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A4 MOHUTOPpUHIa WU KOHTPOJIA O[lHOﬁ W HECKOJBbKUX MEPEMCHHBIX IpoOHECCa B KYJIBTYPE KIIETOK
OnopeakTopa C LENbl0 YIy4IIeHHs KayecTBa M IIOCTOSHCTBA NPOAYKTa. B packpriBaeMbIX crocobax
W CHCTEMax HCIOJIB3YIOTCSI CIOCOOBI PaMaHOBCKOW CIIEKTPOCKOIHMM in Situ M XEMOMETPHYECKOTo
MOJCIIUPOBAHUA JIsI OUCHKU KYJIBTYp KICETOK B PEXKUME PCAJIBHOIO BPEMEHU B KOM6I/IHaHI/Il/I Cco
crocobamMu 00pabOTKM CUTHAIOB Ui TOYHOH HEMPEphIBHON OOpaTHOM CBS3M U CMOICTHUPOBAHHOTO
IIPOTHO3UPYIOLIETO KOHTPOJIS TapaMeTPOB IIEPEMEHHBIX MpoLiecca KYJIFTHBUPOBAaHHUS KJICTOK. braromapst
UCIIOJIb30BAHUIO JIAHHBIX PAaMaHOBCKOM CHEKTPOCKONHMHU B PEXUME PEalbHOr0 BPEMEHH IepeMEHHbIE
mporecca B Ipeaenax KyJbTypbl KIETOK MOTYT HEIPEPHIBHO MM IIEPUONUYECKH KOHTPOJIMPOBATHCS,
a aBTOMATH3MPOBAHHBIC KOHTPOJUIEPHI C OOpPaTHON CBS3BIO IOAJEP)KUBAIOT IEPEMEHHBIE IIpolecca
Ha MPEABAPUTEIILHO OIMPCACICHHBIX 3HAYCHUAX W MOAACPKHBAIOT CHeHHaﬂbeIﬁ IIPOTOKOJI MTOoAa4YH,
KOTOPBIA O0ecrednBaeT Mojady NMepeMEeHHBIX KOJMYECTB areHTOB B OMOPEaKTOp Ul MaKCHMH3ALUH
KauecTBa OMOIPOIYKTOB.
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OIIMCAHUE U30BPETEHUA
2420-561395EA/019
CHUCTEMBI 1 CIOCOBBI PAMAHOBCKOM CIHEKTPOCKOIINHA IN SITU JJIS
KOHTPOJIA IEPEMEHHBIX ITPOIIECCA B KYJIBTYPAX KJIETOK

ITEPEKPECTHAX CCBIJIKA HA POACTBEHHBIE 3ABKU

Hacrosimas 3asiBka uCnpaimBaeT NPeUMyIIEeCTBO NPUOPUTETA IPEABAPUTEIbHON 3asBKU
Ha mareHT CIIA 62/572828, nomannoit 16 oktsabps 2018 roma m 62/662322, nomanHo# 25
anpens 2018 rona, Bce U3 KOTOPBIX BKJIIOUEHBI B KAUECTBE CChUIKU BO BCEM MX MOJIHOTE, TI€ 3TO
JOTTyCTUMO.

OBJIACTH TEXHUKU

HzobpeTeHne B LeJIOM OTHOCHTCS K OMOPEaKTOPHBIM CHCTEMaM U Croco0aMm, BKIIOUast
CTHIOCOOBI ¥ CUCTEMBI PAMAHOBCKOM CIIEKTPOCKOIUH in Situ JIs1 MOHUTOPUHTA U KOHTPOJISI OHON
WJIA HECKOJIBKHX TIEPEMEHHBIX MPOLIECCa B KYJIBTYPe KIETOK OMOpeakTopa.

YPOBEHb TEXHUKHU

Crpykrypa IlpoueccHo- Ananmutnueckor Texnonorust (ITAT) Ynpasnenus: mo KOHTPOIO
3a mpoxnyktamu u JiekapctBamu (FDA) moomipsier n10OpOBONBHYIO pa3paboTKy U BHEIpPEHHE
MHHOBALIMOHHBIX PEIIEeHHH MO pa3padOTKU TMPOLECCOB, aHalIM3a IPOLECCOB M KOHTPOJS
IIPOLIECCOB /JIS JIYULIEro MOHMMAaHUs MPOLIECCOB U KOHTPOJIA KayecTBa NpoAyKToB. IlapameTpsl
IpoLecca MOHUTOPSATCS M KOHTPOJMPYIOTCSA B Ipolecce mpousBozacTBa. Hampumep, monada
NUTATENbHBIX BELIECTB K KYyJbType KIJIETOK B OHOpeakTope BO BpeMsl IPOH3BOICTBA
OMONPONYKTOB SIBJISETCSI BAXKHBIM mapameTpoMm mpouecca. COBpeMEHHOE NPOU3BOACTBO
OMONPONYKTOB BKJIIOUAET CTPATETHI0 KOPMJICHUS €XXEeTHEBHBIMU OOJIOCHBIMHM MOANUTKaMU. B
COOTBETCTBUH C COBPEMEHHBIMH CIIOCOOAMH €KeHEBHbIE OOJIOCHbIC MOANUTKU YBEIHYHBAIOT
KOHLICHTPALMI0 MUTATEJbHBIX BEIIECTB B KJIETOYHBIX KyJBTypax MO MEHbLIEH Mepe MATh pas B
neHb. UtoObl rapaHTHpOBaTh, YTO KyJbTypa HE HCUepIalia NMUTATENbHBIE BELIECTBA MEXIY
NOJNIMTKAMH, €KeTHEBHbIE OOIOCHBIC MOMMUTKH MOANSPKUBAIOT KOHLIEHTPALUU MUTATEIbHBIX
BEIECTB HAa BBICOKMX YPOBHsX. J[eHCTBHUTENBHO, KaXkaasi MOAIMUTKA PACCUUTAHA HA TO, YTOOBI
UMETh BCE IHTATENIbHbIE BEINEeCTBA, HEOOXOOUMBIE KyJIbTYpe Ml MONNEPKAHUS €€ [0
crenyromeld nmoanuTku. TemM He MeHee, OONBLIOE KOJWYECTBO IHUTATENIbHBIX BEINECTB B
KQXXTOIHEBHOH OOJIFOCHONM TMOIIUTKE MOXKET BbI3BATh CYINECTBEHHbIE KOJICOAHHS YPOBHS
NUTATEJIbHBIX BEIIECTB B OMOPEAKTOPE, YTO MPUBOAUT K HECOOTBETCTBUSIM B KAUECTBE MPOAYKTA,
MPOU3BOANMOTrO MPOU3BOACTBEHHOU KYJIbTYPOH.

Kpome Toro, BeICOKas KOHLIEHTPALMsl NMHUTATEIbHBIX BELIECTB B KAXKION €KEJHEBHOU
OOJFOCHOM TMOANMUTKE CHOCOOCTBYET VBEJIMYCHHIO MOCTTPAHCISLMOHHBIX MOANU(UKALUI
nojiygaeMoro Ouornpoaykra. Hampumep, BbICOKHE KOHLEHTPALMU TIFOKO3bI B KYJIBTYPE KJIETOK
MOTYT TIPHUBECTH K VYBEJWYCHUIO TIJIMKUPOBAHUS KOHEYHOro Ouompoxaykra. [ imkanms
npeAcTaBisieT coOol HepepMEeHTATUBHOE NPUCOEAMHEHHE BOCCTAHABJIMBAIOLIETOCsS caxapa K
AMHHOKHCJIOTHOMY OCTaTKy Oelika, 0OOBIYHO BCTpeyarolieecss y N-TepMHUHAIBHOTO aMiUHa O€JKOB
U TOJIOXKUTENIPHO 3apsDKEHHOM aMUHOrpynmnbl. IlonydeHHble NPOAYKTHI INIMKMPOBAHHUSI MOTYT

HUMETHb KCJITYHO HWJIIM KOPHUYHCBYKO OKpacCKy, HYTO MOXET MNPUBECTU K OKpALIMBAHUIO



nexapcreenHoro npoaykra (Hodge JE (1953) J Agric Food Chem. 1:928-943). I'nmukanus Takxke
MOXET NPUBOAUTH K BAPUALIUAM 3apsAia B ONHOW NPOU3BOACTBEHHONU MAPTUU TEPANIEBTHYECKOTO
MOHOKJIOHaJIbHOTO aHTuTena (mAb) u npuBonuth k uHrnOupoBanuto cesasbiBanus (Haberger M
et al. (2014) MAbs. 6:327-339).

CoOTBETCTBEHHO, B CTpeMIIeHUU MpoaBUHYTh HHULMATUBY ITAT, ocTaercs morpeOHOCTD
B crioco0e WJIM CHCTeMe CIIOCOOHOW ONTHMH3UPOBATH KOHLEHTPALMH MUTATEbHBIX BELIECTB B
KYJIBType KJIETOK, YTO NPUBEAET K MOJYYCHUIO 00Jiee KaueCTBEHHBIX IPOIYKTOB.

