY BHUIVIAAl. Y IbOMY BHNAJKy I[OJIa4y MaJvBa
HEOOXIZHO 30UIBIINTH, a OCKUIbKM TEIJIoTa MapOyTBOPEHHS 3HAYHO OUIbIIa HIK Y
OeH3MHY, HEOOX1THO 3MIHUTH BEIMYMHY KyTa 3anaitoBaHHs. BHCOKe OKTaHOBE 4YHMCIIO
010€TaHONTy JT03BOJISIE MIIBUIIMTU CTYIIHb CTUCHEHHS B LIWJIIHAPAaX Ha BEIWYMHY Bix 12
10 14 BigH. on. Ta 30UTBIIMTU TPU IILOMY MOTYXKHICTh JBUTYHA HE 3MIHIOIOYHM HOTO
00’emy. BuHcoke OKTaHOBE 4YHCIO [03BOJIIE BHUKOPUCTOBYBATH Ol0€TaHON MAJIs



INPUTOTYBAaHHS CyMIlIl JEIIEBOr0 HHU3bKOOKTAHOBOTO OEH3WMHY 1, IIO HE MEHII
BAXJIMBO, T030yTHUCA 3aCTOCYBaHHS OTPYHHUX aHTUIETOHATOPIB, TaKUX SIK
TEeTPaCTWICBUHEIb, OEH30J, TOJYyOJ, BYIJeBOAHI 3 OIYHMMHU JIAHIIOTaMH,
METHJITPETOYTHIIOBHUH e(dip, CIIOTYKH MapraHIlo 1 T.1.

Buxonsum 13 BracTuBOCTEM OloeTaHOTYy MOKHA C(OPMYJIIOBATH HOTO OCHOBHI
nepeBary Mpyu BUKOPUCTaHHI B SIKOCTI MOTOPHOT'O MaJIUBa:

— HyasoBui 6amanc COy;

— IIMpOKa CUPOBMHHA 0a3a Juisl 1oro BUpOOHULTBA;

— HEBHUCOKAa BapTICTh BUPOOHMIITBA Y MOPIBHSAHHI 3 OCH3UHOM;

— HETOKCUYHUN Ta PO3YMHHHUM y BOJI, TOMYy HE BHUKIHMKAE 3a0pyAHEHHS
IPYHTY Ta IPYHTOBHUX BOJI;

— HE MICTHUTH CIPKH;

—  BIJICYTHS JICTOHAIIIS;

— mapu 010€TaHOJIy PO3CIIOIOTHCSA MIBUIIIE, HIXK Mapu OCH3UHY 1 BOHU MEHIII
BOrHEHeOe3MeuH1 yepe3 OTbII BUCOKI TOKA3HUKU TEMITepaTypu caMo3aiiMaHHs;

— pO3po0JIeH] ¥ YCHIIIHO 3aCTOCOBYIOTHCS aBTOMOOLIl 3 nBuryHamu FFV
(Flexible-Fuel Vehicles), mo mnpamorore Ha E100 — a3eotpoma ertanomy (96 %
cnupty 14 % Boanm).

[lepeBaru 0ioeTaHONTy MPYU BUKOPUCTAHHI B SIKOCT1 100aBKH J10 OCH3UHY:

— MiIBUIIYE ACTOHALIWHY CTiIMKICTh OeH3uHy (KokHI 3% OioeTaHOITy, SIKUH
JIOJAETHCS, 301IBIIYIOTh OKTAHOBE YKCIIO O€H3MHY Ha BenuuuHy Big 1 10 1,5 oxa.);

— TpU po3NMBI OCH3WHY, MPUCYTHIH B HHOMY O10€TaHOJ PO3KIATAETHCS
MPUPOJHUM YMHOM IIBHANIEC IHIIAX CKJIQJOBHX, HE 3aBJAal0YM  IIKOIH
HABKOJIUIITHEOMY CEPEIOBUIILY;

— HasBHICTh KHCHIO B CKJaJl MOJICKYJIM O10€TaHOJY CIIPHUSE OLIbII TOBHOMY
3TOpaHHIO;

— 1pu HasBHOCTI 10% BMicTy 6i0eTaHOTy B O€H3UHI CKOPOUYIOTHCS BUXJIONH
aepo30JibHUX 4acTok A0 50%, Bukuau yagHoro razy — Ha 30%, a BUKUAM JIETIOUMX
OpraHiYHUX CIOIYK — OUIBII HIXK Ha 25%);

—  3HIDKYIOTHCSI BUKHJIU OKCHU/IIB a30TY;

— pobota 3Bu4aitHoro aBromoOuIbHOrO JIBC Ha cymimeBomy nanusi 3 10%
010eTaHOJy HE BUMArae 3MiHH KOHCTPYKIIii IBUTYHA;

—~ Ha ChOTOJIHI PO3pOOJICHO PsAJ MAIMBHUX cyMimiel Oioeranony mus [[B3:
ES, E7, E10; E85, E95 (6ykBa "E" Bin anrmiicekoro Ethanol).

Jlo HeloJTiKiIB BUKOPUCTAHHS 010€TaHOy HEOOX1THO BiTHECTH:

— HWXYa TEIJIOTBOPHA 37aTHICTh 010€TaHOIY, IO 3yMOBIIIOE O1IBII BHCOKI
BHUTpATH TAJIMBA,;

— TIIJBUILEHHA THUCKY HACHYEHOI Mapu NajauBa 30UIbLIyE HMOBIPHICThH
YTBOPEHHS MapOBUX MPOOOK y MAJMBHIA CUCTEMI;

—  TIJBUINEHI BUKUIU ABJACTIIIB 1 BUTTAPOBYBAHHS BYTJIEBOJHEBUX CHOYK (Y
CEpEeIHbOMY BUKHIM AJIBJET1IIB IPH pOOOTI HA CIUPTAX MPUOIU3HO B 2-4 pas3u BUII,
HiK ITpH poOOTI IBUTYHA HA OCH3MHI);

— BUKOPHUCTaHHS MaJUBHUX CyMilIel 13 BMicToM OioeraHomy Ounbiie 10%
noTpedye BHECEHHS CYTTEBUX 3MIH B KOHCTPYKIIIIO ABUTYHA;



— Hu3bka (a3oBa CTaOUTBHICTH cyMimn OeH3uHy 3 OloeTaHosoM (He
BUKJIIOUEHO pO3IIapyBaHHs MpHU 30epiranHi);

— YUHUTh HEraTHMBHUN BIUIMB Ha TYMOBOTEXHIYHI BHpPOOM Ta MeETaJeBi
MaTepiaiy B CHCTEMI MaJIMBOIIOAAYI;

— HeoOXiJHa OpraHi3ailisi aBTOHOMHOI CUCTEMH TepeKauyyBaHHs 1 30epiraHHs
CHUPTOBMICHUX OCH3MHIB, SIKa O MOBHICTIO BUKIIIOYala KOHTAKT MaJIUBa 3 BOJIOIO.

5.2. CaiToBMii 10CBi1 BUKOPUCTAHHS OioeTaHoy

[IpuaatHicTh Ol0€TaHONMY SK EHEProHOCIsI, B TOMY YHCI 1 SK MajavBa IS
KapOIOpaTOPHUX JIBUT'YHIB BHYTPIIIHBOTO 3rOPsiHHS, OyJia BCTAaHOBJIEHA BIpPa3y K MiCIs
MosIBM  Tiepimux aBroMoOumiB. Y 1979 pomi xomicis OOH 3ampomnoHyBana IHpOKe
3aCTOCYBaHHS O10€TaHONIy B SIKOCTI MajMBa, SIK CIOCIO 3HIDKEHHS 3aJISKHOCTI BiJ
HapTH. BigcoTok BMICTY 010€TaHOJSy B MOTOPHOMY HaJMBI MO3HAYAETHCS JITEPOIO
«B», nanpuknan E85 — cymim 3 85% 0O1oeranony Ta 15% Oen3uny.

VY 1980 poi B CIIIA Oyiio BupobieHo Ot 9,2 MITH. TOHH 010€TaHOITY 1 CTBOPEHO
outbie 1000 3anmpaBHUX CTaHIIIN 13 TaKk 3BaHUM ''Ta30X070M' — CyMIIIIIIO 010€TaHOITY 3
oemsuaom (puc. 5.1). Kpim Cnomyuenux I[llrtatiB, 0ioeTaHON SIK MaJbHE MIHUPOKO
BUKOPUCTOBYEThCS B bpazunii, Yropuwni, ABctpii, Himeuunni, Irami, [Tombui,
Yexii, CroBauyymnHI Ta IHIIUX KpaiHaX.

Puc. 5.1. ITanmBHa koJionka B Icr-Jlancinr, mrat Mivuras s mpoaaky
cymimesoro naausa mapok E10, E15, E30 i ESS.

V¥ Bbpazunii BUpoOHHUIITBO 610€TaHOMY 13 I[yKPO- 1 KPOXMAJIEBMICHOT CHPOBUHU
JUTSI BUKOPHUCTAHHS SIK TAJIBHOTO JUIsl aBTOMOO1IIB Oyno posmodaro B 1975 porri.
3HauHy KUIbKICTh OloeTaHONy fAK J00aBkU 10 OeH3uHy BHpoOmse IHmisa, ska
3abe3reuye BIacHI MoTpeOu y HadTi 3HAYHOIO MIpOIO 3aBHsIKHU ii IMIOpTy. [Hia Mae



HAJUTAIIKY IIYKPOBOi TPOCTHUHU, 3€pHA, KapTOILIL, IO MOJIETIIYE 3a/1aqy BUPOOHUIITBA
Oioetanoy. @pannigs y 1990 pori ckopoTwia BUPOOHMIITBO MHAIbHOTO 13 Ha(pTH
BJIBI4l TOPIBHAHO 3 80-MHM poKaMu 3a paxyHOK BHUKOpHUCTaHHs OioeraHoiy. Ilpu
nonaBanHi 10% OioetaHosy 10 O6€H3UHY OyJ0 3aoIiakeHo 1,5 MIH. TOHH HadTH.
Ky6a micas apyroi cBiTOBO1 BiMiHM SIK MaJIbHE IS aBTOMOOLTIB BUKOPHUCTOBYBasa
cymita 20 % 6ioeTaHoITy 3 OEH3UHOM.

3a JaHUMM CBITOBUX €KCIIEPTIB Y CBITI HAUYyeThCsl 575 3aBOJIIB 13 BUPOOHUIITBA
0i0eTaHOITy 3arajJbHOI0 MOTYXHICTIO 80,6 MITH. TOHH. 3aBISIKH JOJaBaHHIO O10€TaHOIY
1o 6ensuny, ekonomis HagTr y 2010 pori, cknana 50,7 MIH. TOHH.

bpazunis ta CIIA 3aiiMaioTh mepenoBi Mo3uilli, BUpoOssitoun paszom 87%
cBiToBOTO 00CsTy Oiloeranomy. Y 2010 pori bpaswmis BupoOwmia 26,2 mip. i, 1o
ctanoBuwio 30,1% Bchoro 0ioeTaHoNy, CHOXKHUTOIO Y CBITI YINPOJOBXK LIBOIO POKY.
bpaswibchkuii  ypsin  3a0e3nmeduB  TPU BaXKIIMBI TTOYATKOBI 1HCTPYMEHTH JUIs
BUPOOHMIITBA OI10€TAaHOJIy: TapaHTOBaHI 3aKyIliBJIl JEPKAaBHOIO  Ha(TOBOIO
KoMIiaHiero Petrobras, mo3uku mij HU3bKI BIJICOTKHU JUIsl arpOMPOMUCIOBUX (HipM, 110
BUPOOJISIIOTH 0l0€TaHoN Ta (iKCOBaHI I[IHU OCH3MHY Ta Ol0€TaHOdy, 3a SKUMH
Oloeranon mpojaroTh 3a 59% BapTtocTi OeH3unHy. [ns OGesmepebiitHoro 30yTy
0ioetanony B 1979 poui ypsgom Oyino 3ammaHoBano 10 1981 poky Bumyctutu 350
THUC. aBTOMOOLJIIB, IO TMpaIlOBajid BUHITKOBO Ha OioetaHodi. [licis Toro, sk y KiHIl
1980-x pokiB KiIBKICTh aBTOMOOINIB, fKi BHKOPUCTOBYIOTH YHUCTHUN Ol10€TaHOIM,
CArHyja Oulblie HK 4 MIIH. IUT., IO CTAHOBWJIO OAHY TPETHHY aBTOMNApKy BCIX
TPaAHCTIOPTHUX 3aCO0IB Y KpaiHi, BUPOOHUIITBO O10€TaHONY Ta MPOJAX aBTOMOOLTIB,
1[0 MPALOIOTH JIMIIE HAa O10eTaHol, 3HU3MIUCS. L1 Ha OE€H3UH PI13KO 3HU3HWINCH Y
3B'SI3Ky 3 HHM3bKOIO I[iHOIO HadTu. Takox BiguyBajach HecTrada Oi10€TaHOIYy Ha
BHYTPIIIHHOMY PUHKY, Y€pe3 1110 TUCSYl aBTOMOOUIIB 3aUIIIIACh Y cepeanni 1989
poky 0e3 manuBa. Ypsin bpaswnmii 3amymenuit 6yB posmnodaru y 1991 pori iMmopt
OioeTaHomy.

JloBipy 40 TpaHCHOPTHUX 3aco0iB, IO NpaIOOTh Ha OloeTaHomi, Oyio
BIJIHOBJICHO 3 TIOSIBOIO Ha Opa3miIbCbKOMY PUHKY aBTOMOOLIIB 3 '"OaraTonmaluBHUM
neurynoMm" (FFV), skxi 37aTHI BUKOPUCTOBYBATH TAJIMBO 3 OYyIb-SIKHM BMICTOM
OloeTaHoTy.

VY 2014 pomi aBTOMOOUTI 3 OaraTonajlMBHUMHU ABUTYHAMH BUPOOJISUIM Taki
komnanii, sk Chevrolet, Fiat, Ford, Peugeot, Renault, Volkswagen, Honda,
Mitsubishi, Toyota, Citroen, Nissan, Kia Motors, VVolvo Ta iH.

ABTOMOOUTI 3 OaraTonmajJuBHUMHU JBUTYHaMHU CTaHOBWIM 22% BIJ TPOJAXy
aBromMoOuUTiB B bpasunii y 2004 poui, ¥ 6epe3ni 2009 poky KUIBKICTh iX JOCATIIA
10 M. mT. Huni y bpasuinii Hemae >KOJHOTO JIETKOBOTO aBTOMOOUTIS, SIKUW Ou
BUKOPHCTOBYBAB YUCTUHN OCH3MH.

VY CIIA nanuBHHNA €TaHOJI BUKOPUCTOBYETHCSI B OCHOBHOMY SIK KMCHEBMICHA
no0aBka /10 OCH3MHY Ta y BUTIISLL CyMminr 3 6eH3uHoM oocsiroM 10 10%, 1 B MeHIIii
KUTBKOCT1 y sikocTi nmanmBa E85 nmis aBToMOOLTiB 13 OaraTomaJviBHUMH JBUTYHAMH.
VYpsa CIIA ctumynioe BUpOOHUIITBO 610€TaHOY YIPOJIOBXK OCTaHHIX 38 pokiB. I3
1978 no 2004 poxu denepasibHuil ypsia 3anpoBaauB ISl MJIATHUKIB (helepanbHOro
aKIM3HOTO 300py Ha MOTOpHI MNajJMBa MOJATKOBUN KpeIuT Ha O10€TaHOJ, IO
nomimyerbesi 10 OeHsuny. I3 2005 go 2008 pp. BiH cTtaHOBUB 51 IIeHT 3a rajoH



610eTaHoJy, 3MIIIAHOTO 3 OEH3MHOM, IO CKJIAJalo0 TpoXHu Oiniblie HiX 5% 3a rajioH
E10. 13 2009 poky 1 A0 ChOTOJHI MOJATKOBUN KpeAUT OyJ0 3HMKEHO, 1 HHUHI BIH
CTAHOBUTH 45 IEHTIB 3a rajoH OloetaHony. OgHak 010€TaHOJ APYIroro MOKOJIIHHS,
BUPOOJIEHUH 3 LEII0JI03HOT CUPOBUHHU, OTPUMAB MOJATKOBUM KpenuT y po3Mipi 1,01
Jojlapa 3a TaJOH. AJMIHICTpalll€l0 JAeNapTaMEeHTY 3aXHCTy HaBKOJIUIIHBOTO
CepeloBUIllA BU3HAYEHO, 110 010MaJIMBOM JPYTOro MOKOJIHHS BBAXKAETHCS Oyb-sKe
BIJIHOBJIIOBAJIbHE TAJIMBO, BUPOOJICHE 3 BIIHOBJIIOBAJILHOI 010MacH, KUTTEBUM ITUKIT
BUKH/IIB TAPHUKOBUX Ta3iB SIKUX, MOPIBHSIHO 31 3BUYAHMM TMaJUBOM, HUXKYE
monaimentie Ha 60%. Takum 4rHOM, TpaaHIiiHIN 6i0eTaHOoJI, BUPOOJICHUH 13 3epHa
KYKypy/3u, HE MOXe OTPUMYBATH IOJATKOBOIO KDE/UTY, ajie IIEITI0JI03HUN
6ioeTaHo, BI/Ip06J'IeHI/II/I 31 crebiia Ta KavaHiB KyKypymsu (6e3 HaCIHHH) MOJKeE
mignagaTd Mg JaHy OUkry. BUpOOHWKH CTBEpIKYIOTh, IO Y 3B’S3KYy 13
30UTbLIEHHSIM OOCSTIB BUPOOHMLTBA Ol10€TAaHONY 13 KYKYpPYI3U Ta 3pOCTaHHAM
MOMUTY Ha Hel MIJBUIIYETHCS 1iHA, TOMY (epMEpU OTPUMYIOTH BHUII MPUOYTKH, a
ypAIl KpaiHH 3a011aJ/PKy€ KOIITH 32 PaXyHOK 3HIKEHHSI BUTPAT 3 HaJlaHHSA CyOCHii
dbepmepam 3a dhenepalbHUMH POTPAMaAMHU.

VY €pporneiickkoMmy Coro3i 10 2005-ro, 3a BCTAHOBICHUMU HOpMaMH, B OSH3UH
nomaBamu 2% Oioeranony, no 2010-ro Bxke 5%, a go 2020-ro el IOKa3HUK
MJIaHYI0Th 30UTbIUTH 10 10%. AJie npu 1boMy, BIJIIOBITHO 10 BCTAHOBIIEHUX HOPM,
y BCIX perioHax €Bpocoro3y Mae OyTH rapaHTOBaHa HASBHICThH IHPPACTPYKTYpH, SKaA
0 3a0esneuyBana 3ampaBKU 1 IOCTaBKM O€H3MHY 0€3 BMICTy Ol0€TaHONy I
HEaJanTOBAaHUX TPAHCIIOPTHHUX 3aCO0IB.

5.3. llepcnekTUBY BUKOPHUCTAHHSA OioeTaHoy B Y KpaiHi

BupoOHuntBo ©6ioetaHosly B YKpaiHi SIK BHCOKOOKTaHOBOI KHCHEBMICHOT
no0aBku 110 OeH3uHIB Oyno po3modaro B 1999 pomi. PiyHa cymapHa MOTYXKHICTb
CIUPTOBHX 3aBOJIB B YKpaiHi — 4,6 MJIH. T, ToTpeda BHYTPIIIHBOTO CIIOKUBAHHS
€THUJIOBOTO CITUPTY CTAHOBUTH 1,8 MIIH. TOHH, a eKkcropT — 0,6 MJIH. TOHH, KOS(DIIIEHT
3aBaHTAKEHHS TOTYXKHOCTEH cTaHOBUTH Onm3bko 40%. Y 2013 pomi ykpaiHChbKi
CIIUPTOBI1 3aBOAM BUPOOWIH MpuOm3HO 50 THC. TOHH 610€TaHOTY.

YHpooBXK OCTaHHIX POKIB BHPOOHHIITBO O10€TaHOJY Ta 100aBOK Ha MOro
ocHoBi 3xaiiicHIoeThes Ha JII1 «HaymiBebkuii ciuptoBumii 3aBoay», JI1 «[aiicnHChKUN
coiuproBur  3aBoxy», [JII  «JlyKaHCBKMM  €KCHEPUMEHTAJIbHUN  3aBOA»  Ta
XopoctkiBcbkomy MITJT JITT « YkpcroupT.

3aKOHOJaBCTBOM Mepen0aueHo psii MOJATKOBUX, KPEAUTHUX Ta IHIIUX MIJIbD
[0JI0 BUPOOHMIITBA 1 BUKOPUCTAaHHS O10€TaHONY, SIKI BCTYHNWIM B Ait0 3 1 ciuHd
2010 p., a came 3BUIBHEHHS BlJ CIUIATH MOJATKY Ha MpUOYTOK ynponoBxk 10 pokis,
3BIJILHEHHS BIJI CIIJIATH MUTA MPU BBE3eHH1 001aaHanHs 10 2019 p. Ta iH.

Boanodac 6arato cnupTOBHX 3aBOJIIB MPAIIOIOTH 3 HETIOBHUM 3aBAaHTAXKCHHSIM
ab0 B3arajii MPOCTOIOIOTh. Y TMEPCHNEKTHBl MOTYXHOCTI IHMX MIAMPHEMCTB MOKHA
BUKOPUCTATU [IJIi BHUPOOHUIITBA Olo€TaHONy 3 JIrHiHOLEemono3u. B VYkpaini
MOKJIUBUM TaKOK € OJHOYAaCHE BHUPOOHMIITBO IyKpY Ta Ol0€TaHOIY Ha I[yKPOBHUX
3aBojax. BUpOOHUIITBO JBOX BaKIUBUX MPOAYKTIB JOMOMOXKE PETYIIOBATH OOCATH
BUPOOHUIITBA IIYKPY Ta 610€TaHOITy 3aJIEKHO B1Jl OMUTY Ta I[iH.



[Tpu nonaBanHi 5% GioeTaHOTY B OEH3MH IO CIOKMUBAETHCS aBTOTPAHCIIOPTOM
VYkpainu, notpeba puHKy 0l0eTaHOIy cTaHOBUTHUME Ouibie 250 Tuc. T B pik. Takox
€ MOXJIMBICTh OTPUMATHU KBOTY Ha MOCTauyaHHsS 010€TaHOIY B KpaiHu €BpOCOIO3y B
po3mipi 100 Tuc. T GiomanuBa Ha piK.

B Vkpaini BexyTbcs po3poOKH TPaKTOPiB 3JaTHUX IMPaIOBATH Ha 010€TaHOJII.
[Ipuknagom pOro Moke OyTH OaraTOMATMBHUM TPAKTOP, PO3POOKY SIKOTO BUKOHAHO
cnuibHOIO Nabopatopieto «TpakTopy, kyau ysinumm npeacrasauku HHIT "IMECT™,
XapkiBcbkoro tpaktopHoro 3aBoay 1 BAT "3A3". 3a ocHoBy Oyma B3sita MOJENb
tpakTopa XT3-2511G (puc. 5.2). 3amicTh CTaHZAPTHOTO IW3EIHLHOTO JIBUTYHA Ha
HbOMY OyB BCTaHOBJICHHUH OeH3MHOBUI MOTOp MeM3-307Mm nedopcoBanwmii — 3 70 1o
35 k.c. [IpencraBnenuit TpakTop € OaraTONMaJIWBHUM, MOXE IpAIfOBaTH Ha OCH3MWHI,
npomnaH-OyTaHi Ta 610eTaHOJI.

Jns MOCATHEHHS ONTUMAaJIbHUX MAJIMBHO-CKOHOMIUYHMX TMOKAa3HUKIB POOOTH
JBUTYHA TpPU 3aCTOCYBaHHI OloeTaHONy, HEOOXigHO 100 aBTOMOOLIL OyB
obnagHanuil nBuryHom tumy FFV. To6To koMmm’iorep aBTOMOOLIS MOBHHEH BMITH
BU3HAYATH BMICT 010€TaHOy B TaJMBHIA CyMIIlll Ta aBTOMAaTHYHO KOPEKTYBaTU
napamMeTpH BIOPCKYBAaHHS MaJiuBa Ta poOOYMX IUKIIB.

5.4. Buxopucranus 0ioeTaHoJy, sik NajJuBa JJisl IBUT'YHIiB BHYTPIllIHHOT 0
3rOPsSIHHS

HNonaBanns 10% OioetaHonry 10 OCEH3MHY J103BOJISIE 3MEHIIUTH BHKUIU
aepo30JIbHUX YyacTHHOK Ha 50%, a Bukuau okcuny Byrierto — Ha 30%. Ha 2014 pik
yacTKa O10€TaHOJIy B CBITOBOMY CIOKMBaHHI MOTOPHOTO TManuBa ckiana 6%.
HaiiGinpimoro po3moBcioKeHHs TpaHcnmopT Ha Oioeranoni HabyB B CIIA Ta
bpaswmii. ETaHon € MeHIT «eHeproeEMHUMY JKEPEJIOM €HEpPrii, HiXK KJIaCUYHE MaJuBO
(me cTocyeThesl TUIBKM CyMIlIed 3 BHCOKHMM BMICTOM 0ioeTaHoiy); Mpooir
TPAHCIIOPTY, 1110 MPAIIOE Ha manuBi Mapku E8S Ha oguHMIO 00'€eMy manuBa cKiiagae
npubmuzHo 75% Big mnpoOiry Ha OeH3uHI. 3BUYAWHI JBUTYHU BHYTPIIIHBOTO



3TOpPSIHHS HE MOXYTh IpaioBaTi Ha E8S 0e3 KOHCTPYKUIWHUX 3MiH, IPOTE€ MOXKYTh
BukopucToByBatd mnanuBo E10 (cymim 10% 6ioetanony 1 90% 6ensuny). 11106
aBTOMOO1Ib YW 1HIIMI TPaHCIIOPTHUH 3aci0 MOKHa OYJIO 3ampaBisiTH MaJIHBOM, IO
mictuth Ounbiie 10% OioeraHony, HeoOXigHa MoOJepHi3allis ABuryHa. Komm’rorep,
0 KEepye€ BIOPCKYBAHHSIM MaliBa B JIBUTYH MOBUHEH BU3HAYATH KOHILIEHTPAIIO
CHOUPTY 1 MiAOUpATH BIAMOBIAHI PpeKUMU poOOTU. OCKIIBKA CHUPT MICTUTH BOAY,
MOJIEpHI3alllii BUMarae 1 NadMBHA Marictpaib. KpiM Toro, sxmo aBTOMOOLUIb
EKCIUTYaTy€eThCsl B XOJIOJHUX YMOBax, Tpeda MmiirpiBaTv MajiuBo mnepes 3amyckom. Ha
YHCTOMY €TaHOJI MOXKYTh MpPAIIOBATH TUTbKU CIELiajdbHI JBUTYHHU Ui O10€TaHOIY
a6o neurynm knacy «Flex-Fuel» un FFV, To6T0 6araronanuBHi, SKi MOXYTh TaKOX
MIpaIfiOBaTH HAa 3BUYAITHOMY TTAJIHBI.

baratonanuBHi nBurynun FFV, siki MOXyTh TMpaifoBatd Ha 0l10€TaHOJNI CTald
KOMEpUIHHO A0CTYyNHI B KiHII 1990-X pokiB.

VYV Cnonyuenux Illtatax aBTOMOOUTI Ha JBOKOMIIOHEHTHOMY IMajiUBI TaKOX
Ha3uBaroTh "aBroMo611i Ha E8S". ¥V Bpasunii FFV mupoko Bigomi sik "total flex" a6o
npocto "flex" aBromoOum. Y €Bpomi FFV, takox Bimomi sik "Flexi-fuel" aBro.
ABTOBHPOOHHKH, 0COO0IMBO B bpasusiii 1 Ha €BpONEHCHKOMY PUHKY, JIJIsi BKa31BKU B
MapkyBanHi Mojieni FFV 3actocoByroTh ojiuH 3 BapianTiB cioBa «flex». Hampuknan
"Volvo Flexifuel", abo "Volkswagen Total Flex", "Chevrolet FlexPower" a6o
"Renault Hi-Flex". Kommauis ®opa mpogae cBoio Mozaenb Focus B €Bpori, sk
"Flexifuel", a B bpaswmii sk "Flex". ¥ CHIA tuibku 3 2008 poky aBTOomMoOuIl 3
neurynoM FFV  oTpumanu KOBTy Hakjieiiky Ha JOK OeH3o00aka Jeibiaom
"E85/Gasoline", mo6 BiApi3HUTH iX BiJ aBTOMOOUIIB, L0 MPaIlOOTh TIJIbBKH Ha
Oen3uHi (puc. 5.3).

I3 30inbIIEHHSIM BMICTY O10€TaHOIY B MaJMBI JJIsl JOCSTHEHHS HEOOX1THOT
MOTY>KHOCTI MOTPIOHO MOAATH B ABUTYH OLIbIIE MaJiMBa Ta BUKOHATH BIAMOBIIHE
KOpETryBaHHS MOJ1a4l OBITPS.

ABTOMOO1T, 110 BUIMYCKAIOTHCS CEPIMHO AJIT poOOTH HA JBOKOMIIOHEHTHOMY
MajJuBl, BUKOPUCTOBYIOTH JBA OCHOBHI MPUHIIUIIN:

— y manuBHY cucteMmy (puc. 5.4) BcraHoBiroeThesi Ethanol content sensor
(ceHcop, 110 BU3HA4Ya€ BMICT €TaHOJy B MajuBl y %) Ta Ha MiACTaBl WOTrO JaHUX
B1I0YBA€ETHCS KOPEKIIA MaJuBONOIa4l (BUKOPUCTOBYEThCA Ha aBToMoOUIAX B CILIA,
B €Bponi — BoibBo, Caad, ®opn);

— BMICT 010€TaHOJy MaTeMaTUYHO OOYHMCIIOETHCS Ha MIJACTaBl KOPEKLId B
pEeXHUMI 3aMKHYTOTO KOHTYPY JaTdyMKa KHCHIO y BuxJomHux raszax (closed loop),
OJlHaK aBTOMOOLTh 3 Takoro ommiero komrye Ha 800-1000 eBpo mopoxue
(BuxopuctoBye kommanisi PSA Peugeot Citroen).

VY cBiTI mpuilHATa HACTymHa Kiacuikaiis MajiuBa Ha OCHOBI Ol0eTaHOIY.
Haii6inem mommpenni ES, E7, E10 — cymimi 3 HU3bKUM BMicTOM eTanoiy (5, 7 i
10% 3a Baroro, BiAMoBiHO). Take MaarMBO MOBHICTIO MPUAATHE SISl BAKOPUCTAHHS B
OCH3WHOBUX JBUTYHAX Ta JO3BOJISIE 3MEHIIUTHU IIKIJIMBICTh BUKUIIB a atMochepy.
Bapto 3a3nauuTu, o Big 5 1o 10% OGioeraHosy B maiuBi — e HOpMa JJjIsl OLIBIIOCTI
KpaiH nmBLIi30BaHOrO CBITY. Hampukian, y Himeuunni mammBo ES5 mpopaerses 3
2005 poky, a 3 2011 poxy ftomy Ha 3MiHY npuinuio naauso E10.
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Puc. 5.3. MapkyBaHHs cy4yacHHX 0araTonaJuBHUX aBTOMOOLIIB, AKi NpuaaHHi
JJIs1 BAKOPUCTAHHS 0ioeTaHoTy

ITamHrHa pamIia
Peryiirop

THCKY

EnekTpoHHHH
GII0K YTIPARJIHHA

Puc. 5.4. Cxema naauBHoi cuctemu FFV "flexible-fuel vehicle' i3 cencopom
€TAaHOJIy B NAJMBHIN cymiui

CrangaptHe manuBo JUisi aBToMOOUTIB 13 aBuryHamu «Flex-Fuel» me ES85.
Uepes HIDKUY €HEProEMHICTh O10€TaHOJI KOIITYE JICIICBIIE, HIK OCH3UH YU IU3ETbHE
naauBo. BukopucTtoByeThcs Takox nanmmBo E95 — cymim 95% Oioeranony 1 5%
nanuBHOi Tmpucanku. Hampuknan, kommanis Scania (IBeris) cepiitHo BupoOJsie

JM3eNbHI aBTOOYCH Ta BaHTaXXIBKH, IO MpaiiowTh Ha 95 % 6ioeranou (puc. 5.5 Ta
5.6).



Puc. 5.6. BioeranoabHuii ABUTYH Scania mory:xkHuictiio 270 k.c.

VY CBITI TakoX BeIyThCA PO3POOKH TPaKTOPiB, IO 3JaTHI MpaIffoBaTH Ha
0ioetanomi. Tak ¢ipmoro John Deere cTBopeHO BUCOKOTEXHOJOTIYHHUH ABUTYH, KU
MOKE TPAIIOBAaTH Ha PI3HUX BUJAX MAJMBA, K MIHEPAJTBHOTO, TaK 1 010JOTIYHOTO
MOXOJ/IPKEHHS 1 sIKe MOXKE 3ajMBaTHCs B 0ak okpeMo abo B CyMilll 3 BIJHNOBIIHUMU
npornopitisimu (puc. 5.7). Jlekinapka NaTYMKIB BHUMIPIOIOTH PI3HOMAHITHI MapaMeTpH
nanuBa abo Horo cymimi. [lam xomm'totep ynpasninHsa (ECU) koperye mapamerpu
poOOTH ABUTYHA 10 OTPUMAaHHS BIAOBITHUX HOPM BUKH/I1B TOKCHYHUX PEUOBHH.

[Tpu BukopucTaHHi 0i0€TaHOMY € AEsIKI pU3UKU. Tak, eKCIepTH BiA3HAYAIOTh,
110 BKpail BaXJIMBO, 11100 610€TaHOJ MICTUB MiHIMalbHY KIJIbKICTh BOAM, TaK SIK 1CHY€E
TEOPETUYHUN PU3UK, 0 B ABUTYHI CYMIIl pO3AUIMTHLCS HA O€H3UH 1 BOJHO-CITUPTOBI



KyJIbKHU. SIK HAacHJOK, MOXYTh CIIOCTEpIraTUCS: MEPEeBUTpATa MajuBa, ACTOHAIlS Ta
TPYAHOIII 13 3aITyCKOM JBHUryHa. KpiM Toro 6ioeTaHos — 1ie¢ BIAMIHHUN PO3YMHHUK 1
OKHCIIIOBAY, Yepe3 10 B CKJIal OeH3uHY (y BENUKiN KUTBKOCTI) BIH MOKE TOIIKOIUTH
VIIUTBHIOBAJIBHI MPOKJIAAKK 1 1HII IiacTukoBi jaetani. 106 mporo He cranocs, B
KOHCTPYKIIii IBUT'YHA HEOOX1JHO BUKOPUCTOBYBATH 1PAKOCTIHKY CTajb Ta CTIMKUN 10
0l0eTaHOJTy TIIACTHK.

[Ipote nepeBaru BUKOpUCTaHHA O10€TaHOJy He3anepeuHi. bioeranon nemesiie
O€H3MHY, & 3HAYUTh, MAJIMBO 3 MOr0 BMICTOM, TaKOX JeUIeBUIe. Y CyMilll OEH3UHY 1
0loeTaHOJly MEHIIe CIpKH, OEH30Jy 1 I1HIIMX IKIAJIUBUX JOMIIIOK. BiamoBigHO,
3HIDKYETBCSL KIJTBKICTh MPOJYKTIB 3TOPSIHHS, SKI BEAYyTh 10 IiJIBUIIEHOTO 3HOCY
arperaty 1 OKHCIIEHHS MacTwia. 3arajioM, MOTOpPHE Macio, JBUTYH, CBIYKU
3amajifoBaHHsl COyXKaTh JoBIiie. bioeraHon 3ropae eQeKTUBHIIIE, Ma€ MEHITY
TETJIONPOBITHICT 1 BUCOKE OKTAHOBE YHCJIO. TOMy, NBUTYH MpaIfo€ CTaOUIBHIIIE,
3HWXKY€ETbCS PU3UK MOro MeperpiBy, a Kamepa 3ropsSHHS, BHITYCKHI KJamaHH
MATIHAPIB 1 1HII YACTUHU JBUTYHA TPALIOIOTH B OUIBII CHPUATIMBUX YMOBaX.
JIBUTYH MeHIlIe HarpiBaeTbcsi B CleKy a00 B MICBKMX 3aTopax. 3HIKECHHS
TEeMIIepaTypy OXOJIO0KYIOUOi PIAMHU Ha BUXO/I1 3 IBUTyHa nocsirae 15-20°C.

5.5. HMocaigkennss poooru neuryna MeM3-245 nHa majuBHMX cymimiax 3
0ioeTaHOJI0M

Bukonani nocnimpkenns pobotu nsuryna MeM3-245 aromobuns 3A3-1102 3
nonaBarasM 10% ta 20% OioetaHomy mo OeH3uHy A-95 mokazanu, 1m0 HEOOXITHO
BUKOHYBaTH 30UIBIICHHS KyTa BHIIEPEHKCHHS BIIOPCKYBaHHS manuBa (puc. 5.8.).
[Ipu BuKOpHUCTaHHI CyMmilIel Bi0yBaeThCsl 301IbIIEHHS TOAMHHOI BUTPATH MaJlMBa
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Puc. 5.8. Burpara naauBa aBromo6iziem 3A3-1102 3ay1exxHo Bia KyTa
BUIICPe/IKEHHSI 3alIaJICHHS NP BUKOPUCTAHHI OeH3uHYy A-95 Ta iioro cymimueii 3
AO0XaBaHHA 0ioeTaHOJTY

BcranoBneno, 1o MiHiMaigbHa BuTpata OeH3uHy A-95  BiamoBigae
BCTAHOBJIEHOMY KYTy BuUIlepekeHHs 3ananens (BKB3) 6mmspko 5 rpan. moBopoty
KOJIIHYacTOro BaJia, 10 PEKOMEH0BAHO 3aBOIOM-BUPOOHUKOM. MiHIMaabHa BUTpaTa
6en3uny 13 10% nob6askoro 6Gioetanony mae micie npu BKB3 6muszeko 10 rpan., a 3
20% — 6mu3bKo 14 Tpaj. MOBOPOTY KOMIHYACTOTO Baja.

AHaJli3 MaJMBHUX XapaKTepUCTHK (puc.5.9) mokazaB, MO0 NPH KUBJICHHI
aBromoOus 3A3-1102 “Tapis™ GensuHom A-95 13 10% nobGaBkoro 6ioeTaHOIY TIpH
mratHomy BKB3 mepeButpara manuBa 1o BIJHONICHHIO O INTAaTHOTO OCH3UHY
ckJana Big 2 10 9,3% 3a5e)kHo Bij MIBUJIKICHOTO PSXUMY. Y TaKOMY K PEKUMI Ta 13
20% nob6aBkow OioeraHoiy mepeBuTpaTa ckiana Big 4 go 10,5%, 1mo BUKIMKAHO
3MEHIICHHSIM TEIUIOTH 3TOpsiHHS OC€H3MHY 3 J0JaBaHHSM OloeTaHONy Ta
MOTIPIIEHHSIM TIPOIleCy 3ropsiHHA roprodoi cymimi. Ontumizaniss BKB3 nwisaxom
30uTkieHHs1 3HaueHb BKB3 Ha 5 Ta 9 rpaj. moBopoTy KOJIHYACTOrO Bajia BIIHOCHO
IITATHOTO 3HAYEHHS 3a YMOBHM JKHUBJEHHS JABUryHa OenzuHoMm 13 10 ta 20%
no0aBkaMu 010€TaHOJIy, BIJNOBIHO, IMOKpAlly€ TMaJMBHY EKOHOMIYHICTh 3
HaOJMKEHHSM 3HA4Y€Hb BUTPATH OCH3UHIB 3 J00aBKaMH O10€TaHOIY JI0 BHUTPATH
OCH3UHY.

VY T1abn. 5.2 HaBeIEeHO pe3yJbTAaTH MaJUBHOI €KOHOMIYHOCTI Ta €KOJIOT14HI
noka3Huku aBToMoOinss 3A3-1102 "TaBpis" mnpu BHUKOpUCTaHHI O€H3UHIB 3
nob6aBkamu OioeraHosy. EKOJOTIUHI TOKa3HWKHW OIIHEHO 332 MAacCOBUMHU BHUKHJIAMU
okcuay CO ta miokcuay Byriaerio CO,, ByrneBoaHiB CH,, okcuaiB azory NOy Ta
CyMapHUMH MacOBMMH BHWKHIaMH, 3BefeHnMu 10 CO. AnHami3 mokasye, Mo y pasi
mratHoro BKB3 5 rpan. moBopoTy KoiHYACTOTO Bajia 3 BUKOPUCTAHHSM OCH3UHY 13
10% noGaBkoro OioeTaHONy, 3OITBIIICHHS BUTPATH TaJWBa BIIHOCHO IITaTHOTO
oensuny cknano 3,7%, i3 20% — 8,5%. Ilpu ontumansHOMy 3HaueHHi BKB3 —
10 rpaza. MOBOPOTY KOJIHYACTOTO BaJia, 32 YMOBU KUBJICHHS aBTOMOO1IsI OCH3WHOM 13



10% noGaBkoro OioeTaHONy TIEPEBUTpATA MAIHMBA MOPIBHSHO 3 IITATHAM OCH3MHOM
cknana 2,5%. llpu Buxopuctanni Oen3uHy 3 20% pgoOaBkoro OioeTaHoNy 1
ontumasibhuM BKB3 14 rpaa. moBopoTy KOJIHYACTOrO Balsia, 30UIbIIEHHS BUTPATH
najarBa MOPIBHSIHO 3 IITATHUM OE€H3UHOM cKiialo 3,9%.
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Puc. 5.9. [laanBHiI XapaKTePUCTUKH YCTAJIEHOr0 pyxy aBTomMo0ins 3A3-1102
NPU BUKOPUCTAHHI OeH3uHy A-95 Ta #ioro cymimeii 3 nogaBanns 10 % 1a 20 %
OioeTaHoJy

Ta6auus 5.2. Biuins Betnunnn BKB3 na Butparty najauBa ta ekoJiorivyHi
NoKa3sHUKU aBToMo0iIsa 3A3-1102 "Taspia"

ITammuBo A-95 10% 6ioeranoy 20% GioeTaHOITy
BKB3, rpan. n.k.B. 5 5 10 5 14

Burpata /1K 50,60 52,49 51,85 54,88 52,56

HaTEa 1/100 kM 6,57 6,80 6,71 7,08 6,78
M/x/100 km | 219,8 | 218,8 216,1 219,1 209,8

CO 4,98 3,63 3,51 3,23 2,91

Macosi CmHn 0,504 | 0,398 0,415 0,411 0,466
BUKH/IH, NO, 0,877 | 0,577 0,782 0,309 0,575
I/IIMKIT CO, 208,2 | 201,9 195,9 205,8 195,8
3Beneni 1o CO | 42,64 | 28,58 36,96 17,25 28,02

Macosi Bukuau okcuay CO i giokcuay CO; Byrielrto 3a ontumainbsHoro BKB3
P KUBIIEHHI aBTOMOOUIA 6eH3uHoM 13 10% mo00aBKkor0 610€TaHOy 3MEHITUIINCH,
BiMoBiIHO, Ha 3,3 1 3% mopiBHsHO 13 mtathinM BKB3, 6en3unom 3 20% mobaBkoro
6ioetanony — Ha 9,9 1 4,9%, BiamosimHo. 3i 30umbmenHs BKB3 no onmrumanbamx
3Ha4YeHb MPHU KUBJICHHI JBUTYHA aBTOMOOUIS OeH3MHaMU 3 J100aBKaMu O10€TaHOIY



MOKpAIIy€e MPOLIEC 3TOPSHHS MaIUBO-TIOBITPSIHOI CyMmili (301bIIEHHSI TEMIIEPATypu
B IIWJIIHIP1 JBUTYHA), IO MIPU3BOAUTH /10 301IBIIICHHS BMICTY OKCHIIB a30Ty NOy Ha
35,5% npu 10% nob6asui 6ioeranony 1 86,1% — npu 20% nobGasui 6ioetaHoiy, a
takox Ha 4,3 1 13,4% ByraeBogniB CynH,. Ane macoBi Bukuaum CpH, ta NOy 3a
pobotu Ha onrtuManbHIX BKB3 He mepeBuIyoTh 3HaueHb PU KUBJICHHI OCH3UHOM.
[Ipu oMy cymapsi MacoBi BUKuH, 3BejieH1 10 CO, mpu sxuBiieHH1 OeH3uHoM 3 10%
n00aBKo0 Ol0eTaHONy MeEHII MopiBHAHO 3 OensuHoM Ha 13,3% 1 Ha 34,3%
nopiBHAHO 3 20% m06aBKOIO Ol0ETaHOIY .

JlaGopaTopna pob6ora 5: Busnauutu BuTpaTy manuBa npu poboti B3 Ha
cyMimri 6eH3uHy i3 6ioeranosiom (E10).

Mera pobotu: O3HAHOMUTHCH 13 KOHCTPYKIIE€ID EKCIEPUMEHTATbHOTO
oOnagHaHHs, BU3HAYUTH BHUTPATH CYMILIEBOIO NalMBa MpU POOOTI OEH3MHOBOIO
JBUTYHA.

Ipuaaan ta obdinagHaHHA: OCH3MHOBA E€JIEKTPOCTAHIIS, Bark, CEKyHIOMIp,
TUPUCTOPHUMN PETYIISITOP HABAHTAKEHHS.

Jl1st mpoBeNIeHHsT TOCHIKEeHb JIa0opaTopHe OOJaJHAHHS MOHTYETHCS 3T1IHO
CXeMH MpuBeIeHoi Ha puc. 5.10.
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1 — 0ak 3 majibHUM; 2 — Baru JJisl NaJuBa; 3 — 0eH3MHOBA eJIEKTPOCTAHILisI;
4 — THPUCTOPHUI PeryJsiTOp HABAHTAMKEHHSA; 5 — BaTMeTp, 6 — eJleKTPUYHe
HABAHTAKeHHA
Puc. 5.10. Cxema cTeHa 1Jisi BU3HAYEeHHs BIUIMBY KOHLEHTpaLii OioeTaHory HA
po00OTy 0€H3UHOBOIO IBHUI'YHA

[Tpu mpoBeneHHI BUMIpIOBaHHsS BHOpaHUIl THN MajluBa HAAXOAUTH 13 Oaka 10
ABUTYHA OCH3MHOBOI elIeKTpoCcTaHIlli. BUMIpIOBaHHS BUTpAaTH MalHBa 3A1MCHIOETHCS



3a IOTIOMOTOI0 BariB Juis manvuBa. Ha omHiN bamiiii BariB BCTAaHOBIIOIOTH MPO30PY
€MHICTb, Ha 1HIIY — CTABUTHCS BAaHTaX, 110 ii BpiBHOBaXxYye. [Ipu mojoxxeHHI KpaHy
"3amip" manuMBO MOJAETHCA 13 MPO30POI EMHOCTI B MAJIMBHY CHCTEMY JBUTYHa. 3a
JOTIOMOTOI0  TUPUCTOPHOTO  PETyJsTOpa 3IIMCHIOETHCS 3MiHA 3aBAHTAKECHHS
eJIEKTpOreHeparopa  elieKTpocTaHlli. PiBeHb  3aBaHTaXeHHS  BUMIPIOETHCS
BaTMETPOM, €JEKTPUYHE HABAHTAXKEHHS TEPETBOPIOE EJIEKTPUUYHY EHEprilo B
TEIJIOBY.

