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OBIIAA XAPAKTEPUCTHKA PABOTHI

AKTYaabIOCTh TeMBl. YXyuleHne OJKOJOTHYeckoil oOCTaloBKH, CTPECCHI,
HapylIeHHe MHTAHU NPHBENO K paspaboTke M NpakTHIecKoil peaiu3auny KOHICHIHU
«NpoOHOTHKY M (QyHKUHOHANGHOE NMTaHHe», paspaboranHoll B moOCHeaHce
necstunerue XX sexa. B Hacrosimee BpeMs NIPOM3BOAUICA OrPOMHOE KOJHIECTBO
HOBEIX OHompenaparoB H IPOAYKTOB INHTAHHA A HCHOBCKA, DETyJIHPYIOLIHMX
paBiioBecHe KHITeTHo# MHUKPO(IOPH!, CO3NANHEIX HA OCHOBE KUBBIX MHKPOOPTAHH3IMOB
(nakTobaxTepun, 6HGMI0GAKTEPUH, APOXKKHT) H TPOXYKTOB MX KHU3HEACATCIHHOCTH.
ACCOPTHMEHT TAaKuUX [IPeNaparoB MPeJACTABIEH IOCTATOYHO IIHPOKO, KOHTPOIL
KaYecTBa KOTOPHIX HEOOXOAUMO NPOBOAHTHL Ha BCEX TCXHONOTMYECKMX CTATMSX HMX
nponzsoacTea. OCHOBHBIMH KPHTEPHAMH KayecTBAa IPEIapaTroB SBISCTCS aHaiu3 Ha
aKTHBHOCTH M KOJHYECTBO KHBBHIX KJIETOK B Ipelnapare, KOTOPOE PeriaMeHTHpyercs
HOPMATHBHEIMU JOKYMEHTAMH ¥ CRHUTApHBIMU HOPMaMH KauecTBa.

B ocnoBHOM mpeofnagaoT MHKPOOHOJIOTHYECKHE METOABI, KOTOpHie TpeGyioT
Oonplmnx 3aTpar BpEMEHM, M HO3BOJAIOT MPOBOAMTH JMIUL KauyecTBECHHBIA HJM
noayxoianyecteeunpii  ananns. [lupoko pacnpoctpanennnie ONTHYECKHE METOABI
aHIU3a TPYIOEMKH U TPe6YIOT HCIOMB30BaHHE JOPOTOCTOSIIMX PEAKTHBOB.

DNEKTPOAHATMTHYECKHE  METOAB  OTHOCATCS X Hambodgee  MOIHBIM — H
pacnpocTpaHeHHEIM B Poccuu MeTogaM aHamNTHYECKOl XUMHH. DTH METOALI HTPAIOT
JUAUMTENLHYIO PONB B CO3JAHMM  JISTEKTOPOB Juis  Xpomatorpadyycckux u
POICTBEHHBLIX METOAOB, a TAKAKE 0YCHD BAXHBI 1A paspalOTKil XHMHYECKHX CCHCOPOB
B 6HOCCHCOpOB. TToNYAIpHOCTE 3IEKTPOXHMUYIECKHX METOIOB B Pa3aMIHLIX 061acTsX,
oOycnopneHa npocroToii B npuOopHOM  OQOpMIICHHH, HH3KOH CTOHMOCTBIO,
ONEPaTUBHOCTHID W JIETKOCTBIO  aBTOMartu3amuy. lloreHuuoMerpuueckue u
BOJIBTAMIIEPOMETPHUECKUE METOABI MCHOB3YIOTCS AN oupeacncHus GepMeHTaTHBHOM
aKTUBHOCTH (KHCIOTOOOpasylomed axkTHBHOCTH M MeTabonuueckoil aKTHBHOCTH).
Orpanuyeyse  3IEKTPOXHMHUYECKHX METOZ0B  OOYCIOBIEHO  CIIOXHOCTHIO
mpofonoArOTOBKH 00BEKTOR aHaIH3a.

KonayxkroMeTpHueckuii METO aHalu3a OKa He HAaIIel MHPOKOro IPHMEHEHHS B

obGnacti ONPECACIICHUA AKTHBHOCTH 110 CPABHCHUID C APYTHMH (i)HI}I/IKO-XHMH‘IeCKHMI/I



METOaM#, HO IMHPOKO IpHMEHAETCs MIS KOHTPOJIS pocTa MHKpoOHOH GuoMacchl B
CENEeKTHBHBIX INTUTATENBHBIX CPEliax. JTC CBA3AHO C BHICOKOH TYBCTBHTEIBHOCTHIO
METO0/4, SKCIPECCHOCTHIO I OTHOCHTENBHO HH3KOH CTOMMOCTRIO aHATH3a.

TosroMy MOHMCK HOBHIX BapMaHTOB OSJEKIPOXHMHYECKHX METOJOB AN
onpeneneHns AaKTHBHOCTH MHKPOOPraHM3MOB H  paspaboTka DKCHPECCHBIX WM
BHICOKOUYBCTBUTEIBHEX ~METONMK  KOJMYSCTBEHHOTO  OUpEACHCHUS  AKTUBHOCTH
MHKPOOPraHU3MOB B IIpENaparax Juis KOHTPOJL Ka4eCTBa SABICICS AaKTYalbHBIM U
HMeeT HOMBIIVIO NPAKTHYECKYIO SHAYUMOCTD.

Uccnenopaniis, NONOKEHHBIC B OCHOBY ARCCEPTALMONHON PaGOTHI, BREINOIHMINCE
B pPaMKax NpOTpaMMBl « YHacCTHUK MOJOJEKHOIO HayJHO-HHHOBAIMOHHOTO KOHKYpPCa»
(YM.HIJLK.)) (2008-2010 rr.), HOMep TOoCyAapcTBEHHOTO kouTpakta No 8846 u B
pamxax denmepanpHoilf mencpoii mporpammse! «llpoBeneHne HaydHBIX HCC/eI0BaHH
HAyYYHHIMH TPYIaMH [OA PYKOBOACTROM IeneBoro acnupantay (2010-2011rr), HoMep
rocyaapersentoro kontpakra [154 o1 G2.04.2010r.

