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B OMOpeakTop, NMpH A3TOM YCIOBUS B OHOpEaKTOpe MO3BOJSIOT KYJIBTYpe KIETOK IPOAYLHPOBATH
npencrapistomuit uaTepec Oemok (Mb), m3mepenne TexHomormueckux mapameTpoB (TII) KymbTypsr
BHYTpPHU OMOPEaKTOpa ¢ HOMOIIBI0 PAMaHOBCKOH CIIEKTPOCKOIHH, IPH 3TOM TEXHOJIOTHUECKHE TapaMeTpPhI
BBIOMPAIOT W3 TPYMIbI, COCTOSIICH W3 KOHICHTPAIMA IUTATCIBHOTO BEIICCTBA, KOHIICHTPAIUU
JKU3HECIIOCOOHBIX KJIETOK W aTpuOyTOB OejKa, H3MepeHHe IIpeIBApUTEIbHO 3aJaHHOH MaccChl
OuopeakTopa ¢ KylIbTypoH KJIETOK, ylaJleHHE OECKIETOYHOH HCTOIIEHHOW NMUTATebHOW Cpenbl W3
KyJIBTYypbl KJIETOK C TPHUMEHEHHWEM INEpBOIl BBIBOJHOI TpPyOBI NMpHM NEPBOM HOMHHAIBHOM pPAacXole,
yHAJICHHE KIETOK M3 KYIBTYPHl KJIETOK C INPUMEHEHHEM BTOpPOIl BBIBOZHOH TpyOBI IPH BTOPOM
HOMHHAJIBHOM Pacxojiec ¥ BBEJICHHUE OTHOIM MM 00EMX M3 CBEXKEH IUTATENBHOM Cpeibl ¥ MUTATEeIbHBIX
BEILECTB B KyJBTYPY KJIETOK C IPUMEHEHHEM BBOJHOI TPyOBI IPH TPEThEM HOMUHAIBHOM PacXoje.
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OIIMCAHHUE U30BPETEHHUSA
2420-561954EA/019
NEP®Y3UOHHBIIA BHOPEAKTOP H CBA3AHHBIE C HUM CIHOCOBBI
INPUMEHEHUMS

ITEPEKPECTHAA CCBIJIKA HA POJICTBEHHVYIO(BIE) 3AABKY (1)

[001] Orta maTeHTHas 3asBKa UCIPAIIUBAET PUOPUTET B COOTBETCTBUHU C IOKYMEHTOM 35
U.S.C. § 119 no npensapurenbHoii nmatenTHoil 3asBke CIIIA Ne 62/572,918, monmannoit 16
okTsiOpst 2017 roma, comep’kaHHe KOTOPOW MOJHOCTBEO BKJIFOYEHO B HACTOSLIMHA JTOKYMEHT
MOCPEICTBOM CCHUIKH.

OBJIACTb TEXHUKU

[002] JlaHHOE pacKpbITHE HAINpaBIeHO HAa Nepy3HOHHBIH OMOPEAKTOp M CBSA3AHHBIC C
HHUM CIOCOOBI MPUMEHEHHUSI.

YPOBEHb TEXHUKHU

[003] BbuopeakTopel MOTYT MCIONb30BAThCA I MOAAEPkKAHUS KyJIbTypbl KJIETOK C
LEbI0 TPOM3BOJCTBA OMOJIOTMYECKUX MPONYKTOB, TakMx Kak Oenku. B Ouopeaktope ¢
NOJANHUTKON OJHO WJIM OOJblIee KOJMYECTBO MUTATEBHBIX BELIECTB MOAAOT B OMOPEAKTOP BO
BpeMsl KYJbTHUBHPOBAHUS, a OMONOTUYECKHE MPOAYKThHI OCTAIOTCA B OMOPEAKTOpE IO OKOHYAHHS
naptun nponykuuu. Ilepdy3noHHbIE OHOPEAKTOPHI PELIAIOT HEKOTOPbIE SKCIUIyaTallOHHBIE
npoOJIeMbl, CBSI3aHHBIE C PEAKTOPAMHU C MOAMUTKON, U HavaIu HaOMpaTh MOMYJISIPHOCT B KOHIIE
1990-x romos. Tem He MeHee, coBpeMeHHbIe Meppy3UOHHBIE OMOPEAKTOPBI CTPATAIOT OT
OrPaHUYEHHOIO YHCJIa JOCTYITHBIX CTPATErMi YNpPaBJIEHUs, HEAOCTAIOIUX AAHHBIX M OOJBIINX
3arpar.

[004] Hampumep, ans pelieHuss 3anad YIpaBleHUs Uil NepPy3HOHHBIX PEAKTOPOB
NPEANPUHUMAIOTCS TOMBITKH OTKaJIMOPOBAaTh OOBEMHBIH PAcxXol BBOJHOTO U  BBIBOAHOTO
IMUTAIOLINX HACOCOB, OJHOBPEMEHHO YYMTBIBAas CMEIIEHHE XapaKTepUCTUKU Hacoca M
U3MEHYHBOCTb TEXHOJOTHUYECKOTro mpouecca. OHAKO HEeyaYHbIe MPOMBILIIEHHBIE CEPUU MOTYT
NPUBECTH K TEPENOJHEHUIO WJIM OMYyCTOLICHHI0 OHOpeakTopa W3-3a BHYTPEHHHX DPa3JIM4Mi
(HampuMep, MPOU3BOJICTBEHHBIX OTKJIOHEHHI) MEKAY JIIOOBIMU JABYMs 3aJaHHBIMH HaCOCAMHU H
HEBO3MO)KHOCTH  JTIOOUTBCSI TOYHOro ympaBieHus. CyliecTBYIOIIUM  pEIleHUsIM  3a1ad
YIPABJICHUS] TAKXX€ HE XBATa€T BO3MOMKHOCTH HW3MEpPATh IPYyrue MNapaMeTpbl, TaKHe Kak,
Hampumep, arpuOyThl KadecTBA aMMOHUS, TJIFOKO3bI M Oeika. BapuaHTBl OCYyIIECTBIIEHHS
HACTOSIIIEr0 PACKPBITHS OTHOCSATCS K OJHOMY MJIHM OOJNIbIIEMY KOJHYECTBY OrPaHHYCHUH U
HEJIOCTATKOB CYLIECTBYIOLINX NepPy3HOHHBIX OMOPEAKTOPOB.

CYIIHOCTD U3OBPETEHUA

[005] BapuaHTbl OCYyIECTBIEHHUS] HACTOSIILETO PACKPBITHSI OTHOCATCS, CPEAU MPOUEro, K
crocody yrpaBiieHHss OHOPEaKTOPOM H OHOPEAKTOPHON CHCTEMOM, TOJIE3HOTO JJIsl YIIPABJICHHUS
TEXHOJIOTUYECKUM TIPOLIECCOM KYJbTUBHPOBAHMS KJIETOK ISl MpoAyLupoBanus Oenka. Kaxmerid
U3 PACKPBITHIX B IAHHOM JOKYMEHTE BAPUAHTOB OCYILIECTBIIEHH U300PETEHNSI MOKET BKIIFOUATh
B ce0st OMH WK OOJblilee KOJHMYECTBO MPU3HAKOB, OMHMCAHHBIX B CBSI3U C JIFOOBIM W3 JPYTUX

BAPUAHTOB OCYLIECTBICHHS H300pETEHUs.



[006] [lanHOE pacKpbITHE OTHOCHUTCS K CIOCOOY YIpaBJIeHHs] OMOPEaKTOPHOU CHCTEMOI,
BKJIFOUAOLIEMy B ceOs momady KyJbTYpbl KIETOK B OHOpEAKTOp, HM3MEPEeHHE OIHOrO MU
OONbIIETO KOJMYECTBA MAPAaMETPOB TEXHOJOTHYECKOTO IpOLecca KYJIbTYpbl KIETOK B
OnopeakTope ¢ IMOMOIIBIO 30HAA AJIsl PAMAHOBCKOW CIEKTPOCKONHM, yAalleHHe OeCKIETOYHOM
UCTOINEHHON MUTATENbHOMN Cpelbl U3 KYJbTYPhl KJIETOK C MCIIOJIb30BAHUEM IEPBOI BBIBOJHOMN
TpyObl C TEpPBBIM HOMUHAJIBHBIM PACXOAOM; YJAJIEHHE KJIETOK W3 KYJbTYPbl KIETOK C
UCIIOJIb30BAHNEM BTOPOH BBIBOAHOH TPYObI CO BTOPBIM HOMHHAJBHBIM PACXOIOM; BBEICHHE
OHOW MM 00enX W3 CBEXeW MHUTATEeNIbHOW CpPEeNbl WM TMHTATEeNIbHBIX BEIIECTB B KYJBTYPY
KJIETOK C UCIOJIb30BAHUEM BBOAHON TPYOBl C TPETbUM HOMHHAJIBHBIM PACXONIOM; U M3MEHEHUE
OOHOrOo WM OONBIIEro KOJMYECTBA W3 TMEPBOrO HOMHHAJIBHOTO pPAacxXxoaa, BTOPOTO
HOMMHAJIBHOTO Pacxoja UM TPEThero HOMMHAJIBHOTO pacxojia Ha OCHOBE U3MepEeHUH 30H1a IS
PaMaHOBCKOW CIIEKTPOCKOIHH.

