MIHICTEPCTBO OCBITH I HAYKH YKPAIHU
HAIIIOHAJIbHUM YHIBEPCUTET XAPUOBUX TEXHOJIOTI'TA

IncturyT (pakynbrer) _0i0TEXHOJIOTIT Ta EKOJIOTIYHOTO KOHTPOIIO

Kadeapa _6ioTexHOI0r1i 1 MiKpOO10J0Tii

«Jlo 3axucty B EK» «J10 3aXUCTy A0MYLICHO»
Jlupektop iHCTUTYTY (JieKaH gakyiabTeTy)  3aBiayBau Kadeapu
['peripuax H.M. [Tupor T.I1.
(nimmuc) (mipisBuLLe Ta iHinianu) (nimmwc) (mpisBume Ta inimiam)
» 2020 p. «_» 2020 p.

KBAJII®IKAIIIHHA POBOTA
HA 3JOBYTTS OCBITHBOI'O CTYIIEHSI BAKAJIABPA

31 CHEN1aJILHOCTI 162 «bioTexHoiorii Ta 0O101HXXEHEPIS

(xox Ta Ha3Ba CIIELIABLHOCTI)
OCBITHBO-TIPO(ECIHHOT TPOrpamMu «b10TeXHOIOT 15
Ha TEMY: biocunres kypiniany Alcaligenes faecalis var.myxogenes

Buxonas: 3100yBau __IV__ kypcy, rpynu 1

Cepena Anacracis BoioaumupiBHA

(mpi3Bue, imM’s1, MO0 GATHKOBI HOBHICTIO) (miammc)
KepiBHuk bynenko Jlronmuia MukonaiBHa
(mpizBumIe , iM’s Ta 1O 6aTHKOBI IIOBHICTIO) (mimuc)

Koncynbprantu Kinmenko O.M.

(mpi3BuIIe Ta iHiIiaIN) (mmigmmc)

(mpi3BHmIe Ta iHiIiamN) (migrmc)
Penensent

(mpi3BHIIe Ta iHimiaMH) (miarmc)

3acBiuyto, 110 B I1i KBasi(ikaiiitHii
poOOTI HEMAE 3aMl03UYEHb 13 Mpallb
IHITUX aBTOPiB 0€3 BIAMOBIIHUX
IMOCHJIAHb.

3n100yBau

(mimmc)

Kwuis — 2020 p.



HAIIIOHAJIbHUM YHIBEPCUTET XAPYOBUX TEXHOJIOI'T!

[HcTuTyT (akynbrer) 010TEXHOJIOT11 Ta €KOJOTTYHOT'0 KOHTPOJIIO
Kadenpa 010TEXHOJIOT11 1 MIKpPOO10J0Tii
OcBIiTHIii cTyniHB OakaaBp

CrermajipHICTh 162 «bioTexH0I0r1] Ta O101HKEHEPLS
(xox i Ha3Ba)

OcgiTHBO-TIpO(eciitHa mporpama «b10TeXHOIOT 15
(nassa)

3ATBEP//KYIO
3aBigyBau kadeapu 010TEXHOJOTIT 1 MIKpOO10JIOTi1

[Tupor T.I1.

«17» 6epesust 2020 poky

3ABIAHHAH
HA KBAJI®IKALIAHY POBOTY 3/IOBYBAYA

Cepenu Anacracracii BojioauMupiBHA
(mpizBue, iM’s, MO0 OATHKOBI)

1. Tema poboru_  biocwHTe3 kypnanny Alcaligenes  faecalis  var.myxogenes

KEPIBHUK pOOOTH bynienko JI.M., k.06.H., JTOIIEHT
( mpi3BUIIE, iM’s1, IO OATBKOBI, HAYKOBHH CTYIIiHb, BUCHE 3BAHHS)

3aTBEPAXKEH1 HAaKa30M BUIIIOTO HABYAJILHOIO 3akiany BiJ «16» 6epesnst 2020 poky Ne 227-kc
2. Ctpok noganus 3100yBaueM podotu__ 01 yepBHs 2020 poky

3. BuxizgHi gaHi A0 poOoTH__ OloJioriuHU areHT: Alcaligenes faecalis var.myxogenes
IIJTLOBUN TPOAYKT: KYp/JIaH

4. 3MmiCcT pO3pPaxyHKOBO-TIOSICHIOBAJILHOI 3amucku (Tepesik MuTaHb, $AKI MOTPIOHO

po3pooutn): OOrpyHTYBaHHSI O10JIOTIYHOTO areHTy, TEXHIKO-€KOHOMIYHE OOIPYHTYBAaHHS,

napamMeTpy KyJIbTHBYBaHHS 010J0TIYHOTO areHTy, CIIOCOON BHUJIIJICHHS IIJTLOBOTO MPOJIYKTY.

5. Ilepenik rpadignoro Marepiaity

TexHosoriyna cxeMa MiASHKH aoepMeHTaliMHuX poOIT Ta BUPOOHHYOro OIOCHHTE3Y -
1 apkym  dopmary Al, 1 apkymr  dopmary A2. AmaparypHa cxeMa  JIUISTHKHA
nodepMeHTallIMHUX poOIT Ta BUpOOHHMYOro OiocmHTE3y — 3 apkyin ¢gopmary Al. Cxema
aBTOMaTu3arii JIJISTHKU 010CHUHTE3Y — 1 apKVII
dbopmary A4.




6. KoHCcynbTaHTH po3aiiiB poOoTH

[Ipi3Buie, iHiliagu Ta Mocaaa

ITigmuc, nata

Pozain 3aBJIaHHA 3aBJIaHHA
KOHCYJIbTaHTa N
BHJ1aB MIPUHSB
10 Kmumenko Oner MukosaiioBud JOICHT, K.T.H., 23.03.2020 | 23.04.2020
kadeapa aBTOMaTH3allli Ta KOMIT FOTEPHUXTEXHOJIOT 1M
CHUCTEM YITPaBIIIHHS
7. Hara Bumaui 3aBnands_ «17» 6epe3ns 2020 poky
KAJIEHIAPHUMN IIJIAH
31\;191 Hasga erarmiB BukoHaHHS KBadiikamiitHoi podotu gﬁ.ﬁ;ﬁﬁgﬁﬁﬂ Ipumitka
1 XapaKTepucTUKa IJIbOBOTO MPOIYKTY 20.03.2020
2 OOrpyHTyBaHHS BUOOPY Ta XapaKTEPUCTHKA 25.03.2020
010JIOT1YHOTO areHTa
3 TexHiKO-eKOHOMIYHE OOIPYHTYBAHHS 01.04.2020
4 OOrpyHTyBaHHS BUOOPY TEXHOJOTTYHOI CXEMU 05.04.2020
5 biocuHTE3 HIBOBOTO MPOAYKTY 12.04.2020
6 AmaparypHa cxema 20.04.2020
7 TexHoyoriyna cxema 25.04.2020
8 Cnemudikarris 26.04.2020
9 Marepianbhuii 6ananc 28.04.2020
10 Omnuc TeXHOJIOTTYHOT CXEMHU 05.05.2020
11 KonTtposnb BUpoOHHIITBA 10.05.2020
12 ABTOMAaTH3AIlS TIJITHKA BUPOOHHUIITBA 12.05.2020
13 Cnucok BUKOPHUCTAHOI JIITEPATYPH 18.05.2020
14 Beryn.Pedepar.3mict 20.05.2020
3100yBau Cepena A.B.
(mipgmuc ) (mpi3BuiIe Ta iHiIiAIN)
KepiBHuk podotu _bynenxko JIL.M.
( migmuac ) (mpi3BuiIe Ta iHiIATN)




Pedepar

B manmoMy mpoekTi, BHUCBITIIEHO OIOCHHTE3, HACTYIIHC BHJIUICHHS Ta
OUHUIIEHHS TO3aKJITUHHOIO €K30Mojicaxapuay Kyp[JlaHy Yy BHUIJISII CyXoi
MOPOIIKOMNOI0HOT CcyOcTaHIlli, sfKka B MOJAJIbIIOMYy OyjJe BUKOPHCTOBYBATHChH B
saKocTi OiosoriuHo akTuBHOI H00aBKu (BAJI) mys iMyHOKOpPEKITii, iIMyHOCTUMYJISIIII.
biocunTte3 kypasiaHy 3aiiicHioe — MikpoopraHism Alcaligenes faecalis WX-C12,
KU CHHTE3YE MPHU POCTI HA CEPEIOBUIII 3 TITIOKO3010 Ta JPIKIKOBUM €KCTPAKTOM
72 t/1 [4] 1TEOBOTO MPOAYKTY. B X071 BUKOHAHHS JaHHOI pOOOTH OYyJI0 OTpUMaHEe
pO3paxyHKOBE 3HAUEHHS MOTY>KHOCTI BUPOOHUIITBA KypaiaHy - 3 880 kr/ pik.

TexHos0r1a BUPOOHUIITBA Kyp/IJIaHy Yy BUIJISA/I1 IOPOLIKY BKIIFOYA€E B COO1 SIK
JIOTIOMIDKHI pOOOTH (TIPUTOTYBaHHS MHUHHUX 3aco01B; MIATOTOBKAa aepaiiifHoro
MOBITPS; TPUTOTYBaHHS THUTPYBAJIBHUX AarcHTIB; IPHUTOTYBaHHS JOIIOMIKHUX
PEYOBMH  Ta JAWCTWIHOBAHOI BOAMW; IIJITOTOBKA Ta CTEpUiIi3allisi MOXKUBHUX
CEpEeNlOBUII JJIsI BUPOLILYBaHHS MOCIBHOTO Marepialy B KOJj0ax, 1HOKYJSITOpax Ta
BUPOOHHYOro GiocHHTE3y y (epMmeHTepi 06’eMoMm 12,5 M °), Tak i 3 OCHOBHHX
BOKJIMBUX TEXHOJOTIYHUX MPOIECIB (BUPOIILYBaHHS TOCIBHOTO MaTepialy Ta cam
mpoiiec Ol0CHMHTE3y; MIATOTOBKA KYyJbTYypallbHOI PIAMHM, BUIIUICHHS Olomacw,
BUJUICHHS OCHOBHOTO I[IIbOBOTO TPOAYKTY METOJOM OCQKEHHS, OYHCTKa
Kyp/JlaHy, CYIIIHHS J0 MOPOIIKY Ta MOJajbIlle YIaKyBaHHs Y TOBapHi GopMH).

KypcoBuii npoekt mictuTh 141 CTOPIiHOK IPYKOBAHOTO TEKCTY, 29 TaOIMIlb,
12 pucyHKiB, a TakKOX CKJIaAaeTbes 31 Beryny, 10 po3aiiiB, CIUCKY BUKOPUCTAHO1
miteparypu (50 mxepen) ta rpadiunoi wactuHu (3 kpecinenb (opmary Al, 1
kpecneHHs popmary A2, 1 kpecaeHns popmary A4 ).

KarwuoBi caoBa: Alcaligenes faecalis, «yponawn, imynomooyisimopu,
exzononicaxapuo,  BAJl, Giononimep, 6iomaca,  6udinenwHs,  cenapysamms,

0Ca0ddicenHs, Hymu-ginomp, 8axyymHa waga.
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Beryn

Sx  BiAOMO, MIKpOOM MOXYTh BHUPOOJISATH PIZHOMAHITHI TO3AKIITH!
noJlicaxapyuau JJig BUKUBAHHS B CyBOpUX yMoBax. KypaiaH 3a CBO€I0 CTPYKTYputO
BOJIOPO3YMHHUM OlomojiiMep, skuil ckimamaerbest 3 [-D-1,3-rmokaniB. B cBoro
yepry, p-D-1,3-rmokann MOXyTh OyTH CHHTE30BaHI OakTepisiMu, rpubamu Ta
pPOCIIMHAMH, TPOTE BEIUKOMACIITaOHE BUPOOHUIITBO Kyp/AJIaHy BiJIOYBA€ThCS caMe
3aBIAKM MikpoOionoriuHoMy cuHTely. Kypaman — mnpupoiaHuii 3arymrysad,
crabumzaTop, emymnbrarop. HosiTHi gocmimxeHHs, a came 2018 poky
MIATBEPKYIOTh MOro 1IMYHOMOJIENIOIOUl BJIACTUBOCTI Ta 3aCTOCYBaHHS JAHOTO
ex3onoiicaxapuny y ckianai BAJI, a Takox y ckiani Jlikapchbkux npenaparis [1,3].

Ex3omnomicaxapusi MIMPOKO BHUKOPUCTOBYETHCS B~ MEIUIIMHI, XIMIYHIH,
KOCMETHUYHIN, XapyoBId Ta 1H.rajmy3sX IPOMHCIOBOCTI, 3aBJISIKA CBOIM PEOJIOTTYHUM
Ta IUTIBKOYTBOPIOIOYUM (yHKLISIM [2].

Metow poOOTH € TPOEKTyBaHHS JUISTHKA BHUPOOHHIITBA (amapaTypHi Ta
TEXHOJIOT1YHI CXE€MHU) KypAAJIHY y BUIJIAJI MOPOIIKOMOAIOHOI cyOCTaHIIll, HUISIXOM
KyJIbTUBYBAaHHS T'paMMHEraTUBHUMHU OaktepisiMu  Alcaligenes  faecalis Ta
NOJaJbIIMMU TEXHOJOTTYHUMH ONepalisiMy BUAUICHHS, OUUILIEHHS Ta yIaKyBaHHS
y TOBapHY (opMy — MOJIETUIEHOBI a00 KpadTOBI MILLIKH.

AKTYaJIbHICTh TEMH — B XOJI1 aHAJII3y IIPOBEJACHUX JIOCTIHKEHb, 3 BUBUYCHHS
BJACTUBOCTEH JIaHOTrO TOJIICaXapuay, BHUSBHIOCH, IO KypUlaH MOXHa
3aCTOCOBYBATH SIK IMyHOMOJIENIOIOUY Ta IMyHOCTUMYJIIOYY A00ABKY JUIsl JIIKYBaHHS
Ta TPO(UIAKTUKA BEIUKOI KUIBKOCTI XBOpPOO XpOHIYHOro Xxapaktepy. Ha puHKy
icHye OaraTo mpemnapTiB y ckiafl kux € 1,3-f- rmokan y cyminil 13 1,6-f- rimokanom
BiJl PI3HUX BHUPOOHUKIB. [IpoTe, Kpammmu IMyHOMOIYJIIOIOUMMH BJIACTUBOCTSIMU
BOJIOZl€ came yucTuil 1,3-f- rrokaH. €IMHUM TIpernapaToM, B OCHOBI SIKOTO € YUCTUMN
1,3-4- rmokan - € Super Pure 1,3-f- rmokaH, sIKuil BUTOTOBIISIIOTH 32 JIOIIOMOT'ORO

EKCTpakKIlli Ha OCHOBI BOoAOpocTei Ta 3aBo3aTh 3 CIIA,

HYXT BTEK 04.01.30. AITII3

3MH.

Jluct Ne nokym. Migmuc | Hara

Po3po0. Cepena A.B

JIiT. Apk. ApkyuiiB

KoHncynprant

Bemyn N "

KepiBHUK byuenko JIL.M

3as.kadenpu [ ITupor T.IL Kacbez[pa bTM




0 € EKOHOMIYHO HEBWTIIHUM IS CIIOKMBadiB ( 4Yepe3 BHICOKI IHW ) Ta JUIs
BUPOOHUKIB, TaK SIK €KCTparyBaTH OeTa - TIIFOKaHU Ha OCHOBI BOJIOPOCTEH Ta BUITy4YaTH
iX 3 KJIITUHHOI CTIHKY TPUOIB € HEAOIIIBHUM, Y MIOPIBHSAHHI 13 BUCOKUMH MOKa3HUKaMHU
MIKpOOHOTO CHHTE3y KypAJaHy Ta HOBITHIMH BJOCKOHAJICHHMH TEXHOJOTISIMHU
1ABUILIEHHS BUXO/y €K30M0Jlicaxapuly y TPOMHUCIOBUX YMOBAaX.

Tomy, po3poOKa BITUM3HSHMX MpENapTiB HA OCHOBI MIKpOOHOTO Kyp/UIaHy,
SKAWA MICTUTH Juiie 1,3-f- TIIOKaHu € MepCreKTHBHUM HANPSMKOM JJIsl BUPILICHHS
C€KOHOMIYHHUX Ta 03/I0POBYMX MpOOJIEM JUIsl HaceNeHHsT YKpaiHU, TaK sIK MONEpeIuTH
Cepilo3Hi BipyCHO-IH(EKIIHHI 3aXBOPIOBAHHS MOXYTh JIMIIE IMYHOMOJYJIOKOYI
npenaparu.

HoBu3How naHoi pobOTH € onTUMI3alLis CKJaly MOKUBHOIO CEPENOBHUIIA, 1110
ICTOTHO MiJIBUIIYIOTh KOHIIEHTPALIII0 TOTOBOTO MPOAYKTY, a came — 72 r/1 [4], a Takox
Bpaxkae yac O10cuHTE3y — 48 roJiuH; 3alpOIOHOBAHO BUPOOHMIITBO €K30MOIICAXapuIy
Kyp/utany B YkpaiHi 1y BupoOHunrsa BAJ Ta croci6 o4ncTKy KypajaHy — METO]
TPbOXKPATHOTO  TMPOMHBAHHS  JUCTWJIHOBAHOI  BOJOI0  Ta  MOJAIBIIAM
yinbTpadinbTpyBaHHaM . JlodepMeHTalliiiHi mpoIriecu CYMpPOBOKYIOThCS HOBITHIMU
METO/IaMH KOHTPOJIO KYJIbTYpalbHOI PITMHU, a came: - BU3HAUCHHS KOHIICHTpALll
TJIFOKO3H 32 JIOTIOMOT'OI0 O10CEHCOPIB; BU3HAYCHHS KOHIICHTpAIIlli XJIOpHIY aMOHIIO 3a
JIOTIOMOTOI0  10HOCEJIEKTUBHOTO  enektpoxy.  Ilicnmadepmenrartiiini  mporecu
MOETHYIOTECS. 3 METOAMKAMH TONEPETHBOTO TEIEYyTBOPEHHS Ta OCAKEHHS,

paMaHIBChKOIO CIIEKTPOCKOTIIETO.



Po3ain 1. XapakrepucTuka nijiboOBOro nNpoAyKTy

Kyponan- ne mnozaxmituHHUN momicaxapua. B 1964 p. Xapama naB tiomy
Ha3By «kypaian» (curdlan) 3a ¥oro 3maTHICTH KoaryiaroBaTH, ab0 3TOpaTHUTCA.
Kypanan MicTuTh BUHATKOBO /,3- S-TTIKO3U/IHI 3B A3KH, SIK1 4aCTO 3yCTPI4alOThCS B
npupoai. Kypmian oOTpUMYIOTh MHIISXOM KYJIbTUBYBAaHHSI IITaMOM OakTepiid
Alcaligenes faecalis Ta moaanbIIMM BUIIJICHHSIM HOTO 3 KYJbTYpPajJbHOI PIAMHHU.
[TpoMucnoBuii Kyp/ylaH MOXKE€ MICTUTH TPOAYKTH pO3Magy KIITHHH, OULIKH,
HYKJICTHOB1 KUCJIOTH TOIIO [5].

1.1 ®i3uko-xiMiyHi BJIACTHUBOCTI KYpAJIAHY

Kypanan gBisieTbest OJHUM 13 010M0OMIMEPIB, BIAOMUX K /,3- [-D-IIIOKaHH.
Taxi momicaxapuau XapaKTepU3yIOThCS JaHKaMU IUIIOKO3H, SIKI IOBTOPIOIOTHCS, Ta
KOTp1 3B’A3aH1 (- 3B A3KOM MDK MEPIIMM Ta TPETIM KapOOHAMHU KUIbLS TIIOKO3U
(puc.1.1). CtpykTypa KypajiaHy Harajaye KappariHaH, araposy, T'eJJIAaHOBY Kamijb.
Ha BiamiHy Bij TreijlaHy Ta KappariHHaHIB Kyp/JlaH SIBISIETbCS HEHTpaJbHUM
nosicaxapuioM 0e3 KUCJIOTHUX KOMIIOHEHTIB.

Kypanan Hepo3umHHMII y BOJlI TMpW KIMHATHIA Temmeparypi, aie
pPO3UMHSAETBCS Y  BOAHOMY  JIY’)KHOMY  PO3UMHI,  BOAHOMY  pPO3YHUHI
Tpu(eTrwieHuaMin)riapokcuni ta auMeruicyiabdokcuai (JIMCO). Po3unHHICTD
muidHux f- (1,3)- rmrokaHiB OB’si3aHa 31 cTyneHeM nojimepusauii. Konu ctyninb
noiimepu3zaiiii nepesuinye 30-49, To kypanan po3uuHsierbess y NaOH ta JIMCO
(xonneHTpamiero Oinpie 0,23 H) 1 He po3umHsieTbes y Bogi. lle moB’si3ano 3
MOJICKYJIIPHUM TIEPEXOJOM BHYTPIIIHBOI CTPYKTYpPU. A CTYIIHb MOJIMepU3alli
KypaJiaHny ctaHoBUTh 0sn3bK0 450 [12]. Tomy, 00poOka conro01113yI04UM areHToM
NaOH 7103BOiHUTH 3HU3UTH B’S3KICTh Ta  CIPUYMHUTH PYWUHYBAHHS CHUCTEMH.
Kypanan yTBOproe renp Jvie mpu HarpiBaHHi, 1HIN ¢akTopw, Taki sk : pH,

KOHLIEHTpallisl IYKpY, MPUCYTHICTh KaTIOHIB — BHIUIUB Ha TeJEYyTOPIOBAHHS HE

311HCHIOIOTE.
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[Ipu wHarpiBaHHI KypJUlaHy, B 3aJIe)KHOCTI BiJ TEMIEPaTypu, MOXKE
YTBOPIOBATHUCS T'€Jlb ABOX BUIB:

1) Tepmo3BOpOTHIN Telb- YTBOPIOETHCA TIpH HarpiBanHi g0 55°C 1

HACTYITHUM HOTO OXOJIO/DKEHHAM ( TBEpJIi€ 3a MPUPOIHIX YMOB).

2) TepMoHE3BOpOTHIil renb- YTBOPIOEThCA Mpu HarpiBaHH1 Butie 80°C [6].

Hepo3unHHICT,  KyplilaHy  TOSICHIOETBCS ~ HASBHICTIO  €KCTEHCHBHHUX
BHYTPIIIHBO- 1 MDKMOJCKYJISIPHUX KPUCTATIYHUX JOMEHIB, TIOB'SI3aHUX 3 BOJHEM.

Kypnnan Hepo3umHHUN y BOJI, CHOUpPTax 1 OUIBIIOCTI OpraHIYHUX
po3unHHUKIB [7]. PeHTreniBchbki qudpakTorpaMu i1eHTU(IKYBaIU TpU pi3HI GopMU
kypagany: I, II 1 III, mo npeacraBisitoTh cOOOK0 HATUBHUI 3pa3oK, popMy micis
140°C, 1 nerimpatario BiamoBigHo. lle mochimkeHHS NPHUCBOIIO BCIM TPHhOM
aHaJIOTT4YHI MOTPIHI CHIpalbHi CTPYKTYPH, aje BIIOMO, IO Kyp/JiaH ICHY€E SIK OJIHA
cripaib (puc.1.2) [8].

CepezHst MOJIEKYIIIpHA Maca KypAiaHa 3HAXOXHThCS Mik 5,3 x 10%12,0 x 10°
Ha. Bomna cycnensis kypmiany mae pH 6,0-7,5 [9]. dopmyna kypasiaHa-
(CeH1005), [9].  Peectpamiitnuii Homep CAS- 54724-00-4 [11].

CH,0H B CH,OH ] H,OH

OH OH OH

on L OH _ OH

Puc.1.1 XimiuHa cTpykTypa KypaJjaany [10].

10



Puc.1.2 Enextponna mikpogororpadist rpanyJ kypaiany [10].
1.2 3acTrocyBaHHS KypAJIaHy B PI3HUX rajy3sixX NPOMHCJIOBOCTI
B xapuoBiii npomuciaoBocri: Kypaian He Mae HI cMaky, Hi 3amaxy, Hi KOJbOPY.
BiH yTBOpIO€ Xap4yoBUI Ielib, IKUA MOKHA CTEpUIIIZyBaTH, 3aMOpOKyBaTH. Takox
KypJJIlaH 3aCTOCOBYIOTH B POJI Al€TMYHOI Ao0aBku- E-424 (1 sk 3rymryBau Ta
cTabu113aTop), siIKka 3a00pOHEHA B Pl KpaiH, Yepe3 BEIUKY LIKOAY ISl OpraHi3My
moauHu [9,14].
VY mpoMUCIOBOCTI KypJJiaH BUIYCKAIOTh y BUIVISI MOPOIIKY OBTYBaTOTO

KOJIbOpY a0o Oioro 6e3 3amaxy ta cMaky (puc.1.3) [6].

"*" '.n.ﬁ&

Puc. 1.3 3oBHimHIN BUTISA Kyputany [13].
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B OyniBesbHux marepianax: Kypanan epexkTUBHUI K areHT Al BUTOTOBICHHS
CYNEpMIITHOTO OETOHY 1 TaKoXX BHUKOPHCTOBYIOTHCSI B SIKOCTI OPraHIgYHOTO
3B'SI3yIOYOT0 areHTa JUIsl KepaMiKy 1 aKTHBOBAHOTO BYT1ILIA.

B memmumHi: [{ikaBo, mo Kyp/iad i cynbpaTi KypyiaHy MarOTh MPOTHUITYXJIUHHY
niro Ta npotuaio Ha BIJL. Bigomo, 1110 KypajiaH akTUBYE BPOKEH1 IMYHHI CUCTEMU
0e3xpebeTHUX, a TaKOX KIITUHH CCaBIIB BIJIOMUM sIK Moaudikatop 010JI0TT4HOT

peaxii [9,14].
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Po3ain 2. O0rpyHTyBaHHSI BHOOPY Ta XapaKTEPUCTUKA 0I0JIOTIYHOI0 areHTa

2.1 O0rpynTyBaHHs1 BHOOPY 0I0JIOTIYHOI0 areHTa TA MOKMBHOI'0 Cepe0BUIIA

JJIs1 HOTO KYJIbTHBYBAHHSA

Kypanan € mno3akiaiTUHHUM MIKpOOHUM monicaxapugoM. CHHTE3YeThCs

OaxTepiamu. [0 4mcna MpOaYIEHTIB KypAJaHy BXOISATh B OCHOBHOMY Taki POIH

Oaktepiit — Agrobacterium, Alcaligenes, a Takox Rhizobium , Cellulomonas, ane

HCIITOAaBHO HaYKOBHi HOBiIIOMJ'ISIJ'II/I IMpo CHHTC3 KypAJIaHy 3a JOIIOMOI'0IO

TPaMIO3UTUBHUX OakTepiil, Takux sk Bacillus 1 Paenibacillus [5,15]. Y3aransHeHi

JlaHl, MO0 PI3HUX MPOYIEHTIB KypiJlaHy HaBeAeHO Yy (Tadim.2.1).

HYXT BTEK 04.01.30. AITII3

3mH. | Jlucr Ne moxym. [Migmuc | Hata

Po3po0. Cepena A.B . Jlir. Apk. ApkyuiB
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3as.xadenpu [TTupor T.IT. xapakmepucmuxd Ka(beﬂpa bTM
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XapakTepucTHKA NPOAYLEHTIB Ta MOKHBHOIO Cepe0BHUINA JIs1 0i0CMHTe3y KypAJIaHy

Tabauys 2.1

Biosoriunmii | Cknan noxkuBHoro | TpuBamicts | Buxin OcobauBocTi Buninennsi nijiboBOro NnpoayKTy Jlitepatypa
areHTt cepeaoBHUINA, I/ KYyJbTH- KypAJIaHy | mpouecy
BYBHHS, T'0]1 OiocuHTE3y
Agrobacterium Cepeoosuwe: 72 51,94 [opuiiina mogada, | ['parynu, Mo MiCTATh KypIJiaH pecyCleHayBalH B [16]
sp. ATCC rmoko3a-50 T; nepionvHe 1 M NaOH npu 200 06 / XB ipoTsrom 3 To/.
31749 CaCO;-10T; KynbTHBYBaHHsA. | [loTiM KIiTHHH OcaKyBaiu HEeHTPU(YTyBaHHIM
TIOJTi € THIICHTJTIKOJTh Temnepatypa npotsrom 20 xB . pH cynepHaTtanTy AOBOJATE A0
copOiT MOHOOIIEaT- KYJIbTUBYBaHHS- 7,0 3 BuKopucTanasM 2 Mok / 1 HCI
16; 30 ° C; mBuakicts | [IpoMHBalOTh JCiOHI30BAaHOI BOOKO 1 CYIIATh JI0
TIPIKIDK.EKCTp.- 3 T; niepemit. - 400 00 MOCTIHHOT MacH.
KH,PO,-2,7r; / xB, pH-7,0.
(NHy) 2SO4-2r;
MgSQOy4- 0,5 1.
Rhizobium Cepeoosuuie: 120 65,27 [lepionuune Hentpudyrysamm npu 6000 g npotsrom 10 xB.10 [17]
radiobacter riaroko3a — 50 T; KyJIbTHBYBaHHS, 13 M 0,5 mons / 1 NaOH noxasanu o ocany.
cGMcCcC FeSO,4 - TH,O-5 1 MOPIIHOIO [MotimM cymim neHTpudyryBaiy npoTsarom 15 xB.
12099 (NH4),HPO,4 - 21 MOJavero. Ocay KITITHH 30Upaliv i IPOMHUBAIH BOJOK TPH
MnSO,-2 1; Temmnepatypa pasu, a MoTiM BHCYIIYBaJIM A0 TMOCTIHHOI Barn
KH,PO, -1,51; KYJIbTUBYBaHHSI- npu 85°C. HCI nonaBanu jyis ocaJKeHHS
CoCl, - 6H,O-1 1 30°C, pH-7,0. KypJUTany, 1 Kiniesuid pH po34yuHy 10BOIMIH J0
ZnCl,-11; 6,5-7,0.
MgSQO,4- 0,75 T.
Alcaligenes rioko3a- 50 r; 48 72 [epionuune 3pazok nenTpudyrysanu npu 8000 06 / xB [4]
faecalis WX- | OpiKIDK. €KCTp.- 2T; KYyJbTUBYBaHHS, npotsarom 30 xB pu 4 ° C.
C12 KH,PO, -2r; nopuiiHe I'panyinu, gKi MICTSTh KJIITHHH 1 KypAJiaH
NH4Cl1 -3,6 1; IT1JHKUBIICHHS pecycnenaysanu B 0,5 M NaOH npotsrom 1 rog.

MgSO47H20-0,5 T,
1 M1 p-HY MiKpoe-
iB(1/1):FeCl;-1 T;
MnCl,-1 T
CaCl,-1 r; NaCl-1r;

aMIiayHOI0 BOJOIO.

KnitaHu oca/pkyBaiy neHTpUyryBaHHIM TIPU
8000 06 / xB mpotsirom 30 xB. [lotim
nonasaiu 2,0 M HCI. [TpomuBaroTs i
cymiatsb Jio rnoctiiiHoi macu ripu 80 °C.
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Omxe, manmii mtam, Alcaligenes faecalis WX-C12 , npoaykye HaiOuIbITy

KUIBKICTh KypJaHy, a TaKoX e()EeKTMBHO BHUKOPHUCTOBYE KOMIIOHEHTH IOKHBHOTO

cepcaoBuIa, Mac BEJIMKUM BiI[COTOK €KOHOMIYHOI'O ITOKa3HHWKA. MaKCHMAaJIbHE

BUPOOHUIITBO Kyp/utany - 72 r / n. Ilpore, Taka MOpIBHSUIbHA XapaKTEPHCTHKA

TEXHOJIOT1YHOTO mpoluecy ( auB. mabda.2.1) € HeIOCTaTHLOIO, TOMY Ha HACTYITHOMY

eTarii BUOOpy O10JIOTIYHOTO areHTa MOPIBHIOBAIM BapTICTh KOMIIOHEHTIB MOXXHUBHHUX

CepeIOBHIL HAaaKTUBHIIINX MPOAYLEHTIB Kypiany (Ta6:m1.2.2).

Tabnuys 2.2

BapTicTh KOMIIOHEHTIB MOKMBHOIO CePelOBUINA JJIsl CHHTE3Y KypAJIaHy
HAWAKTUBHIIIMMH NPOAYI€eHTAMH

Hpoayuent | KommoHeHnT Hina Bapricts koMnonenTa d:xepesio
MOKUBHO-TO KOMIIOHe-HTa, | (rpH) Ha 1 J1 cepenoBuma | indopmaii *
cepeaoBHUINA, I/J TPH/KI
riroko3a- 50 ; 50,40 2,52 [1]
JPIKIDK.CKCTP.-2T; 440,0 1,12 [2]

KH,PO4 -2r ; 43,5 0,075 [3]
NH4,Cl-1,6 30,0 0,03 [4]
NaCl-1; 5,0 0,005 [5]
) FeCl;-1; 37,0 0,037 [6]
‘{%‘éeé‘gs MnCl-1 1 12,0 0,112 [7]
- CaCl,-1 1 3,60 0,0036 [8]
MgS0O,4-7H,0-0,5r. 6,9 0,00345 [9]
Bapmicmy 1 1 cepedosuuia — 3,8 2pu
raoko3a — S0r; 50,40 2,52 [1]
FeSO, - 7TH,O-51; 3,0 0,015 [10]
(NH4),HPOy4- 2r; 10,0 0,02 [11]

R. MnSOy-2 1; 24,36 0,0487 [12]

radiobacter | KH,PO,4 - 1,5 ; 43,5 0,070 [3]

CGMCC CoCl, - 6H,0-1; 56,0 0,056 [13]

12099 ZnCly-1; 35,0 0,035 [14]
MgSQOy- 0,75 1. 7,50 0,0056 [15]

Bapmicmy 1 1 cepedosuwia —2,77 2pn
raoko3a- 50 T 50,40 2,52 [1]
Tween-80 -16 210,0 3,36 [16]
r;

Agrob CaCOs-10T; 4,50 0,045 [17]
acteri-um JPIKIDK.EKCTP. 440,0 1,68 [2]
ATCC 31749 -3r;

KH,P04-2,7r ; 43,5 0,127 [3]
(NHy) »SO4-2r. 3,9 0,0078 [18]

Bapmicmu 1 1 cepedosuwia —5,94 zpu

Ipumitka. * — [{inu HaBeneHo cranoM Ha roTuit 2019 poky.

[1] https://prom.ua/p701365303-glyukoza-pischevaya.html
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https://prom.ua/p701365303-glyukoza-pischevaya.html

[2] https://russian.alibaba.com/product-detail/sost-supply-wholesale-fo html

[3] https:/flagma.ua

[4] https://prom.ua/p609981297-ammonij-hloristyj-hlorid.html

[5] https://prom.ua/p518000047-sol-tabletirovannaya-kropivnitskom.html

[6] https://agrobiz.net/fecl3-943665.html

[7] https://russian.alibaba.com/product-detail/98-manganes -formula-mncl2-

[8] https://russian.alibaba.com/product-detail/ dihydrate-cacl2-

[9] https://prom.ua/p97141133-magnij-sernokislyj-7vodnyj.html

[10] https://kirovograd.flagma.ua/sulfat-zheleza-02423253.html

[11] https://prom.ua/p29068466-sulfat-ammoniya-nh42so4.html

[12] https://ukrkolorhm.prom.ua/p46475690-sulfat-margantsa-.html

[13] https://russian.alibaba.com/product-detail/cocl2-6h20-cobalt-chloride-

[14] https://harkov.flagma.ua/cink-hloristy-kupit-hlorid-cinka-kupit-.html

[15] https://prom.ua/p662853117-sulfat-magniya.html

[16] https://prom.ua/p19312640-tvin-polisorbat.html

[17] https://prom.ua/p624988399-mel-prirodnyj-molotyj.html

[18] https:/krivoyrog.flagma.ua/sulfat-ammoniya-02123784.html

Otxe, 3rigHo Tabx 2.2, BapTICTh MOKUBHOTO CEPeAOBHINA it Agrobacterium
ATCC 31749 ckmamae 5,94 rpu , skuii npoaykye 51,94 r xkypanany 3a 72 ron
KyJIbTUBYBaHHA. BapTicTe mokKMBHOrO cepefoBulue i Rhizobium radiobacter
CGMCC 12099 — 2,77 tpH, BUXiJ LUJILOBOTO MPOAYKTY CTaHOBUTH 65,27 r/m.
[ToxuBHe cepenoBuie s npoayueHta Alcaligenes faecalis WX-C12 - 3.8
IPH,IIPOTE BUXIJ KypaJiany- 72 T 3a 48 roauH.

st toro, mo6 oOparu HalieeKTUBHIMIUKM O10JIOTTYHUIA areHT HEOOX1IHO

poO3paxyBaTy YMOBHY BapTicTh | MTI HUIbOBOTO poaykry (Tabm.2.3).
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https://russian.alibaba.com/product-detail/cocl2-6h2o-cobalt-chloride-cocl2-6h2o-60500406153.html?spm=a2700.8699010.normalList.7.5fdb104dkcXKYh
https://harkov.flagma.ua/cink-hloristy-kupit-hlorid-cinka-kupit-o2107579.html
https://prom.ua/p662853117-sulfat-magniya.html
https://prom.ua/p19312640-tvin-polisorbat.html
https://prom.ua/p624988399-mel-prirodnyj-molotyj.html
https://krivoyrog.flagma.ua/sulfat-ammoniya-o2123784.html

Tabnuys 2.3

YMoBHa BapTicTh 1 MI' HiJIbOBOI0 MPOAYKTY — KyPAJIAHY NP KYJIbTBYBaHHI
Halle(peKTHBHIIIMMHU NPOAYUEHTAMH

Biosoriynmii Bapricts 1 1 | Buxin YmoBHA TpuBaJjictb KinbkicTb
areHT cepeloBHINA, | KYPAJAHY, | BapTicTh 1 | KyJbTUBYBAHHS, | YTBOPEHOI0
TPH r/a r rox noJricaxapuay
KiHIIEBOT'0 3a ro/INHy,
NMPOAYKTY, r/roa
TPH/T
Agrobacterium 5,94 51,4 0,114 72 0,72
ATCC 31749
R. radiobacter 2,77 65,27 0,042 120 0,54
CGMCC 12099
A.faecalis 'WX- 3.8 72 0,05 48 2,5
C12

VY3aranpHUBIIN BC1 JaHi, MOXHA OJJHO3HAYHO CTBEP/KYBATH, IO ISl CUHTE3Y
€K30I0JIIcaxapuly Kyp/ilaHy HalJIOIIbHIIIIE BUKOPUCTOBYBATH Alcaligenes faecalis
WX-C12. Takox ciiJl BIA3HAYUTH BUCOKY MPOAYKTUBHICTL A. faecalis: 3a 48 ron
KyJIbTUBYBAaHHS BOHHM MPOJYKYIOTh 72 T KypJjaHy. BomHoyac BHCOKY KUIBKICTb
yTBOpeHoro nodicaxapuny — 51,94 r, matote Agrobacterium sp. ATCC 31749 Ta
65,27 r TIOIOKAHOBOTO TOJIiCaXapuay CUHTE3YIOTh Rhizobium radiobacter CGMCC

12099.

2.2 Mop¢do0ro-KyJbTypaJibHi Ta (i3i0/10ro-0ioxiMiuHi 03HAKH
0i0JIOriYHOr0 areHTa
Alcaligenes faecalis iCHyIOTh y TPYHTi, BOJI, a TaKoX MepeOyBalOTh Yy
TICHOMY 3B'sI3Ky 3 JoJbMH. bakrtepii 1Iboro pojay, sSK MpaBWIO, HE MATOTEHHI.
BakrtepianbHi BuAM, 10 Halexath A0 poay Alcaligenes, mnpoaeMOHCTpyBalu
yHIBEpCaJIbHy 37aTHICTh A0 OlopereHeparili 3a0pyAHIOIOUUX PEUYOBUH, BKIHOYAIOYU
dbenonu , PeHaHTpEeH , MONIAPOMATHUYHI BYIJIEBOJHI , MECTULUIU 1 JETpajaliiio
a300apBHUKIB .
Ax noBinmomnsieTses, Alcaligenes faecalis miepeTBOprOo€ HANOUIBIT TOKCUYHY
dbopMy MUII'SIKY, apceHITy B MeHII Oe3nedyHy ¢Gopmy- apceHar. Takox Oyno

MOB1JIOMJICHO MPO TOJEPAHTHICTh 10 BaXXKUX MeTalliB. He3pakaroun Ha TaKky BHUCOKY

npuaatHicTh BUMIB Alcaligenes faecalis y cdepax mOCTIIKEeHb Ta MEPCIEKTUBHUX
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mepeBarax ~y  Trady3l  IPOMHCIOBOCTI,  CUIBCBKOMY  TOCIOJApCTBI  Ta
IPUPOJIOOXOPOHHIM Traiy3l, BOHA 3aJMINAETHCS HEAOCTATHBO MPEACTABICHOI Ha
reHOMHOMY piBHI. He Oyno omyOikoBaHO >KOJHOTO BaXKJIMBOTO IOPIBHSJIBHOTO
aHamizy a00 TaH-TGHOMHOTO aHami3y, TMOB'SI3aHOTO 3 IIi€l0 OakTepicro Ha
ChOTOAHIIIHIN AeHb [18].
2.2.1 Mopgonozo-kynemypanvhi 03naKu

Alcaligenes faecalis - ne aepoOHa HepepMEHTATHBHA, OKCHJIA3-TIO3UTHBHA,
HEKarcyJlbOBaHa IrpaMHeraTHBHA TMaJIWdKonoAiOHa Oaktepis po3mipom 0,6-0,7 MxM
HMIMPUHOIO Ta JoBXHHOIO 1,0-1,2 MKM, MaioTh mepeTpuxiaibHi HKTYTUKH. KmiTuHH

pO3MINIYIOTECA y (opmi «3rycTkiB». Ha arapi mawTh BuUIISiA OLTyBaTO-CIpHX,
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Puc.2.1. Alcaligenes faecalis po3mimiennsi y ¢gopmi «3rycrkis» [18].

2.2.2 ®Di3i01020-0i0XiMiuHI 03HAKU 0I0N102IUHO20 azeHma

1o BimHOIIIEHHIO 0 KUCHIO, Alcaligenes faecalis- obniratauii aepo0. 3a TUTIOM
KUBJICHHSI- XeMoopraHoreteporpod. AHami3u Karaja3u Ta OKCHUIA3H Oy
MO3UTUBHUMHU. A. faecalis yTunizye uutpart, (eHlIameTaT, MajloHaT, aleTarT,1aKTar,
L-ananin, npomionar, L-rictuaun,3-rigpokcudytupar, L-nponin Ta L-tpuntodan y
BUTJISIAL JpKepen Byrieio Ontumanbaa temiepartypa s pocty 24-40 °C. A. faecalis
MPOJYKYBaB IIUTOXPOMOKCHAA3y. OCHOBHUMHU >KUpHUMHU Kuciaotamu Oymu C16-
najgbMiTHHOBA (TekcazekanoBa), C18 - creapmHoBa (okTamekanosa). Bmict I' + 11 B

A. faecalis cknana 57,8% [18].
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2.3 Taxkconomiunuii cmamyc 0ion102i4H020 azenma

Takconomiuamii craryc Alcaligenes faecalis nipencraBneno y (tab6n.2.4), ne
MOPIBHIOIOTHCS (peHoTumnoBa Ta (uroreHeTnyH1 Kiaacudikamii. Bergey’s Manual of
Systematic Bacteriology- mepme BumanHs omyOiikoBano B 1923 pomi J[PBigom
bepki, 3 MeToro cucteMaru3allii CTPyKTYpHUX Ta (YHKIIIOHATBHUX OCOOJIMBOCTEH
Oaktepii Ta kimacudikaiii. 9 BuganHs omyOsaikoBaHo y 1984 pomi (1.1) Ta 'y 1986 p.
(1.2). 32001 p. BUXOIATH Y CBIT OKpPEMi TOMH T SITHTOMHOTO JIECATOTO BHIaHHS. (T. 1 -
2001 p., 1.2-2005 p., 1.3-2009 p., 1.4-2010 p., T.5-2011 p.)

Y necsatomy BumanHi Bergey’s Manual of Systematic Bacteriology
peanizoBaHa (inoreHeTryHa kiacudikaiis, Ha BIAMIHY BIJ TMOMEPEAHIX , 1 BOHO
Ha3uBaeThCsl «Jpyre BumaHHs KepiBHunrBa bepri 3 cucrtemaTuku Oaktepiin».
Pesynbrat pocnimpxens, npoBeneHux K.P.Beze ta E.CrekenOpanaTrom y mnepiiiid
nosioBuHi 80-x p. XX CT., mOKa3aly, 110 3a aHai3y HYKJICOTHIHUX MOCIITOBHOCTEH
16S pPHK 6axkrepii noainstorbest Ha 11 ocHOBHUX Tpyn. Takum YUHOM, TOPIBHSHHS
(Ta6n.5.1) inoreHeTUYHOI CTPYKTypH OakTepid 3 TpaaulIiHOI (PEHOTUIIOBOIO

cucTeMaTukoro (oco0iuBo 11 rpyma) Bigpasy nokasye 3HauHi BiaMiHHOCTI [29], [30].
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Tabn.2.1.

IopiBusinnga kaacudikauiii Alcaligenes faecalis

TakcoHoMiuHa rpymna

denoTunonBa

kiaacugikania Bergey's

Kaacugikauis K.P.Bese Ta

E.Crexen0Opanara, 80-ti

®dioreHeTH4YHa KJIacupikanis

Bergey's Manual of Systematic

Manual of Systematic poxu XX cT. Bacteriology ( npyre BugaHHs,
Bacteriology (mepue 2005 pik,T.2)
BUAaHH,1984-1986 pixk)

JloMeH \Bacteria \Bacteria \Bacteria

Binnin Gracilicutes \Proteobacteria \Proteobacteria

Knac Scotobacteria \p Proteobacteria 8 Proteobacteria

[Mopsimok \Pseudomonas \Burkholderiale \Burkholderiale

Ponnaa \Pseudomonaceae \lcaligenaceae Ulcaligenaceae

Pix \Alcaligenes \Alcaligenes Ulcaligenes
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Po3ain 3. TexHiko-eKOHOMiYHe OOTPYHTYBAHHA

3.1 lloTpeda y HiyibOBOMY MPOAYKTI

Ha cporogmiiimiHiii [OeHb, palmioHadbHa MEAMKAMEHTO3HAa KOPEKIIis
(GYHKIIIOHATBPHOI aKTUBHOCTI IMYHHOI CHCTEMH HeoOXinHa TMpu OaraThbox
3aXBOPIOBAHHAX oOpraHiaMy. HaiOuibn JOIJIBHUM CIIOCOOOM  BiJTHOBJICHHS
€()eKTUBHOCTI IMyHHOT CHCTEMH € BUKOPHUCTAHHS IMyHOMOAYJISATOPIB [19].

biononiMep KypanaH, SIKUH CKIaJa€ThCS BUKIIOYHO 3 1,3 f- rimiokaHiB —
BOJIOJIIE caM€ IMYHOMOJYJIIOIOUMMH BIIACTUBOCTSAMU. 1,3-f- TIIOKAaHU CTPYKTYpHI
KOMIIOHEHTH KJIITUHHOI CTIHKHM OUIBIIOCTI T'pHOIB, ACAKUX OakTepii, OLIBIIOCTI
BUIINX POCIHMH Ta 0araTb0X HIDKYMX POCIHMH. BOHHM CKIIagaroThCs 3 MONTIMEpIB
TIFOKO3H 31 3MIHHOKO MOJICKYJISIPHOIO MacOI0 Ta CTyIeHeM po3raimykeHHs [20].

Mexanizm  0ii  1,3-f- 2niokamie : BeNMKI MOJEKYIu OeTa TIJIIOKAHIB, HE
niggatoteesa  ¢epmentatuBHid  ¢parmentamii B LIIKT. Bonum 3axormmtororbes
KJIITUHAMHU CIIM30BOi 000JOHKHU KHUIIIEYHUKA 1 aKTUBHO MEePEHOCSTHCS B
MIJCIU30BUM IIap, /1€ aKTUBYIOTh Makpodaru, a uepe3 HUX - JIMQPOLUTH, AKI
BIIMOBIAIOTh 32 3aXHUCT €HAOTENII0, TOOTO 3a MICIEBUH IMYHITET. AKTHBOBaHI
miM@ouuTH 31 CIM30BOi OOOJIOHKM KUIIEYHUKA PO3MOBCIOKYIOTHCS B CIIM3UCTI
00O0JIOHKM PI3HMX OpraHiB, 3a0€3MeuyrouH, TAKUM YMHOM 3aXUCT BiJ 1HQeKmii. 3
OJIHOTO OOKy, aKTUBYE€ThCs (aromurapHas (yHKIs MakpodariB, a 3 I1HIIOTO -
MOYMHAIOTh TTOCUJICHO CUHTE3YBATHUCS 1 BUBLJILHATHUCS TaKl pEUOBHHM, SIK LIUTOKIHU
(iHTepnelikiny, iHTepPEepoHn), K1 € CUTHAIIOM JJIs 1THIITUX KJIITHH IMyHHOI CUCTEMH,

Harpukiag T mimdornuTi, ¢dakTopy pocTy emijepMalbHUX KIITHH, ¢dakTopa

aHT10TeHE3Y.
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Takum uymHOM, 1,3-f- TDIIOKaHM aKTUBYIOTh SIK MICLEBUNA IMYHITET,
3a0e3Meuyloud 3aXHUCT OpraHi3My BiJ BTOPTHEHHS aHTHIEHIB, TaK 1 CHCTEMHHI
IMYHITET, 110 MPU3BOAUTH JO 3HUIICHHS BXKE MPOHUKIMX BCEPEAMHY OPraHiaMv
YyKOPITHUX TeHETUYHUX MaTepiaiB.

[Ipu 1boMy i TIAKPECIUTH BIAMIHHY pUCY IMyHOMOytoro4oi mii 1,3 f-
TJIFOKaHY, sSIKa aJIeKBaTHO MiABUIIYIO0 aKTUBHICTh IMYHHOI CUCTeMHM Oe3 i1i HaaMipHOT
CTUMYJIAIII, SIKa HEPIAKO CHPUYWHSE BUHUKHEHHS AayTOIMyHHHX 3aXBOPIOBaHb.
Came 1s puca, OE3MEYHICTh B TOKCHKOJOTIYHOMY BiJHOIICHHI Ta MOXKJIUBICTh
npuiiMaTi O6eTa TIIOKaHH EHTEepalbHO Ta MapeHTEepalbHO HAAAIOTh aKTyaJlbHOCTI
3aBCTOCOBYBATH 1,3-f- IIIOKaHU y CKJIaJl HOBUX IMpenapaTiB IMyHOMOAYIIOK0YOI J1i
Ta MOKpallyBaTu Bxke icHytoui [14,21].

HailiyacTtimie HopMamizamii IMyHHOI CHUCTEMH OpraHi3M NoTpelye mnpu
XpOHIYHUX XBOpoOax, 1H(MEKIIHHUX 3aXBOPIOBaHb Ta CE30HHUX XBOpOO, a came:
KHUIIKOBUX 1H(EKIISNX, 3aXBOPIOBAHHAX MEYIHKH PI13HOI €T10Morii (B T.4. BIPYCHHUX
renatutax B 1 C), 3amanbHUX 3aXBOPIOBAHHAX BEPXHIX 1 HIDKHIX JUXAJIBHUX
nuiaxiB (B T.4. JapuHrodapuHritax, OpoHXiTaxX, MHEBMOHISX), 3aXBOPIOBAHHSIX
YPOT€HITANbHOIO TpakTy (LUCTUT, MIENOHE(PUT, BAriHIT, TE€HITAJIbHUN TrepIec,
[IATOMETAJIOBIpyCHA 1H(QEKINsA, XJIaMilio3, MIKOIUIa3MO03); 1HIIMX 3alajdbHUX
3aXBOPIOBaHHSX (PEHUAMBYIOUNI Tepriec, XpOHIYHUN (ypYyHKYIh03), a TAKOX JJIS
3arajbHOr0 3MIIHEHHS OpraHizMy (0coOJMBO Mpu (PI3UYHUX HABAHTAKEHHAX 1
CTpeci) 1 monepeIKeHHs PO3BUTKY 3anaibHUX TpoiieciB [19,22].

Ha puHKy icHye OaraTto mpemnapTiB y ckiail gakux € 1,3-f- rmokaH y
cymini 13 1,6-f- rmokaHoM Big pi3HMX BUpOOHUKIB. IIpote, kpammmun
IMYHOMOYJTFOIOUMMH BJIACTMBOCTSAMU BOJIOAIE 4uCTHM 1,3-f- TimrokaH. €auHUM
npernapaToM, B OCHOBI sIKOTO € yucTuil 1,3-f- rmokan € Super Pure 1,3-f- rirokas,
SIKW BUTOTOBJISIFOTH 32 JIOTIOMOTOI0 €KCTPaKIlii Ha OCHOBI BOJIOPOCTEN Ta 3aBO3STH 3
CIIIA, mo € eKOHOMIYHO HEBHTIAHHMM JJIsl CIOXKHMBAYiB 4Yepe3 BUCOKI ITIHU Ta JUIS
BUPOOHMKIB, TaK SIK €KCTpAaryBaTy OeTa IIIIOKaHW Ha OCHOBI BOJIOPOCTEH Ta BUIIyYaTH
iX 3 KIITUHHOI CTIHKH TpUOIB € HENOIUIbHUM, Yy TIOPIBHAHHI 13 BUCOKHMU

NOKa3HUKaMH MIKpPOOHOTO CHUHTE3y Kyp/UlaHy, B SIKOMY MICTUTbCA Jjume 1,3-f-
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[JIIOKAH  Ta HOBITHIMA BIOCKOHAJECHUMH TEXHOJIOTISIMU TIJIBUIIICHHS BUXOIY
eK3010JTicaxapuay y POMHUCIOBUX YMOBAX.

Tomy, po3poOka BITYM3HSAHUX TMPEHapTiB HA OCHOBI MIKpOOHOTO
KypAJiaHy, sSIKAil MICTUTh juiie 1,3-f- TIIOKaH! € MEepCIeKTHBHUM HANpPSIMKOM ISt
BUPIIIEHHS E€KOHOMIYHMX Ta O3JI0pPOBYMX MPOOJIEM il HACEJIeHHA YKpaiHu, TaK K
MOTIEPEIUTH  CEpUO3HI  BIPYCHO-1H(EKITIHI  3aXBOPIOBAHHS  MOXYTh  JIMIIE
IMYHOMOJTYJTIOIOY1 TIPeTapaTy, MUITXOM MONEepPEeIHBOr0 3aCTOCYBAHHS IMyHOTPOITHUX
npenaparis.

Hixde HaBeneHi BUXiTHI JaHi Ta PO3pPaxyHOK PIUHOI MOTpedU y Kyp/saHi,
kUil Mictuth 1,3-f- rmokan (ma6n.1.1). Crin BiA3HAUUTH, 10 71032 Mpenapary B3sTa
Ha ocHoBl SuperPure 1,3-f- rmokan 500 mr [23]. 3a OCHOBY pO3paxyHKIB B3SITO
cratuctiuHl  gaHi MO3  VYkpainu 1H(QEKIIHHOT 3aXBOPIOBAHHOCTI HACEJIEHHS
VYkpainu ctanom Ha 2018-2019 p, a came craTucTuka iHGEKIIHHOT 3aXBOPIOBAHOCTI
Ha ['KI, I'PBI ta rpun, BipycHux reantutiB [24,25]. A Takoxk CTaTUCTHUKA XBOPOO
OpraHiB IUXaHHS, XBOPOO CEUOCTATEBOI CUCTEMHU, AESAKI 1HPEKIIIITHI Ta mapa3uTapHi
XBOPOOH,pO3JIaH MICUXIKU Ta MOBEIIHKH,XBOPOOH MIKIPH Ta MIIIKIPHOI KJIITKOBUHU

3a ganumu 2017 poky [26].
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Buxinni 1aHi Ta po3paxyHok piyHoI moTpedn y KypasiaHi

Tabnuys 3.1

3axBoprOBaHHSA Jozana  Tpusajiictb Kinbkicth KinbkicTh XBOpHX B 3aranbHa
no0y (BTr) mpuiiomy, mnpemapaty (Br) YKpaiHi nIpoTsarom KUIBKiCTB
[6]. AHiB [6]. Ha 1 JoquHy 2018-2019 npemnapary Ha
piK, KT
I'KI 0.5 60 30 86 865 [24] 2 605.95
I'PBI ta rpun 0.5 60 30 9 189 160 [25] 275 674.8
BipycHi renatutu 0.5 60 30 12 258 [24] 367.74
XBopoOH opraHiB 0.5 60 30 12 036 631 [26] 361 098.93
TXaHHS
XBOpoOu 0.5 60 30 1723 742 [26] 51712.26
C€40CTaTEBO1
CHCTEMH
nesiki iH(pekuiiHi Ta 0.5 60 30 940 096 [26] 28 202.88
napasuTapHi XBOpoOH
PO3TaIH MICUXIKH Ta 0.5 60 30 127 630 [26] 3 828.9
[IOBEIIHKHA
XBOpPOOU HIKIpH Ta 0.5 60 30 1 564 434 [26] 46 933.02
HiAIKIpHOT
KIIITKOBUHH
XBOPOOHU KPOBI, 0.5 60 30 164 981 [26] 4949.43

KPOBOTBOPHHX
OpTraHiB Ta
MOpPYILEHHS 13
3aJTy4eHHsIM
IMYHHOTO MEXaHi3My

Bcnoro -775 374 xr
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3.2 Ilorpeda mOTY:KHOCTI BHUPOOHUITBA

3 KOXXKHUM POKOM 3pOCTa€ KIIBKICTh XPOHIUHUX XBOPOO, a OTXKE JIIOAH
noTpeOyIOTh PO3POOKH HOBHX Ta IMOKPAIIEHHS BXKE ICHYIOUMX IMyHOMOIYJISTOPIB.
Ha cporoguiiinmHii AeHh 3HaUYHA YaCTHUHA MapeHTEpPATbHUX TpernapariB Ha OCHOBI
1,3-B-rmokaniB  BuUrotoBsitoThest B CHIA- 61.5 %. Ilpemapatn aMepuKaHCHKOTO
BupoOHMIITBA: Source naturals Beta glucan 100 wmr, Jarrow formulas Beta glucan
Immune Support, SuperPure 1,3-B- rmoxan, Now Beta 1,3/1,6-D- glucan 100 wmr,
Paradise Herbs Beta glucan, Solgar Beta glucans, Dr.Mercola Beta glucans, Life

source Basics 500 mr.

VYkpaina 3aiimae 15.5 %. [Ipenaparu: bera-Imyn (TOB «HoBanik-hapm»), Imynosiane
(®apm-Pocr I[Timroc OOO0).

benbris- 7.6 %. Ilpenapar — Immynikc (IXX dapma).
[Tonemia-7.6 %. Ipenapar- Dolfos Immunodol ( Dolfos ).
Himeuunna-7.6 % . [Ipenapar -Weider Beta glucan ( The Weider ).

Hwxue npuBeneHa aiarpamMa acoOpTUMEHTY TMpernapaTiB B 3aJ€KHOCTI Bl PI3HHUX

BUPOOHUKIB (puc.3.1).
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B Cwa- 61.5%

B YkpaiHa-15.5%
Benbris-7.6%

B HimevyunHa-7.6%

M [Nonbwa-7.6%

Puc.3.1 . [liacpama kinvkicnozo cniesionoutenuss bAJ/lie na ocnosi bema 2ntoxkamuy,

npeocmasieHux Ha hapmaye8muyHoMy purky Yxpainu.

Ax BuaHO 3 miarpamu, 3HayHa dYactTuHa bBAJ[ immoptyerscs 31 CIIA.
[Ipenapar ykpaincbkoro BupooHunTsa Imynomiane (dGapm-Poct [mroc OOO) 3HAT 3
BUPOOHUIITBA, TOMY Bce Outbiiie BAJl iMIOPTYIOThCS 3-3a KOPJIOHY, a 1I€ B CBOIO

YepHY €KOHOMIYHO HEJOMIBHO SIK JIJIS CIIOKUBAYIB, TaK 1 JJIs1 IMIIOPTEPIB.

Tomy, HIKYE HaBEJCHHWI PO3pPaxXyHOK (mabn.3.2) 3 ypaxyBaHHSIM TEHACHIIA PUHKY

Ykpainu.
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Tabnuys 3.2

Po3paxyHok piuHoi moTpedn y KypaJiaHi 3 ypaxyBaHHSIM TeHeHLilH PUHKY YKpaiHu

3axBoproBaHHSI KinbkicTh KinbkicTh KinbkicThb Kinbkicth 3arajabHa
npenapary (B r) XBOPHX B XBOPHX, SAKi npemnapary, KUIBKICTH
Ha 1 moauny Ykpaini OyayTh AKy OyayTh npenapary Ha
npotsrom 2018- npuiimaTu BxkuBatu 10% pik npu
2019 npenapar Ha XBOPHX,KT OXOILIEHHI
OCHOBi Oeta pPUHKY Ha 5%,
TJIIOKAHY Kr**
(10%)*
I'KI 30 86 865 [24] 8 687 260.61 13
.,I'PBI ta rpun 30 9 189 160 [25] 918 916 27 567.48 1378.4
Bipycni 30 12 258 [24] 1226 36.78 1.84
rernaTuTh
XBopobu 30 12 036 631 [26] 1203 663 36 109.89 1 .805.5
OpraHiB TUXaHHS
XBopobu 30 1 723 742 [26] 172 374 5171.22 258.6
ceqacTareBoi
CHCTEMH
nesiki iH(peKinH 30 940 096 [26] 94 010 2 820.3 141
Ta Tapa3uTapHi
XBOpOOH
PO3JIaaM MICUXIKH 30 127 630 [26] 12 763 382.89 19.2
Ta MOBEIIHKH
XBOPOOH IIKipH 30 1 564 434 [26] 156 443 4 693.29 234.6
Ta MiJMKIPHOT
KJIITKOBHHH
XBOpPOOH KpOBI, 30 164 981 [23] 16 498 494.94 24.7

KPOBOTBOPHHX
OpraHiB Ta
MOPYIICHHS 13
3ay9IeHHIM
IMyHHOTO
MeXaHi3My

Bcenoro — 3 880 xr

Mpumitka: * - 10% xBopux OymyTs npuiiMat BAJl Ha ocHOBI OeTa rinokany, inmm 90% OyayTh npuiimMaTH

1HIII TipenapaTy, 1Mo (i3ioNOoriYHIM 0COOIMBOCTSIM OPTaHi3My, AJIEpTiYHIM peaKilisiM Ha OeTa IITIoKaH,

ropajiaM JIiKapsi TOIIIO.

**- e 5 %  SuperPure 1,3-f- rimokan OyJie CIOXKUBATHCS XBOPUMH, iHII 95%- OyIyTh CIIOKHMBATH 1HIII

HpenapaTy Ha OCHOBI OeTa IIFOKaHy.
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3.3 Po3paxyHOK KiJIbKOCTi BAUPOOHMYHX HHMKJIIB TA TeOMETPHYHOIO0 00’ €My
(pepmenTepa
Jnia 3a0e3neueHHs piyHOi MOTpedH y mpenaparti HeoOX1JHO CHHET3yBaTH 3
880 xr xypasany. Y MpOMHCIOBUX YMOBaX, poayneHT A.faecalic WX-C 12
cuHTe3ye 72 1/ 11 nojicaxapuay 3a 48 roauH 6iocuHTE3y [4].
Po3paxoByeMo CKIJIBKH KYJIbTYpaibHOI PIAMHUA MOTPIOHO OTPUMATH 32 LIUKII
dbepmenTartii, mo6 orpumartu 3 880 Kr Kyp/asiaHy.
72 r Kypajany - 1 1
3 880 000 - V kp
V kp= 53 890 kr
3 ypaxyBaHHSM BUTpaT NP BUAUICHHI, 0 cKiIaaaioTh 20% HEoOXI1THO OJIepkKaTu:
Vi =53 889/ (1 -0,2)= 67 362 n
Po3paxoByeMo KUIBKICTh KYJbTYPaAJIbHOI PITUHU, IKY HEOOX1THO OTpUMATH 32
onuH 1UKA (epmeHTanli. MiHIMaJIBHO MOXJIMBA KIIBKICTH poOoumx AHIB - 30;
MakcumanbHa - 300 nuiB. Ilpuitmemo, mo myis naHoro 6iocuHTe3y HeoOxigHO 30
OHIB, a B  1HII JHI BUPOOHMUTBO OyAe 3alHATUM OIOCMHTE30M 1HIIOIO
noJjicaxapumy.
Kinbkicte mponykTy Ha 100y: V=67 361/30 =2 246 n
KinpkicTs mponykTy 3a THKIL V=K *Ty*V,)/24 = (1.1*58%2 246)/ 24 = 5 971n
K- xoedimienT 3amacy, 10 BpaxOBYE MOXIIMBICTh HECTEPWJIBHUX omepariii (
K;=1.1-1.5); T,4- uukn pobotu pepMeHTepa, KU BKIOYae B cede OlocuHTe3- 48
rojJl Ta MIATOTOBKY (epMeHTepa: MUTTS Ta OINAA- 2 TOJ; IHEepeBipka Ha
TePMETUYHICTh- 2 TOJ; CTepHii3aiisi- 2 roj; OXOJO/KEeHHS- 1 Toj; 3aBaHTaKCHHS
cepenoBuma - 1,5 rox; 3aciB -0,5 roj; BUBaHTaXKEHHSI KyJIbTYpallbHOI PIIUHU - 1 TO/I.

