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OIITUMI3ALIISA TAPAMETPIB ITPOLIECY ®EPMEHTATHUBHOI
ETEPU®DIKALII JKUPHUX KAUCJIOT ETAHOJIOM

Beryn. OpHi€ro i3 akTyalnbHHX COIaJbHUX MPOOJEM HAIIOro 4acy € po3poOJIeHHS
HOBUX BITYM3HSIHUX TEXHOJIOT1H XapyoBUX MPOAYKTIB (YHKIIIOHAJIBHOTO MPHU3HAYCHHS,
CHPSMOBAHUX Ha 3aXHCT Ta 30epexeHHs 370poB’s moanHu. CyyacHUH HAayKOBHMH JTOCBIX Y
chepi HYHKIIIOHATBHOTO Xap4uyBaHHsI CBIYHUTH PO TE, 10 PETYIISAPHE BKUBAHHS JIFOJHMHOIO Y
Ky CHOJNYK, SIKi 3HI)KYIOTh PIBEHb HEWTPaJIbHOTO XHPY B KpPOBi, 3am00ira€ BUHHKHEHHIO
XBOpOO, MOB’SI3aHUX 3 aT€POCKIIEPO30M: IMIEMIYHOI XBOopoOu cepuid, iHdapKTy Miokapaa, Ti-
nepainigemii Ta oxupinaio [1-3]. ¥V 3B’s3Ky 3 MM aKTyaJIbHHM HAIPSIMKOM PO3BHTKY Xap-
YOBii rany3l € BUPOOHHUITBO CTPYKTYPOBAHMX JIMI/IB, [0 MAIOTh Y CBOEMY CKIIaJl allWiIH
CEepPEIHBOJIAHIIOTOBUX HACHYCHUX Ta ®-3 1 -6 moiHeHacHueHuX Kucaot [4—9].

Paniiie npoBeileHUMH HaAMU JOCIIPKEHHSIMH JIOBEACHO, 1110 1HHOBALIIHOIO, eHepro3-
Oepiraroyoro Ta €KOJOroOe3MeyHOI TEXHOJOTIEI BHPOOHHIITBA CTPYKTYPOBAHHX JIMIAIB €
dbepMeHTaTUBHA TpaHceTepudikallis )KUPIiB 3 MiJABUIIEHUM BMICTOM JOBTOJAHITIOTOBUX ITOJi-
HEHACUYCHUX XUPHUX KUCIOT Ta €TWIOBUX e(ipiB cepelHbOJAHIIOTOBUX >KUPHHUX KHCIOT
[10].

B cBoto uepry, BCTAaHOBJICHO, IO OJIEPYKAHHS €TUIIOBUX e(ipiB cepeIHbOIAHIIIOTOBUX
XKHUPHUX KUCIIOT PaLliOHATIBHO 31HCHIOBATH HUIAXOM 010KaTaJliTUYHOI eTepudikarii eTHIoBO-
ro COUPTY Ta BIANOBIAHUX KHUCIOT. [lepebir Bka3aHOro Mpolecy BU3HAYAETHCS YOTHPMa OC-
HOBHHUMH (pakTOpamMH: CHIBBIJHOIIEHHSM BUXIJHUX CYOCTparTiB, KUIBKICTIO ()epMEHTY, TeM-
nepaTyporo Ta gyacom. [Ipu 1boMy 3HMKEHHUH BMICT €TaHOJY MPU3BOAMTH JO HU3BKOTO CTY-
MEHS IEPETBOPEHHSI BUX1IHUX CYOCTpaTiB, a HAa/UIUIIOK — J0 CIIOBUIbHEHHS MpoIiecy, 00yMo-
BJIeHE 1Hr10yBaHHSAM OlOKaTalizaTopa €TUIOBUM ciupToM. KpiM TOro, BpaxoBytOUH BiTHOCHO
BHCOKY BapTiCTh (D€pMEHTHOIO Mpemnapary, Oa)kaHo MiHIMI3yBaTH HOTo KUIBKICTh y peaKLii-
Hill cymimi, 3a0e3Mnedyoun MpHu LbOMY NMPOTIKaHHSA (EPMEHTATUBHOTO IMpPOLeCy 3 MaKCHUMa-
JHbHUM BHUXOJOM HPOAYKTIB peakuii. BkazaHuil npouec € eHI0TepMiYHUM, TOOTO BHUMarae
HiBEICHHs Teruia. Y TOi ke 4ac 3HayHe IMiJBUILEHHS TeMIEpaTypH CIIPUUUHSIE 1HAKTUBALIII0
dbepmeHTa BHACIIIOK HOTO TETUIOBOI AeHaTypairii. Ciij 3a3Ha4yuTH, 10 ONTUMYM 4Yacy MpoTi-
KaHHS (pepMeHTaTHBHOI eTepudikalii 0OYMOBIIOETbCS 3 OHIET CTOPOHU 3a0€3MEeYEHHIM Ma-
KCUMAJIbHO MOXIIMBOTO B 3aJ]aHUX YMOBAaxX CTYIIEHS MEPETBOPEHHS BUXITHHUX CyOCTpariB, 3
1HIIOTO OOKY — MiHIMI3aIli€l0 YTBOPEHHS MOOIYHUX PEUYOBHH Ta €EKOHOMIYHOIO JIOIIBHICTIO.