[007] OnuH BapuaHT OCYIIECTBIIEHUS] W300PETEHUS] OTHOCHTCS K CHOCOOY YITPaBIEHHS
OMOpeaKkTOPHON CUCTEMOM, KOTOPBIH BKIFOUAET B ceOs Mofady KyJbTYphl KJIETOK B OMOpEaKTop,
OpU 5TOM YyCIOBHA B OHWOpeakTope TMO3BOJSIFOT KYJBType KIETOK TPOAYLHPOBATH
npeacrassiomuii uHTepec Oenok (Mb), m3smepenme TtexHonormdecknx mapamerpos (TII)
KYJBTYpbl BHYTpU OHOpeakTopa ¢ TIOMOLIBI0 PAMAHOBCKOW CHEKTPOCKOIUH, MpPU 3TOM
TEXHOJIOTUYECKHE TapaMeTpbl BBIOMPAIOT M3 TPYIIBL, COCTOSAIIEH W3 KOHLEHTPaLUU
IUTATEJIbHOTO BEINECTBA, KOHIEHTPALMH JKU3HECMOCOOHBIX KIETOK M aTpHOyTOB Oenka,
U3MEpEeHHe Macchl OMOpEaKTOpa € COAEPKUMBIM KYJIBTYPbI KJIETOK, YAaJeHHe OEeCKIETOYHOM
UCTOILEHHON MUTATEJNbHOU CPEAbl U3 KYJBTYPY KJIETOK C HCIOJIb30BAHUEM IEPBOM BBIBOAHOU
TpyOBl C TNEPBBIM HOMMHAJBHBIM pACXOAOM, YIAJE€HHE KJIETOK U3 KYyJbTYpbl KIETOK C
UCIIOJIb30BAHUEM BTOPOW BBIBOAHOH TPYObI CO BTOPHIM HOMHHAJBHBIM PAacXOAOM, BBEICHHE
OIHOM MM 00enX U3 CBEXKeW MUTATEIbHOM CPEeNbl U MUTATENIbHBIX BEIECTB B KYJIbTYPY KJIETOK C
UCIIOJIb30BAHUEM BBOIHOM TPYObI IPU TPEThEM HOMHMHAJIBHOM PAacXofie, U NP 5TOM BBOAHAS U
BbIBOZHAST TPYOBI pEryJHPYIOTCS HAa OCHOBE HW3MEPEHHMH 30HAA Uil PaMaHOBCKOM
CIIEKTPOCKOIUHU U U3MEPEHUsS] MacChl OMOopeakTopa Juis nojaep:xanus (1) OQHOTO WK OOJBIIETO
KOJINYECTBA TEXHOJOIMYECKHX IapaMeTpPOB B MPEABAPUTENILHO 3aJaHHBIX Auana3zoHax, (ii)
Macchl OMOpeakTopa ¢ KyJbTypOH KJIETOK B IMpPeNBapUTENIbHO 3aJaHHBIX Auama3oHax u (iii)
TPEThEro HOMHHAJIBHOTO PAacXO/a BBOAHOM TPYOBI, a TaKKe MEPBOTO M BTOPOTO HOMHHAJIBHBIX
pPacxonoB KaXKAOH W3 BBIBOAHBIX TPyO B MpeAesaXx MX COOTBETCTBYIOIIMX MPEABAPUTEIBHO
3a/1aHHBIX MAMa30HOB.

[008] B HekoTOpBIX BapHaHTAaX OCYINECTBIECHHUS H300pETEHHsI M3MEPEHUE OIHOTO WU
OOJBIIET0 KOJMYECTBA TEXHOJOTHUECKUX MapaMeTPOB KYJIBTYpPbl B OMOPEAKTOpE C MOMOIIBIO
PaMaHOBCKOH CHEKTPOCKONUU MPOUCXOMUT Yepe3 pPeryJsIpHble WHTEPBAJBI, HANpumep, TO
MEHbBIIEH Mepe ONMH pa3 B 4ac. B Opyrux BapuaHTax OCYLIECTBIEHHsS H300pPETEHHs CHocod
BKJIFOYAET B Ce€0sI BO3MOKHOCTh MO/IEPKaHMSI B YCTOMUHNBOM COCTOSTHUH KYJIBTYPBI KJIETOK IPH
CpenHell KOHLEHTpPALUN >KU3HECMOCOOHBIX KJIETOK IO MEHbIIed Mmepe okojo 30 MUJUTMOHOB
KJIETOK Ha MJI B T€Y€HHUE N0 MeHbLIeld mepe okojo 30 nuell. B ogHOM BapuaHTe OCyIIECTBIEHUS

n300peTeHnst OuopeakTop MMeeT 0ObeM MO MeHbllel Mepe 2 Ji, 1Mo MeHbLIed mepe 3 J1, 1o



meHbIneit mepe 10 1, mo MeHbIneii Mepe 35 1 mu no MeHbiuel Mepe S50 i1, i Oonee, u crocod
BKJIFOYaeT B ce0si BO3MOXKHOCTh TOAAEPIKAHUS MAcChl OMOpeakTopa C KYyJbTYpOH KJIIETOK B
npenenax 0,1 mpoLeHTa OT MepBOHAYAJIBHOH MacChl OHMOpEaKTOpa C KYJbTYPOH KIIETOK.
Hanpuwmep, Ouopeaktop umeer o0beM 1o MeHblel Mepe okouso 10 i1, 1 criocod BkrO4YaeT B ce0st
BO3MOYKHOCTh TMOJIEPIKAHUSI MAcChl OHOpPEaKTOpa M KyJbTYpbl KJIETOK B Mpeaesax auara3oHa
MacChl, OMpeIeNieHHONH Ha OCHOBE HaudajbHOH Macchl OMOpeakTopa U CONEPIKUMOTO KYJbTYPhI
KJIETOK, Hanpumep, B Tpeaenax avanazoHa okojo 20 = 2 r. B HeKOTOphIX BapuaHTax
OCYIIECTBJICHUS] M300peTeHUsT OMOPEaKTOPOM YIIPABJISIFOT, KOIA: TEXHOJOTMYECKUIH MapameTp
OTKJIOHSIETCSI OT 3aJaHHOTO 3HAYEHUSI B COOTBETCTBYIOIIEM JKEJIA€MOM JAHMAra30He, BBITIOJHSIOT
OITHO WM OOJIbIliee KOJMYECTBO M3 yAAJeHUs OECKJIETOYHOW MUTATENIbHOW CPEedbl, YIAJICHHS
KJIETOK U BBEJEHUSI OHOM WM 00eHX U3 CBEXKEU MUTATEHHON Cpellbl U MUTATENIbHBIX BEIIECTB,
a 3aTeM OHMOpPEaKTOp peryiupyercs, 4ToObl YMEHBIIUTh OTKIOHeHHe. 110 MeHbIneidl mepe nBa
o0bemMa OHOpeakTopa MCTOLIEHHOW MHUTATEBHON Cpelbl YIAISIOTCS Yepe3 MEPBYIO BBIBOTHYIO
TpyOy B cytku. Jlo Tpex oObeMOB OHOpeakTopa MCTOIIEHHOH MUTATENBbHON Cpelbl yIajseTcs
Yyepe3 TMEePBYIO0 BBIBOAHYIO TPyOy B CYTKH. TeXHOJOTHYECKHe MapaMeTpbl BKIIIOYAIOT B ceOsi
TEMIEPATypy KyJbTypbl KJIETOK U pH KyJbTypbl KJIETOK, U TEMIEPATypy MOIAEPKUBAIOT OT
okoJyio 30 rpanycos Llenscus no 40 rpagycos Llenbcusa, ot okono 32 rpanycos Llenscus no
okojio 38 rpanycoB Llenbcus munmu ot okono 34 rpaaycos Llenbcuss no okxono 38 rpaaycos
Lenscus, u pH nonnepxkusaercs ot okoJio 6,50 no okono 7,50, ot okono 6,60 no okoso 7,40, ot
okono 6,70 no okono 7,40, ot okono 6,80 no oxono 7,30, ot okojo 6,90 no okono 7,20, or
okoJio 7,00 no okomno 7,10, npu okomno 6,50, nmpu okono 6,55, npu okoso 6,60, npu okoio 6,65,
npu okouso 6,70, mpu okoJo 6,75, npu okoJio 6,80, npu oko0 6,85, npu okoi0 6,90, npu OKOJIO
6,95, npu oxosio 7,00, mpu oxono 7,05, npu okozno 7,10, npu okoso 7,15, npu oxono 7,20, npu
okouno 7,25, npu oxono 7,30, npu oxono 7,35, npu oxono 7,40, npu okoso 7,45 vy npu OKoJIo
7,50. TexHOJOrMYECKHE MapaMeTpbl BKJIOUAIOT B ce0sl Crenuduyeckyro NPOAYKTHBHOCTH
KJIETOK, U CIOCOO BKJIFOYAIOT B ceOsi BOZMOKHOCTD MOAAEPIKAHMS KJIETOK B KYJIBType KJIETOK
npu crenupuIeckol MPOAYKTUBHOCTH KJIETOK MO MeHbIIel Mepe okoyio 15-60 mkr/ki/cyr,
okoJio 15-25 mkr/ki/cyT, mo MeHblned mepe okojo 17-23 mKr/ki/cyT WM MO MEHbLIeH Mepe
okojo 19-21 mnkr/kn/cyr B TeueHHe mNO MeHblneH Mepe 25-37 nued. TexHomormdeckue
napaMeTpbl BKJIIOYAIOT B CeOs KOHUEHTPALMIO TJFOKO3bl, U CIOCO0 BKIFOYAeT B ceds
BO3MOXKHOCTb MOJAJIEPKAHMS] KOHLIEHTPALIMK TJIFOKO3bl OT OKOJI0 5 MM 10 okojo 85 MM wiu ot
okoJj10 0,5 /a1 mo okomno 15,5 r/n, ot okono 1 r/a go okoao 15,5 r/n, ot okoso 0,5 r/n 1o okoo 8
r/7, OT OKOJIO 2 T/ 10 OKOJO 6 I/ WM OT OKOJIO 3 1/n 10 0Kojo 5 r/n. TeXHOJOrHuecKHe
nmapaMeTpbl BKIIIOYAIOT B Ce0sl KOHLEHTPALMIO JIaKTaTta, W Crnocod BKJIIOYaeT B ceds
BO3MO>KHOCTh MOJJEPKaHUSI KOHLEHTPALMH JIAKTaTa MeHee ueM okojio 60 MM uinmn mMeHee deMm
OKOJIO 6 I/JI, MEHEee YeM OKOJIO S /], MEHEee YeM OKOJIO 4 I/J1, MEHEe YeM OKOJIO 3 I/J1, MeHee YeM
okoJI0 2 /1 miu MeHee 4deM okosio 1 r/n. TexHoJormueckne mapameTpbl BKIFOUAKOT B CeOs
KOHLEHTPALMIO aMMOHHUS, M CIOCO0 BKJIIOYaeT B ceOs BO3MOXKHOCTb TMOIACPKAHUS
KOHLEHTPALlUU AMMOHHUsI MEHee 4eM OKoJIO 15 MM, MeHee ueM okosio 12 MM, MeHee 4eM OKOJIO

10 MM, meHee yeMm okonio 9 MM, MeHee yeM okoj10 8 MM, MeHee uem okojio 7 MM, MeHee uem



okoJio 6 MM. Kaxxabim U3 yaneHus: OeCKJIETOUHON UCTOLIEHHON MUTATENbHON CPEbl, YAAIEHHS
KJIETOK U BBEIEHUs] OJHOW MM O0EMX M3 CBEXKEH MUTATENbHOM Cpebl U MUTATEIbHBIX BELIECTB
YIPaBIAIOT COOTBETCTBYIOLIUM HacocoM. buopeakrop comep:kuT (puUibTp, BBINOJIHEHHBIA C
BO3MOXKHOCTBIO  yIE€pXKaHMUA KJIETOK U OOeCredYeHHs BO3MOXKHOCTU CKBO3HOTO IPOXOa
KHUJIKOCTH.

