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PO3POBKA METOJUKHU BUSHAYEHHS )KUPHO-KUCJOTHOT'O CKJAJIY TA HUXKYOI
TEIIJIOTHU 3OPAHHS BIOAU3EJIBHOI'O ITAJIMBA

AmnicimoB Biktop ®@enopoBud, a.T.H., Ipodecop
I'yubko Ipuna BacuaiBaa, k.1.H., mpodecop
Psibomanka Baaum bopucoBu4, K.T.H., CTapIInuii BUKJIagaq
BinHMIbKHI HalliOHATBHUI arpapHUil YHIBEPCHTET

Viktor Anisimov, Doctor of Technical Sciences, Professor
Iryna Gunko, Candidate of Technical Sciences, Professor
Vadim Ryaboshapka, Candidate of Technical Sciences, Senior Lecturer
Vinnytsia National Agrarian University

Cumyayis, wo cxkranacs Ha puHKy HagmonpooyKmie 6 yMoeax GitiHu 3 3a2apOHuKamu, npuzeena 0o
Oeiyumy pioxux naiue i NOCMItiHO20 NIOGUUWEHHSL YIHU, 30KPeMA OU3ETIbHO2O NAAUBA, CNOHYKAE 8UPOOHUKIE
CLIbCLKO20CNOO0APCHKOI NPOOYKYIL 3a0yMamucs npo nepexio Ha aremepHamugHi eudu namuga. Ocobauso
AKmMyanbHUMU 8 YMOBAX CbO20O€HH € OOCNIONCEHHS, NO8 A3AHI 3 BUCOMOBNEHHAM MA BUKOPUCTNAHHAM
bioouzenvrozo narusa. He noza ysazoio ye numanus 3a1uuiacmscs i y HAyKo8yie, 30kpema y Binnuybvkomy
HAyiOHAIbHOMY A2pApHOMY YHIeepcumemi NpuceadeHo 32adamniii npoOiemi He 00HA HAYKO80-00CHIOHA
memamuxa. binew oemanvho 6 32adanomy NUmMaHHi NPOBOOAMbCA OOCNIONCEHHS, WO HANPAGIEHHI Ha
BU3HAYEHHS eHepeeMUYHOT YIHHOCTI OMPUMYBAHUX OIONAIUS, A came — HUNCYOI meniomu 32opanhs. Memoro
cmammi € CMBOPeHHs MemOOUKU GUSHAYEHHS JHCUPHO-KUCIOMHO20 CKIA0y 0i00u3enbHo20 naiuea ma
BUBHAYEHHS 1020 HUICHOI MEeNnIomu 320panis, Wo HeoOXiOHO Ol aHani3y ma OYiHKU eHepeoepeKmusHocmi
anvmepHamuerHo2o naiued. Memoou Oocnioxcensv 3acHogani Ha ocHosi gopmyau []. I. Mendeneesa ona
BUBHAYEHHS HUNHCUOI MeNnIomu 320pants, wo 6a3yembcs Ha OaHUX NPOYEHMHO20 BMICMY eleMeHMHO20 CKAA0Y
nanusa. Po3paxyHox eremenmuoco ckiady npo8oOUSCsi HA OCHOGI OAHUX MOJEKYIAPHOI MAcu CKIA008UX
Oio0uzenbHo20 nanusa, fAKi 8 ceow uepzy OVIU OMPUMAHI WIIAXOM XPOMAmMozpagiunozo auanizy, 3a
00nOM02010 2a30PiOuUHH020 Xpomamozpaga. OOHomunHi po3paxyHKu nPoOOUNUCH 8 eIeKMPOHHUX MADIUYAX
Microsoft Excel. B cmammi ony6aikosano pesyromamu 0ocuioxcens 080X 3paskié Gi00U3EIbHO20 NAUEA,
BUCOMOBNIEHO20 3 060X GUOIE CUPOBUHU — COHAWHUKO60I ma pinakoeoi onii. Hanpayvosana memoouxa
BUSHAYEHHS  HCUPHO-KUCTIOMHO20 CKAA0Y YUX 3PA3KI6 MA GUSHAYEHHS HUNCYOI MenIomu 320paHHs
0i00U3eIbHO20 NAUBA 8 YINOMY MA 1020 cK1adosux. Pesyiomamu, wjo HageOeHi 8 madauysx, Moxcymos 6ymu
niocmasoio 01 NOOANLUUX BUCHOBKIE NPO eHepeemUYHY YIHHICIMb OKpeMUX KOMNOHEHMI8, o 6X005mb 00
CKAAOY Q0CTIONCYBAHO20 NATUBA.

Knrouoei crosa: sicupno-xuciomuuii cknao, 6ioousenvbhe naiueo, Ouseivhe naaueo, Memuiosi eipu
JICUPHUX KUCTIOM, PINAK06a OJlifl, COHAUHUKOBA ONlisl.

@. 19. Puc. 2.Taén. 4. Jlim. 9

1. IlocTanoBKa MpodaeMu

Ha crorogni puHOK Ha(TOMPOAYKTIB 3arpoKye CiTbCHKOTOCIIONAPCHKAM BUPOOHHKAM YKOPCTKUM
nedinuToM 0co0IMBO Mix Yac MOCiBHOI Ta 30MpanbHOi kKaMnanii. Kpim Toro, crioctepiraerbes He IpupoaHiit
XapakTep: po3JipiOHi MapTii MatOTh )KOPCTKE OOMEKEHHS ITPOIaXy B «OHI pykm» obcsirom Bin 20 10 40 1 mo
LiHI TU3eJIbHOTO MajKBa, 10 NpuKiIany 56 — 58 rpH/i, a ontoBi naptii He oOMexeHi 1o 1iHi 68 rpu/n [1].