Pa3om 10 rogus.
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KinpkicTe BUpOOHNYNX HMKIIB: N= V )/ Vi = 67 361/5 971 = 12 nuxmis.
5 971 KynbTypalbHOI PIIMHU MOXHA OTpUMATH y (depMeHTepi KoeQilieHT
3anoBHeHHs 0,6 Ta BTpaT KyJlIbTYpalbHOI PIIMHU B pe3yJbTaTl KparieBuHocy 10-
15 %, cranoBUTB: Vpo51= Vipn/ (1-Eg)=5 971/ (1-0,1)= 6 635 n

V4= Vp61/0,6= 6 635/0,6=11 058 1

Haitbmmxuunii 3a TEOMETPUYHUM PO3MIPOM 12,5M°.
YrounoeMo koedimieHT 3anoBHeHHA: Ky, = Vi, /Ve=5971 / 11 058=0,54.
['eomeTprnunmiio6’em  depmenTepa oOpaHO TPABWIBHO,TaK SK  KOEQIIIEHT

3aMOBHEHHS NepedyBae B AOMYCTUMUX Ta ONTUMAIBHUX 3HAYeHHsX, ToOTO 0,5-0,7.

3.4 Po3paxyHOK KiJIbKOCTI CTaiil MiATOTOBKH MOCIBHOT0 MaTepiary

KinbkicTe mociBHOTO Matepiany juist ¢pepMmeHTepa cranoBuTh 10% Big 00’emy
MO’KHBHOTO CEPEIOBUIIIA.

Toai KUTbKICTh MMOKUBHOTO CepeoBHINA B (hepMeHTEPi Oy/ie CTAaHOBHUTH:

Vie1 = Vpost/ (1+Xp) = 6 635 /(1+0,1)= 6 032 1,

ne Xg — A03a nocisHoro marepiany ais gpepmentepa (0,1).

KisbKicTh MOCIBHOTO MaTepialy CTAHOBUTH:

Vit = Vpos.1 —Vie1= 6 635—6 032 = 603 1.

st onepsxannst 603 71 iHOKYJISITY B IOCIBHOMY arapaTi BpaXxOBYEMO BTpATH B
pe3yNbTaTl KParuieBUHOCY Yepe3 KOJIEKTOP BIAMPaIlbOBAHOTO MOBITPS, K1
cTaHOBJIATH BiJ 10 10 15%.

Toal KUIbKICTh MOKWBHOTO CEPEAOBUIIA Ta TOCIBHOTO MaTepialy B MOCIBHOMY
amaparti CTAHOBUTHME:

Vios2 = Vimi/(1— Eg) = 603/(1- 0,1) =670,
ne E4 — BTpaTH KynbTypanbHOi pinuHy mija yac 6iocuntesy (10%).

KinbKicTh OXKUBHOIO CEpeIOBUIIA B IOCIBHOMY arapari 0yjie CTaHOBUTU:

Viea = Vool (14Xy) = 670/(140,1)=609 1
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KinpkicTh MOCIBHOTO MaTepiaily Jijisl IIOCIBHOTO arnmapaTy CTaHOBUTH:
VHM.2 = Vpo6.2 —VHCQ: 670— 609 =61 1
Kutbkicte pobodoro marepiaity  Vpesz 670 1 MOXKHA OJepKaTd MiJ 4ac
KyJbTUBYBaHHSA y MOCIBHOMY amapari 3 F€OMETPUUYHUM 00’ €MOM:
Va2 =V pos2/0,6 =670/0,6 =1 117 n
[Tpuiimaemo HalOMKUMM 32 00’ €eMOM cTaHaapTHHM dhepmenTep V, = 1.25 M

YTouHI0EMO paHille TPUHHATHNA KOe(ILI€HT 3aTIOBHEHHS:

K31 = Vip6.2/ Vg = 670/1 117 =0,6
Jns onmepxkanHs 61 J1 TMOCIBHOTO MaTepiaay B 1HOKYJISITOPI BpPaxOBYEMO
BUTPATHU B PE3YJIBTATI KPAIJIEBUHOCY Y€pe3 KOJEKTOP BIAMPALbOBAHOTO MOBITPS, SIKI
cTaHOBIATH 10-15%.
Toni, KUMBKICTH MOCIBHOTO MaTepiaqy Ta MOKUBHOTO CEPEIOBUINA TEpe
KyJIbTUBYBAHHSM B 1HOKYJIATOP1 CTAHOBUTHME:
Vios3 = Vi/(1— Eg) = 61/(1- 0,1) =68 n

KinbKiCTh TOKUBHOTO CEPEIOBUILA B IOCIBHOMY anaparti 0yJie CTAHOBUTHU:

Vies = Vposs/ (1+Xg) = 68/(1+0,1)=62 n
KisbKicTh MOCIBHOTO MaTepially JJis MOCIBHOTO anapaTy CTaHOBUTH:
Vins = Vpo6.3 ~V0e3= 68-62=61
Kinbkicte pobodoro matepially Vpees 68 1 MOXKHA oOAepKaTH MiJ Yac
KyJIbTUBYBaHHS y TIOCIBHOMY ariapaTi 3 T€OMETPUIHUM 00’ €MOM:
Viaz =V 506.3/0,6 = 68/0,6 = 113
[puiiMaeMo HaOIMKIHI 32 00°€MOM cTaHIapTHHI hepMenTep Vi, = 0.16 M.

Y TOUHIOEMO paHille NPUUHATHI KOePIIEHT 3aII0BHEHHS:
K31 = V,063/ Vi = 68/113=0,6
Jlist onepxaHHs 6 J1 TOCIBHOTO MaTepiaixy B IHOKYJIATOP1 BPaXOBYEMO BUTPATH
B pe3yibTaTl KpaIJIEeBUHOCY Yepe3 KOJEKTOP BIiAMPaIbOBAHOTO TOBITPS, SKI

cTta”HOBIATE 10-15%.
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Tonai, KUTBKICTh MOCIBHOTO MaTepially Ta IOXHBHOTO CEpEeAOBHINA MeEpen
KyJbTUBYBAHHSAM B 1HOKYJIATOP1 CTAHOBUTHME:
Vios.4 = Via/(1—= Eg) = 6/(1-0,1) =7 n
KibKiCcTh TO)KMBHOTO CEpEIOBUINA B TIOCIBHOMY amapati OyJe CTAHOBHUTH:
Vies = Vposs/ (1+Xg) = 7/(1+0,1)=6,4 n
KinpKkicTh MOCIBHOTO MaTepiaidy JjIs TOCIBHOTO anapaTy CTaHOBUTH:
Vims = Vpo6.4 ~Vies=7-6,4 =0,6 1
Kinekicte poOodoro marepiary Vpess4 7 1 MOXKHA OJEpXKATH A 4ac
KyJIbTUBYBaHHS Y MAJIOMY 1HOKYJISITOP1 3 TEOMETPUYHUM 00’ €MOM:
Vias = V pos.4/0,6 = 7/0,6 = 12 11
[Tpuiimaemo HalOMKUMMA 3a 06’ €eMOM cTaHAapTHHM depmenTep V, = 0.02 M.

VY TO4HIOEMO paHille NPUUHATHI KOEPIIEHT 3aII0BHEHHS

K3 = Vyo54/ Via = 7/12=0,6
Kinbkicte 1HOKYIATY Viwa 0,6 1 ( 600 Mt )ans 3aciBy MOCIBHOTO amapata
MOKHa OJIEpXKaTU KyJbTUBYBAHHSIM OakTepid y kosbax Ha kadaui. Jias mporo
BUKOPUCTOBYIOTh KadajouyHi KoJIOM 00’eMOMV,;s = 750 M Ta koediieHToM
3anoBHeHHS K, = 0,2.
KiJIbKICTh TOKMBHOTO CEPEIOBUIIA B KOJIOAX CTAHOBHTD:
Viex = Vind/ (1+Xo1) = 600/(1+0,05) = 572 M.
Heo0xigHa KUTbKICTh TOCIBHOTO MaTepially AJisi 3aciBaHHs KOJ0, J:
Vink = Vit — Viex = 600 =572= 28 mn
Toml KiUTBKICTh KOJIO ISl OTPUMAaHHS IIOCIBHOTO MaTepiaay CTaHOBUTEME:
Nior6= Vina/ (VionsX Ksx) =600/(750%0,2) = 4
TakuM 9uHOM, JUIsl OJIEpKAHHS TIOCIBHOTO MaTepiainy HeoOXiaHO 4 KayajaouHi

KOJIOM.
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OTxe, mpolec OAepk aHHS MOCIBHOTO Marepialy [uisi 3a0e3meueHHs
. . . ) 3
BUPOOHMUIOTO O10CHHTE3Y ToJlicaxapuay Kypajiany y pepmertepi 06’emom 12,5 m” 3

koedirienToM 3anoBHeHHs 0,6 Oyie MPOXOIUTH Y YOTUPH eTanu (puc.3.2).
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Pucynok 3.2. Cxema npueomyeanus nocienozo mamepiany Alcaligenes faecalis : 1 -
(BupoIyBaHHs B JIabopaTopii B IpoOipKax 1 B K001 Ha Kayajill; 2 - KyJbTUBYBaHHS
B IHOKYJsITOp1 00 €eMoM 20 11; 3- KyJIbTUBYBaHHSA B IIOCIBHOMY anapari 00 emom 160
7; 4- KyJIbTUBYBaHHS B MOCIBHOMY amnapati 00 emoM 1250 11; 5- KynbTUBYBaHHS B

dbepmenTepi 12 500 1.
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Po3nin 4. BiocuHTe3 HJILOBOr0 MPOXYKTY
3riIHO JaHUM HAyKoOBOi cTarTi [4], POCTOBHUM CYOCTpaToM Yy IOKHBHOMY
cepenoBHILI /I O10CHHTE3Y KypaJiaHy € Titoko3a. CKiaa Mmo>KMBHOTO CPEeIOBUIIA JJIS
0l0CHHTE3y KIHIIEBOTO MPOAYKTY, €K30MOJIicaxapuay KypiJiaHy, HAaBEICHO HHUXKYE:
I'moko3a — 50 r1/n; nppokmkoBuid ekctpaktr - 2 r1/a; KH,PO4 - 2 1/m
NH,4CI - 1,6 r/1; MgSO,4-7H,0 - 0,5 r/n. 1 M po3unny mikpoenemenTtiB: FeCls..- 1
r/1; MnCl, - 1 r/im; CaCl, - 1 v/m; NaCl - 1 /1 [4].
4.1.111asxu kaTad0J1i3My POCTOBOIO CyOCTpaTy
3rinno KEGG, katabomi3M ri1roko3u y mpoaylieHTa Kypaiiany, Alcaligenes faecalis,
BiJI0yBa€eThCs 3a nuisixom EMOnena-Meiteproda-Ilapaaca, abo riikodi3, SKui € OJTHUM
3 KJIIYOBUX MLUIAXIB MeTaboIi3My BCIX JKMBHUX OpraHi3MmiB. 3aMmiCTh KIIFOUOBOTO
dbepmenty riaikomnizy, 6-pochodpykrokinazu (K®.2.7.1.11), y Alcaligenes faecalis
dbynkuionye ¢pykroszo-1,6- 6idbocdaraza (K®.3.1.3.11). Huwxkye HaBenmeHa cxema
KaTaboJI13My TIIFOKO3U 32 UISIXOM TJIiKoJi3y (puc. 4.1).
I'iiroko3a
| A
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8 l . 9 . 10 .
2-®ocdormnepar —> DochoenonmipyBar — [lipyBar
Puc. 4.1. Kara6ouizm riwko3u y Alcaligenes faecalis
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@epMeHTH, sIKi 0epyThb Y4acTh NPH NEPEeTBOPEHHI IIIOKO3HM 32 HLISXOM
Emo0nena-Meiieproga-Ilapnaca: I—  docdormokomyraza (KD.5.4.2.2); 2-
II0K030-6-pocarizomepaza  (K®P.5.3.1.9.); 3 —dpykrozo-1,6-6idhocharaza |
(Kd.3.1.3.11); 4 — dpykro3obi-pocharanpmonaza, kmac I (KD.4.1.2.13); 5—
rimnepanpaeria-3-gocdarnerigporenaza (Kd.1.2.1.12); 6 — Tpuozodocdor-
datizomepaza (Kd.5.3.1.1); 7 — docdormineparkinaza (K®.2.7.2.3); 8 —rminepar-
myTaza (Kd.5.4.2.12); 9 — enonaza (K®.4.2.1.11); 10 — mipyBarkinaza (K®.2.7.1.40).

Y Alcaligenes faecalis ne ¢ynkuionye depmeHT rekcokinaza (K®.2.7.1.1),
SKUW TIepeTBOPIOE TMIOKO3y 10 o-D-I'moko3o-1-pochary. Takox He dyHKIIOHYE
kiouoBuid pepment nuaxy EmOnena-Meieproda-Ilapnaca, 6-dbocdhod- pykrokinaza
(K®.2.7.1.11), wnatomicte y Alcaligenes faecalis dyukuionye ¢pykroso-1,6-
oidocdaraza (KD.3.1.3.11).

4.2. Biorpancdopmaiisi pocToBoro cydocrpary y nijibOBHil MPOXYKT

Kypnnan sBnse co0Oow MO3aKJIITUHHUN MOJicaxapujl Ta BIAHOCUTBCSA O
BTOPUHHUX METa0OITIB.

Etanu OiocuHTE3y ek3omosicaxapuaiB BKIIOYA€E CHHTE3 (POoCcPOpUIbOBAHUX
nonepeaHukKiB (MoKko30-6-pocdar), cunres nykiaeozuaaudocdarnoxigaux (YD) ta
peakiii moJiiMepu3allii 3a JOMOMOTOK CHOJIYK JimigHoi mpupoau (mmia-d), ski
JIOKaNi30BaHl y LUTOIUIa3MaTU4HI MemOpaHi. BiocuHTe3 KypinaHy BiIOyBa€eThCs
BCepeanHl OakTepiadbHOI KIITHHH 3a YYacTio (EpPMEHTIB, IO MPU3BOJATH 10
nosiMepuzaiii YJ®-rimoko3u B KypajiaH, SKUH MOTIM BUIUISETHCS B MO3aKIITUHHE
CEpeIOBHIIIE.

KimrouoBi ¢epmentu, siki O6epyTh ydacTb y OiocuHTe31 Kypanany: [-1,3-
TIIIOKaHCcuHTa3a, Y TO-rmoko30-1-docdar-ypuaunii- tpancdepasza (nmpu Mmetadomizmi
caxapo3su) 1 hocoriroko3zomyTasza [28].

Hns  Toro, mo0O CHHTE3YBaJUCS MONEPEeTHUKH OIOCHMHTE3Y KypJUlaHy-
HyKJIeo3wiudochaTnoxiaHi, HEoOXiAHUM €  (QYHKIIOHYBaHHS  OlIOCHUHTE3Y
HNIpUMITUHOBUX HYKJICOTHIB. Tak, ¢epMeHT opoTuauH-S-pocharmekapOokcumaza

nepetBoproe OM®D B YM®, 1o peryimtoe MeTadomuHuii MoTik 10 6iocuntesy Y TO,
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KIIIOUOBOTO Tonepenuuka Y D-rmoko3u, sSKWid  Hajgaml TMOJTIMEPU3YEThCS 3
YTBOPEHHAM Kyp/UTaHy.

[Iporuec oniromepu3zaiii moyicaxapuiiB- eHeprozarpatHuid npoiic. [Ipueagnanas
MOBTOPIOBAIBHOTO OJIOKA /IO TOJIICAaXapUJHOTO JIAHIIOTAa BiAOYBAa€ThCA 3a YYaCTIO

AT®. V nporeci 6iocuHTe3y KypJUlaHy TeHepallii eHeprii He BigoyBaeTbes [27].
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Cxema OioTpanchopmauii r1110k03u B KypaJan
1)VmosHi nosnauenns: <—— OCHOBHHII UIIX OlocHHTE3Y;
~— —aHATUIEPOTHYHI peaKilii .
2) @epmenmu: 1- pochormrokomyrasza (KD.5.4.2.2); 2- riaroko30-
6-doc-darizomepaza (Kd.5.3.1.9.); 3 —ppyxro3o-1,6-6ipocdaraza
1 (Kd.3.1.3.11); 4 — dpykrozobidocdaranpaonasza, (Kd.4.1.2.13);
5— riminepansierin -3-gpocharaerigporenasa (Kd.1.2.1.12);
6 — Tpuo30- docdarizomepasa (KD.5.3.1.1);
7 — pocdormineparkinaza (KP.2.7.2.3); 8 —rminepar- myrasa
(K®.5.4.2.12); 9 — enonaza (Kd.4.2.1.11); 10 — mipyBarkinaza
(K®.2.7.1.40). 11- murigposnino- amix aneruinrpancepasa (KO
2.3.1.12); 12- murpatcunraza (Kd 2.3.3.1);
13-akonirarrigparaza (K 4.2.1.3); 14- qurigpominoamin
cykiuHinTpancepaza (Kd2.3.1. 61);16- cykuunin-KoA cunre-
ta3a,(K® 6.2.1.5); 17-cykuunit aerigporenaza (Kd 1.3.5.1);
18- pymaparrinparasa, (KO 4.2.1.2); 19-manaraerinporenasa (Kd
1.1.1.37); 20-¢ocdoenonmnipysar- kapookcunaza (KD 4.1.1.31);
21 - mipyBaTkapobokcunasza (KO 6.4.1.1); 22 — acnmapraTkinasza
(KD 2.7.2.4); 23-acnaprar kapbomointpanchepasza (KP2.1.3.2):
24-nurigpooporasza (K® 3.5.2.3);25- nurigpooporat
nerigporenasa (KO 1.3.5.2); 26-oporardochopuboznnrpanc-
tepaza (KD2.4.2.10); 27-oporuaunpocdar nekapbokcunaza
(K®4.1.1.23); 28-ypunmnat kinaza (KO 2.7.4.22);
29-nykneosunandocdarkinaza (KD2.7.4.6);
30-neoxcunuruaintpudpocdar neaminaza (Kd3.5.4.13); 31-p-1,3-
IIIIOKaH -CUHTa3a; 32-pubo3o-pocdat-nipodochokinaza
(K®2.7.6.1) 33-oporardochopudosun tparchepasa (KD2.4.2.10).

Cxema 0iocMHTe3y HUJILOBOIO MPOAYKTY
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Po3ain 5.00rpyHTyBaHHsI BUOOPY TeXHOJIOTIYHOI CXeMHU
Buacnigok anamizy ¢i31070ro-010XiMIYHMX OCOOJMBOCTEH NpPOAYLEHTa Ta
(13UKO-XIMIYHMX O3HAK IO3aKIITHHHOIO TMOoJlicaxapuay — KypJulaHy, BHU3HAYEHO
OCHOBHI YMOBH NPOXOKeHHs OiocuHTe3y [4,6,7,9,10,47].
5.1. O0rpynTyBaHH 10 epMeHTANIIHUX MPOLECIB Ta BUPOOHUYOT0 OiOCMHTE3Y

5.1.1 O0rpyHTyBaHHS CNIOCO0Y KYJIHLTHBYBAHHS

e AepoOHe KyTbTUBYBaHHS, TaK SIK MPOIYLIEHT 0OJIIraTHUN aepo0 (aHami3u KaTtajnaszu
Ta OKCHJa3u OyJlu MO3UTHUBHUMH), TOMY HEOOXi/HE aepoOHE KyJIbTHBYBaHHS IpHU
MOCTIHHOMY TIepeMIIITyBaHHI.

e biocunres npu 3HauenHi pH -7,0, Tak sk npoAyleHT HEUTpoPiIbHA KYJIbTYPa;

e HeoOximHa crepwmizaiiss o0OJiaJlHaHHS, KOMYHIKaIlli, MOXHUBHOIO, TOOTO
JOTPUMAaHHS YMOB AacCeNTHUYHOCTI, TakK SIK A.faecalis - me3odin, onTuMalibHa
TeMreparypa s pocty 24-40 °C, 110 B CBOIO Yepry CTBOPIOE PU3UK KOHTaMiHAITi
CTOPOHHIMHU M€30(1IIbBHUMH 1 HEUTPO(DIITLHUMU MIKPOOPraHi3MaMHu;

e BukopucTtoByloTh TIMOMHHHMI CIOCIO KyJbTUBYBAHHS, TaK SIK KypAJlaH —
BTOPUHHUM MO3aKJIITHHHUN MeTaboIT, TOOTO HAKOMUYYETHCSA HA KJIITHHI, TO JJIs
MacITabHOr0 BUXOAY LUIBOBOTO MPOJAYKTY, HEOOX1IHO MaTH JOCTaTHIA BHXIJ
Olomacwu;

o [lepiognuHe KyJIbTUBYBAaHHS — TaK, SK €K30MOJIiCaxapua CHUHTE3YEThCA B
OCHOBHOMY YV CTallioHapHiii ¢a3i, 1 SK 3a3Ha4ajioCh BHUINE,  Kyp[JIaH —
MO3aKJIITUHHUN METa0O0MIT, IKUM PO3TAIIOBYETHCS OE3MOCEPEIHhO Ha CaMii, 1 11e
pOOUTH HEMOXKJIMBUM BIIBEICHHS KYJIbTYpPalbHOI PITUHU 3 IUTBOBUM MPOJTYKTOM,

a BIJ] TAaK YHEMO>KJIUBIIIOE TIPOBEICHHS 0€3MepePBHOTO CIIOCO0Y KYJIbTUBYBAHHS;
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e Ilig vac OiocwHTE3y MIKPOOHOTO TOJIiCaXapujy CIHOCTEPITaEThCs IMiABUIIICHHS
B'SI3KOCTi, TOMY IS MiJBHUINECHHS €(PEKTUBHOCTI MacOOOMIHY BUKOPHUCTOBYIOTh
dbepMeHTepH 3 peryIbOBaHOI0 KIIbKICTIO 00epTiB — 2 000 00./XB.

BpaxoByroun (izionoro-6ioximMiuni Ta ¢pi3MKO-XIMIUHI O3HAKW MPOJYIIEHTa
Ta KIHIIEBOTO MPOAYKTY O10CHHTE3Y, BIAMOBIIHO, Ta MapaMeTpu - (pepMeHTalliiiHe

oOjanHaHHs Ma€ OyTH:

1. 3abe3neueHuil mepeMilIylOuUM MPUCTPOEM, TaK SIK € HEOOX1IHICTh HASIBHOCTI
KHUCHIO JUIsi HOPMalbHOTO  (DYHKIIIOHYBaHHS TPOAYyIEeHTa. Y  pou
MEePEMIIIIYIOUOT0 MPUCTPOI0 OOMpPAEMO SIKIPHY MIIMIAJKY, SIKa € MPOCTOI0 Ta
e(eKTUBHOIO y 3aCTOCYBaHHI, Tak SIK KylnbTypa A. faecalis He moTpelye
HAasBHOCTI CIEUIATILHOTO NEPEMINIYIOUOT0 IPUCTPOIO, 3aBAAKU (P1310JOTTHHUM
0COOJIMBOCTSIM.

2. HasaBuuii 6ap0OoTep, aBTOMAaTUYHI AaTYUKU JJisI 3a0€3MeUeHHs] KOHIICHTpaIlil
KHCHIO JUISI CTBOPEHHS OINTHMAJIbHUX YMOB JKHUTTEMISIBHOCTI TPOAYIICHTA
€K30I0JIicaxapuy KypJjiaHy.

3. ABTOMAaTHWYHI JaTYWKHU PETyTOBaHHA pH, TepMomatdukw s MiATpUMAaHHS

piBast pH - 7,0 Ta 1151 miATpUMaHHS 3a3HaYEHOT TEMIIEpaTypu 010CUHTE3Y.

5.1.2. O0rpyHTYBaHHA CTAJiil NiATOTOBKHU aepaliiHOIO MOBIiTPA
JIist BHCOKOTO BHXOAY IUJIBOBOTO TMPOAYKTY HEOOXiJHE BUKOPUCTAHHS
MaKCHUMaJIbHO OYHMIIEHOTO aepallifHOTO TOBITPS, SKE OTPUMYIOTH 3a JOTIOMOTOIO

GipTpiB TPy0OT Ta TOHKOT OYUCTKHU.

Cmaoiss nonepednvbo020 ouuwjeHHs abo 3Henunro8anHs nosimps. B skocTi
GITBTPIB  TOMEPEAHHOTO OYMINECHHS 3aCTOCOBYIOTHCA TaKoX ry0dari (QuisTpu 3
MonudikoBaHoro miHonomiyperany.Hanpuknan, ¢ipma “ OOO IlpompinsTp”
npornonye radpoBaHuii GUIBTP I TMOMEPEIHbOT OYMCTKH TOBITps. Marepian

(GUTBETPYBAIBHOTO €JIEMEHTY: MOTIeCTEpP, TOBIIMHA SIKOTO CTAaHOBUTH 6-8 MM;

* Ilpumitka: naHi ¢ caidty- http://prom-filter.com.ua/gofrirovannyie-filtryi.html
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Cmaois epyboeo ouuwenns nogimps . Hanpuknan, GuisTpyBanbHUNA MaTepial
rpy6oi ourictku G2 ToBuIMHA SMM ( BUpoOHUK [ epmaHis). BuroroBnserscs 3 MilTHUX

CUHTETUYHHMX BOJIOKOH TOJIiECTEPY.

* TlpumiTka: gaHi ¢ cauty-https:/kiev.prom.ua/p912556054-vozdushny;j-filtr-
dlya.html?primelead=MS4wMg%3D%3D

Cmaodiss monko2o ouuwjenHs nogimps . 3aCTOCOBYIOTh Marepiaa JUisl 1aHOTO
Tany QiIBTPIB y CKIIaJl ropoBaHOTrO (PUIBTPYBAILHOIO Iarepy Ha OCHOBI yJbTpa 1

MIKpDOTOHKHX CKJIOBOJOKOH. Hampukiaa, ®OiunbTp TOHKOrO OYMIIEHHS TMOBITPSA

(OTOII, HEPA)
* TIpumitka: https://sks-filter.com.ua/hepa.html

Ouuwenns sionpayvosanoco nogimpsi . CucTteMa OYMIIEHHS TMOBITPS, IO
BIJIXOINTh, BIPOBA/HKEHA Y BUPOOHUIITBO MOPIBHSAHO HENaBHO.OYHUIIEHHS MOBITPS,
110 BIAXOOUTh, YCKJIAJHIOETHCSA THUM, IO BIH Ma€ JIy’K€ BUCOKY BIJHOCHY BOJIOTICTb
(mo 25 r Bosoru Ha 1 M3 ), 1 3BU4aitH1 (PITBTPU TOHKOTO OUMILICHHS IIIBUIKO BUXOSATh
13 nany. EkcrnepuMeHTallbHO JOBEACHO, WIO SIKIO 3 TMOBITPS, HIO BIIXOIUTH,
KOHJICHCYBaTH BOJY, TO pa3oM 3 Hero BigaamseTbes 99 % wmikpoopradizmiB. s
OYUIICHHS BUXIJHOTO TIOBITPS MOXXHAa BHKOPHUCTOBYBAaTH BOJIOTO- 1 TEPMOCTIHKI
¢unpTpu. JlOUUTBHO BUKOPUCTOBYBATH JJII OUYMLIEHHS MOBITPS, IO BIAXOAUTH, MapHI
GTBTpH, 13 AKUX OJUH PETeHEPYETHCS, IPYTUHl MPAITIOE, a B IIJIOMY CUCTEMA TMPAITIOE

6e3ynuuHo. Hanpukinaa, Blauberg VENTO Expert A50-1 Pro.

* IIpumiTka: https://almaz-klimat.lviv.ua/ventoexperta501pro
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5.1.3. O0rpyHTyBaHHs BUOOPY MUITHUX Ta JAe3UH(}IKyBaJIbHUX 3aC00IB

5.1.3.1 O0rpyHTYBaHHSA CTAAil MIATOTOBKH BUPOOHUYMX NPUMIlllEHb, BUOOPY
MHHHHUX Ta Ae3iH}ikyrouux 3aco0iB

[ITo6 oOrpyHTyBaTH BHOIp JOMOMIKHHUX CTaaii BUPOOHUIITBA, HEOOXITHO
BpaxyBaTH OCOOJIMBOCTI KYJIBTUBYBAaHHS MPOAYICHTA Kypajany Alcaligenes faecalis
WX-C12. Jlanuiéi mpoayleHT € oOmiraTHUM aepoooM, Me30(iaoM, ToMy
ONTHMAJBHAUMHM yMOBaMH IS KyJBTHBYBaHHs OymyTh: Temmeparypa — 37°C,
HeWTpanbHe 3HadeHHa pH 7,0, mmOuHHMA croci® 3 MEepIOAMYHUM  THIIOM
KyJabTUBYBaHHS. OTXxe, mporec 010CHHTE3y Kyp/UIaHy Ma€ MPOXOAUTU B aCENITUYHUX
yMOBax, 11100 MIHIMi3yBaTH PU3UK KOHTaMiHAIlli.

Heo6xi/iHa MiAroToBKa TAaKOro O6NagHAHHS: (epMeHTep o6'eMom 12,5 M,
iHokymsTop 1 o6'emMom 1.25 M, iHokynaTop 2 o6'emom 0.16 M, iHokymsTop 3
o6'emom 0.02 M, 36GipHHKHM IS MATOTOBKM Ta CTEPHII3alii KOMIIOHEHTIB
MOKUBHOTO CEPEIOBUIIA,30IpHUK JJI1 TUTPYBAJIBHMX PO3YMHIB, 30IpHHUKH IS
MPUTOTYBAHHS MIKUBIIOBAIBHUX Po3unHiB, YBC-20, aBTOKIaB, KayalKd Ta 1HIIE
nabopaTopHe YCTaTKyBaHHs. TakoX HEOOXIJIHO 3a3Ha4yuTH 110 (depMeHTep Ta
IHOKYJISITOPU - €MHICHE OOJIaJiHaHHS, SIKE MOTpeOye HasSBHOCTI OOCIYyrOBYIOUOTO
Maiianunka.PexomenoBana MiHIMalbHA BIJCTaHb MDK alfapataMd , a TaKoX
BIJICTaHb BiJ CTIH a00 BIKOH — HE MeHIe 1 M, Tak K 0OCIyrOBYHOYHH MEepCcoHa
Ma€e BUKOHYBaTH CBOi (YHKIli sIKICHO, 0€3 yCKJIaJHEHb Ta HE 3aBJAIOYM IIIKOJU
BJIACHOMY 3/0pOB't0. TakoXk, CIiJ BIA3HAYUTH, MO (HEPMEHTEPU TEOMETPUUHUM

po3mipom Ginbire 10 M’ BCTAHOBITIOIOTH B OKPEMOMY MPUMIIICHH.

OTxe, MIICYMOBYIOYM BHILIE IE€pepaxoBaHe, NPUOIM3HUNA IUTAaH MPUMIIIEHHS

BKJIIOUac B cede:

e Illex BupoOHMYOro OIOCHMHTE3Y, B AKOMY OYIyTh 3HAXOJIUTUCA 30IpHUK
06'eMoM 60 11 (151 ipuroTyBanHs posunny NH,CI ), 36ipank o6'emom 1,6 M’
(m71s1 MPUTOTYBAHHS IM1KUBIIIOBATIBHOTO PO3UMHY), 301pHUK 00'eMoM 20 11 (1y1st

3

OPUTOTYBaHHS TUTPYBAJIBHOTO pO34YMHY), 30ipHUK oO0'eMmom 10 M~ (mud
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OPUTOTYBaHHS Ta CTepuiIi3allii KOMIIOHEHTIB IOXKMBHOTO CepefoBUIIa Ta
depmenTtep o6'emom 12,5 m°, YBC-20.

Ilex BHUpoOITyBaHHS IMOCIBHOTO Marepiaily, B SIKOMY pO3MillleHl 1HOKYJIATop 1
o0'emom 1.25 M, PpEaKTOp-3MilllyBad JUIi MPHITYBaHHS IOXKHBHOTO
cepenosuma o6'eMom 1.25 M, iHokymatop 2 o6'emom 0.16 M, peakTop-
3MiIlIyBad UIsi MPUITYBAaHHS IMOXHBHOTO cepemoBuia ob'emom 0.16 M,
iHokymsTop 3 o6'emom 0.02 M’, peakToOp-3MilIyBau Ui HPHITYBaHHS
IO’KUBHOTO cepeoBHINa 06'emMom 0.02 M.

bioximiuna naGopaTopist OCHaIlleHa MPHIalaMH JIJIsl IPOBEJACHHS PI3HUX BUJIIB
KOHTPOJTIO Ta TUTST 3Ba)KYBaHHS KOMITOHEHTIB CepeIOBHUIIIA.

Mikpo6iosioriuna saboTparopiss B SKId 3HAXOAMTHCA AaBOTOKIAB, OOKC,

XOJIOJUJIBHHUKH TOIIO. Kauanouna xiMHaTa IS pO3MiHleHi KadaJIKHu.

Haenennuii npubimM3Huil iad npuMitieHss (puc. 5. 1):
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Hwxue B mabn.5.1 HaBeAeH1 po3Mipu o0dagHaHHA 3a JaHUMHM https://bio-rus.ru, me

BKa3aHO, MO0 BHCOTa (EepMeHTypa [0

craiBBigHOIIEHH] 2:1.

Horo giamerpy mepeOyBalOTh Yy

Tabnuys 5.1

I'aGapuTHi po3mMipy 0CHOBHUX 00/1aIHAHb

Oo0aagHaHHs I'eomeTpuuHuii 06'em, 11 Hiamerp, M*
depMeHTep 12 500 1,6
PeakTop-3mintyBau jis 12 500 1,6
dbepmenTepa
YBC s pepmentepy 10 000 1,2
301pHHK 3 MIKUBIIOBAUTBHUM 1 600 1.0
PO34YMHOM IVIFOKO3U
301pHHK 3 MIKUBIIOBAUTBHUM 60 0.4
PO3YMHOM HATPiil XJIOPUAY
301pHUK IJ1s1 TATPYBAJbHUX 20 0.3
PO3YHUHIB
InokynsTop 1 1250 0,8
Peakrop-3mimyBay ass 1250 0,8
1HOKynaTOpy 1
InokymsaTOp 2 160 0.38
Peakrop-3mimyBay ass 160 0.38
THOKYJSTOPY 2
InokymsaTOp 3 20 0.2
Peakrop-3mimyBay ass 20 0.2

THOKYJISTOpY 3

Bcworo — 39 540

2
Otxe, 3a JaHUMU ma6ba.5.1 , 3aranbHa IUIOIa O0JIagHAHHS CTAHOBUTH 39 540 M”.

3a maHUMM callTy mpo po3Mipu 00'€MHO-TUIAHYBaJbHUX MNapaMmeTpiB BUPOOHUUMX

npumitieHs https://besplatka.ua/obyavlenie/pomeshchenie-pod-proizvodstvo-e6f2d6,
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BHUCOTa CTeNll BapiloeTbcs Bia 6-12 M, B 3aJIeKHOCTI BiJ BUIY IpPU3HAYCHHS

BUpOOHUYOTrO npumitieHHs. [IpuGnu3Ho BU3HAYMMO,I110 BUCOTA CTIH- 6 M.

3 BpaxyBaHHSIM PEKOMEHJOBAHOTO MPOXOAY MIXK ammapaTamMH Ta CTIHAMH, SKi

Oynu BMYKYE 3a3HAYCHI, 3arajibHa TJI0MIA CTiH CTAHOBUTHUME:
2
(6*%6)+(8*6)*2=168 m".

[Tmoma mmaIoru mexy BUPOOHMYOIO, BPAXOBYIOUHM MiCIle MaWJIaHYMKY IS

2
ob6ciyroByBaHHs hepMEHTEpa, CTAHOBUThL — 6%*8=48 m".

AHQJIOTIYHO PO3PAaXOBYEMO IUIONIy CTIH Ta IUIONIy MWIUIOTH Yy IeXy
BUPOIIYBAHHS IOCIBHOTO MaTepiany: S o= 5*5=25 M>. S = (5*6)H(5%6) *2=120

2
M

[lnomy CTiH Ta IUIOMLY Himmord y Gioximiuniii maGoparopii: S o= 2*4=8 m’.
S wiw= (2%6)H(4*6) ¥2=72 M’

[Imomy cTiH Ta TUIONIYy MJIOTH Yy KadaJllovyHid KiMHaTi: S = 2%4=8 M.
S = (2*¥6)+H(4%6) *2=72 M°

[Tmomty CTiH Ta MJIOLLY MiAJIOTH Y MIKPOO10JIOT1UHIM Jaboparopii: S .= 3*2=6
M. S = (3*6)+H(2%6) ¥2=60 ™

Tabnuys 5.2

Po3paxyHoKk 3arajabHO1 IJI01I1 MUTTS Ta/a00 Ae3iH(deKIli CTiH Ta MiaJIoru
BUPOOHMYUX NPUMIIIECHb

[TpuminieHHs ITnoma mimnory, M ITnoma crin, M’
[lex BUpOOHUYOTO 48 168
O0locuHTE3y
[ex BupouryBaHHA 25 120
MOCIBHOTO MaTepiaity
bioximiuna 8 72
naboparopist
Kauanouna xiMmHata 8 72
Mikpob6ionoriuHa 6 60
naboparopist
3arajpHa mioia 95 492
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. 2 . 2
Otxe, 3arajgbHa IUIOIIA CTIH CTAaHOBHUTH 492 M°, a mjIoIa miaioru- 95 M.

['enepanbHe npuOupanHs (CTIHM, JIBEP1,BIKHA) MPOBOAATH OJIUH pPa3 Ha MICSAIb
(3 ypaxyBaHHAM KidbKOCTi TpymomHiB: 30 mHiB — 1 pa3), a NIOACHHE MUTTS
obnagHaHHg — Tepes KoKHUM 1ukioMm (30 muiB + 1 momarkoBe MHUTTS ), 1 MUIOTH

HiJJI0Ty 2 pas3u Ha JeHb, 3 ypaxyBaHHIM KUIBKOCTI TPYyIoAHIB — 60 pa3is.

Takok, HEOOXiTHO BpaxyBaTH, MO0 3a MPUOJU3HUM IUTAHOM BHUPOOHHIITBA
nepeadaYeHHN MaliTaHIuK JJIsl 00CITyTOBYBaHHS ( JIJIs1 3HATTS KPUIIKH epMEHTEpA,
30ipHuKa). Moro Takox HeoOXxigHO MuUTH (K mimiory, Tooto 60 pasziB) Ilioma

I1JIJTOTH JIJIs1 0OCITYyTOBYIOUOTO MaljlaHurKa ckiaanae: S = 1,6%2=3,2 M.

Tabnuys 5.3

Po3paxyHok 3arajibHOI IJ101Ii MUTTS Ta/a00 ae3indekuili cTiH Ta
MiJJIOTH BUPOOHUYHX NPUMIIIEHb 32 BeCh MepioJ BUPOOHUITBA KypPAJIAHY

KinbkicTh
ILioma (06’em) | mpoueciB MUTTS 3araibHa nioma
00’ekT (00’em)
00po0IIOBaHOT Ta/a00
MHUTTH Ta/a00 , 3 . 00po0.II0BaHOIO
. 0 00’€KTY, M ne3ingexuii 3a , .
naesingeruii . 00’€KTy 32 BeCh mepioj
(o1) BeCh Iepion 2
BUPOOHUITBA, M~ (J1)
BUPOOHHUITBA
OOmagHaHHs,
1HBEHTAap, 39 540 31 1 225 740
KOMYHIKaIlii
[Tigmora 95 60 5700
Crinu, aBepi,
. 492 1 492
BiKHA
Obcnyrosyiod 3.2 60 192
uii MalJaHINK

Beporo — 1232 124 m?

Mutts oOmagHaHHS y BUPOOHMUOMY II€XY, LI€Xy BHUPOIIYBaHHS MOCIBHOTO
Marepiainy BiIOyBalOThCS IUPKYIAIMIAHUM CIOCOOOM aBTOMATH30BaHUM METOJIOM

( 3a momomoror CIP mwuiiku [35]), Tak sk 3arajgpHa TUIOIIA 0OPOOIIIOBAHOTO 00'€EKTY
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3a Bech Imepion BupoOHuITBa csarae 1225 740 M°. Ha cporommiiimmiii JICHb,
CYJacCHHM BHPILICHHSIM MHTTS BEJIUKUX 00’€MiB oOmagHaHHS € 1upkynaniiina CIP
muiika Comac Group (Itamist) [35]. ApromaruzoBaHa cuctema Muiiku - CIP Muiika
(Cleaning In Place) npusnHaueHa s 3abe3meueHHs 0e3p030IpPHOTO MHTTS
TEXHOJIOTIYHOTO OONaJHaHHS Ta TPYOOIPOBOMAIB HAa MIANPUEMCTBAX XapyoBOi
IPOMHCIIOBOCTI ~ MHMIOYMMH  pPO3YMHAMH, ONOJICKYBaHHA 1 Je3iH]ekiii B
aBTOMaTuyHOMYy pexkuMi. [lepeBarammu Takoro HUPKYISMIHHOTO croco0y MHTTS €
BUITYCK O€3MEYHOI 1 SIKICHOT MPOAYKIIii, MiBUILECHHS TEPMIHY ii MPUIATHOCTI, a U
ICTOTHE 3HIKEHHS TOTOYHUX BHUTpAT MIANPUEMCTBA Ha TMPOLEAYpPU IMOTOYHOTO
KOHTPOJIIO TEXHOJIOTTYHUX MPOLIECIB 1 MPOAYKIIi. AJle, BITOMO, IO BTPATH MPU MUMII
3a gonoMororo asromMaruuHoi cucremu CIP muiiku ckiagarors Onn3pko 20%.
Po3paxyemo, CKIIbKM HEOOXIJHO MHIOYMX 3aco0iB 3 BpaxyBaHHSM BUTpaT Ui
3araJibHO1 IJIOIII MUTTS OOJIaIHAHHS 32 BECh MEPi0j] BUPOOHUIITBA KypJIaHYy:
1 225 740 xX0.2=246 424 ™’
A 3arajibHa IUJI0IIAa MUTTSI 1JIs MMiJIOTH, CTiH, ABEPEH,BIKOH CKJIaIa€e

5 700+492+192= 6 384 Mm>

5.1.3.2 O0rpyHTyBaHHs1 BUOOPY MUITHUX TA Je3MH(PIKYBAJIbHUX 32C00IB
Tak sk, 3arajibHa TUIOIIA JJIs1 0OPOOJICHHS MUIOUUMH Ta/ a00 Ie31H(PEKIIIHHUMH
po3uMHAMH BelMKa- 246 424 M° , To sK BHINE OyIO 3rajaHO, MHTTS Oy/e
MPOBOJAUTHUCSA 34 JIOTIOMOTORO CIP wmwuiiku, 3BaKalOud Ha BEJIWKI ILIOIIY
o0poOoBaNbHOT 30HU, /10 BHOOPY MHUWHUX Ta JAC3UH(DIKyBAIBHUX PO3ZYHHIB
HEOOX1HO MOCTABUTH TOJIOBHI YMOBU — E€KOHOMIYHO BUTIJHY I[iHY, BHUTpPAaTHU Ha

00poOKy 1uTO1Il Ta €(hEKTUBHICTh 3aCO0I1B.

5.1.3.3 BuOip muiinoro 3aco0y AJisi 00JJafHAHHSA | KOMYHIKALIH
B xoni anamizy peectpy MuMHHMX Ta jAe3eHpexuiiHux 3acobiB 2019 poky, a
TakoX 3a €(QEeKTUBHICTIO, OE3MEYHICTIO 3acO0iB Ta CITIIBBIIHOMIEHHSIM KiJIbKOCTI

MUOUuX Ta/ abo ne31H(EKIIHHNX PO3UYMHIB JJIi  OOpOOJICHHS, 1XHBOIO I[IHOKO Ta
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JIOY0I0 PEYOBHHOIO, BU3HAUCHI MHMITHI Ta Ae3UH(IKYBaIbHI PEYOBUHH, y3araJlbHEHY

1H(bOpMaIiIO IKUX HaBEeIEHO Y maon.s.4.
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Tabnuys 5.4

Y3arajbHeHa XapaKTepUCTHKA BUTPAT MUITHUX Ta JAe3iH(ikyBajabHUX 3aC00iB 11 BUPOOHUUTBA KYPAJIAHY

3arajbHa nJouna . 3arajabHa
KinbkicTh . .
Konuentp (06’em) mutTH / Bapricts 1 Ji/kr BapPTIiCTh MUTTH
Ha3zBa . . pobouoro N .
. O0’eKT MUTTH alis ne3iHdgexmii MHITHOr0 200 Bapricts 1 Ta/a00
MHUiiHOTO/Ne31H pO34HHY 3a e . . .
. Ta/abo po6ouoro 00’€KTYy 3a Bech . ne3ingikyBa- J1 po6o1oro nesindgexuii 3a AKTHMBHA J1il04a pe4yoBHHA
¢dikyBanbHOIO . . BeCh mepiox .
nesindexmii po34uHy, nepion JILHOTO 32c00Y, pO34HHY Bech nepion
3aco0y 2 | BHPOOHMUTB,
% BUPOOHMUTBA, M .11 I'PpH BHUPOOHMIITBA,
(1) I'pPH
Kayctnuna coma | OGmagHaHHS o .
[1] 2 1225740 246 424 12 0.24 59 142 Inxuit Harpii
Bimon [2] OO6nagHaHHS Cymim  cojeil  HeOpraHiYHUX
0.5 1225740 246 424 22 0.11 27 107 KHUCIIOT,  ITOBEPXHEBO-aKTHUBHUX
pPEUYOBHH
Biowmoii [3] OO6nagHaHHS 0.3 1 225 740 246 424 116 0.35 86 249 CynbdoHom,Ty’KHA TIpoTeasa
[Tomines [4] OGnamHaHHs 0.25 1225 740 246 424 162 0.4 98 570 AnkinaumMeTuiI0eH3mIaMOHI i
XJIOPUJL, IEPEKUC BOJHIO
Xnopantoint [S] | Crinn, miatora, |, 6384 639 54.6 0.1 64 XI10p aKTHBHHIA
BiKHA, JIBEpi
JlacenT [6] Criam, migmora,
BiHa, 1Bepi 0.2 6384 639 150 0.3 192 [nyTapoBuii aberix
Mikpobak Crinu, migiora, . iy
. . 1 6384 639 78 0.78 500 QKL TIIMME THIIOCH3UITAMOH1
dopre [7] BiKHa, JIBEpi XITOpHL
flesokcon [8] ) Crimm,  mizora, | | 6384 639 15 0.02 13 HazouroBa Kuciora

BiKHa, JIBEpi

* [Ipumitka: wiHu HaBegeH1 ctanoM Ha 2019: 1 -https://prom.ua/p1020840677-natrij-edkij-zhidkij.html 2- https://prom.ua/p1009715191-vimol.html
3-https://kiev.prom.ua/p1648650-biomoj-sredstvo-dlya.html?primelead=MS4wMQ%3D%3D;4-https://kiev.prom.ua/p816;5-https://farmakos.ua;6-

https://grig-ltd.com ;7-http://www.attis.com.ua/site/liquid/gembar.html 8-http://www.attis.com.ua/site/liquid/gembar.html
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* Tlpuknaa po3paxyHKy Ha OCHOBI KayCTMYHOI COJU: KOHIIEHTpAIsi poOo4Yoro
po3unHy cTaHOBUTH 2%, T06TO 0.02 1/11. L{ina xayctuunoi coau 3a 1 n cknanae 12 rpH. A
BapTicTh 1 1 pobouoro po3uuHy ckiagae — 12%*0.02=0.24 rpu/n. 3aranbHa IJI0IIA
06pobmoeMoro 06'ekty craHOBUTH 1225 740 M°. KinbkicTh po60YOro po3dMHY IS
3aranpHOI oM  00'eKTy cTaHOBUTH- 1 225 740%0.2= 246 424 ™" 3arajibHa BapTicTh

ne3eH(peKIiftHOro po3unny- 246 424 *(0.24=59 142 rpH.

OTxe, B XOAl aHami3y acCOPTUMEHTY MHUUHUX Ta JAe31H(IKyBaJIbHUX 3ac00iB,

BU3HAYEHO, 1110 JJIsI 0OOpoOKH 001 THAHHS BAPTO BUKOPHUCTATH BIMOJL.

«BiMom» - 1e Heroproya, HETOKCHYHA, IIOBEPXHEBO-aKTHBHA pPEYOBHHA 3
ne31H(pIKyBaTbHUM €(DEeKTOM.

JIykHi 1 HeWTpanpHI coJii 3a0e3MeuyloTh BHCOKY MHIOUWY Jil0 IIpernapary.
3aCTOCOBYETHCSI TIPOTH TPAMIO3UTUBHUX Ta T'PAMHETATHBHUX BET€TATUBHUX OaKTEpiid,
rpu0iB, TnoQIILHUX BipyciB. Po3unH cTabuIbHMIA, TIpU 30€piraHHi HE PO3KIIAJIA€ThHCA.
HasBHICTB B CKJIafi TOM’ SIKIITyBa4iB BOJIU JT03BOJISIE BUKOPUCTOBYBATH PO3UYWH IpernapaTy
B paiioHax 3 IMiJABUIIEHOIO >KOPCTKICTIO BOAM. BUKOPUCTOBYETHCS ISl MUTTSI 00JIaTHAHHS,
Tapu Ta TpyOONpPOBOJMIB Ha MiANpHeEMCTBaX 30€piraloTh B YMaKOBAHOMY BHIJISAJI B
3aKPUTHX CYXUX MPOBITPIOBAHUX MPUMIIIEHHSAX MPHU TemrepaTtypi Big minyc 10 mo 40 °C,
BIJTHOCHO1 BOJIOT'OCTI MOBITPs He OibIe 85%, 3aXuIaroTh BiJ Aii COHIYHUX ITPOMEHIB.

JlanoMy 3aco0y xapakTepHHMM Takui HEJOJIK SK - aAcopOIis 1 HeWTpamizarlis
TaKUMHU MaTepiaiaM, K IIepcTh Ta OaBoBHA. OCKUIBKM TpPU MHHIIl €MHICHOTO
oOnagHaHHSA PO3YMH 3 JAaHUMH MartepiajaMd HE KOHTAKTHUBYBaTUME, HaHUU (akTop

BUKIIO4aeMo [31].

Jlnst 0OpoOKM CTiH, ABEpeH, MO BapTo Oyno O BUKOPUCTATH JE30KCOH, TaK SK
BIH €KOHOMIYHO BuTiaHHM. [IpoTe, BiH BUsBIsA€E anepriuHi moOiYHI peakili HaBITH MPH

MiHIManbHUX KOHIeHTpauisx 0,05-0,2% Ta 3arpoxye *KUTTIO Ta 3pOB't0 nepconany [32].

OT1xe, 00MpaeMo JIACENT Ta XJIOPAHTIOH.
Jlacent BOJIOZIE€ AHTUMIKPOOHOI AaKTHUBHICTIO BIJHOCHO TpaMHEraTUBHUX 1

TPAMIIO3UTUBHUX  OakTepid (BKIIOYArOuM MIKOOaKTepii TyOepKyano3y, 30yTHHKIB
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BHYTPIIIHBOJIKAPHIHUX 1 aHaepoOHUX 1H(QEKIii), BipyciB (BKIIOYAIOUM aJ€HOBIPYCH,
BIpyCH TpHITY, TIAparpuily, «OTAITUHOTO» TPUILY, «CBUHSIYOTO» TPUIY 1 1H., 30yTHUKH
TOCTPUX pecHipaTOpHUX 1HQEKIIH, EHTEPOBIPYCH, POTABIPYCH, BIPYC MOJIIOMIENITY, BIPYCH
eHTepaJbHUX, TApEHTEPAIbHUX TENaTUTIB, repriecy, aTUuNoBoi mueBMoHii, BIJI-indekmii Ta
1H.) 1 rpu6iB (30yIHUKIB KaHIWI031B 1 JepMaTodiTiid), TUTICHIBUX TpuOiB; 3aci0 BOJIOJIE
CTIOPOIIMTHOKO aKTUBHICTIO, @ TAKO)XK MHIOUUMH Ta J€30JJ0PYIOUMMH BIACTUBOCTAMHU. 3acio
30epira€ CcBOi BJIACTHBOCTI TIC/Is 3aMEp3aHHS Ta HACTYIMHOTO BiITaHEeHHs. 3acid €
HETOKCHUYHHUM Ta HEIIKIJIMBUM JJI1 OpraHi3My JoauHu. (4 kiac HeOesneku). TepMiH

30epiranHs pooounx po3unHiB — 7 116 [33].

«XJIOPAHTOIH» -  XJIOPAKTUBHUI, OaraTOKOMIIOHEHTHUW, MOJI()YHKIIOHATIBHUAN

ne31HPEeKIMHNMN 3aci0 3 MUIOUUM e(DEKTOM.

XJI0paHTOIH 30€epiraroTh B yNakoBLI BUPOOHHMKA B KPUTHUX, CYXHX, MPOBITPIOBAHUX
MPUMIIIECHHSX, HEAOCTYITHUX JIJIs 3araJIbHOTO0 BUKOPHUCTAHHS Ha BIACTaHI HE MeHIe 1 M
BiJI HarpiBajJbHUX OpuiaiiB, rpu Temmepatrypi Big 5 °© C mo 30 °© C. Poboui po3unHH
JOIIILHO TOTYBaTH O€3MocepeaHbo mepea o0poOkoro, 1mo0 3amo0IrTH po3KIaJaHHIO Ta
1HaKTUBAIi MAif04oi pedoBuHU. [Ipu poOOTI 3 3aco0aMu, IO MICTATh XJIOPAKTHBHI
PEYOBHHM CIIJI MaM’sITaTH Npo 3aco0M 1HIMBIAYaJIbHOTO 3aXUCTy (Macka Ha oOJau4us Ta

3axXMCHI pykaBuiii) [34].

5.1.4. Oco0smBOCTI MIATOTOBKH Ta CTEPHJIi3aLlil MOKMBHOIO CePeA0BHUIIA

Jis cuHTe3y KypajaHy 3acTOCOBYIOTh CEpElOBHILE, W0 3al0e3neuye BHUXIJ
eK3ormnoJjicaxapuy 72 r/a - HUKYEe HaBEJEHOrO CKJIaay:
CepenoBumie 1 (111 BUpoOIIyBaHHS MOCIBHOTO MaTepiany): [mroko3a- 20 1/ ; APIKIIK.
exctp.- 10 r/m; KH,PO4 — 1,74 v/ ; MgS047H20-0,49. 1/,
CepenoBumie 2 (masi Oiocunre3dy): I'moxo3a - 50 r/m; APIKIKOBHM €KCTpakT - 2
r/m;KH,PO, - 2 v/m; NH4Cl - 1,6 v/m; MgSO47H,O - 0,5 t/m. 1 mn po3uuny
MmikpoenemenTiB: FeCl; - 1 r/m; MnCl, - 1 1/im; CaCl, - 1 v/m; NaCl - 1 v/n [4].

[IpoananizyBaBIIM JlaHE CEPENOBHILIE AUITMMO HMOTO Ha KOMIIO3MUIIT 3aJIEKHO Bij

XIMIYHOT CYMICHOCTI KOMITOHEHTIB Ta PEXKUMIB 1X cTepuiizaiii (mabn.S.5).
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Taoauuga 5.5
CrJiag KOMIO3ULiN MOKUBHOTO Cepel0anina

Critag Pexxum crepumizamii

KoMno3uuis A TJIFOKO03a Ta JIPIKIKOBHIA t=112°C Ta tucky 0,5
EKCTPAKT at™ npotsirom 30 xB.

Komnosuuia B KH,PO, t=131°C Ta tucky 1,5
aTt™ yrpoaoBx 40 xB.

Komnosuuia C MgSO,4-7H,0 Ta NH4Cl t=131°C Ta tucky 1,5
aT™ yrpoaoBx 40 xB.

Kommno3uuisa D Po3unny mMikpoeneMeHTiB t=131°C Ta Trcky 1,5
aT™ ynpoaoBxk 40 XB.

3 eKOHOMIYHOI TOYKH 30py Ta 3a0e3Me4eHHs] MIHIMaJIbHOI KUILKOCTI O0JIaIHaHHA 1
YHEMOJKJIMBIICHHS KOHTamiHarii, kommosuiii B, C, D MoxHa npocTepuitizyBaTu pa3oM 3
nonaBaHHsIM HectepuibHOTO 6 % po3uny HCI ( pH-4,5-5) 1 noganbiioo crepuiizalii€ero
3a )KOPCTKUX YMOB Ta HAaCTyIHMM AoBeAeHHAM 6 % po3uny NaOH no pH 7,0. Came 3a
TaKOTO CIOCO0Y, COJIl HE MPOPEaryIoTh.

5.1.4.1 OO6rpyHTyBaHHS CIIOCO0Y MiATOTOBKH JONMOMIKHUX PO34YUHIB

[Ipouiec BUpOOHMUTBA KypAJIaHy BKIIIOHYA€ B CeO€ JBOCTYIEHEBY (DepMEHTALIIo.
[IponyneHT mno4YnMHAe CMHTE3yBAaTU KypJUIaH MICHs JIMITyBaHHS a3oTy. JlJis HOCATHEHHS
BHCOKOT'O BUXOJy KiHIIEBOTO MPpoayKTy (72 1/11 Kypasiany) 3a 48 roj KyJbTUBYBaHHS, Oyia
MpUiHSTa cTpaTeris ApoOHOI Mojadyl aMiauHOi BOJAM JJI IOCATHEHHS BUCOKOI IIIJILHOCTI
kiitud. [lin gac mporecy 0i0CMHTE3Y,CrIoYaTKy HeoOXiaHO miarpumyBaTu pH Ha piBHI -
7,0, a IOTIM MIATPUMYBATH HA PIBHI 5,6 B yMOBax «a30THOIO FOJIOAYBAHHS [4].
IIpuroryBanHsi po34uHy MiKpOeJIEeMEHTIB
st miporiecy gepmeHTarlii HeoOXiIHO MPUTOTYBATH PO3YMH MIKPOEJIEMEHTIB y KUJIBKOCTI
6,2 (Tax 5K, 3a JTaHUMH CTATTI BKA3aHO, 10 HEOOXITHO 1 MJI pO3UMHY MIKpOEJIEMEHTIB Ha |
n cepenoBuima) [4]. Po3unH TOTYIOTH 3 yciMa IHIIUMU KOMIIOHEHTaMH TIO>KBHHOTO
cepenosunia B YbC-20.

IIpuroryBanus nmigkusawBaiabHoro podunny NH,Cl
[Ipu xyneTuByBaHHI A. faecalis WX-C12 nns 3abe3nedeHHs1 HAACUHTE3y KypiaHy Ha 14
roJinH1 610cuHTE3y 30UIbIIYI0TH KOoHIeHTparlito NH,Cl 3 1,6 /i o 3,6 /1. I'oTytots 28 11

NH,CI.
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IIpuroryBanHsi MiIZKNBJIIOBAJIBLHOIO PO3YUHY ITIOKO3H

ITix wac GilocuHTE3y KypjiaHy HeoOXimHo gocsarty 120 r/m koHIeHTpallli rioko3u. Taky
KUTBKICTh BYTJICLIO BHOCUTH BiJIpa3y HEIOIIBHO, 00 I1e COPUYHHITHME MOJAO0BKEHHS J1ar-
dba3zu Ta mosiBy KarabomiTHOI pemnpecii. Ilicns 24 rox KyJabTUBYBaHHS BHOCSTH
N1HKUBIIOBANILHUNA po3uuH y Burisiny 40 % po3uuny y kuibkocTi 980 1. Po3paxyHok
KUBJICHHS HABEJICHO Y p0o30ini 6.

IIpuroryBanus turpyBaiabHux po3unHis NaOH ta HCI

Jna crepumizamii coneil Ta s KoHTpodro pH (Ha mowaTky mporecy BHPOOHHYOTO
KyJIbTUBYBaHHS JTAHOTO NPOAYLIEHTa MOTpiOHO miaTpumyBatu pH Ha piBH1 7,0, a micis
BUYEpIaHHS JHKEpeN a30Ty Ha PiBHI - 5,6 ) He0OXiIHO MpUroTyBat po3unnu 6 % HCI ta
NaOH. Po3zunnun HCI Ta NaOH Bapto roryBatu y po3paxyHky 2 Mia 6% po3uuHiB Ha 1 1
cepenonuia [4,36]

5.2. O0rpyHTyBaHHS cTa/iil BUAIJICHHS | OYUIIECHHS HUIHOBOI0 MPOXYKTY
Buninenus €K30I10JIICaxapuaiB Mae repeBaru nepen BUJIIJICHHSIM

BHYTPIITHBOKTITHHHUX, TaK SIK CK30TMIOKAHW YTBOPIOIOTHCS, SK TPABWIO, B 3HAYHO
OUIBIIINA KUIBKOCTI, JIETIIE BiIOKPEMIIIOIOTHCS BiJl O10MacH 1 OYMINAIOTHCS BiJ JOMIIIOK.
Opnak mpu  BUPOOHUIITBI  €K30TMOJICAXapuIiB € CBOl TEXHOJIOTIYHI TPYAHOIII-
HAKOMIMYEHHSI TIOJIiCaXxapuay B CEpeNOBUINl MPU3BOIUTH A0 OOMEXKEHHS TOCTYIy KHCHIO
710 KJIITUH, TiJBUIIEHA B'S3KICTh CEPEIOBUINA YHEMOXKJIIMBIIIOE BIUTIJICHHS TMOJTiCaXapumy
BiJ KJIITUH MPOJYLEHTa 3 HATHBHOI KyIbTypalbHOi pigunu. i 10BoaMTBCSA po36aBIaTH B
JECATKY pasiB, a MICIsl BUJAJICHHS KIITUH KOHIEHTPYBATH JIO MTOYATKOBOTO 200 MEHIIIOTO
o0csry. BupimenHs ux npo0siem MoB'sa3aHo 3 J0JIaTKOBUMH BUTpaTamMu [2].
5.2.1 O0rpyHTyBaHHS cTaaiil BUAIJIEHHS 3TiIHO i3 (PI3MKO-XiMiYHUMH
BJIACTHBOCTSIMH I[iJIbOBOT0 MPOAYKTY

Kypmnan - BOZOpO3YMHHUM MO3aKJIITUHHUE Mojicaxapuj (eK3omoiicaxapun), 1o
ckIamaeTbes TiMbkH 3 [- (1,3) 3ayMmkiB TIOKO3W. Y TPHPOMHOMY CTaHI KypiJiaH
3yCTpIYa€ThCs y BUIVISAAI TpaHyl. ['paHyiau HEpO3UYMHHI y BOJAL Ta alKOTOJI, ajie JIETKO
po3unHseTbcsl y BogHoMy NaOH, BogHOMY po3uMHI TpU(ETUIECHAMAMIH)T1IPOKCUAL Ta
mumetwicynbokenai (JIMCO)  3a paxyHOK ioHI3aIlii BOIHEBHX 3B’s3kiB [9,48].
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PozunnHicTh miHiMHUX - (1,3)- mIokaHIB MOB’sA3aHa 31 CTyneHeM mnojiiMepu3aitii. Komnu
CTYIIiHb nommMepu3artii nepesurrye 30-49, To xkypmian po3unsseTscss y NaOH ta IMCO
(xonnenTpariero Oumeme 0,23 H) 1 He posumHseThes y Boxai. lle mom’s3ano 3
MOJICKYJSIPHUM TIEPEXO/IOM BHYTPIIIHBOI CTPYKTYpU. A CTYMiHb MONIMEpHU3allii KypIaHy
ctaHoBuTh Onm3bko 450 [9,8,10]. Tomy, o0Opobka comrobimizytounm areatom NaOH
J03BOJIUTH 3HU3UTH B’SI3KICTh Ta CIPUIMHUTH PYHHYBaHHS CHCTEMHU.

IcHye 3amexHICTh MK KOHIIEHTPAIIEI JYry Ta B’S3KICTIO KypJJaHy: B S3KITh

KypJiJIaHy 3MEHIIYEThCS 31 301IBIIICHHSM KOHIICHTpAIliil Jayry (puc.5.2).

300

200 fﬁ_\
-]

B'askicTb KypanaHy

A ] 1L
0.1 0.2 0.3 0.4 0.5
KoHueHTpauia nyry

Puc.5.2 I'padik 3a1€KHOCTI MK KOHIEHTPAIIIEIO JIYTY Ta B’ A3KICTIO KypAJiaHy
[48].

Ockinpku  KypJjiaH HE MOXKE PO3YMHATHUCS Yy BOMi, TO BHUKOPHUCTAHHS
roMoreHi3aropa 3a0e3NeuyuTh YTBOPEHHS JHCIEPCHOI CycIeH3li, 0e3 MopyleHHs
CTPYKTypH KypIjaHa. AJDKe, KOJIM KypIjdaH JHUCIEPIYeEThCS y  BOMAI-yTBOPUTHCA
nactonoaiOHa CycrneH3is, Ha BIAMIHY BIJ NIIOKOMaHaHIB, SIKI YTBOPIOIOTH CYCHEH3II0 3
JTy’K€ BUCOKOIO B'SI3KICTIO

Kypanan yrBOproe renp luile NpW HArpiBaHHi, iHII ¢akropu, Taki sk: pH,
KOHIIEHTpALIsl I[yKpY, HPHUCYTHICTh KaTiOHIB — BIUIMB Ha TEJIEyTOPIOBAaHHA HE
3M1ACHIOIOTH. CTa01IBHICTh TeNi0 He 3MiHIOEThCS MK pH 3—10, 1 Moxke OyTH TTOCHICHOIO
J0JlaBaHHsIM OOpaTy B MPUCYTHOCTI CeYOBHMHHU. J[o/1aBaHHS HEOPTraHIYHHMX COJIEM HE Mae
3HAYHOT'O BIUTMBY HA MILHICTh TeJlt0 Ta B’SI3KICTh Kypanany. KypanaHoBuii renb CTIHKUN
10 hepMEeHTAaTUBHUX Ta KUCIUX TiApomi3iB. [loBigoMmsiiocs, mo TaHiH, IyKOp 1 KpOXMallb
3/1aTHI 3HU3UTU CUHEPE3UC TeJII0, TOOTO BUJUICHHS PIIWHU 3 TEJII0 Ta 3MEHIIEHHS HOro

00’emi [48].
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KynbrypanbHa piauHa MICTUTh 1 LITOBHM MPOAYKT, 1 3aJHUIIKH MOXHUBHOTO

CEpEeOBHINA, 1 KIIITUHU IPOAYIIEHTA Ta MPOAYKTH METaboMmi3My.

