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Oprasxizatopu KoH(pepeHuii

MiHICTEpCTBO OCBITH 1 HAYKU Y KpaiHU
Opnecbka JepkaBHa 00J1acHa aMIHICTpaIIis
Opnecbka HaIrlloHAJIbHA aKaIeMisl XapuOBUX TEXHOJIOT1M
Koncantunrosa nadoparopiss TEPMA

MI)KHAPOJIHbIA HAYKOBU OPTKOMITET

€ropos
boeoan Bikmoposuu

bypno
Ornez I puecoposuu

ATaMaHIOK
Bonooumup
Muxarinosuu

Bacuibes
Jleonapo Jleonioosuu

I'aBBa
Onekcanop
Muxonariosuu

I'ymMHUUbKHH
Apocnas Muxaunosuy

JloanHcbKuM
Anamonii Anopitiosuy

3aB’#aJ10B
Braoumup
Jleonioosuu

CykmaHoOB
Banepiu
Onexcanoposuu

KouaryHn
Ilasno Cemenosuy

Kopnienko
Apocnas Mukumosuu

— romoBa, Opmecbka HalllOHAJIbHA aKaJeMis XapuyoBUX
TEXHOJIOT1#, peKTop, A.T.H., Mpodecop

— BYeHHM cekperap, Opechbka HaIlOHAJIbHA aKaJeMis
Xap4yoBUX TEXHOJIOTIH, JI.T.H., ipodecop

— Hamionanpauit yHiBepcuteT «JIbBiBCbKa IMOTITEXHIKA,
1.T.H., mpodecop

— Incturyr Ttemmo- i macooominy iM. A.B. Jlukosa,
Pecmy6uika Binopycs, A.T.H, ipodecop

— Hamlonanbhuii yHIBEpCUTET XapuOBUX TEXHOJOTIH, 1.T.H.,
npodecop

— Hamionansuuii yHiBepcuteT ,,JIbBIBChbKa MOMITEXHIKA”,
1.T.H., Ipodecop

—[HeTUTYT TexHIYHOT Terao(I3uKH, MOYECHUN IUPEKTOP,
1.T.H., akageMik HAH Ykpainu

— HamjionansHuii yHIBEpCUTET XapuyOBUX TEXHOJIOT1H, A.T.H.,
npodecop

— IlonTaBchbkuil yHIBEpCUTET €KOHOMIKHM 1 TOPriBii, A.T.H.,
podecop

— Technident Pty. Ltd., Australia, Dr.

— HamionanpHuil  TeXHIYHMI  yHIBEpCUTET  YKpaiHH
,,KHIBCHKUM MOJITEXHIYHUM 1HCTUTYT , 1.T.H., Ipodecop
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MaJjiexuk
lean @edoposuu

MuxaiijioB
Banepiu Muxatinosuu

[Hanamapuyk
lzop Ilasnosuu

CHeEXKIH
FOpiti ®eodoposuu

Copoka
Ilempo [ 'namosuu

Cyxuii
Kocmaumun
Muxaunosuu

Tacimos
FOpiti Muxonatiosuu

ToBaKHAHCHLKUM
Jleonio Jleonioosuuy

Tkauenko
Cmamnicnas
Hocugosuu

YepeBko
Onexcanop leanosuu

HIut
Muxain Jleeosuu

— HarionansHui yHIBEpCUTET XapuOBUX TEXHOJIOT1H, A.T.H.,
npodecop

— XapKiBChbKUN JEpKaBHUM YHIBEPCUTET XapuyBaHHS Ta
TOPTiBII, 1.T.H, Ipodecop

—  HamionanpHuii ~ yHiBepcuTeT ~ OlopecypciB  Ta
IPUPOIOKOPUCTYBaHHS YKpaiHu, A.T.H., podecop

— IHCTUTYT TeXHIUHOI Temno(i3uku, AUPEKTOp, MA.T.H.,
akagemik. HAH Ykpaiau

—  VYKpalHChbKUW  JACpKaBHUM  XIMIKO-TEXHOJIOTTUHUI
YHIBEPCHUTET, JI.T.H., TOYeCHUH mpodecop

— JABH3 «YxkpaiHChkuil AepkaBHUN X1MIKO-T€XHOJIOTTYHUN
YHIBEPCHUTET», 1. XIM. H., mpodecop

— Bine-npe3ugeHT coro3y HayKOBUX Ta
oprasizaiiiii Ykpainu

1H)KEHEPHUX

— HauionanbHuid - TeXHIYHUM YHIBEPCUTET ,,XapKiBChKHIA
MOJIITEXHIYHUW  IHCTUTYT , A.T.H., Tpodecop, UJIEH-
kopecnonaeHT HAH Ykpainu

— BiHHUIbKHN HAITIOHATFHUAN TEXHIYHUA YHIBEPCHUTET,
M. Binnung, A.1.H., npogecop

— XapKIBCHbKUM JIepKaBHUM YHIBEPCUTET XapyyBaHHS Ta
TOPTiBJI1, PEKTOP, JI.T.H, TIpodecop

— Iuctutyr enepretuku Axkaaemii Hayk MomnjgoBu, K.T.H.,
B.H.C.
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Cekperap H.B. Pyxunpka
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Cekuis 1. IHHOBALIHHI PILNEHHS IMTPOBJIEM
EHEPI'O3ABE3IIEYEHHA

VK 543.573:635.112:635.48

BIIJIUB CTAHY BOJIM B ABJIYKAX HA TEIUVIOTY TA
KIHETHUKY 3HEBOJIHEHH#

I'ycaposa O.B., k.T.H.,

Muxaiinuk B.A., K.T.H., CT. HayK. CIBp.,

[Tamap P.O., K.T.H., CT. HayK. CHIBp.

IactutyT Texaiunoi Terodizuku HAH Ykpainu, m. Kuis

S6nyka € HaWMOIIMPEHINIOW CHUPOBUHOK JJi MEpPepoOJICHHS Ha CyIIeH1
npoAykTH B YKpaimi. IX Xximiuemii ckmam myske Oaratéif i pisHOMaHiTHUI. K i
OUTBLIICTh POCIAMHHUX MaTepiasiiB s0Jlyka MalOTh BHCOKY MPUPOIHY BOJIOTICTh
(85...89%). BuznauanbHOIO0 OCOOMMBICTIO iX € 3HAYHUK BMICT BYTJIeBOiB (0 16%)),
30KkpemMa LyKpiB (PpyKkTo3a, TIIIOKO3a, Caxapo3a) Ta TNEKTUHOBUX PEUYOBHH
(TIpOTOTMEKTHH, TEKTHH, IEKTUHOBA 1 MekToBa kucaotn) [1]. HasBHICTh 3a3HaYeHUX
CKJIQJIOBUX YCKJIQIHIOE TIPOIIEC BUIANIEHHS BOM TIiJ] Yac CYyIIiHHSI.

Jlnia inTeHcu@ikalii npouecy CyIIiHHs, 3MEHIICHHS €HePreTUYHUX BUTpaT Ta
OTPUMaHHS HAJICKHUX OPTaHOJCNTUYHHX _ MOKA3HHWKIB CYIICHOTO TMPOIYKTY
IIPOBOJIATH TOIEPEIHIO TEIJIOBOJIOTICHY 00poOKy cupoBuHuU. [lig yac oOpoOku Ta
CYIIIHHS TapeHXIMHL TKaHWUHU SIOJIyK 3a3HAIOTh O10JIOTTYHUX, (PI3UKO-XIMIYHMX Ta
CTPYKTYPHHMX 3MiH, SIKI MOKYTh BIUIMBATH Ha CITIBBIJHOIIEHHS BIJIBLHOI Ta 3B’S3aHOT
BOJIY, 1110 B CBOO HEPTY BIUIMBAE HA TEIUIOTY 3HEBOAHCHHSI.

Merta jgociaimkeHHsl. MeTromamMu TEpPMIUYHOTO aHAJI3y IOCHIIUTH TPOIIEC
BUJAJICHHA BOJM 31 CBUKHX Ta OOpOOJIEHMX Maporo 3pasKiB SONyK Juist OUIbII
OOIPYHTOBAHOI'O BHUSBJICHHS MOXJIMBOCTEW 1HTEHCH]IKallli CYUIIHHS Ta TIHOLIOro
PO3yMIHHS TTPOIIECIB, sIKI BIIOYBAIOTHCS i/ YaC 3HEBOTHCHHS.

O0’exkT Ta MeroaM OCHiIKeHHA. B  gKocTi 00’€KTy AOCTIIHKCHHS
BUKOPHUCTAHO CBIXI Ta 0OpOOJIeHI Mapoio 3pa3Ku MapeHXIMHUX TKaHUH SOJIyK COpPTY
Pener Cumupenko ta JIxonaran. [{ocmimkenns BukoHano B aepuatorpacdi Q—1000
cucremu Paulik-Paulik-Erdey B miamazoni 25...250 °C npu MIBHAKOCTI HarpiBaHHs
3,6 K/xB. 3HeBOJIHEHHS SI0JIYyK 3/IMCHIOBAIM METOJOM KOHBEKTHBHOI'O CTaJIHOIO
CYIITHHS [0 3aJIMIITKOBOI BOJIOTOCTI 6%.

Pe3yabTaTi Ta ix 00roBopeHHsi. MeTonaMu TEPMIYHOTO aHAJI3y BU3HAYEHO
TEMIIEPATypH MAaKCUMAJIBHOT MIBUAKOCTI 3HEBOJHEHHS, IEPEeXOay MapeHXIMHHUX
TKaHWH B CTaH, OOYMOBJICHHI BMICTOM BUKIIIOUHO 3B’S13aHOT BOJIM Ta TeMIIepaTypHIi
1HTEpBaJIM TEPMIYHOTO PO3KIAIaHHS OPTaHIYHUX PEUOBHH.
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AHaI3yloud OTpUMaHi JaHl BiAMIYEHO, IO XiJ MPOIeCy 3HEBOJHCHHS B
YMOBaxX KEpPOBAaHOTO HArpiBy B3aJICKUTHh Bif cTaHy Bojau. CepemHs IMIBHIKICTh
BUJAJICHHA BOAM 3 OOpoOIEeHMX Maporo TKaHWH Ha 14% Oinplna MOpiBHSAHO 3i
CBIKHMHU.

OTpuMaHi 3a AOMOMOIO0 JepuBaTorpadii pe3yapTaTH HIATBEPIMINA OLIBIINAN
BMICT 3B’5I3aHOI BOJIM B CBIXKUX TKaHWHAX MOPIBHSIHO 3 00pobieHnmMu. JlociimkeHHs
J0BEJH, 0 Y 00poOIeHHNX Maporo SO0IyK 000X COPTIB 3B’53aHOT BOAM MPUOIM3HO HA
3% MeHme, HK y cBDKUX. Lle MiATBEpIKYETbCS CEPeAHIMU 3HAYEHHSIMHU TEIUIOTU
BUTPAYEHO1 HA 3HEBOJAHEHHS [2].

3a METOJIMKOIO, 1110 BUKJIaJIeHa B [3] Oyi0 BU3HAUCHO TEIUIOTY, Ka BUTpaUYcHa
Ha 3HEBOAHEHHS 3pa3kiB. Tak cepeaHss MUTOMa TEIUIOTAa 3HEBOJIHEHHS CBIKHUX
NapeHXIMHUX TKaHUH si0iyka copty Pener CuMupeHKO B IHTEpBall TEeMIIEpaTyp
25...181 °C BuzHauena Ha piBHI 2630, a nius o0poOneHux naporwo — 2500 kIbx/kr
(25...183 °O)[2].

BpaxoByroun omepxkaHi pe3ynbrat, Oyyi0 MPOBEAEHO MOPIBHSIHHS KIHETHKU
MPOIIECY KOHBEKTHBHOTO CYIIHHS B PEXHMI CTAIIHHOTO 3HEBOJHEHHS CBIKHX Ta
o0pobOnennx maporo 3paskiB s0myk copty Pener Cumupenko. Ha mimcrasi
y3arajbHEeHHSl KIHETHYHHUX 3aKOHOMIPHOCTEH MPOLECY BH3HAUYEHO, L0 TPUBAJICTh
3HEBOJHEHHSI 00OpPOOJICHUX Mapor0 SOIYK; MOPIBHIHO 13 CBIKUMHU, CKOPOUYETHCS HA
20...25% [4, 5]. [lepepo3noin BiIbHOI Ta 3B’ SI3aHOT BOJM, 4 TAKOX il IHTCHCUBHIIIIE
BUIIAPOBYBAHHS BIJIOYBA€ThCS 3a PAXyHOK pPYyHHYBaHHS KIITUHHUX MeMOpaH B
pe3yabTari TepMiyHoi oOpoOku TkaHWH. OTpuMaHl KIHETHYHI J1aHl KOPEIIOITh 3
pe3yibTaTamMu OJIep>KaHUMHU TEPMIYHAMM METOJaMU aHaTi3y.

BucHoBku:

1. 3a [1ONOMOro METOAIB TEPMIYHOTO aHajli3y BHU3HAYEHO TEeMIEpaTypu
MaKCHUMAaJIbHOI IIBUAKOCTI 3HEBOJHEHHS, MEPEXOoy MapeHXIMHUX TKaHUH S0JyK B
CTaH, OOyYMOBJIEHUM BMICTOM BUKJIFOUHO 3B’S13aHOT BOJIM Ta TEMIIEpaTypHi 1HTEpBAIU
TEPMIUYHOTO PO3KJIaJaHHsI OPraHiYHUX PEUOBHH.

2. Bnepmie ayis s0myk copty Pener CuMupeHKO TOKa3aHo, 10 y 00poOIeHnx
naporo 3pasKax MapeHXIMHHX TKAaHUH 4Yepe3 pyWHYyBaHHS KIITHHHUX MeMOpaH
BiI0OYBA€ThCS MEPEPO3MOJILIT BUIBHOI Ta 3B’S3aHOI BOJAM, YaCTHHA 3B’A3aHOI BOIM
MEePEXOAUTh y BUIBHY, IO MIATBEPKYETHCS 3HAYCHHSIMHU CEPEIHBOT MUTOMOI
TEIUIOTH 3HEBOHEHHS.

JlocmpKeHHsT  TJATBEP/KYIOTh  JIOLNUIBHICTh  TEIJIOBOJIOTICHOI  00OpoOKu
MapeHXIMHUX TKaHUH sI0JIYK Mepe/1 CYIIIHHIM 3 METOI0 1HTeHCHU(IKallli 3HEBOIHEHHS,
3MEHIIICHHS TPUBAJIOCTI IIPOLIECY Ta EHEPIreTUYHUX BUTPAT.

Jlireparypa

1. Kopob6ka, C.B. OOrpyHTyBaHHs TIapaMeTpiB Ta PEXKUMIB PoOOOTH
reiocymapku GpykTiB: Juc...KaHa. TexH. Hayk: 05.05.11. JIeBiB: JIHAY, 2016.
295 c.
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BrnuB pexuMy KOHBEKTUBHOTO CYIIIHHS HAa KPUCTAJIIYHICTh MOPOIIKIB 3 AOIYyK Ta
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transfer during the convective drying of apple to low final moisture: in monograph
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T'JIPOJJUHAMIYHA KABITALIA AK IHHOBALIIMHUM
METOJA EKCTPAI'YBAHHA

Agpeera JL.YO., 1.T.H., CT.HayK.CHIBD.,
Makapenko A.A., K.T.H.
[acturyt Texuiunoi remwnodizuku HAH Ykpainu, Kuis

Ha cporogui OuIbLIICTE O10JOTIYHO-aKTUBHUX PEUYOBUH OTPUMYIOTH 3
OPUPOIHOT CHPOBUHHU POCIMHHOTO a00 TBAPUHHOTO TMOXOMKEHHS METOJOM
eKcTparyBaHHs. POCIMHHI €KCTPaKTU MPUPOTHOTO MOXOKEHHS XapaKTepU3YIOThCs
BHCOKOIO €()EKTHBHICTIO /11, HU3PKOI TOKCHYHICTIO Ta BIIHOCHOIO JTOCTYITHICTIO JJISI
CIOKMBa4iB. BHacmigok 1Oro, BOHM 3HAXOJATh IIHPOKE 3aCTOCYBaHHS B
(hapmakosorii, KOCMETOJIOT1i, XapuoBiil mpoMucioBocTi [1].

Pocaunna cupoBuHa - TpaaMiliiiHe pKepeso O10J0TIYHO aKTUBHUX PEYOBUH
(BAP). Skicth onepKaHUX EKCTPAKTIB 3aJICKUTh BIJl PEKUMIB 1 1HTEHCHBHOCTI
HpOBEACHHs AuQy31MHUX MpOlECiB, BUOPAHOTO EKCTPAreHTy 1 BJIACTUBOCTEN
POCIMHHOT CUPOBUHU. OCHOBHMMHU HEAOJIKAMHM ICHYIOUHMX TEXHOJIOT1H € 3HayHa
TPUBAIICTh, HU3bKa MIBUJAKICTH MaCOOOMIHY 1 BUCOKA €HEPrOEMHICTH IPOIIECIB, IO
NPU3BOAUTH 10 HU3bKOI €(PEeKTHUBHOCTI ekcTpakiii. PamionansHuii Bubip cydacHUX
METO/IIB BIUIMBY HA POCIMHHY CHPOBHHY JIO3BOJISIE OJEp)KaTW Mpenaparu 13
3HaYHUMH TIepeBaraMu IMepe]l ICHYIOUHMMH 32 SKICTIO OTPUMAHOTO EKCTPAKTY 1
e(eKTUBHICTIO BUKOPUCTAaHHS BUTpaueHOi Ha i1 BUpOOHULITBO eHeprii. Takum unHOM,
aHaJli3 1 yAOCKOHAJCHHS TEXHOJOTI OTPHUMAaHHS E€KCTPAKTIB 3 JIIKAPCHKUX POCIHUH
114 iX 1HTeHCHU(DIKAI] € aKTyaJIbHUM 1 BUMAara€ BUPIIICHHS.
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[Ipr BUPOOHMIITBI EKCTPAKTIB BHUKOPHUCTOBYIOTH SK TpPaJAMIIIAHI TPOIECU
(Mauepauuo Hepkomuuo penepKonﬂuuo Ta 1H.) TaKk 1 OUTBII Cy4acHi (1MnyHLCHa
BaKyyMHO-IMITYJIbCHa 1 €JIEKTPOIMITYJIbCHAa OOpoOKa, MIKPOXBUIIHLOBA EKCTPAKIIis,
EKCTparyBaHHs 3a JIOMIOMOTOI0 BHUKOPUCTAHHS YJIbTPa3BYyKy a00 HaIKpUTUIHUX
(bmroiniB, KaBITAIIMHOTO BIUIUBY Ta 1H.) [1-4].