Taka HenpuUpOIHS KapTHHA PUHKY HAa(TOMPOAYKTIB IMOB’s3aHa 3 Je(ilMTOM Ha(TOMPOAYKTIB i
3JI0BXKUBAHHSAM Ha()TOTpEHIEPiB 3 METOKO OTPUMAaHHS OLIbIINX NMPUOYTKIB [2].

Lle OGe3ymoBHO mpu3BeAe A0 MiABHLICHHS COOIBApTOCTI MPOAYKLIl CLIBCBKOTOCHOAAPCHKOTO
BHPOOHMIITBA.

2. AHaJti3 OCTaHHIX JOCTiMKeHb Ta MyOaikamin

VY 3B’A3Ky 3 UMM BUPOOHHUKH CLIbCHKOTOCIONAPCHKOI MPOAYKLIii Bce OUIbIIE 3aTyMYIOTHCS IIPO
nepexiJ| Ha ajlbTePHATHBHI JKepella eHeprii, Halpukia | Ha 0i0[u3eNbHe TATUBO, 10 € METHIIOBUMH edipaMu
XKHUPHHUX KUCIIOT. B cBOIO uepry i edipu oTpuMy0THCS NIISIXOM NepeeTepudikamii pOCIMHHAX Y1 TBAPUHHUX
XHpIB B peakilii, 3 meranoiom CH30H 3 xaranizatopom KaOH.
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OCHOBHOIO CHPOBHHOIO JIJIsI BATOTOBJICHHS 010M3EILHOTO IMAJIMBa € POCITMHHI OJIii.

HocnimkeHHs: epeKTHBHOCTI BUKOPUCTAaHHS 010AM3ETIBHOTO MalliBa HE MOXKIUBO co0i ysSBUTH 0Oe3
BU3HAYCHHSI HIKYOT TETUIOTH 3rOpaHHs ATMBA, 10 Ma€ 3HAYHUH BIUIMB Ha CHEPTeTHYHI MOKa3HUKH B pOOOTI
nBuryHa [3].

Taxi 1ociiKeHHs! YaCTKOBO MPOBOIMWINCH B paMKaX HayKOBOI T'OCIIOIaPCHKOI TOTOBIPHOT TEMATHKH
Ne0118U001424. /I 1150T0 TOPIBHIOBATIUCH JaHi JBOX BHIIB OJIiH — COHATITHIKOBOI Ta pirakoBoi. B il mparti
3aCTOCYEMO ITH0 METOIMKY JJIsl JOCIIKCHHS 32 HAYKOBOIO iHiIliaTHBHOO TeMaTtukoro Ne(0122U002187.

Jns BuU3HAueHHS XiIMIYHMX MOKa3HUKIB IPOBOAMIACH XpomaTorpadis O0ioAn3eNnbHOro mauBa.
BuxiganMmu gaHnMu U1 BU3HAYEHHSI XIMITHOTO CKI1aay OiomannBa € Horo >KMpHO-KHACIOTHUH ckian [4, 5, 6],
0 BU3HAYaBCS METOMOM Ta30piAMHHOI Xxpomarorpadii 3a JOnmoMororw xpomartorpada BIAMOBITHO 10
I'OCT 30418-96 [7].

3. Mera gocaizxenn
MeToro CTarTi € CTBOPEHHST METOAMKHM BHU3HAYEHHS >KUPHO-KHUCIOTHOTO CKiany Oi0In3elbHOrO
MajgvBa Ta BHW3HAYEHHS MOTO HIKYOI TEIUIOTH 3TOpaHHS, IO HEOOXiMHO [UIS aHajily Ta OIliHKH
eHeproe()eKTUBHOCTI aJbTEPHATUBHOTO MMaJTHBA.

4. Buksaa 0CHOBHOI0 MaTepiajy
3a pesynbraTamu xpoMaTtorpadii 3HaX0AUMO KUPHO-KUCIOTHHH ckitay O6ionanwusa (Tadm. 1, 2), mo €
BUXITHUIMU JAaHUMH Ui PO3PaxXyHKY €JIEMEHTHOTO CKJIaay NaluBa, HOTO HIDKYOI TEIJIOTH 3TOpaHHS,
MOJIAPHOI MacH, KUIbKOCTI TOBITPs, 10 HEOOXiJHA JJIs 3rOpaHHS OJTHOrO KUJIorpaMa MajiuBa, TOOTO BCIiX
HeoOXiTHMX MOKa3HUKiB. Pe3ymbraTi XpoMaTtorpadii oTpuMaHnX HaMH 3pa3KiB OiomairBa MpeACcTaBIeHO Ha
puc. 1, 2.
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Puc. 1. Xpomamozpama memunegipie conaunuxoeoi onit (MECO)

3 pe3ynbTariB xpoMartorpadii OTpuMyeMo JIiTiAHUIA HOMED, Ha3BY KUCIIOT Ta NPOLIEHTHUH BMICT METHJIOBOTO
edipy KOXKHOI KHCIIOTH B 010/JM3EIIbHOMY TTAJIMBI 1 3BOAMMO I1i AaHi B Tabmwi 1 12 (crosoi 2, 3 Ta 7).
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3Har0uM JMiIHANA HOMEpP Ta Ha3BY KHCIOTH KOXXHOTO METHIIOBOTO eipy, 3aHOCHMO B 4 cTOBOEIIb iX
XiMiuHi popMyIH, 3 IKHX BUIHO CKiJbKH aToMiB Byrinemto C, Boguio H Ta kucHio O MiCTUTH OJTHa MOJIEKyJia

METHIIOBOTO e(ipy KOXKHOT 3 KHUCIIOT.
Ho mpukmamy, 3 mepmoi crpidkn Tabnwmmi | OGadmmo, mo MeTwioBui edip mamrbMiTHHOBOT

(rexcanexaHoBoi) kuciaoTH Mae minigauit Homep C16:0 i ximiuny gopmyny CisH3202, 3 sikoi BUILIHBaE, 110
JlaHa CKI1aJ0Ba 010AM3ebHOTO MajirBa Mae 16 aToMiB BYTIIEIfO, 32 aTOMH BOJHIO Ta 2 aTOMH KHUCHIO.