CYIIHOCTD U30BPETEHUA

B nmaHHOM OKYMEHTE PacKpBITHI CIIOCOObI U CUCTEMbI PAMAHOBCKOH CIIEKTPOCKOMHH in
situ 1711 MOHUTOPUHIA M KOHTPOJISI OAHON MJIM HECKOJIbBKHUX IEePEMEHHBIX IMpoliecca B KyJbType
KJIETOK OHMopeakTopa.

OnuMH BapuaHT peau3ald HACTOSILIEro HM300peTeHHsT BKIFOYAET CIOCOO KOHTPOJIS
YCJIOBUHM Cpeabl Mg KYJbTHUBUPOBAHMS KJIETOK, BKJIIOYAOIIUN KOJIMYECTBEHHOE OIpEAesICHUE
OIHOIO WJIM HECKOJBbKHX AHAJIUTOB B Cpene I KyJbTUBHPOBAHUS KJIETOK C HUCIOJIb30BAHUEM
PaMaHOBCKOMN CIIEKTPOCKOIHH in situ; U KOPPEKTUPOBKY OJHOM MIJIM HECKOJbKUX KOHLEHTPALHil
aHaJIuTa B Cpefe MJs KYJbTUBUPOBAHMUs KJIETOK [UII COOTBETCTBHUs IPEIBAPUTEIBHO
ONPENENCHHbIMU KOHLIEHTPAUUsIM aHAJINTA, KOTOpPbIE MOAAEPKUBAOT INOCTTPAHCISLIUOHHBIE
monudpukamu OETKOB B Cpene IJisl KyJbTHBUpOBaHUs kjerok no 1,0-30 mpomentos. B
HEKOTOPBIX ~ BapMaHTaxX pealu3aludl  MOCTTPAHCISLUOHHAs ~ MOAU(HUKAIMA  BKIOYAET
ITIUKUpOBaHWe. B fApyrux BapmaHTax peanuzauuu Oenkd B KyJbTYpe KIETOK BKIIOYAIOT
aHTUTEJIO, €r0 AHTUIeHCBSA3BIBAIOIIUN (parMeHT Win ciuTelii Oenmok. B apyrux BapmanTax
peanusalUd Ccpefa Uil KyJbTUBUPOBAHUs KIIETOK BKJIIOYAET KJIETKM MIIEKOMUTAIOLIETO,
HaIpuMep, KJIETKU SIMYHUKA KUTAUCKOIO XOMsIUKa.

B HexoTOpBIX BapuaHTaX peajlu3alii aHAJIUT NpencTasisieT coboil rimoko3y. B stom
acrieKTe MpeaBapUTeIbHO ONPeAeIeHHast KOHLEHTpAIMs IIOK03bl cocTaBnser ot 0,5 no 8,0 r/m.
B ppyroMm BapuaHTe peanusalud IMPEeABapPUTENIbHO OIpPENeSeHHAs KOHLIEHTPALUs TIJIFOKO3BI
coctasiisieT ot 1,0 r/n no 3,0 r/n. B eme onHOM BapuaHTe peanu3alyd KOHIEHTPALHUS TIFOKO3bI
cocrapisier 2,0 r/n wim 1,0 r/n. B pgpyrux BapuaHTax peasu3aldyl IMPEeIBaAPHTEIBHO
OTpeNeNIeHHbIE KOHIICHTPALUU aHAJINTA MONAEPKUBAIOT MOCTTPAHCIILMOHHBIE MOIU(DUKALIUH
OenkoB B cpede IUIsl KyJbTHBUpOBaHUS KjeTok a0 1,0-20 mpouentoB wuiau ot 5,0 mo 10
NPOLEHTOB. B eme npyrux BapuaHTax peaju3aldyd KOJIMYECTBEHHOE OINpEAEICHUE aHAJIUTOB
MIPOBOJUTCS HENPEPBIBHO, MEPUOJUYECKU WIIM C uHTepBajdamu. Hampumep, KOIu4ecTBEHHOE
ONpEeNEeeHNEe AaHAJIUTOB MPOBOAUTCA C S-MHUHYTHBIMM UHTepBajamu, 10-MHHYTHBIMU
WHTEpPBAJIaMU WJIH |5-MUHYTHBIMM HHTEpBajaMu. B emle Apyrux BapHUaHTax peanu3aluu
KOJIMYECTBEHHOE OMNPENECICHUE AHAJIUTOB IPOBOAUTCS €KE€YaCHO WM, MO MEHbLIEH Mepe,
€XEIHEBHO. B HEKOTOpBIX BapHAaHTAX peaNU3alUu pEeryJupOBaHUE KOHLEHTPALMMI aHaluTa
MPOBOJAUTCA ABTOMAaTUYeCKH. B eme apyrux BapuaHTax peanusalud KOJUYECTBEHHO
ONPEAEIISIIOT, IO MEHBbIIEW Mepe, ABa, WU, O MEHbLIEH Mepe, TPH, WIH, N0 MEHbIIEH Mepe,
YETBIPE PA3HBIX AHAJIUTA.

Jlpyroii BapHaHT peaan3aliy HACTOSIIErO H300PeTEeHUs BKIIFOYAET CIIOCO0 YMEHBIICHHS



MOCTTPAHCIISIIUOHHBIX MOIU(UKALNN CEKPETUPYEMOro Oelka, BKIFOYAIOIIHA KYJIbTUBUPOBAHHE
KJIETOK, CEKPETHPYIOLINX O€JIOK, B Cpene A KYJbTHBHPOBAHUS KJIETOK, BKiovaromeit 0,5-8,0
I/ TNIOKO3bI, TIIOCTENEHHOE OIpeleNieHHe KOHLIEHTpPAllMM TJIIOKO3bl B Cpeae s
KyJBTUBUPOBAHUS KJIETOK BO BPEMs KYJbTUBUPOBAHUS KJIETOK C UCIIOJIb30BAHUEM PAMaHOBCKOM
CIIEKTPOCKOIMUU 1n Situ; M peryJupoBaHUE KOHLEHTPALUU [JIIOKO3bl Uil MOAJEP KaHUs
KOHLIGHTPALUK TJIFOKO3bI Ha ypoBHe oT 0,5 mo 8,0 r/nm myTeM aBTOMATHYECKOW MOAAYH
HECKOJIbKUX J03 TJIOKO3bl B 4ac Ui MONAEPKAHUS MOCTTPAHCISLUOHHBIX MOAU(PUKALIUI
cekperupyemoro Oenka mo 1,0-30,0 nporieHToB. B 0HOM BapuaHTe peanu3aiuy KOHIEHTPALHsI
rII0Ko3bI cocrasisier 1,0-3,0 /.

Emie onuH BapuaHT peaM3aliui HACTOALIEr0 H300PETeHUs BKIIFOYAET CUCTEMY KOHTPOJIS
yCJIOBUH cpedpl AJsd KyJIbTUBHUPOBAHHUS KJIETOK, BKJIIOYAIOLIYI0 OAWH MM HECKOJBKO
IPOLIECCOPOB,  B3aUMOJEHCTBYIOIUX C  MAIIMHOYHUTAEMBbIM  HOCHUTENEM,  XPaHSIIUM
MPOrPAMMHBIA  KOA JUIi BBITIOJHEHUS OIHMM WM HECKOJBKUMHU MPOLECCOPAMH, YTOOBI
3aCTaBUTh CHCTEMy TMPUHUMAThb JaHHbIE, BKJIOYAIOMINE. KOHLEHTPAIMI OAHOTO WU
HECKOJIbKMX AaHaJIUTOB B Cpele Ul KyJbTUBHPOBAHHUS KJIETOK C IOMOIIBI) pPaMaHOBCKOTO
CHEKTPOMETpA in situ; U KOPPEKTUPOBAaTh OJIHY WJIM HECKOJIBKO KOHLIEHTPALUN aHaluTa B Cpesie
Ui KYJbTHBHPOBAHUS  KJIETOK, 4YTOOBI ~ COOTBETCTBOBATH  3apaHee  OMNpPENeeHHBIM
KOHIEHTPALUSIM AHAJINTA, KOTOPbIE MONIAEPKUBAIOT MMOCTTPAHCIIIUOHHBIE MOIU(DHUKAIIH
OenkoB B cpene M KyJbTHBUpOBaHUs KjieTok Ao 1,0-30 mpomentroB. B omHOM BapuaHTe
pearu3aluy IPOrPaAMMHBIN KOJ TOTIOJHUTEIbHO CKOH(PUTYPUPOBAH IJIsl TOTO, YTOOBI 3aCTaBHUTh
CHUCTEMY BBITIOJIHATh X€MOMETPUYECKUN aHAJIN3, HAIPUMEP, MOAEIUPOBAHNE PETPECCUN TAHHBIX
METOJIOM JPOOHBIX HAUMEHBIIHNX KBaApPaToB. B Apyrux BapuaHTax peanu3aldd MPpOrpaMMHBIHN
KO TOTIOJIHUTEJIbHO CKOH(UTYPHPOBAH ISl TOrO, YTOOBI 3aCTABUTh CUCTEMY BBITOJHSITH OIMH
WJIA HECKOJIBKO CIOCOO0B 00padOTKH CUTHAJIOB, HAITPUMED, CIIOCOO IIYMOTIOAABICHHSI JaHHBIX.

