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PED®EPAT

Jlana poOoTa mpucBsueHa pO3poOIll MPOEKTY BHPOOHHUIITBA CYOCTaHIll HATAMIIIMHY
IUISIXOM KYJIbTUBYBaHHS mTamy Streptomyces natalensis NRRL2651. KynbTypa cunTesye
BHCOKY KOHIICHTamit0 aHTuOioThka (3,0 r/71) Ha MOKUBHOMY CEPEAOBHIII 3 TIIFOKO30I0,
IPULKIKOBUM 1 M'SCHUM ~ €KCTpakTaMd 3a YMOBHM BHECEHHsS PO3YMHY CoJieh
KOPOTKOJIAHIIOTOBUX KUPHUX KHUCJIOT — MPOIIOHATY 1 alleTaTy HATPil0 — K CTUMYJISTOPIB
CHUHTE3y HaTaMmiluHy. Po3paxoBaHa piuHa MOTY)XHICTb MPOMHUCIOBOTO BHUPOOHHIITBA
HAaTaMiLMHY CTAHOBUTh 129 KI CyXOro MOpOWIKYy MPOAYKTy abo 72 M® KyIbTypalbHOi
PIAVHY AJI OJIepKaHHs cyOCTaHIIl aHTUO10THKA.

TexHoyioriyHa cxeMa BHUPOOHHUIITBA HATaMIMHY BKIIIOYA€E JOMOMIXKHI poOOTH
(ca”iTapHa MIATOTOBKAa BHUPOOHUITBA, TMPUTOTYBAHHS 1 CTEpUIi3allisl IMOKUBHOTO
CepelloBUILA Il OJEp>KaHHS IOCIBHOIO MaTepiany, MPUTOTYBaHHS 1 CTEpHIIi3allis
MOXKUBHOTO CepeIoBUINA Il O10CMHTE3y HaTaMillMHYy, MPUTOTYBAaHHS 1 CTEpHIII3AIlis
PO3YMHIB [JIsI TUTPYBaHHSI, MIATOTOBKA 1 CTEpWIII3allisl MIHOTACHHUKA) Ta TEXHOJOTIYHI
nporiecu (oJep>kaHHs MOCIBHOIO MaTepiaily, 010CHHTE3 HaTaMillMHY, BIJAIICHHST OioMacH,
JE3IHTerpalliss  KIITAH, eKCTPaKIlisl HaTaMIlUHY, UEHTPUPYTyBaHHSA  EKCTPAKTY,
KOHLICHTPYBaHHS 1 OUMILEHHS €KCTPaKTy HaTaMILIMHY, OCa)KEHHS HATAMILIMHY, BIAAUICHHS
KpUCTaJiB HAaTaMIIMHY, CYIIIHHS KPUCTaJiB HATaMIIMHY), CTAJil0 MAaKyBaHHS, CTaIil0
nepepoOKy BIAXOIIB (pereHeparlis 130IpoIaHoiTy) Ta CTaIi0 3HEITKOKEHHS B1IXO/IIB.

3aranpHUi 00CAT AUIIOMHOTO MPOEKTY ckianae 198 cropiHok, 3 sikux 150 cTropiHOK
OCHOBHOTO TEKCTy. 3a CTPYKTYypOI poOOTa CKIQJAa€ThCs 31 BCTYIY, ACCATH PO3JLIIB,
CIUCKY BUKopucTaHoi jiteparypu (102 no3unii), nogaTtkis Ta rpadiyHoi yactuau. Pobota
BKioyae 16 pucyHkiB 1 23 Ttabmnuui. ['padiyHa yacTMHA MPOEKTY NpeicTaBlieHa
4 xpecnennsimu popmarty Al i 1 kpecnerasm dpopmary A3.

KarwuoBi caoBa: wamamiyun, Streptomyces natalensis NRRL2651, nimapuyum,
NOJieHOBULl AHMUOIOMUK, KAHOUOO03, NPOMUSPUOKOsuUll azenm, Olocunmes, 6UOLIEHHS,
0caodcysaivhe Yeumpugyeyeants, oe3inmezpayis Oiomacu, eKcmpaxkyis, i30nponaHol,
yiempaginempayis y HnepexpecHoMy HOMOYI, O0CAONCEHHs, CYWIIHHA, CYuapKa 3

nceso003Pi0HCEHUM ULAPOM.



BCTYII

Ha croromuimiHiil 1eHs HATAMIIIMH € KOMEPIIHHO YCHIIIHUM aHTHO10THKOM Y BChOMY
CBITI 3aBASKA MOTO MIUPOKOMY CIEKTPY MPOTUTPUOKOBOI aKTUBHOCTI, & TAKOK BHUCOKOMY
npodimo OesneyHocti. Ha BigMiHY Bif 1HIIMX aHTUMIKOTHYHHUX MpenapaTiB, HaTaMIIH
BOJIOJII€ YHIKAJIBHUM MEXaH13MOM Jiii, IKUH MoJIArae y mopylieHHI TPaHCIIOPTHOT PyHKIIIT
O1IKIB-TIEPEHOCHUKIB Ta 1HTIOyBaHHI MPOIIECIB 3JUTTA BaKyoJeH, €HI0- 1 €K30LHUTO3Yy Y
KIITHHAX MaToreHHUX MikpooopraHiamiB [1,2,3]. Taka nis antubioThka mMO30aBIIsE
30yIHUKIB €HEPreTUYHUX CyOCTpaTiB 1 3JaTHOCTI PO3MHOXYBATHUCS, IO y pe3yJbTaTi
MPU3BOJUTH A0 iXHBOI 3aruOelII.

3 Touk# 30py HapMaKOKIHETUKHU BaXJIMBUM € TAKOK BUCOKUU Mpodiib OE3MEYHOCTI
HaTaMIlIMHY — MpenapaTr 1o0pe MepeHOCUThCS MPU KOHTAKTI 31 MIKIPOIO Ta CIM30BUMHU
000JIOHKaMH, HE MIJJAEThCS CHUCTEMHIM aOcopOIlli, HE BHUKJIMKAE CEHCUOLII3aIli, HE
nposiBiisie eMOPIOTOKCHMYHOI 1 TepaToreHHoi Aii [4]. 3aBASKHM TaKUM BJIACTUBOCTSIM
npenapaTi HaTaMmilMHy HIUPOKO BUKOPHUCTOBYIOTHCS Y KIIHIYHIN MPaKTHUIN SK OCHOBHUMN
aHTU(QYHTAJIbHUNA areHT y JIIKYBaHHI MIKO31B PI3HOI €TIOJIOTii, 30KpeMa y TIHEKOJOrli,
racTpOEHTEPOJIOTI, JEPMATOBEHEPOJIOT11, 0 TATEMOJIOTIT Ta OTOJIAPUHTOJIOT .

Huni HaceneHHst YKpaiHu Ma€e MONUT Ha MpenapaT HaTaMIlMHY Y (OpMi BariHaJIbHUX
CYTO3HUTOPIiB, KUITKOBOPO3YMHHUX TabyeTok 1 kpemiB [5]. [Ipore BapTO 3a3HAUMTH, 1110
Hapa3i B YKpaiHi BITYM3HSIHI O10TEXHOJOTIYHI MIAMPUEMTBA HE BUPOOJSIOTH BIIACHOI
cyOcTaHIli HaTaMilMHY, a (hapMalleBTUYHI KOMIIaHIi HE BUITYCKAalOTh BJIACHUX OpEH/IIB
npenapariB HaTaminuuy. €auHuM BukimoueHHIM € [IAT «Moudapm», sike BUTOTOBIISE
necapii «HaTamiruuy 13 iMOOpTHOI cupoBuHU [5]. Ciia 3ayBakuTH, 110 JiKapchka ¢hopma
necapiiB Hapasi piIKO BUKOPUCTOBYETHCSA Y JIKYBaHHI BYJIbBOBariHaIbHUX KaHAUA031B [6]
1 TOMy TONUT Ha JaHy MPOAYKI[II0 € HEBEIMKUM. Tak, MOMyJSpHI JIKapchki (hopmu
HaTaMIlIMHY — CYNO3UTOpii, TaOJeTKHu 1 KpeM, TMpeACTaBiIeHl Ha YKpPaiHCHbKOMY
(dhapMaIeBTUYHOMY PHWHKY BUKJIIOYHO IMIOPTHUMH OpeHgamu. [[ns iMmopTo3amilieHHs
B)K€ HAasABHUX HA PUHKY MpenapariB HATaAMIIUHY IJis YKpaiHU 3aJIMIIAETHCA aKTyaTbHUM
NUTaHHS TOOYAOBH BITUM3HSHUX MOTY>KHOCTEW sl BUPOOHMIITBA HaTamiluHy. TUM He
MEHIII, BAPTO BpaxyBaTH, 110 peanizaiis BUpoOHHUITBa cyocTaniii sk ADI 1 BUITyCK Bxe
rOTOBOT'O JIIKAPCHKOTO Mpenapary Ha OJHOMY MiJNPUEMCTBI TOB’SI3aHO 13 BEIMKUMU

eKCIUTyaTal[iIiHUMU BUTpPATaMH 1 BIAMOBITHO — 30UIBIIEHHAM COOIBAPTOCTI OJMHUIIL
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rOTOBOTO MPOAYKTY. Tomy, OUIbIII €KOHOMIYHO BUTIIHUM € BHUITYCK HaTaMIiluHy y Gopmi
KPUCTAJIIYHOTO TMOPOIIKY i (hapMaleBTUUYHOTO 3aCTOCYyBaHHS SIK CHUPOBUHHU IS
BUTOTOBJICHHS TMpemnapaTiB  HartaMminuHy. Ile 103BOJIUTH  AiI0OYMM  YKPAiHCHKUM
dbapMalleBTUYHUM KOMIIAHIsIM KyIyBaTW HE IMIOPTHY CHPOBHMHY HAaTaMmillMHy, a
BITUM3HSHY, JIJIs1 HQJaHHS 1 MeBHOT JIIKapCchKoi (OpMHU 1 peatizallii y BUTJISI1 BITYU3HSIHOTO
OpeHly TOTOBOTO MperapaTy HaTaMilHY.

AKTYaJBHICTh JaHOi PO3POOKM BHU3HAUAETHCS 3POCTAIOYUM MOMHTOM HACEJICHHS
VYkpainu Ha Ji€Bl1 Ta HEJOPOTl aHTUMIKOTUYHI TIperapaTy, 3BaXKal0un Ha JIUHAMIKY POCTY
3aXBOPIOBaHb IPUOHOI €Ti0JI0T1i [36, 37] Ta BUCOKY BapTICTh MPOTUTPUOKOBUX MPEMApaTiB:
IMIIOPTHUX Ta BHUIOTOBJICHUX BITYM3HSIHUMHU (DApMalEBTUUHUMHU MIANPUEMCTBAMU 3
IMIIOPTOBAHUX  CYOCTaHIII, o  OOyMOBIIOE  HEOOXINHICTh  PO3pPOOJICHHS
BHCOKOC(DEKTUBHOI 1 BOJHOYAC HE CKIAJIHOI y peamizaiii TEeXHOJIOTil BUPOOHUIITBA
cyOCTaHIli HAaTaMillMHY 3 METOI il MOJAJbUIOTO MOXJIMBOIO BUKOPUCTAHHS IS
OJlep KaHHS IUIOrO PsSAY JIKApChKUX ()OPM BITUU3HSHUX AHTUMIKOTUYHUX JIKAPCHKUX
Mpenaparis.

HoBu3HOI0 1aHOTO TUTUIOMHOTO MPOEKTY €:

e BukopuctanHs S. natalensis NRRL2651 sax mnpoayueHTa s oaep>KaHHS
HaTaMIIMHY B MPOMUCIIOBUX MaciiTabax, 1m0 3yMOBJIEHO 3JAaTHICTIO IITaMy JI0
3a0e3ne4YeHHs] BUCOKOI KOHIIEHTpalii LUIbOBOro mnpoxaykry (mo 3,0 r/m) npu
BUKOPUCTAHHI COJIEM KOPOTKOJAHIIOTOBUX JKUPHUX KHUCIOT y  SIKOCTI
CTUMYIIATOPIB O10CUHTE3y HaTaMiluHY [7];

e cucTeMaTu3allisl pO3PI3HEHUX JAHWX CTOCOBHO ICHYIOUMX TEXHOJIOT1H BUILJICHHS 1
OUMIIEHHS CyOCTaHIli HaTaMmiguHy 1 po3poOJeHHs Ha IiX  OCHOBI
HAaWONTUMAJIBHIIIOI TEXHOJIOTIT OTPUMAaHHS BUCOKOOYHUIIIEHOTO 1 CTaOULIBHOTO
OPOIYKTY, 30KpemMa 3arporoHOBaHO BUIIATH HATaMILKH 13 O10Macu NpoylIeHTa
Streptomyces natalensis NRRL2651 mmsixom ekctpakiii aHTHOIOTHKA 3
JE3IHTEerpaTy KIITUH 130MPOMIJIOBUM CIMPTOM 3a YMOBU miaBuuieHHs pH
CEpEeIOBHUILA JI0 CUJIbHOIYKHOTO 3 METOIO MIJBUILIEHHS PO3UYMHEHHS HATaMILUHY

y OPTaHIYHUX PO3YMHHHUKAX.



PO3/1JI 1. XapakTepucTHKA HATAMILIMHY
Haraminua (mimapinwH, TEHHEICTHH, HATacWH, XapdyoBa goOaBka E235) — me
HaTypaJIbHUN TPOTUTPUOKOBHM areHT, IKUW 3HAMIIIOB IIUPOKE 3aCTOCYBAHHS Y KJIIHIUHIM
MPaKTHI[, XapyOBiii TPOMHUCIOBOCTI Ta CUIBCHKOMY T'OCIIOAAPCTBI, Oyayun Oe3meuHuM i
eeKTUBHUM TP HEBENMKUX KoOHIeHTpamisx [8]. IlpoayuneHTamu HaTamiluHy €
NpEeICTaBHUKU PONY Streptomyces — HUTUYACTI, TPAMIIO3UTUBHI, KHUCJIOTOCTINKI OakTepii,
ki (HopMyIOTh J00pe po3BuHeHUM Mineniil. OcobivBe 3HAYeHHS ISl OJEp>KaHHS
HAaTaMIIIMHY Yy TMPOMHUCIOBUX MacmTabax MawTh HACTYNHI Buau: S. natalensis,

S. gilvosporeus 1 S. lydicus [7, 9, 10].

1.1. ®i3uKo-XiMivyHi BJACTUBOCTI HATAMIIIMHY
Haraminua HalexuTh A0 KJIacy TETPACHOBUX MAaKpOJIIIB, SIKI MICTATh Y CBOEMY
CKJIaJ[l BEJIUKE JIAKTOHHE KiIbIle (25 aTOMIB BYIJIEIO), 3B’s3aHe €(hIpHUMU 3B’ SA3KaMH 3
MiKO3aMIHOBOIO Tpymnoro. Emmipuuna dopmyna nataminuny Ci3HasNOj3, MonekymnsipHa
Maca CTaHOBHUTH 606 HanbTOH. Y BOJHUX PO3YMHAX AHTHOIOTUK BUSBIIAE aM(pOTEpHI

BJIACTMBOCTI, a OT0 130€JIEKTPUYHA TOUKa 3HaxoauThes npu pH 6,5 [4].

Puc. 1.1. CtpyktypHa dhopmysa HaTaMiIuHy [4]
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VY TBepAOMY CTaH1 HATaAMILMH Ma€ KPUCTaIIuHy CTPYKTYpy. [lopyiienHs kpucraniuyHoi
dbopmu anTHOIOTHKA BiAOyBaeTbcss mpH Temmeparypi Outbme 200 °C, npuyomy
temrnepatypa Hwkde 120 °C He BIUIMBa€ Ha HWOro aHTUMIKOTHYHY aKTHUBHICTh, SKIIO
TPUBANICTh MAii TeMreparypu He Oinbine onHi€i roauHu. L{fo BmacTUBICTH TPOAYKTY
HEOOX1IHO BpaxoOByBaTH MpH BHOOpI pEXKUMIB cTepuiizaiii abo aBTOKJIABYBaHHS
CepeIOBHIIL, SIKI MICTSATh HATaMILIHUH.

HaTaminua norano po34uHsIETbCA Y BO1, 1 10Ope PO3UMHSETHCS Y TAKUX MOJISIPHUX
PO3UMHHUKAX SIK: JIbOJSIHA OLITOBA KHUCIIOTa, METHIIIPOIIAOH, TUMETHICYIb(OKCUT,
[IILEPUH, TPONIEHTIIKOb. [Ipy 1boMy HaTaMillMH HE PO3UYMHSIETHCS Y BULIUX CIUPTaX,
edipax, apoMaTUUHUX Ta adiPaTUYHUX BYTJICBOJHSIX 1 KETOHAX. Y pO34YMHAX HAaTaMIIUH
ctaOupHUM npu 3HaueHHAX pH 6,0 — 9,0, mpoTe MBUIKO IHAKTUBYETHCS 32 EKCTPEMAIIBHO
HU3BKUX Ta BUCOKHMX 3HadyeHb. TaKoX 1HAKTHUBAIllS HATaMILMHY BiAOYBA€ThCA MiJ €0
yIbTPadioIeTOBOr0 BUMPOMiHIOBaHHS 3 MTOBKUHOIO XBWI 300—350 HM, a TaKOXK JIEIKUX
OKHCIIOBaviB. HassBHICTh aHTHOKCHAAHTIB (aCKOPOIHOBA KUCIIOTA, XJIOPO(1I) JT0IoMarae
MONEPEIUTH MIBUIKY 1HAKTUBAL[IIO HATAMILIMHY.

VY cyxoMy cTaHi 1 BUIJISIII BOAHOI CYCIIEH31i HaTaMillMH € CTaOUIHHOIO CIIOJIYKORO,
OCKUIbKH MiJl 4yac 30epiraHHs aHTUOIOTHMKA Y TEMHOMY MICIIi TTPOTATOM 2 POKiB HE OYJI0
BHSBJICHO BTpPAT HOr0 aHTUMIKOTHYHOI aKTUBHOCTI [4].

Takum 9rMHOM, BpaxOBYIOUM BHUIIEHABE/ICHI BJIACTUBOCTI aHTHOIOTHKA, MpemnapaTu
HaTaMILIMHY MOBHHHI 30epiraTucs B TEMHOMY MICLl, a TaOJETKU IJIsl MEepOpaTbHOTO
MpUHOMY TOBUHHI OyTH BKPUTI 0OOJIOHKOIO TSl MOTIEPEXKEHHSI 1HAKTUBAIIlT HATAMIITUHY B
KHCIIOMY CEpelOBMINI UUTyHKAa. TakoX TMpu po3podii KOMOIHOBAHMX MpenapaTiB
HaTaMIlIMHY HEOOXIAHO 3BEpTAaTh OCOONMBY yBary Ha (i3MKO-XIMIYHI KOXKHOTO 3
KOMITOHEHTIB, OCKUTbKM Oyab-sIKi OKHCIIIOBaYl HECYMICHI 3 HAaTaMil[MHOM B OJHIM
JKapChKii Gopmi.

1.2. ®apmakoJI0TiuHi BJaCTUBOCTI Ipenapary

JloHenaBHa JUIsi  OMKMCY MEXaHI3My Jii  HaTaMmillMHy BUKOPHUCTOBYBAJIUCS
XapaKTePUCTUKHU THIITUX MOJIEHOBUX MAKpOIiAIB, 30KpeMa HICTaTUHY, OCKUIBKHA MEXaH13M
Al HaTaMilMHYy He OyB BiOMHM Hayill. Tak, BBa)ayuocs, 1[0 HATaMIIUH 3B SI3YETHCS 3
€pProcTepuHOM — OCHOBHUM CTE€POJIOM KIITUHHUX MeMOpaH rpu0iB, 1 yTBOPIOE HAIIBIOPY.

3MUTTS IBOX HAMIBIOP MPU3BOAUTH 10 YTBOPEHHS IMTUOOKOI TIOPH, SIKa MPOHU3YE KIIITUHHY
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MeMOpany. Lle yTBopeHHs nopyIlIye CENeKTUBHY MPOHUKHICTD JIMIAHOTO O1IIapy 1 3MIHIOE
10HHUI TPAIENHT, IO Y Pe3yabTaTi MPU3BOIUTE 0 3arubdeni rpuoda.

[IpoTre cydacHi pgocnipkeHHS (HapMaKOJIOTIYHUX BJIACTUBOCTEH HaTaMIIIUHY
BUSIBHJIM, IO MEXaHI3M JIii aHTHOI0THKA TIOB’SI3aHUI HE 3 YTBOPEHHSIM TOp B MEMOpaHax
30yIHUKIB, a 3 IHT10YBaHHSIM SIK €K30- 1 €HIOIIUTO3Y, TaK 1 MPOLeCy 3MIUTTs Bakyosei [11].
binbm Toro, Oyno AOCHIKEHO, 10 HATaMIIMH Ma€ MPSAMUN BIUTMB Ha (DYHKIIOHYBaHHS
TpaHCIOpPTHUX OinkiB. Tak, aHTHOIOTMK Ma€ WIBUAKY I1HTIOylouy [il0 Ha OLUIKHU-
MEPEHOCHUKHU apriHiHa Ta MPOJiHA, a TaKOX TIJIOKO3MW. [licis BUBEJEHHS HAaTaMilHY 3
cepeZIoBUIIA BITHOBJICHHS TPAHCIIOPTHOT QYHKIIIT OUJIKIB BiOyBaJIoCs ay>Ke MOBUIHHO [ 12].

Takox Oyno BUSIBIEHO, IO O€3MOCEpeIHs B3a€MO/Is HATaMILMHY 3 €proCTEPUHOM
MPU3BOJIUTH /10 MOPGOJIOTTYHUX 3MIH KIIITUH Tpuba. Tak, mij yac BIUIMBY HaTaMIilUHy Ha
ximituan Candida albicans cnioctepiranacss HEpiBHOMIpHA 3MiHA TOBIIMHU iX KJIITHHHOL
MeMOpaHu 1 MPaKTUYHO TOBHE PYWHYBAHHS BHYTPIIIHBOTO BMICTY KIITHHU — Y
[UTOTUIa3M1 OyJId MPUCYTHI IIISHKH JI3UCY, CIIOCTEPIraiucs BEIUKI JIMAHI YTBOPEHHS,
LHUTOIUIA3MaTUYHI CTPYKTYpU POPMYBaIM 3TYCTKU 3aMICTh TOMOT'€HHOT'O PO3MOIIIIEHHS, a
TakoX OyB BUSIBIICHHI TTOBHUH PO3IIaJl MITOXOHAPIaTbHUX CTPYKTYp [13].

Otxe, MexaHI3M /il HaTaMmilMHYy IOB’A3aHUN 3 IHrIOYBaHHSM MPOLIECIB €K30- 1
€HJOLIUTO3Y, 3JUTTS BaKyoJieHd, a TaKoXX 3 TOPYIICHHSM (YHKIIIOHYBaHHS O1JIKIB-
nepeHocHuKIB. Taka mis mpemapaTy 1o30aBiisie TpuUOIB EHEPreTUYHUX CYyOCTpaTiB 1
3IaTHOCT1 PO3MHOXKYBATHUCS, 10 Y PE3YIbTaTi MPU3BOIUTH 110 3arudesi 30y HuKa.

Takum 4YmHOM, 3aBISKH CIenU(pIYHOMY MeXaHI3My O10J0MiYHOI Jii HaTaMilluH
BOJIOJIIE TIMPOKUM CHEKTPOM aKTHBHOCTI Ha OUIBIIICTh MPEJACTABHUKIB LlapcTBa Fungi,
BKJTIOUAIOYM JIPIKIKOBI, APDKIKENOAI0HT Ta TUTICHSBI Tpudu pojiB: Alternaria, Candida,
Cephalosporium, Colletotrichum, Curvularia, Lasiodiplodia, Scedosporium, Trichophyton
ta Penicillium. Jlo nii npenapaTy TakoXX YYyTJWBI €Kl MPEACTABHUKH HAWUMPOCTIIINX:
Trichomonas intestinalis, Trichomonas vaginalis, Giardia lamblia, Chilomastix mesnili,
okpiMm Entamoeba histolytica. HataminiuH He BUSBISE€ [1i Ha TPAMIO3UTHUBHI Ta
rpaMHEraTUBHI OakTepii, OCKIJIbKM OakTepli HE MICTITh CTEPOJIB Yy CKJIaJl KIITHHHOI
CTIHKH.

3 ToukH 30py hapMaKOKIHETUKH BaXKJIMBHUM € TAaKOXK BUCOKUM Mpodinb OE3MeUyHOCTI

HaTaMIIIMHY — TpenapaTr 1o0pe MepeHOCUThCS MPU KOHTAKTI 31 MIKIPOO Ta CIM30BUMU
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000JIOHKaMHU, He MiJAA€THCS CUCTEMHIN a0copO11ii, He BUKIIMKA€E CEHCUO1TI3alli1, HE BOJIOJIIE
eMOpIOTOKCUYHICTIO Ta TEPATOTeHHICTIO [4].
1.3. 3acTtocyBaHHs HATAMIMHY B KJIIHIYHIA NPaKTHIL

3aBASKA CBOIM YyHIKQJIbHUM BJIACTHUBOCTSM, HATAMIIMH 3HAWIIOB KITIHIYHE
3aCTOCYBaHHS Yy SKOCTI OCHOBHOT'O areHTa B JIIKYBaHHI IIMPOKOTO CIEKTPY I'pUOKOBHUX
3aXBOPIOBaHb IIKIpU Ta CIHU30BUX 000JOHOK. Ha choroanimHiii JaeHb mpenaparu
HATaMIIMHY BUKOPHUCTOBYIOThCSI B TIHEKOJIOTii y (hopMi BariHaJIbHUX CYMO3UTOPIiB 1
necapiiB, y JepMarosiorii y ¢gopmMi KpeMiB 1 Ma3ei JJig 30BHIIIHBOTO 3aCTOCYBaHHS Y
BUIJISIAI SIK MOHOKOMIIOHEHTHHMX IIpenapariB, Tak 1 B KOMOiIHaLli 3 T1IPOKOPTU30HOM 1
HEOMILMHOM, B TACTPOEHTEPOJIOTii y opMi TaONETOK JJisi CaHallli KUIIKIBHUKA B1Jl TpUOIB.
VY GaraTthox KpaiHax HaTaMiIUH TaKOXX 3aCTOCOBYIOTH JJIA JIKYBaHHS O(TaIbMOJIOTTYHUX
MIKO31B: TPUOKOBUX OyieapuTiB, KOH IOKTHBITIB, CKJIEPHUTIB, EHAOPTAIBbMITIB, & TaKOX
IpUOKOBUX KEPATUTIB. 3arajioM, HaTaMIUH MPOSIBIISIE aKTUBHY 1110 MPOTU MIMPOKOTO KOJIa
JIPULKIKOBUX Ta TPUOKOBUX MMATOTEHHUX OpraHi3MmiB pojiB: Alternaria, Candida,
Cephalosporium, Colletotrichum, Curvularia, Lasiodiplodia, Scedosporium, Trichophyton
ta Penicillium [8].

I'inexoJioris. [Ipenapatu HaTaMIMHY IIXPOKO BUKOPUCTOBYIOTHCS Y T1HEKOJIOT I JJIs
JIKYBaHHS BYJIbBOBAriHAJILHUX KaHIWJ031B, BUKJIMKAHUX TEPEBAXKHO TpubaMu POy
Candida ta Rhodotorulla. Tlpu 3arocTpeHHi 3aXBOPIOBAHHS BHUKOPHCTOBYIOTH INperapaTh
HaTaMILMHY BHUKIIOYHO Yy BHIJISAI CYIO3UTOPIiB, a MPU XPOHIYHUX PEUUAUBYHOUYUX
3aXBOPIOBAHHSIX TPUBATICTH JIKYBaHHSI ITPOJIOKYIOTh 1 IOJJaATKOBO JIOJAOTh Ta0JETOBAaHI Ta
KpeM-(opmu npenapary Ais eliMiHaiii 30yJHUKIB 3 MPUJIETJIMX pe3epByapiB LIKIPH 1 3
KHUIIKIBHUKA JJI51 TIOTIEPEKEHHS PELUINBY.

Bapro Takoxk 3a3HauuTH, 10 ICHYy€ KJIIHIYHA MPAKTUKA BUKOPHUCTAHHS IpemapariB
HaTaMILMHY JUJIs JIIKYBaHHS BYJIBBOBAriHiTIB, BUKIMKaHUX Candida albicans a0o
Trichomonas vaginalis. EQeKTHUBHICTb 3aCTOCYBaHHS HaTaMillMHy T@IpH BariHiTax
TPUXOMOHAIHOI €TI10JIO0T1i MiATBEPHKYE AaH] PO YYTIAUBICTH ACIKUX BUIIB HAUTTPOCTIMINX
10 1ii mpenapary [6].

BaxxuBuM aciekToM € MOKJIMBICTh 3aCTOCYBaHHS HaTaMILIMHY IS BariTHUX KIHOK,
OCKIJIbKM JaHU Mpenapar € OJuH 3 He0araTboX MPOTUTPUOKOBUX areHTIB, J03BOJICHUX JIJIS

3aCTOCYBaHHS Ha BCIX TPhOX TPHUMECTpPax BariTHOCTI. TakKoX BIAOMO, IO BariTHa KIHKa
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MOXKE CTaTH JDKEpesioM aHTe-, IHTpa- 1 MNepuHaTaJbHOro iHGIKyBaHHSA IIoga abo
HOBOHApPOHKEHOTO0, OCKLTbKY niepenava Candida spp. BinOyBaeThest y 75—80% BUTIAIKIB.
Tak, y MarepiB, KOTpi OTPUMYyBaJIM JIKyBaHHS HaTaMmiluMHOM, y 89% BuIajAKiB
HApOKYBAIKMCh 3/I0OPOBI JITH, y SKHX HE Oyno BusiBiIeHO rpubdiB poxy Candida. Otxe,
naHui ¢dakT MiATBEp)Kye e(PEeKTIBHICTh HATaMillMHA SIK 3ac00y MEPBUHHOI MPO]ITaKTUKU
KaH1103a Y HOBOHApOHKEHUX [ 14].

I'acTpoenTepoJioris. HaTtaMinmmH BHUKOPUCTOBYIOTH [IJISl JIIKYBaHHS JIUTSYOTO
nucOaKTepio3dy KHUINKIBHUKA, BUKIMKAHOTO HAMIIKOBUM poctoM C. albicans. Tak,
3aCTOCYBaHHS MpenapaTiB € BUCOKOC(PEKTUBHUM 1 OE3MEUHUM, OCKUIBKH Y OLIBIIOCTI
BUMAJKIB CIIOCTEPIra€eThCsl BIAACYTHICTh MOOTYHUX /Iiil Ta MTO3UTUBHUM BIUIMB MpernapaTy Ha
nepelir CymyTHhOTO aTOTIYHOTO JAEPMATHUTY.

Takox ICHye MpaKTHKa 3aCTOCYBAHHS IpenapaTiB HaTaMilUWHYy JUIs JIKYBaHHS 1
PO UIAKTUKHA KAHUI03Y POTOBOI MOPOKHUHU 1 KUIIKIBHUKA y JITEH 3 OHKOJIOTIYHUMU
3aXBOPIOBAHHSIMHU, SIKI OTPUMYIOTh XiMi0- a00 MpomMeHeBy Tepartito [15].

JlepmaToBeHepoJioris. /{151 30BHIIIHEOTO BUKOPUCTAHHS 3 METOIO JIIKYBaHHS MIKO31B
IIKIPH Ta CIIM30BUX 000JOHOK IMIHPOKO 3aCTOCOBYETHCS HaTaMilluH y hopMi 2% Kpemy, abo
y ¢hopMi KOMOTHOBAHOTO MpENapaTy HATAMILUHY, TIAPOKOPTU30HY 1 HEOMILIMHY CYb(hary.
Bapro Takoxx Bi3HAUYUTH BHUCOKY UYyTJIMBICTh MATOTEHHUX TpUOIB 10 HaTaminuHy. Tak,
CIIOCTEPITAEThCS TMOBHE 1HTIOYBaHHS POCTY MPENCTaBHUKIB pony Irichophyton, Candida
(oxpim C. parapsilosis, 4yTAUBICTH KOTPOI JEIIO0 3HUKEHA), a TaKOX Aspergillus fumigatus.
Bunsitkom € Buna Scopulariopsis brevicaulis, sikuii € MaO9yTIUBUM JI0 111 HATaMIIUHY [4].

OtosapunroJioriss. Y cuiy BUCOKOro Mpoduiro Oe3MecHOCTI HaTaMilliHy, HOro
AKTUBHOCTI IPOTH KIIFOUOBUX 30YTHUKIB (Aspergillus spp., Penicillium spp., Candida spp.),
a TaKOX HU3HKO1 MMOBIPHOCTI BHHUKHEHHS PE3UCTEHTHOCTI MperapaTi HaTaMIITUHYy TaKOXK
3aCTOCOBYIOTh Y JIOP-TIPAKTHII JUIsl JTIKYBaHHS JU(Y3HOTO 30BHIIIHBOTO OTUTY IPUOKOBOI
(oToMiKO3) Ta 3MiIIaHoi eTionorii [4].

1.4. 3acrocyBaHHS HATAMILIMHY B XapP4O0Biii MPOMUCJIOBOCTI

OCK1TbKM HaTaMILMH XapaKTEPHU3YEThCSA HU3bKUM PIBHEM TOKCHYHOCTI Ha KJITHHH
CCaBIIiB, Ipemnapar MIMPOKO BUKOPUCTOBYETHCS SIK Xap4yOBHM KOHCEpBAHT Bxke Oinbiie 40
pokiB. Koy HaTaMilliH KOHTaKTY€E 3 MOBEPXHEIO XapuOBUX MPOJYKTIB, BIH HE BILIMBAE HA

il OpraHoNenTUYHi1 BIACTHUBOCTI, BOJIOJIE MOJOBKEHOI AHTUMIKPOOHOIO aKTHUBHICTIO 1 €
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Oe3nedyHMM 17 BXXKMBaHHA. BapTo Big3HAYMTH, 110 HATaMINUH € Hapasl €IUHUM
AHTUTPUOKOBUM areHTOM, KOTPOMY OyJIO TIPHCBOEHO MDKHAPOAHHUH CTAaTyC OE3MEYHOCTI
GRAS. Takox wnaraminuu (E235) HamexuTh 10 Xap4yoBUX IOAATKIB, JTO3BOJCHUX JIJIs
BUKOPHUCTAHHA B XapyoBiil mpoaykiii B Ykpaiui.

OcHoBHA MeTa 3aCTOCYBaHHS HaTaMIIIMHY B XapUOBii IPOMHUCIIOBOCTI MOTIEPEIKESHHS
POCTY 1 pO3BUTKY I'puOiB Ha MOBEPXHI MPOJYKTIB (30KpeMa CHUPIB 1 KOBOACHUX BHUPOOIB).
Jlnst mporo mponykiiro okyHaroTh B 0,1-0.25% BomgHOro po3umHy HataminuHy. Yepes
HU3BKY PO3YMHHICTh HATAMIIIMHY Y BOJI1 ITpenapar 3aJIMIIAETHCSI B OCHOBHOMY Ha MTOBEPXHI
MPOJYKTY 1 MaJIO IPOHUKAE B HOTO Macy.

Haraminus Takox € epeKTUBHUM JIJ1s1 KOHTPOJIFOBAHHS pocTy Aspergillus carbonarius
— rpu0a, IKUii BUKJIMKA€ KOHTaMIHAI[II0 BUHHUX BUPOO1B, BUHOTPaIy, BAHOTPAJHOTO COKY
3a paxXyHOK OXpaToKcuHY A. [[71s1 monepeyKeHHs TICYBaHHS HAIIO1B, JI0 iX CKJIaTy JOJA€ThCS
HEBeJIMKa KOHIICHTpAllisl HATaMIIIUHY, KOTPUH € cTa0lJIbHUM JI0 BIUIMBY Pi3HUX PiBHIB pH.

He meHm mmumpokoro 3acTocyBaHHsS HaTaMIIIMH 3HAKMIIIOB 1 B arpoNpOMHCIIOBOCTI,
Oymyun O6e3nmeYHNM MPOAYKTOM ISl 3aXMCTY OBOUYEBUX KYIbTYD Binl Fusarium oxysporum
ma Lecanicillium fungicola [8].

Cdepu npakTHYHOTO 3aCTOCYBAaHHS HATaAMIIIUHY CUCTEMATU30BaHO Y BUTJISAL puc. 1.2.

ByNnbBoOBariHanbHi KaHAMOO3W KaHOWA03W POTOBOI MOPOMXHWHM | KWW KIBHWKA

OTOMIKO3M ohTanbMOnorivyHi Mikosu

TNikapcbkuia 3aci6
cipa uBinL TomatiB ( thpyToBI COKM
basanbHa rHUNb nueo
3apaXeHHA KynbTyp BUHO
Xap4oBi
npoaOvKTKn

Aspergiflus
cuap
thpYKTH 3eneHb WOrypTH CcylleHe M'AcCO  M'ACO NTULUI

Xxni6obyno4Hi BUpobu koBGacHi BUpobu WKHKa

ONMUBKN coycun He3pini cupu KOHCEepBM

Puc.1.2. Cepu 3acTocyBaHHS HATaMILUHY [§]
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PO31JI 2. O0rpyHTYBaHHSI BHOOPY Ta XapaKTepuCTHKA 0i0JI0TiYHOI0 areHTa
2.1. O6rpyHTyBaHHSI BUOOPY 0i0JIOTiYHOI0 Ar€eHTA TA MOKUBHOT0
cepe0BUIIA /sl HOT0 KYJIbTHBYBaHHSA

Ha cporoanimHiii 1eHb HaTaMIIMH SK BUCOKOC(EKTUBHUN aHTUOIOTUK MAa€ BUCOKY
KOMepILiiHy MiHHICTE. Ile 00ymMOBIIO€ HEOOXIAHICTH IMIJBUIICHHS MPOJAYKTUBHOCTI
MTaM1B-IIPOYIICHTIB HATAMIIIUHY JJISI OTPUMaHHS OUTBIIIOT0 BUXO/Y LIIJIbOBOTO MPOIYKTY.
Ak BigoMo, perymsmito OlocMHTE3y  aHTHOIOTHMKAa  MOXJIIMBO — 3JIHCHUTH  Ha
BHYTPIIIHHOKIITHHHOMY Ta TO3aKJIITUHHOMY PIBHAX. K 1 1HIII TOJIIEHOBI MaKpOJIiJIHI
AHTUO10TUKHM, O10CHHTE3 HATaMILMHY MOYKHA PEryJjIoBaTH IUIAXOM ONTHMIi3alli CKiamy
MO’KMBHOTO CEPEJIOBHINA Ta 3MiH YMOB KYyJbTHBYBaHHS. Y pe3yibTaTi TaKoi peryJIsii
MeTa0oJIIYHl MUISAXU [ITaMy-MIPOAYLIEHTa MOXYTh 3MIHUTUCA y OIK YTBOpPEHHS SK
[EPBUHHUX, TAK 1 BTOPUHHUX METa0OITIB [8].

Hapasi cepen 0CHOBHMX METOIB MiABUILIECHHS MPOAYKTUBHOCTI IITaMIB IIPOIYIICHTIB
HaTaMIIIMHY BUAULIIOTh BUKOPUCTAHHS METOIB '€HHOI 1HXEHepii Ta ONTUMI3AIlII0 CKIIaTy
MO>KMBHOTO CEPEIOBHIIIA.

Meroau reHHOi 1HXEHepli JO3BOJISIIOTh MiABUIIUTH BUX1J HATaMIIIMHY Y MyTaHTHUX
[TaMiB KYJbTYyp-TpoaylieHTiB 10 460% [19]. BignoBigHo q0 gaHux Tadmd. 2.1 o0CHOBHUMU
KyJIbTYypaMU-TIPOIYIIEHTAMU, JIJISl IKUX JOIIBHO 3aCTOCOBYBATH IT'€HHO-THXEHEPHI METOIH
MiBUILIEHHS Ol0OCHMHTE3y HaTaMmilluHy, € S. natalensis, S. lydicus, S. chattanoogensis Ta
S. gilvosporeus. Y CBOI0O Yepry, Taki METOAM SK HAIEKCIPecis MaJoeKCIPECOBAHUX
axtuaTopiB SncRIl 'y S. chattanoogensis [17], neneuis y-0yTuposiakToH-perientopa SngR
y S. natalensis [19], a Tako)X XpOMOCOMHA IHTErpallisi reHy TreMorio0iHy Oakrtepii
Vitreoscilla spp. vgb y S. gilvosporeus [23] mpoJeMOHCTpYBalld CBOIO MaKCHUMAaJbHY
e(eKTUBHICTD Yy MiIBUIICHHI BUXOAY aHTUOI0THKA Y KyJIbTYpP-IIPOYLICHTIB.

IIpoTre BapTo 3a3HAYUTH, W10 BIPOBAKEHHS METOMIB TEHHOI I1HXKEHepii s

MOKpaIIieHHs: 610CUHTE3Y IITLOBOTO MPOAYKTY Ha 010TEXHOJIOTIYHUX BUPOOHUIITBAX €

HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus [{amko Nitepa ApK. Apky1iB
Koreymr. POBJILI 2. O6rpynrysanss |t | | 15 19
Kepisiix Kpacitibko BUOOPY Ta XapaKTepUCTUKA
H. xoutp. 6ioToriuHOro areHTa Kadenpa BTM
3aB. kag. ITupor




JIOCUTHh BUCOKOBAPTICHUM PIIIEHHSM, OCKUTBKHU JIJIsI HOTO peatizallli HeoOXiaH1 J0aTKOBE

CreliaJibHe yCTaTKyBaHHS 1 BIAMOBIIHI KBali(hiKOBaHi KaJpH.

Taomung 2.1
I'eHHO-iHKeHepPHI MeTOAM MOKPAIleHHS 0i0CHHTE3y HATAMIIUHY
Meton IIpoayuent Buxin npoaykry, % Jlirepatypa
Hanexcnpecis PimM S. natalensis ApiM 240 [16]
(MyTaHTHUI 1ITaM)
Hanekcmpecist ScnRII S. chattanoogensis 110 330-460 [17]
Hanexcnpecis SinM S. lydicus AMO1 300 [18]
S. lydicus AMO02 240
Heneriss SngR S. natalensis sngR- 460 [19]
0eaxmueoB8anull

MYMAHMHUL WMam

Hanexcnpecis SchPPT S. chattanoogensis L10 140 [20]
Heneuist AlpCD S. natalensis CAM.04 130 [21]
Heneuis KatAL S. natalensis CAM.05 156 [21]
Heneuist PhoRP S. natalensis (mymanumnmi 180 [22]

wmamu PhoR/PhoP)
IHTerparis reny vgb S. gilvosporeus vgb2 407 [23]

(Mymanmuuii wmam)

Takum ymHOM, y 0araThOX BHUIIQJKaX palliOHAJBHUM PIIICHHSAM JUIS IT1BHIICHHS
OlocMHTE3y HaTaMIIMHY € ONTHMI3allisd CKJIaAy TOXHBHOIO CEPEIOBHINA IS
KyJIbTUBYBAaHHS KYJIbTYp-TIPOAYHCHTIB. [l ojepkaHHA IiJIbOBOTO TIPOAYKTY B
INPOMHUCIIOBUX MacmTabax HeoOXigHOo, o0 oOpaHuil MpoAyLeHT OyB EKOHOMIYHO
BHUTITHUM, TOOTO POCTH Ha HEIOPOTHX TMOXWBHHX CEPEIOBHINAX, a TAKOXK JOCTATHHO
MPOJYKTUBHUM 11100 3a0e3nedyyBaT BUCOKMM BHUXIJ LUIBOBOIO MNPOAYKTy. Tak, Ha
CHOTOJHIIIHIN JeHb ICHY€ MpaKTHKa BHECEHHS JOJATKOBHX PEYOBHH PI3HOTO CKIIATY 1
MMOXO/DKCHHS JI0 CKJIaay TOXKMBHOTO CEPEJOBHINA 3 METOI IiABUIICHHS TOKA3HHKIB
6iocunte3y. Hampukian, Hapasi HOCTIKeHa CTUMYITIOBANIbHA Jlis TPUOHUX €IICITOPIB Ha
OlocuHTE3 HaTaMIIHY 11 mTamy S. natalensis HW-2. Pe3synbraTti 10CTiKeHb TOKa3aIIH,
110 J0JIaBaHHS IIPOCTEPEII30BaHO1 1 PO3BEIeHOI y BOI Oiomacu Penicillium chrysogenum
70 TIO)KMBHOTO CEPENOBUINA JUIsl KyJIbTUBYBAaHHS S. natalensis cupwsuio 301TBIIEHHIO

BUXOMY IIIJILOBOrO NMpoAykTy 1o 0,875 v/ 1. Y Tol xe camuii yac, exiciTop, OTpUMaHUH 3
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KyJIbTYpaJbHOI piiuHu P. chrysogenum, CTAMYJIIOBAB I1IBUILEHHS O10CHHTE3Y HATaAMILIUHY
1o 2,12 r/ n [24].

Takox 11KaBOIO € TIpaKTUKa ONTUMI3AIlll CKJIaay IOXKUBHOTO CEpeoBHUINA 1
BIJIMOBIAHO 3HIKEHHS BapTOCTI IIUIBOBOTO MPOIYKTY 32 PaXyHOK BUKOPHCTAHHS BIIXOIB
arpoTexHiuHoro BupoOHunrTBa [25]. Tak, mpu KynbTuByBaHHI S. gilvosporeus 728
BUKOPUCTOBYIOTh TBEPJIE MOXKUBHE CEPEIOBUIIE, A0 CKIAAY SIKOrO BXOJSATH 3 IMIIEHUYHI
BHCIBKH, PITAKOBUI LIPOT, PUCOB1 BUCIBKM Ta HeouuIneHui riinepud. [Ipu 3actocyBanHi
TaKOIr0 METO/Y MOXKJIMBE IOCSTHEHHS BUX0Ay HaTamMiuHy 110 0,9 r/n. [TopiBHSAHO 3 IHIIUMU
METOJaMH BHXIJ LIJILOBOIO MPOAYKTY BIJHOCHO HEBUCOKUW, MPOTE HU3BKOBAPTICHICTH
KOMITOHEHTIB TOKUBHOTO CEpPEJOBHINA JJs OJCp)KaHHS AaHTUOIOTHKAa € OCHOBHOIO
NePEeBaror Takoi MPaKTUKH.

[IpoTe BUKOPUCTAHHSA IBOX BUIIIE3a3HAYCHUX METO 1B ONTUMI3allili CKJIay MOKHBHOTO
CepelloBUIlla Mae OOMEXKEHHS II0JI0 3aCTOCYBaHHS O€3MocepeHhO0 Ha O10TEXHOJIOTTYHHUX
BUpOOHUIITBAX. OOMEKEHHSIM JI0 3aCTOCYBAHHS METOY J0JaBaHHS TPUOHUX €JICITOPIB €
notpeda y J0JaTKOBOMY MPHUTOTYBaHHI MOXXHUBHOTO CEpPEOBHINA IS KyJIbTUBYBAaHHS
mTamiB TpubiB pony Penicillium, BinninenHi 6iomacu 1 ii cTepuiizaiiii, 10 B CYKYIMHOCTI
3HAYHO 30UIbIIIYE TPUBAIICTh BUPOOHUUYOTO MPOLECY LUIHOBOTO MPOAYKTY. OOMEKEHHAM
70 3aCTOCYBaHHS BIIXOJIB arpOTEXHIYHOTO BHUPOOHHUIITBA B SKOCTI KOMIIOHEHTIB
MTOKUBHOTO CEPEIOBUIIA € HEMOCTIHHICTh CKJIaly KOMIIOHEHTIB Ta BITHOCHO HU3BKHI BUXI1/T
[JTbOBOTO MPOJYKTY.

3BakalouM Ha Taki 0OMEXXEHHS, IOIIJTLHUM € 3aCTOCYBaHHS MOKUBHUX CEPEIOBUII 31
CTaHJAPTHUM CKJIQJIOM, SIKI MICTATh B SIKOCTI OCHOBHOI'O JDKEpesia BYTJICLIO TIIOKO3Y,
JpKepena a3oTy — JPLKIKOBHM €KCTPaKT, M SICHUH €KCTPAaKT, MENTOH, COEBE OOPOIIHO
TOIIIO, JKEPEN MarHito, kaiito, Gocdhopy, CIpKH Ta IHIIHNX EJIEMEHTIB — MIHEpaJIbHI COJi. Y
Tabn. 2.2. OyJO PO3MISIHYTO TPHUKIAIA ONTHUMI30BAHUX TOXKUBHUX CEPEAOBUII IS
KyJIbTUBYBaHHS mTaMiB S. gilvosporeus TUST24 [26], S. natalensis NRRL2651 [7] Ta
S. lydicus G117 [27], sixi 3a0e31euy0Th BUCOKHI BUX1] HaTaMIlMHYy. [ TphOX KyJIbTYp-
IPOJYLIEHTIB XapaKTEpPHUM IBOXCTAAIMHUN Tpoliec OJep>KaHHA LJIbOBOrO Mpoaykry. Ha
NEePIIOMY eTalll HAKOMUYYI0Th 010Macy MPOAYIIEHTA, SIKa MOTIM BUKOPUCTOBY€ETHCS B IKOCTI
nociBHOTO MaTepiany. Jpyruii eran 0e3nocepeHbO MOB’ I3aHUM 3 OTPUMAHHSIM LLTHOBOTO

OPOAYKTY Tpu 3a0e3MedYeHHI ONTHUMAJbHOTO MOXKMBHOTO CEpEeJOBHINA 1 YMOB
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KYJIbTUBYBaHHS.

Hani Tabn. 2.2 3acBiA4ylOTh, IO AN OlOCHHTE3Y HATaMILMHY JOTPUMYIOTHCS
OJIHAKOBUX YMOB O10CHHTE3Y ISl TPhOX PI3HUX KYJIbTYP-NPOAYLEHTIB. Tak, 1HKyOyBaHHS
MPOBOIATh Ha KOJ0Oax-Kadajgkax MpU ONTHUMaibHIKA Temmepatypi t — 28-30 °C Tta pH
cepenoruiia 7,0. HaliBummii moka3Huk 6iocuHTe3y HaTaMinuuy (3,0 1/71) crocTepiraeThbes
st mramy S. natalensis NRRL2651 npu BUKOpHCTaHHI TOKUBHOTO CEPEIOBUIIA 3 BMICTOM
KOPOTKOJIAHLIOTOBUX >KHPHUX KHUCJOT, SIKI YMHATH CTHUMYJIOBAJIbHY [0 Ha O1OCHHTE3
aHTHO10THKA. BiTbII TOTO, 3aCTOCYBaHHSI TAKOTO CKJIa/1y MOKUBHOI'O CEPEAOBHUILA JO3BOJISE
JOCSTTA MAaKCUMaJIbHOI KOHILIEHTpalli LIJIbOBOTO NPOAYKTY 3a HAMMEHIIOI TPUBAIOCTI
KyJbTUBYBaHHS — 84 roj. Jleno MeHmi BUX1iJ1 HaTaMmiuuy (2,66 1/71) MOXJIMBO JTOCATTH
npu KyiabTUBYBaHHI mtamy S. [ydicus G117 3a 108 rom — HaWOUIBIIOI TPUBAJIOCTI
KyJbTUBYBaHHS CEpeJl BUIIE3a3HAYCHUX POAYIICHTIB.

3Bakal0yM Ha OJIHAKOB1 YMOBH 1HKYOYBaHHS 1 BACOKHH BUXI1J] HATAMIIIUHY JJI TPHOX
ITamiB, MOXHa 3pOOUTH BUCHOBOK, II0 TaKa MOPIBHsUIbHA XapaKTEPUCTUKA TEXHOJIOTTYHO
nporecy (auB. Tadn. 2.2) € HegoctaTHhOl. CaMe TOMYy Ha HACTyMHOMY €Tari BUOOpY
010JI0TIYHOTO areHTa MU MOPIBHSIIN BaPTICTh MOXUBHUX CEPEIOBUIIL, IKI BUKOPUCTOBYIOTh
JUI OTPUMAaHHS HATaMIIUHY TpY KyJIbTUBYBaHHI BHUINE3a3HAYCHUX KYJIbTYP-TIPOAYIICHTIB
(Tabm. 2.3).

Cepenosutiie it KynbTuByBaHHs S. [ydicus G117 € HaOUIbII eMIEBUM Cepell YCiX
IITaMiB, 110 OLIBII HIXK Yy 4 pa3u JeHIeBIle HK CEpe/IOBUILE IS mTaMy S. gilvosporeus
TUST24. IlpoTe nux NTaHUX HEJOCTATHBO JJI OCTATOYHOTO BUOOPY O10JIOTTYHOTO areHra,
OCKIJTbKM TpU BHOOpPI HEOOXIAHO TaKOX BpPaxOBYBATH MPOAYKTHBHICTH INTaMIB, fKa
BU3HAYAETHCS KUIBKICTIO I[IJILOBOTO MIPOYKTY 33 TOAUHY. Y Tab1. 2.4 po3paxoBaHO YMOBHY
BapTICTh | I HATAMIIMHY Ta BU3HAYEHO KUTBKICTh LIIJIbOBOTO MPOAYKTY 3a TOJIUHY JJISl TPHOX
mTamiB-poayleHTiB. Tak, HailMeHIIy BapTiCTh | T' HaTaMILMHY MOKHa JOCATTH MpHU
KynbTuBYyBaHH1 S. [ydicus G117. Y Toil e yac HalOUIbIIA MPOIYKTUBHICTH YTBOPEHHS
HaTaMIIUHY XapakTepHa i mramy S. natalensis NRRL2651.

VY3aranpHUBIIM OTPUMAHI JlaHi, MU JIALOUIM 10 BUCHOBKY, IO JUIsi OTPUMAaHHS
HATaMIIIMHY Y TIPOMHCIOBUX MAacIITabaX HaWIOIUIBHINIE BHUKOPUCTOBYBATH IIITAM-
nponyueHt S. natalensis NRRL2651. Ilo-nepiie, BUKOPUCTaHHS ONTUMAJIbHOTO

IMOKMUBHOI'O CCpCcAOoBUIlla I KYJIbTUBYBAHHA [JdHOIO WITaMy JO3BOJISIE€E JOCATTH
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HAWBUIIOTO BUXOAY ULUIbOBOro mponaykry (3,0 r/m) 3a HaliMeHIIy TpHUBAJIICTb
KynbTuBYBaHHsS (84 roxn). Ilo-gpyre, 1 JaHOi KyJbTypU XapakTepHa HailBUIIA
POJYKTUBHICTh YTBOpeHHs aHTHOioTHKa 3a roauHy (0,036 r/rom). Y mNOpiBHSAHHI 3i
mramoM S. lydicus G117 ymoBHa BapTicTh | T HUIBOBOTO TpOAyKTy Oimbma. IIpote
cepenoBuile A KyabTuByBaHHs S. [ydicus G117 MICTUTh IPUPOIHI CIIOTYKH, SIKI MOXKYTh
YCKJIaJIHIOBATH MTPOLIECH MIJTOTOBKH MOKUBHOTO cepenoBuia. Hanpukian, Kykypya3ssHui
KpOXMaJjb MOTPIOHO MOMEPEAHBO 3aBAPIOBATH 1 PETEIBHO MEPEMINTYBATH ISl YHUKHEHHS
YTBOPEHHS BEJIMKUX TPYJIOYOK, 110 MOXYTh CIPUYMHUTH HECTEPUIIbHICTH CEPEOBHIIIA.
Takox HasBHICTh KYKYypYA3SHOTO KPOXMATIO MOXKE CHPHYMHUATH MIiABUIICHY B SI3KICTh
cepenoBuia. Tomy JJ1st 3SHUKEHHS B SI3KOCT1 HEOOX1THO JTOJAATKOBO J0/1aBaTU TEPMOCTINKI
aM1IONIITUYHI )epMEHTH. Y CBOIO YEpry CO€BE OOPOIIHO 3[]aTHE CHPUUYUHATU T1BUILIICHE
MIHOYTBOPEHHS, 110 BUMArae J0/IaBaHHsI BIJIMOBITHUX MIHOTACHUKIB Y MPOIIEC] CTEpHITI3aLli
[28]. HasBhicth 1mx  ¢GakTopiB MOXE 3HAYHO  IMIJBUILYBaTH  TPUBAIICTb
nepeapepMEeHTAIIMHUX TPOLECIB 1 BIAMNOBIAHO TPUBAIICTH BUPOOHUUYOTO TMPOIIECY
HaTaMIMHY 3arajgoM. bimbmr Toro, mna wramy S. [Iydicus G117 xapaktepHuii
HaWTPUBAIIINI TTpoiiec O10CUHTE3Y 1 HAaMEHIIIA MPOAYKTUBHICTh YTBOPEHHS aHTUO10THKY
3a TOJIUHY.

OT1xe, HaAMOUIBIIT ONITUMATBLHUM O10JIOTTYHMM areHTOM JUIsl OTPUMAaHHS HATaMIIHHY €
mrtaM S. natalensis NRRL2651, nj1s1 KyIbTHBYBaHHS SKOTO BUKOPHCTOBYIOTH CEPEIOBHUIIIC,
0 MICTUTb TJTIOKO3Y, M SICHUM €KCTPAKT, IPIKIKOBUNM €KCTPAKT, acnaparid, MoHodocdar

KaJTIIO Ta COJI1 KOPOTKOJIAHITIOTOBUX KUPHUX KHUCIIOT.
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Oco01MBOCTI 01ep:KaHHS HATAMILMHY 32 JONOMOTI 0K IITAMIB

S. gilvosporeus TUST24, S. natalensis NRRL2651 ta S. lydicus G117

Tabmuusa 2.2

Biogoriunmii CKJ1a1 IOKMBHOI'0 TpuBaJicrs KoH1en- Oco0JmBoCTI Buxkopu-
areHT cepeoBUINA, I'/J1 KYJIbTHUBY- Tpauis npouecy 0iocuHTre3y cTaHa
BaHHH, I'0J HJILOBOTO JiTteparypa
NPOAYKTY, I/J1
S. CepenoBuine Nel: 96 2,45 JBocraniiinuii cnoci® kynbTHBYBaHHs. CepenoBuiie [26]
gilvosporeus | I'moxo3za — 20,0 Nel BuKOpHCTOBYETBCS ISl OJEpPXKAHHS ITOCIBHOTO
TUST24 Coepuii mentoH — 6,0 MaTepiany, cepemoBuine Ne2 - nmns  oJepiKaHHSA
Hatpito xmopux — 10,0 HaTaMIiLUHY.
KynbruByBaHHs 17 OA€pKaHHS ~ HATaMIIUHY
CepenoBume Ne2: MPOBOJISATH B KOHIYHHX KostOax Ha 500 mJ1, sIKi MiCTATh
I'moxo3a — 30 50 mn piakoro (pH— 7,0). Inokynsat — y ¢opwmi
HpixmkoBuii eKCTpakT — 4,5 BETETATUBHUX KIITHH KYJIbTYPU-TIPOJAYIICHTA Yy
Coesuit nentoH — 20 eKCIoHeHIIHHIN (a3i pocty (24 ron) kijgbKicTio 2%
(06’emuux). Konbu 3 1HOKyNnsATOM 1HKYOYIOTH INpH
t = 29 °C na kpyroBux kosOax-kayankax mpu 200
00/XB.
S. natalensis | CepenoBuine Nel: 84 3,0 JBocTtagiitnuii crmocid KynabTuBYBaHHS. CepenoBuIie [7]

NRRL2651

I'mokoza — 4,0
Cononosuii exctpakt — 10,0
HpixmxoBuit ekctpakt — 4,0

CepenoBuie Ne2:

I'mroxo3a — 20,0

M’sicuuii ekctpakt — 2,0
HpixmpkoBuii ekctpakt — 2,0
Momnodocdar kamito — 0,05

Nel BuKOpHUCTOBY€ThCS NI OAEPIKAHHS TOCIBHOTO
Marepiany, cepeaoBuine No2 - s Ofep>KaHHS
HaTaMIIUHY.

KynbTuBYBaHHS  JI1  OJCpKAHHS  HATAMIIHHY
MPOBOSATH B KOHIUHUX Kon0ax Ha 250 M1, K1 MiCTATh
50 M pinkoro nmoxkuBHOTO cepenosuia (pH 7,0).
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3axinuenus maon. 2.2

Acmnaparia — 0,5 [HOKYNAT — Y OpMi BereTaTUBHUX KIITUH
[Tpomionar narpiro — 0,25 KYJIbTYpU-TIPOAYIIEHTA Y €KCITOHEHITIHHIN (a3l
Auerar Hatpito — 1,75 pocty (24 rox) kinbKicTio 5% (06’ emuux). Kosbu 3

IHOKYJIATOM 1HKYOYI0Th TipH t = 30°C B KoJ10ax Ha
porariitaux kavankax npu 200 06/xB. Y nepii
T'OJIMHU KYJIbTUBYBaHHS (110 48 TO/1) 10JAI0Th CyMiIIl
COJIeH OLTOBOI Ta MPOIIOHOBOI KUCIOT Y
cIiBBiIHOLIEHH] 7:1 3arajpbHOIO KUIbKicTIO 2,0 1/11.

S. ydicus CepenoBuue Nel: 108 2,66 KynbTuByBaHHS MPOBOASATH B KOHIYHUX KOJIOAX Ha [27]
G117 Po3unnnmii kpoxmanas — 10,0 500 m, sixi MIicTATH 80 MJI piTKOTO CepeOBHINA
I'mroxo3za — 20,0 (pH— 7,0-7,4). Inokynar — 'y dbopmi
Coese 6opomno — 20,0 BEreTaTHBHUX KJIITHH KYJIbTYPU-TIPOIYLICHTA Y
[Tenrron — 5,0 eKCIOHEeHIIiHIN (a3l pocty (24 roa) KiibKicTIO 9%
MarHii cipyanokuciuit — 1,0 (06’ emunx). Konbu 3 iHOKYJIATOM iHKYOYIOTh IIPH
Monodocdar kaniro — 0,2 t =28 °C B xonbax Ha kayankax npu 220 06/xB.

Hartpito xmopux — 4,0
Kanspiit kapbonat — 10,0

CepenoBuie Ne2:
Kykypyn3sHuii Kpoxmaib

— 45,15

I'moxo3za — 10,0

Coese 6opormao — 14,80
Harpito xmopung — 5,88
[Tentor— 6,0

AMoHiit cynbdpar — 7,5
MarHii cipuanoxkucnuit — 0,5
Mounodocdat kxamniro — 0,3
Kansiiit kapbonar — 10,0
Tepmocriiika aminaza — 0,05
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Taomug 2.3
BapricTh KOMIIOHEHTIB MOKMBHOTO CePeIOBHUINA sl KYJIbTUBYBAHHS

S. gilvosporeus TUST24, S. natalensis NRRL2651 ta S. lydicus G117

IIpoayueHt KoMnoHEeHT moKuBHOT0 Hina Bapricts dxepeiio
cepenoBHIIIA, I'/J1 KOMIIOHEHTA | KOMIIOHEHT | iHdopmarii
) a 1,2,3,4,
TPH/KT (rpa) Ha 1 71 5,
cepe1oBHIIA 6,7, 8)*
CepenoBume Nel:
I'mroxo3a — 20 26 0,52 1
CoeBuii nentoH — 4,5 5202 23,41 2
Harpito xmopug — 10,0 8,40 0,084 7
OpienToBHa BapTicTh 1 11 cepenonuiia — 24,02 rpH
S. gilvosporeus -
TUST24 CepenoBuie No2:
I'mroxoza — 30 26 0,78 1
CoeBuii menton — 4,5 5202 23,41 2
HpixmxoBuit ekctpakt — 20 1632 32,64 3
OpienToBHa BapTicTh 1 11 cepenoBuia —56,83 rpH
CepenoBuie Nel:
I'mroxo3za — 4,0 26 0,104 1
Cononosuii exkctpakt — 10,0 67,60 0,676 7
HpixmkoBuid ekcTpakT — 4,0 1632 6,53 3
OpienToBHa BapTicTh 1 11 cepenoBuma — 7,31 rpH
CepenoBuine No2:
S natalensis I'moxo3a — 20 26 0,52 1
NRRI2651 M’sicHnii ekctpakt — 2,0 7812 15,62 4
HpixxoBuit ekcTpakt — 2,0 1632 3,26 3
Acnaparin — 0,5 490 0,245 1
Mownodocdar xamito — 0,5 48 0,024 1
[Ipomionat Harpiro — 1,75 48,86 0,086 5
Aunerart Harpito — 0,25 47,40 0,012 6
OpienroBHa BaprticTh | 11 cepenoBumia — 19,77 rpu
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https://kodkh.com/p258400679-glyukoza-pisch.html
https://www.sigmaaldrich.com/catalog/product/sial/90765?lang=en&region=UA
https://prom.ua/p776059053-sol-kamennaya-pomol.html
https://kodkh.com/p258400679-glyukoza-pisch.html
https://www.sigmaaldrich.com/catalog/product/sial/90765?lang=en&region=UA
http://agar.com.ua/Yeast_Extrac_250
https://kodkh.com/p258400679-glyukoza-pisch.html
https://prom.ua/p583128346-yachmennyj-svetlyj-solodovyj.html
http://agar.com.ua/Yeast_Extrac_250
https://kodkh.com/p258400679-glyukoza-pisch.html
https://www.rpicorp.com/products/biochemicals/growth-media/beef-extract-1-kg.html?ga_list_name=Search%20(Grid%20View)
http://agar.com.ua/Yeast_Extrac_250
https://kodkh.com/p229749525-asparagin.html
https://kodkh.com/p228249613-kalij-fosfornokislyj-zameschennyj.html
http://starbast.com.ua/shop/product/propionat-natriia
https://www.systopt.com.ua/ru/natryj-uksusnokyslyj-atsetat-natryya/

3akinuenns maoban. 2.3

CepenoBuine Nel:
I'mroxo3za — 20,0 26 0,52 1
Po3uunnuii kpoxmains — 10,0 210 2,1 7
Coese 6opomrHo — 20,0 109 2,18 7
Ilenton — 5,0 720 3,6 6
Marsii cipuanokucimii — 1,0 20 0,02 7
Mownodocdar xamiro — 0,2 48 0,0096 1
Harpiit xsopung — 4,0 8,40 0,034 7
S ydicus GUT - e i xapGorar — 10,0 67.20 0,672 7
OpienroBHa BapticTh | 11 cepenoBumia — 9,14 rpu
CepenoBuie Ne2: 19 0,86 7
KykypynssHuii Kpoxmanbs —
45,15
I'mroxo3a — 10 26 0,26 1
Coese 6opomrHo — 14,80 109 1,6 7
Harpito xmopug — 5,88 8,40 0,049 7
Ilenron — 6,0 720 4,32 6
AwMoHiii cynbdar — 7,5 9,60 0,07 6
Marsii cipuanokuciuii — 0,5 20 0,01 7
Monodocdat kaniro — 0,3 48 0,015 1
Kanpiit kap6onat — 10 67,20 0,672 7
Tepmocrtiiika aminaza — 0,05 178 0,009 8
OpienroBHa BapticThb 1 11 cepenoBuia — 10,64 rpu

IMpumiTka. * — niHu HaBegeHo ctanoM Ha TpaBeHb 2020 p. 1. https://kodkh.com 2. https://www.sigmaaldrich.com 3. http://agar.com.ua 4.
https://www.rpicorp.com 5. http://starbast.com.ua 6. https://www.systopt.com.ua 7. https://prom.ua 8. https://ferment.enzim.biz
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https://kodkh.com/p258400679-glyukoza-pisch.html
https://prom.ua/p8842075-krahmal-vodorastvorimyj.html
https://prom.ua/p675507182-soevaya-muka-dlya.html
https://www.systopt.com.ua/pepton-fermentatyvnyj/
https://prom.ua/p610438960-magnij-sernokislyj-sulfat.html
https://kodkh.com/p228249613-kalij-fosfornokislyj-zameschennyj.html
https://prom.ua/p776059053-sol-kamennaya-pomol.html
https://prom.ua/p715053574-karbonat-kaltsiya-e170.html
https://prom.ua/ua/p800248601-kukuruznyj-krahmal-ukraina.html
https://kodkh.com/p258400679-glyukoza-pisch.html
https://prom.ua/p675507182-soevaya-muka-dlya.html
https://prom.ua/p776059053-sol-kamennaya-pomol.html
https://www.systopt.com.ua/pepton-fermentatyvnyj/
https://www.systopt.com.ua/amonij-sirchanokyslyj-sulfat-amoniyu/
https://prom.ua/p610438960-magnij-sernokislyj-sulfat.html
https://kodkh.com/p228249613-kalij-fosfornokislyj-zameschennyj.html
https://prom.ua/p715053574-karbonat-kaltsiya-e170.html
https://ferment.enzim.biz/alfa-amilaza-bakterialnaja-visokotemperaturnaja.html
https://kodkh.com/
https://www.sigmaaldrich.com/
http://agar.com.ua/Yeast_Extrac_250
https://www.rpicorp.com/products/biochemicals/growth-media/beef-extract-1-kg.html?ga_list_name=Search%20(Grid%20View)
http://starbast.com.ua/shop/product/propionat-natriia
https://www.systopt.com.ua/ru/natryj-uksusnokyslyj-atsetat-natryya/
https://prom.ua/
https://ferment.enzim.biz/

TabOmui 2.4
YMoBHa BapTicTh 1 I HiJIbOBOro NPOAYKTY (HATAMIIMHY) IPH KyJIbTHBYBAHHI

S. gilvosporeus TUST24, S. natalensis NRRL2651 ta §. lydicus G117

Biosoriuynmii arent Bapricty | Konnenrpanisi | YmoBHa | TpuBaJjictb KinbkicTb
1 1 cepeno- HiJILOBOTO BapTicTh KYJbTHBY- HiJILOBOTO
BUIIA, TPH NPOAYKTY, Ir BaHHS, F0J | NPOAYKTY 3a
r/a HiJILOBOTO rOJUHY,
IPOJYKTY, r/ron
TpH/T
S. gilvosporeus 1) 24,02 2,45 33 96 0,026
TUST24 2) 56,83
S. natalensis 1) 7,31 3,0 9,03 84 0,036
NRRL2651 2) 19,77
S. lydicus G117 1)7,3 2,66 6,75 108 0,025
2) 10,64

2.2 Po3paxyHoOK CKJIaly MOKUBHOI'O Cepe0BHMINA

Jliist 610CHHTE3y LJIBOBOTO MPOAYKTY 1 HAKOMUYEHHS! O10MacH MOKUBHE CEPEIOBUILE
JUTSI KyJIbTUBYBAHHS IITAMY-IIPOIYIIEHTA IOBUHHO MICTUTH YC1 T1 XIMIYH1 €JIEMEHTH, 3 IKUX
CKJIQZIAEThCS KIIITUHA, Y POpMI, SIKY JaHUI MIKpOOPTaHi3M MOXe 3acBoiTH. Bigomo, 1o 1o
CKJIaay OakTepiadbHOI KIITHHH BXOASATh XIMIYHI €JIEMEHTH Yy TaKUX BIJCOTKOBUX
CITIBBIJTHOIIIEHHSX JI0 MacH a0CoJIFOTHO cyxoi pedoBuHu: Kap6on — 50%; Oxcuren — 20%;
Hitporen — 10...14%; T'igporen — 8%; dochop — 3%; Cynbdyp, Harpiii, Kamniit — 1%;
Kanpmit, Marniii, Xnop — 0,5%; ®epym — 0,2%; pemrta xiMmiuaux enemeHTiB — 0,3%.
3Bakarouu Ha 11e, TPU BUOOP1 ONTUMATHHOTO TTOKMUBHOTO CEPEOBHIIA HEOOX1THO 3BepTaTH
yBary Ha KUJIbKICHUI BMICT XIMIYHUX €JIE€MEHTIB y KOMIIOHEHTaX MOXUBHOTO CEPEOBHUILA,
SK1 BXOJIATH JIO MOTO CKJIaly, 1 BAKOHYBATH HOTO MEPEBIPOYHUI PO3PaXyHOK.

Jlns oneprkaHHs HaTaMilTuHy Oysio oOpaHo mtam Streptomyces natalensis NRRL2651,
KWW 3a0e3reuye BUXij MUTLOBOTO MPOAYKTY — 3 1/1, 6iomacu — 4,2 1/1 3a 84 ron mpu

KyJIbTHBYBaHHI Ha MOKUBHOMY CEPEAOBHII HACTYIHOTO CKJany (/) : riaroko3za — 20,0;
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M’siCHUM ekcTpakT — 2,0; ApikpKoBuid ekctpakt — 2,0; acnaparid — 0,5; moHodocdar
kamito — 0,05; cymim arerary Hatpito 1 mpomioHaty HaTpioo (7:1) ik cTUMynaTopu
O6iocuHTe3y Hataminuuy — 2,0 [7].

Po3paxyHok BMICTy Jepesia ByIJIel€eBOI0 sKUBJIEHHS. Y CEPeIOBUII HABEIEHOTO
CKJIAJly Y SIKOCTI OCHOBHOTO JIXKEpeJia BYTJICHI0 BUKOPUCTAHO IIIOKO3Y KUIbKIiCTIO 20 1/71.

[lepeBipuMO 3 TEOPETUYHOI TOUKH 30DPY, CKIJIBKU TJIFOKO3M HEOO1X1THO BUKOPHUCTATU
JUTSL OJiep KaHHs HaTaMINUHY KutbKicTio 3,0 /1. Monsipua maca Hataminuny Ci3Ha7NOj3
CTAHOBUTH 666 I/MOJIb, 3 5IKO1 396 I/MOJIL — MOJISIpHA Maca BYIJIelio. Tak, 3a IpOMOPIIEI0 B
3 r HaTaminuHy mictuthes (396 x 3) / 666 = 1,78 r Byrielio.

Monsipna maca rioko3u CsH 1206 cknagae 180 r/moib. BiacoTkoBU BMICT BYTJIEIIO
y Mosekyni riaoko3u ctaHoBUTh: W(C) = 6M(C) / M(CsH1206) *x 100% = (72 /180) x100%
= 40%. Tak, y 100 r rotoko3u mictuthes 40 r Byriemnto. Po3paxyeMo, y CKUIBKOX I'pamax
TIFOKO3W MicTUThCS 1,78 T Byrierrto 3a npornopiriero: (100 x 1,78) /40 =4.,45. Orxke, 1,78 T
BYTJICLIO MICTUThCS Y 4,45 T MIIOKO3H.

HeoOxinmHoO Takok BpaxoByBaTH, IO TMPH KYyJIbTUBYBaHH! MPOIYIIEHTIB IIIbOBOTO
npoaykty 40% ByriienieBMiCHOTO cyOcTpaty okuciatoeThes 10 CO, 711 OTpUMaHHS €HEeprii,
MOTpiOHOT JUIsi TIOBHOIIHHOTO  (YHKIIOHYBAaHHSA KOHCTPYKTHBHOTO METabO0II3MY.
BpaxoBytoun BUuTpaTH cCyOCTpaTy Ha OKHCHEHHS, JJIs OJIepyKaHHS HaTaMIlIMHY CEpEIOBUIIE
moBHHHE MicTuTH (4,45 % 0,4) + 4,45 = 6,23 /71 T7II0KO3H.

Po3paxyeMo, CKUIbKM TJIIOKO3M HEOOIX1AHO BUKOPHUCTATH AJIA OJEp>KaHHsS OioMacu
KUIbKicTIO 4,2 1/71. Bimomo, 1o 6iomaca MikpoopraHi3miB MicTuTh 50% Byriemnto. Tak, y 4,2
r 6iomacu mictuThes 2,1 r Byruento. 3a nponopuieto 1 r Byraemto Mictutbes y (1 % 100) /
40 = 5,25 r rimroko3u. 3 ypaxyBaHHaM 40% BTpat cyOCcTpaTy Ha «XOJIOCTE OKUCIECHHS», TS
oJiep>kaHHs 2 1/11 6ioMacH y cepeoBuIle HeoOXiaHo BHecTH (5,25 % 0,4) + 5,25 =735 r/n
TJIFOKO3H.

Takum 4MHOM, 32 TEOPETUYHUMH PO3PAXYHKAMHU JJI OJIepKaHHS 3 I/J1 HaTaMilMHY 1

4,2 v/n 6iomMacu TIOKMBHE CepeIOBHINE MOBUHHE MicTuTH 6,23 + 7,35 = 13,58 /71 rmoko3mu.
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OTtpumaHe po3paxyHKOBE 3HAUEHHSI BMICTY TJIFOKO3M y MOKUBHOMY CEPEAOBHILI MEHIIIE 3a
excriepuMenTanbHe. [Iporte, BIAMOBIIHO M0 MOCTIIKEHb BIUIMBY KOHLIEHTpALi TIIOKO3U
kutbKicTi0 10 — 60 1/1 Ha BUXiA LUJIBOBOrO MPOAYKTY 1 OGlomacu, Oyj0 JOBEIEHO, IO
KOHIIEHTpaIlisl moko3n <20 T1/11 crpusie 3MEHIICHHIO BHXOAY IJIBOBOTO MPOAYKTY 1
Olomacw, a koHmeHtpaiis >20 T/1 — HaKONMWYEHHIO HAIJIUIIKOBOI TIIOKO3U Y
KyJabTypanbHiii pimuai [7]. Omke, nnus 3a0e3ledeHHs MaKCHUMAaJbHOI KOHIIGHTpAIlil
HaTaMIIMHY 1 0loMacu HaWOUIbII ONTHMMAajbHA KOHIIEHTpAIlis TJIIOKO3H Y IMOXHUBHOMY
cepeaoBUII CTaHOBUTH 20 T/11.

Po3paxyHoK BMICTY /JkepeJ1 a30THOIO KUBJIEHHSA. Y SKOCTI1 JKEpeIT a30Ty OakTepis
S. natalensis 31atHa BukopuctoByBatu sik Heopranigdi (NaNOs, NH4Cl 1 (NH4)2SO4), Tak 1
OpraHiyHi pe4yoBUHM (CEYOBUHA, M SICHUM €KCTPAKT, APDKIHKOBHUM eKcTpakT). [Ipote Oyio
JOCJIIPKEHO, 1110 BUKOPUCTAHHS HEOPTaHIYHUX JDKEpeNl a30Ty € HEIOIIJIbHUM IS
0locuHTE3y aHTUO10THKA, OCKIJIbKA BOHU MIATPUMYIOTh BUKIIOUHO PICT KJIITHH. 3BaXAI0Uu
Ha 1el (paxT, OyJI0 MOBEIECHO EKCIIEPUMEHTAIBHO, M0 HAWKpAIIUM JHKEPEIOM a30Ty s
MiATpUMaHHs 010CHHTE3Yy HAaTaMIIUHY € M SICHUN e€KCTPakT. 3 1HIIOTO OOKY, JTOCHIIKEHO,
110 APDKKOBUIM €KCTPAKT € HAWKPAITUM JDKEPEIOM a30Ty JJIS MIATPUMaHHS POCTY KITITHH.
ToMmy Ha TpakTHUIll € palioOHAJFHUM BUKOPHUCTaHHS 000X OpraHIYHUX JDKEpen a3oTy y
CEepeZIOBUII, WO CHOpUsE MIABUILCHHIO BHUXOJY HaTaMIMHY Yy 2 pa3u, MOPIBHSIHO 3
CEpEeIOBUIIIAMU, SIK1 MICTSTh BUKIIFOUHO M SICHUHM eKCTpakT [7].

VY cepenoBHIIli HABEICHOTO CKIIAAY Y SIKOCTI JPKepel OPTaHigHOTO a30Ty BUKOPUCTAHO
PEYOBHHM HEBU3HAUCHOTO CKJIATy: M SICHUU €KCTPAKT — 2,0 T/11 1 APIKIKOBUIN €KCTPAKT —
2,0 v/n [7]. Ockinbku S. natalensis € aykcoTpo)HUM MIKPOOPraHi3MOM, BiH MOTpedye
J0JIaTKOBHUX (DaKTOPIB POCTY, SKUMU y CEPEIOBHINI € M'SICHUN 1 JPITHKOBUN €KCTPAKTH,
acnaparid. Tak, OKpiM JDKepelia a30Ty M'SICHHHA EKCTPAaKT € JOAATKOBUM JIKEPEIIOM
BITaMIiHIB, TIOTIEPETHUKIB JKUPHUX KHUCJIOT, 10HIB METAJIIB, IO 3arajioM € HEOOXITHUM s

O0locuHTE3y aHTHUOIOTHKA, a APKIPKOBUM €KCTPaKT — JKEPEIOM FOTOBHUX aMIHOKHUCIIOT i
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MENTH/IIB, BOJOPO3YMHHUX BITAMIiHIB, JESKUX BYIJIEBOIIB, “CHIiZIB” MIKPOEJIEMEHTIB,
HEOOXITHUX JIJIs1 HAKOMTMYEHHS O10MacH.

Binomo, mo 6iomaca mikpoopranizmiB Mictuth 10...14% a3oty. Tak, y 4,2 r 6ioMacu
mictutbest 0,42...0,59 r azory. Sk Oyno Bke 3a3Hau€HO, MOJSpPHA Maca HaTaMIIUHY
CTAHOBUTH 666 I/MOJIb, 3 IK01 14 T/MOJIb — a30T. 3a MPOTOPITIEI0 B 3 T HATAMIIIUHY MICTUTHCS
(14 x 3) / 666 = 0,06 T azoty. CymapHUil TEOPETHUYHUNA BMICT a30Ty, HEOOXITHOTO JIJIs
oJepkaHHs 3 r/1 HaTaMinuHy 1 4,2 /11 61oMacu ckiagae 0,48...0,65 .

KoHueHTpanis 10cTynHoro /uisi 0akTepiii OpraHiyHoro a3oTy y M SICHOMY €KCTPaKTi
ckinamgae 11,5-12,5%, a y apikmkoBomy ekctpakTi — 8-12%. Otxe, y 2 T M’SICHOTO
ekcTpakty Mictutbed (2 x 12,5) /100 = 0,25 r a3oty, a B 2 T IpIKIKOBOIO EKCTPAKTY — (2
x12) /100 = 0,24 r a3ory. CymapHa KUIbKICTh OPraHIYHOTO a30Ty CTaHOBUTH 0,25 + 0,24 =
0,49 .

OTxe, 3a OTpUMAHUMHU pe3yjbTaTaMW TEOPETHUYHUNA 1 EKCIePUMEHTAIbHUN
pPO3paxyHOK BMICTy JDKEpel a30THOTO JKHUBJICHHSI CIIBIIAal0Th, IO CBIJYHTH TIPO
30a71aHCOBAHICTh BMICTY KOMITIOHEHTIB IMOKHUBHOTO CEPEIOBHUIIA 32 a30TOM.

Inmi kommnoHenTH cepenoBuina. /(s HakonuuyeHHst Olomacu OakTepii TaKoX
MOTPEOYIOTh BMICTY MarHiro, 3aji3a Ta KaibIlito. Tak, M SCHUHN 1 IPIXKHKOBUM €KCTPAKTH €
JDKepesaMu JaHUX €JIEMEHTIB, a TAKOX Takux (PaKTOpiB POCTY SK: JIEWLMH, Ji3WH, BajiH,
apriHiH, TIIWH, MPOJIiH, TIyTaMiHOBA KHCIIOTA, acapariHoBa KUCIOTa Ta 1H.

OTxe, 3a pe3ynbTaTaMu IEPEBIPOYHOTO PO3PAXYHKY TIIOKUBHE CEPEIOBHIIE
HABEJICHOTO CKJIany Ui KyiabTuBYBaHHs S. natalensis NRRL2651 — mnpomytenra
HaTaMILMHY MICTUTH yCi HEOOXiJH1 O10€JIeMEHTH 1 € MOBHOI[IHHUM 33 BMICTOM JiKepes
BYTJICIIEBOTO 1 a30THOTO YKUBJICHHS /ISl HAKOTIMYEHHSI IJIbOBOTO MPOIYKTY 1 Oi0MacH.

2.3. Mopdosoro-kyJabTypajbHi Ta i3iooro-6ioxiMmiuHi 03HaKku

Streptomyces natalensis NRRL2651
S. natalensis — 1€ IPeCTaBHUK HUTYACTUX, TPAMIIO3UTUBHUX, KUCIOTOCTIMKUX (3a

¢bapOyBanusam no Llimo-Henbcony) 6akrepiii, siki GOpMyIOTh 100pe pO3BUHYTHI MIlETii
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(puc. 2.1). Ha Bigminy Bix rpu0iB, JaHud BUJ OakTepiil yTBOpIOE OULIBII TOHKI riu, sKi

MICTSTh BEJIMKY KUTbKICTh HYKJICOImiB [29].

Puc. 2.1 Mineniit S. natalensis, enekrponHa mikpogotorpadis [24]

KutTteBuil ki 6akTepii BKItoYae AudepeHItiamiio Ta cnopyisiito. BiH mounHaeTbes
3 MOMEHTY, KOJIM CIIOpa AO0CATa€ MOXKUBHOTO cepenoBuina. Ilix yac npopocTaHHs ciopu
YTBOPIOIOTh POCTOBI TPYOOUKH, SIKI MOJOBXKYIOThCS 1 TUIKyIOTbes. Lle mae mouaTok
PO3BUTKY CKYMUYEHHSI HUTOK, KOTP1 BPOCTaIOTh BCEPEAMHY 1 MO MOBEPXHI arapu30BaHOTO
cepenoBuila. Take CKymueHHs HUTOK HA3UBAETHCSI CYOCTPATHUM MILIETIEM.

Komnoniss mpomoBxkye poctu, 1 Mimemiid B IIEHTPI KOJOHII IMOYMHAE TMPOIeC
IuQEepeHIiIOBaHHs - YTBOPEHHS HOBOTO THITY KIITHH — MOBITpsAHUX TidiB. Komu cTpiMkmii
PICT AMIUIOIIHUX MOBITPSHUX Ti(iB MPUTUHAETHCS, BOHU 3a3HAIOTh CUHXPOHHOTO MOALTY
KJIITUH JJI YTBOPEHHS ralulOiAHUX CTPYKTYP, KOXKHA 3 SIKUX MOTIM PO3BUBAETHCS y CIOPY
[29].