Ilens paGoTHI: XPOHOKOHIYKTOMETPHUECKOC HCCIACAOBAHHE 3aKOHOMEPHOCTEH
(depMeHTaTHBHEIX — npeppamennii  cyOctparos  Oudmmo-, makToGaktepusaMd
JpONOKEBBIMU KJIETKaMH M paspa6oTka crocofa OupenciacHus HX CyMMapHOH
tdhepmenTarnpHoi akTHBHOCTH (CPA).

JU1st JOCTHKEHHS HeNM TIOCTABNIESHB] CREAYIONINE OCHOBHEIC 3a(a9H!

1. Pa3paGoTaTh OCHOBHHIC TIONOKCHHS M KHHETHUECKYIO MOJACTBb CyOCTpaTHOTo
crocoba onpenenenns COA MUKPOOPTAHU3MOB.

2. Paspaborate npuHmAnsl MeTonos ompenencuus COPA MukpoOHBIX CycHeH3Hi
CyOCTpaTHEIM CIIOCOGOM ¢ HCIONB30BAHHEM XPOHOKOHIYyKIOMepMH M XpoHO-pH-
MeTpuH.

3. Ompenenurs 3padenus COA MuKpOOPraHH3MOB B HEKOTOPHIX NpPeGHOTHYECKUX
TIPENApaTaX XPOHOKOHAYKTOMETPHIECKHM METOJIOM, HCTIONB3YEMBIX N1 KOHTPON
KagecTBa IPenaparos.

4. Ilposectn nccnenopanue BAMAHHS TCMICPATYPH M NPUPOABI CyOCTPATOB € LENBIO

Pa3paboTKH TeCTa Ha COOTBETCTRHA Mpenapara.



5. PaspaGotate  MeETOROMOIHIO  CcO3RaHMs  Makera  npubopa  «AHanu3arop

MeTaboMu9ecKoi AaKTHBHOCTH OHOKATAIH3aTOPOB» MU MPOBEIEHHS OKCHpece

H3MepeHHa CyMMapHoii GepMeHTATHBHOM AKTUBHOCTH MUKPOOHBIX CYCIICHBHI.

Hayynasi RoBBA3HA fauHoil paboTEl 3aKMI0YACTCA B CIACTYIOMEM:

- Bmepsele mnpeanoxen cyOCTpaTHbl CHOCOO KOMMYECTBEHHOTO ONpPENCICHHS
COA MUKPOOPranu3MoB.

- Bnepesie npomencno xonmuectpennoe ompeaenenue COA B upenaparax,
conepxamyX NPoOHOTHYECKHE MHKpoopranusmel mramMoB L Plantarum SP-A3,
Bifidumbacterium bifidum w Bifidum adolescentis v npoxKeBHE KyILTYPH DAac
Saccharomyces cerevisiae u Saccharamyces carlsbergensis
XPOHOKOHAYKTOMCTPUYECKUM H XpOHO~pH-METpHIECKIM METONAMH.

- Broepsole mokazado, uyto copokynnocts 3uadennii COA 1o onpenencHHOMY
gabopy cyOcTpaToB MUKpOOpPrasd3MOB B TIpeDapare SBASETCA  KauyeCTBCHHOMN
XapakTepHCTUKOIT npenapara.

- BrepBrie mokas3aHo, 4To TeMIepaTypHas 3aBHCHMOCTE CPA MHMKPOOPraHH3MOB
no  cyberpary B MCCHENOBAHHEIX — NPENaparax  SBIAIOTCS  KadeCTBCHHOH
XapaKkTepHCTHKOIT npenapara.

HpaxTudeckast 3HAYHMOCTh. Pazpaboran cyOcTpaTHEIi cnocob
KOJMYECTBCHIOr0  ompeneaeHus  akTuBHOCTH  (Cymmapnoii  (epMeHTaTHBHOI)
MHKPOOPTaHH3MOB XPOTOKOHAYKTOMETPHUECKHM M XPoHO-pH-METpHIECCKUM METOJIOM,
XapaKTepH3yIOmuics NPoCTOTOH B HCIIONHEHNH, GTHOCKTEIBHO HH3KOH CTOHMOCTHIO
aHaIu3ad, 3KCIPCCCHOCTBIO, HACTPOiiKoil Ha mo0oil mpemapar, coaepxkampii KHBLIC
KHETKH MHKPOOPraHu3MOB.

Onpeznenensr 3uagenus CPA MUKPOOPraHu3MOB B lIpemaparax, COJEpKaux
npobuoTHIeCKHE MHKPOOPraHu3Mel wramMmor L. Planiarum 8P-A3, Bifidumbacterium
bifidum u Bifidum adolescentis u ApoxoxeBsie KyIBTYPH pac Saccharomyces cerevisiae
u  Saccharomyces carisbergensis, XpOHOKOHIYKIOMETpUYecKHM u Xpomo-pH-
METPHUECKUM METOAOM U MPEAJIOKEHO HCIONh30BaTh 3HaveHue CPA MUKpOOpraHusmMa
1o cyGeTpary B KauecTBE apaMerpa KOHTPod KauecTBa npenapara.

Tipeanosxeno ucnons3opats temneparypusie 3asucumoctu CPA no cyberpary u



coBokymHocTd CQPA npemaparoB 1O pasnuuubM - cyOcrparaM  xak —napamerp
COOTBETCTBHA IPH KOHTPOIIE KauecTsa penapara.

O6ocuoBana neneco06pasHOCTH NIPUMEHEHNT KOHTYKTOMETPHIESCKOr0 METOa [
KOHTpON® CcTanuoHapHoi ¢asel pocTa MukpoOHoit OHOMAaccH NpPOOWOTHHECKUX
MuKpoOpranusmMoB (makro- u Oudunodaxrtepuit) B TEXHOIOIHYECKOM HpOLECCe.
IlpennaracMplii METOR NO3BOJAET GOJiee TOTHO ONPENCAUTs TEXHOMOTHIECKA BaKHEIL
MOMEHT TMepexofa JKCIOHCHIWaNbHOH B craumoHapHylo ¢assl KpPHBOH pocra
MHKPOGHOH CyClIIeH3UH 10 CPABHEHHIO € HCHOJIB3Y EMBIMH.