Jlpyroli BapuaHT peaju3alUdd HACTOALIEr0 HW300pEeTEeHHs] BKJOYAET CHUCTEMY
YMEHBLICHUSI TMOCTTPAHCISIIMOHHBIX MOAM(UKALMN CeKpeTUpyeMoro Oesika, BKJIOYAOIIYEO
OIUH WJIM HECKOJIbKO MPOLECCOPOB, B3aUMOAEHCTBYIOIINX C MAIIMHOYUTAEMBIM HOCHUTEJIEM,
XPaHSLIUM TMPOTPAMMHBIN KO ISl BBINOJHEHUS OAHUM WJIM HECKOJBKUMH IPOIECCOPaAMHU,
9TOOBI 3aCTaBUTh CHUCTEMY IIOCTENIEHHO HAPAIINBATh TOJYYEHHE CIEKTPAIbHBIX IaHHbBIX,
BKJIFOYAsl KOHLIGHTPALIMIO TJIFOKO3bI B Cpene i KyJbTHBHUPOBAHUS KJIETOK BO BpeMs
KYJIbTUBHPOBAHUSI KJIETOK, CEKPETHPYIOLINX OEJOK, U3 PaMaHOBCKOIO aHajHM3aTropa in situ; u
peryJupoBaHUe KOHLIEHTPALUU TJIFOKO3BI ISl TOTO, YTOOBI MOANEPIKUBATH KOHLIEHTPALIUIO
IIIOKO3bI HAa ypoBHE oT 0,5 mo 8,0 r/m, mampumep, ot 1,0 mo 3,0 /i1, myTeM aBTOMaTUYECKOM
MoJa4ll HECKOJbKHUX 103 TIJIIOKO3bI B Hac JMJsd MOAJEP)KaHUA IOCTTPAHCISALIMOHHBIX
monudukanmii cekperupyemoro oenka 1o 1,0-30,0 nporeHToB. B ogHOM BapuaHTe peanu3anuu
MPOrPaMMHBIA KO  JIOMOJHHUTENbHO CKOHQUTYpUpPOBaH, YTOOBI 3aCTaBUTh  CHCTEMY
KOPPEJNUPOBaTh MUKU B CHEKTPAJIbHBIX MAHHBIX C KOHLIEHTPALUSIMHM TJOKO3bL B npyrom
BapHaHTe Peaji3aliu MPOrPAMMHBIN KOJ TOTOJHUTENbHO CKOH(UTYPUPOBAH IJIS BBITIOJTHEHHS
MOJICJIMPOBAHUSI PErPECCHH  CIEKTPAJIbHBIX JAaHHBIX METOJOM JAPOOHBIX HAUMEHBIIUX

KBaAparoB. B eme OgHOM BapuaHTe peanu3alud NPOrPAMMHBIA  KOJA IONOJHUTENIBHO



CKOH(MIYypUPOBaH IUIA BBIMIOJHEHUS CIIOCO0a IMIYMOIIOAABIEHHS CIIEKTPAJIbHBIX JaHHBIX. B
APYTUX BapUaHTaxX pealu3allid pPeryJupOBaHHUE KOHLEHTPALUMU TJIFOKO3bl BBIMOJIHAETCS C
MIOMOIIBIO IPOTPAMMHOTO 00€CTIEYEHNsI aBTOMATHUECKOTO KOHTPOJIS ¢ 0OpPaTHOM CBSI3BIO.

KPATKOE OIIMCAHUE I'PAOHUYECKNX MATEPHUAJIOB

JlonoNHUTENbHBIE MPU3HAKK M MPEUMYIIeCTBa M300peTeHHss MOTYT ObITh YCTAHOBJICHBI
U3 CIENyIoLero MOAPOOHOr0 OMMCAHMS, KOTOPOE IPENOCTABICHO B CBA3M C UEPTEKAMU,
ONMCAaHHBIMHU HUXKE!

OUI'. 1 npexacraBiseT coOol OJIOK-CXeMy IMOCJIENOBATEILHOCTU OIEpaluii crocoda
KOHTPOJII MEPEMEHHBIX Mpollecca B KyJbType KJIETOK B COOTBETCTBHU C OJHUM BapHUAaHTOM
pea3ay HaCTOSIIIErO H300PETeHHUSI.

@®UI'. 2 mpencrasisier coO0H MPUHIMITHATIBHYIO CXEMY CUCTEMbI KOHTPOJISI IEPEMEHHBIX

MpoLecca B KyJbType KIeTOK, cBssaHHOW ¢ ®UI. 1, B COOTBETCTBUM C HACTOSLIUM

>
n300peTeHneM.

@®UI'. 3 mpencraBisier cobol TpaduK, MOKA3BIBAIOMIMA MPOTHO3UPYEMbIe 3HAYCHUS
mporecca IOJA4YM MHUTATENIbHBIX BELIECTB, IOATBEP)KACHHBIE AaBTOHOMHBIMU OOpasuamu
MUTATEIbHBIX BELIECTB.

@OUI'. 4 npencrasisger coOoil rpaduk, MOKA3BIBAIOIINN OT(HUIBTPOBAHHBIE KOHEUHBIE
3HAYeHHsI KOHLIEHTPALMH MMUTATEIbHBIX BELIECTB MPOLIECcca MOAa4YH nocie oopadoTKu curHana B
COOTBETCTBHUH C HACTOSIIIUM U300pETEHHEM.

@UI'. 5 mpencraBisier coOol rpaduk, MOKA3BIBAIOIINKA MPOTHO3HUPYEMbIe 3HAUYEHUS
KOHLIEHTPALMN THUTATENIbHBIX BEIIECTB MpoIecca U OTPUIBTPOBAHHBIE KOHEUHBIE 3HAUYEHUS
KOHLIEHTpALMU [HTATEJIbHbIX BELIECTB IMpoLecca IOCIe CABUra B  IPEIBAPUTEIBHO
ONPENEIEHHOM 3aJaHHOM 3HAY€HUHU KOHLEHTPALUH IIUTATENIbHBIX BEILECTB.

®UI'. 6 npexncraBasier coOoi JUHEWHBI TpaduK, MOKA3BIBAIOIIMHA  BJIUSHHUE
KOHLIEHTPALMH TIIFOKO3bI HA MOCTTPAHCISIIUOHHBIE MOAU(DUKALIMY TIPU HENPEPBIBHON MOIIHTKE
NUTATEIbHBIMUA BEIIECTBAMH C KOHTPOJMPYEMOW OOpaTHOW CBS3bIO B COOTBETCTBHH C
HACTOSIIIUM M300pETeHUEM U IIPU OOTFOCHON MOIIUTKE MUTATEIbHBIMH BELIECTBAMH.

OUI'. 7 npencraBiser cobol rpaduk, MOKA3bIBAIOIUN NpeAcKa3aHHble Pamanom
3HAUEHUs KOHLEHTPALMU T[JIIOKO3bl In Situ MpU HENpPEepbIBHOM MNOANUTKE MHUTATEIbHBIMU
BEIIECTBAMH C KOHTPOJMPYEeMOHl OOpaTHOH CBSI3bIO B COOTBETCTBHM C HACTOSIIIUM
n300peTeHneM U pu OONIFOCHON MOANHUTKE MUTATENbHBIMU BEIECTBAMU.

@UI'. 8 npexncrasisier coboil TMHEHHBINA rpaduK, MOKA3bIBAOINUI THUTP AHTHTENA NPU
HETIPEPbIBHON MOIMHUTKE MUTATEIbHBIMHI BEIECTBAMH C KOHTPOJIUPYEMOH OOpaTHOW CBS3BIO B
COOTBETCTBHHM C HACTOSIIIUM H300pETeHHeM M TpU OONIOCHOM MOANUTKE MUTATEIbHBIMU
BELECTBAMU.

®UI'. 9 mnpencraBnsier cobOH TUCTOrpamMMy, TOKA3bIBAOIIYI0 HOPMATM30BAHHBIN
NPOIEHT MOCTTPAHCIALMOHHBIX MOMU(UKALMA KAk pe3yJabTaT 3HAUYeHHs] KOHLEHTPALUH
TJIFOKO3BI.

OUI'. 10 mpexncrapnsier coboi rpaduk, MOKA3bIBAIOIINI KOHLEHTPALMUN TJFOKO3bI TPU

HENpPEePBhIBHON MOANMUTKE MUTATEIbHBIMU BELIECTBAMH C KOHTPOJHPYEMON OOpaTHOH CBS3BIO B



COOTBETCTBHHM C HACTOSIIIUM H300peTeHHeM M NpU OONIOCHOM MOANUTKE MUTATEIbHBIMU
BELIECTBAMMU.