[009] B npyrom BapuaHTe OCYLIECTBJIEHHsS PACKPBITUE OTHOCUTCS K CIOCOOY
yrpaBieHus: OHMOPEaKTOPHOW CHUCTEMOH, BKJIOHAOUIeMy B ceds mopmady KyJbTypbl KJIETOK B
OropeakTop, MU3MEpEeHHe OJHOTO MJIM OOJBIIEro KOJUYECTBA TEXHOJOTHMYECKHX MapamMeTpOB
(TIT) xyabTYpHI KJIETOK B OMOpEaKTOpe ¢ MOMOIIBIO 30HA JJIi PAMAHOBCKOM CIIEKTPOCKOTIMH, U
peryJrpoBaHrEe OJHOTO WM OOJbIIEro KOJUYECTBA BBOAOB MJIM BBIBOJOB OHMOpeakTopa Ha
OCHOBE M3MEPEHUH C 30H/1a JJIsl PAMAHOBCKOM CIIEKTPOCKOIHH.

[010] Cmoco6 B COOTBETCTBUM C JAHHBIM PACKPBITHEM TPOUJUTIOCTPUPOBAH Kak
BKJIFOUAIOIIMI B ce0sl CIIEAYIOIIME 3TAIlbl: 1OAa4Ya KyJbTYpbl KJIETOK B Onopeaktop (302), mpu
5TOM YCJIOBUSI B OMOpEaKTOpe MO3BOJISIIOT KYJIBTYPe KJIETOK MPOAYLHPOBATH MPEACTABISIOIINN
untepec 6enok (1b), n3mMepeHne TeXHOJIOrHYeCKHX TapaMeTpOB KYJbTYpbl BHYTPU OHopeakTopa
C TOMOINBID PaMaHOBCKOHN crmekTpockonuu (304), mpu 3TOM TEXHOJIOTHYECKHE MapaMeTphI
BBIOMPAIOT M3 IO MEHbIIEH Mepe TPYNMbl, COCTOSINEH M3 KOHIEHTPALWH IUTATEIbHOTO
BEIECTBA, KOHLEHTPALMH JKM3HECIIOCOOHBIX KIJIETOK M aTpuOyToB Oenka, H3MEepeHHe
NpeABAPUTENBPHO 33JaHHOW Macchl OmopeakTopa € KyJnbTypoill kietok (300), ynaneHue
OECKJIETOYHON HCTOIIEHHOW MUTATEeNbHONH Cpelnpl U3 KYJbTYypbl KIETOK C HCIOJIb30BAHHUEM
NepBOil BBIBOJHONH TPYOBbI C MEpPBbIM HOMUHAIBHBIM pacxonoM (308), ynaneHue KJIETOK M3
KYJBTYpbl KJIETOK C HCIOJB30BAHUEM BTOPOI BBIBOJHOW TPYObI CO BTOPBHIM HOMMHAJBHBIM
pacxonom (310), BBeneHHe OnHOW Wi 00EMX M3 CBEXEH MHUTATEeIbHOW CPEAbl M MUTATENbHBIX
BEIECTB B KYJbTYPY KJIETOK C HCIIOJb30BAHMEM BBOIHOW TPyOBI MPH TPETbeM HOMHHAJIBHOM
pacxope, U pU 3TOM BBOJIHASI U BBIBOAHAS TPYObI PEryJIHPYIOTCS HA OCHOBE M3MEPEHUH 30HIa
I pPaMaHOBCKOM CHEKTPOCKONIMU U HM3MEPEHHsI Macchl OuopeakTopa st momaep:kaHusi (1)
OJTHOTO WJIA OOJBLIETO KOJMYECTBA TEXHOJOTHUYECKUX NapaMETPOB B MPEIBAPUTEIBHO 3aJaHHBIX
nuana3onax, (ii) maccbl OMOpeakTopa ¢ KyJbTypOWl KJIETOK B MPeNBAPUTENBHO 3aJaHHBIX
nuamazoHax M (ill) TpeTbero HOMHHAJBHOIO Pacxona BBOJHOW TPyOBl, a TakKe MEepPBOrO H
BTOPOTO HOMHHAJIBHBIX PACXOJI0B Ka)KIOH U3 BBIBOAHBIX TPYO B Mpeneax uX COOTBETCTBYIOIIHX
NpeABAPUTENBHO 33JaHHBIX TUana3oHoB (312).

[011] B eme omHOM acmekTe JaHHOE PACKPBITHE OTHOCHTCS K OMOpEaKTOPHOH cHcTeMe
KYJIETUBHPOBAHUSI, COIEpIKaIel pe3epByap, ConepKaluii BBOJHYIO TpyOy U MO MEHbIIeH Mepe
OJIHY BBIBOJHYIO TpyOy; MO MEHbIIEH Mepe OIUH HAcOC; (PUIIbTpP, COEAUHEHHBINH C PE3ePBYapOM;
30HA JJs1 PaMaHOBCKOH CHEKTPOCKOIHH, COEIUHEHHBIH C pe3epByapoM; M KOHTPOJUIED,
COEAMHEHHBIH C TO MeHbIIEH Mepe OJHMM HAacOCOM M 30HAOM Il PaMaHOBCKOM
CHEKTPOCKOIHUH, MPUYEM KOHTPOJUIEP BBINIOJHEH ¢ BO3MOXKHOCTBIO YIPABIEHUS MO MEHbIIEH
Mepe OIHHUM HAacOCOM HAa OCHOBE BXOAHOTO CHrHaja W3 30HAA JJIsI PaMaHOBCKOM
CHEKTPOCKOIHH.

[012] TIo meHbluel Mepe onHA BBIBOIHAs TpyOa COAEPKHUT NMEPBYIO BBIBOJHYIO TPYyOy



IJ1s1 COEIMHEHHUsI CO BTOPBIM HACOCOM, BBIMOJIHEHHBIM C BO3MO)KHOCTBIO YIIPaBJICHMsI YAAJIEHUEM
KUJKOCTH M3 pe3epByapa, U BTOPYIO BBIBOAHYIO TPyOy AN COENUHEHHs C TPETBHM HAaCOCOM,
BBIMIOJTHEHHBIM C BO3MOXKHOCTBIO YIIPaBJIEHMs yJIajleHHEM KJIETOK W3 pe3epByapa. Puubptp
BBIIOJIHEH C BO3MOXKHOCTBIO VJAEP)KaHUs KJIETOK B pe3epByape H Uil oOecredeHus
BO3MOXKHOCTH NPOXOJa >XKUAKOCTH uepe3 (GuibTp. 30HI Ul PaMaHOBCKOHM CHEKTPOCKOIHH
pacnosoXeH BHyTpU pe3epByapa. KoHTposiep coennHeH ¢ nepBbIM HACOCOM, BTOPBIM HACOCOM
U TPETbUM HAaCOCOM. bHOpeakTop COAEpKUT BECHI, BBIIOJHEHHBIE C BO3MOXXHOCTBIO U3MEPEHMUS
MacChl pe3epByapa ¢ KyJbTypOl KJIETOK BHYTPU pe3epByapa, Mpu 3TOM KOHTPOJUIEP BBITOJIHEH C
BO3MO>KHOCTBIO MTOJTY4Y€HHUsI JAHHBIX O Macce OT BecoB. KOHTpoIep BBINOIHEH C BO3MOXXHOCTBIO
CpPaBHEHHUsI MAacChl pe3epByapa C 3aJaHHbIM 3HA4Y€HHUEM MAacChl M Ha OCHOBE CPAaBHEHUs
peryaupyer OHO WK OoJblIee KOJINYECTBO U3 MPOU3BOAUTENILHOCTEHN MEPBOro HACOCa, BTOPOTO
Hacoca W TpeTbero Hacoca. KOHTposiep BBINONHEH C BO3MOXXHOCTBIO NPHEMA CIEKTPAJIbHBIX
JAHHBIX OT 30HJa JUJIl PAMAHOBCKOMN CIIEKTPOCKOINHU; OTIPEeeNIeHUs] HA OCHOBaHUU MOJy4YEeHHbIX
CHEKTPAJbHBIX JAaHHBIX NapaMeTpa KyJbTYphl KJIETOK, CPABHEHHUs OMNPEIENIEHHOrO Napamerpa C
3a/laHHbIM 3HAU€HHEM I[lapaMeTpa;, U peryJHpOBaHMs, Ha OCHOBE CpPaBHEHHUs, OJIHOIO WU
OoJNBIIET0 KOJMYECTBA M3 TNPOU3BOAMTENBHOCTEH NEpBOrO HAcoCa, BTOPOrO HAcoca WM
TPETbero Hacoca. PeryimpoBaHue MPOU3BOAUTENLHOCTH OJHOTO MM OOJBIIEro KOJIMYECTBA U3
NEepPBOr0 HACOCa, BTOPOrO HACOCa M TPETBEr0 HACOCA YMEHBINAET OTKJIOHEHHE MEXIY
OTpeAeNeHHbIM MapaMeTpoOM U 33JaHHBIM 3HAUEHHEM IapaMeTpa WM OTKJIOHEHUE MEXIY
NOJIy4€HHOW MAacCoW M 3aJaHHbIM 3HaueHHeM Macchbl. Criocod BKIrOUaeT B ceOsi BO3MOXKHOCTh
NOAAEPKAaHUsI TPH YCTAHOBHBIIEMCS peXuMe padoThl KyJIbTYPbl KJIETOK IPH CpeaHei
KOHLIEHTPALMK >KU3HECTIOCOOHBIX KJIETOK, COCTABIAMOLIEH 1Mo MeHbleil mMepe 30 MHJIJTMOHOB
KJeTok Ha Mi B TedeHune 30 nueil. OObeM pesepByapa cocTaBisieT Mo MeHblueil mepe 10 o, u
croco0 BKIFOUAeT B ce0sl BOSMOXKHOCTD MOJAEPKaHHUs MAacChl pe3epByapa C KyJbTYpOil KJIETOK B
npenenax konebanuit 20 r. OObeM pesepByapa COCTaBisieT IO MeHbiied mepe 10 i1, 1 crocod
BKJIFOYAeT B Ce0sl BO3MOJKHOCTb TOAJEP’KAHHS MAacChl OMOpPEaKkTopa C KYJIbTYpOH KJIETOK B
npeaenax 0,1 mnpoueHTa OT MepPBOHAYANIBHOM MacChl pe3epByapa C KyJbTYpPOll KJIETOK.
KoHTposep BBINONHEH ¢ BO3MOXKHOCTBIO OIpeneSieHHs] HA OCHOBE NMPUHATBHIX CHEKTPaJIbHBIX
JAHHBIX COBOKYITHOCTH TIapaMeTPOB KYyJbTYpPbl OHOpPEaKTOpa; CPaBHEHUS KaXIOro U3
COBOKYITHOCTH MIapaMEeTPOB C COOTBETCTBYIOIIMM 3aJaHHBIM 3HAYeHHEM JJs KaXIOro Wu3
COBOKYITHOCTH TapaMeTPOB; U PETyJUPOBAHUS HA, OCHOBE CPABHEHHs, OJHOTO HJIM OOJBIIETO
KOJIM4ECTBA W3 MPOU3BOAUTENBHOCTENH MEPBOrO HACOCA, BTOPOrO HAcOCa U TPEThEro Hacoca,
9YTOOBI YMEHBIINUTh OTKJIOHEHHE MEXKAY ONpeAeSIeHHbIMH NapaMeTpaMHu U COOTBETCTBYIOIIMMH
3alaHHBIMH 3HAYCHUSIMH. YKa3aHHAasi COBOKYIHOCTb IapaMeTPOB BKJIOYaeT B  ceOs
TeMmriepatypy, pH, KOHLEHTpaLui NMTAaTEJIbHbIX BELIECTB, KOHLEHTpPALUIO JIAKTaTa,
KOHLIEHTPALIMIO aMMOHHUSI U CHenU(UUECKYI0 MPOAYKTUBHOCTh KJIETOK. PUIBTP BBINOJHEH C
BO3MOXKHOCTBIO  yAEpXKaHMUA KJIETOK U OOECle4YeHHsT BO3MOXKHOCTH CKBO3HOTO IPOXOAa
KUJKOCTH. BUOpeakTop COmep>KUT BECHI, IIPU 3TOM pe3epByap U (QUIBTP OMUPAIOTCS HAa BECHL
buopeakTop cOnep:KUT BECHI, IIPU 3TOM Pe3epByap ONUPAETCs Ha BEChbl. bUOpEakTop comepKuT