Paspaborauueiit  anroputm  ompenenenns C®A  mukpobuBIX  cycrensuit
XPOHOKOHIYKTOMETPHUECKHM METOZOM PEAlH30BaH B MakeTe mpuiopa’ « AHamm3atop
MeTabomeckol akTuBHOCTH Onokaranusaroposy ([laTeuT Ha MOAE3HYIO Mozen PO
Ne 76340 or 11.04.2008), xoropelii wuwpomwen ampobaivio Ha AEHCTBYIOIHX
npou3soacTrax npeanpustiii r. ToMcka (¢pumuan OI'YIT HITO «Muxporen» M3 PO
r. Tomcx ®I'VII HIIO «Bupworm» m OAO «ToMckoe mHBO») AN KOHTPOJS
GHOTEXHONOTHIECKUX TPOLIECCOB.

Ha 3amuty BeIHOCHTCS:

1. OcHoBHBE TMOJNOKEHUS CYGCTPAaTHOTO  crmoco0a ONPEHCIEHHs  aKTHBHOCTH
MUKPOOHBIX CyCIIEH3HIH;

2. AXropur™M MeTOIHK KomudecTennoro onpeneaenus COA MukpoOubX cycnemnsuii B
npenaparax cyocTpaTHRIM Cnoco0oM € HCIONB30BAHHEM METONOB KOHIYKTOMETPHH

u pH-merpun).

Y

3nagerns COA HEKOTOpHIX NpPeOHOTHYECKUX Npenapatos mo cyberpary mns

3KCIIPECCHOM OLIEHKH aKTHBHOCTH HPENapaTon.

4. CopoxynHocts 3HadeHHii C®PA HEKOTOPHIX MNPeOMOTHYCCKHX MPENaparoB Mo
onpeacneHHoMy Habopy cyGCTpaToB Kak mapaMerp KadecTBa IpefiapaTta B TECTE Ha
COOTBETCTBHE.

5. Temneparypnnle 3aBucHMOCTH COA HEKOTOPHIX NPEOMOTHUCCKMX NPEIApaTos 1o

cy6eTpary kKak mapaMeTp KadecTsa npernapara B TECTE Ha COOTBETCTBHE

AnpoGanus paGorer. OcHoBHEIE pe3yabTaThl paboThl NPEACTaBIeHbl YCTHEIMHE |

! Maxer npGopa wsrotosnen OO0 « HITIT MTM» r. Tonck
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CTCHAOBBIMM JOKIataMu Ha KoH(epeHud «buotexHomorns XXI sexa: mpoGnaeMmsl H
nepcnextuBely (Mocksa, 2007), Pernonansnoll nay4no-npaktudeckoli xondepenmu
- «DIeKTPOXHMHUYECKIC METOIBl anatu3a B Koutpoie i npoussoxactse» (Tomck, 2007),
MexaynapoanoM QopyMe «AHamutHka M Adamrskiy  (Bopodex, 2008), VIII
Haydnoii kondepennnu «Ananutuka Cubupn u Hansuero Bocroka» (Tomck, 2008),
Mexaynapoanofi KoHQEPECHIHN  CTYJACHTOB, acHMpPaHTOB W MOJOIBIX YYCHBIX
«Jlomonoco» (Mocksa, 2009), X I00u:ciinoii pcepoccniickoll HAYyIHO-NPAKTHYECKOH
xoH(EepeHUNY CTYyJCHTOR H acIHpAaHTOB «XUMHA M XuMHYeckas rexHoiorns B XXI
peke» (Tomck, 2009), 1II Beepoccuiicko#f Hayuno-npaxktuyeckoil xoudiepenmuu ¢
MEKAYHAPOXHBIM YHacTHeM «bHOTEeXHOMOrHA B OHoMenUKIcKkas urkeHepud» (Kypek,
2010), TII Bcepoccuiickolt  HayYHO-HPAKTHYECKOH KOHQEPSHIUU  CTYUCHTOB,
aCHPAaHTOB H MONOMBIX YydewnlX «Texponorui ® 000pynOBaHHE XHMUYECKOI,
OnoTexHoIOrpYeckoli ¥ muieBoil npomsmulenHocTHy» (buiick, 2010), EspazuiickoM
CUMIIOZNYME IO HHHOBAUMAM B KaTaau3e u dnektpoxumun (Ammatst, 2010).

Mo maTepmanaM auccepTauuu ony6iuxoBaHo 6 crarcif, 1 DareHT Ha MOAC3HYIO
Mozens i 10 Te3ucoB ToKNanoB.

O6BeM U CTPYKTYpa JHMCCEPTAIUM.

Huccepranmonnas padoTa H3noxena Ha 121 crpamune, cogepxut 9 rabaum, 33
pucynka u oubmmorpadmio u3 140 nammenopanuii. Pabora cocrout u3 BBemenusd,
qETHIpeX IN1aB, BEIBOJIOB, CIHCKA JUTEPATYPH H IPHIOKCHHA.

Bo sBBefeHHH pAackpoiTa axkTyalsHOCTH TCMBI, ONPENCNEHH! UENH ¥ 3a4a9n
vceaeaosanus, cGopMyiupoBaHsl HayuHas HOBH3HA W IpaKTAUECKas 3HAYUMOCTh
paboThL.

B neproii riaaee npusesen 0630p IUTEPATYPEl, B KOTOPOM OITHCAHA COBPEMEHHAN
wiaccudukamms npobuornyeckux npenapatos. O0o00meHst M knaccHPBIMpPOBAHE!
CYIIECTBYIOMYE METOALI ONPENEICHUN (HEPMEHTATHBHOH AKTHBHOCTH JKHBLIX KICTOK,
cnoco0pl ¥ napaMeTphl KOHTPOJA KayecTBa MPOJAYKTOB, CONCPKAIIUX IPOMOKEBBIE M
npoGHOTHIECKHE KIETKH.

Bo BTOpoii riaaBe DNpUBEICHE TCOPSTHUCCKHE OCHOBH (PEPMEHTATHBHOIO

xaTanuza, cpOpPMyNMpOBAHB OCHOBHEIE IIONOXCHMS NpemnaraeMoro cybcrparHoro



cmocoba, paspaoTapa KHHeTHYECKas MoOJAens CyOcTpaTHOro cnocoba M IpellokeH
MareMarnyeckuil anmapar g o6paboTKH XpOHOKOHAYKTOMETPHIECKUX H XpoHo-pH-
METPHYECKHX JAHHEIX.

B Tperpeli riaBe omHcaHH YCJOBHS IPOBEACHUS DKCIECPHMECHTOB, CIOCOOE!
NPUTOTOBICHUS ~ PacTBOPOB,  TEXHUYECKHE  XAPAKIECPUCTHKH  HCMONL3YEMOTO
aHATHTHYECKOro 000py A0BAHHA.