YTBOpeHHS CIOp BiOYBAETHCA Ha CHIPATIbHO 3aKPYUYEHHUX T'UIKAX 3 I’ AThMa BUTKaAMU
—  CHOPOHOCISIX MOBITPSIHOTO MiLENi0. JIaHIIOKKM CIOp CHOCTEPIraloTh MPH POCTI
KyJbTYpH Ha COJ0J0BOMY abo BiBcsiHOMY arapi (puc 4.2). CrnopyJroouuii TOBITPSHUM
MIIeNiil moraHo abo 30BCIM HE PO3BHUBAETHCA HAa KPOXMAJbHOMY arapi Ta Ha TIIICPHH-
acrmapariHoBoMy arapi. 3pisii JIaHLIOKKH CIOp 3a3BM4Yail MaTh MpPOAOBryBary (opmy i

MICTATB O11bInIe 10 criop B ogHOMY JaHIIOKKy [30].
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Puc. 2.2. Cnopu S. natalensis:

a - enexkTpoHHa Mikporpadis 21-10060B01 KyJIbTypH, BUPOILIEHOI Ha COJIOJIOBOMY arapi; 0 -
CKaHyIo4a eNeKTpoHHa Mikporpadist 14-1060B0i KyJIbTYpH, BUPOIIEHOT HA KPOXMAIEHOMY
arapi [30]

Ha arapuzoBanux cepenoBuinax (CojI0J0BOMY 1 BIBCSSHOMY arapi) KyJbTypa YTBOPIOE
CIOPYJIIOIOYUH MOBITPSHUN MIIIEIIN )KOBTO-CIpOro abo KOPUUHEBO-CIPOTO KOJIbopy. bimuit
HECIIOPYJIIOIOUNIA TOBITPSIHUI MiLIeJ YTBOPIOETHCS HA KPOXMaIbHOMY arapi. 31 3BOPOTHOT
CTOPOHH KOJIOHIM HE CIIOCTPEIra€eThCs MrMeHTOyTBOpeHHS [30].

[lITam Streptomyces natalensis NRRL 2651 € nukuM mraMmoM, MOX1THUM BiJ IEPIIOTO
130JIbOBAHOTO JUKOTO InTamy Streptomyces natalensis ATCC 27448. Y xaranosi
BcecpitHporo iH(opmaniiiHoro 1eHTpy MikpooprHa3iMiB (World Data Centre for
Microorganisms — WDCM) mramy NRRL 2651 mpucsoeno taki Homepu: CBS 668.72,
CBS 700.57, IFO 13367, ISP 5357, JCM 4693, JCM 4795, NBRC 13367, RIA 1328 [31].

[tam Streptomyces natalensis NRRL2651 Ha arapu3oBaHuX CEpeIOBUINAX YTBOPIOE
JIBa TUIM KOJIOHIM: a) OKpYyIJ, 3 TUIOCKOI TOBEPXHEIO 13 JICII0 OMYKIUM I[EHTPOM,
3MOPILKYBaTi, 3 HEPIBHUMHU KpasMU KOJIOHIT 3 OLIMM MOBITPSHUM MillelieM; 0) OKpyTIi, 3
MIJIOCKOIO MOBEPXHEIO 13 JICIIO OMYKJIMM IIEHTPOM, TJIaJIKl, MSIKOT KOHCUCTEHTIII KOJIOHIT 3
CBITJIO-CIpUM TIOBITPSHUM MilieJlieM. BereratuBHuil Minenii i 0OUABOX THITIB KOJOHIHN
Mae )KOBTUM abo OexeBuit kouip [32].

[lixaBoto ocoOnmBICTIO S. natalensis € 3MaTHICTh OAKTEPii 3MIHIOBATH XapaKTep POCTY
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Ipy  J0JIaBaHHI J0 CKJIaay I0XKMBHOTO CEpEeIOBUINA TPUOHHMX eJICITOPIB: KOJIOHIT
YTBOPIOIOTH THUIIOBY S-AMCOINAIlil0, TOOTO KOJIOHII MaioTh Kpyriay (opmy, TIaaxKy

MOBEPXHIO, PIBHI Kpai, OJMCKYydy MOBEPXHIO Ta OLIBII MIUIbHY KOHCUCTEHITIO [24].

Puc. 2.3 Xapaxrep pocty S. natalensis Ha arapu30BaHOMY CEPEIOBHIII O€3
(a) Ta 3 togaBaHHSAM rPUOHUX eniciTopiB (b) [24]

S. natalensis - 11e peACTaBHUKU Me30(QIIBbHUX OakTepiil, TemMrmepaTypHHil ONTUMYM
skux craHoBuTh 30°C. bakrtepii 3maTHI pocT Ha cepenopumiax 3 pH 6,5 - 8,0, npore
onTUMyMoM € nokasHuk pH 7,2 [29].

S. natalensis HanexaThb 10 OOJIraTHUX aepoOiB, SIKUM HEOOXIAHHN KHCEHb SK
TEepMIHAJIBHUHN akuenTop BoAHto. Tak, y kmituHax S. natalensis GyHKIIIOHY€ TTOBHOILIIHHUHT
JTUXAJIBHUN JIAHIIOT, 10 CKJIAly SIKOTO MOBHA CHCTEMa IUTOXpoMiB b, ¢, a. LlutoxpomHi
KOMIUIEKCU bcl Ta aa3 pa3oM CTAHOBIISATH OJIMH 13 HAUTOJIOBHIIIUX €JIEMEHTIB JUXAJIBHOTO
JaHIora g 6axkrepiii S. natalensis. 11le ogHi€r0 0COOIMBICTIO 1aHOTO BUY € 1X 3/1aTHICTh
CUHTE3yBaTH (EPMEHT IIUTOXPOMOKCHUIA3y bd 3a YMOB POCTY KYJIbTYpPH, KOJIU KHCEHB €
JTIMITYBaJIbHUM (pakTOpoM. S. natalensis ONEPXKYIOTh EHEPril0 IIJISIXOM OKHUCHEHHS
OpraHIYHUX PEUYOBUH Ta CUHTE3YI0Th AT® y npoiieci okucIoBaIbHOTO (HochOpUITIOBaHHS.

3a TUMOM >KUBJIEHHS S. natalensis HaNEXUTH O XEMOOPraHOreTepoTpodiB. Y sIKOCTI
JOKEpeN ByTJIelio OakTepii 34aTHI BUKOPUCTOBYBATH MOHOCAXapuiu, JAUcCaxapuiu Ta
nomcaxapuan. [Ipu depmentarii S. natalensis MakcUMaTbHUNM BUX1J HATAMIITUHY MOXKHA
OTPUMATH JIMIIIEC MPU BUKOPUCTAHHI HACTYITHUX JKEPEJT BYIJICIIO Y TIOPSAKY BiJl HAMOUIBII

710 HaiiMeHIT €()eKTUBHOTO: TJIF0K03a> IIIIEPHUH> KCHUJI032> COJI0I0BUI €KCTPaKT > prbo3a
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> JEeKCTpUH> KpoxMmaib> ramakrto3a. @Opykro3a Ta I1HYIIH HE CHPUSAIOTH BUXOIY
HaTamiluHy. @pykTo3a Ta 1HYJIIH HE CIPUSIOTH BUXOY HaTaMILUHY.

VY daxocti mkepen a3ory S. natalensis 34aTHI BUKOPUCTOBYBATH SIK HEOpTaHIYHI
(NaNO3;, NH4Cl and (NH4)>SO4) Tak 1 opra"iudi pe4oBUHU (CEUOBHHA, M SICHUM €KCTPAKT,
APDKIKOBUN eKcTpakT). Halikpammmu mxepenaMu a3oTy A MiATPUMaHHS BUPOOHHUIITBA
HaTaMILMHY € M’ SICHUM €KCTpPakKT. 3 1HIIOro OOKYy, IPLKIKOBUM €KCTPAKT € HaKpalium
JDKEpeNIoM a30Ty JJisi MIATPUMAHHS POCTy KITHH. ToMy Ha TpakTUIll € JAOUUIBHUM
BUKOPUCTAaHHA 000X OpPraHiuYHUX JKEpesl a30Ty y CEepeOBHINI, IO MIJABUILYE BHUXIJ
HaTaMilUHy y 2 pasu [7].

OcobnuBicTiO S. natalensis 3AaTHICTB TIAPOJI3YBaTH JICIUTHH Ta Ka3eiH. Tectu Ha
KaTaJla3Hy aKTHUBHICTb, YTBOPEHHS CIPKOBOJIHIO Ta HITpaTpenyKuUii s S. natalensis narTh
HeraTuBHI pe3ynbTatu [29]. OckibkU AaHui BUA OaKTepiid HAJCKUTh 10 IPOTOTPODHUX
OpraHi3MmiB, Jisl IXHBOTO POCTY J0JATKOBI (pakTOopu pocTy HenoTpiOHi. JonaBaHHs Takux
(bakTOpiB POCTYy 0 CKJIANy MOKUBHOTO CepeAoBHINA sK: (EHOJI, a3uj HATPIlO Ta alerar
Tajilo, HE TOKpAIlly€e MOKa3HUKHU POCTY O10Macu Ta BUXOY LIJILOBOTO MPOAYKTY. Y TOM ke
camuil vac, mig S. natalensis XapakTEepHO BUKOPUCTAHHS JAPDKIHKOBOTO €KCTPAKTY HE B
SIKOCT1 JJOJIATKOBOTO JIPKEpesia BITaAMIHIB, a Sl B IKOCTI OCHOBHOTO JKepeJia a3oTy.

JIyist ipeACTaBHUKIB poay Streptomyces € TpUTaMaHHUM KaTaOOJI3M TJIFOKO3HM 3a
IKOTITHYHUM NUIAXOM. 3a TTKOIITUYHUM IIJISIXOM TITH0K03a MEPETBOPIOETHCA a MIpyBaT
3 BualiieHasM ATO.

[likaBoro ocoOMUBICTIO OakTepii poay Streptomyces € 7iXHS 3AaTHICTh 10
TJIFOKOHEOTE@He3y TPH POCTI Ha TakuX cyOcTpaTax SK acmaparid Ta TJIyTaMiH, SKi
BUCTYMAlOTh B SKOCTI €AuHUX Jkepen Byriemto [33]. Takox mis Oakrepit poxy
Streptomyces GepMEHTH aHAIJIEPOUYHUX peakilii (yHKIOHYIOTh HE JIMIIE Mia dac
riroKoHeorenesy. Konu KynbTypu poCTyTh Ha TJIIOKO31 SIK €IMHOMY JIXKEpENl BYIJICLIO,

BIIOYBAa€ThCS  peakuiss KapOOKCHIIOBaHHS  (ocdoeHonmipyBaTy 3  YTBOPEHHSIM
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oKcaJioarerary 3a ydacti pepmenTa gpocgoenonnipysamrxapbokcunasa, KapOOKCUITIOBaHHS
mipyBaTy 3 YTBOPEHHSM MallaTy 3a ydacTi (EepMEeHTYy MmaramoeliopoceHasd, a TaKOXK
KapOOKCWJIIOBaHHSI TMIpyBaTy 3 YTBOPEHHSIM OKcajloaleTaTy 3a ydacTi (epMmeHra
nipysamrapookcunasa.

Pe3ynpTaToMm IiiKkoii3y € NepeTBOPEHHS TII0KO3M Ha mipyBat 3 BuAUIeHHIM AT® Ta
HAJIH. V moganpmmx peaxilisx HmipyBaT OKHCHIOEThCS a0 aneTuin-KoA. Jlms Gakrepiit
pony  Streptomyces  OKUCHEHHs  MipyBary  BiIOyBa€TbCs  3a  JOTIOMOTOIO
MIpYBaTJETIIPOTCHA3HOIO0  KOMIUIEKCY, JI0 CKJaay SKOro  BXOJIUTh  (PEepMEHT
nipysamoeziopozenasd.

bakrepii pony Streptomyces AOJATKOBO KaTaOOMI3YyIOTh TJIIOKO3Y 3a JONOMOIOIO
nenTo3odocdarHoro nukiry. OHIEI0 3 OCHOBHUX (PYHKIIIH MeHTO30(ochaTHOTO UKITY 115
€ mnocrayanHs HAJI®H ansg  peakuiii  KOHCTPYKTHBHOro  Metabomizmy. Y
neHro3odocharHoMy LMK S. natalenis entoxko3o0-6-ghocchamoeciopocenasza Katamizye
peakiii mepeTBOpeHHs TUII0K030-0-pocdary Ha JI-rmrokoHo-1,5-nmakToH-6-docdar 3
BuniieHHsM HAJIOH. OcnoBaumu depmentamu S. natalensis, siki KaTami3ylOTh peaxiii
neHTo30¢gochaTHOro NUIAXYy KaTadoIi3My ITIOKO3U €: 6-ghocghoantokonamoeziopocenasa,
6-chocghoenioxono- o-nakmoniakmonasa,  pu6o3zo-5-gpocpamenimepasa, pub030-5-
i30Mmepasa, mpancaibooaasa, mpaHcKkemonasa Ta 2noko30-6-gocghamoeciopozenasa [33].

Bapro Takoxx 3a3HaumtH, mo uuisix ExTHepa-JlymopoBa (yHKLIOHYe HE y BCIX
Oakrtepiii. Ha choromHimiHii JA€HL OBEICHO, IO cepell 0araTbox MPEeICTaBHUKIB POAY
Streptomyces KI®I'-uiax akTuBHO (GyHKIIOHYE jwmiie y S. fetebrarius, KOTpuii Mae
VHIKQJIbHUI TeH pgd, BiANOBiAanbHUN 3a akTuBauiio KADI-nusixy. Tum He MeHl, O0yino
BUSIBJICHO, 1[0 BEJMKA KUIBKICTh aKTHHOMIIIETIB MICTSTh TOMOJIOTU T€HY pgd 3 BUCOKUM
cTyneneMm crnopigueHocTi (74-83%). Lle miaTBepmxkye rinoresy npo e, mo KADI -nmuisax
KaTaboJi3My TIJIOKO3W BCE X MNpUTAMaHHUM yia akTuHoMinertiB. [Ipore, HasBHICTH

TOMOJIOTIB TeHy pgd niis S. natalensis e He Oyno BusiBjieHo [33].

32



2.3. TakcoHoMiuHHIi cTaTyC 0I0JIOTIYHOIO areHTa

3rigHo 3 nepmuM BuaaHHsAM KepiBuuirBa bepri 3 cucrematuku Oaktepiid, e Oyna
peamizoBaHa (EHOTUIIOBA CHCTEMaTUKa Oaktepidd, S. natalensis Hanexatb 0 POAY
Streptomyces, ponunu Streptomycetaceae, nopsaxky Actinomycetales, knacy Thallobacteria
(uactuna Ne20).

3a neB’stuMm BugaHHsaM KepiBaunrsa bepri 3 igenTudikaiii 0akrepit S. natalensis
OyJ10 MPUCBOEHO ITY4YHY Ipymy Ne25.

dinoreHeTHYHA cUCTeMaTHKa OakTepiit Oyn peanizoBana y Jpyromy Bunanui bepri 3
cucTtemMaTuku OakTepii, ne Bua S. natalensis onucanuii y Tomi Ne5 “The Actinobacteria” 3a
TaKUMHU TaKCOHaMHU: Kiac Actinobacteria, mninknac Actinobacteridae, TIOPSI0K
Actinomycetales, minnopsgok Streptomycineae, poauHa Streptomycetaceae, Pia
Streptomyces [34]. YactuHa @QuUIOTEHETUYHOTO JepeBa MOPSAKy Actinomycetales

IIpEACTaBIICHA HA puc. 2.4.
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PO3/1JI 3. TexHiko-eKOHOMiYHe OOIPYHTYBAHHS

3.1. [loTpeda HacesleHHs1 YKPAiHU B HATAMIiIMHI

[TpoTsAroM OCTaHHBOTO ACCATHPIYYUA B YKpaiHi CLIOCTEPIra€ThCsl CTPIMKE 3pOCTaHHS
qycja BUIQJKIB JIarHOCTYBaHHS Yy TAIllEHTIB KaHAWAO3HUX 1H(EKIM, BUKIMKAHUX
npikmkenonionum rpudbkom Buny Candia albicans. Cepen NiKapchbKUX 3ac00IB IS
JIIKyBaHHS KaHU031B HAMOIbIE BU3HAHHSA B YKpaiHl OTpUMAaJIM MOXIIHI a30JIiB, sIKI Ha
CHOT'OJIHIIIIHIN JIeHb € 0a3UCHUMHU CUCTEMHUMH aHTUMIKOTHKaMu. [IpoTe, uepe3 TeHACHIII0
XBOPUX JIO CaMOJIIKYBaHHSI KaHJWUJI031B, HE MIATBEPKCHUX KJIIHIYHO, a30JbHUMH
MpenaparaMmu, Hapasi yce 4acTillle TPaIulstoThCA BUMAAKU BUJILIEHHS natoreHiB Candida
nonalbicans Ta HaOyTTs MaToreHaMu aHTUOIOTHKOpE3UuCTeHTHOCTI [36]. Ile oOymoBiO€
HEOOX1THICTh 3aCTOCYBAHHS Y KJIIHIYHIM IPAKTULl €PEKTUBHUX IPENapaTiB AJIs JIKyBaHHS,
B1JIMIHHUX B1JI @30JIbHUX, K1 BOJIO/IIOTh IIIUPOKUM CIIEKTPOM MPOTUTPUOKOBOI [1i. Takoro
AIbTEPHATUBOIO A30JbHUM IIpernapaTaM € aHTUOIOTHKM MOJIEHOBOIO POy, 30KpeMa
HAaTaMIIHH.

Tak, HaTaMilMH 3HAWIIOB KJIIHIYHE 3aCTOCYBaHHS SIK OCHOBHUM areHT B JIIKYBaHHI
[IUPOKOr0 CIEKTPY IPHUOKOBUX 3aXBOPIOBaHb IIKIPU Ta CIM30BUX 000sI0HOK. [Tpenaparu
HaTaMIIMHY IIUPOKO BUKOPUCTOBYIOTHCS Y T1HEKOJIOTI JJ1s TIKyBaHHS BYJIbBOBariHaJIbHUX
KaHIU1031B, BUKJIIMKAHUX TIepeBakHO rpubamu poay Candida ta Rhodotorulla. BaxnuBum
ACITIEKTOM € MOJKJIMBICTB 3aCTOCYBaHHS HaTaMIIIMHY JIJISl BariTHUX KIHOK, OCKUJIBKH JTAaHUMA
mpenapar € oAuH 3 He0araThb0X MPOTUTPUOKOBHX areHTIB, JO3BOJICHUX JJIA 3aCTOCYBaHHS
Ha BCIX TPhOX TpUMeECTpax BariTHOCTI [6]. Takox BiloMO, IO BariTHa >KIHKa MOXE CTaTu
JDKEpesioM aHTe-, 1HTpa- 1 MepUHATAIBLHOTO 1H(IKYBaHHS MIoAa a0 HOBOHAPOIKEHOTO,
ockuibku nepenava Candida spp. BinoOyBaeTbes y 75—80% Bunajkis. Tak, y MaTepiB, KOTpi
OTPUMYBAJIH JIIKyBaHHS HAaTaMilIMHOM, Y 89% BUNAIKIB HAPOHKYBAJIUCH 310POB1 AITH, Y
skux He Oyno BusBieHo rpubiB poxy Candida. Otxe, manwii ¢GakT MIATBEPKYE

lebexTuBHICTh HaTAMIIIMHY K 32C00Y NEPBUHHOT NPODIIAKTUKHA KAaHAUIO03Y Y

HYXT BTEK 04.03.09 KP II3
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HOBOHapopkeHuX [ 14]. Takok HaTaMiIIMH BUKOPUCTOBYIOTH JIJIS JTIKYBaHHS AUCOAKTEPIO3Y
KUIIKIBHUKA y JIITEH 1 JOPOCIUX, BUKIMKAHOTO HAIIUIIKOBUM poctoM C. albicans. Jns
30BHIIIHHOIO0 BUKOPUCTAHHS 3 METOIO JIIKYBaHHS MIKO31B IIKIPH Ta CIM30BUX OOOJOHOK
IIMPOKO 3aCTOCOBYEThCS HaTaMilH y ¢opmi 2% kpemy, a6o y Gopmi KOMOIHOBAHOTO
npenapaTty HaTaMIlHUHY, T1POKOPTU30HY 1 HEOMIIIUHY CYJIbdaTy.

Cranom Ha 2017 pik B YkpaiHi 0yio 3aectpoBano Ha 100 TuC. 10pOCIOro HaceIeHHs
BUMAJKIB XBOpoO opraHiB Tpamienns — 18 001,6 [37], 3 uux 1,4 % [38] — rpubkoBi
ypaXXE€HHS KHUIIKIBHUKA. 3aXBOPIOBAHICTH IHOYOT'O HACEJCHHS Ha 3arajbHl XBOPOOU
ceyocrareBoi cucreMu cknana 1 300 BunaakiB Ha 10 THC. )KIHOK PENpPOIYKTUBHOTO BIKY
[37], 3 Hux 45% - xBopoOu rpubkoBoi etiosorii [39, 40]. Cepen AuTsA40ro HaceIeHHs 0yio
3apeecTpoBaHO Ha | THC. NiTel BUIAJKIB 3aXBOPIOBAHOCTI OpraHiB TpaBieHHs — 114,23
[37], 3 Hux 2,5% [41] — rpuOKOBI ypa)K€HHS KUIIKIBHUKA, IIKIPH 1 MAMKIPHOI KIIITKOBUHU
— 76,63, 3 axkux 15% cknagaroth aepMaroMikosu [41]. Bapto Takox 3a3HauyuTH, IO 3a
OIIIHKOIO €KCIEPTIB KJIIHIYHI MPOSBHU KaHIU03y Y HOBOHAPOKEHUX y MEPII TOAUHHA ab0
TH1 KUTTS 11arHoCcTyr0Th Y 30-33% Bumnaakis [39].

BpaxoByroun, 1110 4MCEIBHICTD KIHOK PENPOAYKTHBHOTO BiKY (18-45 pokiB) ckianae

8 282 916 oci0, piuHa KUIbKICTh XBOPUX HA BYJbBOBAriHAJIbHI KAaHAUI03U CKIIAJIAE:

(1300 x 8 282 916)
10 000

X 45% = 484 550 oci0.

JIns mikyBaHHSI BYJIbBOBariHAJIbHUX KaHJMJ031B BUKOPHUCTOBYIOTh HATaMILMH Y
dbopmi cyno3utopiiB abo necapiiB. JloboBa no3a Hataminuay — 100 Mr, Kypc JiKyBaHHS — 6
nuiB. KinbkicTe npenapary Ha 1 moauHy ctaHoBUTh — 600 mMr. OTxe, 11t 3a0e3nedeHHs
JaHO1 TPYTH HACENIEHHS MpenapaToM HaTaMIIUHY HEOOX1THO:

600 mr X 484 550 oci6 =290 730 000 mr = 290 730 r = 290,73 Kkr.

BpaxoByroun dHCENTBHICTH JOPOCIOTO HACeJICHHS YKpaiHd, SKa CTaHOBUTHh
34 607 469 oci0b, piyHa KUIBKICTh XBOPHUX Ha TPUOKOBI YPaKCHHsS KHIIKIBHUKA

CTaHOBUTL.

1801,6 X 34 607 469
100 000

X 10,4% = 64 843 ocoOu.

Jlns nikyBaHHS TPUOKOBHUX Ypa)K€Hb KHWIIKIBHHKA JOPOCIUX BHUKOPHUCTOBYIOTH

HaTaMinuH y popmi TabaeTok. Jlo6oBa qo3a HataminuHy — 200 Mr, Kypc JiKyBaHHS — 7 THIB.
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Kinekicts npenapary Ha 1 moguny ctaHoBUTH — 1400 mr. OTxe, 171 3a0€3Me4eHHsI 1aHO01
IpyNH HAaceJICHHs MpenapaToM HaTaMIlMHy HeOOX1IHO:

1400 mr X 64 843 ocobu =90 779 876,3 =90 779.9 r = 90,8 kr.

BpaxoByroun 4nceabHICTh AUTAYOTO HACETCHHS YKpaiHH, sika CTaHOBUTH 7 977 633

0cC10, piuHa KiJIbKICTh XBOPUX HAa TPUOKOB1 YpaXK€HHsI KUIIIKIBHHUKA CTAHOBUTH:

114,23 X 7977 633

X 2.5% =22 782 ocobu.
1000

PidHa K1JIBKICTh XBOPUX Ha JIEPMATOMIKO3H CKJIAJIAE:

76,63 X 7977 633

oy X 15% =91 699 ocoOm.

JInst mikyBaHHS TpUOKOBUX YpaXkKeHb KUIIIKIBHUKA 11T€ BUKOPUCTOBYIOTh HATAMIIIUH
y (opmi Tabnerok. JloboBa moza HartaminmHy — 100 mr, kypc mikyBaHHA — 14 IHIB.
Kinbkicte npenapaty Ha 1 moauny ctaHoBuTh — 1400 mr. OTxe, 115 3a0€31€4eHHs JaHO1
Ipyly HaCEeJIEeHHs MpernapaToM HaTaMiMHy HEOOX1IHO:

1400 mr x 22 782 oci6 =31 894 800 mr = 31 894, 8§ r = 31,9 kr.

VY cBow uyepry, s JIKyBaHHS JUTSYMX JIEPMATOMIKO31B BUKOPUCTOBYIOTh
HaTaMiluH y hopmi 2% kpemy. JloOoBa 103a HaTaMiuHy — 10 40 Mr, Kypc JIiKyBaHHS — 14-
21 penw [14]. KinmekicTh mpemapaty Ha 1 mroguHy ctaHoBuTh — 840 wmr. Tak, s
3a0e3Ne4eHHs 1aHO1 TPy HACEJICHHS MpernapaToM HaTaMIlUHy HEOOX1IHO:

840 mr X 91 699 oci6 =77 027 078 mr =77 027 r =77 Kr.

YucenpHicTh HOBOHApOKeHUX HA 2017 pik B Ykpaini ckiana 363 987 oci6 [37]. Taxk,
BPaxOBYIOUM BHUCOKY WMOBIPHICTh 3aXBOPIOBAHOCTI HOBOHAPO/DKCHUX HA KaHAMIO03,
3arajibHa MOTEHIliadbHa KUTBKICTh XBOPUX CTAHOBHTH:

363 987 X 33% = 120 116 HOBOHApOKEHUX.

Jlyis mikyBaHHS KaHM103y HOBOHAPOIKEHUX BUKOPUCTOBYIOTH Ta0sieToBaHy (hopmy
HaTaMIlMHY y KIJTBKOCTI 5-8 MI/ Ha Kr MacH Tina 4 pa3u Ha 100y npotsaroM 7 aHiB [41].
HeoOxiaHO BpaxyBatu Te, 10 CEpeAHs Maca HOBOHAPOKEHOTO CTaHOBUTH 3,5 Kr. OTxe,
1000Ba KUIBKICTh TIpenapary CKJIaaac:

3,5kr X 8§ Mr =28 mr

Kinpkicts mpenapaty Ha | mioguHy ctaHoBUTh 196 mr. Orxe, Ay 3a0e3neyeHHs
JaHO1 TPYINH HACENEHHs MpenapaToM HaTaMIUHY HEOOXiqHO:

196 mr X 120 116 oci6 =23 542 736 mr =23 542,7 r = 23,5 kr.
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Takum wwHOM, UIsi pIYHOTO 3a0€3MEUYEHHS HACEJCHHS YKpaiHu mMpernapaTaMu

HaTaMilMHY HeoOxiaHO oaepkatu 513 974,4 T npenapaty (Tabm. 3.1).

Taomuis 3.1
BuxiaHi 1aHi 15 po3paxyHKy piuHoI moTpedu B HATAMIIIUHI
3axBOPIOBaHHS Jo3a Tpusanicts | Kinbkicts | Kinbkicts | 3arampHa
npenapary | mpuiiomy, | mpenapary | XBOpHUX B | KIJIbKICTb
Ha 7100y, THIB (Bmr)Ha 1 | Ykpaini | mpemapaty
MT JTHOJIUHY Ha Ha BCIX
2007- XBOPHX, T
2017 pik
BynbBoBariHasnbHi
KaHIUJ03U 100 6 600 484 550 290 730
Barinitu
['pubkoBi
ypaXX€HHs 200 7 1400 647 909 90 780
KHUIITKIBHUKA
(mopocmi)
['pubkoBi
ypaXKeHHS 100 14 1400 22782 31895
KHUIITKIBHUKA
(miTH)
JlepmaTtoMiko3 40 14-21 560-840 91 699 77027
(miTi)
Kannunos 17,5-28 7 122,5-196 | 120116 23 543
HOBOHAPOKCHHIX
Pa3om: 1397056 | 513 974,4

3.2. Po3paxyHOK NMOTY>KHOCTI BUPOOHMIITBA HATAMIIIUHY

CranoM Ha BepeceHb 2019 poky y Jlep:kaBHOMY peeCTpi JTIKapChKUX 3ac001B Y KpaiHu

3apeecTpOBAHO HACTYMHI MpenapaTd HartaminuHy (Tabn. 3.2): y dopmi cyno3uTopiiB

BariHanpHuX — I[liMmadpymmna (Temmnep Iramia C.pJl., Itams), y dopmi TabmeTox

kumkoBopo3unHHuX [limadyrun (Actennac @apma FOpon b. B., Higepnanau), y dopmi

kpemy — Ilimadyrun (Temmnep Iramia C.p JL., Itanis), y ¢opmi necapiiB — Hartaminun

(ITAT “Moundapm”, Ykpaina). OkpiM TOro, 0 pEECTPy BHECEHI KOMOIHOBaHI MpenapaTu

TPOKOPTU30HY, HATAMIIUHY Ta HEOMIIMHY —

[TimadykopT y ¢opmi mazi 1 Kpemy
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(TemMmnep Itamia C.p.JI., Itams) [5]. Takum uuHOM, MepeBa)kHa OUIBIIICTH IpenapaTiB

HaTaMIlMHY B YKpaiHi € IMIOPTHUMHU. €AMHUN BITUYM3HAHUNA Mpenapar, peaii3oBaHUuN Ha

teputopii Ykpainu, — necapii «Haraminuny» Big [TAT «Moudapm».

Tabnuusa 3.2

IIpenapaTu HaTaMinMHYy 3apeecTpoBaHi B YKpaiHi cranoM Ha TpaBenb 2020 p.

Ha3sBa

Ne PIT

®dopMa BUIYyCKY

Jioua peyoBuHa

JonomixkHi peyoBHHH

[Mimadpyrua

UA/4370/01/01

Cyno3uropii BariHalbHi
1o 100 mr mo 3
cynosuTopii y crpumni; o 1
a0 2 cTpuny y KapTOHHIH
Ayl

1 cyno3uTopid
MICTUTB
HaraminuHy 100 mr

CnupT HETUJIOBHIA, TBEPIAUN
XKHp, copOiTaHTpioiear,
noxicopoat, HaTpito
ripokapOoHaT, KUCIO0Ta
aUIHOBA

MMimadyunn

UA/4370/02/01

Kpewm, 20 mr/rmio 30 ry
Ty0i, o 1 Ty6i B
KapTOHHI# KopoO1i

1 r KpeMy MICTUTB
20 Mr HaTaMIIHY

Jeuui oneat, BOCKY
LETUIIOBOTO edip, CIUPT
LIETOCTEapHHOBHUI, HATPIIO
naypuiacynbhar,
MeTuIInapariipokcubens3oar
(E218),mpomninmaparigpokcud
en3oat(E216),nmpomineHriiiko
JIb,BOJIa OYHIICHA

[Mimadpyrua

UA/4370/03/01

Tabnerku
KHIIKOBOPO34HHHI
o 100 mr Ne 20 (20x1)
y 6aHKax

1 TabmeTka MiCTUTh
HaTaminuHy 100 Mr
CYTIO3HUTOPIH
MICTUTh HaTaMilMHY
100 mr

Kpoxmans kapTomisHuit;
TIOBIJTOH; MarHilo CTeapar;
JIAKT03a,MOHOT1/IpaT;
JKEJTaTHH;aKaIlis
(rymiapa0ik);
MeTHIINapariipokcubensoar
(E218); xanb1ito kapOoHaT;
KaOJIiH; TaJbK; [ETI0I03U
aneTuidranar; TpUAIETHH;
omaryioc 6000 (menak, Bick
Oinuii, BicK KapHAyOCHKHIN);
tutany niokceun (E171);
caxapo3sa

Haraminua

UA/16372/01/01

[ecapii mo 100 mr y
ctpunax Ne 3 abo
Ne6 (3x2)

1 mecapiit MiCTUTB
HaTaminuHy 100 MT

TBepmauii xup, copbiTan
Tpioneat, momicopbat-80,
LETHJIOBHH CIIMPT, HATPIIO
TiIpokapOoHAT, aJUITiHOBA

KUCIIOTa

Haraminua

UA/14963/01/01

Kpucraniyauii moporox
(cyOcraHiis) y noaBiitHUX
MOJIICTHIICHOBUX MIITKaX
JUtst hapMareBTUIHOTO
3aCTOCYBaHHS

Haraminuny He
menme 90,0 % Ta He
oinpme 102,0 % B
MepepaxyHKy Ha
0e3BOIHY PEYOBHHY

[Mimadykopt

UA/4476/01/01

Masp o 15 r y Tybax

1 T Ma3i MiCTHTB:
Hataminunay 10 mr,
rizpokoprtusony 10
MT, HEOMIIHY 3,5

MI

Oneoresnb MOMIETHIEHOBUHA

[Mimadykopt

UA/4476/02/01

Kpem o 15 r y Tybax

1 T KpeMy MIiCTHTB:

HaTaMinuHy 10 Mmr;

rizpoxoptuzony 10

MT'; HEOMIIIUHY 3,5
MT

Hatpiro miurpar (E331),
emyneratop F crieniansauid,
copOitancreapar (E492),
BOCKY LIETHJIOBI edipH,
JIETIII0NeaT, MaKpOT oIy
cTeapaT,MeTHIIapariipoKcu
6enzoar(E218),
TIPOTIJIIaparipoKcuoeH30a
T (E216),B012 ounIieHa
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[Ipote, BapTO 3a3HAYUTH, 1O JAaHa (papMalleBTUUHA KOMIIAHId HE Ma€ MOTY>KHOCTEH
JUIS OTPUMAaHHS CyOCTaHIIli HaTaMillMHY 1 TOMY I BAPOOHMIITBA TecapiiB BUKOPUCTOBYE
IMITOPTHY A1I0Yy PEYOBUHY — KPUCTAIIYHUM TOPOIIOK HATaMIIIMHY JUIs (hapMarieBTUYHOTO
3acToByBaHHs BiJl “Hop3 Yaitna ®apmacerotikan Xyaded Ko., JItn.”, Kurait [5].

TakuM 4MHOM, Ha CHOTOJIHINIHIN JAeHb B YKpaiHi BiICYTHE BUPOOHUIITBO BJIACHOTO
npenapary HaTaMminuny. [IpoTte, 3BaXkatouy Ha BUCOKY 3aXBOPIOBAHICTh SK JOPOCIOro, TaK
1 IUTSIYOTO HACEIeHHS YKpaiHu Ha KaHAUI03H 1 JOPOTOBAPTICHICTh IMIOPTHUX MpenapaTiB
JUIsl IXHBOTO JIIKYBAaHHS, PalllOHAJILHUM PIIICHHSM € T0OY10Ba BIACHUX MOTY>KHOCTEH ISl
oJiep KaHHS IpernapaTtiB HATAMIILUHY Y PI3HUX JIIKAPChbKUX (OopMax.

3Bakarouu Ha Te, IO Ha YKPAiHChKOMY PHHKY MPEICTABIICHO aHAIOTIYHI IIpemapaTu
JUTSL TIKYBaHHS KaHIUJ03HUX 1H(EK1H (IuB. Ta0. 3.2), Bi3bMEMO JJIs1 pO3paxyHKy 25% Bij
noTpedu puHKy. Tak, s 3abe3nedeHHs] HaceIeHHs Y KpaiHu MpenaparaMu HaTaMiluHy 3a
PIK HEOO1X1THO BUTOTOBUTH:

Grp =514 kr - 0,25 = 129 xr HaTaMILUHY.

Jlst onep kaHHST HATaMIIIMHY Y TTPOMHUCIIOBUX MAacIITa0axX MPHUHIIMIIOBO BaXKJIMBHM €
BHUOIp ONTUMAJIBHOIO HITaMY-IPOAYLEHTA, AKUH MMOBUHEH OYTH SIK €KOHOMIYHO BHUT1THUM,
TaK 1 JOCTaTHbO MPOJYKTUBHUM 11100 3a0e31euyBaTH BUCOKHM BUX1J1 LIJIOBOTO MPOIYKTY.
3BakarouM Ha Takli KpuTepii, I8 OTPUMaHHS HaTaMIIMHy  HaWJIOLLUIbHIIIE
BUKOPUCTOBYBATH IITaM-IpoAyleHT S. natalensis NRRL 2651, cunTesyBanbHa 3/1aTHICTh
skoro ckiamae 3,0 /1 3a 84 roj KyabTUBYBaHHS [7].

Matouu Taki BUX1/IHI TaH1, MU MOYKEMO PO3PaXyBaTH KIIbKICTh KyJIbTYPAIbHOI P1THH,
HEOOX1aHOT 11 ofepkaHHs 129 Kr HaTaMILIMHY:

30r—1xa

129 - X n

X =129/ 3 =43 M’ kynbTypanbHOi piguHm.

HeoOximHo TakoX BpaxyBaTH, IO YacTKa BTPAT MiJ Yac BUAUICHHS 1 OYHIICHHS

HaTamiluHy ckiaaae 40% 1 Tomy 00'eM KyIbTypanbHOI PiIMHU TOBUHEH CTAHOBUTH:

Vi =43/ (1-0,4) = 72 M* KyabTypanbHOi piauHu.
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Orxe, 1 3a0e3NeUeHHsT HaceleHHs YKpaiHU BITUYM3HSHOK CYOCTaHIIIEO
HaTaMIIIMHY TIOTY>KHICTh BHUPOOHHUIITBA TMOBHMHHA CKiagaTu 129 Kr/pik, a KUIbKICTh
KyJIbTypaJdbHOI ISl OJepXKaHHS aHTHOIOTHKA 3 ypaxyBaHHSM BTpaT MPU EKCTPAKINi i

OYUIICHHI CTAHOBUTH 72 M°.

3.3. Po3paxyHOK KJILKOCTI BUPOOHUYHMX HHUKJIIB i reOMEeTPUYHOI0 00'eMy
(epmenTepa nuist OiocMHTE3Y HATAMIIIMHY

JI1st miKyBaHHS KaHAMI031B IOPOCIIOTO 1 AUTSIYOT0 HACEJICHHs Y KpaiHu MpenapaTaMmu
HaTaMILMHY HEOOXIJTHO oJepKaTH (3 ypaxyBaHHSM BTpAT MpPU E€KCTPAKLIi 1 OYMILEHHI)
72 M® KyIbTypasabHOI PiAMHH.

Po3paxyeMo KUIBKICTh KYJIBTYPaJIbHOI PIAVHH, Ky HEOOIXJIHO OTPUMATH 3a LIHKII
dbepMmeHTalii 1 KUIbKICTh CTaiil IPUTrOTYBAHHS MOCIBHOTO MaTepiany.

Kinbkicte pobouux gHiB (T.;) ctanoButume 84 nHi (12 ThxkHIB). Takum 4YUHOM,
KUIBKICTB IIJTLOBOTO MPOAYKTY Ha J00Yy CKJIalaTUME:

Vi= Vi / Ty=72 M/ 84 mui = 0,86 M>/100y.

KinbkicTs MpoayKTy 3a oauH IUKI (V) CTAHOBUTHME:

Vi =Ky - Vi Tyy) /24 =(1,2- 0,86 - 90,5) / 24 = 3,9 m°.

[Tuxn pobotu depmentepa (Typ) BKIOYAaE TpUBANICTh (epMEHTAIll 1 TPUBAIICTh
miaroToBYux pooit. TpuBamcTs 6iocuaTE3y — 84 rox. IlinroroBui podoTu a1t pepmeHTepa
BKJIIOYAKOTh (6,5 TO1): MUTTA Ta OIJIAN anapary — 1,5 roj, nepeBipka Ha T€pMETUYHICTh —
0,5 rox, mairpis anapaty — 0,5 roj, cTepuiizailis anapary — 1 roj, OX0JO/PKEHHsI anapaTy
— 0,5 rox, 3aBanTaxkeHHs cepenoBuina — 1,5 rox, 3aciB — 0,5 roxa, BuBantaxkeHus — 0,5 ro.
[IpuitmaeMo koedilieHT 3anacy Juisi BpaxyBaHHsS MOKIJIMBOCTI HECTepUIIbHUX onepariid (K )
3a 1,2. Tak, nuki po6oTu GpepmMerTepa ctaHoBUTH — 90,5 ro.

Po3paxyemo reomerpuunuii o6'eM ¢epmentepa (V;) il oaep>kaHHS HEOOIX1THOT
KUTBKOCTI KYJIbTYpajbHOI PIAMHU:

Vi=Vi/Kin=3,9/05=728m.

Tax, onTuMaabHUM (PEPMEHTEPOM I OJEpXkKaHHs 3,9 M KyJIbTypaabHOI PiIMHU 32
UK € hepMenTep 3 TeoMeTpUUHUM 00'eMoM Vi, = 8,0 M°.

[lepeBiprmo, uu miaiiae oopaHuii KoedilieHT 3aITIOBHEHHS:

Kan = Vi / V§=3,9/8,0 = 0,49, 10 He nepeBulllye 3ajaHe 3HAYCHHS.
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3.4 Po3paxyHoOK KUJIBKOCTI CTaJiil MiATOTOBKH MOCIBHOI0 MaTepiany 1JIs
OiocuHTe3y HaTaminuny Streptomyces natalensis NRRL 2651

3a 0[MH BUPOOHUYMI UK MOKIMBO OTPUMATH Vi = 3,9 M KyIbTypalbHOI PiqvHH.
HeoOxigHo BpaxyBaTH, II0 TNpH OJEp’KaHHI KynbTypanbHOi pinunu Brpatu (Eg) B
pe3ynbTaTi KparieBUHOCY 4epe3 KoJieKTop cTaHoBTh 10-15%. Tak, KUIbKICTh MOKUBHOTO
CEpEIOBHUINA Ta IHOKYJIATY TIepe]l BAPOOHHINM O10CMHTE30M CKJIadaTHME:

Vpos1 = Vi (1- Ep) = 3,9 / (1-0,1) = 4,3 M>, mo craHoBUTH poGoumii 00'eM
dbepmenTepa.

Po3paxyeMo MOXIMBUM TeoMEeTpUUHHU 00’e€M (epMeHTepa IJisi 3aJaHOTO 00’eMy
KyJIbTYpajabHOI piJIuHU 3a KoedimienTa 3anoBHeHHs (Ky) — 0,5:

Vo= Vios1/ Kin=4,3/0,5=8,6 M’

Jlnst oTpuMaHHS Takoi KUIBKOCTI KyJbTYpPajabHOI PLAMHHU MPUHAMAEMO CTaHIAPTHUMA
depmentep — Vg = 8,0 M i IepepaxoByeMo NONepeIHbO 3a1aHui KOE]IIli€HT 3a0BHEHHS:

Ksni = Vpos.1 / Vep = 4,3 /8,0 =10,54.

OtpumaHe 3HAUYCHHS HE MEPEBUIIYE 3HAYHO 3aJIaHe 3HAUYEHHS, a OTXKe KOEQIIIEHT
3amoBHEHHsI OyJ10 00paHO MPaBUIILHO.

Kinpkicts mociBHoro matepiany (Xg) s 3aciBy (¢epmentepa ckiagae 10 % Bix
00'eMy MOXMBHOTO cepefoBuia. KiTbKiCTh MOXKUBHOTO cepeAoBHIa (Vyc) B 0OpaHOMY
(dbepMeHTepi CTAHOBUTHUME:

Vil = Vposa / (1+ X)) = 4,33 / (1+0,1) = 3,9 m°.

Taxk, KUTbKICTh TOCIBHOTO MaTepiany (Vi) CKIagaTuMe:

Vit = Voot — Vet =4,3 —=3,9=0,4 Mm°.

Jlns opepxkanns 0,4 M® mociBHOro Matepiany B iHOKYJISTOpI HEOOXiZHO BpaxyBaTu
BTpaTH y pe3yJbTaTi KpParieBUHOCY 4Yepe3 KOJIEKTOp BiampaiboBaHoro mnoBitps (Eg), mo
ctaHOBUTH 10-15%. Tak, KiNbKICTh MOXKUBHOTO cepefoBuUIa (Vye2) 1 TOCIBHOTO MaTepiainy
(V) cKI1aiatTume:

Vpos2= V! (1- E) = 0,4/ (1-0,1) = 0,44 v°

Vie2 = Vpos2/ (1+ Xp) = 0,53 / (1+0,1) = 0,4 m°

Vinz = Vpos2 — Viea = 0,44 — 0,4 = 0,04 m°
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006’ eM THOKYIATY Vpos2= 0,44 M> MOKHA OJIEPIKATH TTiJ] YAC KYJIbTHBYBAHHS IITAMY-
MNPOAYLIEHTa Y TOCIBHOMY arapaTti 3 TeOMETPUIHUM 00’ €MOM:

Va2 = Vpos.2/ Kaamz = 0,44 /0,5 =0,9 M>.

[TpuiiMaeMo CTaHAAPTHUI MOCIBHUI amapar 3 TeOMETPUYHUM 00 €eMOM Vg = 1 M°,
VY TouHI0€MO NPUIHATHN KOe(ilieHT 3an0BHEHHS: Ky = V52 / Vg = 0,44 /1 =0,44.

s onmepxanns 0,04 m® (40 1) mociBHOro Marepiany B iHOKYIATOpi HEOOXimHO
BpaxyBaTH BTPATH Y PE3YJIbTATI KPAIUIEBUHOCY Y€pe3 KOJIEKTOP BiAMPAIbOBAHOTO MOBITPS
(Eg), mo cranoButh 10-15%. Tak, KUIbKICTb MOKUBHOTO cepeloBUIIA (Vyc3) 1 TOCIBHOTO
Marepiany (Vms) CKIIalaTUME:

Vipos3= Vi (1- Ep) =40/ (1-0,1) =44,4 n

Vies = Vpos.s/ (1+ Xy) = 44,4 / (1+0,1) = 40,36 n

Vs = Vpos.s — Vies = 44,4 — 40,36 = 4,08 1.

O0’eM IHOKYIATY Vpo53 = 44,4 1 MOKHA OfiepKaTH IiJ] 9ac KyJIbTUBYBAaHHS IITaMy-
IPOAYLEHTa Y IOCIBHOMY arapaTti 3 TEOMETPUYHUM 00’ €MOM:

Va3 = Vpos2/ Koz = 44,4 /0,5 =81 1.

[TpuiiMaeMo CTaHAAPTHUI MOCIBHUMN arnapar 3 reOMETPHIHUM 00°eMOM Vs = 0,1 M2,
VYTouHtoeMo npuitHsATHI KoedinieHT 3anoBHEHHS: Ky = Vpos3/ Vegs = 0,044 /0,1 = 0.4.

KinbKicTh MOCIBHOTO Matepially Jyisi 3aciBy HeBelauKoro gepmentepa Vpu = 4 1
MOKHa OJIepKaTH TiJ] 4ac KyJIbTHUBYBAHHS ITaMy-IIPOJyIIEHTa y TMOCIBHOMY amapari 3
reOMeTpUYHUM 00°€MOM: Vyas = Viposa/ Kaans = 4 / 0,5 = 8 n1. IIpuiimaemo cranmapTHUNA
NOCIBHUI amapaTr 3 reoOMETpUYHUM 00°€MOM Vepa = 0,01 M. YTouHIOEMO NpHHAHATHIA
koediuieHT 3anoBHEHHS: Ky = Vo654 / Vega = 0,004 /0,01 = 0,4.

Jns opepkaHHa 4 1 MOCIBHOTO MaTepially B IHOKYJISTOpI HEOOXITHO BpaxyBaTH
BTpaTH y pe3yJbTaTi KpParieBUHOCY 4Yepe3 KOJIEKTOp BiampaiboBaHoro mnoBitps (Eg), mo
ctaHoBUTH 10-15%. Tak, KiIbKICTh MOXKUBHOTO cepeoBUIIA (Vyes) 1 TOCIBHOTO MaTeplany
(Vmws) cKITaatume:

Vpos4= Vi (1-Ey) =4/(1-0,1)=4,4 n

Viea = Vposa/ (1+ Xp) =4,4/ (1+0,1) =4 n

Vs = Vposs — Vs =4,4—-4=0,4 1.
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O6’em mociBHOTO Matepiany Voys = 0,4 1 (400 M) MOXHA OTpUMATH IIISTXOM
KyJIbTUBYBAHHS IITaMY-IIPOAYIIEHTa B KOJ0ax Ha Kadammi. /[Jisi boro BUKOPHUCTOBYIOTh
koaou Epneameepa 3 Vions = 750 Mt 3 koedirienTom 3anmoBHeHHs K, = 0,2.

KinbkicTh K010 17151 OTpUMaHHS MTOCIBHOTO MaTepialy CTaHOBUTUME:

Nior6 = Vs /(Vons = Ks) =400 /(750 - 0,2) = 2,7 = 3 xonowm.

Taxkum yuHOM, IJIs OJIepKAHHS 1THOKYJIATY HEOOXITHO 3 KadajJo4yHi KOJOH.

Otxe, Tpoliec oJiepKaHHS MOCIBHOTO Marepialy sl 3a0e3nedeHHsT BUPOOHUYOTO
OiocMHTE3y HaTaminuHy y (epMmenTepi 00’ eMoM 8,0 M> 3 koedimieHTOM 3anoBHeHHS 0,5
Oyle MpoXOAuTH Yy I’ATh €TamiB. Tak, 3a pe3yJbTaTaMU PO3PAXYHKIB ISl O10CHUHTE3Y

HaTaMilUHy Streptomyces natalensis NRRL2651 HeoO0XilHO BCTaHOBUTU HACTYIHI

3 3

anapatu: oauH ¢depMenTtep o6’emoM 8,0 M°, OAMH IHOKYJIATOp 00’emoMm 1 M°, onuH

iHokyisTOp 00°eMoMm 0,1 M>, ouH iHOKYISITOP 06 eMom 10,0 1.
y p ) ) Y. p ,
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PO31JI 4. BiocuHTe3 HATAMILIMHY

4.1. Hlnsaxu kaTadoai3My riioko3u y Streptomyces natalensis NRRL2651

PoctoBuM cyOGcTpaToM y MOXKHBHOMY CEpPEIOBHINI Uil OI0CHUHTE3y HATaMIlUHY €
riroko3a. Ockimbku 'y Kiorebkiét enmmkionenii reniB 1 reHoMiB (KEGG) BiacyTHs
iHdopMaIlisi CTOCOBHO MUISAXIB KaTabomi3My TIIIOKO3U Yy Streptomyces natalensis
INRRL2651, BukopucraeMo jaafi i1 6JIM3bKOCTIOPITHEHOTO 32 POJAOBOIO MPUHAICKHICTIO
opraHismy — Streptomyces griseus. Tak, Binmosinuo 10 KEGG [42], a Takox JiTepaTypHHUX
moxepen [43, 8, 44], kara®oJ1i3M TIIIOKO3H 3A1HCHIOETRCA 3a IIuisixoM EMOena-Metieproda-
[TapHaca (T1iKo/13), MIATBEPHKEHHSAM YOTO € HAsBHICTh KJIIFOYOBOTO (PEPMEHTY IUIAXY — 6-
dochodppykrokinazu [ (KD 2.7.1.11).

D-rmoko3a mig giero gepmenta rimokokiHazu (KD 2.7.1.2) mepeTBOproeThCs Ha
r10K030-6-hocdart. 3 rmok030-6-docdary mia giero riaoko30-6-pocdar i3omepazu (KD
5.3.1.9) yrBOproetbes hpykTo30-6-hocdart, aKui i1 1€ KIF0Y0BOT0 PepMeHTa TIIKOII3Y
— 6-pochodpykrokinazu [ (KD 2.7.1.11) neperBoproetbest Ha PpykTo30-1,6-gudocdar.

®pykT030-1,6-gudochar 3a3Ha€  KATANITUYHOTO  PO3LICIUICHHS  (PEPMEHTOM
bpyxrozonudocdaranpaonazoro (KO 4.1.2.13) Ha HacTyHI ABI CIIOJIYKU: TIIIEPAIbICTIA-
3-pocdar 1 miokcuanerondocdar. BzaemonepeTrBopeHHs Tiinepaibaeria-3-gpocdary Ta
niokcuarieToHdocdarty 3a1icHIOETECS PepMerToM Tpiozodocdatizomepazoro (KD 5.3.1.1).

Hami  meperBopeHHs  riinepaibaeria-3-gochpary Ha  1,3-gudocdorminepar
B110yBa€ETHCS 32 y4acTi pepMeHTy riinepaibaeria-3-gocdaraerigporenasa (KO 1.2.1.12).
1,3-mudpocdorminepar mig giero pochormneparkinazu (KO 2.7.2.3) nepeTBOprOEThCS Ha
3-pocdorminepar. 3-pocdormuepar nignaerbes Aii pocdormneparmyrazu (KD 5.4.2.12)
1 mnepeTBoproeTbcss Ha 2-pocdormiuepar. Ilicas wuporo 2-docdormimepar 3a3Hae
nepeTBOpeHHs Ha QocdoenonmipyBar mig giero eHonazu (KO 4.2.1.11). 3akmouHoro
[PEaKIII€I0 MTIKOMITUYHOTO IIUISAXY YTBOPEHHS MipyBaTy 3 (hochOoeHOIIIpyBaTy y pe3ybTari

nii mipyBatkinazu (K® 2.7.1.40).

HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus [{amko Nitepa ApK. Apky1iB
Koweysbr. PO3JIUT 4. BiocunuTes | [ 1 « 5
KepiBHuk Kpacinbpko HaTaMIIUHY
H. KoHTp. Kadenpa FTM
3aB. kag. ITupor




Karabonism rmoko3n 3a uuiaxom EmOnena-Meiieproda-Ilapnaca HaBeneHo Ha
puc. 4.1.

I'mroko3a
1

a-D-riroko3a 6-hocdar
2

B- D-bpykTo30-6-hocdar
3

B-D-dpykTo30-1,6-dhochar
4| .

I'minepansaeria 3-¢pochar «— miokcianerondocdar
5
['minepar-1,3-bocdar
6
['minepat-3-docdar
7
['minepat-2-docdar
8
®dochoenonmipyBat
9
[TipyBat
Puc 4.1. Kata6omizm riroko3u. Ilnsx EMOnena-Meeiiproda-Ilapnaca
®epmentu: / — rmmokokiHaza (KO 2.7.1.2); 2 — rmoko30-6-docdarizomepasa
(K®.5.3.1.9); 3 - 6-dochodpykrokinaza (Kd.2.7.1.11); 4 — dpykro3o-1,6-
mudpocharanpaonaza (Kd.4.1.2.13); 5 — tpiozodocdarizomepaza (KO 5.3.1.1);
6 — rminepanbaerina-3-pocharnerigporenasa (K® 1.2.1.12); 7 — pochormineparkinaza (KD
2.72.3), 8§ — 273-6ipocharzanexxna  docodrmieparmyraza (KO  5.4.2.12);
9 —enonaza (K® 4.2.1.11).
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4.2. BiocunTe3 Hatamiuuny Streptomyces natalensis NRRL2651

Karabomizm pocToBOTO cyOCTpaty — TIoK03u y Streptomyces natalensis NRRL2651
3MIMCHIOETRCS 3a nuIsixoM EmOaeHa-Metieproda-Ilapnaca, y pe3ynabTari sIKOro riIrokKo3a
MEepPETBOPIOEThC Ha TipyBaT [42, 43, 8, 44]. Peaxiio mepeTBOpeHHs MipyBaTy Ha
anetunaurigpodinoamia-E karamizye dbepmeHnT nipyBataeriaporenasa (E1 kommoHeHT o-
cyoonunuis) (KD 1.2.4.1) 13 nmogansIiuM MEpEeTBOPEHHSIM CIOJIYKH Ha aneTwi-KoA min
niero hepmenTa gurigpoiinoamin anetmwirpanchepazu (KD 2.3.1.12). YTBopenuii aneTuni-
KoA 3anyuaerbes 1o mukiy TpukapoonoBux kuciotT (IL[TK).

HaraMinyH K MpeACcTaBHUK MOJIEHOBUX MaKpOJIJHUX aHTUOIOTHKIB CHHTE3YEThCS
HUISIXOM  TOCJIJIOBHOI  JIEKapOOKCUITIOBAILHOT KOHJEHCAIlll alleTaTHUX OJWHUIb 13
3aKJIIOYHOI0 IXHBOKO JIAKTOHIZAIlIEI0 1 TPHETAHHAM MIKO3aMiHOBOI Tpynu [2,3].
CyOcTpaToM Jj1s1 yTBOPEHHS HaTaMIlMHY € 1 MoJiekysia MmeTtuiamanoHii-KoA 1 12 monekyn
MasnoHu1-KoA. Metunmanonin-KoA i manoniun-KoA yrBotoroThes 13 inTepmeniatiB LITK —
anetwin-KoA 1 cykuunin-KoA BignmoBigHo. Tak, Uisi MOBHOIHHOTO (YHKIIOHYBaHHS
OlocuHTeTHYHUX peakiid, myn iHTepmeniatie LITK — okcamoaneraty 1 Manarty,
MOTIOBHETHCS Y PE3yibTaTl (PYHKIIIOHYBAHHS PSy aHAIJIEPOTUYHUX peakilid. BiamosigHo
no panux KEGG jis Oau3bKOCHOPIAHEHOTO oOpraHismMy — Streptomyces griseus,
nonornoBHeHHsT BTpaT iHTepmexiaTiB [ITK 3miiicHIOeThCA peakifisiMu KapOOKCHIIIOBAHHS
dbochoenononmipyBary mig  gier0  depmenta  (dochoeHonmipyBaTKkapOOKCcuiIa3a
(K® 4.1.1.32) 3 yTBOpEHHSIM OKcajoaleTaTy, KapOOKCUIIIOBAHHS MIpyBaTy MiJa €0
dbepmenta mipyBarkapbokcmiaza (K® 4.1.1.27) 3 yTBOpeHHsIM OKcajoaleraTry, Ta
KapOOKCWJIIOBaHHS MipyBaTy Mif Ji€ro gepmeHTa ManataerigporeHaza (K& 1.1.1.37) 3
YTBOPEHHAM Manarty [42].

Iarepmeniar I[TK — ametun-KoA migmaerses mii  depmenta ametmin-KoA
kapookcuinazu (K® 6.4.1.2) 1 neperBoproeTbest Ha MasioH1T-KOA. Y ¢cBOIO uepry CyKuuHuI-
KoA 3a3nae meperBopeHHs1 Ha MeTHIManoHUT-KoA min giero metTmnManoHin-KoA myrasu
(K® 6.4.1.2). YTBOpeHHS 26-4ICHHOTO MaKpOIMKIIYHOTO JIAKTOHY IUIIXOM KOHACHCAIIIT
MajoH11-KoA 1 metunmanoHin-KoA iHimiroeTbes crnenugiyHuM (PepMEHTOM MOJIKETH]T
cutazor tun | (PimS4). ¥V pesynbrari peakiiii yTBOPIOETHCS MPOMIKHHMA MPOIYKT

OlocuHTEe3y — HaTaMiluHoMia [42, 43].
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Miko3aMiHOBa Ipyna CUHTE3YEThCS 3 TyaHO3UH-AU(ochHaT MaHHO3H, SIKA € TTOX1THOIO
CHONYKOIO BIJ 1HTEpMEIiaTy TIIKOMITUYHOTO HUIIXYy — (pykTo30-6-pochary. Taxk,
BianoBiaHO 10 nanux KEGG, ¢pykro3o-6-docdar mig giero pepmeHTa MaHHO030-6-pocdar
13omepaza (K@ 5.3.1.8) mneperBoproerbcs Ha D-maHH030-6-docdar. DepMeHT
dbochomannomyTaza (KD 5.4.2.8) xkaramizye peakiito mepeTBopeHHsS D-maHHO030-6-
dbochary Ha D-manHo030-1-docdar. Jlam 3 D-manHo30-1-dhochary mig miero MaHHO30-1-
docdar ryanimnrpanchepasun (KO 5.3.1.8) yrBoproerbcs TyaHo3uH-audocdar-D-
MaHHO3a. ['yanosunmudocdarmannosza-4,5-gerigparaza (KO 4.2.1.47) Bigmemnoe
MOJIEKYJIy BOJAM Yy IyaHO3uH-IUdocdaT-D-MaHHO3a 1 IEPETBOPIOE CIONYKY HA T'yaHO3WH-
mudocdar-4-keto-6-ne30kcu-D-manno3y  [42].  Hami ryanosuH-nudocdar-4-keto-6-
ne30kcu-D-MaHHO3a  MiAIA€TbCs  All CHOHTAHHO  130MEPHU3YEThCS 1 IO JIEI0
ryaHo3uHan@ocparMaHH030-3-KeT0-6-1€30KCHMaHHO30-aMIHOTpaHchepasu (PimC)
MIEPETBOPIOETHCS Ha TyaHO3UH-AUChochaT Miko3amiH [43, §].

®epment Cl2-rizpokcunasa (PimG) kaTanizye peakiiito OKCUCHEHHS €K30IMKITYHOT
METUJILHOT TPYIH Y MOJIEKYJIl HATaMILMHONIAY IUISXOM MOTPIMHOTO TAPOKCHIIIOBAHHS 13
VTBOPEHHSIM  KapOOKCWJIbHOI ~ Tpymu. Y  pe3yabTaTi  peakiii  HaTaMIIUHOJMI]
T1POKCUITIOETHCS 10 12-KapOOKCUHATAMIIUHOMITY.

I'yanosun-mudochar wmikozamiH  (Miko3aMiHOBAa Tpyma) NpUETHYETbCS — 12-
KapOOKCHHATaMIIIMHOMIAY y pe3yibTaTi aii ¢epmenta miko3amintpanchepasu (PimK) 3
YTBOPEHHSIM 4,5-1eenokcuHaTamMinuny [8].

3aKII0YHUM eTanoM 010CHHTE3y HaTaMIIMHY € Peakilisi yTBOPEHHS €MOKCUTPYIT MIXK
C4 1 C5 aromamu 4,5-nmeenokcUHATaMIIIUHy, sika KaTamiizyeTbes ¢epmentom C4,5-
enokcuaaza (PimD) [8].

CxeMy mepeTBOPEHHS POCTOBOTO CyOCTpaTy — INIFOKO3M HA HATAMIITUH 13 3a3HaYEHHSIM

¢byHKL1OHYIOYUX EpMEHTIB HaBeEHO Ha puc.4.2.
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BiocaHTe: HaTaMINEHY MiKpoopraHizMom Streptomyces natalensis NRRL2651
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DepMeHTH:

1. - rmrokokigaza (K 2.7.1.2)

2. - mroko30-6-bocdar izomepaza (K 5.3.1.9)

3. - 6-docdodpyrrokiEaza [ (KP 2.7.1.11)

4. - dpyrTozomudocdaramegonaza, knac I (Kd 4.1.2.13)

5. - Tpiozodocdarizomepaza (KP 53.1.1)

6. - TillepanbIerii-3-dochargerinporenaa (K& 1.2.1.12)

7. - docdornineparkinaza (K 2.7.2.3)

8. - docormmeparyTaza (Kb 5.4.2.12)

0. - enomaza (K® 42.1.11)

10. - mpysarkigaza (K& 2.7.1.40)

11. - mipyeatgerigporedaza E1 xommoHeHT o-cyoomuanna (Kd 1.2.4.1)

12. - gErigponinoaMiy aneTHITpadcdepasza (K 2.3.1.12)

13. - muTparcusTaza (P 2.33.1)

14. - axoHiTaT rigparaza (K& 4.2.1.3)

15. - izomETparderidporedaa (K& 1.1.1.42)

16. - 2-oxconmyTapar Jerigporedasa E1 (Kd 1.2.4.2)

17. - 2-oxcormmyTapar Jerigporenasa E2 (K& 2.3.1.61)

18. - cyrumHIT-KoA cHHTeTaza f-cyOomurrnsa (K 6.2.1.5)

19, - cysumHaT gerigporeaza (K& 1354 K& 1.3.5.1)

20. - pymaparrigparaza, eiac II (K& 4.2.1.2)

21. - manar geriaporeasza (K& 1.1.1.37)

22. - pocoeHoTmIpYEAT Kapbokcrnaza (Kd 4.1.1.32)

23, - mipyeatrapbokcETaza (K& 1.2.4.1)

24 - manargerizporeHaza (K& 1.1.1.37)

25. - ametHn-KoA kapborcanaza (K& 6.4.1.2)

26. - MeTEMAaToHIT-KoA MyTaza (K 5.4.00.2)

27. - nomikeTHT cHEHTa3a, THI I (PimS4)

28. - manHO30-0-docdart izomepaza (KP 5.3.1.8)

29 - pocdomarsoMyTaza (K 5.42.8)

30. - manHO30-1-docdaT ryaniniTTparchepaza (K 2.7.7.13)

31. - ryasozEEmHDOChaTMaHHOzA 4, 5-1erigpaTaza (K& 4.2.1.47)

32. - ryasosHEIHDOCHATMAHHO3A-3-KeTo-6-Te30KCHMARHO33
amiHeTparcdepaza (PimC)

33. - C12-rizpokcrnaza (PimG)

34. - nurozaMiE TpaHcdepaza (Pimk)

35. - C4,5-emokcugaza (PimD)

Puc.4.2
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PO31JI 5. O0rpyHTYBaHHSI BUOOPY TEXHOJIOTTYHOI CXeMH BHPOOHMITBA HATAMILIUHY
5.1. O0rpynTyBaHHs 10 epMeHTANIIHUX MPOLECIB Ta BUPOOHUYOI0 0iOCMHTE3Y
5.1.1. O0rpyHTyBaHHS cIOCO0Y KYJbTHBYBAHHS

BupoOnuunii  OlocMHTE3  HAaTaMillMHY  3A1MCHIOIOTH  HUIAXOM  [NIMOMHHOTO
KyJIbTUBYBaHHS Me30(pIbHUX HEUTpodiibHUX OakTepiil S. natalensis. Tak, 3Baxkatouu Ha
(b1310JI0T1F0  TAaHOTO  MIKpOOpraHizMmy, ¢GepMeHTallil0 HEeOoOXiAHO TMPOBOAUTH TMPHU
temmeparypi-ontumymi +29+1°C 1 meitrtpansHomy pH 7,0. Ilig uwac KynbTHBYBaHHS
MOTPiOHO TaKoX 3a0e3leuyBaTH JOCTAaTHIM pIBEHb aepallii MOXKHUBHOTO CEpPEIOBHINA,
OCKUIbKH S. natalensis Hanexarb A0 OOJIraTHUX aepoOiB, SKUM HEOOXIIHHUA KHCEHb SIK
TepMIHAJIIBHUHN aKIENTop BOAHIO. Tak K 1aHa KyJbTypa-MpOIyIlIEeHT YTBOPIOE MIIETii, 10
0COOJIMBICTh TAaKOXK HEOOXITHO BPaxoOBYBaTH IIiJl YaCc BUOOPY THUIYy MEPEMIIIYBaIbHOTO
[IPUCTPOIO 1 BIAMOBIIHO PEXUMY NEPEMIIIYBAHHS MOKUBHOTO cepefoBuia. CyKynHICTh
TakuxX (1310JIOTIYHUX OCOOJUBOCTEN KYJIBTYpU-TIPOAYIIEHTA HATAMIIUHY 3YMOBIIIOE
HEOOX1THICTh MATPUMAHHS 0COOTUBUX YMOB KyJIbTUBYBaHHS S. natalensis NRRL2651 s
OTPUMaHHS aHTUO10THKA B MPOMUCIIOBUX MacHITadax.

biocunte3 HaTaminuHy 3a0€3MedyloTh Yy JIBa €Tamu: TEpIIdid eram mepeadadae
OTPMMaHHS TIOCIBHOTO Marepiaiay, Jpyruid —  OJEp’KaHHA IIbOBOTO MPOIYKTY.
BukopuctanHs 010Macy KIIITHH B SIKOCTI MTOCIBHOTO MaTepiaity J03BOJIIE CKOPOTUTHU Jar-
(dazy 1 3a0e3neunTH PicCT KyJIbTYPH 0JIpa3y 3 EeKCIOHEHIIHOI (a3u.

JlpyruM eTanoM BUPOOHUYOTO CHHTE3y HaTaMIIIMHY € KyJIbTUBYBAaHHS MPOAYIIEHTA Y
(dbepMeHTepi BIAMOBIIHOTO pOOOYOT0 00’ €My MPU aHATOTTYHOMY TEMIIEPATYPHOMY PEKUMI.
J1J1st oTprMaHHs HaTaMILMHY BUKOPUCTOBYIOTh MOKKUBHE cepenoBuiie No2 (tad:. 2.2).

Bapto 3azHaunTH, 1m0 MaKCUMalIbHUNA BHXiJ HATaMIIUHY MOXIJIWBO HOCATTH Y
cTarioHapHii (a3l pocTy KyabTypH. [licist TOCATHEHHS MaKCUMAJIBLHOTO PIBHS IJIbOBOTO
MPOJIYKTY, WOr0 KOHLEHTpalis y KyJbTypaJlbHIM pIOUHI TOCTYNOBO 3HUXKYETHCS ¥y
pe3ynbTaTi MIKpOOHOi mii 1 3HIDKCHHS KOHIIGHTpaIii TIOKo3u y cepemoBumii. Lle

00yMOBIIIO€ HEOOXIAHICTh MPUIMMHEHHS (PePMEHTAIIIHHOTO TPOIECY OJpa3y MiCist

HYXT BTEK 04.03.09 KP 113
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Po3pobuB Hamko PO3/ILJI 5. Nitepa Apk. ApkymiB
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Kepipmni Kpacitbko TEXHOJIOTTYHOI CXEMU
— KOHTP. BHUPOOHUIITBA HATAMIIIHY Kaenpa 5TM
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JOCATHEHHS] MAaKCUMaJIbHOI KOHIIEHTpAIlil HaTaMIlMHY y CTallloHapHii (a3 micus 84 roauH
KyJbTUBYBaHHA. TakuM 4YHMHOM, OJCpKaHHS HaTaMIMHY B1IOYBAa€TbCA y MEPIOAUYHIN
KYJIbTYPI.

[Tin yac depmeHTalIHOTO TpolieCy MPOTIroM mepumnx 48 roauH KyJIbTHBYBAHHS
XapakTepHe 3HIWKEHHs piBHA pH 3 HelrpampHoro 7,0 mo kucimoro 5,5, 1 MOCTYyNOBE
nigsuieHHs piBas pH micnsa 120 rogun kynabTuByBaHHS. [ligKUCIEHHS KyJIbTpypaibHOT
PIAMHU TiJ Yac EKCIOHEHINHOI a3y poCTy KyNbTypH IOB’SI3BYIOTH 13 BIIAAUICHHSIM
opraniunux kuciot LITK (Hanpuxnan, nipyBaTHOi, KETOINIYyTapOBOi Ta MOJIOYHOI KUCIIOT) y
CEpEIOBHUILE Y HEBENHMKUX KOHLEHTpauisax. [linBuimenns piBHa pH y cramionapHiil dasi
POCTY KYJbTYpU BIiAOYBAE€ThCA y PE3yibTaTl 3HUKEHHS POCTYy OlomMacu 1 MiJBUIICHHS
KOHIIEHTpaIlli aHTUOIOTMKA Yy KyJbTypalibHiM piaudi [7]. 3Baxkaroum Ha Takli
eKKCIepUMEHTaNbHI JAaHl, piBeHb pH cepenoBuma y KynbTypaibHid piguHi 1o 7,0
PETyJIIOI0Th A0AaBaHHAM 6% pO34YMHY T1IPOKCHIY HATpito 1 6% pPO3UMHY XJIOPHIHOI
KHUCIIOTH.

OckisIbKu 0OpaHMil MPOIYILIEHT YTBOPIOE MCEBAOMILIEIIN, MPU BUOOPI TUITY MIILATIKA
JUTSL TIEpEMIINTyBaHHS TOKHUBHOTO CEpPEIOBUINA, CIiJ 3BEpTATH yBary Ha MOKJIMBICTb
BUHUKHEHHS HAJIMIIKOBUX 3pI30BUX 3YCHJIb 32 BUKOPHUCTAHHS TOTO YW IHIIOTO BHIY
MIePEMIIITYIOUOro IPUCTPOFO. Tak, oNTUMaILHUM BHOOPOM JIs TIEPEMIIITyBaHHS MTOKUBHOTO
cepenoBuilla € TypOiHHI MIMIAJIKKA 3aKPUTOTO THUITY, SKI 3a0e3MeuyloTh IMIBUAKICTh
nepeminryBadHs 10 300 00epTiB 3a XBHJIMHY MPOTATOM YChOTO Yacy KyJIbTHBYBaHHS.

Jnis aepaiiii cepeloBUILAa BUKOPUCTOBYIOTh CTEPUIIbHE MOBITPS, SIKE MOJIAETHCS Yepes
OapOoTtep 31 mBUAKicTIO aepauii 1,0 1/ xB. ¥V mpouect 6i0cHMHTE3y HaTaMILMHY TMij 4ac
aepailii cepeoBUIla MOXJIMBE YTBOPEHHS MiHU Y KyJIbTypanbHii pinudi. [le oOymoBitoe
HEOOXITHICTh JIOJIaBaHHsS IMHOTACHUKA IO CEpeJoBHUINA. Y SKOCTI TMIHOTACHHKA
BUKOPHUCTOBYIOTH MmiHOTacHUK Struktol J 673 A, 10 ckiiaqy sSIKOro BXOASITh aTKOKCHJIHOBaH1
€CTepH YKUPHUX KUCIOT POCIUHHOIO MOXOIXKEHHS.

Jna ctumynsanii 610CHHTE3y HAaTaMILMHY Y CEpeIOBHILE AOJAIOTh PO3YUH COJIEeH
KOPOTKOJIAHI[IOTOBUX KUPHUX KUCJIOT — alleTaTy HATPito 1 mpomnioHaTy HaTpito. JlogaBanHs
WX COJIEH 70 24 roa KyJbTHBYBaHHS 30UIBIINY€E BUXIA I[IJTLOBOTO MPOIYKTY 1 CKOPOUYE
3arajJbHUM Yac KyJbTUBYBaHHs 3 96 roa no 84 rona. BxitoueHHs 1aHUX CoJied olipa3y J10

CKJaay TMOXXMBHOTO CEpPEJOBUINA 3 HACTYMHOK WOTr0 CTEpPHII3Alli€l0 HE YHHHUIO
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CTUMYJISIIIHHOTO e(eKTy Ha MOKa3HUKH Ol0CHHTE3y HaTaMiluHy. TakuM YMHOM, aleTaT
HATPIIO 1 MPOMIOHAT HATPIIO BBOJATH 0 CKJIaAy MOKUBHOTO CEpEAOBHUIIA /IS O10CHHTE3Y
HaTaMIlMHY OKPEMOIO KOMIIO3UILEIO.

5.1.2. O0rpyHTyBaHHs cTaAii MiATOTOBKH BUPOOHUYHX NPUMillleHb, BUOOPY

MUIHUX Ta JAe3iHPiKyBaIbLHHUX 32¢00iB

[TpomucioBe BUPOOHUIITBO HATAMIIIMHY 3A1HCHIOETHCS MPOTAToM 84 poOoui JIHI (IUB.
Posnin 3). IlpumimeHHst 1l BUTOTOBJICHHS aHTHOIOTHKA TOBMHHE OyTH 0OJagHaHe
HACTyIHUMHU arperatamu: Qepmenrep o6’emom 8,0 M°, iHOKymsaTop 06’eMom 1 M,
iHokysTop 06’emom 0,1 M, iHoKyIATOp 06°€MOM 10 11, @ TaKOXK 3GipHUKM BiIIIOBITHUX
00’€eMIB JIJIs1 MIATOTOBKYU MOKUBHOTO CEPEIOBUIIIA.

Jns BuOOpY ONTHMAJBHOI IUIOMII JJIsi BUPOOHHYOTO MPUMILIEHHS HEOOXITHO
BpaxyBaTH NPHOIM3HY IUIOIIy YCTaTKyBaHHA. Ilmoma depmentepa o6’emom 8,0 m°
(d=2,0 M; h = 3,2 m) cranoBuTk: 2xmxrx(h+r) = 2x3,14x1,0%(3,2+1,0) = 26,4 M>. Ilnoma
inokymsaTopa 06’ emom 1 M (d=1,2 M; h=1,9 m ) cranosuts: 2x3,14x1,1x(1,9+1,1) = 20,7
m2. Ilnoma imokynsropa o6’emom 100 n (d = 0,8 m; h = 1,3 M) craHoBuUTS:
2%3,14x0,4%(0,4+1,3) = 4,3 m>. ITnoma inokymstopa 06’emom 10 1(d = 0,2 m; h = 0,6 M)
CTaHOBHTB: 2x3,14x0,1x(0,14+0,6) = 0,4 M. Tak, cymapHa IUIOIa JAHOTO OO0JIa{HAHHS
ckianae: 26,4+20,7+4,3+0,4 = 51,8 M.

Bapro Takox BpaxyBaTH, 10 y BAPOOHUYOMY MPUMIILIEHHI BCTAHOBIIIOIOTH 301pHUKH
IS TATOTOBKM TIOKUBHOTO cepenoBrna 06’ emom 5 m°, 0,4 M3, 0,04 M°, a Takox 30ipHHK
n1s minoracHuka o6’emom 0,01 M°, 36ipHMK s po3dmHy rigpokcuay Hatpiro 0,01 M3,
MipHHUK Ul PO3YHHY XJIOPUAHOI Kucnot 00’ emom 0,01 M2,

ITnoma 36ipauka 06 emom 5 M> (d = 1,4 M; h =2 m): 2x3,14%0,7%(0,7+2,0) = 11,9 m>.
[Tnoma 36ipanka 06’ emom 0,4 M> (d = 0,8 m; h = 1,2 m ) cranoBuTh: 2x3,14%0,4%(0,4+1,2)
= 4 ™. Ilmoma 36ipauka o6’emom 0,04 mM® (d = 04 m; h = 0,6 M) CTaHOBHTS:
2x3,14x0,2%(0,2+0,6) = 1 m2. Ilnoma 36ipauka 06’emom 0,01 1(d = 0,2 m; h = 0,4 m)
CTaHOBUTEL: 2x%3,14x0,2%(0,1+0,2) = 0,4 m>. Tak, cymapHa IUIOL[@ JAHOTO OOJIaJHAHHS
cknagae: 11,9+4+1+(3%0,4) = 18,1 m>.

Tax, 3aranbHa IUIOImA BMPOOHMYOro oOmagHaHHs ckiaamaec: 51,8 + 18,1 = 70 m2

3aranbHuil 00’ eM 00nanHaHHs cknagae: 8+140,1+(4x0,01)+5+0,4+0,04 = 14,48 v,
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BpaxoBytoun Te, 1110 BiICTaHb MK amapaTaMu 1 BiJ] anapaTiB 0 CTiH, BIKOH, ABEpen
MOBMHHA CTAaHOBUTH HE MeHIIe | M, ONTHMaibHA IUIONMIAa BUPOOHUYOTO MPHUMIIICHHS
ckaagatume 80 m? (10x8 ™). 3aranbHa IUIOma CTIH y HPUMIILEHHI BUCOTOK 3,5 M
cranoBuTh: [(10%3,5) + (8%3,5)] x2 = 126 M. IInoma mimmory y npumimessi — 80 m.

Po3paxyemo 3araiibHi TIIOIII TOBEPXOHbB, K1 HEOOX1JHO MUTH Ta/abo0 ne3iH(]iKyBaTH
BIIPOJIOBK YCHOTO IMepioay BUPOOHHITBA HataminuHy (Tabn. 2.1). HeoOXigHO Takox
BpaxyBaTH, IO KUJIBKICTh HUILOBOTO MPOAYKTY 32 OJJUH BUPOOHUYMI LIUKJI CTAHOBUTH 3,9
M>. 3aranbHa KiJbKiCTh IMKIIB 3a 84 pobounx aui ckiazac: 84 / 3,9 =21,5 = 22 nuxim.
MutTs pe3epByapiB 00JagHaHHS, 1HBEHTAps, KOMYHIKALIM 301HCHIOIOTh NEpe] MOYaTKOM
KOXHOTI'0 BUPOOHUYOIO LIUKITY, @ OTXKeE, 3arajbHa KUIbKICTh MPOLIECIB CTAHOBUTH 22 pa3u.

['enepanbHe mNpuOMpaHHS BKIIOYaE OOPOOKY CHEliabHUMH Je31HPIKYIOUUMU
pPO3YMHAMHM TIOBEPXOHb YChOT'O OOJIQJIHAHHS, I1HBEHTaps, KOMYHIKAIlld, CTesi, CTiH,
MOBITPOIIPOBO/IIB, BIKOH 1 MIJBIKOHB. [IpuiiMeMo, 110 Ha JTaHOMY BUPOOHUIITBI T€HEPAJIbHE
MpUOMpaHHs MPOBOJATH pa3 Ha MicsIlb. Tak, reHepaibHe MpUOUpaHHs IPOBOIATH 1 pas.

[llomenne mnpuOWpaHHS MPUMIIICHL BKIOYAE MHUTTSA Tigord. Tak, 3arajibHa
KUIBKICTh IMOJACHHUX MPUOMpPaHb BUPOOHWYOrO MPHUMILIEHHS CTaHOBUTHL 84 pasmu.
Po3paxyHKu KiJIbKOCTI MPOIECIB 1 IO MUTTA Ta/a00 ae31iH]exIii 00’ €KTIB y MPUMIIIECHH]
JUIs BUPOOHUIITBA HATAaMILIMHY HaBeJeHO y Ta0. 5.1.

Tabmuns 5.1
Po3paxyHOK 3arajibHOI IU1010iI MUTTH Ta/a00 ae3iHdexuii 00po0d/II0BaHOIO

00’€KTY 32 BeCh MepioJ BUPOOHMITBA HATAMIIMHY

O0’exT [Tnoma KinbkicTs mporieciB MuTTst | 3aranbpHa miomia (00°em)
MUTTS Ta/abo (00’em) Ta/a00 ne3iHdeKIii 3a Bech MUTTS Ta/abo
ne3indexiii | 00’eKTy, SKui nepioa BUPOOHHIITBA ne3indexii 3a Bech
00pOOIISIOTS, nepio BUPOOHUIITBA, M>
M (v’ 'S
OOnanHaHHA,
IHBCHTap, 14,48 22 318,56
KOMYHIKaIIii
[Tigmora 80 84 6 720
Crinu, asepi, 126 1 126
BIKHA
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MutTsi pesepByapiB BUPOOHMYOTrO OONagHAHHS, SK MPaBWIIO, 3A1MCHIOETHCA 3a
goriomoroto CIP-muiiku. IupkymsmiiiHa wmuiika Oyne 3acTOCOBYBATHUCH IS MUTTS
BupoOHMYoro depmentepa (8,0 m*), mocisHoro amapary (1,0 m*), inokxymsaropa (0,1 m3),
Mmasoro iHokymstopa (10,0 1), a Takok peakTopiB-3MIIIyBaviB JJIsl MATOTOBKU MOKUBHOTO
cepenosuma (0,04 M3, 0,4 M>, 5,0 M*), minoracauka (0,01 M?), 3aransHuii 06°€M KOTPHX
CTaHOBUTH 145,6 M>. 06’ €M MUITHOTO 3aco0y nyist CIP-muiiku 151 OJTHOTO ITUKITY CTAHOBUTH
20% Big KOXKHOTO 3 00’ e€MiB oOnagHanus — 14,48x0,2 =29 =~ 3 M.

Bupo6Hude mnpuMilieHHs, y SKOMY MO3MIHHO TMpaIlol0Th Tpynu ¢axiBiiB, Mae
BHCOKHMI PHU3MK KOHTaMiHaIlil 0e3nocepeHb0 MIKpoO10TOI0 camoi JroAuHu. Tomy npu
BUOOpPI MHUUHOTO 1 JA€31H(]IKyBaIbHOrO 3aco0y M WIOAEHHOTO MPUOMpPAaHHA 1 MUTTA
MIJJIOTH CHiJI 3BepTaTH OCOOJMBY YBary Ha IIMPOTY CHEKTPa aHTUMIKPOOHOI aKTUBHOCTI
3ac00y, HEBUCOKY arpeCUBHICTb 1, TOJJOBHUM YMHOM, HAa €KOJIOTIYHY O€3MEYHICTh 3ac00Yy.
He MeHI BaxxnuBUM (PaKkTOpoM € 1 BapTICTh 3ac00y, OCKUIBKU IIOJICHHE MPUOUPAHHS 32
BECh MEP10J] BUPOOHUIITBA BKJIIOYAE BUCOKY 3arajbHy IUIONLY MUTTSA Ta ab0 Je3iH(eKIii
JUJISTHKY 1 BIIMOBIAHO BEJIMKI 00’ €MU MUMHOTO 3aC00Yy.

[Tpu BuOOPI Ae31H(DIKYyIOYOT0 3ac00Y 715 III0ICHHOTO MPUOUPAHHS OCOOIMBO BAXKIMBO
BpPaxOBYBAaTH MOro O€3MeYHICTh AJid J0JuHU. Ha choroHIIHINA A€Hb, OJHUMU 3 HAHOIbIII
Oe3reyHux 3ac001B CaHITapPHOI MIATOTOBKU MPUMIIIIEHb € 3aCO0M Ha OCHOBHI YETBEPTHHHHX
aMmoHieBuXx cnodyk. Tak, «/lesekon YHBIIIT» — koHIeHTpoBaHUM BHUCOKOS()EKTUBHUM
ne31H(IKyounid 3acid 3 MOCHJIEHUM MHIOYMM €(EKTOM, KOTpUN BHUABISIE aHTHUMIKPOOHI
BJIACTUBOCTI TPOTH TPAMIIO3UTHBHUX 1 TpaMHETaTUBHUX Oaktepiid, 30yIHUKIB
TyOepKyIb03y, BIpYCIB repnecy, rpuiy, KOpOHaBIpYCIB, MATOT€HHUX 1 MJIICHSABUX I'pUOIB.
3aci6 HanexuTh 10 4 kiacy Oe3NeKkd NpH IHTaISIIHHOMY 1 HAIIKIPHOMY BIUIMBI, €
exosoriyHo Oe3neyHuM. PoOoTa 13 poOounmu po3umHamu 3aco0y HE BHMarae 3aco0iB
IHAUBIyaJIbHOTO 3aXMUCTy. 3aci0 He 3aluIlae IATeH 1 HaJbOTy, a TaKOXX HE YUHUTH
MOIIKO/KYIOUO1 /il Ha MOBEPXHIO METAJIEBUX, TUIACTMACOBHX 1 TyMOBHX 00’€kTiB. [ms
IIOJICHHOTO TTpUOUpaHHs roTytoTh 1% pobounii pozuun [45].