@UI'. 11 mnpencraBnsger coOol rpaduk, MOKA3BIBAIOIINMA, YTO KYyJIbTypa KIETOK C
o0OpaTHO cBsA3bI0 MOkeT cHUKaTh I1TM BrtoTs 10 50% 1O CpaBHEHHIO C KYJIBTYPOH KIIETOK CO
crparerueii OO0 CHON MONMUTKH.

ITOAPOBHOE OITMCAHME M30BPETEHMA

Onpenenenus

Hcnonbp3yeMble B TaHHOM JTOKYMEHTe (POpPMBbI €IMHCTBEHHOT'O YHCJIA BKJIIOYAOT TaKXkKe
(bOpMBI MHO>KECTBEHHOT'O YHCJIA, €CITH KOHTEKCT SIBHO HE MPEANUCHIBAET HHOE.

ITepeuncnenue nuana3oHOB 3HAYEHUH B JAHHOM JIOKYMEHTE MPOCTO MpeIHA3HAYEHO IS
TOTO, YTOOBI CJIYKUTh KPATKHM CIOCOOOM HHIWUBUAYAJIBHOW CCBUIKM Ha KaXKI0€ OTAEIbHOE
3HaueHue, MOMajarollee B ATOT JMANa3oH, €CIM B JAaHHOM JOKYMEHTE He yKa3aHO WHOe, U
KaXJI0€ OTIEeJbHOE 3HAYeHHE BKIIFOYAETCSl B OINUCAHHE, KaK eciu Obl OHO OBUIO OTAEIBHO
yKa3aHO B IaHHOM JIOKYMEHTe.

Hcnonb3oBaHue TeEpPMHUHA «OKOJIO» MpeJHA3HAUYEHO Ui ONMHCAHMs 3HAUYEHUHN BbIIIE WU
HIDKE 3asIBJIEHHOTO 3HA4YeHMs B Auana3oHe npuOmusurtenbHo +/- 10%; B apyrux BapuaHTax
peanm3anuy 3HaYeHHsI MOTYT HaXOAWTBHCS B AMANA30HE JUOO BbINIE, THOO HIDKE 3asIBIEHHOTO
3HAYeHHsI B JIMANa30HE MPHOIM3UTENbHO 1/- 5%; B Ipyrux BapHaHTax peayn3alud 3HAYCHUS
MOTYT HaxOJUTBCS B JHAINa30HE JHOO BbIIIE, JIMOO HUKE 3asBJICHHOIO 3HAUYEHUS B JAMAIA30HE
npubnusuTensHo +/- 2%; B APYrHX BapUaHTaX peajf3alliyd 3HAYEHHs] MOTYT HAXOIUTHCS B
auana3oHe JIMOO BhIlIe, JTUOO HIDKE 3asBJICHHOTO 3HAYEHHs B JUANa30HE MPUOIM3HTEIHHO +/-
1%. Ilpeamnonaraercs, 4TO NpPEAbIAYLINE JUAMAa30Hbl OYAyT MOHATHBI U3 KOHTEKCTAa, U HUKAKHX
JOTIONHUTENIBHBIX OrPAaHHYEHHH He mpeanojaraercs. Bce crocoObl, OnmucaHHblE B JaHHOM
JAOKYMEHTEe, MOTYT OBbITh BBITIOJIHEHBI B JTIOOOM MOIXOASLIEM MOPSIIKE, €CII MHOEe HE YKa3aHO B
HACTOSIIEM JOKYMEHTE MM MHOE SIBHO HE MPOTUBOPEUYHT KOHTEKCTY. Mcnonb3oBanue modoro n
BCEX MPUMEPOB WM MPUMEPHBIX (POPMYIHUPOBOK (Hanpumep, «TaKUX Kak»), MPEICTABICHHBIX B
JAHHOM JOKYMEHTE, NpPeIHAa3HaYeHO MPOCTO JJIsl JIYYLIEro OCBELICHHs H300peTeHUs U He
HaJlaraeT OrpaHMYeHHss Ha oObeM u300peTeHus, eciu He 3asiBjIeH0 uHoe. Hu onmHa w3
(OpMyJIMPOBOK B OMHCAHWU HE NOJIKEH OBITh MCTOJKOBAaHA KAaK yKa3bIBAaKOINas Ha JIOOOW HE
3asIBJICHHBIN 3JIEMEHT KaK CYIIECTBEHHBIN JUIsl MPAKTUYECKOTO MPUMEHEHUS U300 pETeHNUS.

Tepmur «OHONPONYKT» OTHOCHTCS K JIFOOOMYy aHTUTeNy, (parMeHTy AaHTHUTENa,
MOIU(PHUIMPOBAHHOMY AHTHUTENy, OENKy, TJIMKONPOTEUHY MM CIUTOMY O€JKy, a TakXke K
KOHEYHBIM JIEKAPCTBEHHBIM BEIECTBAM, ITIOJYYEHHBIM B IPOLIECCe OHOpeakTopa.

TepMUHBI KKOHTPOJIbY» U «KOHTPOJUPOBAHUEY» OTHOCSTCS K PEryJIMpPOBAaHUIO KOJUYECTBA
WIM YPOBHSA KOHLIEHTPALlMHM TEXHOJOTMYECKON MepeMeHHONW B KyJbType KJETOK [0
IIPEIBAPUTENBHO ONPEENEHHOr0 33JaHHOTO 3HAYESHMUSI.

TepMUH «MOHUTOPUHI» OTHOCUTCSI K PEryJSIPHOW NMpOBEpKE KOJUYECTBA WU YPOBHS
KOHLIEHTPALMN TE€XHOJOTMUYECKOIo Mapamerpa B KyJbType KJIETOK WM COCTOSIHHsI IpoLecca B
KYJIBTyp€ KIIETOK.

TepMI/IH «YCTOI‘/’ILII/IBOG COCTOSAHUEC» OTHOCUTCA K TIOAACPIKAHUIO KOHLUCHTpALUU



NHUTATEJbHBIX BEINECTB, MapaMeTPOB MpPOLECCa WM KAYECTBEHHBIX MPU3HAKOB B KYJIBTYpE
KJIETOK Ha HEU3MEHHOM, MOCTOSHHOM WM CTaOUJIBHOM ypoBHE. IIOHSTHO, YTO HEM3MEHHBIH,
NOCTOSIHHBIA MJIM CTaOMJIbHBIA YPOBEHb OTHOCUTCS K YPOBHIO B MpeAeax NpeaBAPUTEHHO
OIpeAeNeHHbIX 3aJaHHbIX 3Ha4YeHuil. OmnpeneneHHble 3HAYEHUS] W, CJIEAOBATENBbHO, YPOBHH
YCTAHOBUBILIETOCS COCTOSIHUSI MOTYT OBITh CMELIEHBI ONEPAaTOPOM BO BPEMsl KYJIbTUBHUPOBAHUS
KYJIBTYPBI KJIETOK.

Cnoco0bI mpou3BoaACTBA OMONPOAYKTOB

OnvH W3 BapUAHTOB peaiu3aluu 00eCreunBaeT CrnocoObl MOHMTOPHUHIA M KOHTPOJIS
OIHON WJIM HECKOJbKUX TMEPEMEHHBIX MPOLlecca B KYJbType KIETOK OHOpeakTopa C LENbI0
yIAyYIIEHUsT Ka4eCcTBa M IMOCTOSIHCTBA MpoAyKTa. IlepeMeHHbIe Mpolecca BKIFOYAIOT, HO He
OrPaHMYMBAIOTCS MMH, KOHLEHTPALMIO TIFOKO3bI, aMUHOKUCIIOT, BUTAMHUHOB, (PaKTOPOB pOCTa,
0eJIKOB, KOJMYECTBAa JKU3HECMOCOOHBIX KJIETOK, KHUCJIOpoza, a3ora, pH, kKonudecTBa MepTBBIX
KJIETOK, IIUTOKHHOB, JIAKTAaTa, MIIOTAMHHA, JPYTHX CAaXxapoB, TAKUX Kak (PPyKTO3a M ranakrosa,
AMMOHHS, OCMOJBSUTBPHOCTb W MX KOMOWMHAIMM. B packpbiBaeMbIX crmocobax u cuUcTeMax
UCTIONIB3YIOTCSI  CMOCOOBI  PAMAHOBCKOW — CIIEKTPOCKOMMU in  Situ M XEMOMETPHYECKOro
MOZETMPOBAHUS JIJIsi OLIEHKH KYJIbTYPhI KJIETOK B PEKUME PEalbHOrO BPEMEHH B COUETAHUH CO
cnocobamu  00pabOTKM CHTHAJIOB JUIi TOYHOH HEmpepblBHOH OOpaTHOM CBA3M W
MPOTHO3UPYIOLIEr0 KOHTPOJISL MapaMeTPOB MEepPeMEHHbIX MPOLEcca KYJbTHBUPOBAHUS KJIETOK.
PamaHOBCKasi CIEKTPOCKOMUsI in Situ COAEp:KUMOro OHOpeakTopa IMO3BOJNAET AHATHU3UPOBATH
OIIHy WJIM HECKOJbKO IMEePEeMEHHBIX Mpolecca B Ouopeakrope 6e3 (PU3MUECKOro W3BJICUCHHS
o0pasua, copepskamerocs B OHOpeakTope, IJsl TeCTUpOBaHUS. biaromapsi MCHOJIb30BAHMIO
JaHHBIX B pPEaJbHOM BPEMEHH W3 PAMAHOBCKOW CIEKTPOCKOMHUH, MEPEMEHHBbIE MpoLecca B
KyJbType KJIETOK MOIYT HENpPEephIBHO WM TEPHOIUYECKH KOHTPOJHPOBATBHCA, U
ABTOMATU3UPOBAHHBIE KOHTPOJUIEPbI € OOpaTHOW CBSI3bI0 MNOAJEPKUBAIOT IEPEMEHHBIE
npoLecca Ha 3aJaHHBIX 3HAYEHUSX WJIM TMONACPIKUBAIOT CIEHAJbHBIA MPOTOKOJN MOIINUTKH,
KOTOPBIi TIOAAET NIePEeMEHHbIE KOJIMYECTBA areHTOB B OMOPEAKTOp JJIsi MAKCHMH3ALIMH KauecTBa
OHOTMPOIYKTOB.