[Topsimox BHKOHAHHA pPOOOTH: TICHS 3aMycKy Ta NpPOrpiBy JABHUTYHA,
€JICKTPOCTAHIIIS BUBOJIUTHCS HA HOMIHAIBbHI po0O0Yl 00epTH, MICIs YOro 3A1HCHIOIOTH
3amip yacy ButpaTd 50 rpaMmiB THajMBa Ha XOJIOCTOMY XOAY Mpu poboTti 0e3
HaBaHTaXeHHA. [10TiM, 3a JOMOMOT0I0 TUPUCTOPHOTO PETYIATOpPA Ta EICKTPUUHOTO
HABAaHTA)XCHHA 3aBAaHTAXKYIOTh EJIEKTPOTEHEpPATOp Ta 3aMipsAlOTh MOTYXKHICTb
HABaHTA)XCHHS, IICIIA YOTO BU3HAuUaloTh 4yac BUTpatu 50 rpamiB manusa. Pesynpratu
3aHOCSTH B Ta0IUIIO 5.3.

Ta6auus 5.3. Pe3yabTaTd BUMIPIOBAHHS MOKA3HUKIB IBUTYHA

Ng, kBT | Ny kBt At ¢ AGy, T Gz, xr/ron. | Gg, r/(xBt rox.)
Bbensun A-95
0 XX 360,0 50 0,5 —
1 1,04 265,4 50 0,678 0,651
1,5 1,56 237,0 50 0,759 0,486
2 2,08 209,2 50 0,860 0,413
2,8 2,92 172,9 50 1,041 0,357
Cywmim 0eH3uny i3 6ioetanosom (E10)
0 XX 342,9 50 0,525 —
1 1,04 255,2 50 0,705 0,677
1,5 1,56 227,7 50 0,791 0,506
2 2,08 201,0 50 0,896 0,430
2,8 2,92 165,9 50 1,085 0,372
[ToTy>KHICTh JBUT'YHA BU3HAYAIOTH 38 BUPA30M:
A n, 098

ne: Ng — MOKa3HUKH EeJIEKTPUYHOI TMOTYXKHOCTI 3a BaTMeTpoM, KBT; 75, —
Koe(iIieHT KOPUCHOI il enekTporeHeparopa, 7, =0,98 Bim. ox.
['onuuHy BUTpaTy NmajiiBa BU3HAYAIOTH 32 BUPA3OM:

G, = 3,6&
At
ne: Gy — rogrHHA BUTpATa MajauBa IBUTYHOM, KI/To1.; AG — Macu BUTpaue€HOTO
nanuBa, T; Al — dac, 3a SKuid ABUTYH BUTpadac 3aany 103y naiausa AG, c.
Ha ocHOBi po3paxyHKiB OyayeThcsi rpadik 3aJeKHOCTI TOAWHHOI BUTPATH
najauBa BiJ MOTYXHOCTI ABUryHa (puc. 5.11) ansa 6ensuny A-95 ta cymimi 6eH3UHY
i3 6ioeranosiom (E10).
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Puc. 5.11. 3ajexkHicTh roAMHHOI BUTPATA NAJUBA Bil IOTYKHOCTI IBUT'YHA

[TuTomMy BUTpATy HaiMBa BU3HAYAIOTH 32 BUPA3OM:
9r = %103
a
ne: Jp — MUTOMa BUTpaTa najiusa r/kBT rog.
Ha ocHOBI po3paxyHKiB OyayeThCcsi Tpadik 3aleKHOCTI MUTOMOI BHUTpATH
najuBa BiJl TOTYXXHOCTI JABUTyHA (puc. 5.12) nis 6ensuny A-95 ta cymimni 6eH3UHY

i3 6ioeTanosiom (E10).

g:' 0,7 o
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—o—bensun A-95 —0 =Cymim E10

Puc. 5.12. 3aje:kHicTh NUTOMOI BUTPATA NAJIUBA Bil IOTYKHOCTI IBUTYHA

TakuM YMHOM, Ha OCHOBI aHANI3y EKCHEPUMEHTAIbHUX JaHUX poOOTH
OEH3MHOBOTO JBUTYHA BCTAHOBJICHO, 1110 MPU 3aCTOCYBaHHI cyMilli 13 BMicToM 10%



OloeTaHOMy BiOYBA€THCS 3OLIBINICHHS TOAWHHOI Ta MATOMOI BUTPATH IajuBa Ha
BennuuHy Bia 4,0 10 4,2 % B 3aJIEKHOCTI BiJ] 3aBaHTa)KEHHSI IBUTYHA.

IIpakTnuHa podora 5. Po3paxyBaTu €KOHOMIUHY €()EKTUBHICTH 3aMIIICHHS
OcH3MHY 010€TaHOJIOM.

Buxinni nmami: CupoBuHa a1 BUpOOHMIITBA Ol0€TaHONYy — KYKypyaA3a,
ypoxaiHicTh Ug= 7 T/ra; co01BapTICTh BUPOIIYBaHHS KYKYPYI3U By = 12755 rpH./ra,
mina Oensuny [[; = 20,74 rpu./kT; miHa KyKypyasu [[x = 2700 rpH./T, 11iHa BOJOTOT
6apau L[z = 200 rpH./kT; piyHUN 00’€M BHUKOPUCTaHHA OCH3WHY B TOCIOAApPCTBI
Ny = 25500 kr; HHKYa TEIIOTBOPHA 3MaTHICTH OeH3uHy Qp =42 MJx/Kr; HIDKUa
TEIUIOTBOpHA 3AaTHICTh Oloetanony Qg =27 MJx/kr; rycTuHa OloeTaHOITy
pe = 0,8 kr/M°; 3aranbHi gaHi Ipouecy BUPOOHHITBA GiOSTAHONY, HEOOXimHi s
MIPOBEJICHHSI PO3PaxXyHKIB HABE/ICH1 B Ta0uIIl 5.4,

Ta6auus 5.4. Iloka3HukH npouecy BHPOOHMUTBA OioeTaHo.y i3 3epHa
KYKYPY/A3H

ITokaszHuK Ilo3HaueHHs1 | 3HAYEHHS
Buxin 6ioeranony, /T Kz 416
YacTka BUPOOHMYMX BHUTpAT BIAHECEHA O LIHH K 05
CUPOBHUHH, BiJ. O]I. BB ’
BwmicT OeH3uHy B IeHaTypOBaHOMY OioeTaHom, %o Kgs 3)
CmiBBITHOIIEHHST OOCATIB Oapau Ta 3epHa KyKYpyA3H, K, 282

JI/KT

Po3paxyHKu BUKOHYIOTHCS B HACTymHOMY Mopsaky. Cro4aTKy BH3HAYAETHCS
TEIJIOTBOPHA 3JATHICTh JEHATYpOBaHOro OloeTaHoay. BpaxoByrouw, 0o 3rigHO
3aKOHOJIAaBCTBA, JIsi BUKOPHCTAHHS B SIKOCTI MajJMBa 010€TaHOJ MOBUHEH MPOUTH
000B’SI3KOBY JAcHaTypamito (momaBaHHs 5% O€H3MHY) TEIUIOTBOPHA 3JaTHICTH
JIEHATYpOBAHOTO O10€TaHOIy Oy/le CTAHOBUTH:

k k 5 5
Quy = (1— _EJQEE +—L-Q, = (1— —]27 +——42 =27, 75 M JIx/xr.
100 100 100 100

Piuna notpeba B AeHaTypoBaHOMY 010€TaHOJII CTAHOBUTUME:

N,, = NQy _ 2990042 _ 58504 gir,

Qpy 27,75

a B YuCTOMY O10€TaHOJI —

N, = (l— k—EJNEﬂ = (1— i}38594,6 = 36664,9«kr.
100 100
BpaxoByroun HeoOximHul piuyHUA 00°em OiloeTtaHosy, TOTpeda y 3epHi
KYKYPY/I3H JIJII HOTO OTPUMAaHHS CTAHOBUTHME:

m = No 366649 1100,

ok, 08-416




HeoOximna moma [yl BUPOIIYBAHHS JIaHOi  KITBKOCTI  KYKYpyHI3u
CTaHOBUTHME:

s, =M 102 _ 1575,

U, 7
3aTpaTy Ha BUPOILYBaHHS KYKYypyA3U CTAHOBUTUMYTh!

3 =SBy =15,75-12755 =200891,25rpH.

ITo6iuHMM mpOAYKTOM BHPOOHHUTBA OioeTaHONy € Oapia, sika MOXe OyTu
BUKOPHCTAHA B AKOCTI KOPMY B TBApHHHHIITBi. [ 0OCATM HpH OTPUMaHHI 3a7aHOI
KUTBKOCTI 610€TaHOTY CTAaHOBUTUMYTh!

V, =m.k,, =110,2-2,83=3119r.

Bupyuka Bix peanizaiiii BOJIOroi CHUPTOBOI Oapiy CTAHOBUTHUME:

11, =V 1], =3119-200 = 62380rpH.
3aTparty Ha JAeHaTypallito 010€TaHOJIy CTAHOBIIATD:

3,=N,, Ks 77 _38504,6.—>.20,74 = 400226 TpH.

100 100
3aranpHl BUTPATU HAa BUPOOHHULITBO O10€TAHOIY CTAHOBUTUMYTh:

m, ], K,, =110,2-2700-0,5=148770rpH.
ExoHOMIsL KOIITIB BiJ BUKOPHUCTAaHHS OlO€TAaHOJNYy Ha 3aMiHy O€H3UHY
CTaHOBUTHME!

NI, — (3, +3,+3, —11,)=
=25500- 20,74 — (200891,25 + 40022,6 + 148770 —62380) = 201566,15 rpH.

301bIIIeHHST HAJXO0HKEHb KOIITIB BiJ] BUPOOHUIITBA O10€TAHOIY Y MOPIBHIHHI

3 peanizalli€ro 3epHa KyKypya3U CTaHOBUTD:
E =15 —(Mi L —3¢) =
= 201566,15—(110,2- 2700 — 200891,25) =104917,4 rpH.

TakuM YMHOM, TIPOBENEHI PO3pPaxXyHKH MOKA3alH, IO IS 3amilmieHHs 25,5 1
OeH3MHy 010€TaHOJOM HEOOXIAHO 3aJiATH MiJ BUPOLIYyBaHHSA KyKypya3u 15,75 ra.
ExoHOMisl KOIWITIB BiJi BUKOPHCTaHHS O10€TaHOIYy Ha 3aMiHy O€H3UMHY CTAHOBHTH
7,9 TpH. 13 pO3paxyHKy Ha OJWH KT OCH3WHY, 110 BUKOPHCTOBYBABCS B TOCIIOAAPCTBI.
30UIbIIEHHS] HAJXO/JKE€Hb KOIITIB BiJ BHUPOOHUIITBA Ol0€TAHONY Yy MOpPIBHSIHHI 3
peanizalii€ro 3epHa KyKypya3u cTaHOBUTH 952,06 rpH./T.

3anuTaHHA JJI CAMOKOHTPOJIIO:

1. Tlpo mio cBimuuTh aHam3 (Hi3UKO-XIMIYHUX BIACTUBOCTEHN OioeTaHOTy?

2. SIki OCHOBHI TiepeBar BUKOPUCTAHHS OI10€TAaHOJy B SKOCTI MOTOPHOTO
nanua?

3. SIkxi OCHOBHI TepeBaru BUKOPUCTAaHHS O010€TaHONY B SKOCTI JOOABKHU [0
OeH3UHY?

4. S$Iki OCHOBHI HEJIOJIIKM BUKOPUCTAHHS 010€TaHOJIy B IBUTYHAX?

5. Yum 00yMOBIIEHI EPCIEKTUBY BUKOPUCTAHHS 010€TaHOIY Y CBITI?

6. VY axux kpaiHax 610eTaHOJ] HAOUIBII PO3MOBCIOIKEHHM 1 YoMy ?

7. Illo Bu 3naete npo Bukopuctanus 6ioeranony B CIIIA?



8. Illo Bu 3naere npo Bukopucranus 6ioetanony B bpazumii?

9. o Bu 3Haere nmpo BUKOpUCTAHHS 010€TaHOJIY B KpaiHax €Bpocoro3y?

10. SIx1 ocobmuBOCTI GararonaauBHOro ABUTyHa cucteMu FFV?

11. Yu € nepcrieKTUBU BUKOPUCTAHHS O10€TaHOIYy B YKpaiHi?

12. Ha sxux cymimax O0€H3UHY 3 010€TaHOJIOM MOXKYTh IpaIlfOBaTU 3BUYAMHI
JBUTYHHU BHYTPIIIHBOTO 3rOPSIHHS?

13. ITo moTpiOHO 3MIHUTH MOPIBHAHO 3 POOOTOI0 HAa OCH3MHI MpU 301IBIICHH]
BMiCTy 010€TaHOIY B MAJMBHIN cymiri?

14. Po3kpuiiTe  0COONMBOCTI BHKOPHUCTaHHS  O010€TaHONYy B  JBUTYHaX
BHYTPIITHHOTO 3TOPSTHHS?

15. SIxi Buay manuBa i3 BMicToM OioeTanoiny Bu 3naere? Ha3BiTh iX Mapku.

16. SIki 0cOOIMBOCTI ABUTYHIB, 110 BUKOPUCTOBYIOTH Oi0€TaHOI?

17. SIxi cnocoOuW TOAONAHHS HEOJNIKIB BUKOPUCTAHHS Ol0€TaHOIY B
JIBUTYHaX?

18. SIki mepeBaru BUKOPUCTAHHS 010€TaHOJY B IBUTYHAX?

19. SIki € pu3UKU NpU BUKOPUCTAHHI 010€TAHOJY B SIKOCTI MOTOPHOTO HaiuBa?

20. [Ipyn sAKuX B3HAUEHHSX KyTa BHIEPEKCHHS 3alajeHHS JIOCATAETHCS
MiHiMaJIbHA BUTpata 6eH3uny i3 10% ta 20% nobaBkoto 6ioeTaHoIy?

21. Slka mepeBuTpaTa MalMBa TOPIBHSHO 3 INTATHUM OCH3MHOM IpHU
ONTUMAJIbHOMY 3HA4Y€HHI KyTa BHUIIEPE/DKCHHS 3alajJieHHS 3a YMOBHU >KUBJICHHS
aBToMOO1Ia 6en3uHoM 13 10% Ta 20% nobaskoro HGioeTaHOTY?

22. Hackinbku cymapHi MacoBi Bukuiu, 3BeaeHi a0 CO, mpu >KUBIEHHI
o6ensunoM 3 10% ta 20% no6aBkoro 010€TaHOIy MEHIII MOPIBHSIHO 3 OEH3UHOM?

23. Hackinbku 30UTBIIYETHCS TOAMHHA Ta THUTOMa BHTpaTa NalWBa NpU
3acTocyBaHHi cymitti 3 BMicToM 10% 6ioeTtanony?
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6. OCHOBHU BUPOBHUIITBA BIOI'A3Y

6.1. CyyacHi TeHaeHuUii PO3BUTKY TEXHOJIOTiH BHJAJEHHS Ta
BHKOPHCTAHHSA THOIO

OmuuM 3 eleMeHTIB 0e3BIIXOJHOTO BUPOOHMIITBA CLIBCHKOTOCIIOAAPCHKOL
IPOJYKIi € mepepoOka 1 BUKOPUCTAaHHS THOO. HU3bKI 103U BHECEHHSI OpPTraHIYHHUX
n00puB He 3a0e3MeuyroTh KOMIICHCallli BTpaT TyMyCy, IO NPU3BOIUTH O
MOTIpIIEHHS O10JIOTIYHUX BIACTHBOCTEH IPYHTY 1 HOTO jJerpaaarii.

Y 3B'SI3Ky 3 1IUM, BUHUKA€ HEOOXITHICTh y MepepoOlll THOI BETUKOI poraToi
xynobu (BPX) Tta cBuHel, muTOMa Bara SKWX B 3arajbHil KUIBKOCTI THOIO
HaiOibIIa, B TMOBHOIIHHI OpraHiyHi J0oOpHBa 3 BUKOPUCTAHHSM TEXHOJIOTIN
010ra30BOro 30pOIKyBaHHS 1 KOMIIOCTYBaHHS.

VY mpoueci mnepepoOku THIM (GEepMChKUX MIANPUEMCTB € JDKEPEIOM st
OTPUMaHHS Ta30M0JII0HOTO MajiuBa HAa OCHOBI OlOMETaHy, a TaKOX KOMIIOCTIB Ha
OCHOBI1 TIJICTUJIKOBOTO THOIO 1 THOIBKHM TICISi METAaHOBOTO 30pOJKYyBaHHS, SKi
MOBUHHI OyTH OCHOBHUM BUJIOM OPTaHIYHUX JOOPUB Y POCIUHHUIITBI.

['HoiBKa — piaMHA, sIKa BHUAUIAETHCA 13 THOKO MPH HOro BUIAJCHHI Ta
30epiranHi. i BUKOPUCTOBYIOTH JUIsi BUPOOHMLITBA KOMIIOCTIB, K pijike OpraHiyHe
JT00pPUBO 1 B IKOCTI O10CUPOBUHHU B 010Ta30BUX TEXHOJIOT1SX.

OpHuM 3 HAMBAXIUBIIIMX TMPHHITUIIB BUPOOHUIITBA KOMITOCTY € J0JIaBaHHS Y
BUXIJIHY CyMIII BYTJICLIEBUX MaTepiaiiB, sIKi € OCHOBHUM KOMITIOHEHTOM JUXaHHS 1
YKUBJICHHS MIKPOOPTraHi3MIB 1 sIKI 3[1MCHIOIOTH MPOIEC aepOOHOTO 30POJIKYBaHHS.
IIpn 3akmagui MarepiadiB Ha KOMIIOCTYBAHHS MOTPIOHO BHUTPUMYBAaTH TIE€BHE
CHIBBIAHOLIEHHS MK a30TOM 1 ByrjieueM. JJist miaATpUMKH 3a1aHoro OanaHcy, Oararti
a30TOM MaTepiajdd HAaCUYyIOTh BYIJICIIEBUMHU MaTepiajiaMu, 30KpeMa JO0 THOIO
JOA0Th BIAMOBIAHY HOPMY MiACTHIKH. J[JIS TOro, mo0 mpolec KOMITOCTYBaHHS
HIIOB y TOTPIOHOMY HANPSMKY, KOMIIOCTHA CyMIiIll TOBUHHA MaTH BYTJEIb 1 a30T y
criBBigHomeHHi C:N = 20-30:1 (C — kinbkicTh Byriieio, N — KiJIbKICTh a30TY).

[Ipn BHKOpHCTaHHI THOKO JJIi BHPOOHHUIITBA Oiorasy BHAUISIOTH JIB1
TEXHOJIOT1i: piakodasny 1 TBepaodasny. [Ipu TBepaodasHiii TEXHONOT!T BUHHUKAIOTh
TPYJIHOIIl, TOB'sI3aHI 13 3a0€3MeYeHHSM ONTUMAJIbHUX YMOB MPOTIKAHHS
MIKpOO10JIOTTYHHUX TPOIlECiB depmeHTallii 0ioMacu. Y TepIry 4epry 1€ CTOCYEThCS
3aBaHTAXKECHHS 1 TOMOreHizamii OioMacH, sKa HaaAXOAUTh Ha 30pOKYyBaHHS.
3acTtocyBaHHs piakoda3zHoi (epmeHTalii € OUIBII TMOIIUPEHUM Y MPAKTHUII
BUKOPHUCTAaHHA O10ra30BUX yCTaHOBOK. [Ipu 1mboMy, 3abe3rneuyioTh Oe3nepepBHE
BBEJICHHS HEBEJIUKUMU TOPIISIMU BX1JHOI O10Macu B METaHTEHK, SIKUM MPEJICTABIISIE
co00I0 €EMHICTH-3MIIIIYBayY, A€ MIITPUMYEThCS 3a/laHa BOJIOTICTh 1 Temmeparypa 0e3
JOCTYITY MOBITPSI.

TemmnepaTypHuii ONTUMYM TIPOIIECY METAHOBOTO 30pOKYBAaHHS JICKHUTH B
Mexax Bim 35 1o 55°C, kpiM TOro y pimKOMy THOI MiCTHTBCS 3HAYHA KiTBKICTH
MiHEpAIPHUX BKIIFOUCHBb HASIBHICTh SKHX HE OakaHa IIPH BHECEHI THOIO 710 010ra30BO1
YCTaHOBKH, TaK K BOHU HE OepyTh y4acTl y METaHOBOMY 30pOIXKyBaHHI.

Cucrema BUAAJIEHHS THOIO 13 MPUMIILLIEHB AJS TBApHH 1 1000BUI 00CAT THOIO
ICTOTHO TIO3HAYAIOTHCA HA 00CATaX THOECXOBUIII, & OTXKE, HA KaIiTATbHUX BUTpaTax,



HEOOX1MHUX 17 iX coopymxkeHHs. KpiM Toro, mpu HaKONWYEHHI CHPOBHHU
HEOOX1THO BpaXxOBYBaTH Ty 0OCTaBHHY, 110 3 YACOM THiil BTpayae a30T Ta OpraHiuHy
pedoBHHY, MmO 0araTo B 4OMy BH3Haua€ €(EKTUBHICTh HACTYIHOTO €Tally MHOro
BUKOPHUCTAHHS JJI1 BUPOOHUIITBA KOMITIOCTY Ta OTPUMAaHHsI 0iorasy.

Cnig 3a3HaYuTH, 110 METaHOBE 30pOJKYyBaHHS HE 3a0e3redye 3He3apakeHHs
THOIO, KWW MianaeTbes epMeHTalli B 010ra30BUX yCTaHOBKAaX, KpIM TOTO Yy pasi
BIIKpUTOTO 30epiraHHs BiX0/11B 30pO/KyBaHHS BUAUIATUCSA MeTaH. Tak, HanmpuKias,
BIJIMTOBITHO /10 3aKOHIB HiMeuunHu Tpo MOHOBIIIOBAHI JKEpeia €HEepTii, IMiIBHUIICHA
yBara MPHUAUISETHCS 3aKPUTHM CXOBHMINAM s 30epiraHHs ©OioMacu MiCis
30poKyBaHHA. Po3Mipy TakuX CXOBHWII, SIK MPABUIIO, CIIOPYKYIOTh 00'€MOM, SIKUN
3abe3nedyBaB O yTpuMaHHS 30poKeHOT OioMacy He MeHTT Hixk 180 gHiB.

[Tpu BupimeHHi 3aaa4i 300py 1 HArpOMAaJKEHHsS BUXIAHOI CHUPOBHHH BapTO
BpPaxOBYBAaTH MPHUAHITY B KOHKPETHOMY T'OCIIOJIAPCTBI CHCTEMY BHIAJICHHS THOIO i3
MIPUMIIIECHB JUIST TBAPUH, JOOOBUM 0OCAT THOO 1 HOTO CKIIal.

Hamu 3ampomnioHoBaHo TexHoJjiorito (puc. 6.1), sxka nepembadae 30ip cymiri
THOIO 1 MIACTUIKH B3JOBXK 30HM YTPUMaHHS TBapWH, il MO HAa THOIBKY 1
MIJCTUIKOBUN THIM, BUJAJICHHS iX 3 TBAPUHHHUIILKOTO MPUMIIICHHS Ta MOJAJbIIIe
BUKOPUCTAaHHS THOIBKU JIJIi aHAepOOHOTo 30pO/KyBaHHS 3 OTPUMaHHsAM Oiorasy, a
MIJCTUIKOBOTO THOIO, SIKUW MICTUTbH MIJICTUJIKY, JJII KOMIIOCTYBAHHSA 1 MOJABIIOTO
BUKOPUCTAHHS OTPUMAHOTO KOMIIOCTY SIK OPTaHIYHOTO JOOpHBA.
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1 — migcTUAKOBHIl THIiil; 2 — MOXWIMI TpaHCHOPTEP-po3aiaoBay; 3 —
rHie30ipuuk; 4 — migirpiBa4-BUTpUMYyBa4d; S5 — Tem1000MiHUK; 6 — Hacoc; 7 —
TeNJIOOOMIHUK; 8 — mpuBOAHA cTaHUiss Oiopeakropa; 9 — iHokyJasaTop; 10 —
OiopeaxkTop; 11 — BoJsioroBigisitoBau; 12 — rasroapaep; 13 — ra3oBuii peayKrop;
14 — Tenamus; 15 — maligaH4YuK i 0012 JHAHHS 1JI KOMIIOCTYBaHHS
Puc. 6.1. YiockoHa/ieHa TEXHOJIOTiYHA cXeMa BUIAJIEHHSA TA NePepoOKH rHOI0



3anpomnoHoBaHa TEXHOJIOTIYHA CXEMa J03BOJISIE: PO3AUISTH THIA Ha THOIBKY 1
MiJCTUIKOBUM THIA TPaHCHIOPTEPOM-PO3AUTIOBaYEM; TMIATOTYBaTH THOIBKY JO
METaHOBOT'O OPOJIIHHS y MIrpiBayul-BUTPUMYBaUi 3a paXyHOK aepoOHOi hepMeHTarlii
Ta MAITPIBy; IMPOBECTH aHAepoOHE 30pOJKyBaHHS THOIBKM 1 3aBEPIIUTU IMPOIEC
NepepoOKr NUITXOM KOMIIOCTYBAHHS MIJCTUIKOBOTO THOIO Ta 30pO/KEHOI THOIBKH,
MICIIA YOTO OTPUMAaH1 MPOAYKTH BUKOPHUCTATH B AKOCTI OpraHIuHUX JOOPUB.

[3 30UTbLIEHHSIM JO3W BHECEHHS MIJICTUIIKU CIIOCTEPIraeThCs 3MEHIICHHS
BUXOJly THOIBKM IMpPH HE3MIHHOMY 3Ha4yeHHi Bojiorocti. Hamu oTpumanoro rpadik
3aJIe)KHOCTI BUXOAY THOIBKH BiJl BUY TBapUH NMPHU BHECEHHI PI3HOT 103U MiACTHIKU
IIPY BEIMYMHI MaKCUMAIBHOT BOAOYTPUMYIOUOi 31aTHOCTI Ha piBHI 80% (puc. 6.2).

I3 rpadika BugHO, 1O 31 30UIBIICHHSIM JO3M BHECEHHS IIiJACTHIIKU
CIIOCTEPITAEThCS 3MEHIICHHS BUXOJY THOIBKH. Tak, HampWKiIaa, MpU J000BOMY
BUKOPUCTAHHI MIACTUJIKA B KUIBKOCTI 4 KI/TON., BUXIJ THOIBKM CTaHOBUTHUME
15,1 kr/ron. 3a 106y a1t BPX Ta 9,1 xr/rou. 3a 1o0y Juisi CBUHEH, a TIpH 301IbIIICHH]
7031 MIJACTHIIKU 10 6 Kr/To., BiAnoBiaHo — 8,4 Ta 2,5 kr/ron. 3a 100y.
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Puc. 6.2. 3ajexHicTh BUX0Y THOIBKH BiJl 1034 MiICTHIKHU

Buxija rHoiBKHM B pO3paxyHKYy Ha
O/IHY T'0JIOBY, KI/100y

O N B~ OO 0
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|

Po3paxyHku moka3yroTh (puc. 6.3), 1Mo 3MEHIICHHS] BHECEHHSI TIICTUIIKU JIJIS
BPX 3 7 no 5 kr/roin. 3a 100y mpU3BOAUTH 10 301IBIICHHS! BUXOMY KUTBKOCTI 6iorazy
BnBidi 3 20 1o 40 n/ron. 3a 100y, HATOMICTh BUX1J KOMIIOCTY 32 YMOBH IOBEPHEHHS
30pO/PKEHOT THOIBKHM MICJISI METAaHTCHKA MPU I[bOMY MPAKTUYHO HE 3MIHIOETHCA 1
3HaXOJUThCS B Mexax BiA 37 mo 38 kr/roi. 3a n1o0y. J{ns cBuHeH Buxia 6iorasy npu
3MEHIIICHHI JI03H MIJACTHIIKH 3 6 10 5 Kr/rou. 3a 100y 30inbmryeThes 3 10 o 23 n/rom.
3a 100y, a BXXe MPU 3MEHIIICHH] BHECEHHS MIACTHIIKU 3 3 710 2 KI/Toj1. 3a 100y BUXi]
6iorazy cranoButume 43 Tta 50 5/ron. 3a 100y BiANMOBIJHO, @ BUXiJ KOMIIOCTY 3a
BUIII€3a3HAYCHUX YMOB 3HAXOAUTHCA B Mexkax BiJ 22 10 24 kr/roi. 3a 100y.
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= = *BUXiJ KOMIIOCTY 3 THOIO CBUHCH == <=BHXiJ KOMIIOCTY 3 THOIO BPX
s+ BUXij O6i0Ta3y 3 THOIO CBUHEH = Buxij 6iorasy 3 ruoro BPX

Puc. 6.3. BIuiuB 1031 MiACTUJIKHA HA BUXiJ 0iora3y Ta KOMIocTy

TakuM 4MHOM, 3MIHIOIOUU J03Yy MiJACTHIKKA MOHA 31MCHIOBATH YIPABIIHHSI
MPOIECOM BHUJAJICHHSI THOI 3 IUIAHYBaHHSM OOCSTIB MOJAIBIIOTO PO3MOALTY
MIJCTUIKOBOTO THOK Ha aepoOHy (epMeHTalil0 Ta THOIBKM Ha aHaepoOHe
30pOo/KyBaHHS B 010Tra30BHX YCTaHOBKAaX 3 MOJAJIBIIUM ii TOBEPHEHHSIM Yy TPOIIEC
KOMITOCTYBAaHHS T1JICTUIKOBOTO THOIO.

6.2. CyuacHi TeHaeHIIii pO3BUTKY 0i0ra3oBHX yCTAHOBOK

HeoOxigHicTh IepepoOKH THOIO Ta MOCIHIY BIAKPHIA HOBUM MEPCIEKTHUBHUMN
HalpsIMOK Yy KOHCTPYIOBAaHHI TEXHIKM Ta OOJaJAHAHHS JIsI arponpoOMHUCIOBOIrO
komiuiekcy. e y XVII cromitri Sln bantuct Ban I'enbMoHT BUsiBHB, 1110 Oiomaca,
sSKa PO3KJIAJAEThCS, BHAUISE 3aMHCTI Tasu. Aneccanapo Bosbra B 1776 porr
MPUIIIOB JI0 BUCHOBKY IO ICHYBaHHS 3aJIEKHOCTI MK KIUJIBKICTIO OlomMacH sika
po3KJIanacs 1 KUIbKICTIO Ta3y, 1o BuguiuBcsa. Y 1808 poui cep Xemdpi JleBi BusiBUB
MeTaH B Oiorasi. [lepia 3ajokymMeHTOBaHa Oi0ra3oBa ycTaHOBKa Oyia 1mo0ypoBaHa B
bomb6ei (Inaist) B 1859 pomi. ¥V mpomy  pori Oiora3 movaB 3acTOCOBYBABCS Y
BenukoOpuTaHnii 115 ByJJUYHOTO OCBITJICHHS.

Punok Olorasy Ha ChOTONHINIHIA Yac HaWOUIBII PO3BUHEHUU y €Bpori, 1e
MOSICHIOETHCS THM, III0 caMme po3BuHEH1 kpaiHu €C mepimmMu BIPOBAAWIN MPOTPaAMU
nepexoay M0 albTEPHATUBHUX JDKEPEN EHeprii Ta IUIAaHOMIPHO MiATPUMYBAIH
1HIIIaTUBH, CTIPSMOBAHI Ha BIPOBAHKEHHS HOBUX 010Ta30BUX TEXHOJIOT1H.

Cporoani rmepie Micle 3a KIUIBKICTIO Jil0YuX 010ra3oBUX KOMILIEKCIB
HajexuTh Himeuunni — B 2010 poui iXx HamiuyeTbes moHan 9 tucsd. Tineku 7 %



BUPOOJICHOTO MMM MIANPUEMCTBAMHU 010Ta3y HAAXOIUTH B Ta3oMpOBOHU, pEIITa —
BUKOPUCTOBY€ETbCS JUIsi OTped BupoOHuKa. Y mepcrektuBi 10-20 % npupoaHoro
ra3y, KUl BUKOPUCTOBYEThCA B KpaiHi, MOXKe OyTH 3amiHEeHUM Oiorazom. 3 TOUYKHU
30py MacmrTabiB 3acTocyBaHHs Oilorasy mimupye JlaHisg: gaHuid BUJ IaJUBa
3abe3neuye maixke 20% eHeprocrnoXxuBaHHs KpaiHU.

Cydachi 0iora3oBi yCTaHOBKHU PO3AUISIOTHCS HA JBa TUIHU 33 TEXHOJIOTIEIO
M1JTOTOBKHU 1 OpOJIHHSA CUPOBUHU: piaKkodazHa TEXHOJOT1S (BOJIOTICTh 30POKYyBaHO1
opraniuHoi macu Ouibiie 85 %) 1 TBepaodazHa (BOJIOTICTh OpraHIYHOT Macu MEHIIIe
85 %).

TBeprodasne OpomaiHHS ABJISE COOOO CEpito MOCIIOBHUX onepartii (puc. 6.4).
Buxinna cupoBuHa, HampuKIIaa, 610J0TIYHI BiIXOU, THIH, IIJIaM, )XUpU a0do 3eJIeHa
Maca, TOMIIMAIOTECS B TEPMETUYHO 3aKpUTUW ¢depMeHTep 1, SK MPaBHIoO,
HarpiBaloThbCs Ta nepeMimyroThcs. [Ipyu 1bOMy, BHACHIIIOK aHAEpOOHUX MPOLECIB,
YTBOPIOEThCS Oiora3z. Y naHuil yac 0ioras 3acTOCOBYEThCS, B OCHOBHOMY, MIJis
KOMOIHOBAHOT'O BUPOOHUIITBA eJeKTpoeHeprii 1 Temia B 61oxkoBux MiHi-TELL. 'azoBy
CyMilll OYnIIalTh Bij cipkoBoaHIO (H,S) 1 momaroTh 10 ra3omopIiHeBOro JBUTYHA,
SAKUW TIPUBOJIUTH B 00epTaHHA reHepatop. BupoOieHuil TakuM 4YMHOM €JIeKTPUUHHIMA
CTPYM HAJXOJUTh B MEPEXKY.
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1 — ¢epmenTep; 2 — 6iomaca; 3 — 3aBaHTAKYBAJIbHO-PO3BAHTAKYBAJIbLHUM
oTBIip; 4 — BUXia Oiorasy; 5 — kiaman; 6 — razonposig; 7 — 010k TELL; 8 — minist
BixnpausoBanoro ra3y TEILL; 9 — Bentuasitop; 10 — jiiHis cBizoro nosirps; 11 —
NYJbT YHPABJiHHA; 12 — naTuuK MeTaHy; 13 — 1aTUYMK KOHIeHTpaii
BYIJICKHUCJIOTO ra3y; 14 — naT4uk il BU3HAYEHHA 00'€eMHOI BUTpaTH Oiorasy
Puc. 6.4. Cxema TBepaoda3Hoi 6i0razoBoi ycTaHOBKH

Tenno 13 cCUCTEMH OXOJIO/DKCHHS JBUTYHA 1 TEIUIO BUXJONMHUX Ta3iB
BIJIBOJIITHCS 32 JONMOMOTOI0 TEIUIOHOCIS JUTS MOJANIBIIOr0 BUKOPUCTAaHHS. YacTHHA
nporo teria (15-30 %) HeoOximHa st WiAIrpiBy O1OCHPOBHHU Ta MiATPUMAHHS



BUOpaHOi Temneparypu pepmeHTallii, Tak sk OakTepiaibHi IITaMH, 110 BiANOBIIal0Th
3a po3KJIagaHHs 0loMacu, HaAMOUIBII MPOAYKTUBHI B Jiana3oHi Temmneparyp Big 37°C
(me3o¢unbHl) 10 55°C (TepMOPUIbHI).

HapnmumikoBe Temno Moxke OyTH BHKOPUCTaHE PIZHUMH CIIOKHBaYaMu.
HaiiGinpm edeKkTHBHI YCTAaHOBKU 3 IIJIOPIYHUM BUKOPUCTAHHAM Teruia. Y JESIKUX
IpoeKTax 6iora3 30arauyerhCs 1 3aKauyeThCS B Ta30IPOBII. TakuM YMHOM 3pOCTaIOTh
IaHcu JJ1s1 OyAIBHUIITBA 010ra30BOi YCTAaHOBKHU B THX 30HaX JIe BIJICYTHI CIIOXKHBayi
Tera. 30aradeHuid 0iora3 TakOXX MOXE OYTH BHKOPUCTAaHMHA SIK TAJIWBO IS
aBTroTpaHcnopTy. Ilicis MeTaHOBOro 30pOKyBaHHS 3aJMIIKOBUN CyOCTpar
MPAKTUYHO HE MA€ HEMPHUEMHOTO 3aaxy 1 3aCTOCOBYETHCS SIK OpraHiuHEe T0OpUBO Y
CLIbCHKOTOCTIOIAPCHKOMY BHPOOHHIITBI.

Hamu BcTaHoBneHo (puc. 6.5), mo nuromuii Buxin 0ioraszy 301IbIIY€ETHCS MPH
30UTBLIEHH]I BOJIOIOCTI THOKO Ta TEMIEPATYPH 1 €KCIo3ullli 30poKyBaHHs. Tak npu
ekcro3uilii pepMeHTallii THOr 15 7106 Ta MpU BOJOTOCTI 30pPO/KYBAHOT MAacH THOIO
BPX W=77 % i temmeparypi 36pomwkysanns I'=35°C murommii Buxiz Giorasy He
nepeBuiyBaB 1 JI/Kr cyxoi macu 3a o0y, a MpHU BOJIOTOCTI 30pO/KYyBaHOI Macu
W=87 % Ta temmeparypi 30pomkyBamms 7=53°C mmroMmii BHXix 6iorasy
3HAXOAMBCS B Mexkax 4-5 JI/KT cyXxoi Macu 3a J100Y.
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Puc. 6.5. 3anexunicTs BUxoay 6iorasy Big remneparypu 30poaKyBaHHA i
B0JIOTOCTi OiomMacu

VY nmuTaHHI PO3BUTKY TEXHOJIOTiH TBEpaoda3sHOro 30pOKyBaHHS HEOOX1ITHO
OPUAUIATA yBary YAOCKOHAJICHHIO MIKpOOIOJIOTIYHUX TMpoIieciB  (epMeHTaltii
O0ioMacu Ta TOWYKY €(QEeKTUBHUX KOHCTPYKI[IHHO-TEXHOJOTIYHUX  PIIICHb
dbepMeHTepiB, OCOOJIMBO II€ CTOCYETHCS TEXHOJIOTIYHUX OMEpaIliii 3aBaHTAXKEHHS
Olomacu, 1i Oe3mepepBHOrO TEPEMINIyBaHHS 1 JOTPUMAaHHSA CTaOUTLHOTO
TEMIIEPaTyPHOTO PEXXUMY POOOTH pepMeHTeEpA.



TakuM YMHOM, HU3bKA €(PEKTHUBHICTh MPOIECY BUIIICHHS METaHy IiJ 4ac
TBepAo(da3zHOro OpOJiHHS B ICHYIOUHX OlopeakTopax OOyMOBJIEHA B IEpIIY Yepry
BIJICYTHICTIO 3aC001B JJIsl MPOBEJICHHS HaJIeXKHOT TOMOTeH13allii pearyrouoi 610MacH.

[TormupenuM MeToJIOM BUPOOHMIITBA Olorazy € aHaepoOHEe 30poKyBaHHS
pinkoi  Oiomacu  (W=88-95%)  MeraHOreHepylOUMMHU  MIKPOOpPraHi3MaMu.
3actocyBaHHA pIAKO(A3HUX TEXHOJOTIYHUX MPOIECIB € OUIbII MOMMPEHUM Y
NpaKTHIl BUKOPUCTaHHA Oiora3oBux ycraHoBok. Lleii mpomec momnsrae y
Oe3repepBHOMY BBEJICHHI HEBEIIMKHMHU TOPIISIMU BX1JTHOI CHPOBHHU B METAHTECHK,
SKUW TIPEACTABIIIE COOOI0 MICTKICTh-3MINTyBa4 0€3 JIOCTyImy TOBITPSA  JIe
HOiATPUMY€ETbCA 3aJjaHa BOJIOTICTH 1 Temmeparypa. Cxema OiopeakTopa SKUM B
OCHOBHOMY KOMILIEKTYIOTh 3apy0OixHi BI'Y, npencrasiena Ha (puc. 6.6).
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1 — OyHkep sl CHIIKOTO cy0cTpaTy; 2 — MoJAaBAJIbLHUI T'BUHTOBHA
TpaHcnoprep; 3 — Barosa miargopma; 4 — rBUHTOBUI HUKHIN TpaHcnoprep; S —
NiIHIMa04YUii TBUHTOBMI TPAHCNIOPTEP; 6 — MOBITPSAHMI KynoJ1; 7 — 0iorazoBui

KYIoJ1; 8 — piBeHb HAIIOBHEHHSI; 9 — BepTHKaJIbHA pyxoMa Mimanaka; 10 —
HeHTpaJbHa onopa; 11 — Tpyda nus mogaui mosirpsi; 12 — marpy0ok aus
Oiorasy; 13 — Tpy0a aJs nogayi piakoro ruorw; 14 — onopa aias mimagnkm; 15 —
noxmJjia mimaJjnka; 16 — narpyook s BiaBeaenns 6iomacu; 17 — cucrema
peryJjiloBaHHs Temneparypu; 18 — cucrema nigirpiBy 6iomacu
Puc. 6.6. Cxema pinkodga3sHoi 6i0razoBoi ycTaHOBKHU

Taki peakTopu BHUKOHYIOThCS 13 3aii300eToHy abo crTajxi 1 MaroTh
aHTUKOpO3iiiHe TOKpUTTS. CrerianbHl MIMAIKA 3a0e3MedyloTh TepeMillyBaHHS
CUPOBHHH 3 OCHOBHOIO pearyrodoro Oiomacor. lle cnpusie meBHIN OXHOPIAHOCTI
(hepMeHTaIlIHHOI CyMIillli, YaCTKOBO CTPUMYIOYH YTBOPEHHS IOBEPXHEBOI KIPKH.
Bupainenuit B mporeci ¢epmenTanii 0iora3 HaKOMUYYETHCS MM KYIMOJOM, IOTIM



OPOXOJUTh CHUCTEMY OYMILIEHHS 1 TMOAAEThCA JO CHOXHUBadiB (KoTen abo
KOreHepalliiiHa yCTaHOBKa).

VY KOHCTPYKIIisIX 010ra30BUX YCTaHOBOK 3aKJIaJeHUI MPUHIIMIT MOIYJIbHOCTI,
10 JT03BOJISIE PU HEOOX1THOCTI HAPOITYBATH iX MPOYKTUBHICTD.

Ha punky 3axigHoi €BponM NpHUCYTHS 3HAYHA PI3SHOMAHITHICTH 010Ta30BUX
YCTAaHOBOK pPI3HOI MOTY>KHOCTI Ta KOHCTpyKIi: Benukux (Oinbme 1000 kBr),
cepennix (Big 500 mo 1000 kBT) Ta manmux ycrtanoBok (10 500 kBT). V aitounx BI'Y
MEePEeBaKAIOTh PEAKTOPU LWIIHAPUYHOI (QopMH. Y TaKuX peakTopax 3 IEBHOIO
e(peKTUBHICTIO MOXKHA TMepeMilllyBaTH CyOCTpaT, BHUBaHTaXyBaTH 30pOKEHUIN
cyOcTpar, BumanaTtu Oiora3 1 pyilHyBaTH MOBEpXHEBY KipKy. [Ipu OyaiBHHUIITBI
pEaKTopiB BUKOPUCTOBYIOTH OETOH, 3ali300€TOH, CTaJE€BUN JUCT, CKJIOILIACTHUK.
MicTkicTh OpOaMIbHOT KaMepy HE TIOBUHHA MATU JOCTYITYy TOBITPS, a KOPITyCY MaTu
TEIUIOI30JIAIIII0 1 KOpPO3iHY CTIHKICTh. Y cepeanHi OpoaWiIbHOI KaMepu Mae
MIATPUMYBATHUCS TIOCTIMHA TeMmmeparypa, IJs bOro BOHA O0JIaJlHaHA MPUCTPOSIMHU
it TepmocTabimizarii. Ciijl 3a3HaYMTH, 110 TPEJICTABICHUNA BapiaHT 0l0peakTopa,
SK 1 OUIBIIICTh ICHYIOUHX, MAalOTh TEIIOI30JIAIII0 1 3a0€3MeuyoTh Mpare31aTHICTh
B3UMKY HE TIJIbKU B paliOHaX MiBJAEHHOI 1 IIEHTPaJIbHOT €BPOMU 3 M'SIKUM KJIIMaTOM, a
1 KpaiHaX KOHTHHEHTaJbHUM KiIiMaToM. BapianTu peanizaiiii TakMX yCTaHOBOK Ha
TepuTopli YKpaiHnu npuBesieHi Ha puc. 6.7, a iXx OCHOBHI IMOKa3HUKH B Ta0m. 6.1.

D

Puc. 6.7. BapianTu peani3zauii pigkoda3snux 6iorazoBux ycTaHoBOK Ha TePUTOPii
Ykpainu

Henonikom Takoro tumy O010ra3oBUX pPEakTOpiB € Te, IO 3a pPaxyHOK
HEJOCTaTHHOT'O Ta HEPIBHOMIPHOTO MPOTPIBaHHS PI3HUX YACTUH CYMIII, KOJMBAaHHS
TeMIiepatyp B 00’emi cyOcTpaTy CTaloTh 3HauyHUMHU. lle mopyImrye TexXHONOTIvHI



BUMOTH Ta 3MEHIIy€ MPOAYKTUBHICTb WIOJO0 BHXOAYy Oiorazy MOPIBHSIHO 3
TEOPETUYHUM. 3a PaXyHOK HEBIAMOBIAHOCTEH BEPTUKAIBHOTO TPAIIEHTY TEMIIEPATYP
y HIDKHIA 30HI YTBOPIOETHCS XOJIOAHHMNA MAJIOPyXOMHH IIIap, a BEpXHsS 30HA
neperpiBaeTbes. Jlo HEMOMIKIB TaKMX PEaKTOPIB MOXKHA BIAHECTH BEJIWKI ILIOIII
TEMI000MIHHUKIB, 110 MPHU3BOAUTH IO 3HAYHOTO 3POCTAHHS BapTOCTI CIOPYHKCHHS
peakTopa. TexHosoris OpojiHHS B 010ra30BHX YCTaHOBKaX IMOTPEOYy€E TOTPUMAHHS
BU3HAUCHUX TMNPUUHATHUX MEX TEMIEPAaTypHOTO pPEKUMYy, Ta cradimi3arii
TEII000MiHY MK HarpiBHUKOM 1 CyOCTpaToMm.

Ta6muusa 6.1. Iloxka3Huku AirouMx 0i0ra3oBHX YCTAHOBOK HAa TepUTOPil
YKpainu

) Pik BBeneHHs B , 3 | IloTyxHICTb,
[TigpuemMcTBO N —— Bun cupoBunu O0'eM, M MBrt

?BHHO(PepMa " 1993 ['Hiit cBUHEH 600 —

3anopikcTaiab
Csunodepma

Arpo-Osen 2003 Tuiii commeii | 2x1000 20,06
JIHIIponeTpoBChKa
00.1.
3eaeHui rai 2008 Cunoc 1150 2x0,125
XepcoHChKa 0011. KYKYpYI3H

Enita" KuiBceka 2009 ['min BP}U( Ta 1500 0,25
001 CBUHEHN
"VMK" KuiBcnka . 3x2400+
o6 2009 I'aii BPX 1%1000 0,625
CeuHodepma ['Hiit cBUHEH Ta
"Jlanoma" IBaHo- 2013 CUJIOC 2x5500 1
®dpaHkiBChKa 00171 KYKYpYI3H
[Itaxodabpuka
"Openb-Jlinep" ITocmig Ta cuioc

; 2013 10x3500 5

JIHImponeTpoBChKa Copro
00.1.
['moOuHCHKNMI
IIYKPOBHI1 3aBOJT 2014 KoM Ta cuitoc 6x8000 16
ITonTaBchka 00II.