Tako 3aBASKM IIUPOKOMY CIIEKTPY aHTUMIKPOOHOT 111, T0OPii pOZUMHHOCTI Y BOJI1 ¢
JOCTYITHIA BapTOCTI XJIOPAKTUBHI 3aCO0U 2-TO MOKOJIIHHS 9aCTO BUKOPHUCTOBYIOTHCS IS
I0JICHHOTO MpUOUpaHHS BUPOOHMUMX TpuMilleHb. Tak, «XiopaMiH-b» - HaTpieBa ciib

XJIOpamigy MOHOOEH30JCYIb(MOKUCIOTH — Ae3iH(eKiiaui 3acid 3 OaKTePUINIHUM,
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GyHrinuaHuM 1 BipymuuIHuM edekToM. 3acid YMHUTH aKTUBHY 10 MPOTH 30YIHHKIB
iHQEeKUIMHUX 1 IIKIpHUX XBOpPOO, TIEPEHOCHUKAMHU SKHX € JIIOJUHA, 30KpemMa
IPaMIIO3UTHBHUX 1 TPAMHETAaTHMBHUX OakTepid, MiKOOaKTepi TyOepKyJbo3y, 30yIHUKIB
rernaTuTiB, MOMIOMIENITY, AepMaTodiTiB, 30yTHUKIB MIKO31B Ta iH. 3aCi0 BUKOPUCTOBYIOTh
JUISL caHITapHOiI OOpOOKM CTiH, MOBEPXOHb OOJIAJIHAHHS, MIJUIOTH, BIKOH, 1HBEHTApIO,
nabopaTtopHoro nocyny y Burisaui 0,75% poszuuny. BapTo 3a3Hauatu, mo po0odi po3unHU
«Xnopaminy-b» 10 1% He yuMHATH MOAPAa3NMBOiI All Ha opraHi3M joaunu. lIpote, mpu
poOOTI 3 pO3UMHOM HEOOXI1JTHO BUKOPHUCTOBYBATH PECHIPATOP, TYMOBI PYKABHUIIl 1 OKYJISIpU
[46].

Jlist mpurotyBaHHs 1 1 poOOYOro po3dMHY BUKOPUCTOBYIOTH 7,5 T 3aco0y, SIKUW
PO3UYMHSIOTH Y BOJ1 miairpitid 1o t = 50-60°C. [lns mokpalieHHs: MUMHUX BJIACTUBOCTEH
PO3YMHY A0JIaTKOTO J0/Ial0Th CHHTETUYHUN MUMHMM 3aci0 y KUTbKOCTI 5,0 /1. Ak MuitHuit
3aci0 st pobodoro po3unHy ‘“XnopamiHy-b” MokHa BUKOPHUCTOBYBATH YHIBEpCAIbHUMN
3aci0 st MUTTS ToBepxoHb “More Goods Professional”.

JI1st MUTTS pe3epByapiB BUPOOHUYOTO 00IaIHAaHHS HAHOI[IBHIIIIE BUKOPHUCTOBYBATH
nupkysiiiny CIP-muiiky. Jlanuii MeToa 703BOJISIE 3MEHIIIUTH BUTPATH MUHHOTO PO3YUHY,
a TaKOX MIABUIIMUTH AKICTh MUTTS anapaTypH.

[Ipu BuOOpi nae3iHdikyBagbHOTO 3aco0y i OOpOOKM NUISHKH BUPOOHUIITBA
HaTaMIlIMHY HEOOXIJHO BpaxoByBaTh Te, M0 IITaM-TPOAYIIEHT HATaMIIUHY €
CIOPOYTBOPIOBAIBHUM aKTHHOMILIETOM, 1 TOMY 0OpaHuii 3aCi0 NOBUHEH BUSIBJISITH BUCOKY
aKTUBHICTH MpoTH crop. Came TOMy, ONTUMaJIbHUM BHOOPOM € Tpenapatu Ha OCHOBI
HAJIOLITOBOI KMCIIOTH, SIKI Hapa3i IIUPOKO BUKOPUCTOBYIOThCA 1151 CIP-Muiiok.

JInst mupKyJIsiHOT MUMKHM 00JlaJaHHaHHS MOXHA BUKOPUCTOBYBaTH 3aci0 “bianmiac-
A-®opte” — BUCOKOCPEKTUBHHM Ae3nH(DIKYIOUHiT 3aci0 Ha OCHOBI HAJOITOBOI KUCIIOTH,
AKUWA MOYXHA BUKOPHCTOBYBATU JJII MUTTS MMOBEPXOHb 3 BCIX THUIIIB HEP>KaBilOYOi CTaJl.
[TepeBaroro manoro 3aco0y € ioro eekTuBHA POOOTa y KOPCTKiN BOJI, OC3MEUHICTD IS
HaBKOJIMIITHBOTO CEPE/IOBUINA, BIJICTYTHICTH HEOOXIIHOCTI OMOJIICKYBaHHS OO0JIalaHHs
nicis Muiiku 3acobom. PoOounii po3unH 3aco0y BUKOPUCTOBY€EThCS Y KoHLeHTpali 0,15%
(1,5 mn/ 1 BOaM) [47].

AnprepHatuBoio 3acobam st CIP-muiiku Ha OCHOBI KHCJIOTH € MHUMHI 3acO00M Ha

ocoBl IIAP. Ilpuxmamom takoro 3acoby € Ecolab P3-COSA CIP 90. 3aci6
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BUKOPUCTOBYETHCS y KOHIIEHTpaIlii 1-3% mist BumaneHHs 3a0pyIHEHb OpraHiYHOT IPUPO/IH.
3aci0 3aCTOCOBYIOTH AJII OYHUINECHHS METATIYHUX 1 MacTukoBux aeraneit y CIP-cucremax
1St oOsaHaHHs hapMalleBTUYHOT IPOMMCIIOBOCTI 1 6i0TexHOJ0T1i [48].

Jlust  reHepanbHOTO MPUOMpPAHHS TPUMINICHHS JIOIIJIBHO  BUKOPHCTOBYBATU
nesindexyrounid 3acid 3 mIpoJioHroBaHOIO di€r0. Ha choromHimHid JeHh HaWOUIBINY
IIPOJIOHTOBAHOIO JII€I0 BOJIOIOTH I'yaHi1HOBI npenapaTu. Tak, «[lomige3-A» - 0e3neunuii
O6araToyHKIIOHANBHUN 3aci0, MPOJIOHTOBaHA il SKOTO CTBOPIOETHCS 3a PAXyHOK
YTBOPEHHS MOJIIMEPHOT IUTIBKH, SIKY 32 HEOOX1/THO MOYHA JIETKO 3MUTH BOJI010. 3aci0 100pe
PO3UYMHSETBCA y BOJ1 KIMHAaTHOI TEMIIEpaTypu, HE MOLIKOKY€ METajeBl MOBEpPXHI, €
€KOJIOT14HO Oe3neyHuM. Pobounii po3unH rotyroTh y KoHmeHTparlii 3% [49].

“Bemne3-En3um™ - 3acib, SKui BUKOPUCTOBYIOTH JJIs Je3iH(]EKIii MOBEPXOHb
BHCOKOIO PIBHA 1 MEpeaCcTEepHII3aliIiHOTO OYHUIIEHHS O00JiafHaHHs. 3acid Mo)KHa
BUKOPUCTOBYBaTH 0€3 momnepAaHboi 00poOku mnoBepxoHb. [lepBaroio 3aco0y € ioro
KODOTKUH TEpMIH €KCIO3HIlli, MOBHUW CIEKTp 3He3apakarodoi [ii, MPOJIOHTOBaHUMN
aHTUMIKpoOHMi1 edekT (48 roa). PoOounii po3unH rotyroTs y KoHueHntpauii 3% [50].

[IpoanamizyBaBIIM JaHi 13 y3arajJbHEHOI XapaKTEPUCTUKU BUTpaT MHUMHHX Ta
ne3iH(piIKyBaTIbHUX 3aC001B Il BAPOOHUIITBA HATAMIIIMHY, HABEJICHOI y Tal. 5.2, MOXKHa
3pOOHUTH HACTYITHI BUCHOBKHU:

® I IIOJAEHHOTO TPUOUPAHHS JOIUIBHO BUKOPUCTOBYBATH «Jle3eKon»,
OCKIJIbKH 3aC10 € €KOJIOT1YHO 0€3MeUYHUM, He TOTpedy€e MpU BUKOPUCTAaHHI poOOYHX
PO34YMHIB 1HAMBIAYaJbHUX 3aCO0IB 3aXUCTY, @ TAKOXK HE MOTpeOye A0JaBaHb 1HIINX
3ac00iB 1711 TOKpAIIeHHS MHUWHUX BJIACTUBOCTEH pPO3UMHY, EKOHOMIUHUH Y
BUKOPHUCTAHHI;

e s MUTTA pe3epByapiB — «bmanmiac-A ®optey», OCKIIBKH 3aCi0 € CremalbHO
npuzHadeHuM 1 CIP-muiiku, € 6e3nmeyHuM Il HaBKOJMIITHBOTO CEPEeOBHIINA,
MOXE€ BHKOPUCTOBYBAaTHCS 0€3 HEOOXIJHOCTI MOJAJBIIOrO  OIMOJICKYBaHHS
001aJHaHHS, € OlJIBII JICIICBUM;

e IS TeHEPAIbHOTO MPUOHpaHHs (MUTTS 1 A€31H(EKIIA CTiH, ABEpel, BIKOH) —
«Benine3-EH3um», OCKUIBKM TIpenapaT €  eKOJIOTIYHUN  Oe3lmeyHuM, Mae

MPOJOHTOBaHUM e(eKT 10 48 To1 1 HETPUBAINN Yac €KCIIO3HUILIII.
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Tadmurs 5.2

¥Y3arajbHeHa XapaKTepPUCTHKA BUTPAT MUITHUX Ta JAe3iHdikyr04ux 3aco6iB /151 BUPOOHHITBA HATAMIIIUHY

Ha3Ba murouoro/ OO0’ €eKT MUTTS Konnenrparis 3aranbHa KinpkicTh KinpkicTh Bapricts 1 3aranbHa
ne31H(IKYH0Y0ro Ta/abo pobodvoro moma (00’em) poboyoro MHUIOYOT0/ JI/KT MUIOYOTO/ | BapTICTh MUTTS
3aco0y ne3indexmii po3uuny, % MUTTS Ta/ab0 po3umHy 3a | Ae3iH(dikyrouo | Ae3iH(piKyroUo Ta/abo
(miro4a peyoBUHA) ne3indexii 3a BECh ro 3aco0y 3a ro 3aco0y, ne3indexrii 3a
BECh Iepioj BUPOOHMIITBA, BECh rpH** BECh MePioJ]
BUPOOHUIITBA, 1 (M%) BUPOOHHUIITBA, BUPOOHHUIITBA,
M? (M?) hi§ T'pH
Xmopamin-b ITignora 0,75 13 860 1386 10,4 17,2 179
(x110pamin)
More goods Proff ITizmora 5,0 13 860 1386 6,9 22,8 158 337
(aeionorenni [TAP*)
Jle3exon ITigmora 0,05 13 860 1386 0,7 255 178.5
(UAC*)
bnaninac-A ®@opre | O6magHaHHs, IHBEHTAp, 0,15 12 376 6 188 92.8 128,25 11902
(HamonroBa KOMYHIKaIlii, Tapa
KHCIIOTa, TIEPEKHC
BOJTHIO)
P3 COSA CIP90 | OGnagHaHHS, iHBEHTAp, 0,1 12 376 6 188 61,9 356,2 22 048
(ITAP*) KOMYHIKaIlii, Tapa
Beniges Exzum CriHu, OBEpXHI 1,0 715 71,5 0,72 240 173
(UAC, 2-ipomanonn, oOnaHaHHsA, ABEPI,
KOMIUIEKC €H3UMiB) BiKHA
Ilonimes-A Crinu, moBepxHi 1,0 715 71,5 0,72 245 177

(IIMT'-T'X , YAC)

oOjasHaHHs, ABEpI,
BiKHa

*[IAP — noBepxHeBo-akTHBHI pedoBuHH, YAC — ueTBepTHHHI aMOHi€Bi crionryku, [IMI'-I'X — nonirekcaMeTHATyaHiJiH riIpoxIopu
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5.1.3. O0rpyHTYBaHHA CTa/ll MIATOTOBKM 00JIaJHAHHS | KOMYHIKAIIIH

[TependepemenTariiiini mpoiecu BUPOOHHUIITBA HATAMIIIMHY BKJIIOYAIOTH MUTTS 1
OTIOJIICKYBAaHHS €MKICHOTO OOJIaJlHAaHHS, TEXHIYHUM OTJIsiJ amaparypu, IepeBipKy
oOJasiHaHHS 1 KOMYHIKAIi Ha TepMETHYHICTh, CTEPUIII3AIIO allapaTypH 1 KOMyHIKaIlii.

Cranis Texniuynoro orysay. O00B’sI3KOBOIO CTali€10 TO0(EPMEHTALIMHOT M ITOTOBKU
€ TeXHIYHUN OIS oOJaJHAHHS 3 METOIO TMEPEeBIPKU 3arajbHOI IIJIICHOCTI 00JagHaHHA 1
IUTICHOCTI MIIIAJIOK, BUSABICHHS OyAb-sIKUX JIE(PEKTIB 1 CTOPOHHIX 00’€KTIB, BUSBICHHS
MOPYIICHHB IIUTICHOCTI KOMYHIKAIIH 1 3aMipHOT apMaTypH.

VY TpamuiiiiHOMy METOA1 TEXHIYHOTO OTJISAAY I1HCHEKII O00JiajaHHS MPOBOJSATH
cneuiamict. [Ipote, el METO € AOBOJII TPUBAIUM 1 HE BUKIIIOYAE JIFOJCHKUX MOMUIIOK.
ToMy cyuyacHOIO aJbTEpHATUBOIO JAHOMY METONYy € BUKOPUCTAHHS KBaJPOKOITEPIB IS
TEXHIYHOTO OTJIAly €EMKICHOI anapatypu. Tak, npotuBoyaapauii kBajgpokonrep “Flyabillity
Elios” 3paTHui mpoBeCTH IHCHEKIIIIO TEXHIYHOTO CTaHy pe3epByapy OJAHOTO pepMeHTepa 3a
oJMH moJiT TpuBamicTio 8-10 xBunmuH [51]. Jam BIA3HATUN BigeomaTepian aHAMI3YIOTh
(axiBii 1 poOJISATH BACHOBOK CTOCOBHO CITPABHOCTI 1 I[ITICHOCTI OOJIaIHAHHS 1 KOMYHIKaIlIH.
TaxuM 4nHOM, BUKOPUCTAHHS JPOHIB AJI1 TEXHIYHOTO OTJISIAY 103BOJISIE 3HAUHO 3MEHILUTH
TPUBAJICTh MPOCTOIO OOJaJHAHHS, @ TAKOXX MIHIMI3yBaTH BIUIUB JIFOJICBKOTO (hakTOpy HpH
1HCIIEKIT 00JIaJHaHHSA.

Crania nmepeBipku 00JIaJHAHHSA | KOMYHIKAlii HA repMeTHYHICTb. OCHOBHOIO
MPUYMHOIO pO3repMeTr3alii BUpOOHMYMX (epMEHTEPIB € Oe3MocCepelHbO MOPYIIEHHS
3aMmipHO-PEryoYoi apMarypu. [ yHHUKHEHHS BUMAJAKIB pO3repMeTH3allli amapartiB i
KOMYHIKaIliii HeOOX1THO TepedavyaTu CrieniagbHi IEPeBIPKH TePMETHUYHOCTI 001aIHaHHS
Ha BCIX eranax OIOTEeXHOJOTIYHOTO BHPOOHUIITBA, MOYMHAIOYM 3 KOHCTPYIOBAHHS 1
MPOEKTYBaHHS, 1 3aKIHUYIOUH CaMOI0 €KCIITyaTalll€l0 CUCTEM Ky IbTHUBYBaHHA. Ha cydacHux
O10TEXHOJIOTTYHUX BHPOOHMIITBAX HANMOUIBII ONTUMAJIBHUM METOJAOM BHUIPOOYBaHHS
oOnajaHHaHHS Ha TEPMETHYHICTh € BUKOPUCTAHHS TaJIOIAHUX TedielrykadiB. Meroauka
HOro 3acToCyBaHHs MOJIATa€E y 3ajluBaHHI (peoHy-12 y amapar, sSIKUHA JOCIIJIKY€EThCH,
HarpiBanHi 10 temnepatypu 80 °C 1 30inbmenH1 Tucky ao 0,2 Mlla. ¥V pa3i HasBHOCTI
NOpyIIEHb TEPMETUYHOCTI anapatypH, mapa (Gpeony-12 npoHukae yepe3 HEYUIUIbHEHHS,
10 BUSIBJISIETHCS MTPU HAOJIMKEHHI LYy TeYienrykada 10 micus BUTOKY [52]. [lepeBaramu

JaHOT'O MCTOAY € Bi,Z[HOCHa IMPpOCTOTAa BUKOHAHHA, BHCOKaA HpO,ZIYKTI/IBHiCTB — MCTOA
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JI03BOJISIE BHUSIBJISTH MicIlsl BUTOKY 70 0,5 T/pik, MIBHAKICT, BUKOHAHHA - 1,5-2 rom juis
OJTHOTO arapary.
5.1.4. O0rpyHTyBaHHS cTa/il NIATOTOBKM aepauiiiHOro NoBiTpst

s GlocuHTe3y HaTaMmillMHy NOTpIOHO 3a0e3neuyBaTH JOCTAaTHIA piBEeHb aeparlii
MO>KMBHOT'O CEPEIOBUINA, OCKIIBKH MTaM-NPOoAyHeHT S. natalensis NRRL2651 nanexuThb
70 00JIiraTHUX aepoOiB, IKOMY KHCEHb HEOOXITHUHN SK TEpPMiHAJBHUM aKIEITOP BOJIHIO.
Taxk, a5 aeparlii BUKOPUCTOBYIOTh Bi(1IbTPOBaHE CTEPUIIBLHE TOBITPS, SIKE MOJAI0Th Yepe3
OapOotep 31 mBuaKicTo aeparii 1,0 1/ xB [7]. 3Baxkaroun Ha HEOOX1THICTH 3a0€3MEeUCHHS
aeparlii miJl 4ac BUPOLIYBaHHS MOCIBHOTO Marepiaidy 1 O10CMHTE3y LIIbOBOTO MPOAYKTY,
MIJITOTOBKA CTEPUJIBHOTO aepaiifiHOro TMOBITPS € OJHIEI0 3 HAWBaXKIUBIMIMX CTaiiid
nodhepMeHTAaIIHHUX TTPOIICCIB.

[linroToBKa CTEPWJIBHOTO aepalifHOro TOBITPS 3IMCHIOETHCA 32 JOMOMOTOIO
0araTOKOMITIOHEHTHOI CHUCTeMH CTHCHEHHS 1 OYMILIEHHA MoBITpsA. Ha mepmiomy erarmi
aTMocdepHe MoBITPs 3a0uparoTh Ha BUCOT1 30 M 1 OUUIILYIOTh BiJI TUTY 1 KPYITHUX YaCTOUOK
Ha (inpTpax rpyboi ounctku DBII-G4-66-25/C 3 knacom oumnctkun G2-G4. V Takux
¢binpTpax GUIBTPYIOYNM MaTEPIiaAIOM € CKIOBOJIOKHO 3 TABUIIIEHOIO MIIbHICTIO.

[TonepenHbO oOuMIIEHE TOBITPS CTHUCKYIOTH 3a JIOMOMOTOI OJHOCTYHIHYACTOTO
MTOPIITHEBOTO KoMIpecopa Hu3bkoro Tucky a0 0,5 MIla. [Ticis cTucHeHHS MOBITPS 10csATae
BHCOKO1 TemmepaTypu. s 1boro MOBITPS OXOJIOMKYIOTh J10 TemmepaTrypu 25-40°C y
TEMJI000MIHHUKY-0XO0JI0IKYBayl, AKUH OXOJIOJKYE MOBITPS HUIAXOM IMepeaadl Terjaa Mix
MOBITPSIM, SIKE TIPOXOJAUTH YePe3 TEIIO0OOMIHHHK 1 0XOJIOIKEHOIO BOJIOIO, SIKA MICTUTHCS B
IHTEIrPOBAHOMY Y CUCTEMY YMJIEPI.

Jlist Toro 1mo0 BUPIBHATH 1HTEHCUBHICTh PYXY MOBITPS 1 MOMNEPEIUTH MOKIUBICTD
HOro HepiBHOMIPHOI MM0/aYl, a TAKOXX BUJAIUTH 3aliBY BOJIOTY 3 MOBITPsI, BCTAHOBIIIOIOTh
pecuBep. Y BUIIAJIKYy TepeOor0 B poOOTI KOMITpecopa, pecuBep Oyje moaBaTu HEOOXITHY
KUIBKICTh TIOBITPSL 31 CBOTO pe3epByapa. 3 Ii€0 METOI0 TependadaroTb BCTAHOBIICHHS
pecuBepa. Jlam st 3a0e3neueHHs ONTUMAIbHOI TEMIEpaTypu TOBITPS HArpiBalOTh Y
TEMJI000MIHHUKY-HarpiBady 0 ONTUMAJIbHOT TEMIIEPATYPH.

Harpite no onTumanbHOl TemmepaTypH MOBITPs MOTparvisie Ha (QUIBTPU TOHKOT
ounctku Tuny ®TOB H10-H14 3 dineTpomaTepiasom — MiKpOCKJIOBOJIOKHO. MaTepian jis

AaHoro Tumy ¢iabTpiB — 1€ TodpoBaHul (PUIBTPYBATBbHUN Mamip Ha OCHOBI yIbTpa- 1
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MIKPOTOHKOTO CKJIOBOJIOKHA. Y (iIbTpyBaJIbHOMY MaTepiajl BUKOPUCTOBYIOTHCS CKIISHI
BosiokHa giameTtpom 0,25...1,0 mxm. Takuit THI GiABTPIB 1O3BOJIAE JOCATTH €()EKTUBHOCTI
OYHMIIICHHS TOBITPS 110 99,9995 %.

Hnsa abcomroTHOi (PIiHINIHOT) OYMCTKH aepaliiHOTO TOBITPS BHUKOPUCTOBYIOTH
(GUIBTPU 1HIUBIAYAJIBHOTO OYHINEHHS, SIKI BCTAHOBIIOIOTH O€3MOCepeHbO JJIi KOXKHOTO
(dhepMeHTAaIlIHHOT YCTAHOBKH: JIJII MAJIOT'O 1HOKYJIATOPA, IHOKYJIATOPA, ITOCIBHOTO amapary i
BUpOOHUYOrO (epmentepa. st 1bOoro BUKOPUCTOBYIOTh (PUIBTPU HAJIBUCOKOE(PEKTUBHOT
ourctku Ty ®saC-U knaciB ountienns U15-Ul6. OinbTpu TaKOTO TUITY CKIATAIOTHCS 31
CHENIaJbHOr0 AaHOJOBAHOTO AOMIHIEBOTO MNPO(UI0, BCEPEAMHI SIKOTO PO3MIIIYETHCS
(GUIBTPYIOUMIA TAKET MIHITUTICEPOBAHOTO CKIOBOJIOKHUCTOr0 Marepiany. Ha Buxo/i mositps
BCTAHOBIIIOIOTh 3aXUCHY CITKY. BapTo 3a3HauuTH, 1110 ONEpeIHBO 1HANBIYabHI PLIBTPU
HEOOXITHO TPOCTEPUIII3yBaTH LUISIXOM HarpiBaHHA BOJIOTOIO Mapol 1 BUTPUMKH NIpU
temrepatypi 125-130 °C. 3acTtocyBaHHs QUIBTPIB 1HAMBIAYaJIbHOTO OYUILIEHHS JO3BOJISE
OTpUMATH CTEPUIIbHE aeparliiiHe MOBITPs 31 CTYNEHEM YHUCTOTH OJU3bKO 99,99995%, mio
MIHIMI3y€ PU3UK KOHTaMIHALli KyJbTypajlbHOI PIIMHA MIKPOOPraHi3MaMH 1 4acTKamu 3
oBITP [26].

5.1.5. Oco0imBOCTI MIATOTOBKY Ta CTEPHJIi3aLlil MOKMBHOIO CePeA0BHUILA

Makcumanbauit cuHTe3 HataminuHy (3,0 /1 3a 84 rom) 3abe3nedyroTh 3a YMOB
KyJIbTUBYBaHHS IITaMy-nipoayiieHTa S. natalensis NRRL2651 Ha mo>xuBHOMY cepe0BHIIII
U1 O10CMHTE3y HACTYMHOro ckiany (1/1): rimoko3a - 20,0, m’scHuit ekctpakt - 2,0,
JPIKIKOBUM eKCTPakT - 2,0, acnaparis - 0,5, Mmonodocdar kaiito - 0,05, mpormioHaT HaTpito
- 0,5, anrerat Hatpito - 1,75 [7].

OTpumaHHS TOCIBHOTO Marepiaidy 3A1MCHIOIOTh 3a BHUKOPHUCTAHHS TMOKHUBHOIO
CepeloBUIlla MPOCTINIOro ckiamy (r/m): rimroko3a - 4,0, comomoBuii excrpakt - 10,0,
IPLKIKOBUM ekcTpakT - 4,0 [7].

BiamoBimHO 10 po3paxyHKiB, BHUPOOHWYHMI OlOCMHTE3 HaTamiluHy Oyne
spificHioBatuca y depmentepi 06’emom 8,0 mM>. Opmepkanns mociBHOro marepiany Oyme
BiIOYBAaTUCh Y YOTUPU €Talu: y Koubax Ha Kadajill, 1HOKyJIsaTopi o6’emom 10,0 i,
iHokyssTOpi 00°eMoM 0,1 M, iHOKyIsATOPI 00°€MOM 1 M>. JTOMOMIKHUMHU POOOTAMHU ISt
OTPUMAaHHS 1HOKYJATY 1 BUPOOHUUYOTO OIOCHHTE3Y € HACTYIIHI IPOILIECH: NMPUTOTYBaHHS 1

cTepuIiIi3allis pO3UUHIB AJI1 TUTPYBAHHS, MITOTOBKA 1 CTEPUIII3aLlis MIHOTACHUKA.
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Jlnis BUpOIyBaHHS MOCIBHOTO Mmarepiany S. natalensis NRRL2651 1 BUpoOHUYOTO
OiocuHTEe3y HaTtaMiluMHy, pH KynpTypanbHOI piiMHU NMOBHHEH OyTu HelTpambHuUM — 7,0.
Tax, piBeHb pH KOHTpOTIOIOTH A0IaBaHHIM 6% pO3UMHY TAPOKCUAY HATPIIO 1 6% PO3UNHY
XJIOpUIHOT KUCHOTU. I po3paxyHKy MpUIMaEMo, IO AJii TUTPYBAHHS KyJNbTYpalbHOI
PIIMHU BUTpadaeTbcs 2 M TUTPYBIBHMX areHTiB Ha 1 1 poboyoro o0’emy
dbepMeHTartiiinoro obnanannas. [IpuroryBaHHs 1 cTepuIizallisl pO3UHUHIB JIJII TUTPYBAHHS
IPOBOIUTHLCS IS BAPOOHUYIOro (epMenTepa 06’ eMoM 8,0 M°, HOCIBHOTO amapaTy 00’ eMoM
1,0 M, inokynsiTopa 06’ emom 0,01 M i Mastoro iHokyaTOpa 06’ eMom 10 .

IpuroryBanusi 6% po3umHy rigpokcuay Hatpiro. /(s Bupo6Huyoro pepmenrtepa 3
pobounm 06’ emoM 4,3 M> HeoOXimHO purotysatu 6% po3uuHy Tigpokcuay Harpio: 0,002
x 4300 = 8,6 = 9 1. Po34nH roTy10Th y peakropi-3mimmysadi 06’emom 0,01 M. Po3uun myry
CTEPWII3YIOTh Y PEaKTOPi-3MIIIyBayl IIISAXOM MOAayul FOCTPOi napu npu temmneparypi 120°
C 1 tucky 0,075 MIla mpotarom 20 xBuimuH. Tomy, st BUpOOHHUYOTO (depMeHTepa
nependayaeMo BCTAHOBJIEHHS peakropa-3mimrysada o0'emom 0,01 M 1y mpHroTyBaHHS
6% pO34nHY TAPOKCUIY HATPIIO.

Jlns mociBHOro amapaty 3 po6ounm o6'emom 0,44 M HeoOximHo mpurorysatu 6%
po3unHy rigpokcuny Harpiro: 0,002 x 440 = 900 mi. 6% po34MH TAPOKCUAY TOTYIOTh Y
KOHIYHIA K001 06’eMoM 1 1. [ns iHOKymsTOpa 3 pobounm o06'emom 44,4 11 HEOOX1THO
npurotyBatu 6% po3uuny riapokcuay Hatpiro: 0,002 x 444 = 90 mu. 6% po3uuH
TIAPOKCULY TOTYIOTh Y KOHIYHIN K001 00’eMom 250 mut. Jlyig iHOKyzsiTOpa 3 poOOYHM
o0'eMoM 4,4 1 HEoOX1HO TIPUTOTYBaTH 6% po3unHy Trigpokcuay Hatpito: 0,002 x 44 =9
MJI. 6% PO3YMH TIAPOKCUIY TOTYIOTh Y KOHIYHIA KoyiO1 00’emom 50 mul. Po3umHu
TIAPOKCUTY HATPIIO 33JaHUX 00'€MIB y KOHIYHMX KOJOaX CTEpPUIII3yIOTh B aBTOKJIABI MpHU
120° C npotsirom 20 XxB.

IIpuroryBanusi 6% po34uHY XJOPHIAHOI KHCJI0TH. Yepe3 neTkicTh KUCIOTH 6%
PO3UMH XJIOPUJIHOI KHCIOTH TOTYIOTh O€3MEeCOpelHbO TMepe]] MoJauero y amapar Ha
TUTPYBaHHS. PO3YMH TOTYIOTh 3 KOHIIEHTPOBaHOTO 36% pO3UMHY XJIOPUIHOI KHCIIOTH
HUIAXOM J0JIaBaHHsI HEOOX1AHOTo 00’eMy KUCIOTU 10 Boau. Jis mpurotryBanHs 1 1 6%
PO3UMHY XJIOPUJIHOI KHCIOTH BiAMIpsOoTh 13,5 mu 36% po3unHy XJIOpUAHOI KUCIOTH 1
PO3BOATH IUCTUILOBAHOIO BOJIOKO J0 3araibHOro 00’eMy 1 11. Ilpu npurotyBaHH1 po3uyuHy

KHUCIIOTY MOJAI0Th Y BOAY. PO3unH XJIOpUIHOT KUCTIOTH CTepUIi3allii He moTpeoye.
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O6’emu 6% pO3UMHY XJIOPUIIHOT KUCJIOTH aHajoridyHi ob0’emam 6% TiTpOKCHIY
Hatpito. Tak, mius BUpoOHHMUYOTO (PepMeHTepa mependadyaeMo BCTAHOBJICHHS MIpHHUKA
o0'emom 0,01 M> mg mpuroryBanHs 6% PO3UMHY XJIOPUAHOI KUCIOTH. [IJIs IIOCIBHOTO
amapaty 1 I1HOKYJSTOPIB NPUTOTYBaHHS PO3YMHY XJIOPHIHOI KHCIOTH TPOBOJAATH Y
J1a00paTOPHOMY TOCY/Ii.

IlinroroBka i crepwiizamisa miHOracHuUKa. Y MpoIEeCi BUPOINYBAaHHS MOCIBHOTO
MaTepially 1 610CHHTEe3y HaTaMilMHYy MiJl Yac aepallii MOXHUBHOTO CEPEOBUINA MOKIUBE
YTBOPEHHS MIHU Y KyJbTypaibHiN piauni. lle oOymoBitoe HEOOXIMHICTH JOAaBaHHS
MHOTACHUKA JI0 Cepe/IOBUIIA. Y SIKOCTI MHOTAaCHUKA BUKOPUCTOBYIOTh MIHOTACHUK Struktol
J 673 A, o cKilaqy SIKOTO BXOJSATh AJIKOKCUJIBOBAHI €CTEPU KMPHUX KUCIOT POCIUHHOTO
noxo/keHHs. Jlyigs yCyHEHHs HaJMIPHOTO IIHOYTBOPEHHS Yy CEpelOBUIIl J0JAl0Th
MHOTacHUK KUIbKicTIO 0,2% Bim poboyoro o0’emy pepmentepa. Tak, 00’e€M MmiHOTaCHUKA
JU1 BUPOOHUYOTO (pepMEHTEPA CTAHOBUTD = & 1. [lIHOracHUK CTEPUITI3YIOTh LUISIXOM HOTr0o
HarpiBaHHs y 301pHUKY 3 eJIeKTpoTeHoM 10 Temnepatypu 131°C npotsirom 40 xB.

IIpuroryBanns i crepuJjidanis NOKHBHOIO cCepelOBHMINA /JI BHPOLIYBAHHA
nociBHoro marepiany. Ha nepuromy erari s ojiep»aHHs TOCIBHOTO MaTepialy B KOja0ax
Ha Kavauul notpioHo 400 M1 MOXMUBHOrO cepenoBuiia. KOMIIOHEHTH MOXUBHOTO
CepeIOBHUIIA JJII BUPOIIYBaHHS TTOCIBHOTO MaTepialy CTEPUIIIZYEMO B OJIHIN KOMIIO3UIIIT B
aBTrokiaBi npu Temneparypi 112° C 1 tucky 0,05 MIla nporsrom 30 xBuiuH. [ns
CTepuJIi3allli BUKOPUCTOBYeMO JabopaTopHuil aBrokiaB “Tuttnauer 3840 ELV D-Line” 3
BEPTUKAJILHUM 3aBaHTAXEHHSIM 00’ €MoM 52 J1.

JIJist BUpOILIyBaHHS MMOCIBHOTO Marepiany B iHOKyJATopi 00’emom 10,0 1 HEoOX1aHO
MPUTOTYBATH 4 J1 IOKMBHOTO cepenoBuiia. [[ouBHE cepeloBUIIIE CTEPUITI3YIOTh B OHIH
KOMITO3HUIIi1 B aBTOKIaB1 ipu Temmeparypi 112° C 1 tucky 0,05 MITa npotsirom 30 XBuIHH.

JUst BUpOIIyBaHHs MOCIBHOTO MaTepiany B iHOKynsaTopi 06’emom 0,1 m® HeoOXigHO
npurotyBaTtu 44 11 moxuBHOTO cepenoBuiia. [loxxuBHe cepeioBHILe CTEPUITIZYIOTh B OHIH
KOMITO3HIII1 0€3MocepeTHRO B IHOKYJISATOPI MUISIXOM I0/1a4l TOCTPOI Mapu pH TeMIiepaTypi
112° C 1 tucky 0,05 MIla npotsarom 30 xBuiuH. J{J11 OpUroTyBaHHS KOMITIO3MI Mepe
iHOKYJIATOPOM IependayaeMo BCTAHOBIEHHS peakTopa-3minryBada 00’ emom 0,04 M2,

JUs BUPOILyBaHHS MOCIBHOTO MaTepiany B iHOKynsaTopi 06’emom 1,0 M HeoOXigHO

npurorysati 0,44 M® MOKUBHOIO CepenoBHIa. [10KHBHE CEPENOBUILE CTEPUIIZYIOTH B
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OJIH1M KOMITO3UII1i 0€3M0CepeTHRO B IHOKYJIATOPI HIISTXOM MOAa41 TOCTPOi MpU TeMIIepaTypi
112° C 1 tucky 0,05 MIla npotsirom 30 xBunwH. /{75 MpUTOTYBAaHHS KOMIIO3UIIIT Tepe;y
iHOKYJIATOPOM IepenbdadacMo BCTAHOBIIEHHS peakTopa-3Minrysada 06’ emom 0,4 m>.

IIpuroryBanusi i crepuiizamisi NOKMBHOr0 cepeloBHINA [Jisi OiocuMHTe3y
nataminuny. /s BupoOHIHoro gpepmentepa 06’ emom 8,0 M> He0OXiHO IpUroTyBaTH 4,3
M’ HOXMBHOIO cepeqoBHINa. KOMIOHEHTH IOXMBHOIO CEPEJOBHMINA s OiOCHHTE3Y
HAaTaMIIMHY YMOBHO TMOJUISIOTh HAa OKpeMi KOMIIO3WIi: KOMIo3uIis A (IJI0Ko3a,
JPIKIKOBUM EKCTPAKT, M’ STHUM €KCTPAKT, acriaparif), kommnosuilisi b (Mmonodocdar kaniro),
Kommno3ullis B (anerat Hatpito, mpomioHaT HATPiIo).

Jlis mpUroTyBaHHS KOMIIO3WINI A HABaXKy TIIOKO3H, APIKIKOBOTO EKCTPAKTY,
acrmaparity, M’sSCHOTO €KCTPaKTy MOMIIIAl0Th Yepe3 00’ €MHO-BaroBUil 103aTop y peakTop-
sMminryBad 06’emoM 5 M>. ITofaroTh nuTHY BoAy. [l Kpamoro po34nHEHHs KOMIOHEHTIB,
cepenoBuie miairpisarote 10 t = 30-40° C 3a mA0MOMOror0 eneKTpoTeHa. BMukaroTh
MILIAJKY 1 TPOBOAATH MepeMilryBaHHs npoTsaroM 10-15 xBuwimH. OTpuMaHuil pO3YMH 31
30ipHMKa TIEpEeKauyloTh 3a JIONIOMOIOK HAcoCy B TOMNEPEAHLO MPOCTEPUITIZ0BAHUN
BUpOOHMUUI (pepMeHTep.

Kommno3zuiito A cTepuini3zyroTs 0e3nocepeHb0 y BUPOOHUYOMY (PepMeEHTEPI IUIIXOM
o/1aui rocTpoi napu uepes 6bapoorep npu remneparypi 112° C i tucky 0,05 MIla npotsirom
30 xBuiauH. [l TpUTrOTyBaHHS KOMIIO3MINI TIepel 1HOKYJISATOPOM IepeadadaemMo
BCTaHOBJIEHHS PEAKTOpa-3MilryBada 06’ eMoM 5 M.

Jlyist mpurotyBaHHs KoMro3uilii b HaBaxkky MoHOGOChaTy Kallito MOMIIIAI0Th Y KOJIOY
00’emom 200 mut. KonOy crepunizytoTs B aBToKIaB1 rpu temneparypi 131° C 1 tucky 0,15
MIIa npotsarom 40 XBHIHH.

Kommosumito B roTyroTh 1 CTepuitizyloTh y peakTopi-3MillyBadl IUISXOM IOJadi
roctpoi mapu mnpu temneparypi 131° C 1 tucky 0,15 Mlla nporsrom 40 XBUIMH.
Komrmo3uiiito moaroTh y MOXUBHE CEPEIOBUIIIE 711 O10CHHTE3Y HATaMIIUHY MTiCIIs MEPITUX
24 rog KynbTUBYBAHHS.

5.2. OOrpyHTYBaHHS CTaAiid BUAIJIEHHS | OYUILEHHS WIJIbOBOI0 MPOXYKTY
5.2.1. O6rpyHTyBaHHsI BUOOPY TEXHOJIOTII BH/iJICHHS i OYHIEeHHS HATAMILMHY
Ha croroauimHii BiiloMa JOCUTH BEJIUKA KIJIBKICTh METOIIB BUILJICHHS 1 OYUIIIEHHS

HaTaMIMHY 3 KyJbTypaibHOi piguHu. llepeBakHa OUIBLIICTH TPOLECIB BUIIJICHHS
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aHTHO10THKA BUMAraloTh MTPOBEJICHHS Cepii €TariB 3 OUHUIIECHHS LLTHOBOTO MPOIYKTY, 1110 B
pe3ynbTaTi TPHU3BOAUTH 1O BHUCOKMX EKCIUTyaTaIliiHUX BUTpaT. Tak, JOHEmaBHA
BUKOPHUCTOBYBAJIMChH HACTYITHI METOJIU: BUIAIJICHHS HaTaMIIIMHY IIUISIXOM aJ1cOOITi/emroItii 3
BUKOPUCTAHHAM OyTaHOJy 1 ameToHy [53], BUCOIIOBaHHS HATAMIIUHY 3 KYJIbTypajabHOI
PIAMHU 3 TOJANBIIMM BUIAJICHHSIM pPO3UYMHHHMKA 1 BHUMaploBaHHSAM [54], BakyyMHe
KOHIIEHTPYBAHHS  BIAQUIBTPOBAHOT  KYyJIbTYpallbHOI  PIAMHUA 1S OTpPUMAaHHS
MPOTUTPHUOKOBOTO KOMITJIEKCY 3 HACTYITHUM BUIIJICHHSIM 3 HROTO HaTaMinmuy [55]. [Ipote
BapTO 3a3HAYUTH, 1110 3a3HAUYEHI METOAM € JOCUTh CKIIATHUMU y peatizallii y MpOMHUCIOBUX
MacmTabax, 3aydaroTh BEIUKY KiJTbKICTh OOJaHAaHHS, a TAKOX € 3aHAATO TPUBAIMMH Y
yacl. 3Ba)Kaloud Ha 1€, Hapa3l HalOUIbII MOIIMPEHUM 1 HabaraTo MPOCTIIIUM METOJ0M
BUJILJICHHS 1 OUMILICHHS HaTaMIIIMHY € eKCTparyBaHHsl OpraHiYHUM PO3UUHHUKOM, 30KpemMa
METAHOJIOM 1 130MPOIaHOJIOM.

BianoBinHO 10 XiMIYHOI CTPYKTYpH HATaMillMHY, MOJIEKYyJia aHTHO10THKAa MICTUTH
MaKpOIMKJIIYHE JIAKTOHHE KIJbLIE 13 Cepi€l0 KOH'IOTOBAaHUX IIOJBIMHUX 3B'A3KIB,
pPO3CTAllIOBAaHUX HANPOTU TIIPOKCUIBHUX TPyH, sSK€ 3B’s3aHE €PIpHUM 3B’SI3KOM 13
Miko3aMiHOBOIO rpymnoto [4]. Taka cTpykTypHa QopMylia HaTamiluHy BU3HAYa€ HOTO
PO3YMHHICTh Y OpPraHiuHUX PO3YMHHHUKAX. Tak, HaTaMIlMH € CJIa00PO3UYUHHUM Y BOJI1, HE
PO3YMHSIETHCS Y CIUPTax, eipax, apoMaTUUHUX 1 amiaTUYHUX BYTJIEBOIHSX, MPOTE J00Ope
PO3UYMHSIETBCS Y TIOJSIPHUX OPraHIYHMX PO3YMHHHUKAX, 30KpeMa METUJIIPOJIiIOHI,
mumetwicyiabdokeuai 1 T.4. 1lle onHiero 0coONMMBICTIO HaTaMIMHY € Woro amdoTepHi
BJIACTUBOCTI Y BOJHHMX pO3YMHAX, SKAa BHU3HAYAETHCS HASBHICTIO y MOJIEKYII
MoJlicaXapuaHoi Tpynu. 3aBAsSKH CBOIM aM(OTEPHUM BIIACTUBOCTSAM, PO3YMHHICTD
HaTaMILIMHY y HEPO3YMHHUX CHOJyKaX MO>KHA MIJBUILYBAaTH HUIAXOM MiABUIIEHHS a00
samkeHHs pH. 115 BmacTuBICTh BIITpa€e KIIFOYOBY POJIb Y MPOIIEcax eKCTPAKIlli HaTaMIITUHY.
S0 JuTsi eKCTpakIlii BAKOPUCTOBYBATH OPTaHIYHUN PO3YMHHUK, Y SIKOMY HAaTaMIiIlMH €
PO3YMHHUM, TO HaAall PO3YMHEHUIN HATaMINUH Oyae CKIAAHO BUIUIMTU 13 PEaKIiiHOi
cyMimi. Hanpotusary oMy, BUKOPUCTAaHHSI OPTaHIYHUX PO3UMHHUKIB, Y AKUX HATaMIIUH
HE € PO3YMHHUM, JI03BOJIsI€ MPU CHIIbHIN 3MiH1 pH cepenoBuia 3A1MCHUTH PO3UYMHEHHS
HaTaMIIMHY, a TPU MMOBTOPHOMY JoBeneHHI pH cepemoBuina a0 130€IEKTPUIHOI TOUKU
aHTUO10THKA CIIPUYUHHUTH MOT0 OCAKEHHS 1 KpucTaizaiito. J{is 311iMCHEHHS eKCTpaKIii

32 TaKOI CXEMOI0, TaKOX HEOOXiJHO, HI00 OpraHiuHMN pPO3YMHHUK TakoX OyB
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BOJIOPO3UMHHUM. ToMy, y mpoliecax eKCTpakilli HaTaMIIMHY OPTaHIYHUM PO3UMHHUKOM,
nepeBary HaJaroTh MPOCTUM OJHOATOMHHMM BOJOPO3UYMHHUM CIIUPTaM, Y SIKHUX HaTaMilluH
HE € PO3UNHHUM.

3aneXHO BiJl TOTO, SIKUA OPraHIYHMNA PO3YMHHHUK BUKOPHCTOBYETHCSA, TEXHOJOTIT
BUIUIEHHS 1 OYMINEHHA aHTUO10THKA MAIOTh CBOI BIAMIHHOCTI. PO3TJIsTHEMO AB1 TEXHOJIOT]
BUJIUICHHS HaTaMILMHY METOJIOM €KCTPaKIlli METaHOJIOM Ta 130IIPOIIaHOJIOM.

HaTaminuH 3 BUCOKUMU CTYyIIEHEM OYUCTKU MOKHA BUAUIUTH 3 KyJIbTYPaJIbHOI PIAMHA
3a JI0MOMOTI00 €KCTPaKIii METAaHOJIOM 32 YMOBU KOHTPOJIIO MOKa3HUKIB pH 1 TemnepaTypu.

Texuomoris 1 [56]:

1. BigaineHHs Oiomacw 1 KOHIEHTPYBaHHS KyJlbTypalbHOI piavHU A0 98% BMICTy

TBEPAUX PEUOBHH,;
Excrpakiis HaTaMiuHy METaHOJIOM MPOTIToM 3 roj;
[TinkucnenHs ekcTpakiiinoro cepenonuia a0 pH 2,4 npu t =4 C;
Bigminenns tBepaoi dasu;
OcamkeHHs HaTaMIUHY PO3YMHOM Tipokcuay Hatpito ripu pH 6,0 —9,0;
BigmieHHs kpuctaliiB HaTaMIIUHY;

[IpomMHBaHHS KpUCTaIiB HATAMILIMHY;

® N v kWD

CymuriHss.
[lepeBaru TexXHOOTII:
v’ TEXHOJIOTisS JO3BOJISSE€ BUALIATA HATaMIlMH i3 (pepMEHTALIHHUX CEPEIOBHII 3
KOHIICHTPAITIE€IO IJIBOBOTO MPOyKTYy Bix 2,0 1/11;
v’ HEBEIUKi BUTPATH METAHOJIY — CITiBBIHOIIECHHS KOHIEHTPOBAHOI KYJILTYPaIbHOI
piaunu 10 ekcTparenty 1:1,3;
v’ MOKJIMBICTH pereHeparlii METaHoJTy i #Oro OBTOPHOTO BUKOPUCTAHHS y CyMilIIi
3 BIATOHOM;
v MOXJIMBICTh KOHTPOJIIOBATH TPHBAIICTH IMPOLIECY €KCTPAKI[il HUITXOM 3MiHH
piBHs pH 1 TemmiepaTypu eKCTpaKIiifHOTO CePEIOBHIIIA.
Henomiku TexHosorii:
® YKUCTOTa BUAUICHOTO 1 OYMILEHOTO HATaMIIMHY y MEpepaxyHKy Ha Oe3BOJIHY

ocHOBY Bapitoe Bix 80 mo 90%;
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3HAYHI BTPATH HATAMIIUHY Ha €Tarl BIJAUICHHS TBEPO1 (a3u 3 eKCTPAKIIIHHOTO
CEpEIOBUIIIA;

BUKOPHUCTAHHS CHUJIBHUX KHCJIOT MOKE MPHU3BECTH JO KHUCIOTHOI MECTPYKIIii
HaTaMIiIMHY 1, IK HACJIJI0K, 3HIKCHHS BUXOAY 1 YUCTOTH IIJTLOBOTO MPOYKTY;
MOKJIUBICTh YTBOPEHHS METHUJIOBOTO €CTepy — MOOIYHOTO TPOIYKTY, SKUU
NEPEIIKO/KAE  TMOAATBIIOMY E€KCTparyBaHHIO HaTaMIlMHY 1 BIAMOBITHO
3HIDKEHHIO BUXOJTY IIJTOBOTO MPOIYKTY;

CYyXMI HaTaMILKUH MICTUTH 1,7% IOMIIIOK BiJl 3arajdbHOI Macu NPOAYKTY.

[Hma BucOKOE(EKTHBHA TEXHOJIOTISI BUIUIEHHS HATaMILMHY BHCOKOI SIKOCTI

Hepez[6aqae BHUKOPHUCTAHHA BOJOPO3YHMHHOI'O CKCTPAI'CHTY — i30Hp0HiJIOBOFO CIINPTY 3a

JY’)KHHUX 3HauyeHb pH, 10 BUKIIOYAaE MOXKIIMBICTh KUCJIOTHOI JAECTPYKIII Ta 1HAKTUBALIL

Hataminuuy [57].

Texuooris 2:

1. Bigmurenns 60ioMacy ;

. Jle3iHTerpartist KJIITHH;

[Tinmyxenns cepenonuina g0 pH 10-11;

Excrpakiis HaTaMinuHy 1301pONaHOIOM;

BrecenHs y peakiiiiiHy CyMilll aHTHOKCH/IAHTY;

[Tinkucnenns ¢inbrpaty 10 pH 6,5;

OcampkeHHs HaTaMIIUHY TPOTATOM 1-2 rox;

BignineHHs 1 npoMHBaHHS KPUCTAIIB HATaMILIMHY;

2
3
4
5
6. Bignutenns tBepaoi gasu cymimii;
7
8
9
1

0. CymriHHs.

[lepeBaru TexHONOrIi:

v
v

BIJICYTHICTh MOKJIMBOCTI KMCJIOTHOI IECTPYKIIIi Ta 1HAKTUBAILIIl HATAMILIUHY;
30epekeHHsl  CTaOUIBHOCTI ~ HATaMilIMHY  MPOTATOM  YChOIO  IPOLECY
eKCTparyBaHHSI,

MOJKJIMBICTh pereHepanii 1300ponaHoiay 1 MOBTOPHOTO BHKOPUCTaHHS HOTO
BIJITOHY Y HACTYIHHUX MPOLIecax eKCTPaKIIii;

JI0OJIaBaHHsI aHTUOKCHUJIAHTIB CIIPHUsE 30UIBIICHHIO BUXOy HaTaMiluHy Ha 0,2%;
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v/ YHCTOTAa BUJIJIEHOTO i OYHINEHOTO HATaMIlMHY Y TI€pEepaxyHKy Ha O€3BOIHY
OCHOBY CTaHOBUTH 98%.
[TincymyeMo mepeBard 1 HEIOJIKM TEXHOJIOTIA BUJIIJICHHS HATaMIllUHY METOJIO0M

eKCTparyBaHHs METAHOJIOM 1 130mponanoioM (tadim. 5.3).

Taomurg 5.3
ITopiBHSAHHSA TEXHOJIOTi BUAIJICHHS HATAMIIMHY
TexnoJioris 1 TexHouioris 2
IIpocroTa TeXHIYHOI peai3alii mporecy v v
TpuBasicTh npoiecy v v
Bapricts ekctparenty 3a 1 m* 37,8 rpH 36,3 rpu
Perenepailist eKCTpareHTy v v
BincyTHicTh HMOBIPHOCTI KUCIOTHOI NECTPYKIIIT MPOIYKTY - v
BincyTHicTh MOOIYHUX MPOIYKTIB MPU €KCTPAKIT - v
BincyTHICTh BUCOKOTO BMICTY IOMIIIIOK Y TOTOBOMY MPOYKTI - v
Bucoxka urctoTa NpoIyKTy y mepepaxyHKy Ha O€3BOJIHY OCHOBY - v

*[1inu ctanom Ha TpaBeHb 2020 p., mxepeno https://www.systopt.com.ua

OTxe, BUKOPUCTAHHS TEXHOJOTIl BHUAUICHHS 1 OYMIICHHS HATaMILMHY HUISIXOM
EKCTparyBaHHs 130MPOIUIOBUM CIUPTOM € HECKJIATHUM Yy peaiizailii MmpoIecoM, sKui
BUKJTFOYA€ MOXKJIMBICTH JlecTadimi3alii 1 AeCTPYyKIii MPOIYKTY IMiJl 4Yac WOTO BUIUICHHS Ta

A03BOJIsI€ OTPUMYBATHU HaTaMiHI/IH BHCOKOI'O CTYIICHA OYMUIICHHAI.

5.2.2. BuOip cnoco0y BiaaiieHHs1 0ioMacH 3 KyJbTYPAJbHOI PIAMHA
i BizmoBigHOTO 00,1aJHAHHSA

[licns mponecy O10CHHTE3y KyJbTypaJlbHa piIMHA MICTUTh LUIBOBUNA MPOAYKT —
MO3aKJIITUHHUM  aHTUOIOTUK HATaMIlMH, TICEBIAOMIIEMAIbHY Macy MpOayIeHTa
S. natalensis NRRL2651, netpur KIITHH, 3aJMIIKH ITOXXUBHOTO CEPEIOBHUINA, a TaKOXK
MNPOAYKTH MeTabodi3My MpOAyLEHTa. 3Ba)kaloud Ha Te, M0 HaTaMmilluH €
BHYTPIITHHOKJIITHHHAM METa0O0IITOM, CIIOYAaTKy HEOOXIMHO BIIAUIMTH KIITHHHY Macy 3
KyJbTypaiabHOI piauHu. Lle MOXIuBO peanizyBaTH crnocoOOM riIMOMHHOI (iabTparlii abo
HEeHTPUYTYBaHHS KYJbTYPAJIbHOI PIAMHH.

IloBepxHeBa ¢inbTpanis. [Ipomnec GimbTpyBaHHS KyJIbTYpaIbHOI PiIMHA 06a3y€ThCS
Ha 3aTpUMIIl KJITUHHOI MacH Ha MOPHUCTIH (UIBTPYBalbHIN meperopoiii. Y mpoiieci
binpTpanii mig yac pyxy Olomacu y HamipHOMY KaHall (UIbTPYBAJIBHOTO €lIeMEHTa
BiI0OYBA€ThCS KOHIIGHTPYBAHHS AMCIEPCHOI (ha3u KyJIbTypajbHOI PIIMHU 32 PaxyHOK

BUJAJICHHS YacTKM BOJM 3 PO3YMHEHUMHU Yy HIA pedyoBuHaMH. Tak, dyepe3 MOpHU
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GIIBTPYBANBHOTO €JIEMEHTa MPOXOAUTh KyJbTypadbHa piAUHA, KA MICTUTH MPOTYKTH
MeTaboMi3My, 3aJMIIKA TOXXMBHOTO CEPEJOBHINA Ta 1HIN PO3YMHEHI PEYOBUHH,
yTBOPIOIOYM (PiIbTpaT, a Ha TMOBEPXHI (UIBTPYBAIBHUX €JIEMEHTIB HAKOIMUYYETECS
peTeHTaHT — Oiomaca 1 3aBuciai 4acTku. [Ipore, Takuii crmoci® BijauieHHS OioMacu
NOB’SI3aHUM 13 HAIIapyBaHHSIM PETEHTAHTYy Ha MOBEPXHI (UIBTPYBAIBLHOTO EJIIEMEHTA,
30UTbLIEHHSIM MHUTOMOIO OIOpPY €JeMEHTa 1, SK HacliJ0K, 3HWKEHHSM IIBHJIKOCTI
MPOXO/HKEHHS PIAMHU uepe3 QuibTp. Tomy, /Ui MIABUIICHHS MIBUAKOCTI (iUIBTPYBaHHS
KyJbTYpaJIbHOI PIIMHU 1i MONEPEIHbO 0O0POOIIAIOTh KUCIOTaMHu abo coyisiMu. JloaBaHHS
TaKUX PEYOBUH MOKE MaTH HETaTUBHUI BIUIMB HA CTA0UIBHICTh HATAMILIMHY 1 CIPUATH MOTO
YaCTKOBIWA JECTPYyKUli. Bk TOro, BUKOpUCTaHHS (PIbTPYBaJbHUX YCTAHOBOK BHMAarae
MEep10IMYHOTO OHOBJICHHSI BUTPATHUX MaTepialliB — (PUIBTPYBaIbHOI TKAHUHU, KapTPUJIKIB
TOIIIO, III0 JTOJIA€ JI0 BAPTOCTI 3aralbHUX EKCIUTyaTal[liHUX BUTpAT.

MemOpanna (riim0unHa) ¢inbTpanis. 3acTocyBaHHsS MeMOpaHHOI (iIbTparlii, a
came MikpoduIbTpallii, 103BOJsE €(PEKTUBHO BIAUIUTA KyJIbTYpPaldbHY PIAMHHY BIJ
Olomacu Ta 3aBUCIUX TBEPAUX YacTOK. [I[poTe OCHOBHMM HENOJIK AAHOTO CMOCcOo0y € Moro
HEBHCOKA IIBHJKICTh. 3BaKalOUM Ha BEJUKI 00 €MU KyJIbTYpajdbHOI pITUHU, SKY
OJIEPKYIOTh MICHS BUPOOHUYOTO OIOCHHTE3Y, 3aCTOCYBAHHS MIKpOQUIbTpaAllil y JaHOMY
BUITAJIKY € HE PalliOHATILHUM.

HenrpudyryBannsa. HaiigominpHimuM crocoboMm  BiIaUIeHHS  Olomacu 3
KyJbTYpalbHOI PIIUHHU € HEeHTpU(yryBaHHA — OCAKCHHS 3aBUCIHMX TBEPAUX YACTOK Y
piauH1 y o1 i1 BIAUEHTpoBUX cuil. [Ipunimn Aii neHTpudyr 3arajoM moysirae y Tomy, o
reTeporeHHa KyJIbTypalibHa PiAMHA HAIXOAWTh Y POTOP UEHTpU(DYTH, Y SKOMY piIuHA
YTBOPIOE KuJIblle 17151 po3auieHHs (a3, Tak, y moi aii BIALEHTPOBUX CUJI JUcIiepcHa ¢asza
KyJIbTYypaJIbHOI PIIMHH, fIKa Ma€e OUIbITY TYCTHHY — 0l0Maca, BiIKHIA€ThCs 10 nepudepii
Ta OCiJla€ Ha CTIHKaX poTopa LEHTPU(YTH, a MOTIM BHUBAHTAXKYETHCA Yy PYyUYHOMY abo
aBTOMaTUYHOMY pexkumi [60].

Bapro 3BepHyTH yBary Ha Te, 110 OUIBLIICTh HEHTpU(DyYr nmpu3HaueHo A 0OpoOKU
PIIMH 3 TO0CTaTHHO BUCOKOK 00’ €MHOIO KOHIIEHTpalli€r auctepcHoi paszu — w = 5-30%.
BpaxoByroun Te, mo KymnbTypaidbHa pimuHa Streptomyces natalensis NRRL2651 micns
npotecy 0iocuHTe3y MicTUTh 0n3bK0 0,42% 6iomacu 1 0,3% HaTtamiluHy, TOOTO € HU3BKO

KOHIIEHTPOBAHOO, JOLLUIFHO BHKOPUCTOBYBAaTH IEHTPU(DYTU-IEKAHTEPU — LEHTPUPYTH
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ocamkyBanbHOoro Tumy aii [58]. Taki neHTpudyru 103BOISAIOTH peaizyBaTH BOJIHOYAC JBA
MPOLIECU: OCBITJICHHS 1 BIJAUICHHS BiJl KyJIbTYpaJbHOI PiAMHU TBEepAOi (a3u — Giomacu,
HEPO3YMHHHX YaCTOK, 3THIIKIB TIOKUBHOTO CEPEIOBHUIIIA.
[lepeBaramu ocaaKyBaJbHUX HEHTPUDYT €:

v’ BiguigeHus apiOHOI aucrepcHOi a3y 3 KyJbTypallbHOI PiIMHU BigOyBaeThes 6e3
HEOOX1THOCTI MOIePeIHhOI 0OPOOKH P1IVHH;
OCBITJICHHS KYJIbTYypajibHOI PIAMHY;
MO>KJIMBICTh ABTOMATHYHO1 PETYJIALIT IBUAKOCTI pOOOTH MIIIAJIKH;

BHCOKa IIBUJIKICTh cenapariii KyJbTypaJbHOI PIIUHY;

NS NEENEEN

BIICYTHICTh BHUTpPAaTHUX MaTepiamiB (Hampukiaza, (uIbTpyBasbHAa TKAHHMHA,

KapTPUJIXKi, TUIACTUHH TOLIO);

<\

BOJIOTICTh Ocady miciis eHTpudyryBanHsa ctaHoBuTh 10-30%;

<

IOTEPEIPKEHHS! MOJKJIMBOCTI KOHTaMiHallli TMPOIYKTY 3aBISKH IPOXOJKEHHIO
npouecy HeHTpU(yryBaHHS y 3aKpUTIH KOHCTPYKLIT;
v’ OeslepepBHHil ABTOMATHYHHUN PEXHUM POOOTH HMEHTPU(PYTH 3BOAUTH JO MIHIMYMY
HEOOX1HICTh KepyBaHHS MTPOLIECOM JOUHOIO.

TakuM YMHOM, BUKOPUCTaHHS LEHTPUPYTU-IEKaHTepy I BiAJUIEHHS OloMacH 3
KyJIbTYpajabHOI PIIUHU JI03BOJISIE€ CEMapyBaTH PIAMHY Ha JAB1 (pakxiiii 6e3 3acToCyBaHHS
MOTIEPETHBOT 0OPOOKHU PITMHU KUCTOTaMU a00 HEOPTaHIYHUMH €JICKTPOIITAMU, SIK1 MOXKYTh
COPUATH 1HAKTHBALli a00 YacTKOBIM JECTPYKIlI HaTaMilMHY. TakoX 3aKpUTHH TUI
KOHCTPYKIIi cripusi€ OLIBIIIHN TIr€HIYHOCTI MPOIIECY, OCKUTBKM Taka KOHCTPYKIIiS anapary
nonepekae pU3MKA KOHTaMIHAIlli JOBKULIS KIITHHAMH OilosioriyHoro areHta. He meHn
BAXKJIMBOIO NIEPEBAro0 LHEHTPUDYTH € 1i EKOHOMIUHICTD, 110 3a0€3MeUy€eThCs peai3alli€ero
TakuxX (aKkTOpiB: IMIBUIAKANA 1 BUCOKOCHEKTHMBHUN Tiepedir mpoiecy cemnapyBaHHS 1
OCBITJICHHS KYJbTYpPaJIbHOT PIIMHU 3HUKYE 3arajibHi eKCIUTyaTalliiHi BUTPATH, BIICYTHICTh
BUTPATHUX MaTepiajiiB MO3UTUBHO MMO3HAYAIOTHCS HA COOIBAPTOCTI MPOAYKTY.

Jlnst BiggieHHss 6ioMacu 3 KyJlbTypaldbHOI PIIMHU TependadaeMoO BUKOPHUCTAHHS
neHtpudyru-gexkantepa ¢ipmu Flottweg cepii Z moaeni C7E NpoayKTHUBHICTIO 10
10 »m*/ron (xpaina-BupoOHuk — Himeuunna) [59].

Hentpudyra-nexkantep — 1€ CIeliaibHA €MHICTb 3 OOEPTOBUM IITHEKOM JIs

ocaKeHHs yacTUHOK. [1if miero cunum TsokiHHS 6i0Maca, TyCTHHA SKOi Oiblla 3a TyCTUHY
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piaWHY, OCi/la€ HA JHO EMHOCTI, YTBOPIOKOYH OCaJ0BUi 1mIap. Takum ynHOM, y eHTpudy3i
B1IOYBAETHCS PO3AUICHHS TBEPAOI 1 pinkoi (a3 mix aiero BiAEHTPOBUX cui. Y OapabaHi,
10 00epTaeThCs, il BIUITMBOM BiIIEHTPOBOI CHJIM TBEPAl YACTHUHKH, SKI Bakue PiAUHH,
nepemimaTbes a0 mnepudepii O0apabana. BoHM yTBOpPIOIOTH Mmap ocamy Ha WOTO
BHYTpIIIHIA moBepxHi. OCKUIbKY BIIIEHTPOBA CUJja B LIEHTPU(Y31 CTAHOBUTH MPUOIU3HO
3000 x G, moaia reTepOreHHuX cyMiied y neHTpudysi Big0yBaeTbcst Habarato mBUIIIE 1
edexTuBHImIE [59].

[Ipuniun poGotu ueHTpudyru-IeKkaHTepy mnossrae y HactrynHomy. KynbTypanbHa
piaIuHA TIABOAWTHCS Yy 3aBaHTAXYBAJIbHY 30HY IIIHEKa dYepe3 IEHTPaIbHY TpPYOy.
KynpTypansHa piguHa HaOupae MIBUAKOCTI 00EpTaHHA Yy IIAJHOMY PEXHMI y HAMpPSIMKY
oOepTaHHs ITHEKA 1 HAJIXOJIUTh Yepe3 OTBOPHU B KOPITYCl IITHEKA y IMITIHAPUYHUIN OapabaH.
[IIuex paexaHnTepa OOEPTAETHCA 3 HIDKUOK JIU(PEPEeHIIATbHOK MIBUAKICTIO BIJIHOCHO
IIBUIKOCTI OapabaHa 1 MpocyBae OCaKeHy TBepAy a3y B HANMPAMKY KOHIYHOI YaCTUHU
Oapabana. J{ludepeHniianbHa MIBUIKICTh BU3HAYAE yac iepeOyBaHHs ocaay B 6apabani. Yac
nepeOyBaHHs TBepJioi (a3u B OapabaHi € OCHOBHUM (haKTOPOM, SIKMUM BU3HAYAE CTYMiHb
3HEBOJIHCHHSI MPOAYKTY. Y OapabaHi KyJbTypasibHa piMHA y TOJ1 i BIAIICHTPOBUX CHII
pPO3NOAUIAETCS MO BHYTPIIIHINA CTiHII Oapa®aHa, yTBOPIOIOYM KOHLEHTPUYHHI IIap.
biomaca ocimae mij BIUIMBOM BiAIIEHTPOBOI CUJIM Ha BHYTPIIIHIN MoBepxHi Oapabana.
3BUIbHEHA BiJ] 010MacH KyJIbTypalibHA PiAMHA CTIKAE JI0 MIJIIHAPUYHOT YacTUHH OapabaHa i
BHUXOJIMTH Y€PE3 OTBOPU HA HOTO KPHIIIIi. Y IUX OTBOPAX 3HAXOATHCS 3aTBOPHI MPUCTPOI,
3a JIOTIOMOT OO SIKUX BCTAHOBITIOETHCS PIBEHb IIAPY PiIMHU («TIMOMHA CTaBKay) B OapabaHi.
OtpumaHuii ocaj ImiJa BITTMBOM BIiJIICHTPOBOI CHJIM HAIAXOAUTh Y HEPYXOMY Kamepy i

BUAAJIIETHCA CaMOIIJIMBOM.

-

- _|

‘B |

Puc. 5.1. Cxema po60TH, 30BHIILIHINA BUTJIS Ta rpadiyHe NO3HAYECHHS Ha anapaTypHii
cxemi neHTpudyru-aexantepa [59]
5.2.3. Bubip cnoco0y ae3inTerpamii KJIiTHH NPOAYyLEHTA
OCK1TbKM HaTaMILMH € BHYTPIITHbOKIITHHHUM METa0oJ1TOM, sl BUIAIJICHHS HOTO 3

Olomacu mpoAylleHTa HeOOXiMHA ne3iHTerpailis KIThuH. biomaca Streptomyces natalensis
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CKIIQZIAEThCS 31 CKYMYEHHS HHUTOK (HUTKOIMOMIOHOTO MIIENi0), SIKE MOXKE YTBOPIOBATH
KoHTIIoMepaTH. [le3inTerpaiiis 6ioMacu cipuiuHs€e (GparMeHTaIiio0 MIIETiI0 MPOIYICHTA 1,
SIK HACJTI0K, JTII3UC KJIITHH, BUBLILHEHHS 1 PO3YMHEHHS iXHIX CKIaA0BuX. s ne3inrerpariii
KJIITUH BUKOPUCTOBYIOTh TaKi CIIOCOOM: TerioBa 00poOka, 3Mina pH cepenopwuina, o6podka
O0iomacu QepmentHumu mnpenapatamu abo ITAP [61]. OcHoBHUM KpuTepieM BHOODPY
crocoOy ne3inTerpailii 0ioMacH € BiICYTHICTh HETaTUBHOTO BIUIMBY Ha IUJIBOBUI MPOJYKT
— HaTaMinuH. Y OUIBIIOCTI BUMAIKIB, HATAMIIIMH € CTAa0lILHOIO CIIOJYKOIO 1 HE 3a3HAE
3HAYHUX BTPAT aKTUBHOCTI. PO3rissHeMo HaHO1IbII 11aTH1 TEXHOJIOTIT Je31HTerpamii KIITHH
MIPOIYIICHTA.

3mina pH cepenoBuma. /loBenenns pH kimituaHOI cycrniensii g0 piBHs Big 8 g0 10 1
BUTPUMKA CyCHEH31i 3a 3aJ1aHOTO JIy>kHOTo pH mpoTsirom 4-8 roj1 € 0JTHUM 13 HAUTIPOCTIIITUX
1 EHEepProouagHUX CIOoCO0IB peanizallli Ji3ucy KITHH. HemonikoM naHoro crnocoly € Te,
[0 JIOBrOTpUBAJia BUTPUMKA KIIITHHHOI CYCINEH3li 3a BUCOKOro 3HaueHHs pH crpuse
YaCTKOBIA 1HAKTHUBAIlll HATAMIIMHY y JY>KHOMY CEpEOBHII, III0 MOXE MPHU3BECTU JO
3HIDKCHHSI BUXO/TY IIUTEOBOTO MIPOIYKTY 1 3MEHIIIEHHS HOTO YHCTOTH.

O0podxa d¢epmentnumu npenapatamu i IIAP. OOpobOka depmMeHTHUMHU
npenapataMu mnependadae pywMHYBaHHSI KJIITUHHOI CTIHKM MPOJYIIEHTAa 1 PO3UYMHECHHS
OTpaHIYHUX MOJIMEPIB Mij Mi€0 TakuxX (EPMEHTIB fK: JI30IMM, KCUJIaHa3a, Ieroasa,
mpoTeasza, TJIIOKOHA3a, Jima3a 1 aminasza. Jle3iHTerpariro KIITHH TaKOX 3I1MCHIOIOTH
HUIIXOM  JIOJaBaHHS Yy  KIITUHHY  cycnensito  IIAP,  3okpema  cmomiyk
OKTHJI(EHOKCHUTIOIETOKCHETaHONMy Y HeBHCOKii kouueHtparii 0,01 — 1%. Hegomikom
JAHOTO CIIOCO0Y € TPUBAJIMI Yac BUTPUMYBAHHS — OJU3bKO 24 T0J1, HEOOXIAHICTh MIA00PY
ONTUMAJILHOTO CKJIaJy KOMIIOHEHTIB (hepMEHTHOro mnpemnapary i komiuiekcy ITAP 3amis
JOCSITHEHHSI MAaKCUMAJIbHOTO PIBHS J€31HTErparlii KJIiTHH.

TemsioBa o0poOka. Burpumka KIITUHHOI cycneHsii mpu Temmeparypi 30-50 °C
MPOTATOM 1-8 TOJ CIpUYHHSIE JT13UC KITITUH MPOAYIIEHTA 1 BUX1]] METa0OITY Y CEPEIOBUIIIE.
Taka Temneparypa He YMHHUTH BIUIMBY Ha aKTHBHICTh HaTaMminuHy. Croci® € mpoctum y
amapaTypHiil peaiizallii, OCKUIbKA TPOIIeC MOXKHA 3JIMCHUTU y Oyab-IKOMY 301pHHKY,
oOnagHaHOMY TMapoOBOIO copoukoro. Hemomikom maHoro cmocoOy € Te, 10 BUTPHUMKA
KJIITUHHOI cycrien3ii mpu Temmneparypi Buiie 50 °C mpu3BoauTh 10 QIOKYJIALIT 1 KoaryJsiii

Olomacwu, 10 MEpenKopKaTiMe e(PeKTUBHIN cemapallii MiTLOBOTO MPOAYKTY 3 OioMacH.
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Tomy, nnst yHukHeHHA (IOKyJSAIii 1 Koarymsmii OlomMacH, TEeIIoBy OOpOOKy ciif
3MidCHIOBaTH MPOTIroM 3 rox 3a temmeparypu 45 °C. OCKiIbKM AE3IHTETpaliio KIITHH
IPOBOJISATH 32 HEBUCOKOT TEMIIEpaTypH, 1€ yCyBa€ HEOOX1THICTh OXOJIOKEHHSI KIIITUHHOT
CyCIIEH31i 0 ONTUMANIbHOT TeMIIepaTypH.

3BaKarouM Ha NPOCTOTY peadizailii AaHOTO CIOoco0y, I Je3lHTerparii KIITHH
oOupaemMo crocid TernoBoi 0OpOOKU KITUHHOI cycneH3ii. OCKiIbKY, HACTYITHUM €TaroM
BUJIIJICHHS HATaMILMHY € €KCTPaKIlisg OpraHIYHUM PO3YMHHUKOM, TO MEPEJ LIUM MPOLIECOM
BUTPMMaHy 3a BCTAaHOBJICHOIO TeMIIEpaTyporo Olomacy MiIykKHIOTh A0 pH — 9.
Bceranosnienns nanoro piBHs pH BogHOYAC cipusie JII3UCY KIITHH 1 3MILLY€ 130€IEKTPUUHY
TOYKY HATAMIIMHY ISl HOKPAIIEHHS HOr0 PO3YMHEHHS Y OpraHIYHUX PO3YMHHUKAX [12].

OcCKUIBbKH B1JICOTKOBUM BMICT a0comoTHO cyxoi 6iomacu (ACB) y KynbTypanbHIl
pinuHi ckianas 0,42 mac. %, a BOJOTOBMICT KJIITUHHOI Macu cTaHoBHB 0,85 (4acTka), 00’ eM
BOJIOTOT'O OCajy, IKUW JIE31IHTErPYIOTh CTAHOBUTH Onu3bko 119 1. Bapto BpaxyBatu, mo y
HACTYITHOMY €Talll BUJUICHHS HAaTaMIlMHY Yy PEakiiiHy CyMIIl MOJAal0Th 130MPOINaHONI Y
CIIBIAHOIIIEHH] eKcTpareHTy ao 6iomacu 0,2:1. Takum yrHOM, 3arajqibHUM 00’ €M peakIiiHol
cyminr ckinagatume 129 n. Tomy ans aesinTerpaiii KIITHUH niependadyaeMo BCTAHOBJICHHS
peaktopa-3mimryBaya ¢pipmu WENZHOU L&B FLUID EQUIPMENT CO., LTD (xpaina-
BUpoOHuK — Kurait) 06’emom 0,16 m°, rabGaputni posmipu (Mm): d = 600; h = 1200;
oOnagHaHUI COPOUYKOI0, MIMIAJIKOO JIOMATEBOTO THITY, MBUAKICTh MepeMilnyBaHHs 10 S50
00/xB, MaTepian — HepkaBitoua ctanb AISI-304, ASTM.

Jlist mporieciB  BUIIJICHHST HATaMillMHYy, 30KpemMa JUisl Je3IHTerparii KIITHH 13
HACTYITHOIO EKCTPAKII€I0 aHTUOIOTHKA OPraHiYHUM PO3YMHHUKOM, HEOOXIIHO JOBECTH
piBeHb pH cepemoBuia 10 CHIBHONYXHOTO. J[s1 TimTy>)KHEHHSI BHKOPHUCTOBYIOTH TaKi
pEareHTH SK: TIAPOKCUIN HATPIIO 1 KaJlito, a TAKOXK KapOOHATH HATPIIO 1 KO,

[TopiBHSIEMO BapTICTh KOKHOTO MIAJTY>KHIOBAayYa 3a 1 Kr 1 iXHIHA CTyHiHb PO3YMHEHHS Yy

OpraHiYHUX PO3YMHHHUKAX (Tada 5.4.).
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Taomung 5.4.

IHopiBHSIHHSA MiATYKHIOBAYiB

IMinmyxxuar0uay BapricTs 3a Po34uuHHICTH Yy OpraHivHUX PO3YMHHKAX
1 kr*
Hartpiit rinpokcun 23,4 JloOpe po3unHHMK Y METaHOJIi, €TaHOi, 130TPOIaHOI, HE
PO3UMHHUI €TOKCUETAaH1
Kauiii rigpokcun 39,0 Po3unnnii B cimprax npu temiepatypi +28 °C
Hartpiii kapGonat 9,9 Hepo3unHHuuii B €TaHoIi, METaHoJIi, 130MPONaHoi
Kauniii kapbonar 34,5 Hepo3unHHuuii B €TaHoIi, METaHOJI1, 130MPONaHoIi

*[1igu ctanom Ha TpaBeHb 2020 p., mxepeno https://www.systopt.com.ua

Haiinemesium BapianToM € HaTpiit kapooHat. OCKUIBKH y TIPOLIEC €KCTparyBaHHs y
peaKiiitHy CyMiIl MOAA0Th 130MPOMIJIOBUI CIUPT, TO, 3BaYKAIOUX HA HEPO3UYMHHICTh HATPIIO
KapOOHaTy y CUpTax, JaHa PeYOBHMHA MOXE BUIIAJAATH B OCaJ, IO € HEOaKaHUM SBUIIEM.
Tomy, kpamuMm BHOOpPOM € MiJUTY>KHIOBaYl, SIKU J100pe PO3YMHSIOTHCS Yy CIHUPTaX:
rigpokcu]l Hatpito abo kamiro. Kamiil rigpokcua € mMaike BIIBiYl JOPOXYUM 33 HaTpii
rigpokcul. ToMy HalO1IbII BUT1THUM BapiaHTOM € BUKOPUCTAHHS HATPIIO TIAPOKCHUTY s
M1TYKHEHHS PEaKIiHOro cepeIoBUINA JIJIs BUIIIICHHS HATaMIIUHY .

5.2.4. Buoip cnoco0y ekcTpakiii HAaTaMillMHY I BiAMOBIAHOT0 00JI1aITHAHHA
st 3abe3nedeHHs CTaOUTLHOCTI HATaMilUHYy Y PpO3YWHI, a TaKOXX YHUKHEHHS
MOJIUBOCTI KHUCJIOTHOI JECTPYKLIi aHTUOIOTHMKA, NPOLEC EKCTPaKIii HaTaMILUHY
MPOBOSTH Y JIy’)KHOMY CEpEIOBHIIII.
ExcTpakiiro y Jy)XHOMY CEpEOBHINI MPOBOJATh TPH BUKOPUCTAaHHI TaKUX
BOJIOPO3UMHHUX OPTraHIYHUX PO3UYMHHUKIB SIK: METaHOJ, H-TPOMAHOJ, 130MPOIaHOI,

teptparigpodypan [57]. [lopiBHSIEMO BapTICTh | 71 KOKHOTO 3 €KCTpareHTiB (Tadm. 5.5).

Tabmums 5.5
IlopiBHSIHHA BAPTOCTI EKCTPATeHTIB
Excrparent BapricTs 3a 1 a*
Meranoin 37,8
H-nponanon 68,0
[3onponanon 36,3
Terparinpodypan 2580

*[1inu ctanoM Ha TpaBeHb 2020 p., mKeperno https:// www.systopt.com.ua

O4eBUIHMM HEIOJIIKOM BHUKOPUCTAHHS TeTpariipodypaHy € Horo BUCOKa BapTiCTh,
0 pOOUTH 3aCTOCYBAaHHS IILOTO €KCTPAreHTy 3a HAsSBHOCTI OLIbIN JICIIEBUX BapiaHTIB

HEAOUITbHIUM. HemomkoM BHKOPUCTaHHS METAHONY IS €KCTpakiii € yTBOpPEHHS
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HeOaXaHOT0 MOOIYHOTO MPOIYKTY — METHIJIOBOTO €CTepy, KM HETaTUBHO BIUTUBAE Ha
BUXI1]] HATaMIIIUHY.

BukopuctanHs H-IPOMAaHOMY 1 130MPOMAHOY JUIsl €KCTPAKIi y JTy>KHOMY CepeIOBUIIII
MaloTh OJHAKOB1 BIAacTUBOCTI. lIpoTe, MOpPiIBHIOIOYM BapTICTh JAaHUX POIYHMHHHUKIB,
130MPOMNAHOJ € BJBIYI JICIIECBIINM, III0 POOUTHh HOTO 3aCTOCYBaHHS O1IbIII €KOHOMIYHHM,
aHK BUKOPHUCTaHHS H-MponaHoiy. Tomy, JUisl €KCTpakiili HaTaMIKMHY Y JIYKHOMY
CepeIOBHILI HAMAOIIbHIIIE BUKOPUCTOBYBATH CaM€ 130IPOILIOBHM CIIUPT.

TexHouorist ekcTpakili HaTaMIUHY 130IPONAHOJIOM 3aKJIIOYAEThCS Y HACTYITHOMY.
[Ticnst moBeIeHHS peakIiiHOl cyMillll O HEOOX1THOTO 3Ha4YeHHs1 pH, y peakTop moaarTh
TOBAapHUM 130MPONIJIOBUI cnupT 13 po3paxyHKy 0,2 00’eMy ekcTpareHTy g0 1 00’emy
Olomacu. Jlyis yHUKHEHHS OKHCHEHHS HaTaMIllMHY, Y peakIliiHy CyMIll [T0Jai0Th
AHTUOKCUIAHT — epiTopOaT HATpil0 3arajbHOI0 KUIbKICTIO 0,5 kr. Cymiml nepeMilyroTh
MPOTATOM 2 TOJI.

Excrpakiito HaTamilHy 3A1MCHIOIOTH Y TOMY K€ peakTopi, /i€ 1 IPOBOIWIH
JE31HTErpaIlito KITHH.

ITicnst ekcTpakiii OpraHiYHUN EKCTPAaKT HaTaMIIMHY HEOOXiJHO 3BIIBHUTH BiJ
BIINPAllbOBAHOTO JI€3IHTErpary KITHH. PeakuiiiHa cymim micis OpoLecy eKCTpakIli
MICTUTh PO3YMHEHUHN Y 130MPOMAHOJI HATaMIIMH 1 J130BaHl KIITUHU — JpiOHOAUCTIEPCHI
TBpEJl YacTOYKH, SKI yTBOPIOIOTH KayjamyTH1 3aBuci. Jlyisg Toro, mo0 cemapyBaTu
BIJINIpalbOBaHy 010Macy BiJl PO3YMHY HATaMILMHY, BAKOPUCTOBYIOTh TEXHIKY CEMapyBaHHs
CyCIeH31{ 3a rpaBiTalliiHUM TpagieHToM. JlaHa TexHika 0a3yeThCsi HA TPHUHIIUII, IO
YaCTOYKH PI3HOI TYCTUHHU 1/a00 po3MIpy MOXKYTh OYyTH BIJOKPEMIICHI, KOJH III YACTOUYKH
PI3HOI TYCTUHU 1/a00 po3Mipy MiJAI0ThCS CUJIl TSHKIHHS a00 PIBHOLIHHUM cuiiaM. Takuid
BUJI CEMapyBaHHsS CYCIEH31H 3MIMCHIOIOTh Y aOCOPOIIHHNX KOJIOHAX BUCXITHOTO MOTOKY,
T1POLMKIIOHAX, a00 0CAKYBAJIbHUX HIeHTpudyrax [61].

Henonikom BukopuctanHsi aOCOpOLIWHUX KOJOH BHCXIHOTO TIOTOKY € Maia
NPOAYKTUBHICTb, IO MOB’SI3aHO 3 THUM, IO III YCTAHOBKM HE MPHU3HAYEHI JUIsI 0OpOOKH
BEJIMKUX OO’€MIB CYyCHEH31i, OCKIJIbKM BOHM 3a3BUYall BUKOPUCTOBYIOTHCS IS
71a00paTOPHUX II1JICH.

HenonikoM BUKOpPUCTAaHHSI TIAPOIMKIOHIB € HHU3bKa €(QEKTHUBHICTh BUIYyUYCHHS

dpakiiii 9acTOK 3 PI3HOI0 AUCHEPCHICTIO. TakoX y TIAPONUKIOHAX Yepe3 1HTCHCHBHE

73



NepeMillyBaHHs y HIDKHIA YacTWHI KOHYCY amapary MiABUINYETbCS WMOBUPHICTD
BUHECCHHS IPIOHUX YACTOK, 10 MOKE MPU3BECTH JI0 3HAYHUX BTPAT IITLOBOTO MPOIYKTY.
Takux HeMOMKIB 1M030aBiaeHI OCAKYBaIbHI IHEHTpUGYTH Oe3nepepBHOI  ii.
OcHOBHMMH TIepeBaraMM JaHUX KOHCTYKI[IH € BHUCOKOC(HEKTHBHE BWIYYCHHS
JIPIOHOAUCTIEPCHUX YACTOK Y BIIIEHTPOBOMY I10JI1, MOXKJIMBICTh PEryJIIOBaHHS MIBHIKOCTI
obepTaHHs poTopa I MiI00pYy HAHONTHUMAJBHIIIOINO PEXKHMY CElapyBaHHs CYCIEH3II,
Oe3nepepBHUIl aBTOMATHYHUN PEXUM pOOOTH HEHTPU(YTH CIIPOIIY€E MPOLEC BUAATICHHS
ocajay 1 3BOJAUTH J0 MIHIMYMY HEOOX1AHICTh KEPYBaHHS MPOIECOM JIOIUHOIO [60, 62].

Tomy, nns BiAAUICHHS BIANPAIbOBAHOI OloMacu 3 €KCTPAKTy HaTaMiluHy
nepeadayaeMoO BCTAHOBJIEHHS MUIOTHOI aBTOMAaTUYHOI OCAKyBaldbHOI UEHTPUPYTU
oesnmepHOi il ¢ipmu Lemitec momeni MD 100-Sn mpoaykrtuBHicTio 10 200 51/ron 3
MaKCHMAJIbHOIO MIBUJKICTIO 00epTanHs poTopa — 10 10 000 06/xB.

5.2.5. Bu0ip TexHO0J10ril KOHIEHTPYBAHHS PO3YMHY HATAMILMHY
i BiZmoBigHOTO 00, 1aJHAHHSA

[licns BIAAUIEHHS BIANPAlbOBAHOI OlOMAacH OTPUMaHWl OPraHiuHUNA EKCTPaKT
HaTaMIIMHY HEOOX1THO CKOHIIGHTPYBATH 1 OYUCTUTH BiJ CYITYTHIX JOMIIIOK — OaJIaCTHUX
PEYOBHH.

KoHlleHTpyBaHHSI €KCTPAKTy MOXKHA 3[IACHUTU NIJISXOM BaKyyM-BUIIAPIOBaHHS a00
MeMOpaHHOro GiabTpyBaHHS. TEXHONOTIS BaKyyM-BUIApIOBAHHS JI03BOJISIE OTPUMYBATU
BHCOKOKOHIIETPOBAaHI  CTaOUIbHI  €KCTPAKTU TEPMOJIAOUIBHUX PEYOBHH, 30KpeMa
HataminuHy. CyTTE€BHM HEIOJIIKOM JAHOTO CIIOCO0Y € HEOOXIAHICTh MOJAIbINOI OUUCTKH
OTPUMAHOI'0 KOHLIEHTpATy BiJl OAJTaCTHUX PEUOBUH y 1HIIMX TEXHOJOTIYHUX YCTAHOBKAX.
Takoro Henomiiky mo30aBiieHe MeMOpaHHe (DUIBTPYBaHHS, SIKE J103BOJII€E KOHIIEHTPYBATH 1
OYHIIyBaTH PO3UYMHU B OJTHOMY amapari.