- me ApvmaIU PAMME /Zé{cﬁ;ﬁ#< W7 %ﬂ«/?
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Puc. 2. Xpomamozpama nemunegipis pinaxoeoi onii (MEPO)

B croBbenp 6 3aHOCMMO MOJISIpHY Macy XiMiYHHMX €JIE€MEHTIB, L0 BXOJSTH JI0 CKJIaJy METHUIOBHX
edipiB kucnot (B Hamomy Bunaaky C, H, O).
Buxonsun 3 ximiuHOl (OpMyJIH, BH3HAYaEMO MOJICKYJSIDHY Macy 3a Bigomoro (opmyor [8],

IIPUCTOCYBABIIN ii JUI HAIIOTO BUNAAKY:
u-(MEK) = n¢ - A.(C) + my - A (H) + kg - A(0), 1)

ae  u.(MEK) — wMomsgpma Maca MeTHIOBOro  edipy  JedKoi  KHCIOTH,  KI/KMOJb,
Nc, my Ta Ko — BIAMOBIAHO KIABKICTH aTOMIB BYIJICLIO, BOJHIO Ta KHCHIO B MOJIEKYJII METHIOBOro edipy
kucinotw; A (C), A.(H), A.(O) — MonsipHi Macu XiMiYHHX €JIEMEHTIB, BiIMOBITHO BYTJIEIO, BOJHIO Ta KHCHIO,

KI/KMOJIb.
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Kupno-xkucnomnuii cknad MECO
Hassu kucnior ta
. MounsipHa
XIMIYHUX Mounsipaa . Huxuaa ..
. .. . . maca | Bmict KimpKkic
Ne €JICMEHTIB Jlimigauit Ximiuna maca L TeIIoTa
. XIMIYHUX [(710715), Thb
I/TT ([MeTHIIOBUX edipiB|  HOMep tdhopmyna MOJIEKYT, . o 3TOpaHHs .
. enemenTiB,| % aTOMIB
COHSIITHHKOBOT KI/KMOJIb MOUIE H;,
omi MECO K0 KJIx/xr
2 3 4 5 6 7 8 9
[TanemiTHHOBA .
(rexcaznexkaHoBa) C16:0 C16H0; 256,4268 6,376 39815,002
CreapuHoBa )
2 (oKTajieKaHOBa) C18.0 CigH3602 284,4804 3,214 40528,051
3 | OneinoBa C18:1n9 CigH340; 282,4646 29,307 | 39922,553
Jlinonesa )
4 (okTaieHoBa) C18:2n9,12 | CisH30: 280,4488 58,91 39308350
5 | ApaxinoBa C20:0 C21H420; 326,5608 0,218 | 41367,917
6 | Eiixo3zenosa C20:1 C21H4002 324,545 0,172 | 40846,144
. C18:3n9,12,
7 JlinosneHoBa 15 C18H3002 278,433 0,198 38685,253
Jloxo3anoBa .
8 (6ereropa) C22.0 C22H40; 340,5876 0,718 41601,753
TerpakozanoBa .
9 (irHouepUHOBA) C24.0 Ca4H150; 368,6412 0,229 42016,04
10 HepuznaueHmit 0,329
3aaumoK Nel
11 HepuznaueHmit 0,328
3aIUII0K Ne2
12 Cywmimn edipis CirgHs2.705 278,598285 99,999
KHUCJIOT 8
213,847447
13 | Byrieup C 3 12,011 |76,758 7.8043
32,9165424
14 | Boxeun H 7 1,0079 |11,815 b 6536
15 | Kucens 31,7882479 | 15,9994 (11,410 108684
Pazom 99,983 | 39590,361

B HamoMmy BuUINAAKy, BHXOIA4YHM 3 JaHUX XpomarorpadiuHoro aHaiuizy, ¢dopmynay (1) moxHa
CIPOCTHTH, BPaXxOBYIOYH, 1110 BCi METHJIOBI e(ipr MalOTh TI0 JBa aTOMH KHCHIO:
u(MEK) = n¢ - A(C) + my - Ar(H) + 2 - A (0).
TakuM 9MHOM, BUKOPHUCTOBYIOUH JIaHi Ta0mmipb 1, 2 Ta popmyny (2), BU3SHAYAEMO MOJICKYJISPHI MacH
MeTHIOBUX edipiB xupHuX kuciaoT: 3HadeHHs A.(C), A.(H),A.(0) Gepemo 3i cTOBOLIB 7, peIuTy 3HAYEHD
(KIJIBKICTh aTOMIB XIMIYHHX €JIEMEHTIB) OepeMo, BUXOIA4YM 3 XIMIYHOI (hOPMYJIH METHIIOBOTO e(ipy KHCIOTH
(cToBOenp 4). Pe3ynpTaTi 3aHOCHMO B CTOBOEIIH 5.
[MincraBumo, Ui MpHKIAMy, 3HA4eHHs y Qopmyny (2) ans meTunoBoro edipy NaJbMiTHHOBOT
(rexcamexanoBoi) KUCIOTH (Tabmwmist 1, psmok 1):

1r(C16H320,) = 16-12,011 4+ 32-1,0079 + 2 - 15,9994 = 256,427 ke/kmonn
AHaJIOTIYHO PO3PaxOBYEMO BCi CKJIAZIOBI METHIIOBI e(DipH KHCIIOT, 10 BXOAATh J0 3pa3Ky OiomaanBa
BUTOTOBJIGHOTO 3 COHSIIHHKOBOI Ta pimakoBoi omii. [Jis bOro BUKOPHUCTOBYEMO TaOMWUYHUN METOJ B
cepenorumt Microsoft Excel qmst aBromarusariii po3paxyHKiB.
s BU3HAUCHHS MOJIEKYJISIPHOT MacH BChOTO 3pa3Ky (MapTii) BUTOTOBICHOTO 010IHM3EIHHOTO MMajlnBa
BUKOPHCTOBYEMO HACTYITHY (hopmyy:

1 (MEXKK) = yp r(MEK) NMEK;)

100

)

3)

e u.(MEXKK) — monsgpHa mMaca MeTHIOBUX e(ipiB MMPHHMX KUCIOT JAHOIO 3pa3Ky Oiolaimusa,
kr/kmoib; U.(MEK;) — Momspma maca MeTmnoBoro edipy i-TOi KHCIOTH, IO BXOAWTH O CKIIAmy
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GiogusensHoro manmsa, Kr/kmonb, N(MEK;) — MonpHa koHueHTpamis (moist) MeTHIOBOro edipy i-toi
KHCIIOTH, 0 BXOJIUTh JI0 CKJIa1y 010JU3eIBHOTO NaJInBa, %; N — KITbKICTh METHIIOBHUX €(DipiB dKUPHUX KUCIIOT.

Vol. 119, No 4 /2022

TexHika, eHepreTHka,
TpaHcnopt AIIK

Taonuyn 2
Kupno-kucnomnuii cknao MEPO
Ha3Bu xucior ta MonﬂpHaM(lzgézHa Hmxua
Ne X;ZM:;IJ?XB;J;GM(;??;B Jlimigaui Ximiyna Maca [XIMIYHHUX (BM;SS 26nn(:}; KinpkicThb
T1/T1 CTHIIO co1p HOMED dbopMyna  |MOJIEKYIL|eTIeMeHTI H% » | 3ropa aTOMIB
oJTii pimaKky 03MMOro CKMOE B ) H;,
MEPO < /KN’[OHL KJIx/xr
1 2 3 4 5 6 7 8 9
ITanesMiTHHOBA .
1 (rexcagexaHoBa) C16:0 CisHz20 256,427 4,723 39815,002
2 | ManemiTuHONETHOBa | C16:1Nn9 C17H3202 268,438 0,159 | 39550,341
CreapuHoBa .
3 (oKTajieKaHOBa) C18:0 CisH360- 284,480 1,935 40528,051
4 | Oneinosa C18:1n9 Ci1sH3402 282,465 62,844 | 39922 553
Jlinonena C18:2n9,1
5 (okTazieHOBA) 2 CisHz20; 280,449 21,024 39308,350
6 ApaxiHoBa C20:0 C21H4202 326,561 0,616 | 41367,917
. C18:3n9,1
7 | JlinoneHnona 5 C1sH3002 278,433 0,874 38685,253
8 | Eiiko3eHoBa C20:1 C21H4002 324,545 0,826 | 40846,144
9 | JlinoneHoBa C18:3n9,12, Ci1sH3002 278,433 6,114
15 ' ' 38685,253
Jloko3aHoBa .
10 (Gererona) Cc22:0 C22H4402 340,588 0,265 41601,753
11 | EpykoBa C22:1n13 Ca3H4407 352,599 0,136 | 41339,399
Terpako3anoBa .
12 (MirHOIEpHHOBa) C24:.0 C24H4502 368,641 0,114 42016,041
13 Hepusznauenmii 0,178
3ayumok Nel
14 HeBusznauenmii 0,191
3auIok Ne2
15 | Cymim edipis Crr7Ha60, | 277,128 99,999
KHCJIOT
16 | Byrieup C 212,292 | 12,011 | 76,604 17,6748
17 | Boxensn H 33,157 | 1,0079 | 11,965 32,89724
15,999
18 | Kucensn 0] 31,506 4 11,369 1,06922
Pazom 99,938 | 39730,08

BuxopuctoByroun nani tabmuils 1, 2 ta dhopmyny (3), BU3HAYAEMO MOJICKYJISIPHI MacH JTBOX 3pa3KiB
naymea — MECO ta MEPO: 3nauenns M, (MEK;) 6epemo 3i crosoiis 5, 3uauenns N(MEK;) — 3i ctoB61wiB 7.
PesynbTaty 3aHOCHMO B KOMIpKY, IO Ha mepeTuHi crpiuku «Cymimn edipiB KHCIOT» 3i cTOBOIEM
«MonsipHa Maca MOJIEKYID.
[MincraBumo 3HaueHHs y popmyiy (3) mist MECO (tabmuns 1):

9
MEK
4 (MECO) = »° b

i) - N(MEK)) _ Ir(C16H320,) - N(Cy6H3,0,) N

100

100

-
n Hy(C1gH3602) - N(C1gH3605) n Hy(C1gH3405) - N(C1gH3405) n

100 100
n ur(C1gH320,) - N(C1gH3,0,) n Hr(C21Hgp04) - N(C21Hy,02) n

100

100
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Hr(C21Hgp02) - N(C21Hyp02)  pr(CigH3007) - N(CigH3002)
+ + +
100 100
n Hr(Ca2Hy407) - N(Ca2Hys 02) n Hr(C24Hyg07) - N(C4Hyg02) _

100 100
_ 256,427-6,376 ~284,480-3,214 282,465-29,307

100 100
4 280,449-5891 326,561-0,218 324,545-0,172 278,433-0,198 4

- 100 + 100
340,588 0,718 | 368,641-0229 o o KT
100 100 N ’ KMOJIb.