[Ipn BUKOpHCTaHHI TPOTOYHUX PEAKTOPIB ICHYE MOMKIUBICTH TOTO, IIIO
HE3HAYHa YaCcTHHA MOJaHO1 B PEaKTOP CBIXKOI OlomMacu 3pasy x Oyje BUBaHTaXeHA 13
peaktopa. Haiikpaiie 1ie TMUTaHHS BHPINIYETHCS 3a PAaXyHOK TOJa4di B PEaKTOP
HEBEJIMKUX TOpPILIN cyOcTpaTy JeKiibka pa3iB Ha JIeHb, a TaKOX BUKOPHUCTAHHS
JEKUTbKOX PEAKTOPIB, IO MPALIOIOTh, SIK MapaiesIbHO TakK 1 MOCIII0BHO.

JocBin ekcruryararlii Takux piakoda3sHUX pPEaKTOPiB BKa3ye Ha CKJIAIHOCTI
0OyMOBJIEHI HEJOCKOHAIIICTIO TIPOLECY, SKUM BUKOHYETHCS 13 3aCTOCYBaHHSIM
MEXaHIYHUX TBHHTOBHMX MIIIAJIOK, MOXJHMBOCTI SKHX IEpeMillyBaTh CyocTpaT y



KOHKPETHHM Tepio]] yacy B KOHKPETHOMY OO’€Mi HE MPOBOJAAYHU IEPEMIIIyBaHHS
mapiB cyocTpaTy Yy BEpTUKaJbHIM TIUIONIMHI, HE 3aJ0BOJIbHSE BHMOTaM
TEXHOJIOTIYHOI'O TPOIIECY TOMOTEHI3allll Ta MmoTpedaM MiABOAY MOKUBHUX PEUOBUH
710 KOJIOHIN METaHOYTBOPIOIOUMX MIKPOOPTraHi3MiB 10 BChOMY 00’eMy OiopeakTopa.
Kpim Toro, B Takux peakTopax HE YCYBA€TbCs SIBUIIE pO3LIapyBaHHs OloMacu 3
YTBOPEHHSM HENPOAYKTUBHUX 0alaCTHUX IIAPIB 3 PI3HOIO MUTOMOIO Baroio.

Y pe3ynbpTaTi HAKOMWYEHHsS MiHEpaJIbHOI CKJIQJ0oBOi OloMacH B HIDKHIN
YacTHUHI peakTopa B mpoiieci ekcruryaranii bI'Y mpoayKTHBHICTh peakTopiB Hajaae 1
yepe3 2-3 poku ckinagae 50 % B BITHOLIEHHI J0 MPOEKTHOI, 3HAYHO MOTIPIIYIOYH
eKCIUTyaTalliiiHl 1 €KOHOMIYHI TMOKa3HHKU BHUPOOHUIITBA Oiora3y. 3BUIbHEHHS BiJ
OamacTHUX MIApiB € TPYIOMICTKOIO OMNEpali€lo, Ky HEOOXITHO BUKOHYBATH Y
ITKIIJTABAX YMOBAX.

TexHOJOrYH1 Npouecu BUPOOHUITBA 010ra3zy MOCTIMHO yIOCKOHAJIOIOTHCS B
HaIpPSIMKY T1JBUIIEHHS €HEPreTHYHO1 €()eKTUBHOCTI 010ra30BUX YCTaHOBOK.

HaiiGinpmn  TOBHO  JOCBiA ~ BUKOPUCTaHHS ~ 0IOra3oBUX  YCTaHOBOK
MPOaHaJI30BaHO ATEHTCTBOM BiJIHOBJIIOBaHUX pecypciB HiMeuunnu. ABTOpH aHai3y
BKa3yIOTh, 110 MPHU BIJICYTHOCTI MEpEMIIIyBaHHs 010Macu B PEakTopi, yepe3 ACsKUuii
4ac CIOCTEPITaEThCs PO3/ALICHHS 010Macy 3 YTBOPEHHSIM IIAPiB 32 paxyHOK PI3HUII B
HIUTBHOCTI OKPEMHUX MIHEPAJIbHUX Ta OPTraHIYHUX KOMIIOHEHTIB, a TAKOX 32 PaXyHOK
¢drortamii yacTMHOK mpu razoBuiauvieHHi. [Ipu 1pomy Oinbiia yacThHa OioMacu
aHaepoOHUX OakTepil 3HAXOIUTbCA B HIDKHIM YacTHMHI peakTopa, a OpraHiuyHa
yacTMHa OlomMacu cyOcCTpaTy HAKONMYYEThCS Yy BEpXHIM YacTUHI peakTopa.
Hacninkom 1mporo € Te, 1m0 30Ha KOHTaKTy aHaepoOHHMX OakTepii 13 010Macoro
cyOcTpaty oOMeKeHa MOTrpaHWYHUM IIapOM BKa3aHUX YAaCTUH peakTopa. IlnaBaroua
KipKa 13 TBEpAMX OpPraHIYHUX PEUYOBUH TAKOX OJOKye Buxij Oiorazy. CrpusiHHSA
KOHTAKTy aHaepoOHUX OakTepiit 13 6iomacor cyOcTpary 3a0e3medy€eThes 3a paxyHOK
nepeMilTyBaHHsl CyOCTpary, OJHAK MPHU 1bOMY IHTEHCHUBHOTO MEPEMIITyBaHHS CIIiJI
VHUKAaTH, OCKUIBKM 1€ MOXE€ TPHU3BECTH [0 TPUIUHEHHS aHAaepOOHOro
30poKyBaHHS 3a PaXxyHOK IMOPYIICHHS CHUMOI03y alleTOTeHHUX Ta METAHOTCHHUX
Oakrepiii. Ha mpakTuili KOMIIpOMIC JTOCATAETHCS 32 PAXYHOK MOBUTBHOTO 00€pTaHHS
MiIajgok abo X poOOTH yIPOJAOBK KOPOTKOTO Yacy.

YactuHa TBepauX MiHEpaIbHUX BKIIOYEHB, SIKI MICTATHCS B CyOCTparax Ha
OCHOBI THOI0, 3BUIBHSETHCS B TIpPOIeCi OIOJOTIYHOTO PpO3KIATy B PEAKTOPI.
MinepasibHUI 0cajJ MPU3BOIUTH /10 3MEHIIIEHHSI KOPUCHOTO 00’ eMy peakTopa. JlocBif
eKCIUTyaTallii peakTopiB 010ra30BHX YCTAaHOBOK IIOKa3aB, IO YXE€ 3yCTPIUarOThCA
pPEaKTOpH HAIOJIOBMHY 3allOBHEHI MiHEPAJIBHUM OCAJIOM, SIKHH MOXKIIMBO BHIATUTH
JIMIIIEe eKCKaBaTOPOM IiCHIsI TIOBHOT 3yMUHKH MPOIIeCy 30pOIKyBaHHS.

[InaBatoui 1miapu, OCOOJIMBO HA OCHOBI BOJIOKHHUCTUX CyOCTpaTiB, 4acTo
YTBOPIOIOTH KIPKY 1 SIKILO 11 HE PO3MILIATH, TO PEAKTOP TAKOXK HEOOX1HO 3YMUHSTH
TSt 11 BUasieHHs. BkazaHi Heomiky 010ra30BUX YCTAHOBOK BiMIYajucs B 0aratbox
HAyKOBHUX pOOOTax.

Takum 4YwHOM, 30pOPKYBAaHHS THOIO JA€ 3MOTY BHUPIIIUTH EKOHOMIYHI,
€KOJIOTIYHI Ta CaHITapHO-€MiIeMIOJIOTIYHI MpoOJIeMH, M0 BUHUKAIOTh YHACIIJIOK
HAKOIMYEHHS BEJIMKOI KUTBKOCTI BIXOIB TBapWHHUIITBA. BupoOHUIITBO Oiorasy €
ONHIEI0 3 OE3BIAXOAHMX TEXHOJOTIM, sIKa BHUKOHYE TMPUPOJOOXOPOHHY 1



pecypcos0epirarouy (yHKIIIO, aJyke BOHO HE JIUIINE HE MPU3BOJIUTH O YTBOPCHHS
OyIb SKUX BIIXOMIB, @ M YTUII3Y€E BIAXOJU CLIBCBKOTOCIOIAPCHKOTO, CIIUPTOBOTO,
Xap4oBOTO Ta IHIIUX BUPOOHMUITB. | pa3oM 3 THM, YaCTKOBO JIO3BOJISIE BHPINTYBATH
npobiemMy 30epexeHHs TpaJMIifHUX EHEProHOCliB. Y IOCKOHAJEHHS pPOOOTH
010Ta30BUX pEAKTOPIB IUIAXOM 3a0e3NedYeHHs IIepeMIlllyBaHHS IIapiB OloMacH
cyOcTpary Moke OyTH JOCSATHYTO 3a paxyHOK OOEpTaHHsS peakTopa y 3aBHCIOMY
CTaHi 3aHYpPCHHUM Y BOJY.

6.3. AHaJii3 MeTaHOYTBOPeHHs B 0i0ra30BHX yCTAHOBKAX

Bimomo, o Ha mepiriii ctasii aHaepoOHOTo 30pOKYBaHHS i/ I€r0 OaKTEpiid
BiIOYBA€ThCS TiApONi3 cyOCTpaTy 3 YTBOPEHHSM OpraHiYHUX KHUCJIOT, CIHUPTIB,
MpOCTUX BYINIeBOMIB. Ha napyriii craiii yTBOPIOETHCS OLTOBA KHUCJIOTA, BOJAEHb Ta
Byryiekucuit ras. Li crazaii anaepoOHOTO 30pOKyBaHHSI MOKYTh OYTH y3arajibHEHi
HACTYTHUMU PIBHSHHSAMH:

CsH1206 + 2H,O — 2CH;COOH + 4H, + 2CO, (61)
CH3CH20H+ Hzo - CHgCOOH + 2H2 (62)
CH,CHOHCOOH + H,0 — CHyCOOH + 2H, + CO, (6.3)
CHyCHy,CH,COOH + 2H,0 — 2CH,COOH + 2H, (6.4)
CHyCH,COOH + 2H,0 — CH;COOH + 3H, + CO, (6.5)

CH3;CH,CH,CH,COOH + 4H,0 — 2CH3COOH + 5H;, + CO,, (6.6)

ne CgH1,0¢ — Tmoko3a; CH;CH,OH — eranon; CH;CHOHCOOH — nakrar;

CH3;CH,CH,COOH — wmacnsna kucnota; CH3;CH,COOH — mnpomioHOBa KHCJOTA;

CH3CH,CH,CH,COOH - BanepianoBa kuciorta; H,O — Boga; CH3;COOH — ouroBa
kucinora; H, — Bogens;. CO, — ByriaeKuciani ras.

Y nonampmioMy, MeTaHOreHe3 BiAOYBaeTbCAd 3a PaxyHOK JiSTIBHOCTI
MIKpOOPTaHi3MiB, 5IK1 BIIHOBJIOIOThH BYTJICKUCIINN ra3 10 METaHy, a TAKOXK TaKHX, 10
PO3KIIAJaI0Th B KIHIIEBOMY ITiJICYMKY OIITOBY KHUCIIOTY Ha METaH 1 BYIJICKUCIUN Ta3.
PiBHsiHHA O10XIMIYHMX peakIlii cTajii MeTaHoreHe3y aHaepoOHOi (epMeHTaiii
MaIOTh HACTYITHUU BUTJISIA!

4H2 + C02 — CH4 + 2H20 (67)
CH3;COOH — CH, + CO, (6.8)
ne CH, — meTaH.

Ony0J1ikoBaHi1 JKepesna CBiluaTh MPO HASBHICTh PI3HUX METOJUK BU3HAYCHHS
MMTOMOT0 BUXOAY Olora3y mpu poOoTi 610ra30BUX YCTaHOBOK, IPOTE € HEOOX1AHICTD
MIPOBE/ICHHS TOrJIMOJIEHOr0 aHamizy (akTopiB, IO 3yMOBIIIOIOTH BHPOOHUIITBO
OloMeTaHy, a TaK0X OOIPYHTYBaHHS HAIMPsIMIB IHTEHCU(IKAIIITl I[bOTO MPOLECY .

[loenHaBmK piBHAHHS CTafli YTBOPEHHS OLTOBOI KHUCJIOTH, BOJHIO Ta
ByTJIeKUCIIOTO rasy (6.1-6.6) 3 piBHsHHsIMU MeTaHOTeHe3y (6.7, 6.8), orpumaemo:

C6H1206 — 3CH4 + 3C02 (69)
CHyCH,OH — 1,5CH, + 0,5CO, (6.10)
CH;CHOHCOOH — 1,5CH, + 1,5CO, (6.11)
CH3CH,CH,COOH + H,O — 2,5CH, + 1,5CO, (6.12)
CH3;CH,COOH + 0,5H,0 — 1,75CH, + 1, 25CO, (6.13)

CH;CH,CH,CH,COOH + 1,5H,0 — 3,25CH, + 1,75CO,. (6.14)



Po3paxynkoBuii ~ matepianbHMil ~ OamaHc ~— aHaepoOHOI  ¢epmeHTarli
BUILICHABEJICHUX OPTaHIYHUX PEUYOBHH Ol0MAacH y BIJIMOBIAHOCTI 13 piBHSIHHAM (6.9-
6.14) Oyne MaTu HACTYITHUIN BUTJIS;

180 xr (CsH1206) = 48 xr (CH,) + 132 xr (CO,) (6.15)
46 xr (CH3CH,OH) =24 xr (CH,) + 22 xr (CO») (6.16)
90 kr (CH3CHOHCOOH) =24 xr (CH,) + 66 kr (CO») (6.17)

88 kr (CH3;CH,CH,COOH) + 18 kr (H,0) =40 xr (CHy4) + 66 xr (CO;) (6.18)

74 xr (CH3CH,COOH) + 9 xr (H,0) = 28 (CH,) + 55 xr (CO») (6.19)

102 kr (CH3;CH,CH,CH,COOH) + 27 xr (H;0) = 52 xr (CHy) + 77 xr (CO;). (6.20)

Jlaui po3paxyHKy MaTepianpHOro OamaHcy (Tabm. 6.2) Moka3yroTh, IO TMPHU

aHaepoOHili QepmenTtamii Big 60 g0 80 % MeraHy YTBOPIOETBCA 3a PaxyHOK

po3IIeIyIeHHs O1TOBOT KUCHOTH 1 Bif 20 10 40 % 3a paxXyHOK BUKOPHCTAHHS BOJHIO

JUIS BIAHOBJICHHSI BYTJIGKHCIIOTO Tra3y J0 METaHy, a 13 1 Kr po3kiaaeHoi OGiomacu
yTBOproeThes 1,1 kr Oiorasy.

Ta6auusa 6.2. I[loka3HukH BHUXOAY OioMeTaHy mnpH  aHaepoOOHii
depmenTamii

Buxin 6iomerany, %: MacoBuii Buxia y

Ne CkiazoBa yacTHHA 3a paXyHOK | 3a paXyHOK HEPEPAXYHKY Ha..l K

/11 olomacu PO3IIESIIJICHHS | BITHOBJICHHS pog;cg;:s;lm
CH;COOH CO, CH, co,
1 CsH1,0¢ 66,7 33,3 0,267 0,733
2 CH;CH,OH 66,7 33,3 0,522 0,478
3 CH;CHOHCOOH 66,7 33,3 0,267 0,733
4 CH;CH,CH,COOH 80 20 0,455 0,75
5 CH;CH,COOH 57,1 429 0,378 0,743
6 | CH;,CH,CH,CH,COOH 61,5 38,5 0,51 0,755
B cepennbomy 66,45 33,55 0,4 0,7

Takum ymHOM, MIKpOOIOJIOTTYHMIA PO3KIAJ MiJl Yac aHaepoOHOI depmeHTarllil
1 kr opraHi4HOi PEYOBMHHM CYNPOBOJKYETHCA BUIUIEHHSM B cepeaHbomy 0,4 kr
MeTtany Ta 0,7 Kr BYTJICKHUCIIOTO Ta3zy.

[Tpuitmatoun nmomyiieHHs, MmO 0iora3 CKIAJA€ThCS TUIBKH 13 JBOX rasiB —
METaHy 1 BYIJICKMCJIOTO Ta3y, NIJis BU3HAYEHHS IMIJILHOCTI 0l0Tasy 3a HOPMaJIbHUX
YMOB CKOPHUCTAEMOCSI CIT1BBITHOIIICHHSIM:

,0; = ng4 ka{4 +pé[02 (1_ kcm) (6-21)

3

H . . H
ne Py, —WIBHICTE METaHy 3a HOPMAIBHMX YMOB, K2, IMiy, 3 Peo, —

. . 3 . ~
IIITBHICT BYTJIEKMCIIOTO Ta3y 3a HOPMAbHUX YMOB, K2, M, ; K, —o00'eMHuii

BMICT GiomeTany B Giorasi, ag,, M. .
[IimpHICT METaHy Ta BYTJIEKUCIIOIO ra3zy 3a HOpMaJbHUX YMOB BHU3HA4YMMO 13

ypaxXyBaHHSM JIOIMYIIEHHS, 1110 010Ta3 € CyMIIIIIIO 1IeaJIbHUX Ta31B. 3T1IHO PIBHSHHS
CTaHy i7IeaJTbHOTO Ta3y MPY HOPMAIBHUX YMOBaX MO)KHA 3aIHCATH:
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H : . . _
ne p.. —THCK Oiora3dy B peakropi, Ila; M cn, —MOJIIPHA Maca MeTaHy, sKa

, (6.22)

JOPIBHIOE BIJHOCHIA Maci MOJIEKYyJd METaHy, KI/KMONb; M, —MOJIApHa Maca

Cco,
BYIJIEKHCIIOTO Ta3y, ska JOPIBHIOE BITHOCHIM Maci MOJIEKYTH BYTJIEKHUCIOIO Tasy,
kr/kmonb; Rp=8314,41 Jx/(kmonb K) — yHiBepcaipHa raszoBa mocrtiiiHa;, 7. —
TemnepaTypa 6iora3y B peakropi, K.

[Mpuknaa po3paxyHKy HIUTBHOCTI METaHy, BYTJIEKHCIOrO Tra3y Ta Olorasy mpu

yMOBax po0oTH 610ra30BOT0 peakTopa Ta 3a HOPMAJIBHUX YMOB MPUBEICHO B TAOIUII
6.3.

Ta6auus 6.3. Po3paxyHOK IIVILHOCTI Oiora3y

[TokazHuK On. BuMipy CH,4 CO,

Po3paxyHok npu ymoBax po0oTu 0iora3oBoro peakropa
VYHiBepcaibHa ra3oBa MnocriitHa JIx/(xmob K) 8314,41
Mounsipaa Maca KI'/KMOJIb 16 44
Tuck 6iorazy I[a 102551
Temmnepartypa 6iorazy °C 37
HIimbHICTH Ta3y KT/M° 0,636 1,750
OCemmmit Buxin ma 1 xr)  \aq, 0628 | 0,399
po3KiazeHoi 6iomacu
KonnenTpartis ra3y B 6iorasi % 61,1 38,9
BararasyB 1 M Oiorasy KF/M35p 0,389 0,680
IlisbHicTH Giorasy KT /M 5 1,069

Po3paxyHok npu HOPpMAJIbLHUX YMOBAX

Tuck 6iorazy k] 101325
Temnepartypa 6iorazy °Cc 0
IlinbHiCTH razy KI/M° 0,714 1,963
Bara rasy B | M° Giorasy KT/M 5 0,436 0,763
IlinbHicTH Oiora3y KT /M 5 1,199

[lpuitHsaBIIM MOMyIMIEHHS TIPO Te, WO KUIBKICTh YTBOPEHOTro Oiorasy
BU3HAYAETHCS  IHTCHCHUBHICTIO  pPO3KJIaay OpTraHiyHOi pPEYOBMHM TMiJI  Yac
30po/KyBaHHA Opra”iuHoi Oiomacu, BuXim Oiorasy mpu 30pOKyBaHHI Y
nepepaxyHKy Ha HOpMaibHI YMOBH MOXE OyTH BUSHAYCHHUI HACTYITHUM YHHOM:

W m
V. = 1——v |k kP B 6.23
BI’ IOEM( 100} OM " "OM Z ( )

ne V- — nuToMuil BUXiz 6iorasy i3 peakrtopa 3a HOPMaJIbHHX YMOB, M..[M., 3a

. . . 3 ., . .
no0y; p,,, —WiabHiCTh Oiomacu, e, /vy, ; W,, — Bojoricte Oiomacu, %; (1-
W,/100) — BMicT CyX0i pe4OBHHHM IO BiJHOIICHHIO JIO 3arajbHOI KiJIBKOCTI OiomacH,



ke, [ ke, ; Koy — BMICT OpraHiuHOl MacH MO BiHOIICHHIO O 3araibHOi KiTbKOCTI
cyxoi mMacu y Giomaci, mo 30pomKyeThes, ke, ke, ; K., —Kimpkicte po3kmaneHoi
OpraHiYHOi Macu IO BIJHOILICHHIO JI0 3arajibHOi KUIBKOCTI OpraHiuHOi Macw,
Kepoy 1 K2,, 32 100Yy; Mgr — BHXiA Oiorady B po3paxyHKy Ha OJMHHIIO PO3KIIAJICHOT
oprauigHoi MacH, Ke,./Ke,,, ; . — IUJIBHICT 0iorady 3a HOPMaJbHHUX YMOB,
ke I,

CxeMatnyHe 300pakeHHS BHUXOJy OlomMeTaHy Ta Oiorazy 13 pO3KJIaJeHO1
OpraHiyHOI Macu MPUBEICHO Ha pHC. 6.8. 3aNeKHICTh MIX IHTEHCUBHICTIO PO3KIIATy
OpraHiyHOI Macu Ta MNUTOMUM BHUXOAOM OioMeTaHy 1 0iorasy, a TaKOX YacoMm
30pOKyBaHHA, Ma€ BUTJISA MpHUBeneHU Ha puc. 6.9. Buxin 6iorazy ta 6ioMeraHy
3pocTae MPOMOPIIAHO 13 MIABUIICHHSAM pPIiBHA PO3KJIaay OpraniuHoi Oiomacu B
peakTopi, a 4ac 30pomxyBaHHs 10 AocsrHeHHS 30 % piBHSA 30pOKyBaHHS MPH
I[bOMY 3HMKY€ETBCS 3a €KCIIOHEHTOIO.

OpraniyHa peyoBHHA
pO3KJIa/ieHa 3
BHUIIJICHHSM Olorasy

Po3knanena opraniuyHa
pedoBuHa — 2-3 % 3a 100y

Opraniyna pe4oBrUHA
pO3KJIaJieHa 3
BUJIIICHHSIM O10METaHy

Opraniuaa maca — 80 %

Cyxa maca — 6-10 %

Pinka 6iomaca mmst
MCTAaHOBOI'O
30pomxyBanas W=90-94
Puc. 6.8. CxemaTuuHe 300pa:keHHsI BUX0y OioMeTaHy Ta Oiorasy i3 po3kiiageHol
OpraHi4yHoI Macu

OcCHOBHMM HampsIMKOM 1HTeHcHUdIKallii Tmporecy 30poKyBaHHS Olomacu €
MIJIBUIIICHHS PIBHS PO3KJIaJy OpPraHIYHOI Macu 3a PaxyHOK CTBOPEHHsS BIAMOBITHUX
YMOB JJI1 PO3BUTKY aHaepoOHOi Mikpodopu. Ile moxke OyTu 3abe3neueHo 3a
PaxyHOK CTBOPEHHSI CTaOUIbHMX 3aJaHUX TeMIEpaTypHUX YMOB 30pOKyBaHHS Ta,
10 0COOJIMBO BaXKJIMBO, 3a0€3MEUYCHHSIM SIKICHOTO TEepeMIIIyBaHHS OloMacH, sKe 3
OJTHOI CTOPOHHM HE MOBHUHHO TMOPYIITYyBaTH CHMOiI03 alleTOTeHHUX Ta METAaHOTCHHHX



OakTepiil, a 3 1HIIOI HE JOMyCKaTH pO3IIApyBaHHA OlOMacu B pEaKTOpl Ha
MIHEpaJIbHUM 0caJl Ta IJIaBalOUUid OpTaHidHUH 11ap.

6.4. Kineruka 30poa:KyBaHHsI OpraHiuHoi Macu B 0iora3zoBux ycTaHOBKaX

OCKITbKM ~ pO3KJIaJ ~ OpPraHiyHOI PEYOBMHU OOYMOBIIEHUH  PO3BUTKOM
MIKPOOPTaHI3MIB, PICT SIKMX OMNHUCYEThCA KIHETHYHUMM PIBHIHHAMH, a TaKOX
BBAXKAIOYM, IO IIBUIKICTH PO3KIATy OpPraHIYHOI PEYOBMHM IIiJ] yac 010ra3zoBoi
dbepmenTalii mponopiiiiHa KITbKOCTI HEPO3KIAJAEHOI OPraHigYHOi pEYOBHUHH, IO IIIE
MOKe OyTH pO3KJa/ieHa, KIHETMYHE PIBHAHHA aHaepoOHO1 epMeHTali opraHiqyHoi
6ioMacu B audepeniiitHiit popmi Oyae MaTh BUTIIA;
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PieeHE po3kiaagy opraHigHOT MACH, KIpgy/M° 0IOMACH B peaKTopi 3a

a0y
4 MeTaH B bDioraz  =d=gac gocaruenud 30 % pieHa :0poTEVEAHHS

Puc. 6.9. BuiuB iHTEHCMBHOCTI PO3KJIaly OPraHidYHOI MACH HA MUTOMMIA BUXi/
OiomeTany, Oiora3sy Ta 4yac 30poaKyBaHHA

kv "), (6.24)

1€ M — YMICT OPTaHIYHOI PEYOBUHM 010MacCH, IO HE PO3KJIaiacs Ha MOTOYHUI
%
MOMEHT yacy OiorasoBoi (epmenramii, kr; M — yMicT opraHiuHOi peUOBUHH

GiomacH, fKa He PO3KJIaNacThes Mmij yac 6iorasoBoi (epMeHTanii, kr; kK — mapamerp
mporiecy GiorasoBoi depMeHTalil, SKui XapakTepusye il MBHAKICTS, A0 7 — gac
61ora3oBoi hepmeHTallii, aio.

[IpoBiBIIM MaTeMaTU4yHI MEPETBOPEHHS Ta IHTErPYBAHHS AUQPEPEHIIIHOTO
PIBHSIHHSL y MeXaX YMICTY OpraHiuHOl PEYOBMHM BiJI NMOYATKOBOTO 3HAYEHHS [0
MOTOYHOTO, OJEPKMMO OJHONApaMETPUYHE PIBHAHHSA TMpOIECYy aHaepoOHOI
dbepMmenTarllli, ke BH3HAYa€ BMICT OPTaHIYHOI PEYOBHHHM, IO HE PO3KIAjacs Ha

IMOTOYHHUM MOMEHT 4acy:

M =M"+(My—M")exp(~kz), (6.25)



ne M, — 3araJpHUl yMICT OpraHiyHOi pPEYOBMHM OlOMacu Ha I0YaTOK
6iora3oBoi (pepmeHTaii, Kr.
Y To# ke Yac KUIbKICTh OpPraHiYHOI pEYOBHHHU OioMacH, sKa po3Kianacs Ha
HOTOYHUI MOMEHT 4acy, CTAHOBUTD:
M, —M =(M, — M")[1—exp(—kz)]. (6.26)
[TpuBiBIIM KUTBKICTh OPraHiuHOI PEUOBMHH, IIO PO3KJIANacsi HAa MOTOYHUN
MOMEHT 4acy, /10 3arajlbHOTO BMICTYy OpPraHiYHOI PEYOBHMHM Ha MOYATOK 0iora3zoBoi
dbepMeHTarltii, oxepxkuMo ¢GopMysly s BH3HAUYCHHsS PIBHSA PO3KJIAAy OpPTraHIdHOL
PEUOBHHHU Ha MMOTOYHUN MOMEHT Yacy
o =a,[1-exp(-kz)), (6.27)

*

M,-M . o
: — MaKCUMAaJIbHUW PIBEHBb PO3KJIALy OpPraHIYHOI PEYOBHHHU B

e a, =
0
nporieci anaepoOHo1 hepMeHTallii, BIIHOCHUX OJ.

BpaxoByroun Te, 110 MakCUMajdbHUI piBEHb PO3KJIAAy OPraHIYHOI CHPOBUHU
OlomMacu TMpu JIOBFOCTPOKOBIM €KCHO3MII MiJg 4Yac aHaepoOHOi (epMmeHTali
CTAaHOBUTH JJis1 OlOMacH 3€JIeHOi Macu TpaB — 45 %, a 1 KyKypyA3sHOTO CUJIOCY —
59 %, xiHeTH4HE PIBHSHHS MpOleCy aHaepoOHOi epMeHTaIlii poCIMHHOI OGioMacu
OyzJe MaTu BUTJISIL

— JJIS 3€JI€HO1 MacHu TpaB

o =0,45[1—exp(—k,,,7)]; (6.28)
— JUIA KYKYpYA3SHOI'O CHJIOCY
o =059[1—exp(—k,.7)]. (6.29)

PospaxyHok  mapamerpa mporiecy —aHaepoOHOi  (depMmeHTalli,  SKHii
XapaKkTepu3ye ii MBHUIKICTh, TPOBOJUTHCS Ha OCHOBI €KCIIEPUMEHTAIBHUX JTaHUX 32
3arajibHOB1JOMOIO (hOPMYJIOHO:

k=exp| N[ >In In —>Inz, ||, (6.30)

ne N — xinpKicTh BUMIpiB;

Jns po3paxyHKy WIBHJKOCTI TMpolecy aHaepoOHOoi depmeHTalli Oiomacu
3e7IEHO1 MacH TPaB Ta KyKypyA3sSHOTO CHUIIOCY, CKOPHUCTAEMOCS €KCTIEpUMEHTATbHUMU
TaHUMH.

Po3paxyHKr Ha OCHOBI €KCIIEPUMEHTAIBHUX JOCHIIKCHb MOKa3aJd, MO0 AJIs
mpoiiecy aHaepoOHOi (epMeHTaiii MBUAKICTh PO3KIaay OpPraHiYHOI PEUYOBHUHU
CTaHOBHTB: [UISI 3eJIeHOT Mac TpaB — K, . = 0,095 0i6*; IS KyKYpYA3SHOTO CHIIOCY
— Ky, =0,119 0i67".

TakuMm YMHOM, KIHETUYH1 PIBHSAHHSA Mpoliecy aHaepoOHO1 (epMeHTalli Glomacu
3eJICHOI MacH TpaB Ta KyKypyA3sHOTO CUJIOCY OyIyTh MaTU HACTYITHUN BUTIIA;

— JUIst 3€JIEHOI MacH TPaB

o = 0,45 [1—exp(-0,0957); (6.31)

— JUISL KyKYPYI3STHOTO CHIIOCY

o =059 [1—exp(-0,1197)]. (6.32)



VYV rpadiuromy Burmsimi kiHetwyHi piBHsHHS (6.31, 6.32) mpuBenmeHi Ha
pucynky 6.10.
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Puc. 6.10. Kinernka npouecy 0iora3oBoi ¢pepmMeHTAalii OpraniuyHoi CMpOBHUHH

TakuM 4MHOM, IBHUJIKICTH MpOLIECY aHaepoOHOI PepMeHTallli KyKypya3stHOro
CUJIOCY Ha UBEpPTh MEPEBUIILYE MIBUAKICTH MIPOIIECY aHaepoOHO1 (hepMeHTaIlli OioMacu
3€JIEHO1 MacH TPaB.

6.5. Po3paxyHOK MUTOMOr0 BUX0/y OioMeTaHy

Po3paxyHok mpoBeaemMo i3 ypaxyBaHHSIM BUXOJy OiOMeTaHy 3a HOPMallbHUX
YMOB Ha OCHOBI 010Ta30BOr0 peakTopa, IO MPAIIOE HAa THOIBIIl CKOTAPCHKUX Ta
cBUHApChKHX (epMm. IlpuitMaemo Buxin rHOiBKM ryctuHOO 1050 Krp/Mipy Ta
BosioricTio 92 % — 1 1 3a noOy. BMict opraniyHOoi mMacu B cyxid maci Olomacu
rHoiBKU — 80 %. IHTEeHCHBHICTH PO3KJIaAy OpraHiuHoi OiomMacu rHOIBKM — 3 % 3a
n00y. Buxin 6ioraszy i3 po3paxyHKy Ha OJUHUIIIO PO3KJIaJeHO01 opraHiyHoi Macu — 1,1
Kl5/Klpoy. MakCUMalbHUK — pIBEHb pPO3KIaAy opraniyHoi Oiomacu — 30 %.
[TapameTpu OioMacu THOIBKM HaBeeH1 y Taonuili 6.4.

Buxin Oiora3y npu 30poaKyBaHHI y MepepaxyHKy Ha HOpMalibHI YMOBH MOXe
OyTH BU3HAYCHHUI HACTYITHUM YUHOM:

W
VEF = Prm (1 — 2

100

= 1050(1 - %)0,8 . 0,02% =123 MZT /MEM 3a 000y,
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ne V- — nutoMuil BUXiz 6iorasy i3 peakropa 3a HOPMaIbHHX YMOB, M..[M. 34
100Y; 0, — IUIbHICTL OioMacu, 2, /v, ; Wy, — Bosoricte Giomacu, %; (1-
W5,/100) —BMiCT CyXOi PEYOBHMHH IO BiJIHOIICHHIO 10 3arajbHOi KiILKOCTI OiOoMacH,
Kegy | K25, Koy — BMICT OpraHiuHoi Macd 1O BiJHOIICHHIO 10 3araibHOI KiIBKOCTI

cyxoi Macu y 6iomaci, 10 30pOIKYEThCS, Ke,,, [ Keq,; KL, —KUIbKICTh pO3KIaaeHO
3a 100y OpraHiuHOi MacHu IO BIJIHOIIEHHIO JI0 3arajbHOi KIJILKOCTI OpPraHivHOI MacH,
Kepon | K20y, 38 OOY; My — BuXin Giorasy B po3paxyHKy Ha OJMHHIIKO PO3KIAICHOI
OprauiuHoi MacH, Key-/Kkep,,: poh. =1199«e,, /M5, — IWiIbHICTE Oiorasy 3a
HOPMAJIbHUX YMOB.

Ta6auus 6.4. [lapameTpn GioMacu rHOIBKH

IToka3Huk On. BuMipy 3Ha4YeHHs

I'yctuna 6iomacu (BM) rHOTBKU KT g0/ M 5us (TEM/MBEM) 1050 (1,05)
Bonoricts % 92
Bwmict Boau (B) I;?;ii? %’295

% Bigx bM 8
Bwmict cyxoi macu (CM) KT /KT g 0,08

KFCM/ Teym 80

% B1ix OM 80
Bwmict opraniunoi macu (OM) KCop/KTcpr 0,8

KT om/ Tum 64
IHTeHCuBHIiCTH PO3KJIaay % OM 3a o0y 2,0
OpratiyHoi 6ioMacu rHOIBKH KT poy/ KT gy 32 100Y 0,02
MakcumanbHU  PIBEHb PO3KIIATY o 30
opraHiyHoi 6iomacu 0

VY ToM ke yac MATOMUI BUXiJ OioMeTaHy cTaHOBHTHME (Ta0I1. 6.5):

Tab6anus 6.5. Po3paxyHok Buxoay 6iora3y ta 6iomerany

Konnenrpariisi Metany B 6iorasi % 61,1

Buxing Oiorazy 13 po3KJIageHOl KT 5/KTpous 1,1

OpraHiyHOi MacH 3a HOPMAJIBHHUX NI 1.1/1.199=0,92

YMOB

Buxig Oiorasy i3 peaxkropa 3a M3EF/M35M 3a 100y 1,23

HOPMAJLHUX YMOB M5/ Thar 32 100y 1,23/1,05=1,17
P 3 3

Buxig 0iomeTrany 3a HOpMaJbHHUX M CHy/M gy, 32 1,23%0,611=0,752

YMOB 100y

Yac 30pozKyBaHHS io 30/2=15

3araabHuii BUXia 0iorasy M5/ M gy 1,23x15=18,45

Ve, =Virkay, =123-0,611=0,752 my,. | My, 30 006y,



ne V., —IATOMHH BUXiJ OloMeTaHy 13 peakTopa 3a HOPMAalbHHMX YMOB,
3 3 . _ 3 3 Y o . . . .
My, 1My, 3a 100Y; kCH4 =0,611 My, [ My, —00'eMHMiT BMicT OioMeTaHy B Oiorasi.

TakuM 4MHOM, OCHOBHUM HaIpsIMKOM 1HTEHCH]IKaIIi poiiecy 30poaKyBaHHS
THOI0 € TIJBWINEHHS PiBHS PO3KJIaJAy OPTraHiyHOI MacH 3a PaxyHOK CTBOPEHHS
BIJIMOBIAHUX YMOB JIJII PO3BUTKY aHaepoOHO1 Mikpodiopu.

JlabopaTtopna po6ora 6: BusHaueHHS mapameTpiB MOXUJIOTO TpPaHCIOPTepa
JUIL 3HEBOJHEHHS OiloMacH MpU TIATOTOBII JO aepoOHOro Ta aHaepoOHOIo
30pOKyBaHHS

Meta po6oTn: O3HAIOMUTHUCEH 13 IPUHIIMIIOM Jii MOXHJIOTO TpaHCHOpTepa npu
3HEBOJHCHHI OiloMacu. Bu3HAuWTH CHOXWBaHY TOTYXHICTh TpaAHCIIOPTEpa B
3JIEKHOCTI Bl HOrO IIBUJIKOCTI PYXY.

Ipuiaaau Ta 00JIaAHAHHS: TTOXWINK TPAHCIIOPTEP, YACTOTHUM MEPETBOPIOBAY
CTPYMY, aHAII3aTOp MapaMeTPiB MEPEKi, KOMIT IOTEP 3 MPOTrPpaMHUM 3a0€3MEUEHHSIM,
Ja3epHUN BUMIPIOBAY IBUIKOCTI PyXY, CEKYHAOMIP.

[Ticns o3HaloMJIEHHS 3 KOHCTPYKIIE€IO TOXWUJIOTO TpaHCIopTepa Juis
3HEBOJHCHHS OioMacH Ta HEOOXIAHMM OOJagHAHHAM, 3TiIHO cxemH (puc. 6.11)
MOHTY€TbCS 00J1a/IHaHHS Ta MiJIKIII0Ya€ThC HEOOX1IHI MTPUITAJIH.

6

Oiomaca Ha
KOMTIOCTYBaHHS

HOIBKA Ha
aHaepoOHe 3pOJIKYBaHHS | |

1 — moxuyuii TpaHCHOpPTepP; 2 — YACTOTHHH NMepPeTBOPHOBAY CTPyMy; 3 —
aHaJi3aTop mapaMeTpiB Mepexi; 4 — KOMIT’KOTEP 3 MPOrPAMHUM 3a0e3MeYeHHSIM;
5 — 1a3epHUii BUMipIOBay MIBUAKOCTI pyXy; 6 — Tpuda3Ha ejieKTpUYHA MepeKa

Puc. 6.11. Cxema migk/Il04eHHs NPUJIATIB )i BUSHAYEHHS MapaMeTpiB
MOXUJIOr0 TPAHCIOpPTepPa

BumiproBaHHsS POBOAATHCS Y HACTYMHOMY NOpAAKY. CroyaTKy Ha MOXHIOMY
TpaHCTIOPTEpl  BIAMIPSETbCS  BIACTaHb MPOXOKEHHS CKpeOKa  JaHIFOrOBO-



cKpeOkoBOro Tpancmnoprepa. Ilicis uporo 3a JOMOMOro CEKyHIOMIpa BU3HAYAETHCS
qac 3a KU CKpeOOK TOJI0JIa€ IO BiJICTaHb MPHU PI3HUX 3HAYCHHSIX YaCTOTH CTPYMY
(BUMiprOBaHHSI MPOBOASTHCS Y TPHOX MOBTOPHOCTSX JJIsi KOYKHOTO 3HAYEHHS YacTOTH
CTPYyMY), OJHOYACHO 3a JOTOMOTOI0 aHajli3aTopa MmapameTpiB Mepeki 3HIMAIOThCS
MOKa3HUKH BEITUYMHU CIIO’KUBAHOT MOTY>KHOCTI.

Pe3ynbTaTi BUMIPiB 3aHOCATHCS B TAOJIHITIO 6.6.

Tabmuua 6.5. Pe3syabraTm BHUMIPIOBaHb MNapaMeTpiB  MOXWJIOIO
TPAHCIOPTEPA VIl 3HeBOAHEHHs OioMacH

Ha3zga Yacrora Bircram, Yac pyxy (Tpu CepeH.Hﬂ Cepenns
napamMeTpy | CTpymy PyXy MOBTOPHOCTI) HIBIAKICTE | CIOAMBana
cKpeOKa PYXY NOTY/KHICTh
[To3navyeHHs f S t V P
On. BuMipy I'n M Cc M/C Bt
nocain 1 50 3 4,6;4,5; 4,6 0,65 420
JOCII 2 40 3 5,6;5,8;5,7 0,53 380
nociig 3 30 3 7,5,75;,7,6 0,40 340
nociin 4 20 3 11,2;10,9; 11,0 0,27 290

PesynbpTaTu gocniaiB y rpadiyHOMY BUTJISAI MpUBEACHI HA puc. 6.11.
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Yacrora mepexi, '
—&— [[IBunkicth pyxy ckpeOkie =B CepeaHs COKUBaHA MOTYKHICTh

Puc. 6.11. 3ajie:kHicTh cepeIHBOI MIBUAKOCTI PyXy CKpeOKiB Ta cepeIHbOl
CIIOKMBAHOI MOTYKHOCTI Bi/l Y4aCTOTH CTPyMY

TakuM YMHOM BCTaHOBJICHO, IO I TOXUJIOTO TPAHCIIOPTEPA 31 301IbIICHHIM
gacToTH enekTpudHoi mepexi Big 20 mo 50 't BinOyBaeThes 30UIbIICHHS MIBUAKOCTI
pyxy ckpebkiB 3 0,27 nmo 0,65 m/c, a cepeaHe 3HAYCHHSI CIOXKUTOI MOTYXKHOCTI
36utbIyeThes 13 290 no 420 Br.



IIpakTuyna poGora 6: Po3paxyBaTu OCHOBHI TEXHOJIOTIUHI MapamMeTpu
010Ta30B01 YCTAaHOBKH JJIsI 30POJIPKYBaHHS THOIO.

Buxinni gaui: Iloromnis’s cBHHOMATOK — Ny, ~37 T0J., IOTOJIB S JIMHUX KOPIB
— Nyzx=44 ron. J1o60Ba KUIBKICTh THOIBKHM JJIs1 CBUHAPHHUKA Ta KOPIBHUKA CTAHOBUTh
Qryc=561 kr/noby Tta Qyx=282 xr/moby. Buxin Oiorazy npu 30pOJKyBaHHI Y
nepepaxyHKy Ha HOpMalbHI yMOBM Ta Ha OJUHUIKO 00’eMy OioMacu
V=1,23 M3BF/M3BM 3a 100y, mutomMuid Buxin 6iomerany — Vy,=0,752 Ms];r/M3BM 3a
no0y. ['yctuna raoiBku, oy =1050 KT0/M g1 -

BcranoBneno, 1mo anHaepoOHe 30pO/KyBaHHA Ma€ JBa TeMIepaTrypHi
omTUMyMH: s Me3odinbHoro mpouecy — 33 °C i amst tepmodinsroro — 54 °C. He
JTUBJISYMCh Ha Te, IO TMPOIEC PO3KIaAy OpraHiku B TepMOQIUIBHUX yMOBax
MPOXOJIUTh 3HAYHO IHTEHCHUBHIIIE, HDK B ME30(QIIbHUX, & KIJTBKICTh OTPUMYBAHOTO
6ioraszy Ha 25-30 % Buina, 111 MPOIIECH MAIOTh MEHIILY CTa0lIbHICTh, HI’K Me30(1IIbHI,
a JONMyCTUMI KOJMBAaHHA TEMIIEpaTypu 3HAYHO 3BYXKYIOThbcs. [Ipu me3odiabHOMY
peXuMi BOHM CTaHOBIATH 2,8 °C, a mpu TepMo(]iIbHOMY peXHMiI — HE MOBHHHI
nepesunryBatut  +0,3°C. YV 3B’A3Ky 3 1UM, Ha MPAKTHUII, SK T[PABUIO
BHKOPHCTOBYETbCS ~ Me3o(inprmii  a6o  tepmoronepantamii (38 °C)  pexum
aHaepoOHOro 30pOKYBaHHS.

3aranpHU BUX1J THOIBKH 3a 100y Qy Ta 11 00’ €M Vy CTAaHOBIATE:

Qry = Qe + Qe =561+ 282 = 843 xr/no0y;
= Qs = hias =0,8 M*/106y.
Py 1050

biorazoBa ycTraHOBKa MOBHWHHA HajJeXaTw 10 (epMu, e HasiBHA CHPOBUHHA
0aza ms ii po6oTu. HaBiTh, sIKIIO HEOOXITHO MPOKJIACTU JEKIIbKAa METPIB Ta30BUX
TpyO, 1Ie JCIIEBIIE HIXK TPAHCTIOPTYBAHHS CUPOBHUHH.

st mepepoOKu CUPOBUHH TIpH  Me30(DITLHOMY PEXUMI PEKOMEHIYETHCS
BUKOPUCTOBYBATH 103y J00OBOTO 3aBaHTaXEHHs, MO0 AOpiBHIOE 7 % Bimg 00'eMy
3aBaHTAXEHOI B PEAKTOpP CHPOBUHHU, HJisi TepMmoTosiepantHoro — 10 %, s
tepmodipHOTO mporecy — 15 %, a Tomy 3aranbHuit 06°€M 010CUPOBHHH B PEAKTOPI
V cp IpU TEPMOTOJIEPAHTHOMY IPOIIEC], CTAHOBUTHUME:

CP=E=%=8 MS.
01 01

O6’em GioMacu B peakTopl Ha TOBMHEH MepeBulllyBatu 2/3 00'eMy peakTopa, a
TOMY 3arajibHuii 00’eM peaktopa Vp CTaHOBUTHME:
V, =15V, =15-8=12 w°.
Buxin 6iorasy y nepepaxyHky Ha HOpMalibHI YMOBHU CTaHOBUTHME:
V. =V, V,.=8-123=984 m*no6y,

Kioeas
a BUXIJl METaHY:

\Y

Meman :VCPVEF = 8 : 01752 = 6;02 M3/)106y
BinnocHuii Buxin Tteepnoi ¢pakuii 6Giomacu micns 36pomkyBaHHA Mro,

CTAaHOBUTHME.