Tak, MemMOpaHHI MPOLECH OYMILECHHS 1 KOHLIEHTPYBAaHHS PO3YMHIB 32 JOMOMOTOIO
HaIIBIPOHUKHUX MeMOpaH 3HAWIUIM IMHPOKE 3aCTOCYBAaHHA Y MIKPOOIOJIOTIUHIM,
O0loTexXHOJIOTIUHIM Ta (QapmareBTUYHIN Tamy3sx. Ha BigMiHy Big 3BHYAHHOTO
(bUIbTpyBaHHS, OCHOBHHUM HEIOJIIKOM SIKOTO € HalllapyBaHHs Ocaay Ha (UIbTpYyBaJIbHIN
NEPEeropoAll 31 3HIKEHHSIM MPOAYKTUBHOCTI (UIBTpYBaHHSA, MiA Yac MeMOpaHHOI
¢binpTpalii y TaHIeHIIOHAJILHOMY IIOTOIll YacTHMHKM, SKi OUIBII 3a pO3MIp IOp

GIIBTPYBANBHOTO €JEMEHTa, HE 3aTPUMYIOThCS Ha HbOMY, a BUMHUBAIOTHCA 13 CHUCTEMH
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MOTOKOM Y BUTJISIAI KOHIEHTpatTy. Tak, Mpu TaHTeHLIOHANbHIN yabTpadiibTpalii Harpsam
noJjiayi cepeZioBUIIA 1 GiIbTpaIlii HE CHIBIAAAI0Th, OCKIIBKYA BOHU MEPIEHANKYISPHI OUH
OJIHOMY. Y Pe3yJbTaTi I[bOTO YaCTHHA CEPEAOBUINA, sIKa PUILTPYETHCS, MPOXOIUTH YEPE3
MeMOpaHHu sK (1IbTpaT, @ OCHOBHA YACTHHA MIOTOKY BUXOAUTD 13 CUCTEMH y pOO0UY EMHICTh
1 MOTIM 3HOBY HAJAXOJUTh Y (IITPYBaIbHUM KOHTYD. [Ipu Takomy pexxumi GiasTpyBaHHS
B1IOYBA€ThCS CAaMOOUYMINECHHS (GUIBTPALIMHOTO MOMYJS, IO TMOKpAIlye eKCIUTyaTallliHi
XapaKTePUCTHKH YIbTPadUIbTPaLIifHOT YyCTAHOBKH.

[Ile ocHOBHOIO TIepeBaror MeMOpaHHO1 PuIbTpallii € BUCOKa €(PEKTUBHICTH MPOIIECY
OUYUIICHHS PIAMHUA — YTBOPEHUI KOHIIEHTPAT MPAKTHYHO HE MICTUTHh JoMimoK. He MeH
BAKJIMBOIO NIEPEBArOl0 JJAHOTO METOJY € HOro eHeproeekTUBHICTb, TOOTO MPOBEICHHS
MeMOpaHHOi (iIbTpallii HE BUMAarae BEJMKUX 3aTpaT €JIeKTPOEHEprii, Ha BIIMIHY BiJ
neHTpudyryBasnss [62].

Bapro 3BepHyTHM yBary Ha Te, 110 OpraHIYHUN EKCTPaKT HaTaMIUUHY MICTUTh
MOJIEKYJIM HATaMIlIMHY, MOJEKYJIM pPO3UYMHHUKA — 130MPOIAHONy, a TaKoX OaiacTHi
pedyoBUHHU. MoJiekynsipHa Maca HaTaminuHy ckiagae 665,725 r/Moib, a 130MponaHoy —
60,1 t/monb. Tak, mporec MemOpaHHOT (UIbTpalli MOBHHEH 3a0€3MEYUTH TMPOIEC
PO3MUIEHHST €KCTPAaKTy Ha 2 ¢a3u: BUCOKOMOJICKYJISIPHY (a3y — BUCOKOKOHIICHTPOBAHHI
€KCTPaKT HATaMIIMHY, HU3BKOMOJIEKYJSAPHY a3y — YaCTHHY 130MpOMNaHOIy, OanacTHi
pPEYOBHHM, METa00MITH TOIIO. OCKUIBKU MPOIEC yIbTpadiIbTpallli 3aCTOCOBYEThCS IS
PO3AUICHHS PO3YMHIB, ¥ AKX X04Ya O OAMH 13 KOMIIOHEHTIB CUCTEMHU MA€ MOJIEKYJSIPHY
Mmacy Big 500 1 BuIle, BUKOPUCTAHHS JAHOTO MPOIIECY € I[IJIKOM BUIIPABIAHUM 1 JOIIBHUM
IS OYUIIICHHS 1 KOHIIEHTPYBaHHS HATaMIIIHY.

Jlist peanizanii 1[bOro Mpoiiecy 1 MmiJIBUILIEHHS e(heKTUBHOCTI MeMOpaHHO1 (pinbTpartii
KyJIbTYpaibHOI PIAVMHY JOIIBHO 3aCTOCOBYBAaTH (DiIbTpAIiitHI MOYJ JJIsl MIEPEXPECHOT
(TanrenuioHansHOi) (inbTpanii. KoHUEeHTpyBaHHS 1 pO3AUICHHS PO3YMHY Yy amapari
B1JI0YBA€THCSl HACTYITHUM YHHOM:

® TIOpIiS PIUHU, SKAa MICTUTh YAaCTUHKH, PO3MIp SKHM MEHIIE JglaMeTpy Top
GUIBTPYBAIBLHOTO €JIEMEHTA IMiJI €0 THUCKY TMPOXOAUTh dYepe3 IMOBEPXHIO
(GIIBTPYBAIILHOTO €JIEMEHTY, NMPOMHBAETHCA BOJOIO 1 BHBOJUTHCS 3 amapatry y

0e3nepepBHOMY PEXUMI;
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® YaCcTHHA PIIUHM, K2 MICTUTh BUCOKOMOJIEKYJISPHI YACTKH — PO3YMHEHUN HATaMILIUH

3aTPUMYETHCSI CEJICKTUBHUM IIAPOM 1 HAKOMHUYYEThCS BCEPENUHI HMUPKYIALIIMHOTO
KOHTYpa 1 3MUBAETHCS LIUPKYJIALINHUM TOTOKOM.

I'padiuno nporiiec nepexpecHoi GpinbTparlii mokazaHo Ha puc.S.2.

YnbTpadineTpauyia y nepexpecHomy notoui

: KoHueHTpat

(peTeHTaHT)

- n Mepmeart

MembpaHa — g

(G52 B S B I |

BMC HMC Liykpu MinepaneHi  popga
PEUDBHMHH

Puc. 5.2 MonenoBaHHs Tipoliecy nepexpecHoi (iibrpartii
Takum yuHOM, MiCJIA MpoLecy yabTpaduUIbTpalii OTPUMYIOTh 1Ba PO3UMHMU:
KOHIEHTPAT — BUCOKOKOHILIEHTPOBAHUN OUMIIICHUN €KCTPAKT HATaMILIUHY
nepmear — 6anacTHI peYOBUHU, YaCTUHA 130MPOTAHOITY.

OTxe, mepeBaraMM 3acTOCYBaHHA METOMy TNepexpecHol yiubTpadiibTparii s

KOHLIGHTPYBaHHS 1 OUMIIEHHSI HATaMILUHY € HACTYIHI (pakTOpHu:

BHCOKA €HEeproe(heKTUBHICTH MPOIIECY;

MOXJIMBICTh peai3alilii Mporecy KOHIEHTPYBaHHS 1 OYHUIIEHHS HaTaMilUHYy Y
OJIHOMY arapari;

BHUCOKHUM CTYIIHb OUHIICHHS LITLOBOTO MPOYKTY;

ocaJl YaCTOK HE 3aTPUMYEThCS Ha MOBEPXHI MEMOpaH 1 BUHOCUTHLCS Oe3nepepBHUM
MMOTOKOM P1JIUHU;

YCTaHOBKH NEepexXpecHoi (IbTpallii MOXYyTh BUKOPUCTOBYBATH MEMOpaHU 3 PI3HUM
JiaMeTpoM Top, 1110 JI03BOJISIE€ peaji30ByBATH Pi3HI MPOLECH MeMOpaHHOT (PinbTpartii
B OJIHOMY amapari;

BHUCOKA CTIHKICTh BUTPATHUX MaTepialiB — CTPOK CIYKOU KepamMiyHUX MeMOpaH
cKJ1aziae 3-5 poKiB;

3MEHILEHHS eKCIUTyaTalliiHUX BUTPAT Ha KOHIICHTPYBAHHS 1 OUYMILEHHS MPOIYKTY

JT03BOJISI€ 3HU3UTH HOT0 COOIBAPTICTD.
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JIJisi KOHIIEHTpAIlil 1 OYMINIEHHSI PO3YMHY HATaMINMHY TepeadadyaeMo BCTAHOBIICHHS
nijgoTHOI MoaynbHOI yctaHOBKHM Alfa Laval PilotUnit Multi npoayktuaictio 10 200 n/rox
i momero GinprpyBanHs 1o 25 m? (kpaina-Bupoonuk — Isenis). Jdna ynsTpadinsTparii
EKCTpPaKTy HaTaMiIHy mepeadadaeMo BUKOpUCTaHHS MeMOpanu Mapku UMOS (BupoOHHK
«Amikon», CIIIA) 3 momieneKkTpodiTHOTO, SKa 3/]aTHA 3aTPUMYBATH BUCOKOMOJIEKYJISIPHI
PEYOBHHHM 3 MOJIEKYJISIPHOIO Macoto 10 700 r/MoJb.

[TpuniMnI poOOTH YCTAaHOBKH MEepexpecHoi GutpTpalii mossrae y Hactynuomy. [1ig gac
npoiiecy yJabTpaduIbTparllii 3a JOMOMOT0l0 CHIPATIbHUX MEMOPAH MOCTYIOBO 3MEHITYETHCS
00'eM pIAVHY MIJITXOM BHIAJICHHS BOJM Ta IHIINX HU3bKOMOJIEKYJISIPHUX PeYOBHUH. Po3unH
it (pUTbTpalii BBOAUTHCS B CUCTEMY 10J1aul 1 IEPEKAYY€eThCSA Ha Psij €TaniB MEMOpPaHHOI
¢binpTparii, 3'enHaHux TnochaigoBHO (memisimu). Koxkna merns  yneTpadiabTpariii
CKJIQZAa€ThCsl 3 JAEKUIBKOX KOpmyciB 31 cmipaabHumMu MmemOpanamu Alfa Laval. Yepes
cripajibHI MEMOpaHU MPOXOAUTH BOJA 1 130MPOINAHOJI, YTBOPIOIOYN TIepMearT. Y TBOPEHUMN
KOHILIGHTpAT CKJIAJIa€ThCS 13 PO3UYMHEHOro HartaminuHy. KoHueHTpalisi po3duHy
HaTaMILUHY 301IbIIYETHCA B MIPY IPOXOJKEHHS Yepe3 MOCIiJOBHICTh neTenb [63].

Koken Qinbrpaltiiinuii KOHTYp Ma€ CUCTEMY HAaCOCIB PEIUPKYJIIALIL, 1100 3a0e3neunTr
JU1s MeMOpaH BIAMOBIIHUN MonepeuHuid moTik. [{e HeoOXiaAHO it TOro 00 MiHIMI3yBaTH
MOYKJIMBI 3a0pyTHEHHSI MeMOpaHu. Y cTaHOBKa 00J1aJHaHa TaAKOXK CHCTEMOIO OXOJIOKCHHS
JUTSL BIZIBEJICHHSI TEIlIa, SIKe TeHEPYEThCS HAacocaMU. Y TBOPEHHH MepMeaT HaJIXOIUTh Y
CUCTEMY pe3epByapiB, 3BIJKM BIH BHUIIYCKA€TbCA [UIsl NOAANbIIOI mepepoOku abo
3HELIKO/PKEHHS uepe3 cucTeMy 3/1MBY. KOHLIEHTpAT 3HaXOUThCS y OKPEMOMY pe3epByapi 1

MepeAE€ThCS Ha HACTYITHI €Tanu BUIIJICHHS TPOIYKTY.

Feed

™

Puc. 5.3 Cxema poOOTH, 30BHIIIHIN BUTJISA Ta TpadiyHe MO3HAUYCHHS MIJIOTHOT YCTAHOBKH

nepexpecHoi ¢iabTparii [63]
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[Ticst KOHLIEHTPYBAaHHSA 1 OUMIICHHS PO3YMHY HaTaMILUHY Y QIbTpaliiHOMY MO
nepexpecHoi pinpTpaiii Horo nepekadyroTh y 30ipHUK A7 MOAATIBIIOr0 ocaKkeHHs. s
nporo pH po3unHy HOBOASTH 10 3HA4€HHS 6,5 nojaaBaHHAM SM pO34YMHY XJIOPUIHOL
kucnotu. Haraminve BUnanae y KpuctamiuHuid ocaj npotarom 1-2 rox. s nmpoBeneHHs
KpUCTali3allii HaTtamiluHy IepeadadyaeMoO BCTAaHOBJICHHsI peakTopa-3MmilryBada ¢ipMu
WENZHOU L&B FLUID EQUIPMENT CO.,LTD (Kutaii) 06’ emom 0,04 m>, raGapursi
po3mipu (MMm): d = 400; h = 600; obmagHaHWN MIMIATKOO JIOMATEBOTO THITY, IIBUIKICTH
nepeminryBadHs 10 50 06/xB, matepian — Hepxkasitoua crtaib AISI-304,ASTM.

5.2.6. BuOip croco0y BiiaijieHHs1 KPUCTAIIB HATAMILMHY | BiIIOBIAHOT0
00J1aTHAHHSHA

[licnss Toro, sIK KpuCTajdud HATaMILMHY BUIAIX B OCaJl, iX HEOOXITHO BUIUIMTH 13
peakiiiiHoro cepeaoBuila. HalmpocTimmm crnocoOoM BiIIICHHS KPUCTAIIB HATAMILIMHY €
IpOLEC MPOAYKTOBOrO (PUIBTPYBAaHHSA PIAMHH, € LIIOBUM IIPOTYKTOM € OCa.

st binbTparii cymimn KpuUCTaiiB HaTaMilMHy MOHA BUKOPHUCTOBYBAaTH HACTYIIHI
cnocobu. DumbTpyBaHHS y pamMHUX-QUIBTP Mpecax [JO3BOJISIE MPOBOJUTH MPOLIECH
PO3IiNEHHs CyCIeH3il y BeluKill moBepxHi (inbTpyBaHHs, sika Moxke mocsrata 10 100 m?2,
Amapar [03BOJSIE JIOCSTAaTH BHUCOKOTO CTYIIEHSI 3HEBOJHEHHS oOcagy 1 MOXe
BUKOPHUCTOBYBATHUCH JJIs1 KUCIIUX 1 Ty»)KHUX cepenoull. [Ipote, BapTo BpaxyBaT, 1110 pamHi
GiIETp Tpecu CTallOHApHOTO TUIYy HE BiANoBinawTh BuMmoraM GMP, ockinbku
GuIbTpyBaJIbHa TKaHWHA amnapaty MOXKE CTaTHh JDKEPEJIOM MIKpOOHOI KOHTaMiHaIlli
NpoayKTy. ICHYIOTH TakoX pamHi  GUIBTp-IpECH 3 KaceTaMu Il OJHOPA30BOIO
BUKOPDHUCTAHHA, TpOTe TMpuadaHHS (IIbTpyBadIbHUX KaceT M KOXXKHOTO IUKITY
BUPOOHMIITBA € €KOHOMIYHO HEBIIHUM. TOMy cepea HEJOJIIKIB paMHHUX (LIbTP-NPECIB
MO>KHa Ha3BaTHU HACTYIIHI:

e BeJMKa Moma (QUIbTPYBAHHS HE € aKTYaJbHOIO ISl OOpOOKH HEBEIHUKOIrO
00’eMy cycCrieH3ii;

® HETITIEHIYHICTH MPOIIECY;

® IIBHUJKE 3HOLIYBaHHS (PUIBTPYBAJbHUX TKAHWH;

® HEMOBHE MPOMUBAHHSA OCaNY;

® CKJIAJHICTb BUBAaHTKEHHS ocany [60].
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HeoOxinHo 3ayBaxkuTH, 110 Juis GiIbTpyBaHHS OyJe MOJABATUCS HEBEIUKUN 00’ €M
CYCIIEH31i, 1110 BUKJII0Ya€ HEOOX1THICTh 3aCTOCYBaHHs (PUIbTPAIIITHIX anapariB 3 BEJIUKOIO
wiomer ¢GuUIbTpyBaHHSA. ToMy ajabTepHAaTUBHUM CIIOCOOOM PO3AUICHHS CYCHEH31i €
BUKOPHUCTaHHA HYT4Y-QIIBTPIB 3akputoro Ttumy. JlanHi ¢inbTpu 3a0e3medyioTh BHUCOKY
SAKICTh (DUIBTPYBAHHS TMPU BITHOCHIM NPOCTOTI KOHCTPYKIi. HaWOuIbll BaXXJIMBOIO
nepeBaror0  HyT4-PiIBTPIB € BIJACYTHICTh KOHTAKTy 30BHIIIHBOTO CEpEOBUINA 3
OPOAYKTOM, WO JIO3BOJSIE YHHUKATH MIKPOOHOI KOHTaMiHAalii MPOAYKTY. 3aBASKH
MOXJIMBOCTI 3aMiHM CKJIa (iIbTpa Ha 3aTeMHEHe, Yy amapaTi MOXKHa (QUIbTpYyBaTH
CBITJIOUYTJIUBI CyOCTaHIlli, 30KpeMa HaTamilMH. Tak, OCHOBHHUMH I€peBaramu
3aCTOCYBaHHS HYTY-(PUIbTPIB € HACTYIHI:

® BHCOKa SKICTh (PUIBTPYBAHHS MIPHU BITHOCHIM MPOCTOTI KOHCTPYKIIIi;

® BIJCYTHICTh KOHTAKTy 30BHIIIHBOTO CEPEOBUILIA 3 MPOAYKTOM, 1110 3a0e3neuye
TITI€EHIYHICTD MPOLECY;

e MOXJIMBICTh 3aMIHM CKJIa amapary Ha 3aTeMHEHe i (QUIbTpyBaHHS
CBITJIOUYTJIMBUX CYOCTaHIIIH, 30KpeMa HaTaMIIuHY;

e BiOpaIliiiHe BUBAHTAXKCHHS OCay.

3BakalouM Ha Takl mepeBaru HyT4Y-(UIbTPIB, BIAJUIEHHS KPHUCTAJIB HaTaMILUUHY 3
PO34YMHY OLTBIN TOUUIBHO JaHUKM BU (GIIBTPALIMHUX YCTaHOBOK [60].

JUist BUJ@neHHsl KPUCTAIB HAaTaMILMHY 3 PO3YMHY Nepen0adyaeMO BCTAHOBJICHHS
HyTu-OubTpy Gipmu Buschiglas (kpaina-supoOnuk IlIBeitmapis) 3 pobounm o06'emom
30 1, po6ounm THCKOM -1,0 Gap, po3mipom nop GUTETpyBaIbHOTO eneMenTa 10 MM [64].

[Ipunuun poOoTH GUIBTPY MOIATAE€ Y HACTYIHOMY: NMpHU (PUIBTPYBAHHI IM1]1 BAKYYMOM
GbiTBTpaT MPOXOAUTH KPi3b MJIACKY (PIIBTPYIOUY MEPETOPOAKY 1 mocTymae y 30ipauk. Ocan,

KWW YTBOPIOETHCS HA (PUIBTPYBaIbHIN IEPErOpolll, BUBAHTAXKYETHCS Yepe3 NaTpyOoK.
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Puc. 5.4. Cxema poOoTH, 30BHIIIHII BUTISA Ta TpadivyHe MO3HAYCHHS
Ha anapaTrypHii cxemi HyT4-(QuIbTpy. Y MOBHI To3HaYeHHs: | — puibTpyBasibHA
neperopojika, 2 — 30ipHUK QUIBTPATy, 3 — BAKyyMeTp, 4 — maTpyOOK JJisi CTUCHEHOTO
MOBITPSL, 5 — NaTpyOOK 7151 CIIOIYUYEHHS 3 aTMOC(eporo, 6 — maTpyOoK AJisl CHOJTYYSHHS 3
BaKkyyM-JiHi€to, [ — cycnensis, Il — dinpTpar [60, 64].
5.2.7. Bu0ip cnoco0y cymriHHS HATAMIIMHY I BiAMOBIIHOT0 00JIaITHAHHSA

VY TexHoJIoT1i o/iepKaHHS aHTUO10THKIB IPOLIEC CYLIIHHS, K MPaBUIIO, € 3aKJIFOUYHOIO
CTa/li€e}0 BUPOOHHUITBA 1 3aCTOCOBYETHCS ISl OTPUMAHHS TOTOBOI JIIKAPCHKOI PEUOBUHU
HaJIEXHOI SKOCTI. OKpiM TOro, CyIIIHHS CHpPHUSIE MOJIETIICHHIO TPAHCHIOPTYBAaHHS PIIKHUX
MarepialiB, MABUIIEHHIO MIIHOCTI Ta CTAaOLILHOCTI IpH 30epiranHi. Tak, qis CyIIiHHS
PIIKUX CYCIIEH31H 1 pO3YMHIB aHTUOIOTHKIB 3a3BHMYail BUKOPUCTOBYIOTH PO3MUIIOBAIBHI
cymapkd. OCHOBHUMHU HEMJIONIKAMUA PO3MIIIOBAIBLHOIO CYIIIHHS € BUCOKHMM KIHIEBUMN
BMICT BOJIOTM Yy TPOJYKTI, CKJIQJHICTh KEPYBaHHS MPOIECOM 1 KOHTPOJIIO SKICHUX
MOKa3HUKIB TPOAYKTY, BeJIMKa Ta0apUTHICTh YCTAaHOBOK, MIABUIIEHI E€HEPreTUyHl 1
MarepiaiabHl BUTpaATH MpHU eKcutyaTarii [62].

Takoxx, OKpeMUM CTOITh NUTaHHS BUOOPY CYUIWJIBHHUX amapariB JUisl CYLIiHHS
TEpMOJIaOIJIbHUX PEYOBUH, HAMPUKIAJ, HaTaminuHy. BigoMmo, mo y TBepaoMy cCTaHl
HaTaMIIIMH Ma€ KPUCTAIIYHY CTPYKTypy. [lopymenns kpucramiyaoi popmu aHTHOIOTHKA
BiIOyBaeThCs Tipu Temmepatypi Ounbine 200°C, npuuomy temneparypa Hwkue 120°C He
BIUTMBA€E HA IOTO aHTUMIKOTUYHY aKTUBHICTb, SIKIIIO TPUBAJIICTD 11l TEMIIEPATYPH HE OliIbIlIe
onHi€ei rogunu. [{ro BIacTUBICTh MPOAYKTY HEOOX1THO BPaxoOBYyBaTH MpHU BUOOPI PEKUMIB
CymInHHs HaTtaMinuHy. OTXxe, JJI TaKUX PEUYOBUH HEOOX1THO 3a0€3MeUnuTH MIHIMATbHUN
94ac KOHTAKTy PEYOBHHH 3 TETUIOHOCIEM JIJIsl 30€pEeKeHHS IXHBOI 010JI0T1YHOT aKTUBHOCTI.
[le MOXIMBO JOCATTH MPH peatizaliii npoliecy CyluIiHHSI B YCTAHOBKAaX 3 MCEBIO3P1IKEHUM

mapom. [lporec CymiiHHS y TCEBAO3PIIKEHOMY Iapl J03BOJSE 3HAYHO 301JIBLINTH
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MOBEPXHIO KOHTAKTy MK YacTKaMH Marepiany 1 CyIIMIbHUM areHTOM, 1HTeHCH(IKyBaTH
BUIIAPOBYBAHHS BOJIOTHM 3 Marepialy 1 CKOPOTUTH (A0 NEKUIbKOX XBWJIHMH) TPUBATICTb
cyuriHHs. ToMy, OCHOBHUMU II€peBaraMu CyIIapoK 3 MCEBAO3PIIKEHUM LIAPOM €:
® IHTECHCHBHHII MPOIIEC CYNIIHHS;
® MOXJIMBICTh CYIIIHHS TPH BHCOKHX TeMIlepaTypax, fKi MOXYThb IEpPEBUIIYBaTH
JOMYCTUMI JJIi JAaHOrOo Martepialy, BHAC/IJIOK KOPOTKOi TPUBAJIOCTI KOHTAKTY
MaTepiay 3 CyIINIbHUM areHTOM;
® MOJXKJIMBICTh aBTOMATUYHOTO PETYJIIOBAHHS MMapaMeTPiB IPOILIECY;
® MOXJMBICTh OOJaJHAHHS CYIIApPOK CITKOIO-TPAaHYJIATOPOM JJisi  OJHOYAYHOI
IpaHyJsIii MaTepiany.

3aBIsSKHM BHUCOKIA MPOJYKTUBHOCTI BUKOPUCTAHHSI CYIIAPOK 3 TCEBIO3PIIKEHUM
1apoM JI03BOJIIE CKOJIOTUTHU Yac CYIIIHHS y MOPIBHSAHHI, HAlPUKJIAJ, 3 YaCOM CYIIIHHSA Y
noymueBux cymapkax y 10-30 pasiB. ToMy, 3Bakalouum Ha HHU3KY MepeBar Cymapok 3
MICEBIO3PIIPKEHUM  IIApOM, 1X JOLIIBHO BUKOPUCTOBYBATH JJIA CYLIIHHS KpPUCTaJiB
HaTaMIIMHY.

JUisi yHUKHEHHS PU3UKIB KOHTaMiHAIll MOPOLIKY HAaTaMIlMHY aepo30JeM MUy
CYLIIHHS aHTUOIOTHKAa HEOOXIAHO NPOBOJUTH TMOBITPSAM OUMILEHUM Ha (QuUIbTpax
NOTMepeIHbOI OYUCTKU. Tak, OunIIeHe MOBITPS HAIXOAMUTH J0 Kajopudepa, A€ LUIIXOM
Mo/iaul HacCM4YEHO1 Napu BOHO HarpiBaeTbcs g0 Temmeparypu 90 °C. T'apsiue moBiTps
MOAETHCS MiJT PENITKY CYIIapKH JJIsi CTBOPEHHS TICEBI03P1IKEHOTO 1Iapy.

JUis CyuriHHS BOJIOTOTO MPOAYKTY 10 3ayMIIKOBOi Bosoru W = 2% mependavaemo
BCTAHOBJICHHS «ITUJIOTHOD» CYIIAPKH 3 TICEBAO3Pp1IKeHUM 1mapoMm pipmu “STE Tecpharm”™
(xpaina-BupoOHuk — Icmanisi) o6’emom 30 7, sixa BimmoBigae Bumoram GMP. Cymapka
MpU3HAY€Ha [JIi OJHOYACHOTO CYUIIHHS 1 TPaHyJslii BOJIOTOro MPOJIYKTY B OJIHOMY
amapari, 10 1o30aBisie HEOOXITHOCTI JOJAATKOBOTO MOAPIOHEHHS KIHIIEBOTO MPOAYKTY
[65].

Takox cylapka J03BOJISIE MIAOUPATH ONTUMAaNIbHI YMOBU ISl CYIIIHHS NPOAYKTY 32
JOTIOMOTOI0 KOHTPOJIEPY 13 CEHCOPHOIO MaHEII0, 110 J03BOJISIE TOBHICTIO KOHTPOIIOBATH
MpoLEC CYIIIHHS, MONEePeHKYBaTH MOKJIMBICTh MEPErpiBy Ta aTTpialii YaCTOK MPOIYKTY.

Cymapka 3 KMIUITYMM IIapOM IpaLllO€ HACTyNMHMM 4YMHOM. Bosoruii martepian 3a

JIOTIOMOTOI0 IITHEKOBOTO >KMBHJIBHUKA TOJAETHCSI HA BEPXHIO Ta30pO3MOAUIEHY PEILIITKY.
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[ToBiTpsi, sike 3abmpaeTbcs 3 arMocdepu, MOMAETHCS 3a JOMOMOTOI0 BEHTHIIATOPY B
Kasmopudep, 1€ BOHO HArpiBa€ThCcsl M0 HEOOXIMHOI TeMIepaTypu, 1 HaIXOIuTh Y
nigpenrTyaTui npoctip. TerioHocii MoJaeThCs Yepe3 MaTpyOoK Mij PEenITKy 1 4YiTKO
PO3MOIUTSIETHCA TIO BCIM TUIOIII PEUIiTKH, CTBOPIOIOYM KUIUITYHUM map mpoaykty. Harpite
MOBITPSI, BUXOJSYM 3 BEIMKOI IIBUJKICTIO 3 OTBOPIB Ta30pO3IMOIIILHOT PEIIiTKH,
NICEBIO3PIKYE 1 BUCYIIYE MIap MaTepialy. 3a paxyHOK T1JIpOJIMHAMIYHUX BIIACTUBOCTEH
KUTUITIOTO IIapy BUCYIMICHUN MTPOIYKT MEPEMINITYETHCS IO KPAKO PEIIITKH 1 ePECUTIAEThCS
Ha JPYTY PEIITKY, Ha AKif BiIOYBAETHCS MPOIEC OXOJIOHKEHHS BUCYIIEHOTO MaTepiay.

Bucymenuii npoaykT 6e31epepBHO BUBAaHTAXXYEThCS YEPE3 NAaTPYyOOK.

Puc. 5.5. Cxema po60TH, 30BHIIIHIA BUTIIS] CYIIAPKHU 3 IICEBA03PIIKEHUM IIapoM [65]
TakuM 4YMHOM OTPUMYIOTh CYXMW TMOPOILIOK HATaMilMHY, SKUWA € TOTOBUM s
noAanbioro ¢hacyBaHHs, TAaKyBaHHS 1 BlIBAHTAKCHHS.
OT1xe, 3aCTOCYBaHHSI BUILIE3a3HAYCHUX CIIOCOOIB BUAICHHS 1 OUMIIEHHS HAaTaMIIIUHY
3 KyJbTYPaJIbHOI PIIMHU JTO3BOJISIE JOCSTTH BUXOAY LUIBOBOrO mMpoAykTy 60%. Yucrora
OTPUMAaHOTO MOPOIIKY HaTaMilMHY ckiamae 98% y nepepaxyHKy Ha 6€3BOJIHY OCHOBY.
5.3. O0rpyHTYBaHHSI BUOOPY YIIAKOBKH /IJIsl TOTOBOI'0 MOPOLIKY HATAMILMHY i
BiANMOBIiAHOT0 00JIaHAHHSA
VY cyxoMy cTaHi 1 BUTJIAl BOJHOI CyCHEeH31i HAaTaMmillMH € CTaOUIbHOIO CIIOIYKOIO.
[Ipore BapTO BpaxoByBaTH, IO HATaMIlIMH € CBITJOYYTJIWBOIO pPEUOBHHOK. Tak,
1HaKTUBALlll HATaMIIMHY BIOYBA€ThCS Mij JI€0 YAbTPadioIeTOBOTO BUIPOMIHIOBAHHS 3
noBxuHo0 xBwiIl 300—350 um [4]. Takox s 30€pekKeHHS aHTHUMIKOTHYHHUX
BJIACTUBOCTEH HaTaMIITUHY HEOOX1THO 3a0€3MEYNTH 3aXUCT CyOCTaHIIIi BiJl BOJIOTOOOMIHY 3
atMocdeporo 1 TpoHHKHEHHs aTtMocdepHoi Mikpodmopu. Jlani dakTopun HEOOXiITHO
BpPaxoOBYBATU JJisi BUOOP1 MEPBUHHOIO MAaKyBaHHS MPOAYKTY. JIJisl 3aXMCTy MOPOLIKY Bijl
BOJIOTH 1 CTOPOHHBOI MIKpO(JIOpH 1 1ii CBITJIAa Mpenapar JOLUIBHO MaKyBaTH y callle,
TepMoO3amnasiHi M0 IIBY, BUTOTOBJICHI 13 KOMOIHOBaHOI IUTIBKA 3 (POJIBTH 1 MOJIIETUIICHY

ToBIIMHOIO HEe MeHmIe 0,05 MM.
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Taxum unHOM, BpaXOBYIOUH BHILEHABECHI BIACTUBOCTI aHTUO10THKA, TIEpedadyaeMo
(hacyBaHHS IOPOIIIKY HATaMIIUHY y cairie 3 komOiHoBaHOi mutiBku mo 100 . [ dpacyBanHs
1 ymakyBaHHS MOpPOIIKY Yy calle TaKoX IependayaeMo BCTAHOBJIEHHS (hacyBabHO-
MaKyBaJIbHOTO aBTOMATY, SIKMM y aBTOMAaTHYHOMY PEXHUMI J103y€, POpMy€e MaKeTH THUITY
caiie, HaloOBHIOE X MOPOIIKOM, T€pPMETHYHO 3allaloe IIBH calle 1 BiApi3ae ix 3 pyJIoHY.
Peasizarniirto Takux MpoIECiB MOXKHA 3IMCHUTH Yy OAHOMY (hacyBalIbHO-MIAaKyBaJIbBHOMY
aBTomari moaeni HP-150.

CrangapTHa KOMIUIEKTAlllsl aBTOMATy BKJIIOYae OO'€MHHMM [103aTOp, CHUCTEMY
BI/IMOTYBaHHS IUTIBKM, BY30J1 (OpMyBaHHS TaKeTy 13 PYyJOHY MaTepiainy, BY30I
3BapIOBAaHHS IIBIB IAKETIB, BYy30J BIIPI3KM MAKETIB, €IEKTPOHHHUMN JIYMIBHUK KUIBKOCTI

BUT'OTOBJICHUX YMAaKOBOK. [IpOyKTUBHICTH anapaTy cTaHOBUTH S0 yrakoBOK/XB [66].

Al

Puc. 5.6. 3oBHiHIN BUrIsA Ta rpadiuHe 300paxeHHs (pacyBaabHO-MaKyBaJIbHOTO
aBTomMaTa. YMOBHI mo3HaueHHs: 1 — OyHkep, 2 — 703aTop, 3 — BOPOTHUK, 4 — MyJIBTP
YIOPABIIHHS, 5 — cCTeMa NPOTATYBAHHS CTPIYKH, 6 — TEPMO3BAPIOBATILHUI €JIEMEHT, 7 —
HOX1 JJTsI BIIP13KH MAKETIB [66]

OTxe, omucaHa TEXHOJIOTISI BUJIIJICHHS 1 OYMINEHHS HATaMIIMHY J03BOJISIE JOCSTTH
BHCOKOTO BUXOJly LILIbOBOTO MPOAYKTY 13 6iomacu — 6nu3bko 60%. UnctoTa BUAIIECHOTO 1
OYUIIIEHOTO HaTaMIIMHY y MepepaxyHKy Ha 0e3BOJIHY OCHOBY cTaHOBUTH 98%. ['oToBwmi
MOpOIIoK HaTaminuHy dacytoTs mo 100 1y caie, BUTOTOBIEHOTO 13 KOMOTHOBAHOT IUTIBKU
3 (ponbIu 1 MOMIETHIICHY, SIKA TIEPEIIKOJIKAE BOJIOTOOOMIHY 3 aTMOC(EpOI0 1 TPOHUKHEHHIO

CBITJIA, SIK1 MOTIPUIYIOTh SKICTH 1 3HIKYIOTh aKTUBHICTh aHTHO10THKA.
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5.4. OOrpyHTYBaHHS 1ONOMiKHUX POOIT 115l BUAIJIEHHS | OUMIIIEHHS] HATAMIIMHY

Sx Oymno BXe 3a3HAYEHO, MEpea MPOIEeCOM EKCTPAaKIli CynmepHaTaHT KyIbTypaabHOI
PIIVHU TOMNEPEAHBO MIJUTYKHIOIOTh JIJIi OTPUMaHHs onTHUMaibHOro 3HaueHHs pH 9. fk
TUTPYBaJbHI areéHTH BUKOPUCTOBYIOTH 50% PO34MH T1IPOKCUAY HATPIIO.

HpuroryBanus 50% po3uuny rigpoxkcuay Hatpirw. (g npuroryBanus 1 1 50%
PO3YMHY TIAPOKCUIY HATPil0 Ha TEXHIYHUX Barax y CKISHIH a00 eMajbOBaHIN MOCYIUHI
3BaKyt0Th 0,5 Kr Tigpokcuay HaTpioo. Y ckisgHuil 6ytenb o0’emoM 1 1 monatots 0,6 1
MUTHOT BOJM 1 MPH MOCTIHHOMY TEPEMIIIyBaHHI MOCTYNOBO BHOCATH 0,5 KI' T1APOKCUITY
Hatpito. [licas po3unHeHHs 00'eM po3unHy A0BOASITH 0,4 71 TUTHOT BOM.

JUist excTpakiii BUKOPUCTOBYIOTh TOBAPHUW 130MPOINUIOBUN CIHUPT 3 MOXIJIHMBICTIO
Horo nmoaanpuIoi pereHepaiii 1 orpuManHs 98,8% 3HEBOJHEHOTO 130IIPOIIAHOITY.

IpuroryBanusi SM po3uMHy XJOPHIHOI KUCJOTH. J[J11 KpucTami3anii HaTaMIuHy
HEOOX1IHO MpUrotyBatu SM po3uuH xynopuaHoi kuciotu. [IpumyctuMo, mo HeoOXiIHO
npurotyBatd 1 1 SM po3uuny xsopuiaHoi kuciaotu 13 34% posuuny. BiamosigHo 110

TaOJUYHUX TaHUX MOJISIpHICTH 34% xjopuaHoi kuciotu ckianae 10,90 mons/n (Tada. 5.6).

Tabmuus 5.6.
@i3u4Hi BJACTUBOCTI XJIOPHIHOI KMCJIOTH
KonunenTpauis I'yctuna | MoasipHicTh pH B’si3kicTh
kr HCVkr | kr HCUm? bayma KI/J1 MOJIb/J1 mlla-c
10% 104.80 6.6 1.048 2.87 —0.5 1.16
20% 219.60 13 1.098 6.02 —0.8 1.37
30% 344.70 19 1.149 9.45 —-1.0 1.70
32% 370.88 20 1.159 10.17 -1.0 1.80
34% 397.46 21 1.169 10.90 -1.0 1.90
36% 424.44 22 1.179 11.64 —-1.1 1.99
38% 451.82 23 1.189 12.39 —-1.1 2.10
JI71s1 po3paxyHKy KOPUCTYHOThCS (POPMYJIOIO:
CiVi=CVy,

ne C; 1 V) — MOJSIpHICTh 1 00’€M pPO3YMHY XJIOPHIHOI KHUCJIOTH, 3 SKOTO OYIyTh
rotyBatu po3unH, C; 1 V, — MOJSIpHICTB 1 00’ €M pO3YMHY, IKUH HEOOX1AHO OTPUMATH.

Bignosigno go popmynu — C; = 10,90 mone/n, V,=x, C, =5 mons/n, V=1 1.

3Haxoaumo 00’eM 34% XJIOPUIHOT KUCIIOTH, SIKUI Tpeba Oy/ie pO3BECTH BOOKO JJIS
orpuManHs 1 1 SM po3unHy KUCTIOTH, 32 MPOMOPLIEIO:

X = (C2'V1)/Cy = (5:1) /10,9 = 0,460 1.
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Otxe, anst npurotyBaHHs 1 1 SM po3uuHy XJIOpUIHOT KUCIOTH Yy KOHIYHY KOJIOy Ha 1
1 nonaroth 400 Mt AMCTHIILOBAaHO1 BOIU. [10TIM NOBUIBHO IPH NOCTIMHOMY MEPEMIITYBaHHI
y koJi0y moxaroth 460 mn 34% XJI0opuaHOI KUCIOTH. PO3YuH NOBOJATH JUCTUIILOBAHOKO
BOJIOIO /10 MITKH 1 J1.

Perenepanisi ekcrparenTy. [liciis BUIUICHHS 1 OYMIIICHHS HATaMIIIMHY 3JIUIIAIOTHCS
BEJIMKI 00’€MU a3€OTPOITHOI CYMIIlll — CyMIIll BOJM 3 JOMIIMIKAMH Ta 130IMPOMiJIOBOTO
cnupTy. [71si TOBTOPHOTO BUKOPHUCTAHHS 130IMPOIMAHOIy B IIpOIlecax eKCTpakiiii HeoOXigHa
Horo nerigparamis. s 1mporo aseoTpomHy CyMIIl 3JIMBAalOTh y 30IpHUK 3 TBEPIUM
KHCIIOTHUM KartajizaTopoM a00 3 mapoM 10HOOOMIHHOI CMOJIM, CyMIIl 3MIIIYIOTh 3
MPOMIOHOBUM aiiblieriioM. Cymimn BUTpUMYIOTh 01u3bko 48 roa. IIpoTsarom 1poro yacy y
peakTopi BiI0OYBa€ThCs pO3LIAPOBYBAHHSI PEAKIIITHOT MacH Ha OpTaHIuHUN 1 BOAHUI MIapH.
Jlns orpumManHs 98,8% 3HEBOJHEHOTrO 130MPOIAHOY, OpraHiuHy (aszy BIIOHUPaIOTh 0
pekTudikaiifHoi KOJOHW. Y Tpollecl HarpiBaHHS PO3YMHY BIJOYBA€ThCS pereHeparis
MIPOITIOHOBOTO AJBJAETINY, SKUH BIATaHSIIOTH 1 BIAOUPAIOTH SIK JUCTWIAT. Y KyOOBOMY
3QJIMIIKY HAKOMUYYETHCS pEereHepoBaHU O€3BOJHMI 130MPOMAHOJ, SIKMM HaJalll MOKHA
BUKOPHCTOBYBATH B SIKOCTI €KCTpareHTy [67].

5.6. OOrpyHTYBaHHS C1IOCO0iIB 3HEIIKOAKEHHS BIIX0AIB
5.6.1. 3HemIKO:KeHHS PIAKUX BiAX01iB

Jlo ckiaxy CTIYHMX BOJ BHUPOOHMIITBA HATAMIIIMHY BXOJSTH: BIAMpPAIlbOBaHI MUIiHI
PO34YMHH, PLIBTPAT KyJIbTYpPaIbHOI PIIMHU, CIIIM HaTaMIIUHY (Tabi. 5.7).

bioximMiuyHe O4YMINEHHS CTIYHMX BOJ BHUPOOHHUIITBA HATaMIIIMHY 3IMCHIOIOTH B
aeporeHkax. lIpore, 3Baxkatoud Ha MOXJIMBY HAaSBHICTh Y CKJIaAl CTIYHHUX BOJ
130IPOMiIOBOTO CIHPTY, AN HOTO Kpamoro BWIYYCHHS DPEKOMEHIYIOTHh J0JIaTKOBO
3aCTOCOBYBATH MOJI()YHKIIIOHAIbHI KaTali3aTOpu OKHUCHEHHs. BHECEHHS B peakiiiHy
CyMilll, sIKa CKJIQJa€TbCcsl 13 CTIYHUX BOJA 1 AaKTUBHOTO MYy, TE€TEPOTeHHHX
METaJOKOMIUIEKCHUX ~KaTaii3aTopiB ['€TeporeHHi MEeTaJOKOMIUICKCHI —KaTaji3aTopH,
BHECEHI B peaklliifHy CyMIlI CTIYHUX BOJ 1 aKTUBHOT'O MYJIy, OKCUHIOIOTh 3a0pyAHIOBaYI 3a
pPaxyHOK 3JaTHOCTI O OOOPOTHOTO 3B’SI3yBaHHS KHCHIO 32 JJOMOMOI'OK KOOPAMHOBAHHUX
10HIB MEpeXiTHUX MeTaliB. Y CBOIO Yepry, MIKPOOPraHi3MU AaKTUBHOTO MYy

IMOOLTI3YIOTBCA Ha KaTali3aTopi, MPOTe HE 3HMXKYIOTh MOro KaTajJiTU4YHY 37aTHICTh, a
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HABMMAKW MABUIIYIOTH ii. [IpuKiamomM Takoro kaTamizaTtopy € TIOKCHUJ TUTaHy, KW HE
PO3UMHAETHCS Y BOAI 1 JIETKO MOKe OyTH BUAAJIEHUH Yy BIACTIMHUKAX [67].
Tabmn. 5.7

XapakTepucTHKA PIAKMX BiIX01iB Y BUPOOHUITBI HATAMILIUHY

PedoBuHM, 5IKi BXOJATH JI0 CKJIAJY BiAXOIIB Knac
HeOe3neKku

Hazga cknamoBoi
PIIKHUX BIIXOMIB
1% po3unn
«Jle3ekoH»

[MTonirekcameTuneHOIryaHi T1IpOXIOPHU I, TUACUMITUMETUIAMOHIYM
XJIOpU/I, aMIHOTIPONUII0ACIUIIIPONaHANaMiH, Cyp(haKTaHT, v
perynstop pH, 6apBHUK, apoMaTH3aTOP
ATKUTIAMETUIIOCH3UIIAMOH110 XJI0pHU/I (aMiH), 2-TIPOIIaHoI,
KOMIIJIEKC €H3HMiB, iHT10iTOp KOpo3ii, perymsarop PH, crabinizaTop v
HaporroBa Kuciiora, mepeKuc BOAHIO, OIITOBA KMCIOTA v

3% po3uuH
«Bemnines Exzumy
1,5% po3unn
«bnagmiac-A

dopren
OinpTpar 3aJMIIKU CKIAJ0BUX MOXKUBHOTO CEPEIOBHUIIA (TIIOKO03a,
KYJIbTYpaJbHOL JIPLKIKOBUM €KCTPAKT, M’ SICHUH €KCTPaKT, acraparif, Coui), Caian v
piLIVHA HATaMIIHY

[Ipotiec ouniieHHs PIAKUX BIAXOMIB 3IHCHIOETHCS 32 HACTYIHOIO cxeMmoro. Crepiry
B1I0YBA€ETHCS BIUIYUEHHS TBEPMX 1 3aBUCIUX YaCTOK Ha PEIIITKax 1 MICKOBIOBIIOBaYaX 3
MOJAJIBIIOK MEXAaHIYHOK OYHMCTKOIO BOJ| y MEPBUHHUX BiACTIMHUKAX. [licas uporo criuHa
BOJa HAAXOAUTh JO AaepOTEHKY B KWW HAIXOJIUTh KaTAIITUYHUNA OKHCHIOBAY 1
LHUPKYJIIOIOYMI aKTUBHUN MyJ, a TakoX CTHCHEHe moBiTpsa. Jlami peakiiiiHa cyMill
HaJIXOJHUTh A0 BTOPMHHOTO BIJICTIMHUKA, ¢ BOHA 3BUIBHAETHCS BiJ CYCIIeH31i aKTHBHOTO
myity. ITicis 1bOTO BOJIa HAIXOAUTH JI0 PEAKTOpa 3MINIYBaHHS, Ky/Id HAIXOIUTh XJIOp JJIs
3He3apakeHHs BOAM. 3HE3apakeHa BOAa HAAXOAUTh Y KOHTAKTHHUM pe3epByap, 3BiIKH MOXKE
BUITYCKATHCS Y BOJOWMH, a00 MOBTOPHO BHKOPHUCTOBYBATHUCH ISl TEXHIUYHUX ITUICH.

VY3aranpbHeHU# mpoIiec yTuiii3aiii piIkuxX BIIXO0J11B HaBEICHO Ha puc. 5.7.

Limiawa boda
lickobao-
Bl
I -
[leburHu
Bdcimimuk
Cmucryme I
o Aecomerx [, 4
Kamaam! L j
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5.6.2. 3HelmIKOMKEeHHSI TBEPAUX BiAX0AiB

TBep/i Biixoau eTammy caHiTapHOT MIATOTOBKH BUPOOHMIITBA 1 MiATOTOBKU MOKUBHUX
CEepEZIOBUII] MPEJICTABICH] MaKyBaJbHOK Tapol JJIi MUMHHMX 3acO0IB 1 KOMIIOHEHTIB
MOKHUBHOTO cepeoBuIa. Tapa st MUTHUX 3ac00iB BUTOTOBJICHA 13 MOMIETHIICHY BUCOKOT
IIIIBHOCTI, SKWW MIAAA€ThCA BTOPUHHIA miepepoOrii. Jlesiki KOMIIOHEHTH ITOXKHUBHOTO
CEpelIOBUIIA TTOCTABIISIIOTECA B YMAKOBIl 3 MOJIBIHUI XJIOPUAY, KM BBAXKaIOTh BaXKO
MiJ/1a€THCS BTOPUHHIN TIepepoOIli 1 TOMy HOro 3a00pOHEHO YTHIII3YBaTH Pa3oM 3 1HIIUMHU
BUJIaMH IJIACTHKY.

[licns pexaHTalli OpraHIYHOrO EKCTPAKTY HATaMILMHY 13 OlomMacu 3a OAWH LIMKII
HEOOXITHO YTUii3yBaTH Onu3bko 16,4 kr wminemanbHOi MacH. OCKUIBKA TMPOAYLEHT
S. natalensis nanexutb a0 kinacy Oesnexku BSL-1, BiH He € MOTEHIIWHUM 30yJTHUKOM
3aXBOPIOBaHb JIIOAWMHM a00 TBapWHHM, 1 TOMY BIJXOIM Bl HOro KyJIbTHUBYBaHHS HeE
MOoTpeOyIOTh JEKOHTaMIHAIII].

Tabn. 5.8.

XapakTepucTHKa TBEPAMX BiAX0AiB Y BUPOOHMUTBI HATAMILIMHY

HazBa cknafioBoi piikux BigxoaiB | PedoBuHwu, siki BXOITh A0 ckiany BiaxoniB | Kmac nHeGesmexku
[InactrkoBa Tapa 1 MUMHUAX HDPE-2 —
3aco00iB MOJIIETHUIIEH BUCOKOI IIIILHOCTI IV
YmakoBKa JIJ1sI KOMIIOHEHTIB HDPE-2 — nonieTuieH BUCOKOI IIITLHOCTI, 1V
MOKMBHOT'O CEPETOBHINA PVC-3 — noniBiHiI XJIOpUJ
MinenianbHa Maca biomaca kyneTypu S. natalensis NRRL2651, 1A%
CIIAM HATaMIIIUHY BSL-1

3BakaloyM Ha HEBEJNMKI O0OCSITH TBEPAWX BIAXOJIB Ha JAaHOMY BHPOOHHIITBI,
HEOOX1IHOCTI 3MEHIIIEHHS TXHIX 00CST1B HEMAE.

Jlist ytumizarnii Tapy BiJi MUIOYHMX 3aC00IB 1 KOMIIOHEHTIB MOKUBHOTO CEPEIOBUIIA 1X
MONEPEIHBO COPTYIOTH 1 BIAMPABISAIOTH J10 MYHKTIB IPUHAOMY BTOPCUPOBHHH.

BignpanpoBanuii Mireniil pecTaiise coO000 BiINpalboBaHy 0ioMacy MpoayIeHTa.
Oxpim Glomacu MiLeNii MOKe MICTUTH CII1AM HATaMILIMHY Ta 3JIULIKA OPTaHIYHUX KUCIIOT,
K1 TIPY HAJXOKCHHI Y HAaBKOJIMIITHE CEPEIOBHUIIE, 30KpeMa IPYHT, MOKYTh MaTH YNHUTH
HeraTuBHUM BIUIUB. ToMy, HEOOX1THO NIEpeIOAYUTH 3aX0/I1 3BIIIbHEHHS MILETIabHOT MacH
BiJl aHTUO10THKA 1 OPTaHIYHUX KHUCIIOT.

VYrumnizaniro MilemalbHUX BIJIX0/11B MOYKHA 3{IHCHUTH IIUISIXOM BEPMUKYJIbTUBYBaHHS
THIMHUX 4epBiB — Eisenia foetida. Y cymill MiuemiaJbHUX BiAXOIiB 3 5-25% opraHiyHuX

n00aBOK (AepeBHA CTPY’KKa, COJIOMa, TIeperHii) y Bech 00’ €M 3amycKaroTh YepBU Eisenia
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foetida (50-200 mtyk Ha 1 xr cymimn). 3a 20-30 ai0 4yepBU MITpyIOTh Y BEpXHIN IIap
TOBIIMHOIO 10 10 cM, sSIKMW MOXHa BHUJAIUTH 1 BUKOPHUCTATU JIJISl MMOBTOPHOTO 3acCiBY
HACTYITHOI MapTiH MilemialbHUX BIAX0a1B [69].

Bigxoam minenito, siki OyJ0 yTHIi30BaHO YepBaMH, HE MICTATh aHTHOIOTHKIB. Taki
B1JIXOJM MOYKHA BUKOPHUCTOBYBATH SIK TIOOpPHBA y C1JIbCbKOMY TOCIIOIapCTB1 a00 HaIMpaBJICH1
Ha JICTIOHYBaHHA 0€3 3arpo3u HaBKOJUIITHEOMY CEpPEIOBHIILY.

5.6.3. 3HemKOMKEeHHS ra30MOBITPSHUX BiAX01iB

["azomoniOH1 BIIXOAU YTBOPIOIOTHCS HA €Talll OTPUMAHHS IOCIBHOTO MaTepiany,
BUPOOHMYOTO OI1OCHMHTE3Y, CYLIIHHSA KPHCTAJIB HaTaMminuHy. Y CKJaJl Tra3onoaiOHuX
B1/IXO/IIB HASIBHUM BYTJIEKUCIINH Ta3 1 aep030J1b OaKTepiaIbHUX CIIOP.

OCKUIbKM TPOJMYIEHT HATaMIlIMHY HaJeXuTh 10 Kiacy Oesmeku BLS-1, To
ra3ono/110H1 BIIX0/IM MaTUMYThb Kiac HeOe3neku — [V. Haraminun sik aHTHO10THK Ma€ Kiiac
6esnexku BLS-2, i Tomy Horo razonoiOHi BiIX0Au MaTUMYTh Kiiac HeOesneku — I11.

BianpanpoBaHne ouniiieHe noBiTps micis (pepMenTailii, sske MICTUTh BYTJICKUCIIHI Ta3,
MOXKHa TTOBTOPHO BHKOPHCTOBYBAaTH B SIKOCTI ITO)KHMBHOTO Ta30BOT0 CyOCTpaTy mpHu

BHUPOIIYBaHHI BOJIOPOCTEH.

Tabn. 5.9.
XapakTepucTHKA ra3onoaioHuX BiAX0AiB Y BUPOOHMUTBI HATAMIIIUHY

Ha3sBa cknagoBoi pigkux Pe4yoBuHH, sIKi BXOASTH IO CKIAAY BIAXOMIIB Kiac nebesmnexu

BIIXO0/IIB
BinmpanpsoBane moBiTps Byrnekucnuii ras, aepo3oib 0akTepialbHUX CIIOP
nicist pepMeHTanii 1A%
BinnparisoBane noBiTps Aepo301b MEXaHIYHUX YaCTOK BiJl CyXOT0 I
TICJIS] CYIIIHHS HaTaMIIUHY

VYTumizaio ra3onoBITPSHUX BIAXOMAIB MOXXHA 3I1ACHIOBATH (PI3UKO-XIMIYHHUM METOJIOM.
BignparneoBane mMOBITPS 3a JOMOMOIOK IUPKYJSIIHHOIO HACOCYy HAAXOIUTh [0
TPHOXCEKITIHHOT a0copOIiiHOT KaMepu. Y SKOCTI PIAKOTO COpOEHTY Yy Kamepi
BUKOPUCTOBYIOTH BOJHHM PO3YMH MEPEKUCY BOJIHIO a00 xyiopaminy. JlaHuii eTarn € nepimm
CTYIIEHEM OYMIICHHS TMOBITPS BiJ aepo3oyio crmop. s Apyroro CTymeHs OYMIICHHS
BIJIMPAIlbOBAHOTO TOBITPS JUIsl MOBHOI cTepuimizaliii micisi abcopdepy BCTAHOBIIOIOTH
kamepy Y®-onpominenns [70]. Ilicas 2-ctyneHeBoi oOpoOKM BifmpalibOBaHe MOBITPS
MO>KHa HaJlaJll BUKOPUCTOBYBATH y O10T€XHOJIOTTYHUX HIIsIX 00 BUITYCKATH Y HABKOJIHIIIHE

cepeIoBHIIIE.
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PO3/1JI 6. MarepiajibHuii 6ajaHC i pO3paxyHOK 00/1aJHAHHSA
6.1. Po3paxyHok MaTepiaJibHOro 0ajnaHcy

Bignosigno no TEO piuna morpeba A0pOCIOro 1 AUTAYOrO HacejleHHS YKpaiHU B
cyOctanmii HataminuHy ckiagae Gy, = 129 xr. Byno mpuiiHsATO, 110 TaKy KUIBKICTb
cyOcTaHLii aHTUOlOTMKAa BUPOOIATUMYTH 3a Tpy = 84 mui (12 TWXHIB). 3rifgHO 3
EKCIIEpUMEHTAJILHUMHU JaHUMH, MaKCUMalbHUN cuHTe3 HaTtamiuuHy (3,0 r/a1 3a 84 rom)
MOXJIMBO 3a0€3MeUnTH 3a YMOB KYJIbTUBYBAaHHS INTaMy-TIpOAYIIEHTa S. natalensis
INRRL2651 Ha moXXMBHOMY CepeIOBHINI IS OIOCMHTE3y HACTYHHOTO CcKiaamy (Tr/i):
rioko3a — 20,0, M sscHul ekcTpakT — 2,0, ApKIKOBHUM ekcTpakT — 2,0, acnaparid — 0,5,
MoHO(pocdaT kanito — 0,05, nponionar Hatpito — 0,5, anerat Harpito — 1,75. Beboro — Cyyg,
= 26,8 1/11. TlociBHUN MaTepial OTPUMYIOTh 32 BUKOPHCTaHHS MOKUBHOTO CEpEIOBHINA
HacTynmHoro ckiamy(r/m): rmoko3za — 4,0, comomoBuii excrpakt — 10,0, IpixIKOBUN
excTpakT —4,0. Bevoro — Cyg = 18 /11 [7].

KoHueHnTpariis HaTaMilMHY Y KyJIbTypaJibHIN piauHu ckianae 3,0 1/, KOHLIEHTpaIs
|[6lomacu y KynbpTypanbHiid piguHi — 4,2 r/a [7].

3riTHO 3 HOPMATUBHO-TEXHIYHOIO JIOKYMEHTAIII€0 Ha TOTOBUH MPOAYKT HATaMIIIMHY
BMICT CyXxuX pe4yoBuH y mnpemnapaTi CP,, nmoBuHeH cTtaHoBUTH He MeHe 94%. Jlns
PO3paxyHKIB MPUMMAEMO HACTYIHI BUXI1JIHI JIaHl: TPUBAIICTh UKy poOOTH (epMeHTepa
Tup =Ty + Too = 84 + 6,5 = 90,5 ron, ne Ty — TpuBanicts pepmenrauii, Ty, — TPUBATICTH
MIArOTOBYMX Olepauiid; KoedilieHT 3amnacy Juisi BpaxyBaHHS MOMJIMBOCTI HECTEPUIbBHHUX
onepaniii K; = 1,2; xoediuieHT 3anmoBHeHHs BuUpoOHHYoro ¢epmenrepa K,y = 0,5;
Koe(ili€HT 3aTTOBHEHHS NOCIBHMX amnapatiB Ky, = 0,5; koediiieHT 3armoBHEHHS KOO Kyon =
10,2; xoedirient 30ipHuKiB K;5 = 0,8.

Heo0ximHo BpaxyBatH, 1110 CyMapHi BTPATH I1iJ1 4aC BUAUICHHS 1 OUMIIEHHS CyOCTaHIIIi
HaTtamiluHy ckiagae 40%, 3Biacu yactka By = 0,4. KinbkicTh mOCIBHOTO MaTepiany s
BUPOOHUYOro (epMeHTepa CTaHOBUTh X¢ = 0,1; KIJIBKICTh MOCIBHOIO Marepiaiy Ijs

MOCIBHUX anapatiB Xy, = 0,1; KUIBKICTh TOCIBHOTO MaTepiaiy s KAYaJIOYHUX KOJIO

HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus [{amko Nitepa ApK. Apky1iB
KOHCyHbT. PO3I[I.H 6 | | 89 28
Kepipuuk Kpacitbko Marepianbauii 6anaHc i
H. xoutp. PO3paxyHOK 00JIa[HAHHS Kadenpa BTM
3aB. kag. ITupor




Xxon = 0,2; BTpaTu KyJbTypasibHOi piauHu mix yac 6iocuntesy Eg = 0,1; BTpaTu nociBHoOro
MaTepially y mpolieci Horo oTpuMaHHs B OCIBHUX amapaTax En, = 0,1; BTpatu mociBHOTO
Marepiajy y mnpoieci ioro orpuManHs B kojioax Ey,; = 0,01.

Po3paxyHok KijdbkocTi nmapriii mpoayktry (BMpoOHMYMX HMKJIB). KiigbKicTh
IPOAYKTY Ha 100y CTaHOBUTH:

Gy = G/ Tpn =129 kr / 84 nni = 1,6 xr/100y.

KinpkicTh aHTHO10THKA 32 LIUKJI CKIIA/IAE:

Gux = Gur Tugp/24 = 1,6 - 90,5/24 = 6 xr/nuxin.

O06’eM KynbTypalIbHOI PIIMHY, KA 3IUBAETHCS 32 OJIUH LIUKII 3 ypaxXyBaHHSIM BTpaT 3a
BUPOOHUYHIA INKII CTAHOBUTB:

Vip=Ki* G CPry / Pip(1 = Es) = 1,26+ 0,93 /3,0 - (1-0,4) = 3,6 m°.

1.4. KibKICTh IIMKJIIB HA PIK CTAHOBUTH:

Nk =G/ G =72 /6 = 21,5 = 22 nukim.

1.5. Buxig npenapary y Kr 3 1 M® KyJbTypanbHOI piqvHy CKIaiac:

Py =Guw/Vip=6/3,6=1,6 kr.

IlpuroryBanHsi i crepuiaiamisi MOKUBHOIO cepeloBHINA JJs1 BHPOOHMYOIO
OiocuHTe3y. KUTbKICTh MOXUBHOTO CEPEIOBUIIA Ta MOCIBHOTO MaTepiaiy B (hepMeHTEPI 110
KyJbTUBYBaHHS Oy/Ji€ CTAHOBUTHU:

V= Vi/(1-Eg) =3,6 / (1-0,1) = 4 m°.

KinbkicTh MOXKUBHOTO cepeioBulia y (hepMeHTEpl CTAHOBUTHME:

Ve = Vo/(1+Xy) =4/ (14+0,1) = 3,64 m°.

Heo0xigHa KUIBKICTh MOCIBHOTO MaTepiaty Juls 3aciBy ¢hepMeHTepa:

Vi = V- Ve = 4 - 3,64 = 0,36 m* (360 ).

BinnmoBigHo A0 oOpaHoro koedimieHTta 3amoBHeHHs ¢epmentepa K,y = 0,5
npUOIU3HUIN reoMeTpUYHUl 00’ eM (hepMeHTepa CTAaHOBUTUME:

Vip = Vy/Ksp=4/0,5=8 M.

BusHayeHHst KiIbKOCTI cTajgiii BHPOLIYBAHHS IOCIBHOIO Marepiadny.
[IpuiiMmeMo, 10 KUIBKICTh MOCIBHOTO Matepiany ctaHoBUTH 0,1% Big KiJIBKOCTI
MOKMBHOTO cepelnoBuila y amapari. Po3paxyemo npuOin3Hy KiTbKICTh MOKHBHOTO
CepeOBUILA AJIs KOKHOI CTa/lli BUPOILyBaHHS OCIBHOTO MaTepiaity.

0O06’eM mOCIBHOTO MaTepiany /st pepMeHTepa 3 IMOCIBHOTO arapary:
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Vg = 0,36 M* (360 1).
O06’eM MOCIBHOTO MaTepiady Uil TOCIBHOTO armapary 3 iHOKYyJIATopa:
Vima = Vg * Xow =360+ 0,1 =36 11.
O06’eM MOCIBHOTO MaTepiaity Uil IHOKYJISATOpA 3 MAJIOTO IHOKYJISATOpA:
Vit = Vi * Xim1 =36 - 0,1 = 3,6 1.
O06’eM MOCIBHOT'O MaTepiaiy JUisl MaJIOro IHOKYJISATOpa 3 KAYaJIOUHHUX KOJIO:
Viwiz = Vi1 * Xiz = 3,6 - 0,1 = 0,36 1 (360 ™).
Takum 4MHOM, OTPUMAaHHS MOCIBHOT'O MaTepialy BiIOyBaTUMETbCS Y YOTUPH CTaIll.
IlpuroTryBanHsi Ta cTepuJji3ailisi MOKUBHOIO CepelOBHUINA s BHPOOHHYOIO
OiocuHTe3y y (pepmenTepi. 3rifHO 3 MPUHHATAM CKJIAI0M ITOKMBHOTO CEPEJIOBHINA IS
0l0CHHTE3y HATaMIIMHY 3arajibHI BUTPATU KOMIIOHEHTIB HAa BU3HAUEHUI 00’ €M MOKUBHOTO
cepenoBuIla (Vycp) CTAaHOBUTUMYTH:
Gy = Ve * Cyp = 3,64 - 26,8 = 97,6 kI, y TOMY YHUCIIL:
I'mokoza: Gy = Gy - Ci/ Cyg = 97,5 - 20/26,8 = 72,8 k.
M'sicuuit exctpakt: Gy = Gy * Cof Cyg = 97,5 - 2/26,8 = 7,3 k.
HpixmxoBuit ekcTpakT: Gz = Gy + C3/ Cyg = 97,5 - 2/26,8 = 7,3 k.
Acmnaparin: Gy = Gy * C4/ Cyy=97,5 - 0,5/26,8 = 1,8 k.
Mounogochat kamro: Gs = Gy * Cs/ Cyg = 97,5 - 0,05/26,8 = 0,182 «r.
Auerat Hatpito: Gg = Gy * Co/ Cyy =97,5 - 1,75/26,8 = 6,4 kr.
ITpomionar Hatpito: G7 = Gy C7/ Cy4 =97,5 - 0,5/26,8 = 1,8 KT.
3aJIe)XHO BiJ CIIOCO0yY 1 00aiHaHHs, sike Oy/ie BAKOPUCTOBYBATHUCH JIJIsl CTEPUIII3AIlii
KOMIIO3HIIIH MTOKUBHOTO CEPEIOBUINA, YaCTKA KOHEHCATY Y 3arajibH1i KUIBKOCTI BOAM, KA
Wae Ha TPUTOTYBaHHS TIOKWUBHOTO CEpPEJOBHUINA, € pI3HOW. BpaxoByrwouum T€, 10
KOMIIO3UIIisl A OyJe crepuitizyBaTucs 0e3nocepeHbo y hepMenTepi, a komnosuuisa B —y
peakTopi-3MminryBadi, yacTku KoHaeHcaTy (Kyon) cTaHOBUTUMYTH BifnoigHo 0,1.
Tak, 3aranpbHa KUIBKICTh KOHJIEHCATy, IO Oy/J€ YTBOPIOBATHCS MPHU CTEPHITI3allii
MO>KMUBHOTO Cepe/loBUIIa B (hepMEHTEP] CTAHOBUTHUME:
V= Ve Kion =3 640 - 0,1 =364 1.
Ockinbku kommosuilisi b (Monodocdat kamniro) Oyae crepuitizyBaTrcs y Kool B aBTOKJIABI,
KOHJIEHCAT ITiJT 9ac CTepuIi3allii yTBOproBaTucs He Oyje, 1 ToMy JacTKa KOHJIeHcaTy Oyne

craHoButH 0.
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3aranbpHa KUIBKICTh BOAM ISl pO30aBJIEHHST KOMIIOHEHTIB MOKUBHOTO CEPEOBHILA
Oyne ckiagaTu:

Vip = Viep “Gp— Ve = 3640 — 97,6 — 364 =3 178 1.

Po3paxyemo KiTbKICTb BOAM JJIsl PO3YMHEHHS MOKOMIIOHEHTHO, JI:

I'moko3a: Vis = Vg Ci/ Cyg =3 178,4 - 20/26,8 =2 372

M'sicanii ekeTpakT: Vas = Vig * Cof Cyg =3 178,4 - 2/26,8 = 237

JpiKaKOBUN €KCTPAKT: Vi = Vi * C3/ Cyg =3 1784 - 2/26,8 =237

Acnaparit: Viz = Vg C4/ Cy =3 178,4 - 0,5/26,8 = 59

Mounogocdat kanito: Vs, = Vg * Cs/ Cyg =3 178,4 - 0,05/26,8 = 6

Anerat Hatpito: Ve = Vg * Co/ Cyp =3 178,4 - 1,75/26,8 = 208

[Ipomionat Hatpito: V7z = Vi * C7/ Cyg =3 178,4 - 0,5/26,8 = 59

[Ipore, BapTO 3BEpHYTM yBary Ha Te, IO 3arajbHa BHTpaTa MOHOQoOCHaTy Kaiito
craHoBUTUME 182 r. 3Ba)kalouM Ha TaKy HEBEJIMKY KUJIbKICTb KOMIIOHEHTa, JJis HOoro
CcTepwiIi3alii y Koj0l B aBTOKJAaBl PalllOHAJbHO IMPUTOTYBAaTH OLIbII KOHIIEHTPOBAaHUU
po3unH. Tak, 3aMicTh po3paxoBaHOro 00’ eMy BoH 6 1 6epeMo 06’ eM — 1 J1 1t KOMITO3HITIT
b. Pemty po3paxoBanoi Boju (5 1) 101a€MO B KOMITO3HIIIIO A.

Takum 9uHOM, 3arajlbHUM 00’ €M BOIH, SIKUI JOAAIOTh JO KOMIIO3HIIIT A CTAHOBUTHUME:
2372 +237+237+59+5=2910 .

Po3paxyeMo KUJIbKICTh KOHAEHCATy MOKOMIIOHEHTHO, JI:

I'moko3a: Vi = V- Ci/ Cyy =364 - 20/26,8 = 272

M'sicHuit ekcTpakT: Vo = Vi * Cyf Cyy =364 - 2/26,8 =27

HpixKoBUN eKCTPaKT: Vi = Vi * C3/ Cyy =364 - 2/26,8 =27

Acnaparii: Vo= Vi Cs/ Cyg =364 0,5/26,8 =7

Anerar Hatpito: Ve = Vi * C¢/ Cyg =364 - 1,75/26,8 =23

ITpomionar Hatpito: Vi = Vi * C7/ Cyg =364 - 0,5/26,8 =7

Hacrtymnni po3paxyHku He O€pyThCs 10 yBaru 1 NpuBEAEH1 1JIsl yTOUYHEHHS MTONepeaHIX
PO3paxyHKIB 3arajJbHOTr0 00’ €My KOHJEHCATY.

Mounogocdat kanito: Vs = V- C4/ Cyy =364 - 0,05/26,8 =0,7=1

dopMyBaHHS KOMIO3MIIIN HaBeJeHO y TabiI. 6.1.
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Taomung 6.1

Criax KOMIO3UILIH U1 cTepUIIi3anil KOMIIOHEHTIB MOKUBHOI0 cepe0BHINA

JJISi BUPOOHUYOr0 0ioCHMHTE3Y

KomrmionenT noxxuBHoro | Bmicr, KinekicTs mis Komro3uirist O06’em
cepeoBUIIa r/n MpUroTyBaHHs 3,64 M3 KOMIIO3HIII1,
CepeoBHUILa, KT (J1) V,n

I'mroxo3a 20,0 72,8
JIp1KIKOBUHM €KCTPAKT 2,0 7,3
Acmaparin 0,5 1,8 A 3338
M’sicHUI1 €KCTPAKT 2,0 7,3
Bona 2910
Konnencar 333
Momnodocdar kamito 0,05 0,18 b* 1
Bona 1
AnieraT HaTpitO 1,75 6.4
[Ipomionar Hatpito 0,5 1,8
Bona 267 B 305
Konnencar 30
Pa3zom: 3 644 3644

Ipumitka: * - KOMITIO3HILIS TOTYETHCS y Ta0OPATOPHOMY TIOCY/Ii 1 CTEPUITI3YETHCS B aBTOKJIAB1

Komnosuiiro A crepunizytoTs 0e3mocepeHb0 Y BUpOOHUUOMY (DepMEHTEP1 HIISTXOM

nojayi roctpoi napu npu Temneparypi 112° C i tucky 0,05 MIla mpotsrom 30 XBUIHH.

Komnosuiito b crepuiizytoTh y 3aKpuTiid KOJIO1 B aBTOKJIAB] MIJIIXOM MO/Aadl MIyXol

napu npu temrnepatypi 131° C 1 tucky 0,15 MIla npotsirom 40 xBUuH.

Kommosumito B crepumnizytoTh y peakTopi-3MinryBadi MUIIXOM T0/1a4dl TOCTPOT HmapH

npu temneparypi 131° C 1 tucky 0,15 MIla npotsirom 40 XBHIIKH.

IIpuroryBanHsl Ta crepuwiizaiisi MOKUBHOIO0 CepedOBHINA [JIsi BUPOLIYBAHHSA

NMociBHOro marepiajgy y mnociBHomy amnapati. O0'eM MOXHBHOTO CEpeJIOBHINA Ta

MOCIBHOTO Matepiajly y MociBHOMY amnaparti 3 ypaxyBaHHsM BTpaT (Eq,) ckiaze:

Via = Vi / (1-Er) = 0,36 / (1-0,1) = 0,4 M.

O06’eM roTOBOI0 MOKUBHOTO CEPEIOBHUIIA 1JI1 BUPOOHUYOTO (hepMeHTepa CKIaje:

Vien = Vil (14X0a) = 0,4 / (140,1) = 0,36 M°.

Butpatu nociBHOro mMaTepiainy ajs Ha 3acid BUpoOHUYOro hepMeHTEpa CTAaHOBUTHUME:

Vit = Viia — Vien = 0,4 — 0,36 = 0,04 v (40 11).
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3riiHO 3 MPUUHATHM CKJIaJ0M IMOKUBHOTO CEPEIOBHUIIA AJII OTPUMAHHS MOCIBHOTO
Marepianxy y MOCIBHOMY amapari 3arajbHI BUTPAaTH KOMIIOHEHTIB Ha BHU3HAUYCHUU 00’ €M
MOKUBHOTO cepeoBUIIA (V) CTAHOBUTUMYTh:

Gaar = Vien'Cygp = 0,36 +18 = 6,4 kT, y TOMY UHCIHi:

I'moko3a: G; = Gar * Ci/ Cyy = 6,4+ 4/18 = 1,4 k.

HpixxoBuit eKCTpakT: Gy = Gaar * Cof Cyg = 6,4+ 4/18 = 1,4 kr.

ConopoBuii ekctpakT: Gz = Gyyr * C3/ Cyg = 6,4+ 10/18 = 3,6 kr.

Po36aBieHHs MOXKMBHOIO CEpeOBUINA KOHACHCATOM MapH MpU HOro crepuiiizaiii y
peakTopi-3MILIyBadi CKIaJaTUME:

Vi = Vien Kiow = 0,36 - 0,1 = 0,036 M (36 11).

3arajibHa KUIbKICTh BOJM JIJIsi PO30aBJICHHS KOMIIOHEHTIB IMOKHUBHOTO CEPEIOBUIIA
OyJe ckiaaaTu:

Vin = Vien —=Gaar— Vg = 360 — 6,4 — 36 = 318 1.

Po3paxyemo KiTbKICTb BOAM ISl PO3YMHEHHS TOKOMITOHEHTHO, JI:

I'moko3a: Vig = Vg, Ci/ Cy=317,5-4/18=71

HpiaKoBUl €KCTPAKT: Vo = Vi * Cof Cyg =317,5-4/18 =71

ConopoBuii ekcTpakT: Viz = Vi C3/ Cyy =317,5- 10/18 = 176

Po3paxyemMo KiJIBKICTh KOHACHCATY TOKOMIIOHEHTHO, JI:

I'moko3a: Vi = Vi Ci/ Cyy =36-4/18 =8

HpixaxoBuit eKCTPaKT: Vo = Vi Cof Cyy =36+ 4/18 =8

CononoBuii ekcTpakT: Vi = Vi C3/ Cyg =36 - 10/18 =20

[loxxuBHE cepeoBUIlE TOTYIOTh Y PEaKTOpI-3MillyBaul 1 CTEPUII3yIOTh B OJHIM
KOMITO3HIIIT Y IHOKYJISITOPI MUISIXOM Toa4l rocTpoi napu npu temmepatypi 112° C 1 Tucky
0,15 MIIa npotarom 30 XBHIJIKH.

®opmyBaHHS KOMIIO3ULIN HaBeAEHO B Tabm. 6.2.
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Tabmuis 6.2
Criax KOMIO3UILIH U1 cTepUIIi3anil KOMIIOHEHTIB MOKUBHOI0 cepe0BHINA

JJIS OTPUMAHHS MOCIBHOIO MaTepiajy y HOCiBHOMY anapari

KomrmionenT noxxuBHoro | Bmicr, KinekicTs mis Komro3uirist O06’em
cepeoBUIIa r/n npurotyBanus 0,36 M3 KOMIIO3HIII1,

CepeoBHUILa, KT (J1) V,n

I'mroxo3a 4,0 1.4

JIp1KIKOBUHM €KCTPAKT 4,0 1,4

CononoBuil eKCTPAKT 10,0 3,6 A 360

Bona 318

Konnencar 36

Pa3zom: 360 360

IIpuroryBanusi Ta crepuiizalisi MOKMBHOI0 CepeJOBHUINA /sl BUPOUIYBAHHSA
NOCIBHOro Martepiajay y iHokyjasitopi. O0'eM MOXHMBHOIO CEpeAOBHINA Ta IMOCIBHOTO
Marepiany y IHOKYJsATOpi 3 ypaxyBanHsaM BTpat (Ei,) cknaze:

Vist = Vi / (1-Ei) = 0,04 / (1-0,1) = 0,04 m3(40 ).

0O06’eM TOTOBOT'O TTO’KMBHOTO CEPEIOBHINA JIJIsI BUPOOHHUOTO (pepMEHTEPA CKIIAC:

Vit = Vin/ (1+X5) = 0,4 / (1+0,1) = 0,036 m* (36 n).

Butpartu nociBHOro marepiainy juist Ha 3aci0 BUpOOHHYOTro (pepMeHTepa CTAHOBUTHUME:

Vit = Visl — Vieit = 0,04 — 0,036 = 0,004 M* (4 ).

3riiHO 3 MPUMHATHM CKJIaJ0M IMOKUBHOTO CEpPENOBHUIIA AJII OTPUMAHHS MOCIBHOTO
Marepiaiy 3arajbHl BUTPATH KOMIIOHEHTIB HA BUSHAYEHHUI 00’ €M MOXKUBHOTO CEPEIOBUILA
(Vicil) CTAHOBUTUMYTh:

Gaar = Vit Cyg = 0,036 18 = 0,64 kr, y TOMY uncii:

I'moko3a: G; = Gaar * Ci/ Cyy = 0,65 - 4/18 = 0,14 xr.

HpixaxoBuit eKCTpakT: Gy = Guar * Cof Cyg = 0,65 - 4/18 = 0,14 kr.

CononoBuii ekcTpakT: Gz = Gy, C3/ Cyg = 0,65 - 10/18 = 0,36 kr.

Po36aBieHHs MOXMBHOTO CEpeOBHINA KOHACHCATOM Mapu MpU HOro crepuiizaiii y
peaxkTopi-3MilllyBadi CKJIagaTUME:

Vi = Vieir* Kion = 0,036 - 0,1 =0,0036 ™ (3,6 ).
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3aranbpHa KUIBKICTh BOAM ISl pO30aBJIEHHST KOMIIOHEHTIB MOKUBHOTO CEPEOBHILA

Oyne cknanat: Viii = Vicil —Gsar— Ve =36 — 6,4 — 3,6 =26 1.

POSp&XY&?MO KIJBKICTh BOJH IJIA pO3YMHCHHA IIOKOMIIOHCHTHO, JI:

I'moko3a: Viz = Vi1 Ci/ Cyg =26 - 4/18 = 5,8

JIpLKIKOBUN KCTPAKT: Vo = Vit + Cof Cyg =26 -4/18 = 5,8
CononoBuil ekcTpakt: Vi = Vi - C3/ Cyg =26 - 10/18 = 14,4

Po3paxyemo KiTbKICTh KOHIEHCATY TOKOMITOHEHTHO, JI:

I'moko3a: Vi = V- Ci/ Cyy=3,6-4/18=10,8

HpixKOBUN eKCTPAKT: Vo, = Vi * Cof Cyg = 3,6 - 4/18 =0,8

ConopoBuii ekcTpakT: Vi = Vi C3/ Cyy=3,6 - 10/18 =2

Tabmurg 6.3

Criag KOMIO3uuii A/ cTepuIizanii KOMIIOHEHTIB MOKMBHOI0 Cepea0BHINA

JJISi OTPMMAHHSA MOCIBHOI0 MaTepiaay B iHOKYJIATOPi

KomMnonenT moxkuBHOTO | BMICT, KimpkicTh mirst KomMmoswuirist O06’em
cepeaoBuIIa r/n npurotyBaHHs 30 11 KOMITO3HIIIT,
cepeaoBuIna, Kr (Jr) V,n
I'moko3a 4.0 0,14
JpiKIKOBUIN €KCTPaKT 4,0 0,14 A
CoJ1010BHI1 €EKCTPAKT 10,0 0,36 30
Bona 26
Konnencar 3,6
Pa3zom: 30 30

[loxxuBHE cepeoBUIlE TOTYIOTh Y PEaKTOpI-3MillyBaul 1 CTEPUII3yIOTh B OJHIM

KOMITO3HMIIIT Y IHOKYJISITOPI MIJISIXOM ToAadi rocTpoi napu npu temmeparypi 112° C i tucky

0,05 MIla npotsirom 30 xBunuH. @opMyBaHHS KOMITO3UIIIN HaBeACHO B Tab. 6.3.

IIpuroryBanHsi Ta cTrepuwiidalisi MOKMBHOI'0 CepPeJOBHINA IJIA BHPOLIYBAaHHA

NOCiBHOTO0 Marepiany y majgomy iHOKyJsATOpi. O0'eM MOXHMBHOIO CEpEOBHILNA Ta

MTOCIBHOTO Matepiajly y MociBHOMY amnaparti 3 ypaxyBaHHsM BTpat (Eqiz) ckiane:

Vimiz = Vil / (l-EiH) =4 /(1-0,1) = 4,5 JI.

0O06’eM TOTOBOTO MOKMBHOTO CEPEOBHILA JIJIs1 BUPOOHHUOTO (PepMEHTEPA CKIIAE:

Vieiz = Vi/ (1+Xiw) = 4,5/ (1+0,1) = 4,1 .

Butpatu nociBHOro MaTepiany A Ha 3aciB BUPOOHUYOTO (hepMEeHTEpa CTAHOBUTHME:
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Vimiz = Vi = Vi =4,5-4,1 = 0,4 1.

3Bakaroun Ha HEBENUKUN 00’ €M CepelOBUINA, IOTO CTEPUITI3YIOTh Y aBTOKJIAB1 1 TOMY

IpU po3paxyHKaxX KOHJEHCAT HE BPaXOBYIOTb.

3riiHO 3 MPUUHATHM CKJIaJ0M IMOKUBHOTO CEPENOBHUIIA AJII OTPUMAHHS MOCIBHOTO

MaTepiaJIy 3arajibH1 BUTPATH KOMITOHCHTIB Ha BU3HAYCHUH 00’ €M ITOKMBHOT'O CCpCaoOBHIIIA

(Vici2) CTAaHOBUTHUMYTb:

Gaar = Vieiz’Cyg = 4,1 -18 = 73,8 1, y TOMY unci:
I'moko3a: Gy = Gaar * Ci/ Cyy =73,8 - 4/18 =17 1.

HpixmxoBuit eKCTpaKT: Gy = Gagr * Cof Cyy =73,8 - 4/18 =17 1.

Conopnosuii ekcTpakT: G3 = Gyar * C3/ Cyg = 73,8 - 10/18 =41 1.

3arajbHa KUJIBKICTh BOIN OJIsA p036aBJ'IeHHSI KOMITOHCHTIB MO>KHBHOT'O cCpcaoBHUIIIa

oyne cknaaat: Vo = Vieio —Gaar- Vi =4,1 -0,074=4,1-0,1 =4 1.

PozpaxyeMo KIJIBKICTB BOJH IJIA pO3YMHCHHA IIOKOMIIOHCHTHO, JI:

['moko3a: Vo, = Viip * Ci/ Cyg =3,6- 4/18 = 0,9 1.

Hp1KaKOBUN €KCTPAKT: Vo = Vi * Cof Cyg = 3,6- 4/18 = 0,9 1.

CononoBuii ekcTpakT: Viz = Viip * C3/ Cyg = 3,6 10/18 = 2,2 1.

®opMyBaHHS KOMIO3UI[IH HaBeAEHO B Ta0J. 6.4.

Tabauna 6.4

CxkJiaa KkoMIo3uuii AJ5 cTepuizanii KOMIOHEHTIB MOKMBHOI0 Cepea0BHINA

JJISi OTPMMAHHSA MOCIBHOI0 MaTepially y MaJoMy iHOKYJIAITOPI

KomMnonenT nmoxkuBHOro | BMmicT, KimpkicTh miist Kommo3uinis O06’em

cepeoBuIIa /1 NPUTOTYBaHHS 4 11 KOMITO3HITIT,
cepenoBua, Kr (Ji) V,n

I'mroxo3a 4,0 0,017 4

JpiKIKOBUIN €KCTPaKT 4,0 0,017 A

CoJ1010BHi1 €EKCTPAKT 10,0 0,041

Bona 4.0

Pa3zom: 4 4
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[loxxuBHE cepefoBHINE TOTYIOTh y PEAaKTOPI-3MIlIyBayi 1 CTEPUII3YIOTh B OJHIM
KOMITO3UII] Y IHOKYJIATOPI IUISIXOM MOfadi rocTpoi napu npu temmnepatypi 112° C 1 Tucky
0,15 MIIa npotsarom 30 XBHJIKH.

[IpuroryBanHsi Ta cTepWIi3alis MOKMBHOIO CepelO0BUINA IJIsi BUPOIIYBAHHSA
NMOCIBHOrO Mmarepiagy y KkoJi0ax Ha kadaaui. O0'eM MOXUBHOTO CepelloBUIA Ta
MOCIBHOT'O MaTepiaiay y Kojioax Ha Kauajill 3 ypaxyBaHHsIM BTpaT (Eyo.n) cKIaze:

Vion = Viiz / (1-Exon) =400 M /(1-0,01) = 404 mu.