Mera nocaigxennb. Mera 1aHoi poOoTH mojsirajia y BCTAHOBJICHHI ONTUMAaJIbHUX Ta-
pameTpiB (epMEHTATUBHOI eTepudikallil KUPHUX KHUCIOT €TAHOJOM 3 BHUKOPHCTAHHIM SK
KpUTEPiI0 ONMTHUMI3alii MaKCUMaJIbHOTO BHUXOMY ILJIBOBOTO MPOAYKTYy. OIIHKY BKa3aHOTO
KPHUTEPIIO 3/11HCHIOBAIN 32 CTYIIEHEM IepeTBOpeHHs BUXiAHOT kupHoi kucinotu (KK) B etu-
nosuii edip (Ed).

ExcnepuMeHTa/lbHA YacTHHA. MOJIENbHI CyMillll CKJIAJAUCS 13 CepeAHbOJIAHIIIOTO-
BOT (KanmpuiioBoi) ®KHUPHOT KuciaoTu Ta etaHo’a (ET) y MonbHMX cniiBBiAHOMIEHHX Big 1 : 1 1o
1:5. Peakmii karamizyBaiau 3a JomoMoroio ¢epmentHoro mnpemnapaty Novozym 435
(«Novozymes», Jlanis). KinpkicTs OiokaTamizaTopa craHoBmia Big 2 % g0 20 % mac. 1o Bia-
HOIICHHIO JI0 Macu peakuiiiHoi cymimi. Etepudikanito 3aiiicHIOBaIy Mpu TeMmepaTypax Bix
30 °C pgo 70 °C mpum mocTiiiHOMYy mepeminryBanHi. Yac mporecy BapitoBanu Bim 60 10
360 xBuiuH. Y BU3HAYEHI MPOMIKKH Yacy BiAOMpaIHCh MPOOH, B SIKUX TUTPYBAaHHAM PO3UH-
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HOM JIyT'y 3 HAaCTYITHUM PO3PaxyHKOM BCTaHOBIIIOBABCS CTYITiHb IEPETBOPEHHS KaIpPUIOBOL
KUCJIOTH y BinnoBinuuil ermnosuii edip (Ed). HocmimkeHHs BUKOHYBAIH y 2-X HapaJiessx.

OTpuMaHi eKCrIepUMEHTAIbHI JJaHI BAKOPUCTOBYBAJIUCS B SIKOCTI BUXITHHUX JIJISI MOJIE-
JFOBAHHS Ta ONTHMI3alii nmapaMeTpiB mporecy GpepMeHTaTUBHOI eTepudikallii cepeHbOIaH-
IIIOTOBUX JKUPHUX KUCJIOT €TaHOJIOM IUIIXOM KOMOIHYBaHHsI armapariB HEMPOHHUX MEpexK i
reHeTHYHuX anroputMis [11, 12]. Bkazanuii MeTos € OTHUM 3 HaWOLIbII Cy4acHHUX 1 HalKpa-
IIMX MAaTeMAaTHYHUX anapariB ONTHMI3allii CKIaJHUX OararomapamMeTpUuHUX (YHKIIOHATb-
HUX 3anexxHocted [13 — 15]. [Iporpamuy peanizaiilo MaTeMaTHYHOTO anapary Oyjio BUKOHA-
HO y cepenosuii MATLAB 7 (The Mathworks, Inc.).