M, :Wp@ -W,,, _ 98-92
W,, -W,, 98-87
ne Wpe=98 % — Bosoricts piakoi dpakiii; Wpsy,=92 % — Bosoricte 6iomacw,
IO 3aBaHTaXyeTbes B peaktop; Wre=87 % — Bonoricts TBepaoi (pakuii Oiomacu
miciast 30pOKyBaHHS.
BinnocHmii BuXin piakoi Qpakmii Oiomacu micas 30pomkyBaHHS  Mpg,
CTaHOBHUTB:

=0,5450p.,

M,, :WEM -W,, _ 92 -87
W,, -W,, 98-87

YactrHa oTpuMaHoro 0iorasy BHKOPHUCTOBYETHCS JJIs IMIITPIBaHHS IMPOIECY
aHaepoOHOro 30pojyKyBaHHsS Olomacu. Buxin ToBapHOro 6i0orasy 3alIeKHUTh Bij
KUIBKOCT1 010ra3y, sIKMil BUKOPHUCTOBYETHCS ISl MiAIrPIBaHHA OloMacu Ta BUTpAT
TEIJIOBOI €Heprii mpu aHaepoOHOMY OpOJIIHHI, SIKI Yy CBOIO YEpry 3alie’aTh Bij
MPUPOAHO-KIIMATUYHUX YMOB PpO3MIIIEHHS TOCIOAApCTBA, PEXKUMY poOOTH 1
KOHCTPYKIIMHUX 0COOJIMBOCTEN 010ra30BOi YCTAHOBKHU.

KinbkicTh TemiaoBoi eHeprii, HeoOXiMHOI Ui TigirpiBaHHs Oiomacu, sKa
36pOKYEThCS Y TepMoTonepanTHoMy pexumi (T5p=38 °C), Bu3HauaeThes I
X0JI0THOTO Qg7 T TETIIOTO Q)7 IEPIOAIB POKY 32 POPMYIIAMH:

Quux = QruCint (Typ —T 4 ) =843-4-(38—10)10° = 94,4 MJx/106y,
Quur =QCups Typ — T, ) =843-4-(38—20)10"° = 60,7 MJIx/106y,

e c=4 xJDx/kr °C - mnuroMa TEmIOEMKICTH oiomacu; Trpx=10°C -
TeMIiepatypa Oiomacu sl XojomHoro mepiomy poky (120 ni6) ta 7rx7=20°C —
TeMIiepaTypa 6iomMacu s TeIyIoro nepioay poky (245 naib).

3arajibHa KUJIBKICTh TEIIOBOI €Heprii, HeoOXIIHOI /U1 MigirpiBaHHS OloMacH
Qps, CTAHOBUTD:

Q,,, =120Q,,,, +245Q,,,, =120-94,4 + 245.60,7 = 26200 MIx/pik.

KinpkicTe 6iorazy, HeoOxigHOTO A migirpiBy Oiomacu V., , BU3HAUAETHCS 32

=0,45501.,

dhopmyiioro:
Qg 26200
ey ,d, 06-36

ne: »=0,6 — BmicT MeTaHy B 6iorasi, BiIH. OI.; (,,~36 MI[)K/M3 — TEIJIOTBOPHA
3/IaTHICTh METaHy.
YacTtka 01orasy 177,,, HEOOXIIHOro Iy MIAIrpiIBy OloMacH, BU3HAYA€ThCS 32

V =1213 m°

dhopmyiioro:
Vi 1213
365V, 365-984
Ha ocHOBI 11bOT0O BU3HAYAETHCS KOC(IMIEHT BUXOLY TOBApHOTO Giorasy, K,
K, =1-n,- =1-0,34 = 0,66 Bigs. ox.
Piunmii Buxin ToBapHoro 6iorasy V. Ta ToBapHOTO MeTany V,, BiIHNOBiZHO

=0,34 BigH. 011.

Nsr =

bioeas

CTAaHOBUTHME.



=365V
=365V

Meman

K, =365-9,84-0,66=2370Mm"/pik;
K, =365-6,02-0,66 =1450m°/pix.

[Tpu BI/IKOpI/ICTaHHl KOT€HEepalllfiHOi  yCTAaHOBKM pIYHE BHUPOOHMIITBO
enektpoeneprii Wy ta terna Wy craHOBUTHME:

bioecaz

K,
W, =365V, 0, k_ =365-6,02-36- 938 _ =8350 kBt rog./pix;
i !
W, =365V,,,,,.. d,,K, =365-6,02-36-0,62 = 49044 M/Tx/pix.
ne: kg=0,38 — koedimieHT KOpPHUCHOI [ii KOTreHepaliiHOl YCTaHOBKH IIO

BUPOOHUIITBY €JIeKTpoeHeprii, BigH. of.; ky7=0,62 — xoedillieHT BUpOOHHUIITBA TEILIA
KOT'€HEpaIliifHOI0 yCTaHOBKOIO, BigH. oxa.; K;=3,6 kBt rom./MJIx — koedilieHT
MepepaxyHKy.
Piunuii Buxiag ToOBapHOi enekTpoeHeprii Vrzgr Ta ToBapHOoro Ttemna Vpy
BIJIIOBITHO CTAHOBUTHUME:
W, =W, (1-Kkg. )=8350-(1-0,2) = 6680 kBT rox./pix;
W, =W, —Q,,, =49044 — 26200 = 22844 M1 x/pik.
ne: kKzc=0,2 — koedillieHT CIIOKUBAHHS CIIEKTPOCHEPril HA BJIACHI IIiTi, BITH.
OJ1.
TakuM 4yuHOM, TOBapHMil Oiora3 JOUUIBHO BHUKOPHUCTOBYBAaTH  JUIsS
BUPOOHHMIITBA EJIEKTPOEHEPTi.

3anuTaHHA ISl CAMOKOHTPOJIIO:

1. SIxi ocHOBHI criocoOu nepepoOKU THOHO?

2. Slke MOBMHHO OYTH CHIBBIJHOIIEHHS BYIJICHIO 1 a30Ty Yy KOMIIOCTHIH
cyminri?

3. SIxi 6yBaroTh criocoOu aHaepoOHOT pepMeHTaIlii?

4. Sk cucrema BUJAICHHS 1 TMepepoOKM THOK BIUIMBAE Ha OOCATH
THOECXOBUII?

5. o Take Giorasz?

6. 3aBmsKu SKOMY IIPOLIECY YTBOPIOEThCA Oioras3?

7. Ywum Giora3 BupoOieHUH 13 610MacH BiIPI3HAETHCS BiJ IPUPOIHOTO razy?

8. 3 sAKOi CUPOBHMHU MOXKE BUPOOIATHCH Oiora3?

9. OxapakTepusyiTe cydaCHUN CTaH 010ra30BUX TEXHOJIOTIM.

10. YoMy BUpOOHUIITBO 0i0Ta3y € OJIHIEI0 3 0€3BIAXOHUX TEXHOJOT1H?

11. SIxi n1Ba OCHOBHI BHAM MIATOTOBKM 1 OpOAIHHA  CHUPOBUHU
BUKOPUCTOBYIOTHCS Y 010ra30BUX TEXHOJIOTIAX?

12. OxapakrepusyiTe MIKpOOIOJOTiYHI OCHOBH TIPOLIECY BUPOOHUIITBA
Oiorasy.

13. Ckinbku Tpyn 6akTepiit Oepe yuacTh y BUpOOHUIITBI Oiora3y? Ha3siTh ix.

14. Jlatite xinacudikaiiro METaHOYTBOPIOIOYMM OaKTepisiM 3a TeMIIepaTypHUM
PEKIMOM.

15. SIki OCHOBHI €JIeMEHTH KOHCTPYKIli MaroTh TBepaodasHi Oiorazosi
YCTaHOBKHU?



16. SIki oOCHOBHI TOKa3HUKUA TBepAO(]a3sHOro OpOAIHHS B ICHYIOUHX
OlopeakTopax?

17. SIxi ocCHOBHI HEOJIKH piAKOha3HUX 610ra30BUX PEAKTOPIB?

18. Yum oOymoBIieHa HM3bKa €()EKTHUBHICTh MPOIECY BUJLICHHS METaHy Il
yac TBep10ha3HOTO OPOIIHHS?

19. SIki OCHOBHI €JEeMEHTH KOHCTPYKIii MaioTh pijakodaszHi O6iora3osi
YCTaHOBKHU?

20. OxapakTepu3yiTe mepury Ta Ipyry cTafii aHaepoOHOTO 30pOJKyBaHHS
Oiomacw.

21. Slkuii MacoBMii BUXIJlT METaHy Ta BYTJIEKHCIIOTO Ta3y MiJ 4ac aHaepoOHOI
dbepmenrarii 1 Kr opraHiqyHOi pe4OBUHH?

22. Slkuii  OCHOBHMI HampsiM 1HTeHcu(ikamii mpormecy pigkoda3sHOro
30poKyBaHHS Oi0MacH THOIO?

23. B axux Mexax MOBMHHA OYTH BOJIOTICTH OlOMacu MNpU BUKOPUCTaHHI
piakoda3zHOro aHaepoOHOT0 30pOIKYBAHHS ?

24. Yum oOyMOBJICHAa HWXHS MEXKa BOJIOTOCTI OloMacu MpU BUKOPHUCTAHHI
piakoda3zHOro aHaepoOHOT0 30pOIKYBAHHS ?

25. YuMm 0o0yMOBIIEHa BEpXHS MEXKa BOJIOTOCTI OlOMacH MpU BUKOPHUCTAHHI
piakoda3zHoOro aHaepoOHOTro 30pOIKyBaHHS?

26. SIki OCHOBHI THIIA MIMIAJIOK BHUKOPHUCTOBYIOTHCS [IJISl TEPEMIIIyBaHHS
6ioMacu nipu piakodasHOMy aHaepoOHOMY 30pOKyBaHH1?

27. SIxkmii Buxim Oiorazy MokHa oTpumatd 3 1 T 6ioMacu mpu pinkodazHomMy
aHaepoOHOMY 30pOKyBaH1?

28. Slkmii muTOMMI BuUXim Olorasy MarOTh cydacHi piakodasHi 0iorazosi
YCTaHOBKH?

29. Slkuii MakCUMaIbHUM PiBEHb PO3KIIAAYy OPTaHiuvHOI PEYOBUHU OGiOMAacCH il
yac pikodazHoro aHaepoOHOT0 30pOKyBaHHS ?
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7. BUPOBHHULTBO TA BUKOPUCTAHHS BIOT'A3Y HA TEIIJIOBI
IHOTPEBUA

7.1. EHepreTu4ni mapaMeTpu Ta KOHCTPYKUis 0iora3oBoi yCTaHOBKH 3
00epTOBUM PEaAKTOPOM

[TepeminryBaHHs 3a JIOIIOMOI0OI0 010ra3y MOKJIMBE IIPU BMICTI CyX0i pEUOBUHHU
B Olorasi Hmx4e 5 %. MexaHiuHe NEpeMIlllyBaHHSI Ma€ TPYAHOCTI NPU BMICTI B
cupoBuHi Ounbiie 10 % cyxoi pedoBunu. Tomy Hamu Oyna po3poOieHa MOAYyJIbHA
Oiora3zoBa yCcTaHOBKa, cXxeMa SIKO1 mpuBeeHa Ha puc. 7.1.

1 — ropu3zoHTaNbHUH 30BHIIIHINA KOpmyc; 2 — piguHa; 3 — NMJIIHAPUYHHNT
peaxkTop; 4 — kaMepa 30pO:KyBaHHSA; 5 — meperopoaka; 6 — pyxomi niacTunu; 7
— opranivna wmaca; 8, 9, 12 - mnarpyokm; 10 - ra3zoe30ipumk;ll -
BHBAHTa:XXyBajlbHa Kamepa; 13, 14 — mimmmnHaukoBi By3iam; 15 — 30BHIilIHIH
npusoa; 16, 17 — 6/10k-ymiJibHeHHA

a —cxeMa;, 0 — MmoaeJb
Puc. 7.1. YcranoBka 6iorazoBa MoayJbHOTO THILY



VY KOHCTpYKIIii po3p00IeHOT MOTYIEHOI 010Ta30BO1 YCTAHOBKHU PO3TIISAAIOTHCS
INPUHIIUIIOBO HOBI TEXHIYHI pIIMICHHS B CHUCTEMI IIEPEMIIIyBaHHS pPEaryroudoro
cyOcTpaTy B METaHOBOMY peakTopl. BoHM monsiraloTb y BUKOPHUCTaHHI 3MIHU
HaIpsSMKY Jii TpaBITAlliiHUX CHUJ, IO BIUIMBAIOTh HA MEPEMIIICHHS OpPraHiyHOi 1
MIHEepaJibHOI (pakiiii Oiomacu, sIKi 3alOBHIOIOTH BHYTpImHIA Kopryc. Kopmyc
OlopeakTopa BUKOHAHO Yy BHWIJISJI TOPHU3OHTAIBHOTO IIWJIIHApa 3 JlaMeTpaibHO
PO3MIIIEHOIO TEPETOPOJKOI0, SIKUA 00epTaeThCcs HABKOJIO TOPU3OHTAIBHOI OCi,
OMMPAIOYNCh HA TMPOTHICKHO pO3MilieHI ochoBi Tandu. Peaktop 6iora3oBoi
YCTaHOBKH 3allOBHIOETHCS 1HOKYJTHOBAaHOIO 010Macoro Ta 00epTaeThCsl B PiAUHI, SKa
3HAaXOJIUTHCS B 30BHIMIHBOMY KOpmyci. Taka KOHCTPYKIiS CTBOPIOE MiAiMaIbHY
CUITy Ui 00epTOBOTO OlopeakTopa, pO3BaHTAXKYIOUM OMOpPHI Iardu, Mo 3MEHIIye
CHJIA TEPTs B HUX 1 BIATIOBITHO 3MEHIIIY€ €HEPTiio, Ika BUTPAYA€ThCs Ha 0OepTaHHS 1
MEepEMINTYBaHHS  3aBaHTAXKEHOI OlomMacor KOHCTpyKii. JlaHa KOHCTpyKuis
OlopeakTopa 3a0e3neuye MepeMillyBaHHsS pearyrdoro cyoCTpary Mo BChOMY HMOTO
00’eMl 1 JIKBily€ MOJIMBICTb CTBOPEHHS IUIABAlOYOi OPTaHiuHOI YACTHHH Ta
HAKOIWYEHHS 3aHYPEHOTO MIHEPAJIILHOTO OCay.

Jnst toro mo6 3a0e3meunTd OOEpTaHHS peakTopa HEOOXITHO MPHUKIACTU
KpYTHUH MOMEHT, BEJIMYMHA SIKOTO CTAHOBUTH:
do
dt

ne Myp — KpyTHUN MOMEHT JiJisi 3a0e3neueHHs1 ooeptanns peakropa, H m; Moy
— MOMEHT OMOpy MIAMIUIHUKOBUX BY3miB, H M; Mpr; — MOMEHT B’A3KOro TepTs
30BHIIIHBOI MMOBEPXHI peakTopa 00 piAuHy, B AKYy 3aHypeHuil peaktop, H m; My —
MOMEHT B’SI3KOTO TEPTs BHYTPIIIHBOI MOBEPXHI peakTopa 00 piaky Olomacy, sika
3HaXOJIUThCcsl B peaktopi, H M; My — MomeHT, HEOOXimHMM aJis 3a0e3nedyeHHs
niaioMy OioMacu B peakTopi mij yac ioro obeprtanus, H m; Mps — MOMEHT, 1110
CTBOPIOETHCS 32 PAXyHOK MOTOKIB OIYCKaHHsS OlOMacu B PEAKTOpI MiJ 4Yac HOro
obeptanns, H M; J — MOMEHT iHepIlli METaHTEHKa BIJJHOCHO OCl HOro oOepTaHHS,

do
KT M2 e KyTOBE [IPUCKOPEHHS 00EPTaHHs PeaKTopa, pa./c’.

M, =M, +M + My + M —M, .+ (7.1)

[ToMHOXMBIIM KOXKEH WieH piBHSAHHSA (/.1) Ha KyTOBY IIBUAKICTb OOEpTaHHS

peaxkTopa OTPHUMAEMO:
do
P,=P,,+P,, + Py, + P, — P, + Ja)a : (7.2)

Jie » — KyTOBa MIBUAKICTb OOEPTaHHS peakTopa, pajl./c; Pyxp — MOTYKHICTh AJIs
3a0e3nedeHHs: o0epTaHHsl peakTtopa, BT; Pp; — NOTYXHICTh ONOPY HiAIIUITHUKOBUX
BY3JiB, BT; Ppr; — NOTYXKHICTh B’S3KOTrO TEPTS 30BHIIIHBOI MOBEPXHI peakTopa 00
piAuMHY, B SKy 3aHypeHUd peaktop, BT; Pprg — MNOTYXHICTh B’S3KOTO TEPTS
BHYTPIIIHBOI MMOBEPXHI peakTopa o0 piaKy OioMacy, sika 3HaXOAUThCS B peakTopi, BT;
Py — motyxHICTh Jusi 3a0€3MeUeHHs MiAioMy 0loMacu B peakTopi IMij 9ac Horo
obeptanus, Bt; Pps — MOTYXHICTh, MOTOKIB OITyCKaHHS 010Macu B peakTopi MiJ Jac
roro obepranus, BT.

[ToTyXHICTb, IKa CIIOKUBAETHCS MPUBIIHUM €IEKTPOABUTYHOM 13 €JIEKTPUUHOT
MEpeKi, TAKUM YHNHOM CTaHOBUTHME:



do ~
P=| Py, + Py + Py + Py — Py + JG)E (UEﬂﬂnCOS(P) 1, (7.3)

ne P — MOTYXHICTb, SKa CHOXXHMBAETHCS NPHUBITHUM EJIEKTPOJBUTYHOM 13
€JIEKTPUYHOI Mepexi, BT; 7757 — KoedilieHT KOPUCHOT 1T €JIEKTPOABUTYHA, BIJH. OJI.;
N — KOeQIIeHT KOpWCHOi MAii TpUBOAY, BiH. OA.; COS® — YacTKa aKTHBHOI
MOTY>KHOCTI1 Y TTIOBHIM MOTY>KHOCTI €JIEeKTPOJIBUTYHA, BiJIH. OJI.

AHanizyloud JaHui BUpa3, SIKUW 10 CYT1 € EHEPreTUYHUM OaJlaHCOM TPUBOJLY
00epTOBOr0 peakTopa, MOKHA CKa3aTH, IO TMOCTiiHE 3HAYEeHHS CIOKUBAHOI
NOTY)XHOCTI Oyzle JMmie TMpH [OBHOMY 3allOBHEHHI BHYTPIIIHBOTO 00’€My
METaHTEeHKa. 3Ba)Kalo4uM Ha crenndiky poOOTH peakTopa, KoM YaCTHHA HOTO 00’ eMy
3aBKu OyJie 3aroBHEHa 610ra30M, MOXKHA 3pOOMTH BUCHOBOK IIPO T€, 110 BHYTPIIIHI
MEPETOKU PIIMHU B PEAKTOPl MPU3BEAYTh J0 LUKIIYHUX MOIITOBXIB, Kl OyAyTh
MOPYIIYBAaTH CTaTUYHY PIBHOBAry 00€pTOBOrO peakTopa 1 MPU3BOAUTH JI0 LIUKITYHOT
3MiHU HaBaHTaxeHHs. DakTUYHA 3MiHA CIOXXMBAHOI €JIEKTPUYHOI MOTYKHOCTI, IO
BUTPAyYa€ThCSl Ha MPUBIJ 3allOBHEHOro Ha 96 % excrepuMeHTaJIbHOro 00epTOBOTO
peakTopa 3 BHyTpimHIM 00’emom 75,55 1 (miametp 0,4 M) Ta HOro 3aHypeHHI Y
pinuny Ha 75 % npuBeacHa Ha puc. 7.2).
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Puc. 7.2. 3miHa cIO:KMBAHOI €JIEKTPUYHOI MOTYKHOCTI i yac podoTn
00epTOBOrO peakTopa

CepenHe 3HAYEHHSI CIIOKMBAHOI TIOTYXKHOCTI HEOOXITHOT [JIi TPUBOIY
00epTOBOr0 peakTopa B 3aJIeKHOCTI Bl Horo koedilieHTa 3aHypeHHS MpUBEeHa Ha
puc. 7.3.
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y = 2E-05x* - 0,002x? + 0,0193x + 15,785
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Puc. 7.3. BniiuB koedinieHTa 3aHypeHHsI 3alI0BHEHOT0 00ePTOBOI0 METAHTEHKA
HA MOTYKHICTh NPUBOJAHOI0 MEXaHi3My

AHani3 mokasye, 10 Npu 30UIbIIEHHI Koe]ilieHTa 3aHypeHHS 00epTOBOTO
peakTopa B PiAMHY, CEpeIHE 3HAYEHHS CIOKUBAHOI MOTY)XKHOCTI 3MEHIIYETHCS 0
JOCSITHEHHSI MIHIMQJIbHOTO 3HAYE€HHS, 1[0 00OYMOBJIEHO 3MEHILIEHHSM BUTPAT HA OIIip
y TAIMITHUKOBUX BY3J1aX 32 paXyHOK KOMIIEHCAIlli Baru peakTopa Cuio ApxiMena.
[Ipu mnonmanpimoMmy 301UTbIIEHHI KOe(iliEHTa 3aHYpEeHHS OOEpTOBOTO peakTopa
CepelHE 3HAYEHHS CIOXKMBAHOI TOTYXHOCTI Jenio 30LIBIIYETHCA 3a PaxyHOK
30UTBIIIEHHSI TEPTS B MIANIMIIHAKAX METAHTEHKA, Yepe3 MEPEeKOMIICHCAII0 Baru
peaktopa cuioto Apximena. Tak, Hampukian, 3amoBHeHuid Ha 96 % obOepToBuUit
peakTop 3 BHyTpimHIM 00’emom 75,55 11 (miametp 0,4 M) morpebye MiHIMaIbHOL
MOTYXKHOCTI 7151 TpuBOAY O0sin3bko 13 BT npu #ioro 3aHypeHH1 y piAMHy Ha BETUYUHY
Bin 75 no 77 %. llpu upoMy mnuTOMa MNOTY>XHICTH NPUBOJHOTO MEXaHI3MYy B
PO3paxyHKy Ha 06'eM Giomacu B peaktopi cranosutume 0,179 kBr/nm’.

[IpoBenenHi B HauionansHomy YHIBEPCUTETI OiopecypciB 1
MPUPOIOKOPUCTYBAHHS YKpaiHU OCHIHDKCHHS TO3BOJIUIM BCTAaHOBUTH OCHOBHI
KOHCTPYKIIHHI TapaMeTpu MOIYJIbHUX METaHTEHKIB (Ta0m. 7.1).

7.2. TexHoJioriuHmii mpouec oTpuMaHHsi 6iorasy 3a 10MoMororw 6iorazoBoi
YCTAHOBKHM 3 00epTOBUM 0iopeakTopoM

VY 3a5eHOCTI BiJ] CHCTEMHU YTPUMAaHHS TBapWH, BUIAJICHHS THOO 3 IPUMIIICHb
MOE 3I1MCHIOBATHCH CKPEOKOBUMHU TpPAHCIOPTEpaMHU a0O0 TiAPaBIIYHUM 3MHBOM.
3Bakarouu Ha (PI3UUHUNA, XIMIYHUHN Ta QPaKIIHUN CKIIaJ BUJAICHOTO 3 MPUMIIICHb
THOIO, B HaKOMWYyBauyaX BHUKOPUCTOBYETHCS BIAMOBIAHE TEXHOJIOTIYHE OOJIaHAHHS.



Ile oOnammaHHS 11 MepeMilTyBaHHS (MEXaHIUHI JIOMATEBl MIIMIAJIKHA, JIOMATEBI
Hacocu tunty HYI-®-100), noapiOHioBaui (pixkydi ApoOapKu, HACOCHU-TIOPIOHIOBAY1
tuny C/1-50) Ta Hacocu (ekayibHi BIAIICHTPOBI.

Tabauua 7.1. PanioHajdbHi KoHCTpykKuiiiHi mnapamerpu OiorazoBux
00epTOBHUX peaKkTopiB
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1 0,003 1,2 4 200 0,9 3,0 299
2 0,005 2,4 4 424 0,9 115 1197
3 0,005 3,6 4 895 0,9 26,5 2661
4 0,005 4,8 6 1979 0,9 71,0 7114

Butpatu enexTpoeHeprii Ha eTami HU3bKOTEMIEPATypHOi MiJATOTOBKH
CUPOBHMHHM CKJIQIAI0THCS 13 BUTPAT HA MOAaqy O10CHPOBUHU 0 MPUCTPOIO PO3ILIICHHS
O6iomacu, Ha poOOTy pO3/UIIOBaYa, MOJPIOHIOBAYa Ta HA MEPEKAUYKy MiJTOTOBJICHOL
010CHpPOBMHU A0 MIJIrpiBaYa-BUTPUMYBAya.

[Ipu mpoBeneHHi aepoOHOro eramy MIATOTOBKM CHPOBHHHU, [IJIi HarpiBy
GiocupoBurE 10 Temmeparypu 38-55°C Ta 3aGesmedeHHs 3aqaHO] KHUCIOTHOCTI, B
CKJIaJll TEXHOJIOTTYHOrO 00aHaHHs aepoOHOI cTafii 610MpoIecy BUKOPHUCTOBYETHCS
miirpiBau-BUTPHUMyBad, TEIUIOHOCIEM Y SKOMY € Bofa 3 Temmeparyporo 75-80 °C.
[Hupkymsiiis 6i10Macu IpH TEIIO00MiH1, BABAHTAXEHHS Ta 1HOKYJISIIIS IM1ATOTOBIICHOT
0  aHaepoOHOTro  30po/pKyBaHHS ~ Olomacu  3a0esmeuyeTbes  (PeKaTbHUM
[EHTPOOIKHUM HACOCOM, SIKUW TIOJAa€ TOTOBHM CyOCTpaT H030BaHO JO METaHOBOTO
peakTopa uepes 3a7aHl IHTepBaJIA Yacy.

Jnst  aepoOHOI MIATOTOBKM OIOCMPOBUHM BHKOPUCTOBYETHCS MiAIrpiBay
BUTpUMYyBad. ONTUMAILHUM B €HEPTETUYHOMY TUIaHI Ta MPHHHATUM JI0 PO3PaxyHKIB
npu  po3poOLl KOHCTPYKTOPCHKOiI JOKYMEHTallli B MPOMOHOBAaHOMY MIpOLECI
BUpOOHMIITBA Olorazy € wme3odinpHuil pexum (Big 38 no 40°C). Iligirpis
O0locupoBUHU B aepoOHOMY OiopeakTopi (MiAIrpiBavi-BUTPUMYBAdi) MPOBOJUTHCS
IUISIXOM TEII000MiHYy MK TemioHociem (Boma +70°C) 1 akumentopoMm Terjia —
cyOcTpaTom 3 TemneparypHuM gianazoHom Big +5°C o +25°C. Kpim TemiooOminy, B
MiIIrpiBavYi-BUTPUMYBadl MPOBOJUTHCS MPOIIEC YTBOPEHHSI OPTaHIYHUX KHUCIOT 3
noseaerHsM pH mo 6,9-7. Lleit mporiec BuMarae mepiogUYHOTO TEPEMIITyBaHHS
miapie  Oiomacu 1 mpoxoauth ympogosxk Big 1,0 mo 1,5 mo6u. Ilinrorosiena



O0loCMpOBMHA MEpPEeKavYyeTbCsl A0  1HOKYJSALIWHOT KaMepu 3  BH3HAYCHOIO
NEePIOANYHICTIO 1 103010.
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Puc. 7.4. Biok-cxema TeXHOJOTIYHUX €TAIIB OTPUMAHHS 0iora3y 3a J10MOMOro
MOJYJIbHHMX 0i0ra3oBUX YCTAHOBOK

B iHOKymsmiiiHIM Kamepi OioMaca 3MINIYETbCA 3 METaHOYTBOPIOIOUHUMHU
MIKpOOpTraHi3MamMu, fKi HaIXoJIATh J0 KaMepu 3 00epToBOro Oiopeaktopa. Y I
KaMmepl MPOXOAWTH Mepia CTaais MeTaHoreHe3y 3 akTUBHUM BuiauieHHIM COp,
KOHLIEHTpAIlisl SIKOr0 B CYMIIlll YTBOPEHUX ra3iB cTaHoBUTH Ouiblie 50 %. L1 rasm,
OyIyuyd HU3BKOKAJOPIHHOIO TapsAyOl CYMIIIIIO, BIABOASTHCS 1 YTHIII3YHOTHCS
IUIIXOM CHAJIOBAHHS OKPEMO BiJl OCHOBHOIO ra3oBoro nanua. OTpuMaHuil B
pe3yabTari 3MillyBaHHS OlOCHPOBHMHM Ta I1HOKYJISIHTA CyOCTpaT J030BaHO 4epe3



[IUJIAHT TOJAEThCA 10 OCHOBHOI KaMepu — aHAaepoOHOro GiopeakTopa, A€ MPOXOASTh
MPOIECH METaHOYTBOPIOBAHHSI.

[TepemimryBaHHss cyOcTpary B 00epTOBOMY O10peakTOpl BHKOHYETHCA 3a
paxyHOK OCIJaHHS Ba)KKOi MiHEpaldbHOI CKIaJ0BOI O0iOMacH 3 BEpXHBOI YACTHHU
peakTopa B HWKHI I1apu, 60pOOTyBaHHS cyOcTpaTy 010ra3om, a TaKoK MEXaHIYHOI'O
nepeMillyBaHHS TIpH MOBOPOTI Olopeaktopa Ha 180°. ['opuzoHTaNBHUN pyX OloMacu
B aHAepOOHOMY peaKTopi 3a0e3MeuyeThCS 32 PaXyHOK 30UIbIICHHS PiBHS O0l10MacH Ha
MOYAaTKy PyXy IO BIHONICHHIO 3 TipaBIiYHUM pPIBHEM B MICIll BHBAaHTAKCHHS
6iomacu. Taka KoHCTpyKLis OlopeakTopa 3abe3redye MepeMillyBaHHS Pearyrvoro
cyOcTpaTy Mo BChOMY HMOTO O0’€Mi 1 JIKBIAy€ MOMJIHMBICTh CTBOPEHHS ILIABAFOYOi
OpraHiuyHOi YaCTHUHH Ta 3aHYPEHOT0 MIHEPaIbHOIO OCAy.

bioras BumanseTscs 3 0iopeakTopa 3a paxyHOK 3aHYpPEHHS ra30BOTO 00’ €My B
pearyrouuii cyOcTpaT mpu moBOpoTi Olopeaktopa Ha 180° Ta Buxomay Oiora3y B
CTOPOHY TOHUXKEHOTO THUCKY, SIKUM CTBOPIOETHCS B T1APABIIYHOMY 3aTBOPI IiJT
ra3oBUM KOBMakoM. bioraz craOum3yeThcsi 1O THUCKY BEJIMYMHOIO Baru 1
TOPU30HTAJIBLHOIO TIJIOIISI0 Ta30BOro KoBmaka. B mogansmomy 6ioraz (CHy — 72 %,
CO,; — 25% Ta inmi) npoxomuTh ouuctky Bim CO, 1 HpS Ta 306epiraerbcs B
rasronpaepax. Ctabigi3oBaHUHN MO THCKY 1 XIMIYHOMY CKJIajay Oioras HaaxoJHUTh Ha
TEIJIOB1 OTPEOH.

30pomkeHa ©Oiomaca BUJAISEThCS 3 OlopeakTopa depe3 Tiapo3aTrBop 1
HaIpaBJISIETBCA B MicIle 1I HakonmuueHHs. TperuHa o0'eMy Macu, L0 OJHOPA30BO
BUBAHTAXXYETHCS 3 010pEaKTOpa TBUHTOBUM HAaCOCOM, HANPABIISAETHCA HA 1HOKYJISIIIO
CBIXKO1 O10MacH.

TepmocTabinizaiiss 6iomMacu B aHaepoOHOMY O10peaKkTOpl AOCITAEThCSA 3a
paxyHok Temreparypu Boau (+42°C), B siKy 3aHYpEeHO 00EpTOBHI KOPIYC peakTopa.
Hepyxomuii nuiHApUYHUN KOPIYC, SIKAW 3alIOBHEHUI TEIUIOK BOJIOI0, Ma€ TpyOyari
HarpiBajJbHI €JeMEHTH, TeruioHocieM B sikux € Boja (+75°C). Kopmyc 6iorazoBoi
YCTAaHOBKH MAa€ 30BHIIIHIO TEPMO130JISIIIIO.

7.3. OTpuMaHHS TEeIJIOBOI eHeprii HA 0CHOBI Oiorazy

OCHOBHUM CMOCOOOM OTpPUMaHHS TEIUIOBOI €Heprii 13 OiomMacu € Horo
CHAJIOBaHHS B Ta30BUX KoOTJaX. [a30BuUil KOTEX € OCHOBHUM €JIEMEHTOM
ONMaJIFOBAJIBHOI CUCTEMH, TOMY L0 caMe B KOTJIaX B1I0YBA€ThCS HArpiB TEIJIOHOCIS, a
TaKOX aBTOMAaTUYHE MIATPUMaHHA 3aAaHoi Temrepatypu. [lo6 mixiOpaTu
ONTHUMaJIbHUIM BapiaHT BHUpPOOHMIITBA Teruia 13 Oiorazy ciif OOOB'A3KOBO 3HATH
OCHOBH1 OCOOJIMBOCTI Ta30BUX KOTJIB, X PI3HOBUIW Ta OCHOBHI BiAMiHHOCTI. KoTiau
OyBaroTh ISl 1HAWBIAYaJlbHOTO BUKOPUCTaHHS (MOOYTOB1), sl 3a0e3MeueHHS
TEIJIOBOIO €HEPTi€r0 OKpeMoi Oy/IiBIII Yu npuMiiieHHs (puc. 7.5). [IoTyXHICTh TaKux
KOTJIIB B OCHOBHOMY Je&XHUTh B nmianmazoHl Big 15 mo 100 kBr. Takox mmpoxo
BUKOPHCTOBYIOTh MPOMUCIOBI KO/ (puc. 7.6), motyxHicTio 10 40 MBT 1 HaBiTh
OuTbIlle ISl OMAJCHHS TPYNU TPHUMIIICHb, MANPUEMCTB UM MIKPOpPAMOHIB MICTa,
cena, cenuia.



Puc. 7.6. IlpomucioBuii ra3oBui KoTeJ MOTy:kHicTIO 10 40 MBT

["a30Buil onamoBaIbHUN KOTEN - 1€ arperat, OCHOBHUM MPU3HAYEHHSM SKOTO
€ MIJIrpiB TEIIOHOCIS AJIsl ONAJICHHS MPUMIILLIEHHS, a TAKOXK 3a0€3MeUeHHs rapsuoro
BOJIONIOCTaYaHHS [UIIXOM CHATIOBAaHHS ra3onoaioHoro nanvua. OCHOBHUMHU BUIaMU
najvBa JJisl Ta30BUX KOTJIIB € CTUCHEHMM TPUPOJHUMA Ta3 (MeTaH) 1 3piKEHUN
nponaH-0yTaH. ['a30B1 KOTJIM CKJIaAAI0ThCs 13 Ta30BOr0 MajbHUKA, TETUIOOOMIHHHKA,
cUcTeMH IuMoBHAaNieHHS. Jlo CKIaay KOHCTPYKIIi KOTJa TaKOXX MOKE BXOIHWTU
HUPKYJSALIMHUNA Hacoc, 3amoODKHUN KIalmaH, pO3IMIMPIOBAIbLHUM 0Oak, cucTtema



aBTOMATUYHOTO KOHTPOJIO pOOOTH KOTJIA, @ TAKOXK CUCTEMA 3aXHCTy 1 OJOKYBaHHS,
JU1s1 6€31evHoi poObOoTH KOTIIA.

[lanpbHUK - 116 OCHOBHMI €JIEMEHT KOTJa, B/l SKOTO 0€3M0CepeIHbO 3aJICKUTh
KK poGotu Bchoro arperaty. ['oloBHMM 3aBlaHHSM TNajdbHUKA € TMiATOTOBKA
ra3omnoBITPSIHOI CyMilnl 1 mojaya ii B Kamepy 3ropsHHs. TemsoBa eHepris, IO
yTBOpUJIACh y PeE3yibTaTi poOOTH NalbHUKA, HANpPABISIETHCS O€3MOCEPEIHHO B
TEIUIOOOMIHHUK, Ji€ BiOYBa€ThCA HArpiB TeIUIOHOCIA. Jlami MPOAYKTH 3ropsiHHS
BUJAJISIFOTHCS 13 TOIIKH 32 IOTIOMOTOI0 CUCTEMH TUMOBHUIAJICHHS.

Bci ra3oBi manbHUKW ISl KOTJIIB OMAaJ€HHS MOKHA PO3AUIMTH HA HACTYIIHI
Buau. /{udys3Huil maabHUK - MPU 3TOPsIHHI ra3y BiAOYBaeThCs WOTO 3MIIIyBaHHS 3
MOBITPSIM, TI€H MpoIiec BiAOyBaeThCs Oe3MmocepeaAHbO i 9ac TOPIHHA. [HXEKIIHHMIA
NaJTbHUK - TIEpe]l MOJAYer0 B TOMKY BiAOYBa€Thcs 30aradeHHs MPUPOIHOTO Taszy
MOBITPsAM. 30arayeHHsi 3A1MCHIOETbCA NPSIMO MEpe] MOYaTKOM 3TOPSHHS CYMIIIi.
[TonepeaHe MoBHE 3MILIYBaHHS - Ta30BUM NAJBbHUK HA KOTEN JAHOTO THUITY 3MIIIYE
HOBITPA 13 ra3oM Oe3moceperHbO Mepel] BUXiIHUM OoTBOopoM. HemoBHe momnepenHe
3MINIYBaHHS - Ta30Bl aTMOC(EpHI MadbHUKKU 1711 KOTmiB. [IpuHumn aii cxoxuil Ha
1HKeKITIiHe 00JIaJHaHHs, ajie BIAMIHHICTh TOJISITA€ B TOMY, 1110 30aradyeHHs MOBITPSIM
B1JI0YBa€ThCS 4acTKOBO. PekyrnepaTuBHMI MalbHUK - cXeMa pOOOTH Takoro By3ia
3aCHOBaHAa Ha BUKOPHMCTAaHHI peKylepaTopa, MNpuiaaly OCHOBHUM IPU3HAYEHHSM
SAKOTO € MIJIrPIB Ta3y 1 MOBITPs Mepes 3MillyBaHHAM. PereHepaTuBHUN TalbHUK -
MpPakTUYHO TE€ K CaMe 1[0 1 pEeKylepaTUBHU, ajle HarpiB BIJOYBaeThCs 3a
JOTIOMOTOI0 pere”eparopa. [IoBiTps 1 ra3 HaAXOAATh B HBOTO 1 JOCATAIOThH 3a7aHO1
TEMIIEPATypH, MICISA YOrOo HAAXOAATh B TOMKY. IlaNbHUK 13 HAIIYyBOM - TOBITPS
HAJXOJUTH y TOTIKY MIPUMYCOBO 32 IOTIOMOTOI0 BEHTHJIATOPA, ICIIS 3MIITyBaHHSI.

Kpim cnocoOy moaaui 1 BapiaHTIB 3MILIyBaHHS Ta3y 3 MOBITPSAM ICHY€E HOJLIT
MaJbHUKIB 32 OCHOBHUM Mpu3HauYeHHSM. [loOyTOBI ra3oBl MajgbHUKH MJI KOTIIIB
MarOTh BIJIHOCHO HEBEIUKY MOTY>KHICTh, Y TOM 4ac, SIK MMPOMHKCIIOBI Ta30B1 MaJbHUKH
(puc. 7.7) MarOTh 3HAYHY TEIUIOBY MOTYKHICTb.

VY NopiBHSHHI 3 IHIIMMHU Ta3aMu (Tabj. 7.2) Giora3zy mOTpiOHO MEHIIE MOBITPS
s 3aropsiHHs. Jlasi moBHOTO 3ropsiHHA 1 M° Giorasy HeoOXimHO GiH3BKO 5,7 M°
MOBITPS, B TOH Yac sk st Oyrany - 30,9 M, ts npomany - 23,8 M, Orxe, 3BHYaliHI
ra3oBi TaJbHUKA 1 TPWIATU MOTPeOYIOTh OIIBII SKUKIEPIB 13 30UIBIICHUM
MOTIEPEYHUM Tepepi3oM JJIsl TPOXOKeHHs Oiora3zy. KpiM Toro HeoOXiHO 3BakKaTw
Ha Te, 10 MepPEeBeICHHS MaJbHUKIB Ha 010Ta3 MPU3BOAUTH J0 OLIBII HU3BKUX PIBHIB
TerioBiAayl. Jleski mpakTU4HI 3axoau Jyisi Moaudikalii NMajlbHUKIB BKIIOYAIOTh:
30UTbLIECHHSI TIOTIEPEYHOTO Mepepi3y KUKIEPIB B 2-4 pa3u AJisi NPOXOJKEHHs Trasy,
3MiHYy 00’€My MoOjJayi MOBITPS 3a PaxyHOK BCTAHOBJIEHHS PEryJsiTOpa ra30BO-
MOBITPSAHOI cyMillll. B 1HImIOMY nNajdbHUKH s Olorazy HeE BIAPIZHSIOTHCS BiA
MaJbHUKIB JJI IPUPOTHOTO Tazy.

Takox MOXJIMBE CHia/IfOBaHHs 010Ta3y B KyXOHHHUX IUIMTax, MPOTE€ HEOOX1AHO
3a0e3MeynTH OYMIIeHHs Oiorazy BiJ BICTY CipyaHHMX CIHOJNyK, Hampukiaa HgS.
biora3oBi KyXOHHI IJIUTH BUKOPUCTOBYIOTHCS JJISi MPUTOTYBaHHS 1K1 B JOMAIIHIX
yMoOBax ©0e3 3aMiHM KyXOHHOTo mocyay. KpiMm Toro, aeski Moneni MOXHa
BUKOPHCTOBYBaTH B yMOBaxX MIANPUEMCTB T'POMAJCHKOTO Xap4yyBaHHS Ta IHIIUX



rOCIOIAPChKUX LIISAX, HAMPUKIIAJ, HArpIBaHHA BEIUKUX OOCATIB BOAU AJisA MOTPed
CLILCHKOI'O TOCTIOIapPCTBA.

Tab6umus 7.2. IlopiBHsIHHSI IPUPOJHOTO ra3y (Merany) Ta 0iorady

CkrnanoBa On. Bumipy | Ilpupomnuii ras bioras
CH, % 85...95 55...80
CO; % <1,0 20...45
N, % 4...12 —

O, % <0,5 —

H, % - <1,0
H,S Mr/m® 50...100 500...5000
Teruora 3ropsiHHS M/ 32...35 20...29

Puc. 7.7. IlaJibHUK MPOMUCIOBOI0 ra30BOro KoTJjia

biorazosi mautu (puc. 7.8) MarOTh 30BHIIIHIO CXO0XICTh 3 IUIMTAMH, IO
MPAITIOI0Th HA MIPUPOJHOMY Tra3i 1 nmpomnaHi-Oyrani. OIHaK, BpaXOBYIOTh OCOOJIMBOCTI
Oiorazy. Komm ra3 3 BeNMKOIO MIBHAKICTIO BHUTIKAa€ 3 (POPCYHKH, TO HABKOJIO
CTPYMEHS Ta3y CTBOPIOETHCS PO3PIIKEHHS 1 B 00JACTh I[HOTO PO3PITKEHHS
HaJIXOAUTh TIOBITps. lle moBiTpst 3MimlyeTbcss B TpyOlll NajdbHUKA 3 Ta3oM,
ra3ornoBiTpsiHA CyMII TMOTpaIvise B YalllKy MaJlbHUKA 1 BUXOJIUTh HA30BHI Yepe3
comia. Tam cymim 3ropae. Y moOyTOBii Ta30Bid IUIMTI BIAOYBAE€THCS IMONEPEIHE
3MIIITyBaHHSI TOPIOYOTO a3y B ONTUMAaJIbHINA MPOMOPIIii 3 MOBITPSAM, TOMY TOPUTH BXKE



CyMill. 3BiJICH 1 BUHUKAIOTh 3aBJAaHHA, SIKI MOTPIOHO BUPIIIUTH, JJIsl CIIATIOBAHHS
Oiorazy B moOyTtoBux IumTax. HeoOximHO 3a0e3meuuTd MpPaBHIIbHY MPOMOPIIIO
ra3onoBITPSIHOI CyMillll, a TaKOX IIBUAKICTh MOTOKY rasy, o0 Ha BUXOJl 3 COMe
najbHUKA TOJNyM'ss TOpUIO cTadubHO 3 MakcuMmanbHO MoxiuBUM KKJI y Bchomy
Jllana3oH1 PeryJIIOBaHHs KpaHa MaJlbHUKA.

Puc. 7.8. IlajabHUK 6iora3o0B0i KyXOHHOI ILTUTH

Takox MOXJIMBE, MICsS BIAMOBIIHOTO OYMINCHHS, BUKOPHUCTAHHS Oiorasy B
CyllIapKax CUIChKOTOCIOAapChKOT MpoAyKIlii (puc. 7.9).

Puc. 7.9. 3epHoBa cymapka i3 BAKOPUMCTAHHAM 0iorasy

Hampuknan, nns cynriHHs onmniei ToHW 3epHa mmmeHuri Bix 19 mo 14 %
Bosiorocti HeoOxiaHo BiA 70 1o 90 kBT TemoBoi eneprii, TOOTO HEOOXIAHO CHIATUTH



Bim 12 mo 15m® Giorasy. Jlnst cyuwrimust ommiei ToHH Kykypymsu 3 30 mo 14 %
BoJIorocTi motpi6Ho Bix 250 xo 300 kBT TemioBoi eneprii Ta Bix 42 no 50 m° Giorasy.
1106 BUCYIIUTH OJIHY TOHY coHsAmHUKa BiA 13 mo 8 % Bonorocti notpidbno Bing 160
n0 180 kBt Temna ta Big 27 mo 30 M° Giorasy. ¥V cymapkax 1 m° Giorasy samimae
0,6 1 auzenpHoro mnanuBa. JlaHi AifiCHI NMpU HACTYNHUX YMOBax: TeMIlepaTypa
HABKOJIMIITHKOTO MoBiTpsa + 15°C, BigHOCHA BOJOTICTh MOBITPA 65 %. Temmneparypa
3epHa + 15°C, 3epHO OUHMIIEHO BiJ BEJIUKUX JOMIIIOK, TMPOIEC CYIIIHHA
OesnepepBHUil. 3a IHIIMX YMOB HAaBEJACHHI 3HAYEHHS MOXYTb BIAPIZHATHCS.
Cymapku, Mo BHKOPHUCTOBYIOTH 0iora3, KOHCTPYKIIIHHO HE BIJIPI3HSIOTHCA BiJl
TpaJULIHHUX CYIIapOK, OKPIM BCTAHOBJICHHS BIJNIOBIIHOTO MaJbHUKA.

3HayHi TOTpeOM B  TEIIOTI MAlOTh TaKOX  TEIUMII Ta  iHOI
CUTBCBKOTOCTIONAPCHhKI cropyau Ta Oymimi. s iX omaneHHS TakoX MOKHA
BHUKOPHCTOBYBaTH 010Ta3.

B octanHi poku nommproeTbes nojada 6ioMeTaHny B MEPEKi PUPOIHOTO Tazy,
OCKIJIbKM 3a CITIBBIJHOIIIEHHSAM OCHOBHUX KOMIIOHEHTIB BOHU MPUOJIU3HO OJTHAKOBI
(puc. 7.10). Cranom Ha 2010 pik Takux ycraHoBok y HimeuuunHi Oyso 61151 4OTUPHOX
JECATKIB. YpAI i€l Kpainu Mae amOiminHi uut g0 2020 poky mOpiyHy 3amiHy 6
MIIPZ. M° IPUPOJIHOTO Ta3y GiOMETaHOM.