BigomMumu 1 mMpOKO BXXKMBAaHUMHU TPAAMIIIHHUMHU CIocoOaMu € marieparis i
pemariepariisi, siki 3aCTOCOBYIOTBCS JIJIsl MPUTOTYBaHHS €KCTPAKTIB 1 HACTOSAHOK. Taki
METOJIM EeKCTparyBaHHS € Maloe(EKTUBHUMHU, TPYAOMICTKMMU 1 TPUBAIMMH (Uac
exkctparyBanHsi BAP cranoBuTh Big 6 roguH go 20 mi6). He3paxkaroun Ha HUBBKY
e(eKTUBHICTh Mallepallis MPOIOBKY€E IUPOKO BUKOPUCTOBYBATUCS [2].

s iHTeHcudikaiii MpoIEeciB TEIIo- 1 MacolepeHOCy MpH eKCTPaKIii
3aCTOCOBYETHCSI METOJI HArpiBy B MIKPOXBHJIBOBOMY eJIeKTpOMarHiTHomy moui. Lle
IPOCTa, EKOJIOTTYHO YKCTa 1 EKOHOMIYHA METOIMKA BUJTYYEHHs 010JI0T1YHO aKTHBHUX
CIIOJIYK 3 PI3HMX pOCAMHHUX MaTepiamiB. [Ipu mnoramHaHHI MaTtepiajioMm,
€JIEKTPOMArHiTHa €Heprisi MIKPOXBWIb IEPETBOPIOETBCS HA TEIUVIOBY EHEPTIIO.
HarpiBanHs pOBOKYy€ BUTIAPOBYBAHHSI BOJIOTH 1 CTBOPIOE BHCOKHI THCK IMapH, IO
pPO3pUBAE CTIHKY KIITHHHU CyOCTpaTy 1 BUBUIbHSE BMICT Y po3unHHUK. [Ipu mpomy
M1IBUIIYIOTHCS K MIBUAKICTh, TaK 1 €(EKTUBHICTh EKCTPAKITii.

[Ipu ynbTpa3ByKOBOMY €KCTparyBaHHI 3aCTOCOBYIOTh [il0 1HTEHCHUBHHUX
BHCOKOYAaCTOTHUX 3BYKOBUX XBHWJIb. Ili7] ynbTpa3sByKOBUM BIUIMBOM TBEpAl 1 PiJKi
YaCTUHKUA BIOPYIOTH 1 MPUCKOPIOIOTHCS, 3aBISKH I[bOMY PEUYOBHMHU 3 POCIUHHUX
KJIITUH WBUIKO TUGYHAYIOTH 3 TBEpAOi (azu B ekcTpareHT. OCHOBHUMHU TIEpeBaramMu
BUKOPUCTAHHS YJIbTPA3BYKY € CKOPOYEHHS TPUBAJIOCTI MPOBEICHHS €KCTparyBaHHs,
e(eKTUBHICTh Ta MiHIMaJIbHI BUTpPATH Ha PO3YMHHUKU. BoaHOYac MOMIMBUM €
3ryOHUM BIUTMB €Heprii yabTpa3ByKy (> 20 kI'11) Ha aKTUBHI KOMIIOHEHTH JIIKApChKUX
POCIIHMH Yepe3 YTBOPESHHS BUIBHUX paiuKaiiB [2].

[IpoBectn 1HTEHCU(IKAIIIO HPOLECY EKCTPAKIli MOXKJIMBO 3a JIONMOMOIOKO
BUKOPWCTAHHS - PO3YMHHHUKIB B HAJKPUTUIHOMY CTaHl (HaI[KpI/ITI/I‘-IHa droigHa
eKCTpaKIIis) - ra3onoa1I0HUM EKCTPareHToM  MpH TeMnepaTypl 1 THUCKY BHIIC
KPUTUYHOI TOYKH. PO3YMHHUK B TaKOMYy CTaHI Ma€ MPOHUKHICTh 1 HU3BKY B'S3KICThH
K ra3, 1 BOJAHOYAC, TYCTHHY 1 3[JaTHICTh O PO3UMHEHHS SK piauHa. ExcTparyBanHs
pEUOBUH BiAOYBAETHCS 3a TEMIIEPATypH, OJIM3BKOI 10 TEMIEPATypyu HAaBKOJIHUIIIHBOTO
CepeoBHINIA, 3ar00Iraloyu TepMIuHii AeHaTypatii. Bukopuctanas MeToy 103BOJISIE
MOKPAIIATA YMOBHM TIPOBEJEHHS Mpollecy Ta e(EKTHUBHINIE PO3YMHATH HEOOX1IHI
PEUYOBMHHU, HI)K 31 3BUYAHHUMH OPTraHIYHUMH pO3UMHHUKaMHU [1, 2].

3a eHepreTHYHUMHM MTOKa3HUKaMHU JJIsI IHTeHCHU(IKallli TPOoIeCy eKCTparyBaHHs
BAP 3 pocinvHHOI CUpPOBUHM Hale(EKTUBHIIIUM € BUKOPUCTAHHS T1IPOJUHAMIYHOI
kaBiTamii. B pe3ynbraTi 1ii edekTiB KaBITAIlIMHUX SIBUIL OJHOYACHO BII0YBA€THCS
IHTEHCUBHE 30ypIoBaHHS Oe3nepepBHOi a3y 3 BEIMKMMHU JIOKATBHUMU NEepenagamMmu
TUCKY 1 YTBOPEHHSAM CYINEPIIBUJIKICHUX MiKpoTeuid. BUKopuCTOByIOUN IIeH MeTo,
MOKHa JOCSTHYTH BHUCOKOC(HEKTHBHOTO EKCTpAaryBaHHS 3a PAaXyHOK BUHUKHCHHS
IHTEHCHBHOTO TIiAPOAMHAMIYHOTO 1 KaBITAIlIMHOTO BIUIMBY B CHCTEMI «piauHA -
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TBEpJIE TIJI0» HA MIpPO-1 HAHOPIBHSAX, 110 JO3BOJISIE MOKPAIIUTH YMOBH TIEPEHECEHHSI
Macu dyepe3 MikdaszHy mnoBepxHIo. IlepeBaramu KaBITAlIHHOTO BIUIMBY €
€KOJIOTIYHICTh, €HEProe(eKTUBHICTh, MacCIITabOBaHICTh, HEBEJIMKA TPUBATICTH
MPOIIECIB Ta M’SIKI YMOBH €KCIUTyaTtarlii (BiIHOCHO HU3bKa TeMIIepaTypa mporecin) [3,
4].

BucnoBku. [Iporiecu exctparyBaHHs 3aiiMalOTh BaXJIMBE MiClle Y BUPOOHUYUX
TEXHOJIOTISAX PI3HUX Taily3ed MpoMHUCIOBOCTI. OCHOBHHUMH HEAOJIKaMU ICHYIOUHX
TEXHOJOTIH € 3HauyHa TPUBAJICTh, HHU3bKA IIBUIAKICTH MacOOOMIHY 1 BHCOKa
E€HEepProeMHICTh mpolieciB. OJHUM 3 TIEPCIEKTUBHUX CIOCO0IB 1HTeHCHUpIKaIii
IPOIIECIB €KCTparyBaHHs € BUKOPHUCTaHHA TiIpoAMHAMIYHOI KaBiTanii. Lle go3Bosse
3HAYHO MPUCKOPUTU MACOOOMIH, 3HU3UTU COOIBAPTICTH 1 MIABUIINTH SKICTh TOTOBOT

IIPOTYKIIIi.

Jlitreparypa

1. baanypa B. M., KonsHoBceka JI. M. AHami3 CydyacHHX METOJIB Ta
(dakTopiB, IO BINIMBAIOTh Ha MpoIlec ekcTparyBaHHs. 30. Hayk. np. BHAY, 2014.
Ne2 (85). C. 130-135.

2. benokypoB C.C., ®muciok E.B., CmexoBa W.E. Bribop wmetona
OKCTPArupOBaHUS Ui TIOJYYCHHs] W3BJICUEHHI M3 CEMSH MAKUTHHUKA CEHHOTO C
BBICOKMM COJIEp)KaHHEM OHOJIOTMYECKN aKTHBHBIX BemiecTB. Pa3paboTka w
peructparus JekapcTBeHHbIX cpeacTB. 2019; 8(3):35-39.

3. Birenbko T.M., 3apenpka T.B. KineTuka excTparyBaHHS 3a YMOBH
KaBITaLIMHOTO TiIpoAMHAMIYHOrO pexuMy. [IpoMmciioBa rigpaBiika 1 THEBMAaTHKA.
Ne2 (36) 2012. C. 50-54

4. lomincekuit ALA., ABneeBa JI.IO., Makapenko A.A. KapiTalliifHi TeXHOJIOT1i
JUIs BUpOOHUIITBA HaHOTIpenapaTiB. Haykosa qymka. 2020. 111 c.
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BII/IUB PO3UMHHUX IYKPIB HA ITPOLHEC CYIIIHHA

Jmutpenko H.B., k.T.H.,
[amap P.O., k.T.H., CT. HayK. CIIBD.
IncturyT Texniunoi Temwnodizuku HAH Ykpainu, m. Kuis

Haii6inpm PO3MOBCIOJIKEHUM crnocobom nepepoOIeHHS
CLIbCHKOTOCTIOAAPCHKOI CUPOBUHU € CYIIIHHA. 3POCTAlOUUi MOMUT 1 MOMYJISIPHICTD
CYIIIEHO1 JIWHI SIK TPOAYKTY «3J0POBOTO Xap4UyBaHHS» IPYHTYETHCA HA YHIKAIHHOCTI
Horo ckiaJioBUX KOMIOHEHTIB. Tak, 3arajibHa KUJIbKICTh IYKPIB B AUHI KOJUBAETHCS
B 9 1o 18 % 3anexHO BiJl COPTOBOT O3HAKHU 1 KIIMATUYHUX YMOB BUPOIIYBAaHHS Ta
npeACTaBleHl TIJII0K03010, (pykTo3010 1 caxapo3oto. IlokuBHa IIHHICTH JHHI
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MOCHITIOETHCSI HASBHICTIO OPTaHIYHUX KHCJIOT, apOMaTHYHUX CIOJYK, MiHEpaJlbHUX
pEYOBHUH, BiTaMiHIB. BMICT Takux mpupogHMX KOMIIOHEHTIB OOYMOBIIO€ OCOOJIMBI
BUMOTH JI0 TpOLEeCy 1ii TEIUIOBOTO CYIIIHHSA,  OCKUIBKM TiJ Yac CYIIHHS
BiI0YBaTETHCS 3MiHA XIMIUYHUX, OIOJOTIYHUX 1 CTPYKTYPHHUX BJIACTHBOCTEH TKaHUH
auHi. Ilpu noBroTpuBasioMy TEIJIOBOMY BIUIMBY YHHSTHCS HEraTHBHI SIBUIIA:
Kapamenmi3zaiisi ILyKpiB, YTBOPEHHS MENAHOIMMHOBUX CHOJYK, pyHHYBaHHS
BITAMIHHOTO CKJaay Tomo. Takok, B MiIpy BHJIAJCHHS BOJOTH 30UIBIIYETHCS
KOHIEHTpALlls I[yKpPiB Y KIITUHHOMY COKY, BHACJI1JIOK YOTO CIIOBUIBHIOETHCS HPOIIEC
CYIIIHHA 1 3pOCTalOTh BUTPATH TETJIOTH HAa 3HEBOJIHEHHS.

3riIHO HasSBHUX JITEpaTypHUX JaHUX 30UIBIICHHS KOHIEHTPAIlli ILIYKPIB Y
BOJIHOMY pO3YMHI NMPU3BOAMUTH /10 3HIMKEHHS CTYNEHs iX riapataiiii. A 3MEHIIEHHs
BMICTY T1IpaTHOI (3B’s3aHOi) BOJM 3 PO3YMHY ILYKPIB B1AOYBAETHCS OJHOYACHO 3i
3MEHIIEHHSM BMICTY BUIbHOI. XapakTep 3MEHIIECHHS IPH BUMAPOBYBaHHI BMICTY
BOJM, TiJIpaToBaHOl I[yKpamH, Oe3MocepeHbO0 BIUIMBAE Ha BOJOYTPUMYIOUY
3/IaTHICTh, CTPYKTYpHI 3MIHM Ta TMPOLEC CYUIIHHSI ILYKPOBMICHOI POCIUHHOI
CHUPOBUHHU.

Jlis Hac BaXXJIMBO, IO IYKpH, AKI ApiOHO 3aKPUCTANI3yBajUCs BCEPEAMHI
BUCYILIEHUX POCIMHHHUX TKaHUH, CYTTEBO MiABUIIYIOTH SIK CMAKOBi SIKOCTI CYIIEHOTO
OpOAYKTY, TaKk 1 TEpMiH Horo 30epiraHHs. 3a3BUYail OTPUMAHHSI €QEeKTy
KpUCTaIi3alii y BUCYIIEHOMY NPOAYKTlI 3aJIeKHUTh B HAsBHOCTI YW BIJCYTHOCTI
IYKpiB, IO JIETKO KPHCTaNi3ylOThCS, Ta TEXHOJOTIYHUX IapaMeTpiB pexuMy
CYIIIHHS.

[Iponiec BumapoByBaHHS BOAM 3 KOHIIEHTPOBAHOI'O PO3YHMHY Caxapo3u MOKHA
YSBUTH K arperamilo MOJEKyJl caxapo3d B FpOHa, IO e uepe3 3aMiHy MOJIEKYI
BOJIY 3 T1IpaTHOI OOOJIOHKY T1JIPOKCUIIAMH THIITUX MOJIEKYN caxapo3u. Kpucramizaris
caxapos3u IpH BUMAPIOBAaHHI NOTpeOy€e BUILHOTO MOBOPOTY MiPaHO3HOIO 3AJIUIIKY 10
(dbypaHO3HOTO 1 MOXKE CTaTUCS TITBKH ITICIIs YCYHEHHS MOJIEKYJIM BOJIU, SIKa YTBOpHJa
KOPCTKUH «MICTKOBUM 3B'I30K» MK HUMHU. TOOTO I1CHYe JOTIYHE MOSICHEHHS
eKCIIepUMEHTAIbHOMY (DaKTy YTBOPEHHS CHUJIBHO MEPECHYCHUX BOJHHUX PO3UMHIB
caxaposu, MO MEePeayITh MPOIecy ii KpucTamizaiii 4 B3araji YHEMOXKJIUBIIOIOThH
poro. TKaHWHU JAMHI MalOTh 3HAYHY KUIbKICTh (PYKTO3M 1 TJIOKO3U, MPOIEC
KpUCTalli3allii SKUX HE OOTSHKEHO HAsBHICTIO «MICTKOBOTO 3B’SI3KY» dYepe3 ABidl
3B’sI3aHY MOJICKYJTy BOMH, SIK y Caxapo3u, TOOTO € MOXKJIMBICTh OTPUMAHHS CYIIEHOT
JVUHHI 3 3aKpUCTalI30BaHMMM Lykpamu. Otmxe, wmera Hamoi podotn —
BIITIPAITtOBaHHS TaKOi TEXHOJIOT1I.

JlocmiIKeHHsT 3aKOHOMIPHOCTEH KOHBEKTUBHOTO CYLIIHHS AWHI MPOBOJMIN Ha
eKCIIEPUMEHTAJIbHOMY CTEHII 3 CHCTEMOI0 aBTOMAaTHMYHOro 300py Ta 0O0poOKu
iH(opMallii, B eTleMeHTapHOMY II1api, 31 3MIHOIO MapaMeTpiB MPOLIECY: TEMIIEPATYPH,
IIBUJKOCTI, BOJOTOBMICTY CYIIMJIBHOTO areHra. JloCmiyKeHHsI 3MiHM CTaHy BOJU B
TKaHWHAX AUHI — Ha MikpokajgopumeTpi JJCM-2M 3a MeTOAMKOI0, 3alIPOTIOHOBAHOIO
3aKOPAOHHUMU JOCHIAHUKAMU. JIOCTIIPKEHHSI BUTPAT TEIIOTH — Ha PO3pOOJIECHOMY B
Incturyti  mikpokagopumetrpt JMKHM-01, mmsxom CHHXpOHHOTO BUMIPY Ta
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CITIBBIJTHOIIEHHSI 3MIHM MacHu maTepiaiay 1 KUJIbKOCTI TEeIJIOTH, IO BUTpadyeHa Ha
BUIApOBYBaHHA. JIJis [IOCIHIIIB BHUKOPUCTOBYBAJIM CBIXKI 3pi3H JWHb TOBIIUHOIO
1,5...2,5 Mmm.

3 pe3ynbTaTiB TOCTIKEHHS 3MIHU KiUTBKOCTI 3B’s3aHO1 BOJM B TKAaHWMHAX JUHI
IpU 3HEBOJHEHHI 3pOOJIEHO BHUCHOBOK, IO BXKE HA MOYATKOBUX €Talax CYIIIHHS
BiIOYBA€EThCS BUIAJCHHS 3B’S3aHOT BOAM 3 KJIATPATHUX OOOJIOHOK TIPOCTUX
PO3UYMHHUX BYTJIEBOJIB, SIKI CKIAAaI0Th ~ 78 % CyXuX pe4oBUH AMHI.

Pe3ynpTaramMu excnepuMEHTaIbHUX JOCIHIHKEHb MPOIECY CYIIIHHS B PEXKHUMI
JBOCTAJIIMHOTO  3HEBOJHEHHS 3a Temmeparypu 95...70 °C, miaTBepIKEeHO
OPUIYLIEHHS, 110 JesSKe MOYaTKOBE IMiJIBUILIEHHS TUTOMOTO BMICTY 3B’3aHO1 BOJU B
TKaQaHWHAX JWHI BIANOBIJA€ €Taly BHUJAJICHHS 3 HUX JIMIIE BUIBHOI BOJU. AHami3
KIHETUKH BOJIOTOOMIHY JIOBOJIUTH, 10 3HEBOJHEHHS JIMCHO MPOXOJHUTh Y Mepiojax
MOCTIHHOI (BUIaJICHHSI JIMIIIE BIJIbHOT BOJIM) Ta Maar04uo0i IBUIKOCTI.