Tomy, HUXKUE

eK30IoTicaxapuay KypajaaHy 3 KylIbTypalbHOI PiAHHH.

3 M NaOH

Cyne
3 M HCI

QM CThaboBaHa BOAa >

MNpcacCTaBJICHaA CXCMa

(puc.5.3)

KynbtypanbHa piguna (KP) nicns
6iocuHTeE3y

A 4

Po3unHeHHsn ( gogaBaHHA NaOH)
1.8 NaOH :1 KP, T =15-25°C, t=1rog,

|

CenapyBaHHA
18000 06x xB, T =4-15°C, t =15 x8

pHaTaHT(KypanaH) o

OcapyKeHHA ( poaasaHHA HCI)
pH=6-7,T=4-15°C, t=3-4rog

Ocap(kypanaH)

CenapyBaHHA
18000 06x xB, T=4-15°C, t=15x8B

BUJIUJICHHS Ta OYMILEHHSA

Ocag,

CynepHaTaHT (HagocagoBa pianHa)

Ocap(kypanaH) y

MpomuBaHHA AUCTUNILOBAHOIO
BOA010 (TpWnui)

|

YnbTpadinbTpyBaHHA Ta PinbTpauin
Ha HYTY-PINbTPI
d=0,03 MM Ta d = 8-15MKkM

;

CywiHHAa
T=100°C, t=2-3 rop,

»
»

Puc.5.3 Cxema BUIJICHHS Ta OYMIICHHS Kypasiany [9].
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5.2.2 OOrpyHtyBaHHs BUOOPY cioco0y nomnepeaHboi 00podku
KYJbTYPAJbHOI PiTUHU

[Tortepenusa 00poOka KyJIbTypaiabHOI PiAMHU MOTPiOHA JJIs TOro, 100 OyJo Jeriie
BIIITMTH KIITHHU MIKpoopraHi3miB. Tak sk, BIIAUICHHIO KIITHH TMEPEIIKOKAITh iX
MaJli po3MipH 1 BUCOKA B SI3KICTh cepenoBuilia. TomMy, B IbOMY BHUIAJKy BUKOPUCTOBYIOTH
PO3UMHEHHSI  KyJbTypaibHOi piauau. Croig  3a3HaudTH, O IS PO3YMHEHHS
KyJbTYpaJbHOI PIAMHU MOXHA 3aCTOCOBYBAaTH BOJAY Ta CIHPT. Aje, 3a (Pi3uKO-XiMIYHUMHU
BJIACTUBOCTSIMHU, KYpAJIaH PO3UYUHSETHCA JIUIIE B JIY’)KHUX PO3YMHAX, 4 caMe 3aBJsKU
HAsIBHOCTI E€KCTEHCHUBHUX BHYTPIIIHBO- 1 MIKMOJICKYJSIPHUX KpPUCTAIIYHUX JIOMEHIB,
MOB'SI3aHUX 3 BOAHEM TMOAIOHUX J0 TUX, 1[0 MICTIAThCA B (1,4) -B-rirokadi Ta mOTPiHIN
cripanibHiil kKoHpopmariii [9, 8,10].

Takox 11 3HWKEHHS B’ SA3KOCTI KyJIBTYPaIbHOI PIIMHA, YACTO 3aCTOCOBYIOTh TaKWUN
TEXHOJIOTIYHUHN MPUIOM, SIK MIIITPIBAaHHS KyJIbTYpaibHOI piiuHU. AJle, 00po0Ka KypasiaHy
CONIOOUTI3YIOUMMH  areHTaMHu  JIO3BOJISIE  OTPUMATH reJIeyTBOPIOIOYl  TMOX1JaHI, 0€e3
nonepeAH»oro HarpiBanus [10].

Jlooasanna NaOH: [Ins pyiiHyBaHHS Kalicyd 1 3MEHIIEHHS B SI3KOCTI PO3UHMHY,
nopatotb 3 M NaOH B kyneTypanbHy piauny y cmiBBigHomenni 1,8: 1 (NaOH :
KyJbTypaibHa pinuHa). Lle morpiOHO 1j1st TOTO, MO0 PO3YUHUTH KypJUtaH (COMI001TI3aIs
Kypaany) [9,8,10].

5.2.3 OOrpyHryBaHHsi BHOOpY cnioco0y BiaaijieHHs Oiomacu

[cHytOTh HAcTymHI METOAW BINAUICHHS OloMacu BiJ KyJIbTYPaJIbHOI PIAWMHU:
cernapyBaHHs Ta HEeHTpUYTryBaHHs; PiIbTpallis; OCAIKEHHS 3a JOMOMOT00 (DIOKYJISHTIB,;
OUCTWIISLIS;  cyOmimMamis; OCaKEHHS  [UIIXOM 3MIH  PO3YMHHOCTI  PEYOBUHU;
KpuUcTali3allisi; copOIlisi; eKCTPaKIIisl; 3aCTOCYBaHHS BaKyyM-(piiIbTpiB; YIbTpadiabTparlis
Ha MeMOpaHHUX (ibTpax [44].

Odinprpartis, yasTpadineTpaliis, 3aCTOCYBaHHS BakyyM-(DuUIBTpIB HEMOXJIUBE 0e€3
MOTIEPETHBOT 0OPOOKHU KyJIBTYpaIbHOI PIAUHUA, TOMY IO II€ TTOB’SA3aHO0 3 MAJIUM PO3MIPOM
KJIITUH Ta BHUCOKOIO B’SI3KICTIO CEPEJOBMINA, BEJIMKOK KIUIBKICTIO JOMIIIOK, a TaKOX

3aKyTMOPIOBaHHIAM Top y pinbrpax [11,44].
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®noraris, ocaJKeHHs, KpHUCTaIi3alis,copOris, eKCTpakiuia — € Hee(eKTUBHUMU
METOAaMH BiAiIeHHs Olomacu AaHoi KyasrypaibHoi piguau (KP) yepes cBoro HEBHCOKY
ctymiab ouncTku KP Ta ekoHOMIYHy HEIOIUIBbHICTh MPOLIECY, akKe BCl Il MPOIECH
moTpeOyIOTh MoTepeaHboi 00poOKu Ta miarotoBku KP, a 11e B ¢BOIO 4epry € eKOHOMIYHO
HEBUTIJTHUM Ta TPOMI3IKUM JUIsl IPOMHUCIOBOTO BUPOOHUIITBA Ta MOTPEOYIOTh JOJATKOBUX
BUTPAT JUIsl peakTUBIB Ta 00siaiHaHHs [44].

JloLinpHIIIE BUKOPUCTOBYBAaTH CEMapaTropd, sIKI 3aCTOCOBYIOTH JI PO3ILICHHS
CYCTIEH31# 31 3HAYHOIO Ta CEPEIHBOIO KOHIICHTPAIIIE€I0 TBEP10i (ha3u, Ta B’SI3KUX CYCIICH31H
Ta EMYNbCi, a TakoX JaHl CIOCOOM € EKOHOMIYHO [OIIBHUMH, MPaIIoiTh Yy
O€3MepepBHOMY PEXUMI 3 PYYHUM BHBAHTAKECHHSIM 0CaJly Ta MaKCUMAJIbHO BIJIUISIOTH
KJIITUHH.

Kynerypansny piguny moxksa cenapysatu (18000 o0\xB, 30 xB) st iHTeHCHDiKaLil
coo0uTi3aIli KypajaHy 3a JOMOMOTOI0 ceraparopa 3 PyYMHM BHBAHTAKEHHSIM OCaLy,
npoxykTuBHicTIO 20-30 M/ TON, 3 MOXIMBICTIO IiirpiBaTM Ta OXONOMKYBATH

KyJIbTYpaldbHy PIIUHY .

5.2.4 OOrpyHTyBaHH# C1IOCO0Y BUAICHHS KYpAJIaHY

OCKUJIbKH, Kyp/IJIaH — MO3aKITITHHHUI METabOoJIIT, TOMY HACTYITHUM 3aBJIaHHAM Oyjie
BUJUICHHS KIHIIEBOTO TPOAYKTY 3 CymepHaTaHty. J[[ins 1boro B MPOMHUCIOBOCTI
3aCTOCOBYIOTh TaKi CTajii: morepeaHs oOpoOka CymepHATaHTy Ta HACTYIHE BHJLICHHS
KIHIIEBOT'O TIPOJYKTY 3 HHOTO.

[TonepenHsa oOpoOka cynepHaTaHTy MOXKE BKJIOYaTH B ce0€ PO3UMHEHHS a0o
OCa/PKCHHSI OpTraHIYHMMK/ HEOPTraHIYHUMHU PO3YMHHHUKAMHU. 3a (DI3UKO-XIMIYHUMU
0COOIMBOCTSIMH, KypJUTaH OCAKY€EThCS MPHU il HA HBOTO XJIOPUIHOI KHCIIOTH, 3aBISKH
BIOPSAKOBAHIM MOTPIMHIN cHipaibHIA KOH(OpMalii Ta HagBHOCTI EKCTEHCHBHUX
BHYTPIIIHBO- 1 MDDKMOJICKYJIIPHUX KPUCTATIYHUX JJOMEHIB, TIOB'SI3aHUX 3 BOAHEM [21].

Ocaoscennsn kyponany: 3 M HCI nonarots 10 cynepHaTtaHTy (HagocajaoBa piavHa,
sgKa MICTUTh KypajaH) go pH 6-7. 3a manmmu HaykoBoi miteparypu [9, 11], HaiOuIBII
PO3MOBCIOPKEHUM CITOCOOOM ocapkeHHs Kypaiany € pomaBanHs HCIl. JlomaBanHs

HEOPTraHIYHUX COJIeH HE Ma€e 3HaYHOTO BIUIMBY Ha B’SI3KICTh €K30IOIICaxapuay KypajiaHy
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[9].Hani cymim 3HOBY cemnapyroth (18000 o6\xB, 30 xB) mis iHTeHcHpikalii mporecy

OCaI’KCHHS.

5.2.5 OOrpyHTyBaHHs c1I0CO0Yy OYMILECHHS KypIJIaHy
Tak sk, maHuil KypaJiaH nependayaeTbesi 3aCTOCOBYBATUCH Uisl BUpoOHUIITBA BA/,
y dopmi mopomky [40,41], TO KiHIEBUN MPOAYKT Mae OyTH OUHWIINEHUW BiJ 3alBUX
JOMIIIIOK Ta COJIeH MakCUMaibHO. /[l 1bOro 3AIHCHIOIOTH  TpUYl NPOMHUBAHHS
JTUCTUIILOBAHOIO BOJIOI0 3 YIbTpadUIbTPYBaHHAM (TOOTO TICIS KOKHOTO IMPOMHUBAHHS
BOJIOIO CIiAye ynbTpadiabTpyBaHHS 1 Tak TpU pasu), Ta Hojaiblie (iIbTpyBaHHS Ha
HyTY-(1IbTpl. Hukde HaBeneHi pi3Hi TUIH (UIBTPALIMHUX YCTAaHOBOK (TadI. 5.6).

IHopiBHsJIbHA XapaKkTepuCTHKA QUIBTPALIHHUX YCTAHOBOK

Orxe,

LIUIbOBUM TPOAYKT HE MiUIsrae TEIMJIOBUM 1 XIMIYHUM BIUIMBaM

Taonuusa 5.6
Amnapar TexHiuHi XapakTepuCcTUKHU IlepeBaru Henouiku
Hymu-gpinempu oBepxHst pinprpamii -8-16 M°, OO6nanHaHi 30BHIITHBOT Henocrarne
cepii "P"[37]. Hiametp nop-8-15 Mkm COPOYKOIO, IO I03BOJISE OYMIIEHHS
(DiHI?T_PYIO‘Ii CIIEMEHTH - 3MIMCHIOBATH (QIIBTPAIIO | BiJ 3QJIMIIKIB
_ HOJITIApOKCIaIKaHoat, [IPU PI3HUX TEMIEPATYPHUX | MOKHUBHOTO
MOJIIKAIPOJIAKTOH, TIEPXIIOPBIHIIL peskiMax. OXONOPKEHHS Cepe/IoBHIIA
KaMepH ISl 3HIKEHHS
PO3YMHHOCTI OCay.
HarpiBauus- s
3aro0iraHHs KpucTasizanii
pEUYOBHH.
Baxyym-ghinompu | Ilnoma ¢insTpyrouoi moBepxHi- besnepepBHe obepTaHHs Hesnauna
O0UCK08020 muny 710 80 M7, OapabaHa 103BOJISIE pyuriiina
[38]. OinbTpyBaHHS Mij ¢b11BTpYyBaTH, IPOMHUBATH, cuiia
BaKyyMOM CYIIUTH 1 BHBAHTAXKYBATH npoiecy
ocas.
Yavmpagpinompay Cep. aia-tp mop 0,001-0,1Mxm [IpocToTa KOHCTPYKILIi, I"abaputu
ilina ycmanoeka MemOpaHu BUTOTOBJIEHI 3 HEBEJIMKI 3aTPaTH, BUCOKHH
[39]. noicyinb(oHa / MOMBIHUTIIHY. CTYIiHb OYHCTKH
OuncTKa Bij 3aIUIIKIB
MTO’KUBHOTO CEPEOBHUIIIA

obupaemo ynbTpadibTpalliiifHy yYCTaHOBKY 3aBJSIKM i Baromiil mepeBasi -

Ta MAaKCHUMAaJIbHO

OUMIIY€THCS, JIETKO 30€pIraeThCs TePMETUYHICTh Ta aCENTHKAa, amapar € TPOCTUM B

KOHCTPYKIIii, KOMITAKTHIUM, Ma€ HE3HAYHY €HEPTOEMHICTb.
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5.2.6 OO0rpyHTyBaHHs crI0CO0y CyLIIHHS KypAJIaHy

Cywinna: Kypnanan noapiOHIOIOTE 1 HaMpaBJIsiOTh Ha CymiKy. [Iporiec 31iiCHIOIOTH

npu temneparypi He Hux4e 60 °C 10 MOCTIHHOI Bark Ta /0 MOBHOTO BHUITAPOBYBAHHS

PiIVHMY .

Oorpynmyeannsa: KiHLIeBUI NPOAYKT BUJIJICHHS Ta OYMILEHHA Mae OyTH y BUIJISII

MOPOIIKY Ta BUKOPUCTOBYBATUCS B MOAANIBIIOMY, SIK OCHOBHA peuoBuHA Yy ckiaai BAJ,

sKa Ma€ CBOi HOpMaTtwBHO-TexHIYHI BuMoru [40,41]. Hegomiku Ta mepeBarn OCHOBHUX

CYLIMJILHUX YCTAHOBOK HaBe/IeH1 HIKYE B Ta0I1.5.7.

Tabnuus 5.7
HOpiBHﬂJILHa XaAPaAKTCPUCTHKA CYIIMJIBbHHUX YCTAHOBOK
Amnapar TexHiYHI XapaKTepUCTHKHU IlepeBaru Henonixn
laga cymuabHa | MakcumainbsHa Temmeparypa -200°C; CyIika po3uuHiB 3 HemoxnuBicTh
BaKyyMHa[42]. [TpoayKTUBHICTb 10O BOJIO31 BUCOKOIO B’SI3KICTIO, IPOBEICHHS
1o 100 kr/roxn . Oe3nepepBHUX
Yac BUCYLIIYBAaHHS — OO BHCOFa THBHJKICTE HpoueciB
CYLIIHHS, BUCOKA
20ron. .
MIPOJYKTHBHICTb
Po3nuiiroua ITponyxrusHicTs 10 192 Kr/rog, PosnumoBaneHi cymapku [Tpu3naueni ans
CcylapKa THILy Yac Ge3nepepBHOTO JIAI0Th M’ SIK1 pEKUMHU pinun ( AKIO B SI3KMi
[43]. BUCYIITYBaHHA — 110 20r0/1. CYUIIHHSI, 110 3a1100iraloTh PO3YHMH- HU3bKA
Brpatam bAP. MoxiuBe IIBUJIKICT IPOLIECY
CYMIILIEHHS MTPOLIECIB CyILiHHS)
BUCYIITYBaHHS Ta
MIKpOKAICYIIOBaHHS.
InTreHcubikyBaHHsI
NpOIIECY BUIIAPIOBAHHS.
JlioginbHa MakcumMalibHe 3aBaHTaKECHHS [Ipounec ynaproBanus [TinroroBka
CYyUIHJIBbHA npoxykry — 110 20 K, BiI0YBA€THCS IPH HU3BKIN npemnapary Jio

ycTaHoBka[45].

Yac BucymyBanss — 24-48 ron

TeMIeparypi, 3aBIsIKI
4OMY HE PyHHYIOThCS
611k, BAP.

Bincytus
HeOe3NneKka OKUCHEHHS
HECTaOUIbHUX PEUYOBHH.

CYUIIHHS TTOBUHHA
OyTH peTeNbHOIO, TS
MTOBHOTO BUCHUXAHHS
nOTpiOHO BUCOKUIA
BaKyyM, caM IpOLEC
JOCUTH TPUBAIUH 1
BHUMAarae BeJTMKUX
€HEeproBUTPAT,BUCOKA
IiHA.

Cywinns «B
KHILIT40MY
mapi» [44].

Makcumanbna Temmeparypa - 200°C;

ITpoxykTHBHICTH MO BOJ031 -10 180
KIr/ron

InTeHCUBHE
NepeMillyBaHHs
00yMOBITIOE€ BUCOKHI
TEIUI0-, MACOOOMIH,
IIBUJIKICTh CYIIiHHS.
ITpocToTa KOHCTPYKIIi

[yxe enepro3arparHa
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Omoice, CylliHHS KypJJylaHy BapTO 3I1MCHIOBATH 32 JIOTIOMOTOI0 CYIIMJIBHOT BaKyyMHOI
madu, Tak IK eKOHOMIYHO AOLIJILHO BUKOPUCTOBYBATH JaHUMN THII CYILIAPKU.

Ynakoexka: Kypnnan ¢dacyrors mo 1,25,100 kr y BOJAOHENPOHUKHY YIAKOBKY 3
amroMminieBoi pomsru [40,41].

Oozpynmyeannsa: OTprUMaHHS KIHIIEBOiI TOBApHOi (hOpMU eK3omomicaxapuay Kypajiany
JUTSI TIOJJANTBIIIOTO BUKOPUCTAaHHS Yy ckiaai bA /.

JUIst  cUIMy4YnX pEYOBHMH B JaHWUW Yac TOBCIOJIHO 3aCTOCOBYIOTHCS (hacyBajbHO-
naKyBajdbHI MallMHU. IX TPOAYKTHBHICTH jgocarae 4 T /ron. Ha Tepesax ciig BUCTaBUTH
HEoOX1/IHI TOKa3HUKHU 1 MPOCTO 3amyCTUTH ycTaHOBKY. Konn HeoOxigHa Bara Oyae AOCATHYTa
(a6o 1 kr a6o 25, a6o 100), momaya 3ymMUHUTHCS aBTOMATUYHO. 3aCyBKa BaroBoro OyHKepa
BIJIKPUBAETHCS, @ TAKOK 3aKPUBAETHCS 3a JOIOMOroK MHEeBMoLMIiHApa. CTpiuyka KOHBeepa

HIJIepJIaHCbKOT0 BUPOOHUIITBA - Xap4yoBa, Mae peOopau 3 noiiyperany.[46].

5.3 O0rpyHTYBaHHSI BHOOPY HEOOXiTHMX JONMOMIKHHUX POOIT NPU BUAICHHI

HiJILOBOTO MPOAYKTY
Jlo Takux poOIT BITHOCSTH:
1. IlizroroBka MUHHUX Ta JIe3uH(DIKYBaIbHUX 3ac001B (quB. Po3mi 8)

2. IlpuroryBaHHs po34uHIB i onepeanboi 00pooku KP — po3unn Hatpito nyry ta

PO34YUH COJISIHOT KUCIOTH (auB.Po3ain §)

3. IligroroBka aucTmiboBaHoi Boau (AuB.Po3ain §) - micis ocapkeHHs Ta cenapyBaHHs
(3rigHO cxemu puc.5.3), HEOOXITHO TPpUYl TPOMHUTHU Kyp/IJIaH B AUCTHIILOBaHIM BOJI

JUISl BUJIaJICHHS cojieid. ToMy JTOIIJIBHO OYMIIYBaTH BOAY Ha ITiATPHEMCTBI.
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PO3A1JI 6

MATEPIAJIBHU BAJTAHC 1 PO3PAXYHOK OBJIA/THAHHS
3riJIHO0 TEXHIKO-€KOHOMIYHOT'O PO3pPaxyHKY, MOTpeda B €K30Iojicaxapul KypaaHy
mia  BupoOnuutBa BAJ[ SuperPure 1,3-B- rmiokan cranoButh 3 880 kr/pik 3
KOHIIeHTparlieto 72 /1 3a 30 AHIB BUpOOHMIITBA, TaK SK 1HII JHI BAPOOHUIITBA 3alHATI Ha
OlocuHTe3 1HIMKX TodicaxapuaiB. KonieHtpaiis OiomMacd B KyJbTypadbHI PiJIHHI
ctaHoBuTh 11.9 r/m.

Bupobuuunii GilocuHTe3 ek3omoiicaxapuny Kypinany A. faecalis WX-C12, 3a
mitepatypaumMu gaHuMu [10], 3M1ACHIOEThCS HA TOXXKHUBHOMY CEPEIOBUII HACTYITHOTO
ckiany (r/n):

I'moko3za —Cy = 50; Hpikmkosuii ekctpakt —Cy = 2; KHyPOy — Cy=2; NH4CI -

C4 = 1,6; MgSO4*7TH>,O — C5 = 0,5; 1 ma p — Hy MiKkpoeneMmeHTiB Ha 1 1

cepenosuina (r/xn): ( FeCly — 1; MnCl, — I; CaCl, — 1; NaCl — 1) — Cg = 4. Beboro —

Cy =60.1 1/

[TociBHMIA MaTepian BUPOLLYIOTh Ha OKUBHOMY CEPEIOBHUILI TAKOTO CKIay (I/i):

I'moko3a — Cl = 20,0; Api>XIKOBHIM €KCTPAKT — C2 = 10; KH2PO4 — C3 =1,74;
MgSO4*7H50 — C4 = 0,49. Beboro — Cy = 32,23 1/i1.

JJist MoganbIuX po3paxyHKiB MPUHMAEMO HACTYITHI MOKA3HUKHU:

1 yac nukiay pobdoTtu pepmentepa, e TL[(i) = Tq) + Ty =48 + 10 =58 rox, e

T, . —4ac maroroBunx onepamii; T4, 4ac Ha BupoOHHunii 61ocuaTe3; T
5 (1) ? Hq)

1o
=58 rox;
2 koedilieHT 3anacy (BTpaTu KyJbTypaJbHOI PIIUHU 200 MOCIBHOTO MaTepiary

BiJl HECTEPWIILHUX orepanii), Ky = 1,15

HYXT BTEK 04.01.30. AITII3

3MH. | Jlucr Ne nokym. Migmac | Hata

Po3po0. Cepena A.B . . Jlit. Apx. A i
P Po30in 6. Texnixo- - = L

Koncynpranr | | 60 26

Repimmas Bytenko JLM E€KOHOMIUHEe 062pyHmy6aHH}z
3as.kadpenpu [ I[Tupor T.IL Kacbez[pa bTM




3 koedinieHT 3anoBHeHHs pepmenTepa, yactka, K; = 0,6
4 xoedilieHT 3aMOBHEHHS NOCIBHOTO anapara, yactka, Ky, = 0,6;
5 KoedIilieHT 3aN0BHEHHS IHOKYIIATOpa, YacTka, K. = 0,6

6 KoedilieHT 3armoBHEHHS K010, yacTka, K =0,2;

KOJI

7 xkoedimieHT 3arm0BHEHHS 301pHUKA , YACTKA, K, =0,7;

8 CcyMapHi BTpaTH aKTHUBHOCTI NMPHU BUIIICHHI TOTOBOTO MPOIYKTY (Cyma BCIX

BTPAT 10 CTAJ(iSIM BUJIJICHHS TOTOBOT'O MPOIYKTY), yacTka, E.p = 0,25

9 KOHIEHTpalis MOCIBHOIO Marepiainy Jjs BUPOOHHYUX (PepMEHTEpIB, YacTKa

(0,05-0,1), Xy = 0,15

10 koHIIEHTpalLisl MOCIBHOIO Marepiaidy i MOCIBHMX amnapari, yactka (0,02-

0,1), Xpq = 0,15
11 xoHIIEHTpAIlls IOCIBHOTO MaTepiaiy JUis IHOKYIATOPiB, 4yacTka, Xy = 0,13

12 KoHLEHTpaLlisl MOCIBHOTO Matepiany Juis KadalouyHuX Koub, 4actka, Xy.ony =

0,1;

13 BTpatu KyabTypaiabHOI PiIMHU TIPH O10CHHTE31, YACTKA, E(l) =0,1;

14 BTpaTu MOCIBHOTO Marepiaidy MpH HOro KyJbTUBYBAaHHI B TOCIBHUX amaparax,
yacTtka, Ema = 0,1;

15 BTpatu TOCIBHOTO Martepially TpH WOTro KYyJbTUBYBaHHI B 1HOKYJISITOPAX,
yactka, Ein = 0,1;

16 BTpaTu TOCIBHOTO Marepiaidy Mpu WOro KyJbTHBYBaHHI B KOJI0aX, 4dacTka,
Exoa = 0,01.

6.1. Po3paxyHOK KiJIbKOCTI BAPOOHMYMX HMKJIIB
Po3paxyHOK KiTbKOCTI apTik MPOAYKTY (BUPOOHUYUX ITUKITIB)

KinbkicTh MpoyKTy Ha 100y, B KI/100Y;

Ggn = Gyr/ Ty = 3 880/30 = 1293 Ker/noby.

KinbkicTh KypasiaHy 3a IIUKII, B KI/IIUKIT,
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GIIK = GH}ITII(l)/Z4 =129,3-58/24 = 313 kr/nuk.I.

KinekicTs hepMenTariiit (1ukiiiB) Ha pik (I11€ YUCIO):

N =G =3 880/313 =13.

uk~ Gnr’ Gux

06’em KP, 110 3muBaeThes 3a oHy epMeHTartito (1K), Mo

= — . . . = 3
Viep = K1GyiCPry/Pycp (-Ep)= 1,1:313-0,94/72:0.8 = 5,6 m

P
Buixi 3 . 3.
UX1J IPOAYKTY 3 1 M~ KyJbTYpaJIbHOI PiIUHU, JI/M™ :

oy = GHKIOOO/VKp =313-1000/ 5,6 =55,9.

6.2. IlpuroryBaHHsi Ta cTepuWJi3allisi MOKUBHOI0 CepPeIOBHMINA JIS BHPOOHHUYOIO
KYJbTHBYBAHHSI Ta BUPOLLYBAHHS MOCIBHOI0 MaTepiaxy
6.2.1. Ilpucomyeannss ma cmepunizayisi NOACUBHO20 Cepedosuly OJisl BUPOOHUYLO2O

biocunmesy
Kinekicts noxusHoro cepenonuia (I1C) ta mocisnoro matepiany (IIM) B ¢pepmentepi 10

KYJIbTUBYBAaHHSI CTAHOBUTD:
V= Viep/(1 ~Eg) =5.6 (1-0,1)=6.2 Mo

KinpkicTh TOXKMBHOTO CepeIOBUILIAa B pepMEHTEP1 CKIIAJIE:

Vie = V(1 +Xg) =62/(1+0,1)=56 Mo,

Heo0xigHa KUJIbKICTh MOCIBHOTO MaTepialy:

Viagy = Vp~ Viie = 6:2 = 5,6 = 0.6 > =600 1.

IIpu BuOpanomy koedimienTi 3amoBHeHHs (epmenrepa K; = 0,6 iioro npuOnusHuit
reoMeTpuyHuil 00’eM pepmeHTepa cKiiae:

Vi = V/Ks = 6,2/0,6 = 10,3 .

Oobupaemo cmanoapmuuii hepmenmep ceomempudHum 00’emom 12,5 M3.

6.2.1.1 BusHayaeMoO KUIBKICTb CTaJiii BHPOLIYBAHHA MOCIBHOIO Martepiaiay

OCKUIBKHM KUIBKICTE IIM CcTaHOBHUTH X(i) = X; = Xgon6 = 10 % Big xibkocti IIC

BU3HauYaeMo KiIbKicTh [IM jist iHmmx cramih. IlpubmmsnHa kinmekicte [IM s iHmmx

cTaiii CTAHOBUTHME:
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_ 3
VHM(I)_ 0.6 M.

_ 0.6/0.6=1 13
Vig = Vi /K3=0.6/0.6=1 m

Ooupaemo inokynamop 3 2eomempudHum 06'emom 1.25 w

[IM nnst iHOKYKIIATOpY reoMeTpudHuM 06'eMom 0.16 W (160 m)

\% Vi Xigg =600 0,1 =60

mul

Vin = Vhin

1/K3 =60/0,6 =100 xn
Ooupaemo inokynamop 3 zeomempudrum 06'emom 0.16 w (160 n)
[IM mist iHOKYKJISITOpPY reomMeTpudHuM 06'emom 0.02 v (20 m)

Viin2 = Viinl Xjg=0600,1=6n

Vi = Viio/K3 =6/0,6 =101

OO6upaeMo 1HOKYJIATOP 3 TeoMeTpuIHUM 00'eMom (.02 Ve (20 m)

IIM 3 kayajgouyHuX KOJIO:

Vi = Viigl Xjg=00,1=0.6 21

o6~ Vi Viont Ksxong=0-6/0.75" 0.2= 4 xonbu

Otike, Maemo 4 cryneHeBy crajiro orpumanns ITM.

6.2.3. Ilpucomyeannsa ma cmepunizayisi NOMHCUCHO20 CEPeOOBUWLA 01 BUPOOHUUO20

oiocunmesy 6 pepmenmepi ceomempuunum 06’emom 12,5 .M3

3rifHO 3 MPUNHSATUM CKJIQJ0M TOKUBHOTO CEPEIOBHUINA JIJIi BUPOOHUYOIO OIOCHHTE3Y

3arajibHl BUTPATH KOMIIOHEHTIB Ha BH3HAYCHWI 00’€M MOXKMUBHOTO CepefloBUia V. ,
CKITAai0Th (06°€M MOXHUBHOTO CEPefoBHINa y hepMeHTepi cK1agae Vu=5,6 M> ):

Gq) = Ve C(l) =5,660.1 =337 kr

B Tomy 4mcii MOKOMIOHEHTHO:

Imokoza Gy = G(l) "Cy/ C‘b =337 50/60.1 =280,4 xr;
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Hpixmkosuii exctpakt Gy = G(b " Cy/ C‘b =3372/60.1 = 11,2 kr;
KoHPO4 Gy = G‘b "Cy/ CCI) =337 2/60.1 = 11,2 kr;

NH4Cl Gy = G(b " Cy/ C(b =337 1.6/60.1 = 9 xr;

MgSO4 7TH>,O Gg= G‘b ' Cs/ Cq) =337 0.5/60.1 = 2,8 kr;

FeCly Gg= G‘b Ce/ C(b =337 1/60.1 = 5,6 xT;

MnCl, G~= G(b " Coq/ Cq) =337 1/60.1 = 5,6 kr;

CaCly, Gg= G‘b Cg/ C‘b =337 1/60.1 = 5,6 xr;

NaCl Gg= ch Co/ C(b =337 1/60.1 = 5,6 kr;

) - _ 3
SIK110 00’ €M MOXKUBHOTO cepefioBHIla y GpepMeHTepi ckinanae V. = 5,6 M™.

Tonl KUIBKICTh KOHAEHCATy CTAHOBUTUME V(bK = Ve " Kyog = 3:6 " 0,1 =0.56 Mo [Ipn

K

bOMY YacTKa KOHAEHCATy — KKOH craHoButume 0,1.

[Tix yac 6iocuHTE3y KypAaslaHy HEOOXiIHO nocartd 120 /1 KOHUEHTpallli TIoKOo3M.
Taky KUIBKICTh BYIVICLIO BHOCHUTH Bipa3y HENOLUIbHO, 00 1€  COPUYUHSATUME
MO/IOBXKEHHS Jiar-¢a3u Ta mosBy kaTtabomiTHO1 penpecii. [licna 24 ron KynbTUBYBaHHS
BHOCSITh MIDKUBIIOBAIBHUNA po3uuH y BUrisgy 50 % posuuHy. Ockiibkd 00’e€M
HOKMBHOTO CEpefoBHIIA Y (pepMeHTepl CKIAnae Vyq, =3,6 M’, TO PO3PAXyeMO KiTbKiCTh
TJIFOKO3HU JUTSI T IKUBIICHHS :
Po3paxyHOK TIJIIOKO3HOTO Mi’KUBJICHHS
Buxioni oani:
O6’em OXXBUHOTO cepenoBuia V. = 5,6 M
Koedimient 3anoBuenus K3 = 0,6
Kinnesa konnentpartis mrepena Byriaeio Ck = 120 r/n (I(F/M3)
[TouaTkoBa KoHIeHTpallis Jmkepena Byriaeto Cr = 50 r/n (KF/M3 )
KoHrenTpauis po3unny mimkusierHs Cox = 400 /i (kr/m°)

1. Po3paxyHOK [TI0YaTKOBOI MacH JKepena ByIJIELIO
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mn= Vp- Cn = 5,6-50 =280 kr
2. Po3paxyHok cyMapHOi KiHIIEBOi MacH JKepesia BYTJIeIIO
mK = Vp: Ck =5,6-120 =672 xr
3. Po3paxyHOK cymapHOi Macu JpKepesia BYTJICIo B M KUBIICHH]
MX.CyM. = mK — mi = 672 — 280= 392 kr
4. Po3paxyHOK cymMapHOro 00’eMy pO3UMHY M1IKUBJICHHS
Vik.cyM. = nok/ Cx = 392 /400 = 0,98 m” = 980 1
IIpu crepumizallii MiJPKUBIIOBAJILBHOTO PO3YMHY B PEaKTOPi-3MilllyBadl YacTKa
KOHJieHcaTy ctaHoBUtume 0,1: Vi 980 x 0,1 =98 n
[Ile nmms oTpUMaHHS MaKCHUMAaJbHOTO BHXOAY KypIUIaHy, TOTYIOTh ITiJKUBIIOIOYHAN

po3uun 40 % NH 4C1 JUTSL IOJJATKOBOTO IMiJKUBJICHHS. AHAJOTIYHO JI0 PO3paxyHKIB 3

TT1JKUBIIIOIOYUM PO3YMHOM TITFOKO3HU:
Po3paxynok mimxkuBiaenas NH 4Cl
Buxioni oawni:

O06’em OXXBUHOTO cepeoBuia V. = 5,6 M
Koedimient 3anoBaenns K3 = 0,6

KinneBa konuentpaiis mxepena NH 4C1 Ck = 3.6 /1 (xr/m’)

[loyaTKOBa KOHIIEHTpaLis mkepena Byriemto Ci = 1.6 (kr/m’)
KoHueHTpariis posunny mimpkusiaenss Cx = 400 r/11 (kr/m°)

5. Po3paxyHOK MOYaTKOBOI Macu JpKepesia BYTJIeIio
mn= Vp- Cn=35,6-1.6 =9 kxr

6. Po3paxyHOK cymMapHOT KiHIIEBOi MacH JiXKepesia BYTJICIIO
mk = Vp- Ck =5,6-3.6 =20,2 xr

7. Po3paxyHOK cymMapHOi MacH JpKepena BYTJISIO B ITiHKUBICHH]
mx.cym. =mk —mn = 20,2 -9 =112 xr

8. Po3paxyHOK cymMapHOTO 00’€My PO3UHHY I1JKUBJICHHS
Vik.cyM. = o/ Cx = 11,2/400 = 0.028 M° =28 1

[Ipu crepumizaiii MiJIKUBIIOBAIBLHOTO PO3YMHY B PEAKTOPi-3MilllyBayl YacTKa

koHzaeHcary craHoButume 0,1: V., 28 x 0,1 =2,8 1
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3aranbHa KUIBKICTh BOAM JIJIs1 PO30aBICHHS] KOMIIOHEHTIB TIOKUBHOTO CepeoBHINa Oy ie:

Vab = Ve - G = Vo Vinigrn Vicorr - Vynime - Vo, wiger = 5 600 — 337- 560-

980-98-28-2,8= 3 594 1.

Bce noxuBHe cepenoBulie Oyae crepuiizyBaTucs 3a aonomororo YBC (motyxksictio 20
M) ipu pH 4.5 (o 3a6e3medyeTbesi 11 3am06iraH s YTBOPEHHSI HEPO3YHHHUX COJICH
dhochopy Ta maruiro).dopmyemo kommosuiiii (Tad:..6.1):

Tabnuys 6.1

Cxkiaa KoMIo3uuii 1Jis cTepuitizainii MosKUBHOTO CepPea0OBHUINA 1JIsI
BUPOOHUYOMY pepMeHTepa 3a Jonomorow YbC-20

KommoneHnT Bwmict, r/a KinbkicTp 115 Komno3umisn 006’em

MOKHBHOI0 3 KOMIIO3UIii, V, JI
NPpUroTyYBaHHs 5,6 M

cepeaoBHINA

cepenoBuUINA, KI (J1)

I'mroxo3a 50 280 A 4 490
JpiKIHKOBHIA 2 11,2
eKCTPaKT
K2HPO 4 2 11,2
NH 4Cl 1.6 9
MgSO4'7H20 0.5 2,8
F eCl3 1 5,6
MnCl2 1 5,6
CaCl2 1 5,6
NaCl 1 5,6
Bona 3594
Konpneuncar 560
ITix.p-H TIIOKO3H 980 1078
Konneuncar 98
IMimx.p-u NH 4Cl 28 31
Konnencar 2,8
Pazom: 5600 5 600

66



6.2.4 Ilpucomysanns ma cmepunizayisa nOHCUBHO20 cePedosUua 01 8UPOOHUYLO20

Oiocunmesy 6 iHOKynamopi ceomempudHum 00’°cmom 1.25 w

KiTbKiCTh TOXXMBHOTO CEPENOBHUINA Ta IOCIBHOTO Marepiady B IHOKYJISATOPI 3
BTpaTaMU CTAaHOBUTH

\ /(1-E ) = 600 /(1-0,1) = 667 1.

in =~ Vo
KiNbKiCTh MMOKHMBHOTO CEPENOBHUINA:

Viein = Vin/(1+Xg) =667/(1+0,1) =606 1.

IICIH
Heo0ximHa KUTBKICTh TTOCIBHOTO MaTepialy JJIs 3aCiBY MOCIBHOTO amapary:

Viia = Vin ~ Vieig —067-606=61 1.
Po3paxyHOK KIJTbKOCTI KOMITIOHEHTIB TTOKMBHOTO CEPEIOBHUILA JJIsl IHOKYJISITOPY:

3arajibH1 BUTpaTH KOMITIOHEHTIB Ha BU3HAUYECHHUI 00’ €M MOKUBHOTO CEPEIOBUIIA GiH =

A% ' C‘b =0.606 - 32.23 = 19,5 kT, B TOMY YHCIII:

NC1H
I'mokosza Gy =Gjy Cy/ Ccp = 19,520/ 32.23 =12.1 «xr;
Hpixmkosuii eketpakt Gy = Gy~ Co/ C(b =19,5 10/ 32.23 = 6 xr;

KpHPO,  G3 =Gy~ C3/ Cyy =195 1.74/32.23 = 1 xr;

MgS0,47HyO Gs= Gy, Cs/ Cgy = 19,5049/ 32.23 =0.3 xr;

BusHauaeMo K1IBKICTh KOHAEHCATY ViHK =V Kxon = 606 * 0,1 = 60,6 1 KinbKicTh

IIC1H

BOJIY JIJIs1 pO30aBIICHHS] KOMITOHEHTIB ITOYKHBHOTO Cepe0OBHINA Oy ie VB(I) = VHCiH - GiH —

Vi = 606 — 19,5 - 60.6= 526 .

JlaHy KITBKICTH BOJAM HEOOXITHO PpO3MOJAUIATA MDK JBOMA KOMITO3UIIISIMHU:
TEPMOJIA0ITLHUM APDKKOBUM €KCTPAKTOM Ta TIIFOKO3010 (KOMITO3HINST A) Ta COJISIMH
(xomno3uis b).

Komno3unisi A: Po3paxoByeMo KiIbKICTh BOJY AJIsI PO3UMHEHHS TOKOMIIOHEHTHO, JI:

[mokosa V1, = Vg, (C1/Cg) = 526(20/32.23) = 326,1
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JApibKIKoBHiA eKCTpakT Vo =V (CZ/C(b) = 526(10/32.23)=163 n

OTxe, I TpUTOTYBaHHA JnaHoi kommo3uilii 490 11 Bomu, crepwiizamis Oyze
IPOXOAUTH B PEaKTOPi-3MIIIyBayl.
Kommno3uuisa b: Po3paxoByemo KiIbKICTh BOAM JIJIsl PO3YHMHEHHS TOKOMIIOHEHTHO, JI:

K,yHPO, V3, =V, (C3/Cy) = 526(1.74/32.23) = 26,3 n

MgSO,-TH,0 Vs =V, (C5/Cp) = 526(0.49/32.23) = 5,31

Tabnuys 6.2.
6.2 Komno3uuii 1J151 crepuJisamii NoKMBHOTO cepe0BUILNA B iIHOKYJIATOPI
00’emom 1.25 M3
KomnioneHT Bwmicr, r/a KiabkicTh s Komno3uuis 00’em
MOKHBHOI0 NPUTOTYBAHHS KOMIO3HIii, V, J
cepeaoBHUIIA 606 cepenoBuina,
Kr (J1)
['moxo3a 20 12.1 A 510
HpixmkoBuit |10 6
EKCTPaKT
Boma 490
K2HPO 4 1.74 1 B 35
MgSO4'7H20 0.49 0,3
Bona 31,6
Kongencar 60,6 60,6
Pazom: 606 606

*[Ipumimka Comi ¢pocdariB Ta Mar"ito CTEpUIII3yIOTHCS pa3oM Ipu noHuwxkeHomy pH 4.5 a npu
BBeJIeHH1 B 010cuHTe3 pH cTabi1i3yl0Th 10 ONTUMAIBLHOTO 3HAUEHHS

6.2.5 Ilpucomyeanna ma cmepunizayisi NOHCUBHO20 CEPedosUa 01 BUPOOHUYO20

Oiocunmesy 6 iHOKynamopi zeomempudnum 00°cmom 0.16 w

KinbKicTh MOKHUBHOTO CEPEIOBUIIA TA TTOCIBHOT'O MaTepially B IHOKYJISATOPI 3

BTpaTaMH CTAHOBUTD:
V. [(1-Egy) =61 /(1-0,1) = 68 1.

in = Vi

KinbKiCTh TO)KMBHOTO CEPEIOBHUINA :
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\Y% Vig/(1+X ) =68/(1+0,1) = 62 1.

IICIH
Heo0ximHa KUTBKICTh TTIOCIBHOTO MaTepialy JJIs 3aCiBY MOCIBHOTO amapary:

VHMiH = VIH - VHCiH = 68-62=6 1.
Po3paxyHOK KiJTbKOCTI KOMITIOHEHTIB TTOKHBHOTO CEPEIOBUIIA JIJIST IHOKYJISATOPY:

3arajpHi BUTpaTHU KOMITOHCHTIB Ha BU3HAUCHUN 00’ €M ITOKHBHOTO ccpcaoBuIia

G:

q=V ' C(b =62 * 32.23 =2 KT, B TOMY YHCJIi:

TICIH
I'mokosza Gy =Gjy Cy/ C(b = 2°20/32.23 =1.2 kr}
Hpixmkosuii eketpakt Gy = Gy~ Co/ C‘b =2"10/32.23 = 0.6 xr;

KyHPO, G3 =Gy, C3/ Cyy= 2° 1.74/ 3223 =0.1 r;

MgSO4 7THyO Gs= Gy Cs/ Cgy =27 049/ 32.23 =0.03 kr

Bu3HayaeMo KUIBKICTh KOHAEHCATY ViHK =V KKOH =62"0,1 =621

NCIH
KinbkicTh Bogu AJist po30aBiaeHHs KOMIIOHEHTIB MOKUBHOTO CEpEOBUIIA Oy/1e

VB(b = Vicin — Oig — Vigx = 02-2-62=538 1.

Jlany KUTbKICTh BOJM HEOOX1THO PO3MOAUIUTHA MK JJBOMA KOMITO3UIIISIMU:
TEPMOJIAOIITLHUM JAPIKIKOBUM €KCTPAKTOM Ta TIIIOKO03010 (KOMIO3ULiA A) Ta COISMU
(xommo3uttis b).

Kommno3uuisi A: Po3paxoByeMoO KUIBKICTh BOAM JIJISl PO3UUHEHHS TOKOMIIOHEHTHO, JI:

['mrokoza Vi, = VBq) (Cl/C(b) = 53,8 (20/32.23) =334 n
JApDKIKOBUI eKCTPAKT Vo = Vi (CZ/C(b) = 53,8 (10/32.23)=16,7 n

OT1xe, 1J1 IPUTOTYBAHHS JaHO1 KOMIO3UIIi1 BUKoprucTtaeMo 50 1 BOaM, CTepUIIizallis
OyJie MPOXOIUTH B PEAKTOPi-3MIIITyBayi.
Komno3uuisi b: Po3paxoByeMo KUJIBKICTh BOJM JJI1 PO3YMHEHHS TTOKOMITIOHEHTHO, JI:

K,HPO4 V3, =V (C3/Cp) =53.8 (1.74/32.23)=2,7 n

MgSO,-7TH~O Ve, =V, (C</C)= 53,8 (0.49/32.23)=0.5n
4 2 5B B \~5'11
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OTxe, 17151 MPUTOTYBAHHSA JaHOT KOMITO3ULIIT BUKOPUCTAEMO 3,2 11 BOJH, CTEpUIII3aLlis

Oyze MPOXOIUTH B IHOKYJISATOPI.

Tabnuys 6.3.
Kommno3uiii quist crepuitizanii mosKUBHOTO CepeI0BHUINA B iIHOKYJIATOPI 00 ’emom
0.16 1>
KommnoneHnT Bwmicr, r/n KiabkicTh aas Komno3nuis 00’em
MOKUBHOTO NPUTOTYBAaHHA KOMIo3uuii, V, Ja
cepeaoBHUIIA 62 n
cepeoBHINA, KT
(1)
I'mroko3a 20 1.3 A 52
Hpixmxosuin 10 0.6 60.36
EKCTPaKT
Bona 50 60.36
I<2HPO4 1.74 0.1 B 3,8
MgSO4'7H20 0.49 0.03
Bona 32
Konpencar 6,2 6,2
Paszom: 62 62

*[Ipumimka Coni ¢ocdaTiB Ta MarHito CTEPUITI3YIOTHCS pa3oM Ipu noHmxkenomy pH 4.5 a npu
BBeJIeHHI B 610cuHTe3 pH cTal11i3yl0Th 10 ONTUMAIBHOTO 3HAUEHHS

6.2.6 Ilpucomysannsa ma cmepunizayisa nOHCUBHO20 cePedosUa 0N

BUPOOHUUO020 Diocunme3y 6 IHOKYAAmopi ceomempuirum 06’emom 0.02 M3

(20 n)
KinpKicTh MOKHUBHOTO CEpeIOBHUINA Ta TTOCIBHOT'O MaTepially B IHOKYJIATOPI 3

BTpaTaMMi CTaAaHOBUTL!:

Viu= Viie/(1-B ) =6 /(1-0,1) = 6,7 1.

iH Y mH

KiapKicTh MOKHUBHOTO CEPEIOBHINA

Viein = Vie/(1+Xg) =6,7/(150,1) =6,1 1.

HeoOxiaHa KUIBKICTh MOCIBHOTO MaTepiay Ajs 3aciBy MOCIBHOTO anapary:

Vimin = Vie ~ Vicia = 6,7-6,1=0,6 n.
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Po3paxyHOK KiIbKOCTI KOMIIOHEHTIB IMOKMBHOTO CEPEIOBUIIA BUPOOHUYOTO
dbepmenTepa:

3aranbHi BUTPATH KOMIIOHEHTIB Ha BUSHAYEHUH 00’ €M TOKUBHOTO cepenoBuma G;y, =

Vicin C(b =6.132.23=197 r , B TOMY YHCIIL:

I'mokosza Gy =Gy " Cy/ Cq) =197 -20/32.23=122,3;
Hpixmkosuii eketpakt Gy = Gy~ Co/ C(b = 197 10/32.23 =61,1r1;

KyHPOy G3=Gyy " C3/ Cyy= 197 1.74/32.23=10,6 13

MgS0,7HyO Gs=Gyy, " Cs/ Cgy= 1977 0.49/32.23 =3 13

BusHagaeMo KUTbKICTh KOHZACHCATY Vi . =V Kyop =6-1 - 0,1 = 0.6 1. Kinbkicts

MCIH

G:

BOJIY JJIs1 pO30aBIE€HHS KOMITIOHEHTIB TTOKHMBHOT'O CEpeIOBHINA Oy 1e VBd) =V "

MCIH
Vigg =6.1-0.197-0.6=5,3 1.

JlaHy KUJIBKICTh BOJIM HEOOX1THO PO3MOJAUIMTH MiXK JBOMAa KOMIO3HUIIISIMU:
TEPMOJIa0IITLHUM JPIKKOBUM €KCTPAKTOM Ta TIFOKO03010 (KOMIO3UIlI A) Ta COMSIMU
(xommo3uiiis b).

Komno3uuisi A: Po3paxoByeMo KUTBKICTh BOJIU JJIsl PO3YMHEHHS MOKOMITOHEHTHO, JI:

['mokosza Vi, = VB(I) (Cl/c(b) =5,3(20/32.23)=3.3n
JApbKIKOBHI eKCTPaKT Vo =V (CZ/C(b) = 5,3(10/3223)=1,6 n

OTxe, 1Uisl MPUTOTYBaHHS JaHOI KOMITO3HULIIi BUKOPUCTAEMO 4,9 11 BOAM, CTeprITi3aiis
OyJie MPOXOAUTH B PEAKTOPI-3MIITyBaul.
Komno3uuisi b: Po3paxoByemo KiIbKICTh BOAM J1JIs1 PO3YMHEHHS] TOKOMIIOHEHTHO, JI:
Ky HPOy V3, =V, (C5/Cp) = 5,3 (1.74/32.23) = 0.3 n
MgSOy4 7TH5O Vg5, =V, (C5/Cp) = 5,3 (0.49/32.23)=0.05 n
OTtxe, 11 IPUTOTYBaHHS JaHOT KOMITO3UIIIT Bukopuctaemo 0.35 i1 Boau,

cTepuJizallist Oy/ie MPOXOJAUTH B IHOKYJISTOPI.

71



Tabnuys 6.4.

Kommno3umii 1/ crepuiizaiii mo:kuBHOI0 cepeoBHINA B

iHOKyJIATOpI reomerpuyHnM 00’emom (.02 M (20 ;1)

Kommnonenr Bwmicr, 1/ KinpkicTs 1 KoMmno3unis 00’em
MOKHUBHOI0 NPUTOTYBAHHS KoMIIo3uuii, V,
cepeloBHIIA 6.1 1 MJI
cepeloBHIIA, T
(mo1)
['moxo3a 20 122,3 A 5100
JpixmxoBuid 10 61,1
EKCTPaKT
Bona 4900
K2HPO 4 1.74 10,6 B 400
MgSO4'7H20 0.49 3 435.83
Bona 350 435.83
Kounencar 600 600
Paszom: 6 100 6 100

*[Ipumimrxa Comi gocdaTiB Ta MarHito CTEPUIII3YIOTHCA Pa3oM Mpu noHuwxenomy pH 4.5 a npu
BBeJIeHH1 B 6iocuHTe3 pH cTabini3yloTh 10 ONTUMAIBLHOTO 3HAUCHHS

6.2.7. Ilpucomysanna ma cmepunizauisa ROHCUBHO20 cePedosUa 0
SUPOWYBAHHA NOCIGHO20 Mamepiay 6 KOJ10ax Ha KauaaKax.
OckisibKu 00’ €M TIOKMBHOTO CEPEIOBUINA SIS KAYAIOYHUX KOJIO TOTY€EThCS B KOJIOAX 1

CTEpUJII3Y€EThCA B aBTOKJIAB1, KOHACHCAT HE YTBOPIOETHCSI.

KibKiCTh MOKHUBHOTO CEPEIOBUIIA Ta TOCIBHOTO MaTepiaay B KOJ0AaX CTAHOBHUTD:

VHCM = Vior= 0.6 1 (600 mur)

KinbKicTh OKHUBHOTO CEpeIOBUIIA B KOJI0aX, BPAXOBYIOYH BTPATH CTAHOBUTD:

Ve = View/(1-Egp) = 6 /(1-0,1) = 0.67 1.

KinbKiCTh TOXKMBHOTO CEpE/IOBUIIA B KOJI0AX:

Viei = Vi (14X ) =0.67/(1+0,1) =0,6 1.

Tc
Heo0xigHa KUIBKICTh MOCIBHOTO MaTepially Uil 3aCiBY KOJIO:
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VHMiH = ViH — VHCiH =0.67-0.6= 70 mn

3araibHi BUTPATH KOMIIOHECHTIB Ha BU3HAYCHHUI 00’ €M MOKHUBHOTO cepenosuina Gy =

Viex C(b =600 - 32.23 =19,3 1, B TOMY YHCIi:

I'mokoza Gy =Gjy " Cy/ C‘b = 19,320/32.23=12 1;

Hpixmkosuii eketpakt Gy = Gy~ Co/ C(b = 19,3 ' 10/32.23=6;

KyHPOy G3=Gy, " C3/Cy =193 1.74/3223 =1 13

MgSO4 7THyO Gs=Gyy " Cs/ Cgy= 19,3 ~0.49/32.23 =03 1;

KinekicTs Bogu 111 po30aBiIeHHS KOMIIOHEHTIB IMOKUBHOTO cepenoBuiia oyae 600 — 19,3
=580 mn
Jlany KUIbKICTh BOJY HEOOX1JHO PO3NOAUIUTH MK TPhOMa KOMIIO3UIISIMHU:

TEPMOJIA0IITLHUM JPIKIKOBUM €KCTPAKTOM Ta TIIOKO3010 (KOMIO3UIliA A),

KoHPO, (xommosuuis b), MgSO4 7TH5O (xomnosuis C).

dopMyeEMO KOMMO3IITIi:

Tabnuys 6.5.
Kommno3uuii a1 crepuitizanii HoKUBHOIO cepeI0BHINA B KOJ10aX HA KaYaJIKax
KoMmoneHnt Bwmicr, 1/1 KinpkicTh ms Kommo3suris O0’em
MMOKMBHOT'O MPUTOTYBAHHS KOMIo3uIii, V, M
CEpelOBHIIA 0.6 11 cepenoBuILa,
T (M)
I'mroko3a 20 12 A 400
HpixmroBuit 10 6 651.6
EKCTPaKT
Bona 382 651.6
KzHPO 4 1.74 1 B 100
Boga 99 48.4
MgSO4-7HZO 0.49 0,3 C 100
Boma 100
Pa3zom: 600 600
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6.3. Po3paxyHok MmaTepiaJIbHOr0 0aJIaHCy.

MarepianbHuii 0a71aHC HA OAMH IMKJ BUPOOHMITBA.

Buxopucrano Otpumano
Ne ) o Hasga kiHLeBoro KinbKicTs
. HaBBz.l CHUpPOBHHH 1 KinbkicTs, HpotyKTy, BiTXOin Ta . ’
HAITiBIIPOIYKTY KT, JI wrpar —_—
1 2 3 4 5
MMPUT'OTYBAHHS [TOXKWMBHOI'O CEPEJIOBUILA J1J151 BUPOILIYBAHHS IHOKVIIATY B
8 KOJIBAX HA KAYAJIKAX (11, k)
1.1. I'mroko3a 0.012 Hecrepunbue [1C 0.6
1.2. JpiXKDKOBUI €KCTPAKT 0.006
13, KH_PO, 0.001
1.4, Mg80O ,-7H,0 0.0003
1.5. Bona 0,58
1.6 Bceboro: 0.6 Bceboro: 0.6
2 CTEPUJIIBALIIS TTOXKMBHOI'O CEPEJIOBUIIIA B ABTOKJIABI (1)
2.1. Hectepunpae I1C 0.6 Crepunbre [1C 0.6
2.2 Bcenoro: 0.6 Bcenoro: 0.6
BUPOLIYBAHHS ITOCIBHOI'O MATEPIAJIY IIA YAC KYJIBTUBYBAHHS B KOJIBAX HA
> KAYAJIKAX (1)
3.1. Crepunsre 11C 0.6 IMTociBHuit Matepian 0.67
3.2. [TociBamit Marepian 0.07
33 Brparu (dacTka) HEMae HEMae
34 Bcesworo: 0.67 Bcesoro: 0.67
MMPUTOTYBAHHS ITOXUBHOI'O CEPEJOBUILA JIJI5
+ [HOKVJISITOPA Ha 16 1 (k1 1)
4.1. I'mroxo3a 0.122 Hecrepunpae I[1C 5,5
4.2. JpiXHKOBHIA €KCTPAKT 0.06
43 KH2PO4 0.011
4.4, MgSO4-7H20 0.003
4.5. Bona 53
4.6 Bcenboro: 5.5 Bcenoro: 5.5
5. CTEPUJIIBALIA TOXKMBHOT'O CEPEJOBUILA JJ1 IHOKVYIISATOPA (1)
5.1. Hecrepunsue I1C 5,5 Crepuibhe I1C 6.1
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5.2 Konpencar 0.6 (BTpar HEemace) 0,0
53 Bceboro: 6.1 Bceboro: 6.1
6. OTPUMAHHS ITOCIBHOI'O MATEPIAJIY B IHOKVYJISATOPI na 16 1 (1)
6.1. Crepunbae [1C 6.1 [TociBumit MaTepian 6
63 [MociBHwMiA Marepiai 3 0.6
KOJIO Ha KaJajkax
6.4. Brparu (uacTka) 0.1 Brparu (Ki1bKiCTb) 0.7
6.5 Bcroro: 6,7 Bcroro: 6,7
. MNPUTOTYBAHHS I[TOXKMBHOI'O CEPEJJOBHUILA I [TIOCIBHOI'O AITAPATY HA 160 n (kt,
)
7.1. I'moxo3a 1,3 Hecrepunsae [1C 55,8
7.2. JpiHKOBHIA €KCTPAKT 0,6
73. KH_PO, 0.1
7.4, MgS0,-7H,0 0,03
7.5 Boma 53,2
7.6 Bcroro: 55,8 Bcroro: 55
8. CTEPUJIIBALIIS ITOXKMBHOI'O CEPEJJOBUILIA JIJIs1 TTIOCIBHOI'O AITAPATY HA 160 1 (o1)
8.1. Hectepunsue I1IC 55,8 Crepuisne 11C 62
8.2. Konpencar 6.2 (BTpar Hemae) 0,0
8.3 Bceboro: 62 Bceboro: 62
9. OIAEPXXAHHSATIOCIBHOT'O MATEPIAJTY IIOCIBHOMY AITAPATI HA 160 i (i)
9.1. Crepunsre 11C 62 IMTociBHuit Matepian 61
92, HOCiBI—TI/II\/'I Marepian 6
THOKyIATOpa
9.3 Brparu (dactka) 0.1 Brparu (KinbKicTb) 7
9.4 Bceroro: 68 Bcesoro: 68
MPUT'OTYBAHHS [TOXKMBHOI'O CEPEJOBUIIA JJI BUPOLTYBAHHS IHOKVYIIATY
. I[MTOCIBHOMY AITAPATI HA 1,25 M3 (xT, )
10.1. I'mroko3a 12.1 Hecrepunbae [1C 545
10.2. Jpi>IHKOBHIA SKCTPAKT 6
10.3. KH_PO, 1
10.4, MgS0 -7H)0 0.3
10.5. Boma 522
10.6 Bcesoro: 545 Bceboro: 54
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CTEPMIIIBALILA ITOXKMBHOI'O CEPEJOBUIIA ITOXXKMBHOI'O CEPEJJOBUILIA J1JIS
12‘ BUPOLLIYBAHHSA IHOKVYJIATY IIOCIBHOMY AITAPATI HA 1.25 M3(Kr, (1)
12.1. Hectepunsne I1C 545 Crepunbre [1C 606
12.2 Konnencar 60,6 (BTpar Hemae) 0,0
12.3 Bcesboro: 606 Bcesoro: 606
OTPUMAHHA I[TOCIBHOI'O MATEPIAJTY II1J] YAC KVJIBTUBYBAHHS B [IOCIBHOMY
- AITAPATI HA 1,25 M3 ()
13.1. Crepunbre [1C 606 [TociBumit MaTepian 600
13.2. IociBHuit Marepian 61
13.3 Brparu( yactuka) 0.1 Btparu ( KUIBKICTB) 66,7
Bcesoro: 667 Bcesoro: 667
MNPUT'OTYBAHHA [TOXKXMBHOI'O CEPEJOBUILA JIs1 BUPOBHMYOI'O BIOCUHTE3Y y
14. 3
¢epmentepi Ha 12,5 M (T, 1)
14.1. I'mroko3za 280 Hecrepunsue [1C 3932
Hectepuinbauii
14.2 JpLKIKOBUH €KCTPaKT 11,2 I JHKUBITIOBATBHAN PO3UUH 980
TIIFOKO3U
Hectepuinbauii
143, KH 2P 0 4 112 I DKMBIIIOBAILHUN PO3UUH 28
NH4C1
14.5, NH, Cl 9
14.6 MgSO4~7H20 2.8
FeCl3
14.7 MnCL, 5,6
CaCL2
NaCL
148 [TiKUBITIOIOY U PO3YHH 080
[JTFOKO3H
TTi K UBITFOIOY M PO3YHH
14.9 NH Cl 28
4
14.10 Bona 3594
14.11 Bcsboro: 4940 Beboro: 4940
15. CTEPUJIIBALIA TOXXMBHOT'O CEPEJOBUILA JJ151 BIOCUHTE3Y kypmiany (i)
15.1. Hecrepunsue I1C 4940 Crepuibhe I1C 5600




15.2 Konnencar 560

Hecrepunbuuii
15.3 IT1JOKUBIIIOBAJILHUI 980

PO34YHH I'NITFOKO3H

15.4 Konpaencar 98

Hecrepunbuuii
155 1 DKUBITIOBATTBHU I 28

po34unH NH4C1
15.6 Konpaencar 2,8
15.7 Beboro: 5600 Bcporo: 5600
16. BIOCUMHTE3 Y BHUPOBHUYOMY ®EPMEHTEPI HA HA 1,25 M3 ()

16.1. Crepunbhe [1C 5 600 KynerypanbHa piguHa 5600
163, HOCiBHI/TI\/’I Marepiai 3 500

MIOCIBHOTO arapara
16.4. Brparu (dacTka) 0.1 Brparu (KinbKiCTb) 620
16.5 Bceboro: 6200 Bcesoro: 6200

OcCKUIbKH, KUIBKICTh KYJBTYPaJIbHOI PIIMHU 3TiIHO MaTepiaibHoro Oanancy (5 600
J) CHIBMAJAE 13 KUIBKICTIO KYJIbTYpajdbHOI PIIMHU, PO3PAXOBAHOI BIAMOBIAHO 10 1. 6.1
(5,6 M) Po3paxyHKy MapTiil IPOIYKTY, BBAKAEMO, 10 MaTepiaabHUi GalaHC 3pO6IEHO

BIpHO.

6.1.YTOUHIOI0UM PO3PAXYHOK (pepMEHTALINHOI0 00/IaIHAHHS.
6.1.1 YTOuHIOWO4YMI PO3PAXYHOK KUIBKOCTI (pepMeHTEpIB.

Hpubnu3Huii 3aranbHuil reOMeTpHYHUIA 00°eM hepMeHTepiB npu 3ananomy K,=0,6:

_ _ _ 3
qu)— V(b/l{3—6,2/ 0,6=10,3 m

Obupaemo ghepmenmep naubaudxcuoco oo emy 1,25 M3.

KuibKicTh BUpOOHMYKMX pepmenTepiB npu 3axanomy K.
N(bp= VF(;J[J/ VH¢=1O,3/12,5= 0,8— mpuiimaemo 1.

YTouHI0EMO KOE(DIIIEHT 3aMIOBHEHHS:
K, (b:V(b/ (VH(b X N(bp):6’2/ (12,5x%1)=0,5
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OcCKinbKH, YTOUHIOIOUMN KoedilieHT He nepeBuinye 3aganux mMex (0.5-0.65), mpuitmaemo

JI0 YCTAaHOBKH KIJIBKICTh (PepMeHTEPIB N‘bp + 1 3anmacHuM.

6.4 YT04HIOI04YHII PO3PAXYHOK KiJIbKOCTI IOCIBHUX anaparis i iHOKYJIATOPIB
Pospa3zynox kinbkocmi inoxynsamopis (kinoxicmo 1IM i cepedosuwa 667 1)

[IpuOnu3Huii 3aranbHUi TeOMETPUYHUI 00’ €M IHOKYIIsATOpa TipH 3axaHomy K,=0,6:

= = _ 3
Viig = Vig/K; =0,667/0,6=1,1 M~

3

Obupaemo ghepmenmep cmanoapmuuti Ha 1,25 m

KibKicTh IHOKYISATOPIB pH 3a1aHoMy Ks .