PackpbiTbie CrOCOOBI M CHCTEMBI KOHTPOJUPYIOT OHY WJIM HECKOJBKO TEePEeMEHHbIX
npoLecca B MpOLecce KYJIbTUBUPOBAHUS KJIETOK. TepMUHBI «KYJIBTYpa KJIETOK» M «Cpena Iis
KYJbTHBUPOBAHUS KJIETOK» MOTIYT HCIIOJIB30BATHCS B3aMMO3AaMEHSEMO U BKJIHOHAIOT JH000e
TBEpIOE, KUAKOE WM MOJYyTBEPAOE BELISCTBO, MpPEIHA3HAYEHHOE IJIsi MOIMEPKKH pOocTa U
NOAEPKAHUSI MUKPOOPTaHU3MOB, KJIETOK WJIM KJIETOYHBbIX JHHHUI. Takue KOMIIOHEHTBI, Kak
NOJIMIENTUABL, Caxapa, COJM, HYKJIEWHOBbIE KHCJIOTBL, KJIETOUHBbIH AeOpUC, KHCIOTHI
ocHOBaHus1, Oydepbl pH, KUCIOpPOA, a30T, areHThbl AJIsi MOAYJISILHH BSI3KOCTH, aMUHOKHUCJIOTHI,
(akTOpbl pPOCTa, LMTOKHHBI, BUTAMHHBL, KO(AKTOPbI M MHUTATENIbHbIE BEIIECTBA MOTYT
NPUCYTCTBOBaTh B Cpene Uil KyJbTHBHPOBaHHUs KjieTok. OIUH BapHaHT pealu3aliu
obecrieunBaeT MpoLecc KyJIbTHBUPOBAHUS KJIETOK MIICKOMUTAIOIINX W BKJIIOYAET KJIETKH WU
JUHUM  KJIETOK  MJIEKONHTAlINuX. Hampumep, mnpouecc  KyJbTUBHPOBAHUSI  KJIETOK
MJIEKOTTUTAIOIIMX MOXET HCIIOIb30BaTh KJIETOYHYIO JIMHUIO SIMYHUKOB KHTAHCKOrO XOMSYKa

(CHO), BbIpallieHHYIO B XUMHUYECKH ONPEAENIeHHON 0a3anbHOM cpene.



IIporecc KyJabTUBHPOBAHUS KJIETOK MOXKHO IMPOBOAUTH B OuopeakTope. bropeakTopsr
BKJIFOYAIOT CHCTEMY ITOCEBHBIX (PEPMEHTEpOB, MOAMUTOYHBIE U HENMPEPHIBHBIE OHOPEAKTOPBL.
buopeakropel MOryT mmeTh 00BeM OT Okojio 2 n no okosno 10000 n. B omHOM BapuanTe
peanuzauuu OHOPEAKTOP MOXKET MPEACTaBISITh CO0OM OMOpeakTop U3 HeprKaBerIlel CTaiu Ha
60 n. B gpyrom BapuaHTe peanu3alii OMOPEaKTOp MOXKET MPEACTaBNIATbH COOOH OuopeakTop
oovemom 250 5. Kaknpiii OHOpeakTop Takke NOJDKeH MOANEP’KUBATh KOJUYECTBO KJIETOK B
nuanasone or okomo 5 x 10° kmerox/mn 10 npumepro 100 x 10° xmerox/mu. Hanpuwmep,
OHOpeakTop NOIKEH MOANEPKUBATh KOJHMUECTBO KJIETOK OT 0KOJio 20 X 10° KIIETOK/MII 10 OKOJIO
80 KkJIeTOK/MJI.

PackppITbie CrTOCOOBI M CUCTEMBI MOT'YT MOHUTOPHUTb M KOHTPOJHPOBATD JIFOOOH aHAUT,
KOTOPBIN NPUCYTCTBYET B KyJbType KIETOK M HMEeT AETeKTHPYEeMbI pPaMaHOBCKHUIl CHEKTD.
Hanpumep, crnocoObl HacTosimero M300peTeHUs] MOTYT HCIIOJNB30BaThCs ISl MOHUTOPHHTA U
KOHTPOJISI JIFOOOT0 KOMITOHEHTa Cpebl Ui KYJbTHBHUPOBAHUS KJIETOK, BKJIFOUYAS KOMITOHEHTHI,
nobaBiisieMble B KYJIbTYPY KJIETOK, BELIECTBA, BBIAENSEMbIE M3 KJIETKH, 1 KOMIIOHEHTBI KJIETKH,
NPUCYTCTBYIOLIME TpU TUOENH KJIeTKH. KOMIOHEHTBI cpenbl Uil KyJbTUBHPOBAHUS KIETOK,
KOTOpbIE MOTYT MOHHUTOPHUTHCS W/HWJIM KOHTPOJHPOBATHCS PACKPBITBIMH CHUCTEMaMH |
crioco0amu, BKJIIOYAIOT, HO HE OrPAaHUYMBAIOTCS WMH, NHTATENbHBIE BELIECTBA, TaKHUE Kak
AMHHOKHUCJIOTHI M1 BUTAMUHBI, JIAKTAT, KOPAKTOPBL, (PakTOpbI pOCcTa, CKOPOCTH POCTA KIIETOK, pH,
KHUCJIOPOJ, 30T, KOJHMYECTBO >KM3HECHOCOOHBIX KJIETOK, KHCJIOTBI, OCHOBAHUS, LHUTOKHHBI,
aHTHUTENa U METAOOJUTHL

OnuH BapwaHT peanu3aluu O0O0eCHeYyHBaeT CHOCOObI MOHUTOPMHIa M KOHTPOJIS
KOHLIEHTpALMil NUTATeNbHBIX BELIECTB B KyJbType KieTok. Hcmonb3yemblii B JaHHOM
JIOKYMEHTE TEPMHUH «IIUTATEJIbHOE BELIECTBO» MOKET OTHOCHTBHCS K TIOOOMY COENMHEHUIO WM
BEILECTBY, KOTOpOe 00ecrneunBaeT MUTaHue, HeOOXOAMMOE ISl pOcTa U BbDKUBaHUSA. [Ipumepsr
IIUTATEJIbHBIX BEIECTB BKJKOYAKT, HO HE OTPAHMYUBAIOTCS MMM, IMPOCTBHIE caxapa, TAaKUE Kak
TJIFOKO3a, TAJIAKTO34, JJAKTO03a, PPYKTO3a WK MaJIbT03a; AMUHOKHCIIOTBL, U BUTAMUHBIL, TAKHE KaK
BUTAMHMH A, BUTaMuHbI rpynnsl B u Butamun E. B apyrom BapmaHTe peanusanuu criocoObl
HACTOSIIIEr0 H300PETEHHsI MOTYT BKJIFOYaTh MOHUTOPUHT U KOHTPOJIb KOHLICHTPALIUI TJIFOKO3BI B
KyJnbType KkieToK. IlyTeM KOHTpOJSi KOHLEHTPAaLUU MUTATENbHBIX BELECTB, HalpUMep,
KOHLIEHTPALIUH TJIFOKO3bI B KYJITYpE KJIETOK, ObLIO OOHAPYIKEHO, YTO OMOMPOAYKTHL, TaKUe KaK
Oenky, MOTYT MPOXYLHMPOBATECS B 0OJiee HM3KOM JHANA30HE KOHLEHTPALHMH, 4eM 3TO ObLIo
BO3MOKHO paHee ¢ WCIOJIb30BAHUEM CTPATErWH €XKEJHEBHOW OONIOCHON MOANMHUTKH
MUTAaTEJbHbIMU BELIECTBAMU.