JlocnikeHHsl 3MIHM BUTpAT TEIUIOTH HA BUIIAPOBYBAHHS BOJAM 3 TKAHWUH JTUHI
MOKa3aJjy, 1110 BOHA TOYMHAE 3pOCTAaTH HaJl TEIJIOTOI BUIIAPOBYBAHHS YMCTOI BOJU 3
CcamMoro MOYaTKy CYUIIHHS, a HANpUKIHII — MEepeBUIIyE TaONW4HI 3HAYEHHS AJIs
gucrtoi Bogu Ha 10...12 %. Ile BigmoBimae nuHaMilll BHAANCHHS 3B’SA3aHOI BOAH 3
auHi. Ha KpuBHX BUTpaT TEIUIOTH CHOCTEPIraeThCs MIKOBUN €K30TEpMIUYHUMN e(eKT y
Jiama3oHi JOCATHEHHS TKaHWHAaMu BoJiorocti 37...27 % BigHocHux (58...36 % y
abCOMIOTHUX BeNMYMHAX). Moro 0oOGYMOBICHO HAKIAaHHAM HA CHIOTEPMidHMIL
IpolieC BUIIAPOBYBAHHS BOJM SKOTOCh €K30TEpMIYHOro mpoiecy. HaitimoBipHime —
npolecy KpucTali3allii pO3UYMHHUX BYIJIEBOMAIB. BenwunHa NUKY CBIAYUTH PO
MEHIIy, 00 OLIBIIY YaCTHUHY IYKPIB, Kl 32 KPUCTA13yBaIKCS I11]T Yac CyIIHHS.

BucHoBku. 3 pe3ynbTaTiB JOCHIPKEHHS] 3MIHM CTaHy BOAM B MapeHXIMHUX
TKaHWHAX JWHI TpU 3HEBOJAHEHHI Ta aHali3y ii XIMIYHOTO BMICTY 3pOOJICHO
BHCHOBOK, III0 B)XXE Ha MOYAaTKOBHUX €TamaxX CYIIIHHS BiJIOYBa€ThCS BUAAJICHHS
3B’s13aHO1 BOAM 3 KJIATPATHUX OO0JIOHOK MPOCTUX POIYMHHUX BYTJIEBO/IIB JIMHI.

Pesynbraté MOCHIIDKEHHS BUTPAT TEIIOTH HA BUIIAPOBYBAHHS JO3BOJISIIOTH
CTBEPKYBATH, 110 HA TOYATKY HPOIECY BUTPATH BIAMOBIAAIOTH 3MiHI TiApaTaIiitHol
CIPOMO’KHOCTI PO3YMHHHMX IMYKpiB JWHI, a HAa HANPUKIHII — KIACHYHUMU
YSIBJICHHSIMH HIOJO CYIIIHHS KOJIOIIHUX KamuUIApHO-NOpUcTUX MmatepiamniB. [likoBuii
ex3oTepMiuHuil eeKT B Aiama3zoHi BoJIOTocTi TKaHuH 37...27 % BiZHOCHHX OyJ0
11eHTU()IKOBAHO SIK MPOLIeC KPUCTa13allii pO3UMHHUX IYKp1 AHHI.

OTpriMaH1 BUCHOBKU KaJOPUMETPUYHUX EKCIIEPUMEHTIB J00pe criBhaiu 3
pe3ysibTaTaMi KOHBEKTHUBHOTO CYIIIIHHS MapEHXIMHUX TKAHUH JHHI.

Otxe, MPOBENEHI JOCIIKEHHS Ta OTPUMAaH1 pe3yJbTaTH IiITBEPKYIOTh
Halle  MPUOYLIEHHS MO0 MOXJIMBOCTI  OJIEpXaHHS  CYHIEHOI  JWMHI 31
3aKpUCTANI30BAaHUMH ITyKpaMHU 1, TUM CaMHUM, CYTTEBO MiABUILIUTHU SIKICTh Ta TEPMIH
30epiraHHsi TOTOBOT'O MPOAYKTY.
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YK.664.653.122.; 664.653.124
AHAJIN3 TEXHOJOI'MYECKUX UHHOBAILIMHA 3AMECA

Snakos B. II. k. T. H., CT. TIper.
MenuTononbCKuii ~ MHCTUTYT  TOCYJApCTBEHHOIO W MYHULHMNAIBHOTO
yrnpasyieHus "Knaccuiueckoro 4acTHOro yHupepcurera', r. MeauTonoJib

AKTYaJIbHOCTb TeMbl. PazBUTHE NMPUTOTOBIEHUS TECTA, dMYJIbCUI, KPEMOB,
cyduie, ToMasoK, CHIPKOB, MOPOXKEHHOTO U Jp. OCHOBAaHO Ha aHAJIU3E BapbHpPOBAHUS
YPOBHSL JHEpPro3arpaT M TOBAapOBEIYECKOW OLEHKU BBITYCKaEMON IMPOAYKIUU.
Hanpsimyro 3aBUCUT OT peanu3alii MaT€pUANIbHBIX 3aTpaT, XapakTepa, pekuma u
METOJa  DJHEPreTUYECKOro  BO3JCHUCTBUS  CHEHUAIU3UPOBAHHOIO  IHILEBOTO
o0opynoBanusi. COBEpIIEHCTBOBAaHUE KOHCTPYKLHMI TEXHOJOTHHA 3aMeca OCHOBAHO
Ha PELENTypPHOM M Ka4€CTBEHHOM NOTEHLMAJIE IPOLIECCOB.

I'unore3a uccaenoBanmii. Ananranus TpeOOBaHUN MPOIECCOB K crienuduke
DHEpPro3arpaT M TEXHUYECKUX II0KA3aTelel CIEeUaIM3UPOBAHHOTO IIHILEBOTO
00OpyIOBaHUs MPUBOJUT K YCTAHOBJICHUIO TEXHOJIOTUYECKH 0OOCHOBAHHOTO YPOBHS
OJIHOPOJHOCTH W  CTPYKTYpbl  BbIycKaeMoW  mpoaykuuv. (OCHOBaHO Ha
TOBAPOBEIUYECKOM OLICHKE BCEX 3TANOB TECTOMPUIOTOBIECHUS.

Hear um 3agaum wucciaenoBaHuii. lleapio paoThl sIBIsSETCS MMOJy4YCHHUE
TEXHOJIOTHYECKH 0OOCHOBAHHOTO YPOBHS OJHOPOJAHOCTU U CTPYKTYPBI PELENTYPHBIX
COCTaBISIIOIIMX  KOMIIOHEHTOB  CBIpbSl  BBIIYCKA€MOW  NPOAYKIMU  IYTEM
YCTAHOBJICHUSI ONITUMAJIBHOTO COOTHOMIEHUSI DHEPTO3aTpaT MPOLECCOB, TEXHUUECKHUX
nokasaresieil 000py1I0BaHUs U TOBAPOBETYECKON OIICHKU.

JInst TOCTHO>KEHMSI TOCTaBJIEHHOM 1eld HEO0OXOJMMO PEIIUTh CIEeayIolue
OCHOBHBIE 33]1a4U:

o IIpoBecTH KOMIUIEKCHBIM aHAJIM3 MECTA, POJIM, IEPCIEKTUB U TEHICHIIUN
TEXHOJOTHM ¥ 000pyJ0BaHWs, 3HAUYEHUS TEOPUU TECTONPUTOTOBIIEHUS B TEOPHUH
cOaTaHCUPOBAHHOTO TTUTAHUSL.

o BBINOMHATE CHUCTEMHBIM aHalu3 KPUTEPHUEB, 3aKOHOMEPHOCTEH U
3aKOHOB  HCCIEAYEMOro  CIEUHUATM3UPOBAHHOIO  MHUIIEBOr0  00OpYAOBaHMS,
TEXHOJIOTH, ITPOLIECCOB.

o OcyllecTBUTh aHalU3 HaIpaBieHUHM, BBHIOOp YCIOBUH, OOOCHOBAaHME
KPUTEPHUEB, 3aKOHOMEPHOCTEM M 3aKOHOB METOOJIOTMH MCCIENOBAaHUN COTJIACHO
MAacIOPTy CHELHAIBHOCTH.

o OOOCHOBBIBAaTh: OINpEAENICHNE OCHOBHBIX (AKTOPOB U  PEXHUMOB
YCTAaHOBJICHUSI JOCTATOYHOI'O TEXHOJOTMYECKOTO M TEXHUYECKOIO pEKHMa 3ameca,
peanu30BbIBaTh YPOBEHb, CTPYKTYPY M Kaue€CTBO pACIpPENCIICHHUS HDHEPTUU MpU
TECTONPUTOTOBJICHUU.

o BBINOSHNATE BCECTOPOHHMI aHAIU3 XapakTepa, peXuMma, BUA, THUIA,
BPEMEHH, CTPYKTYphl M METO/AAa B3aUMOCBS3M ToOKa3arene 3(PGEeKTUBHOCTH
DHEPreTUYECKOr0 BO3ACHUCTBUS HA PELENTYPHbIE KOMIIOHEHTBI ChIPbS U TECTO.
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o ApryMeHTUpPOBaTh B TECTONPUTOTOBJICHUU: BBIOOP MapamMeTpoB U
KPUTEPUEB MOHUTOPUHI, KOHTPOJb, aHajdu3, TMPOBEPKU, KOPPEKTHUPOBKU U
MOJIETUPOBAHUS_MPOLECCOB TEXHOJIOTUI 3aMeca.

o ChopmynmupoBaTh 00OCHOBaHME aHAIW3a W  KOPPEKTHPOBKH B
U3MEHEHUM CTPYKTYpPbl JSHEPreTUKH BO3JICUCTBUSA PEKUMOB IPUTOTOBIICHHS
BBITTYCKAEMOM TTPOTYKITUH.

o Peanmn3oBaTh TEXHHUKO-DKOHOMHYECKHM aHaAIW3 TEXHOJIOTHHM 3ameca,
DHEPTETUYECKOTO BO3JACUCTBUS CHEIHMAIM3UPOBAHHOTO TIHMIIEBOTO O0OpYTOBaHUS,
BBIITYCKaeMOMW MTPOTYKIIHH.

O0bexr  uccaepoBanmii. Ilpomeccet  TermmooOMeHa,  MaccooOMeHa,
MEPEMEIIIMBAHUSA, CTPYKTYpOOOpa30BaHUs, HIHEPTreTUUYECKUE, TUIPOMEXaHUICCKUE,
BHOpAITMOHHBIC, KAY€CTBOOOPA3YIOIINE, COMYTCTBYIONMINE, HECHBIOTOHOBCKHUE TTHIIEBEIC
AKUJKOCTH, JIUCIIEPCTHBIE MPOAYKTHI, MEPEMEIIUBAIONINE TEXHOJOITMU NUIIEBBIX U
CEILCKOXO3SIMCTBEHHBIX TTepepadaThIBAIOIINX MPOU3BOJCTB, a TAKKE UX PEIENTypPHbIE
COCTABJISIOIINE KOMIIOHEHTORB ChIPbs BBIITYCKAaeMOM MTPOAYKIIUH.

IMpeamer HccJIe0BaHuM. MexaHndyeckue, TUJIPOMEXAHUYECKHUE,
AJIEKTPOBUXPEBBIC CMECUTENN, CMECUTEIHU JIJIsl MPUTrOTOBJICHUS MaKapOHHOIO TECTa,
CMECHUTEJIbHBIC MAIIMHBI U AMYJIBCATOPHI, TECTOMECHUJIbHBIC MAINIUHBI W arperarsl,
TEXHOJIOTMM 3aMeca, TeCTO, OMYJIbCHSl M PEICHTYypHbIE KOMIIOHEHTHI ChIPbS
XJIEOOTEKAPHBIX, KOHAUTEPCKUX, MAKAPOHHBIX ITPOU3BOJICTR.

Meroabl HcCCJIeI0BaHMI — COBPEMEHHBIE KOHIEMNIMU TEOpHl Moao0us,
CONPOTHUBJICHUS MaTepualoB, IIACTUYHOCTH, MOJEIUPOBAHUS CHCTEM,
TUAPOMEXAHUKA U MEXAaHUKHU CJIOXKHBIX TEPMOJAMHAMUYECKUX CUCTEM, (U3HUUECKOTO
MOJIETTUPOBAHUS, SKCIEPUMEHTAIIbHBIX UCCACAOBAHUN C MPUMEHEHUEM KOHTPOJIBHO-
M3MEPUTEIBLHON almaparypbl, METOJOB SHEPreTUYECKOTr0 ayAuTa U JIOTUCTHKH,
MEHEP)KMEHTA; MAaTeMAaTUYECKOF0. MOJICTUPOBAHUS ¢ IPUMEHEHUEM KOMITbIOTEPHOU
TEXHUKHU U TMPUKJIATHBIX TPOTPaMMHBIX makeToB. JJist pemenus nuddepeHianbHbIX
ypaBHEHHUM MCHOJIH30BAJIUCH YUCIICHHBIC U AaHATUTUYECKHUE METO/IbI.

OcHOBHBbIe MaTepHUAJIbI UCCJIEIOBAHUI:

o Pa3Hoo0Opa3ue KOMIIOHEHTOB PELENTYPHOTO ChIPhS, SMYJIbCUNA, KPEMOB,
cyduie, MOMagOK, CBHIPKOB, MOPOXKEHOTO, TECTa WM BBIMYCKAEMOW MPOAYKIIUH HX
TEXHOJIOTMUECKOE pa3HooOpaswe, Ha3HAYCHHE W YHUKAIBHOCTh (DU3WYECKUX,
MEXaHUUYECKHUX, CTPYKTYPHBIX U KaU€CTBEHHBIX CBOMCTB.

° Mexannueckue, THAPOMEXAHUYECKUE, JIICKTPOBUXPEBBIE CMECUTEIIH,
CMECHUTENIM [IJIi TIPUTOTOBJICHHS MAaKapOHHOTO TECTa, CMECHUTEJIbHbIE MAaIllMHBI M
AMYJILCATOPhI, TECTOMECHUJIbHbIE MAIIMHBI W arperatbl IEePUOJUYECKOr0 U
HETPEPBIBHOTO JIEHCTBUSI.

. Xapakrtep, pexuM, BHI, TUI, BPeMs, CTPYKTypa U METOJl B3aUMOCBSI3U
nokasarenei 3¢ (heKTUBHOCTH 3HEPro3aTpaT TEXHOJIOT Uil 3ameca.
o basoBble mporecchl (KHHETHUECKHE M TOTEHIUAIbHBIE) PEaTU3yIOTCs B

nepuo paboThl CIENUATN3UPOBAHHOTO 000PYI0BaHUS U 00pa30BaHUs BBITYCKAEMO
MPOTYKLHH.
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o Hanosxenune BUOPAIIMOHHOTO U 3JEKTPOMArHUTHOIO MOJIsi, pPABHOMEPHOE
pacrpeneneHue XapakTepUCTrK, er0 aHAIN3 U KOPPEKTUPOBKA B U3MEHEHUH YPOBHS,
CTPYKTYpBI U Ka4eCcTBa pacrpeesieHus SHEpTrun B paboueM 00bEME TECTOMECHIIBHBIX
MAIlIMH U arperaTos.

HccenenoBanys B JaHHOM HAIPABJIEHUU ITPOJOIIKAIOTCS

Cexknis 2. IHHOBAIIIMHI EHEPTOTEXHOJIOT'TI XAPYOBUX,
XIMIYHUX I PAPMAIHEBTUYHUX BUPOBHUIITB

YK 66.063; 532.695

BUPOBHUIITBO PIIKUX EMYJIbCIMHUX KPEMIB

AspeeBa JLYO., n-p TexH. HayK, C.H.C.,

[TaBnuk B.}O. marictp 1 poky HaB4aHHS.

HamionaneHuii TexHiyHUN yHiBepcUTET YKpaiHu «KHMiBChbKui MOTITEXHIYHUIMA
iHCTUTYT IMeHI1 Iropst Cikopcbkoro», M. Kuis

TenneH1ii CBITOBOT0 pUHKY CHOKMBaHHS KOCMETHYHUX 3aC001B CBIIYUTH MPO
MOCTIHE 3pOCTaHHS 3a OCTaHHI POKM O0’€MIB BUPOOHUIITBA 1 CIIOKHBAHHS PIAKUX
eMYJbCIHHUX KpEMIB MO JOTJSAY 3@ IIKIPOI - KpeMiB Jjs oOnuyds, Tida, PYK,
MOJIOYKO JJIsi 3HATTS MAaKisKy, COHIIE3aXxMCHUX 3aco0iB 1 T.a. s 3a0e3medeHHs
3pOCTAlOYOr0 TMOIUTY CIIOKMBA4YIB BUPOOHUKH KOCMETUKH TMOBHHHI MaKCHMAaJLHO
BUKOPHUCTOBYBATH HAyKOB1 IHHOBAIIIi B rajy3i T€XHOJIOT1i iX BUpOOHUIITBA.

Pinki eMynbCiiiHI KpeMU BUPOOIISIOTHCS HA OCHOBI €MYJIbCIi «Maciio y BOJI» 1
MIPEJICTaBIIAIOTh COO0K0 CKJIaHI 0araTOKOMIIOHEHTHI CUCTEMHU 3 BUCOKHUM BMICTOM
BOJM 1 HEBEJIUKOI HYACTKOI KHUPIB, *KUPOMOJIOHMX pedyoBuH Ta iH. Ctabimizaiis
B1/10yBa€ThCs BIATIOBIAHUMU emyJibratopamu. [Ipu po3po0i1ii HOBUX BHUIB BUPOOIB Ta
iX BUpPOOHUHTBI MOXKYTh BUHMKHYTH Pi3HI MPOOJIEMH, K1 MOXYTh MaTH HETaTUBHUMN
BIUIMB HA CIIOXKKMBY1 BJIACTHBOCTI TPOJIYKTY, HOTO TOKa3HUKH Oe3reku, (Pi3uKo-
XIMI4HI Ta OpPraHOJENTHUYHI BJIACTHUBOCTI, SIK Ha MOMEHT BHUpPOOHHUIITBA, TaK 1 B
nporect 36epiranus [1, 2].

OMHHUM 13 BaXKJIMBHUX MHUTAHb SKOCTI B TE€XHOJIOT1i BUPOOHUIITBA €MYJIbCIHHUX
KpeMiB. € JAHCIEPCHICTh 1 30€epekeHHs CTaOUIbHOCTI €MYJbCIHHOI AMCIIEPCHOT
CUCTEMHM B TMIpoOlleci BUPOOHHMITBA 1 Ha MPOTA31 BCHOTO TEPMIHY 30epiraHHs
KOCMETHYHOTO TPOAYKTY. Po3miapyBaHHS, 3MiHa 30BHIIIHBOTO BUTJISAY, B'S3KOCTI,
KOJILOPY 1 3amaxy - I1e¢ OCHOBHI BHIMMI O3HAaKH HECTAOLILHOCTI, SIKI MOXYTh IMOOIYHO
BKa3yBaTH Ha TMOPYIICHHSA TOKa3HUKIB Oe3neku. Ha mopymieHHs cTabiIbHOCTI
MOXYTh BIUIMBaTH Pi3HI XiMIuHI 1 ¢i3uuHi dakTopu. XiMidHi ¢akTopu - I
IHpeAIEHTHUHN cKi1a TpoaAyKTy. Jlo ¢izuuHux GakTopiB BIAHOCATHCS MPUHIMM i 1
XapaKTepUCTHKU OOJaJHAHHA, 1[0 BUKOPUCTOBYETHCS MPH BUPOOHUITBI. Jlo HUX
HaJeXaTh: METOJ OTPUMaHHS €MYJbCli, THUI 1 peKUMHU OOJiagHAHHS (PIBHOMIPHICTh
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nepeMilllyBaHHs, IIBUIKICT, 00€pTaHHS POOOYMX OpraHiB, 1HII MapameTpH) [2].