B qerpeproii rnase npuseaeus! sHauenus COA Suduno-, nakrocomepxauux i
JAPONCKEBHIX TPOAYKTOB, Pe3yALTATH Uccnenosanus Bauauds Ha COA xoHueHTpayn
KIeTOK,  TeMmeparyphl,  upupoast  cyOctpara.  IlpmBexeHst  pe3yabTaTbl
KOHIYKTOMETPHYECKOTO HCCIEAOBaHUA INPHPOCTAa TPOOGHOTHYIECKHX KYyIbTYP B
Hpoueccax IMpOMBIIIEHHOTO IPOU3ROACTRA.

OcHoBHOE coxep:kaHAe PAGOTHI

Jas onpenencHus cyMMapHO¥ ¢epMeHTaTHBHOH aKTHBHOCTH MHKPOOPrdHM3MOB
HpeOHOTHIECKUX NPENapaToB BIEPBbIC MPEIOREH CyOCTParHslii CIOCos, OCHOBAHHEL
Ha peBpalicHAN BHECEHHOTO OIIpEeNeHHOro cyocTpaTa pepMEHTAMH XKHBEIX KIETOK B
YCHOBUSAX WX TOJOAAHHSL B HPOAYKT (MeTaGoiNT) M ONPEACICHHH €ro KOJIHYECTBA.
Hsmenenue KOHUECHTPAaRH Mmerabonura PErUCTpHpYETCS TIOZXOAALIMM
JNEKTPOXUMUIECKHM METOAOM.

OcHosugie nosoxenns cyberpaTnoro cnocoba onpeaenenust COA KABBIX KIETOK

Ipontecc mpeppamenns cybcrpara (S) B ocHopHoM mpoaykr (P) npd yuactum
depMeHTaTHBHEIX KOMIUIGKCOB KHBLIX KICTOK ¢ Komueutpammedt (C.) 1pu
olnpeeNe HOH TeMueparype (t) MOKeT OMTEL UpeAcTaBIcH caeaylomeli cxeMoii:

S-leult 5 p

CyMMapHyIO CKOpOCTB BCEX IOCICHOBATEIBHO M MApanledBHEIX peakumit (w)
MOXKHO ONMCaTh KHHETWIECKUM ypapHenweM (1) u onpezensTs 1mo CKOpOCTH
00pazoBaHus OCHOBHOTO HPOYKTA PCAKIUAH;

w=dCp/dr =k CCs 0))

rae Cs 1 Cyy - TeKyllpe KOHUEHTpamuu cyGeTpata W XUBLIX Kietok, Cp ~KOHLICHTPauus

TPOAYKTA, K’ - KOHCTAHTA CKOPOCTH PEaKUMH BTOPOro MOPAAKS, T — BpeMs U3MepeHud.

Jas ynpomenus Mogen GopMyIHpYeM yCIOBHS TPOBEACHHS aHATN3A:



1. xomunenTpauus cydcrpara Cs HomxHa ObITR AOCTATOYHO BLICOKOH, YTOGH 3a
BpeMs H3MepeHus e pacxol Osin ManosHauutensubM (Cs=const);

2. B aHajgu3upyemMoM ofpasie JOJUKHBL OTCYTCTBOBATH  JOTOJIHHTCILHBIC
MCTOYHMKH THTaHHs Mukpooprauusmon (ECg = 0) aas  pasMHOXEHHA

MukpoopranniMos (C,,=const);

(95

B aHANH3HPYEMOM 00paslie JOMKHEL OTCYTCTBOBaTh MHTHOUTOPH (C; = 0) 11 A8
OPHBOASIIHE K rHOenn KWIETOK U ACCTPYKINH (hepMEHTHEIX KOMIUIGKTOB KHBBIX
KACTOK;

4. cxopocTh 00pa3oBaHMS M PACXOIOBAHMS BCSX IPOMEXKYTOUHBIX NPOAYKTOB
(BemecTs) OJUHAKOBEI B TEUCHHE BCETO BPEMEHM IPOTEKaHMA IIpollecca B
cTalHoHapHoM pexiMe, 10 C; = const; dCi/dt = 0.

Torga ckopocts yruimsanuy cyOcrpara Cs drepmenTaMu xuBbix kierox Cy, Gyaer

DpPONOpIHOHaNbHA U3MEHEHMIO KOHIEHTpanuy Metabomutor Cp npH coOnmoeHun

BBIeyKa3anuex ycnobuii (Cy,Cs = const) 1 paBHa KOHCTAaHTE CKOPOCTH HYJIEBOTO

TIOpAIKa:

w=dCp/dt =%k )

rae k =k CyyCs ~ KOHCTaHTa CKOPOCTU HYJIEBOIO IOPSAKA.

Hocne nurerpuposanms (2) monyyaeM ypaBHEHHE IPAMOH, TaHFEHC YIUIa HAKJIOHA
KOTOPOii paBeH KOHCTAHTE ckopocTy peakunu (k):

Cp = Cp, + kr, 3)

rae Cp, ~KOHUERTPANHS POAYKTA B HAYAIBHE MOMEHT BpeMerH (T = 0).

Komcranta ckopocTH He 4BASCTCA OTHOCHTCIBHBIM IAPaMeTPoOM, MOITOMY
BIIEPBHIC BBEIEHO MOHITUHE CyMMapHoi depMcHTATUBHON aKTHBHOCTH 110 cyOcTpaTy
(a%), XapaxTepusyiomee akTHBHOCTS | KiteTki.

OrHowmene KOHCTAUTH ckopocT peakuuy (k) x xommaecTsy Kaerok (Cyy) (wiu
KOHUEeHTpaumnu epMEeHTOR) onpeaeNiicM KaK yASIbHYI0 CYMMapHyto GepMEeHTATUBHYIO
axtusHocte (CQ®A) mMuKpoopranmsMa no OTHOHICHHMI0O K cy6crpary (S) mpu
aHaIB3UpyeMoli TeMueparype:
as = k/CK.'X (4)

s N o
rae a’— pokasarens CyMMapHoH (epMEHTATHBHOW aKTHBHOCTM mo CyGcrpaty, k — KOHCTaHTa
CKOPOCTH HyII€BOIO IIOPS/IKA.



Ilpn BEIDONHECHUH BCEX BBIUEHECPCUHCICHHEIX YCIOBHH cyOcTpaTHBIM crnocod
XapakTepu3yeT aHATH3UPYEMBIE 00BeKT IO OnpeencHHoMy cyGeTpary.

