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(57) M3zoOperenne obecreunBaeT cocoObl M CHCTEMbI PAMAHOBCKOH CIIEKTPOCKONMH in Situl 7171si MOHUTOPUHTA

Y KOHTPOJISI OJHOW MIIM HECKOJBKHX MEPEMEHHBIX Mpoliecca B KyJIbType KIETOK OMOpEeakTopa C IeIbo
YIydIIEHHUs KauecTBa M MOCTOSHCTBA MPOAYKTa. B packpeiBaeMbIX crioco0ax M CHCTEMAax MCIOJIB3YIOTCS
CTIOCOOBI PaMaHOBCKOW CIEKTPOCKONHMH in situ M XEMOMETPHYECKOTO MOJCIHPOBAHUS IS OLEHKH
KYJBTYp KJIETOK B PEXHME PeallbHOr0 BpeMEHH B KOMOMHALMH O criocobamMu 00pabOTKU CHI'HAJIOB JJIst
TOYHOHN HEMpPEPhIBHOW 00paTHOM CBSA3M M CMOAEINPOBAHHOTO MPOTHO3ZUPYIOIIEr0 KOHTPOJIS TapaMeTPOB
MepEeMEHHBIX TpoIiecca KyJIbTHBHPOBAHUS KIIETOK. biiarogaps MCHONb30BaHUIO JaHHBIX PaMaHOBCKOM
CIEKTPOCKOIIMU B PEKUME pealbHOI0 BPEMEHH, NIEpEMEHHbIE Mpoliecca B Mpesenax KyJIbTyphl KIETOK
MOTYT HENPEPBIBHO WJIN MEPHOJUYECKH KOHTPOIHMPOBATHCS, a aBTOMAaTU3MPOBAHHBIE KOHTPOIIEPHI C
00paTHOH CBSI3bIO MOJICPKUBAIOT IIEPEMEHHBIE ITPoIiecca Ha MTPEABAPUTEIBHO OTIPE/ICIICHHBIX 3HAUCHUX
WM TIOAJICPKUBAIOT CIELHUATIbHBIA MMPOTOKOJ TONA4YH, KOTOPHIA oOecrednBaeT Mojady MepeMEeHHBIX
KOJINYIECTB areHTOB B OMOPEAKTOp 111 MAKCHMHU3AaIUH KauecTBa OMOIPOAYKTOB.
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CUCTEMBI 1 CIOCOBbI PAMAHOBCKOM CIIEKTPOCKOIIUU IN SITU U1
KOHTPOJISI HEPEMEHHBIX ITPOHECCA B KYJIbTYPAX KIIETOK

ITEPEKPECTHAS CCBUIKA HA PO/ICTBEHHBIE 3ASIBKI

Hacrosias 3asBKa UCIPAIINBACT IPEUMYILECTBO IPHOPHUTETA IIPEABAPUTEIIBHON 3asiBKU
nHa narent CIHA 62/572828, nogannoit 16 oxtsOps 2018 roma m 62/662322, nogannou 25
anpens 2018 roga, Bce U3 KOTOPBIX BKJIIOUEHB! B KAUECTBE CCBIJIKM BO BCEH MX IIOJIHOTE, IJIE 3TO
JOILYyCTHMO.

OBJIACTb TEXHUKU

N300peTenue B LEJIOM OTHOCHTCS K OMOpPEaKTOPHBIM CHCTEMaM M CIOco0am, BKIIOYAs
CIIOCOOBI U CUCTEMBI PaMaHOBCKOMW CIIEKTPOCKOIINY i1 Situ JUIsl MOHUTOPUHIA U KOHTPOJIS OJIHOM
WJIM HECKOJIBKHX IIEPEMEHHBIX MPOLIECCa B KYIBTYPE KICTOK OMOpeaKTopa.

YPOBEHb TEXHUKHA

Crpykrypa IIponeccHo-Ananuruueckoit Texnonorus (ITAT) Yrpasnenus no KOHTpoJIO
3a npoaykramu u jekapctBamu (FDA) moompser 100poBoJibHYIO pa3paboOTKy U BHEIPEHHE
WHHOBAIIMOHHBIX pEIIEHUN 10 pa3paboTKM IIPOIECCOB, AaHAIW3a I[POLIECCOB U KOHTPOJIS
IIPOLIECCOB IS JIYYILETrO IOHUMAHHUS IIPOLIECCOB U KOHTPOJIS KayecTBa MpoayKToB. [lapamerpsl
Ipolecca MOHUTOPSITCS M KOHTPOJIMPYIOTCA B IIpoliecce IipousBojcTBa. Hampumep, nojgaga
IIUTATEJIBHBIX BEIIECTB K KYJIbType KIETOK B OHOpeakTope BO BpeMsl I[POHU3BOJCTBA
OMOITPOJYKTOB SIBJSIETCS BAXKHBIM [apameTpoM Tnpouecca. COBpPEMEHHOE IPOHU3BOJICTBO
OMOITPOYKTOB BKJIIOUAET CTPATETUIO KOPMJICHHUS €XKEAHEBHBIMU OOJIIOCHBIMU IOJIUTKaMu. B
COOTBETCTBHHM C COBPEMEHHBIMHU CIOCOOAMH €XEIHEBHbBIE OOJIIOCHBIC IOJIUTKUA YBEIHMYNUBAIOT
KOHIICHTPALIMIO MUTATEJIbHBIX BEUIECTB B KJIECTOYHBIX KYJIbTYPax IO MEHBIIEH Mepe ISITh pa3 B
neHb. YToObl rapaHTHpOBaTh, YTO KYJIbTypa HE HCUepIaja MHUTATENbHBIC BEIIECTBA MEXTY
MIO/IITUTKAMH, €KE€/IHEBHBIE OOIIOCHBIC MOJIMTUTKH MOJICPKUBAIOT KOHICHTPAIIUK ITUTATEIIbHBIX
BEIIECTB HAa BHICOKUX YpPOBHSX. J|eHCTBUTENbHO, KaXas MOAMUTKA pacCUUTaHa HA TO, YTOOBI
UMETh BCE IHUTATEIbHBIC BEIIECTBA, HEOOXOJUMEBIC KYNbTYpe IS TOJJCPXKAHHUS €€ [0
CHCeNYIONIeH TMOANMUTKH. TeM He MeHee, OONbIIoe KOJWYECTBO TNHUTATEIHHBIX BEIIESCTB B
KaXK/I0/THEBHOM OOJIFOCHOM MOJIUTKE MOXKET BBI3BaTh CYIIECTBEHHbIC KOJICOAHUS YPOBHS
MUTATENbHBIX BEMIECTB B OMOpeakTope, UTo MPUBOUT K HECOOTBETCTBUAM B Ka4eCTBE IPOJIYKTa,
MIPOU3BOAMMOTO NMPOU3BOICTBECHHON KYJIBTYPO.

Kpome TOro, BhICOKas KOHIIEHTpAIMsl THUTATEJBHBIX BEIIECTB B KaX/10H €XeIHEBHOU
OOIOCHOW TOANWUTKE CHOCOOCTBYET YBEJIWYEHHUIO IOCTTPAHCISIMOHHBIX MOAW(DHKAIHii
noay4aeMoro ouomnpoaykra. Hampumep, BBICOKME KOHIEHTPAIMU TIIFOKO3bl B KYJIBTYpe KJIETOK
MOTYT TPHBECTH K YBEJIMYEHHMIO TIJIMKUPOBAHMS KOHEUHOro Owuomnponykra. [nukarnus
NpeACTaBIsIeT co00H HEPEepMEHTaTUBHOE IPUCOCAVHEHUE BOCCTAHABIMBAIOLIETOCS caxapa K
aMHHOKHUCIIOTHOMY OCTaTKy Oelka, 0OBIYHO BCTpeyaronieecss y N-TepMUHAILHOIO aMuHa O€JIKOB
U TOJOKHUTEIbHO 3apSHDKEHHOM aMUHOIpymnsl. IlomydeHHbIE IPOMYKTHI INIMKAPOBAHUS MOTYT
UMETh JKEITYH WIM KOPHYHEBYID OKPAaCKy, YTO MOXET IIPUBECTH K OKpaIlUBaHHIO

nexapctenHoro npoaykta (Hodge JE (1953) J Agric Food Chem. 1:928-943). I'nukanus Takxke



MOKET IIPUBOJUTH K BapuallysaM 3apsja B OQHOM [IPOU3BOJCTBEHHONW APTUHU TEPANIEBTUYECKOTO
MOHOKJIOHAJIBHOTO aHTUTeNa (MAb) 1 npuBoANTH K MHTHOUpoBaHuio ces3biBaHus (Haberger M
et al. (2014) MAbs. 6:327-339).

CooTBeTCTBEHHO, B CTpeMiIeHUH IpoaBuHyTh uHnimarupy ITAT, ocraercs norpebnoctsh
B crioco0e WiIn CHUCTEME CIIOCOOHOM ONTUMM3MPOBATH KOHLEHTPALWH ITMTATCIIBHBIX BEILECTB B
KYJIBTYpE KIICTOK, YTO IPHUBEIET K I10JIy4CHHIO 00JIee Ka4eCTBEHHBIX IIPOYKTOB.

CYHIHOCTBb U30OBPETEHU A

B 1aHHOM JOKYMEHTE PacKpBITHI CIIOCOOBI M CUCTEMBI PAMaHOBCKOW CHEKTPOCKOIIUH i7
Situ JUIsi MOHUTOPHUHIA M KOHTPOJISI OAHOM MJIM HECKOJIBKHMX IEPEMEHHBIX Ipolecca B KYJIbType
KJIETOK OMopeakTopa.