[ToepeHe MoAEMIOBaHHS Mpoiecy (epMEeHTATUBHOI eTepudikallii Mmoisraio y BU-
3HAYCHHsSI CTPYKTYpU HEHMPOHHOI MEpEexi, sIke BUKOHYBAJIOCS IIJISIXOM MPOBEICHHS Psiy 00-
YHCIIOBATBHUX €KCIIEPUMEHTIB 3 PI3HUMH MapaMeTpaMH TOTOJIOTIi — KUIBKICTh IIapiB, KiJlb-
KICTb HEMpOHIB y IIapi, akTUBAIiiiHa QYHKIIA Ta 1HII. Y pe3yabTarTi A almpoKCUMAIlil eKc-
NEPUMEHTAIBHUX JTAHUX HaMK Oyia moOyJoBaHa TPUIIAPOBA MEpeka MpsSMOi mepeaadi CUr-
HaTy 3 5 1 7 HelipoHaMu B TMeEpIIOMY Ta Apyromy (CXOBaHMX) IIapax BIAMOBIIHO, 1
1 HeiipoHoM y TpeTboMy (BuXigHOMY) mmIapi. CTpyKTypy po3poOsieHoT Mepexki MpeIcTaBICHO
Ha puc. 1.

CxoBaHi wapwu

BuxigHuin
BekTop . wap
BXOZiB ;
y >
BekTop
BUXoay

Pucynok 1 — Cxema TpumiapoBoi Mepesxi npsMoi nepeiadi CUTHaITY, 110 BUKOPUCTaHO
JUTS allpoKCcHMallii eKCepUMEHTAIbHUX JaHUX Mpolecy (epMeHTaTUBHOI eTepudikamii

VY saxocti ¢yHKINIT akTHUBaIlli CXOBAaHUX IIAapiB 1 BUXIAHOTO mapy Oyia oOpaHa rimep-
OoiiyHa TaHTeHIialbHa QYHKIIA. SIK (YHKIIIO OIHKHM SKOCTI HaBYaHHSA OyB BUKOPUCTAHUHN
KOMOIHOBaHMH KpUTEPIM SIKOCTi. Y AKOCTI alroOpuTMy aJanTailii Ta HaBYaHHS — aJITOPUTM
JleBenOepra-MaxpkBapara. Kinbkicts enox HaB4anus — 100. Tounicts — 0,0001.

JlaH1 excriepuMeHTIB 3 (pepMEHTAaTUBHOI eTepu(ikallii BUKOPUCTOBYBAIKCS AJis Tpe-
HYBaHHS Ta BepHdikalii mTydHoi HelpoHHOT Mepexi. OOcAr HaBYaIbHOI Ta BepuQiKalifHOi
BUOIPOK JOPiBHIOBAB BimoBiHO 85 Ta 20 BUMIpIOBaHb. IX CTPYKTypa Ta 3HAYEHHS MPEICTa-
BJIEH]I BiAMOBIIHO B TaOmmIsx 11 2.

Hani, HaBeneHi B Tabi. 1 1 2, cBIq9aTh MpO aeKBATHICTh HEUPOHHOI MEPEXKI EKCITe-
pUMeHTaIbHUM JaHuM. CepeiHe 3HauUeHHsS a0CONIOTHOTO BiIXUJICHHS MOAEIbHHUX JaHUX Bij
eKCIIEpUMEHTaJIbHUX Yy HaBualbHiM BUOipIi ckiaino 1,6 %, a y Bepudikamiiiniit — 1,9 %.

Po3pobnena B pe3ynbTaTi KOHCTPYIOBaHHSA, HaBYaHHS 1 Bepudikamii GaraTomrapona
MTy4YHa HEHPOHHA Mepeka Jalli BAKOPUCTOBYBAJIAcs JJIsi oOunciIeHHsT (DYyHKIIII MPUCTOCOBA-
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HOCTI TpHU onTUMi3amii ¢pepMeHTaTUBHOI eTepudikaiii METOJOM TeHETHUYHUX aJTOPUTMIB.
Bynu 3amani HacTyIHI 3HAYEeHHS MMapaMeTpiB armapara reHeTUYHUX aITrOPUTMIB: oOcsT BHOIp-
ku — 200, KUTBKICTh €MTHUX HamaakiB — 20, KUTbKICTb MOKOJIHb — 50. YV sKocTi PyHKIINH My-
Tallil Ta CXpelnryBaHHsl BAKOPUCTOBYBAIKCS BiJIIOBITHO a/IaliTUBHA 1 EBPUCTHYHA (PYHKITIT.