Emynbcii npeactaBisaioTh coboro OaratodasHi cucTeMH, B SKHX JIUCIEPCHA
¢daza posnojiieHa B aucnepciitHoMy cepenoBuiili. CTIHKICTh TAKMX CUCTEM 3aJICKUTh
BiJl BETMYMHU €HEPrii Ha MOBEPXHI PO3MOILTY, SKa MPSMO MPOMOPIIIHO 3aJIeKUThH
BiJl MIOBEPXHEBOTO HATATY Ha MEXI MOAUTYy (a3 1 MOBEPXHI PO3MOILTY: YAM MEHIIIE
JaHl TOKAa3HUKH, TUM OUThII CTilKoro € cucteMa. [loapiOHeHHs YacTUHOK asu
CYIIPOBO/IKYETHCSI 3HAYHUM 301TBIICHHSAM 3amacy BUIbHOI MOBepXHEBO1 eHeprii. s
€Heprisl 3p0CTae TUM CUJIbHIIIE, YUM OUIbIIE AUCIIEProBaHi YaCTUHKHU (a3u. 3rifHo 3
JIPYTMM 3aKOHOM TEPMOJMHAMIKH, Taka CHCTeMa HeCTidKa 1 B Hi MHMOBLIBHO
OynyTh BiZOyBaTHCS TMPOLIECH, CIPSIMOBAaHI Ha 3HIKECHHS BUIbHOI eHeprii. Jlns
eMYJIbCil 1€ arperyBaHHsS 1 37UTTS JUCTIEPrOBAHUX YACTHHOK (a3 (arperatMBHA
HECTIMKICTh), 10 TPHU3BOAUTH JO PpO3IIAPYBaHHS eMYJbCli (CeauMeHTallliiHa
HECTIMKICTh). 3MEHIIEHHS pPO3MIPpY YacTUHOK (a3W 3HHXKYE IMIBUAKICTh
PO3IIAPOBYBAHHS 1 MIJBUILYE CTAOUIBHICTh €MYJbCii.. KpUTUUHUM PoO3Mip YaCTOK,
HUKYE SKOTO €MYJIbCii CTalOTh CEIMMEHTAIIHO CTIMKAMHU, CTaHOBUTH 0,4-0,5 MKM.
B mpomy Bumagky HaHOEMYJbCil € MPUKIAZAOM HAaWOLIBII CTaO1IbHOT CUCTEMHU, aje
Opy LBOMY B €MYyJbCISIX MPOTIKAIOTH sBHUIIA arperamii 1 koanecrenmii. [{o6
NEPEIIKOANTH [IbOMY B éMYJIbCli JOJIal0Th emyJbratopu |1, 2].

B mporeci BupoOHUIITBA [IsI OJCPyKAHHSI OJHOPITHOI KOHCHCTEHIT PiAKOTO
eMYJIbCIHHOTO KpeMy BEJIMKOTO 3HA4CHHs HaOyBae€ PIBHOMIPHICTH MEpEMIIIyBaHHS
Ipyu BBEACHHI IHTPEIIEHTIB 1 B TMpolecl OXOJOoJXeHHsS. [l JocsrHeHHs
PIBHOMIPHOTO po3moauly 1 edeKTHBHOI TeruioMacorepeaadl Mpu  BUPOOHUIITBI
eMyJIbCIA  BUKOPHCTOBYIOTH KOMOIHOBaHI MiHIAJIKU 1 TroMmoreHizatopu. Ha
(dapMaleBTUYHUX MIJMPUEMCTBAX ISl IHTEHCHMBHOTO TMEPEMIITYBaHHSI eMYJIbCIHA SKi
JIETKO YTBOPIOIOTHCS ~HAWYACTINIE BUKOPUCTOBYIOTHCS IIBUAKOXITHI MIIIaJIKH
(sxipHi, TypOiHHI, JAWcKoBi). Jlius nucnepryBaHHs TBepAoi (asu B piaKoMy
CEpeNOBHINI  BUKOPHUCTOBYIOTh  T'OMOTCHI3aTOpH, JWUCIEPraTopd, POTOPHO-
nyJbCallifiHi anapaTty pi3HUX Tumis [1-3].

CydacHl HayKOBi 1HHOBAWli TOB’sS3aHI 3 IHTCHCH(IKAMIEI TEXHOJOTIUHUX
MPOLECIB 1 BUPILICHHSIM KOMIUIEKCHIX HAayKOBO-TEXHIYHUX MPOOIEM, CIPIMOBAHUX
HAa BWIy4eHHAI a00 MoauQikalil0o MOPaJIbHO  3aCTaplINX  EHEProEMHUX
TEXHOJOTTYHUX MPOILECiB 1 00MagHaHHSI, 3017bIIEHHS MTPOAYKTUBHOCTI BUPOOHHUIITBA
1 TIOKpamieHHs SKOCTI mpoxykiii. JloBepeHa MOIMUIBHICTH — iHTEeHCHDIKAITT
BUPOOHHYUX IIPOIIECIB 32 PaXyHOK BHKOPHUCTAHHS IMIYJIbCHHX METOJIB BIUIMBY
(YIbTpa3ByKOB1 . XBWJII, €JEKTpOriApaBiiyHi epeKkTd Ta 1H.). 3a CBOIMH
CHEPreTUYHUMHU TOKa3HUKaMHU, OJHHUM 3 HalOuUIbil €(EeKTUBHUX I1HCTPYMEHTIB
BBKAETHCSI BUKOPUCTAHHS TiAPOIMHAMIYHOI KaBiTallii, sSKa JO3BOJIIE€ MPOBOIAUTU
IHTGHCHUBHY OOpOOKY BEIMKHX 00 €MIB PIIKMX O0araTOKOMIOHEHTHHUX CHCTEM B
noToiii [2, 3].

BucHoBkn. Emynbcii npeacTaBisitoTh co00t0 ckiaaHi 6aratodasHi CUCTEMHU.
BaxxnuBUM NHUTaHHAM SIKOCTI B TEXHOJIOT1i BUPOOHHUIITBA €MYJBCIHHUX KPEMIB €
30epexeHHsT CTabUIBHOCTI eMylibcii. Bucoka cTaOUTBHICTH €MyJbCli JOCSTaeThCs
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BUKOPHUCTAHHSAM XIMIUYHHX 1 (Pi3uuHUX (aKTOPIB BIUIMBY. BaXkIMBUM € TIpuHIMAMN i 1
XapaKTePUCTUKU OOJaJHAHHS, 110 BUKOPUCTOBYETHCA MPH BUPOOHHULTBI. OIHUM 3
NEPCTIIEKTUBHUX CHOCO0IB 1HTEHCH(IKAI] Mpolecy eMylblryBaHHS € BUKOPHUCTAHHSA
KaBITallIMHUX amapaTiB, sIKl J03BOJSIOTH 3HAYHO MPUCKOPUTH MACOOOMIH, 3HU3UTH
co0iBapTICTh 1 MiIBUIATH SIKICTh TOTOBOT MPOAYKIIii.

Jlitrepatrypa

2. Agrawal A., Kulkarni S., Sharma S. Recent advancements and
applications of multiple emulsions. International Journal of Advances in
Pharmaceutics. Vol.4, Issue 6 [2015]. 94-103 p.

3. Meunbmytuna H.B., Mumuna FO.B., Anec C.B. NHHOBanuoHHbIE
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JUIST MHTEHCU(DHUKAIMKA XUMHKO-TEXHOJIOTHYECKUX TpomeccoB - Becmuux TITY,
2008. T.14, Ne 4. C. 861 — 869c.

4. lomincekuit A.A., ABneeBa JI.IO., Makapenko A.A. KapiTalliifHi TeXHOJIOT11
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YK 620.91-620.93

MOBUIBHI CUCTEMMU 3BEPII'AHHSA TA
AKYMVYJIIOBAHHSA TEIIVIOTH

Hemuenko B.I'., K-T. TeXH. HayK, CT. HayK. CIIBp.,
Konuk A.B., K-T. TeXH. HAYK, CT. HAyK. CITIBD.
[acTutyT TexHigHO1 Termnodi3uku HAH Ykpainu, m. Kuis

[lepeBaskHa O1IbIIICTH EHEPT1i Y CBITI HAXOIUTH BiJ BUKOITHUX BUJIB MAJINBA,
Takux SK HadTa, Byriyuid, HNPUPOJHUN Tra3 Ta ypaH, LI0 CIPUYMHIOE BUKHUIH
MapHUKOBUX Ta3iB, FJ00ajbHE MOTEIUIIHHS Ta MOB'sI3aHl 13 UM 3MIHM KJIIMATY.

[IpoTunis nMM HETaTMBHUM SIBULIAM € BUKJIMKOM JUIS Cy4acHOi HayKH Ta
€KOHOMIKH, 1[0 CHPUYHHSIE HEOOXIAHICTh MPOBEICHHS JOCHIKEHb, IOJI0
MO>KJTMBOCT1 BUKOPHCTAaHHS BiIHOBIIFOBAHUX JDKEPEI €HEPTii.

HoBwuii kOHLIENT pO3BUTKY 0€3kapOOHOBOI €HEPreTUKH CIPHUSIB AKTUBHOMY
BIIPOBA/DKEHHIO CHCTEM 30epiraHHsi Ta akyMmyJtoBaHHs TeruioTd. lle moB’szaHo 3
IIMPOKUM  3aCTOCYBAaHHSM  BIHOBJIIOBAJBHUX  JOKEpeNn  €Heprii, a came
HEPIBHOMIPHICTIO TeHepalii eHeprii B 3aJeXHOCTI Bl Yacy 100U, CE30HY,
BIJIJTAJICHICT JKEpena Bij croxuBaya, Tomio [1].

Cucrtemu 30epiraHtsi Ta akyMyJIOBaHHS TEIUIOTH (200 TEIJIOBI aKyMYJIATOPH)
BUKOPHUCTOBYIOTh IJIsi TOTrO, 1100 30ajaHCyBaTH CHCTEMY Terio3abe3rneueHHs, a
came [2]:
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- 3MEHIIHUTH I1KOBE HaBaHTaxkxeHHs 10 30%:;

- ONTHUMI3YBaTh Trpadiku BHUPOOHUITBA TEIUIOBOI €HEprii IUIAXOM
HAKONMMYEHHS HAJUIMIIKOBOI €Heprii Ta 3acTOCyBaHHS 1ii M 4Yac aBapidHUX
BIIKJIFOYEHD;

- MIHIMI3yBaTH TEIJIOBI BTpPaTH BUKIMKAHI HEPIBHOMIPHICTIO pOOOTH
TEIJIOBOTO O0JIaJHAHHA

- 3MEHIIIUTH MTOTPeOU B IEPBUHHIN eHeprii 10 5%,

- 3HaYHO 3MEHILUTH IIKIAJUBI BUKUIU Ta BUTpaTH nanusa 10 10%.

Bigomi pi3HOMaHITHI TEXHOJOTil aKyMmyJtOBaHHS [3], 10 [IHUPOKO
3aCTOCOBYIOTHCSI B CTalllOHApHUX TeIioBUX akymyssitopax (TA). B ocranHi poku
aKTUBHO PO3BUBAETHCS PO3POOKA Ta 3aCTOCYBaHHS TepecyBHHX (MoOUTbHUX) TA, B
SAKUX MEPEBAXKHO, 3aCTOCOBYIOTh MaTepiali 3 pa30BUM Mepexoaom [4].

OCHOBHUMH MapaMeTpamu, 10 PEryJIIOI0Th 1 BIUIMBAIOTh Ha €(PEKTUBHICTH
po00TH MOOUTbHMX TeIUIOBUX akymyJaTopiB (MTA) €:

- HaJIIHICTb 1 3py4HICTh KOHCTPYKIIIT;

- e(heKTUBHICTBH 1 00’ €M «poOOUOTO TiNIa» — MaTepialy 3 (ha30BUM MEPEXOI0M;

- TeMIiepatypa Jukepena 3apskanis MTA;

- B1JICTaHb TPAHCMIOPTYBAHHS B JLKepesa A0 CHOKHUBaya.

Sk mpaBuno, y SKOCTI OTrOpPORKYBaldbHOI KOHCTpykuii mmus MTA
BUKOPHUCTOBYIOTh YHI(iKOBaHI ¥ ~CTaHIAapTH30BaHI KOHTEHHEpH 1 €MHOCTI.
KoHcTpykilli BCTaHOBIIOIOTHCS, TMEPEBAXKHO HA aBTOMOOUI 1 TPaHCHIOPTYIOThH
TEIJIOBY E€HEPTrilo BiJ JKEpesia A0 CHOXKHMBauya THM CaMUM, CTBOPIOIOYHM THYYKY
cucteMy temionocradanis. MTA BUKOPHCTOBYIOTH CUCTEMH MPSIMOTO 1 HENPSIMOTO
HarpiBy. Ockuibku MTA Bech yac 3HaXOAAThCS Y pyCl, TO BaXJIMBOI YMOBOIO IS
BUOOpPY MaTepiany 3 (ha30BUM MEPEXO0M € HOTO OE3MEUHICTh Ha BUTIAJIOK aBapiiiHUX
cutyanii. Tomy BaxiauBo, 1100 MaTepian 3 (a3oBUM MEPEX0A0M BIJNOBIAAB 4 Kiiacy
BHOYXO0-, TOXKEX00€3MEKH, MaB HEBUCOKY BapTICTh, OYB JOCTYMHUMN JJIA IPUI0aHHS,
TeMIeparypa BHUKOpUCTaHHS oOMexeHa 150°C, wmaB BHCOKY 3JaTHICTh [0
TEPMOLUKITYBaHHSI, TOILO.

MTA mmpoxo BukopuctoBytoThcsi B CIIA, Himeyunni ta B Amnownii [5]. B
VYkpaini B wmexax naepxkaBHoro 3amoBieHHS MOH Vkpaiam B 2019-2020pp.,
MPOBEACHO poOOTH, MmO A03BOoMIIM cTBopUT MTA TemnonponykrusHicTio 0,5 MBT
[6]. 3a pe3ynbraTaMH MPOBEIECHUX POOIT CTBOPEHO pPOOOUYY KOHCTPYKTOPCHKY
TOKyMEHTamio, nociaigHuii  3pazok  MTA-0,5 MBT, mnpoBeneHo HaTypHi
JOCJIPKEHHS, BIIMPAIlbOBAaHO PEKUMHI MapamMeTpu. B pe3ynbraTi mogaHo AB1 3asBKU
HAa BHMHAX1J YKpaiHW, 110 3aXUIIAIOTh KOHCTPYKIIO CUCTEMM aKyMyJIOBaHHS Ta
30epiraHHs TEIJIOTH, a TAKOXK KOHCTPYKIIIIO aKyMYJISIIHHOT EMHOCTI.
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EKCHJIYATAI.[IFIHI XAPAKTEPUCTUKHA
AﬂCOPBHIﬁHOFO TEIIVIOAKYMYJIIOIOYOI'O ITPUCTPOIO
HA OCHOBI KOMITIO3UTIB «CUJITKATEJb — HATPIA
CYJIB®AT)»

bensnoBcbka O.A., KaH/. TEXH. HayK, JOLICHT,

JlutoBuenko P.JI., acmipanT,

Cyxmit K.M., n-p TexH. HayK, mpodecop,

Ceprienko .0., acmipant

Cyxuit M I1., kanz. TexH. Hayk, nmpodecop

Cyxa [.B., kaHz. TeXH. HayK, IOLICHT

JABH3 «Ykpaincbkuii 1epKaBHUM XIMIKO-TEXHOJIOTTYHUN YHIBEPCUTETY,
M. JIHimpo

KitouoBrMu cTaTtTsiMu BUTpAT Ha OMAJICHHS JKUTJIIOBUX MPHUMIIIEHb € BTPATH
Yepe3 30BHIIIHI OrOpoKEHHS Ta 1HOUIBTPAIIiI0 30BHIIIHLOTO MOBITPs. TpanuiiitHi
CUCTEeMH TMIJIrpIBY Ta KOHIUIIIOHYBAaHHS NPUIIMBHOTO TMOBITPS 0a3yloThCs
NEPEeBaAKHO Ha MApOBUX KOMIIPECIMHMX MalllMHAaX, 110 MPU3BOJUTH OO0 3HAYHUX
TEIUIOBUX HABaHTaXeHb. PeryitoBaHHsS PIBHS BOJOrOCTI BiAOyBaeThcs 3a3BUYall B
pe3ynbTaTi HarpiBaHHsS a00 OXOJIO/DKEHHSI TOBITPS, TOOTO 3MIHIOETHCS JIUIIE
BITHOCHA BOJIOTICTb, @ a0COJIOTHA BOJIOTICTh 3AJUIIAETHCA MPAKTHYHO CTAaJIOH0.
binbIn nepcneKTHBHUMU € acOopOIIiiiHI MPUCTPOT BIAKPUTOTO THITY.
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[IpencraBiena poboTa MpHCBSYEHA HAa BU3HAYECHHI OCHOBHHUX (PAKTOpIB, IO
BIUIMBAIOTh HA TEMIIEPATypy MOBITPSI MPOTIrOM Mepiogy poOOTH aacopOIiiHOTO
TEIJIOBOTO aKyMYJISITOPA BIAKPUTOTO THITY.