OpuH BapuaHT peaTu3alMyd HACTOSIIETO HM300pPETCHUS BKIIOYACT CIIOCOO KOHTPOJIS
YCIIOBUM Cpelbl /Ul KyJIbTUBHPOBAHUS KJIETOK, BKJIIOYAIOIIMN KOJIWYECTBEHHOE OIIpE/ICICHHUE
OJIHOTO MJIM HECKOJIbKMX aHAJIMTOB B CPE/E VIS KYJIbTUBHPOBAHUS KJIETOK C MCIOJIb30BAHUEM
paMaHOBCKOM CIIEKTPOCKOIINH in Sifi; 1 KOPPEKTUPOBKY OJIHOM MIIM HECKOJIBKHUX KOHLEHTpALUil
aHaIATa B cCpejle JUIS KYJIbTUBUPOBAHMS KJIETOK JUII COOTBETCTBHUS IIPE/IBAPUTEIIBHO
OTIPE/ICNICHHBIMY KOHILIEHTPALUSIM aHaJjMTa, KOTOpbIE IOJJIEP)KUBAIOT [OCTTPAHCISALMOHHbIE
MoauduKkammy OCIKOB B cpele s KylabTUBHpoBaHus kietok a0 1,0-30 mpouentos. B
HEKOTOPHIX  BapHaHTaX peaju3alud  TOCTTPAHCISIMOHHAS  MOJU(HUKAIMS  BKIIOYACT
rIIMKMpoBaHue. B Jpyrux BapuaHTax peaju3zaluy O€lIKM B KYJIbTYPE KIETOK BKIIFOYAIOT
AHTUTENIO, €r0 AHTHICHCBS3BIBAIONIMH (parMeHT Wi CiauThii Oenok. B npyrux Bapumantax
peasM3allud  cpella I KYJIbTUBUPOBAHMS KJIETOK BKJIIOUACT KIETKH MIICKOIIHMTAIOIIETO,
HaIpUMep, KIETKU SUYHUKA KUTAaHCKOT0 XOMSUKa.

B HekoTOphIX BapHMaHTax pealM3allid aHAJIMT IPEJACTABIseT co00i rimoko3y. B stom
acIIeKTe Mpe/IBApUTENBHO OIpe/IeNIeHHast KOHIIEHTPpAIs TI0K03bl cocTasiser ot 0,5 no 8,0 r/i.
B npyrom BapuaHTe peanuzanuu INPEABApPUTEIBHO OINPEACICHHAs KOHIICHTPALMs TIIOKO3BI
coctasysietT ot 1,0 v/ 1o 3,0 r/n. B enie ogHOM BapuaHTe peaju3aifyl KOHIICHTPAIUS TJIIOKO3bI
cocrapnsier 2,0 r/n wim 1,0 r/n. B jgpyrux BapmaHTax peanu3aildy TIPE/IBAPUTEIHEHO
OTIpEe/IeNICHHBIC KOHIIGHTPAIIUM aHAJIUTa TOACPKHUBAIOT MOCTTPAHCIAIMOHHBIE MOAU(pUKAIUH
OenKkoB B cpene Ui KyabTUBHpoBaHus kietok 1o 1,0-20 mporentoB wimm ot 5,0 mo 10
IIPOLIEHTOB. B emie apyrux BapuaHTax peanu3allid KOJMYECTBEHHOE OIpe/iejieHHe aHaJINTOB
IIPOBO/IUTCSA HEIPEPBHIBHO, MEPUONUYECKH WIHM ¢ MHTepBajtamMu. Hanpumep, KOJM4EeCTBEHHOE
ONpEJICTICHUE AHAJTUTOB IMPOBOJWUTCA C S-MHHYTHBIMM HHTepBanamu, 10-MHHYTHbIMH
UHTEpBajlaMi WM |5-MUHYTHBIMM HHTEpBajJamMu. B enie Apyrux BapuaHTax pealu3alluu
KOJIMYECTBEHHOE OINpEJCICHNE aHAJIMTOB IPOBOJNTCA €KEYaCHO WM, MO MEHBIIEH Mepe,
€XEeHEBHO. B HEKOTOpBIX BapHaHTax peann3alluy peryJupoBaHME KOHIICHTPAIMM aHajauTa
IIPOBOJINTCA aBTOMATHYeCKH. B emle JIpyrux BapuaHTax peaju3alvd  KOJIWYECTBEHHO
ONIPEACISIOT, 10 MEHBIIEH Mepe, JBa, WM, 0 MEHBLIEH Mepe, TpH, WIH, IO MEHBIIEH Mepe,
YEThIPE PA3HBIX aHAJIUTA.

Jpyroii BapHaHT peaiu3aluy HACTOAIETO U300PETEHNMS BKIFOYAET CIOCO0 YMEHBIICHUS

NOCTTPAHCIALMOHHBIX MOJIM(UKAINHA CEKPETHPYEMOTro OenKa, BKIIIOUAOUINI KyJIbTHBUPOBAHUE



KJIETOK, CEKPeTHUPYIOMHX OENOK, B Cpele s KyJIbTUBHPOBAHMS KIETOK, BKIo4aromen 0,5-8,0
I/M  TIIOKO3BI; TIOCTEIIEHHOE OIpe/AeliCHHe KOHLEHTPAIMU [JIIOKO3bI B  Cpele  JuIs
KYJIbTUBHPOBAHHS KJICTOK BO BpEMs KYJIbTUBUPOBAHUS KIIETOK C HCIIOIH30BAaHUEM PAMaHOBCKOM
CHEKTPOCKONIUU in Situ; W PEryJTupoBaHUE KOHICHTPALMU TJIIOKO3BI Ui IOJACPKAHUS
KOHIICHTpALMN IIOKO3bl Ha ypoBHe oT 0,5 g0 8,0 1/m myreM aBTOMAaTUYECKOM ITOJAYH
HECKOJIBKUX 103 TIIOKO3bI B Hac JUIS TOJACPXKAHHUS NOCTTPAHCISLMOHHBIX MOAM(PHUKAIMIA
cekperupyemoro 6enka 10 1,0-30,0 npouenTos. B oHOM BapuaHTe peain3alui KOHIICHTPALU
CIOKO36I cocrasister 1,0-3,0 /.

Eie oauH BapuaHT pean3aluy HACTOSAIIETO N300PETCHUS BKIIIOYACT CHCTEMY KOHTPOJIS
VCIIOBUH CpeAbl I  KYJIBTHBHPOBAHHS KJICTOK, BKIIOYAIOUIYIO OJWH WJIH HECKOJIBKO
MPOLIECCOPOB,  B3aUMOJICHCTBYIOIIMX €  MANIMHOYMTACMBIM  HOCHUTEJICM,  XPaHAIIUM
MPOrPaMMHBIM  KOJ JUTSL BBITIONHCHHUS OJHHM WJIH HECKOJBKUMU MPOLECCOPAMHU, UYTOOBI
3aCTaBUTh CHUCTEMY [PUHUMATL JIaHHBIC, BKIIOYAIOIINC: KOHICHTPAIIMIO OJHOTO WM
HECKOJIBKUX aHAJUTOB B CPEIC JUIS KYJIGTHUBHUPOBAHHUS KJICTOK C TMOMOMNIBIO PaMaHOBCKOTO
CIIEKTPOMETPA in Situ; U KOPPEKTUPOBATH OJIHY HJIM HECKOJIBKO KOHILICHTPAIIMN aHAJIUTa B CPEJIe
JUIST  KyJbTHBUPOBAaHUS  KICTOK, YTOOBI  COOTBETCTBOBATH  3apaHEE  OMPEC/CIICHHBIM
KOHI[CHTPAIUSAM aHAINTA, KOTOPBIC IMOJICPKUBAIOT TIOCTTPAHCISIIIMOHHBIC MOAH(pUKAITUH
OenkoB B cpene s KyJdbTuBupoBanus kierok a0 1,0-30 mpouentoB. B omgHOoM BapuanTe
peasTn3aluy IPOTPAMMHBIN KOJI JIOTIOTHHTEIHFHO CKOH(QUTYPUPOBAH JIJISl TOTO, YTOOBI 3aCTaBUThH
CUCTEMY BBHITIONHATH XEMOMETPUUYCCKUI aHAJIN3, HAIPUMED, MOJICTHPOBAHUE PErPECCUU JAaHHBIX
METOJIOM JIPOOHBIX HAaUMCHBIIMX KBAAPATOB. B Apyrux BapwaHTax peaau3alidél MPOrpaMMHBIH
KOJ[ JIOTIOJTHUTEIBHO CKOH(UTYPUPOBAH ISl TOTO, YTOOBI 3aCTaBUTh CUCTEMY BBITIOJIHITH OJMH
WJIM HECKOJIBKO CITOCO0OB 00pabOTKH CUTHAJIOB, HATIPUMEP, CIIOCO0 IITyMOIIOAABICHUS JJAHHBIX.

Jpyroii BapumaHT peajHM3alMUd HACTOSIIEr0 H300PETEHHS BKIIOYACT CHUCTEMY
YMEHBIICHUST TOCTTPAHCISAIMOHHBIX MOMUGUKAIUNA CEKPeTUPYEeMOTO OelKa, BKIIOYAIOIIYIO
OJIMH WJIA HECKOJIbKO TIPOIECCOPOB, B3aMMOJICHCTBYIONMX C MAlIMHOYHTAEMBIM HOCHTEJICM,
XPAHSIMM TPOTPAMMHBIN KOJ JUTSI BBIMOJHCHUS OJIHUM WJIM HECKOJBKHMH TPOIECCOPaMH,
YTOOBI 3aCTaBUTHh CHCTEMY IIOCTCIICHHO HapalluBaTh TOJYYCHHUE CICKTPATbHBIX JIAHHBIX,
BKJIIOUAsi KOHIICHTPAIIMIO TJIOKO3BI B Cpejie JUIS  KYJIBTHUBHPOBAHUS KIETOK BO BpeMs
KYJIbTHBHPOBAHUS KJICTOK, CEKPETHPYIOIINX OEJIOK, W3 PaMaHOBCKOTO AHAIU3ATOpa in Situ; U
pPETyJIMPOBaHNWE KOHIICHTPAIIMH TJFOKO3bI JIISI TOTO, YTOOBI IMOJJICP)KUBATH KOHIICHTPAIIHIO
TI0K036l Ha ypoBHe or 0,5 10 8,0 r/n, Hanpumep, ot 1,0 mo 3,0 1/, myTeM aBTOMAaTUYECKOM
MoJIadl  HECKONBKHUX JI03 TIJIFOKO3bI B 9Yac JUIS  IOJJICPKAHUS TTOCTTPAHCIISIIIHOHHBIX
Moaudukamnuii cekperupyemoro oenka g0 1,0-30,0 mporienToB. B ogHOM BapuaHTe peanuzaiuu
IIPOTPaMMHBIM KO/ JIONOJHUTENIbHO CKOH(QUI'YpUpPOBaH, UTOOBI 3acTaBUTh  CHCTEMY
KOppEenupoBaTh NHKM B CHEKTPANbHBIX JAaHHBIX C KOHIEHTpalUMsMU TINIOKO3bl. B apyrom
BapHaHTE peaj3alliy MPOrpaMMHBII KOJI JIOMOJHUTEIbHO CKOH(MUTYPUPOBAH ISl BBHITTOJHEHUS
MOJICTIMPOBAHMSL PErPEeCCUM  CIIEKTPAIBHBIX JIaHHBIX METOJOM JApPOOHBIX HAaMMEHbIINX
KBaJpaToB. B ele OJHOM BapHaHTE peajlu3alluy IPOrpaMMHBIA KOJ JIONOJHUTENIBHO

CKOH(UTYpPHPOBaH JIs BBINOJIHEHMS CrOco0a IIyMOIIO/IAaBICHUS! CIEKTPAJbHBIX JaHHBIX. B



JPYTMX BapHaHTax peajlu3allid peryJMpoBaHUE KOHLEHTPALMHU TJIOKO3bI BBINOJIHAETCS C
[IOMOILBIO TIPOTPAMMHOTO 00ECIIEUSHHS ABTOMATHYECKOTO KOHTPOJIS C 00paTHON CBA3BIO.