BECBI, IIPH 3TOM pe3epByap HaXOAUTCS B PU3MUECKOM KOHTAKTE C BECAMHL.



[013] buopeakTopHas cucreMa KyJbTUBUPOBAHUs CONEPKUT. Pe3epByap, COAEpP KaIIUi
BBOJIHYIO TPyOy M 1O MEHbLIEH Mepe OIHY BBIBOAHYIO TPyOy; IO MEHbLIEH Mepe OJUH HacoC;
(buIbTP, COEANMHEHHBIHN C pe3epBYyapoOM; 30H/ AJIl PAMAaHOBCKOH CIIEKTPOCKOINHU, COENMHEHHBIH €
pe3epByapoM; BeChbl, COEIMHEHHbIE C PE3EPBYyapOM; M KOHTPOJJIEP, COEIUHEHHBIH 10 MEHbIIeH
Mepe ¢ OJHHM HAacOCOM, BECaMHU M 30HJOM JJIi PAaMAaHOBCKOW CIEKTPOCKONHUH. B HEKOTOpBIX
BapUAHTAX OCYLIECTBIICHHs M300peTeHnst QUIbTP U pe3epByap HAXOMITCS B KOHTAKTE C BECAMH.
B npyrom BapuanTe OcylecTBIeHUs n300peTeHus (pUIBTP COAEPKUT ceTdaThlii mMarepuan. B
HEKOTOPBIX BAPHUAHTAX OCYLIECTBJICHUS N300peTeH s PUIbTP COAEPIKHUT CETKY C pa3MepaMu mop
B nuarnas3oHe ot 0,2 MkMm 110 30 MKM.

[014] B eme omHOM BapuaHTe OCYIISCTBIEHHUsS H300pPETeHUsT NaHHOE PACKPBITHE
OTHOCUTCSI K OWOpEakTOpHOH CHUCTeMe KyJbTUBHUPOBAHMS, COAEp)Kalleld pesepByap,
COZEp KALINI BBOIHYIO TPyOy M IO MEHbLIEH Mepe OAHY BBIBOIHYIO TpyOy; MO MeHbIIel Mepe
OOUH Hacoc, (UIbTP, COCOUHEHHBbI C pEe3epByapoOM; BEChl, HAXOMAALINECS B KOHTAKTE C
pe3epByapoM; 30HI IJIsI PAMAaHOBCKOW CIIEKTPOCKONHH, COENWHEHHBI C pe3epByapoM; H
KOHTPOJUIEP, COCOUHEHHBIH 10 MEHbBIIEH Mepe C ONHUM HAacOCOM, BECAMH M 30HIOM IS
PaMaHOBCKOW CIIEKTPOCKONHH, MPHYEM KOHTPOJUIEP BBIMOJHEH C BO3MOXXHOCTBIO YIIPAaBJICHUS
N0 MEHbIIEH Mepe OJHUM HACOCOM Ha OCHOBE BXOJHOIO CHTHAJIA OT 30HZA JUJIsl PAMaHOBCKOM
CTHEKTPOCKOIUH U BXOJHOTO CUTHAJIA OT BECOB.

[015] B nmpyrom BapuaHTE OCYLIECTBIIEHHsS H300pPETEHUs pacKpbITa OHOpeaKTOpHAas
cucTeMa KyJbTUBUPOBaHUA. buopeakTopHast cucteMa KyJbTUBHPOBAHMS CONEPKUT pe3epByap,
COZep KA BBOAHYIO TpyOy [UId COEOUHEHHS C IEPBbBIM HACOCOM, BBINOJHEHHBIM C
BO3MOXKHOCTBIO YIIPABJIEHHs IMONAYM >KHUIKOCTH B pe3epByap, NMEPBYIO BHIBOAHYIO TPyOy IJIs
COEAMHEHHUs] CO BTOPBIM HACOCOM, BBIMOJHEHHBIM C BO3MOKHOCTBIO YIIPABJICHUS YIAJE€HUEM
JKUIKOCTH U3 Pe3epByapa, U TPEThIO BBIBOJHYIO TPYOy Ul MOAKIIOYEHUS] K TPEThEMY HACOCY,
BBIIIOJJTHEHHOMY C BO3MOXXHOCTBIO YIPABJICHHs yIAJeHHEeM KJETOK W3 pesepByapa, (uibTp,
COEAMHEHHBIH C pe3epByapoM, MPU 3TOM (DUIBTP BBIMOJHEH C BO3MOKHOCTBIO YyIEpKaHUS
KJIETOK B pe3epByape U obecredeHus] BO3MOKHOCTH JKHUIKOCTH TPOXOIUTh Yepe3 (GUIbTp, BEChI
BBINOJIHEHHBIE C BO3MOXKHOCTBHIO M3MEPEHMsI MAacChl pe3epByapa C KyJIbTYPOH KIIETOK BHYTPH
pe3epByapa, 30HA ISl PAMAHOBCKOHM CIEKTPOCKOIMH, PACIOJIOKEHHBIH BHYTPH pe3epByapa.
BapuaHT ocymiecTBieHHsT H300pETeHUsT BKIIFOUAET B ceOsi KOHTPOJUIEp, COSAUHEHHBIN C MEPBBIM
HACOCOM, BTOPBIM HACOCOM, TPETBUM HACOCOM, BECAMH W 30HAOM [UJIsl PaMaHOBCKOM
CHEKTPOCKOIUH, TIPU 3TOM KOHTPOJIJIEP BBIMIOJHEH C BO3MOKHOCTBIO ITPHEMA TAHHBIX O MAacCe OT
BECOB, CpPaBHEHHMs] MacChl pe3epByapa C 3aJaHHbIM 3HAUYEHHEM [JIsI MAacChl, NpHeMa
CHEKTPAIBbHBIX JAHHBIX OT 30HIA U PAMAHOBCKOHM CIEKTPOCKOIHH, ONpPEAENIeHHsI Ha OCHOBE
NPUHATBIX CIIEKTPAJIbHBIX JAHHBIX MapamMerpa KyJbTYpbl KJIETOK, CPaBHEHHUS OMNpPEIENICHHOIO
napamMerpa € 3aJaHHbIM 3HAUE€HHEM MapaMeTpa U PeryJupoBaHMs, Ha OCHOBE CPAaBHEHUH,
OJIHOTO HUIM OOJIBINErO KOJIMYECTBA M3 MPOU3BOAUTENBHOCTEH MEPBOro HACOCa, BTOPOro HAcOca
U TPETHErO HACOCa.