AHaJOTi9HO po3paxoByeMO MOJsIpHY Macy cymimi MEPO, BukopucToBytoun naHi Tabmwmi 2.
Po3paxyHOK MPOBOMMO 3a J0IOMOTo TabnuyHoro peaaktopa Microsoft Excel.
Busnauaemo MossipHy Macy Bcix aromiB Byriemoo Mq(MEXK), Boanio py(MEXK) Ta xucHio

Ho (MEXK) B cknaai MeTHIOBHX ebipiB )KUPHUX KHUCIOT, BAKOPUCTOBYIOUH Taki hopMyIiu:
n nc'Ar(C)'N(MEK))

ne(MEXK) = Y1 —-, @

g (MEXK) = Zgw ’ o

ho(MEXKK) = yj KoArO MMER), o
Crporyemo popmyiy (6), BpaxOBYrOUH, IO BCi METHIIOBI ehipi MAIOTh [0 JBA ATOMHU KUCHIO:

Ho (MEXKK) = Yo ZAr(O NMEK) -

100
[MigcraBnstoun 3HayeHHs 3 Tabmuupb 1, 2 B hopmynu (4, 5, 7) 3HAXOAUMO CyMapHi MOJISIPHI MacH

OKpEeMHUX XiMIYHUX €JIEMEHTIB B 3pa3kax 010M3eJIbHOr0 MalluBa, KI/KMOJIb.
Pesynpratn 3aHOCHMMO B cTOBOII 5 Tabmump 1 1 2 B crpiukax «Byrmemsy, «BomeHsy, «KuceHb»
BinnoBiaHo. [lincTaBumo 3HaueHHs y hopmyiu (4, 5, 7) mists MECO (tabmuus 1):

9

ne - A.(C) - N(MEK; ne A (C)N(CsH-,0

uC(MECO):Z ¢ A(©) - N( 1): ¢ " Ar(C) - N(Cy6H3; 2)+
100 100

1
" nc - Ar(C) - N(C1gH3605) n nc - Ar(C) - N(CygH3405)

100 100
+nc *Ar(C) - N(C1gH3,07) N nc - Ar(C) - N(Cz1Hy,07) n

100 100
n nc - Ap(C) - N(Cy1Hygp0,) n nc - Ar(C) - N(C;gH3005) n

100 100
+ nc * Ar(C) * N(C22H4402) n nC * Ar(C) " N(C24H4802) _ 16 " 12,011 " 6,376

100 100 100
18-12,011-3,214 18-12,011-29,307 18-12,011-58,91

100 100 100
21-12,011-0,218 21-12,011-0,172 18-12,011-0,198
100 100 100 +
22-12,011-0,718  24-12,011-0,229 213847
100 + 100 N ’ KMOJIb'

9
iy (MECO) = Z my - A.(H) - N(MEK;) _ my - A.(H) - N(C;cH3,0;) n
- 100 100
n my - A.(H) - N(C;gH360;) n my - A.(H) - N(C;gH340;) N
100 100
n my - A (H) - N(C;gH3,0;) N my * Ar(H) - N(Cz1Hy,0,) n
100 100
n my - A (H) - N(C,;Hyo03) N my - Ar(H) - N(C1gH3002) n

100 100
mH " Ar(H) " N(C22H4402) n mH " Ar(H) " N(C24H4802) _ 32 " 1,0079 " 6,376

+

100 100 100
4 36-1,0079- 3,214 N 34-1,0079- 29,307 4 32-1,0079-5891 4
100 100 100

10



Ne4 (119) /2022 TexHika, eHepreTHka,

% TpaHcnopT AIIK
E “ Vol. 119, No 4 /2022

42-1,0079-0,218 40-1,0079-0,172 30-1,0079- 0198

100 100
44 - 1 0079 0,718 N 48-1,0079 - 0,229 35917 T
100 100 U KMOJTb.

9
2-A.(0) - N(MEK; 2-A.(0)-N(CqcH3,0
uo(MECO):Z r(0) - N( 1): r(0) - N(Cy6H3z, z)_l_
100 100
2 A (O) N(C18H3602) 2 A (O) N(C18H3402)

100 100
L2 A0 N(C18H3202) 2-Ar(0)- N(C21H4202)

2 Ar(0) - N(C21H4002) 2-A(0) - N(C18H3002)

00
LA (0) N(C22H4402) 2-A (0) N(C24H4802) 2-15,9994 - 6,376

2 159994- 3,214 2 159994 29 307 2-15,9994- 5891

100 * * 100
2-159994-0,218 2-15, 9994 0,172 2-15,9994-0, 198
M * 100

2- 15 9994 0,718 2- 15 9994 0,229
100 * 100 = 31,788 KMOJIb'
AHaoridHo po3paxoByeMo MoOJspHY Macy cymimi MEPO, BukopuctoByroun nmaHi Tabmurmi 2, B
cepenorumt Microsoft Excel.
BusHadaemMo KiNbKICTh BYTJIEIIO, BOJHIO Ta KHCHIO (€IEMEHTHHH CKJIaJ) B JOCHIAHHUX 3pa3Kax
nanusa, %. s 1boro BUKOPUCTOBYEMO HACTYIHI (GOpPMYIIH:

_ kc(MEXK)
= Lok < 100, (8)
_ Ha(MEXK)
= oo < 100, 9)
_ 1o(MEXK)
= Lol % 100. (10)

[MigcraBnstoun 3HaueHHS 3 TA0IUID 1, 2 B hopmynu 8, 9, 10 3HAX0AUMO €IEMEHTHHH CKJIaJ OKPEMHX
XIMIYHUX €JIEMEHTIB B 3pa3kax 010IU3eIbHOTO MaInBa.
Pesynbratu 3aHocuMo B cToBOWi 7 Tabmumb 1 1 2 B crpiukax «Byriers», «BoaeHb», «Kucenby
BIIIIOBITHO.
[MixcraBumo 3HauenHs y popmyiu (8, 9, 10) gt MECO (tabmuns 1):

_Hc(MECO) 213847
~ . (MECO) = 278598 < o T IO
_ Hu(MECO) o = 32917 100 = 11,82 %
~ . (MECO) ~ 278,598 T oRe
_ HoMECO) 00 = 31788 100 = 11,41 %
~ 1, (MECO) ~ 278,598 o

AmnainoriyHo po3paxoByemo npoueHTHHH Bmict MEPO, BukopucroByroun nani Tabmumi 2 Ta
enexTpoHHi Tabmuui Microsoft Excel.