O06’eM OXXKMBHOT'O CEpeIOBUINA KOJIO CKITajie:

Viex = Vion/ (1+Xi) =404 / (1+0,1) = 367 mi.

BuTtpatu nociBHOro MaTepiany AJid Ha 3aCIBKOJIOCTAaHOBUTHME:

Vi = Vior = Vieic = 404 — 367 = 37 M.

[lociBHMIT MaTepian Takoi KUIBKOCTI OTPUMYIOTh y BUTJISAL CIOP, Kl YTBOPIOIOTHCS
MICTsL BIJIHOBJIEHHS 1 aKTUBHOI CHOPYJSIIl Jio@uIi30BaHOT My3eHHOT KyJlIbTYypHU Ha
BI/IMIOBITHOMY MOKMBHOMY CEPEIOBHIIII.

3riHO 3 MPUHHITHM CKJIaJ0M IMOKUBHOTO CEPEIOBHUINA AJII OTPUMAHHS TOCIBHOTO
Marepiaiay 3arajbHl BUTPATH KOMIIOHEHTIB Ha BU3HAYEHHI 00’ €M MOKUBHOTO CEPEIOBUIIA
(Viex) CTaHOBUTUMYTb:

Gaar = ViewCyy = 0,367 -18 = 6,7 1, y TOMyY 4mCIL:

I'moko3a: Gy = Guar - C1/ Gy =6,7-4/18=1,5T.

HpixmxoBuit eKCTpakT: Gy = Gur* Cof Cyg =6,7-4/18 =1,5T.

Conopnosuii ekcTpakT: Gz = Gyyr * C3/ Cyg = 6,7- 10/18 =3,7 1.

Ock1IbKM CTepuIIi3allisl MOKUBHOTO CepeloBHIla Oye BigOyBaTHUCS B aBTOKJIABl B
3aKPUTHX EMHOCTSIX, KOHJIEHCAT HE BPaXOBYIOTb.

3araibHa KUIBKICTh BOJM JIJII PO30aBIICHHS KOMIIOHCHTIB ITOKMBHOTO CEPEIOBHIIA
OyJie ckiaaaTu:

Vix = Viek —Gaar = 367 — 6,7 = 360 mu1.

Po3paxyemo KiTbKiCTb BOAM ISl PO3YMHEHHS TOKOMITOHEHTHO, MJT:

I'moko3a: Viz = Vi Ci/ Cyg =360 - 4/18 =80

HpiKaKoBU €KCTPAKT: Vo = Vi * Cof Cyg =360 - 4/18 =80

CononoBuii ekcTpakT: Viz = Vi * C3/ Cyg =360 - 10/18 = 200

dopmyBaHHS KOMIIO3UIIN HaBeACHO B Tabm. 6.5.
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Tabmuws 6.5
Criax KOMIO3UILIH U1 cTepUIIi3anil KOMIIOHEHTIB MOKUBHOI0 cepe0BHINA

JJISI OTPUMAHHS MMOCIBHOI0 MaTepialy B aBTOKJIABI

KomrmionenT noxxuBHoro | Bmicr, KinekicTs mis Komro3uirist O06’em
cepeoBuIIa r/n | npuroTyBaHHs 367 mi KOMITO3HIIIT,
cepenoBuIa, T (MJ1) V, M
I'mroxo3a 4,0 1,5 A 367
JIp1KIKOBUHM €KCTPAKT 4,0 1,5
CononoBuil eKCTPAKT 10,0 3,7
Bona 360
Pazom: 367 367

[loxkuBHE cepeloBUIE CTEPUII3YIOTh B OJIHIA KOMIIO3MINI Yy 3aKpUTI KOOl B
aBTOKJIABl IUIAXOM Mojaul riyxoi mapu npu temmepatypi 112° C i tucky 0,15 Mlla
npoTsirom 30 XBUJIUH.

Po3paxyHOK KiJIbKOCTI a0COJIIOTHO CyXMX PE€4YOBHH Y KYJbTYPaJbHil piauHi
micass  OiocuHTe3dy. Ilpu po3paxyHKax KIJIBKOCTI a0COJIIOTHO CYXHX PEYOBUH Y
KyJIbTypadbHI pIAUHI HEOOXIHO BpaxyBaTH Te, IO MiJ 4Yac OIOCHHTE3Y CKIIaJIOBI
MOKMBHOTO CEPEIOBUINA 3a3HAIOTH MEPETBOPEHHS Ha IUIOBUN MPOIYKT — HATaMIIHH,
O6lomacy npoayueHTa Streptomyces natalensis NRRL2651, 6anacTHi pe4OBUHHU, a TaKOXK
MIJJIATal0Th OKMCHEHHIO JIO BYIUVICKHUCIIOTH 1 BOAW. ToMy, IIi TIEPETBOPEHHS HEOOX1THO
BpaxyBaTH sik BTpaTu npu 0iocunTesi (Ee.). [Ipuiimaemo 3nauenus Ee. = 51%.

KinbkicTh aOCOMIOTHO CYXUX PEYOBHH B MOKUBHOMY CEPEIOBHII IS BAPOOHUIOTO
0i0ocuHTE3y CTaHOBUTH Gaarg = 97,6 KT.

KinbkicTh aOCOTIOTHO CyXHUX PEUOBUH y TOCIBHOMY MaTepiaii ckianae Gs,r = 6,4 Kr.
BpaxoByroun BTpatu npu BupoiyBaHHi B mociBHomy anaparti (Ei; = 0,1), kinbkicte ABC y
MIOCIBHOMY Martepiajll CTAaHOBUTH:

Gaarn = G3ar(1'En) =6,4 (1-0,1) = 5,8 KT.

Tak, 3aragbHa KUIBKICTH aOCOJIOTHO CyXuX pedoBUH (epp Y CEPENOBHILI IS

BUPOOHUYOTO O10CMHTE3Y CTAHOBUTH:

ch(b = G3aF(I) + G3arn = 103,4 KT.
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I3 BpaxyBaHHs BTpaT y mpoieci BUpoOHHUoro 0iocuHTe3y Eg. KiTbKICTh aOCOIIOTHO
CYXHUX PEUOBHUH Yy KyJIbTypalbHil piauHi micis GepMeHTallii CTAHOBUTD:
Gepip =Gepp — (GepgEsc) = 103,4 — (103,4-0,51) = 50,7 kr.
Po3paxyHok cranii BiggiienHs OGiomacu uentpudyryBaHusam. O0’em
KyJIbTypajbHOI PIAMHY, SIKa W€ Ha MOJajbllly IepepOOKy CTAaHOBUTH:
Veye = Vip = 3,6 M°.
BincotkoBuit Bmict abcomoTHO cyxoi 6iomacu (ACB) y KynpTypanbHii piauHi
CKJIa/iaE:
CPycs = Gsare/10 = 4,2/10 = 0,42 mac. %.
[IpuiiMemo, 1m0 ryctuHa OioMacu CTaHOBUTH pacs= 1200 xr/m’. Maca ACB vy
KyJIbTYpalbHIN PIAMHI CKIAIAE:
Gacs=Veye pacs' CPacs/ 100 =3,6 - 1200 - 0,42 /100 = 43,2 xr.
Bosoropmict KITHHHOT Macu CTaHOBUTH Biag 65 no 85 %, mpuiiMaemo Wwi= 0,85
(dactka). Bigcorok Bosoroi 0ioMacu B KyJbTypalibHIA PIAMHI CTAHOBUTH:
CPys = CPacs/(1 — W) = 0,42/(1 - 0,85) = 2,8 mac. %.
[TpuitMmemo, 110 TYCTHHA OCay CTAaHOBUTH Poc = 1050 Kr/M>. Maca BOJIOTOTO ocaay B
00’eMi KyJIbTYpadbHOI PIIUHU CKIIA/IAE:
Goc = Veye - CPys * poc/100 =3,6 - 2,8 - 1050/100 = 105,84 kr.
Bigomo, mo ocan kynbrypanbHOi pimuau MicTuTh 10..15 % MDKKIITUHHOI BOJIOTH.
[Tpuitmaemo Wws= 0,15 (yacTka). 3aranbHa KIJIbKICTh BOJIOTOTO OCaay, IKMM BIAAUIAIOTH 13

KyJbTYpaJIbHOI PIIUHU CTAHOBUTH:
Gocs = Goo/(1 — Wy) = 105,84/(1 — 0,15) = 124,5 xr.
Maca BOJIOroro ocamy, SKWi OTPUMYIOTH Iij uac wUeHTpudyrysanus 1 w3
KyJIbTYPaJIbHOI PIMHU CKIIAJIAE:
Mo = Goe/Veye = 124,5/3,6 = 34,6 xr/m°
0O06’eM BOJIOTOTO OCady B CYCIIEH311 CTAHOBUTH:
Voes = Goes * 1000/poc = 124,5 - 1000/1050 = 118,6 = 119 1.
BtpaTu Bonororo ocany npu 1neHTprudyryBaHHI CTAaHOBIISIT:
V= Voes - Eug =119 - 0,08 =9,5 n,
ne Eyy = 0,08 — xoedimieHT BTpaT mpu LEHTPUPYTYBaHHI 1 JA€3IHTErpauii KIiTHH

(dactka).
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O06’eM BOJIOTOTO OCamy 3 ypaxyBaHHSM BTPAT CTAHOBUTH:
Voe = Voes - (1 —Eyg) =119 - (1-0,08) = 109,5 1.

O6’em oTpumaHoro ¢yrary CTaHOBUTH (BIAMOBIIHO 10 KUIBKOCTI KYJbTYpaJbHOI
piauan y mo3. 17.1):

Vormn = Veye = Voo - Vg =3593 —109,5-9,5=3 474 n.

Po3paxyHok craaii jAe3iHTerpamii KJIITHH TeImioBow o00poOkoro. Ilicis
neHTpudyryBaHHsS BiJIUICHY OloMacy MiAMaloTh TEIUIOBIA 00poOmi miis Je3iHTerpartii
KJIITHH 3 TOAQIBIINM 11 Ty )keHHsiM. OO0’ €M e31HTerpaTy 3 ypaxXyBaHHSIM BTpaT CyCleH31i
nipu aesinTerpauii (Eqe; = 0,02) craHoBUTS:

Vies = Voes - (1 — Eges) = 109,5 - (1-0,02) =107 1.

Po3paxyHok cTajii ekcTpakuii i3onponanosom. Y ne3iHTerpaT mo1al0Th TOBApPHUMA
130MPOMUIOBUN CUPT 13 po3paxyHKy 0,2 00’eMy ekcTpareHTy 10 1 00’eMy Ae3lHTErpary.
O0’eM eKCTpareHTy CTaHOBHTD:

Vis=Viyes 0,2=107-0,2=21,4=22 7.

3aranbpHui 00'€eM CyMIiIlIl CKJIAJIaE:
Ve = ViestVis= 107 +22 = 129 1.

O06’eM peakiiitHOi cyMili 3 ypaxyBaHHSAM BTpaT npH eKCTPaAKIIi (Eexe = 0,03):
Vere = Ve (1 = Eexe) =129 - (1-0,03) = 125 1.

Po3paxynok cramii uenTpudyryBaHHs  ekcrpakty. llicns  excrpakiii
130ITPOIMAHOJIOM €KCTPAKT HAaTaMILMHY LEHTPU(PYTYIOTh IS BIIAUICHHS BiANPAlbOBAHO1
6iomacu.

BpaxoBytoun macy 1 I'yCTUHY aOCOJIOTHO CyX01 610MacH, 3HaXOAUMO ii 00'eM:

Vou = (Gacs / pacs) - 1000 = (43,2 /1200) - 1000 = 36 .

Binomo, mo ocax mictuth 10..15 % mikkmiTuaHOI Bosoru. ITpuiimaemo Wyvs= 0,10
(dactka). 3arajibHa KUJIbKICTh BOJIOTOTO OCaJy, SIKUW BIAAUIAIOTH 13 KyJIbTYPaJIbHOI PIIUHU
CTaHOBHUTB:

Gocs = Vou/(1 = Wy) =36/(1 - 0,1) =40 1.

O0’eM OCBITIICHOTO EKCTPAKTY 3 ypaxyBaHHSAM BTpaT npu uentpudyrysansi E,= 0,07
(4acTka) CTaHOBUTS :

Viyr = (Vexe — Goes) - (1 — Ey) = (125 — 40) - (1-0,1) =79 n.

Maca a0coJIIOTHO CyXHX PEUOBHH Y €KCTPAKTI CTAHOBUTH:
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Gex = Gepip — Gacs = 50,7 — 43,2 =7,5 k.

BMmicT cyxux pe4oBHH y €KCTPaKTi CTAHOBUTH:

CPec = Ggr - 100/Vegerp = 7,5 - 100/79 = 9,5 mac. %.

Po3paxyHok cTajii KOHLIEHTPYBAHHSl i OYHMINEHHS HATAMIMHY MeTOI0M
yiabTpaginbTpanii B ycraHoBui mepexpecHoi ¢inbrpanii. OTpumaHuil opraHiqyHUMA
eKCTPAKT HaTaMIIMHY KOHIEHTPYIOTh 1 OYHIIYIOTh METOJ0M yibTpaduibTpamii y
biabTpaliiHUX MOAYIISIX TIEPEXPECcHOl BiIbTpallii.

[Tpuiimaemo cTyninb KOHIIEHTpYBaHHA K= 3.

O0'em ekcTpakTy HaTaMillMHy 3 BpaxyBaHHSIM Koe(illieHTa BTpar Mpu
yabTpaduisTpanii Eyg= 0,1 (vacTka) cknagaTume:

Vion = Vexerp “(1-Ey)/Kyp =79 - (1-0,1)/3 =24 n.

Brpatu 00’eMy KOHIIEHTpATY IpH YIbTPaUIbTpaLli CTAHOBUT:

Viryg = Veerp” By =79:0,1 =7,9 =8 1.
Maca a0coJIFOTHO CyXMX PEYOBHUH B KOHILIEHTpATL:
Gyp=Gex - (1 =Eyp)=7,5-(1-0,1)=6,75 kr
BwmicT cyxux pe4oBUH B KOHIIEHTPATI CTAHOBUTb:
CPyp= Gex - 100/Vou = 6,75 - 100/24 = 28,1 mac. %.
Maca 6anacTHUX PEUOBHH B IepMeaTi CKIIAJIAE:
Gep = Gex — Gyy = 7,5 - 6,75 = 0,75 xr.
O0'em nepmeary miciasi KOHUEHTPYBAHHS CTAHOBUTD:
Viep = Vexerp —Vion —Varyg = 79 —24 -8 =47 1.

Po3paxyHok cramii ocajukeHHsI KpuUcTadiB Haraminmuy. Ilicis excrpakuii 1
KOHLIGHTPYBaHHSI PO3YMH HATAMIIMHY MIJAKUCIIOIOTH JIJIi BUIMAJIHHS KPUCTAIIB B OCAl.
OO0'eM KOHIICHTpATy, KWW HAJAXOAWTh HAa KPHUCTATI3AII0 1 Mojanbiine (QuUIbTpyBaHHS
CTAHOBUTb Von = 24 I

O06'em mepeHacuueHOTO PO3UMHY 3 ypaxyBaHHAM BTpaT (Eq. = 0,01) cTaHOBUTS:

Vip= Vion * (1 = Eq) =24 - (1-0,1) = 23,7 n.

Po3paxyHok crajgii BigalleHHsI KpPHUCTAJiB HATaMiuMHy (QUIbTpPALi€l0 Yy HYTY-

¢inbTpi. O0'eM nepeHacHUEHOTO PO3UUHY, SIKUH HaIXOAUTh Ha (IITPYBAHHS CTAHOBUTH

Vi =23,7 1.
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Maca aOGComI0THO CyXOro KPUCTAJIIYHOTO OCay HATaMilMHY 3 ypaxyBaHHSM BTpaT
(E¢ = 0,04) ctanoBUTS:

Goc = Gyg/(1 — E¢) =6,75/(1 — 0,04) = 6,4 xr.

Bonorwmii kpucranaiuHuii ocaq HaTaMIIUHY y cycrieH3ii MicTuTh 01au3bko 20% BOJIOTH.
3aranpHa KUIbKICTh BOJIOTOTO OCay, IKMH BUAASIOTH 13 CYCIIEH311 CTAHOBUTH:

Gocs = Gyg/(1 — W) = 6,4/(1 — 0,2) = 8,0 k.
Pozpaxyemo 06'em ocamy micist ¢iabTpamii mpu TYCTHHI HAaTaMmillMHYy CTaHOBHTH
Poc = 1350 kr/m>:
Voe = Goes * 1000/poc = 8,0 - 1000/1350 = 5,9 .
Brpatu nepeHacM4eHOro po3uuHy npHu QiIbTpallii CTAHOBIIATH:
Vip= Vi - (1 —Eg) =23,7 - (1-0,04) = 0,9 1.

Po3paxyHok crajii cymniHHg KpucTajdiB HaTaMminuay. Jlani Ha cTajiio CylIiHHS y
MICEBO3PIHPKEHOMY  IIapl  HAAXOAUTh BiAQUIBTpOBAHUN oOcaj HaraMminuHy. Maca
BHUCYIICHOTO HAaTaMillMHy 3 BpaxyBaHHSM KoedillieHTa BTpar npu cymriHHl Eq, = 0,04
(4acTka) cyxoi peHOBUHHU 3 MOBITPSIM, 110 BUXOAUTH 3 CYIIAPKH, IIPU CTAHJAPTHOMY BMICTI
CYXUX PEYOBHH B roToBOMY MpoaykTi CPy, = (1-W;) = 0,94 (4acTka) CTAaHOBUTH:
em = Goc'(1-Ecm)/ CP = 6,4 - (1-0,04)/ 0,94 = 6,5 kr.

Maca Bonu, 1110 TijyIsirae BUAAJICHHIO 3 BpaxyBaHHSIM Koe(illieHTa BTpaT Mpu CYIIiHHI
Ecw = 0,04 (4yacTka) CTAaHOBUTH:

e = Goes'(1- Ecw) — Gew = 8:(1-0,04) — 6,5 = 1,2 k1.

[licns  cymHASIOTPUMYEMOTOTOBUUKPUCTAIIYHUN  TOPOIIOK  HATaMIIUHy IS
(dapManeBTUYHOTO 3aCTOCYBaHHS, SKW HE MOTpedye qoaaBaHHS HAMOBHIOBaYa. Y
MOJANBIIOMY JaHUN TMOPOIIOK MOKe OyTH BHKOPHCTaHMU SIK Jif04a PEYOBHHA IS
BUTOTOBJICHHS Ta0JIETOK, CYTIO3UTOPIiB 1 Ma3eil.

Po3paxynok cragii IIMB: nmakyBaHHsl, MapKyBaHHs, BiaBaHTa:xxeHHs. Cyxuil
MOPOITIOK HATaMIIIMHYPO3(acoBYIOTh Y MOABIHHIMOMIeTHIICHOBI catire o 0,1 kr. Brpatu npu
¢acyBanHi ckinanawtb Ey,= 0,01 (yactka).

KinbkicTe mopouiky /st hacyBaHHS 3 ypaxXyBaHHIMBTPATCKIAIAE:
yi = (Gew + Guan) *(1-Eyn) = (6,5+0) - (1-0,01) = 6,4 k.

KinbkicTs makeTiB mpu (acyBaHHI 32 OJMH IIUKJI CKJIAJIA€:

nK Gyn /Nr[ = 6,4/0,1 = 64 care.
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MexaHi14Hi BTpaTy NOPOIIKY IpU (HaCyBaHHICTAHOBIISITh:

BIM (Gcm+ GHan) - Gyn = (6,5+0) - 6,4 = 0,1 KT.

[ToxuOka MpoyKTOBOIO PO3PAXYHKY CTAHOBUTH:

A= (Gyr- Guo) - 100/Gyn = (6,4 — 6) -100/6,4 = +6,25 %.

OtpuMaHe 3Ha4Y€HHS MEHIIe 3a/JaHoro Jiarna3oHy TodHocTi £ 10 %. Otxke, MokHa

3pOOUTH BUCHOBOK, 1110 MPOJYKTOBUHN PO3PaxXyHOK 3p00JIEHO BIPHO.

Tabmuus 6.6

Po3paxyHok MaTepiaJbHOT0 0aJIaHCY HA OUH BUPOOHMYMI IIUKJI OACPKAHHSA

roToBoro nmopomRy HaTaMiHl/IHy

Ne Bukopucrano Otpumano
3/m
HasBa cupoBuan i | KiJbKiCTh, Ha3Ba kiHIeBoro KibKiCcTh, KT, 71
HaIBIPOAYKTY KT, JI MPOYKTY, BIAXOIIB Ta
BTpaT
1 2 3 4 5
1 MNPUT'OTYBAHHS IO KUBHOTI'O CEPEJOBHUILIA IJISA
BUPOILIYBAHHSA THOKYJISATY B KOJIBAX HA KAYAJIKAX (M1, 1)
1.1 I'mroko3a 1.5 Hectepunsue I11C 366.7
1.2 HpixxoBuit 1.5
EKCTPaKT
1.3 Cononoswuit 3.7
EKCTPaKT
1.4 Bona 360
Bceroro: 367 Bceroro: 367
2 CTEPUJIBALIA IMTOKUBHOT'O CEPEJIOBHUIIIA B ABTOKJIABI (i1
2.1 Hecrepunbre 11C 0.367 Crepuibne 11C 0.367
Bceworo: 0.367 Bcworo: 0.367
3 OTPUMAHHS MOCIBHOT'O MATEPIAJLY I YAC
KYJBbTUBYBAHHS B KOJIBAX HA KAYAJIKAX
3.1 Crepunbhe 11C 0.367 [TociBHuii Matepian 0.404
3.2 | IlociBHuit MaTepian 0.037
3 KOJION
Bceroro: 0.404 Bceroro: 0.404
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IIpoooeoicenns mabn.6.6.

1 2 3 4 5
4 HNPUT'OTYBAHHSA MO KUBHOI'O CEPEJTOBHUIIA JIJI51 MAJIOT'O
IHOKYJIATOPA
4.1 I'mroko3a 0.017 Hecrepunbhue 11C 4.1
4.2 JpixmxoBuit 0.017
EKCTPaKT
4.3 | CoJyio0BHI1 €EKCTPAKT 0.041
4.4 Bona 4.0
Bceworo: 4.1 Bcrworo: 4.1
3. CTEPUIIBALIA NOKUBHOI'O CEPEJJOBUIIA JIJISA MAJIOT'O
THOKYJISATOPA B ABTOKJIABI
5.1 Hecrepunbre 11C 4.1 Crepuibre 11C 4.1
Bceworo: 4.1 Bcrworo: 4.1
6. | OTPUMAHHSA NIOCIBHOT'O MATEPIAJIY B MAJIOMY THOKYJIATOPI
6.1 Crepunbre [1C 4.1 [lociBHui MaTepian 4
6.2 | IlociBuuii maTepiain 3 0.4
KOJIO Ha Kavajikax
6.2 Brpatu (uactka) 0.1 0.45
6.3 Bceworo: 4.5 Bcworo: 4.5
7 MPUTOTYBAHHS MO KUBHOTI'O CEPEJOBHUILIA IJIsA
IHOKYJISATOPA
7.1 ['mroko3a 0.14 Hecrepunphue 11C 26.64
7.2 JpixmKoBuit 0.14
EKCTPAKT
7.3 | CononoBuii €EKCTPAKT 0.36
7.4 Bona 26
Bcworo: 26.64 Bcworo: 26.64
8. | CTEPUJIIBALISA MO KUBHOI'O CEPEJTOBHUILIA IS IHOKYJIATOPA
8.1 Hecrepunbre 11C 26.64 Crepuibne 11C 30.25
8.2 Konpaencar 3.6 (BTpat HEMAE) 0
Bceworo: 30.25 Bcworo: 30.25
9. OTPUMAHHS ITOCIBHOI'O MATEPIAJIY B IHOKYJIATOPI
9.1 Crepunpne [1C 30.25 [TociBHMi1 MaTepian 30.85
9.2 | TlociBHuii MmaTepian 3 4

MaJjoro 1HOKYJISTOpa
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IIpoooeoicenns mabn. 6.6

1 2 3 4 5
9.3 Brpatu (uactka) 0.1 3.4
Beworo: 34.25 Bcrworo: 34.25
10. | MPUTOTYBAHHS ITOKUBHOI'O CEPEJOBHUIIA JIsA TIOCIBHOI'O
AITAPATY
10.1 I'mroko3a 1.4 Hecrepunbue 11C 3244
10.2 JpixmxoBuit 1.4
EKCTPaKT
10.3 | CononoBuii €KCTPAKT 3.6
10.4 Bona 318
Bcworo: 324.4 Bcworo: 3244
11. CTEPUJIBALIA NOKUBHOI'O CEPEJJOBUIIA JIUIA ITIOCIBHOI'O
AITAPATY
11.1 Hecrepunbue 11C 3244 Crepuiibne 11C 360.4
11.2 Konpgencar 36 (BTpaT HEMAE) 0
Bceroro: 360.4 Bceroro: 360.4
12. OTPUMAHHSA NIOCIBHOT'O MATEPIAJIY B TIOCIBHOMY AITAPATI
12.1 Crepunsbhe 11C 360.4 [lociBHuii Matepian 352
12.2 | IlociBHuii Matepiai 3 30.85
THOKYJISITOpa
12.3 Brpatu (uactka) 0.1 39.3
Bceboro: 391.3 Bceboro: 391.3
15. | HPUTOTYBAHHS MO KUBHOI'O CEPEJOBULLIA AJISA DEPMEHTEPA
15.1 ['mroko3a 72,8 Hecrepunpnue 11C 3276
15.2 JpixmKxoBuit 7.3
EKCTpaKT
15.3 Acmaparin 1.8
154 | M’scHuii eKCTpakT 7.3
15.5 | Monodocdar kariro 0.18
15.6 ArnieraT HaTpitO 6.4
15.7 | TlpomioHat HaTpitO 1,8
15.8 Bona 3178
Bceroro: 3276 Bceroro: 3276
16. CTEPUIIIBALIA ITOKUBHOTI'O CEPEJOBHUIIA 1JIs1 ®PEPMEHTEPA

16.1

Hecrepunbne 11C

3276

Crepunbhe 11C

3 640
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IIpooosowcenus maon. 6.6

1 2 3 4 5
16.2 Poz6aBnenns 364
koHneHncarom 10%
Bcrworo: 3 640 Bcworo: 3640
17. BUPOFHUYMM BIOCUHTE3
17.1 | CrepuiibHE OKUBHE 3 640 KynberypansHa piguHa 3593
CepellOBUIIE Ha HEHTPU(PYTyBaHHS
17.2 | TlociBHuit maTepiai 352
3 IIOCIBHOI'O arapara
17.3 Brpatu (dactka) 0,1 Brpatu (KiTbKIiCTh) 399
Bcesoro: 3992 Bceroro: 3992
18. IHEHTPU®YT'YBAHHS KYJIbTYPAJIbHOI PIIUHU
18.1 Kynberypansna 3593 Bousoruii ocan 109,5
piauHa
HEHTPU(PYTyBaHHS, I
dyrar 3474
18.2 Brpatu (dactka) 0,08 Brpatu 9,5
Bceworo: 3593 Bceroro: 3593
19. JAE3IHTET'PALIA KJIITHUH TEIIJIOBOIO OPOBKOIO
19.1 Boutoruii ocan 109,5 Jle3inTerpar KiIiTHH 107
19.2 Brpatu (uactka) 0,02 Brpatu 2,5
Bceroro: 109,5 Bcerworo 109,5
20. EKCTPAKIUISA HATAMIIIUHY I30ITPOITAHOJIOM
20.1 | Jle3iHTerpar KJIiTHH, 107 ExcTpakT HaTaMillMHY 125
hi§
20.2 Ekcrparent 22
20.3 Btpatu (uactka) 0,03 Brparu -+
Bceboro: 129 Bceboro: 129
21. HEHTPUDYT'YBAHHSA EKCTPAKTY
21.1 EkcTpakr 125 @dyrar 79
HaTaMIIUHY, JI
Ocan 40
21.2 Brparu 0,07 Brparu 6
Bceworo 125 Bceroro 125
22. KOHUHEHTPYBAHHS I OYUNIIEHHSA OPTAHIYHOTI'O EKCTPAKTY
HATAMIIAHY METOJIOM YJIbTPA®ILIbTPAIIII
22.1 @yrar 79 KonuenTpar 24
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3axinuenus maon. 6.6

1 2 3 4 5
[lepmear 47
22.2 Brpatu (uactka) 0,1 Brpatu 8
Bceboro: 79 Bcrworo: 79
23. OCAJI’KEHHS KPUCTAJIIB HATAMIIIUHY
23.1 Konuenrpar 24 | IlepeHacuyeHH pO3YUH 23,7
23.2 Btpatu (uactka) 0,01 0,3
Bceworo: 24 Bceworo: 24
24. BIJJAIJIEHHA KPUCTAJIIB HATAMILIUHY ®IVIBTPYBAHHAM
24.1 [lepenacuuenuii 23,7 Bounoruit ocan, kr 8,0
pO34uH, J
digpTpaT 14,8
24.2 Brpatu (dactka) 0,04 Brpatu 0,9
Bcenoro: 23,7 Bcworo 23,7
25. CYLUIHHS KPUCTAJIIB HATAMILIUHY Y CYLIAPIII 3
MNCEBAO3PIIKEHUM HIAPOM
25.1 Bonoruii ocan, kr 8,0 Cyxuit aHTUO10THUK 6,5
Bupnanena Bosora 1,2
25.2 Brpatu (dactka) 0,04 Brparu 0,3
Bcenoro: 8,0 Bcenoro: 8,0
26. GOACYBAHHS, TAKYBAHHSA 'OTOBOT'O MIPOAYKTY
26.1 | ToroBuil NpOaYKT, KT 6,5 YnakoBaHHil IPOIYKT 6,4
[Taketn
26.2 Brpatu (dactka) 0,01 Brparu 0,1
Bceroro: 6,5 Bceroro: 6,5
6.2. Po3paxyHOK TeXHOJIOTiYHOTO 00JIaITHAHHS
YTOUYHIOKYHUIA PO3PaxyHOK (QepMeHTAIIMHOIO OOJagHAHHSA. 3a JaHUMHU

MPOJIYKTOBOTO PO3paxyHKy 1 TaONHIll MaTepiaJbHOro OajaHCy MPOBEIEMO YTOYHIOIOYHI

pO3paxyHOK (hepMEeHTAIlIHOI 1 EMKICHOT anaparypu 1 mepeBipuMo KoedIIieHTH 3aTIOBHEHHS

oOJragHaHHA.

[Tpubnu3HMii 3aranbHUil reoMeTpuuHui 00’ eM pepmenTepiB npu 3aganomy K, = 0.5:

Vip = Vy/K, = 4/05 = 8 v,

HaiiGnmkunum 3a HOMiHAIBHEM 00°€MOM € pepMeHTep Vyg = 8 M>.

Kinbkicts BupoOHHMYMX (hepMeHTepiB npu 3agaHomy Ks:
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Nq,p = VF(I)/VH(I) = 8/8 = 1.

YTounemo koe(DireHT 3anOBHEHHS BUOPAHOTO (hepMeHTEpa:

Ksp = Vg/ (VugpXNgp) = 4/(8%1) =0,5

OCKUIBKM yTOYHEHHH KOC(IIIEHT IOPIBHIOE PO3PAXOBAHOMY, TO MPUUMAEMO 0
ycTaHOBKH (pepmeHTepiB Ny, + 1 3anacHU.

3.4.2. YTOUHIOIOUMA PO3PAXYHOK KUIBKOCTI MOCIBHUX anaparis

[TpuOnu3HMil 3aranbHUN TeOMETPUYHUN 00’ €M MOCIBHOTO amapara mpu 3agaHomy K,
= 0,5 ctaHOBUTHUME:

Vima = Vi/K3=0,4/0,5 = 0,8 Mm°.

HalOnuxuuM 3a HOMIHAIIBHUM 00 €MOM € MOCIBHMH anmapaT Vg, = 1,00 a2,

KinbkicTh moCiBHUX anapariB npu 3aganomy Ks:

Nuap = Vina/ Vima = 0,8/1 = 0,8 - mpuiimaemo 1.

YTouHeMO KOe(IIEHT 3alIOBHEHHSI BUOPAHOTO MOCIBHOTO anapary:

Ksa = Vi/ (VinaXNuap) = 0,4/(1x1) = 0,4.

Ockibku yTOUHEHUH Koe(ilieHT He mnepeBuurye 3agaHux mex (0,5 - 0,65), To
NpUIMaeMO 10 YCTaHOBKH MOCIBHUX anapatiB Ny, + 1 3anacHuil.

YTouHwOWOUYMIT PO3PAXyHOK KiJbKOCTI iHOKYyasTOpiB. [lpnbnu3Huil 3aranbHUi
reoMeTpUYHMI 00’ eM 1HOKymsITopa npu 3ananomy K, = 0,5 ctanoBuTHME:

V1H1 = ViH1/K3 = 0,04/0,5 = 0,08 M3.

HalOnuxauM 3a HOMIHAIBHUM 00’ €MOM € 1HOKYISATOP Viin = 0,10 M°.

KinbkicTe 1HOKYsITOPIB MpH 33a1aHoMy Kij:

Nuin1 = Vrint/Viimr = 0,08/0,1 = 0,8 - npuitmaemo 1.

YTouHr0€MO KOoe(IlIEHT 3alTOBHEHHSI BUOPAHOTO 1HOKYIISITOPA:

Ksin1 = Viiat/ (Va1 *Nui1) = 0,04/(0,1x1) = 0,4.

Ockiibku yTOUHEHUHM Kkoe(ilieHT He mnepeBuurye 3agaHux mex (0,5 - 0,65), To
NpUIMaEMO 10 YCTAHOBKH 1HOKYISATOPIB Nyixi + 1 3amacHmil.

YTouHOW0UYMIT PO3pPaxXyHOK KidbKOCTI Majaux iHokyasiTopiB. [lpubnusnwmii
3arajJbHUN T€OMETPUYHMM 00’ €M 1HOKYIATOpa npu 3ananomy K, = 0,5 craHoBuTHME:!

Vmﬂ = Vin/K3 = 4,5/0,5 =901 (0,009 M3).

HalOnuxuuM 3a HOMIHAJIBHUM 00’ €MOM € 1HOKYIATOP Vi = 0,01 M°.

KinpkicTh moCiBHHX anapariB npu 3aganomy Ks:
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nin2 = Vrin2/ Vain: = 0,009/0,01 = 0,9 - mpuiimaemo 1.

YTouHI0EMO KOC(IIIEHT 3aITOBHEHHS BHOPAHOTO 1HOKYIIATOPA:

Kiinz = Viina/ (Viuin2*Niim2) = 0,0045/(0,01x1) = 0,45.

Ockinbku yTOUHeHUH KoedimieHT He mepeBulnye 3aganux mex (0,5 - 0,65), To
IpPUIMAEMO IO YCTAaHOBKHM MaJIUX THOKYISATOPIB Npiy + 1 3anacHui.

YTo4uHIOI0UM PO3PaxXyHOK KiJILKOCTI Ka4ajJouyHuX Ko0J0. [IpubausHuii 3aranpHuit
HEOOX1HMI 00’ €M KadaaouHuX Koo mpu 3agaHoMy Kims = 0,2 cTaHOBUTHME:
rxon6 = Viono/ Ksxons = 404/0,2 = 2020 mun.

O6’em 1 xon6u Epnenmeepa cTaHOBUTD Vixons = 750 MIL.

KinpkicTs kaganouHux koio npu 3a7aHoMy Kigons = 0,2:

1016 = Vrxono/ Vixons = 2020/750 = 2,7 - mpuitmaeMo 3 koaowu.

YT0o4HIO0YMI PO3PAXYHOK KiJIBKOCTI peaKTopiB 3MilyBaviB JJisl IPUTOTYBAHHS
CepeloBHINA 11 BAPOOHUYOro 6iocunresy B pepmentepi 06’°emom 8 m>. Kommosuiro
A crepuni3yloTh 0€3MOCepeHbO Y BUPOOHUUOMY (epMeHTepi, NMpOTe MPUTOTYBAaHHS
KOMO3HIII1 IPOBOJSTH Y PEaKTOpi-3MilTyBayi.

[Tpubnu3HMii reomeTpuyHU 00’ €M peakTopa-3MinryBada mpu 3agaHomy Kss = 0,8:
ar= Vy/K5=4,0/0,8 = 5 M°.

HaiiGnmKkanum 3a HOMiHAIBHEM 00’ €MOM € PEAKTOP-3MilnyBad Vi, = 5 M.

KinbkicTh mociBHMX anapariB npu 3aganomy Ks:
p=Var/Vyp=5/5=1.

YTounemo koeileHT 3arOBHEHHSI BUOPAHOTO peaKkTopa-3MilryBaya:

Ksp = Vap/ (VapxNp) =4/(5%1) = 0,8.

YTounenuit koedinieHT He nepesulrye 3aaani mexi (0,7 - 0,85). Otxe, npuiMaeMo 110
YCTaHOBKH peakTopiB - 1 + 1 3amacHui.

Kommno3sutiito b rorytors y naboparopHoMy NoCyzi 1 CTEpUITI3yIOTh B aBTOKJIaB1, TOMY
PO3paxyHKIB PEAKTOPIB JJI JAHOT KOMITO3HUIIIi HE POBOJISATS.

Kommo3wuitito B rotytoTs 1 cTepuiizytoTh OKpeMo y peakTopi-3minryBadi. [Ipubnu3amii
T€OMETPUYHHI 00’ €M peakTopa-3milnyBada mpu 3ajganomy K;s = 0,8:
ar = Vp/K5=0,305/0,8 = 0,38 m°.

3

Haii6nmxunm 3a HOMIHaJIBHUM 00’ €MOM € peakTop-3mimryBad Vy, = 0,5 m°.

KinbkicTh peakTopiB mpu 3amanomy Ks:
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p = Var/Vip =0,38/0,5 = 1.

YTouHI0EMO KOC(IIIEHT 3alTOBHEHHS BHOPAHOTO peaKTopa-3MilTyBaJa:

Ksp = Vap/ (VapxNp) = 0,38/(0,5%1) = 0,76.

YTounenuii koediieHT He epeBulye 3aaani mexi (0,7 - 0,85). Otxe, mpuitmaemo 10
YCTaHOBKHU peakTopiB - 1 + 1 3anmacHuil.

YTOYHIOIYHA PO3PAXYHOK KJIBKOCTI peaKkTOpPiB-3MilllyBa4iB /151 IPUTOTYBAHHSA
MOKMBHOTO CepeloBUINA JJs1 OTPMMAHHA NMOCIBHOI0 MaTepiajly B MOCIBHOMY anapri
06’emom 1 M. KOMIIOHEHTH OKKMBHOTO CEPENOBHIIA I OTPMMAHHS [IOCIBHOTO MaTepiany
TOTYIOTh 1 CTEPUIII3YIOTh B OJIHII KOMIO3UIII A.

[Tpubnu3Huii reomeTpuyHu 00’ €M peakTopa-3MmiiryBada npu 3aganomy Kis = 0,8:

Ar — VA/K3 = 0,36/0,8 = 0,45 M3.
HaiiGonmkunm 3a HOMiHAIBHEM 00’ €MOM € peakTop-3mitnysad Vy, = 0,4 M>.
KinbkicTh mociBHUX anapariB npu 3aganomy Ks:

p = Var/Vyp =0,45/0,4 = 1,125 - npuitmaemo 1.

YTouHroeMO Koe(illEHT 3alTOBHEHHSI BUOPAHOTO peaKkTopa-3MillyBaya:

Ksp = Vap/ (VapxNp) = 0,36/(0,4x1) = 0,9.

VYTounennii koediuieHT nepesuinye 3agani mexi (0,7 - 0,85). Pospaxyemo K, 3a
KUIBKOCTI PEaKTOPIB - 2:

Ksp = Vap/ (VapxNp) = 0,36/(0,4%2) = 0,45.

OCKUIbKM OTpUMAaHE 3HAUYE€HHS TaKOK HE MOTpAIUIs€ B A1ana3oH JOIMMYCTUMUX MEX, TO
o0upaeMo 1HIIUN T€OMETPUUYHHUI 00’€M peakTopa, KU 3aMOBJISIEMO Y BUPOOHUKA V. =
0,5 M>. Toxi yrounennii koeilli€HT 3aII0BHEHHS CTAHOBUTUME:

K
3 OT1xe, mpuMaeMo 10 YCTAHOBKHU peakTopiB - 1 + 1 3amacHuii.

p  YTOYHIOKWYHMH PO3PaXyHOK KUJIBKOCTI peaKTOpPiB-3MilllyBaviB AJIf IPUTOTYBAHHS
HOKMBHOIO CepelOBHINA /IS OTPUMAHHSI MOCIBHOTO Marepiajgy B IHOKYJISATOPI
p6’emom 0,1 m>. KOMIIOHEHTH TOXKMBHOIO CEPENOBHINA JUIi OTPUMAHHS MOCIBHOIO
Marepiay TOTYIOTh 1 CTePUIII3YIOTh B OJTHIM KOMITO3HIIIT A.

p  [IpuOnusHuii reoMmeTpuyHUl 00’ €M peakTopa-3milryBada npu 3agaHomy Kss = 0,8:
ar= Va/K5=0,03/0,8 = 0,04 m>).

»  Haiibmmkdanm 3a HOMiHAIBHAM 00’ €MOM € peakTop-3minyBad Vy, = 0,04 m°.
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KinbkicTh peakTopiB mpu 3amanomy Ks:
p = Var/Vip =0,04/0,04 = 1.

Y TouHI0EMO KOE(IIEHT 3alTOBHEHHS BUOPAHOTO peaKTopa-3MilryBaya:

Ksp = Vap/ (VapxNp) = 0,04/(0,04%1) = 0,714.

OcCKUIbKM YTOYHEHUM KOe(ilieHT JexuTh B 3agaHux Mexax (0,7 - 0,85), To
NpUItMaEMO IO YCTAHOBKHM PEAKTOPIB-3MIIIyBauiB MPUTOTYBaHHS Kommosuiii A - 1 + 1
3aracHuMm.

YTo4HIO04YHI PO3PAXYHOK KiJIBKOCTI peaKTOPiB-3MIillIyBaYiB JJI51 IPUTOTYBAHHS
MOKMBHOI0 CepeI0BMIIA [IJIs OTPUMAHHS MOCIBHOI0 MaTepiaay B MaJI0My iHOKYJISITOPI
06’emom 0,1 M3 (10 J1). KOMIOHEHTH MOKUBHOTO CEPEMOBHUILA IS OTPUMAHHS TIOCIBHOTO
MaTepialy roTyIOTh 1 CTEPHITI3YIOTh B OJIHIM KOMITO3HIIT A. 3Bakarouu Ha HEBEJIIUKUI 00’ €M
koMno3uiii A (4,1 1), KOMIO3UIIIO CTEPUITIZYIOTh B J1a0OPaTOPHOMY MOCY/Il B aBTOKJIABI, 1
TOMY pO3paxyHOK PEaKkTOpPiB-3MilIyBauiB HE IPOBOJATE.

Po3paxyHoK ocajKyBajibHOI HeHTPU(pYru 1is Bingsiennsa Oiomacu. Buxinnumu
JaHUMH TSI PO3PAaXyHKY € TEXHIYHI XapaKTePUCTHUKU OCaIKyBaTbHOI LEHTPUPYTH
Flottweg Z C7E: BuyTpimHiii niametp Dy = 2,6 M; noBxkuna 6apadana L = 0,76 m; miameTp
6apabany Dg = 2,3 M; IBHAKiCTL 00epTanns poTopa w = 45 ¢’!; koeilicHT 3aBaHTa)KEHHS
ocaznoM K = 70%.

[IpuitMeMo HacTyIHI XapaKTEPUCTUKU CYCIEH311: B A3KICTh AUCHEPCIMHOI dazu [ =
1,3-107 ITa-c; rycTHHa 4aCTHHOK py = 1200 kr/M%; ryctuna ocany p, = 1050 kr/m®; kpynuicTs
po3auieHeHs Ox = 1 MKkM. O0’eM KyJnbTypaibHOI PIAMHM, IKY TpeOa nepepoOUTH, CTAHOBUTD
3,6 M.

3 BUXIJHUX JaHUX 3HAXOJAUMO IT'€OMETPUYHI PO3MIPH OCA/KYBaJIbHOI LICHTPUPYTHU:

21=(Ds—-L) - (1-K)=(2,6 - 0,76) - (1 - 70) = 0,55 m;

2Rpmin =Ds+21=2,3+ 0,55 =2,85 wm;

Rmin=2,85/2=1,4wm;

Rmax=Ds/2=2,6/2=1,3wm;

Reep = Rmin+L)/2=(1,4+0,76) /2 =1,08 m.

Tak, cepeanst NpOyKTUBHICTh 0CAKyBaIbHOI HEHTPU(PYTH CTAHOBUTD:

TR?Lw?(py—po)-62 _ 3.14:1.082:0.76+(2:3.14-45)%(1200—-1050)-(1-1075)?

on STala =2.85-10° M¥/c =

Vi =

=10,2 m*/ro.
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OTxe, po3paxoBaHa CepeaHsS MNPOAYKTHBHICTH OCAKyBaIbHOI IEHTPUPYTH
30ira€Thes 13 3asyieHnM 3HadennsM 10 m>/rog.

Takum yuHOM, YCIO KYJBTYpalibHY PiJIMHY MOKHA MEPEPOOUTH 32 CTIIIBKU Yacy:

t=3,6/10,2=0,35rox =22 xB.

Tomy nnst BimmieHHs OloMacu 3 KyJbTypajbHOI PIAMHA OOMPAEMO LEHTPUPYTY-
nexkantep Gipmu Flottweg cepii Z moamemi C7E 3 rabaputHumMu po3mipamMu (M):
2,6%0,76x2,3 i npoaykruBHicTio 10 10 M*/roz.

Po3paxyHok 30ipHuKa 1J1d Ae3iHTerpauii i ekcrpaxkuii HaraminuHy. BpaxoByroun,
o 06’eM GioMacH 3 ypaxyBaHHSIM BTpat npu neHtpudyrysanti i gesinrerpaiii (Eq; = 0,1)
ctaHOBUTH 107 71, a 00’€M €KCTpareHTy CTaHOBUTH 22 J, 3arajbHUNA 00’€M peakiiitHOl
cyMimi cknazgae Vp, =129 1=0,13 M3,

[Tpubau3HMil reoMeTpuuHMM 00’ €M peakTopa-3mintyBada npu 3aganomy Kz = 0,8:

e = Vp/K3=0,13/0,8 = 0,16 m%).

HaiiGnmKkaum 3a HOMiHAIBHEM 00°€MOM € peakTop-3mitnysad V,, = 0,16 M>.

KinpkicTs peakTopiB npu 3ag1aHoMy: Ny = Va,/Vyp = 0,16/0,2 =0,8 = 1.

Y TouHI0EMO KOE(IIEHT 3alTOBHEHHS BUOPAHOTO peaKkTopa-3MilIyBaya:

Ksp = Ver/ (VpsxNp) =0,16/(0,2x1) = 0,8.

OcCKUTbKM YTOUHEHHMH KOoe(QilieHT JexuTh B 3agaHux wmexax (0,7 - 0,85), 1o
MpUIAMAEMO IO YCTAHOBKHM pEaKTOPIB-3MIIIyBauiB JJisi JE3IHTErparlii, eKCTpakili 1
JI€KaHTalli OPraHiyHOTO €KCTPAKTy HaTaMILUHY — 1.

Po3paxyHok yiabTpagiibTpaniiiHOi YCTAHOBKH 3 TAHICHUIOHAJBLHHUM IOTOKOM.
[Ticns excrpakiii oTpuMyrOTh V. = 129 1 OrpaHiuHOTO E€KCTPAKTy HATaMIIUHY, SIKAW
MicTUTh Onmu3bko Gy = 7,5 kr antuOioTuka. s po3paxyHKy yiabTpadiuibTpaliiHoi
YCTAaHOBKHM TMPUWMEMO HACTYMHI BUXIAHI JaHi: BTpaTu mpu yabrpadiibTpariii Eyq) = 0,1
(4acTka), Temmeparypa ekcrpakry t = 20 C, rycruna p, = 1050 kr/m>, quaamiuna B’S3KiCTh
eKkcTpakTy U = 1,5-107 Ia-c; nuHaMiuna B s3KicTh Bomu W, = 1,0-1073 Ila-c; nepeman Tucky
Ha wmeMOpani AP = 0,2 Mlla, uwac yapTpadinsrpamii T = 2 TOH, CTyIIHb
KOHIIEHTpYBaHHs K = 3.

MonekynspHa maca HaTaMmilMHy cTaHOBUTH M = 666 Jla. BigmosimHo aiametp

MOJIEKYJIH Oy e cTaHOBUTH: Dyo; = 0,098-M %38 = 1,159 um.
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Jnia po3paxyHkiB oOupaemo memOpany tuny YIIM-10, ska mae giametp mop 1 HM,
OCKUIBKM MaKCHUMAJIbHO JOMYCTHUMHI JiaMeTp MOp 3aJ0BUIbHSE CHIBBITHOLICHHS Kk =
Dyon/Duop = 0,5 : k=1,159/1 = 1,159.

Jlist MeMOpaHu 3 po3mipamu 1mop | HM BeTMYHWHA CEICKTUBHOCTI MEMOpaHU CTAaHOBUTD
¢®n1 =0,9997.

KonrenTpaiiis aHTHO10THKA B €KCTPAKT1 CTAHOBUTD:

Xe=Ga/Ve pc=7,5/0,129-1050 = 0,055 kr/ kr.

KonmenTpariiis aHTHO10THKA B KOHIIEHTPATI CKJIaJIa€:

Xx =X K=0,055 -3 =0,166 kr/ xr.

Po3paxyeMo cepeHio KOHIIEHTPALlll0 aHTHO10THKA Y IepMmeaTi (KIr/ KT nepmeary):

—(1-pdl)
_x  wdl

Hlcp = :»s:.:-—1 =273T= 10

1-x

3

Butpatu cynepHaranTa CKJIagaloTh:

L=V, p./1-:3600 = 0,129-1050/2-3600 = 0,019 kr/c.

Po3paxyeMo BuTpaTy aHTUOIOTHKA, KU MOJAETHCSA HA yAbTpadiabTpaIliio pa3om i3
EKCTPAKTOM:

Las=Le - X =0,019 - 0,055 = 1,042 -10°3 kr/c.

Butpara nepmeaty 1ist MeMOpaHU CTaHOBUTH:

L,=Lc-(1- K(;1 )=10,019 - (1 - K3 d997 ) = 0,013 kr/c.

Butpara antu6ioTrka 3 mepMeaToMm ik MeMOpaHu CTAaHOBHTH:

Lot = Ly - X1p= 0,013 - 2,737 -10°= 3,434 107 kr/c.

Po3paxyeMo BTpaTu aHTHOI10THKA ITPU BUKOpUCTaHHI MeMOpanu YIIM -10:

B = La6i* 100/ Las = 3,434 -107-100/ 1,042 -10° = 0,033%.

BpaxoByroun, 110 MPOAYKTUBHICTE MEMOpAHH 33 IUCTHIILOBAHOIO BOJOI0 CTAHOBHUTH
Vo= 15 am*/M?, IPOHUKIIMBICTE MEMOPAHHM 3a YUCTOIO BOAOKO CKIAAAC:

A=V, - pB/3600-1000 =15 - 1000 /36001000 = 4,167 - 107 kr/ (M* - ¢ - MITa).

MacoBa npolyKTUBHICTh MEMOPaHU 32 BOJIOIO0 CTAHOBHTB:

Go=A-AP=4,167-102-0,2=28,333 - 10* xr/ (M* - ¢).

MacoBa npoyKTUBHICTh MEMOpaHH 32 €KTPAKTOM CKJIa/Ia€:
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Ge=Go " (Us/ e) = 8,333 -10%- (1,0 -10°/ 1,5 107 ) = 5,556 -10* kr/ (m* - ¢).

[ToBepxHs GiABTpYyBaHHS CTAHOBUTH:

F=L,/G.=0,013/5,556-10%=22,65 m°.

PospaxyeMo HE0OX1IHY KUTBKICTh (DUIBTPYBAJIbHUX €JIEMEHTIB:

n=F/0,25=90,58 =91 mr.

OTxe, I KOHIEHTpAIli 1 OYMINEHHS EKCTPaKTy HaTaMillMHY TiependadyaemMo
BCTAHOBJICHHS YIbTpaduIbTPaliifHOT YCTAHOBKH, SIKa Ma€ MOBEpXHIO (PinmbTpyBaHHs 22,65
M2, 3ampononoBana ycranoska Alfa Laval PilotUnit Multi mpogykrusHicTio 10 200 si/ron i
miomero GinsTpyBaHds n0 25 M? Bigmosizac 3amaHuM napamerpam. Jus GinbTpyBaHHS
OpPraHiYHOr0 €KCTPAKTY HAaTaMILMHY MIIXOAUTh (PLIbTpYyBadbHU eneMeHT Mapku YIIM-10
3 npiamerpoM mop 1 HM. IlpoTe nis Kpaiioi CEeNEeKTHUBHOCTI Ipoulecy (QuUIbTpyBaHHS
nepeadayaeMo BCTaHOBIEHH MeMOpaH Mapku UMOS (BupoOHuk «Amikon», CIIA) 3
MOJIIEJIEKTPOTITHOTO KOMIUIEKCY, SIKa 3/1aTHA 3aTPUMYBAaTH BUCOKOMOJIEKYISIPHI PEYOBHUHH
3 MOJIEKYJIIpHOIO Macoto 10 700 1/mMoJib.

Po3paxyHOK ocCaaKyBaJIbHOI HEeHTPUQYrH s BIIAUIEHHS BIANPALbOBAHOIO
ne3iHTerpary. BuxiqHumMu JaHUMU U1 pO3pPaxXyHKY € TEXHIUHI XapaKTePUCTUKH MIIOTHOT
ocapkyBanbHOI meHTpudyru Lemitec MD 100-Sn: BayTpimHii miametp Dy = 1,2 Mg
noBxuHa 6apadana L = 0,6 m; niametp 6apabany Ds = 1,0 M; mBUKicTh 00€pTaHHS pOTOpA
w = 6 ¢!, xoediumient 3aBaHTaxkeHHs ocagoM K = 80%. IlpuiiMeMo HacTymHi
XapaKTEPUCTHKK CYCIIEH3ii: B A3KicTh aucnepciiinoi ¢asu [, = 1,3-107 ITa-c; ryctuna
YaCTHHOK py = 1200 Kkr/M>; rycTuHa ocamy p, = 1050 kr/mM*; kpynHicTs posainenens 5, = 1
MiM. O6’eM KyIbTypasbHOI pigunu, iKy Tpeda nepepoduth, cranosuth 0,125 M.

3 BUXIJHUX JaHUX 3HAXOJAUMO T€OMETPUYHI PO3MIPH OCAKYBaJIbHOI LICHTPUPYTHU:

21=(Ds-L) - (1-K)=(1,2-10,6) - (1 - 80)=0,12 m;

2Rpmin=Ds+21=1+0,12=1,12 m;

Rmin=1,12/2=0,56 m;

Rmax=Ds/2=1,2/2=0,6 m;

Reep = (Rmin + L) /2=(0,56+0,6) /2 =0,58 m.

Taxk, cepenHst MPOAYKTUBHICTh OCAIXKyBaJIbHOI ICHTPU(PYTU CTAHOBUTH:

TR?Lw?(py—po)-6% _ 3.14-0.582:0.6:(2:3.14:60)?(1200—1050)-(1:107%)?

V. =
t 9, 9-1.3-1.373

= 0,306:10" m’/c =

0,11 m*/rog = 110 n/rox.
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OTxe, po3paxoBaHa CepeIHsS MPOAYKTHBHICTh OCAKyBalbHOI IEHTpUYTH
30iraeThcs 13 3asseHuM 3HadeHHsM 110 a/rog.

Takum 9uHOM, yCIO KYyJIBTYpaIbHY PIAMHY MOYKHA MTEPEPOOUTH 3a CTUIBKH Yacy: T =
125/110=1,14 ron =~ 69 xB.

[IponyktuBHicTs eHTpuyru Lemitec MD 100-Sn cranosuts 1o 200 ni/rof, a oTxe,
BIIMOBIAHO J10 PO3paxyHKiB, JlaHa MeHTpudyra MIXOAUTh 3a TEXHIYHUMH
XapaKTEPUCTHKAMMU.

Po3paxyHok 30ipHMKA JJIA OCAJ:KEHHS KPUCTAJIB HaTaMiluHy. BpaxoBytoun, 1o
00’€M KOHIIEHTpATy, SIKHA HAJIXOJIUTh HA OCAJKEHHS CTAaHOBUTb Vion = 15 1, 1 00’eM
IIPOMUBHOI BOJY CTaHOBUTb Vyonm = 15 11, 3aransHuii 00’eM piavHu ckinagae V, = 30 i1 =
0,03 M°.

[Tpubau3HMil reoMeTpuuHUM 00’ €M peakTopa-3mintyBada npu 3aganomy Kz = 0,8:
on = Vp/K3=0,03/0,8 = 0,04 m?).

Hali6mKk4uuM 3a HOMiHAILHAM 00’ €MOM € peakTop-3mintyBad Vo, = 0,04 v,

Kinbkicte peakropiB npu 3aganomy Ks:

p = Var/Vip =0,04/0,04 = 1.

Y TouHI0EMO KOE(IIIEHT 3alTOBHEHHS BUOPAHOTO peaKTopa-3MilIyBaya:

Ksp = Vo/ (VouxNp) = 0,04/(0,04x1) = 0,8.

OckiIbKM YTOUYHEHHMH KoedilieHT JeXuTh B 3amgaHux wmexax (0,7 - 0,85), To
MPUIMAEMO 10 YCTAHOBKH PEAKTOPIB-3MilIyBadiB OCAI>KEHHS KPUCTAIIB HATaAMIIUHY — 1.

Po3paxyHoK cymiapku 3 NceBA03PiIkeHHMM mAapoM. Maca KpHCTaJiqHOTO OCay
HaTaMIIIMHY 3 BpaxyBaHHsIM Koedimienta BTpaT mnpu cymiHHl (Eqy = 0,04), mpu
CTaHJAPTHOMY BMICT1 CyXHUX PEYOBUH B rOTOBOMY NPOayKTI CPry = 94% cTaHOBUTB:

e = Goc'(1-Ecm)/ CPryy= 6,4 - (1-0,04)/ 0,94 = 6,5 k1.

Maca Bonu, 110 Niuisirae BUJAJICHHIO 3 BpaXyBaHHAM Koe(illieHTa BTpaT NP CYLIIHHI
CTAHOBUTH:

e = Goes'(1- Ecw) — Gew = 8-(1-0,04) — 6,5 = 1,2 k.

3BaXkarouu Ha HEBEJIMKY Macy BOJH, Ky HEOOX1THO BUAAINTH 13 OCay, MPUUMEMO Yac
cymiaHs 1. = 30 xB = 0,5 roz.

Butpara Bosioru, sixka mijisrae BUAaICHHIO, CTAHOBUTH:

em/ Te=0,3/0,5=2,4 xkr/ron.
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[Tpuitmemo, 1110 TemnepaTypa CylIiHHs (Ha BXOA1) CTaHOBUTS ti, = 90 °C, Temnepatypa
Ha BHXOMl — b = 65 °C, a Temreparypa BucymeHoro npoaykry t, = 40 °C. Po3paxyemo
MUTOMY MPOAYKTUBHICTh CYIIAPKHU IO BOJIO31, SIKa BUMApyBaiach:
cep = 0,05-[(tistt2s/2) - ty] = 0,05 - [(90+65/2) - 40] = 1,873 kr/ rog.

OpieHTOBHMI 00’ €M CyIIApPKU CTAHOBUTH:

Veymr =W/ Geep=2,4/1,873 =12,8 1.

OTxe, Ans CyIIHHS KpHUCTaliB HaTaMillMHYy HEOOXIHO BCTAaHOBUTU CYIIApKy 3
MICEeBIO3PIIHKEHUM IIapoM, sika Mae 00’eM pesepByapa He Mmenmie 20 n. [3 acopTumeHTty
cymapok STE Takuit 00’e€M MarOTh MIJIOTHI YCTAHOBKH.

Po3paxyHok ¢acyBajibHO-NIAKYBAJBbHOIO 00JagHAaHHsS. Maca CyXoro mnopouky
HaTaMIIUHY, SKUM #i1e Ha dacyBaHHs, cTaHOBUTH G, = 6,4 K. Maca oHOTO MakeTy-carie
3 MOPOIIKOM HaTaMmiluHy ctaHoBUTh G, = 0,1 kL.

KinekicTh came 3a nukia craHoBUTh: N = G, /Gc = 6,4 /0,1 = 64 care.

BuxopuctoByemo ¢acyBanbHO-MakyBalbHUM anapat moxaeni HP150 nmpoaykTuBHICTIO

as = 50 yI/XB.

Yac ¢acyBanHs mapTii TOTOBOTO MPOAYKTY CTAHOBUTH:

T=N/Ggp=1,22 XxB =~ 2 XB.

117



PO3I1JI 7. Cneuundikanis o01a HaAHHA

Taomung 7.1

Crnenudikanisa o0aHAHHA /151 BAPOOHMUITBA HATAMIIIUHY

[To3uris

HaiimenyBanns

KineskicTs

Texniyna xapakTepucTHKa (BUPOOHHUK)

1

2

3

4

I13-1

[ToBiTps3abipHu
K

1

[ToBiTpsizabipuuk  «Exadapm»  (Ykpaina),
oOJagHaHUI METAJIEBOIO CITKOIO [71]

D-2
D-58

®diapTp TPyOOL
OYHUCTKH TIOBITPS

2

OLIBTP MOJEI1 OBII-G4-66-25/C,
GUIbTpyIOUMA  MaTtepial — CKJIOBOJIOKHO 3
MIIBHUIICHOK INIIIBHICTIO, MPOJYKTHBHICTh —
3400 M>*/rox, NMOYATKOBUM OIp HA YUCTOMY
dbinpTpi — 20 Ia [72]

K-3

Kommpecop

Kommnpecop “Dalgakiran” (Typeuunna) mozaeni
DKS 600, mMakcumajgbHHMii THCK Ha BHUXOJI
noBiTps 3 anapary — 0,8 MIla, npogyKTUBHICTb
— 1657 n/ron, notryxHicts — 7,5 kBT, rabaputHi
po3Mipu (mm) — 1885/650/1300 [73]

TO-4

Termtoo001MHHUK
- OXOJIOIKyBau

TennooOminnuk “SALDA” (JlutBa) mopemi
AVA 100, Tum —  IJIAaCTMHYACTHH,
IPOLYKTUBHICTE — 60-165 M>/rof, MOTyXHiCTH
— 0,24-0,52 kBT, makcuManbHa TeMIieparypa
noBiTps Ha Buxomi +20,4 C, Burpara
oxonomkyrouoi Boam — 0,01-0,02  i/c,
rabaputHi po3mipu (Mm) — 170/236/365 [74]

PB-5

Pecusep

PecuBep “Tankoceppic” (VYkpaiHa) Mozeni
P.500600-14, pobGounii 00’em 0,5
pobounii tuck — 1,0 Mlla, makcumanbHa
temrepatypa nositps —-20 C 1 +100 C [75]

T-6

TemmooOMIHHUK
- HarpiBay

TenmooOminnuk “SALDA” (JlutBa) mopemi
EKS 500x250/9-3f, tum — 3MIHOBUKOBHIH,
KOpPIyC — allOMOIIMHKOBA CTallb, TEH —
HepkaBitoua ctanb AISI 304, makcumanbHa
TeMIiepaTypa Harpitoro moBiTps — +50°C,
NOTYXHICTh anapary — 6,0 - 36,0 kBt, poboua
Temriepatypa - +5...+40 °C, rabapuTHi po3mipu
(Mm) — 500/250/370 [76]

3MH. | ApK.

Ne nokymeHra ITigmuc

Jlara

HYXT BTEK 04.03.09 KP 113

Po3po6us

anko

KoncynbT.

KepiBauk

Kpacinbko

H. xontp.

3aB. kad.

ITupor

Crenudikarist o0naHaHHS

Nitepa Apk. ApkymiB
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IIpoooesoicenns maon. 7.1

1 2 3 4
oI'-7 ®OinbTp TOHKOT 1 ®inetp wmomemi HI10-H14, wmatepian —
OYHUCTKH TOBITPS GbiapTpyBaNbHUN TATIIP HA OCHOBI yIbTpa- 1
MIKDOTOHKOTO  CKJIOBOJIOKHA,  JllaMeTp
BosiokoH — 0,25..1,0 MKM, e(eKTHBHICTbH
OUHUIEHHS TOBITPI — 10 99,9995 %,
MOYaTKOBHM OImp MOTOKY MoBiTps 250-280
[Ta, «xiHmeBudr omip — 600 Ila,
npoayktusHicTh —1200-2000 m3/ron [77]
CIP-8 CIP-muiika | CIP-muiika «Milesta» (Ykpaina), 3 2
pesepByapamu 1o 400 51, Marepian
pesepBypy — craib AISI-304,ASTM,
Marepian THy4kux TpyoompoBoaiB — SO-
SILICONESTART, MaKCHUMaJlbHa
IPOLYKTHBHICTE — 110 34 M*/rox [78]
13-9 Jo3atop HamiBaBTroMaTuyHuil hipmu “ABC
13-15 Tech” moneni BJICB-2 (Ykpaina), tTun — 3
A3-19 006’ eMHO-BaroBuit BiOpaIiiHum KUBWIBHUKOM; MexXI
13-24 J103aTOP 7 3Ba)KyBaHHS: HaliMEHIIIa MeXKa TO3yBaHHS —
J13-28 50 r/mn, HaWOlIBIIIA MEXa JT03yBaHHSA — 15
A3-31 Kkr/mi; 00’em Oynkepa — 420 m; moxuOka
no3yBaHHs — 0,35% [79]
Jo3arop namiBaBTOMaTtuyHuit pipmu “ABC
J3-33 Tech” monment BIACB-1 (Ykpaina), tun —
J3-44 BIOpaliiHUI; MEeX1 3BaXKyBaHHs: HailMeHIIa
Mexa 103yBaHHs — 0,5 kr, HalOLIbIIa Mexa
no3yBaHHA — 90 kr; moxuOKka J03yBaHHS —
0,5%
AB-11 ABTOKIIaB 1151 1 AgtoknaB “Tuttnauer” (Himeuunna) momem
cTepuizariii 3840 ELV D-Line”, 3aBaHTaXeHHA —
MMOKUBHUX BEpTHKaJdbHE,  MICTKICTh — 52 I,
CepeOBUIIL temneparypHuid pexxum — +105-137 °C [80]
®I-13 DinbTp 10 Oinprp “Dontep” momemi E006.1T1, kmac
dI-17 1HIUBITyJIbBHOTO ounmends — U15-Ul6, edeKkTuBHICTb -
PdI-21 OYHILICHHS 99,99995%, HOMIHAIbHA NPOAYKTHUBHICTb
®I1-23 npu mBuakocti 0,45 m/c — 900 m/rox,
ODI-28 Marepiajl — MIHITUTICEpOBaHEe CKJIOBOJIOKHO,
®I-30 paMka — Heprkapitoua ctanb AISI 314 [81]
dI-38
®I-39
dI-40
DI-41
311-12 3aciBHMIA IPUCTPii 1 €MHICTB 13 OOPOCUITIKATHOTO CKJa, 00’ €MOM

500 mi, ocnamena kinananoM “SACOVA”
dbipmu “Sartorius Stedim” (Himeuunna) [82]
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IIpooosoiicenns mabn. 7.1

2

4

IH-14

[HOKYNISAITOP

biopeaktop ‘“Bionet” (Icmanis) moxmens F1/10,
reomerpuuHnii 06’em — 0,01 M, rabaputHi po3mipu
(Mmm): d =277, h = 650; xopnyc — HepKaBir04a CTab
AISI 316L, OopocimikatHe ckjiIo, 0e3 IIBIB
3BapIOBaHHA;, PETYISATOPH PIBHSA T0Jadl TMOBITPS,
JaTYMKW  Temmeparypu, piBHa pH, kucHio 1
MHOTACHUKA; YNPABIiHHA MPOLIECAMU — IIPOTpaMHe
3abesneyeHHss ROSA+; nepeminryBanHs — TypOiHHA
MILIAJIKA 3aKpUTOTO TUILY, HIBUJKICTb
nepemimyBaniss — 100 — 300 o0/xB, mepenaua
MIOCIBHOTO MaTepialy — CTHCHYTUM MOBITPsIM [83]

PT-16

PeakTop-3minryBay
JUTSI IPUTOTYBaHHS
MOKUBHOTO
cepeoBHILA AJIs
OTPUMaHHS
THOKYJIATY

Peaktop-amimyBay  gpipmu  WENZHOU L&B
FLUID EQUIPMENT CO.LTD (Kurait) 06’emom
0,04 M, rabaputhi posmipu (Mm): d = 400; h = 600;
oOnaHaHUI eIEKTPOTEHOM, MIIIAJIKOIO JIOMATEBOTO
TUIlYy, MBUAKICTh TepeminryBanHs g0 100 o0/xB,

Marepiai — HepKaBitoya CTallb
AISI-304,ASTM [84]

IH-18

[HOKYMISITOD

biopeakrop “Bionet” (Icmanis) momens F1/100,
reomeTpuunuii 06’em — 0,1 M, rabapuTHi po3mipu
(mm): d = 830, h = 1328; kopmyc — HepkaBitoua
ctainb AISI 316L, GopocinikaTHe ckiio, 0€3 MIBIB
3BapIOBaHHS; PETYJATOPU PIBHS I[OAA4l IMOBITPA,
JaTYMKW ~ Temneparypu, piBHa pH, KucHio 1
MHOTACHUKA; YNPaBIiHHS MPOLIECAMU — MPOTPaMHE
3abe3neueHdss ROSA+; nepemiiryBanHs — TypOiHHA
MIIIAJIKA 3aKpUTOTO TUILY, HIBUJIKICTh
nepemimyBadHss — 100 — 300 o6/xB, mepemaya
MOCIBHOTO MaTepiaxy — CTUCHYTUM MOBITPsiM [83]

PT-20

PeakTop-3minryBay
JUTSI IPUTOTYBAHHS
MO>KUBHOTO
CepeoBUILA AJIs
OTpUMAaHHS
THOKYJIATY

Peaktop-amimyBay  gipmu  WENZHOU L&B
FLUID EQUIPMENT CO.,LTD (Kwutaii) 06’emom
0,5 m*, raGaputni posmipu (Mm): d = 800; h = 1200;
o0JiaTHaHUM €JIEKTPOTEHOM, MIIIAIKOIO JIOATEBOTO
TUIy, MBUAKICTh nepemimryBanHs g0 100 o0/xB,
Marepian — Hepskaitoya ctainb AISI-304,ASTM [84]
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ITA-22 [TociBHMit amapat biopeaktop “Bionet” (Icmanis) Mopaens
F3/1000, reomerpuunuii 06’em — 1,0 M,
rabaputHi po3mipu (Mm): d = 1210, h = 1920;
Kopmyc — Hepkapitowa crtamb AISI 316L,
OopociiikaTHe CKiIO, 0e3 IIBIB 3BaplOBaHHS;
peryJIaTopy PiBHs MOJayl MOBITPSI, JTaTYUKH
TeMmneparypu, piBHa  pH, kucHIO 1
MHOTACHUWKA; YIMPAaBIIHHS MpoIlecaMu —
MpOTrpamMHe 3a0€3IeUeHHS ROSA+;
nepeMillyBaHHsl —  TypOiHHa  MIMIAJIKH
3aKpUTOIO THUITY, IMBUIKICTh TIEPEMIITYBaHHS
— 100 — 1300 o6/xB, mepegadya IMOCIBHOTO
MaTepianry — CTUCHYTUM NOBITPsM [83 ]

PT-34 PeakTop-3minryBay Peaktop-3mimyBau ¢pipmu WENZHOU L&B
JUISL IPUTOTYBAHHS FLUID EQUIPMENT CO.LTD (Kurait)
KOMITO3HIIT A 1715t 06’emom 5,0 M*, raGaputHi po3mipu (Mm): d =

O0l0CUHTE3Y 1400; h = 2100; obnagHaHUil €IEKTPOTEHOM,
MIIIAJIKOK JIOMAaTeBOr0 THUITY, IIBUAKICTh
nepeMmimyBands g0 100 o6/xB, maTtepian —
HepkaBiroya ctaiab AISI-304,ASTM [84]

PII-25 PeaxTop-3minryBau PeaxTop-3mimyBau ¢pipmu WENZHOU L&B
JUISL IPUTOTYBAHHS FLUID EQUIPMENT CO.LTD (Kuraii)
KoMIo3u1ii B s 06’emom 0,5 M>, raGapuTHi po3mipu (Mm): d =

Ol0CUHTE3Y 800; h = 1200; oOnagHaHuli TApPOBOIO
COPOYKOIO, MIIIAJIKOIO JIONATEBOTO THUIY,
MBUAKICTh mnepemimyBaHHs A0 100 00/xB,
Mmatepian — Hepxkasitoua crtainb AISI-304,
ASTM [84]

PT-32 30ipHUK 3 360ipuuk pipmun WENZHOU L&B FLUID
€JICKTPOTCHOM JIJISI EQUIPMENT CO.LTD (Kurait) 06’emom

cTepuiizamii 0,01 M®, rabaputni posmipu (Mm): d = 250; h

MHOTaCHUKA =400 ; o6agHaHM €IEKTPOTECHOM, MaTepial
— Hepkasiroya ctaiab AISI-304,ASTM [84]

PII-29 PeakTop-3minryBay PeakTop-3mimyBau ¢pipmu WENZHOU L&B

JUJISL IPUTOTYBAHHS 1
crepuiizaiii 6%

PO34YMHY TIAPOKCUIY

HaTPIIO

FLUID EQUIPMENT CO.LTD (Kwurait)
06’emom 0,01 M, raGaputni posmipu (Mm):
d = 250; h = 400; obGnagHaHuii TAPOBOIO
COpPOYKOIO, MIIIAJIKOIO JIONATEBOrO THUIY,
MIBUJIKICTh TepeMinnryBadHs g0 100 00/xB,
Matepial — HepkaBitoda ctayib AISI-316 [84]

121




IIpooosoicenns maoan. 7.1

2

4

MP-26
MP-50

MipHuk s
IPUTOTYBAHHS
PO3YUHY XJIOPUIAHOT
KHCJIOTH

Mipnuk dipmu «3BAPXIMITPUIIA [I» moneni
KIIP-10 (Ykpaina), reomerpuunuii 06’ em 10 1,
rabaputHi po3mipu (MM): 400x680; maTepian —
HepkaBitoua ctanb AISI-321; moxubka mnpu
20°C - 0,02% [85]

®B-35

depmenTep
BUPOOHUYNI

[IpomucnioBuii dbepmentep “Frings”
(Himeyunna) MOJIeITi Proreact-8000B
reoMeTpHYHHi 06°eM 8 M°, rabapuTHi po3mipu
(mm): d = 2000; h = 3200; xopmyc -—
HEeprKaBloya CTajb 1.4301/1.4404,
MepeMIITyIOUnid MPUCTPI — TypOiHHA MilTaKa
3aKPUTOTO THUITY 31 HIBUKICTIO IEPEMIIITyBaHHS
- 100-300 o006/xB, amapar oO0JagHAHUN
JATYMKAMU JIJIs1 KOHTPOJIIIO TEMIIEPATypH, PIBHS
pH, KoHIIEeHTpallili PO3YMHEHOTO KUCHIO, PIBHS
MiHUA, KEPyBaHHS TMpoIecaMd — KOHTPOJIEp
SIEMENS SPS i3 cencopHoro nmanesuno [86]

Hb-10
Hb-36
Hb-37
Hb-39
HB-54

Hacoc BiatienTpoBuit
0€e3CaAIIbHUKOBOTO
THITY

Hacoc BiatieHTpoBuUii 6€3CaIbHUKOBOTO TUITY 3
MarHiTHor mydror “Vaterpass” mogmeni JS,
npoayKTHBHICTE — 10 100 M/rox, poGounii
tuck — 1o 0,7 MIla, marepian — HepkaBiro4a
ctaib, nuianru tuiy PFA / ETFE [87]

3b-38

301pHUK 115
KYJIbTYpaJIbHO1
plaIvHA

30ipauk ¢ipmu  WENZHOU L&B FLUID
EQUIPMENT CO.,LTD (kpaina-BupoOHUK —
Kuraii) 06’emom 5,0 m>, raGapuThi po3mipu
(mm): d = 1400; h = 2100; marepianm —
Hepxkasiroua craiab AISI-304, ASTM [84]

110-40

110-45

Lentpudyra
OCa/KyBajibHa
Oe3nepepBHOT il

Hentpudyra-gexanrep gpipmu Flottweg cepii Z
moaeini C7E (kpaina-BupoOHuK — HiMeuunna),
npoayKTuBHICTE gm0 10 M/rom, nmiamerp
pesypByapa d = 2,6 M, max IBHIAKICTbH
obepranHs potopa w = 3000 o00/xB,
mudepenniiaa mwBUaKicTs — 45 ¢!, radapuThi
po3Mmipu (M) : 2,6x0,76x2,3, wmatepian —
KOpO3i€- 1 KUCIOTOCTIMKA HEp)KaBitoua CTajb
Mapku 4.4571 ¢ [59]

[linotTHa ocamkyBanbHa IeHTpUyTra GipMu
Lemitec (kpaina-BupoOoHUK — Himeyunna)
mozeni MD100-Sn, npoayktuBnicts — 10 200
J/Toj, TYCTMHA YacTOK — J0 5 T/MJj, JiameTp
0apabany — 100 MM, MakcUMaJbHA IIBUJKICTh
— 10 000 o6/xB, rabapuTHi po3mipu (MM) =
1200x600x1600, matepian — HepKaBiroua
ctanb DIN 1.4404/316 L
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HIII-41
HIII-44
HIII-46
HIII-48
HIII-51

Hacoc
IECTUPEHAYACTHI

Hacoc mectupenauaTuii HU3bKOTO THUCKY
¢ipmu  Tapflo cepii PTL09 (xpaina-
BUPOOHUK - [1IBerist), MpOAYKTUBHICTH 10
20-80 n/rox, wactora oo6epranus — 20-80
00/XB, BITHOCHUM THCK — 70 4 0ap, TUCK
Ha BX0JIl — /10 4 6ap, TUCK HA BUXOJ1 — J0
0,6 Gap, marepial — HEp)KaBiOUa CTallb,
nutanrd — NBR Food [88]

P3-42

Peakrop-3mimryBay ass
npurotyBanHs 50%
pO3UHHY JIYTy

Peakrop-3mimyBay  gpipmu WENZHOU
L&B FLUID EQUIPMENT CO.LTD
(Kurait) 06’emom 0,01 m® , raGapurhi
posmipu (Mm): d = 250; h = 400;
oOnagHAHUK, MIMIAJIKOIO  JIOIIATEBOTO
TUITY, IIBUAKICTh nepeMimryBanHs 10 100
00/xB, MarepiaJl — HepKapiroua CTajb

P3-43

PeakTop-3minryBay asis
Je31HTerparii KJIiTUH 1
EKCTpaKIlii HaTaMIIuHy

PeaxTtop-3mimyBau ¢dipmu WENZHOU
L&B FLUID EQUIPMENT CO.LTD
(Kuraii) o6’emom 0,16 ™°, raGapurHi
posmipu (MMm): d = 600; h = 1200;
oOnaHaHUK  TApOBOK0  COPOYKOIO,
MIIIAIKOIO JIOMATEBOTO THUITY, MBHJKICTh
nepeminryBanss 10 200 06/xB, maTepial —
HepkaBiroya ctaiab AISI-316 [84]

Y®-47

YcranoBka
IepeEXpeCcHOl
dbimpTpari

MonynbpHa MiJIOTHA yCTaHOBKA
nepexpecHoi ¢iapTparmii g MIKpo- 1
ynbrpadinerpamii  pipmu  Alfa Laval
mozeni PilotUnit Multi (kpaina-BupoOHHK
— IIBemnis), pobounii 06’em — 10 500 i
IPOAYKTUBHICTH — 70 200 1/rox, mioma
¢insTpyBanns 1o 15 m? ; Tuck — 0-40 Gap;
poboua Temmneparypa — 1-80 C;
HOTYXHICTh — 27 KBT; BCTaHOBJIEHO
meMOpanu tuny P&F M39, Spiral 3.8,
Marepiall — Hep)KaBitoua CTajdb MapKu
4.4571 [63]

P3-49

PeakTop-3minnyBay asis
OCAJKEHHS
HaTaMIIUHY

Peaktop-3mimyBay ¢ipmu WENZHOU
L&B FLUID EQUIPMENT CO.,LTD
(Kutait) o6’emom 0,04 M™°, raGapuThi
posmipu (Mm): d = 400; h = 600;
oOjaZHaHUN  MIMIAIKOK  JIOTIATEBOTO
TUIY, IIBUJKICTh mepeminryBanHs 10 S50
00/XB, MarepiaJl — HEp)KaBilo4ya CTallb

AISI-316 [84]
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H®-52

Hyt4-dinstp

Hytu-binetp dipmu Buschiglas (kpaina-
BupoOHUK I1IBeitmapis), podounii 06'em —
1o 30 a; poboumit Tuck -1,0...+1,0 Gap,
po3Mip mop (UIBTPYBAIBHOTO CJIEMEHTA
10 MkMm, poboua Temmeparypa — -
60...+200 °C, wmarepian pesepByapa —
OopocwiikaTHE  CKJIO, 3 €IHYBaJIbHI
enementu mapku PTFE, PFA, ETFE [64]

CII-53

Cymapka 3
TICEBI03P1KCHIM
apom

Cymapku 3 TICEBIO3PIHKCHUM  IIIapOM
bipmu  “STE  Tecpharm”  (xpaina-
BUPOOHMK — IcmaHisl), MPOTYKTUBHICTH —
30 na/ronm, BimmoBimae BuMoram GMP,
KOHTPOJIEP 13 CEHCOPHOIO MAHEIUIIO TUITY
PCL + HMI, matepian — AISI 316L [65]

BIIL-55

Bentuisitop

Bentunarop pajianbHUM  BIILIEHTPOBUUI
BAHCIVAN AORB 180-80 (kpaina-
BUPOOHHMK — TypeuunHa), NOTYXHICTh —
605 BT, nponyktuBHicTs — 1200 M3/rog,
yacToTa o0epranHs — 2750 006/xB, TUCK —
800 ITa.

K®-56

Kanopudep

[Taposwuit kanopudep KIICK-2-1 (kpaina-
BUPOOHMK — YKpaiHa), TEIJIOHOCIH — cyxa
Hacu4eHa mapa 3 pooouum Tuckom P = 0,6
Mlla; MakKCUMaJbHa TeMIlepaTypa
HarpiBands — 190 °C; MacoBa IMIBUJIIKICTb
noBiTps 'y noroui — 1,5 kr/ m2; mioma
TOBEPXHI TeMI000Miny — 6,7 M2 [90]

VII-57

dacyBaJIbHO-
MaKyBaJIbHUM arapar

dacyBanbHO-TIAKyBaJIBHUHN anapar Mojel
HP150 (xpaina-Bupobnux — Itamis), Tumn
naketry — 3- abo 4-moBHe caile,
NPOAYKTUBHICTh — 50 yI1/XB, 103yBaHHS —
50-150 r, mupuna nakery (mMm) — 130,
JTOBXHUHA nakeTy (Mm) — 190, moTyxHICTh
— 1,8 BT, rabaputHi po3mipu (MM) —
700x900x 1650, marepia, IKUii KOHTAKTY€E
3 IPOYKTOM — HEprKaBitoda CTalb MapKu
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PO3/1JI 8. Onic TeXHOJIOTIYHOI cXeMH BUPOOHMITBA HATAMILMHY
TexHonmoriyuHa cxeMa BHPOOHMIITBA HATAMIIIMHY BKIIOYA€ JOMOMDKHI pPOOOTH
|(caniTapHa miATOTOBKA BUPOOHUIITBA, MPUTOTYBAaHHS 1 CTEpHIII3allisl TMOXHBHOIO
CepeloBHINA Il OJAEpKaHHS TMOCIBHOIO MaTepiaidy, MNPUTOTYBaHHS 1 CTEpHIIi3allis
MO>KMBHOTO CEpeIoBUINA Il OI0CHMHTE3y HaTaMilliHy, MPUTOTYBaHHS 1 CTEpHIIi3allis
PO3YMHIB JUIsl TUTPYBaHHsI, MIATOTOBKA 1 CTEpHUII3allisl IMIHOTACHHWKA) Ta TEXHOJOTIYHI
mportiecu (oJep>KaHHs MMOCIBHOTO MaTepiaily, 610CHHTE3 HaTaMIilMHY, BIUICHHS 6i0MacH,
NEe3IHTerpaliss  KIITHH, eKCTpPaKIlisi HaTaMIlUHY, IEHTpUPYTyBaHHS  EKCTPakKTy,
KOHLICHTPYBaHHS 1 OUMIIEHHS €KCTPAKTy HaTaMILIMHY, OCaJ>KEHHsI HATaMILIUHY, B1IJIIJICHHS
KpUCTaJIB HATaMILMHY, CYIIIHHS KpPUCTaJIlB HATAMIIMHY), CTaJll0 IMMAKyBaHHS, CTaIll0
repepoOKH BIIXOIIB (pereHeparlis 130MpoIaHoiTy) Ta CTaIi0 3HEITKOKEHHS B1IXO/IIB.

JAP 1. CanitapHa miAroroBKa BUPOOHULTBA
JIP 1.1. Ilioecomoska muiouux i 0e3iH@IKyIouux po3uuHis
P 1.1.1. Ilpueomyeanns posuuny «/[ezexony
Jlns mpurotyBanus 10 1 0,2% poGodoro po3uuny «Jlezexony» (Kx 1.1.1.) mipaum
ATIHAPOM BiAMIpsitoTh 20 mut 3aco0y. Y mpomapkoBaHy Tapy MictkicTio 10 1 mogatorh
BiAMIpsiHUI 00'eM 3aco0y 1 10 11 Boau, pO34MH NEPEMIITYIOTb.
JIP 1.1.2. Ilpueomysanns po3uuny «Benioez Enzumy
st mpurotryBanns 10 1 0,1% poGodoro pozunny «Bemnige3 Enzumy» (Kx 1.1.2.)
MIpHUM IWTHAPOM BiaMipstoTh 10 M 3aco0y. Y mpomapkoBaHy Tapy MicTkicTio 10 1
0J1at0Th BiAMIpsiHUHM 00'eM 3aco0y 1 10 11 BoaM, pO3YHH MEPEMIIITYIOTb.