OTpumaB TOAANBIINNA PO3BUTOK AJITOPUTM PO3PAXYHKY EKCIUTyaTaIliiHUX
napameTpiB aACOPOIIHOTO TETUI0AKYMYITIOI0UOTO MTPUCTPOIO BIAKPUTOTO THITY, STKHMA
BKJIIOUa€ 00YMCIIEHHS Koe]ilieHTiB Audy3ii Ta Maconepenadi, 00'eMy MOBITPS, KU
MOTAETHCS 0 TPUMIIIEHHS, SKE BEHTWIIOIOTH , KIHIIEBOI aOCOIIOTHOT BOJIOTOCTI
MOTOKY TOBITPs, BOJOTONOTIMHAHHS a00 afcopOiIrii, MUTOMOI TeIUIOTH aacopoIii Ta
KiHIIEBOI TEMIIEPATypH MOBITPSTHOTO MOTOKY, a TAKOXK BU3HAYEHHS KOPUCHOT TEIIOTH
Ta eKCIUTyaTalliiHUX TEIUIOBUX BUTPAT, IO Ja€ MOXKJIMBICTH OLIHUTHU KOCPIIIEHT
KOpHUCHOT fii. 3ampormoHOBaHWHA aJTOPUTMY IiITBEP/KEHA ~alpoOOBaHO 3TiTHO
EKCIIEPUMEHTAIBbHUX HaHUX I PoOOTH aACcOpOILIMHOTO TEIJIOBOTO aKyMyJATOpa
BIJIKPUTOTO THUITY HAa OCHOBI KOMITO3UTIB «CHJIIKareyib — HaTpid cysbdar». [lokazana
KOpeJslis TeMIIepaTypHUX KPUBUX MPHUILIUBHOTO MOBITPS Ta poOOYMX IMapaMeTpiB
aZICOpPOIITHOTO TEIJIOBOTO aKyMYJIATOpa BIIKPHUTOrO THIy. BCTaHOBJIEHO, IO 4Yac
JOCSITHEHHSI TUIAaTO a00 MAaKCUMaIbHUX 3HAY€Hb TEMIEPATYP MPUILTUBHOTO TOBITPS
3HIXKY€EThCSA MPU 3POCTaHHI TEMIEPaTypH, HMIBHAKOCTL Ta MOYATKOBOI aOCOIIOTHOI
BOJIOTOCTI TIOBITpsI, 110 MOJAETHCS B IIap ancopOenra. BussieHo, mo MakcHMabHi
KIHIIEBl TeMIepaTypu MPUILIMBHOTO MOBITPs He Oubiie 65 — 80°C BiamoBinarTh
nouyaTkoBii Temnepatypi 20 — 30°C 1a aOCOMIOTHIN BOJIOIOCTI MOYATKOBOTO MOTOKY
noBitps 0,03 — 0,04 KT/M-. [{i yMOBHM BIAMOBIAAIOTHh MaKCUMAJIbHUM 3HAYCHHSIM
KoedirieHTa KOPUCHOI i1 aJCOPOIIMHOTO TETIOBOTO aKyMYJIsITOpa BIIKPUTOTO THITY.

[IpencraBiena poOoTa BHKOHAHAa B paMKax JepKOOKETHOI poOoTu Ne
01190002243 MinicTepcTBa OCBITH 1 HAYKH Y KpaTHU.

YK 66.047; 541.18.053

HIABUHIEHHA EHEPIT'OE®EKTUBHOCTI ITPU IIEPEPOBIII
BTOPUHHUX PECYPCIB JICOI'OCIIOJAPCTB

JIsmenko A. B., K. T. H, C. H. C.
[ncTuTyT TexHiuHOi Temodizuku HarioHaneHOi akaaemii Hayk YKpaiHu,
M. KuiB

Beryn

PiBeHp BUKOpHUCTaHHS BITHOBIIIOBAJILHUX PECYPCIB BOJIOTOI OioMacu B YKpaiHi
Ha JaHUM yac y 0araTo pasiB HUXKYE, HIK B €BpONenchKUX KpaiHax.

OcCHOBHA YyacTHHA

Bucoka 1iHa npupogHOTO Ta3y, Mo Ma€ TEHACHII0 MOCTIMHOTO 3POCTaHHS,
CXUJISIE YKpPaiHCBKOTO CIIOKMBada JI0 BUKOPUCTAHHS IHIIMX BHJIIB MajkuBa, aje
00CSTH CIIOXUBAHHS IEPEBUHHOI O10MacH B €HEPreTUYHUX LIJIAX MI3€pPHO MaJli.
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[IpyurHOIO Takoi cCUTYyallli € BIICYTHICTh CUCTEMH MaJTUBHOIO BUKOPUCTAHHS
6ioMacH 1, 30KpeMa, HaCTyITH1 HEeBUPILIEH] poOIeMu:

- BIZICYTHS TOTOBa 1HPPACTPYKTypa 3aroTiBii 1 30epiraHHs NaJIMBHUX PECYPCIB
6ioMacu, B TOMY YHUCII - TEXHOJIOTIi, III0 BPaXOBYIOTh MICLIEBl YMOBH;

- 3pyHHOBaHI MEXaHI3MU B3a€MOJIi MIANPUEMCTB PI3HUX Tally3eH, BIJICYyTHE
JIep>KaBHE PETYIIOBAHHS B3a€MOBITHOCHH CIIOKMBAYIB Ta TIOCTAYaIbHUKIB OCHOBHUX
BU/IIB AJIMBHUX peCypciB 0l0MacH Ta CUCTEMA JEP>KaBHOTO CTUMYJIIOBaHHS.

B pesynbTari, NOTEHUIWHUN 1HBECTOP EHEPreTMYHUX NPOEKTIB Ha Oiomaci
CTUKA€TbCA 3 BUCOKMM CTYIEHEM pi3HUX pPHU3UKIB. OCHOBHMMH BHJIaMHU BOJIOTOi
O0lomacH, sIKI BHKOPUCTOBYIOTHCS B SIKOCTI MajuBa, € JIYHIIUHHS COHSIIHHKY,
JIEepeBUHA 1 B HEBEJIMKUX 00csrax cojoma. Y 3B'S3Ky 3 THUM, IO Jy3ra IpH
HarpoMa/DKeHH1 W 30epekeHHl JOCUTh MOKEKOHEOe3euHa, paHilie ii BUBO3WIH Ha
CMITTE3BAIMILE 1 TaM cHaidioBaiu. B naHuil yac jdy3ry YCHIIIHO CHalOITh Ha
MIJIMPUEMCTBAX, JI€ BOHA YTBOPIOETHCS, MOBHICTIO 3aMIHIOIOYM MPUPOJIHUN Ta3, a
TAaKOX BUTOTOBJISIIOTH 3 HEl MeJeTH, sIKI eKCHOpTyoTh. CoyioMy B HEBEITUKUX
KUTBKOCTSIX CHATIOIOTh Ha TEIUIOCHEPTeTHUECKUX O00'€KTax Majioi MOTYXHOCTI 1
TaKO0 BUTOTOBJISIIOTH 3 HEl OpuKeTH a00 MMWITIHAPUYHI NAJINBHI TpaHyIH (MEIETH).

JlepeBUHa BUKOPHUCTOBYETHCS Yy BUIJISAAL -~ IPOB, TPICOK 1 MITYYHOTO
MIPECOBAHOTO ManuBa - OpUKeTIB uu mener. [pu 11boMy OCHOBHI OOCSTH JI€PEBHOTO
NajavBa MOCTABIISIIOTHCS Ha €KCHOPT (OCOOIMBO MEJIETH), L0 MOB'A3aHO 3 TUM, IO B
KpaiHax - y4dacHMISIX KiOoTChKOro MPOTOKOJY MIOTh €KOHOMIUHI MEXaHI3MH, IO
CTUMYJIIOIOTh 3aCTOCYBaHHS MaJiMBa Ha OCHOBI Oiomacu. KpiM Toro, BUPOOHMIITBO
HeJeT XapaKTepU3yeThCsl 3HAYHUMH €KCIUTyaTalliHUMKU BUTpAaTaMU, MOB'SI3aHUMHU 3
MIBUAKAM 3HOCOM Ta MOJAJBIIO] YACTO 3aMIHOI0 HABAHTAKEHUX BY3JIB MAlIMH 1
MeXaHI3MIB (Hampukjag MaTpullb npeciB). KamitanbHi Ta eKcrulyartailiiiHi BUTpaTH
Ipyu BUPOOHUIITBI, A TaKOX BEJIWKI JIOTICTUYHI BUTPATH 3YMOBIIIOIOTH 3HAYHY
co01BapTICTh MEJIET.

B ocranHl pokn B €BpOIEHCBKUX KpaiHax, a 3 HEIaBHbOIO 4acy B YKpaiHi,
BUKOPHCTOBYETHCS KOTEJIbHE 00JaAHAHHSA, IPUCTOCOBAHE AJIs CIIAJIOBAHHS JIEPEBHOI
Tpicku BoJiorictio 10 60%. Take TexHIYHE PIIIEHHS 3aCTOCOBYETHCS 3 THX
MIpKyBaHb, IO Ha OJMHUYHUX TEIUIOCHEPreTHUECKUX O0'€KTaX, TUM OLIbIIe
HEBEJMKOI MOTYXHOCTI, HE PaIllOHaJbHO OPraHi30BYBAaTH CYyLIWJIbHE BHPOOHHUIITBO,
10 BUMAara€ BEJMKHX KamiTaabHuUX BHUTpaT. OJHAaK MNpU eKCIUTyaTalii JeKIIbKOX
00'eKTIB Ha HEBENUKIA BIJCTAHI OJMH BIJI OJHOTO EKOHOMIYHO e()EKTUBHIIIE
OpraHi30BYBaTH HOMNEPEIHIO CYIIKY TPICKH.

OcHOBHiI CcIOcOOM 3HEBOJAHEHHS BOJIOrO1 OloMacu: IITYYHE MeEXaHIdHE
3HEBOJHEHHSI, MPUPOJHA CYIIKa, aTMochepHa CyllKa, IITy4yHa TemIoBa CyIIKa
6iomacu. IloeqHaHHs 30BHINIHIX YMOB 1 0COOJIMBOCTEHN camoi OlomacH, KoJin 6iomaca
BUCHXa€, 30epiraroyv CBIA EHEPreTUYHUN TOTEeHIlal, a Ol0JoTiYHe pyHHYBaHHS
MPUTIUHAETBCA 0€3 TPUUHSATTSA CIEelialbHUX OpraHi3alifHO-TEXHIYHUX 3aXO0JIiB
CKJIQZIAETHCS PIIKO 1 MPAKTUYHOTO 3aCTOCYBaHHS Il SIBUINA HE MAIOTh.
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ATMmochepHa cymka € HaWOUIbII EKOHOMIYHMM CIIOCOOOM  IITYYHOTO
3HEeBOJHEHHs OioMacu. BoHa nependayae CTBOPEHHS yMOB, MPHU SKUX 3HEBOJHEHHS
M €0  COHAYHOTO BUIPOMIHIOBAHHS, OOJYBaHHS BITPOM, KOHBEKIIii
(cipsiMoBaHOTO OOTIKAHHS TMOBEPXHI YAaCTMHOK) 3a PaxyHOK CaMOTSTH, 1 T.II.
3a0e3MeuyyloTh JOCHTh IIBUAKE 3HEBOJAHEHHA IMPH OJHOYACHOMY CTBOPEHHI
HECIIPUATIUBUX YMOB JiJIs1 010JI0T14HOT erpagali.

Haii6inbim eHeproeekTUBHOIO SBISETHCS WITyYHA TEIUIOBA CYIIKa OiomacH.
JUis mTyyHOi TEIIOBOi CYIIKM BOJIOrOi OloMacH B SIKOCTI €HEProHOCIsS TOWIIBHO,
TaKO0X, 3aCTOCOBYBAaTH TBEPJE MaJMBO HA OCHOBI BUCYIIIEHOI Ol0MacH 3aMiCTh OUIbIII
JOPOTUX €HEPTrOHOCIIB.

Hosruit yac B ITT® HAH Vkpainu Ha 0a31 TEOpETHUHOro aHaMI3y Ta
eKCIIEPUMEHTAIbHUX JOCIIKEHb CTBOPIOIOTHCS HOBITHI eHepropecypcoeheKTUBHI
TEXHOJIOTIi Ta YCTaTKyBaHHS 10 mepepoOii 0iomacu. Po3po6iieH] Ta BIPOBAKEHI Y
BUPOOHHUIITBO TEXHOJIOTTYHI JiHIT MIATBEPIUIN, IO CYMIIIEHHS MPOLECIB CYIIKH Ta
no/ipiOHeHHA a00 CYIIKM Ta TPaHYJIIOBaHHSA B OJHIN Kamepl A TePMOIaOlIbHUX
OpraHiYHUX MaTepiayiB J103BOJISIE MIHIMI3yBaTH €HEPreTHYHI BUTPATH Ha MPOIIEC
cyminas (B cepenabomMy q=3500 k/[x/ Kr BumapeHol BOJIOTH), 3MEHIIUTH
METAJIOEMHICTh KOHCTPYKIIiH, 3HU3UTH 3arajibHy BapTiCTh JIiHI, @ TAKOK OTPUMYBATH
KIHIIEBHM MPOTYKT BUCOKOI SKOCTI.

BucHoBku

[IpakTyHe BHpIlIEHHS 3aBJaHHS IIMPOKOMACIITAOHOTO 3aTy4eHHs MICHEBUX
BIJIHOBJIFOBAJIbHUX PeCypciB 010MacH B TOCIOAPCHKUI 000POT MOKIIMBE JIMIIIEC Yepes3
peanizaliio HU3KU MIJIOTHUX MPOEKTIB, SIK1 JO3BOJATH BIANPAIIOBATH B PEATHBHOMY
MacmTabl TEXHOJOTIYHI MpOILIECH, CTBOPUTH KOMIUIEKCHE OOJIafHAHHS Ha
BITUM3HSAHIN eJleMEeHTHIM 0a3i, OCBOITM B acCOPTUMEHTI HOBY MPOAYKIIIIO, IO
BIJIMOB1Aa€ MOTpedaM 3eMiIepoOCTBA 1 TBAPMHHMIITBA 1 3a0€3MEYUTH TEIJIOTCHEPYIOUi
00'€KTH KOMYHAJIbHOI €HEPreTUKH 1 MPOMUCIOBUX MIAMPHUEMCTB JCHICBUM SKICHUM
MaJMBOM, 1110 3aMiIae MPUPOTHII Ta3 1 HATOMPOTYKTH.

Heo0ximHO TakoX AOCATTH BUCOKOI PEHTAO0EITHHOCTI HOBHUX MIAMPUEMCTB, IO
CTBOPIOIOTBCSI B paMKaX MUIOTHHX MPOEKTIB, TOMY IO TUIbKM TpU Il yMOBI Il
MIPOCKTH CTBOPATH €KOHOMIYHI CTUMYJIHU ISl IIAPOKOMACIITAOHOTO BITPOBAKCHHS
HOBHUX TE€XHOJIOT1H Y HapOJHE TOCMOAapCTBO Y KpaiHu.
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UDC 662.73

INVESTIGATION OF THE KINETICS OF THE DRYING
PROCESS IN DIFFERENT FORMATION OF PEAT-SLUDGE
GRANULES

Petrova Zh. Academician UAS, Doctor of Technical Sciences, Chief
Researcher

Novikova Yu. postgraduate

Petrov A. postgraduate

Institute of Engineering Thermophysics of NAS of Ukraine, Kyiv

Improving the environmental situation in Ukraine is an urgent issue.
Processing of sludge, which is more than 30 years is one of the possibilities to
address this issue. Preparation of raw materials, creation of compositions and
granulation from obsolete sludge, peat was covered in our previous publication [1].

To study the kinetics of the drying process of sludge-peat granules used an
experimental convective stand with an automatic system for collecting and
processing information [2].

The dependence of the change in drying kinetics and temperature change on
the granulation method at a coolant temperature of 120 °C was obtained (Fig. 1).
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Fig. 1. Change in temperature in the middle of the layer and moisture content
from the method of granulation of the composition in the proportion of 50% sludge /
50% peatatt=120°C, V=2 m/s, d = 6 mm: 1, 2 — change in moisture content; 3, 4 —

temperature change; 1,3 — on the hydraulic press; 2,4 — on the mechanical screw.
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When granulating on a hydraulic press, mulotrophone granules dry faster by
25%, but at the same time single granules are pressed that sharply increases
complexity of technological operation and cannot be recommended for production.
When the granules are obtained in the screw press, their drying time increases, which
is associated with the formation of stronger granules and does not require manual
labor during granulation.

The granules obtained during molding on the screw device have a higher
heating temperature than the granules during molding on a hydraulic device.

References
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compositions and granulation from obsolete sludge, peat and biomass. Ceramics:
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Investigation of the Kinetics of the Drying Process of Composite Pellets on a
Convective Drying Stand. Journal of Ecological Engineering, 22(6), 159-166.
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CEKIISA 3. MOAEJIOBAHHA EHEPIOTEXHOJIOTT.
OIITUMIBAIIA EHEPTOE®EKTHUBHOI'O OBJIA/THAHHA
TA CUCTEM

VJIK 662.73

JOCJILJI)KEHHS KIHETUKH CYILIIHHS BIJIOKAYAHHOI
KAITYCTH

[Tasrok B.M., 1. 1. H., OpOB: HayK. CHiBp.,

Bumnescskuii B.M., acmipant

[Hetutyt TexHiuHoi Teruodizukun HaronaneHoi akagemii Hayk Ykpainw,
M. KuiB

JlocmpkeHHsT KIHETUKHU CYIIHHS KalmyCTH Majo JOCTIHKEHO, B JIITEpaTypHUX
JDKepeNiax HAaBOJAUTHCS TEXHOJOTis BUPOOHHUIITBA CYIIEHOI O1IOKaYaHHOI KaIlyCTH,
sKa CYHIUTHCS MpHU TemmepaTypi TeruoHocis 65...70°C mpotsrom 12...24 rox 3
HACTYIHUM OXOJIOKEHHSM [1].

Takox 3aMpONOHOBAHO CYLIUTH OlI0KauYaHHY KaIyCTH npu
HU3BKOTEMIIEPATYpHOMY CYIIIHHI TIpu TemmepaTypi TerioHocis 48...50°C 3
TpUBaAMCTIO 96...98 XB, BHACIIJOK YOTO BIJIHOBJIIOBaHICTh ckiagae 90..97% mnpu
BTpari BiTamiHiB Big 10 mo 15%. 30epiranHs CyIIeHOi KamyCTH NPOBOJWIM B
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noyiMepHid ymakoBmi npu Temmeparypi 18+3°C 1 BiIHOCHIM BOJIOTOCTI MOBITPSI
65...70% mpotsarom 12 wmic [2].

[IpoBeneni HamMu  JOCHUKEHHS Oyfnud  HampaBlieHI Ha  30UTbIICHHS
IHTEHCUBHOCTI CYIIIHHS O1TOKa4aHHOT KaIyCTH.
1HCIIEKTYIOTh, HAP13alI0Th Ha CTPYKKY TOBIIMHOIO 2 — 3 MM, HaKJIaJal0Th Ha CITYACTY
KOpP3UHY BHCOTOIO 15 MM 1 BCTaHOBMIOIOTH iI Ha Baru B CYIIMJIbHIA Kamepi
EKCIIEPUMEHTAJILHOTO CTEHJIa, TPOBOASATH CYIIIHHS 13 aBTOMAaTUYHUM 3HIMAaHHSM
JAHUX TIPO Mepedir mporecy KIHETUKH CYIIiHHA [3].