KPATKOE OITHCAHUE T'PAOUYECKUX MATEPHUAJIOB

JlonosHUTENbHbBIC TPU3HAKK U IIPEUMYIIECTBA M300PETCHUS MOTYT OBITh YCTAHOBJICHBI
U3 CJEIYIOUIero IoApOOHOIO OIMCAHMs, KOTOpPOE IPEJOCTAaBICHO B CBA3M C UepTEKaMH,
OIMCAHHBIMH HUXKE:

OUT'. 1 npexacrasiser coboil OIIOK-CXEMY IOCIEIOBATCIBHOCTH OIEpaluii crnocoba
KOHTpPOJISI MIEPEMEHHBIX IIpollecca B KYJIbTYpe KJICTOK B COOTBETCTBUM C OJHUM BapHaHTOM
peanr3ay HACTOSIIEr0 H300PETCHHUS.

®UT'. 2 npeacrapisier cOO0M MPUHIHMITUAIBEHYIO CXEMY CHCTEMBI KOHTPOJIS IIEPEMEHHBIX
mpolecca B KyInbType KIETOK, cBsizannon ¢ OUI. 1, B COOTBETCTBUM ¢ HACTOSIIUM
n300peTeHUEM.

OUI'. 3 npencrasisier co0oil rpadguk, MOKa3bIBAOIIUNA ITPOIHO3MPYEMbIE 3HAUCHUS
mpolecca I0ofauu MHUTATENbHBIX BEIIECTB, HOJTBEPKJACHHbIE ABTOHOMHBIMU OOpa3iamu
ITUTATEJIbHBIX BEIIECTB.

OUT'. 4 npexacraiser coboil rpaduk, MOKA3BIBAIOIIMKA OTOMIETPOBAHHBIC KOHCYHBIC
3HAYCHUS KOHIICHTPALMHU MTUTATEIBHBIX BEIISCTB MpoIlecca Moauu 1ocjae 00paboTKU CUTHANA B
COOTBETCTBHH C HACTOSIUM H300PETECHHEM.

OUI'. 5 mpencrapiaser coOol TpaduK, MOKA3BIBAIONIMHM ITPOTHO3MPYECMbIC 3HAYCHUS
KOHIICHTPALIMM THUTATEIILHBIX BEIIECTB IIpoliecca W OT(PHIBTPOBAHHBIC KOHEYHBIC 3HAYCHHUS
KOHIICHTPAllUM IHUTATEIbHBIX BEIIECTB IIpoliecca IOC/IE CIABUTa B IIPE/IBAPUTEIIBHO
OIIPE/ICIICHHOM 3a/IaHHOM 3HAUYEHUU KOHIICHTPALIMH TNTATEIIbHBIX BEHICCTB.

OUI'. 6 npexncraBisier co0OM  JIMHEHHBIM TpaduK, ITOKA3bIBAIOLUIUN  BIIHSHUE
KOHIICHTPAIIUH TIIIOKO3bI HAa TIOCTTPAHCIISAIMOHHBIE MOU(PHUKAIIMN TIPU HETIPEPHIBHOM IMOJIITUTKE
IIUTATEIbHBIMA BEHIECTBAMH C KOHTPOJIMpYEeMOW OOpaTHONl CBSI3bI0 B COOTBETCTBHU C
HACTOAIIMM H300pETeHNEM U MPH OOTFOCHON TIOMUTKE MTUTATETLHBIMU BEIIECTBAMH.

OUI'. 7 npencrasiser coboii rpaduk, ITOKa3BIBAIONIMN TIpeaCcKa3aHHble PamaHoM
3HAUEHUSl KOHICHTPAIIMM TJIIOKO3bl i1 Situ TIPU HENPEPHIBHOW TMOANMMTKE MUTATEIHHBIMU
BEUIECTBAMH C KOHTPOJMPYEMOM OOpaTHOMl CBA3BIO B COOTBETCTBHUM C HAaCTOSHIMM
M300peTeHNEM U MTPH OOJTIOCHOM MONUTKE MUTATEIbHBIMU BEIIECTBAMHU.

OUI'. 8 npexacrapiser coOoOl JMHEHHBIH rpaduK, MOKAa3bIBAIOIIUNA TUTP aHTUTENA NpU
HENPEPHIBHON MOAMUTKE MUTATEIBHBIMU BEIIECTBAMHU C KOHTPOJIUPYEMOU 0OpaTHOM CBS3bIO B
COOTBETCTBHHM C HACTOSIIIIMM H300pEeTEHHEM U TNpu OOJIOCHOH MOAMUTKE MUTATEIbHBIMU
BEHICCTBAMH.

OUI'. 9 npencraBnaser co0OM THUCTOTpaMMY, T[TOKA3bIBAIOIIYI0 HOPMaIM30BAHHBIN
NPOIEHT IOCTTPAHCIALMOHHBIX MOJUGUKAIMI KaK pe3yiabTaT 3HAYeHHUs KOHIIEHTPALUH
TJIFOKO3BI.

OUI'. 10 nmpeacrasaseT co0oil rpaduk, MOKa3bIBAIOMINM KOHIICHTPAIMU TJIFOKO3BI TIPH
HETIPEPBIBHON MOJIMMUTKE IMHUTATEIbHBIMI BEIIECTBAMH C KOHTPOIMPYEMOH OOpaTHOM CBS3BIO B

COOTBCTCTBHMHM C HaACTOAIIUM I/I306peT€HI/I€M H Tpu OomocHOM MMOANMUTKE ITUTATCIIbHBIMH



BELIECTBAMH.

®UI'. 11 npexcrasiser coboi rpaduk, MOKa3BIBAIOMIMNA, YTO KYJIBTYpa KIETOK C
oOparHol cBsA3bI0 MOkeT cHIKaTh [ITM Brors 10 50% 110 CpaBHEHMIO C KYJIbTYpPOH KJIETOK CO
cTparerueit 0OIOCHOM MOAUTKH.

MNOJAPOBHOE OITMCAHUE U30BPETEHMSA

Onpenenenus

Hcronp3yemple B JaHHOM JOKYMEHTE (POPMBI CIAMHCTBEHHOTO HUCIA BKIIOYAIOT TAKXKE
(OpMBI MHOXKECTBEHHOTO YUCIIA, €CIIM KOHTEKCT SBHO HE MPEIMUCHIBACT HHOE.

[Tepeunciienne quana3oHOB 3HAYCHUN B JAHHOM JOKYMEHTE IPOCTO MPEAHA3HAYECHO IS
TOTO, YTOOBI CIYXHTh KPATKHM CIOCOOOM HHIMBUAYAJBHOW CCBUIKM HAa Ka)XI0€ OTACIHHOE
3HAYEHUE, MOINAJAOLIee B ITOT JMAla30H, €CIM B JIAHHOM JOKYMEHTE HE yKa3aHO HHOE, U
KaX0€ OT/ICNBHOC 3HAYCHHE BKIIOYACTCS B ONUCAHHWE, KAaK €ClIM Obl OHO OBUIO OTACIBHO
YKa3aHO B JIaHHOM JIOKYMEHTE.

Hcnonp30BaHne TEPMUHA «OKOJIO» MPEAHA3HAUYEHO IS ONMCAHUS 3HAYEHUH BBIIIE WM
HUKC 3asBJICHHOTO 3HAYCHUS B Juara3zone mpudmmsutensHo +/- 10%; B apyrux Bapuantax
peasiM3alliy 3HA4E€HHUST MOTYT HaXOAMThCS B JIMANa30HE MO0 BBIIE, OO0 HIXKE 3asBJICHHOTO
3HAYCHUS B JHAra3oHe MPUOIM3NTENHHO +/- 5%; B Apyrux BapuaHTax pean3allii 3HAYCHHUS
MOTYT HAaXOJIUThCS B JMalniazoHe JM00 BhIlE, JIMOO HIDKE 3asBICHHOIO 3HAYEHUS B [[MANla30HE
npubsm3nTeNnbHO +/- 2%; B APYrHX BapHaHTaxX pEaIM3alUy 3HAYCHHMS MOTYT HaXOIMTHCS B
JMara3oHe JIn0o BBIIIC, IMOO HIDKE 3asBJICHHOTO 3HAYCHUS B JIMATIA30HE MPHUOIM3UTEILHO +/-
1%. Ilpenarnosaraercsi, 9To NpenblIyIHe Uana3oHbl Oy1yT MOHATHB U3 KOHTEKCTA, M HUKAKUX
JIOTIOJTHUTEIIBHBIX OrPAaHMYEHUN He Mpeanonaraercs. Bee cnocoObl, onucaHHbIE B JIAHHOM
JIOKYMEHTE, MOT'YT OBITh BBIIIOJIHEHBI B JIIOOOM ITOJIXOJISIEM MOPSIKE, €CIIM HHOE HE YKa3aHo B
HACTOSIIEM JIOKYMEHTE WM MHOE SIBHO HE IIPOTUBOPEYUT KOHTEKCTY. Mcnomnp3oBanue moboro u
BCEX MPUMEPOB WIN NMPUMEPHBIX (GOPMYINPOBOK (Hanpumep, «Takux Kak»), Mpe/ICTaBICHHBIX B
JTAHHOM JIOKYMEHTE, TPEIHA3HAYCHO TPOCTO JJis JIYUIIEro OCBEHICHHUS H300peTeHUs U He
HaJlaraeT OrpaHUYCHUs Ha 00BeM M300peTeHHs, €ciid He 3asBieHo uHoe. Hu oaHa u3
(GhOpMYIMPOBOK B OINMUCAHWHM HE JIOJDKEH OBITH MCTOJIKOBAHA KaK YKa3bIBAIOIIAs HA 000 HE
3asIBJICHHBIN JIEMEHT KaK CYIIECTBEHHBIH JUISl IPAKTHUYECKOTO TPUMEHEHHS H300peTeHUSI.