He MeHII BaXJIMBHUM € JIOCTI/DKCHHSI TEIUIOTH 3TOpaHHs e(ipiB KUPHUX KHUCIOT, IO BXOJATH 10
ckinany OilomanuB. BuxopucTtoByroun nani tabnunps 1 Ta 2 ta Bigomy ¢opmyny [.I. Menneneesa [9]
PO3PaxOBYEMO HIDKYY TEILIOTY 3rOPaHHS KOXKHOI KUCIIOTH Ta CyMIllll METHIIOBUX e(ipiB KUCIOT, KJK/KT:

Q,=339-C+1256-H—109-0 — 25’;‘)‘;"“ (11)

[MincraBnsitoun 3Ha4eHHs 3 Tabmunpb 1, 2 B Gopmyny 11 3HAXOMUMO HHXKYY TEIUIOTY 3TOPAaHHS
3pa3KiB 0i0AM3EILHOTO MAJIHBA.
Pe3ysbraTtu 3aHOCHMO B cTOBOII 8 Tabiuih 112 B ocTaHHI# cTpivlli.
[TigcTaBumo 3HadyenHs y Gopmyiy (11) mist MECO (ta6mnuis 1):
Q,=339-76,758+1256-11,815—-109-11,41 —

25,14-9-11,815 k/x
— = 39590,361 ——.
100 KT

11
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AHaJOTI9HO PO3paxoByeMO TEIUIOTY 3ropanHs cymimi MEPO, BukopucToByroun mani Tadmmmi 2 i
tabmuui Microsoft Excel.

Aute GBI TIKABUTH TETUIOTA 3rOPaHH OKPEMHX CKIIAJOBUX 010IM3EIBHOTO MAIBa — METHIIOBUX
edipiB )KHPHUX KHUCIIOT, TaK SK I iHPOpMAIlis 1a€ MOXJIUBICTh MPOBECTH aHAII3 BIUIMBY METHIIOBHX edipiB
KUPHHUX KUCITIOT Ha TEIUIOTY 3rOpaHHs 3pa3KiB AOCIiIKYBaHOTO MMajHBa.

Jl1s1 TbOTO CTBOPIOEMO ITOTIOMiXKHI Ta0OmuIi (Tadm. 3, 4).

Tabauusa 3
Po3paxynok enemenmnozo cxknady eghipie ncupnux kucnom MECO
Monsipaa KinpkicTs
Maca, KI/KMOJb Bwict (gons), % MOJIEKYI
Ne XimiuHa % ° °
/o (bopuyra Byrnemto | Bogaro | Kuchro C H 0] Cyma OE) E( c;)
x| R N

1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 C16H3202 192,176 | 32,2528 | 31,9988 | 74,944 | 12,578 | 12,479 | 100 16 | 32 2
2 C18H3602 216,198 | 36,2844 | 31,9988 | 75,998 | 12,755 | 11,248 | 100 18 | 36 2
3 C18H3402 216,198 | 34,2686 | 31,9988 | 76,540 | 12,132 | 11,328 | 100 18 | 34 2
4 C18H3202 216,198 | 32,2528 | 31,9988 | 77,090 | 11,500 | 11,410 | 100 18 | 32 2
5 C21H4202 252,231 | 42,3318 | 31,9988 | 77,239 | 12,963 | 9,799 | 100 21 | 42 2
6 C21H1002 252,231 | 40,316 | 31,9988 | 77,718 | 12,422 | 9,860 | 100 21 | 40 2
7 C18H3002 216,198 | 30,237 | 31,9988 | 77,648 | 10,860 | 11,492 | 100 18 | 30 2
8 C22Ha402 264,242 | 44,3476 | 31,9988 | 77,584 | 13,021 | 9,395 | 100 22 | 44 2
9 C24H402 288,264 | 48,3792 | 31,9988 | 78,196 | 13,124 | 8,680 | 100 24 | 48 2
10 C 12,011

11 H 1,0079

12 ) 15,999

B croeOmi 2 1mmx TaOnmuIp 3anmucyeMO XiMiuHI (OpPMYIH METWIOBHX e(ipiB JKHUPHUX KHCIOT
OioamzenpHOTO ManuBa, B 10, 11, 12 — 3anmcyeMo KUTBKICTh MOJIEKYI BYTJICIIO, BOJHIO Ta KHUCHIO Bi/IITOBiTHO
3TIIHO XIMIYHUX (POPMYJL.

BuzHauaeMo MOJISIpHI Mack OKPEMO BYTJICIIIO, BOJHIO Ta KUCHIO B BIIMOBIHUX edipax *HUPHUX KUCIOT
3a popMyIIaMH:

uc(MEK) = n¢ - A.(C), (12)
up (MEK) = my - A.(H), (13)
Ho(MEK) = kq - A-(0), (14)