Kpome Toro, myremM KOHTpOJsi KOHLIEHTpPAallMM IUTATENbHbIX BEILIECTB U Jpyrue
NepeMEeHHbIE MPOLIECCa B KYJIBTYPE KIETOK, CIIOCOOBI HACTOSIIETO N300PETEHUS JONOTHHUTENBHO
00ecreunBaOT MOAYJSIMHUI0 OJHOH WM HECKOJBbKHX IOCTTPAHCISIIMOHHBIX MOAU(UKALUIA
Oenka. He Oynyuu cBsi3aHHBIMU KakOH-THO0 KOHKPETHOH TeopHeH, mojaratoT, 4To odecrnednBas
Oonee HU3KHME KOHIEHTPALMU NHTATENbHBIX BEIIECTB B KYyJbTYpe KJIETOK, MOIYT OBITb
YMEHBLIEHbl  MOCTTPAHCIALMOHHbIE — Mogudukanuu OenkoB U aHTtuTen.  [Ipumepsl

NOCTTPAHCIALIMOHHBIX MOHH(bHKaHHﬁ, KOTOphBIC MOTYT MOOYJINPOBATHCA HaCTOALINM



n300peTeHneM, BKJFOUAIOT, HO HE OTPAaHUYHMBAIOTCS UMH, TNIMKUPOBAHHE, TIHKO3WINPOBAHUE,
anerniauposanue,  GochopuUIHpOBaHUE, AMHIUPOBAHME,  JEPUBATH3ALMS  H3BECTHBIMH
3aIUTHBIMH/OJIOKUPYIOIIUMH TPYIIAMH, TPOTEOIUTHYECKOE paclienieHne 1 MOIU(pUKALHS He
BCTPEUAOLINMHUCS B MIPUPOAE AMUHOKUCIIOTaMU. B pyrom BapuaHTe peanu3aluy NpeasiosKeHbI
CrIocoObI U CHCTEMBI IJIs1 MOZYJIMPOBAHUS MIMKUpoBaHus Oenka. Hanpumep, obecnieunsast 6osee
HU3KHE JUana3OHbl KOHLEHTPALUi IJIOKO3bl B CPeAe AJsl KYJBTUBUPOBAHMS KIIETOK, YPOBHHU
IJINKHPOBAHHS B CEKPETUPyeMOM OeJKe WM aHTUTEJIEe MOIyT ObITh CHIDKEHBI B KOHEYHOM
OHOMPOayKTE.

@®UI'. 1 npencrasnsier coOoil OIOK-CXeMy MOCIEOBATEIBHOCTU ONEPALIUil TPUMEPHOTO
crioco0a KOHTPOJIS OTHOW MJIM HECKOJIbKUX TEePEMEHHBIX MPOLecca, HampUMep, KOHIEHTPALUH
IUTATEIbHBIX BEIIECTB, B KYJIbTYpe KJIETOK Ouopeakropa. lIpeaBapuTenbHO OmNpeneneHHbe
3HaUEHUs [JJs KaKIOW M3 IEepeMEeHHbIX Ipoliecca, KOTOpble AOJUKHBI MOHUTOPHUTBCS U
KOHTPOJIMPOBATECS, MOTYT OBITh 3ampOrpaMMHUPOBaHbl B cHcTeMe. lIpenycTaHOBIICHHbIE
3a/laHHble 3HA4YEeHMs MPEICTAaBJIIOT KOJMYECTBO IMEPEMEHHBbIX Npoliecca B KYJbType KIETOK,
KOTOpPO€ JOJDKHO TMOJAJEPKUBATBCA WMIIM KOPPEKTHPOBATbCsl B TEUEHHE BCEro Mpolecca.
KoHueHTpauus IrOK03bl SIBJASETCS OAHUM U3 NMPUMEPOB IUTATEIbHOTO BELIECTBA, KOTOPYIO
MO>KHO KOHTPOJIMPOBATh U MOAYIHpoBaTh. Kak kpaTtko oOCyKnanock Beie, ObUIO OOHAPYKEHO,
9YTO OMONPOAYKTHI (Hampumep, OeNKH, aHTHUTENa, CIUTble OENKU M JIEKAPCTBEHHBIE BEIIECTBA)
MOTYT MPOAYLHUPOBATbCS KIETKaMU B Cpefe JJs KyJbTUBHUPOBAHUS KYJbTYphl, KOTOpas
COZIEP’KUT HU3KHE YPOBHM TJIFOKO3bI IO CPAaBHEHUIO C KOHLEHTPALMSIMHU TIIIOKO3bl B Cpefe C
UCTIOJIB30BAHUEM CTPATErHH IONAa4YH CYTOYHOH OOJIOCHOW NIO3bI NMUTATEJIbHBIX BeIecTB. B
OJTHOM BapHaHTE peaju3aluy OIpPEJENICHHOEe 3aJaHHOE 3HAa4YeHHe M KOHLEHTpaLUH
MIUTATENbHBIX BELIECTB SIBJIAETCS CaMOM HHU3KOH KOHLEHTpaluell NHUTAaTeJbHOrO BELIECTBA,
HEOOXOAMMOH JUIsl pOCTa M PAa3MHOMKEHHUS! JIMHUU KJIETOK. PacKphIThle CHOCOOBI M CHCTEMBI
MOTYT BBOAUTH MHOXKECTBO HEOONBIINX 03 NHTATEJIbHBIX BEIIECTB B Cpeny Uit
KyJIbTUBUPOBAHMS KJIETOK B TEUEHHE ONPENEeNICHHOrO Iepuofa BPEeMEHH WM MOTYT
o0ecrieynBaTh MOCTOSIHHBIM IMOTOK MHTATEbHOIO BEIIECTBA B CPeny Ul KYJIbTUBUPOBAHHS
KJIeTOK. B HEKOTOpBIX BapuaHTax peanusaliy MPeABapUTENbHO 3aJaHHOE 3HAYEHHE MOXKET
OBITh YBEJIMYEHO WJIM YMEHBIIEHO BO BPEMsI MPOLIECCa, B 3aBUCUMOCTH OT YCJIOBUH B cpene IJis
KyJIbTUBUPOBaHMUs  KJeTok. Hampumep, ecniu mpenBapuTeNbHO  33JaHHOE  3Ha4deHHE
KOHLIEHTPALMN THTATENbHBIX BEIIECTB NPUBOMUT K THOETH KJIETOK WM HEONTHMAJIbHBIM
YCJIOBUSIM pOCTa B Cpefie A KyJbTUBHPOBAHUS KJIETOK, MPEIBApUTENbHO 33JJaHHOE 3HaUeHUe
MOXeT OBITb yBENIWYeHO. TeM He MeHee, KOHLIEHTPALMIO IMHUTATEIbHBIX BEIIECTB CIIEAYET
NOAAEPKUBATh HA MPEIBAPUTENBHO 3aJaHHOM 3Ha4eHuu oT okojio 0,5 /1 mo okomno 10 r/n. B
APYTrOM BapHaHTe peaju3alii KOHLEHTPALUIO MUTATENbHOIO BEIECTBA CIeNyeT NOAAEepKUBATh
Ha TPEIBAPUTENIbHO 33JJaHHOM 3HaueHHH oT okoyo 0,5 r/m mo okomo 8 r/n. B eme onmHom
BapHaHTE peaju3aliy KOHLIEHTPALUIO IUTATENbHOTO BELIECTBA CJEAYEeT MOANEPKUBATh HA
NpeABAPUTENHPHO 33JaHHOM 3HA4eHUH OT OKoyo 1 1/; mo okono 3 r/1. B eme ogHOM BapuaHTe
peanu3zallud  KOHLEHTpPALMIO [MTATEIbHOIO  BEIleCTBa  CleAyeT MOAJEPKUBAaTh  Ha

NPEABAPUTENBHO 33JAHHOM 3HAUEHHH OKOJIO 2 I/J. DTH NpeaBapUTENIbHO 3a/laHHbIE 3HAUEHUS,



IO CYINECTBY, 0OeCneuuBarOT 0a30BbI YPOBEHb, MPU KOTOPOM KOHLIEHTPALMS IHTATENbHBIX
BELECTB AOJKHA MOAAEPKUBATHCS HA MPOTSLKEHUH BCETO MPOLIECCa.