Tabmuus 1 — @parMeHT HaBYaJIbHOT BUOIPKH

KK:Er | Kinpkicte | Temneparypa, | Yac, | Cryminb nepeTBopeHHs | AOCONIOTHE
bepmenry, °C XB. XK B Ed, % BIJIXUJICHHS,

% Mac. Excnepument | Moguenb %

X1 X2 X3 X4 y
0,2 2 30 360 18,4 18,5 0,6
0,2 20 30 360 34,0 34,2 0,6
0,2 2 70 240 23,8 23,8 0,0
0,2 20 50 60 32,0 32,5 1,5
0,2 20 50 240 47,0 47,7 1,4
0,4 2 60 180 27,8 27,1 2,4
0,4 15 60 180 50,0 50,9 1,9
0,4 15 40 180 36,5 35,8 2,0
0,4 15 40 360 58,2 58,1 0,2
0,4 10 40 360 42,6 42,3 0,6
0,6 10 50 240 51,8 53,5 3,2
0,6 20 50 240 72,0 72,5 0,8
0,6 5 50 300 46,0 43,8 4,7
0,6 5 70 300 44,0 43,3 1,6
0,6 10 40 300 48,3 47,1 2,4
0,8 2 60 120 26,1 26,6 2,0
0,8 10 60 120 53,6 52,1 2,7
0,8 20 60 120 77,2 78,6 1,8
0,8 2 70 60 10,4 10,7 2,7
0,8 2 70 180 30,0 29,9 0,2
0,8 2 70 300 38,1 38,4 0,9
0,8 2 70 360 42,0 41,2 1,8
1 5 50 180 61,2 61,6 0,7
1 10 50 180 75,0 76,0 1,3
1 15 50 180 83,2 81,9 1,6
1 20 50 180 83,8 83,8 0,0
1 10 40 300 76,5 75,1 1,8
1 10 60 300 92,0 94,5 2,7
1 15 60 120 78,5 78,5 0,0
1 15 60 360 98,0 98,1 0,1
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Tabmuus 2 — Bepudikariiiina Bubipka

KK:Er | Kimpkicte | Temmeparypa, | Yac, | Cryminb nepeTBopeHHS | AOCONIOTHE
depmenry, °C XB. KK B Ed, % BIJIXWJICHHS,

% Mmac. ExcnepumeHnTt ‘ Monenb %

X1 X2 X3 Xq y
0,2 10 30 360 25,5 25,6 0,2
0,2 2 70 120 19,5 18,8 3,6
0,2 2 70 360 26,9 27,0 0,2
0,2 20 50 300 52,3 52,2 0,2
0,4 10 60 180 38,3 39,1 2,2
0,4 20 60 180 61,4 60,4 1,6
0,4 15 40 60 24,0 25,4 5,8
0,4 15 40 300 48,4 48,0 0,8
0,6 5 50 240 40,0 39,2 2,0
0,6 15 50 240 69,2 69,8 0,9
0,6 5 40 300 43,4 42,8 1,3
0,6 5 60 300 48,1 48,1 0,0
0,6 10 60 300 58,0 60,3 4,0
0,6 10 70 300 56,2 52,3 7,0
0,8 5 60 120 38,0 37,8 0,4
0,8 15 60 120 76,0 75,6 0,5
0,8 2 70 120 24,1 23,1 4,2
1 10 50 300 84,0 85,1 1,3
1 10 70 300 90,3 90,7 0,4
1 15 60 300 98,2 97,0 1,2

Ha puc. 2 npencrasneni Haiikpamii (MakcUMaibHi) 3HaueHHs (QyHKII{ IPUCTOCOBAaHO-
CT1 Ha B1AMOBITHOMY MOKOJIIHHI YHKIIIOHYBaHHS T€HETUYHUX aJITOPUTMIB.