Merononoruuccky o0BEKT HCCICAOBAHUS PA3BOAHTCS B JNCTWILIMPOBAHHON BOXE,
BHOCHTCSL CyOCTpaT M onpelenIercs CKopocTh 00pa3oBaHHd OCHOBHOTO NpPOIykKTa IO
H3MEHEHHIO YIENbHOI 31EKTPHIECKOIH MPOBOAHMOCTH KK IOKA3ATENS KMCIOTHOCTH.

Tpypoaa ¥ COAcpKAHME IPOAYKIOB, OOpasylOLMXCS B YCIOBHIX aHanuza,
ompencnacHE] HAa OCHOBAHHWH JIMTEPAaTYPHBIX I3HHBIX, HAHHBIX XPOMAarTo-Macc-
CIIEKTPOMETPHYECKOTO H THTPOMETPHIECKOTO METOXOB. B wacTrocTH, I apoxokeil B
aIpOOHBIX yCIOBHSX OCHOBHLIM SNEKTPOIIPOBOIAIMIAM IIPOTYKTOM ABISETICA YTOJbpHAL
KUCTIOTa, o00pasylomascs B pe3yabTaTre THAPONH3A YINCKMCAOTO rasza, Js
naxrobaxteprii 1 6uduro6aKTepnii — MOTOUHAS KHCIOTA.

T nepecuera YAeTbHOR NEKTPONPOBOHOCTH (MCM/m)
C1a00 CCONUAPYIOIIETO BJCKTPOINTA B €10 KOHUEHTPALMIO TCOPETHUSCKI TIONYIEHO
BBIp@KEHHE, NPH ycioBul 410 1-a=1 (4) u paccauranst ko3 duuneHtsr A crenequoi
(n=2) 3aBMCHMOCTH AN OCHOBHEIX METalOIHTOB:

K .

== 4K, 5
2K,10° )

P

roe Cp — KOHUEHTPAUHS OCHOBHOrO MeTabomuta, moms/mM°, A, - MOJISIPHAs JNEKTpHIECKasT

NpPOBOAWMOCTE NpH GeckoneuwHoM pasdasnennn, Cm-cM/monb, K, - KOHCTAHTOH JHCCOLMAUMHM
KMCHOTH, Monb/aM®, K — 3nauenue YACABHONW NPOBOJAMMOCTH pacTeopa Meradonura, MCM/M, Opu
9TOM: JUIS YIJIEKHCIOTE — A= ,45%10°, 11 monounoH KucnoTh — A=5.97*107.

Crenendas 3aBUCHMOCTD KOBLECHTPAIMH OCHOBHOTO JHCCONHMPYIONIETO NPOAYKTa
B aHausupyeMod  cpele  OT  €e  3ICKTPONPOBOAHOCTH  TOATBEPIXKICHA
aKkcnepuMenTansho (5):
Cp = Aok, -K,)' ©)

rae A — MHOXHTeNb IIPH CTeNeHHOH QyHKIMYW, K, H K, - 3HAUYeHHe HadvalpHOl W TexymteH
YAenbHOH 3eKTponpoBoaHocTY B (MCM/M), § — oKa3atelns CTEMeHH.
M3 3xcHEpUMMEHTAIBBEIX  JaHHBIX  BRIYHCJICHBI  IIapaMeTphl  3aBHCHMOCTH

KOHIIEHTPAIlMM YTOALHOH M MONOUYHON KHCIOT OT 3MSKTPONPOBOAHOCTH, KOTOPHIS
coctasin A = 810, i=1,997 (R = 0,998), monounoit - A = 2107, i=1,733 (R = 0,998)
upu 20 °C, cOOTBETCTBEHHO.

Beipaxkenue (5) ucmonp30BaHO A NEPEBOAd IKCHEPUMEHTANLHBIX JAHHBIX
3JCKTPOIPOBOAHOCTH B €XWHHILI KOHIIGHTPALIHH OCHOBHOrO MeTafoIuTa.
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1. Onpeneneune COA XponoKHAYKTOMETPHIECKHM METOAOM
1.1. 3pagenns COA ApoxsKeBbIX NPENAPATOB

H3 nureparypHeIX JaHHBIX H3BECTHO, 4TO (JePMEHTATHBHAY AKTHBHOCTH
JPOJCKEBEIX.  IpenapaToB  OOBMHO ONpeAciseTcs o 3HMasHOH M MalkTasHol
aKTHBHOCTH € HCIOAB30BAHHEM Ta3oMeTpryeckoro Meroxa (seiaciaenne CO»),
IPOAOJDKMTEIBHOCTE dBANU3a UPH 3TOM COCTABILICT HE MeHee 60 MAHYT.

Hamu opemntoxen oakcnpeccusit (15 MuHyT) XpOHOKOHAYKTOMETPHUECKU
cybecTpaTplif cnocof onpeaeacHus GpepMCHTaTHBHON akTHBHOCTH ppenaparoB. Croco6
OCHOBAaH HA PErHCTPANMM M3MEHENHs OJJNEKTPONPOBOAHOCTH aHanM3Hpyemoll cpeiL!
oposiokefl B pesydprare (PepMEHTATHBHOTO HpEBpAlIcHUsS BHeceHHoro cybcrpara. B
KadecTBE CyOCTpaToB BRIOpAHH yrieBoanl (Imoko3a, (pykrosa, caxaposa, MajhTosa),
KOTOPBIC pAaCHIENAIOTCS [0 YIACKUCIOTHI W BOAGHl (OCHOBHEIE MeTabOMHUTEI).
3aBUCHMOCTH M3MEHEHHS JJEKTPODPOBOAHOCTH U KOHUCHTPALMH YIIACKHCIOTHl OT
BpeMEHH B pesylbrare PepMEHTATUBHOTO IPEBPAIICHUS CyOCTPaToB MPEACTABICHE! HA
puc. 1-2. KoHleHTpayio yraeKHCTOTH pacCYMTHIBANH 10 BRIpakeHUIO (6).

H3 puc. 1-2 Buano, yro BpeMEHHAS 3aBMCHMOCTL OT KOHIEHTPALMH OCHOBHOTO
MeTabonnTa uMeer OoJee BHIPLKEHHBIM JHMHCHHBIA xapakrep. KoHcramTa ckopocTH
(depMeHTAaTHBHEIX peaklnii paBHa TAHTCHCY YTIa HaKJIOHA PErPECCHOHHON TpAMOii.