TepMuH «OUOMPOAYKT» OTHOCHUTCA K JIOOOMY aHTUTENy, (parMeHTy aHTUTea,
MOU(PHUIIMPOBAHHOMY aHTUTENy, O€NlKy, TJIMKONPOTEHHY WM CIMTOMY O€lKy, a TaKke K
KOHEYHBIM JICKAPCTBEHHBIM BEIIIECTBAM, ITOJYYEHHBIM B IIpoliecce OuopeaxkTopa.

TepMUHBI «KOHTPOJIb» U «KOHTPOJIMPOBAHUEY OTHOCSTCS K PEryJIMPOBaHHIO KOJHYECTBA
WIA YPOBHS KOHIIEHTPAllMM TEXHOJOTMYECKOM TIepeMEeHHOM B KyJIbType KIETOK JI0
IPEBAPUTEIBHO ONPE/IEICHHOTO 33JaHHOTO 3HAYEHUS.

TepMHH «MOHUTOPHMHI» OTHOCHTCA K PEryJIIpHOM IpPOBEPKE KOJIMYECTBA MM YPOBHS
KOHIICHTPAllUM TEXHOJOIMYECKOro IapaMeTpa B KYJIbType KIETOK MM COCTOSHUSA Ipolecca B
KYJIBTYpE KIIETOK.

TepMUH «yCTOMHYHMBOE COCTOSHHE» OTHOCHUTCS K MOJICPKAHUIO KOHHEHTpAaIUU

NMUTATCIIBHBIX BCIICCTB, IMAPAMCTPOB IpOHECCa HJIM KaUCCTBCHHBLIX IIPU3HAKOB B KYJIbBTYPC



KJIETOK Ha HEU3MEHHOM, I[TOCTOSIHHOM MJIM CTabuiabHOM ypoBHE. ITOHATHO, YTO HEM3MEHHBIH,
MOCTOSTHHBIA WM CTAaOWILHBIA yYPOBEHb OTHOCHUTCS K YPOBHIO B IpeAeNax IpeIBapUTENILHO
ONPCACIICHHBIX 3aJlaHHBIX 3HA4YCHUMH. OHpe}IGHGHHBIe 3HA4YCHUA H, CJICHOBATCIIBHO, YPOBHU
YCTAHOBUBIIETOCS COCTOSIHUSI MOT'YT OBITh CMEILEHBI OIIEPaToOpoOM BO BpeMsl KyJIbTHUBUPOBAHUS
KYJIBTYPBI KJICTOK.

Cnoco0b1 Mpou3BOACTBA GHONPOAYKTOB

OauMH W3 BapUAHTOB peAM3alUM 00CCIEUMBACT CITIOCOOBI MOHHTOPUHTA M KOHTPOJIS
OJIHOW WJIM HECKOJBKHMX IEPEMEHHBIX IIpOIecca B KYJIbTYype KIETOK OMOpEakTopa C LEJbIO
YAYYIICHUS KAa4eCTBAa M IOCTOSHCTBA NpoaykTa. [lepemeHHBIE mpolecca BKIIOYAIOT, HO HE
OrpaHU4YMBaIOTCsA MMHU, KOHLICHTPAIIHIO I''TFOKO3bI, aMUHOKHCJIOT, BUTAMHWHOB, q)aKTOpOB pocTa,
0€TKOB, KOJIMYECTBA KU3HECIIOCOOHBIX KIIETOK, KHCIOpoAa, a3ora, pH, koimdecTBa MEpPTBBIX
KJIICTOK, IIATOKUHOB, JIAKTaTa, TMIIOTAMHHA, APYTHX CaxapoB, TAKHX Kak (ppyKTo3a W rajiakrosa,
AMMOHHS, OCMOJIAJIBHOCTD U HUX KOM6I/IHaLII/II/I. B PACKPBIBACMBIX cnocobax u cUcTEMAax
UCTIONB3YIOTCSL  CIIOCOOBI  PAaMAaHOBCKOM  CHEKTPOCKONMU  in Sifu W XEMOMETPHUYECKOTO
MOJICIINPOBaHNA IJist OUCHKHU KYJIBTYPBI KJICTOK B PCKHUMC PCAJIBLHOIO0 BPCMCHU B COYCTAHUU CO
criocobaMu  00pabOTKM  CHUTHAJOB JUII TOYHOW  HENpEepbhIBHOM 0OpaTHOM CBsi3u WU
IMPOTHO3UPYIOUICTO KOHTPOJISA TApaMCTPOB IMCPCMCHHBIX TIPOLCCCAa KYJIBTHBUPOBAHUSA KIICTOK.
PamaHoBCKasi CIIEKTPOCKONHS in Situ COACP)KUMOTO OHOpEaKTOpa IO3BOJISCT AHAIM3HPOBATH
OJIHy WJIM HECKOJIbKO TIEPEMEHHBIX Ipolecca B OuopeakTope 0€3 (U3MUEeCKOr0o HU3BICUCHUS
o0pasia, cojep)kaiierocs B OHOpeakTope, JUIsi TECTHPOBAaHHWA. bmaropapsi HMCIIOIB30BaHHIO
JIAHHBIX B PEAJIBHOM BPEMCHH M3 PaMaHOBCKOW CIIEKTPOCKOIHH, NEPEMEHHBIC Tpolecca B
KYyJIbTYpC KIJICTOK MOT'yT HCIIPCPBIBHO HIIn NMepruoaANvCCKH KOHTPOJIUPOBATHCH, 141
AaBTOMATH3MPOBAHHbIC KOHTPOJJIEPhI € OOpaTHON CBSI3bIO  IOJJICPXKUBAIOT  [1EPEMEHHBIC
npolecca Ha 3a@HHBIX 3HAYCHHUSAX WIIM ITOJICP’KUBAIOT CHEIMalbHBIN IPOTOKOJ IOANUTKHY,
KOTOPBIH IOJIaeT NepeMEeHHbIE KOIMYECTBA areHTOB B OMOPEAKTOp /Ul MAKCHMU3AINK KauecTBa
OMONPOTYKTOB.

PackpeIThie crtocoObl W CHUCTEMBI KOHTPOJIMPYIOT OJIHY MJIM HECKOJIBKO TIE€PEMEHHBIX
mporiecca B MPOIECCe KYJIbTHBUPOBAHHUS KICTOK. TePMHUHBI «KYJIbTYpa KIIETOK» W «Cpeia JUis
KYJILbTUBUPOBAHUA KIJIICTOK» MOIYT HCIOJIB30BATHCA B3aMMO3aMCHIACMO W BKIIIOYAIOT mobdoe
TBEP/IOC, JKUAKOE WM TIOJTYTBEPAOE BEIIECTBO, NMPEAHA3HAYCHHOE Ui TOJJICPKKHA POCTa U
MOAACPKKAHUSA MHUKPOOPTraHU3MOB, KIICTOK WJIM KJICTOYHBIX mmanit. Taxue KOMITOHEHTHI, KaK
MOJIUMIENTH/IBI, Caxapa, COMHM, HYKJICUHOBBIC KHCIIOTHI, KJIETOYHBIN JeOpUC, KHCIIOTHI,
ocHoBaHus, Oydepsl pH, Kucmoposa, a3or, areHTH I MOAYJISIIUNA BSI3KOCTH, aMUHOKUCIIOTHI,
(dakTOpel POCTA, IUTOKHWHBI, BHUTAMHHBI, KOGMAKTOPHI W TUTATEIbHBIC BEIIECTBA MOTYT
NPUCYTCTBOBAaTh B Cpele Ui KYJIbTUBUPOBaHUS KieToK. OIWH BapHaHT pearnu3aliiuu
obecrieunBaeT MpoIecC KyJbTHBHPOBAHUS KJIETOK MIICKOIHUTAIONINX M BKIFOYACT KICTKH HIIH
JVMHAW  KJIETOK  MieKonurtarommx. Hampumep, rmporiecc  KyJbTHBHPOBAHHUS — KJIETOK
MJIEKOTIUTAIONINX MOXKET HCIONB30BaTh KJICTOUHYIO JIMHUIO SIMYHUKOB KHUTAHCKOTO XOMSYKa
(CHO), BeIpallileHHYIO B XUMUYECKH OTIPEICIICHHON 0a3aibHOM cpene.

[Tponiecc KynbTHBHPOBAHMS KJIETOK MOXHO NMPOBOJIUTH B Omopeaktope. buopeakTopsl



BKJIIOYAIOT CHCTEMY IIOCEBHBIX (PEPMEHTEPOB, MMOANUTOYHBIC M HENPEPHIBHBIC OHOPEaKTOPHI.
buopeakropsl Moryr umerh ob6veM oT okosio 2 1 g0 okonmo 10000 n. B ogHOoM BapuaHnTte
peanu3anyu OMOPEAKTOP MOXKET IPEJCTaBIIAThE COO0H OMOpEaKkTOp M3 HEpXKABEIOLICH CTalu Ha
60 1. B apyrom BapmaHTe peanu3aiii OHOPEAKTOp MOMKET IPEIACTABIATH Co00il OuopeakTop
o6bemom 250 1. Kaxplii OMOpeakTop Takke JOJDKCH MOIJEPKUBATh KOJMUYECTBO KIICTOK B
nuamasone or okono 5 x 10° xmerox/mn no mpumepno 100 x 10° kmerox/mu. Hampuwmep,
6HOPEAKTOp HOJDKEH TIOIEPKUBATH KOIMUECTBO KIETOK OT 0koso 20 x 10° xreTox/Mi 10 0Koio
80 kyeTOK/MII.