[Ticag ounIieHHS Ta BUAAJIEHHS

biora3 :
CO, 6iomeTaH ~ MPUPOTHOMY Tazy

|HLWi rasu Co; IHLW rasu CO; IHLW rasu Co;
1% 2%

2% -1

1% 10%

39%

CHg
59% 97% B9%

Puc. 7.10. CniBBiqHOIEHHSI KOMIIOHEHTIB 0il0MeTaHy Ta NPUPOAHOIO ra3y

CHa CHa

7.4. Co6iBapTicTh BUPOOHULTBA 0ioMeTaHy B arpapHOMY BUPOOHUIITBI

PecypcHoro 0azoro 111 BUpOOHHUIITBA OlOMETaHY B CLIBCHKOTOCHOJApCHKUX
HIANPUEMCTBAX € PIAKUNA THiM. 3araJpHOBIIOMO, LIO0 BUTpPAaTH Ha BUPOOHUIITBO
O0loMeTaHy B CUIBCHKOTOCIIOAAPCHKUX MIAMPUEMCTBAX BKIIOYAIOTh BUPOOHUY1 BUTPATH
Ha OJIep>KaHHsA OloMETaHy 3a BUpPaxXyBaHHSIM IIEPEBUIIICHHS BapTOCTI OPraHIYHHUX
n00pHUB HaJ BAPTICTIO THOIO:

By, =V, Co, =My, L, — mogﬂoa +E (7.4)
3BIJIKM BUPOOHMYA COOIBAPTICTH BUPOOHUIITBA OIOMETaHY, 3 YpaxXyBaHHSIM TOTO, IO

m,,, =M, =M, , CTAHOBUTb:



\Y
Cou =y Uy =L )+ By =202 (1, L, )+ By =
BM BM (75)
\Y
=005 o o =2 U= o

a TIEPEBUINCHHS IIIHA OPTraHIYHUX TOOpPWB HaJ I[IHOK THOI ISl 3a0e3MeYCHHS
HYJILOBO1 COOIBApTOCTI O10METaHy CTAaHOBUTHUME:

E k. 7
Hoﬂ -1, = EMIOEM =, (7.6)
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a00 3 ypaxyBaHHSIM aMOPTHU3AI[IHHUX BUTPAT:
E +A4 )k 1
Uozz _ler — ( BM EM) B3 (7.7)
pI'IE

ne Bgy — BuTpatu Ha BUPOOHUIITBO OioMeTaHy, rpH; Vg, — 00’€M ofepxKaHOTO
6iomerany, M°; Cgy— BHpOOHHYA coOiBapTicTh GioMerany, rpr/M°;, My — Maca
P1IKOro THOMO, IO HAJXOAWUTh Ha 30pOIKYBaHHs, T; Moy — Maca OpraHIYHUX T00pUB,
OTpUMaAHUX Mmichs 30pO/UKYBaHHA, T; Mz — Maca mepepodsieHolI B 010razoBoMy
peakTopi 6iomacwu, T; L] — 1iHa P1AKOro THOO, IPH/T; Loy — LilHA OpraHiyHuX JOOpUB,
IpH/T; Epgy — BUPOOHHMYI BHUTpAaTH Ha BUPOOHUUTBO OlomeTaHy Oe€3 ypaxyBaHHS
BapTOCTI P1IKOrO THOO Ta OPraHiYHUX T0OPUB, TPH; Egy, — TUTOMI BUPOOHWY1 BUTPATH
HAa BHPOOHMITBO Giomeramy, rpa/M°; Vs — 00’eM mepepobieHoi B 6iorasoBomy
peaxtopi 6iomac, M%, py5 — TYCTHHA TIEpepobIeHOT B 610ra30BOMy peakTopi GioMacH,
T/M°; Vp — 06°eM Giomacu B 5i0razsoBoMy PeaKkTopi, M°; 735 — 4ac yIPUMAHHS 6ioMacH B
peakTopi i yac 30po/uKyBaHHs, 1i0; Kg), — BuXin 6iomerany 3a 100y i3 po3paxyHKy
HA OIMHHUIIO 00’eMy O6i0ra3soBoro peakropa, M /M° 100y, Agy— aMopTH3ariiisi
BUTPATH HA BUPOOHUIITBO GiOMETaHy, IPH/M".

[Tomanbma peramizaiis Bupaszy (7.5), MUIIXOM PO3KPUTTS CTPYKTYPU MUTOMHX
BUPOOHWYMX BUTPAT HA BUPOOHHUIITBO OIOMETaHYy, J03BOJISIE 3aITUCATH:

CEM = kIOi (UFH - HO,ZI )+ (1+ k3B + k3’F ) (TOPEM + EJIEM + 3HEM )’ (78)
ne Ksp — xoedilieHT, mo BpaxoBye 3arajJbHOBUPOOHMY1 BUTPATH, BITHOCHHUX OJI.;
K3r — KoedilieHT, MO BpPaXOBYE 3arajbHOTOCIIONAPCHKI BHUTPATH, BIAHOCHUX O].;
TOPpg), — BiipaxyBaHHS Ha TEXHIYHE OOCITYrOBYBaHHS 1 peMOHT 010ra30B0Oi YCTaHOBKHU
3 BUpOGHHIITBA GiomeTany, rpH/M>; EJ/lg, — BapTICTh BUTPAYCHOI CIEKTPUIHOT SHEpTii
npu  BUpOOHHUTBI Giomerany, rpu/M>, 3ITg, — GOHI 3apobiTHOI IUTaTH 3
HApaXyBaHHIMH [P BUPOOHMIITBI GioMeTany, rpr/M’.
BpaxyBaBim BITHOCHY MOCTIHHICTh JESKHX CKIIaMOBUX Bupasy (7.8) MoxHa
3aMMCaTH:

bM T3E

CEM = aEM5UOﬂ + bEEM’ (79)

pHE

kEM TS’E

3. . . .
30pouKYBaHHs, T/M"; O, —pI3HMI LIHK OTPUMAHUX OPraHiYHHX JOOPHB Ta THOIO,

. . 3 .
ne a,, —mnotpeda B O6iomaci st oTpumaHHs 1 M~ GlomeTaHy 3a 4Yac

110 HAAXOAUTh Ha 30poLKyBaHHs, IpH/T; b =1+k,, + Kk, — KOe]iLl€eHT, 1[0 BpaXOBYy€



3araJlbHOBUPOOHWYI ~ Ta  3arajlbHOTOCMONAPCHbKI  BUTPATH,  BIIHOCHUX  Of.;

Egy=TOPgy+EJI5 3115, — tuToMi BAPOOHUY1 BUTPATH HA BUPOOHMIITBO O10METaHY
. . 3

0e3 ypaxyBaHHS BapTOCTI OPraHIYHUX JOOPUB, TPH/M .

JlaGopaTtopna poOora 7: BusHaueHHs NOTYXHOCTI OOEPTOBOTO pEAKTOpPA
010Ta30B01 YCTAaHOBKH B 3aJICKHOCTI BiJl piBHA 3aHYypeHHs OapabaHa y BOJy.

Mera poGorm: O3HallOMUTHCH 13 NPUHLMIIOM [ii 0OEPTOBOrO peakTopa
610ra30Boi yCTaHOBKM Ta BU3HAYUTH 3aJICKHICTh CHOKMBAHOI MOTYKHOCTI Ha HOTO
oOepTaHHsA BiJ piBHS 3aHypeHHS 6apabaHa y BOTY.

Ipuaaan Ta o0jaagHaHHA: 00EpTOBHI peakTop 010ra30BOI YCTaHOBKH,
YaCTOTHHI MePEeTBOPIOBAY CTPYMY, aHAIII3aTOP MMapaMeTpiB MEPEKi.

[Ticnst o3HalOMIIEHHS 3 KOHCTPYKIIIEI0 OOEpPTOBOrO peakTopa 010ra3oBoOi
YCTAaHOBKH Ta HEOOXITHUM OOJagHaHHAM, 3TigHO cxeMu (puc. 7.11) MOHTyeTbCs
o0J1aTHaHHS Ta MIKIII0YAETHCS HEOOX1TH TTPUIaIH.

1
]
A

1 — oOeproBuii 0apadaHHuii 3MilIyBa4y; 2 — 4YacTOTHHI NepeTBOPIOBAY
cTpyMy; 3 — aHAJTI3aTOP MapaMeTpiB Mepexi; 4 — TprudasHa eTeKTPUIHA Mepexa
Puc. 7.11. Cxema nmiak/J0O4eHHs NPUJIAAIB JJI51 BU3HAYEHHS MapaMeTpiB
00epTOBOr0 GapadbaHHOIO 3MilTyBa4Ya

BumiproBaHHs NpOBOJATHCA y HacTymHOMy mopsaky. CrnouaTky Ha OOKOBIid
CTIHIIl 30BHIIIHBOTO KOHTYPY HAHOCSTBCS BIAMITKH, 110 BHU3HA4YalOTh pPIBEHb
3aHypeHHs OapabanHa y Boay. Ilicis 1boro HamoBHIOIOTH Oapa®aH BOJAOK Ta



3aJMBAIOTh HEOOX1JHY KUIBKICTh BOAM Y 30BHILIHIN KOHTYpP 0 BU3HAYEHOTO PIBHS.
EnexrponBuryn, mo oOeprae OapabaH BMHKAIOTh y EJIEKTPUYHY MEpexy 1 3a
JIOTIOMOTOI0 aHajli3aTopa MapaMeTpiB Mepexki BU3HAYAIOTh CIOXHUBAHY MOTYKHICTh
HeoOX1IHY /s oOepTaHHs OapabaHa.

Pe3ynbTaTi BUMIPiB 3aHOCATHCS B TAOJIHITIO 7.3.

Taboauua 7.3. Pe3yjabTaT BUMIpIOBaHb apaMeTPiB 00epTOBOI0 peakTopa
0iorazoBoi yCTAaHOBKH

Hazsa OnunHuI JOCIIi | JOCHid | TOCHifd | Jocihim | Jociifg
napameTpy BUMIPIOBaHHS 1 2 3 4 3)
piBEHb BOJIU cM 30 55 90 120 140
MOTYKHICTh Bt 85,00 82,5 80 75 76,5

PesynpTaTu gocnigiB y rpadiyHOMY BUTJISAI MpUBEACHI HA puc. /.12,

86
NG

82 ~,

80 N
N

78 \\‘~~\\\

74

30 40 50 60 70 80 90 100 110 120 130 140

PiBennb BoaH, cM
Puc. 7.12. 3anexHicTh NoTy:KHOCTi 00epTaHHs OapadaHa Bijx iloro piBHs
3aHypeHHs

IHoty:xHicTh 00epTanus, Bt

TakuM 4YMHOM BCTAHOBJICHO, IO MPU PiBHI 3aHypeHHs Oapabana Bix 30 1o
120 cm criocTepiraerbcs 3MEHIIEHHS! CIIO’KUBAHOI MOTYKHOCTI 3 85 no 75 BT, a npu
nojanbIIoMy 3aHypeHHi O6apabdana Bimg 120 qo 140 cM crioctepiraerbesi 301IbIICHHS
CIIO’KMBAHOI MOTYKHOCTI Ha 00epTaHHs Oapabana 3 75 no 77 BT.

IMpakTuyHa podora 7: Buznauntu co0iBapTiCTh BUPOOHUIITBA OiOMETaHY MPU
aHaepoOHOMY 30pO/KyBaHHI THOTBKH CKOTAPCHKUX Ta CBUHAPCHKUX (hepM.

Buxinni nmami: T'yctura OGiomacu BosoricTio 92 % nns mepepoOku B
Giorasoomy peaxtopi (or5) — 1,05 T/M°. Buxin Giomerany 3a 100y i3 po3paxyHKy Ha
onMHHLIO 00’eMy GiorasoBoro peakropa (Kgmy) — 0,75 M*/M® 106y. Uac yrpuMaHHs
Oiomacu B peakrtopi mij 4yac 30pomkyBaHHs (735) — 15 1i6. TermnoTBopHa 34aTHICTD
Giomerany (Qsy) — 37 MJx/m°. KoedimieHT KOPHCHOI i au3emb-reHepaTopa mpH



orpuManHi enektpoeHeprii (7)) — 0,38 BigH. on. Buximni maHi sl po3paxyHKY
€KOHOMIYHMX IMOKa3HUKIB BUPOOHUIITBA O10MeTaHy HaBe/eH1 B Tabyuii 7.3.

Tabauus 7.3. Buxinni nani A8 po3paxyHKY eKOHOMIiYHHX NOKa3HHMKIB
BUPOOHMUTBA OiOMeTaHY

3HavYeHHs
[Toka3Huk

MOKAa3HUKA
[{ina 6ioMacu piKOro THOIO JI0 30pO/KyBaHHs B 010ra30BOMY 30
peaxtopi (I{ry), rpH/T
[{ina opraHiyHUX JAOOPHB MICIs 30pOKYBaHHS B 010ra30BOMY 40
peakropi (/{yy), TpH/T
Koedimient, mo BpaxoBye 3aranbHOBHpoOHWYI BUTpatu (K3p), 005
BIJH. OJI. ’
Koedimient, mo BpaxoBye 3araipHOroCoaapchbki ButTpartu (Ksr), 0.1
BIJH. OJI. ’
BimpaxyBanHss Ha TEXHIYHE OOCIyrOBYBaHHS 1 PEMOHT 132
6iorazoBoi ycrauoBku (TOPgy,), TPH/M ’
BapTicth BuTpadeHoi enextpuuanoi exeprii (E/1,), pH/M> 0,4
DoH/T 3apOOITHOI TIATH 3 HAPAXYBAHHSIMH, TPH/M 0,3

[TuTomi BUpOOHHY1 BUTPATH HA BUPOOHUIITBO O10METaHy CTAHOBJIATH:

EEM :(1+ k3B + k3r)(TOP5M +E‘]75M + BHEM):

=(1+0,05+01)132+0,4+0,3)=2,32 opul m°.
3 ypaxyBaHHSIM IIbOT0, COO1BapTICTh BUPOOHUIITBA O10METaHy CTAHOBUTHUME:

Yo,
CEM :i( I'd _UOLZ)+EEM =

bM TS'E

1,05 s
=—(30-40)+2,32=1,39 2pnl m°,
0,75-15
a TIEPEeBUILECHHA L[IHU OPraHIYHUX AOOpPUB MICisd 30pOIKyBaHHS HaJ LIHOK OloMacH
PIIKOTO THOIO 110 30pOIXKyBaHHS B 610ra30BOMY peakTopi s 3a0e3nedeHHs] HYJIbOBOI
co01BapTOCTI Oi0OMETaHy CTAHOBUTHME:
E. K.,T 2,32-0,75-15
oy — Uy = oM R - = 24,86 zpn [ m.
Prs 1,05

TakuM 4MHOM, 3a0€3MEYEeHHsI HYJBOBOI cOOiBapTOCTI OloMeTaHy Oyae mnpu
MEPEeBUILECHHI I[IHU OpPraHiyHUX AOOpHUB Micis 30pOKyBaHHS HaJa IIHOKO OloMacu
PIAKOTO THOTO J10 30pO/KyBaHHS B 010ra30BOMY peakTopi B Mexax Bil 24 1o 25 rpH/T.

3anuTaHHA JJI CAMOKOHTPOJIIO:
1. SIxi ocHOBHI IepeBaru Ta HEJOJMIKUA CydYacHUX 010ra30BUX YCTAHOBOK?
2. SIxi OCHOBHI mepeBaru Ta HeJAOJIIKH 00epTOBOTO O10Ta30BOT0 peakTopa?
3. SIk BU3HAYAETBCS TMOTYXKHICTh, SIKA  CIIOXXHBAETHCS  MPUBOJIHUM
€JIEKTPOABUTYHOM 00E€PTOBOI0 010ra30BOr0 PeaKTopa 13 eJIEKTPUUHOT MEepexkKi?



4. Slki € MeTOIM 3HWKEHHS CIIOKHBAHOI TMOTYXKHOCTI Ha OOepTaHHsS
peakTopiB?

5. IloscHiTe BIIKMB KoedillieHTa 3aHYpPEHHS 3allOBHEHOTO 0O0EPTOBOIO
METaHTEHKA Ha MOTY>KHICTh MPUBOJHOTO MEXaHI3MY.

6. YUum 0OyMOBJICHO KOJMBAHHS CIIOKHMBAHOI €JIEKTPUYHOI MOTY>KHOCTI ITiJT
gac poOOTH 00EPTOBOIO peakTopa?

7. Sk mepeminnyBaHHS BIUTMBA€E Ha BUXija Oiorazy?

8. SIki OCHOBHI €I€eMEHTH KOHCTPYKIIii 610ra30BO1 YCTaHOBKU?

9. SIki OCHOBHI METOAM 3HIKEHHS BUTpPAT €Heprii mpu poboTi OiorazoBoi
YCTaHOBKHU?

10. SIxa ponb iHOKyI AL GloMacu pu poOOTi 010ra30BOi YCTaHOBKU?

11. SlkuM 4YKMHOM 3MIMCHIOIOTH 1HOKYJIALIIO OlomMacu mpu poOoTi 6iorazoBoi
YCTaHOBKHU?

12. Po3kaxiTh 1npo OyA0BY Ta IPHUHIIUI pOOOTH G10Ta30BOi YCTAHOBKH.

13. Sk BU3HAYUTH BUPOOHUYY COOIBAPTICTH BUPOOHUIITBA OlOMETaHy?

14. SIkuii  OCHOBHMM TEXHOJIOTIYHHMH TIOKa3HUK BHUPOOHMIITBA BH3HAYa€e
E€KOHOMIYHY e(DeKTUBHICTh BUPOOHUIITBA OiOMETaHY?

15. Slka coOiBapTiCTh BUPOOHUIITBA OloMeTaHy O0€3 ypaxyBaHHS BapTOCTI
OpraHiuHuX T0OpUB?

16. SIki criocoOu oTpuMaHHS TEIJIOBO1 eHeprii 13 6iorazy Bu 3Haete?

17. Ha3BIiTh BUAU Ta30BUX ITAJILHUKIB.

18. YUum Bigpi3HSAETHCS MaJbHUK KOTJIA TMPU3HAYEHOTO MJIs CHATIOBAHHS
Oiorazy?

19. Yum Bizpi3HAETHCS KyXOHHA ITUTA, IO MpaIroe Ha 6iorasi?

20. I3 IKrX OCHOBHHUX €JIEMEHTIB CKJIAAAETHCS Ta30BUNA KOTEN?

21. Po3kaxiTh Mpo MpU3HAYEHHS Ta KJIacU(iKaIliI0 Ta30BUX KOTIIiB.

22. Jlyis 4oro MpU3HAYCHHH MATIbHUK Ta30BOTO KOTJA?

23. Yum oOyMOBJIEHI BIJIMIHHOCTI MaJbHUKIB IO TPAIIOIOTh Ha Oiorasi Bij
MAJIbHUKIB 1110 TIPAIIOIOTh Ha MPUPOTHOMY rasi?
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8. BAKOPUCTAHHS BIOT'A3Y J1JIs1 OTPUMAHHSA EJJEKTPOEHEPITI
8.1. BupoOnunurBo 6ioMerany. OuuileHHs Ta 30arayeHHs Oiorasy

biora3  MoXe  BUKOPHCTOBYBATHCS  JCICHTPATI30BAaHUMH  OJIOYHUMHU
TEIUIOCTEKTPOIICHTPAISIMA JUISL  €JIEKTPO- 1 TeIionocTadaHHs (KoreHeparis) abo
nojaBaTUCs SK OYMIIEHWM 1 30aradeHuid Oioraz (OiomeraH) B ICHYHOUY
ra3oTpaHciopTHy Mmepexy (puc. 8.1). Kpim Toro, 30aradeHmii Oioraz Moe
BUKOPHUCTOBYBATUCSA SK TAJIMBO B aBTOMOOUISX 3aMiCTh MPHUPOAHOTO Traszy, Ha
BEIIMKHUX IEHTPAIHHUX KOTEHEpAIliiHUX yCTaHOBKaxX abo0 JUisi BUPOOHUIITBA TEIIa y
BHCOKOC(DEKTUBHUX T'a30BUX KOHJICHCAIIMHUX KOTJaX.

1 — cUIbCHKOroCnoAapCchKi TBAPUHU TA NTHLS, 2 — CiJIbCHKOIOCIOAAPCHKI
nociBu, 3 — 30epiranHsi BiinpanboBaHoro cyocrpary, 4 — opradiusi Bigxoam, 5 —
HAKONMYYBay4 cy0cTpary, 6 — 0iorazoBa yCTaHOBKA OCHALLEHA ra3roJibepom, 7 —
OiorazoBa mepexa, 8 — KOreHepaTop, 9 — ABUryH BHYTPIIIHbOI0 3ropsiHus, 10 —
ejieKTporeHeparop, 11 — BHKOPHCTAHHSI TeEIJIOBOI €HePrii JJs omnajJeHHs
npuMiniesb, 12 — BUKOPUCTAHHS e€JEeKTPUYHOI eHeprii, 13 — migirpiBaHHs
Oiorazosoro peakropa, 14 — ycranoBka 1Jis1 30ara4yeHHs i ounieHHs oOiorasy, 15
— 3alpaBHA CTaHUifA, 16 — TPAHCMIOPTHA Mepexka NPUPOAHOTO Oiorazy

Puc. 8.1. Cxema BukopucTanHs 6iora3y ta 6iomerany (mxepeso Agentur fiir
Erneuerbare Energien, Himeuunna)

3actocyBaHHg 0iorazy B JACIEHTPai30BAHOMY E€HEProNOCTa4aHHI CIpUsiE
CKOPOYCHHIO IMIOPTY €HEPrOHOCIiB Ta MIJBUIICHHIO HAIIMHOCTI €HePronocTayaHHs,
30KpeMa, y CUIbCBbKIM MiclieBOCTI. B HuHImHINA yac OioMeTaH BHUPOOISETHCS B
I’ ITHAJISITBOX €BPOIEHChKUX KpaiHax (puc. 8.2). [lomaua OGioMeTaHy B MeEpexy
MPUPOJHOTO Ta3zy BiAOYyBaeThcs B OJMHAALATHOX KpaiHax (ABctpis, Yexis,
Himeyuuna, [lanisa, @innauaisa, Ppanuis, JlrokcemOypr, Hinepnanau, Hopseris,
HIBeuis, BenuxoOputanis). B aBaHaausThox eBpomenchkux KpaiHax (ABCTpis,
UYexis, Himeuuwna, Jlanis, Diansanmis, Dpanmis, Yropmwmua, Icmanmis, Itamis,



Hinepmannu, IlBenis, BemukoOputanist) 6ioMeTaH BUKOPHUCTOBYETHCS SIK MOTOPHE
najmBo. Ha chOTromHIMIHIA [€Hb 3arajibHa KUIBKICTH OIOMETAaHOBHUX CTaHIIA B
eBpoONeHChKUX KpaiHax pocsaria 250 of., 13 skux 200 cTtaHIii Mojgal0Th 010MeTaH B
MEpexXy mpupojgHoro raszy. Haibunpm auHamMidHO BHUPOOHHMIITBO OloMETaHy
po3BuBaeThcs B Himeuuuni. TyT mepiia ycTaHOBKa 3 BHPOOHHUIITBA OlOMETaHy
nmoyana cBor po6oty B 2006 p. A 10 2014 poky KiIbKICTh 010METaHOBUX CTaHIIIN
3pocia 10 169 ox. Ilpu 1poMy 3araipHa MOTYXHICTH BHPOOHHUIITBA OlOMETaHy
36impack 10 900 MITH. M° B PiK.
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Puc. 8.2. Po3ramyBanHs cTaHuiii 3 BUpoOHHITBA GioMeTaHy B €Bponi. »
(mxepesio: Google Maps, biogaspartner)

BaxnuBy ponb B oTpuMaHHI OloMeTaHy Bijirpae 30arayeHHS 1 OYHUIICHHS
6iorazy. [lyist Toro, mo6 BupoOIeHuii 0iora3 MoxHa OyJI0 TOJAaBaTH O MEPEXKI, HOTO
OYMIIYIOTh y JIeKiJbKa eTariB (puc. 8.3).

Metonu oumcTtku Oiorazy Big gomimiok (Tabi. 8.1) 3amexarh Bif crocoOiB
HOTO MOJANBIIOTO BUKOPUCTAHHA. TakK, HAMPUKIIAJ, MPU BUKOPUCTAHHI Oiorazy s
BUPOOHUIITBA TEIJIa B KOTJIaX, 0OMEXEHHS CTOCYIOThCs Julie KoHieHTpaii H,S (He
6inpme 1000 muma.”'). Ilpu mbOMy Hemae HEOOXiMHOCTI BHIANSTH BOJIOTY Ta
BYIJIGKMCIIMIA ra3. Y BUIAJIKY 3aCTOCYBaHHsI 0iorasy B KyXOHHMX IUIMTaX 1CHYIOTb
O1bII BUCOKI BUMOTH 110 o4ucTKU BiJ H,S. Ilpu cnamoBanHi 6iorasy B JBHUTyHax
BHYTPIIIHBOTO 3rOPSIHHA, TAKOX 1CHYIOTh MEBHI BUMOTH 10 BMicTy H,S (He Oiiblie
200 MiH.”') Ta CWIOKCAHiB, a TAaKOX [0 HAJMIPHOTO BMIiCTy BOJOTH (He
JIOIYCKA€EThCSl YTBOPEHHS KOHJAeHcaTy). HailOuiblmn cyBOpi BUMOTM JO OYHCTKH
Olorasy BUCYBAIOTHCSI y BHMAJAKy HOTO MOJa4i B MEPEXY MPUPOJHOTO Ta3y Ta MpHU
OpsIMOMY BHUKOPHCTaHHI B SKOCTI MOTOPHOrO manuBa. B 1pomy Bumanky Tpeda
30aragyBatu 0i0ra3 70 SKOCTI MPUPOTHOTO Ta3y.



3HecipueHHS ®uibTpauisn

( (BUIATICHHS Ocywenns
‘ BU/IAJICHHSA
bioraz e > ——> (BHJAJIEHHA
ClpyaHux TBEPINX
BOJIOTH)
CIONTYK 9acToK) 1
Bunanenns
. BinokpemiieHHs THIITNX TOMITITIOK
biomeran < 4 :
CO, (CHJIOKCaHIB,

amlaKy TOII10)

Puc. 8.3. ETanu ounmenHs Ta 30aradyeHns oiorasy

Taoauus 8.1. BmicT nomimox y oiorasi

MosxnuBa Jomyctuma
Hazga crionyku dopMyia CIIOIyKH . :
(zomimcn) (zomimxu) KOHHCHT}f_)laLIIH, KOHHCHT}f_)laL[DI,

MJTH. MIJTH.
CipkoBOICHb H,S 50000 10
Tonyon CeHsCHj3 210 100
Kcinon CsH4(CHs), 120 100
Etun6enszon CeHsC,H5 55 100
T erpaxnopeTuieH Cl,C-CCl, 35 35
I'excan CeHia 30 100
[3omponinber30I CeHsC5H- 30 50
benzon CeHs 25 10
JliximopMeTtan CH,Cl1, 15 200
Honan C9H20 15 -
XmopOeH301 CeHsCl 12 75
Tpuxnoperan Cl,HC-CH,CI 10 10
1,1-JlixnmopeTan CH;CH,C1, 10 10
1,2-Jlixmoperan CICH,CH,C1, 8 50
IlenTan C5H12 7 600
[300KTan CgHis 5 300
Inmon CgH;N 5 -
1,1-JlixmopeTineH C1,C,-CH, 2 10
Hadranin C1oHsg 0,2 10
TpuxnoperusicH C1,C-CHCI 0,2 35

3HayHa YacTWHA JOMIMIOK MICTHThCS y Oiora3zi B KOHIICHTPAISIX 3HAYHO
MEHIIUX JOMYCTUMHUX. | HaBITH SKIIO 1X KOHIEHTpAIlil MEPEeBUINYIOTH JOMYCTUMI
(6eHzos, TOJMYOJ, KCHJIOJN), JOMIIIKH HE CTAHOBISATH HEOE3MEKH, OCKIIbKA HE
nepeOyBarTh y NPSIMOMY KOHTAaKT1 3 JIIOJIbMH MpU poOOTI 3 6ioraszom, a mpu HOro
CIaJlOBaHHI po3kiafaroThbes. OTxe, eKoJoriuHa HeOe3leKka BUKOPUCTaHHs Oiorasy



ayxe mana. Bunsarok cranoButh H,S, Tak sk CIpKOBOJIEHB HABITh y MalUX /033X €
HeOe3MeYHUM I JIIOJUHU 1 MPU3BOJAUTH 1O IIBUJKOTO 3HOIIEHHS 1 KOPO3IMHHUX
MOIIKOJIKEHb 00JIaIHAHHSA, Ta30BUX TPYO, ra30BOJSIHUX TEMIOOOMIHHUKIB, KJIallaHIB.
Tomy 3HecipueHHs Mae HaWBUILUNA MTPIOPUTET B MPOLIECT OUHIIICHHS.

Ouumienns 0iorasy Bijl CIPKOBOJHIO € CEpilo3HOI0 MpoOiemMoro. Akino MoBa
iae nmpo BunaneHHss H,S i3 Oiora3zy 6e3 3minu 3micty CO; abo mpo po3aiieHHS
KOMITOHEHTIB ©Olorazy 3 mojaidsiiuM BuUkopucTaHHsM CQO;, TO HEOOX1JTHO
BUKOPHCTOBYBATH XIMiuHI MeTOau 3B’si3yBaHHS H,S. SIKIo mocTaBiieHO 3aBIaHHS
3HIDKCHHSI 3MICTY BCIX JOMINIOK B Oiorasi, Bkiatodaroun CO,, TO MOXKIIMBE OJTHOYACHE
nornuHanHsa CO, 1 H,S Metogamu ¢izuanoi aacopOrii.

JloOpe Bimomi 1 TEXHIYHO PO3POOJICHI METOAW 1 TEXHOJIOTIi OYMINCHHS Tra3iB
(30kpema, Oiorasy) Bi CIpYHUCTUX 3'€IHAHb 3a JOIMOMOTOI0 TBEPAMX XIMIYHHX
MOorIMHAaviB. Y  AKOCTI ~ TakMX  TMOTJIMHAYIB  CIPKOBOJHIO  HalyacTile
BUKOPHUCTOBYIOTBCS OKCHJM 3ajli3a, ITUHKY, Miai, amtoMidio. OXHUM 3 HaHO1IbII
MIPOCTHUX 1 JICIIEBUX METOMIB € noriauHanHsa H,S okcumom 3amiza. [Ipu npomy Fe,Os
pearye 3 H,S, yrBoprotoun FeSg, sixkuii po3kiagaeTbcsi KUCHEM MOBITPS 3 YTBOPEHHAM
eJleMeHTapHoi cipku. Ha mnpakTuil 3a3Bu4ail BHUKOPHUCTOBYIOTH OKCHJ 3aii3a,
HAaHECEHUW Ha JEpeB’sIHy CTPYKKY, THPCY I PO3LIMPEHHS MOBEPXHI B3a€MOJI1
xeMocopOeHTa 3 6iorazoM. biibll cydacHUMH € TMPUCTPOI IJIsi OYUIIEHHS Tra3iB Bij
H,S 13 pigkum mornuHadem. HailOinbmuii NpakTUYHUN 1HTEpEC MPEeACTaBISIIOThH
METOAM PIAMHHOI aAcopOIlli, IPH SIKUX Ta30Ba CyMIlll MPOMYCKAETHCS Yepe3 pO3UUH
MOIJIMHAYa, SIKUM MICAS HACHUYEHHS HOTO CIPKOBOJHEM BCEPEIMHI MPUCTPOIO
HAJICUIIAETHCS HA PETCHEPAIIifo.

bioras 3 0iopeakTopiB 1 METAaHTEHKIB Ma€ BIIHOCHY BoJjoricTh 0au3bko 100 %,
a OCKUIbKM BIH BUXOIMUTH 13 peakTopa npu 0apOOTyBaHHI 4epe3 Lap pPiAHHH, TO
9acTO MICTHTh BEJIMKY KiNBKICTh KpPAIUTHHHOT BOJIOTH. BUKOPHCTaHHS BOJIOTOTO
Oilorazy B TONKaxX KOTJIB 1 KaMepax 3ropaHHs JBUTYHIB HETaTUBHO MO3HAYAETHCS HA
po0oTi nux npuctpois, 3HWKye X KKJI 1 migBuinye piBeHb MIKIIJIMBUX BUKHIIB,
MPU3BOJUTH O KOpO3ii ycrarkyBaHHs. [Ipu momanpimivx omepariisx i3 MiArOTOBKH
Oiorasy, 30kpeMa, Siki BUKOPHUCTOBYIOTh KPIOT€HHI TE€XHOJIOTii HAasBHICTh BOJIOTH B
Olorazi HemomycTuma. Y  JHIT TATOTOBKM  0iorazy /10  BUKOPUCTaHHSA
PEKOMEHIyEThCS BCTAHOBIIOBATH BiUTLTBHUKN # BifOiHUKN KPAIIMHHOT BOJIOTH. 1X
KOHCTPYKITi pI3HOMAaHITHI 1 aHaJOTiYHl 3BUYAMHUM BIJIUTIOBaYaM BOJIOTU Y
CHUCTEMaX BUKOPHUCTAHHS Oy/b-SKHX T'a3iB, HAPUKIIAJ, IIPUPOTHOTO Ta3y.

Ha mnpaktuui, roTryroud Benuki o00CsSrM razy J0 TpaHCHOPTYBaHHA B
TpyOONpOBOJaX, 3aCTOCOBYIOTh MeTOAM abcopOuii 1 aacopOuii. OcyiieHHs Trazy
METOJIOM abCopOIlli IPYHTY€EThCS HAa BUKOPUCTAHHI CIEIiaJbHUX PIJIKUX PEareHTIB,
[0 TOrJIMHAIOTh 13 Tra3y Boay. Lle BinOyBaeThcs mpu Oe3nocepeqHbOMY KOHTAKTI
BCEPE/IMHI CIEIiabHOT YCTAaHOBKU. B SIKOCTI peareHTiB, 110 MOTJIMHAIOTH BOJIOTY,
Mpy IIbOMY METOJII Hal4acTilie 3aCTOCOBYIOTHCS PO3YMHU ICTHJICHTIIKOIIO abo
TpuetwieHraikonto. I[lpu abcopOmii ocyrryBaHWUW Ta3 CHOYATKY B3aEMOJIIE 3
PO3YMHOM TIOTJIMHAYA, TICJIS YOr0 3 HBOTO CIOYATKy BHAUIAETHCS Ta3, MmO OyB
NOTJIMHYTHUH, @ MOTIM €THJIEHTJIIKOIb MIIrPIBa€ThCS 1 MPSIMYy€E Ha pereHepario, 1e 3
HBOTO BUJIAIISETHCS MOTJIMHEHA Bostora. J[ami muki moBToproeThes. Jlo He3anepeuHnx
NPaKTUYHUX TepeBar a0CcopOLIMHOrO METOJy BITHOCHTBCS TOM (DakT, 1O BIH



JI03BOJISIE BUAAISATH BOJIOTY 3 Ta30BOi CyMIillll, IO MICTUTh HIKI/UIUBI PEYOBUHU (B
HepIry 4epry CipkoBojeHb). KpiM 1bOro, BiH JIETKO IIJIJIA€ThCS aBTOMAaTH3aIlli 1
JI03BOJISIE TIPOBOJIUTH OCYIICHHS 10 MPUHUHATHOTO B OUIBLIOCTI BUIMAJKIB 3HAYEHHS
«rouku pock» (minyc 70°C).

Ha BukopucTaHHi TBepAuX IMOTJIMHAYIB BOJIOTH MOOYJ0BaHA i1HINA MOIIMPEHA
TEXHOJIOTISI OCYIIyBaHHS Ta3iB - MeToJA ajacopOiii. B mpoMy MeTojl MOrIMHAHHS
BOJIOTH 31ACHIOETHCS TBEPAMMH TPaHyJIbOBAHMMH pPEUOBMHAMHU. B SKOCTI Takux
aZICOPOCHTIB MOXYTh BHCTYIIATH, 30KpeMa, OKCHJ aJIOMIHIIO, IICOJTITH, a TaKOX
cuiikarenab. Borora 3romom BHIANSETbCs 3 TOP aJCOPOEHTIB 13 3aCTOCYBaHHSAM
30BHIMHBOI [ii. Merox amcopOmii mae psg mepeBar. 30Kpema, BiH JO3BOJISIE
JIOMOTTHCST HabaraTo HIK4oi «roukd pock» (Mimyc 90°C). OmHak MOMKIHBICTH
BUOOpY IILOTO METOAY, @ TaK0X KOHKPETHOTO aJCOPOCHTY, CHJIBHO 3aJIe)KHUTh BiJ
CKJIaJly OCYIIYBaHOTO Ta3y, TaK K Y HbOMY, MOXKYTh Mepe0yBaTh KOMIIOHEHTH, IO
HEraTUBHO BIUIMBAIOTh HA TBEPJl peareHTH YCTaHOBKHU.

VY €sporni pospizustorh npuponuuii raz «H» (High, raz Bucokoi sikocti) i
npupoauuit ra3z «L» (Low, ra3 Husbkoi sikocti). [Ipupoanuii ra3 «H» ckinanaerbes Ha
89...98 % 3 meTany. [leno HIKYOIO € SKICTh TPUPOAHOTO Ta3y «Ly. Bmict MeTany B
HbOMY CKJIafa€e mpuoau3Ho 85 %. [HIUMU CKITaIHUKaMU IPUPOTHOTO ra3y € ajJKaHu
(etan, npoman, OyTaH, NMEHTaH) Ta IHEPTHUHN Ta3. TakuM YMHOM, SKICTh MPUPOTHOTO
ra3y MOXY BIJPI3HSATUCS B 3aJIEKHOCTI BiJ perioHy. ToMy TUTbKH TOJ1, KOJIM BUMOTH
BIIMOBIAHOTO  OMEparopa  Ta30TPAHCIOPTHOI  MepeXi A0  SIKOCTI  Trasy
3aJIOBOJILHSIOTHCSA, 610ra3 MOKE TIOJJaBATUCS B 3aralibHy Ta30BY MEPEKY.

[lopsinm 13 3HECIpYEHHSIM 1 OCYIIEHHSM Oiorazy BaXJMBHUM KPOKOM €
BIJIOKpEMJIEHHSI BYTJIEKHCIIOTO ra3y B Ipoleci 30aradeHHs Oiorazy A0 OlomMeTaHy
(puc. 8.4). Ilpu npomy 4vactka Byriekucioro razy (CO,) B 6iorasi Moke CTAaHOBHTH
1m0 45 %. 3aBagku cBOIM (PI3MYHUM BJIACTHUBOCTSIM BYTJICKUCIUN Ta3 BIUIMBA€E Ha
TETJIOTBOPHY 3/IaTHICTD 1 TEIUIOTY 3TOPaHHS a3y, a TaKOX Ha WOro miapHIcTh. Ha i
MOKa3HUKUA TOTPIOHO 3BEepTaTH OCOOMMBY yBary mpu Tojgaydi OioMeTaHy o
ra3oTpaHCIOPTHOI MEPEXKI.

Jlnst  30aradyeHHst Oiorasy [0 SIKOCTI TpPUPOJHOTO Trazy B  €Bpori
3aCTOCOBYIOTHCS CIIOCOOU OYHIIIEHHS BOJIOTMM CITOCOOOM i MOCTIMHUM THCKOM Ta
azcopOIIis mia 3MIHHUM THCKOM. KpiM TOTO, pO3BUBAIOTHCS 1 BUIPOOOBYIOTHCS 1HIII
TEXHOJIOT1i.

Y mnpoueci OYMIEHHS BOJOTHM CIIOCOOOM TiJ THUCKOM Oioraz 0e3
MOMNEPETHBOI0 3HECIPUEHHSI CTUCKYeThesa mNpuOmmu3Ho 1o 1 Mlla 1 mpomyckaerbes
Yyepe3 HaloOBHEHY BOJIOKO €MHICTh BHCOKOTO THCKY. Byriekucnuit raz (CO,), 1o
MICTUTBCST B Oiorasi, abcopOyeThcsi BOJOI0. IIpU IIbOMY YaCTKOBO BUIANSIOTHCA
cipkoBoaeHb (H,S) 1 amiak, a TakoX pI3HOMaHITHI JOMIIIKH Ta MIKpOOpPraHi3MH.
Boasina mapa y 6iorasi miciasi OYMIIEHHS BOJIOTMM CIIOCOOOM 3pipKyeThes. Takum
criocobom moxkHa focsrtu Bmicty CHy monazn 96 %.

VY texnosorii amcopOrii mij 3MIHHUM THCKOM IONEPEIHbO 3HECIPUCHHM 1
BUCYILIEHUH ©Oiora3z migmaerbest nii 3MiHHOTO THCKY (1o 1 MIla). Ilpu upomy
Byraekucianii raz (CO;) ancopOyeThCsi BIAHOBIIOBAHUM aKTHMBOBAHHUM BYTULISM.
Kpim Byraekucioro razy ancopOyrOThCsl Ta3H, IO MICTATHCS B JOMIMIKaxX. Takum
crocoboM Takox MokHa aocsarta Bmicty CHy 1o 96 %.
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Puc. 8.4. YcranoBKka /191 ounlleHHs Ta 30arayeHns Oiorasy B llIBangopadi,
Himeuyunna

KpiMm BuIIEeHa3BaHUX CHOCOOIB ICHYIOTH III€ W 1HIII TEXHOJIOTiI, SIKI MOXYTb
3aCTOCOBYBATUCS Ha TpakTuili ais BimokpemsieHHs CQO,. OuuilleHHS amMiHaMH €
mpoiiecoM, 1o 0a3yeThcss Ha XiMIYHIA abcopOii. [Ipu 1mpoMy Byriiekuciuii ras,
noaiOHO 70 TOro, SK I BIAOYBAa€TbCA IMMiJI 4Yac OYHUIIEHHS BOJIOTUM CIOCOOOM
abcopOyeThes mia oM TUCKy (0,1...0,5 MITa). Jlns Toro, mo6 13 6iora3zy MokHa
Oyno Bupamutu Outemie CO,, ouunilyBajbHAa piAMHA 30aradyeTbcsi XIMIYHUMHU
pEYOBMHAMH. quuyBanLHy piAMHY, BHUKOPHCTaHy B I[bOMY IIpOLIECl, MOXKHA
BITHOBUTH. [Ipy 1IbOMYy BIJHOBJIEHHS € €HEProO€EMHUM 1 Mo)ke OyTH NOB'si3aHE 3
BUCOKMMHU TOCIOJAPCHKUMHU BUTpaTamMu. lLle CyTT€BMM UYHMHOM 3aJ€XUTh BiJ
XIMIYHUX PEYOBHH, IO BUKOPUCTOBYIOTHCS.

[Ipu MeMOpaHHOMY pO3IIJIEHHI BHUKOPUCTOBYETHCS (I3UYHUI Tpoliec
CEJIEKTMBHOI MPOHUKHOCTI BiAMOBiIHOI MeMOpanu. CytreBo MeHui monekyian CO,
MPOXOJAThH Yepe3 MIKpOIopu MeMOpaHy MIBUALLE, HIXK OL1bIi 32 HUX Mosiekyiau CHy.
Metan, 10 3aJMIIAETHCS HA CTOPOHI MEeMOpaHM, fKa 3HaXOAMTHCA I BUCOKHM
THUCKOM, 30Mpa€eThCA 1 MOXKE MOJABATUCS B ra30TpaHCHOPTHY Mepexy. llepeBaroro
i€l TeXHOJOrii € HU3bKI BTpaTH MeTaHy Tmigyac oOpoOku Oiorazy. HemomikoMm €
MOPIBHSIHO BUCOKI €HEPreTUYHI 3aTpaTu, OCKIJIBKH MOTPIOHO CTBOPIOBATH BITHOCHO
BHCOKHUU THUCK.

BukopucroByeTbesi TakoX KpiOT€HHa cemapailis. Temrmeparypa KUITIHHS
metany minyc 161,5°C, a Byraekucnoro rasy — minyc 78,5 °C. Ilpu moHmxeHHi
TEeMIIepaTypy B yMOBaX HaJUIUIIKOBOro TUCKY CO, nmepexouTh B PiAKUHN CTaH, B TON



9yac KOJM METaH 3HaXOJUThCS Ie B TrasomoaioHomy cradi. [Ipu mpomy CO, MoxHa
BIJIHOCHO JIETKO BIIAUTMTH Bix MeTaHy. Bupminenmit Takum cmocobom CO;, €
JIOCTaTHHO YUCTUM Ta MOXKE OYTH TOBAPHUM MPOTYKTOM.

8.2. KorenepauiiiHi ycTaHOBKH

Korenepariss — e kxoMOiHOBaHE BUPOOHUIITBO TeIIa Ta ejiekTpoeHeprii. Ha
€JIEKTPOCTaHIII1 13 3aCTOCYBaHHSM TEeXHOJIOT11 KoreHeparii NaJuBO
BUKOPUCTOBYETHCS Il OTPUMAaHHA JBOX (DOpM eHeprii — TEeIIoBOi 1 eEeKTPUYHOI.
[IpucraBka «x0» B CIOBI KOTeHepallisi 1 oO3Hayae KOMOIHOBaHE BHUPOOHUIITBO
TEIUIOBO1 Ta eNEeKTpU4HOi eHeprii. [IpocTime kaxxyun KoreHepalliiiHa yCTaHOBKa II€
TeruioBa enekTpocTaniis. Korenepariiini enexTpocTanmii Oiabil e(eKTHBHI B
MOPIBHSHHI 3 €JIEKTPOCTAHIISIMU, SIKI BUPOOJISIOTh TUIBKH €IEKTPUUYHY €Heprio. I3
TEXHOJIOTIEI0 KOTEHepallil 3'ABISEThCS peallbHA MOXKJIHMBICTh BUKOPHCTOBYBATH
TEIJIOBY €HEPrilo, SKa 3a3BUYail BUIAPOBYETHCS B aTMOC(epy yepe3 rpaiupHi Ta
pa3zoM 3 AMMOBUMHU razami. [Ipu BUKOpUCTaHHI e(PEeKTy KOreHepallii ICTOTHO 3pOCTae
3arajJbHUM KOoe(Iili€EHT BUKOPUCTAaHHS NMalduBa. 3aCTOCYBaHHS KOTeHepallli B 3HA4HIM
MIp1 CKOPOUYY€ BUTPATH MAJUBA.

KorenepaiiiiiHa ycTaHOBKa CKJIAJAa€ThCsl 13 CHIIOBOTO arperary, HampuKIa,
razoBoi TypOIHM UM TMOPIIHEBOrO JBUTYHA, EJIEKTPUYHOTO TEHEpaTopa,
TEIUIOOOMIHHMKA 1 CHCTEMH ympasiiHasa (puc. 8.5). HalO1mp1oro po3noBCroKEHHS
HaOynmu yctaHoBkH Heenukoi (Big 0,5 mo 2 MBT) 1 cepeanboi (Big 30 no 50 MBT)
eJeKTpuuHOoi noTyxHOoCTi. [Ipu BukopucranHi koreHeparii Ha 1 MBT enexkrpuynoi
MOTYXKHOCTI CHOXKKBau oTpumye Big 1 g0 2 MBT TeniaoBoi MOTY>KHOCTI Y BUIJISIAIL
napu 1 raps4yoi BOJIM JUIsI IPOMHUCIOBUX NOTpeO, ONaJeHHS Ta BOJOMOCTavYaHHs
MOOYTOBUX 00'€KTIB.