JlocnipkeHHsT  KIHETHMKA  TIpolleCy  CYIIHHSA  OUIOKa4aHHOI - KaIyCTH
IPOBOJIMIINCH B IBA €TAIM:

- Ha MepIIOMY €Talll CIIoCTepiraBcs BILIUB TemiepaTypu TeroHocis 50...80°C
Ha TPUBAJICTh CYIIIHHS 13 3a3HAYCHHS AKICHUX XapaKTEPUCTHK;

- Ha JIpyroMy eTalll MOCTaBJICHO 3aBJaHHs 1HTEHCHU(]IKYBaTH IIpolieC uepes
3aCTOCYBAaHHS CTYIEHEBUX PEKHUMIB CYIIIHHSA, 110 B IEPIOA1 MPOrpiBaHHSI MaTepialy
IHTEeHCU(]IKY€E MPOIeC 1 CKOPOUye 3arajlbHy TPHUBAIICTh CYIIIHHS MpU 30epeKeHHI
AKICHUX XapaKTePUCTUK O1JI0Ka4aHHOI KaIyCTH.

[IpencraBieni OOCHIPKEHHS KIHETUKH CYIIIHHS O1710KAYaHHOI KamyCTH Ha
KOHBEKTUBHOMY CYNIUJILHOMY CTeHAL - (puc. 1), BKa3yloTh Ha JONUIBHICTH
niABUIICHHA TeMmreparypu TeruioHocis B S0 mo 80°C, mio 3MeHIIye TPUBAJICTb
cymiHHs B 3,23 pa3u. KiHieBa temiepaTypa nNporpiBaHHs mMaTepialy 301IbIITY€EThCS
IpU MiJBUILECHHI TeMIepaTypu TeIUIOHOCIA 1 ckiagae Big 48,5 mo 72°C (puc. 1,a).
IIpomec cymiiHHS KanmycTH OlJIOKa4YaHHOI NPOXOAWThH IEpioayd MPOTrpiBaHHS Ta
nagaroyoi MBHUAKOCTI cymiiHHS. [IpuW - eyllliHHI  KamycTd OUIOKa4aHHOI 3
TeMIiepaTyporo TeroHocist S0°C mBUAKICTh CylIiHHA cTaHOBUTH 0,9%/xB., pu 60°C
—1,2%/x8., 70°C — 1,5%/x8., 80°C — 1,7%/x8. (puc. 1,0).
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Puc.1. Kpugi cymiinns (a) Ta KpUBi IIBUIKOCTI CyIIiHHS (0) KamycTH
O1JI0Ka4aHHOT BiJ] BIUIMBY TEMIIEpaTypH TEIJIOHOCIs, V' =3 m/c, 0 = 15 MM,
d =10 kr/r c..: 1,5 - 50°C; 2 ,6- 60°C; 3,7 - 70°C; 4,8 - 80°C.
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[linBumennss temmnepatypu temioHnocis Big 50 g0 80°C 3HMXKYe SKICTbH
Marepiany 1 BiH Ha0yBa€ KOPUYHIOBATOTO BIATIHKY , IO Bi3yaJIbHO MOKHA OIIHUTH
3a KOJHOpOM OiokadaHHOi KamycTu. HaiOimblmn onTHMambHOIO TEMIEpaTyporo 3a
2).

=
-

Puc. 2. BB Temnepatypu TEIIOHOCIS Ha SIKICTh O17T0Ka4YaHHOI KayCcTH

JInst miABUIIEHHS 1HTEHCUBHOCTI CYIIIHHS 3alpOMOHOBAHUN CTyNEeHEBUMI
pexxum cyminnag 80/60°C, mo 3MeHIye TpUBAMICTh CylliHHS Ha 50 XB B MOPIBHSHHI 3
pexumom cymriaas 60°C. Bin nepenbavae cymiuas npu temriepatypi 80°C Ha
npotsizi 50 xB nmo temmepatypu matepiany 60°C 3 HACTYMHHM MPOJOBXKEHHIM
npoiiecy pu temneparypi termtoHocist 60°C. SAkicTh maTepiany He MOTIPIIyEThCS.
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VJIK 502.56

B3AUMOJIEICTBUE NPUPOJHOM CPEJBI U
MPOU3BOJICTBA - OBJIACTh IPUOPUTETHOI'O
NMPUMEHEHUSI WHHOBAIIMOHHBIX M3bICKAHUM

THE NATURAL ENVIRONMENT AND PRODUCTION'
INTERACTION - AREA OF INNOVATIVE RESEARCHES
PRIORITY APPLICATION

Bowunos A.Il., . 1. H., Hpoq)eccop,l

Bounosa C.A., K. T. H., JOIICHT,
'Onecckast rOCyIapCTBEHHAsl aKaJIeMHUsl CTPOUTEIBCTBA M  APXUTEKTYPHI,
r. Onecca

*Onecckast HAlMOHAIbHAS aKaIeMHUs IIUIIEBBIX TEXHOIOTHIA, . Ofecca

Annomayun. Co30annoe yeno8eyecmsom Mupoeoe npouUsso0Cmeo aAzpeccusto
8030elicmeyem HAa OKpYHcarnowyo npupoonyto cpedy. llpupoonas cpeoa npuuwina 8
onacHoe 0/ Hee cOCmosiHUue. Omo 00eCnoKoOuL0 Yen08euecmso, 3aCcmasuio NPUHIMs
coomeemcmaylowue 3aKouvl. Boznukna npobiema npeoooneHus npomusopeyus
MedHcOy NoCie0CmBUIMU PA3BUMUs. RPOU3B0OCNEA U BbI3bIBAEMbIM UM YXYOuleHuem
coCmosiHUsL npupooHotl cpeovl. Cpedu ompaciell Npouzsoo0cmea Haubojee CUlbHOe
8pedHoe B8030eticmaue Ha NpUupooHyio cpedy okasvieaem 3Hepeemuxa. llosviuenue
IKOJIOCUYHOCTNU DHEPSeMUUECKUX YCMAH080K eedemcs 8 08X Hanpasienusx. Ilepsoe
— NOoBblUEeHUE IKOIOUHHOCU OeliCMBYIOWUX IHEPLOYCMAHOBOK, 8 3HAYUMENbHOU
yacmu UBHOULEHHBIX, NOIMOMY. HyHcoarowuxcs 6 obnosieHuu. Huvine Haubonee
OOCMYNHO YacmuyHoe o0OHO8NeHUe. Bmopoe — co30aHue HOBbIX, NepCneKmueHbIX
IHEP20YCMAHOBOK BbICOKOU dKoN02UYHOCmU. Hbine He monvbko 6 anepeemuke, HO U 8
Opy2ux Ompacisax Mupoeo2o HpPOU3800CMEA NOBLIUAIOM YPOBEHb IKOJIOUYHOCMU
obopyoosanus. Ykazannas mexuuueckas npobiema 3IKOJI02UHEeCK020 Xapaxkmepda
00yCcno8UNa  803HUKHOBEHUE CIONCHOU COYUANbHO—NCUXOOSUYECKOU NpoOTieMbl.
Yenoseuecmsy HeoOXQOUMO Nepecmpoumvpcsi 8 C680eM OMHOUIeHUU K HPUPOOHOL
cpede U K npoyeccy ee 83aumMoOelticmeus ¢ npouss00CmMEOM U C 4el08eyecmEoM.
Hosuszna npobiemvl, ocodvlil xapakmep u 8bICOKAsL CMeneHb 0mMeemcmeeHHOCMU 3d
pe3yabmam 06yci08UIU MPYOHOCMb ee peuleHus: U HeoOX00UMOCMb YUACMUs 8
pabome HaO Hell 6cex 4ieH08 oOwecmaea. JlocmueHymoli 4enoseuecmeom ycnex 6
pewenuu mekywux 3a0ay IKOaA02U4ecKoll npoobiemamuxu 6yoem onpeoeisims memn
VAYUUEHUS DKOTOSUYECKOU 0OCMAHOBKU 8 Mupe.

Abstract. The world production created by mankind has an aggressive effect on
the natural environment. The natural environment has come to a dangerous state for
it. This worried mankind and forced the adoption of appropriate laws. The problem
arose of overcoming the contradiction between the consequences of the development
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of production and the deterioration of the state of the natural environment caused by
it. Among the branches of production, the power industry has the strongest harmful
effect on the natural environment. Improving the environmental friendliness of power
plants is carried out in two directions. The first direction is to improve the
environmental friendliness of existing power plants, which are largely worn out and
therefore it need to be renewaled. Currently partial renewal is the most available.
The second direction is the creation of new, promising power plants of high
environmental friendliness. Nowadays, not only in the energy sector, but also in other
sectors of world production, the level of environmental friendliness of equipment is
being raised. The specified technical problem of an ecological nature led to the
emergence of a complex socio-psychological problem. Humanity needs to rebuild in
its attitude to the natural environment and to the process of its interaction with
production and with humanity. The novelty of the problem, its special nature-and a
high degree of responsibility for the result made it difficult to solve it and created the
need for all members of society to participate in the work on it. Success in solving the
current problems of environmental problems, which has been achieved by mankind,
will determine the pace of improvement of the environmental situation in the world.

KiroueBble cJ0Ba: WHHOBAIMS, MHUPOBOE - MMPOU3BOJICTBO, OKPYKAFOIIAS
NpUPOJHAs Cpela, DJHEpPreTHKa, JHEePreTHvecKas YCTaHOBKA, OOHOBJICHUE,
9KOJIOTHYHOCTh

Key words: innovation, world production, natural environment, power
industry, power plant, renewal, environmental friendliness

IMocranoBka mnpodjembl. Ha TNPOTSHIKEHUU MIUTETLHOTO HCTOPUYECKOTO
Pa3BUTHS YEJIOBEYECTBO CO3/1aJI0 MUPOBOE MPOU3BOJICTBO, KOTOPOE 0OECIIEYMBAET BCE
€ro NOTpeOHOCTH U HA TPOTSKEHUU TIOCIEIHUX CTOJIETUM MHTEHCUBHO Pa3BUBAETCS.
Tak, no nanueiM BeemupHoro skoHomuueckoro gopyma, B 20 Beke 00beM MUPOBOTO
npou3BoAcTBa yBennumics B 20 pa3 [1].

BzaumoneiictBue dwenoBedectBa u npuponHoil cpenbl (IIC) ornuuaercs
MHOT000pa3zremM GopM U CI0KHOCTHIO KOMIUIEKCA COCTABIISIONINX €ro AJIEMEHTOB.

Cy1iecTBO mpouecca Nporu3BOICTBA COCTOUT B BO3JIEUCTBUM €0 Ha 3JIEMEHTHI
[IC m momydyeHWH KOHKPETHOTO ToJie3HOTO 3(dexra — mpoaykTa, IJIoaa Tpyaa
YeJI0BEKA, KOTOPBIA OH TMOTPEOIISIET, UCTIONB3YS IS KU3HH.

OOBEeKTH  NPOM3BOJACTBA B  Mpolecce  cBoero  (yHKIMOHHUPOBAHUS
B3aNMOICHUCTBYIOT ¢ OKpy»katoient [1C, HexxuBo u )kuBoi npupoion. [Ipu 3Tom oHn
okazpiBaloT Ha [IC BpegHoe BO3ACHCTBHE, HAHOCAT €H MHOTO(AKTOPHBIMH,
MHTEHCUBHBIN yiep0O, yrueraioT ee. B pesynpraTe cocrosHue [IC HempepbIBHO
yxyamaercs. OHO JTOCTUIIO ypOBHS, BecbMma omacHoro uisi Bceil IIC, Bkmrowas
YeJIOBEUYECTBO.

Opgaum w3 mnposineHuid 3toro coctosHuss [IC  sBunace rioOanbHas
KJIMMaTU4ecKas aHomanusi, HavaBwascs B Havaie 2019 roma. Pa3nble mo cBoemy
XapakTepy, HO BCEr/la MHTCHCUBHBIC U PE3KUE €€ MPOSBICHUS IPUHECIN MHOXKECTBO
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TSOKEIBIX TOCJEACTBUM Ha BCEX KOHTHMHEHTaX. OJTa KIMMaTUYecKas AaHOMaJus
SABWJIACH CEPBE3HBIM MPEAYIPEXKICHUEM, BBICKA3aHHBIM YEJIOBEYECTBY CHJIAMU
MPUPOJIBI.

['maBHON OCOOEHHOCTBIO MpoIllecca B3aUMOJACHCTBUSI MUPOBOTO MPOU3BOJCTBA
n okpyxatoumieil [IC sBisieTcss Hanmu4yue 3aJI0)KEHHOTO B HErO OCTPOrO BHYTPEHHETO
KOH(JIMKTa MKy 00€CIEYeHHON YeI0BEYECTBY BO3MOXKHOCTBIO JKUTh, Pa3BUBATHCS
n noiydyaeMbiM IIC omacHbIM, TMOEIBHBIM [JIi HEE BPEOHBIM BO3JECUCTBHEM CO
CTOpPOHBI ITPOU3BOCTBA.

VYeunuparomasicss perpanauust [IC oOpatuna Ha ce0d BHUMaHUE MHUPOBOMU
0O0IIIECTBEHHOCTH, cpopMupoBaia npodiemy 3amutsl [IC oT BpeIHOTO BO31EHCTBUS
npousBojacTBa. Macmrad u 3HayeHue MnpoOJieMbl OTPaXKEHbl B  MPUHATHIX
JOKyMeHTax rijo0aipbHOr0 3HaueHusa: B Kwuorckom mnporokone k PamoyHoit
koHBeHuu Opranmzanun OO0benuHeHHbIX Haruii 06 usmeHeHuu kinumara (1993
ron) u B [lapmxckoM mpoTokosie no kinumaty (1998 rox).

['ocynapcTBamu Mupa B MEKIYHAPOJAHOM, PETMOHAIBHOM M B HAalMOHAJIBHOM
IJIaHE MPUHAT PSAJ OTBETCTBEHHBIX, 3aKOHOJATENIbHBIX aKTOB, TOKYMEHTOB, KOTOpPbIE
ONPENENSIIOT MEPBI IO CHHYKEHUIO CTEIIEHH BPEAHOTO BO3JCHUCTBUS MTPOU3BOICTBA HA
I1C. B xax0#i cTpaHe Ha HAIIMOHAJILHOM YPOBHE BEAETCSl padoTa 10 PEIICHUIO 3a7a4
MHUPOBOU MPOOJIEMBI.

B Vkpaumne, B pamkax peuieHHs [JaHHOW TIJIOOATBHOM HKOJIOTHYECKON
npo0sieMbl, HAa TOCY/IApCTBEHHOM YPOBHE MPUHSAT U BBEJIEH B JCHCTBUE DSl BAXKHBIX
3aKOHOJIATEIbHBIX AaKTOB, OMNPEICISIONMX M PErJIaMEHTUPYIOIINX JIeATeIbHOCTh
OpraHoOB rOCy/AapCTBa B PEIICHUHN HAIMOHAIBHBIX 33]1a4 ATOW MUPOBOM MPOOIEMBI |2,
3].

[Ipoucxoasimue - U3MEHEHUs  KIMMAaTUYECKOW OOCTaHOBKM Ha  3emJie
CBUJETENbCTBYIOT O  HapylleHMu OamaHca Mexay cnocoOHocTteio  [IC
MPOTUBOJICUCTBOBATh = BpPEAHOMY = BO3JCUCTBUIO  MPOU3BOACTBA  (TO  €CTh
BOCCTAHABIIMBATh CBO€ COCTOSIHME) M BPEAHBIM BO3JCHCTBHEM pPa3BUBAIOIIETOCS
IIPOU3BO/CTBA.

Hapacraromuii nebanaHc uyenoBedecTBO (UKCUPYET KaK MPOHCXOAIINE,
BUJIMMbIE U3MEeHEHHs cocTosiHusA [1C B Bue M3MEHEHHsI KirMarTa.

YuuTbiBas HMCKIIOUMTENbHBIE BAXKHOCTh M CIOXHOCTH C(OpPMHUpPOBABLICHCS
MHUPOBOM MPOOJIEMBbI, YEIOBEUECTBO 00S3aHO OPraHU30BaTh U BBICOKOA(P(HEKTHUBHO
peann30BbIBATH B MHOTOJIETHEHN MEPCIEeKTUBE OOIIMPHYIO MPOrpaMMy MEPONPUITHIA,
CILyKaINX HAAEKHOMY PEIICHHUIO TPOOIEMBI.

B pesynpraTe peanvzanuu NpEeANPUHUMAEMbBIX YEIIOBEYECTBOM  YCHIIUM,
oOcTaHOBKa B MUpPE JIOJDKHA M3MEHUThCA. BpenHoe Bo3zieiicTBME MPOU3BOACTBA Ha
[1C nomKHO CHU3HUTHCS, a, COOTBETCTBEHHO, cocTosiHue IIC camMoBOCCTaHOBUTHCS U
HNOJHSATBHCS JI0 TAaKOTO YPOBHS, KOTOPBIA OyJIeT oTpaxarb ee 0JIaronojgydyHoe
COCTOSIHHE B OyayIlIeMm.

Takast Oymymiasi, SJHEPreTHYeCKH U MaTepuaibHO OnaromoiydyHas oO0CTaHOBKA,
CO3JaHHAsl YE€JIOBEYECTBOM, HMCKIIOYUT BO3MOYKHOCTh BO3HHKHOBEHHS TIJIOOATBHOMN
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poOJIeMbl, aHAJIOTMYHOM HBIHEIITHEH.

AHanmu3 TOKa3pIBaeT, YTO B MHpPE CYIIECTBYEeT TEXHWYECKas TMpodiema
AKOJIOTHYECKOTO XapakTepa, Tpedyromas oT denoBedecTBa 3amuThl [IC oT BpemHOTO
BO3/ICICTBHUSI MUPOBOTI'O MPOU3BOJICTBA, KOTOPOE UEIOBEUECTBO CO3JaJ0 M KOTOPOE
MPOJIOJIKAET PA3BUBATh B €r0 HBIHEIIIHEM, CTArHAIIMOHHOM NIEPUOJIE.

Takum oOpa3zoMm, Bcranma mnpobiieMa, Hapsay C TPOJIODKEHHUEM Pa3BUTHSA
MIPOU3BOJICTBA, COKpAIllaTh MHTEHCUBHOCTH €ro BpeaHoro Bo3zaeictusi Ha IIC, To
ecth mpobiema 3anmuThl [IC OT omacHOTO JyUisi HEe BO3PACTAIOIIETO BO3ACHCTBUS
npou3BoACTBa [4, 5].

31€eCh OTYETIMBO BHJIHA IMIOJHAS BHYTPEHHSISI NPOTHUBOPEYMBOCTH MEXKIY
NOCTaBJICHHOW YEJIOBEYECTBOM LIEJIbK0 M HCMOJB3YEMBIM « UM CPEACTBOM €€
NOCTHXKEHUA. Jrta paspywurenbHas i [IC BHYTpeHHSII NPOTUBOPEYMBOCTH
3aCTaBIIET  YEJIOBEUYECTBO PELIMTEIBHO W HE3aMEMIMUTENBHO 3aHATHCS €€
MIPEOAOJIEHUEM, TO €CTh HOpMaJU3aluen Npolecca B3auMOICHCTBIS IIPOU3BOJICTBA U
I1C.