PackpeIThie C1IOCOOBI ¥ CUCTEMBI MOTYT MOHUTOPHUTH M KOHTPOJIMPOBATH JIF000H aHAJINT,
KOTOPBIN IPUCYTCTBYET B KYJIBTYPE KICTOK M MMEET ACTCKTHPYEMbIH PAMAHOBCKUI CIEKTP.
Hanpumep, cnocoObl HACTOSAIIETO M300PETECHHS MOTYT MCIOIB30BATHCS UISI MOHHUTOPUHTA M
KOHTPOJIS JTI0O0TO KOMIIOHEHTA CPEABl JUISl KyJbTUBUPOBAHUS KJICTOK, BKJIIOYAsh KOMIOHEHTEHI,
J00aBisieMble B KYJIBTYPY KJIETOK, BEIIECTBA, BBIJICISIEMbIE U3 KIETKH, U KOMIIOHEHTHI KJIETKH,
NPUCYTCTBYIONIME NpH TUOETM KICTKH. KOMIIOHCHTHI Cpeibl Ul KYJIbTHBUPOBAHHS KIIECTOK,
KOTOpBIE MOTYT MOHHUTOPHUTHCS W/IIM KOHTPOJIMPOBATHCA PACKPBITBIMH CHUCTEMaMH |
crocobaMy, BKJIIOYAIOT, HO HE OIPAaHUYMBAIOTCS HMMH, [HMTATEIbHBIC BEIECTBA, TaKUE Kak
AMHHOKHUCIIOTHI M BUTAMHUHBI, JIAKTAT, KOPaKTOPHI, (PaKTOPHI POCTa, CKOPOCTH pocTa KIeToK, pH,
KHMCJIOPOJI, a30T, KOJIMYECTBO >KM3HECIIOCOOHBIX KIIETOK, KHCJIOTHI, OCHOBAaHMS, IIMTOKHMHBI,
AHTHUTEJIA U METAOOJIUTHI.

OpuH  BapuaHT pealu3aluyd OOecnedWBacT CIOCOObI MOHUTOPHMHIA U KOHTPOJISL
KOHIICHTPALMil IUTATEIbHBIX BEUIECTB B KyJIbType KiIeToK. lMcrnonb3yemblii B JJaHHOM
JIOKYMEHTE TCPMHUH «IIUTATEIILHOE BEILIECTBO» MOXKET OTHOCUTHCS K JIIOOOMY COEAMHEHUIO UM
BELIECTBY, KOTOPOE 00CCIIeUnBaET MUTAHUE, HEOOXOAUMOE JUIsl pOocTa M BbDKUBaHUS. [IpumMepsl
MIUTATEJIbHBIX BEIIECTB BKIIOYAIOT, HO HE OTPAaHUYMBAIOTCA MMHU, IPOCTHIE caxapa, TaKHe Kak
TJII0K03a, TAIaKTo3a, JJaKT03a, (PYKTO3a WIM MANbT03a; AMUHOKHCIIOTEI, U BUTAMUHBI, TAKHE KaK
BUTAaMUH A, BUTaMuHBI Tpynnbsl B u ButamuH E. B npyrom BapuanTe peanu3anuu criocoObl
HACTOAIIET0 M300pETeHHSI MOTYT BKJIFOUATh MOHMTOPUHT ¥ KOHTPOJIb KOHIICHTPAIIUH TJIIOKO3bI B
KynbType KiIeToK. IlyreM KOHTpOJSi KOHIIEHTpAllMM TIMTATENIbHBIX BEIECTB, HaIpUMED,
KOHIICHTPAIIUH TIIIOKO3bI B KYJIbTYpE KJIETOK, ObIII0 OOHApYXKEHO, YTO OMOIPOYKTHI, TAKUE KaK
0enKu, MOTYT MPOJYIHUPOBATHECS B OOjee HU3KOM JHAIa30HE KOHICHTpAIUi, 4eM 3TO ObLIo
BO3MOXKHO paHee C HCIOJb30BAHUEM CTPAaTErMM  €XKEJHEBHOM OONIFOCHON  MOJIHUTKH
MUTATEebHBIMH BEIIECTBAMH.

Kpome TOro, myreM KOHTpPOJSI KOHIEHTpPAllMKM THMTATEIbHBIX BEIIECTB M Jpyrue
NIepEMEHHBIE Mpoliecca B KyJIbTYpe KIIETOK, CIIOCOObI HACTOAUIETO N300pETEHHSI IOTIONHUTENBHO
o0ecneunBalOT MOAYJSIIIMIO OFHONM WM HECKOJBKHUX IMOCTTPAHCIALMOHHBIX MOAM(UKAIMII
6enka. He Oynyun cBsI3aHHBIMU KaKOW-TMO0 KOHKPETHOM TEOpHUEH, 10ararwT, 4To obecreunBas
Oonee HHM3KME KOHIIGHTpAllMM IIMTATEIbHBIX BEUIECTB B KYJIbTYpE KIETOK, MOTYT OBITh
YMEHBIIECHBl  INOCTTPAHCISIIIMOHHBIE  MoAM@UKauu OenkoB U aHTUTen.  [Ipumepsr
MOCTTPAHCIALMOHHBIX ~ MOJM(UKAIMKA, KOTOpPblE MOTYT  MOJYJMPOBATHCA  HACTOSIIMM

I/I306peTeHI/I€M, BKJIKOYAOT, HO HC OrpaHUYMBAIOTCA UMU, TTIMKHUPOBABUC, TJIMKO3WJIMPOBAHUC,



anernivposanue,  ¢ochopuupoBanue,  aMHIMpOBAHHE,  JEPUBATH3ALMS  H3BECTHBIMHU
3aIMTHBIMU/OJIOKHPYIOUIUMH TPYIIIIAMH, IPOTEOJIMTHYECKOE PACHICIICHHE U MOJUPUKALIUS HE
BCTPCYAIOLIMMHUCS B IIPUPOJIC aMUHOKUCIOTaMU. B Ipyrom BapuanTe peaiau3aluy MpeiIoKeHbI
CIOCOOBI M CHUCTEMBI JIJIS MOIYJIMPOBAaHUS TIMKUpoBaHus O6eika. Hapumep, oGecrieunBast 6oiee
HU3KHE JMANa30Hbl KOHIEHTPALMI TJIIOKO3bI B Cpee IS KyJIbTHUBUPOBAHUS KJIETOK, YPOBHH
IIIMKAPOBAHUS B CEKPETUPYEMOM O€JIKEe MM AHTUTEIE MOTYT OBITh CHHUXXEHBI B KOHEYHOM
OHOTIPOYKTE.

OUTI. 1 npexncraBisier coO0i OJIOK-CXEMY MMOCIICI0BATCIILHOCTH ONEPALUH TPUMEPHOTO
crioco0a KOHTPOJISL OHOM MIIM HECKOJIBKMX TICPEMECHHBIX HPOLecca, HAIPUMEpP, KOHIICHTPALMH
IUTATEIBHBIX BELICCTB, B KYJIBType KIETOK Omopeaktopa. [IpeaBapuTesibHO OIpeac/ieHHBIC
3HAYCHUS JUIS KAKIOW U3 TEPEMEHHBIX NPOIECcCa, KOTOPHIC IOJDKHBI MOHUTOPHTHCS U
KOHTPOJHMPOBATHCSA, MOTYT OBITh 3allpOrpaMMHpOBaHBl B cHUcTeMe. llpemycranoBiieHHBIC
3aJlaHHBIC 3HAUCHUS TIPEACTABISIOT KOJUYECTBO IEPEMEHHBIX MpOIecca B KYJIbTYPE KIICTOK,
KOTOpOE JIOJDKHO TIOAJICPKHMBATHCA WM KOPPEKTUPOBAaTHCS B TEUYCHHUE BCETO IMpoIiecca.
KonienTpanus riioKo3bl SBISETCS OJHUM W3 NPUMEPOB ITHTATEIFHOTO BEIIECTBA, KOTOPYIO
MOKHO KOHTPOJIMPOBATh U MOAYJINPOBaTh. Kak kpaTko 00Cy*1anoch BhILIE, ObLIIO OOHAPYKEHO,
470 OMOIPOAYKTHI (Hampumep, OCJIKH, aHTHUTEJA, CIAUTHIE OCIKHU M JIEKapCTBEHHbIE BEILECTBA)
MOTYT TIPOJYIIMPOBATHCS KJICTKAMH B Cpelie Ui KYJIbTUBHPOBAHHUS KYJIBTYPHI, KOTOpas
COJZICP)KUT HU3KHE YPOBHM TIIIOKO3BI 10 CPAaBHCHHIO C KOHIICHTPAIMSMH TJIIOKO3BI B CpeJie C
WCIIOJIb30BAHUEM CTPATeTUM I10/Ia4M CYTOYHOM OOJIOCHOW /03Bl MHUTATENIbHBIX BEllecTB. B
OJIHOM BapHaHTe pEaIU3alluy OIPEJCICHHOE 3aJlaHHOE 3HA4YCHHWE Ul KOHIICHTPALMH
IIUTATEILHBIX BEIIECTB SIBIIICTCS CaMOW HU3KOM KOHIEHTpAaIMeH NHMTaTeIBLHOTO BEIIECTBA,
HEOOXOMMOH ISl pOCTa M Pa3MHOXKCHMS JIMHUHU KIIETOK. PacKpbIThbie CIOCOOBI M CHUCTEMBI
MOTYT BBOJIUTH MHOXXECTBO HEOONIBIIMX /03 IUTATENbHBIX BEIIECTB B Cpeay Ul
KyJbTUBHUPOBAHHUSA KJIETOK B TEYEHHE OIPE/CIICHHOrO [EpPHo/a BPEMEHH WM MOTYT
o0ecrieynBaTh TMOCTOSIHHBIM TMOTOK TTHTATENLHOTO BEIIECTBA B CPERY U KYJIBTHBHUPOBAHUS
KJIETOK. B HEKOTOPBIX BapHAHTAX peaTU3aIly IMPEIBAPUTEIBHO 3aJlaHHOE 3HAUYCHUE MOXKET
OBITh YBEJIMYEHO HMJIM YMEHBIICHO BO BPEMS IMPOIECcca, B 3aBUCHMOCTH OT YCJIOBHH B Cpe/Ie s
KyJbTUBHPOBAHUS  KJIETOK. Hampumep, eciu  TpeABAPUTEIBHO  33/IaHHOC  3HAYCHUE
KOHIICHTPAIIUN TIMTATEIFHBIX BEIIECTB TPWUBOJNT K THUOENH KIETOK WIW HEONTHMAJIHHBIM
YCIIOBHSIM POCTa B Cpe/ie /ISl KyJbTHBHPOBAHMUS KIIETOK, MPEIBAPUTENHHO 33/IaHHOC 3HAYCHUE
MOXeT OBITh yBENMYeHO. TeM He MeHee, KOHIICHTPAITMIO IHTATEeIbHBIX BEHICCTB CIEYeT
TIOJ/ICP)KUBATh HA TPE/IBAPUTEIBLHO 33/IaHHOM 3Ha4eHWH oT okojo 0,5 /1 mo okomno 10 r/n. B
JIPYTOM BapHaHTE peaju3alyy KOHUEHTPALUIO MUTATEIbHOIO BEIIECTBA CIEAYET MOACPKUBATH
Ha TIPEBAPUTEIBHO 3aJaHHOM 3HaueHHH OT okono 0,5 1/n mo oxono 8 r/m. B eme ogHOM
BapMaHTE peaju3alluy KOHIEHTPAIUI0 TUTATELHOINO BEIECTBA CHENYeT IOAJEPKUBATh Ha
MIPEABAPUTEIIHHO 3a/IAaHHOM 3HAUYE€HUM OT OKoJyio 1 1/1 0 okoso 3 r/n. B eme ogHoM BapuanTe
peaiM3allud  KOHIEHTPAI[MI0  NUTATEJbHOTO  BELECTBA  CIEAYyeT  MOJJACpKHUBaTh  Ha
IIPE/IBAPUTENBHO 33aHHOM 3HAYEHUM OKOJO 2 I/f. DTH IMpe/IBapUTENIbHO 3aJJaHHbIC 3HAUCHMUS,