KorenepariiitHi  eJeKTpOCTaHIlli 3  HAJIMIIKOM TOKPUBAIOTh TOTpeOU
CIOKMBAYIB Yy EJIEKTPUYHINA 1 JemeBid TeruioBoi eHeprii. HaamumikoBa TerioBa
EHEepris MOXKEe HAMpaBJIATHCS Yy MapoBY TypOiHy, JUIsi MakcuUMi3ailii BUPOOJICHHS
eJIEKTpOeHeprii a00 B aOCOPOIIHHO-XO0I0IMIBHI MAIIIMHY I BUPOOHUIITBA XOJIOY,
3 HACTYIHOIO peajizalli€lo B cucTeMax KOHAuIlloHyBaHHS. [logiOHa TexHOIOTisS Ma€e
BJIaCHE BU3HAUYEHHS — TPUTEHEpaLlis.

[IpoBiAHMME CBITOBUMHU BUPOOHHUKAMHU KOTE€HEPAIIMHUX YCTAHOBOK Ha OCHOBI
MOPIIIHEBUX JBUTYHIB 1 TypOiH Ha choroaHiIHIN aeHb €: Alstom, Capstone, Calnetix-
Elliott Energy Systems, Caterpillar, Cummins, Deutz AG, Generac, General Electric,
GE Jenbacher, Honeywell, Kawasaki, Kohler, Loganova, MAN B&W, MAN
TURBO AG, Mitsubishi Heavy Industries, Rolls-Royce, SDMO, Siemens, Solar
Turbines, Turbomach, Vibro Power, Wartsila, Waukesha Engine Division, FG
Wilson, Perkins.

Po3pi3HsioTh  KOreHepaiiiHi  cucteMd Ha  0a31  ra3oTypOIHHMX 1
ra3onopUIHEBUX YCTAHOBOK, MIKpOTYpOiH. Pijliie BUKOPUCTOBYIOTHCS JBUTYHH, IO
NpaioTh Ha aAu3enbHoMy mnanubi. llle omHuM kputepieM kiacudikaiii Moxe
cnykutu Buj nanusa. Cepes 1HITUX 0COOMBO MEPCIEKTUBHUMH BBaXKAETHCS O10Ta3
TICJISI OYHUILEHHS BiJi BYTJIEKHCJIOTO ra3y Ta 1HIIUX JOMIIIOK, KWW BUPOOJISETHCS
010ra30BUMH YCTAaHOBKAMH 1 MOXKE CIIYTYBATH BAKIIMBUM JKEPENIOM MiJABUIIECHHS 1X
€KOHOMIYHO1 e()eKTUBHOCTI.
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1 — esexkTporeneparop, 2 — ABUIYH, 3 — Oaiinac, 4 — yTHIi3aTOpP BHUXJIOMHUX
rasiB, 5 — Hacoc, 6 — TeMIOOOMIHHMK KOHTYPY OXOJIOJKEHHS JABHUIYHA, 7 —
TepMocTar, 8 — pagiaTop, 9 — TeMI000MiHHMK CHCTEMHM TeEIJIONMOCTAYAHHA
(CIOKMBALBKOI0 KOHTYPY)
Puc. 8.5. Cxema koreHepauiiHoi yCTAHOBKH

["a30TypOiHHI YCTaHOBKHU (pI/IC 8.6) 3maTHI 3a0e3MeUnTH HAMOLIBII IIMPOKUI
Aiama3oH eIeKTPUIHOT HOTy>KHOCT1 — BiJ J€CATH 70 ACKIJIBKOX JECATKIB MeraBar. Y
TaKUX YCTaHOBKAaX TMOTIK Ta3y, YTBOPEHWH B pe3yibTaTi 3rOpSHHS MajnBa, IMPH
B3a€MO/III 13 JoNaTkamMu TypOiHH, CTBOPIOE KPYTHUH MOMEHT 1 00epTae poTop, KU,
B CBOIO 4Yepry, 3'egHaHuil 3 enekTporeHeparopoM. Enextpuunuii KKJI (dactka
€JIEKTPOEHEPTii BiJ 3arajbHOi €HEeprii 3ropsHHs MajuBa) CUCTEM MOJIOHOTO THITY
Moxe gocsratu 39 %. ['a30TypOiHHI YCTaHOBKH, SIK MpPaBUJIO, BUPOOJISIIOTH Yy JBa
pa3u OlblIe TEMIOBOI €HEprii, HiK eleKTpu4Hoi (nmpu mpomy 3aranbHuil KKJI nHe
nepesuinye 90 %). Ix Ge3nepeunoro mepeBaroo € MOKIMBICTh POOOTH SK Ha PiIKOMY
(nu3enpHE MaNMMBO, Tac), TaK 1 Ha ra3onoAiOHOMYy MalHBl PI3HOTO MOXOKEHHS, B
TOMY YHCJI HU3BKOKaJIOpiitHOMY (3 BMicToM Merany MeHme 30 %). YcraHoBku
BEJIMKOI MOTYKHOCTI MOYXHA BHKOPHUCTOBYBAaTH Pa3oM 13 MapoBUMHU TypOiHamu. Y
npoMy Bunaaky ix enektpuunuit KKJI mocsrae 59 %. ['azotypOiHHI ycTaHOBKH
MOKHa BHKOPHUCTOBYBATH Yy O0aratbox Taly3sX HapOJHOIO TOCIOAAapCTBa, aje
OCHOBHI CErMEHTH CIHOXXHMBaHHS — 1€ Bce X HadTOo- 1 ra3zoBum00yBHa cdepu,
MeTaypriiiHa MPOMHUCIIOBICTh, @ TAKOXK €HEpreTuka. Y Ta30TypOIHHMX yCTaHOBKaX
OCHOBHA KUJIBKICTh TEIJIOBOI €Heprii BimOMpaeThbcs 13 cUCTEeMHU BuxJomy. Bimgbdip
TETJIOBOI €Heprii B ra3oTypOIHHUX YCTAaHOBKAaX MPOCTININN HIXK B Ta30TOPITHEBUX,
TaK sIK BUXJIOIHI Ta3W MAIOTh OUIBIII BUCOKY TEMIIEPATYPYy.



Puc. 8.6. ['a3oBa Typ6ina SGT-800 BupoonuuTBa Siemens nory:kuicrio 47 MBT

MikpoTypOiHHI YCTaHOBKH (pHC. 8.7) MPAIfOIOTh 32 THM K€ MPUHIIAIIOM, IO 1
ra3oTypOiHHI, aje€ MarTh MEHII PO3MIPHU 1, BIAMOBIIHO, MOTYXHICTh. Takox
0COOJIMBICTIO KOT€HEpallMHUX YCTaHOBOK Ha 0a3i MIKpOTypOiH € KOMIIaKTHICTb
KOHCTPYKIIii, 1110 JJa€ mepeBary MmpH peatizallii mpoeKTiB KoreHepailii B 00MeKeHOMY
IPOCTOp1, HAPUKJIIAJ, B OKpeMux OyniBisix. Bes koreHepaiiiiHa cuctemMa KOMIaKTHO
po3TalioBaHa BCEPEIMHl IIYMO3aXHUCHOI'O KOpITyca, HA30BHI BUBEACHI TUIBKH
cucTeMa BHXJOIYy 1 TeruioBa marictpanb. Enexkrpuunuit KKJI, sk mpaBuno, He
nepesunye 35 %, a TemaoBoi gopiBHIOe TpuOmm3HO 50 %. MakcumanbHa
MOTYXKHICTh OMHUYHOTO OJIOKY ckianae a0 250 kBT.

["a3onopuIHeBl YCTaHOBKH MPALIOIOTH BIJ JBUTYHIB BHYTPIUIHBOTO 3TOPSIHHS,
NAJIMBOM JUIS SIKUX CIyxuTh ra3 (puc. 8.8). Emexrpuunuit KKJ[ rasomopriaeBux
ycTaHoBOK nocsirae 40 %, 110 TpOXU BHUIIE, HIK y Ta30TypOIHHUX, a OCh TEIJIOBOT
KKl mmxye — 50 %. MakcumanbHa TOTYXKHICTh TaKMX YCTaHOBOK CTaHOBHUTH IO
9 MBT. V razonopuiHeBuX €Je€KTPOCTaHIISAX BiAOIp TEIJIOBOi €HEprii BiAOYBa€eThCs
B1Jl MaCJISTHOTO TEIUIOOOMIHHUKA Ta BiJl CHCTEMHU OXOJIOKEHHS JBUTYHA.

8.3. TexHiko-eKOHOMIYHA ONliHKa BHPOOHMUTBA eJeKTPOeHeprii Ha
OCHOBI O0iomMeTany

Butpatun Ha BUPOOHMIITBO €JIEKTPOCHEPrii Ha OCHOBI OlOMETaHy BKJIIOYAIOTh
BUPOOHMYI BUTPATU HA OJICpKaHHS OlOMETaHYy Ta €JICKTPOCHEPrii 3a BUpaXyBaHHSIM
MEPEBUILIEHHS BAPTOCTI OpraHIYHUX JOOPUB HAJ BAPTICTIO THOMO:

BE/I :WE/ZCE]T = mFHllFH B mOglloa +EBE/I’ (8-1)



MikpoTyp6iHHMNI Bnok

ABUTYH eneKTPOHiKK AKYMynsATOpHi
. G6arapei

Puc. 8.7. Mikporyp6inna ycranoBka Capstone C200 3 eJieKTpU4HOI0
nory:xHicTio 200 kBt

3B1JIKM BUpOOHWYA cOOIBApTICTH BUPOOHHIITBA EIEKTPOCHEPTii HAa OCHOBI OiOMeTaHy, 3
ypaxyBaHHsM Toro, mo M, =M, =M, cTaHOBUTS:

\%
CE/Y :\;\n/_HE( FH_UO,ZI)+EE/7 :#pms(lln{ _Uog)+EE/7 =

o o 8.2)
:365M(HFH _HO,ZZ)+EE/7’
E./TT3E
a BpaxyBaBIlIH, 1110
VEMqEMnF
= Yool 8.3
B 36 (8.3)
OTPUMAEMO:
3.6V, 3,60
CE/I =365ﬁ(um _HOﬂ)+EEH Zk—(llm _HOLZ)_I_EE/T’ (8-4)
s sm I 35 s Msm !l r® 35

a TIEPEBUINEHHS IIHA OpPTraHIYHUX ITOOPHB HAaJ I[IHOK THOI IS 3a0e3MeYCHHS
HYJIbOBOI COO1BApPTOCTI €JIEKTPOCHEPTii HA OCHOBI 010MeTaHy CTAHOBUTHME:

E_ K. Q.77
l[ _ U — ENT""BM ABM "I T~ 35 ’ (85)
w36,
a00 3 ypaxyBaHHSIM aMOPTHU3AI[iIHHUX BUTPAT:
E, +A4,)k T
Hoﬂ _HFH — ( Ell E3ﬂg EMqEMnF 35 ’ (86)
! IOHB

ne Bgj — BUTpaT Ha BUPOOHUIITBO €JIEKTPOCHEPrii Ha OCHOBI OiOMeTaHy, I'pH;
Wg; — xinmbkicTe BHpOONeHOi enektpoeneprii, kBt rom.; Cgy— BupoOHHMYA



co0iBapTICTh enekTpoeneprii, TpH/KBT roxd.; Epg; — BUPOOHHMYI BHUTpaTh Ha
BUPOOHMIITBO €JIEKTPOCHEPTii HA OCHOBI O10MeTaHy 0e3 ypaXxyBaHHS BapTOCTI PIAKOTO
THOIO Ta OpraHiYHUX JOOPUB, TPH; Er; — MUTOMI BUPOOHHYI BUTPATH HA BUPOOHUIITBO
€JIEKTpOEHeprii Ha OCHOB1 OlomMeTaHy, TpH/KBT ToA.; (s — TEIJIOTBOpHA 3/1aTHICTH
6iomerany, MJDK/M>, 7 — KoedillieHT KOPHUCHOI il [M3eIb-TeHepaTopa IpH
OTpUMaHHI1 €JIEKTPOCHEPTii, BiIH. O11.; 3,6 — KoedirieHT nmepepaxynky, MJx/kBt roxm.;
A — aMopTHU3alliiiHl BUTPATU HA BUPOOHUIITBO E€JIEKTPOCHEPTIi HAa OCHOBI OiOMeTaHy,
rpH/kBT roa.

Puc. 8.8. 'azonopmueBa ycranoka Perkins TRS1 ejieKTpHYHOK MOTYKHiCTIO
310 kBT

[Tomanpma meramizamis Bupasy (8.4), NIIIXOM PO3KPUTTS CTPYKTYPHU MUTOMHX
BUPOOHUYMX BUTPAT HA BUPOOHUIITBO €JIEKTPOEHEPT1i HA OCHOBI O10METaHy, J03BOJIsE
3anmcaTu:

kEM qEM’]l"Té‘E
ne TOPg; — BiapaxyBaHHS Ha TEXHIYHE OOCIYrOBYBaHHS 1 PEMOHT 010Ta30BOi
YCTaHOBKM 3 BHUPOOHMIITBOM eJeKTpoeHeprii, rpH/kBTt ron.; EJIg; — BapTicTh

BUTPAYEHOI EJIGKTPUYHOI €Heprii Mpu BUPOOHHUIITBI EJIIEKTPOEHEPrii Ha OCHOBI
0iomerany, rpH/kBt ron.; 3llg; — dona 3apoObiTHOI MIaTH 3 HApaxXyBaHHSAMU IPU
BUPOOHMIITBI €JIEKTPOCHEPTii HAa OCHOBI OiomMeTaHy, TpH/KBT rog.



BpaxyBaBiu BiJHOCHY MOCTIHHICTh NESKHX CKJIal0BUX BHpasy (8.7) MoxHa
3aIMCaTH:

C,,=a,dl, +bE,,, (8.8)
360,

kEM qEMnI"T3E
enexkTpoeHeprii 3a 4yac 30pomkyBaHHS, T/KBTroa.; Er;=TOPg;+E/lg;+31; —
NUTOMI BUPOOHMYI BUTPATH HAa BUPOOHUIITBO €JIEKTPOEHEPTii Ha OCHOBI OlOMETaHy
0e3 ypaxyBaHHs BapTOCT1 OPTaHIYHUX JOOpHB, IpH/KBT ro.

3HaueHHs KOEQILIE€HTIB, M0 OOYMOBIIOIOTh €(PEKTUBHICTh BUPOOHUIITBA
OlomMeTaHy Ta eJIeKTpOeHepTii Ha HOro OCHOBI, MpHBe/eH] B TabmuI 8.2.

ae dg, = —mnorpeba B Oiomaci mna orpuManHs 1 kBT rop.

Tabinus 8.2 — 3HaveHHs1 Koe(illieHTIB AJ PO3paxyHKy coliBapTocTi
BHPOOHMUTBA 0iOMETaHY Ta eJIEKTPOCHEPril HAa 10ro OCHOBI

[Toka3Huk [To3HaueHHs1 | 3HaYEHHS
IotpeGa B Giomaci I oTpuMaHHi 1 M° GioMeTaHy 3a
qac 36pOKYBaHHS, T/M° @5 532
[Totpeba B Olomaci nns  orpumanHs | kBt rog.
aen 13,6

€JICKTPOEHEPT1i 3a yac 30po/KyBaHHs, T/KBT rog.

KoegiuieHT, 1m0 BpaxoBye 3arajilLHOBUPOOHUYI Ta b

; ) 1,15
3arajbHOrOCIOIAPCHKI BUTPATH, BIJIH. O/I. ’

3a TeXHIYHUMH 1 BapTICHUMHU MOKa3HUKaMU 00epTOBUX (TOTYxHICTh Bia 10 10
80 kBT) Ta emuicaux (motyxHicth Bim 100 g0 500 kBT) GiorazoBux ycTaHOBOK, IO
MIPOTIOHYIOTHCSA HA PUHKY B YKpaiHi, MOXKHA BU3HAYUTU MUTOMI BUPOOHUYI BUTPATH
Ha BUPOOHUIITBO OlOMETaHy Ta €JIEKTPOCHEprii Ha HWOro OCHOBI, 0e3 ypaxyBaHHS
BapTOCTi opraniyHux go0puB. CoOiBapTiCTh BUPOOHUIITBA OiOMETaHY Ta COO1BapTICTh
BUpPOOHHMIITBA E€JIEKTPOCHEPrii Ha OCHOBI OIOMETaHy, a TAaKOX TEPMIH OKYIHOCTI
010ra30BHX yCTAHOBOK 3aJIEKHUTh BiJl MOTYKHOCTI 010ra30BUX YCTaHOBOK, BApTOCTI
€JIEKTPOCHEPTii, CEepeIHbOMICSIYHOI 3apIUlaTH NPALIBHUKIB Ta THUIY 010Ta30BOi
YCTaHOBKH.

[lepeBuIlIEeHHS LIHK OPraHIYHUX JTOOPUB HA BUXO/1 3 010ra30BOi YCTAaHOBKU HaJl
I[IHOIO THOIO Ha BXOJIl B YCTAHOBKY J03BOJISIE B JICSIKUX BUITQJIKaX HaBITh 3a0€3MEUNUTH
HYJIbOBY COOIBapTICTh OIOMETaHy Ta €JIeKTPOCHeprii Ha Horo ocHoBi. HarampHum €
TaKO)X HEOOXI1THICTh MiJACHIICHHS €KOHOMIYHHUX MEXaHi3MIB 1IHBECTHIIIHOI M ATPUMKH
CLUIbCHKOTOCIIOAAPCHKUX MIATNPUEMCTB, SIKI BIIPOBADKYIOTh 010Ta30B1 YCTAaHOBKHU IS
BUPOOHUIITBA OlOMETaHy Ta €JeKTpoeHeprii. 3a3Bu4ail MIATPUMKA BIPOBAKEHHS
010ra30BUX YCTAaHOBOK 3/IHCHIOETHCS 3a paxyHOK HamaHHs '"3erneHoro" Tapudy Ha
BUPOOJICHY €JEKTPOCHEPTil0 Ha OCHOBI OlomeTaHy. ICHYIOTH pi3HI MeXaHI3MH
BCTAHOBJIEHHS '"3eseHoro" Tapudy 1 Bi I[BOTO TaKOX 3aJICKUTh €()EKTHUBHICTH
BUpPOOHUIITBA OlOMETaHy Ta €JeKTpOeHeprii Ha Horo ocHoBl. OmHAaK HEOOXITHICTDH
BUKOPUCTAHHs 010Ta3y SK BIJIHOBJIEHOTO JDKEpena €HEprii CIpHuse€ BCTaHOBJICHHIO
crpaBeTMBOTO "3eseHoro" Tapudy juist 610ra30BUX YCTaHOBOK.




JlaGopaTtopna poGora §8: BusHaueHHs 3MiHM TeMmreparypu Oiomacu
yIPOJOBX BCTAHOBJIEHOTO MPOMDKKY Yacy Ta BUTpPAT €HEprii Ha ii HarpiB Mmija 4ac
aepoOHOro Ta aHaepoOHOro 30pOyKyBaHHS y 010ra3oBidi YCTAHOBII MPOTOYHOTO
TUITY.

Mera poOoru: O3HaloMUTHCH 13 HPUHIUIOM [1i 010ra3oBOi yCTaHOBKHU
IPOTOYHOIO THUITY Ta BUSHAUMUTH 3AJICKHICTh 3MIHM TEMIIEpATypu OloMacu ympoaOBK
BCTAHOBJICHOTO IIPOMDKKY 4acy Ta BUTpaTH eHeprii Ha ii HarpiB.

Ipunagm Ta oOJgaaHaHHsA: Oiora3zoBa yCTaHOBKAa MPOTOYHOTO THITY,
PETYIATOp TEMITEpaTypH, aHATI3aTOp MTapaMeTPiB MEPEXKi.

[Ticnst o3HallOMIIEHHS 3 KOHCTPYKII€I0 010Ta30BO1 YCTAaHOBKH MPOTOYHOTO
TAIy Ta HeoOXigHMM oOjagHaHHSAM, 3rigHO cxemu (puc. 8.9) MOHTyeThCS
oOJaAHaHHS Ta MIAKIIYAETHCS HEOOX1H] IPHUIIaIH.
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1 — eMHicTBh 1J19 aHAepPOOHOT0 30POAKYBaHHS; 2 — EMHICTb JIS1 A¢€pOOHOTI0
30po/:KyBaHHA; 3 — HarpiBa4 OGiomacu; 4 — eJIeKTPOBOAOHAIPiBAY 3 HACOCOM; S —
HAcOC JJIsl MepeKkavyBaHHs Oiomacu; 6 — aHaJi3aTop mapaMerpiB mepexi; / —
peryJjsiTop Temneparypu 0iomacu; 8 — TpudasHa eJleKTPUUHA MepesKa

Puc. 8.9. Cxema migk/1104eHHs NPUIaJiB VI BU3HAYEHHS TeMIlepaTypu
Oiomacu Ta BUTPAT eHepril Ha 1I HarpiB



Y pobGoTy BMHUKA€eThCS €NEKTPOBOJOHArpiBad 3 HACOCOM 1 HarpitTa Boja
HAJXOAUTh y HarpiBay 6ioMacu. 3aBIsKH TEIOOOMIHY MK HarpiBadem Ta 610Macoro
BiI0yBaeThbcsl HarpiB Oiomacu. 1o Mipi MpoOXO/KEHHS Yacy HarpiBy, TemIieparypa
6ioMacu 30inbmIyeTbes. [TounHaroun 3 TOYaTKOBOTO 3HAYCHHS TEMIIEPATYpPHU Ta Yepe3
3a/1aHl  TPOMDKKM 4Yacy TIPOBOJSATH BHUMIPIOBAHHS TeMIIEpaTypu OiomMacu 3a
JIOTIOMOTOI0 PETYJIsITOpa TEeMIEpaTypu. 3a JIOMOMOTOI0 aHaji3aTropa IapameTpiB
MepeXl BHU3HAYAIOTh CIIOKHMBaHY IMOTYXHICTh HEOOXIJIHY JUIsl HarpiBaHHs Oiomacw.
Pe3ynbratu BUMIpiB 3aHOCSATHCS B Ta0HIIO 8.3.

Ta6auus 8.3. PesyabTaTu BUMipioBaHb TeMnepaTypu 0ioMacu Ta BUTpaT
eHeprii Ha ii HArpiB y 0iora3oBiii YCTAHOBLI NPOTOYHOI0 THILY

: . Burtpartu
Yac Harpisy, TeMnepaT%/pa 6iomacu, eneKTpopeHepri'i,
roj. C
kBT rog.
0 10,74 0
0,57 11,75 0,5
1,27 17,56 1
2,10 23,25 1,5
2,98 28,06 2
3,88 31,87 2,5
4,80 35 3
5,77 37,38 3,5
6,77 39,19 4
7,75 40,5 4,5
8,72 41,44 5
9,72 42,06 5,5
9,88 42,19 5,55

PesynpTaT mocnmigiB 1Mo AWHAMIII TeMmmeparypu y rpadiyHOMY BUTJIISII
npuBeneHi Ha puc. 8.10 (cnosomHa niHis).

I3 rpadika MoXHa BCTAaHOBUTH, IO TICJS BKJIIOUCHHS HArpiBy TemIieparypa
OlomMacHu 3MIHIOETCA HE MHTTEBO, a yepe3 Jeskuil yac. Lleld yac moTpiOHui nms
HarpiBy BOJM B HarpiBaui 0iomacu. MakcumalibHe 3HAUY€HHS TeMIiepaTtypu Giomacw,
ke OyJia OCATHYTO TiJ 4yac HarpiBy craHoBwio 6-=42,19 °C. Lle 3HauenHs npu
MOJaJbIIOMYy HarpiBl 3aJIMIIAETbCI HE3MIHHMM 1 Mae Ha3By 'ycTajeHe 3HauyeHHs
temneparypu". [y moanbiioro aHajizy JUHAMIKU 3MIHU TeMIIepaTypH MPOBEIEMO
npsiMy OTHYHY JIIHIIO Yepe3 TOUKY MaKCHMalbHOTO pocTy Temneparypu. g miHis
BiJICiKa€ BiJ JiHIT cTanoi Temnepatrypu vac 1;=4,554 roj., a Bil 0ChOBOI1 JIiHIT Yacy
Bennuuny yacy 7,=0,4 ron. Touka MakCHMaIbHOTO POCTY TEMIIEPaTypH 3HAXOAUTHCS
no mkai yacy Ha Biactani yac t,=0,951 roa. Piznuus uvacy t;—t, Bu3Haudae nepiry
MOCTIWHY Yacy HarpiBy Oiora3oBoi yctaHoBku 7;=t;—t,=4,554-0,951=3,6 rozx., sika y
CBOIO YEPry € CYMOK 3HAYEHb BEIWYUH 4acy 13+7;. Marwuu 3HAUYEHHS BEIUYUHU
yacy T4 Ta 3HAYEHHS MEPIOoi MOCTIMHOI Yacy HarpiBy 010ra3oBoi yCTaHOBKH 17 JIETKO



BU3HAUMTH 3Ha4YeHHs BennuuH vacy 13=71—-7,=3,6-0,4=3,2 roa. [pyra mpocriitna
yacy 010ra30BOi yCTaHOBKHM BH3HAYAETHCS 32 BUPA3OM:

T, =+/T,T, =+/3,2-0,4 =1139 ron.
Maroun 3Ha4YeHHs MOCTIMHUX dYacy HarpiBy 010ra3oBOi YCTaHOBKH 1) 1 T3
MoxHa chopMyBaTh IU(EpeHIIiHEe PIBHSHHS JWHAMIKH TEMIIEpaTypu PO3IrpiBy
Oiomacu B 010Ta30Bill yCTaHOBIII, IKe OyJie MaTH HACTYITHUN BUTJISL;

2
d 29+T1%+9=k493,, =06,
dt dt

T;
t
TR L,

45,74

40,74 / =

35,74 / A

30,74

25,74 /

20,74

Temneparypa, °C

Ocr

T 4 Yac, roa.

Puc. 8.10. 3anexxkHicTh TeMuepatypu 6iomMacu Bij yacy HarpiBy



ne 6 — temmeparypa Giomacu, °C; k = Ocr —Koe(ilieHT nepeaadi, y JaHOMY
QBH
BUTIAJIKY — CIIBBIJIHOMICHHS YCTAJCHOTO 3HA4YCHHS TeMIepaTypu OioMacu Ta
MOCTIHHOTO 3HAYEHHS TEMIIEpaTypd BOIM y HarpiBaui OioMacH, BiIH. OJ.; Ggy —
MoCTifiHe 3HAYCHHS TEMIIEPATypPU BOHM y HarpiBadi Giomacu °C.
Pimenns ganoro audepeHIitHOTO PiBHIHHS Ma€ HACTYITHUN BUTJIS:

A
0=|-—"2—exp(Lt)+ Lexp()pzt)+1 KOy,
2 2
T, :T? - 4T} : : 1
ae A, = o2 —KOpPEH1 XapaKTepUCTUYHOTO PIBHSIHHS, C .
2

BpaxoByrouu Te, 110 ycTajeHe 3HAU€HHS TemIepaTypu OloMacu CTaHOBHJIIO
0c7=42,19°C, a mocriiiHe 3HAYEHHS TeMIEpaTypH BOXM y HarpiBadi Oiomach —

G3=60 OC, koedimienT mepegawi A JAHOI  YCTAaHOBKM  CTAaHOBUTHME
K = (- _ 4219

(. 60

Jlunamika Temmneparypu OioMacd 3TiIHO AUQPEPEHIINHOrO pIBHAHHA Y
rpadidyHOMY BUTJIAAI MpHBeneHa Takox Ha puc. 8.10 (myHkTupHa JiHis). Ha ocHOBI
MOPIBHSHHA (PAKTHYHOI Ta PO3PAXyHKOBOI JUHAMIKM TeMIlepaTypu OioMacu MOKHA
CYIUTH NP0 aJEKBAaTHICTh TEOPETHUYHOrO OIHKCY 3MIHM TeMmIeparypu Oilomacu 3a
JIOTIOMOTOI0  TU(PEPEHIIITHOTO PIBHSHHS, $KE OIUCYE amnepioJu4Hy JaHKy 2-TO
HOPSIKY.

TakuM YMHOM BCTaHOBJIEHO, IO MpH 0lora3oBa YCTaHOBKA 3 TOYKHU 30Dy
HarpiBy 010MacH OMHUCYETHCS K arepioguyHa JaHka 2-ro nopsaaky. [Ipu noctiitHoMy
3HAYCHHI TEMIIEPATypH BOAM Y HarpiBaui Giomacu — G3;=60 °C, ycTaneHe 3Ha4CHHS
TeMmIeparypi Oiomacu craHOBHIO O-=42,19°C. Jlns 36imblueHHS yCTaneHoro
3HAQYEHHS TeMIeparypu OiloMacd HEOOXIJHO 3OLIbIIYBaTH TMOCTIMHE 3HAYEHHS
TEMIIEpaTypd BOJM y HarpiBadi OloMacH ajie ImpH LbOMY HEOOXITHO CIIKYBaTH 3a
TUM, 100 HE TMEPEBULIUTH TEXHOJOTIYHE 3HAYEHHS TeMIepaTypu 30pOIKyBaHHS
Oiomacu.

=0,703 BigH. O11.

IIpaktuuna poGora 8. BusHauutu  coOIBapTICTh  BHPOOHUIITBA
€JIEKTPOCHEPrii Ha OCHOBI OloMeTaHy HpH aHaepoOHOMY 30pOJKYyBaHHI THOIBKU
CKOTapChKUX Ta CBUHAPCHKUX (depMm.

Buxinni nmami: T'yctura OGiomacu BosoricTio 92 % nns mepepoOku B
GiorasoBomy peaxTopi (o5) — 1,05 T/M°. Buxin 6iomerany 3a 100y i3 po3paxyHKy Ha
onuHHIIO 00’eMy GiorasoBoro peakropa (Kgmy) — 0,75 M*/M® 106y. Uac yrpuMaHHS
Oiomacu B peakTopi miJ yac 30pospkyBaHHS (735) — 15 mi6. TermnoTBopHa 374aTHICTD
6iometany (Og) — 37 MJIx/M°. KoediuieHt koprcHOI fii AM3eIb-reHepaTopa mpH
oTpuMaHHi ejekrpoeHeprii (777) — 0,38 BimH. on.; Buxigni maHi s po3paxyHKY
€KOHOMIYHMX IMOKa3HHUKIB BUPOOHUIITBA O10MeTaHy MpuBeeH1 B Tadui 8.3.



Ta6anus 8.3 — Buxigni AaHi A5 po3paxyHKY eKOHOMIYHUX NMOKa3HHUKIB
BHPOOHMUTBA 0iOMETaHY Ta eJIEKTPOCHEPrii Ha OCHOBI 0ioMeTaHy

[ToxazHuk 3HaueHHs MOKa3HUKa

[{ina Giomacu piIKOTo THOIO 10 30pOKYBaHHS 30
B OiorazoBomy peaktopi (I{ry), TpH/T
[{ina opraniyHuX TOOPHB MICHA 30pOIKYBaHHS 40
B OiorazoBomy peaktopi (I]oy;), TpH/T
KoedirienT, mo BpaxoBye 3araabHOBUPOOHUY1 0.05
Butpatu (Kzp), BIAH. O1. ’
Koedirienr, 110 BpPaxoBYe€ 01
3arajibHOrocrnoaapchbki Burpartu (Ksy), BiTH. O, ’
BinpaxyBaHHS Ha TEXHIYHE OOCIYyrOBYBAaHHS 1 034
peMoHT Giorasosoi ycranosku (TOPg,), rpa/M° ’
BapTicTh BUTpayeHOi €JIEKTPUYHOI EHEeprii

3 0,1
(EJI5yy), TpH/M
®onx 3apo0iTHOI MIaTH 3 HapaxXyBaHHSMHU, 0.07
rpH/M° ’

[Tutomi BUpOOHHWYI BUTpPATH HA BUPOOHUIITBO EJIEKTPOEHEprii Ha OCHOBI
O0loMeTaHy CTaHOBJISITH:
Epyp = (1+ Ky + kS’F)(TOPE/] +EJl, + BHEJI):

(1+0,05+0,1)(0,34+ 0,1+ 0,07)=0,59 2pn | kBm 200.

I3 ypaxyBaHHSM 11bOTO, COOIBapTICTh BUPOOHHUIITBA €IEKTPOCHEPTii HA OCHOBI
O0loMeTaHy CTAHOBUTHME:

3,60
CEJ]: = ( FH_UO,H)+EEJ7:
kBMqEMﬂI’TBE

3,6-1,05

0,75-37-0,38-15
a TIEPEBUIICHHSA I[IHM OPTaHIYHUX JOOPUB MICHsS 30pOKYyBaHHS HaJl LIHOKO OloMacH
PIIKOTO THOIO 710 30pOIKyBaHHs B 610ra30BOMY peakTopi Jis 3a0e3nedeHHs] HYJIbOBO1
cO0IBAPTOCTI EJIEKTPOECHEPTrii HA OCHOBI 010METaHy CTAaHOBUTUME!
Uy, -1, - E KA1 35 _ 0,99.0,75-37-0,38-15 24,69 pn/m.
3,60, 3,6-1,05
Takum unMHOM, 3a0€3MeuUeHHs] HYJIhOBOI COOIBApTOCTI EJIEKTPOEHEprii Ha
OCHOB1 OiloMmeTaHy Oyne MNpuU TMEpPEeBUILECHHI I[IHU OpPraHIYHUX JOOpHUB TMICIsS
30poKyBaHHS HaJl I[IHOIO 010MacH PIJIKOTO THOKO /10 30pOo/I’KyBaHHS B O10Ta30BOMY
peakTopi B Mexax Biza 24 10 25 rpH/T.

(30-40)+ 0,59 =0,35 2pr / kBm 200,

3anuTaHHS 1151 CAMOKOHTPOJIIO:
1. Ha3BiTh OCHOBHI cIOCOOU BUKOPUCTAHHS O10METaHYy.
2. Jlns 9oro HEOOXiTHO MPOBOJUTH OUMILEHHS Ta 30aradueHHs 6iorazy?
3. Slkwuii ra3 Ha3UBalOTh O10METAaHOM?



4. Ha3BiTb OCHOBHI BUMOTH JI0 IKOCT1 Oi0MeTaHy.

5. Ha3BiTh OCHOBHI eTanu OYHIIEHHS Ta 30araueHHs1 OiloMeTaHy.

6. CkaxiTh 3a SKUX YMOB MOXKIIMBE TIOCTa4aHHs 0iorasy B 3arajibHy MEpExy
IPUPOTHOTO Tazy?

7. Slxum 9rHOM 3I1HCHIOETHCS BUAJICHHS CIPKOBOJIHIO 13 O6iorazy?

8. Sk BimOyBaeThCs OCyIIeHHs Oiorazy?

9. Sxwii nporiec Ha3UBalOTh 30araueHHsIM Oiorazy?

10. Sk BimOyBaeThCs 30araueHHs Oioraszy?

11. IIlo Ha3uBarOTh KOTCHEPAITI€I0?

12. 11lo Ha3uBaOTh KOTEHEPATOPOM?

13. o sBnsie coOO0 KOTEHEpalliifHa YCTaHOBKA IS TIEPEPOOKH OTPUMAHOTO
Oiorazy?

14. flkum 4YMHOM MOKHa 3a0e3leyuTd HarpiB Oiomacu y 010ra3oBHX
peakTopax?

15. Sk BU3HAYUTH BUPOOHHYY COOIBAPTICTH BUPOOHUIITBA €JIEKTPOCHEPrii HA
OCHOBI OioMeTaHy?

16. Slkuil MoKa3HUK IU3eNb-TeHEpaTopa BU3HAYA€ €KOHOMIUHY €(EeKTHUBHICTD
BUPOOHMIITBA €JIEKTPOCHEPT1i HA OCHOBI OlOMETaHy?

17. Slka motpeba B Giomaci st oTpuMmanHs | M° GioMeraHy 3a  dac
30poI>KyBaHHA?

18. SIxa motpeba B Giomaci mist oTpumanHs 1 kBT roj. enexrpoeneprii 3a yac
30poaKyBaHHS?

19. SIxa coGiBapTicTh BUPOOHUIITBA EIEKTPOCHEPTii HA OCHOBI OioMeTaHy?

20. Sxuii OpieHTOBHMIA TEPMiH OKYITHOCTI 610ra30BUX yCTaHOBOK?

21. 1o sBnsie coboro "3enenuii’” Tapud Ta sKe BiH Ma€ BiJHOMICHHS 10 pOOOTH
010Ta30BUX YCTAaHOBOK?

22. SIx BcTaHOBIIOETHCS "3eaeHui" Tapud?

23. Slka yacTuHA TeIJIOBOi eHeprii Oiorasy Moxe OyTH TiepeTBOpeHa B
eICKTpOeHEePTio?
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9. MEXAHI3ALIA 3ATOTIBJII COJIOMU JIsA EHEPTETHUYHOI'O
BUKOPUCTAHHAA

9.1. 3aranbHa CTPYKTypa e€HEPreTHYHOr0 BHKOPHUCTAHHSA COJOMH
3epPHOBHX KYJbTYP

VYkpaina mopiuao Bupo6sse Big 50 mo 60 MIIH. T 3epHOBUX 1 3epHOO000OBUX
KynbTyp. IIpH 11bOMY, B THX CaMUX 00CATax BUPOOIAEThCA i conoma. Ii B OCHOBHOMY
BUKOPHUCTOBYIOTh SIK JTOOpMBO JUIsl TPYHTIB, a TaKkOoXX y TBapHUHHUIITBI B SIKOCTI
MIICTUIKA Ta KOPMY JUTsl TBAPHH.

Ane Bim 20 mo 30 % comomMu MOXHA UIOPIYHO BHUKOPUCTOBYBATH IS
ATBTEPHATUBHOTO BUKOPUCTAHHS: MPSIMOTO CHATIOBAHHS Ta BUKOPUCTAHHS B SKOCTI
CUPOBHUHU JIJIs BUPOOHUIITBA OionanuBa (OpUKeTH, TIETIETH).

[Ipn cnamgioBaHHI COJIOMH B KOTJIaX MOXKHa peai3yBaTh Tapsye
BOJIOTIOCTAYaHHS Ta oONajleHHs mnpumimienb. [li  mpouecu 3abe3neuyyerbes
AaBTOHOMHUMH CHCTEMaMH oOmajeHHs. Taki CHUCTeMH MOXYyThb OyTH MaauMu abo
BEJIMKMUMH Ta MOXYTh BUKOPHUCTOBYBATHCH JJI NMPUBATHUX OYJIWHKIB, a TAKOXK JIsI
BEJIMKHUX pailoHiB 200 MIMPUEMCTB.

Conoma € eKoJIOTIYHO Oe3MeYHUM JDHKEpesioM eHeprii. Y Tmpoleci pocTy
COJIOMU TIOTJIMHAEThCS TaKa >K KUIBKICTh BYIJICLIO, fAKa BHUIULIETbCS MpU i
cnanmtoBanHl. CojloMa € MICIEBUM MaJMBOM, JOCHTh PO3MOBCIOXKEHUM Y
CLIIbCHKOTOCIIOIAPCHKUX palioHaX 1 BIIHOCHO JCUIEBUM, MOPIBHAHO 3 TPAAULIIHHUM
nanuBoM. Tak, BepXHs TEIJIOTBOPHA 3JaTHICTh COJIOMH (CyXa pEYOBHMHA) CKJIAIAE
49 kBrroa./kr. Jlnms TtumoBoi Bomorocti 15 % HWKHSA TEMJIOTBOpPHA 3/1aTHICTH
ckianae 4,1 kBt roa./kr. KinbkicTh e€Heprii, 1m0 MICTUThCS B 1M YIIUTbHEHOT
TIOKOBOI comomu, ckimagae g0 450 kBt rox. (mimbicts g0 130 kr/m’). B Vikpaini
HaWOIBII MEPCIEKTUBHUMU JIJII BUKOPUCTAHHS B HAWOIMKUl POKM MOXKHA BBaXKATU
coJIOMOCTIANTIOI0Y1 (hepMEepChKi KOTJIA Ta KOTJIM JIJIsi MaJTUX TETUIOMEPEX MOTYKHICTIO
B 0,1 no 1 MBT. Ane mmpoke BUKOPUCTAHHSA [IUX TEXHOJIOT1H MOTpeOy€e BUPIIICHHS
psy NMUTaHb OpraHizaiii 300py COJOMH, TIPECYyBaHHS TIOKIB, TPAHCIIOPTYBAHHS Ta
30epiraHHs cOJOMH. TaKoX HEBHPIIMICHUMH 3aJUIIAIOThCS MHUTAHHS, IOJ0
PIBHOMIPHOCTI TOPIHHS COJIOMH B TOIIIII KOTJIA.

B Vkpaini, HallO1IBIIO TEPEMIKOI00 /Il S€HEPreTUYHOTO BHUKOPHUCTAHHS
COJIOMH € OOMEXEHICTh JOCBIly Ta HEOOXIIHMX I1HBECTHIIIA. MeHIl 3HaYUMHUMHU
MIEPEIIKO/IaMH €:

— HEOOXIJHICTh PO3BUTKY PHUHKA COJIOMH 3 MPUBAOJMBUMH IIHAMHU SIK IS
CITIO’KMBAYiB, TakK 1 JJII MOCTAYaILHHKIB;

— 'y JeAKUX BWMAJKaX HASBHICTh TECTUIUAIB MOXKE TMPHU3BECTH [0
30UTBIIIEHHST BMICTY XJIOpYy B cojioMmi. [IpoTe SKIo coioMa BUTPUMYETHCS Ha TMOJISX
YIPOJOBXK MEBHOTO NEPioy (31B’STHEHHS) TO BMICT XJIOPY JA0CATA€ HU3bKUX 3HAUCHD.

[lle omHi€r0 BaXXIMBOIO TEPEMIKOJOI0 JJII BHUKOPUCTAHHS COJOMH B SIKOCTI
MajuBa CIY)XHUTh BIJICYTHICTh MNPUIATHUX Uil ii croamoBaHHA Tomok. Cyxa
(BoyoricTio 10 25%) conoma noOpe ropuTh y BeUIsskux Tomkax, oaHak ii KKJ|
(0co0IMBO TIpU HEMOBHOMY 3aBaHTaXXEH1) JOCUTh HU3BKUM 1 He mepeBuinye 45 %.
[IpoTre 3HauHa HEOAHOPIIHICTH OlOMacH, 3 TOYKM 30py XIMIYHOTO CKJIaay Ta



G13MYHUX BIACTUBOCTEH, BUKIMKAE MEBHI TPYAHOLIl, SIK B MPOIIEC] CHATIOBAHHS, TaK
1 eMicii KOMITIOHEHTIB, SIKI € IMOOIYHUMM HPOJYKTaMHU IpoIecy. XapaKTepUCTHUKa

tabmn. 9.1.

Taoauua 9.1. XapakrepucTuka TBepaAuX BHAIB 0ionajauBa B 3aJ1€sKHOCTI
BiJl TEXHOJIOrII iX MIATOTOBKH 0 CIAJTIOBAHHSA

) o IIutoma
O0’eMHa maca [Turomuii S
Bug comomu (IibHiCTS), KT ne | o6 en. vé/r | CHEPTOMICTKICTS,

m ’ ’ MBT1/Mm

3Buuaiina cojioma 20-50 20-50 0,7-0,16

Hozpibuena coTIoMa 40-60 16-25 0,13-0,19

(ciuka)

Benuki npsMoKyTHI aku 70-130 7,7-14 0,23-0,43

Kpyrnai maku 60-90 11-16 0,19-0,29

B’s3anku 50-110 9-20 0,16-0,36

bpukern 300-450 2,2-3,3 0,99-1,48
[lennern 350-500 1,9-3,0 1,1-1,6

®di3uyH1 0COOIMBOCTI COJIOMH, K €HEPTrOHOCIS TMpeACcTaBiIeH] B Tabmui 9.2.

Tabanus 9.2. BB BOJIOTOCTi HA TEIUIOTY 3rOpaHHs Oiomacu

Marepian Cnoci6 BucyuryBaHHs Bo.m())/ricn,, Teﬂﬂ?vT[a
0 3ropsiaHst, MJx/Kr
DR T
Convws pvsena O30 s s |00 101
Credmo rypymn |- e nontt | 1518 517
Conoma — CKJIagHUKA BHUJ TIajdudBa, OCKUJIBKM 3a0€3IeUeHHs HEK KOTja

YCKJIQAHEHO HETOMOTEHHOIO CTPYKTYPOIO COJIOMH, BIJIHOCHO BEJIMKOIO BOJIOTICTIO 1
BEJIMKUM 00’€MOM MOPIBHAHO 3 BMicTOM eHeprii. buibm Toro, 70 % KOMIOHEHTIB
COJIOMH, IO 3TOpPSIOTh, MICTATHCA B JICTIOUMX raszax, Kl BUIUISIOTBCS B TPOILIECi
CHajroBaHHs. Benuka KUIBKICTh JIETIOUMX KOMIIOHEHTIB TNOTpeOye CreliabHOl
KOHCTPYKIIIi TOTKK Ta OpraHi3alli MoToKy MmoBiTps B Hiil. CojioMa MICTUTh CHOJIYKH
XJIOPY, K1 MOXYTb BUKJIMKATH MPOOJIEMH 3 KOPO31€I0 MPU BUCOKHUX TEMIIEpaTypax.
Temneparypa IUIaBJI€HHS TOINENY COJOMHM HHM3bKa 4Yepe3 BUCOKUN BMICT JTY>KHHX
MeTajiB. Y pe3ysbTaTi MOXKYTh BUHUKHYTH POOJIEMH 3 BUJAICHHSM TIOTIENy.

Jis eheKTUBHOrO EHEepPreTUYHOr0 BUKOPHCTAHHS COJIOMH, IMEpIl 3a BCE
HEOOXITHO  ONTHUMI3yBaTH CTPYKTYPY TEXHOJIOTIYHOTO TMPOIeCy KOHBEpCil
(cmanmoBaHHA 4M mepepoOku) conomu. [lanuii mpoiec Moxke OyTH MpEeACTaBICHUN Y



BUTJISJII OJHOTO TEXHOJIOTIYHOTO JjaHImora (puc. 9.1), mo MicTUTh pi3HOHAINPaBJICHI
TEXHOJIOT14HI onepartiii (pakropn).

4 3\

36upaHHA 3epHOBUX KYNbTYpP

L \

P
I'IpecyBaHHﬂ Ta TPaHCMopTyBaHHA
COonomMm

\. J/

iy

36epiraHHs Ta nepBUHHA
nigroToBka CONoOMM 0
€HepreTMYHOro BUKOPUCTaHHS

iy

EHepFeTVIL-IHe BUKOPUCTaAHHA
COoJloMH

Puc. 9.1. TexHoJ10riYHui JAHIIOT EHEPreTHYHOI0 BUKOPUCTAHHSA COJIOMH

9.2. TepwmiHoJiorissi moa0 3aroTiBjJai COJIOMH Jsl €HEPreTH4YHOro
BUKOPUCTAHHSA

Cosoma (Straw) — cyxi CBITJIO-KOBTI cTeOjia 37aKOBHX POCIHH, IO
3aJIMIIAIOTHCS TICTSE 0OMOJIOTY 1 K1 BUKOPUCTOBYIOTH SIK KOPM JIJIsi TBAPHH, TAIUBO,
a TaKOX IS TIJCTUIIKH, IIOKPUTTS Oy 1iBEIb 1 TaKe 1HIIIE.

Trepaonamusuuii koren (Solid fuel boiler) — e npuctpiit 11 yTBOpeHHS 1
nepeiaBaHHs TeIIOBOI €HEPTi TEMJIOHOCIIO 3 METOK MOJAIBIIOTO il BUKOPUCTAHHS 3
METOIO OTAJICHHS, IKUW MPAIfOe€ Ha APOBAxX, BYriJuUli, MAJIMBHUX TpaHysax (menerax),
POCITMHHMX PEIITKAX.