J[P 1.1.3. Ilpueomysanns posuuny «bnanoiac-A @opmey

Jns mpurorysanns 2,7 M 0,15% po6ouoro posunny «bnangiac-A ®opre» (Kx 1.1.3.)
y amapat st CIP-mutiku (CIP-8) uepes 06'emno-BaroBuii pozarop (/[3-14) mogatots 4 n
3acoOy, BIAKPUBAIOTh BEHTWIb MTOAa4l BOJX BOAONPOBIAHOI 1 mogaroTs 2700 1 Boau. s
KpaIoro po3YMHEHHS PO34YMH HarpiBaioTh 110 t = 45 °C numsixoM mnojadvi TIyXoi Mmapu y

copouky amapara (Kt 1.1.3.). BMuKaoTh Mimanaky 1 IpOBOSTh IEPEMIIITYBaHHS PO3UHUHY

HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus [{amko Nitepa ApK. Apky1iB
Koncynbr. ) . | | 125 17
Kepinmmx Kpacitbo PO3 I 8. Onuc TeXHONIOri4HO1
H. xonmp. CXEMH BHPOOHHIITBA HATAMIIIUHY Kadenpa BTM
3aB. kag. ITupor




npotsiroM 10 xB. 'oToBUI poOounii po3unH nepekauyoTh HacocoM (H-9) no pesepByapis
00JiaTHaHHS JJISI MUTTSL.

JIP 1.2. Ilioecomoska eupoonuuux npuminjetsb

J[P 1.2.1. ll]oOenne npubupanms

[logenHe npuOupaHHs NPUMIIIEHb BKIOYAE MUTTSI MM1IJIOTH, TIPOTUPAHHS TTOBEPXOHb
ycTaTKyBaHs po3unHoM «Jlezexon» (Big P 1.2.1) 3 yacom ekcno3uiiii MmuiiHoro 3aco6y 20
xB. Ilicns mpoBeneHHs MpUOMpPaHHS MEPEBIPSIOTH YUCTOTY MPUMIIICHHS Ha BiJCYTHICTbH
opyay 1 muny (Kt 1.2.1.)

J[P 1.2.2. I'enepanvre npubupanms

['enepanbue mpubupanHs BKIoYae oOpoOky poszumHom «Bemined Enzum» (Big AP
1.2.2.) mnoBepxoHb YyCbOro OOJIaJHAHHS, I1HBEHTapsl, KOMYHIKallli, CTemi, CTiH,
MOBITPOIIPOBO/IIB, BIKOH 1 MIJBIKOHb, IBEPEN KOXKH1 5 JHIB 3 4aCOM €KCIIO3MIIIT MUITHOTO
3aco0y 30 xB. Ilicns mpoBeneHHs TpUOUpaHHS MEPEBIPSIOTH YUCTOTY MPUMIIICHHS Ha
B1ICyTHICTb Opyay 1 nmuiy (Kt 1.2.2.)

J[P 1.3. Ilioecomoska upobHuu020 001a0HAHHS

JIP 1.3.1. Mumms obnaouanHs

[Hupkynsiiiine MUTTS pe3epByapiB BUPOOHUUOTO OOJIAJHAHHS 3I1MCHIOETHCS 3a
nonoMororw CIP-muiiku (CIP-8) nuisixom nonaaui po3unny «bnanaiac-A ®opte» (Bix AP
1.2.3.) uepe3 posmwiorodl GOPCYHKH y pe3epByap amapariB. MUTTs anapaTiB MPOBOISTH
npotsirom 1,5 rox (Kt 1.4.1.). Ins BuganeHHs 3aJMIIKIB MAIOYOTO PO3UYMHY OOJagHAHHS
OMOJICKYIOTh BOJIOIO NMUTHOIO. [licis npoBeneHHs omnepalii 00sialHaHHS NEePEBIPAIOTh Ha
BIJICYTHICTb Opyay 1 3anuiukiB cepepoBun (Kt 1.3.1.).

JIP 1.3.2. Texniunuii oensio

Texniunuii ornsan oOgaaHAHHS MPOBOISTH 3 METOIO TIEPEBIPKU 3arajbHOI IUTICHOCTI
oOJasiHaHHS 1 HITICHOCTI MIIIAJIOK, BUSABIEHHS OyIb-IKHX 1€(PEKTIB 1 CTOPOHHIX 00’ €KTIB y
pe3epByapax, BUSBICHHS MOPYIIEHHb LUIICHOCTI KOMYHiKamii 1 3amipHoi apmarypu (Kt
1.3.2). ¥V pa3i BUABIICHHS HEYIIUTbHEHD 3[1HCHIOIOTh MIATATYBAHHS Pi3b0OBUX 3’ €THAHb.

JIP 1.3.3. I[lepesipka na cepmemuynicmeo

Jlis TmepeBipKM IIUTICHOCTI 3amipHO-peryiiouoi apMmarypu, y amapati, SKdal
JOCIIIKY€EThCS, 3aKPUBAIOTH YCIO 3amipHy apMmarypy, nojarTh ¢peoH-12. V copouky

anapary nojaroTh riayxy napy. [lokasom maHOMeTpa perysrorTh THUCK Yy amapari o
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P = 0,02 MIla (Kt 1.3.4.). V pa3si HasgsBHOCTI MOPYIIEHb TEPMETUYHOCTI amapatypH, mnapa
¢bpeony-12 mpoHMKae Yepe3 HEYMUIbHEHHS, IO BHUSBISAETHCS TPU HAOTMHKCHHI IIYITy
Teui€elrykaya JI0 MiClisi BUTOKY.

/[P 1.3.4. Cmepunizayis 061a0HaHHSL

Crepuimizaiiiro  oOJlafHaHHs 3IIMCHIOITH MIIAXOM ToAadi roctpoi mapu. Ilics
TOCSITHeHHSI TUCKY ycepenuHi amapaty 0,15 MIla 3a mokazHuKaMu MaHOMETpPA MMOYMHAIOTh
B1JTIK "acy crepuiizanii — 1 rog (Kt 1.3.4).

AP 2. IliaroroBKa NoBiTPSI

J[P 2.1 Ilioecomoska aepayiiino2o nogimpsi

P 2.1.1. 3a6ip ammocgeprozo nogimps

3a0ip aTMoc(hepHOro MOBITPS 3A1MCHIOETHCS Yepe3 MOBITPsA3aOipHUK HA BUCOTI HE
Menire 30 m Bix moBepxHi 3emui. (I13-1) (Kt 2.1.1.).

JP 2.1.2. Ouuwenus nogimps 6i0 Uy i MEXAHIYHUX YACMOK

[ToBiTpsi OUMIIYETHCS BiA MUY 1 MEXaHIYHUX YacTOK Ha (UIbTpax rpy00i OYUCTKU
(d-2) mo edpextuBHOCTI oumnteHHs: E=90%. Ilepenaa TuckiB Ha BXOA1 1 BUXO/1 MOBITPS 3
GIBTpyY NepeBipsA0TH 3a Mokazamu manomerpa (Kt 2.1.2.)

JIP 2.1.3. KomnpecysanHs nogimpsi

Ouniiene BiA MUy 1 MEXaHIYHUX YacTok moBiTps (Bix AP 2.2) CTUCKYIOTH Yy
komrpecopi (K-3) no tucky P = 0,35-0,5 MIla 3a nokazamu manometpa (Kt 2.1.3.).

I[P 2.1.4. Oxon0021cenus nogimps

Crucnyte nositps (Bix AP 2.3.) oxonomxkyrots 10 t = 20-40 °C y TemnooOMiHHUKY-
oxonomkysadi (TO-4) (Kt 2.1.4.).

JIP 2.1.5. Buoanemnns 3aiigoi eono2u

Oxonomxkene moBitps (Bim AP 2.4.) HOpMami3ytoTh 3a BMICTOM BOJIOTH IIJISXOM
BUJIaJIEHHS 3aiiBoi Bojioru y pecusepi (PB-5) no Bmicty Bosoru W = 60% (Kt 2.1.5.).

JIP 2.1.6. HaepisarHs nogimps

KonguuiiioBane nositps (Bix AP 2.5.) HarpiBaioTh 10 ONTHUMAaJIbHOI TeMIIEpaTypu
t =35-40 °C y remnooomiaauky (T-6) (Kt 2.1.6).

JIP 2.1.7. Ouuwenns nogimps 8 20J106HOMY hintbmpi

Harpite konaumiioBane nositps (Big P 2.6.) ouuInyeTbest y roJioBHOMY (BiabTpi

(®I'-7) no edextuBHOCTI oummieHHs E=99,996%. Po3mip 1 KOHIIEHTpaIll0 3aBUCIIHX
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YAaCTMHOK Yy BiA(IIbTPOBAaHOMY TMOBITPI ABTOMATUYHO PEECTPYIOTh MNOPTATUBHUM
nerektopoM. Ilepenmaa THCKIB Ha BXOAl 1 BUXOJl TMOBITPS 3 (UIBTPY MEpPEBIpSIOTH 3a
nokazamu MmaHometpa (Kt 2.1.7)

I[P 2.1.8. Ouuwenns nogimps 8 inougioyaibHomy intbmpi

ITepen momauero B 1HOKyJsATOpH 1 pepmenTep, nmoBitps (Big AP 2.6.) ouumiyerbes y
inauBigyansHoMy ¢ueTpi (OI-13, PI-17, OI-21, ®I-30) 10 edeKTUBHOCTI OUMILECHHS
E=99,999%. Po3Mmip 1 KOHUEHTpAIIII0 3aBUCIMX YAaCTHUHOK Yy BiA(PIIBTPOBAHOMY IMOBITPI
ABTOMATUYHO PEECTPYIOTH MOpTaTUBHUM jAeTekTopoM (KT 2.1.8.)

J[P 2.2. Ilioecomoska cyuuibHo2o azeHma

JIP 2.2.1. Ouuwenns i Ha2pi8anHs CyuuiIbHO20 NOBIMpsL

AtMocepHe noBiTps 3a0upaerbesi BeHTHIATOpoM (BT-54) 1 ouniiyerbest Bi nuiy i
MEXaHIYHUX YacToK Ha (uibTpax rpy0oi ounctku (PII-53) no ehexTuBHOCTI OUMILICHHS
E=90%. Ilepenayn TUCKIB Ha BXO/1 1 BUXOJ1 MOBITPA 3 (LIBTPY MEPEBIPSIOTH 3a MOKA3aMU
MaHoMmeTpa. [lomepenupo ouuieHe MOBITPS HarpaBisieThess 10 Kamopudepy (KD-55) i
HarpiBaeThcs 10 Temrepatypu t =90 °C (Kt 2.2.1.). Ouniniene 1 HarpiTe MoBiTPs MOJAETHCS
nig peuntky cymapku (CII-51) ass cTBOpeHHs ICEBA03PIAKEHOTO mapy.

JAP 3. IlpuroryBaHHs pO34MHIB 1JIsi TATPYBAHHS

JIP 3.1. IIpucomyeanns i cmepunizayisa 6% po3uuny 2iopoxcuoy Hampiio

st mpurotyBanHst 9 1 6% po3unHy TIAPOKCUIY HATPIIO 4Yepe3 00'€eMHO-BaroBHiA
no3atop (13-27) 3BaxxytoTb 550 I riIpoKCUAy HATPIIO 1 3aBaHTaXYIOTh y 30ipHUK (PII-29).
BiakpuBatoTh BEHTWIIb TO/Aa4l MUTHOI BOJAU 1 TOMA0Th 9 11 Boau. BMukaroTe Mimanky i
NPOBOAATH MEpEeMIlTyBaHHs po3unHy mnpotsrom 10 xB. Po3unH nyry crepuiizyloTb y
peakTopi-3MillyBayi MUIAXOM Mojadi roctpoi napu npu tremmnepatypi 120° C 1 tucky 0,075
MIIa npotsarom 20 xunuH. (Kx, Km 3.1).

Jlnst mpurotyBanHs 1 11 6% po34rHy IIPOKCUIY HATPiIO B KOJOAX HA TEXHIYHUX Barax
y eMalibOBaHii ab0 CKJISHIN MOoCyAuHI 3BaXyl0Th 60 I T1IPOKCHAY HATPiIO 1 MOMIIIAIOThH
HaBaXXKy B KOHIYHY Kkoyi0y oO'emom 1 1. 1 71 AMCTMIROBAHOI BOJW BIAMIPSIIOTH 3a
JOTIOMOT0I0 MipHOTO IUTIHAPY o0'emMoM 1 5. YV k0on0y 3 HaBaXXKOIO TiAPOKCHUIY HATPIIO
nonaroTh 500 MI BOAM, BMICT KOJIOM PETENBHO NEPEMINIYIOTh CKIISTHOK MaIAYKOIO.

Honatots pemty 500 mui Boau, BMICT KOJOM MEPEMIIIYIOTh, KOJIOY 3aKpUBAaIOTh BaTHO-
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MapJieBOIO MPOOKOIO 1 cTepuii3ytoTh y aBTokaBi (AB-11) mpu Temnepatypi 120 °C 1 Tucky
0,075 MIla mpotsirom 20 XBHWJIKH.

P 3.2. [Ipucomysanns 6% po3uuny Xa10puoHoi Kuciomu

Po34nH XJ0prIHOT KUCIOTH FOTYIOTh O€3M0CEPEAHBO NIEPE]T MOJAYE0 HA TUTPYBAHHS.
6% PO34YMH XJIOPUIHOI KUCIOTU TOTYIOTh 3 KOHIIEHTPOBAHOTO PO3YMHY XJIOPUTHOT KUCIOTH
(36,5%). Hdns mpurotyBanHs 9 1 6% po3uuHy XJIOPUAHOI KUCIOTH y MipHUK (MP-26)
noaaroTh 8,9 11 Boju MuTHOI. BMUKaIOTh €JIeKTPOTEH 1 HariBaroTh BoAy A0 120° C mpoTtsrom
20 xBunuH. [licns crepuiizaiii y cOpouKy anapary MoJIal0Th BOAY XOJIOAHY TEXHIYHY JJIst
OXOJIOJIPKEHHSI TPOCTEPUIII30BaHOi Bojau 10 Temmeparypu 15-20° C. 3 Oanmony 3
apMOBaHUMM LIJIAHTaMU MOJA0Th 125 M 36% po3urHy XJIOpUIHOI KUCIIOTH JI0 3aTAJIbBHOTO
00'emy po3uuny 9 1.

Jlist mpurotryBanHs 1 1 6% po3uuHy XJIOPUAHOI KUCIOTH y KoJIOax BIAMIPSIOTH 1 11
CTEpPUJILHOT BOJIM 3a JIOTIOMOTOI0 MipHOTO IuiiHapa ob'emoM 1 11 15 mu 36% po3uuny
XJIOPUIHOI KUCIIOTH 3a JOTIOMOT'OI0 MIPHOTO IWITIHpa 00'eMoM 25 M. Y KOHIYHY KOJIOY
o0'eMoM | 7 mOJarOTh CTEPWIBHY BOAY 1 MOCTYIMOBO J0JAI0Th 36% pO3UMH XJIOPHUIHOT
kuciaotu. OTpuMaHui po3YUH CTEpUIII3aIlil HE TOTPEOYE.

JIP 3.3 IIpucomysanns 50% po3uuny 2iopokcuody Hampiio

Jlns mpurotyBanHa 5 1 50% po3unHy TiIPOKCHAY HATPII0 HA TEXHIYHUX Barax y
CKJISIHIM a00 eMabOBaHIi MOCYANHI 3BaXKYIOTh 2,5 KT T1JIPOKCUIY HaTpito. Uepe3 BOPOHKY
30IpHMKa BPYYHY 3aBaHTAXXYIOTh HAaBAXKKY Jyry. BiIKpHBarOTh BEHTWJIb MOAA4l MUTHOI
Boau 1 momaroth |y 30ipauk  (P3-42) 5 n Bomu. BwmwukamTh  Mimanky
1 IPOBOIAITH TiepemintyBanHs po3unny npotsirom 10 xB (KT, Kx 3.3).

I[P 3.4 Ilpucomysanus 5M po3uuny x1opuonoi kuciomu

Po3unH X510puIHOT KUCIOTH TOTYIOTH 0€3M0CepeIHBO epe/] M01aYeto Ha TUTPYBAHHS.
Jlist npurotyBaHHA S 7171 SM po3unHy XJI0puHO1 Kuciaotu y Mipauk (MP-49) nonatots 2,5
J BOAM NMUTHOI. 3 OaJoHy 3 apMOBaHUMH IUIAHTAMH MOJAIOTh 110 MIpHUKY MOAAIOTH 2,3 1
34% po34nHy KOHIIEHTPOBAHOI XJIOPUIHOT KUCJIOTH JI0 3arajibHOro 00'eMy po3uuHy 9 I

Po3unH noBOMATE 10 MITKK MipHUKA 5 11 mogadeto Boau (Kx 3.4).
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[P 4. IlinroToBKa i cTepuJizanis NiHOracCHUKA

I[P 4.1. Cmepunizayis ninoeacuuxa «Struktol J673A»

Yepes o0’emuo-BaroBuii no3arop (/[13-31) mogatore 8 1 miHOracHWka y 301pHHK 3
enektporenoM (PT-29). [liHoracHuk cTepmili3yloTh IUISIXOM HarpiBaHHs CEpeloBHUIIA 10
temrniepatypu 131°C mpotsirom 40 xB (K1, Km 4.1.). Oxon0omKeHHsSI MPOCTEPUIII30BaHOTO
MHOTACHUKA 3IHCHIOIOTH MIJISTXOM I0/a4l BOJM TEXHIYHOI XOJIOJHOI Y COPOUYKY amapary.
[IpocTepunizoBanmii i 0XOJIOMKEHUN TIHOTACHUK MTOJAETHCS CAMOIIIIMBOM JI0 BUPOOHHYOTO
dbepmentepa (OB-35).

JAP S. IlpuroryBaHHs i cTepuJIizanis MOKUBHOI'0 CEPeI0BHILA )i BUPOLLYBAHHS
IHOKYJIATY

3rigHo 3 po3paxyHkaMmu Tabi. 6.6 HeoOxiaHO oTpuMaT 400 MJI TOCIBHOTO Martepiaity
(mo3. 3.1.). O6'eM HECTEPUIIBHOTO MOKUBHOI'O CEPETOBUIIA ISl OTPUMAHHS TaKO1 KIJIbKOCTI
MOCIBHOTO Matepiay craHoButh 370 mu (mo3. 2.1.). 3araibHa KUIBKICTH BOJH, SIKY
MOTP1OHO TOJATH IJIsi MPUTOTYBaHHS CepeOBUINA, CTaHOBUTH 360 mu (1o3. 1.4.).

JIP 5.1 Ilpucomysanus i cmepunizayis nodCU8Ho20 cepedosuiya OJisi GUPOULYBAHHSI
IHOKYIAIMY 8 KOIOAX HA KaYaIKax

JIP 5.1.1. Ilpuecomysarnns i cmepunizayis komnozuyii A

Ha TtexHiyHux Barax 3BaxKywoTh 1,5 T rioko3u 1 1,5 T ApiKIKOBOTO €KCTPaKTy. 3a
JOTIOMOT'OK0 MIPHOTO HUJIHApPA 00'eMoM 10 M1 BIIMIPSAIOTH 3,7 MII COJIOJOBOTO €KCTPAKTY.
VY konly Ha 0,75 1 cnepily MoMiliamTh HABaXKKY COJIOJOBOTO €KCTPAKTy, 3MUBAIOUU 1i
10 M ternoi Boau. JIo K0ia0M 3 COJOJOBUM €KCTPAKTOM JOAAl0Th HABaKKHU TIIOKO3H 1
JPIKIHKOBOTO €KCTPAKTY, 1 10Aar0Th 350 M Termioi BOAH, MEPEMINTYIOTh O OTPUMAHHS
rOMOreHHOTro po34unHy. Kosly 3aKkpuBaroTh BATHO-MApJIEBUMU MPOOKAMHU 1 CTEPUITIZYIOTh Y
aBTokiaBi (AB-11) mpu Temmnepatypi 112° C i1 tucky 0,05 MIla npotsirom 30 xBUITUH
(K1, Km 5.1.1.).

Pozunn A: 360 mi Bogu + 1,5 r rimroko3u + 1,5 © ApDKIKOBOTO eKCTpakTy + 3,7 mi
COJIOZIOBOTO €KCTPaKTy = 370 M.

P 5.2 [lpucomyeanns i cmepunizayiss NO*CUBHO20 cepedosuua OJisi GUPOULYBAHHSL
nocisnoz2o mamepiany 6 inoxyasmopi o6 'emom 0,01 m’°

3riIHO 3 po3paxyHKaMu Taba. 6.6 HeoOXiHO OTpuMaTH 4 J1 MOCIBHOTO Marepiaiy.

0O06'eM HECTEPUIIBHOTO MOKUBHOTO CEPETOBUINA AJIS1 OTPUMAHHS TaKOi KITBKOCTI IIOCIBHOTO
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MaTepiaily cTaHOBUTH 4,1 71 (1mo3. 5.1.). 3aranbpHa KiJIbKICTh BOJIU, Ky OTPIOHO 10AATH IS
MIPUTOTYBaHHS CEpeNOBUILA, CTAaHOBUTH 4,0 11 (1103. 4.4.).

JIP 5.2.1. Ilpueomysarnns i cmepunizayis komnozuyii A

Ha texniuynmx Barax 3BaxyioTb 17,0 T rioko3u i 17,0 T IpiIKOBOTO EKCTPAKTY. 3a
JIOTIOMOTOF0 MIpHOTO HUIiHApPa 06'eMom 50 M1 BiaMipstoTh 41,0 MIT COJIOOBOTO €KCTPAKTY.
VY kon0Oy Ha 5,0 71 cepiry mOMIIIarTh HABAXKKY COJIOJOBOTO €KCTPAKTY, 3MUBaro4H ii 200
M1 Temioi BoAu. JIo KoiOW 3 COJOOBUM EKCTPAKTOM JIOJAIOTh HABAXKKHU TIIOKO3HU 1
JIPLKIKOBOTO €KCTPakTy, 1 J0JalTh 3,8 71 BOAM, MEPEMINIYIOTh 1O OTPUMAHHSA
rOMOT€HHOTr0 po34unHy. Kosly 3aKkpuBarOTh BATHO-MAPJIEBUMHU POOKAMH 1 CTEPUITIZYIOTh Y
aBTokJaBi (AB-11) mpu temnepatypit= 112 °C i tucky P = 0,05 MIIa npotsirom 30 XBuivH
(KT, Km 5.2.1.). CrepunbHe M0oXKMBHE CEpeAOBUILE MOJAI0Th Y Mayiuid iHOKyJsiTop (IH-14)
3a IOMOMOT010 OAJIOHY 3 ApPMOBAHUMH IIJIAHTAMH 1 KOHEKTOPAMH.

Pozunn A: 4,0 1 Bogu + 17,0 r rimroko3u + 17,0 T apixkakoBoro ekctpakty + 41,0 mu
COJIOJIOBOTO €KCTpakTy = 4,1 1.

JIP 5.3. IIpucomysanns i cmepunizayis nojiCUEHO20 cepedosuuia OJisi BUPOUYBAHHS
inoxynamy 6 inoxyaamopi o6 emom 0,1 m°

3riiHo 3 po3paxyHKaMu Tab. 6.6 HeooxigHo oTpumatu 30,85 11 MOCiBHOTO Martepiaty
(103. 9.1). O6'eM HECTEPUIIBHOTO MOKMUBHOT'O CEPEOBUIIA JJIsl OTPUMAHHS TaKO1 K1JIbKOCTI
MOCIBHOTO MaTepialy CTaHOBUTH 26,64 n (mo3. 8.1.). 3aranpHa KUIBKICTH BOJH, SIKY
MOTP1OHO TOJATH IJisi MPUTOTYBaHHS CepeAOBUILA, CTaHOBUTH 26,0 11 (1103. 7.4.).

I[P 5.3.1. Ilpueomyesanns i cmepunizayis komnozuyii A

UYepe3 o0'emHo-BaroBuii go3atop (/I3-15) 3BaxkyroTe 1 3aBanTaxyorh 140,0 T
rroko3u, 140,0 T IpiKIKOBOTO €KCTPaKTy, 360 M1 CONOI0BOTO €KCTPAKTy A0 peakTopa-
smimyBada 06'emom 0,04 m* (PT-16). BigkpuBaroTh BEHTUIIB 0441 BOIM IIUTHOI 1 IIOJAKOTH
26,0 1 Bonu. CepenoButie miairpipatoth a0 t = 30-40 °C 3a paxyHOK pOoOOTH €JIeKTpOTEHa
JUTSL  TIOKpAICHHS PO3YMHEHHS KOMIIOHEHTIB CEpe/oBHUINA. BMHKaOTh MIMIAIKy 1
MEePEMIIITYIOTh KOMIIOHEHTH mpoTsiroM 10-15 xBunmuH. OTpuMaHuil po3uuH 31 30ipHUKA
MOIal0Th CAMOILJIMBOM B IOTEpEIHBO MpocTepuiaizoBanuit iHokynsatop (IH-18) 06’emom 0,1
m>. TToYHMHAIOTH MPOIEC CTEPHIII3allii CepeoBHINA IUIAXOM 110a4i TOCTPOi Mapy 4yepes
6apootep. Ilicnsa nocsraenHs TUCKY BeepeauHi anapaty 0,05 MIla, siskuit KOHTPOJTIOIOTH 32

nokazuukamu wManomerpa(Kt 5.3.1), mouumHarOTh BIIJIIK 4Yacy, HEOOXITHOTO IS
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crepwiizarlii cepenopumna npu Temmeparypi 112 °C. 3arampHuii 4Wac crepuiizarii
kommno3utii ckiaagae 30 xsumuH (KT, KM 5.3.1.).

Pozunn A: 26,0 1 Boau + 0,14 kr riroko3u + 0,14 xr apikakoBoro exkcrpakry + 0,36
J1 COJIOJJOBOTO €KCTpaKkTy = 26,64 1.

JIP 5.4. [Ipucomysanns i cmepunizayis noMiCUBHO20 cepedosuuia OJisi 8UPOUYBAHHS
inokynamy 6 inoxynamopi 06 emom 1,0 m?

3rifHo 3 po3paxyHKamu Tadu. 6.6 HeoOxiaHO oTpuMaTH 352,0 71 MOCIBHOTO MaTepiaty
(mo3. 12.1). O6'eM HECTEPWIHLHOTO ITOKUBHOTO CEPEJIOBHINA JIJII OTPUMAHHS TaKoi
KUIBKOCT1 IOCIBHOTO Martepiany cTaHoBUTh 324,4 1 (mo3. 11.1.). 3araneHa KUIbKICTh BOJIH,
Ky MOTPIOHO J0/1aTH JJIsl MPUTOTYBaHHS cepefioBuIa, cranoBUTh 318,0 11 (mo3. 10.4.).

JIP 5.4.1. [Ipuecomysanns i cmepunizayis komnozuyii A

Yepes 00'emHo-BaroBuii go3atop ([13-19) 3BaxkyroTh 1 3aBaHTaXyIOTh 1,4 KT TJIIOKO3H,
1,4 Kr OpiXIKOBOTO €KCTPakTy, 3,6 J COJIOJOBOTO €KCTPAKTY N0 pEeaKTopa-3MillyBaua
o6'emom 0,5 > (PT-20). BigkpuBaroTh BEHTWJIb 1OJa4l BOJU MUTHOI 1 mojarTh 318,0 1
Boau. Cepenosuiie miairpiBaioth a0 t = 30-40 °C 3a paxyHOK poOOTH €JIEKTPOTEHY st
MOKPAIICHHS PO3YMHEHHSI KOMIIOHEHTIB CepeloBUIa. BMUKAIOTh MIIIAJIKY 1 IEPEMIIIYIOTh
KOMITIOHEHTH npoTsaroMm 10-15 xBunuH. OTpuMaHuii po3uMH 31 30ipHHUKA MEPEKAuYyIOTh
CaMOIUIMBOM B IOINEPENHBO MpocTepuiizoBanuii iHokyaarop (IH-22) o6’emom 1,0 >,
[lounHatoTh Mpolec cTepuiizalii CepeloBUIa NUIAXOM MOoJayl TocTpoi Hapu uepes
6apootep. Ilicns nocaruenns Tucky Beepeauni anapary 0,05 MIla, sxuii KOHTPOIIOIOTH 32
nokazHukamu Manomerpa (Kt 5.4.1), mouumHaroTh BIUIK dYacy, HEOOXITHOTO s
cTepuiizaiii cepenoBuina mnpu Temrepatypi 112 °C. 3aranpbHuii yac crepuizaiii
kommo3utii ckiaagae 30 xsunuH He(KT, KM 5.4.1).

Pozunn A: 318,0 1 Bogu + 1,4 xr rmroko3u + 1,4 KT IpiKIHKOBOTO €KCTPaKTy + 3,6 1
COJIOJIOBOTO €KCTpakTy = 324,4 7.

[P 6. IlpuroryBanHus i crepuisanisg MOKUBHOTO cepelOBHINA sl 0i0OCHHTE3Y
HATAMIIIUHY

3rigHo 3 po3paxyHKamMu Tadi1. 6.6 He0OXigHO oTpuMaTu 3,6 M> KyIbETYpaIbHOI piIuHK.
O06'emM HeCTEPUIIBLHOTO MOKMBHOTO CEPEOBUIIIA ISl OTPUMAHHS TaKOi KUJIBKOCTI TOCIBHOTO
Marepiany ctaHoBUTh 3298,5 11 (mo3. 16.1.). 3aranbHa KiJTbKICTh BOJIH, SIKY TTOTPIOHO J0/1aTH

JUISl IPUTOTYBaHHSI cepeoBUIa, cTaHOBUTH 3178,0 i1 (1mo3. 15.8.).
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I[P 6.1. Ilpucomysanus i cmepunizayisi komnozuyii A

Yepes ob'emuo-BaroBuit go3zatop (/3-33) 3BaxyloTh 1 3aBaHTaXywoTb 72,8 Kr
TUIFOKO3H, 7,3 KT Ip1KIKOBOTO €KCTpakTy, 17,3 Kr M'SCHOTO eKCTpakTy, 1,8 Kr acmapariny
10 peakTopa-3Mmimysauda o6'emom 5,0 m® (PT-26). BinkpuBaroTh BEHTHJIb IOAAYi BOAU
NUTHOI 1 TofarThk 3165 1 Boau. Cepenosuiie migirpiatoth a0 t = 30-40 °C 3a paxyHOK
poOOTH eNeKTpOTEHA TS MOKPAIEHHSI PO3UMHEHHSI KOMIIOHEHTIB cepeioBHIla. BMUKatoTh
MIIIAJIKY 1 TEPEeMIITyI0Th KOMIMOHEHTH npotaroM 10-15 xBumuH. OTpuMaHuil po3uuH 31
30ipHHKa TEpPeKadyrTh 3a JOMOMOIoOI BifleHTpoBoro Hacocy (H-27) B momepeaHbo

3. T1oYMHAIOTH

npoctepuiizoBanuii BUpoOHUunii pepmentep (PB-35) o6’emom 8,0 m
MpoIleC CcTepuIizallli cepeoBHIlla NUISIXOM ToAadl TocTpoi mapu uepe3 6apoorep. Ilicis
JOCSITHEHHsI TUCKY BcepenuHi anapary 0,05 MIla, sikuif KOHTPOJIOIOTH 32 MOKa3HUKAMU
ManomeTpa (KT 5.6.), mounHaroTh BIIJIIK Yacy, HEOOX1AHOTO JJIs CTepUIi3allli cepeIoBUIIA
nipu Temmneparypi 112 °C. 3aranpHuii yac crepuiizaiiii KoMno3uili ckiagae 30 XBUIHH.

Pozuun A: 3165 n Boau + 72,8 Kr T1t0K03U + 7,3 KT APIKIHKOBOTO €KCTPAKTy + 7,3 KT
M'SCHOTO €KCTpakTy + 1,8 Kkr acmapariny = 3 255 1.

JIP 6.2 Ilpucomyeanus i cmepunizayisi Komnosuyii b

Ha Ttexniunux Barax 3BaxyroTh 180 r moHOdoChaTy Kamito. Y 3aciBHY K010y 00’ eMoM
2 J1 MOMIIAIOTh HABAXKKY COJIi, TOAAI0Th 1 J1 MUTHOT BOJIM, TIOMIIIAIOTh HA BOSHY OaHFO JIJIst
MOKPAIICHHS MTOKAa3HUKIB PO3UMHEHHS COJIl 1 peTebHO nepeminrytoTh. Konly 3akpuBaioTh
BAaTHO-MapJIeBOIO MPOOKOIO 1 CTepUIIi3yI0Th y aBTOKIIaBl (AB-11) mpu Temneparypi 131 °C
1 Tucky 0,15 MIIa npotsirom 40 xBunuH (KT, KM 6.2).

Po3uun b: 1 1 Boau + 0,18 r MmoHodochaty kamito =~ 1 1.

I[P 6.3. IIpucomysannus i cmepunizayisi Komnozuyii B

Uepes o0'emHo-BaroBuit no3zatop (/13-24) 3BakyroTh 1 3aBaHTaxywoTb 1,8 Kr
npomioHaty Hatpito 1 6,4 Kr areratry HaTpilo 10 peakropa-3mimryBaya (PII-25).
BiakpuBaroTh BEHTWIb TOJIa41 BOJU MUTHOI 1 TOIat0Th 267 11 Boau. BMUKaOTh MilIaskKy,
3MIIMCHIOIOTH MepeMilllyBaHHs po3unHy npotarom 10 xB. IlounHaroTh npouec crepumizanii
CepeoBHINA IIJISIXOM MojAaul rocTpoi napu. [licas qocsrHeHHs THCKY BCepenuHl amapaTa
0,15 MIla, sikuii KOHTPOJIIOIOTH 3a MoKa3HuKamMu MaHomeTpa (Kt 6.3.), mounHarTh BiJIIK
yacy, HeOOX1JHOTO JJis1 cTepuIiizaiii cepenopuia npu temmneparypi 131 °C. 3aranbHuii yac

crepuwiizamii kommo3uiii ckimagae 40 xBwimH. [licns  crepumizamii  KOMO3HIIIIO
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OXOJIO/DKYIOTh TIUIIXOM TIOJaHHS BOJHM XOJOJHOI TEXHIYHOI B COpPOYKY amapara.
[IpocTepunizoBany 1 OXOJOMKEHY KOMIIO3UIiI0 3a jgonmomoroio Hacocy (HB-54)
nepekavyoTh y BUpoOHnuuit pepmentep (OB-35).

Pozunn B: 267 1 Boam + 1,8 kr mpomionary HaTpito +6,4 Kr ameraty Hatpiro = 275 1.

TII 7. IlinroTroBKA MOCIBHOTO MaTepiajay

TIl 7.1. Akmusayis konexyitinoi nioginizosanoi Kyremypu Streptomyces natalensis
NRRL2651

Mtam Streptomyces natalensis NRRL2651 36epiratoth y miodinizoBaHOMY CTaHi
(xonekuis Leibniz-Intitut DSMZ). B acenTuuHuX yMoOBax i3 NpoOOIpKU 31 CTEPUIIBHUM
COJIOJIOBO-APLKIKOBUM OynbiioHOM (ISP Ne2) o6'emom 5,0-6,0 mit Binbuparots 0,5-1,0 M
CEpellOBUIIA 3a JIOMIOMOTOI0 CTepUiIbHOI mineTku Ha 1,0 MiI 1 TepeHoCITh y aMmmyiy 3
mioduIi30BaHUM MTaMoM. B acenTtmyHux ymoBax cTepwibHOK minerkor 0,5-1,0 mn
CyCIIeH31i KJIITUH 3HOBY JI0 MPOOIpKH 3 OYJIBLHOHOM, PETENIBHO MepeMilnytoTh. KoHTpob 3a
YUCTOTOIO KYJBTYPHU 3A1MCHIOIOTH MiKpockomitoBaHHsIM (Km 7.1.).

TII 7.2. Biono@neHHs KOIeKYIUHOI KYIbmypu HA a2apu308aHoOM) cepeoosuilyi

B acentnunux ymoBax 3-5 kpamnenb cycnensii kmtuH (Big 711 7.1) cTepuiIbHOIO
nineTkoro Ha 1,0 M mepeHocsaTh y yamku lleTpi 3 co0g0BO-APIXIKOBUM arapom
(ISP No2). Jlns oTpuMaHHs 130JIbOBAaHUX KOJIOHIM MOCIBHUI Matepiaj po3MOAUIAIOThH M0
MOBEPXHI arapm30BaHOr0 CEPEIOBHUIIA 3a JOMOMOT0I0 OaKTEPiOJOTIYHOI METIl TEXHIKOIO
«BUCHakeHOro mTpuxay. Yamku I[lerpi iHkyOytoTh npu Temmnepatypi 26 °C npotsirom 96
roz (Kt 7.2). KoHTpOo:b 32 YMCTOTOIO KYJIbTYPH 3[I1HCHIOIOTH MiKpocKkomitoBaHHIM(KM 7.2).

TI11 7.3. BupowysaHus Kyiemypu y npooipKax 3 pioKuUM HOACUBHUM CePedosuLiem

[Ticns 3akiHueHHs iHKyOawii kynabTypu (Bim TII 7.2.), 13 1301b0BaHMX KOJIOHIN Ha
arapyu30BaHOMY CEPEIOBHUII OAKTEPIOJIOTIYHOIO METICI0 BIAOUPAIOTh KIITHHHY Macy s
3aciBy MOpOOIpOK 31 CTEPHIBHUM COJIOJOBO-APLKIXKOBUM OynbiioHOM (ISP No2).
[akyOyBaHHS MOCIBIB 3M1MCHIOIOTH TpoTArom 4-7 mi6 rox mpu temmepatypi 30°C (Kt 7.3)
70 HACTaHHS AaKTUBHOI CHOPYJSIii KyabTypu. KOHTpOIh 3a YHCTOTOIO KYJIBTYpHU
3M1McHIOITh MikpockomitoBaHHsIM (Km 7.3). Ilicns 3akiHueHHsS 1HKyOaIli oTpuMaHU

MOCIBHHUI MaTepial BUKOPUCTOBYIOTHCS AJIS 3aCIBY KOJIO Ha Kadasill.
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TI1 7.4. Bupowysanns Kynemypu 6 Koi0ax Ha Ka4anyi

400 M1 MPOCTEPHIII30BAHOTO MOKUBHOTO CEPEIOBUINA JJISi BUPOIIYBAaHHS TOCIBHOTO
marepiany (Big /[P 5.1.1) B acenTUUHUX yMOBax po3nuBaioTh 1mo 200,0 Mi1 B 2 cTepusibHI
kos0u 06’emom 0,75 . [lnsg 3aciBy ofHi€l KOJIOM BUKOPUCTOBYIOTH 18-20 M MOCIBHOTO
matepiany (Big 771 7.3.) Konbu iakyOyroTh npu temrepatypi 30° C Ha kavani npu 200
06/xB BrposoBk 96 ron (Kt 7.4). Ilicnsa 3akiHueHHS KyJIbTHBYBaHHS BMICT Ka4aJIOUYHUX
K010 y acenTHUHUX ymMoBax (y OOKci) 37MBalOTh y 3aciBHY K0JI0y. BMicT 3aciBHOT KOIOH
Oins monym's (dakenma mepeHOCATh 10 3aciBHoro mnpucTtporo (3I1-12) nns mamoro
iHOKyssiTopa (IH-14).

TII 7.5. Bupowyeanns kynemypu 6 inoxyiasamopi o6 'emom 0,01 m’

Jlns BupoirysanHs 4,5 11 mociBHOro marepiany y iHOKyssTopi 06’emom 0,01 m?
(IH-14), y anmapar 3a 10moMOT0l0 CTEPUIIBHOTO OAJIOHY 3 apMOBAaHUMHU IIJIAHTaMH 11OJIa0Th
4,1 1 cTepuiIBLHOTO MOXUBHOTO cepenoBuina (Big AP 5.2.1.). 3a 10mOMOrow 3aciBHOTO
npuctpoto (3I1-12) BHOCSTH OCciBHUN MaTepian (Bin 711 7.4). KynbTuByBaHHS POBOJSTH
npu temneparypi 30 °C, mBuakocti nepeminryBanas 200 00epTiB/XB TpuBaicTIO 96 roj
(Kt 7.5). 3a curnanom pH-meTpa y cepenoBuille aBTOMAaTHYHO TOJAETHCS PO3UYUH
MPOCTEPUITI30BAHOTO 6% CTEPUIIBHOTO PO3YUHY T1IPOKCUIY HATPIIO a00 6% CTEPUIIBHOTO
PO34YMHY XJIOPUIHOT KUCJIOTH 31 CTEPWIIbHUX OaJioHIB 3 apMoBaHuMU muianramu (Kx 7.5).
3a cUTHAJIOM JaTYMKa MIHOYTBOPEHHS Y KYJIbTYpajbHy PIAMHY aBTOMATHYHO MOJAETHCS
MPOCTEPUITI30BaHUN MIHOTACHUK 3 CTEPUIIBHOTO OaloHy 3 apMoBaHMMHU muaHramu (Kt
7.5.). Ilicns 3aBepiiieHHs MPOIECY KyJbTUBYBAHHS MOCIBHUNM MaTepiall HAIXOIUTh Yepes
CTEepUIbHY TpyOy MEpPEeTUCKYBaHHS [0 HACTYIHOI CTaAil MacmTaOyBaHHS TOCIBHOTO
Marepiany ao IH-19 (no 711 7.6 ).

TII 7.6. Bupowyeanns Kynemypu 6 inokyaamopi 06 ‘emom 0,1 v’

Jlis BupontyBanns 30,85 11 mociBHOro Marepiaiy y iHokyssTopi 06’emom 0,1 m3 (IH-
18), sikuii MicTUTh 26,64 1 MPOCTEPUITI30BAHOTO MOKUBHOTO cepenoBuina (Bix [P 5.3.1),
710 amapary 3a JOTIOMOTOI0 CTePHIIHLHOI TPYOH MEepPEeTUCKYBAHHS MOAAIOTh 4,5 J1 TOCIBHOTO
marepiany (Big 771 7.5 ). KynbTuByBaHHSs NpoBOJATh Ipu TemnepaTtypi 30° C, mBUIKOCTI
nepemimryBands 200 o6eptiB/xB npotsrom 96 rox (Kt 7.6). 3a curnamom pH-merpa y
CEpellOBUILE ABTOMATUYHO TMOJAETHCS PO3UYMH MPOCTEpUIi3oBaHOr0 6% CTEpUIBLHOTO

pPO34YMHY TiApOKcHIy HATpito abo 6% CTepUIBHOTO PO3YMHY XJIOPUIAHOI KHCIOTH 31
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CTepwiIbHUX OanoHiB 3 apmoBanumu nwianramu (Kx 7.6). 3a curHamzom naTdmka
MIHOYTBOPEHHSI Y KYyJNbTYypalbHy PIAUHY aBTOMATHYHO MOJAETHCS MPOCTEPUITIZ0BaHUIMA
MIHOTAaCHUK 3 CTEPHIIBHOTO Oasiony 3 apmoBanumMH ntanramu (Kt 7.6.). ITicns 3aBepiieHHs
npolecy KyJIbTHBYBAHHS IIOCIBHUM Marepian MepenaloTbh dYepe3 CTEepWwibHYy TpyOy
NEPETUCKYBaHHS J0 HACTYMHOI CTajii MacmTaOyBaHHS MOCIBHOTO Mmatepiany no [1A-24
(mo TI17.6.).

TII 7.7. Bupowysanns kynemypu é nocisnomy anapami o6 'emom 1,0 m*

Jlist BupolyBanHs 352 11 mociBHOrO Marepiaiy y iHokynsaropi 06’emom 1,0 m* (ITA-
22), sskuid MicTUTh 324,4 1 mpOoCTEpUITI30BAHOTO MOXKUBHOTO cepenoBuuia (Big P 5.4.1),
710 arapary 3a JOOMOT 00 CTEPUIILHOT TPYOU MepEeTUCKYBaHHS MOJAI0Th 26,64 11 MOCIBHOTO
Mmarepiany (Big 771 7.6.). KynbtuByBaHHs pOBOASTH MpHu TeMriepaTypl 30° C, miBUIKOCTI
nepeminryBanHs 200 o6eptiB/xB npotsarom 96 rox (Kt 7.7.). 3a curnaiom pH-metpa y
CEpEJIOBUILE ABTOMATUYHO MOAAETHCA PO3UMH MIPOCTEPUIIIZ0BaHOTO 6% CTEPUIBHOTO
pPO3UMHY TIAPOKCUAY HaTpito abo 6% CTEPUIBHOTO PO3YMHY XJIOPHUIHOI KHUCIOTH 31
CTepWwIbHUX OanoHiB 3 apMoBaHuMH unutanramu (Kx 7.7). 3a curhajiom patyuka
MHOYTBOPEHHS Y KYJbTYpaJIbHYy PIJMHY aBTOMATHYHO MOJAETHCS MPOCTEPUITIZ0BAHUN
MIHOTACHUK 31 CTEpUJIbHOTO OasioHy 3 apmoBaHumu uwianramu (Kt 7.7.). Ilicns
3aBEPILCHHS TMPOIECY KYJIbTUBYBAHHS IOCIBHHM MaTepial MepelaloTh Yyepe3 CTePUIIbHY
TpyOy mepeTucKkyBaHHs 10 BupoobHuuoro dpepmentepa (OB-35).

TII 8. Biocunres

TII. 8.1 Bupobnuue xynomusyeanns y pepmenmepi 06 ’emom 8 m’

Y  BupoOHuuuii depmentep (PB-35) 3 mnomepenHHO MPOCTEPUITIZOBAHOID 1
0X0JIOKEeHO0 10 TeMiiepaTypu 29+1 °C kommno3zuiieto A (Bix /[P 6.1.) 06’emom 3255 ny
ACEeNTUYHUX yMOBaX 3a JOMOMOTOI0 CTEPHJIBHOTO OaJloHy 3 apMOBAaHMMH IIUIAHTaAMU
nofarTh 1 J1 crepuiabHOi kKommo3uii b (Bim /P 6.2). 3aciB MOXUBHOIO CEpeOBUIIA
MPOBOJIUTHCA IIISXOM TEPETUCKYBAHHS CTEPUIBHUM CTUCHEHMM TOBITpsAM 352 1
MOCIBHOTO Matepiany 3 mociBHoro anapaty (ITA-22) (Big 711 7.7.) uepe3 CTepuiibHYy TPyOy
no BupoOHudoro ¢gepmentepa (PB-35). IIpouec GiocuHTE3y HaTaMillUHY MPOBOJATH 3a
HACTYMHUX YMOB: Temieparypa 29 °C, mBuakicte nepemimyBaHHsS — 10 300 06/xB,
MIBUJIKICTB aeparlii cepenoBuina crepuibHuM noBiTpsM — 1,0 1/ xB (Kt 8.1). 3a curnamom

pH-metpa y  cepedoBuIille  aBTOMATHYHO  CaMOIUIMBOM  IOJAETHCA  PO3UMH
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MPOCTEPUITI30BaHOTO 6% CTEPUILHOTO PO3YUHY T1IPOKCUIY HATPir0 ab0 6% CTEPHIIBHOTO
po3unHy xyopumHoi kuciotu (Bim /P 3.1, JIP 3.2.) (Kx 8.1). 3a curHajiom parduka
NIHOYTBOPEHHS Y KYJIbTYpajbHy pIIUHY aBTOMAaTUYHO CaMOIUIMBOM TOJAETHCS
MPOCTEePUITI30BaHN miHOTacHUK (Bix [P 4.1.). Y mepiii roauHu KyJIbTUBYBaHHS (10 24
roja) uepe3 TpeOIHKY BUpOOHWYOro (QepmenTepa 3a gomomororo Hacocy (Hb-54)
nepekadyroTh 275 1 crepriibHOi Kommosuilii B (Big AP 6.3).

[IpoTsiroM KyJbTHBYBaHHS KOXHI 8 TOHA 3MIMCHIOIOTH Bif0Ip MpoO B aceNTUYHUX
ymoBax (Kt 8.1) g KOHTpodss BMICTY HaTaMillUHy Y KyJIbTypalibHIA piauHI
XpoMartorpadiuHuM METOJIOM, KOHTPOJISI KOHIIEHTpallli 610Macu METO10M BUCYIIIYBAaHHS 10
MOCTIMHOI CyX01 Macu. 3arajibHa TPUBAJICTh KyJIbTUBYBaHHS CTaHOBUTH 84 roa. KynbTypy
BHUPOIIYIOTh JIO CTAIllIOHAPHOI (pa3u POCTY, y AKIH TOCATAETHCS MaKCUMaIbHA KOHIICHTPAIIIs
Hatamitmey 3,0 1/m [7]. Ilo nocsirHeHH1 wi€i KOHUEHTpalii LUIbOBOIO MNPOAYKTY
KyJIbTUBYBaHHS MPUTTUHSAIOTh.

TII 9. Binainenns 6iomacu

TII 9.1 llenmpughyeysanus Kyn1bmypaibHoi piouHu

Kynbsrypanbsha pinuna 31 30ipauka (3b-38) 3a nonomororo Hacocy (HB-39) Hagxoauts
y 3aBaHTa)XyBaJIbHY 30HY IIIHEKa 4Yepe3 IEHTPaIbHY TPyOy Oca/pKyBajbHOI HEHTPUDYTH
(I10-40). Yactora obepranusi 6apabany cranoButh 2000 06/xB, yac pobotu — 22 XB
(KT 9.1).

OTpumaHuil BOJIOTUH OCAJI ITiJT BIUIMBOM BIIIIEHTPOBOI CUJIN HAIXOAWTh Y HEPYXOMY
KaMmepy HUIHIPUYHOT YacTHHU OapabaHa 1 mepekauyerbes 3a gornomororo Hacocy (HILI-41)
no 30ipauka (P3-43) no cranii aesinrerparii kiaitud (TII 10.1).

Bigninena Big Oiomacu KyJbTypajdbHa piAMHA CTIKAE 0 UWJIIHIPUYHOT YACTUHU
OapabaHa 1 BIAMIPaBIISAETHCS HA CTAAII0 3HEITKOHKEHHS pikuXx Biaxomis (3B 17.2).

TII 10. Je3inTerpauis KJIiTUH

TII 10.1 Tennosa 0bpodxa KIimuuHOI cycneH3ii

Knitunny cycnensito Bix TII 9.1 mepekauytots 3a nomomororo Hacocy (HILI-41) y
30ipauK (P3-43). ¥V copouky peakTopa MmoJarTh INIyXy Mapy 1 HarpiBarOTh CYCIIEH3II0 J10

temneparypu 45 °C. CycneHnsito BUTPUMYIOTh Ipu 3aaaHiil temnepatypi 3 rog (Kt 10.1).
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BwmukaroTs Milanky, 3a/1at0Th IBUAKICTh nepemitnyBaHHs — 200 06/xB. Y ne3iHTerpar
camorumBoM moAarTh 50% po3uuH riapokcuay Hatpito (Bim JIP 3.3) mo mocsruenns pH
cepenoBuia 9. Peakiiitny cymimm nepeminnyioTh npotsarom 1 rog (K, Kx 10.1).

TII 11. BugijieHHs1 HATAMIITUHY

T1I 11.1 Excmpakyis namamiyuuy

Ho nesinTerpary kiituH y 30ipHuK (P3-43) yepe3 06’ eMuo-BaroBuii go3zarop ([13-44)
NOJaloTh 22 J1 TOBApHOTO 130MPOJIIIIOBOTO CHUPTY (Y PO3PAaXyHKY CIHiBBIIHOLICHHS
13ompornanony a0 aesinrerpary 0,2:1). [[ns ekcTpakiii Takok MO>KHa BUKOPHUCTOBYBATH
perenepoBanuii 98,8% 06e3BoHMiI 130mponanon (Big [1B 16.1).

Jlist nonepekKeHHs! OKMCHEHHS HaTaMILIMHY Yyepe3 00’ eMHO-BaroBuii no3arop ([3-44)
MojaTh HATPIIO epiTopOat KuibkicTio 0,5 kr. Peakiiiiny cymill BUTPUMYIOTh TIPOTATOM 2
roJ npu nocriinoMy nepeminryBanti 200 06/xB (Kt 11.1). [lo qocsirHeHHIo yacy MIIIanKy
BUMHKAIOTh.

TII 11.2 llenmpugbyeysans excmpaxmy

Peaxmiitna cymimn 3 peakropa (P3-43) 3a nomomoror Hacocy (HIII-44) nHagxonuts y
0e3MepeBHOMY PEXKHUMI y 3aBaHTaXKYBaJIbHY 30HY Oca/KyBasibHOI 1eHTpudyru (L10-45).
YactoTta obepranHs Oapabany craHoButh 3500 00/xB, yac pobotu — 69 xB (Kt 11.2).
Otpumanuii ¢pyrat — OpraHiuHuil eKCTPAKT HATaMIIMHY 3a nonomoroto Hacocy (HIII-46)
MepeKavyroTh 10 pe3epByapa yibTpadinbTpariitnoi yctanoBku (Y D-47). Bigainenunii ocan
— Je3IHTeraT KJIITHH, HAJXOJUTh Y HEPYXOMY KaMmepy LWIIHAPUYHOI YacTUHU OapadaHa 1
BUIMPABISAETHCS HA CTAIII0 3HEIIKOHKEHHS TBepaux BiaxoxdiB (3B 17.1).

TII 12. KoHeHTpYBaHHS | OYUIIIEHHS €KCTPAKTY

111 12.1 Yaempaginempayis ekcmpaxmy

Opraniunuii exctpakt 06’emom 79 1 (Bim TII 11.2) mepekauyroTh 3a JOMOMOTOIO
Hacocy (HIII-46) no pezepByapa ynbTpadinsTpaliiitHoi yCTaHOBKHU 3 IEPEXPECHUM ITOTOKOM
(YD-47). V mporueci ynprpadiibTpallii OpraHiuHuid €KCTPaKT y TMEPEeXpPecHOMY MOTOIl
pyXaeTbcs MO yAbTpadIbTpAiiHUM MOAYJISAM, OOJaAHAHUMHU HAMiBIPOHUKHUMU
meMmOanamu 3 aiamerpom nop 700 k/la, 3a pododoro tucky — 40 6ap (Kt 12.1). ¥V mporieci
O0apoMeMOpaHHOTO PO3NUIEHHS BiAOYBAa€ThCS OMHOYACHE OYHUIIEHHS OPTraHidHOTO
€KCTPaKTy HaTaMilMHy BiJ OajacTHUX PEYOBHH 1 HOro KOHIIEHTpYBaHHSA 3 pa3u. 24 1

KOHIICHTpaTy HaTaMiluHy 3a nonomoroto Hacocy (HIII-48) mepekauyrots qo 30ipuuka (P3-
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49) na craaito ocamkenns Hataminuny (TIT 13.1). [lepmear 3muBarOTh 1 HANIPaBISAIOTH HA
cTazito perenepartii i3onponanoiy (I1B 16.1).

TII 13. OcagskeHHs1 HATAMILMHY

TII 13.1 Ocaoocenus Hamamiyumy

Konmnentpar naraminuny Big TII 12.1 3a nomomororo Hacocy (HILI-48) nmepekauyroTh
y peakrop-3minryBau (P3-49). V peaktop npu noctiiiHomy nepeminryBanHi (50 06/xB) 3
Mmipauka (MP-50) camormmBoM momaroTh SM po3unH xsopuaHoi kucinoty Big (JIP 3.4) no
nocsiruennst pH 6,5 (Kt, Kx 13.1). Peakiiiiny cyMiil BUTPUMYIOTh TIPOTATOM 2 TOJ JJIs
BUITQ/IIHHS KPUCTAJIIB HATaMIIIMHY B ocaj. [lo HOCATHEHHIO yacy MilIajJKy BUMHKAIOTH 1
nepekavyrTh cymim 3a gonomororw Hacocy (HIII-51) mo pesepByapy HyT4-GuIbTpa Ha
CTaji0 BiIIIeHHS KpucTaniB Hataminuuy (TI1 13.2).

TII 13.2 BiooinenHs kpucmauie Hamamiyury

Peaxmiiiny cymim (Bim TII 13.1) mepekauytots 3a monomororo Hacocy (HII-51) mo
pe3epByapy HyTu-insTpa (HD-52). BigkpuBaroTh BEHTHIIB 110a41 BOJAM IMUTHOT 1 TOIAI0Th
25 n BOAM AJI MPOMHUBAHHA KPHUCTAJIIB HaTaMIUHY. 3a MOKa3aMud MaHOMETpA 3aJar0Th 1
KOHTpOJIOI0Th BakyyMHui Tuck (Kt 13.2). Ilig Bakyymom ¢iabTpar NpoXOAUTh KpPi3b
1acKy QiIbTPYIOUy MEPEeropoaKy, MMOCTYIA€ Y HIDKHIO YaCTHHY araparty 1 BiAMPaBIsIe€ThCS
1o crafii perenepartii i3onponanony (I[1B 16.1). Kpucramiunuii ocan, KUl yTBOPIOETHCS
Ha (UIBTPYBAJIbHIN MEeperopoiili, BiOpaliifHO BUBAHTAXYEThCSA Yepe3 MaTpyOoK 1 BpyUHY
MEePEHOCUTHCS 10 CymmibHO1 ycTaHoBkH (CII-52).

TII 14. OTpuMaHHS CyX0ro HATAMILMHY

TII 14.1 Bucywysanusa kpucmanie Hamamiyumy

Bonori kpucranu vataminuny (Bix TII 13.2) BpyuHy nojatoThes y Kamepy CyLIapKu 3
ncepno3pimkenum mapom (CII-53). Bomormit martepian 3a JIOIMOMOIOK ITHEKOBOTO
KUBUJIbHUKA TIPOTHCKAEThCSA 4Yepe3 CITKy TpaHylmsITopa 1 TMOJAETHCS Ha BEPXHIO
ra3opo3noiIsHy penritky. [lonmepenuso miaroroBane nositps (Bix JAP 2.2.1) Hanxonuts y
MiIpeniTyaTuii TPOCTIp anapary, MCeBA03PIIKYE 1 BUCYITye map MaTepiany npu t = 90 °C
(KT 14.1). Bucymienuit HaTaMillUH TIEPEMIIIYETHCS 10 KParo PEIIITKHU 1 IePEeCUITacThCsl Ha
ApYTy PpeUITKy, Ha sKid BiIOyBaeThCsA MpolLeC HOro OXOJO/KEeHHsS. BiampaipoBaHe
CYIIWJIbHE TIOBITPS HAIpaBIISIETBCS HaA CTaJil0 3HEIIKOKEeHHS BiaxoaiB (3B 17.3).

OTpumMaHuii CcyXuil TMOPOLIOK HATaMilMHY BIANPABISAIOTh Ha CTafilo (QacyBaHHA 1
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ynaxkyBaHHs (IIMB 15.1). ['oToBuii KpucTaniyHUil MOPOIIOK HATAMIIUHY KOHTPOJIIOIOTH 32
MOKa3HUKaMH fAKOCTI: iAeHTudikamis, pH, KiTbKiCHUH BMICT TPOAYKTY, aKTHBHICTb
(KT, Kx 14.1).

IIMB 15. IlakyBaHHSl, MAPKYBaHHS, BiABAHTa:KeHHA

IIMB 15.1 ©acysanns, naKky8amnus, MapKy8arHHs cauie NOPOWKY HamamiyuHy

Cyxuii kpuctanaigyauii mopoinok Haraminuay Big TII 14.1 BpydHy momaroTh y OyHKEp
dacyBanpHOTO anapary (YII-57). IlpoaykT y aBToMatuaHomy pexumi acyerses mo 100 T
y caile 13 KOMOIHOBaHOT IUTIBKH 13 (DOJIBTH 1 OJIIETUIIEHY 1 TEPMO3ANAI0ETHCA 10 YOTUPHOM
mBaM (Kt 15.1). I'oToBe caiie MapKyroTh 13 3a3HaYEHHSIM HACTYMHOI 1H(pOpMaIlli: Ha3Ba
npenapary, BApOOHUK, JaTa BUTOTOBJIEHHS, TEPMiH 30€piraHHs, yMOBH 30€piranHs.

IIB 16. Ilepepo0ka BinxoxiB

[IB 16.1 Pecenepayis izonponarnony

[Tepmear Bim TII 12.1 1 ¢inerpar Bim TII 13.2 3muBaroTh y 30IpHUK 3 IIAPOM
10HOOOMIHHOT cMoOM. Y 30IpHUK [I0/Jal0Th MPOIIOHOBUN anpaeria (y po3paxyHKy
MPOIMIOHOBOTO aNIBJIETIAY [0 a3eoTponHoi cymimi 2:1). BMukarooTh Mimanky 1 mOpu
MOCTIHOMY MEepPEeMIITyBaHHS CyMIIll BATPUMYIOTH 48 roj1. [IpoTsiromM iporo uacy y peakropi
B1IOYBAETHCS PO3IIAPOBYBAHHS PEAKIIMHOT MAaCH Ha OpraHiyHui 1 BoaHuM mapu. Cymimr
JIEKaHTYIOTh 1 MEpeKauyloTh BEpxHIO a3y 10 pektudikamiinoi komonu. [lix HarpiBaHHs
pO3unHY BiIOYBAa€ThCS peEreHepallis MPOIMIOHOBOTO allbJICTIMy, SKHH BIITAHAIOTH 1
B1IOMPAIOTh SIK JUCTWIISAT. Y KyOOBOMY 3aJIMIIKY HAaKOMHUYYEThCS pereHepoBaHuil 98,8%
0€3BOIHUI 130ITPOIIAHO, SKUH HaJalll MOKHA BUKOPUCTOBYBATH JIJIsl IPOLIECIB €KCTPAKIIII.

3B 17. 3HelIKOAKEeHHA BiIX0iB

3B 17.1 3newko0xcenns meepoux 8ioxo0ie

3HEMIKODKEHHS BiIpaboBaHoro Ae3inrerpaty kmitu (Big TII 11.2) 3ailicHioeThes
[UISIXOM BUKOPUCTAHHS BIJIXOJIIB Yy SIKOCTI CyOCTpaTy JUisl BEPMHUKYJIBTUBYBAaHHS THIMHUX
yepBiB — FEisenia foetida. BinmpanpoBaHuil Je31HTErpaT KIITHH 3MIMYIOTH 3 3 5-25%
opraHiyHuX 100aBOK (JIepeBHA CTPY>KKa, COJIOMa, MEPEerHii) 1 KyJIbTHBYIOTh YepBaMU
Eisenia foetida (50-200 mtyk Ha 1 Kr minemiaabHoi MacH). Ilicas BEpMUKYILTHBYBaHHS
BIIXOJM MOXHA BHKOPHUCTOBYBAaTH SIK J0OpHBA y CUIBCBKOMY TOCIOAApPCTBI, abo

HaIIPpaBJIATHU Ha ACIIOHYBAHHA 0e3 3arpo3v HaBKOJHUIIHbOMY CCPCAOBHILLY.
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3anumky makyBanpHuUX MartepianiB (Binm I[IMB 15.1) momepeanbo COpTyOTh 1
BIJIMTPABJIAIOTH IO MMyHKTIB MPUIOMY BTOPCHUPOBHHH.

3B 17.2 3newiko0iceHns pioKux 8i0xo0ie

3HEIIKOKEHHS BiANpanpoBaHux Muiounx pos3uuHiB (Big [P 1.3.1) ta ¢inbrpary
KyabTypasibHOI pigunau (Big TII 9.1) 3xaiiicHIOIOTH B aepOTEHKax 13 3aCTOCYBaHHSIM
nomyHKIIIOHATBHUX ~ KaTali3aTopiB  OKUCHEHHS. [licis oOuuIIeHHsS BOAy MOXKHA
BUKOPHUCTOBYBATH Y TEXHIYHUX IIJISX.

3B 17.3 3Hewko0icen s 2a30n08imMpaHUX 8i0xX00i8

BignpanwoBane nositps (Big AP 1.3.3., TII 7.5, 7.6, 7.7, 8.1, 14.1) 3a monomorozo
LHUPKYJSIIAHOTO HACOCY MEePEKAUYETHCS A0 TPHOXCEKI1ITHOT a0COO11iTHOT KaMepH, 1€ BOHO
JE€KOHTAMIHYETbCSI BOJHUM PO3YMHOM MEPEKUCY BOJHIO 13 MOJaibiIoi oO0poOkoro Y-
BUIPOMIHIOBAaHHSIM.  3HEIIKO/DKEHE  BIANpAlbOBAaHE  MOBITPA  MOXKHAa  Hajainl

BHKOPHUCTOBYBATH Y 010TEeXHOJIOTTUHHX HiJIHX abo BHITYCKAaTH Y HABKOJIMIITHE CCPCIOBU
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PO3/1J1 9. KoHTpo/ib BUPOOHUITBA HATAMILIMHY

[Tix yac MPOMKCIIOBOTO BUPOOHUIITBA HATAMIIIMHY 31HCHIOIOTH MTEP10IMYHI BIZOOPH
po0 1711 MIKpOO10JOTIUHOTO KOHTPOJIIO MOKUBHUX CEPEIOBUII, TTOCIBHOIO MaTepialy,
KYJIbTYpaJdbHOI PiIWHU M1 4ac O10CHHTE3Y, & TAKOX JJII KOHTPOJIIO MOKAa3HUKIB POCTY 1
OlocuHTE3y: KOHIIEHTpaIlli 6ioMacu, KOHIEHTpalii HaTaMiluHy. OCKIIbKH JI0 CKJIaTy
MOKMBHOTO CEPEIOBHUIIA JUIsl O10CUHTE3Yy BXOUTH IIIOK034, epe1dayaeMo crieliupiaHuii
METOJI BHU3HAYEHHS KOHIICHTpaIlii D-TIoKo3u y KyJIbTypasibHIN pinuHi. TakoX BapTo
BpaxyBaTH, 1110 JDKEPEIaMH a30Ty B TIOKUBHOMY CEPEIOBUIIII JIsi O10CUHTE3Y € PEYOBHHHU
HEBU3HAYEHOTO CKJIaAy, 1 TOMY BHU3HAYEHHS KOHIEHTpAIlli a30Ty y CEpeOBHIINI HE €
pauioHabHUM. JJ1s1 TpOBEAEHHS KOHTPOJIIO HEOOXITHO 3a0€3MEeUUTH acenTUYHI YMOBH
BiI0OpY mpo0O 3 amapariB i MONEPEKEHHS PU3UKIB KOHTaMIHAIl KYJIbTYpaJbHOI
PIIMHUA CTOPOHHBOIO MIKPO(DIOPOIO.

Kapry nocraaiitHoro KOHTpOJ0 610CMHTE3y HaTaMIIMHy HaBeJeHO y Ta0i. 9.1.

9.1 Mikpo0io10riYHHii KOHTPOJIb

MikpoOi10JIOTIYHUNA  KOHTPOJIb  3AIMCHIOIOTH JJIi  KOHTPOJIIO  CTEPUIIBHOCTI
MOKMBHOTO CEpPEJOBUINA [IJIi BUPOIILYBAaHHS TMOCIBHOTO MaTepialy 1 TOXKHUBHOTO
cepenoBHUIla Il 010CMHTE3Y LITLOBOTO MPOAYKTY, & TAKOXK JJIsi BUSBIEHHS CTOPOHHbBOI
MIKpOOI10TH y IOCIBHOMY Matepiaji 1 KyJIbTypalbHii piJIMHI 1] Yac O10CUHTE3Y.

9.1.1. Mikpo0ioJIOriYHuil KOHTPOJIb CTEPUIBLHOCTI MOKUBHUX CePeT0BHIIL

Mikpo0610JIOTIYHUN KOHTPOJb CTEPUIIBHOCTI MOXUBHUX CEPEIOBUI 3A1MCHIOIOTH
[UIIXOM PO3CIBaHHS MPOOM TPOCTEPHIII30BAHOTO TIOXUBHOTO CEpPEIOBHUINA IS
BUPOIIYBaHHSI 1HOKYJIATY 1 O10CMHTE3Yy Ha yamku [leTpi 3 BiANOBIAHMM arapu3OBaHUM
noxuBHUM cepenoBuiieM: CA — 1y BUsSIBJIEHHS TpuOiB 1 ApiKIKIB 1 MITA — mis
BUSIBJICHHS OaKTEPiii.

[TociBu 31MCHIOIOTh HUIIXOM BIAOOpY cTepuibHOIO minetkoro 0,1 mi 3 06’ema
poOH IPOCTEPHITI30BAHOTO ITOKHUBHOT'O CEpPEIOBUINA 1 HAHECEHHS ii Ha IOBEPXHIO

BIJITTOBITHOTO TIO’KUBHOTO cepeioBuIiia. BHeceHy nmpoOy piBHOMIPHO PO3MOIUISIOTH 110

HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus [{amko Nitepa ApK. Apky1iB
KoHCyJIbT. | | 142 22
KepiBauk Kpaciubko PO3HIH 9. KOHTp'OJ-IB
H. xomrp. BUPOOHMIITBA HATAMIIIHY Kadenpa BTM

3aB. kag. ITupor




MOBEPXHI Cepe/ioBHINA 3a JOMOMOIOI CTEepPHJIBbHOI OakTepioyioriyHoi merii  abo
cTrepuwibHOro mmatens [puranbcebkoro. Yamku 3 mociBaMH 3aBEpTalOTh y Mamip i
MOMIIIAI0Th y TepMOCTaT A iHKyOaiii npu temmnepatypi 32-34 °C npotsrom 1-2 ni6 nns
MIITA Tta npu Temnepatypi 24-26 °C npotsrom 3-5 ai6 asa CA. Ha noBepxHi NOKUBHHUX
CepeOBUII] BI3yaJIbHO BU3HAYAIOThH BIJCYTHICTh O3HAK POCTY MIKPOOPTaHi3MiB.

9.1.2. Mikpo0ioyIOTiYHNI KOHTPOJIb NMOCIBHOIO MaTepiady I KyJbTypPaJabHOI
pinnHu

Mikpo0i0J0T1YHHI KOHTPOJIb TOCIBHOTO MaTepially 1 KyJIbTYpaabHOI PIAMHU MOKHA
3MIACHIOBATH HACTYMHUM METOJOM: TPSMHM BHCIBOM Ha arapu3oBaHE CEPEOBHIIE
TEXHIKOI «BHCHAXXEHOTO IITPUXa» JJIA BHIUICHHS 130JbOBAHUX KOJIOHIN 13 HACTYITHUM
MIKPOCKOTIIFOBAaHHSIM BHJIJICHUX KOJIOHIH.

1liocomoexa wawox Ilempi. Y nonepeaHbo MPOCTEPUIIIZ0BAHI B CyX0KapoBid madi
yamku [letpi po3nuBaioTe 1mo 20-30 My po3IUIaBICHUI Ha KUIUISYIA BOJSHIN OaH1
cosiofgoBo-ApimkoBuit arap (ISP Ne2). Yamku 3anuimaroTh Ha PIBHIA MOBEPXHI AJiA
PIBHOMIPHOTO 3aCTHTaHHS arapy 1 BUTPUMYIOTh MpOTIroM 2-3 ai0 mpu Temmeparypi
30 °C kpumkamu n0HU3Y. s mMapkyBaHHS Ha 3BOPOTHIM cTopoHl yamku Ilerpi
MapKepoM pucyroTh OykBy T 11t po3/iIeHHs YalllKi HA TPU CEKTOPH.

Buxonanns nocieie mexmikoio «8UCHAXNCEH020 wimpuxay». Y CTEpUIbHY NPOOIpKY
00’emom 10 MJ1 y acenTUYHUX yMOBaxX BIAOMParOTh 1 MIT IHOKYJISATY 200 KYJIbTYpaJIbHOI
piauHU. bakTepionoriuly NeTIo CTEpUII3yIOTh Y MOJAYM i NajJbHUKA, OXOJOIKYIOTh. B
aCENTUYHUX YMOBaX OaKTEPiOJOTIYHY METII0 3aHYPIOIOTh Yy MPOOIPKY 3 KYJILTYPOIO.
[letneto 3 KynabTypoOIO 3HMI3aroM HAHOCATH IITPUXH Ha TMOBEpxHI cekTopa 1. Yamky
3aKpUBAIOTh, METJIIO CTEPHII3YIOTh y TMOJYyM’i MajbHUKA 1 OXOJOMKYIOTh. llernero
MIPOBOJISATH IO TIOBEPXHI CEKTOpa | 1 HAHOCATH MITPUXH 3UT3arOM TI0 ITOBEPXHI CEKTOpa 2.
AHaNoriyHy orepario mpoBOIATh 1 Uil cekTopa 3. Yamku 3 mociBamMH MepeBepTaroTh
KPHIITKOIO JOHU3Y, 3aBEPTAIOTh y MAIp 1 MOMIMIAIOTh y TEPMOCTAT 3a TeMIeparypu 32-
34°C npotsirom 2-3 mi0.

Ananiz xononiu. Ilicns 1HKyOarii Bi3yaJIbHO OIIIHIOIOTH KOJIOHII, SIKI BHPOCIIH,
HiAPaxoBYIOTh iX KUIbKICTh. Ha yamikax 3 mociBamMu 1HOKYJISTY 1 KyJlbTypajdbHOI PiIUHU
MOBUHHI OyTH BUSBJIEHI JIMIIIE KOJOHIT BUpoOHHUYOro mramy S. natalensis NRRL2651 1

MOBHA BIICYTHICTh CTOPOHHBOI MikpoOioTH (Puc. 9.1). Ha arapu3oBanux cepenoBuiiax

143



S. natalensis yTBOPIOIOTh, SIK MPABUJIO, KOJIOHII O17I0T0 KOJbOPY, Kpyrioi ¢opmwu, 3
IJIOCKOIO TOBEPXHEI0 13 JEM0 OMYyKJIUM IIEHTPOM, HEPIBHUMH KpasMH Ta M’ SKOIO
KOHCHUCTEHIII€10. BiICyTHICTE MIKpOOIOTH Ha YalllKax 3 MOCiBaMH MOKUBHUX CEPEIOBHIII

CBITYUTH MPO JOTPUMAHHS MPABUIIBHOTO PEKUMY CTEpHIII3allii CepeIOBHUIII.

Puc. 9.1 Kononii mrtamy S. natalensis NRRL 2651
3 kousiek1ii Leibniz-Intitut DSMZ [91]

MikpockoniroBanusi 3pa3kiB. JlJiss MIKpOCKOTMIIOBaHHS 13071bOBAaHUX KOJIOHIHN
TOTYIOTh Mpenapar «po3AaBieHa Kparisp». J[Is mpuroTyBaHHs mpenapaTty «po3aaBicHa
Kpaluiss» Ha 4YUCTE 1 3HEKUPEHE CHUPTOM MPEAMETHE CKJIO HAHOCITh Kparllo
JUCTUIBOBAHOI BOJW. bBaKTepioJoriyHy MET0 CTEPUII3yIOTh y MOJAyM'lT MallbHUKA,
0XO0JIOJUKYIOTh. [leTiiero BimOuparoTh MIKpOOHY Macy 3 MOBEPXHI KOJIOHII 1 pPIBHOMIPHO ii
PO3MOAUIAIOTE Y Kparuli Boau. Kpario oTpumaHOoi CycrneH3ii MOKPUBAIOTh YUCTUM
MOKPUBHUM CKEJIbIEM, HE 3aJIMIIAI0YU MyXUPLIB MOBITPS mia HUM. Hanmumok piaHuHu
Ha CKJII BIiIOMPAOTh 3a JOMOMOTOK (UIBTPYBAIBHOTO mamnepy. MIKpOCKOITyBaHHS
npenapary 37iHCHIOITH 31 301IbIeHHAM 00'ekTHBa X40.

[Tin yac MikpockomitoBaHHSI y Mpenapari ‘“po3paBieHa kparis® S. natalensis
BUSIBJISIIOTH SIK HUTYACTY, TPAMIIO3UTUBHY, KUCIOTOCTINKY (3a (apOyBanusam mo [limto-
Henbcony) 6akrtepiro, sika ¢popmye 100pe pO3BUHYTUN Millediil 3 TOHKUMU Triamu, siKi

MICTSTh BEJIUKY KIJTbKICTh HyKJI€OiiB (Puc. 9.2).
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Puc. 9.2. Knitunu mwramy S. natalensis NRRL 2651
y CBITJIOBOMY MIKPOCKOII1 [92]
9.2. KoHTpOJIb MOKA3HMUKIB POCTY i 0l0CHHTE3Y

9.2.1. BuzHaueHHs KOHLIEHTPauii Oiomacu

Iliocomosxka npobu o0na auanizy. Y CTEpWIbHY TpaaylOBaIbHY HPOOIPKY Jis
neHTpudyryBanHs Binouparote 50 Ml KyJIbTypajabHOI PIAUHU Yy Pi3HI MPOMIKKH Yacy
KynbTUBYBaHHA. [IpoOy KynbpTypanbHOI piauau HeHTpudyryrots npu 5000 obepTax/xB
npotsirom 20 xB. CynepHaTaHT BiIOMPAIOTh CTEPUIIBHOIO MIMETKO. JIJIsi MpOMUBaHHS
BIIIEHTPU(YTOBAHUX KIIITHH y MPOOIPKY MIMETKOI I0AAI0Th AUCTHIHOBAHY BOAY O
MiTKH. [IpoOy 3H0BY HeHTpudyryrots npu 5000 obeprax/xs npotsirom 20 xB. Y TBOpeHUI
CyMepHATaHT B1IOMPAIOTh CTEPHIIBHOIO MIMETKOIO.

Busnauenns xinbxocmi abcomomno cyxoi 6Oiomacu. Y cyxoxaposiii madi
BUCYIIYIOTh AJIFOMIHIEBY 3BaXKyBaJbHY yally npotarom 20 XB 1 BU3HAYAIOTh ii Macy Ha
TeXHIYHMX Barax. BiamneHatpudyroBany OiomMacy TEpEHOCITh Ha OXOJOIKEHY
3BaXKyBaJIbHY yalny. bioMacy, sika 3auimsiacs Ha CTIHKaxX KoJiOu i IeHTpUu@yryBaHHS,
3MHBAIOTh 1-2 MJI JUCTHJILOBAHOI BOJM 1 BWJIMBAIOTH Y 3BaXKyBajbHY damry. Yamry 3
010Macor0 MOMIIIAIOTh y CYX0XapoBY IIady 1 BUCYIIYIOTh 10 MOCcTiiHOT Macu npu 80 °C.
[Iporiec cymriHHS y cepeTHbOMY 3aiimMae 6-24 1o 3aJIe’KHO Bij] TEMIIEPATYPH CYX05KapOBOi
madu 1 ryctuHu Oiomacu. Ilicis BUCYIIYBaHHS PO3PaxOBYIOTh PIZHHIIO Yy Maci 1
BUPaXaloTh KUIbKICTh CyX0i Olomacu y 1/11. [7, 93].

9.4.2 BuzHauyeHHsI KOHLEHTPaLil HATAMILIMHY

SIKicHe BU3HA4YEeHHsI BMICTY HATaMILMHY Y KyJbTypajibHIN PIAUHI 32 JOTOMOTOIO
010JIOTTYHUX METOJIIB 0a3y€ThCsl Ha TMOPIBHAHHI CTYIICHIB MPUTHIYEHHS POCTY UYTIMBUX
MIKpOOPTaHi3MiB (T€CT-KYJIbTYp) Y pe3yJbTaTi Ail aHTUO10THKA, AKUI BUIPOOOBYETHCH, 1
PO3YHMHY aHTHOI0THKA CTAHAAPTHOTO 3pa3Ka 3 BIIOMUMH KOHIICHTPAITISIMH.
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Metoa mmdysii. [lanuit meron mnepenbayae BHUKOPUCTAHHS — BIAMNOBITHOTO
MOKUBHOTO CEPEJIOBUINA, SIKE MICTHTh TECT KYJBTYPY, CTEPHIBHUX IITIHIPIB, 10 STKUX
BHOCSITh BUIIPOOOBYBAaHUW 3pa30K aHTUOIOTHKA, 1 PO3YMHM CTAHJAPTHOTO 3pa3ka 3
BiJIOMUMU KOHIICHTPAIiSIMH.

Jlnst mpuroTyBaHHS CEepEAOBHINA 3 TECT-KYyJIbTYpOIO OaKTEepiOJOTiYHOI METICHO
B1I0UPAIOTh KIITUHH Saccharomyces cerevisiae 776521 3 mpoOIpoK 31 CKOIIICHUM arapom
1 mepeHocaTh 10 kKoo 06’emom 250 mu 3 50 mu cepemoBuma YPD. KynsTuByBanus
npoBoJATh 3a Temmepatypu 29 °C y kombax Ha kadankax npu 170 obOeprax/xB 1o
JIOCSITHEHHSI KOHIICHTpAIlli KJIITUH 107/ mut. Y gamkn [Tetpi, siki MicTITh 10 MJT 3aCTUTIIOTO
cepenoBuiia YPG, BcTaHOBIIOIOTH cTepuiibHI (aphopoBi abo 3 HepKaBilOUOl CTai
UWJITHJPY 1 pO3JIMBAIOTH MO 15 MII cepeioBuIIa 3 TECT-KYJIbTypoto. [lapanenbHo roTyroTh
PO3YMHU CTaHAAPTHOTO 3pa3ka 3 BIJIOMUMHU KOHIIEHTpAISIMA HATaMIlMHY. Y HWJIIHIPU
BHOCATH NMPOOM NONEPEIHBO BIALEHTPUPYTrOBAaHOI KYJIbTYPAJIbHOI PIAMHH 1 PO3UHHH
CTaHAApTHUX 3pa3kiB. [IpoOu KynbTypallbHOI PIAMHMU 1 PO3YMHHU CTAHIAPTHUX 3Pa3KiB
PO3MINIYIOTh Ha Yallllll TAKUM YMHOM, 00 BUKJIIOUUTU MOXKJIMBICTH B3a€MOJIIi OUIBII
KOHIIEHTPOBAHUX pO34urHIB. Yamku iHKyOyI0Th ipH TemriepaTtypi 28 °C npoTsirom 24 ro/.
[Ticnst 3aBepiieHHs 1HKYOAIlli BUMIPIOIOTH JiaMeTpHu a00 TUIONI KPYIJIMX 30H 3aTPUMKHU
pOCTY TECT-KYJbTYpU 3 TOUHICTIHO He MeHmie 0,1 MM 1 po3paxoBYIOTh AKTUBHICTH
aHTHO10THKA, 3aCTOCOBYIOUHN BiAMOBIIHI CTATUCTUYHI MeToau [7, 94].

Ha BigmMiHy BiJ1 610JI0TTYHHUX METO/IIB, SIK1 IO3BOJISIOTH IIPOBECTH SIKICHE BUBHAUCHHS
BMICTY HaTaMILUUHY Yy KYyJbTYpaJIbHIM pIIUHI, METOAUM BUCOKOE(PEKTHBHOI PIAMHHOL
xpoMarorpadii T03BOJSIOTh MIBUAKO 1 TOYHO BHU3HAYWUTH KOHIIEHTAIlII0 HATAMIIMHY Yy
KyJbTYpaldbHIN PIAMHI.

Metox BEPX. Xpomartorpadiune po3nieHHsS BUKOHYIOTH Ha YCTaHOBIIl MOJIEII,
nampukian, Agilent Eclipse XBD CI18, o6mamHaHO0 KOJOHKOK 3 T€OMETPUIHUMHU
po3mipamu 250 x 4,6 x 5 mm. I1IBUaKICTH TOTOKY pyXoMoi (pa3u cTaHOBUTH — 1 MII/XB 3a
temriepatypu 25 °C. O6’em npodw, sika BBOAUTHCA — SO MII, TOBKHHA XBHJII IETEKTOPA —
304 um [95].

Ilpucomysanusa posuuny pyxomoi ¢azu. JAnsa npurotyBanHs 100 M po3uuHy
pyxoMmoi (a3u y KOHIUHY KoJ0y 00’ emom 250 Mu1 10AA0TH 75 MJI PO3YMHY COJIEH aMOHIIO

(0,3 % NH4CI, 0,02% NH4CHsCOz), 20 ma aneroHiTpuity i 5 mu Tetparigpodypany,
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BMICT KOJIOM MEPEMIIIYIOTh CKIISIHOIO NAIMYKOIO.

Ilpucomyeannus cmanoapmuoco posuuny. 100 Mr cTaHmapTHOTO Mpenapary
HaTaMilUHy po34uHsA0Th Y 100 MJT HITPUITY OIITOBOI KMCJIOTH y YMCTIM KOHIYHINA KOJI01
o0'emom 250 mn st oTpuManHs po3BereHHs 1,0 mr/mi. I3 cTanmapTHOro po3dyuHy
TOTYIOTh Psii PO3BEIAEHb PO3UYMHOM pyXoMoi (a3u i OTPUMAHHS KOHIIEHTpaIlii
Hataminuuy: 10 mr/mi, 20 mr/mi, 30 mr/mi, 40 mr/mi, 50 Mr/mit. Po3urau 3 BiAMOBIAHUM
PO3BEIIEHHSIM TIOCIIIOBHO 1HXEKTYI0Th A0 cuctemu BEPX nmns moOymoBu miHiitHOTO
rpadiky KOHIEHTpaIlil HaTaMiluHY.

1liocomoska npobu KyniemypaabHoi piounu O ananizy. Y CTEPWIbHY MIipHY
CKIIIHKY 00’eMoM 50 mut BHOCSTH | MiT KynbTypaibHO1 piausau. [Jo konbu nonarTs 9 mi
METaHOJIy. Y CKJISHKY 3aHypIOIOTH YIJIBTPa3BYKOBUH EKCTPAKTOp 1 MPOBOMASTH
eKcTparyBaHHs HaTamiuuHy npH 35 kI'n npotsirom 1 xB. /{15 BIIHOBIEHHS OPraHIYHOTO
PO3YMHHUKA TIPOOY MEPEHOCATh y TPaaylOBalbHY MPOOIPKY IS UEHTPU(PYTyBaHHA 1
neHtpudyryrots npu 10 000 06/xB. YTBOpeHUl CylepHATaHT BiAOMPAIOTH MIMIETKOIO J10
npoOipku. [IpoOipky mMoMimamwTe y XOJOAWIbHUK Ha 60 XB. OXOJOMKEHUN BMICT
npoOIpKA BUKOPHUCTOBYIOTh JIsi TPOBEJACHHS KUIHKICHOTO BHU3HAYEHHS HATAMIIIUHY
[95,96,97].

PesynpTaTn BH3HAYeHb MPEACTABIAIOTh y BUINISLAL XpomaTtorpamu. ['padik
JHIAHOCTI OyIyIOTh IUISXOM TOPIBHSHHSA KOHIIGHTpalli HaTaMilMHy 1 o0nacTi
xpomatorpadiunoro miky. TumoBa XpomarorpamMa BHU3HAYEHHS  KOHIIEHTpaIlli

HaTaMIIUHY TIpe/IcTaBlieHa Ha puc. 9.3.