ne ue(MEK), uy (MEK), po (MEK) — MoutsipHi Macu aTOMiB BYTJIELO, BOJHIO Ta KHCHIO Y METHIIOBOMY
edipi esKoi KUCIOTH.
BpaxoByrouu, 1110 JiIs BCiX METUIOBHX edipiB KucioT kg = 2, dopmyina (14) npuiiMae BUTIISII:
Ho(MEK) = 2+ A,(0). (15)
[lincraBnsiroun 3Ha4eHHs 3 TabnULb 3, 4 B hopmynu (12, 13, 15) 3HaX0AMMO MOJISIPHI Macu OKpeMHUX
XIMIYHUX €JIEMEHTIB B OKPEMHUX METHIOBHUX e(ipax 010JH3eIbHOTO MaINBa.
PesynbraTu 3aH0CHMO B cTOBOMI 3, 4, 5 Tabmuik 3 1 4 BiANOBIIHO JUIS BYTJICIIO, BOAHIO Ta KHUCHIO.
[MincraBumo 3HaveHHs y ¢opmynu (12, 13, 15), nanpuxmay ajist METHIOBOTO edipy MaabMiTHHOBOT
(rexcamexanoBoi) kucioTH (CisH3202) (cTpiuka 1 Tabmui 3):
uc(CigH3z,0,) = 16-12,011 = 192,176 kr/KMOIb,
U (C1eH3,0,) = 32-1,0079 = 32,253 Kr/KMo0J1b,
Ho(Ci6H320,) = 215,999 = 31,998 Kr/KMOJIb.
AHAJIOTIYHO PO3PaxOBYEMO MOJIIPHI Macd OKpPEMHUX XIMIYHHX EJIEMEHTIB B OKPEMHX METHIIOBUX
edipax MEPO (tabmuis 3) ta MECO (Tabnuiist 4), BAKOPUCTOBYIOUH enekTpoHHi Tabmuir Microsoft Excel.
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Tabauusn 4
Po3paxynok enemenmmnozo cxknady eghipis scupnux kuciom MEPO
Momnspraa Kinpkicth
Maca, KI/KMOJIb Bwicr (gons), % MOJIEKYJI
Ne XimigHa )
dhopmyna f % %
n/m Byraeuto | Boanto | Kuchio C H @ Cyma | & ¢ 2
| A N
1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 C16H3202 192,176 | 32,2528 | 31,9988 | 74,944 | 12,578 | 12,479 | 100 |16 | 32 2
2 C17H3202 204,187 | 32,2528 | 31,9988 | 76,065 | 12,015 | 11,920 | 100 |17 | 32 2
3 C18H3602 216,198 | 36,2844 | 31,9988 | 75,998 | 12,755 | 11,248 | 100 |18 | 36 | 2
4 C18H3402 216,198 | 34,2686 | 31,9988 | 76,540 | 12,132 | 11,328 | 100 |18 | 34 | 2
5 C18H3202 216,198 | 32,2528 | 31,9988 | 77,090 | 11,500 | 11,410 | 100 | 18| 32 2
6 C21H4202 252,231 | 42,3318 | 31,9988 | 77,239 | 12963 | 9,799 | 100 | 21| 42 2
7 C18H3002 216,198 | 30,237 | 31,9988 | 77,648 | 10,860 | 11,492 | 100 |18 | 30 | 2
8 C21H4002 252,231 | 40,316 | 31,9988 | 77,718 | 12422 | 9,860 | 100 |21 ]| 40 | 2
9 C18H3002 216,198 | 30,237 | 31,9988 | 77,648 | 10,860 | 11,492 | 100 |18 | 30 | 2
10 | CaHuOo 264,242 | 44,3476 | 31,9988 | 77,584 | 13,021 | 9,395 | 100 |22 | 44 | 2
11 | Ca3HuO2 276,253 | 44,3476 | 31,9988 | 78,348 | 12,577 | 9,075 | 100 |23 | 44 | 2
12 | CasHus02 288,264 | 48,3792 | 31,9988 | 78,196 | 13,124 | 8680 | 100 |24 | 48 | 2
13 C 12,011
14 H 1,0079
15 ) 15,999

Jlnist epeBipKH MPaBUIBHOCTI po3paxyHKiB 3a hopmynamu (12, 13, 15), BUKOPHCTOBYEMO HACTYITHY

dbopmyy:
1 (MEK) = pc(MEK) + pyy (MEK) + pto (MEK) (16)

Hani st popmymnu (16) 6epemo 3 Tadmmis 3 Ta 4 (ctoBOIi 3 — 5), pe3ynbTaT — MOBUHEH BiANOBiAATH
3HAYCHHIO CTOBOLIB 5 Tabmuilk 1 1 2 /i BiAnOBiAHUX e(dipiB )KUPHUX KUCIIOT.

[lincraBnssemo 3HadeHHs y mnepeBipouHy ¢opmyny (16), Hampukmanm uis MeTUIOBOTO edipy
NnajgbMITHHORBOI (TekcaaekanoBoi) kuciiotu (Ci1sH3202) (ctpiuka 1 Tabmui 3):

n-(MEK) = 192,176 + 32,253 + 31,999 = 256,43 kMOuIb/KT,

0 BiJNOBia€e 3HaUeHHIO B Tabmuii 1 (5 ctoBOeIs, 5 pamaok).

AHAJIOTIYHO TPOBOJAMMO TIEPEBIPKY PO3paxyHKy Jjsi OKpemux MeTwioBux edipie MEPO
(tabmuri 1, 3) ta MECO (tabuuii 2, 4), BAKOPUCTOBYIOUH elleKTpoHHi Tabmuii Microsoft Excel.

Jiist BU3HAYEHHSI IPOLIEHTHOTO BMICTY BYTJICIIO, KHUCHIO Ta BOJHIO B KOXKHOMY 3 METHIIOBUX e(ipiB,
nepeTBoproeMo hopmyiu (8 — 10) B HACTYITHUIA BUTIISIL

_ 1e(MEK)
= woveky 100, (17)
_ Uun(MEK)

H = B % 100, (18)
_ o(MEK)

0 = EolES X 100. (19)

Hani pc (MEK) st bopmyit (17 — 18) 6epemo 3 Tabiwuib 3 ta 4 (crosoi 6 — 8), u.(MEK;) — 3 Tabiuis
1 Ta 2 (cToBOEMB 5), pe3ynbTar 3aHOCHMO B Tabuui 3 Ta 4 (cTtoBOmi 6 — 8).