Ipec-nmixoupau (baler) — mammua 11 MigOMpaHHs 13 BaJIKIB MPOCOXJIOT TPAaBU
ab0 COJIOMU 3 OJHOYACHUM IMPECYBAHHSM ii B TIOKHU.

Trok cosiomu (packs of straw) — cipecoBaHa cosioMma.

IManuni rpanysm (fuel pellets) — cmpecoBani vacTku, 110 MaTh HopMy
UJTHAPA a00 MPU3MH 1 3aCTOCOBYIOTHCS JIJII OTPUMAHHSI TETUIOBOT €HEPTii.

BionasmeHi rpanysm (biofuel pellet) — majguBHI rpaHyad BHUTOTOBICHHI 13
Oiomacw.

bpukeru (briquettes) — 1ie manuBHI rpaHyn M JiamMeTpoM MoHaa 25 MM 3
MO>KJIUBUM BHYTPIIITHIM OTBOPOM AiaMeTpoM 70 20 MM.

IMestern (pellets) — e manuBHI rpaHyIU TiaMETPOM 10 25 MM.

9.3. TexHoJo0ria 3arotiBJjii coJIOMH

EdexTuBHICTh BUKOPHCTAHHS HE3EPHOBOI UYACTHHH YpOXKal0 B  SKOCTI
€HEProHOCIsl 3HAYHOK MIPOI0 3aJICKUTh BIiJ BUTpAT INpH 30MpaHHI cojioMu. Tak,



301nbiIeHHss BUTpaT Ha 20 % cropuyuHsEe 3pOCTaHHS BapTOCTI eHeproHocis Ha 10-
15 %. B VYkpaini HaOynu MOMIMPEHHS TakKi TEXHOJOrIi 30MpaHHs COJIOMHU 3€PHOBHX
KyJbTYp: TOAPIOHEHHS  3€pHO30MpPATLHUM  KOMOAMHOM,  TpaHCHOPTYBaHHS
TPAaKTOPHUMH TpPHUYENIaMHU, CKUPTYBAHHS 3 (POPMYBAaHHSIM CKHUPTH; CKUPTYBaHHS
3epHO30MpaTIbHIM KOMOAHOM, CTATYBaHHS TPOCOBOIO BOJIOKYILIOIO Ha Kpail Mo,
CKUPTYBaHHS; BAJIKOBA TEXHOJIOT1Sl 30MpaHHs COJIOMHU.

Sk mpaBuo, TEXHOJOTIT 30MpaHHS COJOMHM, SIKi 0a3yrOThCs Ha TMOAPIOHEHHI
COJIOMH 3€pHO30MpaIbHIM KOMOAHOM, TPAHCTIOPTYBAaHHI TPAKTOPHUMH MPUYETIAMH,
CKUPTYBaHHI 3 (JOpMyBaHHSIM CKHPTH, a TaKOXX 3 CKUPTYBAHHSAM 3€PHO30MPATEHUM
KOMOAfHOM, CTSTYBaHHSM TPOCOBOIO BOJIOKYIIOI Ha Kpail MOJsS Ta MOAATIBIINM
CKUPTYBaHHSM, BUKOPUCTOBYIOTHCSI B TEXHOJOTTYHUX MPOIEcax 3aroTiBlll KOPMIB, 3
MeTOI0 3a0e3MeueHHs TBAapUHHUIBKUX (QepM KOpMaMHd Ta  MiJICTUIKOBHUMH
Marepiaiami.

BankoBa TexHomoris 30MpaHHS COJIOMH B TIOKM Ta PYyJIOHH Iepeadayae
MO>KJIUBICTh 3aKJIaJIaHHA i1 1] HAKPUTTS, 110 JTO3BOJISIE MIABUIIUTH SIKICTh MPOIIECY
HIATOTOBKM POCIMHHOIO Marepiajly Ta 3a0e3ledye 3MEHIICHHSIM TpPaHCIOPTHUX
BUTpPAT MPH MOJATBIIOMY CIIAIOBaHHI B KOTJaX. Tak, TEXHOJIOTisS 3aroTiBIi COJIOMH,
CiHa Ta rpyOuX KOPMIB y IPECOBAHOMY BUIJISI/I MOCIAA€ TOMIHYIOUE MICIIe Y KpaiHax
3axigHoi €Bponu. CojoMy MPecyroTh Y Majli, CEPE/IHI Ta BEIUKI TIOKU IHJIIHIPUIHOT
Ta MPSAMOKYTHOI ()OPMH 13 Pi3HUM CTyICHEM IIiIbHOCTI (Tadm. 9.2, 9.3).

Mani  TiOKM OyauM  HAWOUIBII — MOUIMPEHMM  BUIOM  TIOKIB,  SIKi
BUKOPHCTOBYBAJINCH B MPUCATUOHOMY TOCHOAAPCTBI B KOTJAX MaJIol MOTY>KHOCTI
YOpOJOBXK OaraThoX pokiB. OCHOBHOIO iX MEPEBArol0 € MOXIIUBICTh MEPEMIIIECHHS
TIOKIB BPY4YHY. Y OCTaHHI POKM MOINUT HA HEBEJMKI TIOKH ICTOTHO 3HHU3UBCS, TOMY
BUIMOBITHO  3MEHIIWJIOCH  BUPOOHHUIITBO  TMOPIIHEBUX Mpec-miadupayiB s
(hopMyBaHHS TaKUX TIOKIB.

Cepenni UWIIHAPUYHI TIOKM IIUPOKO BUKOPHUCTOBYIOTHCS B (PEPMEPCHKUX
KOTJIaX HapiBHI 3 MPSAMOKYTHUMHU TrOKamMu. OCTaHHIM 4acoM 3HAYHOTO TMOIIUPEHHS
Ha0yJsla TEXHOJIOTISl 3aroTiBIl CiHA B PYJOHAX 3 BUKOPUCTAHHSIM PYJIOHHUX Ipec-
nigoupadis. IX 101s Ha CBITOBOMY PMHKY CTaHOBHUTH 0 80 % yciX Npojak MalluH
JUIS T IOMpaHHs coJIoMU. [le OsSICHIOETBCS MPOCTOTOK KOHCTPYKINT PYJIOHHUX TIPEC-
mia0MpaviB 1, BIAMOBIAHO, MEHIIOI iX BAapTICTIO MOPIBHAHO 3 Mpec-mia0upadamu
BEITMKOTa0apUTHUX TIOKIB.

Taoaunda 9.2. TexHos10TivHI BJaCTHBOCTI TIOKIB

[iapHICT TIOKA ) Pexomennosana
Bosoricts conomu B i
BUIL N — ToKy (%) TEepUTOpiajabHa 30HA IS
IJIBHOCTI (kr/m) hopmyBaHHs TIOKA
HU3bKa o 100 10 40% [Tomices
cepeaHs 100...200 10 25% JlicocTen
BHCOKa 200...300 110 22% Cren

Bemuki  TIOKM MOXYTb BHUKOPHCTOBYBATHCA Yy BCIMKHUX  KOTCIIBHAX
I_ICHTpaJIiSOBaHOFO TCIIJIOMMOCTAaYaHHA. BO,Z[HO‘{aC OCTaHHIM YacoM MO PIOETHCA



TEXHOJOrisl  30MpaHHS COJIOMH 13 3aCTOCYBaHHSM  Mpec-mia0upadviB
BEJIMKOTa0apUTHUX TIOKIB, SKI MAalTh HE3alepeuHi IiepeBard IMepe]l IHIIUMHU
KOHCTPYKIIISIMA MaIllvH. ['0JI0BHI 3 HUX TaKi: BUCOKA MPOJYKTHUBHICTh 1, BIAMOBIIHO,
MEHIIIl 3aTpaTH Tpalli; 30epeKeHHS BHCOKOI SKOCTI Marepially 3a paxyHOK
3MEHIIIEHHS BTpAT MiJ 4ac 30MpaHHS; Kpalle BUKOPUCTAHHS BaHTAKOMIIHOMHOCTI

TPAHCIIOPTHUX  3aco0iB, TLIOIIL] CKJIAQJICBKUX MIPUMIILICHB, MM1IBUIIICHHS
IPOJIYKTUBHOCTI HABaHTA)KyBayiB.
Ta6auusg 9.3. OCHOBHI THIIOPO3MIPH TIOKIB
| Wlinpmicts | Maca [Tonepeunuii po3mip TIOKa
Tunopo3mip - JloBxkuHa
TIOKA TIOK% Tioka | HPAMOKYTHOL KpyrJjoi TIOKA (M)
(xr/m°) (kr) popmu dbopt (1)
(cMxcM)
MaJIni 100-125 12-15 46x36 - 1,3
cepenHii 100-140 | 200-300 80x80 1,2-1,8 1,2-1,7
BEJIUKHI 130-150 | 450-500 120x130 - 2,4

Jlnst 30upaHHsl COJIOMHU B TIOKH 3aCTOCOBYIOThH MOPILIHEBI Ipec-miadupadl ass
(dbopMyBaHHS MajorabapUTHUX TIOKIB, PYJOHHI MpEecH Ta mpecu s (popMyBaHHS
BeNMKorabaputHux TioKiB. Knacudikauiga npec-miaoupadiB st (GOpMyBaHHS TIOKIB
POCTMHHOTO MOXOKEHHS Pi3HOI (hOpMHU 1 TUTIOPO3MIpPiB MpeCTaBlieHa Ha puc. 9.2.

[Ipec-nigbupaui

[ToprumeBi 3 CTIHKOIO, 110 Pynouni
KOJIMBAETHCS

3 NpAMONIHIAHUM

PYXOM TOPIIHS 3 npecyBaibHOIO

— (DOPMYBaHIjI’I KaMepOoIO CTajIoro
3 KPUBOITIHIHHIM MaJIiX TIOKIB 00’emy
OM TOPILHS
pyX P - dopMyBaHHA ]

BEJIMKHUX TIOKIB 3 npecyBajIbHOIO
KaMeporo —

3MIHHOTO 00’ €My

I'odpyBansHOTO
TUITY

dopmyBaHHS
CEpeAHIX TIOKIB

Puc. 9.2. Knacudikauist npec-nigdupavis



[IpecyBaHHs COTOMH Yy TIOKH MPSMOKYTHOT a00 IIMIIIHAPUYHOT POPMH YCIIIITHO
3aCTOCOBYETHCSI B CY4YaCHOMY CLITBCHKOTOCTIOIAPCHKOMY BUPOOHUIITBI 1 CTA€ OJIHIEIO
13 TOJIOBHUX TE€XHOJIOTTYHHUX OIEpalliii B pecypco30epiratounx TEXHOJIOT1SX 30UpaHHs
1 BUKOPHUCTAHHS COJIOMHU. 3aBISKU TNPECYBAaHHIO COJIOMH 3HAYHO 3MEHIIYIOTHCS
TPAHCIOPTHI BUTPATH, OUIBII TOBHO BHUKOPUCTOBYIOTHCS HPUMIIICHHS IS
30epiranHs, MEXaH13yIOThCSA BCl BAHTAXKHO-PO3BAHTAXYBaJIbHI POOOTH.

CtocoBHO mpec-miadupaviB Cliji BIAMITUTH TaKUX BIJIOMHX BHUPOOHHKIB, SIK:
Krone, Claas, Welger, Gehl, Fortschritt, Deutz-Fahr, New Holland, VVermeer, John
Deere, Hesston, Massey Ferguson, Case IH Ta inmi. Pocis, binopycis ta Ykpaina
npeacrasieni mignpuemctBamu: OAO “bexenkcensmamnt”, OAO “Pysxummant”,
OAO “Heda3”, OAO “bobpyiickarpomam”, BAT “Ipminbmam™, BAT
“UepniBiciibMan” Ta iHITIMH.

Jnst 30upaHHs COJIOMM B Majora0apuTHI TIOKM BUKOPUCTOBYIOTH IIpeC
niag0upaydl MopurHeBoro Tumy (puc. 9.3), 1Mo 3HAWNUIM HIMPOKE 3aCTOCYBAaHHA Yy
MajiuX Ta CepeAHIX arpapHUX MiANPUEMCTBAX.

L/ oo ol

Puc. 9.3. IIpec-nin npanopéBro ' nas .:)[iMyaHI-iﬂ MéﬂOFéMpﬂTHHX
TiIoKiB, Mapku FAMAROL Z-511 (Unia Group)

Jnst popMyBaHHS TIOKIB CEPEAHBOTO THUIIOPO3MIPY OCTaHHIM YacoM HIMPOKO
BUKOPUCTOBYIOTh PYJIOHI mpec migoupaui (puc. 9.4). Lle mosicHI0€TbCsI TPOCTOTOIO
KOHCTPYKIIi PYJOHHUX Mpec-Mia0upadiB 1, BIJNOBIAHO, MEHILIOK iX BapTICTIO
MOPIBHSHO 13 Mpec-miadupayamMu BeIMKOradapuTHUX TIOKIB. TOMy Taki KOHCTPYKIIIi
MalllMH HaWOUIbII TomMpeHa cepen (QipM-BUPOOHUKIB. PynoHHI mpec-miadOupaui
PO3MOAUIAIOTHCS Ha TIPECH 3 KaMepaMU MOCTIMHOTO Ta 3MIHHOTO Tepepi3y. 3a CBOEIO
KOHCTPYKITi€l0 (OpMyIodi KamMepu € BaJlblIeBl, JAHITIOTOBO-TIAHYACTI Ta TAacCOBI.
[Ipec-nigbupadi 3 kamepamMu 3MIHHOTO mepepizy HOpMYyIOTh PYJIOHH J1aMETPOM Bijl
0,8 mo 1,8 M. JliameTp pyJIOHIB BCTAHOBIIOETHCS 3aJICKHO BiJl yMOB 30epiranns. Jlis
3aroTiBJli KOPMIB BUKOPUCTOBYIOTh PYJIOHM MEHIIOrO AIaMETpy, a Jii COJIOMU —
OLTBIIIOTO.

BonHowac ngenmami  OuIbIlle  KOPUCTYETHCS  MOMMTOM  TEXHOJIOTISA 13
3aCTOCYBAaHHSM IIPEC-ITiI0MpadiB BEJIMKOrabapuTHUX TIOKIB (puc. 9.5).



[Ticns popmyBaHHA TIOKIB, PYJIOHIB X HABAHTAXKYIOTh HA TPAHCIIOPTHI 3ac00U
Ta JOCTaBJISAIOTH 0 MicIlb 30epiranus (puc. 9.6).

Puc. 94. Hpcninﬁnpa py.nonoo TUHIY st (])opMyBaHﬂ THOKIB cepnoro
Ta BeJINKOTo THNopo3MmipiB, mapku Rollant 250 (Claas)

T

Puc. 9.5. Hpec-ninﬁnpa MOPILIHEBOr0 THILY ISl (l)opMyBaHHﬂ TIOKIB
CepeHbOro Ta BeJIMKOro Tunopo3mipis, mapku Krone "BigPack VFS1290"

Puc. 9.6. TpancnopTHMi PUYin AJ1s1 JOCTABKH TIOKIB B Micls 30epiranus



30epiraHHsi TIOKIB COJIOMH MOE€ TMPOBOJUTHCS PI3HUMHU crHocobaMu: y
mTadensIX Ha BIIKPUTOMY IIOBITPl, y BIAKPUTHUX KOMOpax (lIax 1 OMOpH), MiA
Ope3eHTOM, TIiJ] TUIACTUKOBOIO IUTIBKOIO, B 3aKpUTHX MpuMimeHHsIX. Crocio
30epeKEeHHS BILUIUBAE Ha SKICTh cosioMu. [Ipu 30epekeHH!1 i1 BIAKPUTUM HEOOM O1J1s
10 % cosioMu cTae HEMPUAATHOIO JJII €HEPreTUYHOIO0 BUKOPUCTAHHS. 30€piraHHs B
BIIKPUTHX KOMOpaxX MPHBOIUTH IO TOTIPIICHHS SKOCTI COJIOMH, /K€ BOJIOTICTh
BEPXHBOTO Iapy IpH [OMY 3pocTae a0 25 %.

9.4. TexHosorii BAPOOHMUTBA MAJMBHUX I'PaHyJ Ta OPUKeTIB

Po3BuTOK TexXHONOTIH Ta 00JaHAHHS ISl BUPOOHUIITBA O10MATMBHUX TPaHYJI
Ta OpUKETIB 3aM0YaTKyBaB CTBOPEHHsI HOBUX THIIIB KOTJIB 3 MOBHOIO MEXaHI3alli€l0
MPOILIECY 3aBaHTAKEHHS MaJIMBA 1 aBTOMATU3AIIIEI0 KOHTPOJIIIO MIPOIECY TOPIHHS.

bionanuBHi rpanynu (MeIeTH) Ta OPUKETH JIETKO TPAHCIOPTYBaTH, BOHU HE
HaOUPAIOTh BOJIOTY, HE THUIOTH 1 HE BTPAdalOTh CBOI MAJIMBHI BIACTUBOCTI IiJl Yac
30epiraHHs, HaHOUIBII MPUAATHI 10 MEXaHI30BAHOTO 3aBAHTAYKEHHS /10 CHEPreTUYHOI
yCTaHOBKU. Bech mpoliec mnepemillleHHsT TpaHyJd BiJl BHUPOOHMKA 10 CIOKHMBayda
3MIIMCHIOETHCS O€3 3aCTOCYBAaHHA PYYHOT Ipalli.

OCHOBHUM €JIEMEHTOM (MAIlIMHOI0) JiHIT TpaHyisamli (mpecyBaHHs) €
rpanyisaTop (mpec), BiJ XapakTEPUCTHK SIKOTO 3aJIeKaTh TEXHIKO-€KOHOMIYHI
MOKAa3HUKM Bcie€i JiHii. [Ticis BiAMOBIAHOT MIATOTOBKU JA03YHOUUH IIHEK TPAHCIIOPTYE
Marepian Ao npeca. CrieniayibHI pOJIMKU, TaK 3BaH1 MPECYBaJIbHI BasbIll, MPECYIOTh
Marepiai, MpOIMyCKAaloYd WOro dYepe3 OTBOPU KUIbLEBOI MmaTpuil (mpeca-
rpa”yisaTopa), 1o obepraerbes. [lpecyBanbHi Baliblli PYXalOThCAd MO TUIOCKUX
Matpuisx. nsgxoMm 3MiHM JdiamMeTpa OTBOPIB, JOBXHHHM KaHaly MaTpHIll Ipeca,
BIJICTaHI MK pOOOYOI0 MOBEPXHEI0 MATPHUIb Ta BaJbLIB, a TaKOX MPECYBAIBHOIO
THCKY MOXHAa OTpPUMATH KIHIIEBUA TIPOJAYKT, SKUW 3a SKICTIO BIJIMOBIJAE
BCTAHOBJIEHUM HOPMaM.

Jlnst  rpaHyJIIOBaHHS BUKOPHUCTOBYIOTH JIiHII, SIKI BHUKOPHUCTOBYBAIHCS Y
KOpMOBUPOOHUIITBI  (puc. 9.7), a TakoX CydacHi JiiHIi TpaHyJIOBaHHS Ta
OpukeTyBaHHs Oiomacu a1 TerioBux morped (puc. 9.8, puc. 9.9).

[Ticnss mpomyckaHHs uepe3 MAaTPHIIO, MEIJIETH PLKYThCS Ha HEOOXIIHY
JIOBXXHHY, 1, OCKIJIbKUA B MPOIIECI TPECYBaHHSI BOHU HATrpPIBAIOThCS, 1X OXOJOKYIOThH
]I JI€0 HABKOJMIIHBOTO TOBITPS B OXOJIO/KYyBaul. Y pe3ysibTaTi I[bOIO BOHU
HaOyBalOTh HEOOXigHOT TBepAaocTi Ta MimHOCTI. Ilepen makyBaHHSIM —Ta
CKJIaJTyBaHHSIM TIEJUIET BUKOHYEThCS CeIapallis, 1o J103BOJISIE BIAAUIMTH I, APiOHI
YaCTOYKH Ta MEJIJIETH, IO HE MAIOTh JIOCTATHHOI MEXAaHIYHOT MIITHOCTI.

[TakyBaHHS TIEJUIET 3aJI€KHUTH BiJl CIIOCO0Y X MOJANBIIOTO TPAHCIIOPTYBAHHS.
[lennetn TpaHcnopTyroTh: Hacunom; y Mimkax no 10-20 kr; y mimkax «Big-Bagy.
Hacumnom TpaHCIOPTYIOTh TEXHOJIOTIUHI TPAHYIH, PiAIIe — TPaHyJId BUCOKOT SIKOCTI.
VYnakoBka B mimku mo 10-20 kr € A0BOJI 3py4YHOIO Ta MPHU3HAYEHA JIJISl BIACHHKIB
IHAUBITyIbHUX KOTIIB. TpaHCHOPTYIOTH Taki MIIIKM Ha MiagoHaxXx. BmicT omHOTO
nignona — 1 T. Mimku «Big-Bagy mpu3Hadeni 71 MpOMHUCIOBOTO TPAHCIIOPTYBAHHSI
cunkux pedoBuH. OawH Takuii Mimok wmictuth Big 1 mo 1,51 memner. Boxwm
BUKOPHCTOBYIOTHCS JIJIsi CIIPOIICHHS TIEPEeBE3EHHs 1 30epekeHHs BoJyiorocti. Ha



JUTbHULI TTAKYBaHHSI BCTAHOBIIIOIOTHCSI OYHKEPH JUIsSl 3aBaHTAXEHHSI aBTOTPAHCTIOPTY
a0 OyHKepH 13 J03yBaJIbHUMHU IMPUCTPOSMH JJIs 3allOBHEHHA MilIKiB TNy «Big-
Bag» abo arperat a1t HAITOBHEHHS MaJIUX MIIIIKIB.

15 2. Ad 10

13 8

leat:
I

14 | 12m ~

17m

-t

22 m l

—

1 — 3aBaHTa)kyBa4; 2 — KMBWIbHHMK; 3 — TpaHcnoprep; 4 — OyHKep-
HANIOBHIOBAY; S5 — majaMibHA; 6 — Temioreneparop; 7 — cymapka; 8, 10, 11, 12 —
HMKJIOHU; 9 — nmoapiOHIoBayY; 13 — OyHkep-HakonunuyBay; 14 — rpanyasrTop; 15 —
0XO0JIOMKYBAY

Puc. 9.7. Jlinis rpanyasuii coatomu Ha 6a3i OI'M-1,5

A

Puc. 9.8. Jlinist rpanyaoBanns 6iomacu ECO-BIO-100 Bupoonuursa HYbill
Ykpainu (Uexisg-Ykpaina)



Puc. 9.9. Mammna 6pl/IKeTyBJILHa B-80 BupoﬁnuTBm]“}AT- &Hpecmun»
(Ykpaina)

[Iportec BUpOOHMIITBA TANMBHUX OpHUKETIB 1 TpaHyn i3 OioMacu BKIOYAE
HACTYTMHI TeXHOJOTI4HI omepartii (puc. 9.10):

1. TlogpiOHeHHs cupoBHHM (IIsi OTpuMaHHS (pakuii, sika HaWOLIbIIE
M1IXOANUTH U1 OpUKETYBaHHs) — 32 HEOOX1THOCTI.

2. Cy1iiHHS CHpPOBUHU 10 PiBHA BOJOrocTi 12 % Ta HUX4Ye — 32 HEOOX1THOCTI.

3. IIpecyBanHs.

4. OX0n0KEHHS.

nenner —
npecyBaHHs
COnoMM

S 4

THOKax Ta

pysioHax - cywiHHa (npu

noTpebi)

roToBOI
npoaykuii nennet

Puc. 9.10. TexHosoriunuii npouec BUPOOHMUTBA MeJLJIET i3 COJIOMHU

3aranbHUM BUTIIA] OTPUMYBaHUX TpaHys Ta OpUKeTIB HaBeaeHud Ha puc. 9.11
Ta puc. 9.12.
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TexHomnoOTisT BUPOOHUIITBA MAJMBHUX OPUKETIB 13 COJOMHU BIAPI3HAETHCS BIJ
TEXHOJIOT1] OTPUMaHHS NAJIMBHUX OPUKETIB 13 TUPCHU BIJICYTHICTIO OMNepalii CyIIiHHs.
Po3pizani conoM’siHI TIOKM TOJAIOTHCS B 3aBAHTAXKYBAJIbHUNA OyHKEp POTOPHOI
apobapku. Ilin ni€r0 Baru BOHM MOTPAIUISIOTE B poOOYy Kamepy, A€ CoJoMa
NOJIpIOHIOEThCS BiJ yJapiB MOJIOTKIB poOTOpa. 3aJaHUl CTyMiHb MOJPIOHEHHs
3a0e3neyyeThCcsl BIAMOBIIHUM J[laMETPOM OTBOPIB Ha PEIIITI, SKa BCTAaHOBJICHA Ha
BUBAaHTAKYBAJILHOMY pyKaBi. Uepe3 BHUBaAaHTaXKyBaJbHUI pyKaB MOApiOHEHA cojioma
CIPSIMOBYETHCS B 3aBaHTAKYBAIBHUN OyHKED, 3BIKU 3a JOMOMOTOI0 BOPYIIMIHLHUKA
HaIpaBJSIETBCS B MpeC-OpUKETYBAJIILHUK € BiIOyBaeThes ii mpecyBanHs. [l miero
CUJIM BJIACHOI Baru roToBl OPUKETH BIJIaMYIOTHCS 1 MaJIal0Th Y BUBAHTAXYBaJbHUM
OyHKep.

Knacudikaris MammdH A1 BUTOTOBJEHHS NaJWBHUX TpaHyl Ta OpPUKETIB
HaBeneHa Ha puc. 9.13.



MarmuHu 171 ipecyBaHHS
COJIOMU TIPH BUTOTOBJICHHI1
MaJUBHUX TPaHyJ Ta OpUKETIB

bpukeTyBanbHUKN
I'panynsaropu
I'iapaBmiuHi MexaHi4Hi1
|| 3 mockoro
MaTpULIECIO
: [TyanconHi
|| 3 xpyrmoro [[THexoB1 e p—
MaTpPULICIO

Puc. 9.13. Knacudikauis MamumH i BUTOTOBJIEHHS MAJMBHUX FPaHyJI Ta
OpukeTtiB

OcKUIbKM BUPOOHUIITBO MEJJIET B YKpPAiHi € HOBOIO raly3310, siKa 3/1€0UIbIIOTO
OpIEHTOBaHAa Ha EKCIOPT, MOLUMPEHHS HAOyJau CTaHAApTH BHPOOHMIITBA MEJUIET

npuitHAT y Himewuunni Ta ABctpii (Tadum. 9.4).

Tabanus 9.4. BuMoru oKkpeMux CTaHAAPTIB /10 IKOCTi BUPOOJIEHUX MeJLIeT

Hopmu sikocti 1 OIS 3Ha4YeHHS 3T1AHO 13 3Ha4YeHHs 3T1IHO 13
rpasy (memer) BUMipY CTaHIApPTOM ON(?rm M CTaH/1apTOM DIN
7135 (ABctpis) 51731 (Himeyunna)

Hiametp, D MM 4-10 4-10
JloBxxnuHa MM 5xD MeHie 50
['yctHa (IIUIBHICTD) Kr/mM° outpmre 1,12 1,0-1,4
Bwmict Bostorn % meHie 10 MeHie 12
Bwmict 30m1u % meniie 0,50 menie 1,50
Teriora 3ropstHHA M JIx/kr ouremie 18 17,5-19,5
Bwmict cipku % mene 0,04 meunmie 0,08
Bwmicr azory % menie 0,3 mene 0,3
Bwmict xnopy % mente 0,02 meunmie 0,03
Bwmict nwny (ctupanns) % meHtie 2,3 -
Buicr AOHOMDICHHX % MEHIIIE 2 MEHIIIE 2
KOMITOHEHTIB

TexHoJIOTisl BUTOTOBJICHHSI HE 3aJICKHUTh BiJ] TUIIB CUPOBUHHU 1 € OJIHAKOBOIO,
AK JJI COJIOMM, Tak 1 JJsi THPCH PI3HUX MOpiA JAepeB. bpukeryBaHHio Ta
IPaHyJIOBAHHIO MAJIArae BCA CUPOBUHA, PIBEHBb BOJIOTH sIKO1 HE Ounbiuit 12 %.

[IpoaykTuBHicTh JiHii rpanymtoBanHsa 0iomacu ECO-BIO-100 cranoButh 80
KI/TOA. TIpU BCTaHOBJIEHIM TMOTYXHOCTI 8,85 kBT. IIpoayKTHBHICTH MaIIMHU




OpukeryBanbHoi B-80 cranoButh 1,20 T/ron. mnpu BCTAaHOBIEHINM MOTYXKHOCTI
40,2 xBT.

9.5. BukopHCTAHHSI KOTJIB JJIsl CHAJIOBAHHS COJIOMHU

Buxonstun 3 0cOOMMBOCTEM  TEXHOJOIIH cHAIIOBaHHA OloMacu  BCl
TBEPONAIUBHI KOTJIA MOKHA YMOBHO PO3JUIMTH HA HACTYIIHI TPYIIN:

1. Tpaauuiiini TBepAONAIUBHI KOTIIH.

2. TBepnomanuBHI KOTJIM 3 TMIPONI3HUM CHATIOBaHHSIM (Ta30reHepaTopHi
KOTJIN).

3. YHlBepcanLHl (GararonaivBHi) KOTJIH, SIKI MOXKYTh NPalioBaTH He TIJIBKU
Ha TBEPAOMY TaJIMBI, aJie 1 Ha Ta3l, PIAKOMY MaJuBi Ta EJICKTPOCHEPTii.

4. TeepaomanuBHI KOTJIM TPUBAJIOTO TOPiHHA (KOTJIM BEPXHBOTO TOPIHHSA).

5. ABTOMaTHU4H1 KOTJIH.

OctanHiM yacoM B YKpaiHi BCe HIUPIIOTO PO3MOBCIOHKEHHS HAOYBalOTh KOTJIH
B SIKUX CITAIIOIOTHCS TIOKH CcOJIoMH. Ha choromHimHid JAeHb BXKE JEKIIbKa (Gipm,
takux sk AT «bpur» (puc.9.14), T «Temnochepa», TH «Kpirep» ocBoinu
TEXHOJIOT1I0 CIAJIIOBAHHS COJIOMH 1 BUITYCK JJISI BUKOHAHHS IOT'O TEXHOJIOTIYHOTO
npoiiecy obnaguHanus. [licis ycHmimHoro BNPOBAHKEHHS MEPIIOro KOTJAa Ha COJIOMI
¢bipmu Passat Energi B Ykpaini BitunsnsHa dipma «FOTEM» npunbaina mirneHsito Ha
BUPOOHMIITBO TaKMX KOTJIIB Ta po3moyaia iX BUITYCK B YKpaiHi.

Puc. 9.14. 3epnocymapka 3 temioreseparopom TT'C-500 y HABYAJIBHO-
pocaignomy rocnoaapcrsi HYBill Ykpainu «ArpoHoMivyHa J0CIigHAa CTAHIISD)
Ta ONAJIOBAJTIBHUI KOTeJI Ha coiomi BupoOHunTBa FOTEM



B Vkpaini BUITyCKarOThCS COJIOMOCTIATIOI0Y1 KOTIM TETUIOBOIO MOTYKHICTIO B
150 no 600 kBT. Bimomi Takox KOHCTpYKIlii razoreneparopuux KoTiaiB HERLT s
criamoBaHHs cosioMu (puc. 9.15).

Ha Biaminy Bif TpagulifiHUX TBEPAOTOIUIMBHUX KOTJIB, Y MIiPOJU3HUX
(razoreHepaTopHUX ) KOTJaX TOPUTH Ta3, M0 BUILISETHCS 13 COJIOMU 3aBJISIKM BUCOKIM
TeMIiepaTypi B kamepi 3ropsiHHs. [1i1 yac Takoro crnajaroBaHHS HE YTBOPIOETHCS caxa,
a YTBOPEHHS TOMENy 3BOJUTHCS 10 MiHIMymMy. KOTiuW 13 mipoi3HUM CrHagtoBaHHIM
conomu MaroTh Bucokuit KKJI (mo 92 %). KoHcTpykiisi 1 npuHIMI poOOTH KOTIIB
JI03BOJISIIOTH aBTOMATU3YBAaTH PETYIIIOBAHHS 1X IMOTYKHOCTI.

KoTnm ams crmamioBaHHS COJIOMH BHUTOTOBJISIFOTHCS 130JIbOBAHMMH, TOTOBUMHU
70 eKCIuTyaTallii 1 BOHM HE BUMAaraloTh HISKUX JOJATKOBUX POOIT, MiATOTOBKH 1
OyAiBal CIIOpPY, OKPIM MOHTaXy (hyHIaMEHTy, AUMaps Ta MiJ €IHAaHHS 0 1CHYIOYOi
TEIJIOMEPEKI. 3aE€KHO BlJl MOTY>KHOCTI, TONKA KOTJIa MOX€E OyTH MPUCTOCOBAHA IS
CHAJIOBaHHS MalMX a00 BEIMKUX TIOKIB. [[JIsl cradroBaHHSI COJIOMH BHUITYCKA€ThCS
IIUPOKUI MOJEIBHUM psiJi Ta30reHEepaTOPHUX KOTIIB MOTYXKHICTIO Biag 89 kBT no
4 MBT. Y KOMIUIEKTI 3 MPaBWJIBHO MiAIOpaHUM BOASHUM TEIUIOOOMIHHUKOM KOTJIH
YTBOPIOIOTh BUCOKOE(DEKTHUBHI 1 EKOHOMIYHI CHCTEMHU.

Puc. 9.15. I'a3oreneparopHuii onajaoBajabHuii KoTes s TIOKIiB ¢pipmun HERLT

EdexkTuBHE BUKOpUCTAaHHS KOTJIIB Ha TBEpJAOMY OlomanmBi 3yMOBJICHE
PO3pPOOKOI0 Cy4aCHUX TEXHOJOT1M MiATOTOBKHM CUPOBUHHU, CUCTEM aBTOMATHYHOTO
YIPaBJIHHS MIPOIIECOM CITAJIFOBAHHS Ta CICabHUX (KepaMiuHHMX) MaTepiajiiB KaMmep
3ropaHHs. Y THUIOBUX KOHCTPYKIIIHHO-TEXHOJIOTIYHUX PIIIEHHSX KOTJIIB-aBTOMATIB



GYHKII0 J03aTOpiB  BHUKOHYIOTH IIIHEKOBI TpPAaHCIOPTEPH, KEpPOBaHI 3aJaHOI0
nporpamoro. Taki koTiu (puc. 9.16) npusHaueHi g 00IrpiBy KUTIOBUX OyJAMHKIB,
Ja4 Ta 1HIIUX 00’ €KTIB 13 TEIJIOBUM HaBaHTaXeHHsM 110 50 kBT. 3aBasku Benukomy
00’€eMy TOIKH, €JIEKTPOHHOMY pETYJIIOBaHHIO 3 BHKOPHUCTAHHSIM TepMocTara i
NaJTbHUKA TUITY PETOPTH 13 3aBaHTAXYBAILHUM MPUCTPOEM, J1aHi KOTIHU MPAIIOIOThH B
aBTOMATUYHOMY pEXUMi. BOHM BHKOPUCTOBYIOTHCS JUIS CIIAJIOBAHHS IMaJTUBHUX
rpaHys 13 AEpEeBUHM i pociuHHOI 6iomacu. [ToTpeba B GlomanuBi IpU HOMiIHAJBHIM
MPOAYKTUBHOCTI ckiaaae A0 10 kr 3a roguny. [Ipu MiHIMaIbHOMY 3aBaHTa)KEHH1 IIUX
KOTJIIB IOCTaTHBO JI0 2-X KI' TAJIMBHUX TPaHys HA TOJUHY.

Puc. 9.16. ITodyToBHii yHiBepcaibHuii TBepaonaiuBHuii korea pipmu DEFRO
(IToab1a)

Benuki mpomMucioBi KOTAM Ha TEUIeTax, TaKOXX OCHAIEHI CHCTEMOIO
aBromMaTu4Hoi mojaui manuBa (puc. 9.17). Ilemmern 30epiraioTh y cHeriaaibHUX
OyHKepax, 13 SKMX BOHH TPAHCHOPTYIOThCS Oe3mocepeaHno a0 kotia. Bech mporec
MepeMIIICHHS TPaHyJI MOXHa 31ACHIOBATH 0€3 3aCTOCYBaHHS PYYHOI Mpaiii.

KoTau, 1o BUKOPUCTOBYIOTh Y SKOCTI MajiBa OPUKETH, aHAJIOTIYHI KOTJIaM B
SKMX CIAIIOITH JapoBa (puc. 9.18).

[IpoTe mpu chagOBaHHI COJOMH BHUHMKAIOThH JESKI TPYAHOIII, TMOB’s3aHI 13
HEOJHOPIHICTIO 0loMacu, BIIHOCHO BHUCOKOK BOJIOTICTIO, MAaJIUM [HTOMHUM
€HEeProBMICTOM, HU3BKOIO TEMIIEPaTypoOl0 IJIaBJICHHS 30JM. TOMYy B 30HI TOpPIHHS
POCIIMHHOI 010Macu HEOOX1THO CTBOPUTH CIPHUSATIMBI YMOBH JUIsl IOBHOT'O 3TOPSHHS
najguBa, 0e3 IJIABJIEHHS 30JU Ta 13 MATPUMAHHS PIBHOMIPHOTO MPOLIECY BUALICHHS
Teruia. Takux yMOB MOXKHA JOCATTH 3aCTOCYBABIIM KOTJIM 13 BEPXHIM TOPIHHSIM, IIO
MarTh JBI poOoUl 001acTi: MepIry - yTBOPEHHS T€HEPATOPHOTO razy Ta ApYyry -
ropiHHs TreHeparopHoro rasy (puc.9.19). ¥V Takux KOTJIax € MOXKJIHUBICTD
pETyNIIOBaHHS MpOIlecy TEIUIOBUAUICHHS 3a PaxyHOK 3MIHHM 00’€MiB TMOBITpS, IIO
HAJXOUTh B POOOUY 30HY KOTJIA.



Puc. 9.18. Koren nodyroBuii Bogorpiitnuii Ardenz T100, uio npamioe Ha gpoBax
Ta NAJTUBHUX OpUKeTax

Jlst miaBUIIEHHAS] €(pEeKTUBHOCTI POOOTH KOTIIB, 3a PaXyHOK 3MEHIIICHHS 4acy
poOoTH B TMepexiHUX peXHMax, HEOOXITHO BHUKOPHUCTOBYBAaTH aBTOMATHYHY
CUCTEMY KEpyBaHHS IIOJau€l0 TOBITPS B TONKY, IO CKJIANAEThCA 13
MIKPOITPOIIECOPHOTO TPHUCTPOIO, JATYMK TEMIIEpAaTypH, BCTAHOBICEHOTO B HArpiBHY
nmopoxHuHy kotna (puc. 9.20) ta gatumka Bmicty CO B JMMOBHX Tasax,
BCTAHOBJICHOTO B MAaTPyOOK /ISl BUAATICHHS TPOAYKTIB 3TOPAHHSI.

VYV kotnax mnotyxHicTio A0 70 KBT BHKOPUCTOBYETHCS ClUKa COJIOMH, IO
3aBAaHTAXKYEThCS 4depe3 OokoBl aBepisita. KoTiau O1IbIIOT MOTYXHOCTI HEOOX1THO
3aBaHTAXXYBaTH PYJIOHAMH COJIOMH Yepe3 BEePXHI0O YaCTHHY KOTJA, sSKa BHUKOHAHA
3HIMHOI0O. ToMy, IJii TakuxX KOTJIIB HEOOXIHO TepeadauuTy BUKOPUCTAHHS

BAaHTAXOIIJAOMHOTO OOJIagHaHHS JUIsi MeXaHi3alii 3aBaHTaXEHHA PYJIOHIB
(puc. 9.21).



5“\. ‘\\ “\ B |
L F 7% /'V 7
s =
g i S -
g - B YA
J g &t
N | o
17 L ©eee 9
B \AAA
6 B S A |
e [L -
BN N
2 :: : “‘\i
O -z
] NEF 13
ﬂ\ B g
R =
L]

1 — kopmyc; 2 — nmopoxkHuHAa; 3 — KamMepa 3ropsiHHs; 4 — KpUIIKa; S5 —
naTpyook [Jisi BHAAJIEHH NPOAYKTIB 3ropaHHs; 6 — marpy0ok s momadi
NOBITPS; / — NPOMI’KHA EMKICTh; 8 — HanpsAMHAa; 9 - po3noaILHUK noBiTps; 10 —
oTBOpH, 11 — IBepusATa NI NaauBa; 12 — naauBo; 13 — ABepusTa I MONENY;
14 — nuume; 15 — BepxHsl ceKllisi po3MOAiILHUKA MOBITPS; 16 - HUIKHA ceKUiA
po3noaiibHuka mnoBitpsi; 17 — 3’eanyBau 18 — TpyOuacri enemenTn; 19 —
naTpyook JJf mogavi xojoaHoi Boau; 20 — naTtpy0oK 1Jil BiABeJleHHS rapsiioi
BOJM

a — cxema, 0 — 3araJibHUil BUTJISI]
Puc. 9.19. Kortes a5 cniajIlOBaHHS COJIOMH i3 BEPXHIM rOpiHHAM

1 — BeHTHJISITOP MOAAYi MOBITPS B TONMKY KOTJAa; 2 — MiKpPONPOLEeCOPHUIA
0J10K KepyBaHHS; 3 — TeMIlePaTyPHUI JaTYNK
Puc. 9.20. Cucrema kepyBaHHSI KOTJIOM
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1 — koren (P,=200 kBT); 2 — pysonn coaomu (d,=1,45m; h,=1,2 m); 3 —
KpaH-0aJjika (OCHAIIeHA 3aXBATOM /ISl PYJIOHIB); 4 — TPAHCIOPTHUI 3aci0 st
nepeMilleHHsI PYJIOHIB COJIOMH J0 CKJIAAY MAJUBA
Puc. 9.21. Cxema koTteibHi, ocHamenHoi kotiamu KI'B 200 i3 Bepxnim
TOPIHHAM ISl CTIAJIIOBAHHA COJIOMH B PYJIOHAX

Kotnum 13 BepxHIM TOpIHHSM, NpHU CIHAJIOBaHHI COJIOMH, 3a paxyHOK
BUKOPUCTAHHA CIELIaIbHOI KOHCTPYKLII pO3MOJIIbHUKA MOBITPS, JO03BOJSIOTH
30UTBIIUTH TUIONLY TOPIHHS MaiuBa 13 30epekeHHsIM CTabIbHOI HOTO 1Mo/aul B 30HY
YTBOPEHHSI T€HEPAaTOPHOTO raszy, a TakoXX 3a0e3neyuTH e(PEeKTUBHE CHATIOBAHHS
rOpIOYMX rasiB 3a paxyHOK Mojayi J10JaTKOBOTO MOBITPSI B KaMepy 3ropaHHs KOTJa.
[Ipu upoMy Bimjiaya Ternsa y NOPIBHSAHHI 13 MPSAMHUM CHATIOBAHHIM COJIOMU B KOTJIaX
nigsumryetsess Ha 20 %, a mificHuil Koe]iIlieHT KOPUCHOI Iii KOTJIIB 13 BEpPXHIM
ropinHa gocsrae 83 %.

JlabopaTtopna poGora 9: BuzHaueHHs mapaMeTpiB poOOTH TBEPAONATUBHOTO
KOTJIa TpU CHAJTIOBaHHI POCIMHHOI O10MacH.

Meta pobotu. O3HallOMUTHCS 13 IPUHIUIIOM [Iii TBEpAONAIMBHOTO KOTJA IJIs
CriaJrOBaHHS TOAPiOHEHOI OpraHiyHOi MacH Ta TEJUIET Ta BU3HAYUTH BIUIMB I1OJaYl
MOBITPA B TONKY Ha CKJIaJ MPOIYKTIB 3rOPSHHS Ha BUXO/1 13 KOTJIA.

Mpuaaan T1a o0JaJHAHHSI: TBEPIONAJMBHUNA KOTEN, Tra30aHali3aTop
OKCI 5M, anemomerp.

[Ticnst o3HalOMJIEHHS 13 NpaBWIAMH TEXHIKM O€3MeKH, ITHCTPYKIIO 10
eKCIUTyaTallli razoaHajizaTopa Ta KOHCTPYKIIIEI TBEPJOMAIMBHOIO KOTJa, 3T1THO
cxemu (puc.9.22), KOTeN pO3MATIEThCS, a Iojada TOBITPSA B TOMKY KOTJIA
BCTAHOBITIOETHCS HA MIHIMAJIbHOMY PiBHI.

BumiptoBanHs 00’€MHOT 4YacTKM MOHOOKCHIY KapOOHY y BHKHAAX KOTJIA
MPOBOJUTHCA 3a AonoMororo razoananizaropa OKCI SM. Tlopaua noBiTpst B TONKY
KOTJIa BU3HAYA€THCA 3a JOIMOMOrOI0 aHeMOMeTpa. 3MiHa Mojadi MOBITPA B TOMKY
KOTJIa TIPOBOAUTHCA 13 3amaHuM kpokoM Bim 0,0015 g0 mMakcMManmbHOTO 3HAYCHHS



3 . .
0,04 m”/c. BumiptoBanHsi 00'éeMHOT YacTKM MOHOOKCHAY KapOOHY BHUKOHYETHCS Y
TPHOXKPATHIM MOBTOPHOCTI JIJIsi KOJKHOT'O 3HAYEHHS 10J1a41 MTOBITPS.
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1 — kopmyc; 2 — MOpOKHUHA; 3 — KaMepa 3ropsiHHs; 4 — MaTPyOOK JIA
BU/JAJIEHHSI TPOAYKTIB 3ropaHHsi; 5 — BEHTWIATOP mnojadi nowBiTps; 6 —

HANpsIMHA TPy0a; / — po3moaiIbHUK NOBITPsi; 8 — ABepusATa MiA najausa; 9 -
naguBo; 10 — aBepusita piasa momenay; 11 — HMKHS CeKUis PO3NOTIILHUKA
noBiTpsi; 12 — mikponpouecopuuii 00k kepyBaHHs; 13 — rasoanasizaTop
OKCI 5SM

Puc. 9.22. Cxema niak/J04YeHHs NPUWIATIB VIS BUBHAYEHHS NapaMeTpiB KOTJIa

Pe3synbpTat BUMipiB 3aHOCATHCS B TabmuIo 9.5.



Ta6auus 9.5. Pesynbratun BumiproBanb BUkuaAiB CO TBepaonajuBHOIO
KOTJIA NIPU CHAJIOBAHHI POCJIMHHOI 0ioMacH

. ) ) Cepenne Buxknmu CO
ITomaua 1 mocmin 2 nocuif 3 mocnia
MOBITPS, M/c CO, et | CO, vt CO, o, SHaquHﬁCO’ 3 rgomxmy,
MJTH. M /TOJI.
0,0015 8505 4045 6275 2092 0,113
0,0053 949 898 923,5 308 0,059
0,0071 449 588 518,5 173 0,044
0,0088 649 688 668,5 223 0,071
0,0177 819 972 930 310 0,197
0,0353 1319 1272 1230 424 0,539
0,0399 1763 1608 2129 588 0,844

Cepenne 3HayeHHS 00'€MHOI YAaCTKM MOHOOKCHUIY KapOOHY I KOXKHOIO

3HA4YEHHS M0j[a4l MOBITPSI BUZHAYAETHCS 32 POPMYIIOLO:
_ VvV, -E., 3600
0 10°

ne Goo — BHKHIY MOHOOKCHIY KapOoHy B aTmocdepy, M /rox.; V;; — momada
MOBITPS B TOMKY KOTJA, m°/c, Eco — 06’eMHa gacTka MOHOOKCH]Ty KapOOHY Y BUKHIAX
KOTJIa, MJIH .