AU
— Natamycin - 6.276

o
=1
[0

0.00 1.00 200 3.00 4.00 500 6.00 7.00 B OO0 9.00 10.00 11.00 12.00
Minutes

Puc. 9.3 [lpuknan xpoMarorpaMu BU3HAYEHHS KOHLEHTpaLlii HaTaMiluHy [97]
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9.3. KOHTpOJIb KOHIEHTPALII BYIJIEHI0 Y KYJbTYPAJbHIi piauHi

9.3.1. Bu3HaYeHHS KOHIEHTPALII IVII0KO03U IIIOK0300KCHIA3HUM METOI0M

JI71s1 MIBUIKOTO 1 TOYHOT'O BU3HAYEHHSI KOHIICHTPAITli IJII0OKO3U B KYJIBTYpaibHIHN piauH1
BUKOPUCTOBYIOTH KOJIOPUMETPUIHUI TJIFOKO300KUJA3HU I METOJ. depMmeHT
TJIFOKO300KCHa3a KaTanizye OKHCHeHHS [-D-rmroko3u n0 D-TiniokoHO-0-TaKTOHY 1
rigporeH nepokcuay. Peakiis € cnerudiunoro 1 B-D-riaroko3u, 1 TOMy He TPOBOAUTHCS
JUTSI BA3HAYEHHS KOHIIEHTpaIlii o-D-Troko3u.

BpaxoByroun Te, 1110 JI71s1 TPOBEACHHS peakilii He0OX1/IHa BEJIMKA KUTBKICTh PEarceHTIB,
Ha TMPAKTUIl KOPHUCTYIOTHCS TOTOBUMH aHAJTITHYHHMH TECT-CUCTEMaMH, Hampukiaaa, D-
Glucose GOD-POD AKO00161 xommnanii NZYtech (kpaina-BupoOHuk — IlopTyramis).
InTeHCcuBHICTh  3a0apBlieHHs  pPEaKIIHHOlI CyMIlll BHU3HAYAalOTh 32  JOMOMOTOIO
cnexkrpoporomerpy ULAB moneni 101 (kpaina-BupoOHUK-YKpaiHa).

Ipunmun metoay. [ 7110K0300KCH1a3a KaTali3ye peakilito OKUCHEHHs B-D-riroko3u
710 D-Ti1I0KOHO-0-JTaKTOHY 3 BUAUICHHSIM T1IpOreH MEpOKCHUIy. Y MPUCYTHOCTI (hepMEHTY
MEePOKCHUIA3U TIiAPOTeH TEPOKCUJI BCTYIMAE Yy PEaAKLi 3 Mapa-riApoKCUOCH30MHOI0
KHCJIOTOIO 1 4-aMIHOQHTIMUPUHOM, YTBOPIOIOYM XIHOHIMIHOBY CIIOJIYKY, 1HTEHCHUBHICTb
3a0apBJICHHSI AKOI BUMIPIOIOTH 3a JOBXMHU xBWJl 510 HM 3a J10MOMOroro
criektpodoromerpy [98].

XiMiI3M peakiii:

1. B-D-rmroko3a + O, + H,O [TIOK0300KMABA_y,  D-1iI0KOHO-0-11akTOH + H,0,
2. D-rmrokoHo-0-naktoH + HyO; + n-rigpokcubeH3oitHa Kkuciaorta +

+ 4-aMIHOQHTINUPUH PO o wigoHIMIHOBUM OapBHUK + 4H,0

IinroroBka npodu. Y acenTuYHUX yMOBAX BIAOMPatoTh 10 M1 mpoOu KylIbTypanbHOL
pinuHu 3 BHpoOHWYOro (epmentepa. [IpoOy KymbTypaldbHOI PIAMHH BUTPUMYIOTH Y
tepmocTtari 3a Temreparypu 90-95 °C mpotrsrom 10 xB ayig iHakTuBaIii (QepMeHTIB,
nentpudyrytots npu 5000 06/xB mporsarom 20 xB. OTpumaHy HaJIOCaZOBY pIIUHY
BUKOPUCTOBYIOTH ISl BUSHAUCHHS KOHIICHTPAIIIi TITFOKO3H.

IIpuroryBanusi po3BeaeHb. KoHIeHTpallisg IIOKO3W y TpoOi, sKa aHai3yeThCs,
noBuHHa ctaHoBUTH Big 100 — mo 1000 mr/n. s uporo roryiots 1:100 posBeneHHs
OTPUMAHOI HAJ0CaI0BOI PIAMHU. 3 MPOOIPKH 3 HAIOCATOBOIO PIAMHOI MINETKOIO

BiOMpaoTh 1 mi pinuHu. BwmicT mineTku BHOCATH Y MpoOipKy, fKa MICTUTH 9 M
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AUCTUIILOBAHOI BOAM, MPOOIPKY CTPYUIYIOTb. 3 OTPUMAHOTO PO3BEACHHS MIMETKOIO
BiIOMpatoTh | MJ 1 MEepeHOCATh y HACTYNMHY MHpoOIpKy 3 9 M IHUCTUIHOBAHOI BOJM,
poOipKy CTpyIIyrOTh. {1 BU3HAUEHHS KOHIIEHTpAIlli TJII0OK03U Yy TIpod1 BiaouparoTs 0,1
MJT BMICTY Tipo6ipku 3 po3BeaeHHs M 1:100.

IlpuroryBanHsi  peareHTy IJIIOKO300KcHAasu-nepokcuaasu (GOD-POD).
Anamitnyauii  tect-Habip D-Glucose GOD-POD AKO00161 Bkitouae 3 ammynd 3
peareHTamH.

Pozyun 1: Oydepnuit po3unn 0,42M wmoHodocdary kamio, 0,35M mapa-
T1POKCUOEH30MHOT KUCTIOTH, KOHCEPBAHT — a3uj HaTpito (0,64% 00).

Pozuun 2: modinizoBanuit mopoiok ritokozookcuaasu (> 12 000 OJl), nepoxkcuaazu
(> 650 O[1), 4-aminoanTinipuH (80 Mmr).

Po3zuun 3: cranpaptHuit po3uuH D-rmroko3u (5 mur; 1,0 mr/mi) B 0,2% po3uuni
OEH30MHOT KUCIIOTH.

BwmicT ammynu 3 po3unHOM 1 TepeHOCITh y CyXy KOHIYHY K00y o0’emom 1 1 1
PO3BOATH JUCTHIILOBAHOKO BOJOKO JI0 3arajbHoro o6’emy 1 j. BmicT amiynu 3 po3uMHOM
2 mepeHocsATh y npobipky ob6’emom 50 mui, momaroth 20 M po3uuHy 1, mepeMilnyroTh
cTpyuryBaHHsIM. OTpUMaHHU PO3YMH 3HOBY MEPEHOCATH A0 KOJOU 13 PEIITO0 po3unHy 1.
Konby obropraroTs aroMiHi€BOIO (OJIBIOO JJIS 3aXUCTY PO3UYMHY Bij J1i cBiTia. ['oToBUMA
PO34YMH CTaOUTbHUMN MPOTIToM 3 MicsIiB 3a Temneparypu 2-5 °C abo npotsarom 12 micsiiB
3a temnepatypu -20 °C [99].

Texnika BuxkoHanHsi. KroBetu cnektpodoToMeTpy monepeaHbO OMOJICKYIOTh
JTMCTUIILOBAHOO BOJIOIO 1 J1Ba Pa3y PO3UMHOM JIJIsl aHAIII3Y.

BumiproBaHHsI 1HTEHCUBHOCTI 3a0apBIIEHHSI IPOBOJSTh MPOTH KIOBETH 3 PO3YMHOM-
MTOPIBHSHHS.

Ilpucomyeanus pozuumy-nopieHsnusa. Y TIONEPEAHBO MiATOTOBAHY KIOBETY IS
PO3YMHY-TTOPIBHSHHS 32 JOTIOMOTO0 mneTku aoaatTh 0,1 M quctunsoBaHoi Boau 1 3,0
MJI PO3YMHY TJIIOKO300KHCIA3U-TIEPOKCHIa3u. BMICT KIOBETH OOEPEKHO MEPEMINIYIOTh
CKJISIHOIO MAaJIMYKOIO.

Ipucomyeanus cmandapmmuoeo posuuny. Y ApYyTry TOMEPEAHbO MiATOTOBaHY KIOBETY

3a JOMOMOTOI0 TineTku AojaaTh 0,1 Mi ctanaapTHOro po3unHy D-riroko3u (po3uuH 3) 1
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3,0 MJ1 pO3UMHY TITIOKO300KUCAA3U-TIEPOKCUAA3H. BMICT KIOBEeTH 00€pexHO MePeMIlIyIOTh
CKJISTHOIO Mannukoro. Po3unn iHKyOyroTh 3a TemnepaTtypu 40-50°C mpotsarom 20 xB.

BumiproBaHHsI IHTEHCUBHOCTI 3a0apBJIEHHS CTaHAAPTHOIO PO3UMHY IIPOBOAATH IPOTH
KIOBETH 3 PO3UYMHOM-TIOPIBHSHHS 3a JOBXKMHU xBwia 510 HM 3a J0MOMOroo
CHEKTPO(HOTOMETPY, OTPUMYIOTh 3HAUEHHS AA cranpapranuii posuus.

Ilpucomyeanus poszuuny Ons ananizy. Y TONEPEIHBO MIATOTOBaHY KIOBETY 3a
J0TIOMOT 010 TineTK! 101at0Th 0,1 M1 po3BeneHHs KyabTypalbHO1 piauau 1 3,0 M pO3UnHy
IIIOKO300KUCa3U-TIEpOKCHIa3u. BMICT KiOBETH OOEpEeKHO MEpPEMIIIYIOTh CKISHOO
najanukoro. Po3unn iHKyOyroTh 3a Temnepatypu 40-50°C npotsrom 20 xB.

BumiproBaHHsI 1HTEHCUBHOCTI 3a0apBIIEHHSI PO3YMHY JJIs aHAII3Y MPOBOAATH MPOTU
KIOBETH 3 PO3UYMHOM-NIOPIBHSHHS 3a JOBXMHU xBwil 510 HM 3a J0MOMOroo
CHEKTPO(YOTOMETPY, OTPUMYIOTH 3HAUEHHS AA posuun s ananisy [99]-

Po3paxynok konuentpamii D-rioko3u. Konnenrpamiro D-rimoxo3u (Mr/m) y

aHaI130BaHOMY 3Pa3Ky PO3PaxoOBYIOTh 32 (HOPMYIIOIO:

AApo34MH 415 aHaTi3y

-1000 - Kpo3Bez[eHH;1,

Ch. =
(D-zmoxosu) AAcTaHJapTHUH PO3YUH

1€ Kpossenenns — KOS(ILIEHT pO3BEICHHS PO3UMHY AJIs aHANI3Y.

Otxe, MIKpPOOIONOTTYHUM KOHTPOJIb CTEPUIIBHOCTI TMOKUBHUX CEPEIOBUIII
3MIMCHIOIOTH IIUISIXOM MPSIMOTO BUCIBY Ha arapu3oBaHi okuBHi cepeposuina CA 1 MIITA.
Mikpo610JIOTTYHUI KOHTPOJIb TOCIBHOTO Martepiaiy 1 KyJIbTypajabHOI PIAMHU TPOBOJSATH
OpsIMMUM BHCIBOM Ha arapu3oBaHE CEpENOBHILE TEXHIKOI «BHCHAXEHOTO LITpUXay IJIs
BHJIJICHHS 130J1bOBAHUX KOJIOHIH 13 HACTYITHUM MIKPOCKOITIIFOBAHHSIM BUIIJICHUX KOJIOHIM
y mpenapatri «po3jaaBiieHa Kpamis». KoHueHTpalmiio 0loMacu BHU3HAYAalOTh HUISIXOM
BUCYIIYBaHHS TpoOM 70 mocTiiHOi Macu. KinbKicHe BHW3HA4YEHHS KOHIIEHTpAIlii
HaTaMILKHY Y KyJIbTypalibHIN piauHI Bu3HauaoTh MeTogqoM BEPX Ha ycranosii Agilent
Eclipse XBD C18. KoHueHTpailito TJIIOKO3U Yy KyJIbTypajdbHIA pPIAMHI BU3HAYAIOTh
TJIFOKO300KCHJA3HUM MeTOJoM. KOHIIEHTpaIlilo 3arajbHOrO a30Ty y KYJbTYpaslbHil
pIIMHI HE BU3HAYAIOTh YE€pPE3 HEBU3HAUCHICTh CKIIANY JUKEpeNl a30Ty Yy IMOXKXHWBHOMY

CEPEIOBHIII].
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9.4. KOHTPOJIb TOTOBOI'0 NPOAYKTY

[Tim wac mporeciB BUAUICHHS 1 OYMINEHHS HATaMIIMHY HEOOXiTHO KOHTPOJIIOBATH
TEXHIYHI 1 XIMIYHI TapaMeTpy, 30KpeMa TeMmrepaTypy, piBeHb pH, mBHUIKICTb 00epTaHHS
MIIIAJIKU, IBUAKICTh 00€pTaHHS POTOpa MEHTPU(YTH TOIIO.

['oToBUli KpUCTaNIUHMM MOPOUIOK HATAMIIMHY KOHTPOJIOIOTH 33 TaKUMHU
MOKa3HWKaMU SIKOCT1, HaBeJACHUMHU Y AMepUKaHChKiil Dapmakoriei, sk ianeHTudikaris, pH,
BOJIOTOBMICT, KUJIbKICHHI BMICT PEUYOBHUHH, aKTUBHICTh. PO3TIITHEMO METOANKU KOHTPOJIIO
SKOCT1 TOTOBOTO KPUCTAJIIYHOTO MOPOIIKY HatamiuHy [100].

9.4.1. InenTudikanis HaTAaMiMHY Y TOTOBOMY NPOAYKTI

[nenTudikaiiro HaTaMilMHY MPOBOAATH CHEKTPO(YOTOMETPUYHUM MeTofoM. Jlis
JIOCIITy Ha TEXHIYHUX Barax 3BakaroTh 50 Mr mOpoIIKy HATaMILUHY 1 BHOCATh HaBaXKKY 10
k0101 00’ eMom 200 mut. Y koa0y 104ar0Th S M1 BOAM JUIsl SMOYYBaHHs NOPOIIKY. JlogatoTh
100 M 1:1000 ciupTOBOro PO3YHMHY JILOASHOI OIITOBOI KUCIOTH, TIEPEMINIYIOTh CKIISTHOIO
NAJIMYKOIO JI0 PO3UYMHEHHS! KOMIIOHEHTIB. O0’€M pO34YHHY JOBOJATH 10 MITKA CIIMPTOBUM
PO3YMHOM JIbOJIAHOI OLTOBOI KACIIOTH.

BinOupatots 2 mi po3uuny y konby o6’emom 100 mu, 06’€M AOBOIATH 0 MITKU
CIUPTOBUM PO3YMHOM JHOJSHOI OITOBOI KHUCIOTH 1 TMepeMilnyioTh. Bu3HavaroTh
MaKCUMaJIbHUH 1 MiHIMaTbHUN Y D-CHEKTp 3aJIOMIICHHS PO3UYHHY.

J1J1st HaTaMIIIMHY MaKCUMAaJIbHE 3aJIOMJICHHS criocTepiratoTh mpu 290 am, 303 am 1318
HM, MiHIMaJlibHe — 1ipu 250 HM, 295,5 um Ta 311 um [100].

9.4.2 KiuibKicHe BU3HAYEHHSI HATAMILIMHY Y TOTOBOMY NPOAYKTI

KinbkicHe BU3HAYEHHSI HATAMIIIMHY Y TOTOBOMY KPUCTAIIYHOMY MOPOILKY MPOBOJISATH
xpoMarorpadiuHuM MetofoM. Jlochia mpoBOAsATH 3a yMOBax 0€3 MpSMOro JOCTYIY
COHSIYHOTO CBITJIA.

lIpueomysanus pyxomoi ¢pazu. Y xondy o6’emom 1,0 1 nogarots 3,0 T areraty aMmoHito
1 1,0 T xnopuctoro amoHiro i 760 My TUCTUIHOBAHOI BOJW, PO3UYUHHU IMEPEMIITYIOTh.
Honatotes 5,0 mn terparigpodypany 1 240 Ma aneToHITPLTY, MEPEeMilIyioTh. Po34yuH
GbUIBTPYIOTH Uepe3 GUIbTp 3 JiameTpom mop 0,5 MKMm.

Ilpueomysanus cmanoapmuoco poszuyuny. Ha TexHIYHMX Barax 3BaxykoTb 20 wmr
ctaHgaptHoro mnpenapaty HaraminuHy («USP Natamycin RS»). HaBaxky mnpemnapary

BHOCATH y Koy0y o0’emom 100 wmum, momarote 5,0 mu Terparigpodypany. Pozumn
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JUCIIEPTYIOTh 32 JIOMOMOIol0 yibTpa3Byky mpotsrom 10 xB. Jlomarote 60 mi meTaHomy,
nepeMimryoTb. PO34MH OXONOMKYIOTh 3a KIMHATHOI TeMmepaTypH, AOBOISITH 00’eM
PO3YMHY JIO MITKU JUCTHIILOBAHOIO BOJIOIO, QIIIBTPYIOTh.

Ipueomysanus pozuuny 0ns po3oinenns. Y kon6i 06’emom 100 mi1 po3unHsarOTh 20 Mr
MOPOIIKY HAaTaMIIIMHY, SIKMH JTOCTIKY€eThCs, y 99 mu metanosy 1 1 mi 0,1 H xmopugsoi
KUCIIOTH, BUTPUMYIOTh 2 rojl. OTpuMaHuil po34yuH HEOOXITHO BUKOPUCTATH MPOTITroM 1
TO/I.

Ilpuecomysanusn posuumny ons awanizy. Y kondy o6’emom 100 mn momarotrs 20 mr
MOPOIIIKY HAaTaMILMUHY, SKUW JOCHKYyeTbes, 1 5,0 mu terparinpodypany. Y KoaoOy
npuwinBaioTh 99 mi meranony 1 1 mi 0,1 H xnopuaHoi KUCIOTH, pO3YUH NEPEMIIIYIOTH 1
BUTPUMYIOTH 2 roj. OTpuMaHuii po34rH HEOOX1THO BUKOPUCTATH IPOTATOM 1 TO/I.

Memoouka euxonanns oocnidy. s aHamizy BUKOPUCTOBYEThCA XpomaTtorpad,
obnagHanuit 303 HM IETEKTOPOM 1 KOJIOHOIO po3MipoM 4,6 MM X 25 cwm. LlIBuaKICTh TOTOKY
— 3,0 mu/xB. IlpoBomsTe XpomaTorpadyBaHHS CTaHIAPTHOTO PO3YMHY 1 (IKCYIOThH
aQHAJIITUYHUNA CUTHAJ MIKY 3a TAKUX YMOB: aHAJITUYHUM cUTHAJ miKy He nepesuirye 3000
TEOPETHUYHUX TapuIoK, KoedimieHT acumerpii miky — He Menme 0,8 1 He Oumbme 1,3, a
BIJIHOCHE CTaHAapTHE BiaxuieHHs He Outbie 1,0%.

[IpoBonaTh XxpoMarorpadyBaHHs PO3UUHY JJIS PO3AUICHHS 1 (DIKCYIOTh aHAITHYHUN
CUTHAJI TIKY 3a TaKUX YMOB: po3auieHHs mikiB (R) Mixk HaTamiliiHOM 1 HOTO METHUIIOBUM
€cTepoM He MEHIIIE 2,5; BIAHOCHUHN Yac yTpUMaHHs Jj1sl HaTaMinuHy — 0,7, 1711 METUIIOBOTO
ectepy HaTaminuny — 1,0.

[Ticns mporo y xpomarorpadiyHy KOJIOHY MOCHIZIOBHO BHOPCKYIOTh PiBHI 00’€MuU
CTaHAAPTHOTO PO3YMHY 1 PO3UMHY ISl aHaMi3y. 3aluCylOTh XpOMaTOrpaMu 1 BUMIPIOIOTh
3HAYEHHS HAWBUILMX MIKIB.

KinpkicHu#t BMICT HaTaMiIIUHYy Y aHaJII30BAaHOMY PO34YHHI BU3HAYAIOTh 32 (POPMYJIOIO:

0,1 - (Ws:Ps/Wy) - (ry/1s), e

W;— Maca cTanAapTHOTO TIpenapary HaTaMillMHY, MT;

P — 3a3HaueHui KUIbKICHUN BMICT HAaTaMIIIMHY Yy CTAHAAPTHOMY Ipenapary, Mr;

W, — Maca aHaJ1i30BaHOTO Ipernapary HaTaMilMHY, MT;

Iy — aHAJITUYHUN CUTHAJI MIKY JUIsl aHAJII30BaHOTO Mpernapary;

I's — aHATITUYHUI CUTHAJ TIKY JJI1 CTaHJAPTHOTO Tpernapary.
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[IpemapaTt BuTpuMy€e BUIIPOOYBAHHS Ha KIIBKICHUN BMICT HaTaMIlUHY, SKIIO BMICT
HaTamilHy ckianae He meHmie 90,0% 1 ve Onbine 102,0% y nepepaxyHKy Ha 6€3BOJIHY
ocHoBy [100].

9.4.3 BuzHauyeHHs1 AKTUBHOCTI HATAMILMHY Y TOTOBOMY NPOAYKTi

BusHaueHHsT aKTMBHOCTI HATaMillMHy y TOTOBOMY IMPOJIYKTY 3IIHCHIOIOTH  3a
nomoMoror ¢apMmakoneitHoro metony Audysii B arap, skuii 0a3yeThCcsi Ha 37aTHOCTI
MOJIeKyJ cyOcTaHIii aHTUO10THKA TUYHIyBaTH B arap i yTBOPIOBATH 30HU MPHUTHIYCHHS
pPOCTY YYTJIMBHUX MIKPOOpPraHi3miB (TeCT-KyJbTyp). IlpuHuun gaHnoro meroay mossrae y
Jorapu(MIUHINA 3aJIEKHOCT] CTYIEHSI IPUTHIYEHHS POCTY TECT-KYJIbTYPH B KOHIIEHTPALIi1
aHTUO10THKA.

Januii MeTo nepeadayae BUKOPUCTAHHS BIMIOBIAHOTO OKUBHOTO CEPEIOBUIIIA, SKE
MICTUTb TECT KYJIbTYPY, CTEPUIbHUX UUIIHAPIB, O IKMX BHOCATH BUIIPOOOBYBAHM 3pa30K
aHTUO10THKA, 1 PO3YMHU CTaHJIAPTHOTO 3pa3Ka 3 BIJIOMUMHU KOHIIEHTPAIlISIMU.

JUis TpUroTyBaHHS CEpPElOBUIIA 3 TECT-KYJIbTYpOrO OaKTEpiOJOTIYHOK METIIEO
B110MpaIOTh KIITUHU Saccharomyces cerevisiae 776521 3 mpoOipoOK 31 CKOIIIEHUM arapom 1
MEePEHOCTH 10 K010 06’ emom 250 mut 3 50 mut cepenouina YPD.

KynpTuByBanHs npoBoAsTh 3a Temneparypu 29 °C y konbax Ha kayankax npu 170
00epTax/xB 10 AOCATHEHHs KOHUeHTpauil kuitua 107/ mut. V wamxku Ierpi, sxi mictsars 10
MJI 3acTuriioro cepefosuiia YPG, BcTaHOBIIOIOTH cTepuiabHI (apdopoBi abo 3
HEPXKaB1r0YO01 CTaJl MUITHIAPH 1 pO3JIMBAIOTH MO 15 MJI cepenoBHIla 3 TECT-KYJIbTYPOIO.

[TapanenbHO TOTYIOTh PO3YMHU CTaHJAPTHOTO 3pa3ka 3 BIAOMUMH KOHUEHTpPALIIMU
HataminuHy («USP Natamycin RS») 1 po3uuH nociiakyBaHOro NOpoIIKy HaTaMIilUHy. Y
HWJIIHIPKA BHOCSTH PO3BEACHHS PO3UYMHIB JOCHIIPKYBAHOTO TOPOIIKY HaTaMIIMHY 1
CTaHAapTHUX 3pa3kiB. [[poOu po3MINIyIOTh Ha YAl TaKUM YHUHOM, 100 BUKIIOYUTH
MOKJIUBICTh B3a€MOJII OUIbII KOHUEHTPOBAHUX pPO3UYMHIB. YallKK 1HKYOYIOTh MpHU
temriepatypi 28 °C mpotsrom 24 roj.

[Ticnst 3aBepieHHS 1HKYOAI(li BUMIPIOIOTH AlaMeTpu a00 IO KPYTJIUX 30H 3aTPUMKU
pOCTYy TECT-KyJIbTypH 3 TouHicTIO He MeHme 0,1 MM? i pO3paxOBYIOTh AKTHBHICTEH
aHTHO10THKA, 3aCTOCOBYIOUM BIAMOBIAHI craructhuHi Mertoau [94]. CranmapTHa

aKTUBHICTh HaTaMilMHY ckiagae A = 1,0846 on/mr [101].
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9.4.4 BuzHayeHHs BOJIOTOCTI MOPOIIKY HATAMILIMHY

BusHaueHHs1 BOJIOrOCTI MOPOIIKY HATaMIIMHY 3I1HCHIOIOTH TEPMOTPaBIMETPHUYHUM
MeTo10M 3a fonomororo [Y-BonoromipieB MA 150 (Sartorius).

[lpunmmn Meroxy mossirae y BHUCylIyBaHHI mnpoOu [Y-BUnpomiHIOBaHHAM 3
ABTOMATUYHUM 3Ba)KyBaHHSIM Y MPOIECI CYIIIHHS, 110 J03BOJISIE BUZHAYUTH BOJIOTICTH
PEYOBHHM 32 3HAYEHHSIM BTPATU MAcH IIPU HArpiBaHHI.

Ha BigMiHy Big MeTOAy MOBITPS-TEIUIOBOTO CYUIIHHS, MiJ Yac SIKOTO MPOIECH
TEIJIOMACONIEPEHOCY  HampsMy  3alexarb Bl  (PI3UKO-XIMIYHUX  XapaKTEPUCTUK
aHaJII30BaHOT0 MaTepialy, MiJ yac cylriHHs [Y-BUpoMiHIOBaHHSIM €(EKTUBHE HarpiBaHHs
poOU TOCATAETHCS CHIBIAIIHHAM CHEKTPAIbHOI IIUIBHOCTI MaJal040T0 BUIPOMIHIOBAHHS
31 CMYIrOl0 MAaKCUMAJIbHOTO MOTJIMHAHHS MaTtepialy, 110 3HAYHO 3HIDKYE 4Yac aHami3y 1
M1JIBUIITY€ HOTO TOYHICTD.

Memoouxa nposedennsi docnioy. Ha TexHIYHMX Barax 3BaxykooTb 10 T mopoiky
HaTaMillMHy. HaBakky HaTaMillMHY MEPEHOCITh 1 PIBHOMIPHO PO3MOJAUISIOTH y KIOBETI
(mametrpom He Ounbiie 100 MM) cymmiibHOI kKamepu. [HY-BosoroMip ¢ikcye mouyaTkoBy Macy
HAaBAXXKH, B ABBTOMAaTUYHOMY PEKHMMI1 BU3HAYA€E BTPATH MacH i1 ai€ro [Y-BUnpoMiHIOBaHHS
1 3/1ICHIOE MepepaxyHOK B OJMHMII BMICTY BOJIOTH 3 YpaxXyBaHHSIM IOYAaTKOBOI Macu
poOu. Pe3yibTaTi MpoBeIeHOTO aHaIi3y BUBOASITHCS HA NUCILUICH anmapary 1 MOXKyTh OyTH
nam mnepenani Ha niepudepiiini npunaau [102]. CtangapTHHl BMICT BOAM Y TOPOIIKY

HaTaMmiluHy ckiagae — W= no 6% [101].

154



Kapra KOHTPOJILHUX TOYOK BUPOOHUUTBA HATAMILMHY

Taoaunsa 9.1

Homep konmpoavhoi 006°ckm Konmporo ma 3acoou ma memoou Ilepioouunicme nepesipku Hopmamueni
mouKu ma Hazea cmaoii NOKA3HUK, W0 6U3HAYAECMbCA KOHmMpOio ma 6io6opy npoo 3HAYEHHA NOKA3ZHUKA
1 2 3 4 5
Kx, Kt 1.1.1 Konnenrpariist po3unny Meroxa TuTpyBaHHS [Ticns mpuroTyBaHHs pO3YUHY C=1,0%
IIpucomyeanusn pobouozo «Jle3exon»
po3uuny «/lezexony
Kx, Kt 1.1.2. KonuenTtpartiis po3unny Meron TuTpyBaHHA [Ticyig npUroTyBaHHs pO3YUHY C=1,0%
IIpucomyeanusn pobouozo «Bemnines Exzumy
po3uuny «Benioez Enzumy
Kx, Kt 1.1.3. KonuenTpartiis po3unny Meton TuTpyBaHHs [Ticyis npUroTyBaHHs PO3YUHY C=0,15%
IIpucomyeanusn pobouozo «bmanmiac-A ®opre»
po3uuny «bnanoiac-A
Dopmey
Kt 1.2.1. [Tinyora, uncrora Bizyanpuuit [{onenHo, micns mpuOUpaHHs BincytHicTb
Ll]ooenne npubupanus KOHTPOJIb Opyny 1 numy,
YHCTOTA
MIPUMIIIEHHS
Kt, Km 1.2.2. [Tigmora, cTiHYU, MOBEPXHS Bizyanpuuit [Ticns renepanbHOTO Uucre
I'enepanvue npubupanmns oOnasHaHHS, BIKHA, ABEpI, KOHTPOJIb, NpUOUPAHHS MPUMIIIEHHS,
YHCTOTA, 3arajbHe MiKpOOHe JTFOMIHOMETPUYHUI T =30 xB,
oOHaCiHEHHS METO/] <1x10? KYO/cm?
Kr 1.3.1. Mulinuii po34uH, TepmoMeTp,roquHH [Ticis mpoBeieHHS MUTTS t=35-40 °C,
Mumms obraonanns TeMIIepaTypa MHMHOTO UK, Bi3yaJlbHUI pe3epByapiB o01aHaHHS t=1,5rox,
PO34YHHY, TPHUBAIICTh MUTTS, KOHTPOJIb BIZICYTHICTB Opyny,
YUCTOTA pe3epBYyapiB 3aJIUIIKIB CEPEIOBHIIL
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IIpooosocenns mabn. 9.1

1 2 3 4 5
TexHiuHu# cTan BisyanbHuii KOHTPOJIb ITix gac BincyrHicTb
Kt 1.3.2. 00J1aTHaHHS, KOMYHIKAIIiH, TEXHIYHOI'O HECIPAaBHOCTEH,
Texniunuti o2nsa0 1HBEHTaps, BiJICYyTHICTh OTJISITY MOIIKO/KEeHb, KOPO3ii,
MOIIKO/PKE€Hb, CTOPOHHIX CTOPOHHIX MPEIMETIB Y
MPEIMETIB y pe3epByapax pe3epByapax
Kt 1.3.3. I'epmernuHicTh poOOTH lanorenoBwuii Teuienrykady, [Tig gac P =0,02 Mlla,
Ilepesipka na o0JIaIHaHHS, THCK, MaHOMETp, TOJTMHHUK TIePEBIpKH 1 =30 xB,
2epmemuyHicmy TPUBAJICTh MEPEBIPKU BiJICYTHICTb JUISTHOK
po3repMmeTH3allii 001aHaHHS
K, Km 1.4.4. OO0tagHaHHsA, THCK, Yac ManomeTp, rOJUHHUK Temmepatypa i P=0,15 Mlla,
Cmepunizayis 061a0HaHHS cTeputi3anii THCK t=125+2 °C,
BU3HAYAKOTHCS = 1r01
Oe3IepepBHO i1
gac creprtizarii
Kt 2.1.1. Bucora nositps3abipHuka Bucotomip [TocriitHO H=30wm
3abip ammocgpepnozo
nosimps
Kr2.1.2 [ToBiTpst Ha BUXO11 3 QUIBTPY Manowmetp, aBTOMaTH4HA [Ticas ouncrku E=90%,

Ouuwenns nogimps 6io

rpy0o0i OUUCTKH, CTYIiHb

nepeBipka KOHIEHTpalii HOBITPS Y THUCK BIATIOBIIHO J10
nuy i MeXaniyHux OYUIIICHHSI, ITepernaj] TUCKIB NpiOHOANCIIEPCHUX YaCTOK 1 ¢b116TpI1 TpydOTO 3a3HA4YEHOT0 B MAcMoOpTi
uacmox MWIY Ha OPTaTUBHUX OUUIIICHHS ¢inbTpa
aHajizaropax, mepeBipka
CTYIEHs OYHUINEHHS 3T1]THO 3
nacrnopTom (pipTpa
Kr2.1.3 CrucHeHe NoBiTp4, MaHnometp, TepMOMETP [Ticns P =0,35-0,5 Ml1a,
Komnpecysanns nosimps TeMIiepaTrypa, TUCK KOMIIPECYBAaHHS t=220-250 °C
HOBITPs
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Kr2.1.4 Oxo0JI0KEeHE MOBITPS, Tepmometp, ncuxpomerp [Ticns t=20-40 °C,
Oxonooddicents nogimps TeMIiepaTypa OXOJIOJIKEHHS
MOBITPS
Kt 2.1.5. Oxo0710/KEHE TOBITPS MICHS [Tcuxpometp [Ticns W= 10 60%
Buoanenns 3aiieoi 6éonocu BUJAJICHHS BOJIOTH, OXOJIOIKCHHS
BOJIOTICTh MOBITPA 1
BHJIAJICHHS
3aiiBO1 BOJIOTH
Kt 2.1.6. Harpire nositps, Tepmomerp [Ticns t=35-40 °C
Haepisanns nosimps TeMmreparypa HarpiBaHHs
MOBITPS
Kr2.1.7 ManomeTp, aBTOMaTU4HE [Ticns ouncTkm E=99,996%,

[ToBiTpst HA BUXOI 3

Ouuwenns nogimps 6 TOJIOBHOTO (DUIBTPY, CTYIIHB BHU3HAUEHHS PO3MIpIB 1 MOBITPS Y THCK BIMOBIJTHO JI0
20106HOMY hinbmpi OYUILIEHHS, MTepernaj TUCKIB KOHIIEHTpALlli 3BUCIIUX YaCTOK TOJIOBHOMY 3a3HaYeHOr'o B MMACHOPTI
IIOPTATUBHUM JETEKTOPOM G1IbTpI biIbTpa
Solair 3100 nepeBipka
CTYIEHS OYHUIIEHHS 3T1THO 3
nacrnoptom (piibTpa
Kt 2.1.8. OuuiieHe NoBiTps, CTYMIHb ManomeTp, aBTOMaTH4HE [Ticas ouncrku E=99,999%,

Oyuwenns nogimps 6
iHOUBIOYabHOMY inempi

OUYHNIICHHA, IICpLCIIaq THCKIB

BU3HAYEHHS PO3MIpIB 1
KOHIIEHTpALlli 3aBUCITUX
YaCcTOK IMOPTAaTUBHUM
nerexkropom Solair 3100,
NepeBipKa CTYNEHs OYUIIEHHS
3TiJTHO 3 TTacrmopToM (iTbTpa

HOBITPS Y
1HIMB1TyaTbHO
My inbTpi

THUCK BIATIOBIIHO J10
3a3HA4YEHOT0 B MAcMOpTi
¢binpTpa
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Kr2.2.1 [ToBiTps, CTYIiHD Manowmerp, [Ticist OUMCTKH MOBITPS Y E=90%,
Ouuwenns i HacpieanHs OYHIIICHHS, TIePeIaJl TUCKIB, aBTOMAaTHYHa MepeBipKa GiIBTpi TPyOOTO OYUIICHHS THCK BIJIIOBIIHO 10
CYMUTILHO20 NOBIMp3L TeMIeparypa KOHIICHTpaLii 3a3HAYCHOI'O B
JIpIOHOIUCTIEPCHUX nacroprti ginbTpa,
YacTOK 1 MUJTY Ha t=90°C
HOPTaTUBHUX
aHaJizaTropax, mepeBipka
CTYIEHs OUHUILEHHS
3T1HO 3 MTACIOPTOM
(binpTpa, TEpMOMETP
Kx, Km 3.1. Po3unH rigpokcuay HaTpiro, MeTton TUTpyBaHHS, TemnepaTypa BU3HaYa€eThCA P =0,075 MlIla,
Ilpucomysanusa i KOHIIEHTpAIlisl, TUCK, MaHOMETP, TEPMOMETP, Oe3nepepBHO IiJ] 4ac t=120 °C,
cmepunizayis 6% TeMIeparypa, Jac, TOJJUHHUK, CTepuTi3anii, KOHIIEHTPAIis 1 =20 xB,
PO3UUHY 2I0POKCUAY KOHIIEHTpAIllisl, BIICYTHICTh MiKpOOi0JIOTTYHUN BU3HAYAETHCS MICHIS C= 6%,
Hampiio MIKpOOiOTH KOHTPOJIb MPUTOTYBaHHS PoOOYOr0 BiJICYTHICTh
PO34YMHY, MIKpOO10IOTIYHUIN MiKpo0i0TH
KOHTPOITb TTiCTIst
cTepuiizaltii
Kx 3.2. Po3unH xnopuaHoi Meron TuTpyBaHHs [Ticng mpurotyBaHHs C=6%
Ipuecomyeanns i 6% KHCJIOTH, KOHIICHTPAITis pPO60OYOro po3unHy KUCIOTH
PO3UUHY XIOPUOHOT KUCTIOMU
Kx 3.3. Po3uuH rigpokcuy HaTpito, Meroa TuTpyBaHHS, KonuenTpaltliis BU3Ha4a€eTHCs ©=20 X8,
Ilpuecomyeanns 50% KOHIIEHTpAIlisl, 4ac TOJIMHHHUK, MICJISl MPUTOTYBAHHS C=50%,
PO3UUHY 2IOPOKCUOY nepeMilnTyBaHHs po60YOoTro pO3UnHY,
Hampiio
Kx 3.4. Po3unH xnopuaHoi Meroa TuTpyBaHHSA [Ticns npuroryBaHHs C=5M

Iipucomysanns SM pozuumny
XIOpUOHOI Kuciomu

KHCJIOTH, KOHHCHTpaI_[i}I

po60YOT0 PO3UNHY KUCTIOTH
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Krt, Km 4.1 [Tinoracuuk Struktol J673A, TepMomeTp, FOAMHHUK, TemnepaTypa BU3Ha4a€ThCA t=131°C,
Cmepunizayis nino2acHuka | TeMIepaTtypa, 4ac, CTEPHIbHICTD MiKpOO10JIOTTUHUN 6e3nepepBHO IiJ] 4ac T =40 xB,
“Struktol J6734” KOHTPOJIIb cTepuizanii, BIJICYTHICTb
MIKpOO10JI0TUHHI MiKpOoOioTH
KOHTPOJIb MiCTIs CTEepUIi3alii
Kr, Km 5.1.1, Kommosuisa A, THCK, Masnowmerp, TeMneparypa BUZBHAYA€THCA P =0,05 Mlla,
5.2.1,53.1,5.4.1. TemIeparypa, 4ac, TEPMOMETP, TOAUHHUK, Oe3mepepBHO Iif] yac t=112°C,
Ilpucomyeanns i CTEePHIBHICTh MIKpOOi0JIOTTYHHIA cTepuiizanii, T =30 xB,
cmepunizayis NOHCUBHO20 KOHTPOJIb MiKpOO10JIOTTYHUI KOHTPOIIB BIJICYTHICTB
cepedosuya 0 TiCIIs CTeprITi3alii MIKpOOioTH
BUPOULYBAHHSL IHOKYIANY
Ilpucomysanusa i
cmepunizayisi komnozuyii A
Kt, Km 6.1 Kommo3suiisa A, THCK, Masnowmertp, Temneparypa BU3HA4YA€ThCS P =0,05 MllIa,
Ilpuecomyeanns i TeMIlepaTypa, 4ac, TEPMOMETP, TOJAUHHUK, Oe3mepepBHO IiJ] yac t=112°C,
cmepunizayis komnozuyii A CTEPHIBHICTh MIKpOOi0JIOTTYHHIA cTepuiizanii, 1 =230 xB,
KOHTPOJIb MIKPOO10JIOTTYHII KOHTPOJIh BiJICYTHICTB
micns MIKpOOi0oTH
cTeputizamii
Kt, Km 6.2 Komnoswumis b, Tuck, Masnowmerp, TeMneparypa BU3HA4YAETHCSA P=0,15 Mlla,
Ilpucomyeanus i TemIeparypa, 4ac, TEPMOMETP, TOANHHUK, Oe3nepepBHO 1] yac t=131°C,
cmepunizayis Komnosuyii' b CTEpWIBHICTh MiKpOO10I0T1UHHHI cTepuizanii, T =40 xB,
KOHTPOJIb MIKPOO10JIOTTYHII KOHTPOJIh BIZICYTHICTb
micns MIKpOO10TH
cTeputizaiii
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Kt, Km 6.3. Kowmmosutrist B, Tuck, Maunometp, TepMOMETD, Temmnepatypa P=0,15 MllIa,
Ilpucomysannus i TeMIIeparypa, 4yac, CTepHJIbHICTh TOAVWHHHUK, BU3HAYAETHCA t=131°C,
cmepunizayiss KOMno3uyii MiKpoOioJoriuHui Oe3mepepBHO i yac T =40 xB,
B KOHTPOJIb cTepuizalii, BIJICYTHICTh MIKPOO1OTH
MiKpoOioJoriuHui
KOHTPOJIb MiCIIs
cTepuIizantii
Kt, Km 7.2 Konekuiitna kynpTypa TepmomeTp, TOAMHHUK, Mikpobiojoriyauit t=26 °C,
Bupowyeannsa kynemypu Streptomyces natalensis MIKpOOi0TOTTYHIT KOHTPOJIb TPOBOISATH T=96 oz,
Ha a2apu308aHoMy NRRL2651, mopdosoriuna KOHTPOJIb KOXHI 8 TO]1 BIJICYTHICTh
cepeoosuwyi OJTHOPI/THICTB, BIICYTHICTD CTOPOHHBOI
CTOPOHHBOI MIKpOOiOTH, MIKpOOIOTH
BiZICYTHICTh HEKOHTPOJIbOBAHHUX
MyTalin
Kt, Km 7.3 KonexkuiiiHa KynbTypa Tepmomerp, Mikpobionoriyauii t=30 °C,
Bupowyseanns kynemypu Streptomyces natalensis TOJIMHHUK, KOHTPOJIb POBOJSATH T = 4-7 mo,
Ha piOKoMy cepedosuyi NRRL2651,remnepartypa, MIKpOO1010TTYHUI KOXHI1 8 TOAUH J10 BIJICYTHICTb CTOPOHHBOL
TPUBAJIICTh BUPOIILYBaHs, KOHTPOJIb HACTaHHsI aKTUBHOL MiKpoOioTH
MiKpOO10JIOT1YHa YUCTOTA CHOPYJISLIT KyIbTYpH
KYIbTypH
Kt, Km 7.4 [TociBHMi1 Matepia, TepmomeTtp TexHiuHuM, | Temneparypa 1 IIBUAKICTH t=30 °C,
Bupowysanns kynemypu TeMmIeparypa, TpUBaJIICTh TOJUHHUK, TEXHIYHUHT obepTaHHs T =24 roqx,
8 KONOax HA KAUaniKax BUPOILIYBaHHS, YaCTOTa 00EPTIB TaxoMeTp, KOHTPOJIIOIOTHCS 1 o =200 006/xs,
KauyaJKu, KOHIIEHTpaIlis OiomacH, MiKpOOi0TOTTYHU I MiATPUMYIOTHCS X=42r/n
MIKpOO10JIOTTYHA YUCTOTA KOHTPOJTb ABTOMAaTUYHO MPOTITOM BiZICYTHICTb CTOPOHHBOT
KYJIbTYpH BCHOT'O Yacy MikpoGioTn

BUPOIIYBaHHS,
MIKpPOCKOMiIOBaHHS
— KOXHI1 8 TOIUH
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Kr, Kx, Km 7.5 [ociBHuii matepiad, TepMoMeTp TEXHIYHUH, Temmeparypa, MIBHIKICTh t=30°C,
Bupowysanna kynemypu 6 TeMIieparypa, TpUBaIiCTh TOJUHHUK, TEXHIYHUN obepTtanns, pH, piBeHb t=24rox,
IHOKYIAMOpi 06’ emom BHPOIYBaHHsI, YaCTOTa TaxoMeTp, naTuuk pH, MiHU KOHTPOJIIOIOTHCS 1 o =200 06/xB, X =4,2 r/n
0,01 m° 00epTiB MIIIAJIKH, JIaTYMK MTIHOYTBOPEHHS, HiATPUMYIOTHCS pH =170,
KOHIIEHTpallis Oiomacu, MIKPOCKOIT aBTOMAaTHYHO BECh Yac BiJICYTHICTb CTOPOHHBOT
MIKpOOi10JIOTiYHA YUCTOTA BHUPOIITYBaHHS, MiKpo6ioTH
KYJIbTypH, MOp(OJIOTiHHA MIKpPOCKOTIFOBAaHHS
BIJIMOBIIHICTh OpPraHi3MiB — KOXHI1 8 roqun
Kt, Kx, Km 7.6 [TociBHMIT MaTepial, TepmomeTp TEXHIYHUH, Temmnepatypa, BUIKICTH t=30°C,
Bupowyeanns kynemypu 6 TEeMIIEpaTypa, TPUBAIICTh TOJMHHUK, TEXHIYHHN obeptanss, pH, piBeHb t=24rox,
IHOKYIAIMOPI 00 €eMoMm BUPOIIYBaHHS, YaCTOTa TaxoMeTp, AaT4uK pH, MiHU KOHTPOIIOIOTHCS 1 o =200 006/xBs,
0,11 obepTiB JATYUK ITIHOYTBOPCHHS, i ATPUMYIOTHCS X=42r/n
MIIlIAJIKH, KOHIIEHTPaILis MIKPOCKOII aBTOMATHUYHO BECh Yac Bi/ICYTHICTh CTOPOHHBOT
6iomacy, BUPOILIYBaHHS, MiKpOGioTH
MIKpOOi0JIOTiYHa YUCTOTA MIKPOCKOITIFOBaHHS
KyNnbTYypH, MOpdooriuaa — KOHI 8 roJIuH
BIJIMOBIAHICTh OpraHi3MiB
Kr, Kx, Km 7.7. [TociBHuit marepian, TepMomeTp TEXHIYHUI, Temnepatypa, LIBUIKICTD t=30 °C,
Bupowysanns xynemypu 6 TeMIleparypa, TpUBaJiCTh TOJUHHUK, TEXHIYHUN obepTtannsi, pH, piBeHb T=24ro0x,
IHOKYIAMOpI 06 €emom BUPOIIYBaHHs, 4aCTOTa TaxoMmeTp, AaT4uk pH, MIHA KOHTPOJIIOIOTHCH 1 o = 200006/xB,
1,0 m° 00epTiB MillIaJKu, JATYUK MHOYTBOPEHHS, HiATPUMYIOTHCS X=42r/n
KOHIIEHTpalisg 6iomacu, MIKpPOCKOII ABTOMAaTU4YHO BECh YaC pH =170,
MiKpOoO10JIOTiYHA YUCTOTA BHPOILIYBaHH, BiJICYTHICTB CTOPOHHBOT
KyJlbTYypH, MOp(dooriuna MIKPOCKOMIIOBaHHS MikpoGioTn
BIMTOBIAHICTE — KOXHI 8 roauu
OpraHi3miB
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Kr, Kx, Km 8.1 KyneTypansHa piguna, ['omuHHUK, TEpMOMETD TemmnepaTypa, IBUAKICTH t=30 °C,
Bupobnuue TeMIIeparypa, TEXHIUYHUH, TEXHIYHUI o0epTaHHs MIIIAIKH, T =84 rox,
KYIbMUBYBAHHS Y TPUBAJIICTh TaxoMmeTp, AaTduk pH, piBeHb pH, piBeHb niHU o = 30000/xB,
pepmenmepi 06’ emom KYJIbTUBYBaHHSI, JaTYUK MMIHOYTBOPCHHS KOHTPOJIOIOTHCS 1 pH=7,0,
8’ JacToTa 00epTiB MIKPOCKOIT MiITPUMYIOThCS piBeHb IiHK
MIIIaJIKK, piBeHb pH, piBeHB aBTOMATUYHO BECh Hac BiZICYTHICTh CTOPOHHBOI
HiHHU, MiKpOOi0JI0TriuyHa KyJbTHBYBaHHS, MiKpobioTn
YUCTOTA KYJIbTYPH, MIKPOCKOTIIFOBaHHSI C saravimmy = 3,0 T/71
KOHIIEHTpAIlis HaTaMII[UHY — KOXHI 8 ToauH
Kt 9.1 Kynbrypanbna piguna, Harunk Xomna, [Tix gac mpornecy w= 2000 006/xB,
Lenmpudghyzysanns IIBUJIKICTH OOepTaHHS TOAUHHUK T=22XB
KYIbmMypanoHoi piounu Oapabany, yac
Kr, Kx 10.1 KiitnaHa cycnensis, Tepmomerp, [Tin gac mporecy t=45°C,
Tennoea obpodxa TEMIIeparypa, yac, TOJUHHUK, TAXOMETP, 1= 3 roq,
KATMUHHOL CYCNeH3ii IIBUIIKICTh natauk pH w =200 00/xB8,
nepemiimyBanHs, pH pH=9,0
Kr1l.1 Peakmiitna cymi, ['onuHHUK, TaxoMeTp ITix yac mporecy t=2roxu,
Yac, MBUIIKICTE w =200 06/xB

Excmpaxkyis namamiyuny

nepeMilllyBaHHs

Kr11.2 OpraHiuHH €KCTPAKT, Hatunk Xomna, ITix gac nmporecy w= 3500 006/xB,
Llenmpucgpyeysanns IIBUAKICTH OOEPTaHHs, Yac TOJUHHHK =69 XB
eKCmpaxKmy
Kt 12.1 OpraniuHHil €KCTPaKT ManowmeTtp, nepeBipka ITix gac nmporecy P =40 6ap,
Yaempaginompayis HaTaMiLUHY, TUCK, J1aMeTp JiamMeTpy 1mop 3TiAHO 3 d =700 x[a,
eKCmpaKkmy IOp MEMOpaHu, CTYIIHb TEXHIYHUM IacIIOPTOM K=3
KOHIICHTPYBaHHSI MeMOpaHu
Kr, Kx 13.1 Konuenrpar, pH, yac, Hatuuk pH, ronuHHUK, ITix gac mporecy pH =65,
Ocaoorcenns IIBUJIKICTh TEPEMILTyBaHHS TaXxOMETP w = 50 00/xB,
KOHYenmpamy =2 101
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Kt 13.2 [lepenacuyenuii po3umH, BakyymeTtp ITix yac nporecy P=-1,0 6ap
Biooinenns xpucmanis TUCK
HamamiyuHy
KT, Kx 14.1 Kpucraniuyauii moporiox, Tepmomerp, Temneparypa t=90 °C,
Bucywyeanns i TeMIIeparypa CyIIiHHS, imenTudikais, CYUIMJIBHOTO areHTa Iij pH=5,0-75
2PAHYII0BAHHS inentudikaris, pH, xpomarorpadiyHuit qac Mporecy, OIiHKa C=90-102% (y
KpUCManie Hamamiyuy KUTbKICHHIA BMICT, aHaJTi3 BiAMOBIIHO JI0 SIKOCTI TTOPOIIIKY TTiCIISI nepepaxyHKy Ha
BOJIOTICTb, aKTUBHICTb metoguk USAP, CYLIKU 0€3BOJIHY OCHOBY),
pH-meTp, W = 10 6%,
TePMOTPaBIMETPUYHUI A =1,0846 on/mr
meTon, [Y-Bonoromip,
MIKpOO10IOTTYHU I

MeTon audy3ii B arap

Kt 15.1
Dacysamnns, NaKy8auHs,
MApKYSauHsL cauie
NOPOWIKY HAMAMIYUHY

VYnakoBKa, LiTICHICTb,
AKICTh MapKyBaHHS

BizyanpHuit ornsin

ITix yac nporecy

[limicHICTh TEpMO3anasHUX
3BIB, JOCTOBIpHA
iHpopMallis y MapKyBaHHS
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PO31JI 10. ABTomaTu3anis JiIsiIHKM BUPOOHMIIBA HATAMILIMHY

VY pesynbTari aHaizy TEXHOJOTIYHOTO MpOILeCy Je31HTerpamii KIITHH MPOIyLeHTa 1

EKCTpakKiiii HaTaMilIMHY OyJ10 3p00JIEHO BUCHOBKH, 1110 CUCTEMa KEPYBaHHS TEXHOJIOTTYHUM

MpOIIECOM NMOBUHHA BUKOHYBATH HACTYIHI 3a4a4i.

1. KoHTposib 1 peryatoBaHHS TeMIIepaTypH y 301pHUKY MIJISIXOM 3MIHHU Mojadil Mapy y

MapoBYy COPOYKY arapary 1 3MiHy 0/1a4i BOAM XOJOHOI Y BOJISIHY COPOUKY amapary.

2. KoHTponb piBHS piAMHU y 30IpHUKY 13 CHUTHATI3AIIEI0 MO AOCATHEHHIO PIAMHOIO

BCPXHBOI'O JOITYCTHUMOI'O piBHH.

3. KoHTposb BUTPATH 130IIPOIIIOBOTO CIMPTY MPH MOJadl HOTo y 301pHUK.

4. KonTtpounb 1 perynatoBaHHs piBHS pH cepenoBuia nuiixoM 3MIHM NOJadl JIyry 31

30ipHUKA 151 5% pO3YMHY T1APOKCULY HATPIIO Y 301pHUK JIJIsl EKCTPaKIlii HATaMIIUHY.

5. YrpaBiiHHS HaCOCOM MEPEKAYKU OPraHIYHOIO €KCTPAaKTy HaTaMILKHY 31 301pHUKa

JUTISL €KCTPAKITi 0 HACTYITHOT TEXHOJIOTIYHO1 YCTaHOBKH.

BiI[HOBiIIHO a0 C(l)OpMOBaHI/IX 3aa4 CUCTCMH KCPYBAHHA TEXHOJIOTTYHUM IIponccom

|Oyi10 cpopMoOBaHO HACTYITHI 3aBJaHHS HA pO3pOOKY cucTeMu aBToMmaruzailii (tadmn. 10).

Taomuis 10.1

3aB/1aHHs HA PO3POOKY CHCTEeMH aBTOMAaTH3aIlil

Ne MamuHa, [Mapamerp, micue |[Ipumyc-tume Bun Xapakrep 3aco0u yn-paBmiHHS Ta
3.1 arperar, BiIOOpY CHUTHANY | 3HAYCHHS aBTOMaTu3arii KOHTPOJTIO Y1 KOHTPOJIIO, peaizarlii
yCTaHOBKA nmapamerpa yIIpaBIiHHAS YIIPABIISIOUOI Aii
Temneparypa Kontpons Bino6pakenHs, APM omneparopa
C peectpartist
C PerynroBanHus [TinTpuMaHHs Ha APM omneparopa -
3aJaHOMY 3HA4YCHHI,  BIUIMB Ha MOAAuy
BiJIOOpaXXeHHS, napH i mogaqy Boau
30ipHUK A peecTpartist Y COPOUKY amnapary
nesinrerpauii | Pisens pimuEu B | 15045 1 Kourposnn Curnanizaris APM oneparopa
KIIITHH, amnapari
EKCTpaKIii Ta BuTtpara 20+2 n Kontponb BinoOpakenHs, APM omneparopa
JIeKaHTaILii eKCTpareHTy peecTpartist
HATaMilMHY Pigens pH KoHTposs BinoGpaxeHns, APM oneparopa
on.pH peecTpartis,
CUTHAJII3aIlis
PerymioBanus Crabimizarris APM oneparopa -
BIUIMB Ha MOAaqy
JyTy 3i 30ipHHKA
HYXT BTEK 04.03.09 KP 113
3mH. | Apk. Ne nokymeHra Migmac | Hdara
Po3pobus Ianko Nitepa ApK. ApkymiiB
KoncynbT. Knuvenko PO3I[I_]I 10. | | 164 4
Kepisrik Kpacinbko ABTOMAaTH3AIS TUTSTHKH
H. xouTp. BUPOOHUIITBA HATAMILIUHY Kadenpa BTM
3aB. kag. ITupor




3axinuenns maon. 10.1

Hacoc Bizn- Cran Hacocy VBiMKHEHO/ YpaBniHHS Pyune, ITyck, 3ynuHKa 3
Ka4KH PiIu-HUA IUCTaHIIIHE APMa omneparopa
.. BUMKHEHO .
31 30ipHUKA 10 1 kHomnka «Crom»
HaCTYIHOI IO MiCII0
TEXHOJIOTTYHOT
YCTaHOBKHU

Ilepmmii KOHTYpP aBTOMaTHUYHOTO KOHTPOJIO 1 YIpaBIiHHS Nependayae KOHTPOIb 1
pETYIIIOBaHHS TEMIIEpaTypu, ska Mae perameHToBaHe 3HaueHHs 45 °C 1 momycTumi
BiaxuiieHHs £1 °C. 3MIHM TeMrepaTypH ITij yac MpoIiecy BijoOpakaroThCs 1 PEECTPYIOThCS
HerepepBHO y vaci Ha APMi omeparopa. [lpu mnepeBuIiieHHI AOMYCTUMUX BIIXWICHb
TeMmreparypu nependadaeTbcs curHamizaimiss Ha APMi  omeparopa. Temmeparypa
BUMIPIOETHCS TepMomMeTpoM onopy mozeini 1-3, TCII (Pt100) 3 yHipikoBaHUMU CUTHAJIAMH
4...20 MA. Ynpasnsrounit curHai 4...20 MA moctynae Ha IEPETBOPIOBAY €JIEKTPUYHOTO
curHany B nHeBMatuyHuii — Fisher 12P-100 (10) 1 mam nepenaeTbcs Ha MHEBMATUYHUIN
npuBia s ynpasiinas kpadamu KUP (1B). PeryntoBanHs 1 miaTpuMaHHs TeMIIepaTypH Ha
3a/laHOMY PIBHI 31MCHIOETBCS LIISXOM YINPABIIHHA KpaHAMH MOAadl HACMYEHOI mapu 1
XOJIOJHOT BOJIM Y COPOYKY 301pHHUKA.

JIpyruii KOHTYp aBTOMaTHYHOTO KOHTPOJIIO 1 yIIPaBIiHHA TIepedadae KOHTPOIIb PIBHS
B 30IpHUKY, KUH Ma€ pernamMeHToBaHe 3HadeHHs 150 1 1 gomycTumi BIIXWIIEHHS +5 J.
PiBeHb BUMIPIOETHCS MarHiTOCTPHUKIIMHUM TMOIUIaBKOBUM aartdukoM piBHa NMT (3a) 13
CUTHAII3AII€I0 JOCATHEHHS BEPXHBOIO MNPUIYCTUMOro piBHA. CurHamszaimis mpo
JIOCSITHEHHST BEPXHBOTO PiBHS nependadaeTbes Ha APMi oneparopa-TexHosora.

Tperiii KOHTYP aBTOMATWUYHOTO KOHTPOJIO 1 YIPABIIHHS Tiependadae KOHTPOJIb
KUIBKOCTI €KCTPAreHTy, SIKUil mocTynae y 30ipHHUK, TypOIHHUM JYMIBHUKOM Boau Meitwin
DN 50/50 (4a) 3 ontuanM niepegaBanHsaM iMiyibeiB (10 11/ immynsc) Ha APM oneparopa.

YeTBepTHil KOHTYP aBTOMaTHYHOTO KOHTPOJIIO 1 yIPaBIIIHHS Nepeadayae KOHTPOJIb 1
perymntoBaHHs piBHS pH, sikuit Mae pernamenToBane 3HaueHHs 9,0 1 JOMYCTUMI BIIXUJICHHS
+0,1. 3miau pH mig yac nporecy BigoOpaxarThCs 1 pEECTPYIOTHCS HEMEPEPBHO Y Yaci Ha
APMi omneparopa. Ilpu mnepeBulieHHI AOMyCTUMHX BiaxuieHb pH mnependadaeTbes
curHamizauis Ha APMi oneparopa. Pisens pH Bumiproetscs pH enexkrpogamu APS (5a).
BuwmiproBanns pH nmoctynarooTs Ha mepeTBoproBad BUMipIoBaHHS pH 1 OKMCHO-BITHOBHOTO

noteHiiany III1-10 (50) 1 BUBOAMTBECS y aHAJIOTOBOMY CHUTHaJl IOCTIMHOTO CTPyMY
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npornopuiiHuii  giamasony 3HadeHHs pH. Ilintpumanns pH wa 3amaHoMy piBHI

3MIACHIOETHCSl IUIAXOM YIPABIIHHSA KpaHOM TMoAadi Jyry 31 30ipHUKa 3a JOMOMOTOIO

IMCPCTBOPCHHA CIICKTPUYIHOI'O CHUI'HAILY Y IMHEBMAaTUYHUM 3a AOIIOMOT'0I0 IICPCTBOPHOBAYA

[1[1-10 (56) 1 3 HacTymHUM MeEpeJaBaHHSAM MHEBMATUYHOTO CHUTHATy HA ITHEBMATUYHHMA

npuBij s ynpasininas kpanamu KUP (5B).

I’ATMii KOHTYpP aBTOMAaTHYHOTO KOHTPOJIIO 1 YHpaBIiHHS Mepeadayae KOHTPOJb

YBIMKHEHOTO a00 BHUMKHEHOTO CTaHy HAacoCy. YMpaBiiHHS 3aiiicHioeTbest 3 APMa

orepaTopa BKIIOYCHHSIM-BIIKIIIOUEHHSAM HACOCY, Y PYYHOMY PEKMMI YIPABIIHHS MUISIXOM

BKJIFOUCHHS-BIIKIIOYEHHS. HACOCY Ha IIMTY NEPETBOPIOBaYiB. ABapiiiHE BIAKIIOYECHHS

HAcOCy 31MCHIOIOTH NUISIXOM HaTtuckaHHs «Ilyck» Ha MoTopi M.

Crnenudikaniss Ha nmpuJjaaam i 3acodu apromMmaru3auii

Tabmuis 10.2

Tlo3uuis

Micue
YCTAHOBKH

HajimenyBanus
XapaKTepHCTHKA
npHIAxy

Tun
moaeJi

Bupoo6uux

la

ITo miciro

TepmoMeTp omopy, MaTepiall BATOTOBICHHS —
HeprKaBiloua CTab, IpagyBajibHa XapaKTEePUCTHUKA

Pt100, niama3on BumiproBans: -50...+250 °c,
MaKCUMaJIbHUI TOITyCTUMUH THCK 25 6ap, Kiac
tounocti — 0,10, npuennannas G1/2, MakCUMaTbHUHA
omip A BUXiTHUX curHaniB - 50 OM, BUXiIHUH
curHain — aranorosuii 4...20 MA a6o RS 485
(mpotokon RTU ab6o T-bus), repmoormip — RS485

1-3, TCTI

ITAO ,,Tepa”,

VYkpaina

16
46

Ha i

EnexTponHeBMONepeTBOPIOBAY, BXiJHUI CUTHAT -
eNeKTpuuHui 4...20 MA, BUXITHHI CUTHAI -
nmHeBMatnuani 0,2 - 1,0 6ap, ricrepesuc - 0,4% Bin
MOBHOTO Jiala30Hy BUXiIHOTO CUTHATY

i2P-100

5B

TTo Miciro

[THeBMaTHYHMH IPUBI 1T YIPABIIHHSI KpAaHAMH Ta
3aciiHKamu, ynpasistounii curaan 20...100kI1a,
KpyTHUI MoMeHT 5...30 um/6ap, kyt moBopoty 90°

3a

TTo Miciro

MarHiToCTpUKIIIHHII MOTIABKOBHHA JaTYHK PiBHS,
Marepiai: Hep)KaBiloua CTalb; ialma30H BUMIPIOBAaHb
300-4000 mm, ryctuna 0,7xr/aM°, MakcUManbHa

(e] v
joryctuma temneparypa +70 ~C , MakCUMalbHUMA

JormyctuMui Trck 10 Oap, mia’eananus G2,
AHAJIOTOBHI BUX1J 4...20 MA

4a

TTo Miciro

TypOinHMIA TIYUIBHUK BOAW, MiHIMaJIbHA BUTpATa
0,02 m*/ron, MakcumanbHa Butpara — 90,0 m/rog,
HOMiHaIBHMH THCK 1,6 k[la; MakcuMalbHa

temrieparypa 50 OC, Ki1ac ToyHocti — C, Tin
npuennanag — DN50, monTaxxkna nosxuna — 270,0
MM, niepenay Tucky — 21 Klla, iMmyiabcHUi BUXi
tounocTti — 0,075, o0nagHaHUI ONITHYHUM
nepenaBadeM immynsciB OPTO OD, niHa iMmysbcy —
10 J1, THIT CUTHATY — €IIEKTPUYHUIA IMITYJIbCHUIN
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Raxinuenns maoba. 10.2

S5a

ITo Mmicrro

pH enextpomu, Marepial CKJI0, IUIACTHK, Jiana3oH
BuMiproBaHb pH 1...12, MakcumalnbHa
temmneparypa 10 80°C, MakcuManbHuit
JIOTYCTUMUHN THCK 6 Oap

56

ITo Mmiciro

[TeperBoproBad BuMmiproBanHs pH i okucHO-
BiJTHOBHOTO ITOTEHITiaTy, BUX1IHUI CUTHAJ -
aHAJIOTOBUH MOCTIMHOTO CTpyMy IMPONOpPLIHHUN
Jliana3oHy 3Ha4eHHs pH, aHamoroBuii curHain
4...20 MA, MaKCUMAaITbHUIA OITip JJIS1 BUX1THUX
curHaiis - 0,5 kOM, IOBXWHa 3B’SI3Ky - HeE
Oibmie 4 M.

[I1-10

Mikpon

KM3

Ha i

MarsitHu# myckad, pooounii ctpym 7A,
MOTY)XHICTh ABUT'YHA 3KBT, yrpaBisirounii CUrHAT
220B

Ha i

[Mepemukad 3-X MO3UIINHNAN (aBTOMATHIHHI-
py4HUil 3 IUTa — pyIHUH 110 MICII0) 3 (iKcalli€ro

OTtxe, HaMu OyJI0 3aIIPOIIOHOBAHO CXEMY aBTOMATHU3AIIIT JIJISTHKY A€31HTerpallii KIIITUH

1 eKcTpakiii HaraMmiuuHy. Po3poOrneHa cucTema KepyBaHHS TEXHOJIOTIYHHM IPOLIECOM

MOBMHHA BUKOHYBaTH HACTYIHI II’SITh 3a/1a4: KOHTPOJIb 1 PETYIIOBAHHS TEMIIEpaTypH Y

301pHUKY, KOHTPOJIb PIBHS PIAUHU Y 301pHUKY 13 CUTHAII3ZAINELO 110 TIOCATHEHHIO PiIMHOIO

BEPXHBOIO JOMYCTUMOIO PiBHS, KOHTPOJIb BUTPATH 130MPOINUIOBOTO CHMPTY MPH MOJaul

Horo y 301pHUK, KOHTPOJb 1 peryimoBaHHsA piBHSA pH, ympaBiiHHS HacoCOM MepeKayKu

OpPraHIYHOTO E€KCTPaKTy HaTaMILKHY. ABTOMAarMYHE PETYIIOBAHHS 3aJaHUX TEXHIYHHX

napameTpiB Ma€ Ha METI 3BECTH JI0 MIHIMyMY TE€XHIYHI TOMUJIKH TIPU peaizallii MmpoieciB

BUJIUICHHS HATaMILMHY 1, SK HACIIZOK, 3a0e3MeuuTH CTAaOUIbHUN BHX1J CTaOlILHOTO 1

BUCOKOOUYHII[EHOTO aHTUO10THKA.
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ASSESSMENT OF HATZARDS ASSOCIATED WITH INSTANT NOODLES
FRODUCTION
AHATIS FIRHEIE ITFH HTFOEHIITTE BEFAIIIE N ITEHTROTO
IIFHT OTYBAHHA

Hrebirchak ¥. AL | Tperipmae H M

L, asprgl S, o

Slobodyan 0. P. [ Caobozas 0. IL

Teap
MNartionai University gf Food Techmplogies, Ky, i::-,pm.mr.bz a8, 01033

Aromape ¥ onammi BoscTER T HSEIneuR GUETmap, AT MOTEL CTHIROSUTY DRI
AR ANoCT SEPMILET WSRO0 NPUMCoTemER. BEOmanosteng KPUHINHT KOMMPATEN] Moy dre
KOMEOSD OWMDYY  SUDOSHUUMED MPOJRL  SUSRIMHC EDUMINHET AN, AWIIOTOROSTHD
MOTWDORCYEITRRT AT HOSMAHD CIHOIRT METOON KOMMPATE | RDI0UNEOCT NPOSsOHRR HTodiE
AT MEIH ORI

Kuogoei cnose: HACCP, rpumisml Eowmpomyl MOSNL, BNICWE, GOSMOR  SODMMTMOTE
WERAEE20 FMAONTISINHE, KORTEMTS, TP N ETTEsT i

BoTyn.

MaESpoEERME BEEpOOIME MERIESTD OPETOTYEAHES EIIEEINTE BEPMONSTE 1
IOENIEEY, OPECCTOEAH] CIOC000M TETIIPETAN (EENApHEIEHE BOTH), EOTPL MIRTE
TPHEAT] TEQPMIER OPEISTHOCTL | CHDOEEBIEHRE (CHPOEEHOHY INE EHPOGHFIITEL
BEpMIMET] MEATECTD OPETCTYVEIENRE € IOSENRHS: SOPOMED, BoIa I 3darsTyeaTl Big
MiEpofioToriiEol SXO0CT] CHpPOEREH IHSTHON MIPOR 32T8EITE SEICTE | CTOEEICTE
roToRI ERpoGis. Hessem enicT sogors (11-13%) :afeaneTye Tpaeate s0epirams:s
mapaposEic: BEpofiE [1]. Ilpore 3:ODEeHHSE SECCTI OPOJVEDL MO BITESBOM
MIEPOOQPTEHIIMIE MOE:s COIOCTEpaTHCE 1 B OpOUSCl BECOTORISHES, 1 B Opomed
0epiramns. [IpEommom 33ISECTEE CTVARTE BRCOES oSciMemisnis MIEDOODTAHEI MM
CHPOENHY, TOPYIeHHE TEXHOTIOMMHCOTO DPOTeCy, ERREMH COEiTapesn! pisess
BEpOOHEITED,

J1f nonepelEesEEE EENVCEY HeSEICHO] TAPI0EC] OPOIYEUL BEPOOHHEITED
NOEAEHE MINOpEIEcByBaTHcs npeemmmad HACCPE — samofizmsoro IHCTPYMEeHTSE,
HEEH 30008 £3VE BEpODENES EOETPOTEOEATH | TONSpeTHyBATH PEIEEN HA KOEEOMY
TEXHOTOTITEOMY eTam. ¥ IaHiS CTATTi OposEAT0BaED EPHTHH] ECETPOMEH] TOEEN
(EET) v mepo0=r=oMy OpOOecl EEI MOEYT: CTAHOBETH HeOEIMeEy QU3 SEOCTI
BEpMimeTl MEMAEGrD NOpPETOTYEAHES, JANpOTOHOBSHO EPETHEHE]  Medd |
nomepeTEVEAEHEL T e mozsEel KET, 2 TAEOE POIrIEHYTL 3EX00H MOEITOpSETY
L7 BEEEIEERT EPETHTHERY TOT0E.

OCEOEEEH TERCT.

AEICTE BepMITTeT MENIEOTD NPETOTYVEAHHS HANDEMY IATEENTH BiT SEOCTI
BEEOPHCTAHG] CHpPOBMEN 1 TexmEomord EEpOoOEMDTES. Y IATANBHEHA  Ouema
BEPOOHENTE] EEIMITeT MERTENTS IPATOTYVEASHE NPT TARTEEL HA pBc. 1.

PoarmeEemo eTAME EEpPOOHEOTES BEPMIMETi IMERIEOND NPATOTYEAHEHE, IEI
MEHITEH EPETHTHE IHITEHEE 118 H30eny i SE0CT MoToE0] MpOTyEL.
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Pmc. 1. Cxema BEEpOGHENTES BepMilmeTi IMEAIKOTD OPEMOTYEAHER
Pospocua cemapie

BIilEEHE ROHETP0IE CHPOBHER.

BopomEs MOSHEYH: BiIEOCETE OO0 CEPOBHEH, 5K3 HE € CTIEEGD OO0
MiEpOOpPTaHiIMiE, N0 3J3THA EEXIHESTH il DCVEAHHE. JBAEEHYH HIE CTAHIAPTHY
BOMOTICTE DopomEz 15%, 8 TIKO® MOEIHENTE DOPYIIEEHE YMOE 20epIraEHEz,
TPEECOOPTYBAHES OPOIVETY, EOHO Mome OVTH ypameHs COOpaME | EoHLIiDem
rpubi=. [Ipore, ¥ OODATEMIEY TEXEOROTIAEEL Oponecex Gopomso Gyae moTseaTAcE
TepsinEi® ofpoSoi 33 BECOKO] TEMDEDATYDH, K3 3TITHI IHeMEOIHTH BeTETITHEEL
dopME MIEpOOPraHiiMiE 1 (OPMH 2 [XEROTD (OOXNO0H, TOMY EHIHITEHHE
MIEPOGioIriiHEY D0XE3HEELE ¥ OPOIIE] 5K CHPOBHEHL HE € J0ULIREEM [21].

Iememe GioTOTiIEEME DOEZIERESMH, SXi MOEYTE ENNHEATHE HA BEICTE
BOpOmE: 5K CHPOEEEH, Enmmmxmﬁmmmnpmmmmm
mraxie, rpE:ymiE. [IOTEpeTXYEATEEEME JiEME € IIOMICTYHHE MOEITODHET
IFAPEEEHOLTI CHPORHEH, CEOET3CHE NPOBEIEHEAY Qe3iacerni i JepaTaaami [3].

OpEes iz EaEEsbezneTRime: fEETOpiE PHIEEY OpH BEETOTOEISHE] BepMimer
IMBEIEOTG OPETOTYEAHHE € HASEEICTE ¥ Gopomml mizoToEcHAIE. OOTEMANEEHME
VMOBIMH QUi OPOIYEYEIEHE MIEOTOECEHIE € TemmepaTypa 20-30 °C 1 pimsocEz
BOMoTicTE moEiTpE 85%. Ie oagaTsc, o DopymeRHs yMoE 30epirages epEs abo
GOpOMES MOEE CTATH ODEYEHCE MICHEEE0T0 YPAXEHEHS C(EPOEREE i fE HACHITOE —
YIEOpeEHE MinoToECHEIE. Bepumi mexi BMmicTy mikeToncEEIE v Gopommi
BCTEHOBIERT BEIINOELIED A0 PErmasenTy momicil €O M 1881/2004.

CEpiv XOSTpOIDD BMICTY MIKOTOECHEIE, GOpDOMES EOHTPOMIOTE 34 BEMICTOM
ToECHEYEEX enemerTie (Pb, As Cd m Hz), pamosyemigie (Cs-137 1 5r-90),
DECTHOEIIE, 3 TEEOGE Hi EMICT CTOPOEHLY BETHISEE PIIE0TD DUTOIHeHES.

[MeTEa EB033, OPHIESTEHA QN ERCOTOENEHHN XAPI080i OPOAVENIL, DOBEHER
BiINOEIZATA TEERM TiricEMEEM EEMOrTSM: GyTE OeinedEONy B eHiNEMIiTHOMY T4
pammmnr_'.r m.cmnnmm, MATE COPESTAHB] OPT3EONENTHYEL EBEACTHBOCTI i
ERNKIITHERE xiMiMEEE cxnan. irieeivey onigky GeamedsocTi TA EEOCTI OETHOL
BOOE NpPOEOIETE 34 DOOEIIEREEME ENLIEMIME0]  DE3OeXH: MIEKpOOI0IoTiTEI,
NapAIETEPHE] DoEsEEEE Bigmoeimes go JMC=elTiH 2.2 4-171-10. V Tafn.] =aeemesi
KPETESHL ROHTPOAEH] TO9KHE EOETROIH Ei 8TAli EXIIHITD KOETPOIH CEPIEEHHE.

ExilEEE EOETPOAE TAPH i yOakoekH. HesEicEME ODSEVEATSHEH MAITEpiaT
MOEE CTATH OPEYHECE: 3E0pyIEcEHE 800 2APaEEEEE TOTOEC] DpoayEmil [lepomEm
ETANOM EXiTHOrD KOHTPONED TAPHE i VIIAKOEEH £ MEpERIDN: CYVOPOEOTEFEATREEY E3
npaIyEmiE JoxydesTie. [IpE BiGcyTEOCTI SOEVMSHTIE He0fNiTHEO DOBITOMBATHE TG

FLESW 24 1561 F 17T el il ndecaliid
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O& OOCTATATEHAEIE. [[3EYBATEH] MATEPIATH NEPEEIpEHTE E3 HASEHICTE CTOPEELN
NpeOMeTiE, HASEHICTE IOy, IS0QYVIEEEE OPOIVETEME BHTTEILLIRHCCTL OTIXE,
rpEzyELE. [JoMepeTEyEATESAMA TiSWH € EOHIPOTE EROPOOVEATEHOTD DEHTPY.
DOTPIMAERS BEMOT HCTPVELDIR 3 D0Tepe T8 eHEE MOTPAlIiEES CTOPOEHD IPETMETIE
1 CHEMH BXITHOCS | EEPOOERTOTD EOETPOMH, MEXaHITHS OOHCTES TP [3] (Tadm ).
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JGepiraEEA CEPORHEH i DARKYBANREEI MaTepiamie. [Ipe noripmessi vMOB
30epiraHEY CHPOEHEH (JOPOOIER) ZpPOCTAHITE PEEHEH 1 IADAESHHS CTOROHEBOE:
MiEpodIoposn. OITiMaTkhErs 375 30epiTadEs SopoHS € TEMOEPATYRa +5..+15°C
i BiZEOCHA EODOTICTE moBIiTpE G0 — 65 % (CHoEEl BEIM ICYBIEHE OOpOmHAE,
NoBEE3AHI 3 DOPYIIEHHSM [IPEEHRT Hore 30epiraHHE € NNCHIBIHEYT | OpOERCIHES
[24]. Cemazm, opezEswesE] DT 3bepiragms OOpODmNA ¥ EDYOH, DOEHEHI OVTH
THCTHME, CVHME, I00pe OpOBiTpHEIENME. [x Tpefa mepiomrmEe DesiE@iEyEaTH,
H3BIiTE EXIO0 HeMAE (GHAE FAPAEESHT MEirErEiMy. [lonsperayBaTsERME JTIEME H3
IaHOMY ETaml € JOTPEMAHES CAHITADHAY EEMOT | Eopd 30epiraEH: CHPOEEHE,
MENAH(TE OTECTES COBSPNOEE, JOTPHMAHHS BIMOT INCTDYENIR 3 COTEpeTESHHT
NOTPANTEERE CTOPOEHIY MPEIMeTIE | CNeMH BEXITHOTO | BHpOOHE=OI0 EOETDOIED,
CBOEIACEI OpPOOETyPH  IEpATHIANIl DpEMIMess, MOMICEIERE MOEITOPHEET
FapaEe=ocTi (Tadm 3.
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Pozpocua cemapis

3aMImyEAEER | EECTONEIEHA TKTa. JOETOTPHEAT: mepelyEAHET TICTA ¥
TICTOMMIMYBATEERY | ERCTOMEATEHID AMADSTAN [PE MIENMEHE TeMIepaTypl
COpERE SETHEEOMY POIEHTEY MIEpOOpraHiiMis. Oompsm 3 Haimefemmewmimmr:
MIEpOOPTAHIIMIE QT8 ENOCTI TOTOEOL EEDMIMST € MOTOTHEOERCI GaETepd
(Lacrobacillus breviz, L plantarum, L. formenti 13 i5.), 556 DiTESITY T ERCIOTHICTE
TICT3, OPHECISTE I0 COYIVEAHHS TiCTA L 5E E3CTO0E, € NPEIHHOH YIEODEHHS
IYCTOT 1 ropiRcTol MOESQXH] ¥ TOTOREN ERpodax. Hampretas, roModepMeHTSTHERD
GakTepis Lactobaciliur breviz sETRE=0 pocTe NpE TeMmepaTypi 15 °C. i g2 pocTe ope
TewMmepaTypl Oieme 45 “C. BaETepis TSEOE IT3THS POCTH 38 EOHOSHTPANL com ¥
cydcrpari 4% [3). Ilpe depsesTamil CpSCTpaTy VIECDEME MOOOTHY EBCIOTY i
BYTOESHCGOE I33, =6l | DPEBOISTE IO COYTVEANEY MAEApOSERN  BHpoSis.
JaMiTTyE3EHE | BHCTOREIHHE TICT3 OPOEOIETE 33 TeMmeparype 15-30°C, mo e
ONTHMATEEGE TEMITEPATVPOR IIE POCTY TEpMODiThODnT MOom0THOERC TR GarTepin.
IIpore, Om8 pPOCTY MOTOIHOERCTEE OaETepid v Ticri mecixizEe, mod BoED
IHANOTATCCE V 3AMIMYEATEHEX | EECTOMBATRHEDN AMApaTax TpEEamm =ac [2.4].
IlomepeIs/EATRENME JI9WH HI I3HOMY STaNl € CIpOTe IOTPEMSHES HOpM
TEXHOTOTITHOCS Opomecy (Tadad).
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TigpoTepsimEa 1| TepMidEa ofpodka DpogveTy. [licos Toro 8K TICTO
CHOPMYBATE, HOrC BLIIPABTEIOTE B3 TiTpOTEpMIiTEYy oOpofny maposs 1 TepsiEy
ofpodzy mumtos ofmaprossEHs Tepwites o5pofxa DapoH J0IBONEE IMAHIIHTH
BOMOTICTE Hamiedabpesary go 50-658% i :oommmse GIBmicTs BEreTSTHEHITT SOpM
Mezohimmo: SaETepil | Jpizmxis. Hacryimm eTan ofpodas — MpoEaploEaseEs ¥
TNATEMOELH 0Tl NpH TeMOepaTypl, S53 IHEAVE BOIOTICTS DpoIveTy Jo 5.5 - 6,08 i
IEHIyEe ammmEoR] coopE. Ha gasomy  erami  HeoOXioEoD EOHTPOMHIBATH
TEMITEpETYPHEN pedEn ooposEn | MacoBy 9acTEY BOIOCH ¥ NpOOyET (Taba ).
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OzonoTEeEER HPOIYKTY. Has zamomy erami m:[ﬁ}'n.armr_x O0T0 TESEHT
OpEESTIE nq}xm&'n HI ummr_'; EOEBSEp] V BENTHIENFHIE EaMepl, ¥ EXIE
CTEOPE:ITT PIBE0MIPHIH OB TP noTk. I VEREHEHES 00EaCHEHHE TPOIVETY
MIEpofIOpPOR: OOBITPE. Heo0XITE0 EOHTPO/EOEATE [OOEITPE H3A EMICT cOOp
nmceHeERy MPROIE. TAE0E EOHTPOHIHTS: BMICT BOTOTE V OX0I0I#EH0MY IPOIVETL,
CCEIEER JaTi  OpOIYET  HTe  EAa  pacysamma.  [lomepemsnvEamsEil 3l
MIEpOSi0TOriOEEE EOETPOIE TOEITpE B pimme 1 pasy B3 THATESE, BLTANCBISERE
GATATOCTYIERERO] CHOTEMH OTHMSEHE atMocdepEore moEiTps (Tada.8).
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$acypanan. Ha eram facyesEEs MosIHBEE GeamocepenHil KOETAET PYVE
DEPCOHEATY 3 MOTOEOH? DPOIVEIEED, M0 MOXEe IPHEIEECTH 00 1 xoTamiEanil BIEIT 1
Staphylococcns aureus. ToMy DepCoEAT KOETPOMHEITE 33 NOTPEMIEEHEEM OC00HCTOL
TITIEHE, 8 MOTOEY OPOIVEDH MCAE PAcYEIEES DEPeBIDERITE 38 MIXpoSiomoriTEEME
OOESIEHEAME. TAKQE H3 JAEOMY STAOL EOETPOMEIMNTE MACOEY SaCTEyY BOOOTH ¥
OpaOyENil, DepepipEEdTE OPOIYEDIE EXZ HAISEHICTE METATOMATHITHIX IOMOTOE i
CTopoHHED Opeaseris. [lomepeaxyeameHEi i JOTPEMESHES  TeXHOTOTITHEN
OEpaMeTpis OpeneCy, JOTPHMAEER HATEMHE CANITEPHEEY EopM (Tabm 7).
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Tomy VOAEOE3HY BEpMimmen: 30epIamTs ¥V CETAICEENE OPEMIDESHETT 33
BlTEOCED] BOTorecTl moBitpa 0., 65 %o 1 mpa Tesmeparypl 15...18° C. [Ipesimesss
onn :0epirasHs MAEADOEETTE BHpOOIE TORHEEO GYVTHE SHOTHM, Oy, Io0pe
NpoEiTpeE He IApaEesM swMOADESTME meimEseaner. [IpoIyEDiss, YIasoBsEy B
EAPTOHN] SOEN | MIDER EBEIAIANT: V ITadem, ERCOTA MY DOBEEE: 0yTH Ee
ClMEIme mecTH fmExiE ade cexm wimmie [1]. EET Ba eranl aDepiraEHsT TOTOE]
NpOIyELLL Easenes v Tadm. B,

EncEoBkE.

Ha ocE0El OpoBeISHOTY AHATIZY PEEHEE, SXi MOEYTE EREREATH E3 KOEHOMY
£TAMl ENpOOENIITES EEpMIDeT] MERIEOTO DPETOTYEAHHT, 0VI0 (ETajeso Tadmemi
EPHTHEDN  EOHTPOMRESD  TOW0E, ENIHSTEH0 EpPETHDEI MeEl 3 TaEOE
FAMPONCHOEIND MSTOINEN EOHTPOED | DEpio@ITTHOCTI NpOBEIsHHY MOHITODEETY.
Emposagsesms opeEmemEe HACCP ma sEpe0EROTEL BepMimeTi mMERIXODD
OpETOTYEAEHE T0IB0NSE MIHIMIIVEATH PHIFEH, Tl CTEOPHEITECY HeleimeTEmiMm
diEETOpEME Hi EEpODERMITEL | rAapaETYEATH GeimewHIcT: I SECT: mpoIyemil Ius
CIEHEITA
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86 Infermatiomal scientific conference of young sdenfist and snadentz
"Wouth scennific achievements to the 21st cenmry oumition problem sohsten®, Apml 2-3, 20240,
Book of absmact Pam 1. WUFT, Eyv.