[016] PerynupoBka mpoOM3BOAUTEIHHOCTH OJHOTO UM OOJIBLIErO KOJIMYECTBA U3 ITEPBOTO

HacocCa, BTOPOIrO HACOCa U TPETHETO HACOCA YMCHBIIACT OTKJIOHCHHE MCEXKAY OIPECACICHHBIM



napamMeTpoM M 3a/laHHBIM 3HAUYEHUEM MapaMeTpa MM OTKJIOHEHHE MEXIy NMPUHATOW Maccoi u
3alaHHBIM 3HaueHHeM Maccbl. KOHTpoiiep BBIMONHEH C BO3MOXKHOCTBIO MOJAEPIKAHUS B
YCTOHYMBOM COCTOSIHUM KYJBTYPBl KJIETOK NpPU CpefHeld KOHLEHTPALMH >KH3HECTIOCOOHBIX
KJIETOK, COCTaBJISIFOLIEH MO MeHbluel Mepe 30 MUJUIMOHOB KJIETOK Ha Ml B TedeHue 30 aHen.
OOwvem pesepByapa COCTaBIsieT IO MeHbIIEH Mepe 3 J, U KOHTPOJUIED BBINOJHEH C
BO3MOKHOCTBIO MOJIEPIKAHUST MAcChl pe3epByapa ¢ KyJbTYpOH KIETOK B mpenenax KojeOaHun
20 r. OO6bem pe3epByapa COCTABJSIET IO MeHbIIEH Mepe 3 JI, U KOHTPOJUIED BBINOJHEH C
BO3MOKHOCTBIO TOAIEPIKAHUSI Macchl OHOpeakTopa ¢ KyJbTypod kieTok B mpeaenax 0,1
NPOIIEHTa OT MEePBOHAYAJIBHON MacChl pe3epByapa ¢ KyJbTypoll kieTok. KoHTposuiep BBIOIHEH
C BO3MOXKHOCTBIO OIpEIENIEHHs] HA OCHOBE MPUHSTHIX CIEKTPAIbHBIX JAaHHBIX COBOKYITHOCTH
NapaMeTPOB KYJIbTYpbl OHOPEAaKTOpa, CPAaBHEHHsI KAKIOTO W3 COBOKYIMHOCTH IMapaMeTpOB C
COOTBETCTBYIOLIMM 33JaHHBIM 3HAUYEHUEM JUIA KaKAOrO M3 COBOKYITHOCTH IapameTpoB, H
peryanpoBaHus, Ha OCHOBE CpPaBHEHHUs, OIHOrO WM OOJBINEr0 KOJHYECTBA W3
NPOM3BOIUTEIBLHOCTEH MEPBOr0 HACOCA, BTOPOrO HACOCA M TPETHETO HACOCA, YTOOBI YMEHBIIUTh
OTKJIOHEHHE MEXIy ONpPEACNCHHbBIMH MapaMeTpaMHd ¢ COOTBETCTBYIOIIMMHU 33/aHHBIMHU
3HaueHnssMUA. COBOKYIHOCTh MapaMeTpoB BKIIIOUYAeT B ce0s Temmeparypy, pH, KOHLEHTpaLuro
IUTATENIbHBIX BEIIECTB, KOHIIEHTPALMIO JIAKTAaTa, KOHIIEHTPALMIO aMMOHHUS U CIIELU(PHUECKYIO
NPONYKTHBHOCTh KJIETOK. bBHOpeakTopHas cucreMa KyJIbTUBHUPOBAHUS COHEPKHUT (QHUIIbTP,
BBIITOJIHEHHBII C BO3MOKHOCTBIO YAEP)KaHHUS KIETOK U 00eCneueHHs] BO3MOKHOCTH CKBO3HOTO
poxozia JKUAKOCTU. PesepByap u GuiIbTp onmuparoTcs Ha BeChl. Pe3epByap onupaercsi Ha BECHI.

[017] B omnpeneneHHBIX BapHaHTaxX OCYLIECTBICHHs H300peTeHHst OHMOpeakTOpHas
cUCTeéMa KyJIbTUBUPOBAHUS B COOTBETCTBHHM C JAHHBIM PACKPBITHEM WJUIIOCTPUPYETCA Kak
comepkamasi Clenyromue syeMeHTel: pesepByap (10), comepskamuii BBOAHYIO TPYyOy st
COeMHEeHUs] ¢ MepBbIM HAacocOM (30), BBIMOJIHEHHBIM C BO3MOJKHOCTBIO YIPaBJIEHHs NOAaven
JKUIKOCTH B Pe3epByap, MEPBYIO BBIBOAHYIO TPyOy A COEIUHEHUs] CO BTOPBIM HacocoM (40),
BBIMOJIHEHHBIM C BO3MOKHOCTBIO YIIPABJICHHS YAAJCHUEM JKHIKOCTH U3 pe3epByapa, U TPEThIO
BBIBOAHYIO TPYOy UIsl COENUHEHUsI ¢ TPEThUM HAcOCOM (50), BBITIOJHEHHBIM C BO3MOXKHOCTBIO
yIOpaBlieHUs] yaalieHueM KieTok u3 pesepsyapa; GuibTp (100), coemuHeHHBIH ¢ pe3epByapoMm,
CBSI3aHHBIH C HUM WJIM HHBIM 00Pa30M HaXOMSLIHIACS B KHIKOCTHOM CBSI3U C PE3EPBYapOM, MPH
5TOM (UJIBTP BBINOJHEH C BO3MOKHOCTBIO yIEpKaHHs KJIETOK B pe3epByape M oOecredeHus
BO3MOXKHOCTH TPOIYCKAaHUsI KUOKOCTH dYepe3 (uubTp, Beckl (110), BBINONHEHHBIE C
BO3MOYKHOCTBIO M3MEPEHHsI MaCChl pe3epByapa C KyJbTYpOH KJIETOK BHYTPH pe3epByapa; 30HI
(18) s paMaHOBCKOWM CIEKTPOCKOIHH, PACIIONIOKEHHBIH BHYTPU pe3epByapa; U KOHTPOJIIED
(200), coenunenHsblii ¢ mepBbIM HacocoM (30), BTopeIM HacocoM (40), TpersrM HacocoM (50),
Becamu (110) u 30H10M (18) 17151 pAMaHOBCKOM CIIEKTPOCKOIINH.

[018] B OuopeakTopHOH cHcTeMe KyJIbTUBHPOBaHHUsS KoHTposuiep (200) BeImONHEH ¢
BO3MOKHOCTBIO: TpreMa JaHHbIX 0 Macce oT BecoB (110); cpaBHenms macchl pesepsyapa (10) ¢
3alaHHBIM 3HAY€HHEeM Ul MAacChl, IpHUeMa CIEKTPaJbHBIX HaHHbIX OT 30H#ma (18) mns
PaMaHOBCKOH CIIEKTPOCKONHH; OIpENeNIeHHs] HAa OCHOBE TNPUHATHIX CIIEKTPAJIbHBIX JAHHBIX

napamMeTpa KyJbTypPbl KJIIETOK, CpaBHCHUA ONPCACICHHOI'O MapaMeTrpa ¢ 3aJaHHbIM 3HAYCHUEM



napamerpa; U peryJMpOBaHHUS, HA OCHOBE CPAaBHEHUH, OJHOrO WJIM OOJIBIIErO KOJUYECTBA U3
IIPOU3BOJUTENBHOCTEN NEPBOrO HACOCA, BTOPOTO HACcOCa U TPEThEro HACOCA.

KPATKOE OIITMCAHUE 'PA®UYECKHNX MATEPHAJIOB

[019] ITpunaraemble rpaduueckne MaTepHalibl, KOTOPbIE BKIFOYEHBI U COCTABIISIIOT YacTh
5TOr0 ONHCAHUS, WIIIOCTPUPYIOT pa3jMyHble NMPUMEPbI U BMECTE C ONMHCAHUEM CIIy)KaT AJIs
OOBSICHEHHUS IPUHLUIIOB PACKPBITHIX IPUMEPOB M BAPHAHTOB OCYIIECTBIICHHS H300PETeHUSI.

[020] AcnekTbl packpbITHs MOTYT OBITh pPEaJM30BaHbI B CBSI3U C BapUaHTAMH
OCYIIECTBJIEHHUs] M300pPETeHUs, MPOUJUTIOCTPUPOBAHHBIMU Ha TPUJIOKEHHBIX TIpadUIeCcKux
Marepuaiax. JTHU rpaduyeckre MarTepuabl IMOKA3bIBAOT PA3JIMYHBIE ACMEKThl HACTOSIIETO
PACKPBITHS, H, TT€ 3TO LEeNeCO00Pa3sHO, CChUIOYHBIE TIO3HLINH, HIUTIOCTPUPYIOLINE OIUHAKOBBIE
CTPYKTYpbI, KOMIIOHEHTBI, MaTe€pHabl W/WIH 3JIEMEHThl HAa pPa3HbIX (PUrypax, 00O3HAYEHBI
OoMHAKOBO. [IOHATHO, YTO pPa3IM4YHbIE KOMOMHALIMN CTPYKTYP, KOMIOHEHTOB H/WUJIH 3JIEMEHTOB,
KPOMe TeX, KOTOPble KOHKPETHO MOKa3aHbl, PACCMATPUBAIOTCS M HAXOATCS B IpeAesiax o0bema
HACTOSIIIEr0 PACKPBITHSL.

[021] Kpome TOro, B AaHHOM JOOKYMEHTE OIHUCAHO W MPOHJUTIOCTPUPOBAHO MHOTO
BApPHUAHTOB OCYINECTBJIECHUs n300pereHus. Hacrosimee packpbiTHe HE OrpaHMYEHO HU OIHUM
OTHENbHBIM aCMEKTOM HJIM €r0 BAPHAHTOM OCYIIECTBIIEHHS, HM KaKMMH-JIN0O KOMOMHALUAMU
W/WTN TIEpECTAaHOBKAMH TaKHX aCMEKTOB W/WJIM BAPUAHTOB OCYIIECTBIEHHs n300peTenus. Kpome
TOTO, KaX/bI M3 aCMEKTOB HACTOSINErO PACKPBITUS W/HIN €ro BapHAHTOB OCYIIECTBIICHUS
MOJKET HCIOJb30BATHCS OTAEIBHO WJIM B COUETAHHM C OAHUM I OONBLUIMM KOJUYECTBOM
APYTUX acCHeKTOB HACTOSILEr0 pAacKpbITHA W/WIM €ro BapHaHTaMU OCyllecTBiIeHus. [l
KPaTKOCTH HEKOTOpble IMEPeCTAHOBKM M KOMOMHAIMM HE OOCYXXITAIOTCs W/WIM  He
WITIOCTPUPYIOTCA OTHENbHO B JAHHOM JAOKYMEHTe. B u4acTHOCTH, BapuaHT OCYLIECTBJIEHUS
M300peTeHNs] WM BapUaHT pealn3alMyd W300pEeTeHHs, ONUCAHHBIN B JAHHOM JOKYMEHTE Kak
«TIPEJICTaBJIEHHBIN B Ka4eCcTBE MPUMEpPay, He JOJKEH PACCMAaTPUBAThCS KaK MPEANOYTUTENbHbIN
WIN TIPEUMYLIECTBEHHBIH, HATIPUMEp, MO CPABHEHMIO C IPYTMMH BapHAHTAMH OCYLIECTBICHHUS
n300peTeHns] WM BapHaHTAMM peau3alui W300peTeHHs; CKopee, OH NpeIHA3HA4YeH IS
OTpaKEHHWs  WJIM  yKa3aHus BapuaHta (BapUAHTOB)  OCYINECTBIEHHs  M300pEeTeHus,
KOTOPBII/KOTOPBIE SIBJSIETCS/SBISIFOTCS  KIPEICTABICHHBIM B KayeCTBE MPUMEPA» BAPHUAHTOM
(BapmaHTaMH) OCYIIECTBJICHUS] H300PETCHHUSI.