Nin = Vi Viig =1,1/1,25=0,9— npuiimaemo 1

YTouHI0€MO KOE(DIIIEHT 3aMOBHEHHS

Koin = Vie/ (VaiNisp) =0,667/(1,25% 1)=0,5

OcCKUIbKY YTOUHEHHI KOe(DILIEHT 3alI0OBHEHHS HE nepeBuIye 3anani mexi (0,5-0,7)

MPUKUMAEMO JI0 YCTAaHOBKH 1HOKYJISATOPIB Nin + 1 3amacHuil.

Pospaszynox kinvxocmi inoxynamopis ( kinexkicmo IIM i cepedosuwia 68 1)

[TpuGnu3HMiA 3araabHUN TCOMETPUYHUN 00’ €M IHOKYIISATOPA TPH 3aJJaHOMY K,=0,6:
Vg = Vig/K; =68/0,6=113,3 1.

Obupaemo inoxynsasmop Ha 160 1

KinbKkicTh 1HOKYISITOPIB I 3aanomy Ko i

N; Ve V. =113,3/160=0,7 — npuiimaemo 1

inp "rie’ " min
YTouHI0EMO KOE(]IIIEHT 3aITOBHEHHS

ixgVigzp) =68/(160% 1)=0.5

OckiJIbKY yTOUHEHMH KOe(DIIIEHT 3arlOBHEHHS He niepeBuiye 3aaani mexi (0,5- 0,7)

IpUIMaeMO 10 YCTAaHOBKH 1HOKYJISITOPIB NIHp + 1 3anmacHui.

Pospasynox kinbkocmi inoxynamopis ( kinekicme IIM i cepedosuwa 6,71 ).

[Ipubnu3Hui 3aranbHuii reOMETPUIHUN 00’ €M iHOKyIATOpa Npy 3a1anoMy K,=0,6:
Viig = Vig/K3 =6,7/0,6=11,2 1.
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Obupaemo ghepmenmep na 20 1

KinbkicTb iHOKyIISITOPiB 11pH 3a1anomy Ko o

Nin = Viig! Vaig =11,2/20= 0,7 — npuiimaemo 1

YTouHI0EMO KOE(iIlIEHT 3aIIOBHCHHS
KBiH = ViH/ (VHiHNin) =6,7/(20X 1):0,5
OcCKi7bKH yTOUHEHUH Koe(illieHT 3a0BHEHHS He TiepeBHIIye 3anani mexi (0,5-

0,7) mpuitMaeMo 10 YCTaHOBKHU 1HOKYJIATOPIB NIHp + 1 3anacHuil.

Ymouniorouutl po3paxyHox KilbKocmi KauaniouHux Koo

[pubnu3umnii 3aranpHuil HEOOX1IHUI 00’ €M Kayanounux koudb npu 3aganomy K o -s=0,2:

7

'KOJIO — VKOJI6/KK0JI6:67O/092:3 350 ma

0O0’em 1 kauast0yHOI KOO VHKOJ’I6 =750 mi.

KinbkicTh Ka4aJIOUHHUX KOJIO MPHU 3aIaHOMY 6= 0,2

KKOJ'I

Nyon6 =

KO Vaxone =3350/750= 4 , 4 npuiiMaemo 5 kond

rron6/
6.5 YTouHI0OI04MI PO3PAXYHOK KiJILKOCTI peaKkTopiB-3MilIyBaYiB JJIs1 IPUTOTYBAHHS
cepeIoBHINA 1JIs BAPOOHNY0Tr0 0iocuHTE3y B (pepMeHTEpi

6.4.1 Ymouniorouuii po3paxynox peaxkmopa O0Jisi R(pueomy8aunHs Komnozuyitt A ma

ons cmepunizayii ¢ YbC-20

[Tlinbupaemo reomeTpuuHuid O0’€M peakTopa-3MillyBaya JJisi MPUTOTYBaHHS Ta

cTepuIi3allii KOMIO3uUIIii B.K36 =0.7

Vana=Va/Kse=4 490/0,7= 6413  n, obupaemo peaxmop micmxicmio 20 M3

KinbkicTh peakTopiB mpu 3anaHomy K,z CTaHOBHUTS :

Ny = V Ana/ Voer

YTouHI0€EMO KOE(]IIIEHT 3aMIOBHEHHSI pEaKTopa

Kyp =V Ana/(Vper Np) =6413/20000%1=0,69

=6 413/20000=0,87— npuitmaemo 1 .

p

OckiJIbKH yTOYHEHHMI KoedillieHT 3amoBHEHHs JnexuTh B Mmexax (0,7 — 0,9),
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NpUIIMaeMO 710 YCTaHOBKH KUTBKICTh PEAKTOPIB IS MPUTOTYyBaHHA KoMmo3uiii A — 1 + 1
3anacHui (2 mir.).
Ymountorouuii pospaxynox peaxmopa 015 npucomyeanns ma cmepunizayii
RIOJACUBTIOIOUO20 POZUUHY 2NIIOKO3U
[Tlinbupaemo reomMeTpuyHHii 00’€M peakTopa-3MilllyBada JJIsl MPUTOTYBAaHHS Ta

CTEPUITI3AllT HIJDKUBIIOI0YOTO PO3unHy roko3u.Kys = 0.7

Vam=V A/K36 =980/0,7=1 400 1, oOupaeMo peakTop MICTKICTIO 1,6 M3

KipkicTh PCAKTOPIB IIPU 3aJaHOMY K36 CTaHOBHUTGD .

Ny =V ana/Voer =1 400/1600=0,97— npuiimaemo 1 .

p

YTouH0€MO KOE(DIIIEHT 3aMOBHEHHS peaKkTopa :

Kyp = VAma/(VperNp) = 980/1600%1=0,77

pct

p

OcCKUIbKM yTOYHEHUW KOeQIIIEHT 3amoBHEHHsS JexuTh B Mexax (0,7 — 0,9),
MPUIMAEMO [0 YCTAHOBKU KUIBKICTh PEAKTOPIB JJIsl MPUrOoTyBaHHS KoMmo3umii A — 1 + 1
3armacHuii (2 mr.).

Ymountorouuu pospaxynox peaxmopa 01s npueomysanHs ma cmepunizayii

nidoicueniorowoz2o pozuuny NHyCl

[Tlinbupaemo reomeTpuuHuid O0’€M peakTopa-3MillyBaya JJisi TMPUTOTYBaHHS Ta

creputizanii mmkusioodoro pozunny NH4Cl K 5=0.7

Vana = Va/Ks6=28/0,7= 40 1, obupaemo peaxmop micmxicmio 0,06 w5 KimbkicTs
peaxTopis 1pu 3aanoMy K5 cTaHOBUTS :

Np =V Ana/VpCT =40/60=0,7— ipuiimaemo 1 .

Y TouHI0EMO KOE(]IIIEHT 3aIOBHEHHS PEaKTOpa :

Kgp = VAHa/(VpCTXNp) =28/60*1= 0.6

Ockinbku yTOUHEHUM Koe(irieHT 3amoBHEeHHS JexuTh B mexax (0,7 — 0,9),
MPUIMAEMO JI0 YCTAHOBKU KUIBKICTh PEAKTOPIB AJIsi MPUroTyBaHHS KoMmo3umii A — 1 + 1

3amacHuii (2 mr.).
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Ymountorwouutl po3paxynox peaxmopis-amiuilyeauie 0is npucomyeants komnosuyii A i b
o151 iHokyamopy obemom 1.25 m3
Komnoszuyis A
[linbupaemMo reoMeTpuyHHL 00°€M peakTopa-3MillyBada JJs TPUTOTYBaHHS Ta
crepuiizamii  komro3uii  A. [IpuOnusHuii  reoMeTpudHHil 00°€M  peakTopa-

sMinryBada npu 3aganomy K,s = 0.7
Vaga = VA/K,g =510/0,7=730 1.

Obupaemo peakmop micmkicmio 1000 1

KinbkicTs peakropis npu 3aganoMy K, s CTaHOBUT:
Np =V Ana/VpCT = 730/1000=0,74 — npuiimaemo 1 .

Y TouHI0EMO KOE(]IIIEHT 3aIOBHEHHSI PEaKTOpa :

K3p = VAHa/(VpCTXNp) = 510/(1000*1)=0,6
[IpuitMaeMoO 10 YCTaHOBKHM KUIBKICTh PEAKTOPIB JJIA NPUIroTyBaHHSA KoMmo3umii A — 1 + 1
3armacHuii (2 mr.).

Komnosuyis b
[Tlinbupaemo reomMeTpuyHHl 00’€M peakTopa-3MillyBada JJsi MPUTOTYBaHHS Ta
crepwiizamii  komno3uiii b, TlpubGmu3uuit  reomerpuunHuit  00’eM  peakrTopa-

3MinryBaya npu 3axanomy K,gs = 0.7
Vama = Va/K;6 =35/0,7=50 1.

O6upaemo peaktop MicTKicTiO 60 1

KinpkicTs peakropiB npu 3agaHomy K,s CTaHOBHUTH: Np =V Ana/VpCT =50/60= 0.9—

npurimaemo 1 .
YTouHIOEMO KOC(DIIIEHT 3aIIOBHEHHS PEAKTOPY

= = * =
Kgp VAHa/(VpCTXNp) 35/(60*1)=0.73

OCKUIbKY YTOUYHEHUN KOEPIIIEHT 3aNIOBHEHHS JIGKUTH B 3agaHux mexax (0,6 — 0,9),
MPUIMAEMO 10 YCTAHOBKH KUIBKICTh PEAKTOPIB AJIA MPUTOTYBaHHA KomMno3umii b — 1 + 1

3anacHuii (2 mr.).
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Ymounrorouuii po3paxynox peaxmopie-3miutysauis 011 npucomyeanHs Komnouyii A i
b ons inoxynamopy 3 obemom 0.16 m3
Komnoszuyis A
[linbupaemo reomMeTpuyHHI 00’€M peakTopa-3MillyBada [Js TPUTOTYBaHHS Ta
crepuiizamii  kommo3uilli  A. [IpuOnusHuii  reoMeTpudHHil 00°’€eM  peakTopa-

3MinryBaya npu 3axanomy K,gs = 0.7
VAna = VA/K36 :52/0,7:74 J.

Obupaemo peaxtop 3mimryBay Ha 100 11

KinbkicTh peakTopiB 1pu 3a1aHoMy K,s CTAHOBUTH: Np =V AHa/VpCT =74/100=0,75—

npuiimMaemo 1 .
YTouHI0€MO KOE(DIIIEHT 3aMOBHEHHS PeaKkTopa :

Kgp = VAHa/(VpCTXNp) = 52/(100*1)= 0,6
[IpuitMaeMoO 10 YCTaHOBKHM KUIBKICTh PEAKTOPIB JJIA NPUroTyBaHHSA KoMmo3umii A — 1 + 1
3anmacHui (2 mirt.).

Komnosuyis b
[linbupaemMo reoMeTpuyHMI 00’€M peakTopa-3MilllyBadya [JIsi NPUTOTYBaHHA Ta
crepwiizamii  komno3uiii  A. [lpubnuzHuit  reoMeTpuuHHii 00’€M  peakTopa-

3MinryBaya npu 3axanomy K,g =0.7
Vama = Va/Ks6 =3,8/0,7=5,4 1.

oOupaemo peakrop 3minryBad Ha 10 1

KinbkicTs peakTopis mpu 3agaHomy K,s cTaHOBUTH!

Ny = Vana/Voer = 3,4/10=0,58 — npuiimaemo 1 . YTounroemo Koedi-

|y pCT

LIEHT 3amoBHEHHs peakropa @ K,y =V 5 . /(V ><Np) =3,8/(10*1)=0.46

p

[IpuitMaeMo 10 YCTaHOBKH KUIBbKICTh PEAKTOPIB AJI MPUTOTyBaHHS koMno3uii b — 1

pcr

+ 1 3anmacHuit (2 wr.)
Ymounwrwuuti pospaxynok peaxmopis-amiutyeauie 0nsi npueomyeanus komnosuyii A i b
onst inoxyamopy 3 obemom 0.02 m°

Komnoszuyis A
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[linbupaemo reomeTpuyHHi 00’€M peakTopa-3MillyBada [Js TPUTOTYBaHHS Ta
crepwrizamii  kommno3uiiii  A. [lpubnu3Huit  reoMeTpuuHHM 00’€M  peakTopa-

3MinryBaya npu 3axanomy K,g =0.7
VAna = VA/K36 :51/0,7:73 JI.

obupaemo peakTop 3minryBad Ha 10 1

KipkicTh PCAKTOP1B IIpu 3aJaHOMY K36 CTAHOBUTL:

Np = VAna/VpCT = 7.3/10=0,73 — mpuitmaemo 1 .

YTouHI0EMO KOE(]IIIEHT 3aIOBHCHHS PEaKTOPA :

Ky =V Amal/(Vper™Np) = 3.1/(10%1)= 0,6

OCKUTbKM yTOYHEHUN KOE(IIIEHT 3alOBHEHHS JICKUTH B 3aaHux Mexax (0,6 — 0,9),
MPUIMAEMO JI0 YCTAHOBKU KUIBKICTh PEAKTOPIB JJIsi MPUroTyBaHHS Kommosumii A — 1 + 1
3armacHuii (2 mr.).

Komnosuyis b
[linbupaemMo reoMeTpuYHU 00’€M peakTopa-3MilllyBaua [JIsi TPUTOTYBaHHA Ta
crepuiizalii komrno3uiii A. [Tpubau3zHuii reoMeTpUuHUN 00’ €M peakTopa- 3MillyBavya Npu

3aaHOMY K36=0.7
Vama = VA/K36 =0.4/0,7=0.57 m.

O6upaemo xkondy Ha 750 mi

Kinpkicts KOJIO npu 3aJaHOMY K36 CTAaHOBHUTE:

Np=V AHa/VpCT=0.57/O.75 =0,73— npuiimaemo 1.

YTouHI0EMO Koe(DIIieHT 3alIOBHEHHS peakropa:
K3p=V Ana’ (VpCTXNp)ZOA/ (0.75*1)=0, 6

[IpuitmaemMo 0 YCTAaHOBKM KUIBKICTH KOJO JUIsl MPUTOTYBAaHHA KOMMO3UIi b — 1 + 1

3arnacHui (2 mr.)
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Po3ain 7. Cnenudikanisa od1agHaHHA

Crenmdikarris o01aaHaHHs, 300paXKEHOTO HA arapaTypHii cxemi (IuB. epagivna

yacmuHa), HaBeaeHa y Tabmu. 7.1.

Cnenndikanisi JVISTHKHE JONOMI’KHUX POOIT,BUPOOHUYOr0 0i0CHHTE3y Ta MicJas

Tabnuys 7.1.

(epmenTaniiHux poodit kypanany A.faecalis WX-C12

IMo3unisn

HaiimenyBaHHsi

KinbkicTh

TexHiuHa XapaKTepUCTHKA

1

2

3

4

P-1

PeakTtop /u1st BiAnpainb0BaHOTO
MUIOYOTO 32C00Y

PeaxTop 1u1st BipaIib0BaHOTO
MHIOYOTO 3aC00y HOMIHAJIEHUM
06’emom 15 M’ (wacruna CIP-
Muiikn), crans AISI316 L ASTM.
Bupo6nuk: Bupobnuk: «I[IM
ATTIC» (Ykpaina)' .

P-4

Peaxtop-3mimryBay ais
[IPUTOTYBaHHS pOoOUOTO
PO3YMHY BIMOITY

Peakrop-3minryBau jyis
MPUTOTYBAaHHS POOYOTO PO3UUHY
HOMiHATBHIM 00’ eMoM 15 M (
yactuHa CIP-muiikn), crans AISI
316 L ASTM, ocHamieHwmit
MepeMillyBaIbHUM MIPUCTPOEM,
130TEPMIYHOI0 COPOYKOIO.
Bupo6nuk: Bupobnuk: «I[IM
ATTIC» (Vkpaina)' .

I13-6

[Ipuctpiit ans 3a60py MoBITPst

[ToBiTpo36ipauk A1 017.000
®dipma: «HIIL BexTop-
KouaseHT».
[ToBiTpo3abipHUK, 00IaTHAHUN
METaJIEBOIO CITKOIO JJIsl BUJAIICHHS

MeXaHIYHUX 3a0pynHeHb. Pobounit
*
THCK- 1,2 MITA?

O-7

®inbTp Tpy0Oi OUUCTKH
MOBITPA

Oinbtp G4. OinbTpyrounit
MaTepiali — CKJI0BOJIOKHO Pain
Stop, Ilinoma ¢inpTpyrodoi

. 2
noBepxHi 0,48 mM”,
MPOTYKTUBHICTh
2500-6300 m > / roa.BupoOuuk:
Kommanist «dmsent», Pocis

3mH. | Jluct

Ne nokym. [Migmuc | Hara

HYXT BTEK 04.01.30. AITII3

Po3po6.

Cepena A.B

KoHncynprant

KepiBHuK

byuenxo JIL.M

3aB.Ka(enpu

ITupor T.II.

Po3z0in 7. Cneyudghixayis
001a0OHAHHSA

JIiT. Apk.

Apky1uiB

[ | 84
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K-8

Kommpecop

Kommnpecop norysxnictio 16 1/c,
po6ouwnii Trck 1 MIla. BupoOHuk:
«Airpol K7» (Ionbma) *

T-9

TeruiooOMIHHUK-
OXOJIOKYBAY

[ToBiTpeHarpiBay KaHaJIbHUN
BoastHUM Systemair VBC.
MakcumanbHuit podounii Tuck 1,6
Mlla, npu Temneparypi Boau 150 °C.
Bupob6nuk: «Systemair» (I1IBerrist). 3

P-10

Pecusep

Pecusep P 270.600.
06’em 270 1, pobountii Tuck 1,0
MITIa. Bupoonuk: « 9HTEX»
(VKpa'l'Ha).6*

T-11

TeruiooOMIHHUK-
HarpiBau

[ToBiTpenarpiBay KaHaIbHUN
BoastHUM Systemair VBC.
MakcumanbHui podounii TuckK 1,6
Mlla, npu Temmneparypi Boau 150 °C.
BupoOnuk: «Systemair» (ILIBeris). >

O-12

['onoBHMiA GiabTp
OYHCTKHU

®ineTp HEPA. ®inpTpyrounit
Marepiaig — MiKpOCKIOBOJIOKHO,
MBHIKICTH GinbTpyBanHast — 3 300
M3/rozl, E =99,95 %. BupoOHnuk:
«Texuoduastp» (Pocis). ”

Jlozarop

O06’eMHO- BaroBuii J03aTop
MPU3HYCHHUN TS TO3YBAHHS PIIAKUX
Ta CUIIKMX KOMIIOHEHTIB Bix 1T 3
touHicTio 0,01 r. Bupobuuk: «KELI»
(Ykpaina).®’

Ho3zarop

O06’eMHO- BaroBuii 103aTop 3
touHicTio +3%.I1pusHauenuit ans
JTIO3YBAHHSI PIJKAX Ta CUTTKAX
KOMITOHEHTIB MOXHUBHOTO
cepenosuina A0 10 000 1. Bupobuuxk:
«ABTOMIK» (YKpa'l'Ha).g*

Hacoc BinuenTpoBuit

Hacocu ropuzoHTanbH1 BIAUEHTPOBI
GTP. IpoxykruBHicTs 1.2 M*/rog,
matepian noxinponiien (PP/PVDF).
Bupobnuk: «IIpomuacoc» (Pocisn)'"

H-36

Hacoc BinuenTpoBuit

Hacocu ropuzoHTainbH1 BiAUEHTPOBI
GTP Ilpoaykrusnicts 10.8 M3/r0I[,
MaTepianoIIPOIiIeH
(PP/PVDF).Bupo6nuxk:«IIpomaacoc»
(Pocis)' "

H-40

Hacoc BiaueHTpoBuii

Hacocu ropuzoHTanbHi BiIIEHTPOBI
GTP.ITpoxykTusHicTs 9.6 M*/rox,
marepian noxinporniied (PP/PVDF).
Bupo6nuk: «IIpomHacocy (Pociﬂ)lo*
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H-50

Hacoc kynaukoBuiit

Hacoc kynaukoBuii 3 pe3MHOBUMU
nonarsmu tuny LB.
[TponyktuBHicTh- 120 M /Ton
Po6ouwnii Tuck-10 G6ap
BupobHuk: «Steiner»(HiMequHa)l5*

O-18
®-23
®-29
®-31
®-33
-39
®-43
D-46
D-49

[nuBinyansHu
GiIBTp

10

@ineTp noBitpstauii Ultradepth 11P-
SRF. OinbTpyrounii MmaTepiai -
O0opoCHITIKaT, liana3oH TeMIIEpaTyp
Bix -20 o 200 °C, cTymniab
OYUILEHHS MOBITPs QLIBTPOM
cTaHoBUTH 99,999 %.. BupoOHuk:
«Donaldson» (CILIA)."*

311-28

3aciBHMIA pUCTpPid

3aciBHUN MPUCTPIH AJIs1 TToAaul
MOCIBHOTO MaTepiaxy BUPOIIECHOTO B
k0101 00'emom 750 mi

H-27

[HOKYIIATOD

[nokynstop 06'emom 20 11,
OCHAIIICHUI COPOUYKOI0, OapOboTepom,
poOOBiAOIPHUKOM 1 JIOTIATEBOIO
Mmimankoro (20-300 06/xB), cTaib
316L Bucota- 0,6. [liamerp-0,3.
BupoGuuk: «BIORUS» (Pocisn)™.

P-13

PeakTop-3mimryBau
U1 KoMoo3unii b

PeakTop 06'emom 10 71, ocHameHui
130TEpMIYHOIO COPOYKOIO,
poOOBiAOIPHUKOM 1 JIOTIATEBOIO
Mmimankoro (20-300 06/xB), cTayb
316L.Ilpusnavuenuit as
crepwmzanii. Bucora- 0,5. Jliametp-
0,25. Bupo6nuk: «TexHnomnor»
(Pocis)'”

Peaktop-3mimyBau
JUTSL KOMIOO3HIIT A

PeaxTop 06'emom 10 71, ocHaieHui
130TepMIYHOI0 COPOUKOIO,
pOOOB1I0IPHUKOM 1 JIONIATEBOIO
mimrankoro (20-300 06/xB), cTanb
316L.I1pusHauenuii 1uis
crepwiizauii. Bucora- 0,5. [liamerp-
0,25. Bupo6Huk: «TexHomnor»
(Pocis)'”

P-19

Peaktop-3mimryBau
uIs kKoMno3uiii b

Peaktop-3mimyBau 06’emom 100 11
OCHAILIEHUI COPOUYKOIO Ta
nepeMilyBaJIbHUM pUCTpoeM (20-
1000 06/xB), cTanb
Hepkasitoua.PoOoua Temmneparypa -
25+200°C. Bucota- 0,7. liameTp-
0,35. BupoGHuk:
«CubMamllonumep» (Pocis)'*
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IH-30

[HOKYNSITOP

IHOKYMIATOP 06'eMOM 160 1,
OCHAIIIEHUH COpOUYKOI0, OapOoTepom,
poOOBiIOIPHUKOM 1 JIOTIATEBOIO
Mimaikor (20-300 06/xB), cranb
316L. Bucora- 0,7. Hiametp-0,38.
Bupo6unk: «BIORUS» (Pocis)".*

P-24

Peaktop-3minryBau
U1 KoMoo3uuii b

Peaktop-3minnyBay Juist pO3YMHEHHS
06'eMoM 1 M® oCHALIICHHH COPOUKOIO
Ta jonareBoro mimankoro (100
00/xB), ctainb AISI
316.EmanboBanuit YIC-300.
Bucora- 1,0. [iametp-0,5
Bupo6ruk: «Texuonor» (Pocis)'”

P-21

PeakTop-3mimryBau
JUIA KOMOO3UIIT A

Peakrop-3mimmyBau 1i1st crepuiizanii
00’emoM 100 11 ocHareHuit
COPOYKOIO Ta MEePEeMilllyBaTbHIM
npuctpoeM (0-1000 06/xB), cTaib
316L. Bucora- 0,7. [Tiametp-0,35.
Bupo6ruk: «IIpomsur» (Pocis)'®".

[H-32

[HokynsaTOp

[HokynsTOp 06'eMoM 1 250,
OCHAILIEHUI COPOYKOI0, OapboTepoM,
poOOBiIOIPHUKOM 1 JIOTIATEBOIO
mimankoro (20-300 06/xB), cTanb
316L. Bucora- 1,6. [liametp-0,8.
Bupo6uuk: «<BIORUS» (Pocisn)'™.

P-34

PeakTop-3mimryBay
JUISL I0KMBHOTO
cepesioBuUIla

Peaxrop-3minryBay st pO3YHMHEHHS
o0'emoM 6,3 M OCHaIeH i
COPOYKOIO Ta JIOMATEBOKO MIIIAIKOIO
(100 06/xB), crans AISI 316.
EmansoBanuit YOC-300. Poboua
temneparypa -25+200°C. Bucora-
1,7. Miametp-1,2.BupoOHUK:
«Cu6MamTTommmep» (Pocis)'®.

YBC-47

YcTaHoBKka
6e3nepepBHOL
cTepuiizanii

YBC notyxHictio 20 M /ron
bipmu «Hidroster»'*

P-37

Peaktop-3mimryBau
IS
M1 KUBIIFOBAJILHOTO
PO34YMHY IIFOKO3U

Peaktop-3minryBay Juist crepuitizarii
06’eMoM 3.2 M, 0CHALIEHHH
COpPOYKOIO Ta IepeMIITyBaIbHUM
npuctpoeM (0-1000 06/xB), cTaib
12X18HI10T. Bucora- 2,0. diametp-
1,0 Bupobnuk: BupoOGHuK:
«CaproCokpar» (Ykpaina)'®

P-41

Peaktop-3minryBau
JUTSt
M1/PKUBITIOBAIBHOTO
PO3YMHY aMOHIIO
XJIOPUAY

PeakTop-3mitryBay Jiist pO3UMHEHHS
Ta crepmm3zaiii 06'emom 100 1
OCHAII[EHUI 130TePMIYHOIO
COPOYKOIO Ta JIONATSBOKO MIIIIATKOIO
(100 06/xB),pobounii Tuck-0,6 mIla
cranpb AISI 316. EmansoBanuit YOC
300. Bucora- 0,7. liametp-0,35
BI/IpO6HI/IKZ«TGXHOHOF»(POCiﬂ)17*

87




P-44

PeakTop-3minryBau
U1t po3unny 6%
HaTPi T1IPOKCUTY

PeakTop 06'emom 20 71, ocHaIeHUA
COPOYKOI0, TPU3HAYEHU N IS
crepwizaiii, mpoOoBiI0ipHUKOM 1
JIOIIATEBOKO MIIIAJIKOIO, CTalb 316L.
Bucora- 0,6. Jliametp-0,3.
Bupo6nuk: «CaproCokpat»
(Yxpaina)'®”

Dp-48

depMeHTep

®depmentep 06'emom 12,5 v,
OCHAILIEHUI COPOYKOI0, OapboTeEpOM,
poOOBIIOIPHUKOM 1 IEPEMIIITYIOUUM
MPUCTPOEM CTajb HepikaBitoua AISI

316L. Bucora- 3,2. liametp-1,6
Bupobuuk: «BIORUS» (Pocisn)"*"

3-49

30ipHHK

30ipHHK emManboBaHUH 00’ eMoM 6,3
M°; Marepian — craib HepKaBiioua
AIS; ObnagHaHUN COPOYKOIO;
OCHAIIIEHUH MepeMilTyI0YrM
npuctpoem; Hiametp - 1,2 m;
Bucora — 1,7 m; BI/IPO6HI/IK -
YKpal'l'Ha'3 2

3-63

30ipHHK

30ipHuK emaboBaHui 00’ eMom 50
M°; Marepian — craip HepKasitoua
AIS; O6nagHaHu COPOYKOIO;
OCHAIIICHUH MepeMIilIyI0UYUM
npuctpoeM; Hiamerp - 3 m; Bucora
— 8 M; BupoOHuk — Pocis?”*

3-52
3-55

30ipHHK

30ipHuK emaboBaHuii 00’ emom 10
M°; Marepian — craip HepKasitoua
AIS; O6nagHaHuM COPOYKOIO;
OCHAIIIEHUH MepeMIITyI0OUYUM
npuctpoeM; Hiametp - 2,2 Mm;
Bucota — 4,4 m; Bupobuuk —
Pocis>!”

3-61

301pHUK

30ipHUK eManboBaHUN 00’ eMOM 6,3
M’; Matepiai — cranb HepxkaBiroua
AIS; ObnagHanuii COPOYKOI;
OCHALIIEHUH MepeMIlIyI0UYuM
npuctpoeM; Hiamerp - 1,2 m;
Bucora — 1,7 m; Bupobauk —
YKpa'l'Ha‘3 >

3-57

301pHUK

301pHUK eManboBaHu 00’ eMoM 25
M’; Matepian — cTaib HepKaBiroua
AIS; O6nagHaHUN COPOYKOIO;
OCHAIIIEHUH MepeMilTyI0uiM
npuctpoem; Hiamerp - 2,8 m;
Bucora — 6 m; BupobHuk —
YKpa'l'Ha'32*
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3-65

30ipHHK

306ipHUK emanboBaHUM 00’ emom 20
M°; Marepian — cranb HepKagiioua
AIS; ObnagHaHUN COPOYKOIO;
OCHAIIIEHUH MepeMilTyI0YIM
npuctpoem; diametp - 2,5 m;
Bucora — 6 m; Bupobnuk —
YKpa'l'Ha‘3 2

H-50
H-60

Hacoc BianenTpoBwuii

Hacocwu BinueHTpoBi mecTupuHYacTi
[TponykruBHicTh 20 M /Toxn
Bupo6uuk - Pocist *°

H-58

Hacoc BignenTpoBuit

Hacocwu Bignentposi Packo tumy
FMS i3 BUCOKOSKICHOI cTai
[TponyktusHicTs 10,8 M /Ton

MosxnuBe nepeKkayyBaHHsI B A3KUX
PO34YHHIB
MaxkucManbHa 1mojada Ha BUCOTY JI0
10 m

. *
BupoGuuk - Pocis *

H-62

Hacoc BignenTpoBuit

Hacocwu BiilieHTpOBI IIECTUPUHYACTI
poaykruBHicTs 37 M/rox
. *
Bupo6uuxk - Pocis *°

H-53
H-56

Hacoc

Hacoc 3LM4E 32-160/0.37
MOHOOJIOUHMI MOTYXKHicTIO 0.37
KBT 3 TOpLeBUM MiIKIIIOYEHHSIM Y
BIJITOBIIHOCTI 13 crangapToM EN
733 BUTOTOBJIEHI 13 HEPXKABIFOYOi

cram AISI 316.
MakcumanbHuii podounii TUCK: 1
MIla.
[Tomaua Ha BuCOTY 10 9 M;
[IpoayxTusHicTs 10 M*/rog

. *
Bupo6uuk — Ebara Himeuunsa™

H-64

Hacoc

Hacoc noBepxHeBoro tuiy
BUTOTOBJICHI 13 HEPXKaBilOYOi cTami
AISI 316
IIponyktusHicts — 50 M/rox

. 37*
BupoOnuk — Ezora Itanis

H-66

Hacoc

Hacoc noBepxHeBoro tuiy
BUTOTOBJICHI 13 HEPXKaBilOYOi cTami
AISI 316
[TpoaykTusHicTs — 100 M*/rox

. 37¥
BupoOnuk — Ezora Itanis

Jlozarop amst piaKux
Ta CHITYIHX
KOMIIOHEHTIB

JlozaTop mist piAKMX Ta CUIYYHUX
KOMITOHEHTIB HamiBaBTOMaTUYHUHN
JABCB-S
[lana cucrema po3iuBy 1 JO3yBaHHS
BHUKOHAHA 3 Xap4yoBOi HEpkKaBito4ol
CTaJIl.

Vcranoska 103 Bix 0,2-1000 kr/mo3

ITponykrusHicTh- 1000 Kr 103/TOA
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IToxu6xka 0,1 %

. 23%
Bupob6uuk — «llonurexuuk» Pocis

C-59 Cenapatop 1 CenapaTop 3 aBTOMAaTHYHUM
MEePIOIMYHUM BiALICHTPOBUM
po3BaHTaxkeHHsIM ocany OC3-HC
Ipoxykrusaicts — 10 M*/rox
[ToBHiCcTIO TEpMeTHYHA cenapartii
CUCTEMa BUKOPUCTOBYETHCS TS
BUJIAJICHHS YaCTOK PO3MipaMH Bij
0,5 mo 500 mMxMm 3 piguHH (cenapartis
Oaxrepiit, npoayktis PJIHK,
(epMeHTIB, KIIITUHHUX KYJIBTYp 1
BaKITWH)
OnTumizoBano st cucrem CIP.
Bupo6uuk — «Xoxallpodi» orpym,
Pocis **°

YO-67 VYabTpadineTpaniiina 1 VYabTpadineTpaliiHa ycTaHOBKa
yCTaHOBKa BUKOHaHa 3 HepxaBirouoi ctam AISI
316.

Marepian memMOpaHnwu -
MOTIBIHUTIIEH D TOPH T
Hiametp nop — 0,03 MxkmM
[TponykruBHicTs — A0 30 000 1 /Tox
BupoOHnuk — «Nagemay Ykpaina 2

D-68 Hytu-dinsp 1 Hytu-dinsTp cepii D Burorosienuii
3 HepkaBitovoi crami AISI 316 .
3HiMHe abo (pikcoBaHe THUIIIE,
CUCTEMa BHBAHTAKEHHS 0CaTy

dinpTpyroua moBepxHs — 8-16 M’
[MpoxyxTuBHicTb — 1250 Kr/TOIT

.. *
Bupo6uuk — «EBpomann» Ykpaina 3

T-69 Tpancnoprep 4 Tpancnioprep cTpIUKOBUM JIsI

T-71 Xap4yoOBUX MPOAYKTIB

T-73 MakcumanbHa J0BKHHA BUTPY3KH —

T-75 no 8 M

[ponyxtusHicTs — 10 10 T/TOA
(peryntoeThest)
Bupo6Hnk — «Aprmann Pocist 2"
CHai-70 Bakyym-cymmiabHa 1 Bakyywm- cymmnsHa mada CB-80 3
mada Hepskasitouoi ctani AISI 304.

30BHIIIHIH KOpITyC Tahu
BUTOTOBJICHHH 31 CTaIi 3
MOJIIMEPHUM TOPOIITKOBUM
MTOKPHTTSIM.
[MotyxHicTh — 196-1873 1.
Kinepkicte monuups — 3- 14 .
3aranbHa MI0M1a MOBEPXHI MOJUIh
1544 M7 .
MaxkcuManbHa TeMIeparypa
noBepxHi moauis 200 ° C.
Bupo6uuk- «CTaz}#:[apTM» VYkpaina
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OM-74 dacyBajibHa MalllMHA 1 ®acyBanpHa MamuHa DCB-50.
[otyxHicTb- 6,5 kBT 380 + 10%
500y
[MakyBanpHi Matepianu: CyMKH 3
MOKPUTTSM (ITOKPHUTA TUTIBKA) ,
KpagTOBI MIIIKH ,INIACTMACOBA
KOMITO3UTHA ILTiIBKa
[MpoxykTuBHICTE — 50 Kr/TOJ
Bupo6nuk —«PachTech” CIIIA 28

J-72 Hpobapxka 1 Jpobapka MOIIOTKOBA 3
TaHTEHITIaJILHUM ITiJIBOJIOM ITOBITPS
JAM-60
[TotyxHicth - 250 kBT
Hiamerp cuta- 0,3-1,5Mm.
BukonaHna 3 xap4oBoi HEpkaBitoUuOoi
CTaJI.

Hacunna mineHicTs 0,2 - 0,8 kr/am3
npu Bojiorocti 10 15%.
Bupo6nuk —« Biihler
[IBeiimapis 307

MM-76 MapkyBainbHa 1 MapkyBanpHa MalHa

MamHa VARIOZET 4

[IpoxykTusHicTs — 3600
LITAMITIB/TOT

Bupobuuk —« Skilt» Kuraii 29

Ipumirka*: nomyk i nigdip oOxaaHaHHS 3A1ACHIOBAIN 3 BUKOPUCTAHHSIM HACTYITHUX €JIEKTPOHHUX
JDKEpeIr:

1 http://www.attis.com.ua/site/equipment/CIP.html

2 - https://npc-vektor-kondvent.all.biz/vozduhosbornik-protochnoj-gorizontalnyj-ali-017000-g189721
3-http://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtruyuschie-materialy/steklovolokno-
filtruyuschij-material/filtruyuschij-material-iz-steklovolokna-pain-stop-i-dust-stop-dlya-pokrasochnoj-
kamery-fl-k-fvr/#tabs-tehnicheskie harakteristiki

4 - http://www.airpol.com.pl/kategoria/3-kw-22-kw-wykonanie-standardowe/91
5-http://www.systemair-ukraine.com/air-heaters.html

6 https://prom.ua/Resiver-900.html7 - www.debem.com.ua

7- http://tehnofilter.com.ua/filtry-vozdushnyye/filtr-tonkoy-ochistki-vozdukha-ftov-hepa
8http://avtomiks.com.ua/ua/pro_beton_ua/legki_betoni_ta_virobi_na_iih_osnovi/osnovni_tehnologichni
procesi_ta_obladnannja.html

9 - https://keli.com.ua/vesovye-dozatory-vidy-harakteristiki/
10-https://www.prom-nasos.com.ua/catalog/gtp/

11- https://www.reatorg.ru/equipment/item/laboratornyy-steklyannyy-reaktor-na-31-fc302/

12- http://www.emea.donaldson.com

13- http://bio-rus.ru/
14-https://agrovektor.com/physical_product/620496-sterilizacionnoe-oborudovanie-nepreryvnogo-
deystviya-hidroster.html
15-http://steiner-pumps.com/pumps/lobe-pump/kulachkovyj-nasos-s-rezinovymi-lopastyami-serii-lb/
16-https://promvit.com.ua/category/mashiny-po-prigotovleniyu/myagkix-i-zhidkix-lekarstvennyx-
form/reaktory-promyshlennye-dlya-mazej-i-kremov/
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http://bio-rus.ru/
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17- https://tehnolog.com.ua/catalog/pharma/mixers-for-liquid-viscous-and-paste-like-products/
18- http://www.smp-prom.ru/goods/28947713-yemkost promyshlennaya
19-http://sartorius.com.ua/laboratornij_fermenter _bioreaktor biostat_b_plus.html

20. https://www.sibmashpolymer.ru/proekty/rektori_s_peremesh_ustroistvom

21. https://dalgakiran.ua/uk/products/vidcentrovi-nasosy-dlya-harchovovi-i-farmacevtychnovyi-
promyslovosti

22. https://watton.ua/ebara-nasos-31m4e-32-160-037.html

23. https://polytechnic.com.ua/products-rus/dvsv-s-rus/

24. https://hprofi.com/p48331958-separator-slivkootdelitel-os3.html

25. https://ecosoft.ua/promyshlennaya-sistema-ultrafiltratsii-ecosoft-uf-30/

26. https://artmash.ua/ru/category/transportery

27. http://standart-m.com.ua/ispytatelnoe-oborudovanie/medicinskih-laboratorij/shkafy-
sushilnye/sushilnie-vakuumnie-

28. https://packtech.com.ua/oborudovanie/fasovochnoe/avtomaty-serii-mastadont/af-10 v

29. https://www.spt-ukr.com/item/i537

30. https://former.buhlergroup.com/europe/ru/2103.htm

31. http://hp-sistema.ru/shop/product/25-sbornik-emkost-stal-naya-futerovannaya-ob-emom-10-m3.html

32. https://promvit.com.ua/reaktor-630-I-s-vstroennym-gomogenizatorom/

33. https://www.prostanki.com/board/item/185529

3

S

. https://e4a.ru/category/emkosti/nerj-9-100

35. https://www.prom-nasos.com.ua/catalog/gtp/

36. https://global-torg.com.ua/p29923250-promyshlennyj-shesterenchatyj-

nasos.html?utm_source=google&utm medium=cpc&utm campaign=9723602142&utm term=&utm content=42

7731446627&utm position=&utm matchtype=&utm placement=&utm network=u&gclid=Cj0KCQjwzZj2BRDVAR

IsABs319KovWQXxEXgbU7420i2h58RdSn4J0ts9x7YcIDL2xm5yogS0is8ypMaAnTuEALw _wcB

37. https://220volt.com.ua/nasos-poverhnostnij-aquatica-acm300c2-775271/

38. http://euromash.kiev.ua/ru/nutch filtr ru.php
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Po3ais 8. Onuc TexHoJI0rivyHol cxeMu

TexHonoriyuHa cxeMa OIOCHMHTE3Y IUIBOBOTO TIPOAYKTY - €K30IoJicaxapuay
Kyp/UlaHy, CKJIQJa€Tbcsl 31 CTaAlil JOMOMDKHMX pOOIT Ta cTagii  OCHOBHOTO

TEXHOJIOTIYHOTO TPOIIECY.
JP 1. CanitapHa miAroroBka BUpOOHUITBA

JIP 1.1. Iliocomoeka muitnux ma 0e3inghikyrouux 3acooie

P 1.1.1. Ilpueomyesarnns pobouozo pos3uuny «Bimony ons mumms oonaoHauHs.

Jlnst 3M1ACHEHHST MUTTS €MHICHOI amaparypu HeoOxigHo 246 424 1 0,5%-ro
pobodoro pozuuny «Bimon

Jlns fioro mpurotyBaHHs y peaktop 3Mimysau CIP muiiku P-4, 06’emom 15 m,
00J1aIHAHOTO TIEPEMITITYIOUUM MIPUCTPOEM Yepe3 00’ eMHO-BaroBuii 1o3arop /-3 BHOCTH 1
1 232 r nmopouky «Bimon» Ta nogarots 245 192 1 nutHO1 Boau. [{J11 HOBHOTO pO3YMHEHHS
BMHUKAIOTh EPEMIITYIOUUI TPUCTPIM.

JIP 1.1.2 Ilpuecomyearnts pobouux po3uuHis 0e3iH@IiKyouux 3acoois

P 1.1.2.1 Ilpueomysanns pobouoco po3uuny «Xiopawmiony» O 2eHepalbHO20
npuOUpanHs

Jlns mpurotyBanust 0, 2 % posuuny «Xiopanmion» Y 30ipHHK, 00’eMoM 1w’
nonarTh 1,27 kr ae3iHdikyrodoro po3urHy Ta 638 1 BOIOMPOBIAHOI BoAU. J[Ji1 MOBHOTO
PO3YMHEHHS BMHUKAIOTh MEPEMIITYIOUUNA TPUCTPIM.

P 1.1.2.2 Ilpueomysanus poboyoco po3uuny «Jlacenmy» 0na wo00eHHo20
npuoOUpanHs

st mpurotyBanus 0,2 % po3unny «JlacenT» y 36ipHUK, 06’emom 30 11 nonarots 60

MJI KOHLIEHTpaTy Ae31H(iKyo4oro po3unny ta 29 940 mi1 BononpoBiAHOI BOAH.
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JP 1.2. Iliocomoeka eupoodnuuux npuminiensy

P 1.2.1. ll]ooenne npubupanms npuminjetsb

Jns  moleHHOro  mpuOUpaHHs  BUPOOHWMYMX  MPUMIIICHb  MIANPUEMCTBA
BUKOPUCTOBYIOTh BOAY Ta MHIoui 3acobu. [lpum mpoBeseHHI BOJOroro npuOMpaHHS
BUPOOHUYUX MPUMIILIeHb KOpUcTyIoThea 0,2 % poszunHoMm «JlacenT» (Big AP 1.1.2.2).

I[P 1.2.2. I'enepanvhe npubupanus npuminjers

[Tpu renepansHOMY pUOUPAHHI BUPOOHUYOTO MPUMIIIEHHS 3acTOCOBY€EThCS 0,2 %o-
il posuun «Xnopaumiony (Big AP 1.1.2.1).

JIP 1.3. ITiocomoexa mexnonociuno2o 0o1a0Hanms

JIP 1.3.1. Mumms gpepmenmayitino2co 061a0HAHHS
Mutts  oOnagHaHHS y BUPOOHMUOMY IIEXy, I1€Xy BHUPOIIYBaHHS MOCIBHOTO Marepiairy
B110yBalOThCSl aBTOMaTU30BaHUM METOJIOM ( 3a gornoMororw CIP muiikn).

P 1.3.2. OnonickysanHs oO1a0OHAHHSL

[TpoBOASATE 3 METOIO 3MUBY 3QJIUIIKIB MUIOUYUX PO3UMHIB 3 MOBEPXHI 00IaAHAHHS 32
JOTIOMOT OO BOJIOU pu TeMITepaTypi
20-25°C. Jlai, mic/ist 3MHBY, BOAA HAPABISETHCSA HA CTAII0 3HEIIKOIKCHHS BiIXOJIB 10
3B 13.3.

JIP 1.3.2. Ilepegipka 0bnaoHanHsA HA cepuemudHicmb

[TepeBipKy Ha repMETUYHICTh MPOBOSATH CTBOPIOIOYM B amaparti Tuck P = 0,1-0,2

Mlla. ITepexkpuBatOTh BEHTHIIb [10/1a41 MOBITPA 1 PIKCYIOTh MOKa3u MaHOMETPA.

JIP 1.3.3. Cmepunizayis pepmenmayitinoco 061a0HaAHHS

Crepunizaiio 3I1MCHIOIOTh TOCTPOIO Mapor0 Oe3MOoCepeHhO0 B amapar uepe3
Oapborep ab0 HWKHIN CIyCK 3a TeMmeparypu crepwiizamii t,, = 130-135 °C. Ilpu
CTepuJIi3allii amapara napajielbHO CTePUIII3YIOThCS 1HAUBIMYalbHI (DUIBTPU CTEPHIBHOTO
Ta BIANPALbOBAHOTO MOBITPS.

P 2. IlinroroBKa aepauniiiHOro nMoBiTPsi

JP 2.1. 3a0ip ammocghepnozo nogimps

BpaxoBytoun BucoTy OyaiBil mianpueMctBa (0n1u3bko 6 M ), 3a0ip arMochepHOro

MTOBITPS BiJIOYyBaTUMETHCS Ha BHCOTI OJIN3BKO
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24 ™M wHag OymiBaeto, ToOTO 10 M. 3abip 3OIHCHIOETHCS TMOBITPO30IPHUKOM
113-6.

JIP 2.2. I pyde ouuwenna nogimps 6i0 nujiy ma 4acmo4ox

Ha 11iif ctanii 3 moBITPsl BUIATSETHCS OCHOBHA Maca BEIMKUX MEXaHIYHUX 9aCTOUYOK
Ta nuiy. st 1boro BUKOPUCTOBYIOTH (DUIBTpHU Tpy0oi ouuctku @-7. CTymiHb OYUIICHHS
80 %.

JIP 2.3. CmucHnennsa nogimpsn

3a  pomomoror  TypOokommpecopa  K-§  MOBITpS ~ CTHCKalOTh [0
0,35-0,5 MIIa, pu LbOMY TOBiTPs HarpiBaethes 10 120-250 C.

JIP 2.4. Ox0100>ceHHa nogimpsa ma 6u0aieHHs 807102U

[IIo6 3amo0irTy  BUMAJAHHIO BOJOTM B  Kparuie-BJIOBIIOBadi,  MOBITPS
«MEPEeoXOoNoKyI0Th» A0 25°C B TemnooOMiHHUKY 7-9. Jlami y pecuBepi P-10
B110yBaeThCs cTabimizairis Bosorocti moBiTps W = 60 %.

JP 2.5. Cmabinizayiss mepmoOuHAMIiYHUX NOKA3HUKIG

Hanani, noBiTps migirpiBaroTh y TEI000OMIHHUKY T-11 njist 3a0e3nedeHHs HaaiiHO1
pobotu PineTpiB g0 Temneparypu 45-50°C. Ilpu Takux Temmeparypax He BiOyBaeThCs
KOHJIEHCAIlisl Tapu Ha BOJIOKHAX (UIbTpa.

JP 2.6. Ouuwienna nogimpsn 6 20106HoMy hinompi

[Tomanpinie ouniieHHs: MOBITPs BinOyBaeThes y GuibTpl @-12, sk GiabTpyBaIbHUN
MaTepial BUKOPUCTOBYIOTh MOJIMPOIIJIEHOBI BOJIOKHA. CTYIIHb OYMCTKUA TAKOTO MOBITPS
cranoButh E = 95 9%. TonoBHi GuibTpy, 3a3BUYal, BCTAHOBIIOIOTH MOOIHU3Y
(hepMeHTaIlIHHUX BiJIJIUICHD;

JIP 2.7. Ouucmka nogimpsa 6 inougioyaibHomy Qinompi

KinmeBa cramis OYHINEHHS TIOBITPSA BiJ KOHTaMIHAHTIB 3IIMCHIOETBCS B
iHauBiAyansHuX Qiasrpax (D-15, O-18 ,D-23,D-29,D-31,D-33,D-39,D-43, D-46, D-49).
OunmienHss B iHAuUBiAyanbHUX GinbTpax. [loBiTps Big TOMOBHUX (UIBTPIB dYepe3
TpyOoTpoBOIM (KOJIEKTOPH) TOMAEThCS Oe3MocepeHb0 A0 IHAWBIAyalbHUX (IIBTPIB,
BCTaHOBJIEHUX Ha depMeHTepi. [Ipyu boMy MOBITPsI OYUIIAIOTH /10 CTyNEHs OuMIeHHS E

99,99%.
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Jami ctepuibHe aepaliiiHe MOBITPS HAAXOAUTh HA IHII CTajii BHUPOOHHUYOTO

IIPOLIECY.

JAP 3.1. IligroroBka THTPyBAJbHHUX AreHTIiB

JIP 3.1.1 IIpucomyeannsa HCI.

Po3unn HCI Bapto rotyBaru y po3paxyHKy 2 mu Ha 1 71 cepenoBuiia

Tabnuys 8.1

Po3paxynok Kinvkocmi komnonenmie ona npuzomysanns 6% HCI
00’em 00’em HeooOxinnoi | Kinebkicts HCI nasg KinbpkicTs Boan
TUTPOBAHOIO kiibKocTi 6% HCI | npuroryBanns 6% | 1151 NpUroryBaHHs
PO34YHHY,J] 310% TUTPYBAJBHOIO PO3YUHY,MJI

3amacom),MJl PO34YMHY,J

4,3 9,5 1,5 8

56 113 18 95

550 1210 193 1017
Bceboro Ha 610 a 1333 212,5 1120

P 3.1.1.1 Ilpucomyseanns 6% po3uuny XA0puOHOi Kuciomu Ol IHOKVAAMOPY

00 ’emom 20 1

VY konoy o6’emoMm 50 M1 BIAMIPSIOTH 8 MJI HUTHOI Boav. Jlaii mpH IMMOCTIHHOM
Yy

nepeminryBadHi BHOCATH 1,5 mut 37% po3zunny HCI.

JIP 3.1.1.2 Ilpucomyeanns 6% po3uuny XA0PUOHOI KUCIOMU O/ [HOKYISAMOPY

00 ’emom 160 1

VY konly 06’emoM 150 M1 BigMipsitoTh 95 M1 nUTHOI BoAu. [ani nmpu moctiitHOMY

nepeminryBanHi BHOCATh 18 w1 37% po3zunny HCI.

P 3.1.1.3 Ilpucomysanns 6% po3uuny XJA0pUOHOI KUciomu Osl IHOKYIAAMOPY

00’ emom 1 250 n

VY konby o6’emom 1, 5 1 Bigmipstors 1 017 M nmutHOT Boau. Jlami mpu mocTitHOMY

nepeminryBaHHi BHOCATh 193 mu 37% po3zuuny HCL.
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/P 3.2.1 Ilpucomyeannusa cmepuivnozo 6% pozuuny 2iopokcudy Hampiio
Po3unn 6% rigpokcumy HaTpito 3aCTOCOBYIOTH JUJIsl HEHTpasizalii cepeaoBuina To0To
BUPIBHIOBaHHS onTUMalibHOTO 3HaueHHs pH. Po3unn NaOH BapTo roTyBatu y po3paxyHKy

2 mn Ha 1 1 cepenoBumia.

Tabnuys 8.2

Po3paxynok Kinbkocmi kKomnonenmie ona npuzomysannsa 6% NaOH
00’em 00’em HeoOximHol | Kitpkicte NaOH | KinbkicTh Boan
TUTPOBAHOTO KibKoOCTI 6% JJI51 IPUTOTYBAHHSA | ISl IPUTOTYBAHHS
PO34YMHY,] NaOH (3 10% 6% PO3YMHY,MJI

3amacom),MJ TUTPYBAJIbHOIO
PO3YHHY,]

6,1 13,4 0,8 12,6

62 136 7,4 128,6

606 1333 75 1258

5600 12 320 697 11 623
Bceboro Ha 6 274 a 13 802 780 13 022

P 3.2.1.1 Ilpueomysanus ma cmepunizayia pozuuny 6% 2iopokcudy Hampiro Os
iHoKysImopy 06’ emom 20 1

Ha ananmitnunux Barax, 3BaxyioTb 0,8 1 NaOH, sxuif BHOCATb y K010y 00’ eMOM
100 mn, nogatots 12,6 MII MUTHOI BOAM TP MOCTiHOMY nepeMinryBaHHi. [licis moBHOTO
PO3UYMHEHHS CTepuITi3ytoTh ipu Temneparypi 131°C ta tucky 1,15 MIla npotsrom 40 xB.

P 3.2.1.2 Ilpueomysanus ma cmepunizayia pozuuny 6% 2iopokcudy Hampiro Os
iHokynamopy 06 ’emom 160 1

Ha texHiunux Barax, 3BaxyioTb 7,4 r NaOH, sxuii BHOCATHh y KoJOy 00’emom 150
MJI, 1ofal0Th 128,6 MJI MUTHOI BOAM MpPH MOCTIMHOMY mepeminryBaHHi. [licis moBHOTro
PO3UYMHEHHS CTepuITizytoTh ipu Temneparypi 131°C ta tucky 1,15 MIla npotsrom 40 xB.

P 3.2.1.3 Ilpucomysannss ma cmepunizayis po3uuny 6 % 2iopokcudy Hampito O

iHokynamopy 00 ’emom 1250 1
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Ha Texniunux Barax, 3BaxywooTh 75 T NaOH, sxuii BHOCATH y K0a0y 00’emom 1,5 1
7, AoAaTh 1258 M1 mMUTHOI BOAM MpU MOCTIHHOMY mepemimryBaHHi. [licias moBHOro
PO3UYMHEHHS CcTepultizytoTh nipu Temneparypi 131°C ta tucky 1,15 MIla npotsarom 40 xB.

P 3.2.1.4 Ilpuecomysanns ma cmepunizayisa pozuuny 6% 2iopokcudy nampiro Os

Gepmenmepa 06’ emom 12 500 n

Uepes 06’eMHO-BaroBuit 1o3atop, /[-45, 3Baxytorb 697 r NaOH, sikuit BHOCATD y
peaktop, P-44 o6’emom 10 1, momatrote 11,6 1 NUTHOI BOAWM MPH TMOCTIHHOMY
nepemimysansi 50 — 100 06/xB. ITiciis IOBHOTO PO3UYMHEHHs cTepuiizyroTh npu 131°C
ynpoaoBx 40 xB.

AP. 3.2 Ilpuzomyeannus i cmepunizauia ni0Hcue1108a1bH0O20 PO3ZUUHY 2TIOKO3U

Takox roryots 40% po3urH TIIOKO3U JJIsl MPKUBIICHHS KYJIBTYpH Micis 24 roauH
KyJnbTUBYBaHHS. Yepe3 00’e€MHO-BaroBuil ao3arop, /{-35, 3BaxylTb 312 Kr DIIOKO3M.
Hapaxxxky mowmimaiore B peaktop P-34 o6’emom 1,6 M°  Ta gomaote 980 I BOIW.
BMmukaiooTh mnepeMillylourii MpUCTpii Ta MEpeMIlIyloTh J0 OTPUMaHHS OJHOPIAHOI
cycnensii. CTepuiizyoTh rocTporo naporo npu temneparypi 112°C ta tucky 0,05 Mlla
rpotsirom 30 xB.

P 3.3 Ilpucomysanns i cmepunizauia nioxcuenrosanvhozo po3uuny NH,CI

[otytors pozunn NHyCl ans momanbIioro miJKUBICHHS KylIbTypu Ha 14 romuHi
KyJbTUBYBaHHSI.

Yepes o0’emHo-BaroBuil nozarop, /{-39, 3Baxywts 11,2 kr NH4Cl. Haaxky
MOMIIATh Y peaktop, P-38 o0’emom 60 1 Ta pomaroth 28 1 Bomu. BmukaroTh
MEepPEMINIYIOUUI MPUCTPIN 1 peTeabHO NepeMilnyoTb. CTepHili3yloTh TOCTPOIO Mapo0 MpHU

temmneparypi 131°C ta tucky 1,15 MIla npotsarom 40 xB

JP 3.4 IlpuroryBaHHs peareHTiB JJIs Mic/Is (pepMeHTALINHUX NPOLECIB
JIP 3.4.1. IIpucomyeanns 3M pozuuny NaOH

3a ganumu jiteparypu [48], sl po3BeACHHS KyJIbTYypallbHOI PIIUHU HEOOXITHO
BUKOpUCTaTd 3 M poO3uMHYy TiIpOKCUAY HaTpito y cmiBBigHOmeHHI (1.8 rimpokcumy

HaTPIIO : | KyJIbTypalbHOI PIAUHN).
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3rigHO 3 po3paxyHKaMu MaTeplajibHOro OamaHcy, 00’€M KyJIbTYpaJbHOI piIUHU
CTaHOBUTH 5,6 M° 3a muKiI. OTxKe, HeoOXimHO IpurotyBaTd 10 M° 3M PO3UHHY TiIpPOKCHLY
HaTPIIO.

Jlns mpurorysanHs 10 M posumny nyry B 36ipHHKY (3-55) 06’emom 25 M’ Ha
00’emHO-BaroBomy no3atopi (/1-54) 3paxyroTs 1 400 Kr ripokculy HaTpilO Ta MOJAOTh
nuTHY Boay 06’emoM 8 600 11. [IpoBoasaTh mepemintyBaHHs nNpoTaroM 30 XB 0 TOBHOTO
po3unHEHHs JyTy. Po3unH mepenaroTs 3a 10moMororw MoHoOjouHOTO Hacocy (H-56) mo
30ipHuKa (3-57).

JIP 3.4.2 IIpucomyeannsn 3M pozuuny HCI

3a ganumu jiteparypu [48], sl po3BeACHHS KyJIbTYypajbHOI PIAMHU HEOOXITHO
BUKOpUCTaTH 3 M pO3uMHY XJOPUIHOI KHUCIOTH Yy chiBBiAHOmEHH1 (1.8 xnopunHoi
KHCJIOTH : | KyJIbTypajabHOI PIIUHN).

3a aHAJOTIYHUMH PO3paxyHKaMu (K I MPUTOTYBAHHS PO3YMHY T1IPOKCUIY
HATpil0) HeoOXimHO  mpurorTyBaté 10 M> XJIOPHUAHOI KHCIOTH JUISl OCA/KCHHS
€K30I0JIIcaxapuay KypJUlaHy.

Jlnst mpurotyBansst 10 M° posdnHy KHCIOTH B 36ipHEKY (3-52) 06’eMoM 25 M° Ha
00’emHO-BaroBoMy no3aropl (/[-51) mnonmarore 780 1 KOHUEHTPOBAHOIO PO3IUUHY
XJIOPUIHOI KHCJIOTH Ta TMOJalTh NHUTHY Boay o60’emom 9 200 . IIpoBoasth
nepemMinryBaHHs npoTsaroM 30 XB 0 MOBHOTO PO3YMHEHHS KUCIOTU. PO3uMH mepenaroTh
3a 101oMoror MoHoosiouHoro Hacocy (H-53) o 36ipauka (3-57).

JIP 3.4.3 Iliocomoexka ma 30epicantsa OuCmuib08anoi 600u

OunileHa BoJia TOTYETHCS HUIIXOM 0araropazoBOrO BUIIAPIOBAHHS Yy JIUCTUIISTOPI
Ta TojaeThcsa y 30ipHUK  (3-63). [ucTuinboBaHy BOJY TMOJAIOTh 3a JOMOMOTOIO
MoHoO0uHOr0 Hacocy (H-64) no 36ipHuka (3-65).

AP .4 IlpuroryBaHHs Ta CTEPUJIi3allisi MOKMBHUX CEPeTOBUIL

JIP.4.1 Ilpuzomysannsa noxscueHo2o cepeoosuia 0 6UPOULYy6anHs IHOKYIAMY y
K0N0ax Ha Kauaaixkax

Po3paxyHOK BMICTYy KOMIIOHEHTIB MIPEJICTABICHO HIKYE (mabn.8.3)
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Tabnuus 8.3
Po3paxyHoKk BMiCTy KOMIIOHEHTIB /Ui npurorysanust 600 mu cepenosuina

KommnioneHT Bwmicr, 1/ KinbkicTs aas Kommno3zuuis 006’em
MOKUBHOI0 NPUTOTYBAHHA KoMno3uuii, V,
cepeaoBHUIIA 600 M MJT
cepeaoBHUIIIA, T
(man)
I'mroko3a 20 12 A 230
JpixmxoBuid 10 6
EKCTPaKT
Bona 212
KZHPO 4 1.74 1 B 150
Bona 149
MgSO4-7H20 0.49 0,3 C 150
Bona 149.,7
Pazom: 530

-JIP 4.1.1 Ilpucomysarnns i cmepunizayis komnozuyii A

Ha TexHiuHMX Barax y BIATapOBaHI €MHOCTI 3BaXYIOTh 12 rp IJIIOKO3W Ta 6 Tp
JPIKIKOBOTO €KCTpakTy. HaBaxkku momimaroTs y Kooy 06’emom 500 mi, 3anuBaroTh 212
MJI TUTHOI BOJIY 1 PETENBHO MEPEMILIYIOTh CyMilll, I[00 YTBOPHIIACS OAHOPIAHA CYCIEH3I1S.
3akpuBalTh KojJOy BarHO — MapJieBOIO NPOOKOIO 1 CTEPUII3YyIOTh B aBTOKJIABI MpPH
temmeparypi 112°C Ta tucky 0,5 arm nporsirom 30 xB.
-J{P .4.1.2 llpucomysanus i cmepunizayis komnosuyii B

Ha ananituunux Barax y BiaTapoBaHiil eMHOCTI 3BaxytoTh 1 rp KH,PO,. HaBaxky
MOMIIIAIOTh Y K00y 00’emom 250 M, 3anuBatoTh 149 Mi muTHOI BOAM 1 pETENBHO
MEePEMIITYIOTh CyMIII. 3aKPUBAIOTh KOJIOY BATHO — MapJieBOIO MPOOKOIO 1 BIAMPABIISAIOTh HA
crepuitizaliio B aBToKiaB mpu temreperypi 131°C Ta HammMmkoBoMy THCKY 1,5 atm
ynpoaoBx 40xs.
-J[P .4.1.3 Ilpucomyeanns i cmepunizayia komnozuyii C

Ha ananmiTuuHux Barax y BiATapoBaHiil emMHOCTI 3BaxytoTh 0.3 rp MgSO 4 TH50.

Hapaxky momimarTs y koj0y o6’emom 250 wmui, 3amuBatoTh 149,7 mul muTHOI BOIM 1

PETENIbHO MEPEMINIYIOTh CyMIII. 3aKpUBalOTh KOJOy BAaTHO — MaplieBOI0 MPOOKOIO 1
100



BIJNPABIISIOTh HA CTEPUIII3AII0 B aBTOKIaB mpH Temreperypi 131°C Ta HaIIHIIKOBOMY

TUCKy 1,5 atm ynponosxk 40XB.

AP 4.2. Ilpuzomyeanus NOMCUBHO20 CEPedosUa 011 GUPOULYBAHHA IHOKYIAMY 6
iHOKyamopi 00°’emom 20 n

Po3paxyHOK BMiCTy KOMIIOHEHTIB TPEICTABICHO HIDKYE (Mma.1.842)

Tabnuuys 8.4

Po3paxyHOK BMiCTy KOMIIOHEHTIB /IJIsi MPUTOTYBaHHA 6,7 J1 cepenoBuiia

KoMmmnoHneHnT BwmicT, r/a KiabkicTh aian Kommno3zuuist 00’em
MOKHBHOTO NPUTOTYBAHHSA KOMIIO3HILii, V,
cepeloBHIIA 6,7 MJI
cepeaoBHIA, T
(mu1)
I'moxo3a 20 134 A 1 680
JpixmKoBui 10 67
eKCTPaKT
Bona 1470
K2HPO4 1.74 11,6 B 4320
0.49 33
MgSO 4~7H20
Bona 4300
Pazom: 6 000

-JIP .4.2.1 Ilpucomysarnns i cmepunizayis komnozuyii A

Ha TexHiuHuX Barax y BifTapOBaHii €MHOCTI 3BaXyi0Th 134 rp mitoko3u T1a 67 rp
JOPLKIKOBOTO €KCTpakTy. HaBakku mnepeHocaTb Yy KOHIYHY KoinlOy o0’emoMm 3 1,
3anmuBarOTh 1 470 M1 TATHOT BOAM 1 PETENbHO MEPEMIIIyIOTh, MO0 yTBOpHUIACS
onHopinHa cycnensis. CrepuiizyrorTh B aBrokiasi npu temmeparypi 112°C ta tucky 0,5
arm mpotsarom 30 xB. [loTiM B acenTWYHMX yMOBaXx BHOCSATh B IOMEPEIHBO

MpOCTEePUITI30BaHMM 1HOKYIATp [H-27.
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-/[P . 4.2.2 Ilpucomyeanns i cmepunizayis komnozuyii B

Yepes 06’ emuo-BaroBuii mo3arop J1-14 3Baxyrorts 11,6 rp KH,PO, Ta 3BaxyroTs 3.3
rp MgSO,*7H,0. HaBaxxku nomimarots y peaktop P-13 o6’emom 10 71, 3anuBatots 4 300
M TTHOT Bomu. [licis 1mBOTO pETENHHO MEPEeMINIyIOTh, MO0 YTBOPHIIACS OXHOPITHA
cycnensis. Crepuizyrore npu temreperypi 131°C Ta HaumMImkoBoMy THCKY 1,5 atm
ynponorx 40xB. [1oTiM B aceNTUYHUX YMOBaX BHOCSTH B TOMEPEIHBO MPOCTEPHIII30BAHUN
iHOKYIATp [H-27.