Tawrenc yrioa makioda JIHHEHHOTO ywacTka Ha rIpaduke 3aBUCHMOCTH
KOHICHTPALMH OCHOBHOTO MeTabonuta OT BPEMEHH paBeH KOHCTaHTE CKOPOCTH
Hyaesoro mopsaika [moms/(m-c)]. Torna C®A, BHpuKeHHAs B €THHHIAX
KOHUCHTpaI [Moas/(c kL)), HOKa3sIBaCT KOJUIECTBO MOJICH OCHOBHOI'0O MeTaboaHTa,
oGpasoBasmieecs 3a CEKYHAY [IPH paciuemieHun cyOcTpara oqHON KIETKOMH, i IPHToAHA

A CPAaBHUTENBHOTO aHaAIn3a.
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10 t 5
9 T T \ 0 +-4-b-t-0-4-9 v
400 600 800 1000 1200 400 800 800 1000 1200
Pue. 1. HsmeneHue nposoguMocTd  Puc. 2. Hsmenenye KOHUEHTPAIIHH

AHANUINPY MO Cpean {UPECCOBAHPBIE YITICKHCIOTEI B apanu3upyemoil  cpene
APOACKHM) €  BHecepuweMm cyOctparos: 1- (mpeccOBaHHBIE  JPOXCKHM) HPH  BHECCHUH
rmoxossl (k = 0.0125), 2 — ¢pykrosa (k = cyberparor: l-rmoxossr (k = 7-]()'5), 2 -
0.0106), 3- caxapoza (k = 0.0077), 4- 6e3 dpykro3a (k = 6-10), 3- caxaposa (k=3107)t
BRECenHs cyOerpara (k = 0.0003) t = 20°C. =20°C.

Kaxamit m3 cybcrparoB pacuiemnsercs ¢ ONpeJeneHHOll CKOpOCTBIO H
XapaKTepHU3yeTCs KOHCTAHTOH CKOPOCTH peakiMu pacmierienus (depmenramun).
3nauenns COA IPONOKEBHIX MPENAPATOB IO PA3THIHKM CyGerpatam (2°) B eMHUIAX
KOHIEHTpaNuH (BEIpaxkenue 6) npeacrasiens B tabmuue 1.

Tabnwua 1.

3pavenns COA npoxoxedl B aHAIW3HPYEMBIX IPENaparax N0 YINEBOAHBIM CyOCTpaTaM Npy t = 20°C.

2>10" mons/(c ki)
npenapar
TInBoBapensric Cyxue
Cy6Getpar HH30BHE  ApoXxky | xneGomekapuuie TIpeccoBannkle
Saccharomyces apoxoxy  «Cadr- | XxneGonekapHble ApOAOKH
carlsbergensis MOMEHT
T'mioko3a 0,1420,02 3,040,5 2,1+0,3
Opyxro3a 1,1+0,2 0,840,1 1,9+0,3
Caxapo3a 0,27+0,04 1,7£0,3 1,6+0,2
Manrstosza 0,8+0,1 1,5¢0,2 1,1£0,2
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3padenns COA XieOonekapHHX ApOxOKEH Mo MAIBTO3E M INIOKO3e, HalineHHEE
OpearaeMpiM  crmocofoM,  XOpoumo  coriacylores  co  3HadenusamMu  COA,
PACCIATAHHBIMH IT0 HOPMATHBaM ra3oMeTPHIECKOTO METOJA ONPEACIeHIS MANLTA3HOMN
¥ 3MMa3HOM AKTHBHOCTH xJeGonekapHsx apoxokei - 1,54 107 moap/(cxn) w 2,2 1077
MoIIB/(cKi1.), coorBeTCTBeHHO. Kpome Toro, cybcrpathmii cnoco onpenenenus COA B
TPH pa3za MeHee NpolomkuTeasHsiil (10 muH), 9eM razoMerpudecknii (He MeHee 60
MHH).

Oneneno BIAAHUE TOTEPH YINICKACIOro rasa B arMocdicpy npH onpeaencunn CPA
JAPOZCKEBLIX NPenapaTos, koroprie cocrasmuior 0,1% ot obpaszopasurerocs BO ppeMs
aHANM3a, YTO KaK MUHHMYM Ha HOPAJIOK HIDKE NOIPELIHOCTH MeToAa (2%), H0dTOMY
TIOTEPSMH yIIEKHCIIOT0 ra3a BO BpeMA aHanu3a MOAHO HpeHeOpets.

Veranosneno, yro 3madenne COA B ycnoBuAX OSKCHEpPHMEHTa B AHANAa30HE
xonuenTpami kierok ot 10° 10 4:10% kr/eM’ ocraeTes HoCTOTHHEM.

TIpennoxennsiit cyOcTpaTHbli crnocof XPOHOKOHAYKTOMETPHYECKOTO
onpejeacuus COA 1penapaToB HMEET BHICOKYIO My BCTBUTENLHOCTE U BKCIPECCHOCTD H
PEKOMEHIOBAH i1y Pa3pabOTKI TECTa IS ONpPeeNieHHs KaYecTBa IPOKKECONCPKALILHX
TIpETIaparoB.

1.2.3navennsg COA nakro- 0 6HGpuroconepRAMHX UPeIAPaTOD

Hspectro, uro axraBHOCT: (crnenmmdmyeckas) GONDIIHHCTBA NPOOHOTHYECKMX
penaparor TPaiHlMOHHO ONPEACIAIOT IO KOJIMYECTBY KU3HECTOCOOHBIX KICTOK B
npenapare ¥ Kucloroofpasyiomeil crnocodHoCTH, BHpaKeHHO! B rpanycax Tepuepa,
TIPOIOUKUTENRHOCTS aHANH3a HPH 3TOM cocTaBaser 72 yaca.