10 CYIIECTBY, 0OeCreunBaloT 0a30BbI YPOBEHb, NPU KOTOPOM KOHIEHTpallUs MUTATEIBHBIX



BELIECTB JOJDKHA ITOAAEPKUBATHCS Ha IIPOTSHKEHUH BCETO IIpoLiecca.

B onHoM BapuaHTe peaiM3allid MOHUTOPUHI OJHOM MJIM HECKOJIBKUX IEPEMEHHBIX
[IpoLecca, HalpuMep, KOHLIEHTPALMM IHTATEJIBHBIX BEILIECTB, B KYJIbTYPE KIIETOK IPOBOMST
IIOCPEICTBOM paMaHOBCKOM criekrpockonuu (cragus 101). PamanoBckas CeKTpoCKONusi - 3TO
dopma  BUOpaLlMOHHON  CHEKTPOCKOIIMH, KOTOpas  IIpefocraBisger HUHopManuio o
MOJICKYJISIPHBIX ~ KOJICOAHMSAX, KOTOPYIO MOXKHO MCIIONIB30BaTh MM HIACHTU(UKALMH U
KOJIMYECTBEHHOI'O OIpesieieHuss 00pa3ioB. B HEKOTOPBIX BapuMaHTax peajln3allud MOHUTOPHHI
MIEPEMEHHBIX HPOLECCca BBIIOJIHACTCSA C UCIOIb30BAHHEM PaMaHOBCKOW CHEKTPOCKOIUU in Situ.
PamanoBcku#i anaims in situ - 3T0 cioco0 aHainza o0pasla B €ro UCXOAHOM MECTOIOIOKCHUN
0e3 HeoOXOAMMOCTH M3BIICUYCHUS 4acTH oOpasiua [Jis aHaiu3a B PAMaHOBCKOM CIIEKTPOMETpE.
PamanoBCKkuil aHanu3 in situ BBITOJEH TEM, YTO CIEKTPOMETPHl paMaHOBCKOW CIEKTPOCKOIIUU
HEWMHBA3MBHBI, YTO CHIDKACT PHUCK 3arps3HEHUs M HE paspyLIMTENieH, HE BIMAET Ha
YKU3HECITOCOOHOCTh KYJBTYPhI KIIETOK MIIM KauecTBO OeliKa.

PamanoBckuil aHanu3 in Sify MOKET 00ECIICUUTDH OIICHKY B PEajJbHOM BPEMCHU OJIHOM
WIM HECKOJIbKMX IIEPEMEHHBIX IIpoliecca B KylbTypax kierok. Hampumep, HeoOpaboTaHHbIE
CIIEKTPaJIbHBIE JIAHHBIC, MOJYYEHHBIE C TIOMOIIBbIO PAMAHOBCKOM CIEKTPOCKOIINH iR Sifu, MOXKHO
UCIIOJB30BaTh JUIsl TIOJYYEHUS] W MOHMTOPHMHIA TEKYIIEro KOJMYECTBa KOHIICHTPALUH
MUTATEJIBHBIX BEIIECTB B KYJBType KIeTOK. B 3Tom acmekre, uToObl rapaHTHpOBaTh, 4TO
HeoOpaOOTaHHbBIE CIIEKTPAJIbHBIE JAHHBIE TTOCTOSSHHO OOHOBIIAIOTCS, CIIEKTPAJIbHBIC JaHHBIC U3
pPaMaHOBCKOM CIIEKTPOCKOIIMU JTOJDKHBI CHUMAThCS IPUMEPHO KaxKzble oT 10 MuHYT /10 2 4acos.
B npyrom Bapuanrte peanu3anuu CIEKTPaabHbIC TaHHBIC JODKHBI CHUMAThCS IIPUMEPHO KaXJIbIC
ot 15 munyT 0 | yaca. B eme ogHOM BapuaHTe peaiv3alvy CIEKTPAIbHbIC JAHHBIE JIOJKHBI
CHUMATHCSI IPUMEPHO Kaxibie oT 20 MuHyT 10 30 MUHYT.

B 3TOM acniexte MOHUTOPHHT OJTHOW WIIM HECKOJIBKUX ITEPEMEHHBIX NPOIIECCa B KYJIBTYpe
KJIETOK MOYKHO aHAJIM3MPOBATh C IMOMOIIBIO JIFOOOT0 KOMMEPYECKH TOCTYITHOTO PaMaHOBCKOTO
CTIIEKTPOCKOITUYECKOTO aHAIU3aTopa, KOTOPBIA TO3BOJISIET IPOBOJIUTH PAMAaHOBCKMM aHAIU3 in
situ. PaMaHOBCKMU aHaAMM3aTrop in Situ JODKEH OBITH CIOCOOEH TOJy4daTh HEoOpaOOTaHHBIC
CTIIEKTpaJIbHBIC JIAHHBIE B KYJIBTYPE KJIETOK (HalpuMep, pAMaHOBCKHUH aHATIU3aTOP JIOJKEH OBITH
cHaOXKeH 30H/I0M, KOTOPBII MOXeET ObITh BCTaBleH B OuopeakTop). Ilojxosamnie pamaHOBCKHeE
aHAJIM3aTOPbl BKJIIOYAIOT, HO HE OrpaHU4YMBAIOTCS MMM, aHanu3zatopbl RamanRXN2 u
RamanRXN4 (Kaiser Optical Systems, Inc.Ann Arbor, MI).

Ha craguu 102 nHeoOpaOoTaHHBIE CHEKTpaJbHbIE AaHHBIC, IOJIYYEHHBIE C IOMOIIBIO
paMaHOBCKOW CITEKTPOCKONMHU i1 Sifi, MOXHO CpPaBHUThb C AaBTOHOMHBIMU H3MEpPEHUSMU
KOHKPETHO! IIepEMEHHOU ITpolrecca, KOTopasi J0KHA MOHUTOPHUTHCA WM KOHTPOJIMPOBATHCS
(HampuMep, U3MEPEHHs KOHIICHTPAlUU NMUTATEIbHBIX BEIIECTB B ABTOHOMHOM PEKUME), UTOOBI
COMOCTaBUTh MHKH B CHEKTPalbHBIX JAHHBIX C IEpeMeHHON nporecca. Hampumep, eciu
IIEpEMEHHas Tpoliecca, KOTopas J0JKHA MOHUTOPHTHCS MM KOHTPOJIUPOBATHCSA, IPE/ICTABIIAET
COOOH KOHIEHTPAIMIO TIIOKO3bl, U3MEPEHNS KOHLECHTPALUU TNIIOKO3bI B ABTOHOMHOM PEXHME
MOTYT MCIOJIb30BaThCs JUIA OMpPENENICHHsT TOr0, KAaKUe CIEKTPalbHbIE O0JacTH IOKA3bIBAIOT