-/IP 4.3. Ilpucomysannsa noxcuenozo cepeoosunia 01 6UPOULY8aAHHA IHOKYIAAMY 6
IHOKyiamopi 00°emom 160 1

Tabnuus 8.5
Po3paxyHoOK BMiCTy KOMIIOHEHTIB Il IPUIOTYBaHHA 68 11 cepenoBuina
KoMmmnoneHnT Bwict, r/a KiabkicTh aaa KoMno3unis 00’em
MOKMBHOIO NPUTOTYBaHHS KOMIO3HUILii, V, J1
cepepoBHIIA 68 a
cepeoBHINA, KT
(m)
I'mroxo3a 20 1.4 A 5
JpixmxoBuit 10 0.7
EKCTPAKT
Bona 2.9
Konnencar 0,6
K2HP04 1.74 0.12 B 56
MgSO4~7H20 0.49 0.034
Bona 50
Konnencar 5,6
Pazom: 61

-/{IP.4.3.1 [lpucomysanus i cmepunizayis komnosuyii A
Uepes o0’emuo-Barouii mo3arop JI-17 momarote 1.4 kr mmoko3u ta 0.7 Kr

JOPLKIKOBOTO €KCTpakTy. HaBakku NOMIIIAIOTh B MOMNEPEIHBO IMPOCTEPUITI30BAHUN
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peaktop P-16 06’emom 10 11, 3anuBatoTh 2,9 11 mUTHOT BOAM, 3 BpaXyBaHHSIM KOHJEHCATY 1
BMUKAIOTh TEPEMIIIYIOYMIl  MPUCTpiH, 100 yTBOpWIAcs OJHOpiTHA CYCHEH3IS.
Crepriti3yroTh TOCTPOIO Taporo mpu temreparypi 112°C ta tucky 0,5 arm npotsrom 30 XB.
-/[P.4.3.2 Ilpucomyeanns i cmepunizayis komnozuyii B

Uepes 06’emHo-BaroBuit go3arop JI-20 momators 0.12 xr KH,PO4 Tta 0.034 kr
MgSO,+7H,0. HaBaxxku momimniaroTh B MONEPEAHBO MPOCTEpUIIi3oBaHUN peakTop P-19
o6’emom 100 . Yepe3 o6’emuo-BaroBuit mozarop J[-20 momatote Bomy - 50 1 3
BpaxyBaHHSAM KOHJIEHCATy 1 MEPEeMIIlyI0Th, 32 JOMOMOIow Mimajnaku. Ilicias goro comi
MePEKavyIoTh B TIOMEPEAHBO MPOCTEPIITI30BaHui 1HOKYsATOp [H-30 Ta kommo3uitito A (Bif
JIP 4.3.1) o6’emom 160 n1 1 gomatorb 6% HCl ( Bim /P 3.1.1.2). BMmukarmoTh
MEepeMINIyIOuYui  TpUCTpIN, 1m00 yTBOopuiacs ofHopiaHa cycneHsis. CTepuiizyoTh
roCTporo maporo Impu temreperypi 131°C Ta HamIMIIKOBOMY THUCKY 1,5 aTM yIpomoBxK

40xB.

AP . 4.4 Ilpuzomygeanns noxcuéHo20 cepedosuuia 0na GUPOULYBAHHA IHOKYIAAMY 6
IHOKyiamopi 00°emom 1 250 n
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Taonuun 8.6

Po3paxyHok BMicTy KOMIIOHEHTIB /ISl IPUTOTYBaHHsA 667 J1 cepenoBuina

Kommonent KinpkicTh aj1s Kommno3unis 00’em
IOKUBHOI0 ) MPUTOTYBAHHS KOMIO3u1ii, V, J
Bwmicr, r/a
cepeoBHIIA 667 cepenoBuia,
KI (J1)
I'mroko3a 20 13,3 A 50
JpixmKoBuit 10 6,7
EKCTPaKT
Bona 29,5
Konneuncar 0,5
K2HPO4 1.74 1.2 B 550
MgSO4-7H20 0.49 0,3
Bona 493
Konnencar 55
Pazom: 600

-J[P.4.4.1 Ilpucomyeanns i cmepunizayis komnozuyii A

Yepes 00’emuo-BaroBuii gozatop [-22 momators 13,3 kr mioko3u Ta 6,7 Kr
JIPLKIKOBOTO EKCTpakTy. HaBakku NOMIMIAIOTh B TOMEPEIHBO IMPOCTEPUITI30BAHUN
peaktop P-21 06’emom 100 1, 3anmuBaroth 29,5 1 BoAM, 3 BpaxyBaHHSIM KOHACHCATy 1
BMUKAIOTh MEPEMINIYIOUMH MpUCTpIA, 100 YTBOpPWJIACS OAHOPIAHA  CYCHEH3Is.
CrepuiizytoTh TOCTPOIO maporo mpu Temieparypi 112°C ta tucky 0,5 arm npotsirom 30 xB.
-/[P .4.4.2 [Ipucomyeanns i cmepunizayis kKomnosuyii B

Uepes o0’emuo-BaroBuii nmoszarop JI-25 momatore 1.2 kr KH,PO, ta 0.3 kr
MgS0O,4+7H,0. HaBaxkku mOMINIAIOTh B MOMEPEAHKO MPOCTEpUITi30BaHUil peaktop P-24

06’emom 1 M

. Uepe3 00’emHo-BaroBuii gozarop JI-25 momarote Bomy - 493 1, 3
BpaxyBaHHSM KOHJIEHCATy 1 mepeMinyoTh. [1icis yoro comi nepekauyrots HacocoM H-26 B

MOMNEPEIHO MpocTepuiIi3oBaHuil  1HOKyIssTop IH-30 00’emom 1250 1n, nomaroth
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komno3umito A (Big AP 4.4.1) 1 momatote 6% HCl ( Bim /[P.3.1.1.3 ). Bmukaiots
nepeMinryrounii npuctpiii CTepuiti3yroTh TOCTporo maporw mpu temmeparypu 131°C ta
HAJUTMIIIKOBOMY THUCKY 1,5 atm ynpoaosx 40XB.
/P .4.5 Ilpucomyeanns noxcueHozo cepeoosunya 011 UPOULYBaAHH IHOKYANY
6 pepmenmepi 06’emom 12,5 m’
Tabnuys 8.7

Po3paxyHok BMiCTYy KOMIIOHEHTIB JJis1 npuroryBanus 6 200 ;1 cepegoBuia

Kommonent BwicrT, r/1 Kinekicts mis Kommosuis O0’eMm
IMOKUBHOT'O 3 KOMIIO3MIIi1, V, I
MIPUTOTYBaHHS 6,2 M
CepenoBHINA
cepenoBuIa, Kr (1)
I'moxo3a 50 310 A 4570
JpixmxoBuii 2 12,4
EKCTPaKT
K2HPO 4 2 12,4
NH 4Cl 1.6 9,9
MgSO4-7H20 0.5 3.1
FeCl; 1 6,2
MHC12
CaC12
NaCl
Bona 4190
[TipK.p-H TITIOKO3H 312 980
Bona 980
Konnencar 98
MMimx.p-a NH4C1 11,2 28
Bona 28
Konnencar 2.8
Pa3zom: 5580
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-J[P.4.5.1 Ilpuecomyeanns i cmepunizayis komnozuyii A

Uepes 006’emHo-BaroBuii noszarop J[-35 momatrore 310 kr mioko3w, 12,4 kr
JPIKIKOBOTO eKcTpakTy, 12,4 kr KH,P0O4, 9,9 xr NH,CI 3.1 xr MgSO,47H,0, ta 6,2 T
FeCl;, 6,2 r MnCl,, 6,2 r CaCl,, 6,2 r NaCl. HaBaxku momimaroTh B HONEPEIHBO
npocTepuitizoBanuii peaktop P-34 06’emom 6 300 11, 3anuBaroth 4 190 11 muTHOI BOIH 1
BMUKAIOTh TEPEMIIITYIOUUN MPUCTPIiid, 1m00 yTBOpHiacs OAHOpiAHa cycmenHsid. Jlami 3a
nonomororo Hacoca H-36 nmomatote 10 YBC -47 notyxkHicTio 20 M3\roz[, JI€ ¥ TIPOXOIAUTH
crepuizariist 3a Temmeparypu 140°C ta HagaMmKoBoMy THCKY 1,5 at™m ympomosx 60 xB
TIL.S IlinroroBKa MoCiBHOro Marepiajy
-TII .5.1 IlinTpuMaHHA KOJEKUiHHOI KYJIbTYPH

Konexuiitny kynetypy Alcaligenes faecalis WX-C12 30epiraiotb y npooOipkax 3i
CKOILIEHUM M’SICO — MENTOHHUM arapoM y XoJoauiIbHUKYy mipu Temieparypi 4°C. Ilepeciu
3MIACHIOIOTh KOkHI 3-4 wmicsrmi. Bci poboTu 3a KONEKIIMHOIO KYJIBTYpOIO MPOXOIATH
CTPOTO B aCENTUYHUX YMOBaX.
-TII . 5.2 Opep:kaHHsa 1 BHPOIIYBaHHS pPO004Y0i KYJbTYPH Ha arapu3oBaHUX
cepeIoBHINAX

KonekiiitHy KynbTypy, M0 30epiraeTbCs B TpoOipKax 3 arapu3oBaHUM
CepEeIOBHIIEM, PO3CIBAIOTH METICIO JI0 130JbOBAaHUX KOJIOHIN Ha yamiku [letpi 13 MIIA B
acenTUYHUX YMOBAX, BUPOILYIOTh y TepMocTaTi pu Temneparypi 30°C ynpoaosx 48 ro.
-TII .5.3 BupoimyBaHHSI KyJbTYPH HA arapu30BaHUX Cepe0BUILAX

Otpumani 13osboBani kojoHii (Big TII 5.2) mepeciBaroTh memier0 y NpoOipKu 3
MITA (omnHa 130J1bOBaHA KOJIOHISI BUKOPUCTOBYETHCS MJIA 3aciBy OJiHI€I mpoOipku). B
MpOOIPKH MIEPECIBAIOTH 130JIbOBAH1 KOJIOHIT, 10 3HAXOASATHCS HA B1ICTaHI HEe MeHIIe 1 cM.
TpuBanicte BUpoIyBanHs —48 roj.
-TII 5.4 BupomyBaHHA KyJbTYPH B KOJI0axX HA KA4aJIKaX

Jl51s BUpOILyBaHHS P1AKOTO MOCIBHOTO MaTepiaiy y Kooy o0’emoM 0,75 1 BHOCSTH
B acCeNTUYHUX yMOBax Kommo3umiro A (Big P 4.1.1 ), komno3uiiro B (Bix AP 4.1.2 ) Ta
kommosutiito C (Bim JIP 4.1.3) 1 perenbHo mepemimnytoth. s 3aciBy onHi€i KoiOw,

BUKOPHCTOBYIOTH CYCII€H3110 KJIITHH, OJIEpKaHy 3 OJHIET TPOOIpKH.
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VY mpobipky 3 poO0UOI0 KYNBETYpOIO KyAbTypolo A. faecalis WX-CI12, BupolieHy Ha M’siCO-
MENTOHHOMY arapi, acenTHYHO BHOCATH 5 MJI (Di310JIOTIYHOTO PO3YMHY, CYCIICHIYIOTh
KJIITUHU (3MHBAIOTh KYJBTYpYy) IINETKOK BiAOMPAIOTh OCp)KaHy CYCIEH31I0 KIITHH 1
BHOCSTH Y KOJIOM 3 TIOKUBHUM cepefoBHIIeM. {7151 3aciBy ofHi€T KOJIOM BUKOPHUCTOBYIOTH
CYCTIEH3110, OJIepKaHy 3 OJHIET IPOOIPKH.
KyneruByBanHs OakTepiil 3M1HCHIOEThCS Yy Kombax Ha kadami (200-220 o6/xB) mpu t =
30°C ynponox 48 roj.
-TII 5.5 BupouryBaHHSI KyJbTYPH B iHOKYJISATOPI 00’emMom 20 J1

B inokymsatop [H-27 o6’emom 20 71, momepeaHhO TPOCTEPUITIZ0BAHUM TOCTPOIO
Maporo, B aCENTUYHUX YMOBax JOJAOTh CTepWibHy Kommosuiiro B Big JIP 4.2.2 Ta
xommosuiiito A — Big JIP 4.2.1. Ilicisg uporo 3a qonomoroto 6% NaOH (Big AP 3.2.1.1)
noBonatTh pH 10 7,0, 110 CTBOPIOE CHIPUATIAMBI YMOBHU JjIsi 010JI0T1YHOTO areHTa. BHOCSTh
nociBauii marepian (Bix TII 5.4) 1 BMuKaroTh nepemilnyrounid npuctpid. Temmeparypa
BHUPOIIYBaHHS MOCIBHOTO Marepiany B iHOKyisiTopt 30°C ymponosxk 24 ron. llBuakicts
nepeminryBanHs 200-220 06/xB. B 1HOKYISATOp MofaeTbes CTEPUIIbHE CTUCHYTE MOBITPS, a
BUBOJIUTKLCS BIAIpaIlboBaHe. Y KOXKYX (pepMEHTepa MOJAEThCS rapsiya Ta XOJIO/Ha BOJa, a
TaKOX BUBOJUTHCSI 0OOPOTHA BOJA.

[lim 4Yac KyabTUBYBaHHS, KOXHI 8 TOAWH BiAOMparOTh MpoOy s 3AiHCHEHHS
MIKpOO10JIOTTYHOTO KOHTPOJTIO.
-TII 5.6. BupomyBaHHs1 KyJbTYpPH B iHOKYJIATOPI 00’emom 160

B inokynsitop [H-30 06’emom 160 711, momepenHbO MPOCTEPUITIZ0BAHUM TOCTPOIO
Maporo, MepeKkayyrTh camoruimBoM kommosuiiro B (Bim [IP 4.3.2 ), Ta mepekauyroTh
komno3uitito A (Bix JAP 4.3.1 ) Tta micns uporo 3a pornomororo 6% NaOH (Big 1P 3.2.1.2)
noBoasate pH nmo 7,0, 1m0 cTBOpIOE CHPUATIMBI YMOBU Jisi O10JOTIYHOTO areHra, a 3a
JIOTIOMOTOI0 TPYyOM TEpeTUCKYBaHHS TMEepeKkadyroTh mociBHui Marepian (Big TIT 5.5 ) i1
BMHUKAIOTh MIEPEMINTYIOUni pucTpiit. Temmepatypa BUpPOITyBaHHS TIOCIBHOTO MaTepialy B
iHOKysTopt  30°C ymponomxk 24 roxa. HIBuakicte mepeminryBanus 200-220 o6/xB. B
IHOKYJISTOp TOMAETHCS CTEPHIIBHE CTHUCHYTE TIOBITPS, a BHUBOAWTHCS BiampariboBaHe. Y
KOKyX (pepMeHTepa MOJAEThCs Tapsdya Ta XOJIOJHA BO/A, a TaKOXK BHUBOAUTHCS 000pOTHA

BOJIA.
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[lin wac KyabTUBYBaHHS, KOXKHI 8 TOAWH BIiIOUPAOTh TPOOY IS 3IMCHEHHS
MI1KpOO10JIOT1YHOTO KOHTPOJTIO.
-TII 5.7. BupouyBaHHsI KyJbTYPH B iHOKYJIATOPI 00’emMom 1250 i1

B inokymsarop [H-32 06’emom 1250 711, momepeaHbO MPOCTEPHUIII30BAHUM TOCTPOIO
naporo, NMepeKavyyroTh 3a JOIMOMOTrol0 NepucTaTudHoro Hacocy H-26 kommoswuiio B (Bin
JIP 4.4.2), Ta nepekauyroTh caMOIJIUBOM KoMro3uiliro A (Big JIP 4.4.1 ) Ta micns mporo 3a
nomomoroto 6% NaOH (Bix JIP 3.2.1.3) moBomsate pH mo 7,0, mo cTBOPIOE CHPUSTINBI
YMOBH JJi O10JIOTIYHOTO areHTa, a 3a JOMOMOTOI0 TPyOH MEPETUCKYBAHHS MEPEKauyylOTh
nociBanii Matepian (Bixm TII 5.6 ) 1 BMuKkaTh nepeMinryrodunii mpuctpiid. Temmeparypa
BHUPOIIYBaHHS MOCIBHOTO Marepiany B iHOKyisTopt 30°C ymponosx 24 ron. LlBuakicte
nepeminryBants 200-220 06/xB. B 1HOKy/ISITOp MOA€THCS CTEPUIIbHE CTUCHYTE MOBITPS, a
BHUBOJUTKLCS BiANpamboBaHe. Y KOXyX (pepMeHTepa MOAAEThCs rapsda Ta XOJIOIHA BOJa, a
TaKOXX BUBOJUTHCS 000OPOTHA BOJIA.

[lin 4Yac KyabTUBYBaHHS, KOXKHI 8 TOAWMH BiAOMparOTh MpoOy s 3AiHCHEHHS
MIKPOO10JIOTTYHOTO KOHTPOJTIO.
TII 6. BiocuuTe3
-TII 6.1. BupoOHu4e KyJbTUBYBaHHA Y (pepMeHTEpi 00°emom 12 500 i

VY dpepmentep Op-48, obmannanuii pH-MeTpom, Ta monepeaHpO MPOCTEPUITI30BAaHUM
TOCTpPOIO TApOI0, MEPEeKadyyrTh 3a JOMOMOTOI0 MEePUCTATHYHOTO Hacocy ,Bix YBC-47,
komno3uitito A (Big AP 4.5.1 ). Ilicnsa uporo, 3a nonomororo 6% NaOH (Bix [P 3.2.1.4)
noBoasate pH nmo 7,0, 1m0 CTBOpIOE CHPUATIMBI YMOBHU JIJisi O10JIOTIYHOTO areHra, a 3a
JOTIOMOTOI0 TPYOM NEPETHCKYBaHHS NepeKauyroTh nociBHUM marepian (Big TII 5.7 ).
BMmukaroTh nepemillyroduil MpUCTPid, SKOK CIYyrye sKipHa MilIajgka Ta [oJady
aepytodoro moBiTps. g nesiddexmii  Ta  crepwiizamii  TpyO 1 €MHOCTEH y
(dapmalieBTHYHOMY BHUPOOHHMIITBI 3aCTOCOBYIOTh TOCTPY BOAsSHY mnapy.  biocunHTtes
mpoBoaTh npu t = 30 °C, 1m0 J0CATAETHCS 3a JTOMOMOTOI0 TEIJIOOOMIHHOTO KOXKYyXa,
npotsiroM 48 ron. Ha 14 roguni nepekadyroTh 3a J0momMoror caMmorinHy pos3unH NH4CI
(Bix P 3.3) 10 MOCSTHEHHS Yy CepeIOBUILI KOHIICHTPAIlll XJIOPUAY aMOHIIO KIJIBKICTIO 3,6
r/n. Ilicns 24 ronuH KynbTUBYBaHHA, 3a Jgomnomoroio Hacocy H-40 mepekauyiors 40%

po3unH nmoko3u (Big AP 3.2 ). Ilicns uporo 3a gomomororo po3uuHy NaOH (Big AP
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3.2.1.4 ) miarpumytots pH Ha piBHI 5,6 B yMOBax BUYEpIaHHS JHKEPEN a30Ty, TaK 3BaHE
«a30THE ToJIoyBaHH». biocuHTe3 3a1HcHIOTH Tpu Temmeparypi 30°C Brpogosx 48 Tog.
KonrneHntpaiiisi po3ynHeHOro KHCHIO Ha piBHI Buile 50% BijJ HAaCHYEHHs TOBITPSM,
aBTOMAaTUYHO PETYIIOI0YM IIBUAKICTH MEepeMillyBaHHs, 10 cTtaHoBUTH 2000 oOepTiB Ha
XBWINHY. KynbTUBYBaHHS BeAyTh JO JOCSATHEHHS MAaKCHUMAJIbHOTO HAKOTHMYCHHS
IIIJTLOBOTO TIPOYKTY (72 T/m).

[Tinm wac KyabTUBYBaHHS, KOXKHI 8 TOAWH BIiIOUPAOTh TPOOYy IS 3IIHCHEHHS
MIKPOOI10JI0TIYHOTO KOHTPOJIIO.

[Ticns KyabTHBYBaHHS KYyIbTYPAJIbHY DPIAMHY TOMAIOTH 10 3-49 171 momaibImmx

Tpanchopmartiii.

TII 7. IlinAroToBKAa KYJLTYPAJIbHOI PIAUHH
TII 7.1 Ilonepeone pozeeoenns

Kynbsrypansna piguna Bix ¢depmentepa (Dp-48) momaetscs 31 30ipHHKa (3-49)
BinneHTpoBuuM HacocoM (H-50) y 30ipuuk (3-57) nns momepeaHbOro 3MEHIICHHS
B’ s3KOCTI. Takox y uel 30ipHHMK MojaroTh po3uuHy jayry (Big AP 3.4.1). Po3Benenus
B110yBaeThCs pu Temmneparypi 15-25 °C npotarom 60 xB.
TII 8. Binaiienns 6ioMmacu Bil KyJbTypPaJbHOI PiiUHA
TII 8.1 Cenapysanns
Bwmukaemo cenapatop (C-59), Ta mogaemo po3BeieHy KyabTypanbny piauny (Big TII 3.1),
3i 30ipamKa (3-57) npu mBuakocTi obeprands 18 000 06/xB Ta Temmaparypi 15-25 °C
BIAIsI€EMO O1oMacy npoTsirom 15-25 xB.

biomacy 3a A0mMoMOror MexaHi3My pO3BaHTaXEHHsS BUKHUIAIOTh y IpHiiMay, Ta
nepenatoTh 10 3B 13.2 (3HEIKoKEHHS TBEPAUX BIIXO/IIB).

CynepHaHTaHT mnojaeThesi a0 30ipHuMKa (3-61) g MOaNbIIOr0 OCAIKEHHS
KypJJiaHy.
TII 9. BuaisieHHs KypaJiany
TII 9.1 Ocaosricennsn X10puOHOI0 KUCI0MO10

o 36ipuuka (3-61), mo Bxe mictuTh cynepHaTanT Big TII 8.1, mpu BkItoueH1d

MiIIasi, 10AaTh 3 M xjmopuaHy kuciory 3i 30ipHuka (3-52) (AP 3.4.2). Ilicist woro
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BUTPUMYIOTH 4 ToauH, nipu Temneparypi 15 °C. ITicis goro 3a pormomororo Hacocy (H-62)
HAIpPAaBIISIOTh HAa TOBTOPHY cenapaiiito 10 (C-59).
TII 9.2 Cenapyeannsn
[Ticms Toro sk BimOymOCs oOcapKeHHS KypajaHy, 31 30ipHuka (3-61) ocamkeHwmit
noJiicaxapu HarpasisitoTh y cenaparop (C-59) mpu mBuakocti ooeprannsa 18 000 06/xB
ta Temmaparypi 15-25 °C BigainseMo Kypuiad mpotsarom 15-25 xB, yepes BiALEHTPOBUIA
Hacoc (H-62). CymepnaTtaHT, KMl MICTUTh XJOPHAHY KHCIOTY Ta IHII JOMIIIKA
nepeaaroTh 10 3B 13.3 (3HEMKOHKEHHS PIIKUX BiXO/IIB).

OcamxeHHuil Kypanad, TOOTO Baxkka (pakiis IUISIXOM ~ BUBaHTaXEHHS
MepeHOCUThC 10 30ipHUKa (3-65) HA MPOMUBAHHS.
TII 10. OuyuieHHs KypAJIaHy BijJ cojiel Ta JOMIIIOK
TII 10.1 IIpomusannsa oucmuib08anor0 600010

[Ipouiec mpomuBaHHS MPOBOASATH TPUYl, 3 METOIO JIOCATHEHHS BHUIIOTO PIBHS
YUCTOTU TOTOBOTO MPOAYKTY Ta OYMCTKH BIJ XJOPUJHOI KHUCIOTH, OCKUIBKH BIH
BUKOPHCTOBYETHCS Y XapuOBIi MPOMUCIOBOCTI IpH BUpoOHUITBI BAJI.

HuctunboBana Boaa Big [P 3.4.3 yepes nacoc (H-64) nonaetscs 31 306ipHuka (3-63)
y 36ipHuK (3-65). [IpoMuBaHHs 3aificHIOIOT TIpH TeMmepatypi 15 °C.
TII 10.2 Ynompadghinempysannus
[Ipomutnii ex3omnomicaxapun  (Bim TII 10.1) 31 36ipHuka (3-65) 3a J0MOMOTrOIO
BiaueHTpoBoro Hacocy (H-66), mepekauyioTh B yibTpaduibTpaliiiHy ycTaHOBKY (Y®)
(Y®-67). KoHnieHTpaT HanpaBJIsiOTh HAa TOBTOPHY OYUCTKY. [lepmeart no d-68.
TII 10.3 IIpomueannsa oucmuinb06aHor0 600010

Konnerpar mnoparote n0 30ipHuka (3-65) 1 Apyroro eramy MNpPOMHUBAHHS.
Baytpimni noBepxHi (Y®) npomuBaoTh 3a monomoroto CIP-muiiku, Ta CTEpUIi3yIOTh
BOJSTHOIO Hacu4eHow maporo 3 TuckoM P = 0,28-0,3 Mna. Ilpu nocsrHeHHi B amaparti
temrniepatypu crepwmzaiii 130-135 °C 3akpuBamTh yCIO 3amipHy apMmarypy, Kpim
MapoBOi, 1 BATPUMYIOTh 3aJIaHUI Yac CTEpUJIi3arlii.

TII 10.4 Yaempaginompysannsn
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VY 30ipHUKY (3-65), 3aBaHTAXKEHHUN KypJUIaH, PO3YUHSIOTHh TUCTUILOBAHOIO BOOIO.
[Ticns woro 3a momomoror Hacocy (H-66), mpu BKIIOUYEHIN Mimamil, NepeKadyroTh Ha
(YO) (YD-67). dinbTpat HanpapiasaioTh Ha goouutieHHs. [lepmeat no ®-68.

TII 10.5 IIpomueannsa oucmuinb0o6anor0 600010

YacTkoBO OUYHMIIEHUH KypaJiaH MOAA0Th BPpYyUHY A0 30ipHHKA (3-65) 11 TPETHOrO
ertany npoMuBaHHsi. Y® (Y®P-67) moBTOpHO cCTepuiizyloTb. Y 30ipHUKY (3-65),
3aBaHTAKCHUH Kyp/JiaH, PO3UUHSIIOTH JUCTHIHOBAHOIO BOIOK0. [licis 4oro 3a 70mMoMoTor0
Hacocy (H-66), npu BkitodeHiil mimantii, nepekauyots Ha YO (D-67).

TII 10.6 Ynompadghinempyseanns

31 30ipuuka (3-65) piguHy HanpaBiasioTh g0 Y® o (YD-67). Konmentpar
HarpasysitoTh 10 3B 13.3 (3HemkomxeHHs piakux BiaxomaiB).Ilepmear mogators g0 ®-68.
TII 10.7 @inempyeannsa na nymu-ghinompi
[loBHICTIO OYMIIEHHWM BiJ  3aJUIIKIB KOMIIOHEHTIB TMOXKHMBHOIO CEPEIOBHINA,COJICH,
CYIIYTHIX JOMIIIOK HEOOX1THO MPOGUILTPYBATH CYMIII JJIS 1€ O1IBIIOTO OUUIIEHHS .

3 YO-67 nepmear nojaroth 10 O-68, 3BiAKK BOJOTHM NpOoyKT HanpaBiseTbes 10 C-70.
TII 11. OTpuMaHHS CyX0ro KypAJIaHy
TII 11.1 Cywiinusa Kyponauy y eaxkyymuii-uagi

Y cymmmpny mady (C-70) ugepe3 tpancmoprep ( T-69) momaerbcst BosiorHit
MPOYKT- KypanaH. Yac BucymryBanHs — 2 roausau npu temmneparypi 100°C.

TII 11.2 /lpobinnsa

3 cymapku (C-70) cyxmii kypaman depe3 Tpancmnoptep (T-71) momaroTs 10
MOJIOTKOBOI Apobapku (/-72). Hiametp cura — 1,5 mm.

IIMB 12. IlakyBaHHs1, MAPKYBaHHSI Ta BiIBAHTAKECHHS
IIMB 12.1 Ilakyeanns ¢ nepeuHHy ynaxKoeKy

Cyxult mpoAyKT — Kyp/JiaH BiJ MOJIOTKOBO1 Apobapku ( [-72) uepes Tpancnoprep
(T-73) monaetncst B (acyBanmbHy mamuny (OM-74), Kyau Takoxk MOAAIOThCS KpadToBi
MIIIKKA Ta MOJIIETUJICHOBI MaKeTH. 3acyBKa BaroBoro OyHKepa BIJKPUBAETHCS, a TAKOXK
3aKpUBAEThCSA 3a JIONIOMOIoOK MHEeBMouujiHapa. dacyBanpbHa MaliMHa MICTUTh

aBTOMATUYHHI J103aTOP, 32 JOTIOMOTOI0 SIKOTO MOHA PETYJIIOBATH SKa KIJIBKICTh CyXOTO
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rOTOBOTO MPOAYKTYy Oyze dacyBaruch y mimku. Kypanan ¢acyrots B mimku no-1,25,100
KT.
IIMB 12.2 Mapkyeannsa

Kypnman B wmimkax Bim TII 12.1 uepe3 tpancnoprep (T-75) momatbes y
MapKyBajbHy MamnHy (MM-76), ne 311iCHIOEThCSI HAHECEHHSI MapKyBaHHS Ha YIIAKOBKY.

Jlani MilIKy 3a MapKyBaHHSIM TPaHCIIOPTYIOTh HA CKJIaJl, € 1 BOHU 30€epIraroThes.

3B 13. 3HemKoxkeHHs BiIXOIiB.

3B 13.1. 3newko0xcennsn 2azono0ioHux 8ioxooie

OuuieHHsT BUKHUIIB 3 (EpMEHTEpiB 3IIHCHIOITh Yy (GUIbTpax 3 MOMEPeAHIM
OXOJIOMKEeHHs ra3iB. 111 yac ounIleHHs MOBITPS BUKOPUCTOBYIOTh PI3HOMAHITHI (PUIBTPH 3
BOJIOKHUCTHX MaTepianiB.OuuilieHe MoBITPSI BUKUAAETHCS Yepe3 TpyOy pO3CIFOBaHHS

3B 13.2. 3nemko0sxcenna meepoux 6i0xoo0ie

Teepmi Bigxomu ( Bim [IMB  12.1,12,2,12,3; TII 8.1;) cnoamomoTs 3a
BHCOKOTEMIIEPATYPHOTO PEKUMY.

3B 13.3. 3newko0sx cennsn piokux 6ioxoo0ie

CriuHi Boau O10TEXHOJOTTYHMX BUPOOHHUIITB MOXKYTh MICTUTH HBY MiKpodiaopy
Ta 1HII WKiAauBl pedosunu Big JAP 1.2.1, Big JAP 1.2., Big AP 1.3.1., Big TII 9.2, Big TII
10.2, Bim TII 10.4, Big TII 10.6. Ha Buxomi 3 1exy CTI4HI BOAM CTEPHII3YIOTH 1

HerTpani3zyroTh. Hamani ix cpsiMOBYIOTh B KaHAUTI3aITI1O.
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Po3ais 9. KoHTpo/bs BUPpOOHUIITBA

Bei Touku koHTponmo godepMeHTAIiiHuX Ta miciasdepMeHTaliiHuX Mpoleciy

HaBeneHo B maon.9.1.

Tabnuys 9.1
9.1 Kapra nocrafiiiiHOro KOHTPOJII0 BAPOOHUUTBA KYJIbTYPAJAbHOI piannu A.faecalis
WX-C12
Homep 00’ekT 3aco6m Ta MeToaM IepioguyHicTs HopmatunBha
KOHTPOJIbHOI KOHTPOJIIO i KOHTPOJII0 nepeBipku Ta XapaKTepucTHKA
TOYKM Ta Ha3Ba NOKA3HUK, 1110 NOPSAOK BiA0OpPy | NOKa3HUKA, 0
crajii BU3HAYAETHCSA npoo BH3HAYAETHCS
1 2 3 4 5
Kx, 1.1.1.
Hpurorysans Konmnenrpariis [Micns
pobouoro o Chco
. pobodoro XiMigHUH METOT MIPUTOTYBaHHS C=0,5%
posumHy Bimox 03YUHY BIMOJI 034HH
IUISL MATTSL p Y Y p Y
00J1aHaHHS
Kx, 1.1.2.1
IIpuroryBanHs .
K .
pobodoro OHICHTpALIA ITicns
pobouoro S Ao
pO3UHHY - XiMIYHUHM METOJT MIPUTOTYBaHHS C=0,2%
XJOpaHTOIHY IS p Y pO3UUHY
XJIOpaHTO1HY
LIOAEHHOT0
npuOHMpaHHs
Kx, 1.1.2.2
[IpuroryBaHHs
pobooro Konmnenrpariis [Micns
po3uuny Jlacenry o . o
s pobodoro XIMIYHHUI METOJ [PUTOTYBaHHSA C=0,2%
FeHEPATBHOTO po3uuny Jlacenry po3uuHy
npuOHpaHHs
puOUpaHHs
Hucte
Km ,KT 1.2.1. BizyansHawuii orms, . . MPUMIIIEHHS,
. . . . > I1ix yac Ta micus . .
Ilonenne ITignora MikpoGiomoriyauii — BIJICYTHICTb IIWILY
pUOUpPaHHS KOHTPOJIb pHbHp Ta Opymy
KYO<800/cm’
Hucre
Km, KT 1.2.2. . . Bi i . . i
M, KT Mizora, crinm, SyambHUMH ODIAN | ypo oo o IpUMIlIEHHS,
I'enepanbhe . . Mikpobionoriunuit BiJICYTHICTb IHITY
JIBEpi Ta BiKHA npuOHUpaHHs
pUOUpPaHHS KOHTPOJIb Ta Opyy
KYO<300/cm*
HYXT BTEK 04.01.30. JIITI13
3MH. | Jluct Ne noxym. Migmuc | Hara
Po3po6. Cepena A.B . JIiT. Apk. A i
P P Po30in 9. Konmponw — = A
Koncynprant | | 113 12
KepiBauk byuenko JI.M eup 06"”’”’!’”861
3as.kapenpu  [ITupor T.IT. Ka(be)lpa BETM




Ilpoooeocenns maba. 9.1

1 2 3 4 5
MuiiHuid po3uuH [lin sac
06J‘I&HH§HHH ’ Tepmome TPOBE/ICHHA £=40-50°C,
Kr 1.3.1. ’ pM 1:p omeparrii 7=130-40 xB,
TemIeparypa TeXHIYHUH,
MuTtTs 00N HaHHS 00po0KH, YUCTE
pobodoro TOIMHHUK . N
BI3yaJIbHUH OTJISA] o0nagHaHHs
PO3UYMHY, YHCTOTA .
ICJISL MUTTSI
Tuck
. BU3HAYAETHCS
I'epmeTnuHicTh Ge3MepEPBHO Mix
Kr1.3.3 poboTtu ManowmeTtp pepe
. N gac niepeBipka Ha | P = 0,07 MlIla,
Iepesipka oOagHaHHS, TeXHIYHUH, . _
o6aJHAHHS Ha TeMIepaTypa TepMOMETp FEPMETHHHICTD, © =20-30 x3,
. ypa, ’ Teperaj] TUCKY AP < 0,01 Mna
TepPMETUYHICTD THUCK, Yac, TOAMHHUK .
BH3HAYAOTh MiCII
nepenan THCKY
MPOBEICHHS
omepariii
Kt 1.3.4. Tuck
. OO6nanHaHHs, yac Manometp
Crepunizauis L S BU3HAYAETHCS t=1rogn,
. cTepuiizanii, TEXHIYHUH, .
(dbepMeHTaniitHoTO Oe3mepepBHO i P=0,15MIla
THUCK TOAMHHUK N
oOnaHaHHS yac cTeprutizaiii
Kt 2.1. IIpu
. Bucota 3abopy . _
3abip atmocdepHOro HOBITDA AnbTUMETp MPOEKTYBaHHI h=10wm
MOBITPA P OpUMIIEHb
IToBiTps Ha
TPA Masnomertp .
Kt 2.2. BUXO/ 3 GinpTpa N [Ticns ounctku o
.. TEeXHIYHHH, . ) . E =90 %,
I'py6e ouniieHHs rpy0oi ouuCTKH, : MOBITPst y GinbTpi .
. . . nepeBipKa CTyIeHS THUCK 3TiJHO
TIOBITPSI BiJ] MUY Ta CTYHiHb . rpy6oro
OUUILIEHHS 3T1THO MacIopTy
4aCcTOK OYHILCHHS, . OYHILECHHS
. nacmopry QinpTpa
nepenaj THCKiB
CrucHene .
. MasnomeTtp Ilicna P=10,35-0,5
Kt 2.3. MOBITPA, N
. TeXHIYHUH, KOMIIPECYBaHHs Mlla,
CTucHEHHS MOBITPs TeMmIeparypa, . 0
TEPMOMETP MOBITPS t=120-150°C
THUCK
OxonomxeHe Micns
Kt 2.4. OO Tepmometp
HOBITPSI, TICIS . OXOJIOPKEHHS o
OXO0JIOKSHHS . . TEXHIYHUH, . t=25°C,
. BUJAJICHHS 3aiBOi . MOBITpPS T N
MOBITPS Ta IICUXOMETPUYHUI L W =60 %
BOJIOTH BUJIaJICHHS 3aiBOT
BUJAJICHHS BOJIOTH METOA
TeMmneparypa BOJIOTH
Kr2.5.
Crabimnizaris Harpire noBiTps, Tepmomerp [Ticns HarpiBaHHS £ = 70-90 °C
TEPOMOAMHAMIYHUX TeMIeparypa TeXHIYHUH MOBITPS
MTOKa3HUKIB
Kt 2.6. [oBiTps HA MasnomeTtp [Ticnst ounctkn E =95%, tuck
OuuIIeHHS MOBITPS B BUXO/I 3 TEeXHIYHUH, MOBITPSL y 3T1IHO MACTIOPTY
TOJOBHOMY (iJbTpi TOJIOBHOTO nepeBipKa CTyneHs TOJIOBHOTO
¢binpTpa, CTymiHb | OYHILEHHS 3T1THO ¢inbTpa
OUMILICHHS, nacropry QiibTpa
repernaj THCKIB
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Ilpoooeocenns maba. 9.1

1 2 3 4 5
Kt 2.6. [ToBiTpst Ha ManowmeTtp [Ticns ounctkn E =95%,
OuwnIeHHs MOBITPS B BUXO/I 3 TEXHIYHHH, TOBITPA y THUCK 3T1IHO
TOJIOBHOMY (DUITBTPI TOJIOBHOTO mepeBipKa CTyIIeHs TOJIOBHOTO MactopTy
¢binpTpa, CTYyMiHb | OYHILEHHS 3T1THO ¢inpTpa
OYHIIEHHS, nacnopty ¢igpTpa
repenaj THCKiB
Kt 2.7. IoBiTps Ha Manometp ITig yac ouucTKH E =99,99 %,
OunnieHHs OBITPS B BUXO/I 3 TEXHIYHUH, MOBITPSL y THUCK 3TiJHO
IHIWBIAyaTbHOMY IHAMBITyaIbHOTO | TIepeBipKa CTYNeHs | 1HAWBIIyalbHOMY MactopTy
bimsTpi ¢binpTpa, CTYMHP | OYHINEHHS 3T1THO bimsTpi
OUMIIICHHS, nacrnopty ¢QinbTpa
riepenaj THCKiB
Kx Konmentpartis XiMIYHUH METOT Konnenrpariis C=6%
3.1.1.1,3.1.1.2,3.1.1.3 po3unny HCI BU3HAYAETHCSI
[purorysanus 6%- micist
ro pozuuny HCl s NPUTOTYBaHHS
M1AKUCICHHS pO3UUHY
CepeloBHIIA B
IHOKYJISITOpax
Kx, KT, Km 3.2.1.1, Twuck, gac Manowmertp, Tuck P=0,15MIla
32.1.2,3.2.1.3,3.2.14 cTepuIizarii, TFOJMHHUK, BU3HAYAETHCS 7=40 xB,
[MpuroTtyBaHHs i CTEPHIBHICTB, MiKpoOionoriyHui | Oe3nepepBHO Mmij BiZICYTHICTh
crepuiizanis 6%-ro KOHLIGHTpALlis KOHTpOJIb, yac cTepuiIizanii, CTOPOHHBOT
po3unny NaOH mnst po3UnHy XIMIYHHNA METO] | MIKpOOiOIOTiYHUH MiKpOOiOTH
Ty )KHEHHS ripokcumy 1 XIMiYHUH C=6%
MTO’KUBHOTO HATPIFO KOHTPOJIb TTCIIS
CepeIoBHINa B crepuizanii
IHOKyJIATOpax Ta
dbepmenTepi
Kx, KT, Km 3.2. Twuck, gac Manowmertp, Tuck P =0,05 MIla,
[TpurotyBaHHs i cTepuiizanii, TOJMHHUK, BU3HAYAETHCS =30 xB,
CTepuTizalis CTEPHIIBHICTB, MiKpOOioNIOTiYHME | Oe3nepepBHO i BiJICYTHICTh
i KUBITIOBATBHOTO KOHIICHTpAITisI KOHTPOJIb, Yac cTepuIizaii, CTOPOHHBOT
PO3UMHY TIIIOKO3W | PO3UMHY TIIIOKO3M | XIMIYHUH MEeTOl | MiKpOOiOIOTiuHUIA MIKpOOiOTH
1 XIMiYHUH C=40%
KOHTPOJIb TicCIs
crepuizanii
Kx, Kt, Km 3.3. Twuck, gac Manowmertp, Tuck P=0,15MIla
[MpuroTyBaHHA i cTepuITizanii, TOJUHHUK, BU3HAYA€THCS 7 =40 xB,
CTepuTizalis CTEpPIIIBHICTS, MiKpoOioNoriyHMi | Oe3nepepBHO i BiJICYTHICTh
HiKUBIIIOBATBHOTO | KOHLEHTPALis KOHTPOJIb, Jac cTepuii3anii, CTOPOHHBOT
PO3YUHY aMOHIO PO3UYMHY aMOHIIO XIMIYHHHA METOJl | MiKpOOiOJOTiuHMH MiKpOOi10TH
XJIOpUIY XJIOPUTY 1 XIMiYHUH C=40%
KOHTPOJIb TTCIIS
crepuizanii
Kx 3.4.1 .
[IpuroryBanus 3 M Konuenrpanis, Ho3zaropu o nouatky V=102
. MTOKa3HUKN C=3M
PO3YHUHY TiAPOKCUIY f03aTOpiB Hatuuku mporecy

HATPIIO
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Ilpoooeocenns maba. 9.1

1 2 3 4 5
Kx3.4.2
[IpuroryBanus Konuenrparris 3
P M P ’ Ho3zaropu Ho mouatky V=10 m
3 M pozunHy MTOKa3HUKH
. . Jatanku rporecy C=3M
XJIOpU 0T J103aTOPiB
KHUCJIOTH
Kr3.4.3
IIpuroryBanHs
. Mo nouatky o
Ta 30epiraHas Temneparypa Tepmomerp Hporec t=15°C
JUCTUIIBOBAHOI P Y
BOJIU
t=112 °C
Kt, Km . Tuck BU3HaYaETHCA ’
Komno3unin A . =30 xB,
4.1.1,42.1, Oe3nepepBHO i
Tuck, [NoguHHUK,MaHOMETD, L P=0,05
43.1,4.4.1 . . . N Jac CTeprIIizarii,
. | TeMmepartypa, 4ac, MiKpoOionoriuHui . . Lo MllIa,
[IpuroryBaHHs 1 . . MiKpOOi0JIOTIYHIIA . .
L BIJICYTHICTh KOHTPOJIb . BiJICYTHICTh
cTepuIIi3aris . . KOHTPOJIb TiCIs .
MiKpobioTH - CTOPOHHBOT
KOMITO3HLIIT A crepusanii . .
MiKpOOi10TH
THCK BU3HAYAETHCSA =131°C,
Kr, Km4.1.2,, Komno3uuist B R —— =40 XB,
42.2.432442 Tuck, l'oguHHUK, MaHOMETD, PCPBH P=0,15
. . . L Yac cTepuiizanii,
[IpuroryBanHsi1 | Temmeparypa, yac, MiKpoOiooriyHui . . S MIlIa,
Lo . . MiKpOOi0JIOTIYHUIA . ;
cTepuIiIi3arisa BiJICYTHICTh KOHTPOJIb . BiJICYTHICTh
. . KOHTPOJIb TTCIIS N
kommo3utiii B MiKpOOi0TH o CTOPOHHBO]
cTepuii3anii . .
MiKpOOi10TH
THCK BU3HAYAETHCS =131°C,
Kt, Km 4.1.3. Kommno3unia C . =40 XxB,
. Oe3mepepBHO i
IIpuroryBaHHs 1 Tuck, I'oguHHUK, MaHOMETD, S P=0,15
L . . Lo yac cTepuiIizanii,
crepuwisanis TeMIeparypa, 4ac, MiKpOOi0IOTiYHHH . . L MIllIa,
. i MiKpOOi0oIOTiYHIH . ;
xommnoszuii C y BiJICYTHICTh KOHTPOJITb . BiJICYTHICTh
. . KOHTPOJIb TiCIs .
Ko0ax MIKpOOioTH N CTOPOHHBOT
cTeputizarii . .
MIKpoOiOTH
Kx, K1, Km 4.5.1
o Temnepatypa Ta t=131°C,
IIpuroryBanHus .
. Komnosunia A ManomeTp, TOAMHHUK THUCK BU3HAYACTHCS P=0,15
Ta cTepUIi3awis Lo .
KoMIIO3HLT A Tuck, TexH1uyHu#, pH-meTp, Oe3nepepBHO i Mlla
5 TeMmIeparypa, yac, JaTYMK TeMIIepaTypH, Jac cTepuii3anii, T =40 xB,
- OgHI/I‘IOFO BiJICYTHICTh MiKpOO10JIOTIYHHH MiKpOOiOJIOTIYHUH | BiICYTHICTb
CII)/IHTe?, MiKpOOi10TH KOHTPOJIb KOHTPOJIb TicCIs CTOPOHHBOT
Yy crepuizanii MiKpoOi0TH
bepmenTepi
KyabsTypa A.
Kr, Km 5.1. faecalis, t=4°C,
[linTpumanHs WBaJIICTh MikpoOionoriyHuii | BiJICYTHICTh
P o P ’ XO0JIOAAITEHUK P Aacy .
KOJIEKL[1THOT TemIeparypa, KOHTPOJIb CTOPOHHBOT
KyJIbTypHu MikpoOionoriyna MiKpOOi10TH

YUCTOTAa




Ilpoooeocenns maba. 9.1

1 2 3 4 5
KyabsTypa A.
faecalis,
Mopdonoriuna = 3042 °C
Km 5.2. OJTHOPIHICTB, MikpoOioytoriyHuiA 4§ ’
. . . . Ly =48 10
OneprxaHHs BIJICYTHICTh Mikpobionorigyauit KOHTPOJIb Bi O
N . . IICYTHICTB
pobodoi CTOPOHHBOT KOHTPOJITb TIPOBOIATH KOXHI 8 ey .
. . CTOPOHHBOT
KYJIBTYpH MiKpo0ioTH, TOAMH . .
. . MiKpOOi10TH
BiJICYTHICTh
HEKOHTPOJIbOBAaHUX
MyTalii
Temmepatypa i
. N MIBUIKICTB
IMociBHuii
. obepraHHs t=30°C,
MarepiaJ, .
. KOHTPOJTIOIOTHCA 1 n=220
Kx, KT, Km 5.4. TPUBAIICTH . . .
TepMomeTp TeXHIYHHH, MiATPUMYIOTBCS 00/xB,
BupomryBanns BUPOIIyBaHHS,
TaxoOMeETp, aBTOMAaTHYHO Bech | T =48 rom,
KYJIBTYpH B TemIeparypa, . . L . :
. MiKpOOi0IOTiYHHH Yyac BUPOILYBaHHs, | BiACYTHICTBH
KoJ0ax Ha MIBUIKICTH . : -
. KOHTPOJIb MIiKpPOCKOIIiIOBaHHS | CTOPOHHBOI
KaJaJKax nepeMilryBaHHs, ) . .
. . . — KOHIi 8 TOIUH, | MiKpoOioTH,
MikpoOionoriyna .
KOHIIEHTpALIis
YHCTOTA. ) S
0loMacH B KIHII
KYJIbTUBYBaHHS
HociBunii Temmepatypa i t=3012 °C,
MarepiaJ, HIBHJKICTD =24 rog,m
TPUBATICTh oOepTaHHs =220
Kx. K. KM 5.5 BHPOLIYBaHHS, Hatunk pH, roqHHUK, KOHTPOJIIOIOTHC 1 00/xB,
BI/; OH’I BaHI-.IH‘ TeMIeparypa, TEPMOMETP TEXHIUHHH, HiATPUMYIOThCS P10 =0,02
nlz)ciB};Ioro yacToTa 00epTiB TEXHIYHUH TaXxoMeTp, aBTOMAaTHYHO BeCh | MIla, pH=-
MaTeDiay B MiIIaNKH, MaHOMETP, MIKPOCKOII, Yyac BUPOILLyBaHHS, 7,
{HOK pﬂﬂz ; HAJTATIIKOBHHA OEK, MIKPOCKOMIIOBaHHA | BiJICYTHICTh
06’€I\/BI/OM 2(}; i THCK, CIIEKTPO(POTOMETp,CENeK- | — KOXKHI 8 TOIUH Ta | CTOPOHHBOI
MikpoOionoriyna THBHA MeMOpaHHa BU3HAYEHHSA MiKpOOi10TH
YUCTOTA KYJIbTYPH, KOHIIEHTpaLii C (biom.)=
MophororiyHa JDKepea aMOHII0 11,940,62
BIJIIOBIAHICTE xopuay, biomacu r/n,
HociBanii
Mmarepiaj .
pia, Temneparypa 1 t=30x2 °C,
TPUBANICTh :
BUPOILyBaHHS HIBHIARICTS =24 Ton,0
Y ’ o0OepTaHHs =220
TeMIIeparypa, .
. Haruuk pH, ronnHHUK, KOHTPOJIOKTHCA 1 00/xB,
Kx, K, Km 5.6. 4acToTa 00epTiB . N .
. TEPMOMETP TEXHIUHHUH, M ATPUMYHOTBCS P12 =0,02
Bupourysanus MILIAJIKHY, . o '
: . TEXHIYHUH TaXOMeTp, aBTOMAaTHYHO Becb | MIla, pH=-
MOCIBHOTO HaJTATITIKOBHHA .
. MaHOMETP, MIKPOCKOIL, Yyac BUPOIILyBaHHS, 7,
Mmarepiaiy B THCK, . : . .
. . . . . OEK, MIKPOCKOIIIIOBAHHS | BiJICYyTHICTb
THOKYJIATOPI MiKkpoOionoriyna . .
, CIIEKTPOPOTOMETD,CENEK- | — KOXKHI 8 TOAMH Ta | CTOPOHHBOI
00’emom 160 1 | YMCTOTA KYJIBTYpH, . .
. THBHA MeMOpaHHa BU3HAUYCHHS MIKpOOiOTH
MopdooriyHa )
. . KOHIIEHTpAIIi1 C (biom.)=
BiJITIOBIIHICTh :
o~ aAMOHII0 XOpULY, 11,9140,62
OpraHi3MiB, .
. 6iomacu r/m,
KOHLIEHTpALlis

oiomacu




Ilpoooeorcenns maba. 9.1

1 2 3 4 5
HociBumii
MarepiaJ,
TPUBAIICTH Temrmepatypa i
BHUPOIIYBaHHS IIBUJIKICTh
POLLYBAIIA, A t= 3042 °C, 1=
TeMIleparypa, obepTaHHs 24
. . roj,m =
gacToTa 00epTiB KOHTPOJIOIOTHCS 1 >
Kx, K1, Km 5.7. . p Hatuuk pH, ronuHHuK, HTP 220 00/xB,
MIIITAJIKH, T i TPUMYIOThCS
BupomntyBanas N TEPMOMETP TEXHIUHUH, Paz.=0,02
. HaJJTAITIKOBHIHA L aBTOMAaTUYHO BECh :
MOCIBHOTO TEXHIYHUI TaXOMETP, MIlIa, pH=-7,
. THUCK, . 4ac BHPOIIYBaHHS, . .
Matepiany B . . . MaHOMETp, MIKPOCKOTII, . ) BIJICYTHICTh
. . MikpoOioyoriyHa MiKPOCKOITiFOBaHHS .
1HOKYJISITOP1 @®EK ,criektpooTomeTp, . CTOPOHHBOT
R YHUCTOTA — KOXHI 8 TOJUH Ta ) .
00’emom 1250 n1 CeJIeKTUBHAa MeMOpaHHa MiKpoOioTH
KYJBTYpH, BH3HAYCHHS .
C (b6iom.)=
KOHIIEHTpAIIil

MopdoJoTiyHa

JOKepeia aMOHI0

11,9£0,62 r/n,

BIIIIOBIAHICTH
OpraHi3MiB, xopuny, OiomMacu
KOHIICHTpAIlist
6iomacu
KyabTypanbHa Hatuuk pH pH Bu3Hau4aTH B t=30°C, 1=
pinuHa T'ognaHMK, OCTaHHI TOIUHHU 48 ron,
TpusamnicTb TEPMOMETP TEXHIUHUA, KYJIbTHBYBaHHS, o = 2000
KYJIbTUBYBaHHS, TaxoMeTp, TeMIeparypa i 06/xB, pH=17,
TeMIeparypa, MaHOMETD, IIBHIKICTE Pan=0,02
4acToTa 00epTiB MIKPOCKOTI, obepTaHHA MITa,
Kx. K. Kn 6.1 MIIIAJKH, cnekrpodorometp, PEK, KOHTPOJTIOIOTHCS 1 C (6iom.)=
P L HaJIMIIKOBHUI ceJIeKTHBHA MeEMOpaHHa M ATPUMYIOTECS
BrpoGHiriuii g THCK b aBTf)lMI;TI/I‘}IIHO BECh | [5£0.62 .
Olocunres KOHIICH ,a 1t Yac BUPOIIYBAaHHS,; C(Kyp/ﬂ')_72
Y depmentepi B rneu IOTI:B];T MIK OCII)COII-'I[-Ii}I]OBaHH;I .
06’eMoMm 12,5 YIJICHIO, a30Ty, POCKC BiZICYTHICTB
M3 KOHITHTpaI1l — KOXHI & TOOuH, CTOpOHHBOI
KIiTUH A. faecalis KOHITHTpAITis MiKpoGioTH
WX-C12 KypJJlaHy Ta
KypIJIaHy BU3HAYCHHS
YUCTOTA KOHIIEHTpaIlii
KYJIbTYPH, JpKepesia aMOoHit0
MopdoJoriuyHa Xopuiy, OiomacH.
BIIIIOBIIHICTH
Temmepatypa
Kx, Kt 7.1  eMriepatypa, B
KUIBKICTB JIyTY, Jatumk t=1rox
PosBenenns . N o
. 4ac mpoIieccy, lNonuaHuK [Tix gac mporecy t=15-25°C
KYJIBTYpaIbHOT ; B o
i KOHLIEHTpaIlisl Tepmometp C=40-45%
p PO3BEICHHS
Po3unn .
L JlaTumk n=18 000 xz
Kt 8.1 IIBUJKICTH . -
JIOYi0705050%08 [Tix gac mporecy T=15xB
CemnapyBaHHs o0epTaHHs, 9ac
TIPOIIeCCy
Po3uumn, T=4ron
KIJIBKICTB aTYNK H=6-7
Kx, KT 9.1 A . P °
KHUCJIOTH, Yac T'oguaHuK [Tix yac nporecy t=15°C
OcamxeHHs
npoueccy, pH-
piauHU
K192 Po3uum, HaTuux n=18 000 xs'
) MIBUIK.00€pT I'oguaHNK I1ix gac mpoitec t=15xB
CemnapyBaHHs A pT, A A porecy
9ac 1 MPOIIECCY
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IIpoooeoicenns maon.9.1

1 2 3 4 5
Kr 10.1
IIpomuBaHHs Temneparypa Tepmomerp i 9ac mpomecy = 15°C
JTMCTUIIHOBAHOIO BOAU
BOJIOIO
Kr 10.2 Cycniensis, . _
YnerpadinepyBaHHs I[izMeTp nop Iix wac mpouecy D=0.03 min
Kt 10.3
IIpomuBanHs Temnepatypa Tepmometp . _ co
JMCTUIIHOBAHOIO BOAU Iin Hac mponecy =15%C
BOJIOIO
Kr10.4 Cycnensis, . _
YnerpadinepyBaHHs z[i:MeTp mop Iip Hac mponecy D=0.03 mim
Kr 10.5 =15
IIpomuBaHHs Temneparypa Tepmomerp i 9ac mpomecy
JTUCTUIILOBAHOIO BOAU
BOJIOIO
D=0.03 mxm
Kt 10.6 Cycnensis, it vac nportec
VYnerpadinepyBaHHs JiameTp mop Y
Kt 10.7 Cycnensis, iz wac npottecy D=8-15 mMkm
®DinppyBaHHS JliaMeTp Top
Kpucramiunmii
roJricaxapu,
Temnepatypa
Yac npoueccy Tepmometp
Bwmict cyxux INoguunank
pEedIOBUH aHai3aTop t=100 °C
Kr1l1.1 o .
Bakyym-cymmibHa TeXHOJ'IOFILII—.Il BOJIOIOCTI iz wac nporecy =120 xB
BJIACTUBOCTI CrektpodoTomerp W=5%
mada KypAJIaHy Dyp’e L=4cm’
Peosoriuni TexcTomeTp
BJIACTHUBOCTI Peometp
KypJUTaHy
CrpykTypHuit
aHaJi3 Kyp/JiaHy
Kr11.2 Cyxuii Kyp/utan . B
JpoOinus JiameTp 4acTHHOK iz vac npouecy D=1,5 mm
Kr 12.1 Bogoricts
[TakyBanHs MPOJYKTY Amnanizatop Jo mouaTtky W=5%
MapKyBaHHS BizyansHuii BOJIOTOCTI poIIecy
BiJJBAHTAKECHHSI BUTJTISII
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9.2 MeToau KOHTPOJIIO 10(epeMeHTALIHHUX MPoOLECiB

VY1po10BK KyJbTUBYBAHHS KOXH1 8 roJl BiAOMPaIOTh MPOOU KyJIbTYypalbHOI PIAUHU
JUIsE  MIKpOOIOJIOTIYHOTO ~ Ta TEXHOJIOTIYHOTO KOHTPOJIIO, KWW BKIIOYAaE B celbe:
BU3HAYCHHS KOHLIEHTpaIli 010MacH, KIHIIEBOTO MPOAYKTY- Kyp/JlaHy, JyKepesl BYTJelio Ta
a3oTy.

9.2.1 Mikpo0io/10ir4Huii KOHTPOJIb

JlaHHUN BUJ KOHTPOJIIO 31MCHIOETHCS 3BUMAMHUM MOCIBOM KYJBTYpPaJbHOI PIIUHH,
Ky HeoOX1JHy B3ATU Ha IpoOy, Ha arapuszoBane cepenosumie LB B wammi [lerpi. Ilicns
yoro vamky [lerpi ButpumyroTh 1-2 mobum y Tepmoctati mpu temmeparypi 30-37 °C.
CBO€pPITHOIO TOYKOIO KOHTPOJIFO JAHHOTO METOJy — € MPUCYTHICTh Jwmie Alcaligenes
faecalis WX-C12 [47], Ta BiACYTHICTb KOJIOHIH 1HIIUX MIKPOOPTaHi3MiB.

Ao B X041 MPOBEACHHS MIKPOOIOJIOTIYHOTO KOHTPOJIIO BHSIBJICHA CTOPOHHS
MIKpOOioTa — TO MPOBOJATH PO3CIBAHHS O OKPEMHX 130JbOBAaHUX KOJIOHIM Ha TaKUX
arapm3oBaHUX cepenoBuiiax B yamkax [lerpi: - MIIA (24-48 rox npu temneparypi 37°C
st BusiBJIeHHs1 Oaktepiid); - CA (24-48 ron npu Temneparypi 30°C miis BUSABICHHS

rpuoiB).

Puc 9.1. Alcaligenes faecalis enekmponne mikpockoniroeanus [47].
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9.2.2 BuzHauyeHHs1 KOHUeHTpauii 0iomacu

biomacy BM3Ha4arOTh 32 ONTHUYHOIO T'YCTUHOIO KJIITUHHOI CYCHEH31i 3 HACTyIHHUM
nepepaxyHKoM Ha cyxy OioMacy 3a J0IOMOTrow KaiaiopyBaibHOro rpadika.biomacy
BU3HAYaM 3a gomnomororo crekropodromerpa (Hatch, Colorado, USA) mpu 660 am. Y
npoOipKu 13 9 MJI IUCTUIILOBAHOT BOAM BHOCSITH MO 1 MII KyJabTypaibHOI piiiHU. CyMiln
300BTYIOTh, MOTIM BHUMIPIOIOTh ONTHUYHY TycTHHY. Ilicis 1bOro ONTHYHY TyCTHHY
MHOaTh Ha ()aKTOp PO3BENEHHS, OTPUMaHI JaHI NEPepaxoBYIOTh 3a KaniOpyBaJbHUM
rpadikom [48].

9.2.3 BuzHaueHHs1 KOHIEHTPalil AMOHII0 XJIOPUIY

Cymb memoOdy: BUKOPHCTaHHA MEMOpPAHHOTO EJIEKTPOoAa 3 MEMOpPaHHUM CENEeKTUBHUM
10HOM aMoOHil0 JJi1 Bu3HaueHHs KoedimieHnTiB aktuBHOocTi NH4Cl. Sk enexrpon
MOPIBHSAHHSA BHKOPUCTOBYBAJIM HACHUYEHHMA XJIOPCPIOHMI €NeKTpoJ 3 MOJABIMHUM
COJIbOBUM MICTKOM, 3amoBHEHUM | M po3unHOM xjopuay Hatpito. Lle no3Bossie mpu
HEOOXITHOCTI TPUBAJIUN Yac BUTPUMYBATU €JEKTPOJl MOPIBHSIHHS B YK€ 3rajyBaHOMY
PO34KHI, BUKJIIOUYAI0YHU 3aBaXKAIOUHM BILJIUB 10HIB KaJIIO
Memoouka: BuzHaueHHs KOHIIEHTpallli aMOHi0 (a30Ty) B KyJbTypallbHUX piAuHaX. Y
CTaKaH4YMKaX €MHICTIO 50 MJI MOMIIIAKOTH 25 MII CTaHJAPTHOTO PO3YMHY MOJIb / J1 XJIOPUAY
aMoHito, 1o MictuTh 0,2 MOJb / 7 XJOpUIY JITIIO JJisi CTBOPEHHS BIAMOBITHOI 10HHOI
cwii. CTaBIATh CTaKaH HAa MAarHITHY MIIIAJIKY 1 OMYCKalOTh TYJU €IEKTPOJ MOPIBHSHHS
(HacuueHu XJIOPCPIOHUMN €JIEKTPOJ 3 MOJBIMHUM COJILOBUM MICTKOM, 3armoBHeHUM 1 M
PO3YMHOM XJIOPHUJY HATpPIIO) 1 IHIWKATOPHUN aMOHIW - ceneKTUBHUHM enektpon. Ilicms
nepeMinryBadHsi 1-2 xB 3anucyroTh ycranene 3HaueHHss EPC (El). Ilotim BBOASITH
amkBoTy 2,0 Mi BiAQIIBTPOBAHOI KYJIBTYpPaJbHOI PIAMHM 1 3aIIUCYIOTh Yepe3 2 XB CTale
3Ha4yeHHs noreHmany (E2).
Po3paxyHok koHUeHTparlii aMmoHiiiHOro a3oty CNH 4, Monb / 11, B KyJIbTYpaJIbHOI PIIUHU
MIPOBOJIATH 32 PIBHSHHSM:

I"h-'r.:' ¢ "'u"ir "-l"r_'

+ [E ,-E /K
Cnm a = Cem 1072 5077 ( V. ) - 'U'x]'
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9.2.4Bu3Ha4YeHHs KOHIEHTPALIl HiJIbOBOr0 MPOAYKTY €K30M0JIicaXapuay KypAJIaHy
Cymb memody: comoOimizamis Kypaiany B po3unHi NaOH ta ocamxennss 8 HCL. Jlana
METOJMKa JI03BOJISIE JIETKO BUAUIMTU €KXOMOJicaxapuja 3 KyJlbTypallbHOI PIAMHU 3a

JOTIOMOTO0 HOTO (PI3UKO-XIMIYHUM BIACTHBOCTSIM.