[022] @ur. 1 mpencraBisier coOOH CXeMAaTUYECKHH BUZI OHOPEAKTOPHOW CHUCTEMBI B
COOTBETCTBHUH C IPUMEPOM JAHHOTO PACKPBITHSI.

[023] ®ur. 2 npencrapyisier coOOW CXEMaTHYECKHI BHJ MPEICTABICHHOTO B Ka4eCTBE

npuMepa KOHTpoJuiepa OMOpEakTOPHOH CHCTEMBI B COOTBETCTBUM ¢ ¢ur. 1, u ero

,
COOTBETCTBYIOLIHME BXOZbI M BBIXOJIBL.

[024] dur. 3 mnpencraBisieT coOOl OJIOK-CXeMy MOCJIEAOBATENIbHOCTA OmNepanuil
NPEACTABIEHHOTO B KAY€CTBE IPUMepa Crocoda COrTacHO JAHHOMY PACKPBITHIO.

[025] ®ur. 4 npencrasisier cobol rpaduueckoe CpaBHEHHE U3MEPEHHON KOHIIEHTPALIUH
JKU3HECTIOCOOHBIX KJIETOK B MNep(y3HOHHOM OuopeakTope Ha 37 IeHb MapTUU NMPOAYKLUHU C

U3MEPEHHON KOHLIEHTpalnel KU3HECTIOCOOHBIX KJIETOK B OMOpEakTope ¢ MOANMUTKON Ha 6 IeHb



NapTUH MPOAYKLIUH.

[026] ®ur. 5 mnpencraBisier coOoil rpaduk, NOKA3BIBAIOIINN HOPMATHU30BAHHYIO
cneun(pUIecKyr0 IPOAYKTUBHOCTD KJIETOK BO BpEMEHH MeXy nepdy3HOHHBIM OMOpEeaKTOpOM U
OMOpPEaKTOPOM C MOANUTKON, ONMUCAHHBIM CO CCBIIKON Ha ¢ur. 4

[027] ®ur. 6 mnpencraBuser coOoi rpaduK, TMOKA3BIBAOIINN KOHLIEHTPALHIO
JKM3HECTIOCOOHBIX KJIETOK BO BpeMeHH aisi nepdy3uoHHOro OuopeakTopa, B KOTOPOM HeE
YIPABISIFOT KOHLIEHTPALNEH KM3HECTIOCOOHBIX KJIETOK I TIFOKO301.

[028] ®wur. 7 mpencrasinsier coOoii rpaduk, MOKa3bIBAOIINI KOHLEHTPALMIO TIIFOKO3bI BO
BpeMeHH B nep(y3nOHHOM OHOpeaKkTope, ONMMCAHHOM Ha (ur. 6.

[029] @wur. 8 npeacrasisier coOOH rpaduk, MOKA3BIBAIOIIHUN JKU3HECTIOCOOHOCTh KJIETOK
BO BPEMEHH B MepPy3MOHHOM OMOpEaKTOpe, OMMMCAHHOM Ha ¢ur. 6

[030] @ur. 9 mnpencraBiasier coOoil rpaduk, TOKA3BIBAIOIIMA KOHIICHTPALHIO
JKU3HECTIOCOOHBIX KJIETOK BO BPEMEHH JUJIs TEPPY3HOHHOTO OHOPEaKTopa, B KOTOPOM YIIPABIISUTA
KOHLIEHTPALIUEH KIU3HECTTOCOOHBIX KIIETOK.

[031] @ur. 10 npencrasnsier codoii rpaduk, MOKa3bIBAIOILINH KU3HECTIOCOOHOCTh KJIETOK
NPY YCTAHOBUBIIEMCS pekuMe paboThl B TepPpy3MOHHOM OHOpEaKTOpe, ONMMMCAHHOM Ha ¢ur. 9.

[032] ®ur. 11 npencraBnsier coboil rpaduk, NOKA3BIBAINNUNA HOPMAIU30BAHHOE
npoxyuupoBaHue Oenka (TUTp) € TeuyeHUEM BpeMeHH B Nepdy3HOHHOM OHOpeaKTope,
OMHCAaHHOM Ha ¢ur. 9.

[033] @ur. 12 npencrasisier coboii rpaduk, MOKAa3bIBAOINNA KOHLIEHTPALIUIO TIFOKO3bI
BO BPEMEHH B MepPy3MOHHOM OHOpEaKTOpe, ONMCAHHOM Ha ¢ur. 9

[034] ®ur. 13 mpencrasisier coboli rpadUk CpaBHEHUS] KOHIICHTPALUH YKU3HECTTOCOOHBIX
KJIETOK B nepy3nOHHOM OHOpeakTope U OHopeakTope ¢ MOATUTKOMN.

[035] @ur. 14 mnpencraBiasier coOod rpaduk CpaBHEHHsS HOPMAJTH30BAHHOTO
NpOAyLUPOBaHUs Oenka (THTpa), JOCTUTHYTOTO B OMOpEeaKkTOpax, OMUCAHHbIX Ha (ur. 13.

[036] ®ur. 15 npencraBiasier coOoW rpaduK, TMOKA3BIBAOIINUNA KOHIIEHTPALHIO
JKU3HECTIOCOOHBIX KJIETOK BO BpEeMEHH sl Nepy3HOHHOro OHOpeakTopa, YIPaBIISIOIIEro
KOHLIGHTPALUEeH >KU3HECIIOCOOHBIX KJIETOK C HCIOJb30BAaHHEM 30HIA JJIsi PaMaHOBCKOM
CHEKTPOCKOITHH.

[037] @wur. 16 npencrasnsieT coO0i rpaduk, MOKA3bIBAKOIINI JKHU3HECTIOCOOHOCTD KJIETOK
BO BPEMEHH B MepPpy3MOHHOM OMOpEaKTOpe, OMMMCAHHOM Ha ¢ur. 15

[038] @ur. 17 mnpencraBisier coOoOl rpaduK, NOKA3bIBAOIIUN HOPMAIN30BAHHOE
npoxyuupoBaHue Oenka (TUTp) C TeUEHHEM BpPEMEHM B TNEePPY3MOHHOM OHOPEaKTOpE,
OnucaHHOM Ha ¢wur. 15.

[039] @ur. 18 npencrasisier coboil rpaduk, MOKA3bIBAOINNA KOHLIEHTPALUIO TIFOKO3bI
BO BPEMEHH B MepPy3MOHHOM OHOpEaKTOpe, ONMMCAHHOM Ha ¢ur. 15

[040] Pur. 19 mnpencraBmser coboil rpaduK, NOKA3BIBAIOIINNA KOHLEHTPALHIO
KU3HECTIOCOOHBIX KJIETOK BO BPEMEHH sl NepQy3HMOHHBIX OHOPEaKTOPOB, YHPABISIOIINX
KOHLIEHTPALMEeH >KU3HECIIOCOOHBIX KJIETOK C HCIOJb30BAaHMEM 30HIA MJII PaMaHOBCKOM

CIEKTPOCKOIHUH.
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[041] ®ur. 20 npexncraBisier coboii rpaduK, NOKA3BIBAIOIIHA HOPMAIU30BAHHOE
npoxyuupoBaHue Oenka (TUTp) C TeUeHHEM BpEeMEHM B INepPy3MOHHOM OHOpEakTope,
OnucaHHOM Ha ¢ur. 19.

[042] @ur. 21 npexncraBmsger coOoil rpaduk, NOKA3bIBAKOIIMNE KOHLEHTPALHIO
JKM3HECTIOCOOHBIX KJIETOK BO BpeMeHH Uil Nepy3nOHHOro OHOpeakTopa, YIPaBISIOIIETO
KOHLIEHTpALMeH >KU3HECIIOCOOHBIX KJIETOK C HCIIOJb30BAHHEM 30HAA ISl PaMaHOBCKOH
CIEKTPOCKOIHUH.

[043] Kpome Toro, B HaHHOM JOKYMEHTE OIMCAHO W MPOWUIFOCTPUPOBAHO MHOTO
BAPUAHTOB OCYINECTBJICHUs1 n3o0pereHusi. Hacrosimee packpbITHE HE OrPaHMYEHO HU OIHUM
OTHEJIbHBIM aCMEKTOM HJIM €r0 BAPHUAHTOM OCYINECTBIIEHHS], HM KaKMMH-JTUOO KOMOWHALUSAMU
W/WJIM TIePEeCTAaHOBKAMU TAaKHX ACHEKTOB W/WJIM BapHAHTOB OCYIIECTBIEHHsS H300pETEHHs.
Kaxxnplii U3 acreKkTOB HACTOSLIETO PACKPBITHUS W/WIM €r0 BAPUAHTOB OCYILIECTBIEHHS MOXKET
UCTIONIB30BAThCSI OTAENBbHO WM B COUETAHWH C OJHHM HJIM OOJIBIIMM KOJHYECTBOM IPYTUX
aCTIEKTOB HACTOSILETO PACKPBITUS W/WIM €ro BapHaHTAMH OCYLIeCTBIEHHs. JlJI1 KPaTKOCTH
MHOTHE W3 S5THUX KOMOWMHAIIM M TEPEeCTAaHOBOK HE OOCYKOAIOTCS OTAEIBHO B IaHHOM
TOKYMEHTE.

[044] B gacTHOCTH, [JI1 MPOCTOTHI M SICHOCTH HILTIOCTPALIMN HEKOTOPbIE aCMIEKThI (PUTYD
u300pakaroT OOIIyI0 CTPYKTYpy WMWK CHocod TOCTPOCHUS Pa3INYHBIX BapPUAHTOB
ocymecTieHust n3ooperenns. Onucanus W MOAPOOHOCTH HM3BECTHBIX MPU3HAKOB U METOJOB
MOTYT OBITh OMYIIEHBI, 4TOOBI U30€KaTh HEHY)KHOTO 3aT€HEHHsI APYTUX MPU3HAKOB. DJIEMEHTHI
Ha ¢urypax He 00s3aTeNbHO H300paKeHbI B MacIuTade, pa3Mepbl HEKOTOPBIX MPU3HAKOB MOTYT
OBITh IPEYBENUYEHBl OTHOCUTENBHO JPYTHX OJJIEMEHTOB JUIS YJYYIIEHUs ITOHUMaHUS
NPEACTABJIECHHBIX B KaueCTBE NpUMeEpa BapUaHTOB OCYINECTBJIeHUs m3oOpereHus. Hampumep,
CIELUANICT B JaHHOH OOJAaCTH TEXHUKU IOHMMAET, YTO BUAbI B IONEPEYHOM pas3pe3e He
n3o0pakeHbl B MacmiTade W HE JOJDKHBI pPAacCMaTPUBATBCS KAk IPEICTABISIOLINE
NPOTNOPLMOHATIBHBIE OTHOLIEHHS] MEXKIY pPa3IMYHbIMH KOMIIOHEHTaMH. BHIbl B momepedHoM
paspe3e TpPENOCTaBJICHbI JJii TOrO, 4YTOObI TMOMOYb MPOUJUTIOCTPUPOBATH PaA3IMYHBIE
KOMITOHEHTbI H300pa’k€HHOT0 y3J1a U TIOKA3aTh UX B3aUMHOE PACIIOJOKEHUE IPYT C IPYTOM.