Hamu  Buepeble  NPCANOKEHO  HCIONB30BATH IS KOHTPONS — KayecTsa
npo6roTueckux  npemnaparos  sHauenue COA.  XpOHOKOHIYKTOMETPHYSCKUM
cybcTpatneIM criocoGoM ompeneneHo sHadgeHue CPA 6udHA0- H JAKTOCOASpKANIHX
npenaparoB. B kauecrse cyGcrparor BoiOpanbsl yrieBoabl (rimokosa, ¢pykrosa,
caxaposa, MallkTo3a), KoTophie hepMenTHPYIOTCH 10 MonowHoM 90% u ykcycnoit 10%
KHCIOT (ocHOBHBIE MeraGonutel). 3Hagenns CPA mpobuoTHIeCKHX NpenapatoB B
CAMHHMIAX KOHIEHTpaUWH mpencrasiens! B tabmuue 2. KoHieHTpamuio OCHOBHEIX

MeTabONHTOB PACCIUTHIBAIN 110 BHIPAXKEHHIO (6).
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Tabmwma 2,
CDA ppobnoTHYECKHX MHKDOOPFaHM3MOB (1ak10- M OupHmoGakrepuii) U0 YIIEBORHBIM

cyberparam B npoGuoTHkax npu t =20 °c.

a%10"* mons/(x1. )
Tipernapat

I'mioxosa DpyKroza Jlaxtoza Manstoza Caxaposa

Budunobaxtepun 2.140,3 4.2+0,6 0,006+0,001 4,940,7 0,7+0,1

Budunorym 1,3202 1,703 0,013£0,002 10,2+1.5 1,340,2
Jlaxrobaxrepus 0,08+0,01 0,09+0,01 0,0240,003 0.04+0,01 0,04+0,01
Anuaorym 0,020£0,001 | 0,020£0,003 | 0,022+0,003 - 0,04+0,01
JlaxTory™ 0,013+£0,002 | 0,010+0,001 0,021x0,001 - 0,04+0,01

Kak Bumno, w3 Tabn. 2, MHKPOOPraHH3MBl NPENAPATOB XAPAKTEPHIYIOTCH
pasNMYHEIMH 3HauYcHUAMM CcyMMapro#f ¢epMeHTAaTHBHOM akTHBHOCTH. Pasziudus
MUKPOOPTaHU3MOB N0 CyOCTpaTHOH cneuuGuUIHOCTH OGYCIOBIEHO OHOXHMAYSCKHMH
0COBEHHOCTAMH AaKTO-, H 0U$un00aKTepHil H TEXHOJIOTHEH H3TOTORNCHHS Npenapara.

2. Oupenenenne CPA xpono-pH-meTpugecknm MmeTonom

CyGcrparsslit cocof Taroke BIEPBEIC PCaIM30BaH B XpoHO-pH-MerpHueckoM
MeTole. ANbTCpHATHBHEIR MeTon onpenenenus CPA MukpoopraHuzma mo cyGerpary
OCHOBAH HA PETUCTPALMA M3MCHEHHS KHCIOTHOCTH Cpeipl, ¢ MOCHEAYIOMAM
IIEPECYETOM B KOHUEHTPALHIO OCHOBHOI'O MeTabouTa (BEpaxenue 7).

Cp=B-(107" 107"y, Q)

rae Cp ~ KONLEHTpALlA OCHOBHOTO MeTabonuTa (YrIeXHCIOoTa ANg Apoxckeil Hiu MoloyHas

KHCIOTa A DpoOHOTHYECKHX MHKpPOOPraHHIMOB), Mons/am’, B — IKCHEPHMEHTWILHO HalIeHHBIH

MHOXHTENE CTeneHHoi Qynxums, pH — Texymuil noxasarens KHCIOTHOCTH AHANM3MPYEMOH CPesl,

pHo— HavaIbHBIH NOKA3ATENh KACTOTHOCTH CPENbI.

W3 okcnepuMeHTANBHBIX  JAaHHHLIX  BBMMMCIEHBl  NapaMeTphl  3aBHCHUMOCTH
KOHIIEHTPALMH YTOJBHOH KHCIOTH H MOJIOYHOH KHCIOTH OT DACKTPOIPOBOIHOCTH,
KOTOpSIE COCTABMIIA JUIs YTONABHON Kucnotsl B = 3107, (R =0,9987), monounoii - B =
2107, (R =0,998) npu 20°C.

3navenne COA BHIIHCICHO 110 BHIPAKCHMIO 3, B KOTOPOM KOHCTAHTA CKOPOCTH

depMenTaTUBHON peakumH ONpeleNcHa H3 BPEMEHHOM 33BHCHMOCTH KOHUCHTPALHB
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ocHoBHore MeraGonura. B Ttalmume 3 DpelacrapieHBl 3HaYeHMS OJHOBPEMEHHOIO
onpezenenuss COA npenapartoB mo rimoKO3e XPOHOKOHIYKTOMETPHUESCKHM K XPOHO-
pH-MeTpHyYECKUM METOIaMH.

TaGmuna 3.

3navenne COA MHKpOOPranu3MoB B aHAIH3MPYEMbIX NPENaparax no IIOKO3e, NOMy4YeHHLIE

JBYMS METOAAMH HIpu t = 20°C (s VCNOBHAX MOBTOPACMOCTH, N = 9).

2% 10 Mo/ ki)
Mpemnapar XPOHOKOHAY KTOMETPHYECKHIT Xpono-pH-
METOX MeTpayecKaii
Cyxue xnebonexapntie aposxoxi «Cadt-
d P 4 305 2543
MOMEHT
ITpeccorannbie
2143 2244
XneGonexapusie APpoxkKH
IlpoBapeHHBe APOAKH 1,4+0,2 1.1+0,3
JlaktoOakrepun 0,08+0,01 0,0540,01
budunobakrepun 3,1+0,4 3,020,6
budunorym 1,3+0,2 1,0+0,2

[Tony4enusle naHHEIE NPAKTHIECKH COBMAAAROT 110 3HAYEHHAM JULA JIBYX METOJIOB.
HecMmotpa va mpoctoTy anmaparypHoro obopymposanus pH-MeTpa, Ha TOYHOCTB €ro
H3Mepenns  BAHseT MHOro (axtopoB  (CTaGHIBHOCT:  3IEKIPOJA  CpPABHEHUS,
4YBCTBUTEARHOCTS K 3JCKTpHYecKHM 1myMam). lloatoMy ciyualinad mOrpemHocth
n3MepeHui xpono-pH-MeTpuueckum METOIOM 3aMETHO BBITIIC
XPOHOKOHAYKTOMETPHUYCCKUX.