Jlana KynbpTypajibHa piAMHa Ma€ MIABUILEHY B'SI3KICTh, TaK SK KOHIEHTparlis
KypUlaHy B KyJAbTypanbHIN pimmai- 72 1/1. 32 Metomukoro 3 M NaOH ponaiots B
KyJAbTYpasibHy pifuHy y crhiBBigHomeHH1 1,8: 1 (NaOH: cepenoBuie. e nmotpidbHo s
TOTO, MO0 PO3YMHUTH KypJyutaH (comroOimizaiis Kypaiany). Jlami cymim neHTpudyryoTh
(18000 g, 30 xB) mns BigmineHas kiaituH. Jami 3 M HCl nomatote 10 cymepHaraHTy
(HamocamoBa piauHA, sSKa MICTUTh KypanaH) 1o pH 6-7. OcamxeHuit KypajiaH
uentpudyrytors (18000 g, 30 xB. BuaineHuid KypajaH MPOMHUBAIOTH JHCTHIBOBAHOIO
BOJIOIO BiJl cojieil Ta BUCYIIyIOoTh J0 moctiiiHoi Baru. . Konuentparito EIIC (Kgpe, 1/m)
PO3paxoByIOTh 3riIHO dhopmynu (5.1.)

Kenc = (@1 — ©p)/V)*1000
@, — nHaBaxka ¢uisrpa 3 ocagom EIIC, r;

®o — HaBaxkka QiIbTpa, T;

V — 00’eM KyabTypaibHOT piAuHH, 3 akoro ocampkyBanu EIIC, (mi) [48].

9.2.5 Bu3dHayeHHs KOHLIEHTPALil IJIIOKO3M 32 10IIOMOIr010 0ioceHCopiB

Cyms.: BU3HAUEHHS BMICTY TJIFOKO3M Yy BHHI 32 JONOMOTOK aMIIEPOMETPUUYHOIO
OloceHcopa Ha OCHOBI IJJATUHOBOTO JpPYyKOBaHOro  enektpoma SensLab  Ta
rimoko3ookcuaaszu ('O /).

Metonuka: BumipioBaHHS BMICTY TJIFOKO3M 3a JOIOMOTOI0 aMIIEPOMETPUYHOTO
0iocencopa mpoBoguian y 20 MM dochpatHomy OydepHomy pozuuni, pH 7,2, npu
KIMHATHIA TeMmmeparypl y BIIKPUTOMY 00’€Mi 3a 1HTEHCHBHOIO NEpeMillyBaHHS.
BusHaueHHs1 KOHIIEHTpaLil IJIIOKO3M 3JIHCHIOBANIM 32 JOTOMOTOK METOJY CTaHIapTHHUX
nonasanb. Jlyisi mpoBeseHHs aHaimizy npoOy po3oauiu y 250—-1 000 pazis. Ilicns
OTPUMAaHHS KOXHOTO BIATYKY CEHCOp BimMuBau OyhepHUM pPO3YMHOM IO cTadimizaiii

0a30BOr0 CUTHAIY.
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9.3 MeToau KOHTPOJIIO MicJiA (pepMEeHTANIIHOT0 BUPOOHUIITBA

9.3.1CTpyKTypHUI aHAJI3: MemO0 PaAMAHIBCHLKOI cCneKmMpPOoCKOnii

CranmapTHi 3pa3Kd Ta 3pa3K, SKi OTPUMAIM MPAKTUYHO aHaTI3yBalld METOIOM
iH(payepBoHOi crekTpockomii TpaHchopMmalli Pyp'e 3a H0MOMOrow 1H(PaUEpPBOHOTO
cnekrpomeTpa Dyp'e.

[TpuHuun ™MeToqy - y paMaHIBCbKIA CHEKTPOCKOMIl 3pa30K OMPOMIHIOETHCS
IHTEHCMBHUM MOHOXPOMATUYHUM CBITJIIOM (JKepesioM 3a3BHuaii € ja3ep). buibia yactuna
BUIIPOMIHIOBAHHS PO3CIIOETHCS 3pA3KOM 13 TIEI CaMOIO JOBXKHHOIO XBHII, IO W Majaroye
CBITJIO; LIeH MpOIeC BIJOMUN SIK PEJIEEBCHKE PO3CIAHHA ab0 MPY)KHE CBITIOPO3CISTHHSL.
Tinmeku 10°-10® wactka Bixm mamaroumx (hOTOHIB PO3CIIOETHCS BiJ 3pa3ka 3a JOBKHH
XBWJIb, 110 3CYHEHI MOPIBHSHO 13 JOBKHHOI XBHJII JKEpesia BUIPOMIHIOBAHHS; II€
pO3CISIHE CBITJIO BIJIOME SIK paMaHIBCbKE PO3CISIHHS a00 HEMpYXKHE CBITIOPO3CISHHS.
Pi3HuIi MK JTOBKHMHOIO XBHJII MMAQJal0Y0ro CBITJIA Ta JOBXHWHAMH XBHJIb PaMaHIBCHKOTO
PO3CISIHHS B1IOMI SIK paMaHIBChKI1 3CYBH 1 OB s13aH] 13 KOJIMBAaHHSIMH MOJIEKYJ 3pa3Ka.

SAxicHmii aHa i3 - TPOBOAATH NMPOOOMIATOTOBKY BHUIIPOOOBYBAHOI PEUYOBUHU Ta
CTaHJapPTHOTO 3pa3Ka 3a OJHAKOBOIO METOIMKOIO 1 3alKCYIOTh IXHI CIIEKTPH 33 OJTHAKOBUX
YMOB po0OTHM mnpuiagy. MakCUMymMH B CHEKTpl, OAEpNKAaHOMY Jisi BUIPOOOBYBaHOI
PEUYOBHUHU, MAIOTh BIAMOBIJATH 3a TOJNOXKEHHSM Ta 32 BIJHOCHOI 1HTEHCHBHICTIO
BIINOBITHUM MAaKCUMyMaM y CIEKTP1, OFCP>KaHOMY JJIsl CTAHJAPTHOTO 3pa3Ka.

KinbkicHuii anaui3 - norpedye npoBeAeHHST BUMIPIOBAHb CTAHIAPTHOTO 3pa3Kka Ta
BUIPOOOBYBAHOI PEYOBUHU 32 OJJHAKOBOI IHTEHCUBHOCTI Ta 4aCcTOTH Jiazepa. [lepeBipstoTh,
00 BUMIPIOBAHHS BHUIPOOOBYBAaHOI PEUYOBMHU MPOBOAMIUCH Yy TaKOMy CaMOMY
G13uYHOMY CTaH1 (HalpUKJIIaJ, PiAMHA, TBEpJAa PEUOBUHA) Ta Jiama3oHi KOHIEHTpAIlH, 1110
1 BUMIpIOBaHHS CTaHIAPTHOTO 3pa3Ka, BAKOPUCTOBYBAHOTO IS KalliOpyBaHHS.

IIpoBenenHs anasmizy:

IIpoboniocomoska - paMaHiBChbKI CIIEKTPU MOXKYTh OyTH oJiepkKaHi JIJIsl TBEPAUX PEUOBHH,
piavH 1 rasiB, 3a3BUuail 0e3 momnepeaHboi 00poOku abo po3urHEeHHS 3paska. [IpoBomsaTh

KaJiOpyBaHHs Ta TECTyBaHHS EKCIUTyaTal[liHUX XapaKTEpPUCTUK CHUCTEMH BiJIMOBIAHO 10
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IHCTpYKUIA BUpoOHMKA. KamiOpyBaHHA MmIKamu XBWIbOBUX uyucen cucrem ODyp’e-
NEPETBOPEHHS 31HCHIOETHCS 3a JOMOMOT0I0 BHYTPILTHBOTO J1a3epa.

IIposedenns sumiprosans - MKaly XBHIBOBUX YHCE paMaHIBChKUX 3CYBIB MEPEBIPSIOTH 13
BUKOPUCTAHHSAM TMIJIXOKUX CTaHAAPTIB, AKI MalOTh XapaKTEPUCTHUHI MAKCUMyMHU 3a
JTOCIPKYBaHUX 3HAUYCHb XBHJILOBUX 4ucel. BuOupawTh Sk MiHIMYM 3 3HaY€HHs 3CYBIB
XBWJIBOBUX YHUCEN, SKi TEPEeKpHUBAaIOTh pPOOOYMI Jiama3oH, IO IUIAHYETHCS 10
BuUMipioBaHHs. CTaHIapTHUHN 3pa30K KypAJaHy Ma€ 3CYyB XBHJIbOBUX YHCET B MeXkax 4 cM
' Kpurepii mpuiiHATHOCTI MOXKYTb 3MIHIOBAaTHCS B Meskax + 10 % a6o menme [48].

TexHosoriYHMii Ta peoJIOriYHMI aHAJII3

Texnonociynuit ananiz - BUNPOOOBYBAHUI 3pa30K  MEPEMINIYIOTh 3a JOMOMOTOIO
MarHiTHOI MIIITIAJIKA JI0 JOCSITHEHHS OJHOPIIHOI auctiepcii. Jlucnepcii HarpiBamu mpu 95 °©
C /1 ron nis OLIHKU 3[JaTHOCTI /10 Te€JE€yTBOPEHHS. 3pa30K MOPIBHIOBAIM 31 CTaHAAPTHUM
3pa3KOM.
Peonoziunuit ananiz - BUNPOOOBYBAHUI 3pa30K TOTYBAJIM y TPhOX KOHIEHTpaisax: 20 /i
, 40 /1 1 80 r/n y Bomi. Kypayian po3uuHssid 3a JIOMOMOTOI MIIIaJIKKA MPU KIMHATHIN
TEeMIlepaTypi MPOTArOM 5 XB. 3pa3Kd aHai3yBalldi B PEOMETPl 3 KOHTPOIHOBAHUM
HABAHTAKCHHSM.

JIJ1st OLIHKY MIIHOCTI TeJI0 3pa30K y KoHIleHTpalli 20 r/1 BUTpUMYBaJIM Ha BOJISHIM
6ani ipu 61 ° C - 1 rox st mpuroTyBaHHs TEPMO3BOpOTHROTOTENI0 Ta pu 95 ° C - 1 rox
JUISi  TPUTOTYBAaHHSI TEPMOHE3BOPOTHHOTO Tet0. MIIHICTh TeliB  OIIHIOBAIU Y

TEKCTOMETP1, BUKOPUCTOBYIOUH 36-MM 30H/ 7151 aHATI3y KomIpecii [48].
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Po3ais 10. ABTomaTu3anis JijiIiHKM BUPOOHMITBA

ABTOMaTH3aIlil — OJWH 13 HaAmpsAMIB HAYKOBO-TEXHIYHOTO IIPOTpeECy,
3aCTOCYBaHHS CaMOPETYJIOIOYUX TEXHIYHUX 3ac00iB, €KOHOMIKO-MaTEeMaTHIHHIX
METO/IB 1 CHCTeMaM YIPaBJIiHHSA, SKi 3BUIBHSAIOTH JIOJMHY BiJl y9acTi y mporecax
OTpUMaHHs, IEPETBOPEHHSI, TIepeaaydl i BUKOPUCTaHHS, MaTepialliB 4 1H(popMariii,
K1 3MEHIIYIOTh CTYIIHB L€l y4acTl YU TPYAOEMKOCTI BUKOHYBaHHX OMEpPALliid.
[ToTpebye m101aTKOBOIO 3aCTOCYBaHHS JIaTYMKIB (CEHCOPIB), IPUCTPOIB BBEACHHS,
YIOPABISIIOYUX MPUCTPOIB (KOHTPOJEPIB), BUKOHABYMX MPHUCTPOIB, IPHUCTPOIB
BUBEJICHHS, BUKOPUCTOBYIOTh E€JIEKTPOHHY TEXHIKY W METOIU OOYMCIICHb, 1HOII
KOIIIOIOTh HEPBOBI 1 MuUcIeHHEBI ¢yHKUii moguHu. [lopyd 13 TepMiHOM
ABTOMATUYHHM, BUKOPHCTOBYETHCS ITOHSATTS aBTOMATH30BaHWH, HAa HE BEJHKY
CTYIIHb YYacTl JIOJUHU M1 9ac poOOTH aBTOMATU3YIOTHCS: BUPOOHUYI MPOIIECH;
MIPOEKTYBaHHS; OpraHizailisi, IIaHyBaHHA 1 YIPABIIHHS; O13HEC-TIPOIIECH.

Mera aBTOMaTH3alii — MIJBUILIEHHS TPOJYKTUBHOCTI Mpalli, MOJIMIIECHHS
SAKOCT1 MPOIYKINi, ONTUMI3allisl yIPaBIiHHS, YCYHEHHS JIIOJUHU BiJl BUPOOHUIITB,
MIJBUIIICHHS HAAIHHOCTI 1 TOYHOCTI BUPOOHUIITBA, 301IBIIIEHHS KOHBEPTOBAHOCTI 1
3MEHILIEHHS Yacy OOpOOKH JTaHUX.

ABTOMaTH3aIls, KpiM HaWMPOCTIINIMX BUMAAKIB, BUMAara€ KOMILUIEKCHOTO,
MIJX0AY J0 BUPILIEHHS 3aBJaHHS, TOMY PIIICHHS 3aBJaHb, K 1 aBTOMATHU3aIlil0
3aB/IaHb 3a3BUYA HA3UBAIOTHCSI CUCTEMAMU, HATTPUKIIA:

cucteMma aBTroMatuyHoro yrpaniinas (CAY);

cucteMa apromaTu3zaiii npoekTHux pooit (CAIIP);

aBTOMATU30BaHA CHCTEMa YMPABIIHHSA TEXHOJOTiYHUM mporiecom (ACY

TII).
HYXT BTEK 04.01.30. IIT I13
3mH. | Jlucr Ne oxym. [Migmuc | Hata
Po3po6. Cepena A.B . . JliT. Apk. Apkymis
Po3zoin 10. Asmomamuszauis
Koucynsrant | Kymmenxo OM [ | 125 9
Kepisinx | Bymenxo JLM BUPOOHUYMEA
3as.kadenpu  |TTupor T.IT. Kacbez[pa bTM




ABTOMAaTH3AIlisl TEXHOJOTIYHOTO MPOIECY — CYKYMHICTh METO/IIB 1 KOIITIB,
npu3HaueHa Ui peaizamii CHUCTEeMH 4YHM CHUCTEM, JI03BOJISIIOTH 3I1HCHIOBATH
YIpaBJIiHHS CaMUM TEXHOJIOTTYHHMM IpoIecoM 6€3 0COOMCTOl yuacTi T UHU, a00
3aJUIIECHHS 3a JIIOJUHOIO MpaBa 3aTBEPAKEHHS HAaHOUIbII BIMOBIIaJIbHUX PIIICHb.
OcHoBa aBTOMaTM3allli TEXHOJIOTIYHUX TIPOIECIB — 1€ MEePepO3nOII
MaTepiaJibHUX, CEHEePreTHYHUX Ta 1H(OpMalIMHUX TIOTOKIB BIJAMOBIIHO JI0
NPUMHATAM KPUTEPIEM YIIPaBIiHHS (ONTUMAaIbHOCTI).

OCHOBHUMH LUJIIMH aBTOMAaTH3allli TEXHOJIOTTYHHUX TIPOIIECIB €:

- [linBumeHHs: €heKTHBHOCTI BUPOOHUIOTO MPOIIECY.

- [IimBuIIeHHS O€3MIEKH.

- [TigBUIIEHHS €KOJIOTTYHOCTI.

ABTOMaTH3aIlisl TEXHOJIOTIYHUX MPOLECIB Yy MeXax OJHOTO BUPOOHUYOIO
MPOILIECY J03BOJISIE OPraHi3yBaTH OCHOBY Ha BIIPOBAKEHHS CHUCTEM YIIPABIIHHS
BUPOOHUIITBOM 1 SIK 1 CUCTEMaM YTMPABIIIHHS MANPUEMCTBOM.

10.1 Onuc anapaTypHO-TeXHOJIOTiYHOI CXeMH aBTOMATH3AIlL

[Tporec GiocuHTE3y KypiaHy OyJie MpoxoauTh y pepmerTepi 06’emom 12.5
M>  skmii i OyJde aBTOMATH30BaHO B iHJMBiTyanbHOMY 3aBJaHHI. TexHiuHe
3aBJAaHHS JUISI CTBOPCHHS CXEMHM aBTOMATH3aIii Yy BHUIVISAl ITOKa3HHKIB SKI
HEOOX1THO KOHTPOJIIOBAaTH HaBeAeHO B Taom. 10.1.

[Ticnst mporecy 010CUHTE3y HEOOX1THO BUAUIMTH €K30MO0Jicaxapu KypiaH
3  KyJIbTypaJIbHOi piguHu. JlJIS 1bOTO  BUKOPUCTOBYIOTH METOJ OCAJKEHHS
XJOpUAHOW  Kucinororo. Ilpouec ocamkeHHd BinOyBaeTbCs B PEAKTOPI,
OCHAIIIECHOMY COPOYKOIO JIJIi OXOJO/PKCHHS Ta HarpiBaHHS, MIIIAJIKOK Ta
JaTYMKaMH, 110 BKa3ylOTh Ha piBeHb piauHu. [Ipoliec ocamkeHHS TpUBae Mpu
temrepatypi 20°C mnpotsarom 3-4 roJ 3 HOCTIMHO BIMKHYTO Mimankow (150
00/xB). Temmeparypy perya0eMo 3a JOIOMOTOI0 COpPOYKHM, BCTAHOBJIEHOI Ha
peakrtopi. Ilicas mporecy ocampkeHHs eK30moJlicaxapua KypJjiaH HaIXOJuTh Ha
cemapailiro, a Jaji Ha TPhOXKpaTHE MPOMHUBAHHS JUCTHJIHOBAHOIO BOJIOIO Ta
¢biabTpanio Ha HYTY-QUIBTP1, 1 MOAAJbIIE BUCYUIYBAHHS Y BaKyyM- CYIIMJIbHIN
ycTaHoBIi. OTpuMaHuil KiHIEBUM poayKT gacyroTs B naketu no 1,10,100 kr
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10.2. 3aBaaHHs HA pO3pOOKY CXeMH aBTOMAaTH3aLil

Tabnuys 10.1

Ne | Mammua, | Ilapametp, Honycrume Bun Xapakrep 3acoomn
anmapar Micue 3HAYEHHS aBTOMaTHU3auii KOHTPOJII0 yIpaBJIiHHS
BiI0Opy napamMerpy yIpaBJIiHHS Ta
CUTHAJY KOHTPOJII0,
peaJiizauis
ynpas-
JIAK0Y0I Ail
1 | ®epmentep | Temneparypa | 35+2°C Kontposns, MoHniTopuHT KepyBanus
KP peryJroBaHHs aHaJI0rOBUM
MTHEBMAaTUYH
UM KJIallaHOM
(momaya BoM
Yy COPOUKY)
ObGeptH 2000 o6/xB Kontpons, [Tokaszu KepyBanns
nepeMilryroy yIIpaBIIiHHS JBUTYHOM
oro (mucKpeTHE)
IIPUCTPOIO
pH 7,0 KonTposb MoHiTopuHT KepyBanns
aHaJIOTOBUM
MTHEBMAaTUYH
UM KJIallaHOM
(momaua
HaTpii
T1IPOKCHU]TY)
Konu-pamis | Konu-aris Kontpouss, Mosnitopusr KepyBanns
KHCHIO PO3UMHEHOTO | peryJitOBaHHs aHaJIOTOBUM
KHCHIO Ha [TinTpumaHHs Ha THEBMATHYH
piBHI BUIIE 3a/1aHOMY UM KJIaIIaHOM
50% 3HAYCHHI (momada
Curnamnizariis npu CTHUCHEHOTO
3HAYHOMY OYUIIIEHOT O
BIJIXUJICHHI1 HOBITPST)
(cBiTIIOBA)
PiBenb minu | 3ajaHuit Kontpouss, Peectparis KepyBanns
piBEHb pEryJItOBaHHS Curnanizamiss | JBUTYHOM
MHOTaCHUKA
(nuckpeTHe)
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IIpoooeoicenns mabauyi 10.1

Ne | Mamuna, IHapameTp, JomycTtume Bun Xapakrep 3acoom
amapar Micie 3HAYEHHSH aBTOMAaTH3AILl KOHTPOJII0 ynpaBJIiHHS
Bi0Opy napamMerpy yIpaBJIiHHS Ta
CUTHAITY KOHTPOJII0,
peaJizanis
yHpaBJsilod
oi aii
2 PeaxTop Temnepatypa (20£1)°C PerymoBanus [TinTpuMka Ha APM
TUISE 3aJlaHOMY orepaTopa
OCaI>KEHHS 3HAYCHHI
PiBenb 0,7+ 0,005 YrpaniHHs JucraHiiiine APM
MO>KUBHOTO orepaTopa
cepeoBHINa Brnus Ha
1o1aqy BOJIA
y 301pHUK
KinbKicTb 220 06/xB KonTpo:s KepyBanus
00epTiB JBUTYHOM
MIIIAJIKH PerymroBanus (muckpeTHe)
Curnamsarist
3BYKOBa
[TinTpumka Ha
3aJIaHOMY
3HAYCHHI
Konm-partis Konu-amis KoHntpoub, MoHiTopHuHT KepyBanns
KHCHIO PO3YHHEHOTO pEryIIIOBaHHS AHAJIOTOBUM
KHCHIO Ha [TinTpumaHHs Ha MTHEBMAaTHUYH
PiBHI BUIIIE 3alaHOMY UM KJIaIIaHOM
50% 3HAYCHHI (momava
Curnanizanis npu CTHCHEHOT'O
3HAYHOMY OUYHUIIECHOTO
BIJIXMJICHHI MOBITPST)
(cBiTIIOBA)
PiBenp ninu 3anaHuit KonTpons, Peectpanis, KepyBanns
piBEHb peryiatoBaHHs Curnanizariis JBUTYHOM
MHOTaCHUKA
(IuckpeTHe)
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10.3. Bu0ip 3aco0iB aBTOMaTH3auil Ta onKMc PyHKUIOHATBHOI CXeMH
aBTOMATH3aNil

biocunme3s kyponany y chepmenmepi:

KonTyp 1. PiBeHb nmiHU B 1HOKYJISITOP1 BUMIPIOETHCS €EMHICHUM JaTYUKOM 3
eJIeKTporiepeaadoro curHany (mo3. la). JlMCkpeTHM#l curHan BiJg JaT4yuKa
nonaerbess Ha [IJIK 1 mpuBoauTh y [0 BUKOHYIOYMH MeEXaHI3M — JBUTYH
niHoracanka M (mo3. KM1). VHidikoBanuit curnan 1o BM HagxonuTh 3 maHeni
KepyBaHHs (1103. 10).

Kountyp 2. Ilokaznuk pH HeoOximHO ¢ikcyBaTu SK MiA 4ac MPOLECY
OloCHMHTE3Yy TaK 1 MpH 3MIMCHEHHI JIOMOMDKHHUX POOIT (CTepuiizailii MOXUBHOTO
cepenoBuiia). 3HaueHHd pH BUMIPIOETbCS TEPBUHHUM IE€PETBOPIOBAYEM
(moteHIioMeTpuyHUM AaTunkoM pH-merpa) (mmo3. 2a). AHaIOTOBHIl CUTHAJ BiJl
natyrka nogaerbes Ha [LJIK meperBoprorouncs y nudposuii. [Ipy BiaxXuiaeHHSIX
3HaueHHd pH mojaya Jyry aBTOMAaTHYHO JO3YEThCS PETYNIOIOUYMM OPraHOM —
aHAJIOTOBOIO 3acCiiHKOW. (103. 211), 10 MNPUBOAUTHCA B JiI0 3a JOMOMOTOIO
MEMOpaHHOTO BHKOHABYOTO MeXaHi3My (103. 2r). YHiikoBaHUI MHEBMATHUYHUN
curHan 10 BM HaaxomuTh 3 €JNEKTPO-IMHEBMOIIEPETBOpIOBada (mMo3. 2B).
[TapanensHo mani ¢ikcytorbes Ha [IK 1 pu 3HaYHUX BIAXUIEHHSAX CUTHAIIZYIOThH
orepaTopa (TEXHOJIO0Ta) AJisl MOAAJBIITUX TEXHOJIOTTYHHUX JiH.

Kontyp 3. IlokazHUK BMICTY pO3YMHEHOTO KUCHIO Y KYJbTYpaJIbHIN piAUHI
BUMIPIOETHCS PIAMHHUM Ta3oaHaiizaTopoM (1o3. 3a). AHaIOroBUW CHUTHAT BIJ
naturka noaaerbcsi Ha MIIK neperBoprorouncs y HU(ppoOBHii, 1 B 3aJIEKHOCTI BiJl
IHTEHCUBHOCTI CIOKMBAaHHS KMCHIO MIKPOOpraHi3MaMH, aBTOMaTUYHO JO3Y€EThCS
rmojiaya aepaiiiHoro TMOBITPS Tapu B IHOKYJSATOP PETYJIIOIOYUM OpPraHOM —
aHAJIOTOBOIO 3aciiHKO0 (T03. 31), MO0 MPUBOAUTHCS B A0 3a JIOMOMOIOKO
MEMOpaHHOTO BHKOHABYOTO MexaHi3My (103. 3T). YHidikoBaHUN MHEBMAaTUYHUN
curHai 10 BM HagxoauTh 3 eeKTpo-ITHeBMOIIepeTBOpIoBaya (1o3. 3B).

Kontyp 4. Temneparypa KyJabTypajdbHOI PIIMHUA BUMIPIOETHCS MMOCTIHHO 3a
JIONIOMOTOI0 TEPMOEJIEKTPUYHOTO MepeTBOproBada (Tepmonapu) (mo3. 4a). Curnan

BIJl TEPMOJATYUKA Yy BUIJISAl BenuuuHU TepMoenekTpopyuiinoi cunu (TEPC)
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HAJXOIUTh JI0 HOPMYIOUOTO TiepeTBoproBava (T03. 40) 1 MEepeTBOPIOETHCA B
yHipikoBaHu# enextpuuHuil curnan. Octanniil iine no I1JIK, xoHBepryeThCs y
nudpoBuit. Ilpu BiAXuIEeHHAX TeMmmepaTypu (€K30TepMIUHHMM Mpolec) IMojaya
BOJAM TEXHIYHOI XOJIOHOI B COpPOUYKY I1HOKYJSITOpa aBTOMATHYHO J03y€ThCS
BUKOHABYMM MeXaHi3MOM — HacocoM M (mo3. KM2). VHiikoBaHuii enexTpuuHui
curdai 7o BM Haaxoauts 3 enekTpornepeTBoproBaya (1mos. 48).

PeryioBanHsi mepeMilnyr4oro mnpuctpow. [Ipy HaTUCKaHHI KHOMKH
«IIyck» Ha moTopi M (mo3. KM3) BinOyBaeThcsi mepeMilTyBaHHsS KyJIbTypaabHOT
piAMHYU B amapari i3 3aJJaHOI0 4acTOTOI 00epTiB. KepyBaHHS MOXHA 3M1MCHIOBATH
AK TO MICII0O 3a JOMOMOIrOI0 KJIoYa KepyBaHHS Tak 1 Ha ImuTi (TaHelb
JUCTAHIIAHOTO PYYHOTO KEPYBaHHS).

Ocaooicenna Kyponamy 6 30ipHUKy:

[Ipu ocamkeHHI KypaJlaHy B PEaKTOpl KOHTPOJIOETHCA TeMIeparypa
ocajkeHHs. Temneparypy BUMIPIOIOTH KOHTYPOM 5, IIO MICTUTh MHEBMAaTUYHUMN
pEeryNIoIUMii  KJIamaH, SKHA Tparioe B KOMIUIGKTI 3  €JIEKTPO-TTHEBMO
nepeTBoproBayam. Takosk, BAXKJIIMBUM MTOKA3HUKOM KOHTPOJIO OCAPKEHHS € PIBEHb
piauHu, kUi He Mae nepeBulyBatu 80%. [TpuHimn nii gatTdyvka piBHs: 5a — npu
pyci BHUMIPIOBAHOI PEUYOBMHU 3HM3Yy Bropy INpH JOCSTHEHHI JaTyuka Bipu
JOCSITHEHH1 JIaTYMKa BIH ABTOMAaTHYHO 3aMHUKA€THCS Ta TIOCUJIAE CUTHAT Ha
KoHTposiep. Konu pinguHa OMYyCKAEThCS JAaTUYUK PO3MHUKAEThCS. BMukaHHs 1
BUMHKAHHS TTPOBOJIUTHCS aBTOMATUYHO.

3a JOMOMOrOK JaT4YMKy PIBHA KOHTPOJIOIOTh Ta PEryliol0Th PIBEHb
KyJIbTYpalIbHOI PITUHU Ta XJOPUIHOI KUCJIOTH B PEAKTOPi 3 BUKOPUCTAHHSIM

€JIEKTPOMAarHiTHUX KJIaraHiB.
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10.4 Cnenudikaniss Ha NpUJIAAU Ta 32c00M ABTOMATH3AIIIL

Tabnuusl(.2

IMo3nnis

IMapameTp

Micue
YCTaHOBKH

HaiimenyBanHst
XapaKTepHCTUKA NPUIaLy

Tun
Moaeai

3aBox

BUI'0TOBJIOBa4

—

4

la

PiBensb

ITo miciro

€MHICHHH JATYUK IS
0E3KOHTAKTHOTO KOHTPOJIIO
MOJIOKEHHS IPEIMETIB,
BUT'OTOBJICHHX 3
€JIEKTPOIPOBIAHUX 1 HE
CJICKTPOTIPOBITHUX
MarepiaiiB, BIICTaHb
crpaiboByBaHHs 10 — 4...25
MM, MaKCHMMajabHa yactora 50
', BUXij - TUCKPETHUI

EC3025
PPAPL

Carlo Gavazzi

16

PiBensb

ITo micuro

brnok py4HOTO YrnpaBiiHHS
IMITyJIbCHUMU BUKOHABYHMH
MeXaHi3MaMH, BX1I —
IMITYJIbCHUHN, BUX1]T —
IMIYJIbCHUH, TTepexin
pY4YHUII/aBTOMAaTUYHHI PEXKUM

bPVY5

TOB «Mikpom»

Ykpaina

KM1

Pisenn

ITo micuro

MarniTHuii Iyckad, poooumii
CTpyM — 7 A, IOTYXHICTb
nBuryHa — 3 kB,
ynpasisitounil curtan — 220 B

3RT2015-
1APO1

SIEMENS

2a

pH

B arperari

pH enexrpomu, MaTepian —
CKJIO, MJIACTHUK, A1ana3oH
BuMiproBanb pH 1...12,
MaKcUMaJlbHa TeMIepaTypa —
1o 80 rpamyciB C,
MaKCUMAaJIbHO JOMyCTUMHMA
THUCK — 6 O6ap

APS

Kobold

26

pH

ITo micro

[TepeTBOproBaY BUMipIOBaHHS
pH 1 ok1MCHO-BITHOBHOTO
MOTEHIialy, aHaJIOTOBUI

BUXI1J

APM-Z

Kobold

2B

pH

Ha i

EnexrponHeBMaTuyHui
MIepEeTBOPIOBAY, BUXITHUI
curdai — 4...20 MA, BUX1THUH
curdai 20...100 xIla

2713-WP

Dwyer
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IIpooosocenns madbauyi 10.2

4

5

6

3a

Po3unnennuit
KHUCEHD

B
arperari

[IpomuciioBuit
€KCTPaKTUBHUM
ra3oaHaiizarop 3-x
koMmmnoHeHTHuM, CO —
0...250 mr/m’, CO, —
0...400 mr/m’, SO, —
0...400 mr/m’

ULTRA-
MAT 23

SIEMENS

36

Po3unnennni
KUCEHD

MICLIIO

[TeperBoproBau
BuMiproBanHs O,
AHAJIOTOBUHU BUXIJ

ULTRA-
MAT 23

SIEMENS

3B

Po3unnennni
KUCEHD

Ha muri

EnexrponneBMaTnuHmuit
MIePETBOPIOBAY, BUX1THHMA
curHain —4...20 MA,
BuxigHui curaai 20...100
klla

2713-WP

Dwyer

3r

Po3unHennuit
KHUCEHb

MICIIFO

MemOpanuuit
BUKOHABYMH MEXaHi3M
psIMOi i1 st
yIIpaBJIiHHS KPaHAMH Ta
3acIIHKaMu,
YIPaBJISFOYUI CUTHAT —
20...100 xIla, kpyTsumii
MoMeHT — 5...30 am/06ap,
KyT noBopoty — 90°

KUP

Kobold

4a

Temneparypa
KP

B
arperari

TepmoenekTpuuHi
NepeTBOPIOBaYi
(Tepmornapu), Marepiai—
JaTyHb, TPAJIyIOBAIbHA
XapaKTepUCTHKA XPOMEIb-
konens (K), nianason
BHUMIPIOBaHb: —
50...+1100°C, knac
touyHocTi — 1,0.

1-3, TXA (K)

ITAO «Tepa»
VYkpaina

)

Temneparypa
KP

Ha wuri

VYHiBepcanbHUMA
HOPMYIOUHH
NepeTBOprOBay JIst
BCTaHOBJICHHS B IIKag
YIpPaBIiHHSA, BUX1THAN
CUTHAJI TEpPMOMETpaA
OTOpY/TepMONIapH,
BUX1gHUN curHail —4...20
MA, Harpyra >KUBJICHHS --
=24B

HIIT1

OBeH

4B

Temneparypa
KP

Ha wuuri

[TepetrBoproBau yacToTu
cepii Altivar6l,
notyxHicts — 45 KB,
MaKCUMAaJIbHUH CTPYM —
94 A

ATVe6l
HD45N4

Schneider
Electric
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[TynbT ynpaBiaiHHs

Ar Temmneparypa }'Io NEPETBOPIOBAYEM VW3A1101 Schnelqer
KP MICITFO 4acTOTH, TpadiaHmit Electric
TepMiHaI
MarsiTHu# myckad,
obouwnii ctpym — 7 A
Temneparypa ITo P . ’ 3RT2015-
KM2 KP MicItio NOTYXHICT IBATYHA — 3 1APO1 SIEMENS
kBT, ynpasisrounii
curHain — 220 B
Jatuuk
TEPMOIEPETBOPIOBAY
TCII, HCX-Pt100,
Mo | 0By ; TCM0193-01 | “TermonpuGop”

Sa Temmnepatypa . aiano3oH (0 — 100)°C, 3 i Yenst

MICIVIO yHi(. Bux. curnain 4...20 M. HCIADMHCK

MA
‘ Io . KOHTaKTH‘I/II/I JaTYUK SITRANS L JTIT “Cinvenc

560 PiBensn . piBHs, 3 Buxigaum curnan | Pointek CLS v e .

MICITIO . VYkpaina” m.Kuis

110 Harpysi 200
K 3 ObeptH Ho YacToTHHI ITIEpETBOPOBAY Altivar 71 CB AJ'IB:Fepa
MICITIO M.Kuis
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OIITUMISALIIA METOAUKHU BUSHAYEHHSA BMICTY
I''I1lOKO3X Y BUHOMATEPIAJII EHSUMHUM
AMITEPOMETPUYHUM BIOCEHCOPOM

"THCTUTYT MOJIEeKyAsApHOI 6iosorii i renetuku HAH Ykpainu, Kuis
*KuiBcbKUU HallioHAJIbHUY yHiBepcuteT imeHi Tapaca Illesuenka, Kuis
*HamioHaapHUN iIHCTUTYT BUHOTPaAy Ta BuHa «Marapau», flara
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E-mail: tatiana_goryushkina@yahoo.com

BigmparboBano MeTOAUKY BU3HAUEHHS BMICTY TVIIOKO3UW Y BUHI 3a JOIIOMOT0I0 aMII€POMETPUUYHOro OioceHcopa Ha
OCHOBi TJIaTMHOBOTO JpyKoOBaHOro eixexkTpora SensLab Tta rmioxkosooxcumasu (I'O). HocaimkeHo cesleKTUBHICTH
OioceHCcOpiB, PO3POOJIEHUX i3 3aCTOCYBAHHAM ABOX PisHUX MeToxAiB immoobimiszamii 'O/l. ITokasawno, 110 faTYUK HA OC-
vOoBi I'OJl, iMmMmo6inizoBanoi y mapax rayraposoro anbaeriny (I'A), He mae BiAryky Ha ocHOBHI iHTepdepyoUi peuoBUHU
BUHA, Ha BigMiny Bix 6iocencopa 3 I'OJl, immo6inisoBanoio y mosmimepi mouti-(3,4-erunenaiokcurioden) (IIEAT). BuBue-
HO omepaIfifny cTabiIbHICTh CTBOPEHOTO JaTUYNKa Ha OCHOBI iMMo6isnizoBanoi y mapax I'A T'O[J] Ta itoro ctabinbHicTS mifg
yac 36epiranHsA. 3a JOIIOMOTOI0 PO3POBJIEHOT0 GioceHCOpa MPOBEIEHO aHATIi3 KOHIIEHTPAIlil TJII0K03U Y BUHAX Pi3HOTO
Tuiry Ta B cyciai. IlokazaHo BUCOKY KOPEeJAIit0 OTPUMAaHUX PEe3yJIbTAaTiB i3 JaHUMU BUCOKOe(PEeKTUBHOI piAMHHOI Xpo-
marorpadgii. BeranosieHo, 1o 6iocercop 3 immoobisnisoBanoio y nmosximepi IIEAT 'O/l mae Hag3BUYaiHO ITUPOKUHA TU-
HaMiuHMH giamasoH poboTU i MosKe OyTH YCIIIIITHO 3aCTOCOBAHUM AJIA aHAIiI3Y IVIIOKO3U B CEPEOBUIIAX, AKi He MiCTATH

eTaHOJIy Ta IJIileposy, HaOpUKJIal ¥ KPOBi.

Knwmouwosi cnosa: amnepoMeTpuunuii 6ioceHcop, III0K03a, BUHO, CYCJIO.

I'smoko3a — OnWH i3 TOJIOBHUX TBAPUHHUX
i pociuHHUX ByrieBoniB. Ii KinpkicHe Bu3HA-
YeHHA € HeoOximHum y 6Gioximii, waiHiumii
ximii Ta xapuosBiit mpomucaoBocti [1].

Oco06JiBe TpaKTHUUHE 3HAUCHHSA Ma€ aHaIi3
TJITOK03U Y BUHOPOOCTBI, ajisKe TJII0K03a € IKe-
pesoM BYTJIEIIO AJA APisKIKiB, AKi smificHio-
OTHh (DepMeHTaIli}0 BHUHOMAaTepiaay, Ta cyocTpa-
ToM, Imo Jimitye ix pier [2, 3]. o Toro x
MOHITOPUHI BMiCTy TJIIOKO3U y cycJii (6askaHo
pasoM 3 iHIMIUMU KJIOYOBUMU KOMIIOHEHTAMN)
I03BOJIsIE KOHTPOJIIOBATH IIPOIiec OPOAiHHSA Ta,
B pasi moTpebu, omepaTuBHO PEryJII0BaTH HOTO,
3amobiraroun TMM caMWUM 3HAYHUM €KOHOMid-
HuMm Burpatam [4]. MoHocaxapuau TaKoX
BiirparmTh BasKJINBY POJIb y (hpopMyBaHHI opra-
HOJIEITUYHUX AKOCTell BHWHA, IIOM AKIIYIOTH
i sbarauyroTh Oro CMaK, a BCTYIIAlOUN V Peak-
il Mes1aHOIJOYTBOPEHHA, IOJINMIIYIOTh apOMAaT
Ta KOJip BUH TUIY MaJlepH, IOPTBENHY, Mapca-
au. OKpimM TOro, BYTJIEBOAU € I:KEePeIOM yTBO-
peHHS AiOKCHUAY BYTJIEIIO Y IIPOIleci BUPOOHM-
ITBa irpuctux BUH [5].

IcHye HU3Ka TpagWIiHUX METOHAIiB KiJb-
KicHOTO aHaJi3y IVIIOKO3U y BUHI — rasoBa Ta
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BHUCOKoOe(deKTUBHA pigmHHaA Xpomarorpadis,
crekTpodoromeTpisa, pedpakToMeTpid, €H3U-
MaTuuyHUN aHaxaiz, IMP- Ta mac-cmeKTpoc-
KOIlifdg, KamiaapHui exexTpodopes [3, 6]. IIpo-
Te aHAJITUYHA IPOIeNypa i3 3acCTOCyBaHHAM
OiJIBIIOCTI 3 IepepaxoBaHUX METOJIIB € JOBIO-
TPUBAJIOIO, TPYAOMICTKOIO, 3aTPATHOIO i YacTo
noTtpebye 3HAYHOI KiJILKOCTI XiMiUHHX peak-
TUBIiB, JAeAKi 3 AKUX € HeOe3IeuHMHU AJIsS HaB-
KOJUITHBOTO cepenoBuia [3]. Okpim 1mboro,
3aCTOCYBAaHHA KJIACUYHUX METOiB IJI aHAJIIZY
TJIIOK03U Y BUHI iHKOJIM He 3a0e3mneuye MOBHOI
IoCTOBipHOCTI pe3yabTaTiB [7].

Henani spocratoua morpeba y KilTbKicHOMY
BUBHAYEHHI I'JIIOKO3UM 3YMOBJIIOE HEOOXimHiCTH
B OLJIBII IITBUAKOMY, 3PYYHOMY Ta [EIIeBOMY
MEeTO/i JeTeKI[il TaKkol CIONyKU, AKUI MOXKHA
Oys0 06 ympoBaauTu 0e3mOoCepeaHbO y IIPOIleC
BUHHOTO BUPOOHHUIITBA. IIpoBemeHi ocramHim
YacoM [OCJiI:KeHHA CBimuaTh, 10 e(eKTus-
HUM aJbTEPHATUBHUM METOJIOM aHAJi3y TIJII0-
KO03W y BUHI MOJKe CTaTH 3aCTOCYBAHHSA aMIIEPO-
MEeTPUYHOTro OioceHcopa, SAKUU YMOKJIUBIIIOE
BHCOKY CEJEeKTUBHICTh 1 UyTJIUBiCTh BUBHAUECH-
HS Ta He moTpebye CKJIAJHOTO YCTaTKYBaHHSA



Memodu

i migroroBku mpobu [8]. Oxpim Toro, BiATYK
aMIIepOMETPUYHUX 0iOCEHCOPIiB He 3aJIe’KUTH
Big Oy(depHOI eMHOCTI Ta i0HHOI cCUJI PO3UUHY,
B AKOMY B3OiHCHIOETHLCS BUMipIOBaHHS, a Iie,
0e3IepeyHo, € BEJIMKOIO IepPeBaro0 IIpu IIpoBe-
JIeHHi aHaJi3iB peaJbHUX 3paskKis [7].

AmuepomerpuuHi O6ioceHcopu, npusHadeHi
[LJIs1 aHaJIi3iB TJIIOK03M, HalyacTilne po3pot.isi-
IOTh Ha OCHOBIi TPhoX eusuMiB — HAJ["-3amex-
HOI rarokosoxerigporenasm (HAIL*-T'IT) [9],
OipoJIOXiHONIH XiHOHBAJNEKHOI TJIIOK030-
merinporenasu (IIXX-T'T) [2, 10—12] abo ruro-
Ko3ookcumpasu (I'O)[1, 7, 13—20]. IIpu nromy
y OioceHcopiB 3 immoO6inizoBamoro HAIT-T'I]
€ CYTTE€BUH HEMOJIIK: BOHU IIOTPEOYIOTH HAIB-
HOCTi eKk3oreHHOTO KodaxTopa HAJIL', a uacTto
me ¥ MemiaTopa, IMO YCKJIATHIOE aHAJIITUUYHY
OPOIeAyPY, SMEHIIYy€E CTaOiIbHICTL HATUYMKIB
Ta TiBUITY€E BUTPATHU Ha X BUKOpucTaHHsg [2].
Ha sigminy Bix HAN'-TI'D, IIXX-T'O wMmae
Yy CBOEMY CKJaIi KodaKTop IIipoJoxXiHOJiH
xiHoH [2, 12], omHak uepe3 HOTo cJJaOKUi
3B’J30K 3 allOeH3MMOM OioceHcOpH Ha OCHOBI
IIOTO €H3UMY TaKOK, AK IIPABUJIO, HE BUABJIA-
IOTh BHCOKOI CTabiJibHOCTI Ta IMpUIaTHi JInIie
IJ1s ONHOpasoBOTo BuUKopmucranHa [11, 12].
3actocyBarHa ['Ol] nast po3pobIeHHA TIIOKO03-
HOro OioceHcOpa BUAAETHCA OLJIBINT TIEPCIEK-
TUBHUM, OCKIJIbKU Ileli €eH3UM Ma€ y CBOEMY
CKJIaAi CHJIbHO3B’A3aHUI IPUPOSHUN Kodak-
Top (PA]I) Ta BuABIAE BUCOKY CTaOiJIbHICTH
micysa iMmmobiisarii y 6ioceseKTuBHY MemMOpa-
"y [18, 19].

CrBopeni i3 sacrocyBammam HAJI'- Ta
IIXX-3ame:xHUX TVIIOKO30AeTigporenas 0ioceH-
copu 3maTHi gerektryBatu Big 9—10 mxM riro-
Ko3u [2, 9, 12]. Me:xa BusHaueHHs OioceHCOPiB
Ha ocHOBi I'O]l € mero Bumioro — 30—60 mxM
[7,13,14, 17, 19], i auiie 1jisg OIXCAHOTO Y PO-
6ori [15] maTuuka BoHa cramoBmia 4,4 MKM.
Bepxusa mesxka Jimifinoro miamasony mjsa 0io-
ceHCOpiB 3 immo6inizoBanoio I'll cTaHOBUTH
0,8 MM [2, 9], 3TOL — 1,5 [17], 3[13], 8[7]
i maBiTh 25 MM [16].

Hatuuky 38 immobinisoBaroio 'Ol — Buco-
KocTabinbHi, BoHU BuasBiadamoTh 100% axTus-
HOocTi uepes micsans [13, 16] ta 70 95% uepes
8 micamiB s6epiramuaa [19]. CrabinpHicTh
b0ioceHCOPiB, CTBOPEHMUX HaA OCHOBi merimpore-
Ha3, € 3HaYHO HMKU0I0 — 80% Bifg mouaTkoBo-
ro CUTHaJy dYepe3 MicAnb 30epiranHda niasa
IIXX-T'O[2] ra 30% uepes 2 TvxHi goa HAIL'-
TII [9]. Oneparmitina crabinbHiCTH OioceHCOPiB
3 immo06iniszoBanoio I'OJl TakoK € BHUIIOIO —
100% axTuBHOCTi uepes 120 rox 6esmepepBHOL
po6otu [16], Tumuacom gk matunk 3 [IXX-T']]
micas 20 rox BumipioBaub 36epirae 60% Bif mo-
YaTKOBOIO BiATyRY [2].

Haseneni mami cBiguaTh PO IIEPCHEKTUB-
HicTh PO3POOJIEeHHS TJIIOKO3HOT0 GioceHcopa ca-
Me Ha OCHOBi TUIIOKO300KCHAa3u, OJHAK HOTO0
BUKOPUCTAHHSA JJIsI KOHTPOJIIO STKOCTi BUHA MO-
JKe CYIPOBOMKYBATUCSA HU3KOIO CKJIAJHOIIIB
mix yac mpoBeneHHs aHamnidy. Ilepemycim 1ie
OB’ sI3aHO 3 HAABHICTIO Y BUHI IIiJI0r0 creKTpa
PiBHOMAHITHUX PEUYOBUH, IO MOXKYThH BILJINBA-
TH Ha BiATyK OioceHcopa i CIpMUYMHIOBATH BU-
HUKHEHHS IIOXUO0O0K, a iHoAl If YHeMOIKJINBJIIIO-
BaTU 3aCTOCYBaHHS 0i0CeHCOPiB Y BUHOPOOCTBI.
o Takux inTepdepyrounx peUuOBUH HAJIEKUTD,
30KpeMa, acCKopOiHOBa KMCJI0TA, AKA MiCTUTHCA
Yy BUHI Ta cycJii y 3HaUHi#M KiJIbKOCTI I y mIpolie-
ci aHaJizy mpu3BOAUTH 0 IMOSABU Hecmerupiu-
HOTO CHUTHAJIy, YCKJAAHIOIOUM iHTEpIIpeTaIriio
pesyabraris [7]. ExexTpoxiMiuHo akTuBHI (e-
HOJbHI KOMIOHEHTHU, Ha SAKi ocobsmBO Garari
YepPBOHI BUHA, TAKOYK MOKYTh iCTOTHO BILJIMBA-
T Ha pobOTy amMIepoMeTpUuUYHOro OioceHcopa
[18], ocob61uBO BOHM IIePENIKOAKAIOTH aHATIi3Y
CYyXUX BUH 3 HeBHAYHUM BMiCTOM TJIFOKO3U —
mennie 1 r/xa [20]. Hanpukaan, y po6ori [7]
moBimoOMJIAETbCA, IO 0OioceHCOp Ha OCHOBI
iMmoO6isizoBaHol y mapax TJIyTapoBOTO aJjb-
neriny (I'A) T'OIl Ta ByriemeBoro ejgekTpojma
mae Biaryxk 6amsnko 200 HA Ha BHeCEHHS
B eJeKTpoximiuny Komipky 0,25 MM ackop0i-
HOBOI KucygoTu. HaHecenHs nogaTKoBoi Hadio-
HOBOI MeMOpaHU! [O3BOJIUJIO 3HU3UTU IeN He-
cuenudiuauii curgaa mai:ke y 10 pasis.

VY 11e ogHoMmy mocuimskenHi [1] BcTamoBie-
HO, 1110 OioceHcop 3 iMMO00iIidoBaHOIO ¥ mapax
T'A T'OLl, nae HesHauHUI BiATYK Ha €TaHOJ Ta
JUMOHHY Kucjgory. IIpore icToTHUN BiATyK
crocTepiraBcsg y IIbOMY pas3i Ha BHECEHHA
B eJeKTpoximiuny Komipky 10 MM ackopbino-
Boi KucJyiotu a6o 20 MM (ppyxkTo3u — BiH OyB
exBiBasmeHTHUM Biaryxky Ha 0,138 MM ramoxo-
3u. IHII050 TPymOI0 mocaimuuKiB [19] BcTamoB-
JIeHo, 1110 iMmmo6iaidoBana y mapax I'A T'OJl me
pearye Ha eTaHOJ Ta (PPYKTO3Y, IIPOTE HA BHE-
cegHsa 10 MM ackop0OiHOBOI KMCJIOTU ma€ Bif-
'YK, piBHU# Bigrykosi Ha 0,36 MM rurrokosu.

HocaimkeHHs cesieKTMBHOCTI GioceHcopa
Ha ocHOBi iMMob6isizoBanoi ITXX-I'l mokasaJio,
110 BiH He pearye Ha BHECEHHSA B eJIeKTPoxXiMiu-
HY KOMipKy eTaHOJy Ta ruirepoJy [2]. Anamuis
BILIUBY iHITUX iHTEep(depyounx peuyoBUH Ha PO-
00Ty CTBOPEHOTO TJIIOKO3HOTO OioceHcopa He
TTPOBOUBCA.

TaxuMm YrHOM, 3aJIeKHICTh POOOTH IIIOKO03-
HUX JaTUYUKIB Bix iHTep(hepyoumx peuoBUH
YCKJIAOHIOE, a iHOAl I YHEeMOKJIMBJIIOE BU3HA-
YeHHS 34 1X JOIIOMOT'0I0 BMiCTY IVIIOKO3HU Y Peasb-
HHUX 3pas3Kax BuHoMarepianiB. Tomy B pasi Bu-
KOPHUCTaHHS IVIFOKO3HIX 6i0CEHCOPIB I aHATi3Y
BUHA Ta BUHOMATEpiaJiB IXHA CEJEKTUBHICTH
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Mae OyTH moJimmeHa, a HecuenmudiuyHMi
BIATYK — MiHiMi3oBaHUI.

Mertoro ganoi poboTu Oyja onTUMisalisa mMe-
TOAVKY BU3HAYEHHA IVIIOKO3U aMIIEPOMETPUY-
HUM OioceHCOpOoM Ha OCHOBi iMMoOirizoBamoi
TJIIOKO300KCHUIa3M Ta IIJIATUHOBOTO IPYKOBAHO-
ro eaxextpoma SensLab gas mpoBemenHs ii
aHaJi3y y BUHAX Ta BUHOMaTepiajax.

MarTepiaau i MmeToau

Y po60oTi BUKOPUCTOBYBAJIU €H3UM TJIIOKO-
300kcumasy 3 Penicillium vitale BUpoOHUIITBA
dipmu KHIIO «[iarmoctuxym» (JIbBiB, VK-
paina) 3 aktuBHicTio 130 ox. aKT./MT.

Hna enexrpoximiunol mosrimepusarii eHsu-
MYy 3aCTOCOBYBaJu MOHOMED 3,4-eTHUIEeHIiOK-
curiopen (EIT) Bupobuuira ¢pipmu Baytron
M (Himeuuwmna) Ta moJii(eTuaeHraikoab) 1450
dipmu Sigma (IlIBetinapis). [as immo6imisarii
€H3UMYy BUKOPUCTOBYBAJIU OMYAUUIl CHUPOBAT-
koBuii anpOymin (BCA) BupoGHuUIITBA ipmMn
Sigma-Aldrich Chimie S.a.r.l. (Ppaumisa) ta
TJIyTapoBUI aJbIerisi BUPOOHHUIITBA (QipMu
Fluka (IlIseiimapis).

Takosk y pobOTi 3aCTOCOBYBaJIi peareHTU
Na,HPO, 7TH,0, KH,PO,, ramoxosy Ta L-ac-
KOpOiHOBY KMCJOTY BHPOOHHUIITBA (QipMu
Sigma-Aldrich Chimie S.a.r.l. (®panis), me-
pOKcU BOAHIO BUPOOHUIITBA (hipmu «Papro-
men» (YKpaiHa), JaKTaT HATPil0 BUPOOHUIITBA
dipmu Sigma (CIITA), eTanos BUPOOHUIITBA
dipmu Fluka (Himeuuwma) i ruimepos Bupo6-
HUITBA YKpaiHu. ¥Yci peaKTUBU, AK BiTUU3HA-
HOTO, TaK ¥ iMOOPTHOrO BUPOOHUIITBA OyInM
KBauriikaii «oc. 4.» i «X. 4.».

Buwmiproeanna. Yci erekTpoximiugi ekcie-
puMeHTH OyJIO BUKOHAHO 3a JOIOMOTOIO Tpa-
IUIiHOI TPUESeKTPOSHOI CUCTeMU, B AKil
IpykoBauuii eaektpon SensLab (SensLab
GmbH, Leipzig, HimeuunHa) moegHaB y cobi
BCi TpU eJIeKTPOAYU: MJIaTUHOBUI poboumii, 10-
MIOMIKHUU Ta eJIeKTPo mopiBHAHHA [21].

IlnaTtuHoBi ApyKoBaHi enexTpoau SensLab
IOCJIIIKyBaIM HaA BiITBOPIOBAHICTH Ta IIpalie-
3maTHicTh, y miamasoui moreHmiaay Bim 0 1o
+600 MB (1uBuAKicTh POSTOPTAHHSA MOTEHILiATY
20 mB/c). ITukgiury BoJbTaMIEepPOMETPit0 OY-
JI0O BUKOHAHO Ha mnoTeHiiocrari PalmSens
(Palm Instruments BV, Higepaaugu). Ha
puc. 1 HaBeZeHO IUKJIIUHY BOJbTaMIIEPOTIDa-
My, OTPMMAaHY Ha IPOMUCJIOBOMY ILJIATUHOBOMY
eaexkTpoai SensLab y po6ouomy O0ydepi 3 goaa-
BauHAM 50 MKM mepoKcuay BOIHIO.

BceraHnoBsieHo, 1110 3 JoAaBaHHAM y PobOUy
KOMIpKY TEepPOKCHUIYy BOTHIO CIOCTEPiraeThcsA
MMOsSBa OKMCHIOBAJIBHOTO CTPYMY Ta IiABUIIEH-
HA CUTHAJy AaTumKa. SIK KoMIpomic MiK 4yT-
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Puc. 1. Iukaiyaa BoJsTaMIIeporpaMa, OTpMMaHa HA

MPOMUCJIOBUX MJIATHHOBUX IPYKOBAHUX €JIEKTPOIAX

SensLab y ¢pocharaomy 6ydepi (1) Ta 3 zomaBaHHAM
50 mxM mepoxcuny BogHio (2)

JuBicTiO OioceHcopa Ta 3MEHIIIEHHSIM BILJIUBY
Ha WOT0 BiATYK iHTep(hepyoUnX YaCTUHOK (AKi
3a3BUYAll OKWCHIOIOTHCSA MPU OiJBIIT BUCOKUX
norennianax) moreniriaa +200 mB 6yJo o6pamo
HaMU AK poOOUMii.

AmMmnepomMerpuuHe BUMipHOBaHHS 3a IIO-
CTifHOTO TIOTEHIliaJly MTPOBOAUJMN B €JIEKT-
poximiuHi# KoMipii 06’emMoM 5 MJI 3a JOIOMO-
roro noreHniocrara PalmSens.

Immobinizayia I'OJ enexmpoximiunoro
nonimepusayiero y nonimepi EJT. Ilpomec
eJIeKTPOoXiMiuHOI mosimMmepusariii cTaHOBUTH
0oco0JIMBUII iHTEepec, TOMY IO € TEeXHOJIOTiUuHO
3pyunuM. BiH mos3Bojse obupartu i migTpuMy-
BaTHU pPo3Mip, popMy i TOBIITUHY MaTPHUILi Ta 3a-
Oesneuye YiTKMI KOHTPOJIb 3a IIPOIECOM OCa/l-
JKeHHs eHsuMy i Hocis [22, 23]. Oxpim Toro,
OolepsKaHi i3 3aCTOCYyBaHHAM I[HOTO METOAY
HANiBOIPOHWKHI IMOJIiMepHI NJIiBKU MOMKYTH
BUCTYIIATH CEJEKTUBHUM 6ap’epoM AJA eJeKT-
poxiMiuHO aKTHMBHUX iHTephepyouYnx YacTH-
HOK, TaKUX AK acKopOiHoBa KucJjora [16, 23].

g ereKTpoxiMiuHoOl moJsriMmepusarrii y po-
60Ti BUKOPHCTOBYBAJM CYMIiIll KOMIIOHEHTIiB,
npuroroBanux y 20 MM ¢ocharHOMy Oydepi,
pH 6,2, aka cxaagamaca 3 10? M 3,4-etu-
neHpiokcuriopeny, 107° M moJsieTHIEHTIIKO-
ato Ta 30 mr/ma posuury I'OJl.

ITonimepusarmiro EIIT sxiticHOBanm, mIpukK-
Jagaioun moreHiiana Big +0,2 B mo +1,5 B 3i
mBuakicTio 0,1 B/c mporarom 15 mukJris.

Immobinizayia I'OJ y napax enymapoéo-
20 anvle2idy. [1ns yTBopeHHs 6i0CeIeKTUBHUX
MeMOpaH TOTYBaJuW CyMimi, ImMo MicTuia
30 mr/ma I'O ra 5 mr/ma BCA B 10 MM doc-
daraHOMYy Oydepi, pH 7,2. ¥V cymim gomasanu
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riIineposa a0 KiHmesoi KoumenTpamili 10% mis
crabinizamii iMmmobisrisoBaHOrO0 €H3WMY, a Ta-
KOJK JJ11 3a100iraHHA mepef4acHOMY BUCUXAHHIO
cyMiIri, HaHeceHOl Ha TOBEPXHIO IIEPETBOPIOBA-
vya. Ina moaimepmsarii memMOpaH JaTUMKU
BMiIllyBaJim B aTMoc(hepy HacUUYeHHX IapiB
rayrapoBoro aabgerigzy Ha 10 xB, Imicuas yoro
migcymnryBajiz Ha IOBiTpi.

Bu3nauenna émicmy 2n10k03u Yy modens-
Hux po3iuHnax. BumipioBaHHA IPOBOAUJIN IIPU
KiMHaTHIN TeMmmepaTypi y BiazkpuTomy 06’ emi
3a iHTeHCUBHOTO epeMilryBaHHA. SIK pobounit
O0ydep BukopucroByBamu posuumH 20 mM
KH,PO, — Na,HPO,, pH 7,2, ockinbku, Ak
OyJio BcraHoBJeHO [8, 19], came Takuii pH € o1m-
TUMAJbHUM JJIsI (DYHKIIIOHYBaHHS iMMO00iIi30-
Banoi I'OJI.

Koumenrpaririro cyocTpariB sMiHoBa U, 10-
Maouy TeBHI aJiKBOTM KOHIIEHTPOBAHUX PO3-
ypHiB. Ilicisg oTpuMaHHS KOMKHOTO BiAT'yKY
CEeHCOp BigMuBaau pobouymm Oy(hepHUM pPo3Uu-
HOM 10 crabinisarii 6a30BOT0 CUTHATY.

Busnauenna émicmy 2n110K03U Y 6UHi ma
6 cycni. Anasis raorosu nposoguian y 12 3pas-
Kax BUH PiBHOrO TUITY, a TAKOX y 2 3pasKax
0imxX Ta YepBOHUX BMHOMAaTepiaiiB, BupoO.JIe-
HUX B YMOBaX MiKpoBMHOpPOOcTBa B IHCTHTYTI
BUHOTpany Ta BuHa «Marapau».

BuwmiproBanHA BMicTy TJIIOKO3W y BUHI Ta
B CYCJIi 3a JOIIOMOTOIO0 aMIIePOMETPUUHOTO 0io-
cencopa mnpoBoauaum y 20 MM QocharHOMY
oydepuomy posuuni, pH 7,2, npu ximMmHaTHiNI
TeMmnepaTypiy Bizxkpuromy 06’eMi 3a iHTeHCHUB-
HOTO IIepeMimntyBaHHs. BusHaueHHA KOHIIEHT-
paiiii rIIoK03u 34iMCHIOBAIN 34 JOIIOMOI'0IO Me-
TOAY CTAHAAPTHUX JOJaBaHb. [[J1d mpoBeneHHA
aHaJIigy npody possoauau y 250—1 000 pasis.
Ilicna oTpmMaHHA KOMKHOIO BiATI'yKY CeHCOP
BigMuBanu 0ydepHUM po3UMHOM A0 cTabdindisa-
1ii 6a3oBOrO CUTHAJY.

KoHTposbHe BU3HAUEHHA TJIIOKO3U Y CYCJIi
Ta B TOTOBUX BUHAX ITPOBOAWJIV 32 JOIOMOTOIO
MeTony BUCOKOe(peKTHBHOI pPiAmHHOI Xpoma-
rorpagii (BEPX) ma xpomarorpadi Agilent
3 BUKOPUCTAHHAM pedpPaKTOMETPUYHOTO [e-
TEeKTOopa.

Pe3yasTaTu Ta 00TOBOPEHHA

PobGora ammepomerpuunux 6ioceHCOpPiB Ha
ocuoBi 'OJl 6asyeTbcsa Ha TaKiii eH3MMATUUHI I
peaxiIrii:

ron
I'nrorosa + O, —— I'imokonosmakToH + H,0,.

Ilpomec eH3MMATHUUYHOTO IIePETBOPEHHSA
TJIIOKO3W CYHOPOBOIMKYETHCSA BUAIJEHHAM
eJIEKTPOXiMiUuHO aKTUBHOI PEUOBUHU — ME€POK-

cuagy BOOAHIO, IO OKMCHIOETBHCA 3 YTBOPEHHAM
eJIEKTPOHIB, SKi PEecTPYIOTHCA aMIIepOMET-
PUYHNM IIePETBOPIOBAUEM:

H,0, — 0, +2H" + 2.