[IpencTouT uWATH CIOXKHBIM TIyTEM, CO4YeTass pPa3BUTUE MPOU3BOJACTBA U
CHIKEHHE WHTEHCHUBHOCTH €ro BpeaHoro ero BozuaeuctBus Ha IIC, To ecTh
HEOOXOAMMO B paMKaxX COXpaHEHUs (HU3UYCCKON HMX B3aUMOCBS3H CYIICCTBEHHO
COKpaIIaTh mojydaeMbiii 3 (PEeKT — CTereHb BPEIHOTO BO3ICHCTBHS TIPOM3BOJICTBA HA
I1C.

AHanu3 MoKa3bIBAaeT, YTO YKAa3aHHBIHN, MOJE3HBIN 3(DPEeKT MOKHO 0OECeunuTh
TOJIbKO TMPHU YCJIOBUHM, YTO B OyAYLIEM HHTEHCHUBHOCTh BPEIHOTO BO3ACHCTBUS
IpoU3BOJCTBA OyAET COKpauaThCsi ObIcTpee, YeM OyIeT pa3BUBATHCS MHPOBOE
IIPOU3BOJICTBO.

B koHTekcTe paccMaTpuBaeMoOM MpPOOJEMbl OYEBHUIHBIM SIBISETCS TO, YTO
HAaYMHATh pEIICHUE MPOOJIEeMbL. HEOOXOIUMO C TOM OTpaciu NpPOU3BOJACTBA, TIE
ypoBeHb BpeiHoro Bo3/elicTBus Ha IIC Hanbosee BBICOK.

Heabio craTbm SBISIETCA aHaIW3 BO3MOXHBIX HWHHOBALIMOHHBIX IyTEH
peIeHNsT TEeXHUYECKOW H  COIMAIBHO-TICUXOJIOTHYECKON MPOOIEMbI MPEOAOTICHUS
MPOTUBOPEUUS MEXAY TMOCIHEICTBUSIMA PAa3BUTUSI MHUPOBOTO MPOU3BOJACTBA U
BbI3BIBAEMBIM UM  YXYJIICHUEM COCTOSIHUSI MPUPOJHON Cpeibl, B YaCTHOCTU
MOBBIMICHUSI SKOJIOTHYHOCTH JICUCTBYIONIETO O00OPYAOBAHMS.

Kak u3BecTHO, Cpeau oTpacieil MEpOBOTO MPOU3BOJICTBA Han0o0Jiee CUITLHOE U
MHOTO(aKkTOpHOE BpenHoe BozxaelictBue Ha [IC oxa3biBaeT JHepreTuka, ee
CTAllMOHAPHBIE U €€ TPAHCHOPTHBIE SHEPre€TUYECKUE YCTAHOBKH. OHEPreTHKA
ABISICTCST 0a30BOM OTpPACIbIO TMPOU3BOACTBA, MPOIYKLIHUIO KOTOPOH — 3DHEPIHUI0
(27IEKTPUYECTBO W TEIUIOTY) — MCHOJB3YIOT NPOU3BOACTBEHHBIE OOBEKTHI BCEX
OTpacJeun pou3BoJICTBA [6, 7].

CnemyeT OTMETHTh, YTO YpPOBEHb TexHojoruueckoil sdpdextuBnoctu (TI)
(YHKIMOHUPOBAHUSI YHEPrOyCTAaHOBKH BIIMAET HA YpOBEHb 1D (yHKIMOHUPOBAHUS
noTpeduTeNeil ee MPOAyKIUU (DJICKTPUYECTBA M TEIUIOTHI); BIUSET HA YPOBEHBH €€
COCTABJIAIOIINX : DKOJIOTMUECKON, SKOHOMUYECKOM U OOIETEXHUUECKOM.
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DTO 00CTOSITENHCTBO OOYCIOBIMBAET IMOBBINIEHUE TPpeOOBaHUM K ypoBHIO TO
SHEPrOyCTaHOBOK.

B cBsi3u ¢ »THIM, pa3BUTHE MUPOBOW IHEPTETUKH JOJKHO OBITH MOTIMHEHO
HAyYHBIM M3BICKAHHSIM, pa3pabOTKE ¥ BHEAPEHUIO HOBBIX JHEPTreTUYECKHUX
YCTAHOBOK, OTJIMYAIOIIUXCSI HU3KUM YpOBHEM BpeaHoro Bozjaerctust Ha [1C, To ecTh
00J1a1ar0IMIMX BEICOKOM 3KOIOTUYHOCTRIO (E)).

PaGora mo moBeImeHWI0 ypoBHS E; SHEProycTraHOBOK BeAETCS B IBYX
HaIpaBJICHUSX:

— NOBBIIEHUA E; TpaIuIIMOHHBIX, JEUCTBYIOIINX HBIHE SHEPTOYCTAHOBOK,

— pa3pabOTKH, U3rOTOBJIEHUS M BHEAPEHUS HOBBIX . YHEPrOYCTAHOBOK,
obmamaronmx BbicOkoM E;, pemmuTenbHo mnpeBocxojsmied  E; COBPEMEHHBIX
TPaJUIMOHHBIX SHEPrOyCTAHOBOK.

EcTh ocHOBaHue moJjiaraTh, 4TO B OJrbkailiue rofbl U AECATUICTHS MEPBOC
HampaBjieHMe OyJIeT BEeCTM K OTKady OT TNpPUMEHEHHs 9JHEProyCTaHOBOK,
UCIIONB3YIONIUX YIJIEBOJOPOJHOE TOIUIMBO M ATUM YCHUJIMBAIOUIUX HapHUKOBBIM
abdext. Bropoe Hampamnenwe OyneT BECTH K HACHIIICHUIO MHUPOBOW SHEPTETUKHU
HOBBIMH, TPEJIETbHO BBICOKOIKOJIOTUYHBIMU < SHEPIOYCTAHOBKAMH (COBPEMEHHOTO
kiacca E).

B HbHemHui nepuoa B Mupe paboOThl [0 MpolsiemMe MoBbIIeHUsT YpoBHsS E,
BEIIyTCS aKTUBHO B 0OOMX HAIIPABICHHUSX.

HoBrie HAayYHO—TE€XHUYECKHUE U3BICKAHUS MIEpBOro HaIpaBJICHUS
OPUEHTUPOBAHBI Ha MOBBIIMICHUE YPOBHS 3(P(HEKTUBHOCTH TEXHOJOTUH, KOHCTPYKIIUU
U pekruMa QYHKIIMOHUPOBAHUS JICHCTBYIOIINX SHEPreTUYECKUX YCTAaHOBOK.

Ha BTOpOM HampaBj€HHWHM B MOJIE 3PEHHUS CIELMATUCTOB HAXOIATCS, MPEKIE
BCETO, aJbTCPHATUBHBIE SHEPrOyCTAHOBKH, KOTOPHIM CBOMCTBEH BBICOKUM YPOBEHB
E,.

Oco0Obie MHTEPEC U IIEHHOCTh MPEICTABISAIOT HAYYHO—TEXHUYECKUE U3bICKAHU,
OCHOBaHHbIE HA peaJ3aldN, UCTI0JIb30BAHUN NHHOBAIIMOHHBIX HAYYHO—TEXHUYECKUX
pELIEHUH.

O4eBUIHBIM SBIISICTCS TOT (PAKT, UTO B IIETIOM, UCIIOIB3YEMOE IHEPTETHUECKOE
o0opyZI0BaHHE B COBPEMEHHOM MHUpE HYXKIaeTcs B oOHOBIeHuu [8, 9]. OmHako B
HBIHCTIHUKA TTePUO BO3MOXKHOCTH [IJISi OCYIIECTBJICHHS TIOJHOTO WA WU30BITOYHOTO
€ro 0OHOBJICHUS B MEPOBOM COOOIIECTBE HEOCTATOYHO.

[losTomy, nns moBelmieHHs ypoBHS E;  meiicTByromero o00pymaoBaHus,
HEOOXO0/IMMO BO3MOXXHO aKTHBHEE paboTaTh B MEPBOM M3 JABYX YKAa3aHHBIX BBIIIIE
HAMPABJICHUMU: TMOJIb30BATHCS JOCTYIIHOM BO3MOXHOCTBIO — OCYIIECTBJICHHUEM
4aCTHYHOTO 00HOBIIeHHA. [10].

YactnuHoe  OOHOBJIEHHWE  OTJIMYACTCS  BO3MOXXHOCTBIO,  JIOCTYITHOCTBHIO
MOJy4YEeHHUs CYIIECTBEHHOro yiyuiieHus E; n3HomeHnHoro TO mpu MHHUMAaNIbHBIX
PECYPCOBIIOKEHUSIX.

[Ipu sTOM, OmHAaKO, HEOOXOAMMO NPEAEIbHO AKTUBHO BECTH paboOTy IO
BTOPOMY HAIpPaBJICHUIO, HEMOCPEACTBEHHO BEAYyIIEMY K IIOCTABJICHHOW LEJu:

30

36ipnux me3 donosioeui VIII Mixcuapoona naykosa koughepenyis « [nnosayitini
enepaomexuonoziiy 6-10 eepecns 2021 p.



Ooecvbka HAYIOHAILHA AKAOEMIst Xap1UO8UX MEXHON02I

PELIMTEIBHOMY CHH)KCHUIO BpPEIHOrO BoO3JedcTBHA mnpousBoiactsa Ha [IC wm
HOpMAaJIM3aIMH 3KOJOTHYEeCKONH 0OCTAaHOBKHU B MHpE.

AHanu3 COBpeMEHHOM 0OCTAaHOBKH B MHPOBOM MPOU3BOICTBE CBUIETEIbCTBYET
O TOM, YTO B HACTOSIIEE BPEMS HE TOJBKO B MUPOBOI SHEPIE€TUKE, HO TAKKE BO BCEX
OPYTUX OTPaciisiX MHUPOBOTO IMPOM3BOACTBA OCYLIECTBISIOT OTBETCTBEHHBIE HAYYHO—
TEXHUUYECKHE M3BICKAHUS M KOMIUIEKCHl OPraHM3allMOHHO—TEXHUYECKUX padorT,
HAIpaBJICHHBIE Ha pEIIeHHWE TJaBHOW COBPEMEHHOW MHPOBOM  MPOOIIEMBI:
peluTenbHOE NOBbIIeHHE ypoBHS E, mpuMensemMoro o0opyaoBaHus.

CnoxxuBIIasiCs B HBIHEUIHUMM MCTOPUYECKUH IEpUOJA W BCTaBIIAs IIEpen
YeJIOBEYECTBOM  KOMIUIEKCHAsl ~ JKOJIOrMYecKas  IpobsieMa . B3aUMOJCHUCTBUS
npousBoAactBa W IIC mnopomuna eme MupoByro mpoljiemMy  COLMAIbHO—
IICUXOJIOTUYECKOI0 XapaKTepa.

JUnTenbHBIA UCTOPUYECKUM IEPUOJ CO3/aHus IPOM3BOACTBA CHOPMHUPOBAI
YeJI0BEKa KaK CBOETO TBOPLA, yMeJIo dKcIuryartupyromiero 11C.

B nocnennue crosetus nepes 4ea0BEYECTBOM BCTajga TEXHHUYECKas mpodiema
cnacenusi [IC, myrem wu3mMeHeHuss mnpou3BoAcTBAa. OJHAKO K pEUIEHUI0 3TOH
poOJIEMBI YEIOBEUYECTBO OKA3aJI0Ch HE TOTOBBIM.

Bcectoponnuit  yriyOieHHBIM aHANW3 CIOXKHUBIICHCS B MHpPE KPUTHYECKH
CIIO)KHOM OOCTaHOBKHM TOKAa3bIBACT, YTO HYEJIOBEYECTBY HEOOXOAMMO peliaTh He
TOJIbKO TMpPOOJIeMy TEXHHYECKOTo xapaktepa. HeoOXoaumo Takxke MapaieabHO
pemarh  COLMATbHO-TICUXOJIOTHYECKYI0  MpoOJdeMy, TO €CTb  HE00XOAMMO
IEPECTPOUTECA B CBOEM COLMAIBHO-TICHXOJIOTHYeCKOM oTHomeHun Kk 1IC, k
[IpoLEecCy €€ B3aUMOJEHCTBHS C POU3BOIACTBOM U € YEIOBEUYECTBOM.

[TosHast HOBU3HA cylIecTBa MPOOJIEMBI M BBICOKAs CJIOKHOCTb padOThI Haj HEH
0o0yCIIOBMJIM  OCOOYI0 TPYJIHOCTb €€ PEIIEHUS U BBICOKYI0 OTBETCTBEHHOCTb
4eJI0BEYECTBA Iepe]; UCTOPUENH KaK aBTOpa M HMCHOJHUTENS KOMIUIEKca padoT Mo
npobieme.

[Tpouecc B3zaumogeiicTBuss IIC u mnpous3sBoACTBA UYPE3BBIYAHHO CIIOKEH.
[TosTomMy 3afaua ero HOpManau3allMd BechbMa CJOXHA W JIs pelIeHds TpedyeT
3HAYUTEJIBHOIO BPEMEHU.

VHHOBAIIMOHHBIN TMOAXOA K pEUICHHIO MpPOOJEMbl OTINYAECTCS BBICOKUM
KaueCTBOM NPHMEHSEMOI0 aJIrOpPUTMa PEIICHHUS W OINEPATUBHOCTHIO MOIYYECHUS
pesynbrata. [loatromy B3ammopeiictue [IC m mpoumsBoicTBa SBISETCS 00IACTHIO
IPUOPUTETHOLO NPUMEHEHHsI WHHOBALIMOHHBIX M3BICKaHWN. B KoMIIekce HaydHO-
TEXHUYECKUX M3BICKaHUM IO MpoOJeMe MHHOBALMOHHBIM IPENJIOKEHUSAM CIEAYET
yJ€IATh O0JIbIIOE BHUMAHHUE.

XapakTtep npoo6sieMbl 00yCIIOBUI HEOOXOIUMOCTh IPUBJICYEHHS] K yYaCTHIO B
paboTe HaJ HeMl MPAaKTUYECKU BCEX TPYAOCIOCOOHBIX YJIEHOB OOILIECTBA.

JIOCTUTHYTBIN yCHeX B PEIICHUHU TEKYIIMX 3a/1ad Ipo0JieMbl OYIET ONpeaesiTh
TEMII YJIYUIIEHHs SKOJIOTMYECKOH OOCTaHOBKHU B MHpE.

Heobxomumo, 4ToObl B KaXJAOHW CTpaHE COIHAIbHO-TICHXOJOTHYECKast
oOctaHoBka B o0miecTBe (opmMupoBaia B TpPaKIaHWHE AaKTUBHOE YYBCTBO

31

36ipnux me3 donosioeui VIII Mixcuapoona naykosa koughepenyis « [nnosayitini
enepaomexuonoziiy 6-10 eepecns 2021 p.



Ooecvbka HAYIOHAILHA AKAOEMIst Xap1UO8UX MEXHON02I

OTBETCTBEHHOCTH 3a cocTosiHue okpy»karomeit [1C.

VYuyactue Bcero 4eioBeueCcTBa B yCHENTHOM KOJUIEKTUBHOM PEUIEHUU KU3HEHHO
BOKHBIX W KpaWHE CIIOKHBIX JKOJIOTHYECKHX 3a/ad TI00aTbHOTO YPOBHS HMEET
HEOIICHUMOE MHUPOTBOPYECKOE 3HA4YeHHWE. BaxxHOCTh 3TOro (akra it cyned
YeJI0BEYECTBA HEBO3MOKHO NEPEOIEHUTb.

BriBoabI

1. Co3maHHOE 4YEJIOBEYECTBOM  MHUPOBOE  MPOU3BOJCTBO  arpeCCUBHO
BO3/ICICTBYET HA OKPYKAIOIIYIO IPUPOHYIO CPEY.

2. Ilpupoanas cpena mojJ BpeIHBIM BO3JEHCTBHEM MPOM3BOJICTBA MpHIILIA B
ornacHoe coctosiHie. Bo3Hnukiia mpoOiema ee 3aiuThl.

3. Bo3Hukiia KOMIUIEKCHasi MpoOJieMa pa3BUTHUSL MPOU3BOJACTBA U COKPAIEHUS
YPOBHSI €70 BPEIHOT'O BO3/IEUCTBHS Ha MPUPOJIHYIO CPEIy.

4. Cpeau otpacieil mnpou3BOACTBA MHUPOBasi JHEPreTHKa OKa3bIBA€T Ha
MPUPOJHYIO Cpelly Hanbosee CUIIbHOE BPEAHOE BO3/ICUCTBHE.

5.3aga4a MOBBIIIEHUSI SKOJOTUYHOCTH DHEPTETHIECKUX YCTAaHOBOK MpUoOperna
0co0yI0 aKTyalbHOCTh. Ee penienue Benercs B AByX HapaBIEHUSIX.

6. B mepBoM HampaBlieHMM BeIyT MOUCK U HCHOJB30BAHUE BO3MOXHOCTHU
MOBBIIIEHUS YPOBHS SKOJIOTUYHOCTH JICMUCTBYIOIIUX HBIHE SHEPIOYCTaHOBOK.

7. Bo BTOpoM HampaBieHUU pa3padarhblBalOT U BHEIPSIOT B MPOU3BOACTBO
SHEProyCTAaHOBKM HOBBIX THIIOB, OOJAJAIONINEe MHHOBALMOHHO BBICOKUM YPOBHEM
AKOJIOTUYHOCTH.

8. O0opyaoBaHUE MUPOBOI PHEPTreTUKH B 3HAYUTEIILHOW CTENEHH M3HOUICHO.
HpiHe npakTudecku JOCTYITHO OCYIIECTBICHUE €r0 YaCTUYHOTO OOHOBJICHHUS.

9. TapamnensHo = HeoOX0AMMO  pa3pabaTbiBaTh BTOpPOE  HAMpaBIICHUE,
HEMOCPEICTBEHHO aKTUBHO YIJIYYILIAIOIIEe SKOJOTUYECKYI0 OOCTAaHOBKY B MUDE.

10. B HbIHENIHUM MTEPUO/. B OTPACIIIX MUPOBOTO MPOU3BOJICTBA OCYLIECTBISIOT
MEpONpUATHS,  HANPABJICHHBIC ~ HAa  TOBBIIIEHUE  YPOBHA  DKOJOTMYHOCTH
MIPUMEHSIEMOT0 000Py/TOBaHMS.