CUTHAJ IJI0KO3bl. JlaHHBIE M3MEpEeHUIl B aBTOHOMHOM PEXMME MOTYT OBITH cOOpaHb! JIFOOBIM
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HOAXO/ISALIMM aHATUTUYECKUM citocobom. Kpome Toro, 000# TUI nakeTa MyJIbTHBAPUAHTHOTO
nporpamMmuoro obecriedenus, Harnpumep, SIMCA 13 (MKS Data Analytic Solutions, Umea,
Sweden), MOXKET HCIIOJIB30BATHCA Il KOPPEIISALIUH IIMKOB B MCXO/HBIX CHEKTPAIbHBIX JTAHHBIX C
ABTOHOMHBIMH ~HM3MEPCHMSIMH  KOHKPETHOM IIEPEMEHHOH Iporecca, KOTOopas [IOJDKHA
MOHUTOPHUTHCS MM KOHTPOJIMPOBaThCs. OJlHAKO, B HEKOTOPBIX BapHaHTAX pealu3alliyd MOXKET
notpeboBaTeCsl  mpeaBapureibHas o0paboTka HeoOpaOOTaHHBIX — CHEKTPAIBHBIX  JAHHBIX
CHEKTPAIBHBIMU  (QUIBTPAMHU ISl YAICHUS JIIOOBIX W3MCHSIOMMXCS 0a30BBIX JIMHUIL.
Hanpumep, HeoOpaGoTaHHBIC CHIEKTPATBHBIC JAHHBIC MOT'YT OBITh NMPEABAPUTEIBHO 00padOTaHbI
JTIOOBIM THIIOM TEXHHKH CIJIQKMBAHHUS TOYCK WM TEXHUKON Hopmamuzanuu. Hopmanwmsanus
MOXET MOTPeOOBATHCS ISl KOPPEKTUPOBKH JIIO0Or0 M3MEHEHHSI MOIIHOCTH Jia3epa M BPEMCHH
JKCIO3UIMU C IIOMOIIbIO PaMaHOBCKOI'O aHaju3aropa. B ogHOM BapuaHTe peann3aluu
HEOOpabOTaHHBIC CHEKTPAIBHBIC JAAHHBIC MOTYT O0padaThIBATHCS TOYCYHBIM CIIIAKHBAHUEM,
TaKUM Kak |-s IpOM3BOJIHASA C TOYCHHBIM CIIAKUBAHUEM 2lem’™, n HOpMAaJlM3alued, TaKOM Kak
HOpMaJIM3aIMsi  CTaHAAPTHOTO  OTKJIOHCHUS  CIIyJYAaHOHW  BEIMYMHBI C  HOPMAaJbHBIM
pacnpeaenenuem (SNV - anrn. “Standard Normal Variate™).

XeMOMETPHUYECKOE MOJICITUPOBAHUE TAKXKE MOKET OBITh BEINOIHCHO Ha IMOJYYCHHBIX
CTIICKTPATGHBIX JIAHHBIX. B 9TOM acrmeKkTe OJWH WM HECKOJbKO MHOTOBAPHAHTHBIX CIOCO0OB,
BKJIIOYast, HO HE OrpaHMYMBAsICh UMH, IpoOHbIc HauMeHbinue kBaaparsl (JJHK), anamms rimaBHbIx
komrnoneHT (AI'K), oproroHaibHble  JpoOHble  HamMeHbline  kBajapatsl  (O/IHK),
MYJIbTUBAPHAHTHAS PErpeccHs, KaHOHMYECKAss KOPPEJsius, (pakToOpHbI aHAN3, KIACTCPHBIH
aHanu3, rpaduyeckue MpoIeaypsl M T.al., MOTYT OBITh HCIIOIb30BaHbl OTHOCUTEIHHO
CIIEKTPAIbHBIX JIAHHBIX. B 0/IHOM BapuaHTe peanu3alvy IOJXY4ECHHBIC CIIEKTPaJbHBIC JIAHHBIC
UCIIONIB3YIOTCSL JUIsl co3paHust mozaenu perpeccun metojgom IHK. Mopens perpeccun /JJHK
MOXeT OBITh CO3/iaHa IyTeM IMPOCHUPOBAHMS INPE/ICKAa3aHHBIX MEPEMEHHBIX U HaOIOAaeMBbIX
TIEPEMEHHBIX B HOBOE IpocTpaHcTBO. B arom acnekre moxens perpeccun JJHK moxer OwbIiTh
CO3/1aHa C MCTIOJNIb30BAaHUEM 3HAYCHUN M3MEPEHUs, MOJTYYEHHBIX M3 PAMaHOBCKOTO aHAIW3a U
3HAYEHUU W3MEpPECHUsI B aBTOHOMHOM pexkume. Mogaens perpeccun JIHK mnpenocrasmsier
MIPOTHO3UPYEMbIE 3HAUEHHUS IPOIEecca, HAIpUMep, MPOTHO3UPYEMBbIC 3HAUCHHUS KOHICHTpAalUH
MTUTATEIIBHBIX BEIIECTB.

[Tocne XeMOMETpHUUYECKOTO MOJICIIUPOBAHUS CIIOCO0 00pabOTKHM CHUTHAA MOXKET OBITH
NPUMEHEH K MPOTHO3UPYEMBIM 3HAYSHHSIM TIpoliecca (HarpuMep, TPOTHO3UPYEMBIM 3HAUCHHSM
KOHIIEHTPAIUY MUTATEIbHBIX BenlecTB) (ctaauu 103). B oqHOoM BapuaHTe peanu3alii METOIUKA
00pabOTKM curHana BKJIIOYAeT METOJUKY UIYMOIojiaBieHus. B 5Tom acnekre OIuH WM
HECKOJIbKO METOJIOB IIYMOIO/IaBIEHUSI MOTYT IPUMEHATHCS K IPOTHO3HPYEMBIM 3HAUCHUSM
mporecca. MOoKeT ObITh HUCIOJIB30BaH JIHO0OM Crmoco0 IIyMOTIONIaBICHUS, W3BECTHBIN
crenuagucTaM B JlaHHOM oOsacTy TexHuku. Hampumep, crnoco® wmIyMOnoJaBieHHs MOXKET
BKJIFOUATh CIIQKUBAHWE JaHHBIX W/MIM ToJaBieHue curHana. CriakuBaHUE JIOCTHTAeTCs C
MIOMOIIBIO Psiia AITOPUTMOB CIVIAXKUBAHUS U (QWIBTPOB, B TO BPEMs Kak IPU IO/IaBJICHUU
CUTHAJIa MCIONb3YIOTCS XapaKTEPUCTUKK CHUTHAIA JJIS MIACHTH(QHUKAIMN JTAaHHBIX, KOTOPbIC HE

Clie/lyeT BKJIKOYATh B aHAIM3HUPYEMble CIIEKTpajbHbIC JaHHBIC. B OHOM BapuaHTe peanusaiiu
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[POTHO3UPYEMbIE 3HAYEHHs I[Ipolecca SBIAIOTCA IIYMOM, YMEHBIICHHBIM  (HIBTPOM
mymonoaBineHus. OuiIbTp IMIYMOIOJABICHUS IPEJOCTaBIAeT KOHEYHBIE OT(QUILTPOBAHHBIC
3HAa4YCHUs IIporecca (HANpUMEp, KOHEYHBIC OT(QHIBTPOBAHHBIC 3HAYCHHUS KOHICHTPALMU
NUTATEIbHBIX BEIIeCTB). B  3TOM acnekre crocod LIyMONOAABICHHUS  OOBEAMHSACT
HeoOpaboTaHHbIE U3MEPEHHS C OLICHKON HAa OCHOBE MOJICJIM TOTO, YTO U3MEPEHHUE JOJDKHO JIaTh
B COOTBETCTBMM C MOEIbI0. B oHOM BapuanTe peanu3aluyd CIOCOO IIyMOIOJaBJICHHUS
O0BEIMHACT TEKYLIee IPOrHO3UPYEMOE 3HAYCHME IIPOLlecca C €ro HEONPEACICHHOCTSMHU.
Heomnpenenennoctu MOryr OBITH ONpECIICHBl TOBTOPSIEMOCTHIO IPEACKA3aHHBIX 3HAYCHHM
nporecca M TEKYHMIMX yciaoBui mporecca. Ilocie Toro, kak OyAeT NHONYYEHO CICHYIOLICe
IIPOrHO3MPYEMOE 3HA4YEHUE IIpollecca, OLEHKAa IPOTHO3UPYEMOI0 3HAYEHUs IIpoilecca
(HarpuMmep, POTrHO3UPYEMOI0 3HAUEHUS KOHIIEHTPALMU [IUTAaTEJIbHBIX BEIIECTB) OOHOBIISIETCS C
UCTIOJIB30BAaHUEM B3BCUICHHOTO CPEAHETOo, rae OonbIMi BeC NPUAACTCS OLICHKaM ¢ Ooiee
BBICOKOM JIOCTOBEPHOCThIO. MCronb3yss HWTEpaTHMBHBIM I10/IXOJl, OKOHYATEJIbHbIC 3HAYCHMUSI
mporecca MOTYT OOHOBIIITECS Ha OCHOBE MPEABIAYIICTO H3MEPEHHUS M TEKYIIMX YCIOBHIM
npoiiecca. B 3ToM acriekTe anropuTM JIOIDKCH OBITh PEKYPCUBHBIM U CIIOCOOCH paboTarh B
PEKMME pEalbHOrO BPEMEHHM, 4YTOOBI HCIIOJIB30BAaTh TEKYILEE ITPOrHO3ZUPYEMOE 3HAUYCHME
npolecca, IpPeIblylee 3HAUEHUE U DKCIIEPUMEHTANILHO OIpe/iesieHHble KOHCTaHThl. Criocod
LIIYMOIIO/IaBJICHUS NTOBBILIAET HAIECKHOCTh M3MEPEHUI, ITOJYyUEHHBIX U3 paMaHOBCKOI'O aHaJIN3a
u mpornozoB JIHK, 3a cuer cHmwkEHHsS I1IymMa, Ha KOTOpPBIM OyJIeT BO3JEHCTBOBATH
ABTOMATUYECKUI KOHTPOJLIEp OOpaTHON CBSI3H.