Ha nepinx eramnax po6oTu ajis iMmo0isisa-
mii T'OJl sacTocoByBajum METOH €JEKTPO-
ximiumoi mosimepmsarii y moaimepi ITIEIT, m1o
IOBiB CBOIO e(DeKTHUBHICTD i yac po3pobIeHHS
aMIIepoOMeTPUYHOro 6ioceHcopa AJisg BU3HAUEH-
Ha jgakrary [24]. KanibpyBanbHy KPUBY aMIie-
poMeTpUUYHOTrOo DioceHcopa Ha OCHOBI iMMOO0iTi-
soBanol y IIEJIT ritoko300KCcHUa3u IMOgaHO Ha
puc. 2. MiHiMaJbHA KOHIIEHTPAIlisd TIIOKO3MU,
IIT0 BU3HAYAETHCA PO3POoOJIeHUM OioceHcopoM,
cramoBuTh 0,04 MM, giamazoH BHU3HAUYEHHS
BMicTy rirtokos3u B meskax 0,04 — 50 mM.
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Puc. 2. Kani6pyBajibHa KPUBa aMIIEePOMETPUUYHOTO
6ioceHcopa Ha OCHOBi IIATHHOBOTO APYKOBAHOTO
erxexrpoga SensLab Ta immoo6inizosanoi y IIEAT

TJIIOKO300KCHIa3H.
BuwmiproBauua nposoguau y 20 MM dochaTHOMY
oydepi, pH 7,2, norennian +200 mB BigHOCHO
BHYTPIIITHBOTO €JIEKTPO/jA IOPiBHAHHSA

Takuit miamason pobortu OioceHcopa BuUsA-
BUBCA HEOUiKYBAaHUM, OCKiJIbKU BiH OyB 3HAU-
HO HINPIINM 3a BUSHAUEHUU IJA OioceHCOpiB
3 iMmmo06isnizoBanoio immumum metomamu 'Ol
omucaHux y poborax [1, 7, 13, 14, 17]. Byao
3po0JIeHO THPUNIYIIeHHA, IO IJI0K03a MOXKe
OKVCHIOBATUCHh Ha eJIeKTpoJax 0e3 BUKOPUC-
TaHHA eH3uMy. [J1d Jocrig:KeHHA MbOTo (PeHo-
MeHY Ha IOBEPXHI0O aMIePOMETPUUYHOTO Tepe-
TBopioBaua 3amicth ['OJ 6yso iMmmo6isizoBamo
Ouuaumii cupoBaTkoBuit anboymin y IIEIT
i oTpuMaHO BiAT'YKM Ha BHECEHHA B €JIEKT-
poxXiMiuHY KOMipKY I'JIIOKO3U Ta iHIIIUX OCHOB-
HUX KOMIIOHEHTiB BuHa (puc. 3,a). K BugHO
3 puUcyHKa, nojimepua memoOpana 3 IIEIT Ges
€H3UMY Ja€ BiAITYKW Ha €TaHOJ Ta IJiIepoJ,
IpOTe MIPAKTUYHO HEe pearye Ha IJIIOK03Y Y Me-
JKaX KOHIIeHTpAIlili, B AKUX PEECTPYETHCS
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HaA3BUYANHO IMUPOKUNA JTUHAMIUHNI qianas3oH
pobotu GioceHcopa 3 immobGisizoBanoro I'OJI.
Okpim Toro, y po6ori [24] OyJio mOKasaHo, 10
0ioceHCOp HA OCHOBIi JIAKTATOKCHUIA3M1, €JIEeKT-
poxiMiuHO iMMO00iidoBaHOI Ha IMOBEPXHIO aM-
mepomMerpuuHOro ejaexkrpona SensLab y IIEIT,
TaKOXK He JaBaB CUTHAJY HA TI0K03Yy. IIpn 11s0-
My HaM¥ BCTaHOBJIEHO, 10 IJIATUHOBUH IPYKO-
BaHuii enektTpons SensLab cam mo cobi, 6es
O0yIb-sIKOI eH3BUMHOI MeMOpaHu, MPAKTUYHO He
Iae BIATYKY Ha OCHOBHI iHTepdepyioui peuoBu-
HU BuHA (puc. 3, 6). Yce Iie CBiIUUTHL IIPO Te,
10 TAKWP HETHUIIOBO INMUPOKUNA AWHAMIUHUN
IiamasoH CTBOPEHOT'0 maTunKa He € pe3yJbTa-
TOM Hecmenu(piuyHOTO OKWCHEHHA TJIIOKO3W,
a 3yMOBJIEHU! KOHMOpMAIiiHMMHU 3MiHaAMU
TJII0OKO300KCUAa3W IIi Uac eJeKTPoXimMiuHoi
immo6inizamnii B ITIEIIT. BapTo Tako:x 3a3HaUM-
™4, 1o y pobori [16], B akiit I'OIl O6ymao
iMMO006inisoBaHO Ha IIOBEPXHIO IIJIATHMHOBOTO
eJIeKTPOa TaKOMK IIJIAXOM eJeKTPOXiMiuHoi
noJrimepusartii y moJsimepi mouri-(o-heHiyeHm i-
aMiH), BepXHA Me’Ka AWHAMIUHOTO Aiana3oHy
BU3HAUEeHHs OioceHcopa Te:X 0yJja JOCUTH BHUCO-
Koo — 25 MmM.

Ilicna omepskaHHA TaKUX II€PCHEKTUBHUX
pesyibTaTiB 0OioceHcop 3 iMMO00ijiZz0oBaHOIO
B IIEAT I'OJI mocuimkyBaau Ha CeJIEKTUBHICTD.
Byno orpumano KajnibpyBajibHI KPUBi po3pob-
JIEHOTO JATUYNKA 3a eTaHO0JIOM (Y MeyKaX KOHIIeH-
rpami#i Big 1 1o 160 mM), rurintepostom (0,05-51
MM), nakraTom (0,5—40 mM) Ta acKOpOiHOBOIO
kucaoroio (0,001-0,5 mM). 3 puc. 4 mMoKHa
3po0uTHM BUCHOBOK, IIf0 iMMoO6ijisoBaHa
y IIEAT T'OJl maii:ke He pearye Ha JIaKTaT Ta
acKOpPOiHOBY KUCJIOTY, IIPOTE Ja€ iCTOTHI BiaTy-
KN Ha BHECEHHS B €JIeKTPOXiMiUHYy KOMIipKy
rJIiepoJay Ta eTaHoJy, IPUUYOMY BeJHUYnHA
curHajay OioceHcopa Ha €eTaHOJ CTAHOBUTL
6ausbko 50% Big BernuuwHU BIATYKY HaA eKBi-
BaJICHTHY KOHIIEHTpAIlilo riaokKo3u. OcKiabKu
BMicT eTaHOJIy V¥ BuHaAX € BeaukuMm (1o 20% 3a
06’emom [3]), oueBUHO, ITIO0 aHAJi3 BUHA 3a J0-
IIOMOT'0I0 TAKOT'0 OioceHcopa CyIIPOBOAKYBATH-
MeThCSA 3HAUHOIO TOXn0KoI0. IlmaTuHoBUII 1PY-
KoBaHU# ejeKTpon SensLab 06e3 ensumHOI
meMmOpaHu, SIK BHUAHO 3 puc. 3, 0, Oa€ OyKe
mayii Hecmenmu@iuHi BiATYKM Ha eTaHOJ Ta
raimepos (15 HA Ta 12 HA Ha JomaBaHHA
100 MM eraHOny i raimepoJiy BigmoBimHO).
To6To mosABa HeCIeIuMiyHOTO CUTHAJIY TIJIIO-
KO3HOT0 0ioceHcOopa Ha eTaHOoJI Ta IVIiIepoJa 3y-
MOBJIEHA PeaKIli€l0 OCTaHHIX He 3 IOBEPXHEIO
rOJIOTO eJIEKTPOA, a 3 eJIEKTPOLOM, MOIH(iKO-
BaauM ITEIT (puc. 3, a), i me#r meTosn iMmmo0i-
aigarii I'OJl € HempugaTHUM y Pas3i CTBOPEHHSA
OioceHcopa /I aHAJII3y TJIIOK03U Y BuHi. Tomy
3 MEeTOI0 3HUKEHHs HecHeInn(iuHOTO CUTHAIY
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Puc. 3. Biaryku njiaTHHOBOTO APYKOBAHOTO

enexrpoga SensLab 3 immo6inizopanum y IIEJT

OMYayuM CHPOBATKOBMM aJb0yMiHOM (@) Ta 6e3
eH3MMHOI MeMOpaHu (6) Ha BHECEHHS

B €JIEKTPOXiMiuHYy KOMipKY Pi3HUX KOHIIEHTPAIiii:
eraHoJuy (1); raiuepoay (2); raroko3u (3); makrary (4);
ackopO6iHOBOI KuCJa0TH (5).
BuwmiproBanua nposoguin y 20 MM docharaHOMY
oydepi, pH 7,2, morernmian +200 mB BimHOCHO

BHYTPIIITHBOTO eJI€KTPOJA TOPiBHAHHSA

TJIIOKO3HOT0 OioceHcopa HaMu 0YyJI0 BUKOPHUCTA-
HO iumwuit meton iMmmo6imisarii 'O/l Ha moBepX-
HIO IIJJATUHOBOTO JAPYKOBAHOTO eJeKTpojaa
SensLab, a came — immoO6inmizamiro B mapax
rayrapoBoro aabaeriny 8 BCA memOpami.

Ha puc. 5 HaBegeHo KaniOpyBaabHy KPUBY
aMImepoMeTpUYHOTO OioceHcopa Ha OCHOBI
iMmmob6isisoBanoi y mapax I'A rII0OK0300KCHIa-
3u. MiHimMaysibHA KOHIIEHTPAI[is TJIIOKO3HU, IIT0
BU3HAYaEThCA, cTaHOBUTEL 0,04 MM, sAK i y Bu-
naaKy esiekTpoximiunoi nosrimepusarii y IIEIT.
JIimifiHuit miamasoH 1ILOTO OioceHCcopa € 3HAUHO
By:kuum 0,04-2,5 MM, 110 mOBHiICTIO y3ro-
MUKYeThCcA 3 momepenHimu poboramm [1, 17],
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Puc. 4. Biaryku ammnepoMeTpuIHOro 6ioceHcopa Ha
ocHOBi iMmmo6inizoBanoi B IIE/IT raroko300Kkcugasu
HA BHECEHHS B €JIEKTPOXiMiuHYy KOMipKY pisHHX
KOHIIeHTpaIiii: riarokos3u (1); eraHoay (2);
rainepody (3); maxkrary (4); ackop6iHOBOI KHCIOTH (5).
BuwmipioBauusa nposoguiu y 20 MM dochaTHOMY
oydepi, pH 7,2, moreurnianx +200 mB BigHOCHO
BHYTPIIITHBOTO €JI€KTPO/Ia TOPiBHAHHA

B AKUX IIOKA3aHO, IO OOME’KeHHs 3a BepX-
HBOIO Me’Kel0 BU3HAUYEHHS TJII0K03Uu (0JM3BKO
2 MM) moB’s3aHO came 3 OpaKOM y PO3UUHI
KHCHIO — KOCYOCTpaTy eH3MMaTHUYHOI peaKIrii.
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Puc. 5. Kani6pyBaJabHa KpUBa aMIIEPOMETPUYHOTO
0ioceHCOpa HA OCHOBIi IIJIATUHOBOTO APYKOBAHOTO
exexkTpona SensLab ta immoo6inizoanoiy I'A
TUIIOKO300KCHAA3H.

BuwmipioBanusa nposoguiau 'y 20 mM dochaTHOMY
oydepi, pH 7,2, morenmian +200 mB BigHOCHO
BHYTPIIIIHBOTO eJIeKTPO/IA IOPiBHAHHSA

Amnajis cejleKTUBHOCTI pospobiieHoro 0io-
ceHcopa ITOKasas, 110 iMMo0bisisoBaHa y mapax
T'A T'OJI soBcim He pearye Ha JIaKTaT Ta IJIile-
poJi, mTae MiHiMaJbHUI HEeraTUBHUU CUTHAJ Ha
acKOpPOiHOBY KHUCJIOTY Ta He3HAUHUHN BiATYK Ha

eTaHoJ y KOHIeHTpamiax momazg 10 mM
(puc. 6). Takum YMHOM, CTBOPEHUII Ha OCHOBI
T'Oll, immo6ismizoBanoi y mapax I'A, ammepo-
MeTpUUYHUN OGioceHCOp AeMOHCTPYE Kpamry,
nmopiBHAHO 3 OioceHcopom Ha ocHoBi T'O]]
y IIE[T, ceneKTUBHiCTB, i #10T0 BiATYK Ha IJIIO-
KO3y B3HAUHO MEepeBUINYE BeJIUUYUHY HecIe-
nu(iYHUX CUTHAJIB HA OCHOBHI KOMIIOHEHTH
BUHA.
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Puc. 6. Bigryku amnepoMeTpuyHOro 0ioceHcopa Ha
ocHOBI iMMo00inizoBanol B I'A riiroKo300Kcuga3u Ha
BHECEHHS B eJIEKTPOXiMiuHYy KOMipKY pisHUX
KOHIIeHTpalii: riaroko3u (1); eraHoxy (2);
rainepoay (3); makraty (4); ackop6iHOBOI KMcaoTH (5).
BuwmipioBanusa nposogunau y 20 mM dochaTHOMY
oydepi, pH 7,2, norennian +200 mB BignOCHO
BHYTPIIITHBOTO eJI€KTPOa TIOPiBHAHHS

3 MeTOI0 BCTAHOBJIEHHS BILJIMBY Ha PoOOTY
CTBOPEHOTO JaTYMKA iHIITUX KOMIIOHEHTiB BUHA
(HampukJanm, (PeHOJbHUX CIOJIYK), HaMU 0yJI0o
mpoBeneHo Takuii mociin. [lo mpobu Buna Ka-
pa-Iar 6yso gogano mpemapat 'Ol y kiimbkocTi
1 Mr i mpoBemeHo iHKyOaIlifo 3 eH3MMOM IJIs
pO3IIeNnJeHHA TJIOKO3W (3TrifHO 3 JaHUMU
BEPX, roHIEeHTpAIlis TJIIOKO3U Y IIbOMY BUHI
cranoButhb 83 r/x). Ilorim OGyso oTpumanHo
BiArykmu Oiocemcopa Ha BHeceHHs 10 MK Iiei
cywminri, BiriOpaHoi uepes meBHI MPOMiKKY Ua-
cy micjis sMilryBauHA Ipobu Ta eHsumy. IToka-
3aHO, II0 ByKe uepes roAuHy iHKyOarii cymimri
BeJMUYMHA BiAryKy OioceHcopa 3MeHINNJIACH
y 2 paswu, a ueped 24 roj iHKy0arii, KOJu TJrio-
KO3y OyJIO IIOBHICTIO POS3IIEIJIEHO EeH3UMOM,
OioceHcop He pearye Ha BHECEHHs IIpo0OM BUHA
B eJIeKTpoxiMiuHy KoMipKy. Ileii ekcriepumeHT
CBiIUNTH, III0 HaMU OyJI0 PO3POOJIEHO HificHO
BUCOKOcHenudpiuHmnii Ta ceJIeKTUBHUI OioceH-
COp IJIA aHAJi3y IJII0K03U Yy BUHI.

JocaimkeHHa YYTJIWBOCTL Ta CEJIEKTUBHO-
CTi IVIIOKO3HOT0 aMIIepOMETPUYHOr0 6ioceHcopa
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Ha OCHOBi imMmo06isizoBanoi y mapax I'A T'O]l
YMOIKJIUBUJIO IPOBEEHHS 3a HOT0 JOIIOMOI'0I0
aHaJi3y IJIIOK03U Y peaJbHUX 3pa3Kax.

Ha mnepmomy erami pobotum 3 BHHOMA-
TepiajlaMy BU3HAYaJIU ONTUMAaJbHE DPO3BeIeH-
Hs mpo0 BUHA AJA aHAJi3y iX 3a JOIIOMOIOI0
PO3PO0IEHOr0 aMIIePOMEeTPUYHOro 0ioceHcopa.
Ha puc. 7 300paxeHo BiAryKu Oiocemcopa Ha
ocHOBi immoO6ismidoBanoi I'OJl Ha BHeceHHA
B €JIEKTPOXiMiUHY KOMIipPKY Pi3HUX aJIiKBOT
cycjia Ta TPbOX TUMIB BUH 3 Pi3HUM BMicTOM
TJIIOKO03M, 1110 BifmoBigaio possenennio y 5 000,
1 000, 500, 250, 100 Ta 50 pasiB. Huaa
IOCTiMKeHHs OyJI0 BUKOPHCTAHO IIPO0U BUHA
ajirore (BMicT TIJIIOKO31, 3TiZHO 3 METOAOM
BEPX 0,12 r/xa, mto cranoButh 0,67 MM), ma-
nepa (7 r/n, abo 39 MM raOK03M), TOPTBENH
6inuii (33 r/m, a6o 183 MM rrr0K031), a TAKOMK
cycJyio 6ine (125 r/a1 a6o 694,4 MM riiokosu).
3 pucyHKa BUIHO, IO [IJIsI CYyXO0r0 BUHA ajJirore
posBenenHsa 6iabmr Hixk y 500 pasiB € Hempu-
ITaTHUM 4Yeped MysKe HUSbKUU BMiCT I'JTIOKO3U Y
mpobi. Cycyio, HaBIIaKM, He Ma€ CEHCY PO3BOAUTH
MeHIe, Hisk y 250 pasiB, OCKLIbKY y HiamasoHi
posBenenb 50—250 Biaryk Giocemcopa Ha mpoOy
MaliKe He 3MiHIOETHCA Uepe3 HaCUUeHHA eH3UMY
cyoctpatom. [ nBOX iHIMX mpob BMHA YiTKa
OpAMOJiHIMHA 3a/IeKHicTh MiXK 00’eMOM BHe-
ceHol mpobu Ta BiArykom Oiocemcopa cioc-
Tepiraerbeda npu possegenui y 100—-500 pasis.

BpaxoByioum ojep:KaHi pesyabTaTu, s
HomaJbIllol pobdoTu HamMu OyJio OOpaHO Take
posBemenHdA Ipob: aad cycaa — y 1 000 pasis,
I cyxux BuH — y 250 pasiB, 4y1a Bcix iHImx
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Crymiab po3BejeHHs BUHA

Puc. 7. Binryku amnepomeTpuyHOro 6ioceHcopa Ha
ocHOBi iMmmMo0inizoBanol B mapax I'A rioKo300kcuaa-
31 Ha BHECEHHS B €JIEKTPOXiMiuHYy KOMipKY pisHUX
amikBoOT cycaa 6imoro (kpuBa I, 125 r/a ramoko3u) Ta
BHMHA: MOPTBENH 6inuii (kpusa 2, 33 r/J riIoKo3n),
mapnepa (kpuBa 3, 7 r/J riokosm), axirore (kpusa 4,
0,12 r/x raroko3u). BumipioBaunusa nposoguan y 20
MM dochaTtaomy 6ydepi, pH 7,2, morernmian +200 mB
BiJHOCHO BHYTPillITHHOTO €JIEKTPO/Ia ITIOPiBHAHHS
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Bukopuctanux BuH — y 500 pasis. Baprto 3a-
3HAUNTH, 1[0 MAKCHMAJbHO MOJKJINBUMA BMicCT
OCHOBHUX iHTep(depyunX PeYOBUH Y CYCJIi Ta
BUHI, po3Benenux y 500 pasiB, Taxkuii [3]: era-
HOJ — 10 7 MM, rainepoa — mo 0,25 MM, sak-
tat — g0 0,1 mM, ackopbGiHOBa KucjaoTa — 10
0,005 MM, a, Ak cBiguaTh pPe3yJabTATU, HaBe-
neHi Ha pwuc. 5, Oiocencop Ha ocuosi I'O]l,
iMmmo6inisoBanoi B I'A, € 30BCciM He UyTJIUBUM
IO IIX PEUYOBUH Y HaBeJeHNX KOHIEHTPAI[idX.

Insa BUsHaUEeHHS BMIiCTy IJIIOKO3UW y BUHAX
3a IOIIOMOIOI0 aMIepoOMeTPUUYHOro OioceHcopa
3aCTOCOBYBAJII METOJ CTaHJapPTHUX JOJAaBaHb.
g 1mporo CcHmoYaTKy OTPUMYBAJIHM BiATYK
OioceHcopa Ha BHECEHHSA B eJEKTPOXiMiuHy
KOMipKy npobu BuHA, 110 aHAJIi3yeThbCcsa. [ToTim
IO imeHTHUYHUX 00’€MiB BMHA HOJaBajill CTAaH-
JapTHI PO3YMHY INIIOKO3U 3 IEBHUMU KOHIIEHT-
pamiaMu Ta peecTpyBaJii CUTHAJIU JaTunKa Ha
BHECEHHA mux cywmimeii. Ilicaa sgilicHeHHS
cepii mocaifoBHUX aHAJi3iB (3 BUKOPUCTAHHAM
CTAaHIZAPTHUX PO3YMHIB 3 Pi3HOIO KOHIIEHT-
pailieio IJII0K031) OTPUMYBaJIN HAOIp TOUOK —
npaMy JiHii0, AKa IIicJId eKCTPAaIIoJIAIlii Ha Bich
abciuc Bifcikanma Ha Hill 3HaueHHA KOHIIEHT-
paiii raokosu y mpo0bi aHasIi3oBaHOTO BHUHA.
3 puc. 8 BUAHO, II[0 BMiCT I'IIOKO3U B KOMipIri
B pasi BHeceHHs po3BeneHoi y 250 pasis mpobu
BUHA ajirore cranoBuB 9,6 MKM, posBemeHUX
y 500 pasiB mpob6 BUH Majaepa Ta MOPTBEHH 0i-
auit — 84 ta 351 MmKkM BigmoBigHO, po3BeAeHOI
y 1 000 pasis rpobu cycsa 6imoro — 694 mxM.
ITe osmauae, 110 B IfuX BUHAX Ta BUHOMAaTepiaJi
KOHIleHTpaIlid rirroko3u Taka: 0,43 v/ (2,4 mM)
nas ajirore, 7,56 r/n (42 mM) mnia manepw,
31,6 r/x (176 mM) nasa mopTBeiiHy 6ijsioro Ta
124,9 r/n (694 mM) nuia cycia 6ijsoro.
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Puc. 8. BusHaueHHA KOHI[EHTPAIlil IVIIOK03U B 0ijIoMy
cycdi () Ta y 3pa3kax BUHA IOPTBeNH Ginuii (2),
maznepa (3) Ta axirore (4) 3a JOIIOMOT0¥0 METOXY

CTaHJAPTHUX A0JaBaHb. BuMipioBaHHS IpOBOAMIN
y 20 MM docharaomy 6ydepi, pH 7,2, morenrian +200 mB
BiIHOCHO BHYTPIiIIIHBOT'O €JIEKTPOA MOPiBHAHHS



Memodu

Hacrynaum etamom po6oTu 6yJ10 TOPiBHSIH-
HS Pe3yJbTaTiB aHAJ3y TJIIOKO3W y BUHOMA-
Tepiaji, ofiepKaHUX 3a JOIIOMOT00 6ioceHcopa,
i3 mamuMM TPASUIIHOTO METOAYy aHaJdidy —
BUCOKOe(eKTUBHOI pigmHHOI Xpomartorpadii.
AR 00’eKT mocaimxeHHsS OYJIO BHMKOPHCTAHO
12 1po6 BuHA pisdHOro TUMmy Ta 2 Ipodu 6ijgoro
1 uepBoHOTO cycaa. OTpuMaHi mgaHi HaBegeHO
B Tabauii. Cuaig BigsHauuMTH BUCOKY KoOpe-
JISAITII0 MiK pesyabTaTaMu, OeP:KaHUMHU i3 BU-
KOPUCTAHHAM aMIIePOMETPUUYHOTO OioceHcopa
Ta KJACUYHOTO XpomMaTrorpadiuyHoro MeTomy
BUBHAUEHHSA TJOKo3u. lleaka pos0isKHicTH
mixk garumu BEPX Ta 6iocercopa crocrepirae-
ThCs JINITIE B Pasi aHaJi3y CyXUX BUH, KOHIIEHT-
pallis rioKo3u B AKUX € HaJTO MAaJOoIo.

Vperri-perrit, 0yJI0 JOCIiAKEHO BiATBOPIO-
BaHiCTh BiATYKiB Ta omeparifiny ctabiibHICTH
CTBOPEHOTO IJIIOKO3HOTO OioceHCOpa Ta ImoKasa-
HO, I10 uYepe3 8 rox OesmepepBHOI poboTu
0ioceHCOpP AEeMOHCTPYE Aelro OiabIii, IopiBHs-
HO 3 MMOYATKOBUMH BiAATyKaMu, CUTHAJIU HA [I0-
JTaBaHHSA PO3UYUHY TJIoKo3u (puc. 9). 3pocran-
Hs BiATyKYy OioceHcOpa MpOTSATOM IIEpIoi 1oou
micasa immo6imizanii 'O y mapax I'A mosxHa
MOACHUTHU THUM, IIT0 MOJIEKYJUW €H3UMY IIOCTY-
mOoBO HaOyBAaOTh HAWOIIBIN ONTHUMAJIBLHOL IJIA
ix QyHKIiOHYyBaHHA KOH(MopMaIlii y memoOpaHi
[10]. A 3 momaBaHHAM y KOMipKy npo0Ou BuHA
BiAryK smeHmuBesa Ha 13% Big mouaTKoOBOTO
yepes 8 roj 6esrnepepBHOI PpoOOTU ceHcopa.

Tako:k O0yJ10 BUBYEHO CTA0iIbHiCTh IJIIOK03-
HOT'0 aMIIePOMEeTPUYHOro OioceHcopa IIig uac
3b6epiranuA iioro B cyxomy craui mpu + 4 °C.
Haseneni na puc. 10 gaHi cBimuats, 110 uepes
2 micari micsa immo6inisarii 'O/l samumaeTsesa
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Puc. 9. JocaigsxeHHS BiTTBOPIOBAHOCTI BiATyKiB Ta
onepamiiiHol cTabiIbHOCTI aMIIepOMeTPUYHOTO
0ioceHcopa Ha ocHOBi iMmMo0GinizoBanol y mapax I'A
TIII0K0300KcHxa3u. KoHIeHTpanisa riaroxrosn, o
JIOIAETHCA B eJIeKTpoximMiuny komipry, — 1,3 MM (1),
mpo6a Buaa — 10 Mk (2).
BuwmiproBanusa nposoguiau B 20 MM (ochaTHOMY
oydepi, pH 7,2, norenmian +200 mB BizHOCHO
BHYTPiIIIHBOTO eJI€KTPO/1a IOPiBHAHHSA

6sim3pk0 100% Big mouaTKOBOI AKTHUBHOCTI €H-
3UMY, a IIOTiM BeJIMYWHA BiAT'yKY MOUYMHAE IIOC-
TYIIOBO 3MeHITyBaTucs. Takuii eeKT MOIKHA
TMOSICHUTH TUM, 1110 3HWKeHHA akTuBHOCTI ['O]]
IPOTATOM IIEPIIUX ABOX MiCAIiB 30epiraHHs He
MPU3BOAUTH O 3MEHIIIEHH BeJINUUHU BiITYKY
OioceHcopa, OCKiIbKM €H3UM Yy UyTJUBili MeMO-
paHi mepedyBae B HAAIUIIKY i Ha KaTaJIi3 eH3umMa-
TUYHOI peakIlii Bucrauae HaBiTh OTO 3MEHIIIEHO1
akTuBHOCTi. IlomasbIlie X mamiHHA AKTHUBHOCTIL
T'O[] au:xue TOro PiBHA, AKMI 3a0e31IeUyBaB IIOB-
He POBIIEIVIEHHA CyOCTpary, CIPUYUHIOE IIOCTY-
oBe MaTiHHSa aKTUBHOCTI 6ioceHcopa.

KoxnuenTtpaiis riatokos3u y 12 3paskax BUHaA Ta y 2 3pa3kax BHHOTPAJTHOTO CyCJia,
BU3HaYeHa 3a IOIIOMOTI0I0 GioceHcopa Ta MeTOAYy BUCOKOe()eKTUBHOI pimuHHOI XpomaTorpadii

KoHieHnTpaisa rirokosu, r/ix
IIpo6a Tun
Biocencop BEPX
Pramnureni « KokTebean» Bine, crosnose, cyxe 0,63+0,1 0,29
Ajirore «KokTebean» Bine, crosnose, cyxe 0,47+0,05 0,12
Mepio «KobGieBo» YepBoue, CTOJIOBE, CyXe 0,84+0,05 0,51
Kab6epue «KoxTebeanb» YepBoue, CTOJIOBE, CyXe 0,70+0,05 0,32
MomnTe Bian «KoxTebeinn» Bine, cronose, HamiBcoaonke 16,70+0,3 16,40
ITopTtBeiin 777 uepBOHUI YepBoHE, MillHe 32,76=0,2 34,54
ITopTBeiin 777 poskeBuit Posxese, mitae 32,22+0,2 33,24
ITopTBeiin 6inuit Bine, minue 31,50=+0,1 32,78
Mapepa «Macauapa» Bine, mimnmue 7,56+0,15 7,15
Kokyp «KokTebeab» Bine, meceptre 87,18+0,3 87,12
Kapa-Jlar «KoxTebeab» YepsBowue, meceprHe 85,32+0,6 83,05
Karop ykpaincbxuit Yepsowue, meceprHe 87,30=0,4 87,18
Cycuio 6ime - 125,28+0,25 124,99
Cycyo uepBoHe - 131,31+0,6 134,54
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Puc. 10. 3anexHicTh BeJIMUYHHN BiATYKY
aMIepoMeTPUYHOro 6ioceHcopa Ha OCHOBI
iMmMoo6inizoBanol y mapax I'A riairok0300KcHIa3H Bif
uyacy 36epiranna npu + 4 °C y cyxomy crasi.
KoHueHTpanisa riaoKo3u, 1o J0Ta€ThCA
B eJeKTpoxiMiuHy Komipry, — 5 MmM.
BuwmipioBanusa nposoguiau y 20 mM dochaTHOMY
oydepi, pH 7,2, norennian +200 mB BigHOCHO
BHYTPIIITHBOTO eJIeKTPOa TIOPiBHAHHS

Takum YyMHOM, Yy X0Ai pob0oTH BimmpaIiboBa-
HO MEeTOAWKY BWU3HAUEHHS BMIiCTy TJIIOKO3U Y
BUHI 3a JOTIOMOT'0I0 aMIIEPOMETPUYHOTO OioceH-
copa Ha OCHOBi MJIATMHOBOTO IPYKOBAaHOTO
erekTpoma SensLab Ta riaooKo3o0Kcugasu.
HocaimkeHO CeJeKTUBHICTH aMIepOMETpPUY-
HuX 0ioceHCOpiB, Po3pPOOJIEHUX i3 3acTOCYBaH-
HAM OBOX Pi3HUX MeTOAiB iMMoOijizarrii riro-
Ko30ooKcumgasu. IlokazaHo, IO AATYUK Ha
ocuoBi I'OJl, iMmmo6isisoBanoi y mapax riyTa-
POBOTO aJbIETiy, € CeJIeKTUBHUM i He JeMOH-
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cTpye Hecmenu@iuyHOTO BiATYKY Ha OCHOBHI
KOMIIOHEHTHU BUHA, Ha BimiMiny Bix 6ioceHcopa 3
T'O, immo6inisoBanoro y mouimepi ITEIT.
BuBueno BiaTBOpIOBaHiCTH BiATYKiB Ta oIle-
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OrpaboTaHa MeTOAMKa OIIpeAeeHus TJIIKO-
3bI B BUHE C IIOMOII[bI0 aMII€POMETPUYECKOr0 O1o-
ceHcopa Ha OCHOBE IIJIATUHOBOTO II€YaTHOTO
anekTpoma SensLab u riaiokosookcugassl (I'O).
WccnenoBara CceleKTUBHOCTH OMOCEHCOPOB, Pas-
paboTaHHBIX C IPUMEHEHUEeM IBYX PAa3HBIX METO-
noB mmmobuausanuu I'Ol. Ilokasano, uto mar-
ypkK Ha ocHOBe 'O, mMMOOMIN30BaHHOM B ITapax
raytapoBoro aibmeruzna ([A), He maeT OTKJIMKA
Ha OCHOBHBIE WHTep(hepUpyIoIue BellecTBa BU-
Ha, B oTauume ot 6moceHncopa ¢ 'O, uMmmobuIn-
30BAHHOU B IOJIUMeEpe IoJn-(3,4-9TUIeHIUOKCH-
ruoden) (IIST). WsyueHwbl omepammuoHHASA
CTaOMJIBHOCTh CO3JAHHOTO JaTUMKa Ha OCHOBE
uMMobuauzoBanHoi B mapax I'A T'OJl u ero cra-
OMIBbHOCTE TIPpU XpaHeHUU. C TOMOIIILIO pa3pabo-
TaHHOTO 0MOCeHcopa IIPOBeIeH aHaNIn3 KOHIEHT-
pamuy rJIr0K03bl B BUHAX PA3HOTO TUIIA U B CyCJIE.
Ilokaszama BBICOKAsS KOPPEJAIUA IIOJYyYEeHHBIX
pe3yJbTaTOB C JAHHBIMU BBICOKO3(D(HEKTUBHOM
SKUAKOCTHOM XpomaTorpaduu. YCTaHOBIEHO, UTO
0MOCEeHCOp ¢ MMMOOMJIM30BAHHON B MOJIIMEDE
TISAT 'O/ o61amaeT upe3BBIUANHO IITUPOKUM JH-
HaMUYECKUM AUAIIa30HOM PabOThI M MOYKET OBITH
YCIIeITHO TPUMeHEeH JIS aHAJIn3a rJII0OKO3hI B cpe-
Iax, He COIepP KaIlluX dTaHOJ U IJINIEPOJI, HAallPU-
Mep B KPOBH.

Knwuesvle cnosea: amimepoMeTpudyecKuii OMOCEHCOD,
TJII0K03a, BUHO, CYCJIO.
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A method of glucose determination in wine
by an amperometric biosensor on the basis of
platinum printed electrode SensLab and glucose
oxidase was optimized. Selectivity of glucose
biosensors created on the basis of two different
methods of glucose oxidase immobilization was
investigated. Main wine interferents were
demonstrated to have no effect on work of the
biosensor with glucose oxidase immobilised in
glutaraldehyde vapor, but they influenced on
work of the biosensor with glucose oxidase
immobilised in PEDT polymer. Reproducibility,
operational and storage stability of the created
biosensor on the basis of glucose oxidase immo-
bilised in glutaraldehyde vapor were investiga-
ted. Glucose concentration in several types of
wine and must was determined with the created
biosensor, and the results were compared with
those obtained by traditional analytical
method — HPLC. Good correlation between data
obtained by the biosensor method and HPLC was
shown. It was also determined that biosensor
with glucose oxidase in PEDT polymer is charac-
terized by extremely wide dynamic range of work
and it can be successfully used for glucose analy-
sis in the liquids without ethanol and glycerol —
for example, in blood.

Key words: amperometric biosensor, glucose, wine,
must.
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Abstract

Curdlan is a linear polysaccharide considered a dietary fiber and with gelation properties.
This study evaluated the structure, morphology and the physicochemical and technological
properties of curdlan produced by Agrobacterium sp. IFO 13140 recovered by pre-gelation
and precipitation methods. Commercial curdlan submitted or otherwise to the pre-gelation
process was also evaluated. The data obtained from structural analysis revealed a similarity
between the curdlan produced by Agrobacterium sp. IFO 13140 (recovered by both meth-
ods) and the commercial curdlans. The results showed that the curdlans evaluated differed
significantly in terms of dispersibility and gelation, and only the pre-gelled ones had signifi-
cant potential for food application, because this method influence on the size of the particles
and in the presence of NaCl. In terms of technological properties, the curdlan produced by
Agrobacterium sp. IFO 13140 (pre-gelation method) had a greater water and oil holding
capacity (64% and 98% greater, respectively) and a greater thickening capacity than the
pre-gelled commercial curdlan. The pre-gelled commercial curdlan displayed a greater gel-
ling capacity at 95°C than the others. When applied to food, only the pre-gelled curdlans
improved the texture parameters of yogurts and reduced syneresis. The curdlan gels, which
are rigid and stable in structure, demonstrated potential for improving the texture of food
products, with potential industrial use.
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Introduction

Polysaccharides are an extremely diverse family of natural biopolymers, which are industrially
used as thickeners, stabilizers and gelling agents in foodstuffs [1]. There is currently growing
interest in their biological functions, such as their antioxidant and prebiotic activity. Although
polysaccharides are derived from various sources such as microorganisms, algae and higher
plants, the market is dominated by polysaccharides obtained from algae (such as carrageenans,
alginates and agar) and higher plants (such as starch, cellulose and pectin) [2].

The synthesis of microbial polysaccharides has emerged as an important source of new bio-
polymers for industrial use [3]. It is an attractive alternative as microorganisms can grow
under controlled conditions and produce a large variety of polysaccharides with unique prop-
erties. Production can be carried out in large quantities by biotechnological routes and from
renewable and low-cost raw materials, which are easily recovered [4]. One of the microbial
polysaccharides of industrial interest is curdlan, a neutral exopolysaccharide composed exclu-
sively of glucose residues joined by B-(1—3) bonds, commercially produced by bacterial spe-
cies of Agrobacterium [2,5-7].

After being discovered by Harada in 1966, curdlan has received considerable attention in
both the food and non-food industry due to its physicochemical properties, which are unique
when compared to other polysaccharides commonly used, such as starch. When in aqueous
suspension, curdlan may form a thermoreversible gel (low-set gel) when heated to tempera-
tures close to 55°C with subsequent cooling. This gel has similar behavior to agar and gelatin
gels. In addition, curdlan can form a thermoirreversible gel (high-set gel) when its aqueous
suspension is heated to temperatures above 80°C, which is very stable. Furthermore, gels with
different strengths can be formed by varying the temperature, the heating time and the con-
centration of curdlan [1,6].

Curdlan was approved for use in foodstuffs in Korea, Taiwan and Japan in 1989 and regis-
tered in 1996 by the FDA (Food and Drug Administration) in the USA as a food additive with
the following functions: a formulation and processing aid, and a stabilizer, thickener and tex-
turizer [8]. It is widely used due to its ability to form the thermoirreversible gel, which exhibits
great stability during the industrial processes of autoclaving, frying and freezing-thawing
cycles. It has no taste, color or odor, can form gels at a wide pH range (from 2 to 10) and can
mimic the palatability of foods containing fat [9]. It is also considered a dietary fiber, thus
improving the functionality of various food products. The versatility of its applications associ-
ated with its health benefits make curdlan a valuable tool in the development of innovative
food systems [1,3].

The dispersion and gelation characteristics of curdlan in an aqueous system, as well as its
mechanical properties, are associated with several factors such as concentration, temperature,
heating time, dispersal method, and the presence of ions, salts and low molecular weight sugars
[10]. Therefore, the form of recovery from the culture medium and the purification of the
polysaccharide are steps which decisively influence the physical and technological properties
of curdlan, which directly affect the sensory characteristics of foods in which the polysaccha-
ride is inserted. So, it is necessary to study these properties to define the most appropriate
form of the implementation of the polysaccharide in the industry [11].

Considering the interest in the properties of dispersion, viscosity, gelation and the health
benefits of curdlan, the present study aimed to characterize the physicochemical and techno-
logical properties of curdlan produced by Agrobacterium sp. IFO 13140 and recovered using
the pre-gelation and precipitation methods, as well as commercial curdlan subjected or other-
wise to pre-gelation treatment. The methodologies employed for the recovery of the curdlans
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were studied. The structures of all curdlans were compared by FT-Raman spectroscopy. In
addition, the application of curdlans in yogurts was evaluated.

Materials and methods
Materials

The bacterial strain Agrobacterium sp. IFO 13140 was purchased in lyophilized form from the
Institute for Fermentation of Osaka (Japan). Commercial curdlan was acquired from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). All solvents were of analytical grade.

Curdlan production by Agrobacterium sp. IFO 13140

The culture medium used to reactivate the microorganism was proposed by the supplier (g L),
pH 7: polypeptone (10), yeast extract (2), MgSO.,.7H,O (1). 30 mg of the lyophilized bacteria
were incubated in 100 mL of the medium at 30°C and 120 rpm for 48 h. The cells were recov-
ered through centrifugation (6000 xg, 10 min), washed with 9 g L' NaCl and transferred to the
production medium. For curdlan production, the liquid medium described by Martinez et al.
[12], pH 7, was used (g LY: glucose (50), KH,PO, (2.7), NH,CI (1.6), MgSO, (0.5) and trace
elements (10 mL L™"). The composition of the trace elements (g L™*) in HCI 0.1 mol L™ was:
FeCl;.6H,0 (1), MnCl,.4H,O (1), ZnCl (1), CaCl, (1) and CaCO3 (0.03). The reactivated
microorganisms were transferred to Erlenmeyer flasks containing 100 mL of the production
medium and maintained at 30°C and 150 rpm for 5 days.

Recovery of curdlan from production medium

Two methodologies were used to recover curdlan from the medium. In pre-gelation method
[12,13], NaOH 3 mol L' was added to the Erlenmeyer flasks containing the production
medium at a ratio of 1.8:1 (NaOH:medium) for curdlan solubilization. This mixture was cen-
trifuged (18000 xg, 15 min, 4°C) to separate the cells. HCl 3 mol L™ was added to the superna-
tant until pH 6-7 to obtain the curdlan gel, which was recovered by centrifugation (18000 xg,
15 min, 4°C). Subsequently, it was washed three times with distilled water and lyophilized. The
commercial curdlan was subjected to the same treatment and it was named pre-gelled com-
mercial curdlan.

The precipitation method is an adaptation of the industrial purification of curdlan. Indus-
trially produced curdlan is purified by dissolution in a strong alkaline solution and dried in a
spray-dryer, then washed with water until neutralization [14]. NaOH 3 mol L' was added to
the Erlenmeyer flasks containing the production medium at a ratio of 1.8:1 (NaOH: medium)
to solubilize the curdlan and the mixture was centrifuged at 18000 xg for 15 min at 4°C to sep-
arate the cells, before being lyophilized. The dried mixture was resuspended in water, filtered
to remove larger impurities and then ultra-filtered using the system described by Fenelon et al.
[15] with a 30 kDa membrane and pressure of 1 kgf cm™. During ultrafiltration, the material
was washed with water until the pH was neutralized, causing the precipitation of the curdlan,
that was thereafter lyophilized.

Structural analysis of curdlans by FT-Raman

Samples of the commercial and commercial pre-gelled curdlans and those produced by Agro-
bacterium sp. IFO 13140 (pre-gelation and precipitation methods) were analyzed by Fourier
transform Raman scattering infrared spectroscopy (FT-Raman) using a Fourier Transform
infrared spectrometer (Vertex 70v model with Ram module II, Bruker, Germany) equipped
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with a Germanium detector cooled with liquid nitrogen. A Nd:YAG laser was used for excita-
tion at 1064 nm. The spectra were based an average of 200 scans with a resolution of 4 cm™.

Morphology of curdlans

The morphology of the commercial and commercial pre-gelled curdlans, and the curdlans
produced by Agrobacterium sp. IFO 13140 (pre-gelation and precipitation methods) was ana-
lyzed in a scanning electron microscope (SS-550 model, Superscan, Shimadzu, Japan), at an
accelerating voltage of 15 kV.

Physicochemical characterization of curdlans

The commercial and commercial pre-gelled curdlans and those produced by Agrobacterium
sp. IFO 13140 (pre-gelation and precipitation methods) were characterized for their carbohy-
drate, moisture and sodium content. The carbohydrate content was determined through the
phenol-sulfuric method [16]. The moisture content was determined by the gravimetric
method [17] and sodium was identified using atomic absorption spectrometry [18].

Technological properties of curdlans

Water dispersion and gel formation capacities of curdlans. To verify the dispersal
capacity in water of the commercial and commercial pre-gelled curdlans and those produced
by Agrobacterium sp. IFO 13140 (pre-gelation and precipitation methods), they were subjected
to stirring in a mixer and/or in a magnetic stirrer until homogeneous dispersion was achieved.
The dispersions were heated at 95°C/1 h to assess the gel formation capacity.

Rheological characteristics and gel strength of curdlans. Dispersions of the pre-gelled
commercial curdlan and the curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation
method) were prepared at three concentrations: 20 g L', 40 g L™ and 80 g L™" in water. The
curdlans were dispersed in water using a mixer at room temperature for 5 min, sonicated for
10 min and then stirred in a magnetic stirrer for 12 h at 40°C. The samples were analyzed in a
controlled stress rotational rheometer (HAAKE MARS II model, Thermo Fisher Scientific
Inc., Newington, Germany), with steel cone/plate geometry (60 mm, gap 0.052 mm). The elas-
tic (G’) and viscous (G") modulus, and the apparent viscosity were measured depending on
temperature (20-60°C) at a frequency of 10 Hz. For gel strength evaluation, the dispersions of
both samples at the concentration of 20 g L* were kept or not in a water bath at 61°C/1 h to
prepare the low-set gel and at 95°C/1 h for preparation of the high-set gel [19]. After heating,
they were cooled at room temperature. The strength of the suspensions and gels was evaluated
in triplicate in a Stable Micro Systems texturometer (TA-XT Plus model, Texture Technologies
Corp., UK), using a 36 mm probe for compression analysis.

Water Holding Capacity (WHC), Oil Holding Capacity (OHC) and Water Solubility
Index (WSI). Samples of 0.25 g of the commercial and pre-gelled commercial curdlans and
curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method) were diluted in 10
mL of distilled water or soya oil at 30°C, homogenized in a magnetic stirrer for 30 min and
centrifuged (1500 xg, 10 min). The WHC was expressed as g of water absorbed per g of cur-
dlan sample and the OHC was described as g of oil absorbed per g of curdlan sample. To deter-
mine the WSI, the supernatant of the WRI analysis was oven dried at 105°C and the ratio
between the weight of the solid residue present in the supernatant after drying and the weight
of the curdlan sample was calculated [11].
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Application of curdlan in yogurt

Preparation of yogurts. Eight yogurt samples were prepared: A1) without curdlan or heat
treatment; A2) without curdlan and with heat treatment; B1) with commercial curdlan and
without heat treatment; B2) with commercial curdlan and heat treatment; C1) with pre-gelled
commercial curdlan and without heat treatment; C2) with pre-gelled commercial curdlan and
heat treatment; D1) with curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation
method) without heat treatment; D2) with curdlan produced by Agrobacterium sp. IFO 13140
(pre-gelation method) with heat treatment.

The curdlan was mixed in UHT (ultra-high temperature) whole milk at a concentration of
15 g L™ using a mixer. Subsequently, the milk of the samples subjected to heat treatment was
heated at 90°C for 120 seconds and cooled to 42°C. For samples without heat treatment, the
milk was directly heated to 42°C. Next, all samples were inoculated with 2 g L' of mixed cul-
ture of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus, and main-
tained at 42°C for 6 h. The yogurts were cooled and refrigerated for 24 h for rheological,
texture and syneresis analysis [3,20].

Texture Profile Analysis (TPA). The TPA of the yogurts was carried out in a TA-XT Plus
texturometer (Stable Micro Systems, Godalming, UK), equipped with Texture Expert software
(Stable Micro Systems, Godalming, UK). A 10 mm cylindrical probe was used (ref. P/0.5R, Sta-
ble Micro Systems). Two cycles were applied, at a velocity of 2 mm s™ and a depth of 15 mm,
producing force-time curves which were used to determine the firmness, cohesiveness, adhe-
siveness, springiness, gumminess and chewiness of the samples. The analysis was performed in
triplicate, at 8°C.

Syneresis. The syneresis analysis of each preparation was performed after 28 days of stor-
age of the yogurt at 8°C in triplicate. Yogurt samples (30-40 g) were centrifuged (222 xg, 10
min, 4°C) and the supernatant was separated and centrifuged again (222 xg, 10 min, 4°C),
weighed and the syneresis (%) was calculated from the ratio between the mass of the superna-
tant and the initial mass of the yogurt [20].

Rheological analysis. The rheological properties of flow of the yogurts were analyzed in
triplicate, in a controlled stress rotational rheometer (HAAKE MARS II model, Thermo Fisher
Scientific Inc., Newington, Germany), with steel cone/plate geometry (60 mm, gap 0.052 mm).
The measurements were performed at 8°C. The scan of the deformation rate was performed
from 0 to 116 s™', obtaining the outward and return data. The flow and viscosity curves were
obtained by determining the stress and viscosity versus the shear rate [20]. The rheological
parameters K (consistency index) and n (flow behavior index) were calculated using the Ost-
wald de Waele model, while the parameter 1, (yield stress) was calculated by the Herschel-
Bulkley model. The hysteresis was calculated from the area of the flow curves of the yogurts
using the RheoWin 4.10.000 software program (HAAKE software, Thermo Fisher Scientific
Inc., Newington, Germany).

Statistical analysis

Data were analyzed by analysis of variance (ANOVA), and means were compared with the
Tukey Test (p<0.05) using the Statistica 8.0/2008 software package (Stat Soft, Inc., Tulsa, USA).

Results and discussion
Structural analysis of curdlans by FT-Raman

Fig 1 shows FT-Raman spectra of commercial and pre-gelled commercial curdlans and those
produced by Agrobacterium sp. IFO 13140 (pre-gelation and precipitation methods). From the
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Fig 1. FT-Raman spectra of: (A) commercial curdlan, (B) pre-gelled commercial curdlan, (C) curdlan
produced by Agrobacterium sp. IFO 13140 (pre-gellation method), (D) curdlan produced by
Agrobacterium sp. IFO 13140 (precipitation method). The dotted lines show the characteristic peaks of
the samples.

doi:10.1371/journal.pone.0171469.9001

data, it is verified a structural similarity between all samples, which means that the curdlan
produced by the microorganism has a similar structure to commercial curdlan and it also
means that the method employed to recover curdlan from the medium did not modify the
structure of the polysaccharide.

Several authors described the chemical bonds present in the structure of curdlan molecule
based in FT-IR analysis [3,14,21]. They stated that, from the FT-IR data for curdlan, the bands
around 890, 1080 and 1160 cm ™" correspond to the 5-(1,3)-glucan linkages. Despite the differ-
ence in band assignments for FT-IR and FT-Raman spectroscopies, the spectra of carbohy-
drates in both techniques show a characteristic absorption band of B-anomeric configuration
at ~890 cm ™! (886 cm™ in this work) [22]. The Raman bands and shoulders at 1090 and 1137
cm™" are typical for B-glucans. Intense highly overlapped Raman bands between 990 and 1200
cm ™" are attributed to COC and CC stretching vibrations of polysaccharides. The features
between 1200 and 1440 cm™" are mainly assigned to in-plane ring deformation including CH
and OH bending modes. Finally, the band at 1457 cm™ is assigned to CH, in-plane bending in
CH,OH of the molecule [23].

Morphology of curdlans

Fig 2 shows scanning electron microscopy images of the commercial curdlan (Fig 2A and
2B), the pre-gelled commercial curdlan (Fig 2C and 2D) and the curdlans produced by
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Fig 2. Scanning electron microscopy of: commercial curdlan—(A) 40x and (B) 1000x magnification;
pre-gelled commercial curdlan—(C) 40x and (D) 1000x magnification; curdlan produced by
Agrobacterium sp. IFO 13140 (pre-gelation method)—(E) 40x and (F) 1000x magnification; curdlan
produced by Agrobacterium sp. IFO 13140 (precipitation method)—(G) 40x and (H) 1000x
magnification.

doi:10.1371/journal.pone.0171469.g002

Agrobacterium sp. IFO 13140 recovered by pre-gelation and precipitation methods (Fig 2E-
2H) with a range of magnifications.

Marchessault and Deslandes [24] define the shape of the granules of commercial curdlan as
collapsed or invaginated, which coincides with the commercial curdlan shape illustrated in Fig
2A and 2B. The granules have widely differing sizes, varying from around 10 to 100 um in
diameter. Industrially produced curdlan is dried by spray-drying [14] and the type of drying

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 7/19



@° PLOS | ONE

Influence of the recovery method in the curdlan properties

has a major influence on the particle bead structure [25]. The expected range of particle size of
polymers dried by ordinary spray dryers is 5-150 pm. Furthermore, spherical microspheres or
those with pores/concavities, as shown in Fig 2A and 2B, are characteristic of the drying of
products by a spray-dryer. The formation of pores or concavities is associated with the rapid
evaporation of the liquid particles of this process [26].

The pre-gelled commercial curdlan and both the curdlans produced by the microorganism,
when viewed at low magnification (40x), were in flake form and displayed irregularities. These
characteristics are expected for lyophilized products, since the working conditions of the
lyophilizer exert great pressure on the particles to be dried, meaning that a product dried by
lyophilization remains amorphous in comparison with a spray dried product [25]. Further-
more, at a higher magnification (1000x), it can be seen that the particles obtained for the three
samples that underwent the lyophilization process (Fig 2D, 2F and 2H), were considerably
smaller than the commercial curdlan (obtained by spray-dryer). Therefore, it can be inferred
that the lyophilization process can facilitate the dispersion of curdlan molecules in water, espe-
cially the pre-gelled commercial curdlan and the one produced by Agrobacterium sp. IFO
13140 (pre-gelation method), which have smaller particle sizes (Fig 2D and 2F). The smaller
diameter increases the accessibility of water molecules to the inside of the particles, facilitating
dispersion.

The structure displayed by the commercial curdlan is maintained by a large amount of
hydrogen bonds. But, when added to an alkaline solution, these bonds are broken due to
their jonization, and the granule loses its structure. The neutralization of the curdlan sus-
pension causes a reshaping of the hydrogen bonds that depends on the neutralizing agent
used. With the addition of HCI (pre-gelation method), the reassociation causes the forma-
tion of a firm gel, with small structures of less than 1 pm in diameter (Fig 2D and 2F). With
water (precipitation method), reassociation causes the precipitation of the curdlan into
small particles with diameters greater than those obtained by neutralization with HCI, rang-
ing from 2-10 pm in diameter (Fig 2H). Therefore, the difference between the sizes of the
curdlan particles produced by the microorganism using the two methods is due to the differ-
ent forms of reassociation of the hydrogen bonds, which are dependent on the recovery
method employed, and can also influences the characteristics of water dispersion of the
polysaccharide.

Physicochemical characterization of curdlans

As an exopolysaccharide, curdlan is secreted to the extracellular medium in the form of bio-
films, and has the advantage of being easy to recover. As a result, the polysaccharide should
present a low degree of impurities, and consequently the carbohydrate content represents an
indirect measure of the purity of the samples. The levels of carbohydrates and moisture found
in the curdlan samples are shown in Table 1.

The highest carbohydrate content was found for the commercial sample. The pre-gelled
commercial sample had a carbohydrate content lower than the commercial curdlan due to the
salt (NaCl) incorporated in the pre-gelling process. The two samples produced by Agrobacter-
ium sp. IFO 13140 had different carbohydrate contents, with that produced by precipitation
method having greater purity due to the successive washings performed. The impurities in the
last samples consist of remnants of the production medium and the salt formed in the recovery
step.

The sodium content of curdlans was determined because curdlan is a glucose polymer with
a low amount of inorganic salts, mainly sodium chloride [27]. Thus, sodium content is an indi-
rect estimate of the salt content of the material. The sodium concentrations disposed in
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Table 1. Carbohydrate, moisture and sodium content (%) of different samples of curdlan. Values indicate mean * standard-deviation.

Curdlan sample
Commercial
Commercial pre-gelled
Microbial* (pre-gelation method)
Microbial* (precipitation method)

*Produced by Agrobacterium sp. IFO 13140.

doi:10.1371/journal.pone.0171469.t001

Carbohydrate Moisture Sodium
94.5+0.2 41104 1.2+0.3
82+1 4.0+0.3 4.4+0.8
70.6+0.6 5.4+0.9 0.024 £+ 0.001
85.4+0.7 4.8+0.6 <0.001

Table 1 directly influence the dispersion and gelling characteristics of the polysaccharide,
which will be further discussed in the next section.

Technological properties

Water dispersibility and gelling capacities. Curdlan can be used as a thickener, stabilizer
and texturizer in food industry [8,27]. However, as curdlan is insoluble in water, it is necessary
to use an efficient homogenizer to obtain a homogeneous dispersion and apply a further stir-
ring of the dispersion prior to the carrying out of analyses requiring uniformity [21].

The pre-gelled commercial curdlan and the curdlan produced by Agrobacterium sp. IFO
13140 (pre-gelation method) dispersed easily in water when subjected to stirring in a mixer for
less than 5 min, and also acted as thickening agents. Both dispersions remained visibly homo-
geneous for days and, when heated at 95°C/1 h, formed a firm and homogeneous gel. The
commercial curdlan did not easily disperse in water using the mixer. After 24 hours of stirring
in a magnetic stirrer, a homogeneous dispersion formed for a brief period, displaying a phase
separation after 10 min of rest. After 48 h of stirring, phase separation began to be observed at
30 min; after 72 h, at 1 hour; and after 96 h, phase separation began at 1.5 h. The gelling of
commercial curdlan also occurred after heating at 95°C/1 h, but there was phase separation in
the gel formed, which became more pronounced as the stirring period for formation of the dis-
persion was reduced. Marchessault and Deslandes [24] have previously identified the forma-
tion of a non-homogenous gel from curdlan in its native form. Probably, the difficulty of
dispersion of commercial curdlan compared with those submitted to pre-gelation process is
related to the particle size of the sample (as noted in morphological analysis), which makes dif-
ficult the accessibility of water molecules to the inside of the particles.

Another important factor related to the dispersion and gelling of curdlan is the presence of
salts. In the gelling of curdlan, the swelling phase of the molecule is essential and may be influ-
enced by salts, as they affect the mobility of the water molecules during hydration [10]. The
swelling of curdlan is facilitated with the salts present because it increases intermolecular asso-
ciation and consequently increases the viscosity of curdlan water dispersions. The curdlan pro-
duced by Agrobacterium sp. IFO 13140 (precipitation method) displayed greater difficulty in
forming a homogenous dispersion in water and, in contrast to the other curdlans, did not
form a gel when heated. This can be explained by its considerably lower sodium content, due
to the countless washings with water used to achieve neutralization. Samples of the other cur-
dlans were also washed in the ultrafiltration device and, following such process, no longer had
the same dispersion and gelling capacities. This proves therefore, that as with other biopoly-
mers, for curdlan, the rheological characteristics depend excessively on the methods of recov-
ery employed following production. Due to the characteristics displayed, the technological
characteristics of the curdlan produced by Agrobacterium sp. IFO 13140 (precipitation
method) were not evaluated, and this sample was not applied in yogurt. Additionally, disper-
sions of commercial curdlan were not evaluated by rheological and gel strength analysis
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Fig 3. Temperature dependency of: (A) apparent viscosity and (B) G’ (continuous line) and G" (dotted
line) modulus of the aqueous dispersions of curdlan. Pre-gelled commercial curdlan (empty symbol) and
curdlan produced by Agrobacterium sp. IFO 13140 recovered by the pre-gelation method (full symbol) at ()
20, (@)40and (A)80gL™

doi:10.1371/journal.pone.0171469.9003

because the commercial curdlan did not act as a thickener with the methodology employed for
preparation of the dispersions.

Rheological characteristics and gel strength of curdlans. Thermal scanning rheological
measurements were made to evaluate both the apparent viscosity and the gelation behavior of
curdlan dispersions. The temperature dependence of apparent viscosity and of G’ and G" mod-
ulus for aqueous dispersions of pre-gelled commercial curdlan and of the curdlan produced by
Agrobacterium sp. ITFO 13140 (pre-gelation method) at 20, 40 and 80 g L™ are shown in Fig 3A
and 3B.

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 10/19



@° PLOS | ONE

Influence of the recovery method in the curdlan properties

The curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method) exhibited
considerably higher viscosity than pre-gelled commercial curdlan (Fig 3A). For example, at
20°C, the apparent viscosity of curdlan produced by the microorganism was almost 100%
higher than pre-gelled commercial curdlan at 20 and 80 g L. Equally, G’ and G" modulus
(Fig 3B) were also higher for the curdlan produced by the microorganism, revealing the high-
est thickening potential of this curdlan when compared to the pre-gelled commercial one.

Both the apparent viscosity and the G’ module of both curdlans exhibited a different behav-
ior as a function of temperature for each concentration employed. At 20 g L', both parameters
increased with temperature for pre-gelled comercial curdlan, while for curdlan produced by
the microorganism they decreased. This behavior is related to the swelling of curdlan because
of the breakage of hydrogen bonds during heating. The difference between the curdlanas is
because, for pre-gelled commercial curdlan, inter-molecular entanglements between the parti-
cles that were swollen formed pseudo-links, which contributed to the little increase in G’. This
phenomenon did not occur for curdlan produced by the microorganism. However, for higher
concentrations (40 and 80 g L"), the decrease in the viscosity and in G’ no longer occurred
with temperature for any sample, because the high concentration favors the inter-molecular
entanglements between the particles, which contribute to the increase of both parameters.
Additionally, the increase in G’ and G" modulus and in apparent viscosity of curdlan disper-
sions at about 50-55°C, especially at 80 g L™, suggests the beginning of the formation of the
thermo-irreversible gels due to hydrophobic interactions.

Jin et al. [21] stated that G’ decreased until 50°C for curdlan suspensions at 20 g L™*, which
is related to the swelling of curdlan because of the breakage of hydrogen bonds, as observed for
curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method) in this study. How-
ever, Funami et al. [28] stated only increasing in G’ parameter for dispersions of curdlans at
20, 40 and 100 g L™ with increasing temperature. The authors attributed this behavior to inter-
molecular entanglements between the particles that were swollen forming pseudo-links, being
this result similar to the one obtained for pre-gelled comercial curdlan in all concentrations
evaluated and for curdlan produced by the microorganism for concentrations from 40 to 80 g
L' in this work.

The strength data of suspensions and gels of the pre-gelled commercial curdlan and the cur-
dlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method) at 20 g L™" are presented
in Table 2. According to the strength values of the suspensions and gels, the curdlan produced
by Agrobacterium sp. IFO 13140 (pre-gelation method) has a better thickening capacity than
the pre-gelled curdlan, as the suspension of the same without heat treatment was approxi-
mately 10% stronger. This result agrees with the results of rheological analysis. However, the
gelling capacity of the pre-gelled commercial curdlan is considerably higher.

Table 2. Strength (x1072 N) of pre-gelled commercial curdlan and the curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method)
samples after undergoing different heat treatments. Values indicate mean + standard-deviation.

Heat treatment of the dispersion in a concentration of 20 g L~ Strength (x 102 N)
k Pre-gelled comercial curdlan Curdlan from microorganism (pre-gelation
method)
Without heat treatment 69+ 2¢ 76 +2°
Low-set gel (61°C/1 h) 79+1° 77 £2°
High-set gel (95°C/1 h) 96.8 +0.8° 83+1°

a=d Means with different letters are significantly different (p< 0.05).

doi:10.1371/journal.pone.0171469.t002
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The strength of the low-set gel of the pre-gelled commercial curdlan was around 15%
greater than that of the suspension without heat treatment, and statistically equal to that of the
low-set gel of the curdlan produced by the microorganism. The high-set gel of the pre-gelled
commercial curdlan had strength 40% greater than the suspension without heat treatment,
and 17% greater than the high-set gel produced by the microorganism.

When an aqueous dispersion of curdlan is heated around 55°C, the low-set gel formed is
maintained by intramolecular hydrogen bonds and the curdlan chains adopt a predominantly
single helix conformation. But when heated above 80°C, the high-set gel formed is maintained
by intermolecular hydrophobic interactions and the curdlan chains adopt a predominantly tri-
ple helix conformation [14,29], forming an organized and rigid gel configuration. As such, the
increase in the strength of the high-set curdlan gel (95°C/1 h) is due to the greater presence of
the triple helix conformation.

The fact that the curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method)
have formed a considerably weaker gel than the pre-gelled commercial curdlan, as well as the
fact that it does not exhibit the same behavior that pre-gelled commercial sample in rheological
analysis at low concentrations (increase of G’ and apparent viscosity with temperature), are
probably due to a difference of molecular weight/degree of polymerization of the polymers. A
variety of physical properties of B-(1—3)-glucans, including gel strength (or gel-forming abil-
ity) is related to the molecular weight/degree of polymerization of the biopolymer. The higher
the degree of polymerization of the polysaccharide, the greater is its gel forming ability with
heating [30,31].

Nakanishi et al. [32] studied the formation of a complex of curdlan with aniline blue dye
and noted a relation between the rate of interaction of the polymer with the dye and the con-
centration, degree of polymerization, and gel-forming ability of the polymer. The variation in
absorbance at 590 nm is proportional to the concentration of curdlan and to its gel-forming
ability (and consequently to its degree of polymerization). S1 Appendix contains the method-
ology used by the authors described to evaluate curdlan interaction with aniline blue dye and
the results of the relationship between absorbance variation and concentration of the pre-
gelled commercial curdlan and curdlan produced by the microorganism. By comparing the
results of this study to those obtained by Nakanishi et al. [32] and using the relation obtained
by these authors between absorbance variation and degree of polymerization, it is concluded
that the degree of polymerization of the pre-gelled commercial curdlan is about 45% higher
than of the curdlan produced by the microorganism, which explains the lowest gel strength
and the decrease in apparent viscosity and G’ in low concentration dispersions of the polymer.

Water Holding Capacity (WHC), Oil Holding Capacity (OHC) and Water Solubility
Index (WSI). Determining the technological properties of polysaccharides is of great impor-
tance when predicting their possible industrial applications. The values for the properties of
water solubility index (WSI) water holding capacity (WHC) and oil holding capacity (OHC)
of the curdlan samples are described in Table 3.

Table 3. Water Holding Capacity (WHC), Oil Holding Capacity (OHC) and Water Solubility Index (WSI) (g g') of the commercial, pre-gelled commer-
cial curdlans and those produced by Agrobacterium sp. IFO 13140 (pre-gelation method). Values indicate mean * standard-deviation.

Curdlan sample
Commercial
Commercial pre-gelled
Microbial (pre-gelation method)

WHC OHC wsli
4.6+0.4% 0.62+0.08° 0.006 +0.0022
2.20+0.08° 4.4+0.2° 0.00923 + 7E-52
3.6+0.3° 8.7+0.12 0.0068 + 0.003?

2 Means in the same column with different letters are significantly different (p< 0.05).

doi:10.1371/journal.pone.0171469.1003
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The three curdlans had very low and statistically equal WSIs, which was expected as curdlan
is insoluble in water. Despite this, however, the curdlans presented some water absorption,
with the commercial curdlan achieving the highest value, followed by the curdlan produced by
the microorganism and the pre-gelled commercial curdlan. Seguchi and Kusunose [33] found
water absorption rates for curdlan between 5.244 g g and 7.724 g g’

Compared to other polysaccharides employed in food industry as gums, curdlan has low
water holding capacity; the guar and xanthan gums have a WHC of 25.77 g g and 27.33 g g/,
respectively [34]. However, both are soluble in water. The low solubility and water holding
capacity of curdlans is explained by the existence of a large amount of intra/intermolecular
hydrogen bonds within the polymer. This also explains the fact that commercial curdlan has a
higher water absorption index than the other types as the recovery by the pre-gelation process
employed in the latter two types favors the formation of large quantities of hydrogen bonds in
the polymer. Thus, the polysaccharide interacts more strongly with itself than with water
[21,34].

The three evaluated curdlans also differed with respect to oil holding capacity. With the
exception of the commercial curdlan, they presented greater OHC values than WHC, indicat-
ing that the samples have a higher lipolytic than hydrophilic capacity. Oil absorption values
greater than three make curdlan a potentially useful ingredient in structural interactions in
foods, especially in aroma retention, improved palatability and maintenance of the stability of
the product during storage [11]. This result justifies the use of curdlan as a fat replacer or
mimicker of fat in the food industry [9,35].