2. Optimizration of Natamycin biosynthesis mediated
by Srrepromyces nafalensis NEBRL1G51

Sofiia Tzapkoe, Viktoriia Krasinko
National University of Food Technolegies, Ky, Ukraing

Imtroduoction. Over the matter of Ukraine populaten’s rising incidence of candidissiz
and demand on domestic Watamyrin preparagons [1], & technology adoption of the
Natsmycin substance production on domestic biophamaceuiical enfities remaing pertinent.
Materials and metheds. Literamre datas and stagstics were submirted to thorough
analysis and wsed for reference in the estimation of productive capacity and selsction of
opiimal biosynthesis conditons for Watamycin production.
Eesulfs and discussion. Presently, the vast majority of Matamycin preparations available
in the Ukrainian pharmaceutical market are foreizn-made. According to our calculatons, it
is required to produce 129 kg of Natamycin substance or 72 m” of cultural broth in a vear for
substiming a fourth of the mported Matamycin preparatdons with the domestic ones.
For Matamyrin production on an indusmial scale, it is critical to salect 3 well-balanced
and cost-effective culture medinm content The maxirnom Matamycin yield can be reached
by ooltivation in 3 broth medinm composed of (2/1): glucose — 2000, beef extract — 2.0, yeast
exiract — 2.0, asparagine — .5, EH:POs — 0.0%. Durng the first 48 howrs of cultivation, the
cultvaton brod is complementarily supplemented by carboxylic acid salts (g1): C:H:MNal;
— 025 C:HyWNal; — 1.75. The addiden of shor-chaimed carboxylic acid salis as the
prosecutors of MNatamycin biosynthesiz to the culmral broth is 3 non-complicated and at the
samne fime cost-effecive solution for ressing antibiofic yield The addition of acetmbe-
propionate mixvmre at the 7:1 ratio at the tofal concentration of 2.0 g/ during the exponentizl
phase of culture growth (during the frst 24 howrs) conmibutes to the morease in Matamycin
yvield to 3.0 21 by Streprongeces naralensts NERL265] cultivation. It shonld be noted that
Matamycin concentration in the cultoral broth individually supplemented by sodinm acetate
or sodium propionate is significantly lower by 33% and 28% respectively. The additon of
biosynthesis prosecutors during the first 12 howrs of oulgvation has a stmmlatery effect on
Watsmycin yield but at the same time has 3 megative impact on biomass production.
Supplementing the culture broth with the carboxylic salts in the statonary phase (afer 72
hours) has no stimmlatory efect on MNatamycin production [2].
For mansferring the aforementioned technology on the production scals, we suggest
conducting bosynthesis in the bioreactor “Frings Proreact-300{B" at temperanms — 30°C,
pH - 7.0, agitation rate — to 300 rpom, aeration rate — 1.0 Liwin for 84 howrs. It was caloulated
that the adherence to the aforementioned ulovanion conditions sllows producing an annmal
quantity of Watamycin substance for 84 working days (12 weeks).
Conclhosions. The introduction of the proposed technology of Matamycin biosyndesis
offers a means of increasing an antibiotic yiald for one working cycle and thereby decreasing
the number of workimg days and total production operating expenszas,
Eeferemces
1. TomySea OB (20011}, ITomEperEi Th EAHIEI03IE, JArATEES XAPAETENECTHED 3077 IERES,
CCo0MFEOCT] TabopaTopEel JarEocTEER, Axsany Mysivoecsroze incmumpmy, 2, o
51-58.

2. Elsayed AE_ Farid M., Enshasy H. (2013}, Improvement in natamycin production by
Strepromyces natalensiz with the addition of short-chain carboxylic acids, Process
Biochemiziry, 48 (12), p. 1831-1852.
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Matamycin is an important tetraene (polyene) antibiotic produced in submerged culture by different
strains of Streptomyces sp. In the present work, the effects of the addition of short-chain carboooylic acids
(acetic, propionic and butyric) on cell growth and the kinetics of natamycin production were investi-
gated during submerged cultivation of Streptomyces natelensts. The addition of acetic and propionic acids
showed stimulatory effects on natamycin production when added to the fermentation medium at con-
[=: ions below 2gL-! at the beginning of cultivation. In addition, when acetic and propionic acids
were added in a mixture (7:1) at 2 total concentration of 2g L', antibiotic production increased sign:
icantly, reaching 3.0 gL' (approximately 223% and 250% increases in volumetric and specific antibiotic
production, respectively, compared with the control culture). Moreover, the addition of carboogylic acids
nat only increased the antibiotic yield but also decreased the production time from 96h to only 84h
in shake-flask cultures. A further enhancement in natamycin production was achieved by cultivation in

a 2-L stirred-tank bioreactor under controlled pH conditions. The maximum volumetric production of
3.98g L-" was achieved after B4 h in carboxylic acid-supplemented culture {acetate and propionate in a

ratio of 7:1).

i@ 2013 Elsevier Ltd. Al rights reserved.

1. Introduction

Matamycin { pimafucin, pimaricin) is a commercially important
antibiotic produced in submerged culture by various strains of
actinomycetes, such as Sreptomyces natalensts, Str. gilvosporeus,
and Str. chattanoogensts. This antibiotic has strong antifungal activ-
ity against various types of fungal pathogens, such as Condida,
Aspergillus, Penicillium, and Trichoderma. Thus, it has diverse appli-
cations in the medical field as a potent antifungal antibiotic and
iis used for the treatment of a variety of mold and yeast diseases,
such as yeast keratomycosis [ 1], Aspergillus Keratitis [2], bron-
chopulmonary aspergillosis [ 3], and various types of candidiasis [4].
This antibiotic is currently available in the pharmaceutical market
in different formulas, including eye drops, cintments, and creams
under various trade names, e.g.. Natacyn®, Myconat®™, Natamet®,
and Pimafusin®, In addition, due to its low toxicity, natamycin is
one of the few antibiatics that is still regarded as 2 GRAS (gener-
ally regarded as safe) chemical compound according to Food and
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Drug Administration (FDA) guidelines. Therefore, natamycin appli-
cations are not limited to medical fields but are also extended
tor the food sector as a potentially safe preservative agent in the
cheese, olive, meat, and fruit processing industries [5-7]. Fur-
thermore, natamycin is also used as a natural and safe product
for crop protection [8,9] This antibiotic is mainly produced in
submerged culture by strains of actinomycetes belonging to Strep-
oMy Ces sp., such as Str. natalensts [10], Str. mivosporeus [11,12], and
Str. chattanoogensis [13], Different approaches have been used to
increase the antibiotic production yield to cope with its high market
demand, These studies include optimization of medium compo-
sition [11,14], improvement of cultivation conditions [10,12], and
strain gene manipulation by simple mutation and genetic engineer-
ing techniques to increase strain productivity [15-17].

MNatamycin has the chemical formula CiaH4NO13, a molecu-
lar mass of 865725, and the Chemical Abstract Service Registry
Number CAS #7681-03-8. This anti-mycotic compound consists of
alargelactone ring of 22 carbon ztoms linked to a mycosamine moi-
ety, an amino sugar, by a glycosidic linkage (Fig. 1). Based on the
presence of four conjugated double bonds, natamycin belongs to
the polyene antibiotic group. Like other typical polyene macrolides,
the biosynthesis of the natamyein basic chain follows the biosyn-
thesis of fatty acids, which is composed of the decarboxylative
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Fig. 1. Chemical structure of natamycin.

condensation of simple carboxylic acids [18]. This is performed
by the repeated head-to-tail condensation of starting units, e.g.,
acetate, propionate or p-aminobenzoyl coenzyme A, with a highly
variable number of malonate or methylmalonate units [19], as
presented in Fig. 2. After this step, polvene antibiotic biosynthe-
sis involves the assembly and cyclization of a polyketide chain,
followed by the oxidative modification, and glycosylation of the
macrolactone ring [20]. Recently, a natamycin gene cluster has
been identified by DNA hybridization, sequencing and analysis; the
cluster spans approximately 100kb, and contains 18 genes that
encode 13 polyketide synthase (PK5) modules with 5 multifunc-
tional enzymes (Pims0-Pims4) [21]. The PimS0 protein containing
the domain structure carboxylic acid CoA ligase initiates natamycin
synthesis. The CoA ligase is believed to activate the conversion of
acetate to acetaldehyde, thus catalyzing the transfer of the grow-
ing polyketide chain to the acyl carrier protein ACP and feeding the
acetyl moiety to the ketide synthase protein 1, Pim51, for the first
elongation step [22]. Additionally, the acyltransferase on the PKS
protein module 7 is thought to incorporate a propionate extender
unit.

Therefore, the addition of low-molecular weight precursors
such as carboxylic acids and amino acids was considered to be an
inexpensive, scalable and easy approach to increase the production
of different antibiotics, such as in the case of rapamycin [23], tylosin
[24], pneumocandin [25], rampolanin [26], glycopeptide antibiotic
A40926 [27], bitespiramycin [28], and natamycin [29,30].

In the first part of this study, we investigated the effect of the
type and concentration of short—chain carboxylic acids (acetate,
propionate, and butyrate) on natamycin production. Furthermore,
the optimal rario between acetic and propionic acid in a sup-
plemented solution was investigated to increase the stimulatory
effect. After full optimization of the carboxylic acid addition strat-
egy. the kinetics of cell growth and natamycin production in
medium with and without carboxylic acid addition were investi-
gated at the bioreactor level.

2. Materials and methods
2. Microorgamisms

The current study was performed using the natamycin producer strain S natak-
ensis NREL 2651. This strain was obtained in lyophilized form from ARS culture
collection (Peoria, IL, USA). The strain was initially activated through cultivation for
4 days in 1SP-2 broth medium composed of (gL' ): malt extract, 10.0; yeast extract,
4.0; and glucose, 0. The germinated spores were subcultured for 10 days in ISP-2
agar medium (prepared by the addition of 20.0gL-" agar to ISP-2 broth). The pH of
the medium was adjusted to 7.0 before sterilization. After incubation at 30-C for 10
days, the arisen spores were collected in a 50% glycerol solution (v v ). The har-
vested cell suspension was stored in 2mL cryavials (Nalgene Nunc. Int., Rochester,
IY, USA) at —B0*C in an ulrra-deep freezer as the master cell bank. To minimize
intra-population and inoculum quality variations during this study, each experi-
ment was started by revival of one glycerol vial in ISP-2 vegetative broth culture.

The viability of the stored cells was checked periodically to ensure cell stability
during storage.

22, Inoculum preparation and natamycin production medium

For each experiment, 1 vial of the deeply frozen culture was removed from
the freezer and activated on 1SP-2 medium for 7 days at 30-C. The arisen spores
were collected in saline solution (NaCl 0.9%, w v—") and diluted until reaching a
countable level between 10° and 10° spores mL-". Spore counts were performed
using a hemocytometer slide and were used to inoculate the vegetative medium
at a level of 2 = 108 sporemlL-". After 24h of cultivation, the obtained cells were
used to inoculate the production medium at a concentration of 5% (v v ') Unless
otherwise mentioned, the production medium used in this study was composed
of (gL-"): ghucose, 20.0; beef extract, 2.0; yeast extract, 2.0; asparagine, 0.5; and
KHzPO4, The inccuistion medium used in this study was composed of (g L-1): glucse, 4.0,
Fralt etract, 10.0; yeast extract, 4.0 The pH of the medium was sdjusted to 70 and stardized by
sutacisving st 121C for 15 min. Glucose vas sterilized separately by sutocievingat 115-C for 20

frify and was ackled b the mediim before inosulation. AUl mediur adcitives wers sherdized by
filtratian and were added to the farmentstion medium urder starli canditions.

23, Cultivetion conditions

For shake-flask experiments, the ions were in 250 mL Erlen-
meyer flasks with a 50mL working volume. The inoculum was in the form of
24-h-old vegetative cells at a concentration of 5% (v v-1) as described previously.
The inoculated fasks were incubated at 30°C on a rotary shaker at 200 rpm for 96 b
Samples in the form of three flasks each were withdrawn intermittently for dry cell
weight, antibiotic, and glucnse determination. Cultivations in the bioreactar were
performed using a 2-1 stirred-tank bioreactor (Biofla 110, New Brunswick Scien-
tific Co,, New Brunswick, NJ, USA} with 2 working volume of 1.2L The stirrer was
equipped with two 6-bladed Rushton turbine impellers (i meser aametsr = 52 mm:
i tack ameser) = 125 mm, dicy ' = 0.416). Agitation was adjusted to 300 rpm through-
out the cultivation process. Aeration was performed using filtered sterile air at a
rate of 1.0 vv-! min-!. The dissclved oxygen concentration in the culture was ani-
lyzed using a polarographic electrode (Mettler-Taledo, Urdorf, Switzerland). During
cultivation. foam was suppressed by the addition of the antifoam agent Struktul
(Schill +Seilacher GmbH, Hamburg, Germany .

24 Sample preparation and dry cell weight determination

Samples in the form of 3 flasks of 50 mL broth each, or [0 mL brothin the case of
bioreactor cultures, were taken at different time intervals during cultivation in pre-
weighed sterile Falcon centrifuge tubes (BD Biosciences. Franklin Lakes, N, USA) and
were centrifuged at 5000 rpm for 20min. A small fraction of the supernatant was
frozen at —20 -C for glucose and antibiotic determination, and the remaining cen-
trifuged cells were washed rwice using distilled warer, followed by centrifugation.
The centrifuge tubes were then dried to a constant weight at 50 -C to determine the
dry cell weight.

25. Determination of ghicose

Glucose was determined enzymatically using a glucose determination kit based
onthe glucnse oxidase-glucose peroxidase method [Glucose kit Cat No. 10009582,
Cayman Chemical Co., Ann Arbor, MI, LISA). The intensity of the developed color was
determined ar 514 nm using a Novaspec Il spectrophotometer (Pharmacia Biatech.,
Cambridge, England).

2.6 Determination of natamycin

The itati ination of in in the culture was performed
using the agar diffusion method with a natamycin-sensitive strain of Sactharemyces
cerovisioe a5 3 test organism. Abiologi curve wa thelog-

arithm of different concentrations of natamycin standard and the inhibition zone
diameter of the standard strain as recorded after 2 24-h incubation ar 30C. The
authentic sample of natamycin was kindly provided by the DSM Company (Delft,
the Netherlands)

3. Results and discussion

3.1. Kinetics of cell growth and natamycin production during
cultivation in submerged culture

A time course study of cell growth, glucose consumption and
natamycin production in the submerged culture of 5tr. natalensis
is presented in Fig. 3. As shown, there was no lag phase observed
because the inoculum was in the form of an activated cell mass
previously grown for 24h in vegetative growth medium. Thus,
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immediately after inoculation, cells grew exponentially with a
growth rate of 0,067 gL-'h-1, reaching a maximal biomass of
43gL-" after 84 h that was maintained more or less constantly for
the rest of the cultivation. In parallel with cell growth, natamycin
accumulated in the culture and was produced at a constant rate of
approximately 0.014gL~" h~', reaching 1.31gL~" after 96h. The
termination of natamycin production resulted from glucose lim-
itation in the culture. During the active growth and production
phase, glucose concentration decreased in culture with a constant
rate of 0207 gL' h-1 and reached almost zero after 96 h, Once
the antibiotic reached its maximal value, natamycin decreased
gradually in the culture at a low rate of 0.008gL~T h!. Although
natamycin is one of the most stable antibiotics in its pure liquid
form, the ohserved gradual decrease in antibiotic concentration in
the fermentation broth could be related to microbial activity and
degradation under carbon limitation. Based on these data, cultiva-
tions in the subsequent experiments were terminated after 96 h to
reduce the possibility of a reduction in antibiotic concentration in
the culture after its maximal concentration was reached.

3.2. Effect of the additton of different carboxyilc acids on
natamycin production

In this experiment. three parallel cultivations were conducted
to investigate the effect of the addition of short-chain carboxylic
acids on natamycin production, Carboxylic acids (acetic, propio-
nic and butyric acids), in the form of sodium salts, were added

separately at the beginning of the cultivation time at different
concentrations ranging from 05 to 25gL". Fig. 4 indicates that
natamycin production increased upon supplementation of the
fermentation medium with acetate or propionate salts at concen-
trations berween 0.5 and 2 g L', The maximal antibiotic production
of2.35 gL-! was achieved in 2 gL-! propionate-supplemented cul-
ture, A further increase in propionic acid concentration resulted
in a significant reduction in both cell growth and natamycin pro-
duction. The addition of acetate to the fermentation medium
also showed a stimulatory effect on natamycin production when
added at a concentration between 0.5 and 2gL-!. The maximal
antihiotic production of 225gL-! was obtained in 2g1-" sup-
plemented culture, Like the propionate-supplemented culture, a
further increase in acetate concentration beyond 2 g L~ resulted in
a significant decrease in both cell growth and antibiotic production.
On the other hand, the stimulatory effect of butyrate on volumet-
ric natamycin production was much lower compared with acetate
and propionate, A maximal antibiotic production of 1,65 gL was
obtained in a 1.5gL! butyrate-supplemented culture, This value
was only approximately 12% higher than the antibiotic produced
in the control culture without the addition of carboxylic acids.
Ta better understand the stimulatory effect of different carbaxylic
acids on natamycin production, the antibiotic-specific production
yields are reported in Fig. 5. As shown, the yield of antibiotic
production increased gradually by increasing either acetic or pro-
pionic acid concentrations in the culture from 0.0 to 25gL~" and
decreased thereafter. Thus, the increase in volumetric antibiotic
production in acetate- and propionate-supplemented cultures was
not related to the change in the biomass but to the increased
cell productivity. However, the specific natamycin production was
lower for all butyric acid concentrations than the control, Thus,
the observed slight increase in antibiotic production in this cul-
ture was attributed to the higher biomass production compared
with the control rather than an increase in cell productivity. Based
on these resules, the addition of acetic acid or propionic acid to
the fermentation medium at a low concentration of 2.0gL-! was
chosen as the best precursors for natamycin preduction in the sub-
sequent experiments, The maximal values of volumetric natamycin
production of 2.25gL~" and 2.35gL~" in cultures supplemented
with 2 gl acetate and propionate, respectively, were higher than
those reported in previously published work using the same strain
orits recombinantin batch culture under optimal cultivation condi-
tions in medium without carbaxylic acid addition (0.2gL~"; [31])
{1.5gL~"; [14]), and (1.7gL""; [10]). In contrast, the addition of
butyric acid did not show any significant effect on volumetric
natamycin production at any of the concentrations applied.

The observed stimulatory effects of propionate on natamycin
production were zlso reparted in the previous study of Jing et al.
|30]. in which propionate increased natamycin production in a sub-
merged culture of Sir. gllvosporeus by approximately 82% when
added to the production medium at a concentration of 6gL-'. A
further increase in propionate concentration resulted in significant
reductions in both cell growth and antibiotic production. In this
study, 5. natalensis cells were more sensitive to propionate addi-
tion above 2gL-! than St gilvosporeus. In the same study [30],
sodium acetate also increased natamycin production by 43% when
added to the medium at 2 concentration as low as 1gL~", How-
ever, SIT. natalens(s produces less biomass in culture compared
with other natamycin-producing strains, Thus, the values of specific
antibiotic production by St natalensts in acetate- or propionate-
supplemented cultures (Table 1) were much higher than the
maximal value obtained ina 6gL~" propionate-supplemented cul-
ture of Str. gilvosporeus (0.20gg~"; [30]L The positive effect of
C-3 aleohal (n-propancl) on other polyketide antibiotics, such
as erythromycin, was also previously reported [32]. The stimu-
latory effect of propionate was attributed to the induction of
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Table 1

Comparison of fermentation parameters for cell growth and natamycin production after the addition of carbosylic acid in shake-Aask and bioreactor cultures.
Culturs Growth parameters Preduction paramesters Substrate parameter

Koz [ELT] et [gLTR ] i [ L8] Poa gL Op gL 1] Yoa 122771 i [h] @ [gL-1h1]

Shake-flask culiures
Control 455 + 053 0054 0.024 = 0.002 Bd 1.48 + 038 0os 033 +0.07 o5 ozl
AASC A7+ 016 0044 0024 = 0.001 Bd 135+ 007 0.023 060 =+ 0.03 o5 024
PASC 420+ 014 0050 0024 = 0.001 B4 235+011 o024 056 +0.03 95 024
BUASC 490 + 042 0.058 0024 + 0.002 B4 1.56 +0.08 006 034 +0.03 95 021
ANPASC(7:1) 366 +022 0044 0024 = 0.001 B4 300 £ 007 0036 0EZ +0.05 B4 022
Bireactor oultures
Coatrol 540 +025 mws 0028 + 0.001 2 LET £0.03 0.2z 035 +0.02 B4 07
ANPASC(7:1) 415+021 0.058 0028 + 0.001 2 3158 £ 005 0.0a7 086 +0.05 B4 07

X e, maximal dry cell weight; &, growth rate; gy, specific growth rate; By, maximal volumedric natamycin production; O, natamyein production rate; ¥, specific
matamycin production (g natamycin/ g biamass), [, fermentation time; @, glucass carsumption rate; AASC, acetic acid supplemented shake-flask cultivation; PASC, propionic

shake-flask culti

acid supp

cultivation at a ratia of 721 (all acid mixtures were supplemented at 2 total concentration of 2g L7 of sodium sals)

BUSC, butyric acid supplemented shake-Aask cultivation; AATPA SC (711 acetic acid and propionic acid supplemented shake-flask
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propionyl-CoA carboxylase and other polyketide synthases, thus
increasing the enzyme machinery involved in the biosynthesis of
the antibiotic [33].

3.3, Addition of carboxylic acids at diferent acetate:propionate
ratios

Experiments were conducted to investigate the effect of con-
comitant addition of acetate and propionate at different ratios
(acetate:propionate ratios ranging from 1:9 to 9:1). The concen-
tration of total carboxylic acids supplemented for all ratios used
was 2gL-!, As shown in Fig. 6, cell growth decreased gradually
when the acetate ratio in the mixture was increased from 1:9
to 9:1, On the other hand, the effectiveness of carboxylic acid
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Fig. 6. Effect of different acetate: propianate ratios on cell grawth and natamycin
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of the cultivation time befare inoculation.}
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supplementation on natamycin production was more proncunced
atall applied ratios when a mixture was used compared with single
carboxylic acid experiments, The maximal wolumetric natamycin
production of 3gL-! was achieved in culture supplemented with
acetate:propionate at a ratio of 7; 1. This value was higher than the
control culture by approximately 121% and was also higher than
in cultures individually supplemented with acetate or propionate
by approximartely 33% and 28%, respectively. However, not only
was volumetric production increased, but the specific natamycin
yield was also increased to 093gg-! from 060zg! (acetate-
supplemented culture) or 056gg ! (propionate-supplemented
culture]. The fermentation parameters for cultures with and with-
out the addition of carbowylic acids at different scales of cultivation
are compared in Table 1, The observed stimulatory effect of the
acetate-propionate mixture in this study is also supported by the
early work of Gil and Martin [34], who found that during the
polyketide synthesis pathway of the natamycin macrolide ring, the
formation of the polyene skeleton requires 12 units of acetate and
1 unit of propionate, The positive effect of the addition of exoge-
nous acetate and propionate on macrolide lactone ring formation is
effective only in glucose-supplemented medium. Glucose usually
undergoes an amination reaction and is attached to the macrolac-
tone ring as a final stage of polyene synthesis during the secretion
of the antibiotic [35], Another study, which focused on the pro-
duction of candicidin (an aromatic polyene antibiotic produced
by Strepromyces griseus), also showed that the maximal stimula-
tory effect of z2cetate and propionate was obtained when the two
were added to glucose medium at a ratio of approximately 6:1
{acetate;propionate) [36),

34. Efect of the addition time of carbougylic actds on natamyctn
production

In addition to the effect of the ratio of carboxylic acids on
natamycin production, the time of addition also played a significant
role in this enhancement effect. The maximal yield of antibiotic
production was achieved when carboxylic acids were added at
the beginning or during the first 48h of cultivation. If carbosylic
acids were added after 72 h (during the late exponential growth
phase-early stationary phase), the positive effect of the addition of
carboxylic acids on natamycin bicsynthesis was almost negligible
[Fig. 7). The maximal volumetric and specific natamycin production
of 30gL-" and 093 gg~", respectively, were achieved when the
carbosylic acid mixture was added after 12 h. However, cell growth
was slightly influenced by the addition of carboxylic acids. It was
clearly observed that the earlier the addition time, the higher the
negative effect on biomass production, Once cells entered the sta-
tionary phase (after 72 h), no effect of carboxylic acids on biomass
was ohserved. The results also showed that to achieve the sti-
mulatory effect of carboxylic acids, they should be added to the
cultivation medium during the first 24 h of cultivation, This may
be because the antibiotic biosynthesis in this strain started dur-
ing the exponential growth phase parallel to cell growth. This was
attributed to the fact that propionic acid needs to be converted
into propionyl-CoA to act as a precursor for polyene ring synthesis.
The enzyme system controlling this step is more active during the
exponential growth phase [30,33],

3.5 Batch cultivation in shake flasks with and without carboxylic
acid addition

Based on the above results, cultivation with and without the
addition of carboxylic acids was conducted in shake flasks to give
clear and direct data concerning the stimulatory effect of carbosxylic
acids on natamycin production by SiT. natalensts in submerged cul-
ture, Fiz. & shows that immediately after inoculation, the cells
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grew exponentially in both cultures and reached a maximal value
of 455gL-! and 3.66gL-" after 84h in control and carboxylic
acid-supplemented cultures, respectively. However, although glu-
cose consumption rates in both cultures were similar (Fig. & and
Table 1), the antibiotic production rates in both cultures were dif-
ferent. For the carboxylic acid-supplemented culture, natamycin
was produced at a rate of 0.036gL-1h-! (more than double the
antibiotic production rate in the control culture) and reached a
maximal concentration of 3.0g L~ after only 84 h (compared with
only 1.48gL-" after 96h in the control culture). To obtain a direct

Jiz2
5 oa 10
El cl.aBa
g2 a8 T
i, o
N 02
*n oo
& » o
- =
34 155
£ a i
8 5 &
s
$ o t
0 0

5o )

Fife. B Kinetics of cell growth and natamyrin production by 5. notafenss in shake-
flask cultures with and without carboxylic acid addition. (Clased and open symbals
correspond to results obtained in cultivations without and with carboxylic acid
addition, respectively. Carboxylic acids were added a5 2 mixture of apstate and
propionate at a ratio of7: 1 and a final concentration of 2g 1" after 12 h cultivation.)

—— DO[%]

st ety ks cken

- - wih cabioed cackl sddin
40 r T T T T i
= m'-'é
=
aa
o2
u.a+
! a4
az
4 .
6 20—
5 ety 1
= ¢ /,/’”‘_q"—‘l?-—ﬁl—lﬁ 5
F- A 10
a2 . o
b t
1] e Fo R T [
a 20 40 & s 168 120
smafh)

Fig 9. Kinetics of cell growth and natamyrin preduction by ST IOAHETSts in 221
hiareactar [warking volume 1.2 1, agitation 300 rpm, aeration 1 vv™" min~", temp.
30C) with and without carbosylic acid addition. ((osed and open symbols corre-
spand to results abtained in cultivations without and with carbsaxylic acid addition,
respectively. Carbaxylic acids were added as a mixture of acetate and propionate at
@ ratio of 7:1 and a fnal concentration of 2L~ after 12 h caltivation.)

indication about cell perfformance in both cultures, the antibiotic
yields were calculated, The addition of the carboxylic acid mixture
increased antibiotic yield from 033 gg! to 093gg . Thus, the
increase in volumetric natamycin production was directly related
to higher cell productivity in the carboxylic acid-supplemented
«culture. However, the changes in the pH in both cultures were sim-
ilar to typical natamycin producing actinomycetes, The pH value
decreased gradually from 7 to approximately 5.5 during the first
48h of cultivation time and increased again gradually to neutral
pH after 120h, During the growth phase, the pH drop as a result
of excretion of TCA organic acids such as pyruvic, a-ketoglutaric
and lactic acids in low concentration. The excess carbon in medium
could be used to produce organic acids if not oxidized aerobically
to €07 for energy production [37], In the subsequent incubation
period, the pH increased gradually as a result of the decrease of cell
growth and the increase in antibiotic production.

3.6. Natamycin production during batch cultivation in a 2-L
stirred-tank boreactor with and without carboxylic actd addition

Based on the above studies, cultivations were transferred to
bioreactor level to investigate the possibility of industrialization of
this process, Medium composition and cultivation conditions were
the same as in shake flasks. The pH of the culture was controlled
at 7.0 by the continuous addition of NaOH and HCl to the culture
medium, Fig. 9 shows cell growth, natamycin production and glu-
«cose concentration in culture medium in a 2-L bioreactor. During
cultivation without carboxylic acid addition, the maximal cell mass
was 5.4gL-!. This value was higher than the hiomass obtained in
carboxylic acid-supplemented culture by approximately 30%,

The maximal value of nal:amlycin in acetate-propionate sup-
plemented culture was 3.98gL~" after 84 h (approximately 113%
higher than the control culture). In both cultures, the glucose con-
centration in the bioreactor decreased at a faster rate than in
shake-flask cultures, and the glucose was completely consumed
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after 72 h. This was because bioreactor cultivation provides better
oxygen availability in the cultivation vessel due to the contin-
uous aeration and better agitation compared with shake flasks;
this increased oxygen availability is positively reflected on the
physiolagical activity of aerobic microorganisms. The higher cell
metabolic activities led to higher cell growth and antibiotic produc-
tion rates compared with shake-flask culture (Table 1], In general,
antibiotic production by aerobic microorganisms is usually higher
in bioreactors compared with shake flasks due to the pH control
of culture, better mixing. and a continuous oxygen supply. which
leads to higher dissolved oxygen concentration in the culture. The
increase in cell antibiotic production during bioreactor cultivation
under non-oxygen-limited conditions was also reported in other
processes for antibiotic production by aerobic microorganisms,
such as in the case of cyclosporine preduction by Tolypocladium
mflatum [38] and rifamycin production by Amycolatopsis mediter-
ranei [39]. However, the changes in dissolved oxygen DO in both
cultures were similar, decreasing successively during the exponen-
tial growth phase (the first 72 hof cultivation), increasing gradually
thereafter and reaching approximately 85% saturation by the end
of the cultivation.

4. Conclusions

From the obtained results, we infer that the addition of a car-
boxylic acid mixture of acetic and propionic acids at a ratioof 7:1 in
2 total concentration of 2 gL-! at the beginning of the cultivation is
an easily applicable and inexpensive strategy to increase natamycin
production in submerged culture by Sir. natalensts. This approach
could also be scalable for large-scale production of natamyein as it
also showed higher natamycin yields in small-scale bioreactor cul-
ture. Production of other polyene antibiatics, which share the same
pathway of polyene ring synthesis via the condensation of short-
chain carboxylic acids, could also be improved through the addition
of a short-chain carboxylic acid mixture as shown in this research,
To the best of our knowledge, this is the first report using an
acetate-propionate mixture as a precursor to enhance natamycin
production in SIT. natalensis at both the shake-flask and bioreactor
levels.
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Abstract Pimaricin (natarmycn) is a small polvene macrolide
antibiotic used worldwide. This efficient antimycotic and
tiprotozoal agent, produced by several soil bactenial s pecies
of the genus Strepromycss, has found application in human
therupy, in the food and beverage industries and as pesticide.
It displays a broad spectrum of adivity, targsting ergosterol
but bearing a particular mode ofaction different to other poly-
ene macrolides. The biosynthesis of this only antifungal agent
with a GRAS status has been thomughly studied, which has
permitted the mamipulation of producers to engineer the bio-
synthatic gene clusters in order to genemte severl analogues.
Regulation of its production has been larngely wnveiled, con-
stituting a model for other polyvenes and setting the leads for
aptimizing the production of these valuable compounds. This
review describes and discusses the moleoular penetics, uses,
mode of action, analogue genemtion, regulation and strategies
for increasing pimancin production vieds.

Keywords Antifungal agent - Chesse - Gene regulation -
Keratitis - Matabolic enginearing - Polyene macrolide -
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Introduction

Pimaricin (PIM), also called natamycin, tmnecetin, natacyn
and E235, is anatuml product produced by given members of
the genus Stepromyess, a class of flamentous soil-dwelling
bacteria that undergo a complex life cycle involving differen-
tigtion and sporulation. It belongs to the polyene class of
macmlide polyketides, and displays a strong and broad spec-
trum mould inhibition activity, yet being safe and effective at
wery low concentrations. Because its molecular target is ergos-
terol, an essential constituent of fimgal membrmes, and hac-
teria do not contain sterols in ther membranes, it is inactive
aganst bacteria For the same resson, it is extremely reluctant
to microbial resistance since the only way fung would have to
evade its action would be to chanpge sterols from their mem-
branes. For these reasons, and becuse of its low toxicity to
mammahan cells, this molecule has become one of the major
mould inhibitors used in the food industry. Its use was ap-
proved in 1967 as a cheese preservative, and since then, it
has been extended to a wide variety of foods and beverages.
In addition, PIM has been regarded as the most important
agent in the management of fungal keratitis, a leading cause
of blindness in comeal disesses, which is relatively common
in warm climates and developing countries. Furthemmaore, itis
also used as a crop profection agent to prevent mould contum-
ination. Besides its antifungal action, it is also active against
protoena having ergosterol in their membmnes.

Useful reviews about polyens mamrolide biosynthesis and
analogue generation are available in the literature ( Apancio
et al. 2003; Aparicio et al. 2004; Caffrey et al. 2008; Kong
etal. 2013). This mini-review provides a general view of the
applicability of PIM, describes its particular mode of action
and highlights the recent advances in the molecular genstics
and metabolic engineening of its bicsynthetic pathway to pro-
duce PIM derivatives with enhanced propertics. It also
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provides important insights about the considerable progress
attained in recent years amed to unveil the complex network
of regulators imvalved in its biosynthesis and discusses differ-
ant stmtegies for mereasing production yields,

Discovery and structure

PIM is a small-sized polyene antbiotic, Its name derives from
the South African region of Natal (*Christmas® in Portuguese,
Vasco da Gama having landed on its shores on 25 Decanber
1497), where the first producing strain, Streptomyces
natlensis, was isolated (Struyk etal 1957-1958). Inaddition,
other strains like 8 gilvosporews, S Iydicus and
& chatanoogensis have also been identified as PIM producers.

Its structural core is a 26-membered macro betone dng with
four conjugated double bonds (chromophore) (Fig. 1). Its
tetraene nature was unveiled shortly after its discovery
(Patrick et al. 1958), but its comect covalkent structure was
not solved until 1966 (Golding et al. 1966) and its stereochem-
ical strchure some 24 years later (Lancelin and Beau 1990).
More recently, its solution NME structure has been desaibed
(Volpon and Laneelm 2002). Like most glycosylated paly-
enes, its molecule contains a mycosamine (3-amino-3,6-
dideoxy-D-mamose) moiety linked to the macrolactone ring
vig a f-glycosidic bond at C15. In the aglyeone, the most
chamcteristic features are the presence of an epoxide group
at C4-C5, which originates from a double bond (Mendes
ct al. 2001, 2005); an exocyclic carboxyl funchion at C12 that
derives from a methyl group (Caffrey e al. 2008; Martin and

Fig 1 Stuctures of PFIM and its
target emosterl. The UV-viible
absoption spectum of PIM &
alio included
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Aparicio 2009; Qietal, 2015; Liu et al. 2015b); and an intemal
hemiketal ring resulting from spontaneous cyclisation batween
a ket groupat C9 and a hydrooxyl group at C13 (Apancioet al.
2000) (Fig. 1). Because of the presence of the chromophore in
its structure, PIM shows characteristic physicochemical prop-
erties, including a strong UV-visible light absorption and
photolability. The UV-visible light absomtion spectrum of
PIM shows a chamderistic shape due to its multipeak pattern
(Fig 1. Like in all polyenes, the chromophaore i located op-
pasite to a number of hydroxyl fimetions, making PIM strong-
ly amphipathic, the region where the chromophore lies has a
planar and rigid lipophilic nature, whilst the hydroxy lated re-
gion is typically flexible and hydrophilic (Bolard 1986). This
featre allows the mokecuk to mieract with the sterol mole-
culss present in fungal cell membranes (predominantly ergos-
terol), by means of hydrophobic intemetions between the hy-
drophaobic portion of the polyens and the sterol, which results
in cell death (Aparicio et al. 2004).

Because of its amphi philic nature, it is poory soluble in
water and almost insoluble in non-polar solvents. Asa pow-
der, it 15 stable in the dark, with no loss of activity, but it is
light sensitive in aqueous suspensions. Its CAS number is
T6E1-93-8,

Bivactivity
PIM has a strong antifungal activity on most fungi (mini-

mal inhibitory concentrations are in the micromolar range).
For many years, it was thought that its mode of action on
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fungal membranes was to act as a permeabi lising agent, as
occurs with other polyenes (Bolard 1986). However, in
clear contrust to lange glycosylated polyenes like nystatin
or amphotericin B that kill fingi by forming ion-permeable
pores upon binding to ergosterol (Fujii et al. 1997;
Baginski et al. 1997, 2006), or to the small palyene filipin
which lacks the mycosamine moiety and also the carboxyl
group, and is thought to interact with sterols by forming a
sandwich-like structure embedded within the hydrophobic
core of the lipid bilayer, which results in membrne frag-
mentation and cellular leakage (de Kmijff and Demel
1974; Knopik-Skrocka and Bielawski 2002), PIM blocks
fungal growth by binding specifically to ergosterol but
without permeabilising the membrane (t2 Welscher et al.
2008).

Thus, mnlike other polyvene antibiotics, PIM doss not
sgem to form membrane di sruption complexes andits action
must be correlated with the altemtion of the nommal func-
tioning of erzosterol in the fungal membrane. Ergostem| is
the principal sterol in fungal cells, and has been correlated
with multiple fiunctions, including endocytosis, exocytosis,
vacuole fusion, polarity and morphogenesis (Mumm 2001;
Kato and Wickner 2001 ; Heese-Peck et al. 2002; Martin and
Konopka 2004; Wachtler and Balasubramanian 2006;
Mysvaking and Funtikova 2007; Takeshita o al. 2008; Jin
etal. 2008). Recently, Van Lecuwen etal. {2009) have prov-
en that PIM inhibits endocytosis in germinating conidia of
Penicillium discolor without causing extensive cell damage
(i.¢. without membrane permeahilisation), and Breukink
and his group have also found that PIM impairs vacuole
fusion via perturbation of ergosterol-dependent priming re-
actions that precede membrane fusion (t2 Welscher et al.
2010y, Given that the priming phase consists solely on pro-
tein rearrangements, they pointed out to a more general
maode of action such as the disturbance of ergosterol-
dependent protein functions (te Welscher et al. 2000). This
hypothesis was demonstrated only 2 years later, when they
proved that PIM inhibits growth of yeasts and fungi via the
immediate inhihition of amino acid and glucose transport
across the plasma membrane by an ergosterol-dependent
inhibition of transport proteins (te Welscher et al. 2012).

Because its molscular target is ergosterol, a structural con-
stituent of fungal membranes, PIM, is extremely unlikely to
provoke microbial resistance (Aparicio etal. 2004).

Besides its antifungal action, PIM has been involved in
the immumne response activation by trigeering interleukin-
If secretion through activation of the NLRP2
inflammasome (Darisipudi et al. 2011). The mechanism
of activation relies on the induction of potassium efflux
from the cells as well as on phagocytosis-dependent lyso-
some destabilisation. This suggests that besides inhibiting
fungal growth directly, it may also suppress fungal growth
indirectly via activating innate host defence,

Additionally, this polvene has also been found to be active
“in vitmo' against several protozoa such as Trypanosoma
(Roldn et al. 2006) or dcanthamosha (Sunada et al 2014).
These organisms have ergostern bderived compounds as com-
ponents of ther mambranes, makng PIM or its derivatives
also potentially useful as antiparasitic agents.

AppEcations

Therapy

PIM has found clinical application as a topical agent in the
treament of various fungal infections, including oral, intesti-
nal or vulvovaginal candidiasis (Cevher et al. 2008). But the
most importat playground for PIM is in the treatment of
ophthalmic mycoses. PIM was the first antifingal agent ap-
proved by the Food md Drug Administmtion (FDA) of the
United States (in 1978); it can be used for the treatment of
fungal blepharitis, conjunctivitis, scleritis and endophthalmitis
(Thomas 2003 ) and constitutes the first-line treatment in fun-
gl keratitis (Ansari et al 2013). It possesses activity against a
great variety of yeast and filamentous fungal pathogens, in-
cluding Alternaria, Candida, Cephalosporium,
Collaotrichum, Curvularia, Lasiodiplodia, Scedosporiun,
Trichophyton and Fenicillium spp. (Kaliamurthy et al. 2004;
Thomas and Kaliamurthy 2013; Hsiao et al. 2004), and is
cumently considered the most effective medication against
Fusarinm and Aspergillis (Lalitha et al 2007). Additionally,
PIM iz ako effective for the treatment of keratitis produced by
protozoa such as Acanthamosha (Sunada etal. 2014).

Food

Bemuss of its broad spectrum of activity, its low likelihood of
causing microbial resistance and especially its low toxicity to
mammalian cells (Armma o al. 2014), PIM has been widely
used as a food preservative for more than 40 years (Fig. 2). It
is significantly mome effsctive than sorbate, another commaon-
ly used mtifingal preservative (Shibata et al. 1991; Pipek
et al. 2010). When applied on the surface of foods, it does
not affect its organoleptic properties (taste, tecture and col-
our), and has prolonged antimicrobial activity, being safe for
consumption because its oral absorption is negligible (Juncp
et al. 2012). It has been anthorised by the European Food
Safety Authority (EFSA) (additive E235), the World Health
Organsation (WHO) and the FDA for protecting foods from
yeastand mould contamination and possible inherent risks of
mycotoxin poisoning. Notably, it is the only antifungal agent
with a generally reganded as safe (GRAS) status,

Since bacterial membranes are devoidof sterols, PIM is not
active agamst bacteria, thus making it an ideal antimicrobial
during bacterial npening and fermentation processes for
fermented foods. Thus, it has been tradittonally used as a
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Fig 2 Agplicstions of PIM

preservative in cheese and cured sausape production (Stark
2003), Itis used for the surface treatment of almost every type
of chewse, either added as an emulsion for coating the chese
nnd or applied by dl]:pmg ar spaying. Under these condi-
tions, PIM crystals memain on the surface of the product, and
the soluble fraction hardly penetmtes (Stark 2003), thus not
interfering with the internal microonganisms that confer their
arganolegptic proparties to thess products. Sausages are treated
with PIM by dipping or spraying to prevent fungal growth
during ageing.

Besides its major application on cheese and sausages, PIM
can also be used to prevent mould growth inyoghun and other
duiry products such as unripened cheese (eg. cream cheese,
cottage cheese nd mozarella) or whey protein cheese (eg.
ricotta), also in dried uncooked meats and in therico and pro-
seiutto hams. PIM can also beused to extend the shelf life of
different fruit and vegatable prepamtions, salad mixes, bakmg
products, sauces, fish, poultry, ete. (Fig. 2). Recently, PIM has
been used to successfully inhibit the growth of fungi durmg
natural black olive fermentation (Hondrodimou et al. 2011)
md to prevent carrot spoilage in refripented stompe ficilities
(de Vries et al 2008).

Besides its drect application on foods, PIM has been suc-
cessfully incorpomted into different packaging films coatings
{de Oliveim et al. 2007; Pintado et al. 2000; Hanusova ot al.
2010; Rang et al. 2003h), including some that are edible
(Fajardo et al. 2010), where it has proven to be gradually
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pasiries
unripened chesse
ranmed frnrd

released over long periods of time, thus extending the shelf
life of the product. This “active packaging” is recelving great
attention, smee in several countries, there are restrictions on
the: direct nse of PIM with cortam foods.

Beverages

PIM has also been described to be very effective for control-
ling growth of Aspergillis corbonarius, the fungus responsi-
ble for contamination of wine, grapes and grape juice with
ochratoxin A (one of the most abundant mycotoxins)
(Medina et al. 2007). PIM is used to prevent fungal spoilage
in other heverge products before their packaging, as it is
effective at low concentrations, it is stable if kept protected
from light and it is not affected by a wide mnge of pH values
(Junzja et al. 2012). Regulations vary from one country to
another but depending on the country; it may be used in fruit
juices, beer, wine, cider or iced tea (Mamn and Beuchat 2008;
Siricurumtana et al 2013) (Fig. 2).

Pesticide

Furthermore, PIM is alsoused as a natural and safe product for
crop protection. [t is used to control various fungal diseases
but e pecially basal rots on omamental bulbs such as daffodils
that are caused by Fusarium axwsporum (Coppmg and Duke
2007). Its efficacy to control tomato gray mould disease
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caused by Botrytis cinerea in gresmhouse conditions has also
been reported (Lu e al. 2008). In 2012, it has been approved
#5 a biopssticide by the US Envimnmental Protection Agency
for its use in enclosed mushroom production facilities to pre-
vent dry bubble disesse cansad by Lecanicillium fimgicals, a
devastating pathogen in the mushroom industry. Recently, its
efficacy controlling Aspergillus niger contammation in rice
leaffolder larvae (Cnagphalocrods medinalis, a Lepidoptera
impaortant for rice growth) mass-rearing facilities has been
reported (Su et al. 2014).

Other applications include its use in sdective growth media
to prevent growth of yeast and filamentous fimg, such as in
the isolation of Brucella (Stack etal. 2002) or Legionella spp.
(Edelstein and Edelsten 1996).

Biosynthesis and export

PIM, like othar macrocyclic polyketides, is synthesised by the
action of socalled type | modular polyketide synthasss
(PESs) (Aparcio et al. 2003) that sequentially assemble car-
bon chans from small acyl preqursons, ina fashion that mech-
mnistically resembles fatty acid biosynthesis. But, whereas in
fatty acid biosynthesis, each dongation skep is followed by a
complete set of reactions including ketoreduction, dehydra-
tion and enoylreduction; in the synthesis of PIM and other
macrolides, the product of cach decarboxy lating condensation
may underzo all, some or none of the abovementionsd mod-
ifications, thus resuling in alkanes, double bonds, hydroxyl
groups or ketones at defined positions of the poly ketide chain.
Finally, a thioesterase domain located at the C4ermminal end of
the last PKS (PimS4 ) relsses the chain by lactonisation, Ones
the first macrolide intermediate is formed (pimaricnolide), it
becomes the substmite of three fimctionalisation anzvmes that
carry out specific axidations and a glycosylation to vield the
final PIM molecule (see below).

Biosynthetic genes from 8. natalensis were the fimt de-
seribad for a polyens macmlids (Aparcio et al. 1999), and
since then, the whole clister responsible for the biosynthesis
of PIM (pir) from 12 acetate and one propionate units has
been thoroughly studied (Martin and Aparicio 2009)
(Table 1). The cluster from another PIM producer such as
& chattanoogensis has been described later and named son
(Du a al. 2011a). The chser from & natalensiz is divided
im0 two subclusters which encods a highly complex PKS
distributed in five multifunctional polypeptides (PimS0 to
Pim&4) harbouring 13 homologous sets of emeyme activities
(modules) and a total of 60 catalytic domains ( Apancio et al.
2000). The DNA region contains 15 additional opan reading
frames which govern post-PES modification ofthe polykatide
skeleton, export and regulation of gene expression (Table 1).

Both clusters show a large degree of synteny. Compared
with the scn cluster, the pim cluster contains only two major
strain-specific differences, which corrspond to pim#, an

efflux punp-encoding gene (Aparicio et al, 2000), and pimT
that encodes @ amino acid exporter (Vicente et al. 2009) n-
volved in modulating PIM production via secretion of the PIM
inducer 2, 3-diamino-2, -bis(hydroxymethy [k 1,4-butanediol
(PI factor) (Recio et al. 2004). Both genes are locatsd at the
two ends of the cluster (Table 1) Intum, the sm cluster con-
tains a putative transposase gene located downstream from
senSl, the PKS in charge of the first elongation step in polyke-
tide construction. Interestingly, athough the coding regions of
the two chisters are highly conserved, the intergenic regions are
much more varable, thus acoounting for a different tmnscrip-
tiomal organisation betwean them (Du et al. 200 1a) (Table 1)

The construdion of PIM macrolide skeleton is initiated by
Pim50 and ends at PimS4 that thanks to its terminal
thivesterase domain relesses the growing cham from the en-
zyme and cyclises it to yield a 26-membered macrocyclic
lactone (pimaricinolide) (Fig. 3). The fidelity of chain con-
struction has been demonstrated to be dependent on senlf
(the pimf orthologne from 8 charanoogensiz). This discrete
thivestemse plays an important editing role in the selection of
starter acy| units and in the removal of aberrant extender units
during PIM biosynthesis (Wang et al. 2004a). It can be
complemented by other disarete thioesterases (Wang o al.
201 4a), and it is conceivable that it could also have a comple-
mentary wole with the terminal thioesterse domain of PimS4.
Onee the aglycone is synthesised, a cvtochrome P450 en-
zyme, pimi, was proposed to catalyse an oxidation of the
exocyclic methyl group at C12 via triple hydmoxylations, to
form a carboxyl group, yielding 12-carboxypimaricinolids
(Martin and Aparicio 2009), This hypothesis has recently been
proven by inactivation of pimG orthologue senG form
8. chattanoogensis L10 (Lin et al 2001 5h). Then, the amino
sugar mycosamine s atached to the macroeyelic aglycone at
C15 by the glycosyltransferase pimK to yield 4,5-
deepoxypimaricin (Fig, 3) (Mendes et al, 2005 Liu et al.
201 5h), and fnally, mother P450 monooxypenase, piml, ca-
talyses the last oxidation step to yield an epoxy group betwesn
C4and C5 from a double bond generated by the PES (Mendes
e al. 2001, 2005). The X+ay struchure of this latter P45 has
been resolved, both substrate-free and in complex with 4,5-
deepormypimancin (Kells o al. 2010,

The mycosaming sugar is synthessed fom guanosne di-
phosphate (GDPkmannose derived from froctose-f-phosphate
(Mic Lochlainn and Caffrey 2009). Inactivation of pim.J
orthologue amphIT in the amphotericin-producing strain
8 nodosur resulted in accumulation of amphoteronolides dem-
onstrating that mycosamine is biosynthesised from GDP-
mamose (Byme et al. 2003), and heterologous eopression of
the orthologue from nystatin biosynthests s/ has proven
that the first siep in the mycosamine-specific pathway is carried
out by GDP-mamose 4 f-dehvdmtase (Nedal et al. 2007)
(Fig. 3). Thus, pimJ is proposed to catalyse conversion of
GDP-mannose to GDP-4-keto-6-deoxymamnose, which
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Table 1  Comparison of PIM clusies and tramseriptionsl units §om 5. nafalenss and § chatbneopmnsds

5. natalensis

8. chattanoogensis

Function
Gene Gene

pimT t PIM inducer PI factor secretion A
pimM t PAS-LuxR regulator senRiY '
pimR l SAFRP-LAL regulator senRl

pimk l Mycosamine transferase senk
pims4 PKS Extension module 12, cyclisation and chain release  scnS4
pims3 PKS Extension module 11 scnS3
pims2? PES Extension modules 5-10 scnS2

pinil Thioesterase (type 11) senl

pimJ t GDP-mannose 4,6-dehydratase send '
pimA ABC transporter ( PIM export) senA

i ABC transporter { PIM export) senh

pimE ‘ Cholesterol oxidase senE

pimC GDP-3-keto-6-deoxymannose aminotransferase senC

pimG P450 monooxy genase (C12 hydroxy lase) senG

i Ferredoxin scnf
pimS0 PKS Loading module scnS

pimlL Tyrosine phosphatase senL

A Transposase inp

pimS1 PES Extension modules 1-4 scnSi

pimid P450 monooxygenase (C4.5 epoxidase) senl) l
pimH I PIM efflux pump A

Arrows indicate the organization of transcriptional units. A = absent

presumably underpoes a spontaneous 3 4-isomerisation to give
GDP-3eato-6-deoxymammose (Aparicio et al. 2003), the sub-
strute of the aminotmnsferase pimC for bicsynthesis of GDP-3-
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ammne-3, 6-dideooymannose (GIDF-mycosamine). Finally, the
glycosyltransferase pim& catalyses the attachment of
mycosamine to the pimaricinolide (Mendes e al. 2005).
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Fig. 3 Biosynthesis of PIM. Each cirfe represents sn enzymatic
domain ACP acyl camier protein, AT scyliransfersie Col cartboxylic
scid:Cod ligase, DH Bhydroxyseyhthioester dehydrsiase, KR B-
ketoacy [-ACP reductase, K8 B-ketoacyl-ACP synthase, and TE

Due to its mode of action, PIM does not have any mntibacie-
il activity and thus should not represent a threat to the produc-
mg organism; however, its accurmn lation inside the cell may be
harmful, which suggests that producing organisms should en-
sune an active effie. The produats of three genes in the chisier
might be imvolved in PIM export m & natalensiz. Two of them
belong to type [ ATP-hinding cassette (ABC) tmnsporter pro-
teins, which combine both ATPase md transmembrme dom ains
within the same polypeptide (Mendez mnd Salas 2000). These,
pimd nd pimf, are thought to associate formmng a heterodimer
(Aparicio et al. 2003), and their mle in PIM secretion has been
deduced upon inactivation of the pind and pim8 homologues,
mvsH and msG, which encode the nystatin ABC heterodimer
transporter. Such mutints still exported some amountofoysttm,
suggesting the existence of alternative ransport systems for this
antifungal mbbiotic (Sletta o al. 2005). Such alemative trns-
port system, i the case of FAM, could be constitited by the
putative effliwe pump encoded by pimfd (Aparicio et al 2000).

Metabolic engineering and semi-synthetic derivatives

In the search for improvement of PIM properties, a good num-
ber of semi-synthetic derivatives have been deseribed in the
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thioestersse. The KR domain in blrck (module 9) is predicted 1o be
insctive. The AT in module 7 (grey) is predicled © incomorate a
proplonaie exender unit Biosynihe e pathway for mycosamine i3 ako
inchnded. The somensation step 15 tought Lo be spontameous

literature, including esters (Bonner et al. 1972; Falkowski
et al. 1979), N N-dialkyl (Paquet and Carraira 2006), N-alkyl
(Suloff et al. 2003), N-acyl (Mirgudkar etal. 1988), N-glyeosil
(Falkowski et al. 1980), N-aryl (Belakhov et al. 2010) mnd
hydmphosphoryl denvatives (Belakhow et al. 2008), amongst
others. Liposomal preparations have been also studied
(Bouaoud et al. 2015).

Moreover, the kmowledze of PIM biosynthetic patway, md
the development of an efficient conjugation system for
8. natalensis (Ennigue o al. 2006), has allowed the generation,
by genetic manipulation, of a number of kess toxde or mone
wita-soluble derivatives (Caffrey o al. 2008; Kongetal 2013).

The first PIM derivative obtained by genetic engineenng of
5. natalensis was its immediate precursor, 4,5-
deeporypimarnicin (DEP) (Mendes a al 2001). This was ob-
tained by disruption of pimd, the gene encoding the cyto-
chrome P450 monooxygenase responsible for epoxidation at
(C4-C5 that constitutes the last step of PIM biosynthesis
(Mendes et al. 2005; Kellsetal 2000). This compound s howed
a clear dearease in antifungal activity, thus highlighting the
importanee of the epoxide group in the intemction of PIM with
the fungal membmne. Recently, it has been shown that DEP
can be accepted a5 a substrate by mysl, the pimD bomologue
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responsible for the introduction of the last hydroxy lation in the
hicsynthesis of mystatin (Vo lokhan et al. 2006), hus genemting
B-hydroxy-4,5-decpoxypimaricin (6-0H-DEP) (Santos-
Aberturs o al. 2015), which does not show an improvement
m antifungal activity compared to DEP. Additionally, it has
been shown that both DEP and 6-0H-DEP can undergo
carthoxamidation reactions catalysed by the amidotmnsfose
Psc A, thus resulting in carboxamidated derivatives
4. 5deepoxy-AB-400 md 6-hydroxy-4, 5-decpoxy-AB-400,
respectively; see Fig. 4) exhibitng improved antifingal activity
in comparison with their carboxylated precursors (Smtos-
Aberturas et al. 2015). PscA and its homologous protein,
PscB, are responsible for the nauml occurrence of teraene
carhoamidated compounds (Seco et al. 2005, 2010; Mirmzo
at al. 2010), inchiding AB-4), the PIM carboxamidated deriv-
ative (Cafiedo o al. 2000). PscA has shown a much broader
subs trate that scope PscB, a fact that makes ita stronger candi-
date for the development of fiuture polvene derivatives (Seco
ot al. 2010; Santos-Aberturas et al 2015).

The recent manipulation of the PIM bicsynthetic pathway
m & chattanoogensis has led to the production of new PIM
derivatives by knocking out sents, which encodes the P450
monooxygenase (homologous to pim() proposed to be

responsible for the formation of the carboxyl exocyeic group
(Martin and Aparicio 2009) (Fig. 3). This gene disruption re-
sulted in the accumulation of 4, 5-deepoxy- 12-decarboxy-12-
methyl PIM, thus mdicating that glycosyltransferse scnk’ is
able to add themycosamme moiety to the decarboxy lited aghy-
cone whilst sen? is unable to intmoduce the epoxide group
(Fig. 3)(Liu et al. 2015b). In contrast, the inactivation of the
same gens by Oi et al. (2015) resulted in accumulation of
12-decarboxy-12-methyl PIM in addition to that of 4,5-
demony-1 2-decarboooy-12-methy | PIM (Fig. 4), thus sugpest-
ing that scnfd might be able © ntroduce the epoxide group to
some extent. | 2-Decarbooy-1 2-methyl PIM might be interest-
ing since it shows decreased haemolytic effects together witha
twofold increase of the orgnal PIM antifungal activity levels
(0 et al. 2015). These mthors have also chamcterised the
bioactivity of 4,5-deepoxy-12-decarboxy-12-methyl PIM,
showing that it maintains the PIM antifungal activity whilst
exhibiting a decreased haemalytic effect. nerestingly, the mu-
tant obtained by Oh et al (2015) ako accumulated the non-
antifungal and non-haemolytic 2-hydro-3-hydroxy-4,5-
despoxy-1 2-decarboxy-1 2-methyl PIM (Fig. 4), suggesting
that the senG-catabysed cathoxylation might oceur during the
PKS assembly and not afier it. In additon, the dismption of
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1
PROCESS FOR NATAMYCIN RECOVERY

BACKGROUND OF THE INVENTION

Matarmyein, also known as pimanan, was frstisolated in
1935 from the fermentation beoth of o euliure of Strepwo-
mvees patalensis obtained from soil taken near the wown of
Pietermaritzburg In Natal, South Africa, (A, B Strayk et al,
Anithionies Al 8T8 (1937195800, Pimaricin, desig-
nated natamyein by the WHO, is produced either from
Strepromyees natalensis or Strepienivees gilvosporens,

Early patents describe recovery processes requiring mul-
tiple purification steps and involving relatively expensive
unit operations. British patent GF 846,933 discloses an
acdsorptionelition recovery of natamyein from fermentation
broth using waler miscible polar solvents such os methanol,
butanol and acclone. US, Pai. Mo, 3892850 discloses
recovery from fermentation broth by eximction imo an
ongani solvent having limited waler miscibility, followed
by recovery rom the solveni. US. Pal. No. 3,378,441 claims
recovery of natamycin by salting it out of fermentation heoth
followed by solvent dissolution and evaporalive precipila-
tign, A later patent, GB 2,106,498, describes vacuum con-
centration or hutanol extraction of filered fermentation
brodh fo obdain a raw amifungal comples from which

matamyein can be solaed, WO 9210580 discloses soluly- :

lization of natamyein with methanol at low pH, followed by
remowal of broth solids, Under these conditions, nalamycin
is susceptible io acid degradation, with poiential for
depressed recovery yiekd and reduced product punty. Thus,
the prior arl does not feach an efficient method for recovery
of high quality natamyein.

SUMMARY OF THE INVENTION

The present invention coneerns a new, simple and efficien
process 1o recover high quality natamycin from fermentation
broih using a subsiantially waier-miscible solvent an alkaline
pH. Specifically, natamyein s recovered from the fermen-
tation broth via a process comprising ihe sicps:

a) adjusting the pH of the broth 1o greater than abou 10
and sdding an amount of 8 substantially water-miseible
solwvent sufficient 1o dissolve the natamycin in the broth;

Iy removing insolible solids from the pH-adjusted broth:

) lowering the pH of said beoth 10 a level sufficient o
precipitate the natamycin from the broth; amd

d} removing the oalamycin foom the broth,

In its preferred embodiment, the pH of the broth is
adjusted 1o betwoen 10 and 11 in step a) and 1w betwesn 5.5
and 7.5 in step €). Any of several methods may be used in
steps by and Oy, for example, ceninfugation, depth filtration
and crossflow Giliration, with a preferred method being
crossflow filtration. Tt is preferned that, prior io the recovery
process, the fermentation broth is concentrated, for example,
1o & concentration of from 10010 508 solids, on o weight!
wolume basis. For greater stability of the natamyein during
the recovery process, an antioxidant such as BHA, BHT.
ascorhic acid of sodium eryihorbate can be added.

DETAILED DESCRIFTION OF THE
INWENTION
The prosduciion of patamysin by fermentation s well
known. The aforementioned British paicnt, GB 846,933, is
representative and discloses the production of natamycin via
fermentation using Strepmeces gilwsporons, The fermen-
tation method itself s not eritical to the present invention,
Fermentation broth containing natamycin may be
comcentrated, il desired, through any suilable method such
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ag evaporation, depih filieation, crossflow filieation or
centrifugation, with a preferred method being crosstiow
liltration. Conceniration to a range of about 10010 50% solids.
an o weightvolume basis is preferred. During concentration,
the broih may be heated oa range of 50 o0 70° C. o impaove
cvaparation or filication rate

The broth s then adjusted 1o a pH greater than about 10,
preferably between about 10 and about 11, using an appro-
priate basifving agent such s, for example, NaCOo,
K0, KOH, MaldH, o a combination thereof, Depending
on the degree of water removal in the concentration step,
dilution of the concenirate with waler or 8 walcr-miscible
solvent may be necessary 1o facilitate agitation during ihe
pH adyustment. Further, & substantially water-mseible sol-
vent is added 1o the pHeadjusted concentrate in an anount
sufficient to solubilize natamycin. Suitable water-miscible
solvents include, for example, ethanol, propancl,
isopropanol, acetone, teirabydrofuran and combinations of
the foregoing, OF these, isopropanol s preferred, Typically,
one 1o two velumes of isopropanc! is required per volume of
concenirate.

Although the solubility of natamycin s kow in either
water of sopropancl (“Solubility of Antibiotics in Taeoty-
Six Solvents,” Journal of the Associstion of Official Ana-
Iytical Chemists, vol. 50, no. 2, 1967), it is soluble at 4000
120 g% or more i the solvent mixire at elevated ph,
Although the literature reports that natamycin is unstable ot
alkaline pk I. Brik in “Analyiical Profiles of Drug
Substances’), m fact i1 s reasonably stable wnder the con.
dnions of the present invention. 1§ desired, stability can be
further improved through addition of antioxidants such as
ascorbic acid, eryiherbic acid, BHA and BHT, at Jevels up 1o
abot (12 weight pereent of the natamycin activity, Under
the conditions of low pH recovery processes such as that
diselosed in WO 92/ 10380, natamyein is susceptible o rapid
activity loss and o the formation of patamycin analogs
which are ot readily separated from natamycin,

Inactive broth solids are removed from the natamyein
solution by any of several methods such as depth Gliration,
crossflow filiration, or centrifugation. IT desired, the solids
may be washed, for cxample with # 1o 60% agueous
isopropanol, 0 extracl residual nalamycin activity and
improve secovery yichd. Crossflow filiration is a preferred
method for semoval of beath solids. Crossfllow filisation, as
defined by 1. M. Walker and M. Cox in “The Language of
Bintechnology™ (American Chemical Soeiety, Washinglon,
[.C, 1988) is “an operating regime for a filtering device in
which the main flud flow is parallel o the fiher, such tha
the fluisd passes throwgh the filier perpencicular 1o the main
Howw. This regime minimizes the buildup of filier cake and
also the consequential reduction in filiration rate. It alloas
rapicd filtration without the need for filler aids or flocculams"
In the process claimed hercin, crossflow filtration gives
rapid filtration rates and high final solids concentrations
without addition of filer aids. The ceramic filler elements
which are used allow high crossflow rates, imparting an
elfective sweep of the fliration surfaces, They can be vsed
ot high temperatures, allowing further Hux enhoncement
Their stability w0 harsh pH and temperaiuee conditions
fagilitates. frequent cleaning, and they can be backpulsed
during operation o minimize plugging.

The pH of the product-rich solution is then adjusted with
a suitable acid such as hydrochloric acid o effect precipi-
tation of natamysin, The choice of acid is not critical; for
coconomy and simplicity, bydrochloric scid s preferred. The
precipitated patamycin erysials are ihen isolaied by an
appropriale method sich as, for example, depth Gliration,
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crossflow filtration or centrifugation. Thiz can be followed
by further known punfication steps, for example, washing
with & water-isopropanol mixture followed by drying. Iso-
lation of natamycin by centrifugation or erossflow filiration
reguires that the ltraticn mother liquar be displaced with a
wash of similar solvent composition 1o aveid precipitating
waler-insoluble impurities. The dry product typically has a
purity of al least 94% on an anhydrows basis. Recovery
wields of 40-T07 are typical. Crossflow filiration, as defined
above, 15 o preferred method for solation of natamyein,
giving rapid removal of the mother liquor and wash liguid.
The product in this case i= a concentrated crystal slumy
which can be comverted o a dry solid by any of a number of
meethods, for example, evaporation or spray drying,

Inerystalline form, natamycin is iemperaturs stable {H. AL
Maorris, et al, Colvered Dairy Producrs Jowrnal, p 23,
{August 1978)) Sustamed drying tlemperatures of W% O are
acceptable 2= Jong as the product moisture is not driven
helow about &%, Matamycin normally exists as a iribydrate.
Anbycrous nalamyein B less sisble than the hydrae, so
excessive drying adversely affects product purity.

Dy proshiet purities of %4 1o 9% (calculsted on an
amhydrous basis) and recovery vields of 400 o 0% are
typically achicved through the inventive recovery process.

EXAMPLES

Example 1

On a rotary evaporaton, 127 mi of fermentation broth
with a natamycin conceniration of 1005 g%, was concenirated
o 500 ml. The pH was sdjusted o 1005 with 100 M sodium
hydroside, and 500 ml of isopropanol was added, The
mixlure was stirred for about two bours, then centnfuged,
The clear dark patamycin-rich solution was decanted,
adjusied 1o pH 6.5-7.5 with 12 M hydrochloric scid, and
allowved to exystallize for several hours, Natamyein erystals
were isolated by centrifugation, transferred w a filier fuonel
with 40 ml of 11 watcr-isopropanal, filicred, washed with
three 200 ml portions of 1:1 water-isopropano], and dried 1o
constant weight ar 357 C. in 2 vacuurm oven, yiekding 8 g of
natamyein solids which were 96, 2% pure on an anhydrous
basis. The yicld from broth was 695,

Example 2

ATZ iter portien of fermentation broth concentrate with
a natamyein eoncentration of 134 pd was adjusted 0 pH
L6 by adition of 1000 g of sodium carbonate, 140 ml of
50% sodiun hydsoxide solution, and sulficient water (1.33)
1o allow the heavy concentrate 10 be mixed during pH
adjusiment. To the resulting, shirry, & kg of isopropanol
comtaining 6 g of BHA was added, snd the mixture was
stirred 1o dissolve natamycin. Broth solids wers removed by
crossflow filtration a1 25-30% C. During this operation, as the

retuined slurry of broth solids thickened, 100 2 of 1:1

sopropanol-water was added 0 wash oul residual natamy-
cin. The filtrate was adjusted to pH 6.6 with 5 M hydro-
chlore acid, and natamycin was allowed 1o crysiallize for
1-2 hours. Matamycin was isolated by filiration on a Buch-

=z

m

a0

L]
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greater than 97% pure on an anhydrous basis. The yield from
broth concentrate was about 40%.

Exampls

A godi-gallon volume of fermentation broth containing
L% patamycin was concentrated o a volume of 535
gallons by erossflow filirtion at 55-607 O, During this
aperation, a5 the retained slurry thickened, 915 gallons of
water was added as a wash, When the retained washed broth
coneentrate was no longer filterable, it was adjusted 1o pH
1006 with sodium carbonate and sodium hydroxide, 8000 kg
ol isopropanol was added 10 dissolve natamyecin, and one
pound of ssdium erythorbate was added 10 protest against

5 oxidation. Broth solids were removed by crossflow filiration

a1 23-28° C. During this operation, as the retained slurry of
broth soluds thickened, 1625 gallons of 151 wopropanol-
waler was sdded to wash oui residual natamycin. The filicste
containing natamycin was adjusted 1o pH 6.5 with hydro-
chloric acid. Natamyein was allowed 10 crystallize for 1-2
bhoirs, then ssolated by filication, washed with water and
dried, giving about 240 kg of notamycin which was %8%
pure on an anhydsous basis. The yield was about 606

We claim:

1. A process For recovering natamycin from fermentation
broth eontaining natamyein comprising the steps:

a) adjusting the pH of said broth o grester than about 100
and adding an amount of & substantially water-miscible
solvent sulficient 10 dissobve the natamycin in said
hrovth;

b} removing insoluble solids from said pH-adjusted broth;

<) lowering the pH of said broth 1o a kevel sufficient o
precipitaie the nalamycin; and

) removing the natamyein from said broth,

2. A process according fo elim 1 wherein said wilers
miseible solvent is selected from the group consisting of
ethanol, propancl, soproganol, acetone, tetrabydrofuran and
combinations thereof,

3 A process according 1o claim 2 wherein said waler-
miscible solvent is isopropancl.

4. A process according 1o claim 1 wherein, in step a), the
pH ol said broth s adjusted 1w between 10 and 11,

5. Aprocess acconding 1o claim 3 wherein. in step a). the
pH of said broth = adjusied o berween 10 and 11.

6. A process sccording, to clam 1 wherein, in step ¢}, the
pH of said broth is lowered (o between 5.5 and 7.5

7. A process according 1o claim ¥ wherein, in step ¢, the
pH of said broth is lowened o between 5.5 and 7.5,

8. A process according 1o claim 1 wherein siep b wilizes
wrossflow filiration,

9. A process according wo claim T wherein step b) utilizes
croesflow filiration.

10, A process accosding 1o claim 1 fudber comprising the
preliminary step of concentrating sakd broth,

11 A process according to ¢laim 1l wherein said broth is
concentrated 10 & concentration of 10 to 5066 solids on a
weight/volume basis.

12. A process pocording to claim 10 wherein said pre-

ner funnel, washed with about S00 m1 of 40:60 isopropancl- ' liminary step utilizes crosstlow filtration,

water followed by about 500 ml of water, and dried in a
laboratory heod 1o 550 g of natamyein solids which were



Natamycin recovery

Feb 7, 1997 - Gist-Brocades B.V.

A process for the recovery of natamycin from a fermentation broth containing biomass
and natamycin, which comprises:(a) disintegrating the biomass; and(b) separating the
natamycin from the thus treated fermentation broth.

Description
This invention relates fo a process for recovering natamycin.

Natamycin, also known as pimaricin or tennecetin, is a polyene antibiotic which has been
known since the late fifties (Struyk, et al, Antibiot. Ann. 1957-1958, 878).

For more than 20 years, natamycin has been used to prevent the growth of mould and
yeast on cheese and sausages. More recent developments on the use of natamycin have
been described in WO 93/00913 (Use of natamycin for the treatment and prevention of
poultry mycosis), WO 93/01720 (Natamycin treatment of dried whole kernel grains), WO
93/00911 (Use of natamycin for the control and prevention of poultry Aspergillosis) and
WO 93/00912 (Use of natamycin for the prevention and control of poultry Dactylarlosis).

Natamycin is prepared by fermentation processes such as those disclosed in GB-A-
844289 using Streptomyces natalensis, or those disclosed in GB-A-846933, WO
93/03169, WO 93/03170 and WO 93/03171 using Streptomyces gilvosporeus.

After the natamycin has been produced, for example by the fermentation processes
described above, the natamycin is recovered by extraction processes such as those
described in GB-A-844289, GB-A-846933, WO 92/10580, WO 95/07998 or WO
95/27073. All these recovery processes require large amounts of organic solvent. More
recently described recovery processes (e.g. those disclosed in WO 92/10580, WO
95/07998 and WO 95/27073) use a procedure wherein an organic solvent is added to the
broth and the pH of the broth is adjusted to solubilize the natamycin. Thereafter the
suspended solids are removed by filtration. Lastly the pH of the filtrate is re-adjusted to
precipitate the natamycin and the precipitated natamycin is removed from the remaining
liquid.

Both WO 92/10580 and WO 95/07998 use methanol as the organic solvent. The pH of
the broth is adjusted to 1-4.5 fo solubilize the natamycin, the broth is filtered and the
natamycin is precipitated again by raising the pH to 6-9.

In WO 95/27073 isopropanol is used as the organic solvent. The isopropanol is added
after the pH has been adjusted to 10-11, and subsequently the insoluble solids are
removed by crossflow filtration and the natamycin is precipitated by adjustment of the pH
to 5.5-7.5.

In the recovery processes described above there is a (partial) removal of water before the
recovery procedure starts, in order to minimize the amount of organic solvent required.
Drying and solid/liquid separation techniques are described to remove water. All of these
recovery processes use organic solvents, which results in high recovery costs and in
environmental drawbacks.

The present invention provides a process for the recovery of natamycin from a
fermentation broth containing biomass and natamycin which comprises:

(a) disintegrating the biomass; and
(b) separating the natamycin from the thus treated fermentation broth.

Fermentations producing natamycin usually result in a fermentation broth comprising
natamycin, biomass solids, dissolved or suspended nufrients, other fermentation
products and water.

The fermentation broth in general contains at least 2 g/l natamycin, preferably at least 7
g/l natamycin. For example the natamycin concentration in the fermentation broth can be
about 7 g/l as disclosed in WO 93/03170. Since natamycin has a very low solubility in
water, the natamycin is mainly present in solid form in the fermentation broth. Solid
natamycin means ‘natamycin not dissolved in water'. The solid form of natamycin present
in the fermentation broth may preferably comprise natamycin particles. Natamycin
particles are natamycin crystals which, for example, may have the following forms:
needle-formed crystals, disc-formed crystals or the like. During the fermentation
natamycin particles are formed. The natamycin particles usually have diameters of from
0.5-20 micrometer. The diameter of the natamycin particle is the largest distance from
one part of the particle to the other end of the particle. Needle-formed natamycin particles
with diameters of more than 40 micrometer have been observed. Diameters may be
determined using a microscope.

The biomass of the Streptomyces organisms used in the production of natamycin
generally consists of clusters (mycelia) of threads, although other forms of biomass, e g.
the so-called "pellets”, may be present as well. In these threads (hyphae) compartments
are present, in which cellular activities are localized. The size of these threads as present
in the clusters is in general from 10-30 micrometer (diameters ranging from 0.5-1.0
micrometer).

Up to now separation of the natamycin from the biomass and other impurities was not
possible without using an organic solvent.

Surprisingly, we found that when the size of the particles of the biomass is reduced, the
biomass can subsequently be efficiently separated from the natamycin particles in the
aqueous phase.



Thus, in the present invention, after the fermentation, the fermentation broth is treated to
disintegrate the biomass. Disintegration of the biomass may result in lysis, solubilization
of cell matters, and fragmentation (size reduction) of the clusters and threads.
Disintegration of the biomass may be checked by viewing the biomass with a microscope
(magnification 400.times.). Disintegration is complete if hardly any clusters or threads of
the biomass can be viewed with a microscope. Disintegration of the biomass can also be
determined by measuring the viscosity of the fermentation broth. For example during the
disintegration of a biomass of the cluster-type, the viscosity decreases. If the viscosity
does not substantially decrease on further treatment, the biomass will be sufficiently
disintegrated. Although different fermentation conditions or different Streptomyces
organisms used in the production of natamycin may result in somewhat different forms of
biomass present at the end of the fermentation, one skilled in the art is able to find a
suitable duration for the disintegration of the biomass of any fermentation broth.

Homogenization, high shear mixing and ultrasonic techniques or heat-, pH- (alkaline), or
enzymatic treatments or treatment with surface active agents can, for example, be used
alone or in combination to disintegrate the biomass. The disintegration techniques are
chosen in such a way that disintegration is obtained without substantially affecting the
natamycin. Most of the natamycin, at least 80%, preferably up to 100%, keep their solid
form and natamycin activity will not substantially reduce. Furthermore, it will be clear to
one skilled in the art that the disintegration technigues may not substantially affect the
natamycin particle size. If paricle size of natamycin is reduced like the particle size of the
biomass, then separation of the natamycin from the biomass would be difficult. An
efficient example of disintegration is the use of a heat treatment optionally combined with
a pH-treatment.

A heat freatment can be applied to the fermentation broth at the end of the fermentation
(e.g. in the fermenter, after all supplies (e.g. oxygen, carbon or nitrogen sources) have
ceased). The heat treatment may be carried out, for example, for 1 to 8 hours and, for
example, at 30 to 50 degree. C. Preferably the heat treatment may be carried out at 30
to 50 degree. C. Higher temperatures may result in flocculation, precipitation and
coagulation, which would adversely affect separation of the biomass from the natamycin
particles.

A pH-treatment for, for example, 1 to 8 hours and, for example, at a pH of 8 to less than
about 10 can also be easily conducted at the end of the fermentation in the fermenter. At
pH's above 10 natamycin will become more soluble and more vulnerable to inactivation,
which would adversely affect recovery yield and purity of the final natamycin. Sodium
hydroxide or any other compatible caustic material, for example ammonium hydroxide or
potassium hydroxide, can be used to increase the pH. After the alkaline incubation the
broth is neutralized by hydrochloric acid or another compatible acid, for example
phosphoric acid, sulphuric acid or acetic acid. Preferably neutralization takes place after
separating the natamycin from the fermentation broth.

Enzymatic-treatments can involve the incubation with cell wall decomposing and/or
organic polymer decompaosing enzymes such as lysozym, xylanase, cellulase, protease,

glucanase, lipase and amylase. The enzymes alone or as mixtures of enzymes, are
generally incubated under the optimum conditions for the enzymes fo operate. The
enzymes contribute to the lysis of cells and to the solubilization of organic polymers.

Homogenization can involve the use of a Manton-Gaulin type homogenisator. The
fermentation broth is forced through an orifice. Due to pressure forces the biomass will
disintegrate.

Disintegration of the biomass by ultrasonic techniques can be obtained by applying
ultrasonic waves to the fermentation broth, that will provide for oscillation of cell liquid
which the cell walls cannot withstand.

Disintegration of the biomass by high shear mixing involves the application of high shear
forces to the biomass. These high shear forces can be obtained by stimring or other
mechanical agitation. Certain fermentors may for example be equipped with stirring
devices which are capable of providing the required high shear forces in order fo
disintegrate the biomass. During fermentation stirring will be adapted to the optical growth
or natamycin production conditions for the biomass. After fermentation stiming will be
adapted in order to disintegrate the biomass for example by applying high stirring
velocities. High shear mixing may also for example be accomplished by using high shear
Waring (or other) blenders.

Disintegration of the biomass by treatment with surface active agents may involve for
example the use of oclylphenoxypolyethoxyethanol compounds, such as Triton type
compounds. The fermentation broth may be incubated with for example 0.01 to 1% for
example Triton X-100 during for example 1 to 24 hours.

After the biomass disintegration-step, the natamycin is separated from the biomass. Dug
to the disintegration treatment, the biomass now mainly consists of small solid particles
and/or solubilized matter. Where conventional separation technigques used in the recovery
processes for fermentation products are mainly used to separate the solid from the liquid
phase, the separation technigues used in the present invention preferably separates solid
particles from other solid particles, for example on the basis of size differences or density
differences. The separation technigues used in the present invention will not result in a
clear liquid phase, but will result in a troubled liquid phase that contains most of the
smaller or less dense solid particles (mainly comprising the disintegrated biomass).

In order to separate the biomass from the natamycin particles the fermentation broth can,
for example, be treated using a gravity gradient separation technique. The gravity
gradient separation technigue separates the natamycin particles from both soluble and
insoluble impurities. Gravity gradient separation technigues include, for example gravity
gradient centrifugation, and may, for example, use upflow columns and hydrocyclones.
Gravity gradient separation technigues make use of the principle that particles of different
densities and/or sizes can be separated when these particles of different densities and/or
sizes are subjected to gravity or equivalent forces.



During the biomass disintegration the biomass particles become smaller. This makes it
possible to separate the biomass from the natamycin particles. Usually more than 90%
of the disintegrated biomass and other impurities can be removed with the gravity gradient
separation technique. Separation efficiency can be increased by adding water andfor a
salt (e.g. sodium chloride) to the broth.

The use of gravity gradient separation techniques has the advantage that it is possible to
easily modify or direct the process according to the desired purity and yield of the final
product. By varying the operation conditions, the purity or the yield can be increased. In
general when the purity increases, the yield will decrease and vice versa. The process
according to the invention can for example provide natamycin of about 70 w/iw %
(anhydrous basis) on dry matter with a yield of about 90%. Using different process
parameters natamycin of about 90 wiw % purity (anhydrous basis) on dry matter with a
yield of about 80% can also be obtained with the process of the present invention. It is
even possible to produce several products of different qualities from one fermentation
broth.

Gravity gradient separation techniques will give better results, e.g. higher purities and/or
yields, if the difference in particle density and/or size between the product particles and
the impurities is increased. Therefore it is preferred that the fermentation broth contains
natamycin particles having an average particle diameter of at least 2 micrometer.
Preferably the average natamycin pariicle diameter is at least 5 micrometer, more
preferable at least 10 micrometer. Fermentation broths containing natamycin particles
with an average diameter of about 25 micrometer have been observed. Since natamycin
may be present in the fermentation broth with diameters ranging from below 0.05
micrometer to about 40 micrometer, it will be clear to one skilled in the art that the smallest
particles may be lost during separation. Furthermore, it will be clear to one skilled in the
art that fractions of natamycin particles with large diameters of high purity may be
obtained using the gravity gradient separation technigue. The conditions under which the
gravity gradient separation technigue is operated determine which fraction of the
natamycin will be recovered. In general larger natamycin particles can, for example, be
obtained by using low shear conditions during the fermentation, or by seeding the
fermentation with small natamycin particles or by prolonging the fermentation.

Gravity gradient centrifugation can be simulated on laboratory scale by operating a
batchwise centrifuge for a shorter time or with a lower number of revolutions per minute
as compared to the standard operation of the centrifuge, which would result in a clear
separation of the solids from the liquids.

On a production scale the centrifuge is usually operated continuously. As compared to
the standard operation of this type of centrifuge, the hold up time in the centrifuge is
decreased in order to separate the natamycin from the disintegrated biomass. The lower
the hold up time, the higher the purity and the lower the yield of the obtained natamycin.
One skilled in the art is able to find a suitable hold up time corresponding to an optimized
or desired purity:yield ratio.

After the separation step the natamycin suspension may, for example, be dried in order
to obtain a dry product. Any convenient drying technique can be used, e.g. vacuum drying,
conduction drying or convection drying. Since natamycin is stable in the crystalline form
thereof [natamycin.3H.sub.2 O], it is critical not to dry the product to a moisture content
below about 7%. Vacuum drying is preferably conducted at about 40.degree. C.

After the separation step the natamycin suspension may be further purified, if desired, by
a second round of a disintegration step, followed by a second separation step. Several
rounds of this process may be used to result in natamycin of about 90 w/w % purity
{anhydrous basis) on dry matter, with a yield of about 80%.

The present invention will now be further described in the following Examples.
EXAMPLE 1

Afermentation broth of Streptomyces natalensis containing natamycin having an average
particle diameter of about 10 micrometer was incubated at a temperature of 30.degree.
C. for 3 hours. This thermally treated broth was further treated to a gravity gradient
cenfrifugation. An Alfa-Laval type Feux standard nozzle centrifuge was operated under
such conditions that part of the biomass solids was removed together with the
supernatant. This treatment resulted in a natamycin suspension of 70 w/w % natamycin
{anhydrous basis) on dry matter. The natamycin yield was about 97%.

EXAMPLE 2

To 20 liters of end-product of Example 1, which contained 3.2 kg natamycin, sodium
hydroxide was added to adjust the pH to 9.5 to disintegrate the remainder of the
impurities. 10 liters of water was added to the alkaline suspension to lower the viscosity
and to increase the efficiency of the following gravity gradient centrifugation step.

The diluted, alkaline suspension was centrifuged twice by gravity gradient centrifugation
to remove the remainder of the impurities and to concentrate the natamycin suspension.
For the gravity gradient centrifugation a Beckmann type J-6M/E centrifuge, using a rotor-
type JS 5.2, was operated at 3,500 rpm for 3 minutes. After centrifugation the supernatant
was removed and the natamycin containing debris was resuspended in water.

The pH of the purified natamycin suspension was adjusted to 7 by adding hydrochloric
acid to the suspension. The suspension was dried.

A dry active product was obtained which had a purity of 92 w/w % natamycin (anhydrous
basis) on dry matter.

The total recovery yield of the combined processes of Examples 1 and 2 was about 85%.



EXAMPLE 3

The pH of a fermentation broth of Streptomyces natalensis containing of natamycin
particles was adjusted to 9.5 by addition of 25 wt % NaOH-solution and incubated for two
hours at a temperature of 30.degree. C.

The thus treated fermentation was centrifuged by gravity gradient centrifugation using a
Beckmann centrifuge (type J-6M/E; using a rotor type JS 5.2) for 3 minutes at 3500 rpm.

The supernatant was discarded and the pellet containing natamycin particles was
resuspended in water of pH 9.5. After resuspension the suspension was centrifuged as
before.

After the second centrifugation the supernatant was removed and the pH of the pellet
containing natamycin particles was adjusted to 7.0 by addition of 25 wt % HCI solution.

The pellet was dried for 10 hours under vacuum at a temperature of 40.degree. C. A dry
active product was obtained containing 90 wt % natamycin (on anhydrous basis).

EXAMPLE 4

A fermentation broth of Streptomyces natalensis containing natamycin particles was
diluted with water.

The diluted fermentation broth was divided in two parts:

Part A was incubated for three hours at 45.degree. C. at a pH of 9.5, resulting in
disintegrated biomass. The thus obtained broth was divided in two parts (A1 and A2).

Part B was directly divided in two parts (B1 and B2).

From part A and Part B the first parts (A1 and B1) were centrifuged at 5000 rpm for 10
minutes and the second pans (A2 and 52) were centrituged at 3500 pm for 5 minutes.

After centrifugation the natamycin yield and the natamycin contents of the pellets were
determined. The results are shown in Table 1. Centrifugation was performed using a
Beckmann type J-6M/E centrifuge and a rofor type JS5.2.

TABLE 1

Centrifuge conditions
bowl speed time % natamycin
% natamycin

(rpm) (min) yield on dry matter

Rl 5000 10 EL 43
RZ 3500 5 93 e8
Bl 5000 10 9% 28.¢

BZ 3500 5 &7 31.0

Centrifugation at 5000 rpm for 10 minutes resulted in clear supernatants, whereas
centrifugation at 3500 rpm for 5 minutes resulted in turbid supernatants.

Samples A1 and A2 relating to fermentation broths with disintegrated biomass show
enhanced natamycin purities compared to samples B1 and B2 relating to the original
diluted fermentation broths.

Sample A2, obtained after centrifugation of the disintegrated biomass under gravity
gradient centrifugation conditions resulting in solid/solid separation, shows a remarkable
increase in natamycin purity.