INOAPOBHOE OITMCAHUE CYIIIHOCTU U30BPETEHUA

[045] Teneps Oyner cnenaHa moApoOHAsi CCbUIKA HA MPUMEPbI HACTOSIIErO PACKPBITHS,
KOTOpble TPOMJUTIOCTPUPOBAHBI HA TMpHJIATaeéMbIX TpaduuecKkux wmarepuanax. Besme, rae
BO3MOYKHO, OJJHH U T€ K€ CChUIOYHBIC IMO3ULUU OYAYT HCIOJIb30BaThC HAa BCEX IpaduuecKux
Marepuanax st 00O3HaueHWs] OIMHAKOBBIX WM TOXOXKHUX dYacTell. B mocnenyromem
OOCYXI€HUH  OTHOCHTEJIbHBIE TEPMHHBI, TaKHE KaK «OKOJIO», «IO  CYIIECTBY»,
«TPUOTM3UTEIBHOY U T. J., UCTIONB3YIOTCS JIJIs1 0003HAUEHHs BO3MOXKHOTO OTKJIOHEeHus1 = 10% B
yYKa3aHHOM YHCIIOBOM 3Ha4deHMH. bojee Toro, B opmyne M300peTeHus 3HAUEHUs], TMpeneibl
W/WJIA TUana30Hbl O3HAYAIOT 3HAYCHHE, TTpenen u/miu auamnason £ 10%.

[046] Tepmun «TpyOa» OTHOCHUTCS K KaHaJy, TPyOKe, COENUHEHUIO, IPOXOY WA TOMY
noJ00HOMY, MO KOTOPBIM MOXET IMPOXOAUTh KUAKOCTb. B omHOM mpumepe TpyOa MoOkeT

MPECTaBIATh COO0H OMONpPEeHOBbIe TEPMOIUTACTUYHBIE TPYOKH OT Komnanuu Watson-Marlow.
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[047] «Ilepuomuueckass KyJabTypa» WIN «IEPUOIUYECKHN PEXHUM» OTHOCHTCS K OJIOKY
(HarpuMep, COoCcya Ui KyJIBTUBUPOBAHH), KOTOPBIM 3aNOJHEH KJIETKAMU U UMEET HaudaJbHBbIH
paboumnii 00BEM cpenbl KyJbTYphbl KJIETOK, KOTOPBI HUKOrga He oOMeHHuBaercs. B Takoi
NEPUOANYECKON KyJNbType BCE KOMIIOHEHTHI Uil KyJIbTHUBUPOBAHUS KJIETOK MOJAIOTCA B COCY.
IJs1 KyJbTUBUPOBAHUSl B Haudaje TEXHOJOTMYECKOro Ipouecca KyJbTuBUpoBaHMs. KymbTypa
MOxeT paboTaTh 10 TeX MOp, MOKa MUTATEIbHbIC BEIIECTBA He OYAyT HCUYEPIaHbl WIIN TIPOAYKTHI
JKU3HEAESTEIbHOCTU HE TOCTUTHYT TOKCUYHBIX YPOBHEH, 3aIyCKAIOIIUX allONTO3.

[048] ®dpaza «kyabTypa KJIETOK C MOAMUTKONY WM KKYJIbTypa C IOATTUTKON» OTHOCUTCS
K TEepUOANYECKON KyJNbType, MNPU OTOM KIETKH SKUBOTHBIX U KYJbTYPaJbHYIO Cpeny
MEPBOHAYAIBHO MOJAKOT B COCYJA JUIsl KYJbTUBHPOBAHMS, a JOIMOJHUTENbHBIE MUTATENbHbIE
BEIECTBA ISl KYJBTYPbI TMOAAIOT JHOO HENPEphIBHO, JUOO B BHUIE OTHENBHBIX OOJIOCHBIX
n00aBOK K KyJbType BO BpeMsl KYJbTHBHPOBAHUS C WIH 0€3 Mepuomudeckoro coopa KIETOK
W/WT TIPOZYKTOB JI0 MPEKpPAIIeHUs KyIbTHBHPOBaHus. KyabTypa ¢ MOAMUTKON BKIIFOYAET B ceOst
«TIOJYHEIPEPBIBHYIO KyJbTYpy C MOANMUTKOW», NPU 3TOM MEPUOAMYECKU LENYH KYJIbTYpY
(xoTOpasi MOXKET BKJIIOYATh KJIETKU W TMUTATEIBHYIO CpPely) YAASIFOT U 3aMEHSIFOT CBEXKEi
nuTaTenpHou cpepon. KynbTypa ¢ NOANMTKOM OTIMYAETCs OT MNPOCTOH «IIEPUOAMYECKOU
KYJIBTYpbI» N0oOaBIeHHEM (MU yAaJleHHEeM) KOMIIOHEHTOB B COCYIl BO BPeMsI KYJIbTHBUPOBAHUSI.
Kynerypy ¢ DOANUTKOH  MOXKHO  JIOTIOJIHUTENBHO OTIMYHTE OT  Nepdy3HOHHOTO
KyJbTUBUPOBAHMs], TIOCKOJbKY BO BpeMsl TEXHOJOIMYECKOro Ipolecca C MOAIUTKOM
NUTaTeNbHAS Cpela He 3aMeHseTcs B TOH ke Mepe, Torga Kak npu  neppy3MOHHOM
KyJbTUBUPOBAHUM BCE€ MWJIM HEKOTOpPblE KJIETKM COXPAHSIOTCA B KyJbType, Hampumep, C
UCTIONIb30BaHUEM (DUIIBTPA MM YCTPOWCTBA ISl YAEP:KaHUS KJIETOK, a KyJbTypajibHas cpena
HEMpepbIBHO HJIM TMEPUOJUYECKH TMOJAETCs, B TO BpeMs Kak MOOOYHBbIE MPOAYKTHI
3aMEUIIOIUE  POCT, IOCTOSIHHO WJIM IEePUOAMYECKH YHAJSIOTCs U3 cocyaa i
KyJbTUBUPOBaHMs. B TEXHOMOrM4ecKOM Mpouecce C MOANMUTKONW, KOTOPBIH OTINYAETCS OT
nepy3MOHHOTO TEXHOJIOTHYECKOTO TMPOLECcca, KyJbTUBUPOBAHUE MPOAOIIKAETCS A0 TeX MOp,
Noka He OyieT ompeneneHo, YTO JOCTUTHYT MaKCHMAJIbHBIN MITH HHBIM 00pa3oM ONpeAeIeHHbIH
paboumnii 00beM W/WIM MPOAYLUPOBAHHE O€NKa, a 3aTeM MPOAYKThI KYJbTYPbI C MOIIMUTKON
COOUPAIOT.

[049] Tlepdy3roHHast KyJbTypa B Ka4eCTBE CIIOCO0A MOJMYYESHUs HHTEPECYIOINEero Oenka
TAKXK€ PACCMATPHUBAETCSl JJII HCIOJB30BAHUS B Crocodax IO HACTOSIIEMY H300pPETEHHIO.
CriocoObl mepdy3un KyJbTyphbl KJIETOK JJIsI TOJNYYEHHUS WHTEPECYIOINero Oeilka WM aHTHTEN
W3BECTHBI CIIELHANIUCTY B JAHHOH 00IacTu.

[050] Tepmun "kmerka" BkIOUaeT B ceOs JMOOYIO KIIETKY, KOTOpasi MOAXOIUT JUJIs
SKCIPECCUH TOCIIEIOBATEIbHOCTH PEKOMOMHAHTHON HYKJIEMHOBOM KUCJIOTHL. KIIeTKH BKITFOUAIOT
B ce0sl KIETKHM MPOKapPUOT U DHYKAPHOT. DyKAPUOTHYECKHE KJETKH BKJIIOYAIOT, HO He
OrPaHUYMBAIOTCS UMH, APOXKH M BCE KIETKH MJIEKONMUTAIOUINX (YEJIOBEKa M HE YelIOBEeKa) U
KJIETOUHBbIE CIIUSHUS, TaKUe Kak, Hampumep, THOPHAOMBI WIM KBapOMbL. B HEKOTOpBIX
BApPUAHTAX OCYLIECTBJIEHUs H300pETEHUs KJIETKAa IPEACTaBIseT COOOM KIETKY 4YeNOBeKa,

O6€3bHHbI, npumara, XOMsYKd, KpPbIChI WJIW MBbIIIH. B APYrux BapUaHTax OCYLICCTBJIICHUSA



12

n300peTeHus KJIeTKy BeIOMparoT u3 creayromux kierok: CHO (manpumep, CHO K1, DXB-11
CHO, Veggie-CHO), COS (mampumep, COS-7), xneTku ceryaTku riasza, JUMQPOUHTHI, Vero,
CV1, nouex (mampumep, HEK293, 293 EBNA, MSR 293, MDCK, HaK, BHK21), Hela,
HepG2, WI38, MRC 5, Colo25, HB 8065, HL-60, Jurkat, Daudi, A431 (sniunepmanbhbiii), CV-
1, U937, 3T3, L knerka, kierka C127, SP2/0, NS-0, knerka MMT, onyxoneBast kjerka, u
KJIETOYHAsl JIMHUS TIOJIydeHHAsh M3 BBILIEYIIOMSHYTOM KieTKH. B HekoTopbIx BapuaHTax
OCYLIECTBJICHHs M300pETeHUs] KJIeTKAa COMAEPKUT OOUH WM Oolbliee KOJMYECTBO BHPYCHBIX
T'€HOB, HANPUMeED, KJIETKAa CEeTUATKHU TJia3a, KOTOpasi SKCIPECCUpyeT BUPYCHBIM IeH (Hampumep,
kierka PER.C6®). B HEKOTOpPBIX BapHaHTaX OCYILIECTBICHHs HW300pETEeHHs] KJIEeTKa
npencrasisier codoit kiaerky CHO. B npyrux BapuaHTax OCYINECTBIIEHUS U300pEeTeHHsI KJIeTKa
npexncrasisier coboit kiaerky CHO K1.