[lincraBumo 3HaueHHs y ¢opmynu (17 — 19), Hanpukian ansg MeTWIOBOro edipy HaabMiTHHOBOI
(rexcanexanoBoi) kuciotu (CisHz202) (cTpiuka 1 Tabuui 3):

_ 192176 x 100 = 74,944 %
T 256,427 - o
H= 3225 x 100 = 12,578 %
T 256,427 e ”
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31,998

0= 256427

AHaJOTI9HO PO3pax0OBYEMO MPOIIEHTHUI BMICT OKPEMHUX XIMIYHHX €JIEMEHTIB B OKPEMHUX METHIIOBUX
edipax MEPO (tabmums 3) ta MECO (Tabnuiis 4), BAKOPUCTOBYIOUH eekTpoHHi Tabmuir Microsoft Excel.

Bukopuctoyrouu ¢popmyiny (11), migcraBnstoun B Hel JaHi JOMOMIKHUX Tabauub 3 Ta 4 (cToBOLi 6 —
8), BU3Ha4a€MO HIDKUIY TETIOTY 3TOPaHHS METHIIOBHX e(pipiB KOKHOT 3 KUCIIOT, 1[0 BXOAATH 10 ckiaxy MEPO
ta MECO. Pe3ynbpratn po3paxyHkiB 3aHocuMo B Tabmumi 1 Ta 2 (ctoB6mi 8).

[TincraBnsemo 3HauyeHHs y ¢opmyny (11), Hanpukmnang s METHIOBOTO edipy MNalIbMiTHHOBOI
(rexcagexanoBoi) kuciaotu (CisH3202) (cTpiuka 1 Tabmui 3):

Qy =339-76,944 + 1256- 12,578 — 109 - 12,479 —

25,14-9-12,479 Kk
- = 39815,002 —.
100 KT

AHaJOTIYHO pO3PaxOBYEMO HIDKYY TEIUIOTY MeTHIIOBHX edipiB okpemux kuciaor MEPO (tabmurs 1)
ta MECO (Tabnuis 2), BAKOPUCTOBYIOUH eeKkTpoHHi Tabmuii Microsoft Excel.

x 100 = 12,478 %.

5. BucHoBKH

1. BcraHOBNEHO, IO OCHOBHHM TIIOKa3HWKOM [UUISl OIIHKH €(EKTUBHOCTI BHKOPUCTAHHS
0101M3€BHOTO MAINBA, € HUKYA TEIUIOTa 3rOPaHHS;

2. Po3poOiieHa MeTOaMKa BH3HAYCHHS JKHUPHO-KHUCIOTHOTO CKJIAagy Ta TEIUIOTH 3TOpaHHS
010IM3EBHOTO MMaTNBa Ta OKPEMHUX HOTO CKIIQJI0BHUX;

3. Po3paxoBano, 3a 10IOMOTOI0 AaHOI METOAWKH, KUPHO-KUCIOTHHN CKJIaJ, €IEMEHTHUH CKIan Ta
TEIUIOTY 3TOpaHHs IBOX 3pa3KiB 010IM3eTHHOTO NAIMBa, B PE3YNIbTaTi YOT0 BCTAHOBIIECHO:

- g MmetunoBux edipiB consmHukoBoi onii (MECO) cepennst ximiuHa ¢opmyna SKHX —
C17,8H32,70,, mpouenTHuit Bmict Byriaemo C = 76,758 %, Bomato H = 11,815 %, kucato O = 11,410 %, HMk4a
terioTa 3ropanasa Q, = 39590,361 xJlx/kr;

- ans MeTwiioBHX edipiB pimakoBoi onii (MEPO) cepenns ximiuna ¢opmyna sikux — Ci77H32,902,
npoteHTHHI BMicT Byritemo C = 76,604 %, Bogaro H = 11,965 %, xucHio O = 11,369 %, Hmx4a Temnora
sropanus Q,, = 39730,08 k/x/kr.
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DEVELOPMENT OF A METHOD FOR DETERMINATION OF FATTY-ACID COMPOSITION
AND LOWER HEAT OF COMBUSTION OF BIODIESEL FUEL

The situation that has developed on the market of oil products in the conditions of the war with the invaders
has led to a shortage of liquid fuels and a constant increase in the price, in particular of diesel fuel, prompting the
producers of agricultural products to think about switching to alternative types of fuel. Research related to the
production and use of biodiesel fuel is especially relevant in today's conditions. Scientists do not ignore this
question, in particular, Vinnytsia National Agrarian University has devoted more than one research topic to the
mentioned problem. In more detail, in the mentioned issue, research is being conducted aimed at determining the
energy value of the obtained biofuels, namely, the lower calorific value. The purpose of the article is to create a
methodology for determining the fatty acid composition of biodiesel fuel and determining its lower heat of
combustion, which is necessary for the analysis and evaluation of the energy efficiency of alternative fuels. Research
methods are based on D. I. Mendeleev's formula for determining the lower heat of combustion, which is based on
data on the percentage content of the elemental composition of the fuel. The calculation of the elemental
composition was carried out on the basis of the molecular weight data of the components of biodiesel fuel, which
in turn were obtained by chromatographic analysis using a gas-liquid chromatograph. Similar calculations were
made in Microsoft Excel spreadsheets. The article publishes the results of research on two samples of biodiesel fuel,
made from two types of raw materials - sunflower and rapeseed oil. A method of determining the fatty acid
composition of these samples and determining the lower heat of combustion of biodiesel fuel as a whole and its
components has been developed. The results given in the tables can be the basis for further conclusions about the
energy value of individual components included in the studied fuel.

Key words: fatty acid composition, biodiesel fuel, diesel fuel, fatty acid methyl esters, rapeseed ail, sunflower oil.

F. 19. Pic. 2. Table. 4. Ref. 9.
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