Pesynbratu gociiaiB y rpadidHOMY BUTIISAI IpUBEACHI Ha puc. 9.23.
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Puc. 9.23. 3anexnicts BuknaiB CO Bix BeJIMYNHY N04a4i NOBITPS B TONKY
KOTJIa

TakuM YMHOM BCTAQHOBJICHO, IO HAWMMEHII BUKHIM MOHOOKCHIY KapOOHY
(CO) cmocrepiraroTbesi MpU TojAavl MOBITPSI B TOMKY TBEPIAOMAIMBHOIO KOTJa Ha
. 3
pieHi 0,007 m”/c.

IIpakTuyna podora 9: Po3paxyBaTu TEmIOTY 3rOPSHHS COJIOMH B 3aJIEKHOCTI
B1Jl XIMIYHOTO CKJIa/y 1 BOJIOTOCTI.



Buxinni nani: XimMigauit ckiaa Ta BOJIOTICTh PI3HUX THUIIIB COJIOMHU.

HaiiyacTime nsi BU3HAYEHHsS] TETUIOTH 3rOPaHHS BUKOPHUCTOBYIOTH (POpMYyIy
JI.1. MenpeneeBa, BiAMOBIIHO A0 KO TEIUIOTY 3TOpPaHHS PIIKUX 1 TBEPIUX IMaJIMB
BU3HAYAIOTh SIK:

Q, =339C +1256H —109(0 - S) (9.1)

Q, =Q, —25(9H +W)=339C +1030H —109(0 - S)-25W  (9.2)

ne Q,, Q, — Buma 1 HWXK4Ya Teruiota 3ropanHs, k/x/kr; C, H, O, S, W —

€JIEMEHTHHI CKJIaJ| MajuBa (BYIJIelb, BOJCHD, KUCEHb, CipKa, BOJIOTA BIAMOBIIHO), %0

3a Macow; 25 — KoedillleHT, KU BpaxoBye€ BTPATy TEIUIOTH, IIO0 BHUHOCHUTHCA

npoAyKTaMu 3ropaHHs B atMocdepy (1 Kr mapu mpu HOTparuisiHHI B atMmocdepy

3abupae 2500 xJDx/kr); 9H — 4uciI0 MAacOBUX YaCTUH BOJM, IO YTBOPIOETHCS MPH
3rOpaHH1 OJIHIET MACOBOT YaCTUHU BOTHIO.

Taduanus 9.6. Ckiaax Ta po3paxyHOK BHIIOI TEIUIOTH 3TOPSHHS COJIOMH

Bwmict no cyxoi macu, %

ITonroBa S o O E o o Buma
KyJIbTypa — 5 | FE < 4 £ 5 . TEIIOTa
HPOIYLEHT é 5 § § § q:)( § % 3rOPSIHHS

= —

COJIOMH OQ 2| < £ 2 § O COJIOMH
[Tmenuis 465 |9535| 052 | 44,43 | 5,86 | 44,43 | 0,11 17591
Kuto 4,65 |9535| 0,43 | 45,02 | 4,80 | 45,02 | 0,09 16393
Suminb 465 |9535| 059 | 44,03 | 6,58 | 44,03 | 0,12 18404
OBec 6,98 | 93,02 | 0,51 | 43,35 | 5,71 | 43,35 | 0,10 17153
Kykypyma | 4,65 |9535| 0,63 | 43,80 | 7,01 | 43,80 | 0,13 18893
Pinak 588 94,12 | 0,66 | 4296 | 7,40 | 42,96 | 0,13 19189
3epno6o6oni | 6,98 | 93,02 | 1,64 | 41,02 | 9,19 | 41,02 | 0,16 20995

Ta6auus 9.7. Po3paxyHOK HHKY01 Tem10TH 3ropsinast cojomu Q,, k/lx/kr

ITonboBa Bosoricts comomu, %

KyJbTypa —

MPOJIYIEHT 5 10 15 20 25 30 35 40

COJIOMH
[Tmenuis 16148 | 16023 | 15898 | 15773 | 15648 | 15523 | 15398 | 15273
Kuto 15188 | 15063 | 14938 | 14813 | 14688 | 14563 | 14438 | 14313
Auminb 16799 | 16674 | 16549 | 16424 | 16299 | 16174 | 16049 | 15924
Ogec 15743 | 15618 | 15493 | 15368 | 15243 | 15118 | 14993 | 14868
Kykypynza 17190 | 17065 | 16940 | 16815 | 16690 | 16565 | 16440 | 16315
Pinak 17399 | 17274 | 17149 | 17024 | 16899 | 16774 | 16649 | 16524
3epH00000BI 18802 | 18677 | 18552 | 18427 | 18302 | 18177 | 18052 | 17927

OpnHak, y TpakTUIll BUKOPUCTAHHS COJIOMH SIK TajduBa Il KOTJIB 1
TETJIOTEHEePaTOPIB, OTPUMATH BKAa3aHWUW PO3PAXyYHKOBHUH PIBEHb TEIJIOTH 3TOPSHHS,
SK TIPaBWJIO, HE BIAETHCS, IO OOYMOBJIEHO BTPATOIO JIETKUX CIOJYK 3 JTUMOBHMH



ra3aMu Ta BUTpaTaMd TeIUIa HA HArpiBaHHS MOBITPs, HEOOXIAHOTO IS TOPIHHSA
COJIOMHM JIO0 TEMIIEpaTypH IIpH SKiil 11e TOpIHHSA BiOyBaeTbest. ToMy ailicHa TeruioTa
CTIAJTIOBaHHS COJIOMH BHU3HAUYAIOTHCA KOE(DIIiEHTOM KOPUCHOI [ii TOTKH, SIKUH st
ICHYIOUMX TOIIOK KOTJIB 1 TEIJIOTEHEpaTopiB, IO BHUITYCKAIOTHCS B YKpaiHi
cranoButhb Bijg 0,75 no 0,84 BigH. of.

3anuTaHHA JJI CAMOKOHTPOJIIO:

1. Sxi  iCHYIOTH  TEXHOJIOTIi  CHAJIOBaHHSA  TBepaoro  OiomanuBa?
Oxapaktepuszyure ix.

2. OxapakTepu3ylTe TEXHOJIOTIYHUN JAHITIOT BUKOPWUCTAHHS COJIOMH IS
E€HEPTreTUYHOTO BUKOPUCTAHHS.

3. Has3BiTh crtocoOM BUKOPUCTAHHS COJIOMHU 3€PHOBUX SIK €HEPTOPECYPCY.

4. Sxi Tunum npec-nigdupaviB Bam Bigomi?

5. Ha3BiTh OCHOBHI XapaKTEPUCTUKU TIOKIB COJIOMH.

6. Hagimio 3acTocoByeThcs rpaHyIlOBaHHs OiomanuBa?

7. JlaiiTe BU3HAUYEHHS TOHATTS '"manuBHI Tpanynu". OxapakTepusyite
MaJUBHI TPAHYJIH.

8. SIki icHyIOTh crIOCOOM TpaHyIIOBaHHs OioMacu?

9. OxapakTepu3yiTe TEXHOJIOTII0 BUPOOHUIITBA MATUBHUX TpaHyI (MeJuieT) 13
COJIOMH.

10. Oxapaktepu3yliTe TEXHOJOTIF0 BUPOOHUIITBA TAJUBHUX OpHUKETIB 13
COJIOMH.

11. Yomy TBepae OionaiauBO MPAKTHYHO HEUTpajdbHE IMIOAO0 3pPOCTaHHS
MapHUKOBOTO ePeKTy?

12. SIxwmit HaOIIBII TPOCTHUH CTIOCIO OTPUMAaHHS eHeprii 13 6iomacu?

13. Ha3BiTh mepeBaru Ta HEIOMIKA OCHOBHUX CIOCOOIB OTpHMaHHS €HEepTii 13
6iomacu.

14. Slxi Bumu OloMacH CLIBCHKOTOCTIOJAPCHKOTO TOXO/KEHHS JOPEYHO
BUKOPHCTOBYBATH SIK MMAJIMBO ?

15. [Io € HaWOLIBII BaXKIMBOK IAJTUBHO-TEXHOJOTIYHOI XapaKTEPHUCTUKOIO
6iomacu ?

16. Bkaxith  cepeqHI0O  TEIJIOTBOPHY  3JaTHICTh  BUJIB  OioMacu
CITBCHKOTOCTIOIAPCHKOTO TTOXOKEHHS.

17. SIxe ocHOBHe OOJIaHAaHHS BXOJUTH JIO0 CKJIaAy JIHIT 13 BUPOOHHUIITBA
MaJIMBHUX T'PaHyn?

18. SIke ocHOBHe o0OJIaHAHHS BXOJUTH JIO0 CKJIaAy JIHIT 13 BUPOOHHUIITBA
MaJuBHUX OPUKETIB?

19. Slkumu napamMeTpaMu XapaKTEPU3yIOThCS MATUBHI TPAHYIN Ta OPUKETH.

20. Ha3BiTh yMOBH, 1110 HEOOX1/1H1 JIJIs1 €EKTUBHOTO CHAIOBaHHA OioMacHu.

21. BkaxiTh Ha SKI TPYIU MOXKHA PO3AUIATH TBEPAOMAIUBHI KOTIH BUXOISYH
3 0COOJIMBOCTEH TEXHOJIOTIN CHaIIOBaHHs 010MacH.

22. BKaxiTh 0COOMBOCTI TPAIUIIIHHUX TBEPIOTATUBHUX KOTIIIB.

23. SIxi BUAM KOTJIIB I CHAJIOBaHHA OI1OMacH ClIhCHKOTOCIOAAPChKOIO
MMOXO/KCHHS BUPOOJISIOTh B YKpaiHi?

24. BkaxiTh 0cOOJMBOCTI poOOTH aBTOMaTHYHUX KOTJIB.



25. BkaxiTh 13 SIKMX MIpKYBaHb BUKOHYETbCSA MiA0Ip MOTYKHOCTI KOTa JAJist
OTIaJICHHS.

26. SIxi TpyaHOII BUHUKAIOTH MPH CHATIOBaHHI POCIUHHOI O1oMacH?

27. 1151 yoro mpu3HAYCHHUM razoaHatizaTop?

28. Bin goro 3anexuth BMicT CO y TMMOBHUX ra3ax TBEPAOMAIMBHOTO KOTJIa?

29. Ha3BiTh OCHOBHI TEXHOJIOT1YHI omeparlii 3 MiJITOTOBKH COJOMH 3€PHOBHX
710 CHIAJTFOBaHHS.
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10. BUPOBHHUITBO EHEPTETUYHUX KYJIbTYP
10.1. Orasix OCHOBHHMX BUAiB eHEPreTHYHUX KYJIbTYP

EnepretnyHi KynbTypu II€ POCIHMHH, SIKI CHELIaJIbHO BUPOIIYIOTHCS IS
BUKOPHUCTAHHS B SIKOCT1 MaJMBa Ta JUIsl BUPOOHUIITBA Oi0IavBa.

EnepreruyHi KynbTypu KIacu(pIKyIOTh 3a:

— IIMKJIOM BHpOIIYBaHHSI — OJHONITHI (piMak, COHAILIHHMK) Ta OaraTtopiuHi
(BepOa, Tomorns);

— THUIOM — JIepeBONoAiOHI (BepOa, TOMos), TpaB SHUCTI (MICKaHTYC, MPOCO
MpyTONnoioHe);

— TOXO/DKCHHSIM — KJIACH4YHi, MOYaTKOBO MPU3HAYEHI JJIsi €HEePreTUYHUX
1inen (MickaHTyC, JIBYKICTOYHIK TPOCTUHOMO110HHUIA) Ta 3BUYAMHI
CLTBCBKOTOCTIONAPCHKI KYJIBTYpPH, MO BUPOIIYIOTHCS SIK JUISI OTPUMAHHS XapYOBHX
IPOAYKTIB, TaK 1 3 METOI0 BUPOOHUIITBA OiomanuBa (pinak Ha 010AM3EINb, IyKPOBHIA
Oypsik Ha Oi0eTaHOJ, KyKypy/a3a Ha Oioras).

[lepcnexkTBM 10 BUPOIIyBAaHHA B YKpaiHi MaloTh HACTIOMHI BUIU
CHEPTreTUYHUX KYJIBTYP.

Mikantye (Miscanthus giganteus). IlpupogHMMH MiCHSIMHA TIOXOJKEHHS
pociuH 3 poaunu Miscanthus € Tepurtopis fAnonii, [liBgennux Kypun, Manmxypii,
Kopei, Tainanmy, [Toninesii 1 Cxignoro y36epexxs CIIA. BuporiyeTbCsi BiH TaKOX
B [liBnenHo-Cxinniit A3ii Ta LlenTpanshiii yactuni CIIA. Ileit pig 06’enHye moHam
IBAJIATE PI3HUX MOpdonoriyaux BuAIB. OCOOIMBO IIBHUIKKUM POCTOM 1 BHCOKOIO
SKICTIO xapaktepusyeTbcs Miscanthus sinensis. B mpupoaHomy cepenoBuimi 1
POCIIMHU CSITalOTh BUCOTHU 10 6 M, miamerp creben — A0 6 cM, a BereTarlisi MOXe
tpuBatu 10 30 pokis (puc. 10.1).

il

Puc. 10.1. HﬁaHTaniﬂ'M'iCKéHTyéa




VY 1935 poui natcekuii BueHuil AHcenb OJbCeH 3aBi3 10 €BpONH SMOHCHKUN
KJIOH, SIKMI CTaB OCHOBOIO JUISI CEJIEKLIi POCIUH, Kl BUKOPUCTOBYIOTHCS JI0 LIBOTO
yacy. 3BakaiouM Ha Benukuil Bpoxkaid, Kapn docrtep maB 1ild pocCiuHI Ha3BY
Miscanthus sinensis “Giganteus”.

HaykoBuM moCHIDKEHHS I1i€1 POCIMHU TMoYainu 3aiMaTtuck y 1983 pori Ha
Cranmii cenekmii pocnuH B Jlanii. I3 Toro 4acy mpoBOASTHCA IHTEHCHUBHI
JOCIITHUIIbKI pOOOTH 3 III€I0 KYJIbTYpPOIO B 0Oararbox KpaiHax €Bpomu, a came
Himeuuuni, BenmukoOputanii, Itanii, @panmii, Icnanii, [loaemi. ¥ €Bpomi miomnia
BHUPOIITYBaHHs MickaHTyca B 1995-1996 pp. cranoBwmia 6ins 170 ra i 7o 1998 poky
Horo HacajkeHHs1 Oynu He3HauHuMmH. HaiiOinmpima muiomia HacaakKeHb MICKaHTycCa
oyna B IIBemii (300 ra). I3 1994 poky Oymno 3amo4aTKOBAHO BEJIWKI MIKHAPOJIHI
MPOEKTH 3 BUPOIIyBaHHS MickaHTyca (Hampukian B Himeuunni dipmoro Vaba Oel
AQG). Miscanthus giganteus € 0aratopiyHOIO TpaB’SHHUCTOI POCIMHOI 3 J00pe
PO3TaIyKEHOI0 KOPEHEBOIO CUCTEMOI0. Maca KOpEeHIB Mepe MOsSBOI0 CXO/IB CKIIaae
outst 15-25 T cyxoi macu 3 rekrapa. KopeHi csratote 10 2,5 METpiB BIIUO TPYHTY.
Taka xopeHeBa cucTeMa CIPHUSE€ KpPalOMy BUKOPUCTAHHIO €JIEMEHTIB KUBJICHHS 1
Bogu. CTebso € myxe MIIHUM, 13 BOJIOCKaMH abo 0e3 HuX, 13 Jo0pe BUPAKEHUMHU
By3JlaMU. 3a0apBJICHHSI OJIHOpPiJHE. 3aBISKH BEIMKOMY BMICTY B CTEOJI JIITHIHY 1
LEJTI0JI03U, BIH XapaKTEPU3YE€TbCS BEJIMKOK BHUTPUBAIICTIO Ta CTIMKICTIO 0
MEXaHIYHUX YIIKO)KECHb, ajie OyBalOTh 1 BUKJIFOUEHHSI, KOJIM OTaJ Y y BUTJISIIL CHITY 1
JOIIlY MOXYTh IPU3BECTH JI0 JOKAIBHOIO BUJISITAHHS POCIHMH Ha PIBHI 4-5 MIXKBY3JIS
B1J 3eMJIl. Y €BPOINEUCHKUX yMOBax pociauHu pocsaratoth Big 200 go 350 cm BucOTH.
VY mepmmii pik Bereranii pociauau caratoTh 10 200 cMm, Ha apyruii pik — 350 cM, a B
HactymnHi poku — 400-450 cMm. YporxkaiiHicTe MickanTyca ckiaagae 10-15 1/ra mo cyxii
Macl.

Bep6a mnpyroBugna (Salix viminalis). Bepba npyroBuaHa mae kyur ado
JepeBo BiJl 3 10 5 M 3aBBUIIKHU. ['1IKK mpsaMocTosdi, mpyToBUaH1. Bepba 3poctae mo
Oeperax pidok Ta ozep Ha [lomicci, mogexkyau Ha Ilpuxapmarrti, gy*e piIko — B
Jlicoctremy 1 Cteny. BuporniytoTs ii sk ¢iToMeniopaTUBHy Ta €HEPreTUYHY POCIUHY.
3a3Buuai, s €HEpPreTUYHUX IiJied BUKOPUCTOBYIOTH B BepOu Salix viminalis
(BepOa mpyToBHUAHA) Ta MOXiaHI Bl Hei. [ 11boro MOKHA BUKOPHUCTOBYBATH 1HIIN
Bunu: Salix rigida, Salix amygdalina, Salix pentandra, Salix dasyclados Tomio. BepOy
npytoBuaHy (puc. 10.2) MokHa BUPOIIYBaTH Ha Pi3HUX THUMaX IPyHTIB. [IpoekTyroun
3aKJaJaHHs TUIaHTalii BepOM NPYTOBHAHOI HEOOXIAHO TMiAIOpaTH BiAMOBIIHUM
PI3HOBHJ, SKUH JacThb MaKCUMaJIbHMM Ypokaili 3a KOPOTKHI NPOMIKOK 4Yacy.
YpoxaitHicTh (3pi3aHa Maca) eHepreTudHoi BepOu konmBaetbes Big 10 mo 30 1 13
OJIHOTO TeKTapy 3a pik. A, Hampukiaa, s OOIrpiBaHHS NPUBATHOIO OYIHUHKY
norero Bix 100 o 200 M MOTPiOHO BiJ 3 10 5 T TaKOTO OioMaIMBa Ha CE30H.

Cuabdiii nponuzanoaucTuii (silphium perfoliatum). Cunbdiit nepcrnekTBHA
OararopiuHa EHEpPreTHYHa KyJabTypa, fKa Yy TMPUPOJHUX YMOBaxX pOCTE B
amepukaHcbkux mpepisx 1 B Kanmami. ¥V €pomy ii 3aBesnmu y XVIII ctomiTti sik
nexopatuBHy pociauHy. Cunb(iii Beretye 0e3 mepeciBaHHS, HE 3HIDKYIOUH BPOXKAIO
O0iomacu Oym3pko 20 pokiB. YpoxkaiHicTh 3eieHoi macu Bim 100 mo 120 1/ra i
Ounpmie. 3a €KOJOTIYHOIO  IJIACTHYHICTIO  CHIIb(]Iiif HaI/IKpama cepen  ycix
EHEPreTUYHUX POociuH. Bim3HadaeThcs MIHHUMH O10JIOTIYHUMHU 1 TOCTIOAAPCHKUMU



BJIACTUBOCTSIMU, a caMme: €()EeKTUBHO BUKOPUCTOBYE COHSYHY pajiallifo Maibke
OJIHAKOBO SK BIIITKY, TaK 1 BECHOIO, a TaKOXK OCIHHIO; 3a0e3leuy€e He TUIbKH BHUCOKI
ajle 1 crayi Bpo)kal 3€JeHOI Mach 3 BEJIMKUM BMICTOM IIPOTEiHY, BITaMiHIB,
aMIHOKUCIIOT 1 MIHEpaJlbHUX peuoBUH. Y a3l OyToHi3alli ypOoxKaWHICTh 3eJIeHOT
Macu ctaHoBHTH Bij 50 mo 60 1/ra, nBiTinHs — Bix /0 qo 80 1 mnomoHomieHHs — Bixg 90
o 110 1/ra.

r . >
10.3. Cunbgiii mnpoHU3aHOIMCTHI

AT

Puc.



B ymoBax Jlicocremy ta Ilomiccs Vkpainu cunbdiii pocte Bim 2,3 10 3 M
3aBBUlIKU. CTeOIO TpsiMe, J00pe OJNUCTHEHE, TOBCTE, YOTHUPHU- 1 IIECTUTPAHHE
(puc. 10.3).

Copro (Sorghum Moench). Pix copro 06’eanye 3a pisHUMH AaHUMU Bix 34 10
50 BumIB, cepel SKUX € MUKl ¥ KyJbTypHI, OIHOpPiuHI Ta OaraTopiuHi. B VYkpaini
MOIIMPEHI JBa BUIU KYJIBTYPHOTO COpro: copro 3BuyaitHe (S. vulgare Pers.) 1 copro
TpaB’siHucTe a0o cymaHcbka TpaBa (S. sudanense Pers.). Copro 3BuuaiiHe —
onHopiyHa TpaB’ssHUCTa pociuHa (puc. 10.4). KopeneBa cucrema nyxe mo0pe
PO3BHHEHA, TIPOHUKAE Y TPYHT Ha MuOuHY 10 3 M 1 B ctoporn — Ha 100-120 cwm.
Cteb10 — COJIOMHUHA BHCOTOIO Y HU3BKOpOCTUX (OpM MeHIIe 1 M, BHCOKOPOCIUX —
1o 3,5 M (y Tpomikax — Big 5 g0 7 m), miameTpom Bix 1 mo 5 cm. Jluctkm Bemnwki, 3
SI3UYKOM, 0€3 BymIok, moBkuHOIO Big 50 10 100 cM, i3 mmprHOIO MIacTUHKH Bif 1 10
6 cM, a y neskux ¢popMm — 110 10 cM 1 Ginbirre.

CepenHsi BpOKalHICTh 3€JI€HOT Mach I[yKpOBOTO COPro, SIKe BUPOIIYETHCS Y
HaIni kpaini HuH1, cranoBuTh Big 200 go 300 w/ra.

IMencinbBancbka MaabBa (Pennsylvania fiscellam). biomaca 1iei kyapTypu €
MEPCIICKTHBHUM JDKEPEJIOM BiJIHOBJIIOBAHOI €HEprii. 3a yTBOPEHHSM TEIUIa TIPH
CHaJIOBaHHI cTe0sia MajdbBa MOCTYNAIOThCS Juile OykoBid aepeBuHi (Ha 20-34%). V



€Bpori Mae Ha3By NEHCIIbBAaHChKA MalbBa, a 1HKOJM cina. Bun Cina € 6aratopiuHoro
POCIIMHOI0. Y POXKAMHICTD 3€JIeHOT MacH MajibBU cTaHOBUTH B 40 10 100 T/ra.

Puc. 10.5. IlencisibBaHCHbKA MAJIbBa

KpiM 3ragaHux eHepreTMYHUX POCHUH ICHYE mie psja 1 1Hmux. Hampuknan:
poco MpyTonoaioHe, Tonoist. Bucokuil eHepreTHUHUN NOTEHIIaN 1 B OYepeTy — Ha
piBHI 1 MJIH. T.y.IL.

10.2. Mexamni3auisi BUPOLYBAHHS Ta 30UPAHHS €eHEPreTHYHUX KYJIbTYP

[lepen BUCaIKyBaHHSIM €HEPTreTUUYHUX POCIMH POOUTHCS MOTIUOIEHA OpaHKa,
]l SIKYy 3aCTOCOBYIOTH BEJHUKY /103y OpraHIdyHUX H00puB. TakoX, paHHbOI BECHH,
nepes; mocajako, HeoOX1THO MPOBECTU OOPOTHOY 3 Oyp’sitHaMM (3 OTJIANY Ha Mi3HIN
TepMIH TOCAJKHU) MEXaHIYHUM abo xiMiuHMM criocobom. Ilepen camoro mocaakoro
POCJIMH TPYHT HEOOXIJIHO PO3PUXJIUTH Ha KIJIbKa CAaHTUMETPIB BrinO. Mexanizarlis
MpOIeCy CaliHHA CEHEePreTUYHUX PpOCIWH 3HAYHO 3HWXKYE BHTpaTH Ha MOro
BuponryBaHHs. CajpkaHIll, OTpUMaHl 3 MIKpOPO3MHOXKEHHS, MOKHA BHCaJIXKyBaTH,
BUKOPHCTOBYIOUH CIHEIialbHy cakanky misa poscaau (puc. 10.6). Camxani,
OTpUMaH1 3 TOJALTY KOPEHEBHUIA MOXHA BHUCAIKyBaTH KapTOIUIeCapKaikoio. B
yMOBax YKpaiHM MEXaHI30BaHUM CMOCI0 BUCAIKyBaHHS MOXIIMBO MPOBOAUTH 32



JIOTIOMOTOI0 ICHYFOUOi TOCAJKOBOT TEXHIKM 3 BUKOPHCTAHHSIM KapTOTUIECAKATOK
BITUM3HSIHOTO Ta 3aKOPJIOHHOTO BUPOOHMIITBA, SIK1 3a0€3MEeUyIOTh MIUPUHY MIKPSAIS
Biz 70 1o 75 cm (puc. 10.7).

T T G : -
Puc. 10.6. BucagkyBaHHs CaaKaHIIB eHEPreTUYHOI BepOu 3a JONOMOI 010
CreHiaJIbHOI CAIKAIKHA

[Tpu mMexaHi30BaHOMY cIOCO01 BUCAJKyBaHHS MICKAHTyCa BUKOPHUCTOBYETHCS
dbopmyna 70x70 cm ab6o 75x75 cm. CamkaHill 3 KOPEHEBUII TPUOPIOIOTH HA TIIMOUHY
Bix 15 no 20 cm. ITicnst caminbs Bimpa3y mOTpiOHO MPOBECTH MPUKOUYBAHHS TJIaIKUM
KOTKOM 1 B pa3i HEOOX1THOCTI — 3POILLIEHHS.

Puc. 10.7. BucagxyBaHHs1 KOPpEHEBHIIl MiCKaHTyCa 32 10IIOMOTI0I0
KapTOILIeCAMKAIKHU



Eneprernuny BepOy TakoX BHUCAIKYIOTh HaBecHI. PoOOTy po3mounHaroTh
SAKOMOTa paHillie, abu KIHI[EBUM TEPMIHOM BHUCA/>)KyBaHHS OYyJIM OCTaHHI JTHI KBITHS.
besnocepennbo nepes BUCAIKyBaHHAM CaPKAHIIIB CJIiJl MPOBECTH OOPOHYBaHHS a00
BAJIKYBaHHs, a TakKOoX OOMPHUCKYBaHHS moyist repOinuaamu. g Ttoro, mod mo
MJIaHTaIlii MoOXKHa OyJ0 WpoiXaTh TPaKTOPOM, BepOy BUCAIKYIOTh pAlaMd 3
BiicTanHIO0 70 cM y MDKpsIsIX Ta Bij 45 mo 48 cM Mik pocivHaMU B psJKy. [HIIOO
CXEMOI0 € BHUpOIIyBaHHA BepOM B mapax psakiB. [Ipu 1boMy BIICTaHb MIXK
ca/pKaHIsIMU B psaaKy ckianae Big 30 o 35 cMm, Mk aBoma psakamu — 70 cM, a MK
napamu psiakiB — 150 cum.

YacTuHy eHepreTMYHUX KyJbTy, HANPUKIAJ], TaKUX SK CWIb(id 4u copro,
BHCIBAIOTh OBOYEBHUMH UM 3€pHO-TpaB’sHUMHU ciBankamu. [lupuHa MiDKpsIb
BU3HAYAETHCS TOJIOBHUM YHHOM HAsSBHUM KOMIUIEKCOM MAaIlTUH 1 CTaHOBUTH 45, 60
a6o 70 cm.

Jlist mesikux BUJIB €HEPreTUYHHUX KYJIbTYp HEOOX1JHO MPOBOJIUTH MIKPSIHI
00pOoOITKH 32 JOTIOMOTOI0 MIKPSTHUX KYJIbTHBATOPIB.

30upaHHs BPOXKAKO MICKaHTYycCa 31HCHIOETHCS B TIEPI10JT CIIOKOO0 POCIIUH, ITICIISA
BIJITOKY ITUIACTUYHUX PEUOBHMH y KOPEHEBY CHUCTEMY Ta OMNAJaHHS JHCTS, KOJIH
BOJIOTICTh cTeOe MiHIMalIbHA (Y Oepe3Hi MicsIIi).

MickanTyc 30MparOTh SK pO3AUIBHUM, Tak 1 mOpaMuM crocodom. [lpu
PO3AUTBHOMY CIOCO01 CKOITYIOTh Y BaJIKH KaTkaMmu. [Ipuuomy, BucoTa 3pi3y poCiIuH
nmoBuHHA Oyt He MeHmor 15-20 cm. [limGip Bamka 3MIHCHIOETHCS 3a JOIIOMOTOIO
mpeca 13 OOB’s3yBaHHAM IIMaratoM abo ciTkoro. JlouibHO BUKOPHUCTOBYBATH
PYJIOHHI ITpec-Tiaoupadi abo npec-miaoupadi 3 noapionenusM (puc. 10.8).

Puc. 10.8. CkolyBaHHA TA TIOKYBAHHA TPAB’AHUCTUX €HEPreTUYHUX KVJIbT
YJIbTY

[Ipu mpsmomy  cmocoOi  30MpaHHS  BUKOPUCTOBYIOTBCS — CaMOXIJHI
KOpMO30upalibHl KOMOalHU, aHaJOT1yHlI KoMOaiiHaMm Jid 30MpaHHS KyKypya3u Ha
cuioc (puc. 10.9). Taki MammHu 3pi3yI0Th PSAN POCIUH, MOAPIOHIOIYH iX Yy TPICKY



Ta 3aBaHTAXyOTh y npudyin. [lonpiOHeHy uM TIOKOBaHy Macy TPaHCIOPTYIOTh JO
Miclist 30epiranHs JUisl MOJaibIIoi IEPEPOOKH y MENETH.

TpancnopTyBaHHST MOXXHa 3A1MCHIOBaTH aBTOMOOUIIMH Ta TpaKTOpaMu 3
npuyenamMu. AHAJIOTIYHUM YUHOM 30MparoTh 1 1HII TpaB’sSIHUCTI EHEPreTHYHI
POCIIUHH.
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Puc. 10.9. 30upanHs TPaB’AHUCTUX CHEPIeTUHYHUX KYJIbTYP KOPMO30MPATIBLHUM
KOMOaiiHOM

30ip OGiomacu eHepreTMyHOi BepOM MPOBOIATH MIOPOKY, ab0 uepe3 aBa-TpH
poku. Ilpote HaitbinbIn BUTIAHO 3pi3aTH BepOy KOXKHI TPU POKH, IO MOSICHIOETHCS
TUM (hakTOM, 1110 BepOa Ha TPETHOMY POIll CBOET BereTallli Mae HalOIBIINI MPUPICT
6iomacu. Ha omniit ginsHIl BepOy MOXKHA BUPOIIYBaTH yIpoaoBx Bif 25 1030 pokiB.
Pyune 30upanHs BepOOBOi Giomacu MoOjsrae y CKOIIyBaHHI BepOOBHMX IaroHiB 3a
JIOTIOMOTOI0 MEXaHIYHOi KOCH ab0 JaHIoroBoi mnuiakd. HartomicTh MexaHiuHe
30MpaHHs MPOBOAUTHCA 13 BUKOPUCTAHHSM CHEliaIbHUX KOMOAlHIB YM KOCApOK, SIK1
i yac 30upanHsa 6iomMacH Bipa3y K MOJAPIOHIOIOTH 11 Ta 3aBaHTAXYIOTh y TPAKTOPHI
NpUYeny Y1 BaHTakH1 aBToMoO (prc. 10.10).

Inomxi BepOy 30uparoTh 3a JIONIOMOIOK CIEIiaJlbHUX CHOMOB’S3aIbHUX
KoMmOaitHiB. 3i0paHy Ta moJpiOHEeHy O0ioMacy BUKOPHUCTOBYIOTh SIK IAJIUBO JJIS
KOTJIIB, a00 SIK CHPOBHHY JJII BUTOTOBJICHHS MaJWBHUX TpaHyd yd OpukeTiB. [HmI
JEPEBOMNOAIOH1 EHEePreTUYH1 KYJIbTYpH 30MpatoTh aHAJOTTYHUM YHUHOM.

[licnst 30upaHHs €HEPreTUYHI KYyJIbTYPH MOXYTh OYTH BUKOPUCTAHHI IS

OTpUMaHHS PI3HUX BUJIB OlOMajiiBa, a B MOJAJBIIOMY TEIUIOBOI Ta E€JIEKTPUYHOT
ereprii (puc. 10.11)
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Puc. 10.10. MexaHizoBaHe 30MpaHHA lePeBOBUIHUX €HEPreTHYHUX KYJIbTYP

EHepretuuHi KyabTypu

Meranose ino [ 'panyimroBaHHs
1poni3
30poKYBaHHS (OpuKeTYBaHHS )
["azudikariis TroKyBaHHs
["azomoniOHe Pinke Teepae
010TaIMBO 010TaIMBO 010TaIMBO

TennoBa Ta enekTpUyHa eHEPris

Puc. 10.11. Cnioco0u BUKOPHCTAHHS €HEPreTUYHUX KYJbTYP B arpapHOMY
BHPOOHMUTBI

OHOBHI XapaKTEPUCTHKW NEAKMX BHJIIB CHEPreTUYHUX POCIHH HABEICHO B
tabmuig 10.1



Ta6muusa 10.1. OcHOBHI XapaKTepUCTHKHM [esIKUX BHIIB €HepreTHYHHMX

KYJbTYP
Bu Cepennst Bpo>KalHICTb, TennmotBopHa | EHepreTuuHuii Buxis,
A T/Ta 3a piK 31atHICTh, I JIK/T I'JI>x/ra 3a pik
Bep6a 15 16 240
MickaHTyc 20 17 340
Copro 25 18 450

3riIHO 13 KOHUEMIIE€I0 BUPOIILYBAHHS E€HEPreTUYHMX KYJIbTYp Y YKpaiHi ix
ot OyayTh 301abIeHH1 Bij 3 Tuc. ra B 2014 porii go 200 tuc. ra B 2020 porii.

JlaGopaTopna pobora 10. BuzHaueHHS NUTOMHUX EHEPreTUYHUX BUTPAT Ha
BUPOOHMIITBO IPAHYJI 13 POCIUHHOT 610MaCH.

Mera poGoru. O3zHalioMuUTHCS 13 TPUHOMIOM [ii  oOJamHaHHS IS
BUPOOHMIITBA I'PAaHyJI Ta BU3HAYUTH BIUIMB BUIY POCIMHHOI 010Macu Ha €HEpreTHYHI
BHUTpATH Ha BUPOOHUIITBO TPaHYIL.

Ipunagu Ta o06JaaTHAHHS:
aHai3aTop MapaMeTpiB MEPEXI.

oONlalHaHHS JJi1 BUPOOHUIITBA TpaHy,

[Ticns o3HAalOMJIEHHS 13 NpPAaBWIAMHM TEXHIKM O€3MEKH, ITHCTPYKIIO [0
eKCIUTyaTalii Ta KOHCTPYKLIEI OOJIaJHaHHA [Js BHUPOOHMIITBA TPaHyN, a TaKOX
HiAKITIOYCHHS MpUiIadiB 3rigHo cxemu (puc. 10.12), oOnagHaHHS 3amyCKaeTbes B
pobory.

Ha mepmomy etami poGotu, Boja y 3MmilryBau He mogaetbes. [Ipu npomy
rpaHyJOBaHHS OloMach HE BIIOyBaeTbCs. 3MIHIOIOYM IOAa4y BOJM HEOOXITHO
N0OUTHCA BHUXOMY TpaHylaropa Ha poOounii pexum. [Ipu oMy BH3HAYa€THCA
BCTAHOBJIEHA TOTY)XHICTh rpanyiisitopa. [lo Ba3i BupoOiIeHUX TpaHysd 3a 3aJaHHM
MPOMIXKOK 4acy BU3HAYAETHCA MPOAYKTUBHICTH OOJIaHAHHS.

Pe3ynbTaTi BUMipiB 3aHOCATHCS B Tabmwuio 10.2.

Ta6iuus 10.2. Pe3yabTraTM BHMipIOBaHb Ta PO3PaXyHKY HNHTOMOIN
C€HEPro€EMHOCTI I'PAHYJTIOBAHHSA

[TuToma
) CnoxxuBaHna .
Yac poboTy, Maca [IponyKTUBHICTS, LOTVIKEICTE E€HEPrOEMHICTD
Cc rpaHy, KT KI/TO/I. y ’ rpaHyJIIOBaHHS,
kBT
kBT roa./t
10 0,250 90 8 88,9
10 0,300 108 8,5 78,7
10 0,275 99 9 90,9
CepenHe 3HaYEHHS 86,17
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1 — OyHkep Hakonmu4yBa4, 2 — KMBWJILHHH IIHeK, 3 — NMKJOH; 4 —
3MilmyBa4; 5 — nmpec-rpanyjasitop; 6 — 0X0/J10/:KyBajibHA €MHICTh; 7 — €EMHICTD
sl rpanys; 8 — aHajgizaTop mapamerpiB Mepexi; 9 — TpudasHa ejleKTpUYHA
Mepe:Ka

Puc. 10.12. Cxema migk/JIr0ueHHsI NPUWJIATIiB 1Jisi BU3HAYEHHS MapaMeTpiB
00J1aTHAHHS 1JI51 BUPOOHUIITBA TPAHYJI

[luTomMma e€HEProeMHICTh TpaHYJIIOBaHHS IS KOXHOI TMapu 3HA4YEHb
MPOTYKTUBHOCTI Ta CIIOKUBAHOI MOTY>KHOCT1 BU3HAYAETHCS 32 BUPA3OM:

P
3
E=—10
ne E — nmutoMa eHeproeMHICTh TI'paHyiroBaHHs, KBT roa./r; P — cnoxuBana
MOTYXHICTh, KBT; Q — MpOAYKTUBHICTh TpaHyIOBaHHS, KI/TO/I.
TakuM 4YMHOM BCTAHOBJIEHO, IO MNHTOMA EHEPrOEMHICTh T'pPaHyJIIOBAHHS
3HaXoaUThCs B Mexkax Bia 80 1o 90 kBt roa./T.

IIpakTuyna podora 10. BusHaueHHS ONTUMAIBHOTO TeoTrpadigyHOrO
pO3TaIlyBaHHs MIAMPUEMCTBA 13 BUPOOHUIITBA MAIUBHUX TPAHYI.

Buxinni xani: ruonii mianTaiii eHEPreTHUHUX KyJIbTYp Ta 00CATH BUPOIIICHOT
E€HEPreTUYHOI MPOAYKIIi.

[Ipu BHUOOpPI TOYKM PO3MIIMICHHS BUPOOHUIITBA TPaHyJ CJiJ] BPaxOBYBAaTH
BIJICTaHb JI0 HHOTO BiJI yCiX MICI[b BUPOIILYBaHHSI €HEPTreTUYHUX KYJIbTYpP, & TAKOX
MOTEHLIaJ JOCTYIHOI CUPOBHHM. [3 1i€l0 METO HEOOXITHO BHU3HAYUTH YMOBHI
TOYKH MOTEHIlIaJly €HEPreTUYHUX KYJbTYp Ha KapTi 00paHoro pailoHy.

i Toukn OynyTh BU3HAYATH LIEHTPU MOTEHII1a1B €HEPIeTUYHOI CUPOBUHHU, SIKI
MOKHAa pO3MVISIAATA K WMOBIPHI TOYKM PO3MIIIEHHS TEXHOJIOTIYHOI JIHIT A
BUpOOHMIITBA TpaHyl [Ipy 1LbOMYy IOIIIBHO BHUKOHATH KapTOrpaMy MOTEHLIAJIB
€HEpreTUYHOI CUPOBMHM, HA SIKIA JUI1 KOXHOI IUIAHTalli €HEPreTUYHUX KYJIBTYp
BUKPECIIOETbCA KOJIO, LIEHTP SKOrO CHIBHNAAA€ 3 KOOpAMHATAMM ILIEHTPY JAaHOI



maHTarii. [lmoma xoma B meBHOMY macmtabi M TOpiBHIOBATHME PO3PAXyHKOBOMY
MIOTEHITiaTy CHPOBUHHU:

S, =aR‘m, (10.1)
ne Sj — po3paxyHKOBUH MOTEHINal €HePreTUYHOT CUPOBUHHU i-1 TUaHTali, T; R; —
paiyc Koja, 10 XapaKTepHu3ye MOTEHIAl i-1 IAHTALi, MM; m — MacIuTad, T/MM° (s
3pydHOCTI 00y I0BH 06upaeMo m=10 T/Mm°).
I3 Bupasy (10.1) Bu3nagaemo pajaiyc Koja:

(10.2)
zim

Koopaunatu 1eHTpiB MOTEHIIANIB €HEPreTUYHOI CUPOBUHU BU3HAYAIOTHCS B
YMOBHIH CHCTeMi KOOPAMHAT, IKa HAHOCUTHCS HA KapTy palloHy JOBUIBHUM YHMHOM 3
YMOBHHMH OJMHUIIMU BHMIipy. PeKOMEHIyeTbCS TOYATOK CHUCTEMH KOOPAHHAT
CYMIIIIATH 13 LIEHTPOM IUIaHTAIlll, IO 3HAXOJUTHCS B JTIBOMY HH>)KHbOMY KYTI PETIOHY
BUPOIIYBaHHS €HEPTETUIHHUX KYIBTYP.

KoopnuHaty 1eHTpy NOTEHIaldiB €HEPreTUYHOi CHPOBUHU 1 OYyIyTh
KOOpPJIMHATaMH PO3MILIEHHS JiH1T BUPOOHUIITBA MAJIMBHUX PAHYII:
N N
25X, S,
_ i _ il :
X Yy ’ (10.3)

- N - N
2.5 2.S
i=1 i=1

ne X, , Y, — KOOPJAMHATH TOYKH BCTAHOBJICHHS JIHII BUPOOHHUIITBA NAJIUBHUX

rpany’, kM; X, Y, — KOOpIUHATH LEHTPY i-il IUIaHTallii €HEPreTUIHUX KYIbTYp, KM;
N — KUIBKICTH IUTAHTALIH.
3a 3HailieHUMHU

(puc. 10.12).

3HaueHHAMH (Tabmuis 10.1) mobyayemo kaprorpamy

Taoauus 10.1. Po3paxyHOK KOOpAMHAT PO3MIllleHHS JIiHil BAPOOHULITBA
NAJUBHUX I'PAHYJI

Bincrans no | Binctans mo Koobmrara | KoopmiHara
Hot ITorenmian oci X; Bix oci V; Bix Paniyc % pHHT V. pHHT
0 epﬁ EHEPreTHYHOI | TOYaTKy MOYaTKy | MOTEHINaliB, L Hei piy » Hei piy
TLIaHTAT, CUPOBUHH, T | KOOPJAHWHAT, | KOOP/JIHMHAT, MM TMOTCHIIAB, | TOTCHLIATIB,
iy iy KM KM
1 2020,5 21,781 11,835 36
2 329,3 11,745 477 14
3 762,7 18,091 3,825 22
4 91,1 12,105 5,311 8
5 1128,2 0 5,356 27 16,6 6,9
6 2747 23,625 21,735 13
7 1198.,8 21,69 0 28
8 139,3 24,21 2,97 9
Pazom 59445 133,2 55,8
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Puc. 10.12. Kaprorpama po3milieHHsi NOTeHIIiaJliB eHePreTUYHOI CHPOBHHH

3HailleHi KOOpJAMHATH PO3TallyBaHHS BUPOOHUIITBA TPaHyJl 13 €HEPreTUUYHHUX
KyJbTYp COPUSATUMYTh MIHIMI3aI[li TPAHCHIOPTHUX BUTPAT.

3anuTaHHs I CAMOKOHTPOJIIO:
1. Ska ponb €HEepPreTMYHUX KyJIbTYp y 3MEHILECHHI BUKHJIIB MapHUKOBUX
rasiB?
SIxi BUIM eHepreTuyHuX pociuH Bu 3Haere?
Sk kmacuQpikyOTh eHepreTUUH1 POCIUHN?
SIKi eHepreTHUHI KyJlIbTYPHU Ha3UBAIOTh TPaB’ THUCTUMHU?
SIKi eHepreTHUHI KyJIbTYpHU Ha3UBAIOTh 1€PEBONOAIOHUMU?
SIK1 OCHOBHI XapaKTEPUCTUKN €HEPTeTUYHUX KYJIbTYp?
Ha3BiTh OCHOBH1 XapaKTEPUCTUKU MICKAHTYcCa.
Ha3BiTh OCHOBH1 XapaKTEpUCTUKU BepOU EHEPreTUYHOI.
OnuiiTh Taky EHePreTUYHY KYJIbTYPY SIK CHIIb(IM.
0. Ha3BiTh OCHOBHI XapaKTEPUCTUKH COPTO.
11. 'V skiil KUTBKOCTI OI[IHIOETHCS] EHEPTETUYHUM MOTEHI1a]l OYepeTy?
12.  Sxi cmocoOu caaiHHS eHepreTHYHUX KyJIbTyp Bu 3Haere?

HBoOoo~NoahkwN



13.  SIki MalIMHU BUKOPUCTOBYIOTH I CaJiHHS €HEPreTUYHUX KyIbTyp?

14.  $Ixi 0cOOIMBOCTI JOTJISAY 3a IUIAHTAIIISIMU €HEPTE€TUYHUX KYJIBTYp?

15. Ha3BiThk criocoOu 30MpaHHs eHEPTETUUYHHUX KIBTYP.

16. Sk  eHepreTMyHi  KyJbTypH  BIUIMBaIOTh Ha  €(EKTHUBHICTH
(YHKITIOHYBaHHSI arpapHOT0 BUPOOHUIITBA?

17.  SIxi MamMHU BUKOPUCTOBYIOTH MPH 30MPaHH1 EHEPreTUUHUX KYIbTyp?

18. Ha3BiTh OCHOBHI HAIPSIMKH BUKOPUCTAHHS EHEPTreTUYHUX KYIbTyp?

19.  Sxi Buam GlomayimBa MOYKHA OTPUMATH 13 CHEPTETUIHUX KYIbTYp?

20. Sxi mepeBarn Ta HEAOJIKM BHUPOIIYBAaHHS CHEPreTHMYHUX KYJIbTYp B
YMOBAax arpapHoro BUpOOHHUIITBA?

21. o Take KapTorpamMa pO3MIIIEHHS TOTEHI[IaliB EHEePreTUYHO1
CUPOBHHH?

22. Sk po3paxyBaTH KOOpPAWHATH €(EKTUBHOTO PO3MIMIEHHS MiIIPUEMCTBA
13 BUPOOHUIITBA AJIMBHUX TPAHyJI?

23. I3 IKMX OCHOBHHX €JI€MEHTIB CKJIAJAETHCS TPAHYISTOD?

24. 1llo mae BIUIMB Ha CIIOKUBAHY MOTY>KHICTh TpaHyisTopa?
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