[Tocne mosy4yeHus: OKOHUYATENIbHBIX OT(QWIBTPOBAHHBIX 3HAYECHUH Ipoliecca (Harpumep,
KOHEYHBIX OT(QHMIBTPOBAHHBIX 3HAYCHUH KOHICHTPALMM ITMTATCIBHBIX BEIIECTB) KOHEYHBIC
3HAYEHHUs] MOTYT OBbITh OTIIPABJIEHBI B aBTOMATHMYECKHI KOHTPOJUIEP OOpaTHOM CBS3U (CTamus
104). ABTomMaTuyeckuii KOHTpoJIIep OOpaTHOM CBSA3M MOXET HCIOIB30BATHCS JUISI KOHTPOJIS U
MIOJ/IEp)KaHusl TIEPEMEHHOM Tporecca (HarmpuMep, KOHIEHTPAIlMK IUTATEIbHBIX BEHIECTB) Ha
MIPEABAPUTEIILHO OINPEICICHHOM 33/IaHHOM 3HAY€HUU. ABTOMATHYECKUN KOHTPOJUIEp 0OpaTHOU
CBSI3M MOXET BKIIOYATh JIIOOON TUI KOHTPOJIIEPa, KOTOPBIH CIOCOOEH BBHIYUCIATH 3HAYCHHE
OIMOKM KaK Pa3HOCTh MEXJy KeJIaeMbIM 33JJaHHBIM 3HA4YCHUEM (Hanpumep, TPeBAPUTEIIHHO
3aJJaHHOE 3HAu€HUE) M M3MEPEHHOM IepeMEeHHON Tpoliecca W aBTOMATUYECKH MPUMEHSThH
TOYHYIO M OT3BIBYMBYIO KOppekinio. KoHTposuiep aBTOMaTH4ecKOoW OOpaTHOW CBSI3U TakKke
JIOJIKEH UMETh 3JIEMEHThI KOHTPOJIS,, KOTOPhIE MOYKHO W3MEHSTh B PEKHUME PEAIbHOTO BPEMEHHU
u3 uHTepdeiica muardopmel. Harpumep, aBromaTuueckuit KOHTPOJUIEp OOPATHON CBA3M JIOJIKEH
UMETh TO0JIb30BATENLCKUM HHTEpPEc, KOTOpHI MO3BOJIIET PETyJIUpOBaTh MPE/IBAPUTEIBHO
3a/laHHoe 3HadyeHue. KOHTpoJiep aBTOMAaTHYECKOM 0OpaTHOM CBSI3U JIOJDKEH OBITH CIOCOOCH
pearnpoBaTh Ha U3MEHEHUE MPEABAPUTENBHO 3aJJaHHOIO 3HAUCHMSL.

B onHOM BapumaHTe peaqu3anyiil aBTOMaTUYECKHM KOHTPOJUIEP OOpaTHOM CBSI3M MOYKET
OBITH MPOMOPLUOHATBHO-UHTETpATbHBIM U deperimanbabiM (ITN]]) perynstopom. B sTtom
acniekte [IW/[-perynsrop pabGoTaeT s BBIYHCICHUS PA3HOCTH MEXAY IIPEIABAPUTEITHHO
OTIPEJICTICHHBIM 3HAUYCHUEM M H3MEPEHHOM IIepeMEHHOM Tmpoliecca (Hampumep, U3MEpeHHOU

KOHIICHTpAIlMEN MUTATEIbHBIX BEIIECTB) W ABTOMATUYECKH IIPUMEHSAET TOYHYIO KOPPEKIIHIO.
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Hanpumep, korpa HeoO0X0AMMO KOHTPOIHPOBATh KOHICHTPALMIO IUTATEIbHBIX BEILECTB B
KyneType Kietok, ITHJI-perynsrop Moxker ObITh B COCTOSHUH pPacCUHTaTh Pa3HUILY MEXKIY
OT(l)I/IHBTpOBaHHLIM S3HAQYCHUCM [IUMTATCIIBHOI'O BCIUCCTBA W IIPCABAPUTCIIBHO 3dldHHBIM
3HAa4YCHUECM U O6CCH€‘{I/ITL KOPPCKLUIO B KOJIUYCCTBC IMUTATCIBHBIX BCUICCTB. B »tom acnekte
[MU-perynarop MoOXeT OBITH ONEPATUBHO TOAKIIOUEH K IHTATeIbHOMY Hacocy Ha
OuopeakTope, TaKk YTO KOPPEKTUPYIOIIEE KOJIMUYECTBO ITMTATENIBHOTO BEIIECTBA MOXKET OBITH
3aka4aHo B Ouopeakrop (craaus 105).

[TocpeacTBOM MCIONB30BAHUSI PAMAHOBCKOTO aHAIM3a B PCATHbHOM BPEMEHU U KOHTPOJIS
¢ 00paTHOM CBSI3bI0 CHOCOOBI HACTOSIIETO H300PETEHUS CIIOCOOHBI 00CCIICYHUTD HETPEPHIBHYIO
IMOHMKCHHYIO KOHLCHTPALUIO IMHTATCIIbHBIX BCHICCTB JIA KYJIBTYPbI KJICTOK. Taxum 06p330M,
CIOCO0 HACTOSIIETO H300PETCHUSI CIOCOOCH 00ECIICUNUTh YCTOWYNBOE TOOABICHUE TTUTATEIIBHBIX
BEIICCTB K KYJIBTYpE KIECTOK. B OZHOM BapuaHTe peai3auui I MOLACPNKAaHWUS 3aJaHHON
KOHIICHTPALIUX ITUTATCIIbHBIX BCIICCTB, IMUTATCJIIBHBIC BCIIICCTBA MOTYyT HCIIPCPBIBHO
3aKaYMBAThCA B KICTOYHYIO KYJIBTYPY Yepe3 IHMTATSIbHBI HACOC B TCUCHHE ONPEACICHHOTO
nepuosia BpeMeHu. B apyrom BapmaHTe peanm3aliiyd IMUTATCIBHBIC BEHICCTBA MOTYT OBITh
J100aBJIEHBI K KJIETOYHON KYJIbTYpe depe3 IMUTaTelbHbIi Hacoc B paboueM 1ukie. Hampumep, B
9TOM acCIICKTC IIO63BJI€HI/I€ MUTATCIIBHBIX BCHICCTB MOKCT OCYHICCTBJIATHECA C IICPCPhIBAMU HUJIHU
IPOMCXOIUTH MEPUOTNICCKY B TCHCHHE HEKOTOPOTO MEPHO0/Ia BPEMEHH.

PackppiThie c110COOBI U CHUCTEMBI TaKXKE IIO3BOJIAIOT IPOM3BOAUTH OHOIIPOIYKTHI B
KyJIbTYpalIbHOM Ccpele, KOTopas COACPXKUT Oojiee HU3KMM JMarna3oH  KOHIEHTPAIHH
MUTATCIIBHBIX BCHICCTB, HAIIPpUMCP, AHAINA30H KOHLIGHTpaIII/IfI TJIFOKO3bI, HCM KOHLICHTPAILUU
IIATATEIbHBIX BELIECTB B KYJbYTPAIBHON CpPElE, C HCIIOIb30BAHUEM CTPATETHH €XKCIAHEBHOU
OOJIIOCHOM TOANWTKM MNUTATEJbHBIMUA BemlecTBamMu. B ogHOM BapuanTe peaim3anuu
KOHIICHTPAIIUH MUTATEIbHBIX BENECTB, HATIPUMEP, KOHIIEHTPAIIUH TIIIOKO3BI, TI0 MEHbINEH Mepe,
Ha 3 1/11 HUXKe, 4eM Ipu OOJIFOCHOM NoJnuTKe. B ApyroM BapmaHTe pealn3aliié KOHIICHTPAIUU
MUTATCIIBHBIX BCHICCTB, HAIIPUMED, KOHIICHTPAIIUX TI'TFOKO3bI, ITO MEHBIIEH MEPE, Ha 5r1/n HWXE,
YEM KOHHOCHTpAalWHu MUTATCIIbHBIX BCUHICCTB B KyanypaHBHOﬁ Cpeac, IMIMONYYCHHBIX C
HCIIOIB30BAHUEM OOJIIOCHOM IIOAINMUTKHU ITUTATCJIBHBIMHU BEIIIECCTBAMU. B CIIC O/THOM BApPHAHTC
peai3an KOHICHTpalUuM IMUTATCIbHBIX BCIICCTB, HAIIPUMCP, KOHICHTPAIMMU TJIIOKO3bI, IIO
MEHBIIIEeH MEpE, Ha 6 /1 HHUXKC, Y€M KOHHCHTpaAlUMM TNHTATCIBHBIX BCIICCTB, MONYYCHHBIC C
HCIIOIB30BaHUEM OOJIFOCHOM IIOAIMUTKHY ITUTATCIBHBIMHU BCIIICCTBAMU.

Kpome Toro, Oonee HU3KHE KOHIEHTpPAIMK IMUTATEJNbHBIX BEHIECTB B KYJIbTypajbHOU
cpeae W MOOaBIICHWE B CTAllMOHAPHOM COCTOSIHWH, JIOCTUTAEMBIC PACKPBITHIMU CHUCTEMaMH |
croco0aMu,  TO3BOJISIIOT  CHU3UTH  MOCTTPAHCIISIIMOHHYIO  MOAU(PUKAIMI  OCITKOB W
MOHOKJIOHQJIbHBIX aHTHUTEN. B OMHOM BapMaHTE peann3aliid PacKpbIThIE CIIOCOOBI U CHCTEMBbI
o0ecreunBalOT BBEJCHHE ITMTATEIBHBIX BEIIECTB OKOJIO MIM CO CKOPOCTBIO, C KOTOPOM
IIUTATENIbHBIE BEIIECTBA MOIJIOUIAIOTCS WK MOTPEOAIOTCS KIeTKaMu B KyaeType. IlocTtosiHHOE
700aB/ieHNE ManibIX 03 IUTATEIbHBIX BEIIECTB C TEYCHMEM BPEMEHH I03BOJISIET IOIYYaTh
OMOTPONYKTHI, WMEIOIME Oojice HHU3KHE YPOBHH ITOCTTPAHCIALIMOHHBIX MOAM(UKALNH,

HanpumMep, 0osiee HU3KHE YPOBHM INIMKHUPOBaHUS, IO CPABHEHHIO CO CTAaHIApTHOM OOIOCHOU
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HOJIUTKON. BaxkHo, 4TO MOCTOSIHHOE 100aBjICHHUE NMOHIKEHHBIX KOHLEHTpALMHA MUTATEIbHBIX
BEIIECTB HE BJIMSAET HA BBIPAOOTKY aHTUTEN. B ogHOM BapuaHTe peajin3allii yMEHBIICHHBIE
KOHIICHTPALIMM NHTATCIBHBIX BEILECTB OOCCIIEYMBAIOT YMCHBIICHUE I1OCTTPAHCISILIMOHHOM
mMogudukanuu Ha 