3. Banunne teMueparypsl Ha 3uauenne CPA MHKPOOPTaHH3MOB

BaxseiM (akTopoM NOpH OTIpPEACHEHHH AKTHBHOCTH MMKPOGHBIX CycHcH3uii,
OKa3HLIBAIOMIMM BIMSHHE HAa CKOpOCTh (JepMEHTATHBHOro npolecca M KOHCTAHTY
CKOPOCTH, SBJLIETCA TeMIEpaTypa.

Hccnenopano Biamapue TemmepaTypsl Ha COA Oudumo-, naxrocoicpKalmx
npenaparos u apoxokeli B auanasone ot 4 °C o 55 °C no yroesommeM cyGerparam.
3apucuMocts 3Hadenuss CO®A MHKpOGHBIX CyCUOCH3WIt OT TeMmeparyphl HMECT
CHOKHBIH Xapakrep, 4T0 00yCIOBJICHO I'eHOTUIOM ¥ (QH3HOIOTHICCKHM COCTOSHHEM

KYJNbTYpPbl, U3MCHECHHMEM DPACTBOPUMOCTH M CTENCHH JHCCONHAIIN MeTaboNuTOB |
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HOIBIKHOCTRIO HOHOB B aHanmsHpyeMoif cpeme. Xapakrep sasucumoctn COA

IPOXKEH B €IMHANIAX NCKTPONPOBOAHOCTH IO [IIOKO3€ NPEACTARIeH HA PHCYHKE 3.

%

Q 10 el Y 40 0 )

Puc. 3. 3aBucumocts COA IpodOKeBHIX KIETOK IO INIOKO3€ OT TEMIIEPATYPHL ¢- NPECCOBAHHEIE

xneGoneKapHme JAPOACIKH, ™ ~ TIMBOBAPCHHBIC APONCOKH, A - Cyxue xneﬁonexapﬂme JAPOXKH.

W3 puc. 3 BHAHO, YTO KaXABIH mpenapar APOMOKEBEIX KICTOK XapaKTepHsyercs
AKTHBHOCTHIO BBIIE CPEINETO B AMATIa30He TEMIEPATyp: Ml XTeOOmeKapHbIX CYXHX —
15-25°C, TIPECCOBAHHBIX — 23-33°C, maenex 12-18°C, Haiinemusie AHanasoHs MOKHO
HCIIONB30BATH B TEXHOJIOTHUCCKUX NMPOUCCCAX C YIACTHEM JAHHEIX MUKPOOPIaHH3MOB C
MakcuMansHod  3(pdekTHBHOCTEIO. IIodyueHHBIC 3aBHCHMOCTH TakkKe NO3BOJSIOT
YCTAHABIMBATE TEMIICPATYPHEIE YCIOBHS XPAaHCHHS penaparos.

Jng npoGHOTHMYECKMX IIpenapaTtoB HCCHCAOBAHO BIUSHUE TEMIeEpaTyphl HA
amavenne COA®  Mukpobubx cycnensuii. Maxcumanpueie  3Havenus COA

HCCICAOBAHHBIX MPEHAPATOR IPEACTARNICHE! B tabnuie 4.
TaGmnuma 4.
Temnepatypa MakcuMmanbHoro sHadenys CQOA MUKpOOPraHW3MOB B INPOOHOTHHYECKHX H
JPOKIKEBBIX Tperaparax Ho YIIEBOJAHLIM cyOcTpaTaM XpOHOKOHIYKTOMETPHUECKHM MeTojoM (B

YCIIOBHAX HOBTOPAEMOCTH, n = 9).

ManpTO3a TIIOKO34 PYKTO3a caxaposa
npenapat ¢ o a 107 L oC a>-10" Lo a>-109 ¢ 0C a>-10"
> Cm/(m-cxn) |~ Cu/(mcxn) |~ Cuim-cin) | Cwm/(m-cxar.)
Buduno- 1 5y | 3006 | 13 | 163424 | 12| 165225 | 15| 36205

Gakyepus
Budnnorym 17 12,014 12 2,5+0,4 10 6,5+0,8 14 1,6:£0,2

JNasro- 30 | 0226003 | 18 | 0,1120,02 | 30 | 0,0940,02 | 30 | 0,20+0,03
GaKTepun

16



XiteGonekapekue ApokKH ]
IIpeccopanupie | 35 0,28+0,04 30 1.9+0.3 20 I 0,9+0,1 20 0,9+0.3 T
Cyxue
«Cadr- 30 0,51+0,08 | 20 1,502 20 | 0,14+0,02 | 25 | 0,23+0,03
MOMEHT» .

Crenyer OTMETHTH, YTO TEMIEPATypa MaKCHMAIBHOM aKTUBHOCTH MCCIEIOBAHHBIX
NPEnapaToB Mo PA3IMYHBIM YITEBOAHBIM CyOCTPaTaM pasindacTcs.

Pazmuaue Temueparypupix 3aBucumocteii CPA  HCCIENIOBAHUBIX KVILTYP B
npernaparax 1o cydcrparam 00yCrIoBiIeH0 OHOXUMWIECKHMH OCOOECHHOCTAMH IMTAMMOR
M TIPEIAraeTcs MCUOoJb30BaTh B KAueCTBE IIapaMeTpa TecTa Ha COOTBETCTBHE UPH
KOHTPOJIE KauecTBa mpenapara

4. Bnansinue mpHPOALI cydeTpata

H3BecTHO, Y10 CKOPOCTH YTHIM3AIMHU CyOcTpara SKUBBIMH KJICTKAMH KYJIBTYPBI
3aBUCUT 0T OWOXUMHYECKHX CBOWCTB KyJNbTyphl # npupousi cyOcrparos. Hamwu
uokazafo, 40 COA pasiuvHEIX MCCICIOBAHHBIX KYJNLTYP TO OJHOMY H TOMY €
cyOcrpary ommmdaercs, Taike Kak orimyaerces # COA mpemapara 1o pasidydHbM
cybcrparaM. [lockonbky TpyAHO YCTaHOBUTHL OCHOBHOW IIPOJYKT (MeTaboimTt) C
cybcTpataMu  HEyriepogHOro THna, B Tabmuue 5 npusenenn 3uavenus COA B

CJIMHMIIAX MTPOBOJTUMOCTH.

I'moxosa D®pykTO32 Manbvosa Caxaposa Naxroaa

Puc. 4. CoBokymnHOCT a® JIAKTOCOAepKalluX npenaparop: B - «Jlakrobakrepuny, i -

«JIakToTyM» 10 pasmudHbIM cyocTpaTam npH t=20°C.