B onHOM BapuaHTe peanu3alUUyd MOHMTOPDMHI OJHOH WM HECKOJBKUX IEPEMEHHbIX
IpoLecca, HApUMep, KOHLIEHTPALMM MUTATENbHBIX BELIECTB, B KyJbType KJIETOK MPOBOAST
NIOCPENCTBOM paMaHOBCKOH cnekTpockonuu (cranus 101). PamaHOBCKast CEKTPOCKOIHS - 3TO
¢opma  BHOpPaLMOHHOH  CHEKTPOCKOIIMM, KOTOpash NpefoCTaByisieT  HHPOPMALMIO O
MOJIEKYJISIPHBIX ~ KOJEOaHMSAX, KOTOPYH) MOKHO MWCHOJNb30BaTh Ul WAEHTHQUKAMU U
KOJIMYECTBEHHOTO OMNpeneseHus: o0pas3oB. B HEKOTOPBIX BapHaHTaX peaju3aldd MOHUTOPHHT
MEPEMEHHBIX MPOLECCa BBIMOJHAETCS C UCIONb30BAHUEM PAMAaHOBCKOW CIEKTPOCKOIUY in situ.
PamaHoBCkMIi aHaIM3 in situ - 370 cnocod aHanmu3a oOpasua B €ro HCXOAHOM MECTOMOJIOXKEHUN
6e3 HeoOXOIMMOCTH M3BJICUEHHs] 4acTH oOpas3la JJisl aHaIu3a B PAMAHOBCKOM CIIEKTPOMETPE.
PamanoBckuii aHanu3 in situ BBICOAEH TEM, YTO CIIEKTPOMETPHl PAMaHOBCKOHN CIIEKTPOCKOIHU
HEUHBA3UBHbBI, 4YTO CHIDKAET PHUCK 3arpsi3HEHHUs M HE paspylLIUTelleH, He BJUsAeT Ha
KU3HECTTIOCOOHOCTD KYJIBTYPBI KJIETOK I KaueCTBO OeJKa.

PamaHOBCKMI aHanIHM3 in Situ MOXKeT O0ECIeYUTh OLIEHKY B PEaJlbHOM BPEMEHH OJIHOM
WM HECKOJIbKMX MEPEMEHHBIX MpoLecca B KyJlbTypax Kierok. Hampumep, HeoOpaboTaHHBIE
CIEKTpaJIbHbIE IaHHBIE, MOJY4YEHHbIE C IOMOIIBI0 PAMAHOBCKOI CIEKTPOCKOIHUH in situ, MOKHO
UCIIOJB30BaTh Ul MOJy4YeHHs] W MOHHUTOPMHIa TEKYyIEero KOJUYeCTBa KOHILIEHTpaLUH
IUTATENIbHBIX BELIECTB B KYJbType KJIETOK. B 3TOM acmekTte, 4ToOBI rapaHTUPOBATh, YTO
HeoOpaboTaHHbIE CIIEKTPAJIbHBIE AAHHBIE IMOCTOSTHHO OOHOBJIISIFOTCS, CIIEKTPAJbHBIE JAHHBIE U3
PaMaHOBCKOU CIEKTPOCKOMMUH AOJKHBI CHUMATLCSA MPUMEPHO Kaxkable OT 10 MUHYT 10 2 4acoB.
B npyrom BapuaHTe peanusaliy CleKTpaibHbIE JaHHbIE JOJKHBI CHUMATHCS MPUMEPHO KasKIble
oT 15 munyT 1o 1 yaca. B eme ogHOM BapuaHTe peanu3alliy CIEKTPAJbHbIE JAHHbIE OJKHBI
CHUMATbCs MPUMEPHO Kaxzble OT 20 MUHYT 10 30 MUHYT.

B 5TOM acnexkTe MOHUTOPUHT OJHOW MU HECKOJbKUX MEPEMEHHBIX NPOLIECCA B KYJIbTYpe
KJIETOK MOKHO aHAJIM3UPOBATH C MOMOLIBIO JIFOOOr0 KOMMEPYECKH JTOCTYITHOTO PAMAHOBCKOTO
CIEKTPOCKOMUYECKOr0 aHAIU3aTOpa, KOTOPBIH MO3BOJISIET MPOBOAUTH PAMAHOBCKUHN aHamu3 in
situ. PamaHOBCKMIT aHAMM3aTOp in Situ AOHKEH ObITh CHOCOOEH MoJiydaTh HeoOpaOOTaHHBIE
CTHIEKTPAJIbHBIC JAaHHBIE B KYJBTYPE KJIETOK (HAMPUMED, PAMAHOBCKHI aHAIM3AaTOP JOJUKEH OBITH
CHaOXEH 30HIIOM, KOTOPBI MOXKET OBbITh BCTaBJieH B Onopeaktop). I[lonxoasimue paMaHoOBCKUe
AQHAJIU3aTOPbl BKJIIOYAKOT, HO HE OrPAaHMYUBAIOTCA MMM, aHanu3atopel RamanRXN2 wu
RamanRXN4 (Kaiser Optical Systems, Inc.Ann Arbor, MI).

Ha cragum 102 HeoOpaGoTaHHBIE CHEKTpPaJbHbIC DAHHbBIC, MOJYYEHHBIE C MOMOIIBIO
PaMaHOBCKON CIIEKTPOCKONMMU 1in Situ, MOKHO CpPaBHUTb C AaBTOHOMHBIMH W3MEpPEHUsIMU
KOHKPETHOH MEPEMEHHOM MpOoLecca, KOTOpas MOJKHA MOHHUTOPUTBCS WM KOHTPOJIUPOBATHCS
(HarpuMep, U3MepEeHHs] KOHLEHTPAUN IMUTATEJIbHBIX BEIIECTB B ABTOHOMHOM PEKHUME), YTOOBI
COMNOCTAaBUTh INHKU B CHEKTPAJbHBIX AAHHBIX C NEPEeMEHHOM mpouecca. Hampumep, ecnu
NepeMeHHasi mpoLecca, KOTopast JOJKHa MOHUTOPUTLCS UM KOHTPOJUPOBATHCS, MPEACTABIISET
co0OM KOHLIEHTPALMIO TIIIOKO3bl, U3MEPEHUSI KOHIIEHTPALMHU TJIFOKO3bl B aBTOHOMHOM DPEXHME

MOTYT HUCIOJB30BATHCA HJIA OHNPCACIICHHUA TOTO, KaKUEC CIICKTpPAJIbHBIC 00JIACTH TOKA3bIBAIOT
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CUTHAJ TJFOKO3bL. JlaHHbIE M3MEPEeHUIl B aBTOHOMHOM PEXHME MOTYT ObITh COOpaHbI JIFOOBIM
NOAXOMALINM aHAJTUTUYECKUM criocobom. Kpome Toro, moboi Tim nakera MyJbTHBAPUAHTHOTO
nporpamMHoro obecrnieuenus, Harnpumep, SIMCA 13 (MKS Data Analytic Solutions, Umea,
Sweden), MOKET MCIIONIB30BATHCS [Isl KOPPENSALUH TUKOB B UCXOMHBIX CIIEKTPAJIbHBIX TaHHBIX C
ABTOHOMHBIMU M3MEpPEHMsMU KOHKPETHOM IIepeMEHHON Tpolecca, KoTopas AOJDKHA
MOHUTOPUTBHCS UM KOHTPOIUpPOBaThCst. OHAKO, B HEKOTOPBIX BapUaHTaX PeaTU3allUUd MOKET
notpeboBaTbCsl MpeaBapuTeNbHas 00padoTka HEOOpPaOOTAHHBIX CHEKTPAJIBHBIX JAHHBIX
CHEKTPAIbHBIMUA ~ QUIBTPAMH JUIS  YAAJCHHS JIFOOBIX HM3MEHSIOIUXCS 0a30BbIX  JIMHUH.
Hanpuwmep, HeoOpaboTaHHbIE CIIEKTPATBHBIE JAHHBIE MOTYT OBITh MPEIBAPUTEIBHO 00pabOTaHbI
JOOBIM THIIOM TEXHHKH CTJIaKUBAaHUS TOYEK WJIM TEXHUKOH HopMmanmusaumu. Hopmanusanus
MOJKET MOTPedOBaThCs JUIs KOPPEKTUPOBKH JIFOOOTO M3MEHEHHsI MOIIHOCTHU Jla3epa U BPEMEeHH
SKCIIO3WIMUA C TIOMOLIBIO PAMaHOBCKOTO aHaiW3aTopa. B OAHOM BapuaHTe pealH3aluu
HeoOpaboTaHHbIE CHEKTPAJbHbIE AAHHBIE MOTYT OOpadaThIBATHCS TOYEYHBIM CIIIAXKHBAHUEM,
TaKUM Kak |- mpou3BOAHAs C TOUEUHBIM CrJIaKMBAHUEM 210M'1, Y HOpMaju3auuen, TAaKOW Kak
HOpMalu3alysi  CTAHAAPTHOTO  OTKJOHEHHWsS CIYYalHOH BEeNWYMHbI C  HOPMAJbHBIM
pacripenenenueM (SNV - anrn. “Standard Normal Variate”).