Application of curdlan in yogurt

The main characteristics that define the quality of yogurts are its texture and propensity for
serum separation (syneresis). Typically, polysaccharides such as xanthan, guar, gellan, pectin,
carrageenan are used to give the product a firmer texture, increase its stability and hence make
it more acceptable to the consumer [3,20]. Table 4 displays the parameters of texture and syn-
eresis after 28 days of storage of yogurt samples with and without curdlan, submitted or not to
heat treatment with the aim of gelling the curdlan in the milk prior to the fermentation
process.

Table 4. Texture parameters and syneresis of yogurts with and without curdlan and submitted or not to heat treatment. Values indicate
mean * standard-deviation.

Sample | Firmness (x 10~3N) | Cohesiveness | Adhesiveness (N x mm) | Springiness (mm) | Gumminess (N) | Chewiness (N) | Syneresis (%)

At 77+2° 0.77 £0.02% 0.02+0.01° 1.13£0.01% 5.9+0.3° 6.7 +0.4° 49.3+0.8°
A2 84 +8° 0.71+0.07%° 0.04 +0.03° 1.00 +0.04° 5.9+0.1° 5.9 +0.3%% 48.7 +0.4°
B1 83 +8° 0.66 + 0.02°° 0.08 +0.03° 0.94 +0.04° 55+0.7° 51+0.7° 45.6+0.9°
B2 129+ 7° 0.47 +0.04° 0.4+0.1° 0.97 +0.05*° 6.1 +0.2% 5.9 +0.4%% 38.2+0.3°
C1 94 +9° 0.65 + 0.02°° 0.16 £0.04° 1.2+0.12 6.0 +0.6™ 7.1+0.3% 26.4 +0.8¢
c2 125.1 +0.6° 0.58 +0.02° 0.58 + 0.02%° 1.01 £0.01%° 7.2+0.2° 7.3+0.2° 29.2+0.7¢
D1 128 + 6° 0.46 +0.02¢ 0.68 +0.04% 0.96 +0.03° 5.8+0.3° 5.6 +0.5% 28.8+0.2¢
D2 160 + 72 0.59 +0.01° 0.5+0.1%° 0.99 +0.06*° 9.5+0.6% 9.3+0.3% 35.8+0.9°

&€ Means within the same column with different letters are significantly different (p< 0.05).

Yogurts: A1) without curdlan or heat treatment; A2) without curdlan and with heat treatment; B1) with commercial curdlan and without heat treatment; B2)
with commercial curdlan and heat treatment; C1) with pre-gelled commercial curdlan and without heat treatment; C2) with pre-gelled commercial curdlan
and heat treatment; D1) with curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method) without heat treatment; D2) with curdlan produced by
Agrobacterium sp. IFO 13140 (pre-gelation method) with heat treatment.

doi:10.1371/journal.pone.0171469.1004
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It can be seen that the use of curdlan produced by Agrobacterium sp. IFO 13140 (pre-
gelation method) produced significant alterations in the parameters of firmness, cohesive-
ness and adhesiveness of the yogurt, even without being subjected to heat treatment. This is
due to the thickening potential of the material. Heat treatment caused major changes in
these parameters, both for the yogurts with commercial curdlan and pre-gelled commercial
curdlan, although the highest values for firmness, stickiness, gumminess and chewiness
were obtained for the yogurt with curdlan produced by the microorganism. Heat treatment
promotes the formation of a firm gel due to the intermolecular hydrophobic interactions
that structure the system, making the yogurt more consistent, resulting in greater difficulty
to separate in the mouth and making it denser during chewing, which therefore takes
longer.

It was notable that the pre-gelled commercial curdlan formed a stronger gel in water, but
had less effect on the texture parameters than that produced by Agrobacterium sp. IFO 13140
(pre-gelation method) when applied to the yogurt, which was not expected. Thus, it is likely
that the latter has a greater ability to interact with water and the other components of milk,
especially proteins, more efficiently stiffening the protein network formed after the fermenta-
tion process. As described before, the curdlan produced by the microorganism has the capacity
to absorb 64% more water and 98% more oil than the pre-gelled commercial curdlan, with
these parameters being important for products such as yogurts prepared with whole milk (3%
fat).

The use of commercial curdlan without heat treatment did not produce many changes in
the texture parameters or in the syneresis of the yogurts. This is because it was not effectively
homogenized in the milk as it dispersed with greater difficulty, interfering little in the forma-
tion of the protein network during fermentation.

It was found that syneresis was reduced for the yogurt samples with curdlan, particularly
the pre-gelled commercial variety and the curdlan produced by Agrobacterium sp. IFO 13140
(pre-gelation method). The latter displayed higher syneresis after the first 28 days of storage
because its gel is less stable than the pre-gelled commercial curdlan. As such, the pre-gelled
commercial curdlan demonstrated a greater ability to preserve the structure of the yogurt,
avoiding rearrangements in the casein network due to the time of storage and avoiding whey
expulsion. Martinez et al. [3] produced yogurts with added curdlan and achieved a significant
reduction in the syneresis of the products compared to the control (without curdlan). The
authors found that the high stability obtained by the yogurt with curdlan is attributed to inter-
actions between the curdlan molecules, either between one another or with the proteins,
which cause the formation of a more compact and continuous three-dimensional protein net-
work, which effectively entraps the protein molecules and water in its structure.

Importantly, there was no difference between any of the texture parameters and the synere-
sis of yogurts without curdlan submitted or not to heat treatment. This was expected as the
aim of treatment was to gel the curdlan and, therefore, the A2 sample was not submitted to
rheological analysis. Fig 4 shows the flow curves (Fig 4A and 4B) and the viscosity curves (Fig
4C and 4D) for the yogurts produced with curdlan with and without heat treatment of the
milk prior to fermentation.

All the yogurts behaved as non-Newtonian pseudo-plastic fluids, as their viscosity
decreased due to the shear rate applied. It can be seen that the samples subjected to heat treat-
ment of the milk had higher viscosity values across the entire shear rate analyzed due to the
gelling of the curdlan. However, the decrease in viscosity versus the shear rate in the return
data was much more significant for these samples. All the samples also exhibited thixotropic
characteristics, due to the difference of tension and viscosity between the ascending and
descending shear rate curves. The hysteresis observed is due to the breakdown of the gel

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 14/19



@° PLOS | ONE

Influence of the recovery method in the curdlan properties

A) (B) 75000+
24000 ——
i, 60000 -|
& 16000 g
alf 4 il J
= M £ %000 “’\.MM.
(7] (73 ¥
] 1] AN
g £ 300004 (y\
2 8000 2
© (V]
) =l s =
& & 15000 %
0 lﬁ’M
04
T T T T T 1 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Shear rate (s) Shear rate (s)
(C) 10000 (D)
10000
@ 1000 4 w
g g
E i E
> \ N =
2 2 1000
T T

T T T T T 1 100 T T T 1
20 40 60 80 100 120 20 40 60 80 100 120

Shear rate (s) Shear rate (s™)

Fig 4. Flow curves of yogurt samples without heat treatment (A) with heat treatment (B); viscosity curves of yogurt
samples without heat treatment (C) and with heat treatment (D). Yogurt without curdlan (-), with commercial curdlan
(A), with pre-gelled commercial curdlan (o) and with curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation
method) (M). The direction of the gray arrows indicates the ascendant and descendant curves.

doi:10.1371/journal.pone.0171469.g004

structure formed by coagulation of the protein during fermentation, in the presence and
absence of curdlan. Hysteresis is measured as the area between the ascending and descending
curves, where the greater the area (when positive), the greater the thixotropic effect. Hysteresis,
together with the other rheological parameters, are described in Table 5.

Table 5. Rheological parameters of yogurt samples with and without curdlan and submitted or not to heat treatment. Hysteresis, consistency index
(K), flow behavior index (n) and yield stress (1p). Values indicate mean + standard-deviation.

Sample
A
B1
B2
C1
C2
D1
D2

K(mPas") n 70 (Pa) Hysteresis (Pas™)
98 + 39 0.997 + 0.006% 2+1° 362 +43°
223 + 269 0.938 +0.001° 12+1¢ 1088 + 759
1685+ 182 0.662 + 0.004° 30+4° 2241 + 39°
922 + 35° 0.73+0.04¢ 12 +1¢ 1134 + 929
—* —* 36+2° 2200 + 49°
467 +56° 0.87 +0.02° 10.9 +0.5¢ 1623 + 36°
—* —* 75+ 32 3461 + 10°

2~ Means within the same column with different letters are significantly different (p< 0.05).
*|t was not possible to calculate the parameters by the Oswald de Waele model.

doi:10.1371/journal.pone.0171469.1005
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In Fig 4B, the heat-treated samples of yogurt with pre-gelled commercial curdlan and cur-
dlan produced by the microorganism displayed a peak in shear strain at the beginning of the
growth of the deformation rate. This peak is related to the lack of homogeneity of the product,
because during the gelling process of curdlan small lumps are formed, which are not necessar-
ily noticeable to the palate, but which alter rheology. With the presence of these lumps, the ten-
sion needed for a small deformation is high, and as a result, it was not possible to calculate the
K and n parameters for samples C2 and D2 by the Oswald de Waele model.

From the data of Table 5 it is clear that the higher viscosity samples in Fig 4C and 4D,
which are those subjected to heat treatment, had more evident thixotropic characteristics
(higher hysteresis), as they underwent a major reduction in apparent viscosity with time, in a
rate constant with shearing. This is due to the breakdown of the organized yogurt structure
when submitted to a determined strain. After remained stationary, the samples returned to
their original state more quickly, but with lower viscosity during the return, being this recovery
dependent on time. Therefore, the gel formed with heat treatment presented low stability, in
particular the gel of the curdlan produced by the microorganism, corroborating with the syn-
eresis data of the yogurt.

Curiously, it was observed that of the samples without heat treatment, that which had the
greater viscosity in the increasing shear rate curve did not present higher K and n values, or in
other words, the sample with pre-gelled commercial curdlan was greater than the curdlan pro-
duced by Agrobacterium sp. IFO 13140 (pre-gelation method) in the consistency index and
flow behavior. This was due to the sharp drop in viscosity in the decreasing curve of the latter,
revealing again the lower stability of the gel formed.

The results of the yield strength parameter (to) were consistent with the firmness of the
yogurt, as the yogurt with curdlan produced by Agrobacterium sp. IFO 13140 with thermic
treatment withstood the greatest tension before suffering deformation, followed by the yogurts
with pre-gelled commercial curdlan and commercial curdlan with heat treatment. It is impor-
tant to note that yield stress refers to the maximum stress that the material can bear before
yielding (in the elastic deformation regime) and that the greatest t, values are those of the fir-
mer samples. These samples displayed a minimum stress for deformation that was more diffi-
cult to break due to the increased organization and stiffening of the protein network formed,
originating from the intermolecular hydrophobic interactions of the curdlan with heating.

Conclusions

The characteristics of dispersion, gelation and the rheological properties of curdlan depended
greatly on the recovery methods employed after its production, as the curdlan produced by
Agrobacterium sp. IFO 13140 (pre-gelation method) and the commercial pre-gelled curdlan
dispersed better in water, acted as thickeners and formed more homogeneous gels. The use of
the pre-gelation method exerts a major influence on the size of the particles obtained and in
the presence of NaCl, which contributes significantly to the dispersion and gelation character-
istics described. However, the recovery method employed did not influence the structure of
the polysaccharide. Even the pre-gelled commercial curdlans and those produced by the
microorganism through the pre-gelation method had significantly different technological
properties. The curdlan produced by Agrobacterium sp. IFO 13140 (pre-gelation method)
showed a greater thickening and water and oil holding capacity than the pre-gelled commer-
cial curdlan, while the latter demonstrated a considerably greater gelling capacity, that is
related to degree of polymerization of the polysaccharide. As a consequence, although both
types of curdlan increased firmness, viscosity and reduced the syneresis of yogurts, the curdlan
produced by Agrobacterium sp. IFO 13140 (pre-gelation method) caused a greater increase in
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the parameters, but also showed a less stable gel formation than the pre-gelled commercial cur-
dlan. The commercial curdlan did not influence the firmness and syneresis of yogurts tested.
Nevertheless, the curdlans recovered by the pre-gelation method provided rigid gels with a sta-
ble structure, allowing improvements in the texture of a range of products, and therefore, has
great potential for application in the food industry.

Supporting information

S1 Appendix. Curdlan interaction with aniline blue dye.
(DOC)

Acknowledgments

The authors are thankful to the Brazilian Agencies CAPES, CNPq and Fundagdo Araucaria for
their financial support of this work.

Author Contributions
Conceptualization: CSM GM.

Data curation: CSM TTS VCF LNK SBSF.
Formal analysis: CSM VCF MLB.
Funding acquisition: GM MLB.
Investigation: CSM GM.
Methodology: CSM MLB GM.

Project administration: GM.
Resources: MLB GM.

Supervision: CSM GM.

Validation: CSM GM.

Visualization: CSM GM.

Writing - original draft: CSM GM.
Writing - review & editing: MLB GM.

References

1. Zhang R, Edgar K. Properties, chemistry and applications of the bioactive polysaccharide curdlan. Bio-
macromolecules. 2014; 15: 1079—-1096. doi: 10.1021/bm500038g PMID: 24552241

2. DonotF, Fontana A, Baccou JC, Schorr-Galindo S. Microbial exopolysaccharides: Main examples of
synthesis, excretion, genetics and extraction. Carbohydr Polym. 2012; 87: 951-962.

3. Martinez CO, Ruiz SP, Fenelon VC, Morais GR, Baesso ML, Matioli G. Characterization of curdlan pro-
duced by Agrobacterium sp. IFO 13140 cells immobilized in loofa sponge matrix, and application of this
biopolymer in the development of functional yogurt. J Sci Food Agric. 2016; 96: 2410-2417. doi: 10.
1002/jsfa.7357 PMID: 26219432

4. Triveni R, Shamala TR, Rastogi NK. Optimised production and utilization of exopolysaccharide from
Agrobacterium radiobacter. Process Biochem. 2001; 36: 787-795.

5. Leel, Seo WT, Kim GJ, Kim MK, Park CS, Park YH. Production of curdlan using sucrose or sugar cane
molasses by two-step fed-bactch cultivation of Agrobacterium species. J Ind Microbiol Biotechnol.
1997; 18: 255-259.

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 17/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171469.s001
http://dx.doi.org/10.1021/bm500038g
http://www.ncbi.nlm.nih.gov/pubmed/24552241
http://dx.doi.org/10.1002/jsfa.7357
http://dx.doi.org/10.1002/jsfa.7357
http://www.ncbi.nlm.nih.gov/pubmed/26219432

@° PLOS | ONE

Influence of the recovery method in the curdlan properties

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Wu C, Yuan C, Chen S, Liu D, Ye X, Hu Y. The effect of curdlan on the rheological properties of restruc-
tured ribbonfish ( Trichiurus spp.) meat gel. Food Chem. 2015; 179: 222—231. doi: 10.1016/j.foodchem.
2015.01.125 PMID: 25722158

LiJ, ZhuL, Lu G, Zhan X, Lin C, Zheng Z. Curdlan 3-1,3-glucooligosaccharides induce the defense
responses against Phytophthora infestans infection of potato (Solanum tuberosum L. cv. McCain G1)
leaf cells. PLoS ONE. 2014; 9: €97197. doi: 10.1371/journal.pone.0097197 PMID: 24816730

Wang M, Chen C, Sun G, Wang W, Fang H. Effects of curdlan on the color, syneresis, cooking qualities
and textural properties of potato starch noodles. Starke. 2010; 62: 429-434.

Chen C, Wang R, Sun G, Fang H, Ma D, Yi S. Effects of high pressure level and holding time on proper-
ties of duck muscle gels containing 1% curdlan. Innov Food Sci Emerg Technol. 2010; 11: 538-542.

Funami T, Nishinari K. Gelling characteristics of curdlan aqueous dispersions in the presence of salts.
Food Hydrocoll. 2007; 21: 59-65.

Chel-Guerrero L, Pérez-Flores V, Betancur-Ancona D, Davila-Ortiz G. Functional properties of flours
and protein isolates from Phaseolus lunatus and Canavalia ensiformis seeds. J Agric Food Chem.
2002; 50: 584-591. PMID: 11804533

Martinez CO, Ruiz SP, Nogueira MT, Bona E, Portilho M, Matioli G. Effective immobilization of Agrobac-
terium sp. IFO 13140 cells in loofa sponge for curdlan biosynthesis. Molecules. 2015; 20: 7957—-7973.
doi: 10.3390/molecules20057957 PMID: 25946555

Shin H, Liu L, Kim M, Park Y, Chen R. Metabolic engineering of Agrobacterium sp. ATCC 31749 for cur-
dlan production. J Ind Microbiol Biotechnol. 2016; 43: 1323—1331.

Gagnon M, Lafleur M. From curdlan powder to the triple helix gel structure: an attenuated total reflec-
tion-infrared study of the gelation process. Appl Spectrosc. 2007; 61: 374—-378. doi: 10.1366/
000370207780466136 PMID: 17456255

Fenelon VC, Aguiar MFA, Miyoshi JH, Martinez CO, Matioli G. Ultrafiltration system for cyclodextrin pro-
duction in repetitive batches by CGTase from Bacillus firmus strain 37. Bioprocess Biosyst Eng. 2015;
38:1291-1301. doi: 10.1007/s00449-015-1369-8 PMID: 25656697

Dubois M, Gilles KA, Hamilton JK, Reber PA, Smith F. Colorimetric method for determination of sugars
and related substances. Anal Chem. 1956; 28: 350-356.

AOAC International. Official Methods of Analysis of AOAC International (method 926.12). 1996.
AOAC International. Official Methods of Analysis of AOAC International (method 985.35). 1995.

Hirashima M, Takaya T, Nishinari K. DSC and rheological studies on aqueous dispersions of curdlan.
Thermochim Acta. 1997; 306: 109-114.

Keogh MK, O’Kennedy BT. Rheology of stirred yogurt as affected by added milk fat, protein and hydro-
colloids. J Food Sci. 1998; 63: 108—112.

Jin'Y, Zhang H, Yin Y, Nishinari K. Comparison of curdlan and its carboxymethylated derivative by
means of Rheology, DSC, and AFM. Carbohydr Res. 2006; 341: 90-99. doi: 10.1016/j.carres.2005.11.
003 PMID: 16310757

Mikkelsen MS, Jespersen BM, Moller BL, Laerke HN, Larsen FH, Engelsen SB. Comparative spectro-
scopic and rheological studies on crude and purified soluble barley and oat 3-glucan preparations. Food
Res Int. 2010; 43: 2417-2424.

Novak M, Synytsya A, Gedeon O, Slepicka P, Prochazka V, Synytsya A, et al. Yeast 3(1-3),(1-6)-D-
glucan films: preparation and characterization of some structural and physical properties. Carbohydr
Polym. 2012; 87: 2496-2504.

Marchessault RH, Deslandes Y. Finestructure of (1—3)-B-D-glucans: curdlan and paramylon. Carbo-
hydr Res. 1979; 75: 231-242.

Che Man YB, Irwandi J, Abdullah WJW. Effect of different types of maltodextrin and drying methods on
physico-chemical and sensory properties of encapsulated durian flavour. J Sci Food Agric. 1999; 79:
1075-1080.

Favaro-Trindade CS, Santana AS, Monterrey-Quintero ES, Trindade MA, Netto FM. The use of spray
drying technology to reduce bitter taste of casein hydrolysate. Food Hydrocoll. 2010; 24: 336—-340.
Spicer EJF, Goldenthal El, Ikeda T. A toxicological assessment of curdlan. Food Chem Toxicol. 1999;
37:455-479. PMID: 10418959

Funami T, Funami M, Yada H, Nakao Y. A rheological study on the effects of heating rate and dispers-
ing method on the gelling characteristics of curdlan aqueous dispersions. Food Hydrocoll. 2000; 14:
509-518.

Zhang H, Nishinari K, Williams MAK, Foster TJ, Norton IT. A molecular description of the gelation mech-
anism of curdlan. Int J Biol Macromol. 2002; 30: 7-16. PMID: 11893389

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 18/19


http://dx.doi.org/10.1016/j.foodchem.2015.01.125
http://dx.doi.org/10.1016/j.foodchem.2015.01.125
http://www.ncbi.nlm.nih.gov/pubmed/25722158
http://dx.doi.org/10.1371/journal.pone.0097197
http://www.ncbi.nlm.nih.gov/pubmed/24816730
http://www.ncbi.nlm.nih.gov/pubmed/11804533
http://dx.doi.org/10.3390/molecules20057957
http://www.ncbi.nlm.nih.gov/pubmed/25946555
http://dx.doi.org/10.1366/000370207780466136
http://dx.doi.org/10.1366/000370207780466136
http://www.ncbi.nlm.nih.gov/pubmed/17456255
http://dx.doi.org/10.1007/s00449-015-1369-8
http://www.ncbi.nlm.nih.gov/pubmed/25656697
http://dx.doi.org/10.1016/j.carres.2005.11.003
http://dx.doi.org/10.1016/j.carres.2005.11.003
http://www.ncbi.nlm.nih.gov/pubmed/16310757
http://www.ncbi.nlm.nih.gov/pubmed/10418959
http://www.ncbi.nlm.nih.gov/pubmed/11893389

@° PLOS | ONE

Influence of the recovery method in the curdlan properties

30.

31.

32.

33.

34.

35.

Wu J, Zhan X, Liu H, Zheng Z. Enhanced production of curdlan by Alcaligenes faecalis by selective
feeding with ammonia water during the cell growth phase of fermentation. Chin J Biotechnol. 2008; 24:
1035-1039.

Saitd H, Yokoi M, Yoshioka Y. Effect of hydration on conformational change or stabilization of (1—3)-83-
D-glucans of various chain lengths in the solid state as studied by high-resolution solid-state *C NMR
spectroscopy. Macromolecules. 1989; 22: 3892-3898.

Nakanishi |, Kimura K, Kusui S, Yamazaki E. Complex formation of gel-forming bacterial (1—3)-3-D-
glucans (curdlan-type polisaccharides) with dyes in aqueous solution. Carbohydr Res. 1974; 32: 47—
52.

Seguchi M, Kusunose C. Lipophilization of curdlan granules by heat-treatment or chlorination. Food
Hydrocoll. 2001; 15:177-183.

Sciarini LS, Maldonado F, Ribotta PD, Pérez GT, Ledn AE. Chemical composition and functional prop-
erties of Gleditsia triacanthos gum. Food Hydrocoll. 2009; 23: 306—313.

Chan TWD, Tang KY. Analysis of a bioactive 3-(1—3) polyssacharide (curdlan) using matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry. Rapid Commun Mass Spectrom. 2003;
17: 887-896. doi: 10.1002/rcm.991 PMID: 12717760

PLOS ONE | DOI:10.1371/journal.pone.0171469 February 28, 2017 19/19


http://dx.doi.org/10.1002/rcm.991
http://www.ncbi.nlm.nih.gov/pubmed/12717760

CHINESE JOURNAL OF BIOTECHNOLOGY
Volume 24, Issue 6, June 2008
Online English edition of the Chinese language journal

Available online at www.sciencedirect.com

* ScienceDirect

Cite this article as: Chin J Biotech, 2008, 24(6), 1035i 1039.

Enhanced Production of Curdlan by Alcaligenes faecalis by
Selective Feeding with Ammonia Water during the Cell

Growth Phase of Fermentation
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Abstract: A strategy of increasing nitrogen source to improve biomass production was adopted for curdlan production by
Alcaligenes faecalis . In the batch fermentation of curdlan, a relatively higher NH4CI level of 3.6 g/L, with continuous
glucose feeding, increased the cell density, and curdlan production was improved after 48 h of cultivation.. In addition, the
feeding of ammonia water at an initial phase replaced NaOH solution to control pH at 7.0 and then NaOH solution was
resumed to control pH at 5.6 for curdlan production after ammonium was consumed. As a result, biomass production and
curdlan yield were both enhanced remarkably. However, excessive ammonium and high cell density also led to the decline

of curdlan production and gel strength of the resulting product.

Keywords: curdlan; Alcaligenes faecalis; batch fermentation; ammonium

Introduction

Curdlan is a bacterial 1-(1,3) glucan, produced mostly by
the Agrobacterium species or Alcaligenes faecalis, under
nitrogen-limiting conditions™). There have been many
reports about the biological activity of the bacterial glucan.
Jagodzinski et al™” reported that curdlan sulfate having a -
(1,3)-glucan backbone showed high anti-AIDS (acquired
immunodeficiency syndrome) virus activity with low side
effects. Mikio et al® disclosed that a curdlan derivative,
modified by reaction with glycidol, developed excellent
antiviral activity with extremely low toxicity. Evans et al !
reported that both the low toxicity of curdlan and its marked
anti-invasion activity on merozoites made it a potential
auxiliary treatment for severe malaria. Thus, curdlan and its
derivatives had a growing potential in the pharmaceutical
industry. In addition to health benefits, curdlan also
possessed heat-gelling and water-binding properties of
interest to the food industry™. A firm gel could be formed
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after heating and cooling of the aqueous solution of curdlan.
A low-set gel could be formed by heating curdlan at about
60°C; whereas, high-set gel could be formed by heating the
curdlan solution at above 80°C.

A number of works have been performed by several
groups to improve curdlan production. In 1982, Lawford et
al®™ described a two-stage continuous process for curdlan
production: the effluent from the first nitrogen-limited
chemostat was introduced into a second larger constant
volume fermenter with glucose feeding. In 1997, Lee et al”
used sucrose or sugar cane molasses for curdlan production
by the two-step, fed-batch cultivation of Agrobacterium sp.,
in which biomass was first produced, followed by curdlan
production, which was stimulated by nitrogen limitation.
Several groups studied the influence of uracil addition,
agitation, residual phosphate, and pH control on the curdlan
biosynthesis®™. In 1999, Kim reported that higher
intracellular levels of UMP under nitrogen-limited
conditions could enhance the metabolic flux into curdlan
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synthesis'?. Following that, West ™! found that the addition
of uracil or cytosine to the culture of Agrobacterium sp. after
48 h of culture resulted in an elevation of curdlan production
by 1.7 or 1.5 fold. Of late, Kim et al™ developed a mutant
strain of Agrobacterium sp., which produced a maximum of
76 g/L curdlan in a 300L stirred tank fermenter. Zheng et
al™ analyzed the metabolic structure of Alcaligenes faecalis
and found that energy efficiency rather than the substrate
supply was the major constraint for curdlan synthesis.

In the authors’ previous work™, they found that
when the initial nitrogen source NH,CI increased from
1.1 g/L to 3.6 g/L, the curdlan production in Alcaligenes
faecalis improved by 52%, and the final biomass tripled.
Curdlan was insoluble in water and bound to the cell
after excretion. Consequently it was very important to
obtain high cell density, to achieve a higher curdlan
production level. Cell growth required sufficient
nitrogen sources, but biosynthesis of curdlan favored a
nutrient-limited condition. A number of works had been
performed to improve curdlan production by two-stage
fermentation. In this work, a new strategy of ammonia
water-feeding was adopted to achieve high cell
density with pH controlled at 7.0, and then the
cultivation was switched to glucose-feeding with pH
controlled at 5.6, with NaOH.

1 Materials and methods

1.1 Bacteria and growth conditions

Alcaligenes faecalis WX-C12 was used as previously
described by Wang et al™. The seed culture medium
contained glucose (20 g/L), yeast extract (10 g/L),
KH,PO, (1.74 g/L), and MgSO,-7H,0 (0.49 g/L). The
fermentation medium consisted of glucose (50 g/L),
yeast extract
(20 g/L), NH,.Cl (1.6 g/), KHPO, (20 g/L),
MgSO,-7H,O (0.5 g/L), and trace element solution (1
mL, V/V). The composition of the trace elements
solution was FeCl; (1.0 g/L), MnCl, (1.0 g/L), CaCl,
(1.0 g/L), and NaCl (1.0 g/L). Seed cultures were
incubated in 250 mL shake flasks at 30°C and 200 rpm,
for 24 h. Batch fermentation was conducted ina 15 L (9
L medium) batch fermenter (Biostat C10-3, B. Braun
Co., Germany), and a strategy of pH control was
adopted with dissolved oxygen (DO) maintained above
159%"7,
1.2 Analytical methods

The biomass and curdlan production were determined
by the dry weight method. The sample was centrifuged
at 8000 rpm for 30 min at 4°C. The supernatant was
collected for measuring the residual glucose and NH,CI.

The pellet containing cells and curdlan were
resuspended in 0.50 M NaOH solution for 1 h, to
solubilize the curdlan precipitate. The cells were pelleted
by centrifugation at 8000 rpm for 30 min. Then, the
curdlan in the supernatant was precipitated by addition
of 2.0 M HCI. The cells and curdlan were washed and
dried to a constant weight in an oven at 80°C. Residual
glucose was measured by the dinitrosalicylic acid
method™. NH,CI was assayed by the indophenol blue
method™?,

1.3 Gel strength

Curdlan was extracted after treatment with 0.3 M NaOH,
centrifugation, and neutralization with 1.0 M HCI. The
slurry curdlan swollen with water was treated with ethanol,
compressed, and freeze-dried. A powder sample of 2.0 g
curdlan was dissolved in 100 mL water for 4 h. Then the
curdlan suspension was mixed in a cooking mixer for 1 min.
The solution was poured into a standard container and
heated at 90°C in a water-bath. After cooling for 30 min at
room temperature, the resulting gel was measured with a
texture analyzer (TA-XT21, Stable Micro Systems Ltd,
Surrey, England), having a 0.5 cm diameter stainless steel
cylinder probe with a flat end.

2 Results and discussion

2.1 Batch curdlan fermentation by Alcaligenes faecalis
Curdlan was a typical second metabolite in the culture of
Alcaligenes faecalis, as shown in Fig. 1. When the NH,CI
was exhausted, the biomass stopped to increase and
maintained a nongrowth state. Curdlan was produced right
after NH,Cl exhaustion and continued to increase until the
glucose was consumed. The final biomass and curdlan were
2.5 g/L and 28.8 g/L, respectively. Curdlan production was
typically a two-stage fermentation and the cells began to
synthesize curdlan after nitrogen exhaustion. Therefore, an
increase of ammonia in the cell growth phase might improve
cell density and enhance curdlan production.
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Fig. 1 Batch fermentation profile of curdlan by Alcaligenes
faecalis
(Initial NH,C1 1.1 g/L; caption: Y glucose, gbiomass, Y curdlan,
YNH,CI)
2.2 Effect of initial NH,CI on curdlan fermentation with
glucose-feeding

To increase cell density that might enhance curdlan
production, an initial nitrogen source of 1.6 g/L or 3.6 g/L
NH,CI was tested with glucose-feeding (total 120 g) in the
15 L fermenter when glucose concentration was lower than
10 g/L. As shown in Fig. 2A, when the initial NH,Cl was 3.6
g/L, the curdlan and biomass reached 39.6 g/L and 5.1 g/L
at 120 h, respectively. In the case of 1.6 g/L NH,CI, the
curdlan and biomass reached 30.9 and 3.0 g/L at 120 h,
respectively. The substrate glucose was consumed rapidly
and dropped to 9.6 g/L at 24 h in the culture with initial 3.6
g/L NH,CI. However, the consumption of glucose in the
cultivation with 1.6 g/L NH,CI lagged and it dropped to 9.6
g/L at 48 h. According to these results, a higher nitrogen
source of 3.6 g/L NH,CI could better support cell growth
and lead to more curdlan production at 48 h
fermentation. However, in their previous research™, the
authors found that when the initial NH,Cl was higher than
3.6 g/L, residual ammonia would inhibit curdlan
biosynthesis. Consequently, they adopted a strategy of
ammonia feeding, to increase the cell density in the cell
growth phase. In addition, although glucose feeding at one
time would create a high C/N ratio condition, which might
favor polysaccharide production, a sudden change in
substrate concentration might also inhibit cell activity.
Continuous glucose feeding or changing the rate of glucose
feeding would be good choices.
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Fig. 2 Fed-batch fermentation profile of curdlan
(A, initial NH,CI 1.6¢/L; B, initial NH,C1 3.6g/L. Caption: Y glucose,
hiomass, Y curdlan, Y NH,CI)

2.3 Continued fed-batch fermentation of curdlan with pH
control by ammonia water feeding

Curdlan is a water-insoluble exopolysaccharide binding
to the cell. Consequently, to begin with, it is important to
increase the cell density. Batch fermentation of curdlan
requires a nitrogen-limited condition for the synthesis of the
polysaccharide. However, biomass production needs more
nitrogen source. Therefore, the authors adopted ammonia
water feeding to replace NaOH solution for pH control at the
initial cell growth phase, as ammonia could provide enough
nitrogen sources for cell growth. After the cell growth phase,
pH control was switched to 2.0 M NaOH solution again.

Considering the balance of C/N balance and cell growth
at the first stage with ammonia water feeding, the initial
NH,CI and glucose was lowered to 0.5 g/L and 30 g/L,
respectively. Ammonia water was fed to control pH at 7.0
before 10 h, 14 h, 16 h, and 20 h of culture. Glucose feeding
began when the glucose concentration was lower than 20
g/L. The glucose concentration was maintained at 15-20 g/L
in the cell growth stage with glucose feeding. Subsequently,
the glucose feeding rate was constant at 1.2 g/L/h.

As shown in Fig. 3, the cell density increased with
ammonia water feeding and reached a maximum in the later
exponential phase and was then maintained at a relatively
constant value. The maximum cell density increased with
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ammonia water feeding, reaching 7.5 g/L, 11.9 g/L, 15.2
g/L, and 16.4 g/L, for feeding times of 10 h, 14 h, 16 h, and
20 h, respectively. However, the maximal curdlan
production yield of 72 g/L was obtained in the case of
ammonia water feeding time of 14 h, where the
cultivation lasted 48 hours. When the ammonia water
feeding time was prolonged after 14 h, the cell density
increased, but curdlan production and yield decreased (Tab.
1).

According to the authors’ hypothesis, a higher cell
density would lead to a high production of curdlan.
However, when the cell density was more than 15.2 g/L, the
curdlan production decreased and the gel strength of the
produced curdlan reduced. Although addition of more

ammonia water would increase cell density, ammonia would
result in nitrogen abundance in the fermentation system, by
mass balance. The physiological state of cells was important
for cells to synthesize curdlan and the gel strength was
related to the molecular weight of the biopolymer. High cell
density caused broth viscosity and mass transfer problem
that might lead to cell death or lysis, and these might
increase the nitrogen source concentration in the medium in
the form of proteins, peptides or amino acids. These nitrogen
sources might stimulate cell activity and affect curdlan
synthesis (such as transporting and chain elongation). The
maintenance of cells would consume quite a lot of substrate
(glucose), as shown from the profile of residual glucose and
dissolved oxygen.
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Fig. 3 Continuous fed-batch fermentation of curdlan with pH control by ammonia water feeding at initial cell growth phase
Ammonia water feeding of 10 h (a), 14h (b), 16 h (c), 20 h (d), 24h (e); caption: Y, glucose; & biomass; ¥, curdlan; z, DO

Tab. 1 Kinetic parameters for fed-batch fermentation of curdlan with ammonia water feeding

Total glucose Ammonia waterfeeding Maximal cell density Final curdlan production Gel strength  Yield
Batch  ¢oncentration (g/L) time (h) (g/L) (/L) (g/cm?) (%)
1 123.3 10 7.5+0.37 64.3+£3.0 910+ 42 52.1
2 118.9 14 11.9+0.62 72.0£3.6 840 + 40 60.6
3 125.9 16 152+0.72 47.6+£2.5 560 £26 37.8
4 118.9 20 16.4+0.74 432+2.1 580 + 28 36.3
5 125.9 24 18.8£0.81 30.2+2.4 550 +32 24.0

2Ammonia water: 28%

3 Conclusions

For the fed-batch fermentation of curdlan, a higher initial
NH,CI of 3.6 g/L increased both the cell density and curdlan

the curdlan production yield. Ammonia water feeding to
control pH at the initial phase enhanced biomass production
as well as curdlan production. The ammonia water feeding
time of 14 h produced a maximal 11.9 g/L biomass at the
cell growth phase and the final curdlan production nearly
doubled as compared to non-ammonia feeding.

production. Continuous glucose feeding further improved
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2.1. Po3noaij 3aXBoproBaHb 3a KjacaMHu XBOPOO

(cuctema MiHiCcTEpCcTBAa OXOPOHH 340POB'St Y KpalHH)

Ha3Ba kiaciB XxBopo0O
B1AnoB1IHO 1o MKX - 10

Yl 3aXBOPIOBAHHS
y TOMY YHCIII

nesiKl IH(EKUI1MHI Ta Hapa3uTapHl XBOpOOHU

HOBOYTBOPEHHS

XBOPOOU KPOBI, KPOBOTBOPHUX OPraHIB Ta
OKPEMI1 MOPYUIEHHS 13 3aJy4YEHHSIM
IMYHHOT'O MEXAHI3MY

XBOPOOU €HJIOKPUHHOI CUCTEMHU, PO3JIAAY
Xap4yyBaHHS, IIOPYLUECHHS OOMIHY perBI/IH1
PO3JIAJIM TICUXIKHU Ta MOBEIIHKH

XBOPOOU HEPBOBOI CUCTEMH

,
XBOPOOHU OKaA Ta NPUIAATKOBOIO anapary

XBOPOOU BYXa Ta COCKOMOIIOHOTO BizpocTKa”

XBOPOOU CUCTEMH KPOBOOOITY

XBOPOOU OPTraHiB JIUXAHHS

XBOPOOU OpraHiB TPaBJICHHS

XBOPOOM MIKIPU Ta MIJTIIKIPHOI KJIITKOBUHH

XBOPOOH KICTKOBO-M'SI30BOI CUCTEMH Ta
CIMOJIYYHO1 TKAaHUHH

XBOPOOU CEYOCTATEBOI CUCTEMH

BATITHICTh, MOJIOTH Ta MICIATIONIOTOBUH MEPI0]L

OKpPEMI CTAHM, 110 BUHUKAIOTh Y
MepuHaTAILHOMY MEP10/Il

YPOJIKEHI aHoMasl1 (BaJikd PO3BUTKY),
nedopmairil 1 XpoOMOCOMHI OPYIICHHS

CUMIITOMHM, O3HAKHU Ta BIIXHUJICHHS B1J HOPMH,
110 BUSIBJIEH] TI1J Yac JJaDOpaTOPHHUX Ta
KJITHIYHUX JOCIIKEHb, HE KJIacU(IKOBaH]
B IHIIUX pYOpPUKaAX

TPaBMH, OTPYEHHS Ta JICAKI 1HII1 HACIIJIKU 111
30BHILIHIX IPUYUH

Tyt 1 nam:

32547288

1504398
327429

191306
272032

267044
3037334

1389586
15705055

1331894
2143871
1415832
1544438

515594

| 14637

46968

93289

26465381

(KLIbKICMb Ynepute 3apeccmpo8anux 6UNAOKI6 3aX60PIOEAHD)

1995 2000 2005 2010 2015 2016 2017

33470789 32911979 33080387 26789502

1435560 1337473 1195494 939224
382347 408140 417893 366403

245859 237600 223251 177714

596011 548923 511634 403127
243369 227985 192969 136386
748186 753892 749701 652797

1540816 1614687 1645091 1398699
1148489 1196650 1224552 1013140
2337905 2430179 2389663 1844066
14639445 13894183 14595007 11862012
1429371 1409575 1340808 1140961
1996111 1936209 1920768 1566389

1571308 1600477 1531941 1245523
1938596 2184504 2138547 1779318
588082 661236 612461 430171

127145 97744 75876 54986

61589 33417 32428 48356

102148 535023 44791 32327

2338452 2264082 2217512 1697903

27361413 26614512

926130 940096
368786 366231

174719 16498 1

393935 392504
130980 127630
647482 636282
1371345 1365415
1006972 1000973
1825933 1780595
12581733 12036631
1114567 1087155
1563895 1564434

1240696 1217879

1760846 1723742

415191 331816

52767 50193

47343 47160

32649 33838

1705444 1696952

| : : : . : o :
3rigHo 3 MKX - 10 rinepruiasis mmToBuAHOI 3an03u [-II cTymeHiB TpakTyeThes sk AUdY3HUA 300 [ cTyrneHs, 1 noynHawydu 3 1999 p.
OOJIIKOBYETBCS Y KJIacl XBOPOO €HAOKPHUHHOI CUCTEMH, PO3JIaJly XapuyBaHHA Ta MOPYIIEHHS OOMIHY PEYOBHH.

3rijHo 3 MKX - 10, noyunarouu 3 1999 p., 3 knacy XBopoO HEPBOBOI CUCTEMH 1 OpPTraHIB YUYyTTS BHUIIYYEHI 1 C(POPMOBaHI B OKPEMI KIlacCk
XBODOOM OKa Ta MOro MpUIAaTKOBOI'O aranaTv 1 XBODOOU BVXa Ta COCKOTIONIOHOTO BIIIDOCTKA.



(cuctema MiHICTEPCTBA OXOPOHU 310POB'S Y KpalHHU)

Ha3sBa kiaciB XxBopoO
BUIIIOB1AHO 1o MKX - 10

Yci 3aXBOpIOBAHHA
y TOMY YHCJII

nesikl IH(QEKIIHHI Ta napa3uTapHi XBOPOOH

HOBOYTBOPEHHS

XBOPOOH KPOBI, KPOBOTBOPHUX OPTaHIB Ta
OKpEMI MOPYIIEHHS 13 3aJIy4EHHAM
IMYHHOTO MEXaHI13MY

XBOPOOU CHIOKPUHHOI CUCTEMHU, PO3JIay
XapyyBaHHS, NOPYLICHHS OOMIHY PEYOBUH

PO3J1a,11 NICUXIKH Ta MOBEAIHKH

XBOPOOH HEPBOBOI CUCTEMH

XBOPOOM OKa Ta NPUIAATKOBOro anapary

XBOPOOU BYXa Ta COCKOIO/110HOTO BIAPOCTKA

XBOPOOH CUCTEMHU KPOBOOOITY

XBOPOOM OpraHIB JTUXaHHS

XBOPOOU OpPraHiB TPABIICHHS

XBOPOOW MIKIPU Ta MiAIIKIPHOI KJIITKOBUHH

XBOPOOHU KICTKOBO-M'SI30BOI CUCTEMH Ta
CIOJIYYHO! TKAHUHH

XBOPOOU CEUYOCTATEBOl CUCTEMHU

BArITHICTh, MOJIOTH Ta NICJSIOJIOTOBUM Hepio,u1

OKPEMI CTaHH, 110 BUHHUKAIOTH Y

.
MepUHATAILHOMY MEPIO]

YPOJIKEH1 aHOMa11 (BaJIH PO3BUTKY),
nedopMalili 1 XpoMOCOMHI TTOPYIICHHS
CUMTITOMH, O3HAKH Ta BIAXUJICHHS B1J HOPMH,

1110 BUSIBJICHI IM1] Yac JJadoOpaTOPHUX Ta

KJIHIYHUX JOCHJIKEeHb, HE KJIacU(p1KOBaHI
B IHLLIMX PYOpHUKaX

TPaBMHU, OTPYEHHS Ta JICAK] IHII HACIIJIKH 11
30BHILIHIX IIPUYUH

'"Ha 100 000 xizok Bikom 15-49 pokiB.
*Ha 100 000 miteii BikoM 10 | POKY.
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4051
23532
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33188
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31943
2935
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2.2. PiBeHb 3aXBOPIOBAHOCTI HACEJEHHS 32 KJIACaAMH XBOPOO

62775

2201
359
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945
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1530
3278
2374
4321
27796
2674
3671

2919

4169

4165

12608

113

76

3979
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2179
303
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927
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1523
3227
2369
4296
29602
2622
3680

2919

4143

4074

13129

111

T

4013

(KinbKiCMb ynepuie 3apeccmposanux 8UndoKIs
saxeoprosans Ha 100 000 nacenenis)

1995 2000 2005 2010 2015 2016 2017

62895

2222
306

390

928
302
1504
3227
2366
4203
28445
2569
3697

2878
4074
3796

13271

111

30

4010



IndexuiliHa 3aXBOPIOBAHICTh HACEJEHHH M0 Y KpaiHl
3rizHo 3BiTy Mo ®.Ne 1 3a cepnens 1 12 micziiB 26183-2619 pp.
(B a0c.YHC. Ta IHTEHCHBHHX Noka3HuKax Ha 100 THc. Hace/IeHHA)

, 3apeccTpOBaHO 3pocTa 3apeccTPOBAHO | 3pocTann
CepneHb CepreHb REEEN 3a 12 mMicsauIB 3a 8 MicHALIB i
1l 3aXBOpPIOBaHb 3HHKCH | 3HHIKEHH
' l abc. | iHT. abc. IHT HA B Yo, a0c. IHT. A B 70, P
JUC noK YHC — — l BHUI. (+/-)
[ Xoaeps S P A N N S A R R
| 2 YepeBuur TUD 2 m - - -2BHI 0,01 1 0,0 -3BHUI
3 | Hapatup A,B,C - -] - - 00 | 1 | 00 | pisens
4 | Inwi canbMoH.inexuii | 1230 2.9 2 7 -8,8% 12,3 5195 12,3 | Dpisens
5 iwreaon enrepin) | 106 [ 025 |92 022 [na% i [ 120 | S8 | 120
6 | 'EKu BcTaH. eTioJoril 11 1 89 D2 | 30066 71,2 -20 6%
7 B T.4. KaMILJI00aKTepio3 0, 04 13 0, 21 | ___87 | 0,21 | -lmm
8 EPCHHIA CHHISA €HTEPOKOK. 0,03 mm 63 0,15 | ___6_2_ | (_),14 | -lmm
9 | _ poraBipycuuii entep. 11551 | 27,2 | 8054 | 19,1 | -30,3%

10 'EKu HeBcTaB. eTiostorii | 6137 4748 31293

27336 | 64,7 | -126%
57910 | 137,1 | -16,6%

11 | CymalKI 12128 9553 86 865 |
12| Tynspevin S S A N B I N T
13 | bpyueabos “ - | - - - -
' 14 | JlenTocnipo3 46 0,10 57 0, 14 +23,9% 124 0,29 148 0,35 | +19,3%
15 | Jlictepios - I ] : ? 0,0 _ _ -
16 [Mpapens | 5 | 001 | 2 0,0 | -3sun t 003 | 9 | 002 | -3sun
| 17 | Indrepis 4 0,01 1 0,0 -3BHI 0,02 2 0,0 -SBUI
18 | Kamok 180 | 042 | 280 | 0,66 4,18 | 1449 | 343 | -182%
19 Memnromoxona iH}-5 17 0,04 15 0,04 0,41 202 | 048 | +16,1%
20 | Cuiaic 156 | 036 | 154 37 | 1480 | 35 | -6,3%

189 | 0,45 | 332% | 2629 | 620 | 2032 | 48 | -22.7%

21 FOH—(_)_KOKO.Ba iH_(_l—);Kuiﬂ l 283 m | I
22 | XBopo6a Jlaiima 1250 | 2,94 | 800 | 1,89 | -360% | 3653 | 86 | 3083 | 73 | -156%
23 0leTO3 - - - - . - - | 1 0.0 - . -1BUN

| | N I | _ | ’ |

24 | IoniomiemiT r0(:Tp | | - - - - i l o l - I "—J_"_ | i

i 25 | Ckas - - _ _ 1 0,0 | +1BUDN
0

. e 0, 01 - 0 0 | -3sun 5 0,01 1 0,

26 | Kaiweswii Bip. eHUedaiT -4BHUN

——

27 | BipycHuii MeHIHTIT 0,15 174 041 | 271 0,64 | +55,7%
28 | BipycHirapaukn _ m +IBHH 6 0,01 15 0,04 | +9Bun
29 | B T.u4. rapsiuka 3ax. | Hiny - B _ e 3 0,01 1_____ 0,0__ ____-_-2Btﬂﬂ
30 | Kip B 2520 5,94 737 17,4 | -34p | 29465 | 69,47 | 56430 | 133,7 | +1,9p
31 | Kpachyxa - 58 0,07 135 | -13BHN 186 0,44 I__115 0,27 | -38,1%
3} BiPyCH_l’_l__lTl_l"eﬂaT“T 884 2,08 1975 ________2,55 | +21,6% .12 258 l 18,94 755_}__ 17.8 | -6% _
33 | B T.4.rocTpu renaturt A 225 0,53 352 0,83 +56,4% 1866 440 | 1588 | 3.7 -14,9%
34 | rocTpuii renatut B 110 | 025 | 107 | 024 | 27% | 944 | 223 | 862 | 2,0 | -86%
35 rOCTPHUH [‘éi‘laTHT_E—— 38 0,08 3'9 _—_6,08 +1BHMN 314 0,74 323 0 77 | +2.8%
36 ! XPOHI4HH _B_iﬁ.  renaTuT 501 1,18 | S65 l 1,34 | +12,7% | 4795 11,30 l 4706_L 11,1 -1,8%
37 | B T.4. Xp.renaruT B 111 0,26 109 0,24 -1,8% 1018 2.40 1008 2 38 | -1%
38 xp. renatut C 379____ | 0,89 452 1,07 +19,2% | 3741 8 g_ _} 3661 8,6 | -2,1%
_ 39 hEElIlEMl‘IHHH ﬂapOTHT 23 0,05 3() 0, 07 209 0, 49 26() __9,6 . +24.4%
40 | Ind. moHonyksneos | 356 | 0,83 379 0, 90 | +64% | 3633 8, 57 | | 3480 - 82 | 42%

| l41- Maaspis - 4

0,01 0,02 | +3sun

23 0, 05 23 0,05 | PIBEHb

o ]

42 | Ileaukynbo3 i GpTHPIO3 643 1,5 556 1,32 | -13,5% | 8787 | 20,72 | | 7204 | 17,0 | -18,2%

43 | Kopocra | 331 | 0,78 | 347 | 082 | +48% | 4032 | 951 | 3741 | 88 | -72%

l —

16933 | 399 | 15491 | 36.6 | -8,5%

46 | I pun - -

14 | Temodinbna indexuis 3 0,01 5 0,01 | +26un | 66 | 0,16 19 | 0,05 | -712%
45 | TIBAL 197355 | 4653 | 186151 . 109 | 56% | 4062085 | 957696 | 3762532 | 89124 | 7,3%
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WNaobpererne oTHOCUTCA K BpOAMILHLIM

NPOU3ROACTRAM, 3 UMEHHO K cnocobam kouT-
ponA napaMmeTpos MUKPOBUONOrHYECKOro CHH-
Te3a, U MOXET HAWT¥ NPUMEHEHUE NPU
perynupoBarni NpoUeCccos KynbTUBUPOBAHUA
Gaxtepun, npoayuentos anHTubuorTnxoas,
APoXXER, PePMEHTOB. AMUHOKUCAOT K T.A.
‘ WarecTeH cnocob onpegeneHus cogepxa-
HUR aMMOHUIIHOIC 83073 B NPALECCaX KynbTu-
BUDOBAHUA MUKDOOPIaHWU3MOB, BKAKUYSIOUWA
naMepeHue NapuvanbHoro AasneHus pacTeo-
PEHHOTQ 3MMUIKA C NOMOILLID T3304YBCTRU-
TensHOro MeMmOpaHHOro 31eKkTpoga nocne
BeeAcHMS B NPoBY aHaNUAKDYEMON XIKOCTI
Wenoun Ao 3Hadenus pH > 121 ],

Hauwbonee BAnakumM No TexHUUECKORN Cylll-
HocTu K u30bpeternwo senneTca cnocob onpe-
AeneHna KOHUEeHTpayuy aMMOHUMHOIO A30T138
B NPOUECCAX KynbLTUMBMPOBAHMA MUKPOOpPra-
HU3MOB NYTEM M3MEPEHUA COLLPXAHNR NOHOB
AMMOHMA C NOMOLIEI GMMOHUIA-CENEKTUBHOTO
3NeKTPOAA C KMAKOCTHOR Membpanon] Z]. Ow
NPOCT 8 UCNONLIOBAHMIA U 3KCNPECCEH.

(54) CNOCOB ONPEAENEHWA KOHUEHT-
PALUMUN AMMOHWUMHOTQ A30TA
(57) Waobpetenue OTHOCUICA K BPOAUMALHBIM

" NPOW3BO/ICTBAM, 3 UMEHHO K CNOCOBAM KOHT-

POAR NAP3METPOB MUKPODBUONOTUUECKOrO CUH-
tesza. Uenb vaobpeteHuns — nosuweHue
ToduHocTn cnocoba. Wiamepenue nposogar ¢
NOMOULBK) WOHOCENEKTUBHOIQ 31EKTPOAA C
HNGKOCTHOA MeMBpaHon, AnUKBOTY aHannan-
pyemoro pacveapa A0DaBnaT K CTAHAAPTHO-
My pacTBOpY XNOPMAA  SMMOHMUSA,
COMEPXAWEMY XMODU NUTUE B XOHUCHTPA-
uun, obecneunBaied PABEHCTBO WOHHBIX
ChN CMEeWwnBaeMulx pacTeopos. 2 1abn,

Hepoctatkom 3toro cnocoba ssnaercs
MELHAIDIEE BNUSHAE WOHOB LENOUHLIX METan-
noB, 0cobeHHO Kanus,

Lensio u3obpererna aenaercs noswie-
HUE TOYHOCTU cnocoba.

[MoecvasneHHan yene AOCTATAETCH TEM, 4T0
cornacHo cnocoby KOHTPONR KOHUEHTPAUWK
SMMOHUAHOTO 33073 ¢ AIOMOWLID WOROCENeK-
TABHOMO INEKTPOAA € XUAXKOCTHOM MemMbpaHon
HAa OCHOBE HEWTPANLHOTO HOCUTENA, OCYUlecT-
BnRtOoT noDaBKY aNUKBOTH aHANU3UDYEMOro
pacTsopa OTGUNLTPOBAHHON KyNbTYPaNbLHON
KWAKOCTA K CTEHAAPTHOMY pPacTeopy xnopnia
SMMOHUSA, COABPX3WEMY XNOPW NATUA B KOH-
ueHTpauun, obecneyusaicwen npubaanTens-
HOE PaBEHCTBO MOHHOW CHNB CMRUINBARMbBIX
pacTeopos.

BeencHue aHanMaUPyeMoro pacisopa B
CTAHAAPTHLIA CYWECTREHHO pacuwunprRer ama-
NA30H COOTHOWEHUA KOHUEHTDAUWM MOHOB
IWENOHHBIX METANN0B K MOK3M 3MMOMKUR, NpU-
FOAHBIX AN8 KOMAYELTBCHHONO ONpeacncHug
noHoB aMmonug (1abn. 11 2). CnuTHEIM NyTem
YCTEHOBNEHD, Y4TO C3MOE MEHbILCE BANMAHUE
cpeau WenouHeix Merannos Ha pabory anekt-
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POXUMRNMECCKOTO I3THHKES Q¥ a33biBaiaY MOHLE K-
TMa, KOTopLe u B eubpanet B8 kayecTse
KATUOHHOW COCTABNAKIUICHA NpU CO3NAHMK
VOHHGOA CHAL CTAHAADTHOTO PACTRCPA. 3Have-
HUE WMOHHOM CUAW PaCcTBOPA KYNbLTYPankHOn
MUAKOCTI OUEHMBAMM HA OCHOBAHUW Onpeje-
neHws KUHLLBHT[JBLLMM MaKpOKOMHOHBHTOB
(Ca’* Mg’ K' Na') atomuo-aBeopBunorHbM

MeTonoMm. Kak npasvno, Takoe onpegenexqwve
CNEAYET BLINONHUTL BCErD OAMH Pa3, Tak Kak
AAPWAUUNA B COCTABE KYNLTYPANLHOW ¥AQKO-
CTV HE3HAYNTENbH b,

B kauecise 371eKTPOAA CPABHEHWUR WC-
NONB30BAAN HACKILEHRLIN xnopcepebprarHbIA
INEKTPOA C ABCAHBLIM CONCBLIM MOCTUKOM, 38-
noAHeHHeM 1 M pacTeOpOM XNOPVASE HATPUA.
370 no3BonaeT Npu HeobxoAUMMOCTH AnvTens-
HO BLIAENHUBATL INEKTPOA CPABHEHUA B aHa-
AMBUPYEMOM DACTROPE, HCKNKHAR Mellaowlee
BAUAHME UOHOB Kanusa (0CoBeHHO NPU HU3KNX
COAEPXAHUAX MOHOB aMMOHUA),

CranpapTHble pacTBOpL XN0OpUA3 aMMO-
Hua ¢ acbaskamMu xnopuaa NUTUR TOTOBUAK U3
BHCYWeIHOro npy 105-110°C xnopuaa ammo-
HUs (4/3) U MOHOMUAPATS XJI0PUCTOrG ANTUA
(wna).

-Npumep. Onpepenenne KOHUEHTPaLWUK
amMMOoH1R (33073) B KYNAbTYPANbHLIX KHAKOCTAX
HEPMEHTAUNOHHOTO NGNYHEHUA NEHUUMANMHA
Ha komMbBuuaTe KpaCHogpcxme,u,npenapaTu
UME IO LMK couaa MONL/n Kanuw 4102 na-
Tpy 6.8-10° 2 xansyup 2.1 102, Maruwi 9.1x
x10™ 1 ammonuia 310°-8.1072. B CTaKaHYNKAaX
eMKkocTbio 50 Mn noMewaoT 25 Mn CTARgaPT-
HOro pacTeopa 210 Moan/n XNOPUA3 GMMO-
Hug, copepxatiero 0,2 Mons/n xnopupa nutua
AN CO3AAHUA NOAXOAAWER MOHHOW CUNLI, K
AKOPL MATHUTHOM Mewanky, CTaBaT cTakaH Ha
MarHUTHYK MELLIBNKY U ONYCKaKT TYAa 31eKT-
poacpasHerna (HaCuLeHHBM xnopcepebpsH-
HbIA 3NCKTPOA C ABONILIM CONEBLIM MOCTUKOM,
3anonHedHeim 1 M pacTBopom xnopwaa Ha-
TPUA) U UHANKATOPHBIR GMMOHWA ~ CeNeKTuB-
HblA INeKTpoA C KUAKOCTHON MemMbpaHon
3IM-NH"3 - 01. flocne nepemelwmpanua B Te-
yeHue 1-2 MUH 32NUCHIBAIOT YCTAHOBUBLIEECH
snauckue 3AC (E+1). 3ateM BuoasT anvKBOTY
2.0 M 0TdUNLTROBAHHOA KYILTYDANBHOR
HUAKOCTU NPOAYUEHTA BeHaunneuuyunnuHa
M 3aNKUCHABAINT Yepea 2 MUK YCTAHOBUBRILERCS
aHaueHue noreHyuana (F2).

Pacuer KOHUEHTDEUWW AMMOHVRHOT O 330~
Ta CNHQ, MOMb/ N, B KYABTYPANEHOW XUAKOCTI
NPOBOART NO YPABHEHMIO
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Ve 0BueM cranaapyHoro pacTenpa, 83a-
TOTO ANS 8HANKIA, MA;

- 0BbeM anVKBOTH KYNETYPANLHOM XUA-
KOCTA, MN;

K~ KkpyTu3na 3nekTpoAHONA GyHKuKA, paB-
Haa ang MOHOCE’HEKTMBH b X SHPKTPO,!]OB MapK¥
M- NH'4- 0156+ 1 MB/pNH"4

B 1abn. 1 npusepeHbl 3Kcnepwuemanb-
Hele A3HHBIE, MONYHEHHWE NPEAN3ragMuM
criocobam, cnocobom oTroHkm U cnocobom-
NpoOTOTUNOM,

AHANN3 NPOM3BOACTBEHHBIX PAcTBOPOB
NEHWUUANMHOBOIO NPOKU3BOACTBA NOKa3zan,
4TO COCTAB KyNbLTYPANLHOW XWUAKOCTH B NPO-
yecce depMeHTaluMM NPaKTUYECKN He wame-
HANCH NO COAEPXKAHWID MAKPOKOMIOHEHTOB,
Hanpumep kanus ot 3 1o 4.5 mMone/n. NoaTto-
My BauaHue abrconoTHONM KOHUEeHTpayun ka-
nVA, K3K EAVHCTBCHHOTO MeWaloWwero aHaAn3y
8 BAHHBX YCAOBUAX, M3YYEHO C MCNONL30BAHN-
€M UCKyCCTBERHBX pacTeopos (tabn. 2).

Mpu koHueHTpauyuu kanus 4,10 Monb/q
MCNONB30BANU CTAHAAPTHLIA pacTeop 2-10°
MonsL/n xnopwaa ammonun, copgepxawmi 0,2
monk/A xno OpUAa nuTKs, 2 npu COAEpKAHUN
kanua 4107 monb/A koHUEHTpaUUA aMMOHm
B CTAHAAPTHOM pacTeope cocrasnana 1- 1072
Mons/nuxnopuaa nutua 0.99 mone/n. WonHas
CUNA B UCCKYCTBEHHBLIX PACTBOPAX COCTABAANA
0.2 v 1.0 cOOTBETCTBEHHO U NOAAEPKNBANACK
XNOPUAOM IUTHUR,

bea saeneHna XNOPUCTOro AUTUA pel3ynb-
TaThi AHANN30B KYNLTYPANBHOR XUAKOCTU U UC-
KYCCTBEHHbBX DAcTBOPOB 0KA3LIBAKTCH
HEYAOBNETBOPUTENLHLIMK, €CNU NpU BBRAEL-
HUU f0DaBKU aHANN3UpyemMoro pPacTeopa x
CTAHA3PTHOMY NPOUCXOAUT 3HAYNTENRBHOE W3-
MEHEHWE UOHHOW CUNL.

Kak BuaHO w3 pesynbTatos 1abn. 1, no
CPaBHEHMIO C NPOTOTUNOM, NPEANar3eMbii
cnocob npurofeH no kpaviHed mepe npu 10-
KPATHCM MONAPHOM U3DLITKE Kanua No OTHO-
WEHWID K GMMOHWID, B8 TO BPEMA KAK NEPBLIA
A3eT yAOBNETBOPUTENbHHE AaHHbIe Nib NPK
PABHBLIX KOHUEHTPAUMAX WOHOB KaNnUa U 3MMO-
HUR. V13BECTHO, 4TO NpM Konqzempaumm AMMO-
HURHOro aszoia Huxe 1 Mones/n meTon
OTIOHKW A3E€T HeYADBNETBOPUTENLHHE pesynL—
TaTel, 370 NOATBEDXAAETCH Pe3ynLTaramMu
Tabn. 1,

AaHHbe NONYyYEHHBLIE HA UCKYCCTRRHHLIX
pacreopax (rafn. 2) ceMaeTensCTBYIOT O NpU-
MEHWMOCTN METOAWKM NpWU PA3INUUHBIX KOH-
UBHTPAUMAX UOHOB Kanug,

®opmMyna uzobperernusn

Cnocob cnpepenenus koHUEHTPaLMK aM-
MOHWUAHOTO a3073, BKAKYIHIWWA CMelleHue
UCCRETYEMORN KyNbTYPanLHOW XUAKOCTH €O
CTIHQBPTHLIM PACTBOPOM XNOPWILE BMMOHUA W
MIMENEHIE KOHUEHTDAIUY MOHOB aMMOHUE C
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MOMOTHBIO MOHOCONEKTIDIIDI O 3NEKTPOAS € WIa-
KLOCTHOA MCMDPAHOW, 0 TN MY a WM ic s 1emM,
410, C HENLH0 NOBLILIEHUA TOUHACTI, CMEWEHe
NPOBOART NyTeM A00BaBNCHUA KYALTYRANLHOM

o

1703697

G

HKUAKOCTH K CTAHAPTHIMY ACTBORY xnOpuaa
OAMMOHWA, CORBLXIULEMY xIUPWUA MATIIN B KOH-
Hestpayum, obecrneunsalciuen PAREHCTRO
MOHHBIX CHUA CMEeLLBACMEIX PACTEOPOS.

Tabnuwuyal

MonapHoe Ha%q@ﬁ)aMMOHMH|MOH§/ﬂCHQCO6OM_F_NAV MNorpewwocTe, 0TH. %
coomowe- npepnarae- OTroOHKn npoToTunoMm ﬂpeanarae- OTFrOHKM npoToTUn
Hue K* / MbEM MbliA
| NHy . , R S S | N
13.3 3.2010% | 202107 8.7 107 13 50 190
10,0 42510° | 260102 | 980 10‘3 6 35 145
8.0 520103 | 3.81107° 10010 4 24 100
5.6 6.8710° | 557 10 1.31 1072 4 V) B84
4.0 987103 | 8501073 152 102 1 15 52
2.0 210107 | 221102 26010 5 9 13
1.0 3.8310% | 3.91 10 4.27 10 4 2 7
0.5 785102 | 7.871072 8.22 102 2 2 3
Tabanya?
Homep MonapHan Monsproe co- | Basta ammo- | Hanperno am- | OtHocutens-
KOHLEHTpa- OTHOLe- | Hua, MoAbL/n  [MOHUWR, MOnL/n HaAa norpew-
uus kanua | HueK /NH s 8 | HOCTh, OTH, %
R _npobe | _
1 41073 13.3 3.00 107 32310% 8
2 s 10.0 4,00 107 4,19 10 5
3 8.0 5.00 10 4,93 10 r
4 - 5.0 8.00 104 7.87 10 2
5 2.0 2.00 107 211107 5
6 - 1.0 400107 417107 4
7 . 05 8.00 1073 7.87 10° 2
8 440" 133 3.00 102 3.19 107 6
9 - 10,0 4,00 102 422 10? 6
10 . 8.0 5,00 102 5,05 102 1
th - 5.0 8.00 102 7.80 1072 3
12 2.0 2.00 10" 2,09 10" 5
13 1.0 4,00 10" 38110 5
14 0.5 8,00 10" 824 10" | 3
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