100 7
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CryniHb nepetBopeHHs XKK B Ed, %
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Homep nokoniHHS

Pucynok 2 — Ilponec ontumizauii hepMeHTaTUBHOT eTepudikamii cepeJHbOIAHIIOTOBUX KUPHUX
KHCJIOT €TaHOJIOM KOMOiHYBaHHAM METO/IiB TCHETUYHUX ANTOPUTMIB 1 HEHPOHHUX MEPEK
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Sk MokHa cnoctepiratu (puc. 2), moynHaroud 3 17 TMOKOJIIHHS BiI3HAYAETHCS HasB-
HICTh CTaJOr0 3HA4YeHHS (QPYHKIII BIAKIMKY, IO BiAMOBIJAa€ BCTAHOBJICHHIO ii ONTUMyMY —
98,2 % cryreHs nepeTBOPEHHS KUPHUX KUCJIOT y BIAMOBIAHI eTuioBi edipu. Llel pe3ynbrar
JOCATAETHCSI TIPH HACTYIMHHUX PO3PAXYHKOBUX 3HAYCHHSX BUXIJHUX MapaMeTpiB: MOJbHE
CIIBB1JIHOIIIEHHS JKUPHOI KUCIOTH 1 etaHony — 1:1, kinbkicTh pepmenty — 15 % mo BigHO-
HICHHIO JI0 MaCH peakiiiHoi cymimi, Temmeparypa — 60 °C, gac peakuii — 240 XBHIUH.

BcranoBneHi ontumaibHi mapameTpu (hepMeHTaTuBHOI eTepudikarii Oyau anpoOdoBa-
Hi B YMOBax JOCJIJHO-IIPOMHUCIIOBOTO BUPOOHUITBA €THJIOBHX e]ipiB. 3riHO pe3yibTaTiB
BUIPOOOBYBAaHb CTYITIHb NIEPETBOPECHHS BUXIAHUX JKUPHUX KUCIOT B €THJIOBI edipi CKiIa/iaB
98+0,5 % mac., mo 100pe KOPETIETHCS 13 TaHUMHU MOJICITFOBAHHS.

BucHoBkHn. MeTo10M KOMOIHOBAaHOTO BUKOPUCTAHHS arapariB TCHETHYHUX aJITOPUT-
MiB 1 HEPOHHUX MepeX BCTAHOBJICHO ONTHMAJIbHI apaMeTpu GepMEHTATUBHOI eTepudikarii
KUPHUX KUCIIOT €TaHOJIOM. Pe3ynbTaTi JOCiIHO-TPOMHUCIOBHX BHIIPOOOBYBAaHb IiATBEPIU-
J¥ aZIeKBaTHICTh MAaTEMaTHYHOT'O MOJICITFOBAHHSI.
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OINTUMM3AIIUS TAPAMETPOB ITPOIIECCA ®EPMEHTATHUBHOM
ITEPUOUKALINU ) KUPHBIX KUCJIOT 9TAHOJIOM

Hcnonp30BaHNEe METOAOB I'EHETUUYECKUX AJITOPUTMOB M HEMPOHHBIX CETEH MO3BOJIAIIO
YCTaHOBHUTH ONTHMAJIBHBIE PEXKUMBI ()EPMEHTATUBHOU STEpUPUKAINH KUPHBIX KHCIOT JTa-
HOJIOM. Pe3ynbraThl 1a00paTOPHBIX M ONBITHO-NIPOMBILUIEHHBIX HCHBITAHUN IOATBEPANIN
aJICKBaTHOCTb MOJEIMPOBAHUSA ONTHMyMa JUIsi OCHOBHBIX YETBIPEX IapaMeTpoB Ipolecca:
COOTHOILIEHUS CyOCTpaToB, cofepkKaHus (pepMeHTa, TeMIIEpaTyphl U BPEMEHHU.

Nekrasov P.O.

PROCESS PARAMETERS OPTIMIZATION OF ENZYMATIC ESTERIFICATION
OF FATTY ACIDS WITH ETHANOL

Use of artificial neural network-genetic algorithm technique made it possible to de-
termine optimal process parameters of enzymatic esterification fatty acids with ethanol. The
results of laboratory and experimental-industrial tests corroborated optimum modelling ade-
quacy for four primary process parameters: substrates ratio, enzyme amount, temperature and
time.
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