XeMOMETpUUECKOe MOJEIUPOBAHUE TAKXKE€ MOXKET OBITh BBINOJHEHO HA MOJYYEHHBIX
CHEKTPAJIbHBIX JTAaHHBIX. B 3TOM acmekTe OIWH WM HECKOJIbKO MHOTOBAPHAHTHBIX CIIOCOOOB,
BKJIFOYAsi, HO HE OrPaHUYMBAsICh UMH, NpoOHbIe HanMeHblre kBaapatel (JJHK), aHanu3 rinaBHbIX
komrioHeHT (AI'K), optoroHanbHele  1poOHble  HauMeHbinmne  kBagpatel  (OJIHK),
MyJIbTUBAPHAHTHAsI perpeccus, KaHOHWYeCKass Koppessiuus, (PaKTOPHBIM aHaNIu3, KJIACTEPHBIN
aHanmu3, rpaduyeckue NpPOHeaypbl M T.II., MOIYT OBITb HCHOJb30BAaHBl OTHOCHTEJBHO
CTIIEKTPAJIbHBIX JaHHbIX. B ONHOM BapuaHTe peaju3alMy MOJyYeHHbIE CIEKTPaJbHbIE JaHHbIE
UCTIONB3YIOTC As1 co3aanHust moaenu perpeccun meronom JIHK. Mopens perpeccun JIHK
MOXeT OBbITb CO3[JaHa MyTeM MPOELUPOBAHUS TPEICKA3aHHBIX MEPEMEHHBIX M HAOJFOIaeMbIX
MEPEMEHHBIX B HOBOE MPOCTPaHCTBO. B 3TOM acmekre monenb perpeccuu JIHK moxker ObITh
CO3JlaHa C WCIIOJIb30BAHMEM 3HAYEHHUI M3MEPEHUs, MOJYYSHHBIX U3 PAMAHOBCKOTO aHAJIN3a U
3HAYeHWH W3MEpEeHUsi B aBTOHOMHOM pexkume. Mopmens perpeccun JIHK mnpenocrasmiser
NPOTHO3UPYEMbIe 3HAYEHHUS MPOLIECCa, HANpUMeEpP, MPOrHO3UPYEMble 3HAYEHUs KOHLIEHTPALUH
ITUTATEJIbHBIX BELIECTB.

IToce xeMOMETPUYECKOTrO MOJIETHPOBAHUS CIIOCO0 00paboTKHM CHTHajga MOMKET OBbITh
NPUMEHEH K MPOTHO3UPYEMBIM 3HAYEHHSIM Tpouecca (Hanpumep, MPpOrHO3UPYEMbIM 3HAYEHHUSIM
KOHLIEHTPALIUH MMUTATEIbHBIX BemecTB) (craguu 103). B oqHOM BapuaHTe peann3alii METOANKA
00paboOTKM CHTrHaia BKJIKOYAET METOAMKY IIYMOMNOJAaBJeHHs. B 3TOM acrekTte OAWH WM
HECKOJIbKO METO/IOB INYMOIOJABJIEHUS] MOTYT IPHMEHSTHCS K MPOTHO3HPYEMBIM 3HAYECHUSIM
nporecca. Moxer ObITh UCHONB30BaH JIEOOOH C€rmoco® IyMONOAABIIEHUs, W3BECTHBIH
CHeLMaINCTaM B AaHHOW oOnacté TexHukdu. Hampumep, cnoco0 IIyMONOAABIEHHS MOXKET
BKJIFOYATh CIVIAKMBAHME MAHHBIX W/WUIM TonaBieHue curHana. CriakuBaHHE INOCTHUTAeTCs C
MOMOIIBIO pPsAZa ANTOPUTMOB CIVIAXKUBAHMA W (PUIBTPOB, B TO BpeMsl Kak IPU MNOJABJIECHUH

CUrHajia UCHOJB3YIOTCA XApPAKTCPUCTUKU CUTHAJA OJIA I/II[eHTI/I(l)I/IKaI_II/II/I AAHHBIX, KOTOPbIC HE
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clefyeT BKJIIOYaTh B aHAJIU3UPyEMble CIEKTpajbHble AaHHbIE. B OHOM BapuaHTe peanu3aluu
NPOTHO3UpPYEMbIe 3HA4YEHUs TMpoIecca SBIAIOTCS LIYMOM, YMEHBIIEHHBIM (UIBTPOM
mymonojasieHus. QuIbTp IIYMONOAABICHHS MPEIOCTABJSAET KOHEUHbIE OT(PHIBTPOBAHHBIE
3HaueHMs TIpolecca (Hampumep, KOHEYHble OT(UIBTPOBAHHbIE 3HAYEHHs KOHLEHTPALUU
NHUTATEeJIbHbIX  BELIECTB). B 3TOM acmekte crmoco0 LIyMOMOAABIEHHS OOBEAMHSET
HeoOpaOOoTaHHbIE U3MEPEHHs C OLIEHKOH Ha OCHOBE MOAEIH TOrO, YTO U3MEpPEHHE JOJDKHO IaTh
B COOTBETCTBUM C MOAENbI0. B OZHOM BapwaHTe peanu3auuy Crocod LIyMOIOAABICHUS
Oo0BEemUHSET TeKyllee MPOrHO3UPYEeMOe 3HAYEHHE Mpolecca C €ro HEeONmpeAesIeHHOCTSIMH.
HeomnpenenenHoctn MoOryT OBITH OMNpeAENieHbl MOBTOPSEMOCTBIO MPEACKa3aHHBIX 3HAYEHUH
nporecca M TEKyIUX ycjoBwil mpouecca. Ilociae Toro, kak OyAerT TOJY4YEeHO ClEAyroLiee
NPOTHO3UPYEMOE 3HAa4deHHe IIpolecca, OLEeHKa IPOTHO3UPYEMOro 3HA4YeHMsl Ipolecca
(HarmpuMep, MPOrHO3UPYEMOT0 3HAYCHHUST KOHIIEHTPALIUH THTATEJIbHBIX BELIECTB) OOHOBIISIETCS C
UCTIONI30BAHUEM B3BELICHHOTO CPENHEro, rne OONbIIMK BeC NPHUAAETCSl OLEHKaM ¢ Oolee
BBICOKONH JOCTOBEpPHOCTBHIO. Mcmonb3ys HUTEepaTUBHBIM MOAXOA, OKOHYATeNbHble 3HAYEHUs
nporecca MOTYT OOHOBISITECS HAa OCHOBE NPEIBIAYINETO H3MEPEHUs M TEeKYLIMX YCIOBHI
nporecca. B 3ToM acriekte ajiropuTM OJKEH ObITh PEKYPCHUBHBIM M CIOCOOEH padoTaTh B
pEeKUME pPEeaTbHOrO BPEMEHH, YTOOBI HCIOJIb30BaTh TEKYIee IMPOTHO3UPYEMOE 3HAUYEHUE
nporiecca, TMpenbIylee 3Ha4eHne W HKCIEPUMEHTAIbHO ONpeneNieHHble KOHCTaHThL. Crocob
LIYMOIO/ABJICHUs] MOBBILIAET HAI€KHOCTb U3MEPEHMI, MONYyUEHHBIX U3 PAMaHOBCKOIO aHaln3a
u mnporuo3oB JIHK, 3a cyer cHmwxkeHHWss IIyma, Ha KOTOpbIH Oyner BO3OEHCTBOBATH
aBTOMAaTHYECKHH KOHTPOJUIEp 0OPaTHOMH CBS3HU.

ITocne monydeHus: OKOHYATENbHBIX OTQUIBTPOBAHHBIX 3HAUEHHUH Mpolecca (HarpuMep,
KOHEYHBIX OT(UIBTPOBAHHBIX 3HAYEHHH KOHIIEHTPALMU IHUTATEJbHBIX BEIIECTB) KOHEUHBIE
3HAYEeHUs] MOTYT OBITh OTIPABJIEHBbI B ABTOMATUYECKUH KOHTpOJuiep oOpaTHOH CBs3M (CTamust
104). ABTOMaTHYeCKUIl KOHTPOJUIEp OOPATHOHM CBSA3M MOXKET MCHOJIb30BATHCS ISl KOHTPOJS U
NOJAePKaHUsI TIEPEMEHHOM Tpouecca (HampuMep, KOHLEHTPALMU MUTATENbHBIX BELIECTB) Ha
NPEABAPUTENLHO OMPEeIEHHOM 3aJaHHOM 3HAYeHHH. ABTOMATUYECKUN KOHTpPOJIIep 0OpaTHOM
CBSI3M MOJKET BKJIFOYATh JIFOOOW THUMN KOHTpPOJUIEpAa, KOTOPBIH CHMOCOOEH BBIUUCIATH 3HAYCHUE
OMOKH KaK PasHOCTb MEXKAY JKEJIaeMbIM 3aJJaHHBIM 3HAYCHUEM (Hanpumep, TPENBAPUTEIHHO
3aJaHHOe 3HAYEHWE) W W3MEPEeHHOH NEepPEeMEHHOHW MpoLecca W aBTOMATHYECKH INPUMEHSITh
TOYHYK) U OT3BIBUMBYIO KOppekumtoo. KOHTposuiep aBTOMAaTUYECKOW OOpPaTHOHM CBSI3U TaKKe
JOJIKEH UMETh 3JIEMEHTHI KOHTPOJISI, KOTOPble MOXXHO M3MEHATH B peXXHME pPeajbHOrO BpEMEHU
u3 uHTepdeiica rarhpopmel. Hanmpumep, aBToMaTudeckuii KOHTPOJUIEp OOPaTHON CBSI3U AOJIKEH
UMEThb TOJIb30BATENbCKUN HHTEP(ENC, KOTOPBIH TMO3BOJSET PEryJ