11. BetaBmas Texaugeckasi mpo0emMa dKOJIOTHIECKOTOo Xapakrepa 00ycioBmia
BO3HHKHOBEHNE = COIMAIBHO-TICUXOJOTHYECKON  TPOOJIIEMBI, KOTOPYIO  TaKkKe
HE0OXoAMMO pemath. UemoBeuecTBy MPECTOUT NEPECTPOUTHCS B CBOEM OTHOIICHUHT
k IIC, a Takke K HpoIEecCy €€ B3auMOJICUCTBUA C IPOU3BOJICTBOM U C
YEeJI0BEYECTBOM.

12.  HoBu3Ha cyiiecTBa, BbICOKasg CTEMEHb CJIOXKHOCTH  COLMAIBLHO—
MICUXOJOTUYECKOW MPOoOJIeMbl O0YCIOBMIM OCOOYIO TPYIHOCTh PEIICHHUS, a TaKkKe
BBICOKYIO OTBETCTBEHHOCTh Y€JIOBEYECTBA MIEPE]l UCTOPUEH KaK MCIIOJTHUTEIIA.

13. OcoOblii xapakTep COLUUATBLHO-TICUXOJIOTHYECKON MpoOsieMbl 00YCIOBHII
HEOOXOAMMOCTD MPUBJICYEHUS K pad0oTe HAJl HEM NMPAKTUUYECKU BCEX TPYAOCIOCOOHBIX
YJICHOB 00I11I€CTBA.

14. B BuaMMOI NEpCHeKTUBE W Jajiee NOCTUTHYTHI Y€I0BEUYECTBOM YCIEeX B
pPEIICHNHN TEKYIIUX 3a/lad SKOJOTUYECKOW MPOOJIEMATHKU OyAeT OMpEeNesiTh TEMII
YIAYUYIIEHUS YKOJIOTUYECKON 00CTaHOBKU B MUPE.
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15. Yuyactue Bcero dejgoBeuecTBa B YCIICIIHOM  KOJUJICKTUBHOM PCHICHUU
ZKN3HCHHO BaKHbIX U KpaﬁHe CJIOKHBIX 3KOJOI'MYCCKHX 3aaayd r100aJBbHOTO YPOBHA
HMEET BaKHEHIIIee MHUPOTBOPHUYCCKOC 3HAUYCHHC.
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ROLE OF CRISPR-CAS9 AND AMIRNA IN CONFERRING
ABIOTIC AND BIOTIC STRESS TOLERANCE TO PLANTS

Nisha Kesari
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Keywords: CRISPR-Cas9, Abiotic and Biotic Stress, amiRNA, Zinc Finger,
Transcription activator-like effector nucleases (TALEN), cis-sequences, NHEJ

Introduction. Global warming leads to the occurrence of a number of abiotic
and biotic stresses which affect the agricultural productivity. Presence of abiotic
stresses lead to changes in plant pest interactions by strengthening the host plant
sensitivity to pathogenic organisms and insects that lead to a decline in the
competitive ability with weeds. On the contrary, some pests can change the plant
response to abiotic stress factors. Hence, various systematic studies are essential to
understand the effect of concurrent abiotic and biotic stress conditions on crop
productivity.

Abiotic stresses such as drought, salinity, temperature, and heavy metals,
imperil a major challenge for crop production leading to substantial yield reduction
worldwide. Thus, breeding tolerant cultivars against these abiotic and biotic stresses
is the most credible and eco-friendly approach to deal with this challenge.
Improvement in genome editing techniques, gives new prospects in crop
improvement by using precision genome engineering for targeted crop traits.

CRISPR-Cas9 a new era in the genome engineering. CRISPR (clustered
regularly-interspaced short palindromic repeats) technologies provide an effective
and straight forward means to perform targeted genetic manipulations in plant and
animal cells. At present, the ever expanding CRISPR toolbox allows genomic knock-
ins/-outs , gene silencing and activation epigenetic reprogramming , as well as single-
base editing .

The CRISPR-Cas9 technology originates from type II CRISPR-Cas systems,
which provide bacteria with adaptive immunity to viruses and plasmids. The
CRISPR-associated protein Cas9 is an endonuclease that uses a guide sequence
within an RNA duplex, tracrRNA:crRNA, to form base pairs with DNA target
sequences, enabling Cas9 that introduces a site-specific double-strand break in the
DNA. The dual tractRNA: crRNA was engineered as a single guide RNA (sgRNA)
that contains two important features:

o A sequence at the 5’ side that determines the DNA target site by Watson-
Crick base-pairing.

o A duplex RNA structure at the 3’ side that binds to Cas9.

This lead to creation of a simple two-component system in which changes in
the guide sequence of the sgRNA program Cas9 to target any DNA sequence of
interest.
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Fig. 1: The Cas9 enzyme (blue) causes breaks in double-stranded DNA by utilising its
two catalytic centers (blades) to cleave each strand of a DNA target site (gold) next to a PAM
sequence (red) and matching the 20-nucleotide sequence (orange) of the single guide RNA
(sgRNA). The sgRNA includes a dual-RNA sequence derived from CRISPR RNA (light green)
and a separate transcript (tracrRNA, dark green) that will bind and stabilize the Cas9
protein. Cas9-sgRNA—mediated DNA cleavage produces a blunt double-stranded break that
triggers repair enzymes to disrupt or replace DNA sequences at or near the cleavage site.
Catalytically inactive forms of Cas9 can also be used as well programmable regulation of
transcription and visualization of genomic loci. DOI: 10.1126/science.1258096

CRISPR/Cas9 genome editing mmvolves easy and straightforward designing and
cloning methods, with the same Cas9 being potentially available for use with
different guide RNAs targeting multiple sites in the genome. Various modified Cas9
cassettes have been used in crop plants for enhancing target specificity and reducing
off-target cleavage (e.g., Nmcas9, Sacas9, and Stcas9).

CRISPR/Cas 9 can be used to induce either (CRISPR activation or CRISPRa)
or repress (CRISPR interference or CRISPRi) gene expression by merging the
catalytically inactive Cas9 (dCas9) with a transcriptional activator or repressor
(Bortesi and Fischer, 2015). interference. In CRISPR,correct designing of gRNA can
help m overcoming the limitation of off-targeting, hence is advantageous over the
conventional gene editing methods. As opposed to ZFNs and TALENs, which use
protein motifs for target identification, CRISPR-Cas9 depends on RNA-DNA
recognition to create the double-strand break.

Advantages of CRISPR-Cas9 over ZFNs and TALENS are

(1) Ease in target design,

(11) Efficacy of introduction of mutations by directly injecting the RNAs
encoding Cas9 protein and guide RNA,

(111)  The ease of multiplexing, causing targeted mutations in multiple genes
in a single event (Ma et al., 2015; Malzahn et al., 2017) ,

(iv) Designing of CRISPR-Cas9 vector is relatively less tricky compared to
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designing ZFNs or TALENS due to the availability and easy access to the enhanced
bioinformatics tools which are used to distinguish the most appropriate sequences to
design the guide RNAs with no further need of screening libraries to find out the
most efficient target.

Methods of Action

Selection of the Structural Genes to achieve Abiotic Stress Tolerance. The
target genes help in altering plant immune response, oxidative stress tresponse,
hormone signaling pathway, plant development, and expression of transport proteins.

Reactive oxygen species (ROS) play a pivotal role in plants by acting as
signaling molecules for the regulation of gene expression (Ribeiro et al., 2017), plant
defense against viral pathogens (Wu et al., 2017) and symbiotic nitrogen fixation
between plant and soil rhizobia (Sinharoy et al., 2016).

Although over-production of ROS which is a usual response of plants towards
abiotic and oxidative stresses can impart different types of growth abnormalities like
the reduction in photosynthesis rate, enhanced cell death, and even male sterility,
leading to a reduction in crop yield (Hu et al., 2011; Zafar et al., 2019). Therefore,
keeping a check on ROS production and its scavenging i1s vital to maintain redox
balance in cells (Mittler, 2017).

Various genes encoding antioxidant enzymes such as catalases (CAT),
superoxide dismutase (SOD), glutathione reductases (GR), glutathione-S-transferases
(GST), and many peroxidases (POD) participate in the scavenging of ROS molecules.
These genes can be called as the ‘Tolerance genes’ (T genes) which contribute to
abiotic stress tolerance (Hu et al., 2011; Mittler, 2017).

For instance, Papain like Cysteine proteases (PLCPs) are found to be improved
under abiotic stress conditions in various plant species like Sweet potato (SPCP2),
Wheat (TaCP).

Arabidopsis “lines overexpressing SPCP2 and TaCP showed enhanced
tolerance to drought stress (Chen et al., 2010; Zang et al.,2010; Liu et al., 2018).

Melatonin biosynthetic genes: Melatonin is an antioxidative molecule which
helps plants in scavenging ROS and reactive nitrogen species (RNS) .Plants which
overexpress melatonin biosynthesis genes were found to be tolerant to different
abiotic stresses (Zou et al., 2014; Byeon and Back, 2016; Antoniou et al., 2017).

Nonetheless, various Sensitivity genes (S genes) genes cause increased
production of ROS, (which is called as oxidative stress), reduced antioxidant activity,
enhanced programmed cell death (PCD) and the genes that cause derangement in the
hormonal homeostasis makes plants sensitive to abiotic stresses have been reported
(Fang et al., 2015; Liu et al., 2016; Zhao et al., 2017).

Knocking out the S genes contributes towards stress tolerance by disrupting the
involved pathways. For instance, Oryza sativa Stress-related RING Finger Protein 1
(OsSRFP1) 1s an E3 ubiquitin ligase and functions as a negative regulator for
multiple abiotic stresses by enhancing the level of H202 (an important ROS species)
and reducing the activities of antioxidant enzymes in plant tissues (Fang et al.,
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2015).

Knockdown of OsSRFP1 increased plant tolerance to abiotic stresses via
disrupting the H20O2 biosynthesis and positively regulating the antioxidant activities
(Fang et al., 2015).

Various sensitivity genes such as OsDISI (O. sativa drought-induced SINA
protein 1) and DST (drought and salt tolerance) have been tried for such functional
transformation via RNAi-mediated gene silencing (Huang et al., 2009; Ning et al.,
2011).

Selection of Regulatory genes to enhance Abiotic Stress tolerance.
Regulatory genes like transcription factors, phosphatases, kinases are yet another
important class of targets for modulating the level of expression of several
downstream genes and activating many stress signals.

For instance, In Arabidopsis, a NAM-ATAF1/2 and CUC2 (NAC)
transcription factor, ANAC069, functions as negative regulator of abiotic stresses (S
gene). ANACO069 regulate the expression of multiple stress responsive genes by
binding specifically to the core motif sequence of C[A/G]CG[T/G] in their promoter
region which leads to a decline in ROS scavenging capability and high proline
biosynthesis, leading to increased sensitivity to salt and osmotic stress (He et al.,
2017).

ANACO069 knockdown mutants obtained via T-DNA insertion showed
enhanced tolerance to salt and osmotic stress (He et al., 2017).

Likewise, overexpression of T genes like AtMYB44 confers drought and salt
tolerance via enhancing ABA-induced stomatal closure (Jung et al., 2008).

Similarly, overexpression of ZmWRKY106 enhances drought and heat
tolerance in transgenic plants by monitoring the expression of stress-related genes,
reducing the ROS content and increased activities of antioxidant enzymes (Wang et
al., 2018).

Importance of cis-regulatory sequences in addressing Abiotic stress
tolerance in plants. Cis-regulatory sequences are of immense importance in
regulation of the expression of genes as these sequences assist in the recruitment of
the specific transcription factors (TFs). These sequences are usually present in the
promoter region of genes and presence/absence/variation in the position/sequence of
these sequences would influence the expression of the gene where it can lead to the
induction or reduction or even no expression of the gene. Several cis-sequences such
as W-box (TTGACC) and GCC box (AGCCGCC) function as a negative regulator of
abiotic stress response/tolerance by providing binding sites for particular transcription
factors such as GhWRKY 17 and OsERF922, respectively. Thus, these cis-sequences
could serve as a proper target for creating nucleotide level mutations using recent
genome editing tools that may improve tolerance to abiotic stress tolerance in crops.

For instance, Arabidopsis thaliana ANACO069 inhibits the expression of several
stress-responsive genes (7 genes, e.g., SOD, POD, GST, and Pyrroline-5-carboxylate
synthase, P5CS), which have ROS scavenging activities, and thus negatively
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regulates salt and osmotic stress tolerance. ANACO069 regulates the expression of
these genes by interacting with cis-element and binds specifically to DNA sequence
C[A/G]CG[T/G] (He et al., 2017).

The mutation in this main sequence causes the failure of gene regulation by
ANACO069 leading to stress tolerance. CRISPR-Cas9 drove mutagenesis of cis-
sequences in the promoters of several genes created a continuum of genetic and
phenotypic variation which resulted in the creation of novel QTL and improved
tomato size and yield (Rodriguez-Leal et al., 2017).

Role of miRNA and amiRNA. MicroRNAs (miRNAs), a class of endogenous
small noncoding RNAs with the size of 21-24 nucleotides that can mediate post-
transcriptional and translational gene regulation. miRNAs play an important role in
diverse aspects of plant development and plant responses to biotic and abiotic
stresses.

The biogenesis of miRNA is a multi-tier process that begins with the
transcription of a miRNA gene into a primary transcript (pri-miRNA) .

Pri-miRNA is sequentially processed into a stem-loop structured precursor
(pre-miRNA) by DICER-LIKE1 (DCLI1), and pre-miRNA is then processed into
miRNA/miRNA* duplex and stabilized by methyltransferase HUA ENHANCERI1
(HENT1).

The methylated miRNA duplex is eventually loaded into the ARGONAUTE
(AGO) protein to form the so-called RNA-induced silencing complexes (RISCs),
followed by the release and degradation of miRNA.

By targeting complementary sequences, RISCs negatively regulate gene
expression through mRNA degradation and/or translation inhibition.
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Fig. 2: Biosynthesis and mode of action of miRNA. Source: Djami-Tchatchou et al.
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Artificial microRNA (amiRNA) technology has already been triumphantly
made to silence target gene expression by producing artificially designed miRNAs
using the naturally existing miRNA precursor as a backbone . When comapared to
various genome editing tools and techniques , the amiRNA technology is more
flexibile and reversible in generating loss-of-function mutants without altering DNA
sequences. As the expression of amiRNAs can be regulated by chemical-inducible or
cell/tissue-specific promoters , amiRNAs are extensively utilized for examining the
gene functions associated with mutant lethality. amiRNA has a high silencing
specificity and only recognizes target sequences with less than 5 mismatches ,
making it an ideal tool to silence individual AS isoforms or multiple genes sharing
short conserved sequences.

CRISPR/Cas9 nonhomologous end joining (NHEJ; Figure 3a) can be
accomplished by the presentation of indels at pre-miRNA arrangements or the
miRNA handling locales of MIR qualities, which hinders or tretards miRNA
biogenesis (Chang et al., 2016; Zhou et al., 2017).

Similarly, indel addition in target qualities can meddle with miRNA-target
mRNA blending and lead to the resulting disappointment of mRNA cleavage into
RISC.

(a) MIR gene knock-down strategy
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Fig. 3a

The CRISPR/Cas9 system to target promoter sequences or generate MIR gene
knock-down using nonhomologous end joining (NHEJ) strategy. Above, a typical
CRISPR/Cas9 NHEJ binary vector carrying a T-DNA that contains a selection
marker gene under control of a constitutive promoter, Streptococcus pyogenes Cas9
wild-type gene (SpCas9WT) codon-optimized to monocots or dicots and containing
one or two nuclear localization signals under control of a constitutive promoter, one
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or two RNA guide RNAs (gRNAT1 or gRNA2) and an RNA scaffold in tandem under
control of the U6 RNA polymerase III promoter containing a guanine (G) extra at the

3’ end.

Below, an overview of the NHEJ strategy in plants containing T-DNA from the
CRISPR/Cas9 binary vector integrated into the genome (constitutive expression) or
by transient expression (e.g. in protoplasts) via biolistic approach or the type III

secretion system of Agrobacterium tumefaciens (Chang et al., 2016;
Zhou et al., 2017).

Below, the complex gRNA:RNA scaffold is transcribed, associated with Cas9
nuclease in the nucleus and directed to the target sequence in genomic DNA. The
gRNAs match the target sequence (promoter sequence or MIR gene) and mediate its
cleavage by Cas9 nuclease next to the protospacer adjacent motif (PAM), generating
a double-strand DNA break (DSB). Post DNA cleavage, the damage is rectified by
the DNA repair mechanism of the plant cell, but errors (insertion or deletions of any
nucleotides, named indels) can be inserted in the repaired DSB sequence, resulting
in indels within the transcription start site, cis-regulatory elements or other binding
sites of trans-acting factors, leading to the up- or down-regulation of MIR gene
expression. In addition, indels in miRNA processing sites prevent the biogenesis of
these molecules.
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Biotic Stress Tolerance. The recognition of biotic stress-associated miRNA
loci involves

(1) The selection of putative biotic stress-associated miRNA target transcripts,
(2) The mapping of miRNA-directed cleavage sites

(3) A bioinformatic analysis to retrieve potential stress-associated miRNA-
precursors and miRNA mature sequences

For instance, Arabidopsis miR393 is a stress-responsive miRNA that
contributes to resistance against virulent Pseudomonas syringae pv. tomato strain
DC3000 (Pto DC3000), presumably by repressing auxin-signaling

In various plants it was studied that the overexpression of miR393 effectively
blocks the microbial growth and provides a disease resistant tool.

Some studies have shown that the miR160a overexpression positively regulate
callose deposition induced by MAMP, while miR773 and miR398b negatively
control MAMP-induced callose deposition and provide specific protection to
bacterial infection.

Conclusion and Future Prospects. In plants the conventional genetic tools
such as T-DNA insertion and ion/chemical-induced mutagenesis, which usually cause
random gene inactivation are now being replaced by the CRISPR-Cas technology that
confers a sequence-specific gene knockout as proposed by Zhang et al., 2016a. Here
the potential use of CRISPR-Cas9 technique for the development of abiotic stress-
tolerant crops via targeting the key sensitivity (S genes and cis-sequences) and
tolerance players (T genes) has been discussed. From a general perspective, T genes
are deployed to achieve abiotic stress tolerance in plants. Eventhough the expression
of § genes sometimes hiders with the biological function of these 7" genes. Hence,
silencing § genes to disrupt their function might help plants to adjust their
physiological and biochemical pathways for abiotic stress tolerance. These cis-
sequences are highly conserved in their nature and function for the regulation of gene
expression by interaction with specific transcription factors. Hence, editing these cis-
sequences serves as a potential approach for improving tolerance towards abiotic
stress. Likewise the amiRNA technology is not only a strong genetic tool for
production of loss-of-function mutants in plant research, and enhanced disease
resistance against various abiotic and biotic stresses such as pathogens or pests.
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