[051] «KnerouHasi JTUHUS» OTHOCUTCS K KIIETKE MJIM KJIETKaM, KOTOpbIE MOJYYEHbI U3
OTpeNeIeHHON JIMHUN MOCPENCTBOM MOCJIEIOBATEIBHOTO NIaCCUPOBAHHUS WIH
CYyOKYJNIbTHBHPOBAHUSI KJIETOK. TEPMHH «KJETKH» HCIOJB3YeTCs B3aUMO3aMEHSIEMO C
«KJIETOYHOH MOMYJISILIUEI .

[052] C yderom coBpeMeHHbIX cTpareruii kopmuenusi, kierku CHO mocturnu
KOJIMYECTB KJIETOK, TAKHX Kak Gomee uem 10x10° xmerok/mn (mocie OKOJO OXHOH Hexenn) u
TUTPOB, COCTABIISIIOLINX, HATTpUMep, > 2 1/ uenoBedeckoro IgG (cobpaHHOTO MOCIEe OKOJIO ABYX
HeJeJb), YUCIa, KOTOPbIE SBISIOTCA TUITUYHBIMU ITPOMBILIEHHBIMHI 3HAUEHUSIMH JUUIST KYJIBTYD C
noanutkoit kiaerok CHO. Cm. Kim, BJ, et al., Biotechnol Bioeng. 2012 staBaps; 109 (1):137-45.
Haxe Oonee 10 r/n mpoayuupoBanust antuten Obuio coodbmeno u3 CHO kierok, kotopbie ObLIH
XOpOLIO YCTAHOBJIEHBI B KA4E€CTBE BA’KHOW INMPOMBIIIJIEHHON JIMHUU KJIETOK MJIEKOIUTAOIIUX.
Cwm. Omasa et al., Current Pharmaceutical Biotechnology, 2010, 11:233-240.

[053] TepmuHBI «cpena s KyJbTHBHUPOBAHUS KJIETOK» M «KyJbTypajbHas cpenay
OTHOCATCST K IMTATEJIbHOMY pAacTBOPY, HCIOJNb3YEMOMY Ui BBIPAIIMBAHUS  KJIETOK
MJIEKOIUTAOLINX, KOTOPBIA OOBIMHO OOecreYrBaeT HeOOXOMUMbIE TUTATENIbHbIC BEIIEeCTBA IS
YCWJIEHHsT pOCTa KJETOK, TaKue KaKk MCTOYHMK DSHEPruu YIJIEBOJIOB, HE3aMEHUMbIE
AMHHOKHUCJIOTBI, MHKPO3JIEMEHThI, BUTaMUHBI U T. A. Cpena s KyJbTUBUPOBAHHS KJIETOK
MOJKET COAEPIKaThb SKCTPAKTHI, HAIPUMEP, ChIBOPOTKY HJIM MENTOHBI (TMAPOJIU3ATHI), KOTOpPbIE
NOCTABJIIIOT ChIPbE, KOTOPOE MOAAEPIKUBAET POCT KiIeTOK. IluTarenpHast cpema MOXKeT
COIEpKAThb 3KCTPAKTBI JPO}ICKEH HIIM COM BMECTO 3KCTPAKTOB JKUBOTHOTO MPOHCXOMKACHUS.
XUMHUYECKH ONpeAeNICHHAs NMHTATeNlbHasi CpeAa OTHOCHTCS K Cpele s KyJIbTHBUPOBAHUS
KJIETOK, B KOTOPOW W3BECTHBI BCE XHWMHYECKHE KOMIIOHEHTBl. XHMUYECKH OIpeIesieHHAs
NUTaTENbHAS CPeaa MOJHOCTHIO CBOOOHA OT KOMIIOHEHTOB KUBOTHOT'O MPOUCX OKISHHS, TAKHUX
KaK TENTOHBl ChIBOPOTOYHOIO WJIM JKMBOTHOTO NMPOHMCXOXIeHUus. llurarenbHas cpema Takke
MokeT ObITh Oe3 Oenka. «CBekas muTaTeNnbHAsl Cpena» MNPEACTaBisieT COOOH MHUTATETbHYIO
cpeny, KoTopas eme He Obula BBEIEHA B KYJbTYPY KJIETOK W/WIN €lle He HCIOJb30BaJIach
KJIETKAMU KYJBTYpPbI KJeTOK. CBekash MHUTaTeNbHAasl Cpeda MOKET COAep)kaTh, Kak IPaBUJIO,
BBICOKHI YpOBEHb IIMTATENbHBIX BEINECTB U IO CYLIECTBY HE COAEpIKaTb IPOAYKTOB

KHU3HECACATCIIbHOCTH. ((OTpa6OTaHHa$I nuraTtejibHasd Cpeaa» MOXKET OTHOCHUTBHCS K MMUTATEIbHOMN
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cpene, KOTOpasi UCIOJIb30BAJIACh KJIETKAMU B KYJbTYpe KIETOK, U OOBIY4HO MOXKET CONIEpKaThb
Oonee HHU3KHE YPOBHU MUTATENIbHBIX BELIECTB (MOCKOJBKY 3THU MUTATENbHBIE BEIECTBA MOTYT
UCTIONIb30BAThCS KJIETKAMH B KYJIBTYpe KJIETOK) 1 O0ee BBICOKHE YPOBHU OTXOJOB, Y€M YPOBHH,
NPUCYTCTBYIOLINE B CBEXKHX CPEAaAX.

[054] B mnepdy3uoHHOM OuOpeakTope KyJbTypajbHas Cpena MOXKET HeNpepbhIBHO
YIOAIATBCS W3 KYJBTYPBl KJIETOK U 3aMEHSAThCS CBEeXell murarenbHOW cpenoil. IlocrosiHHOE
nobaByieHHWe CBEXeW TMUTATeJIbHON Ccpenbl NP OXHOBPEMEHHOM VAAJNEHHH TPOAYKTOB
JKU3HENESATEIbHOCTH MOXKET OOECMeYnuTh KIETKH B KYJbTYpe KJIETOK MUTATebHBIMU
BEIECTBAMH, KOTOpble HEOOXOAMMBI Uil JOCTHKEHUS BBICOKHMX KOHIIEHTpAlMii KiIeTok. B
OTJINYHE OT TMOCTOSIHHO MEHSIIOLIMXCS YCJIOBHI B MEPUOMHUYECKHX KYJIbTYpax M KyJIbTypax C
MOATUTKOMN, METOA Nep(y3uu MpeiaraeT CpeacTBa sl JOCTHKSHUS U MOIAEPKAHUS KYJIBTYPbI
B yCTOWYMBOM cocTOsiHMU. Kak mpaBuio, B JeHb OOMEHHMBAETCS OKOJIO OIHOrO o0bema
KYJBTYpbI, 1 KOHLEHTPALHUs KJIETOK, JOCTUraemasi mpu mnepdysuu, oObIMHO B [Ba-IECSTh pa3
BBIIIE, YeM JOCTUrAeTCs Ha IMHUKE MEPUOAMYECKON KYJNbTYPbl WM KYJBTYPbl C MOAMHTKOM.
3aMeHa MUTATENbHBIX BEINECTB W/WIM yIalieHHe alONTOTHYECKHX KJIETOK o0ecrnevnBaet
BO3MOJKHOCTh TOAIEPIKAHUS KU3HECTIOCOOHOCTH KJIETOK B YCTAHOBHUBILEMCS pekuMe paboThl B
TeUeHHe AJUTEJbHOrO BpeMeHH. [Ipu NpOM3BOACTBE B YCTAHOBUBIUEMCS peXuUMe paboThI
aTpuOyThI KauecTBa Oeka (MM IPYrHX MPEICTaBISIIOIINX HHTEPEC COSAMHEHHUI), TIOJyIeHHbIE
B Hauaje MapTUH MPOAYKLMH, MOTYT OBITh MO CYIIECTBY MACHTHYHBIMH aTpUOyTaM KadecTBa
Oenxa (WM OPYTrUX NPENCTABISIIOIINX HHTEPEC COCAMHEHHI), MOJYYEeHHOTO B KOHIE MapTUU
npoaykuuu. bemok MoxkeT ObITh OLEHEH Ha OCHOBE PAa3IMYHbIX IMOCTTPAHCISLIMOHHBIX
Moau(pUKaIMH, TAaKUX KaK TIIUKO(GOPMBI, HEOAHOPOOHOCTb 3apsiia, arperanus U pasjindHbIe
NOKA3aTeH YHCTOThL. 3HAYMTENbHASI CTENEeHb UACHTHYHOCTH KadyecTBa Oejka He JOCTIKUMA B
peakTopax C TOAMUTKOHN, MOCKOJIBKY YCJIOBHS KyJbTHMBUPOBAHUS KJETOK B TAKHX PEAKTOpax
HOCTOSTHHO MEHSIFOTCSI.

[055] VYcnoBusi KyJabTHBHPOBAaHUSI B OHOPEAKTOpE TMO3BOJSIFOT KYJBTYpe KIJIETOK
npoayuupoBaTh uHTepecyroiuil 6enok (Mb) ¢ uenpro odecriedeHusi COriacoBaHHOTO OETKOBOTO
marepuana. B HEKOTOPBIX YCIOBUSX KYJIBTHBHUPOBAHUS KYJbTYphI KJIETOK OJMH MM OOJbliee
KOJIMYECTBO TEXHOJOIMYECKUX MMapaMeTpoOB MOIYT ObITh BBIOpaHBI MO MEHbLIEH Mepe u3
IPYIIbIL, COCTOSINEH M3 KOHIEHTPALMK [HMTATEJIbHOrO BEINECTBA, TAKOW KaK KOHLIEHTPALIUS
TJIFOKO3bI, KOHLIEHTpALHsl TJyTaMara M KOHLEHTpALUsl [JIyTAMUHA, KOHLEHTPALUH aMMOHHUS,
KOHLIEHTPALMK JIaKTaTa, OOLIel IMJIOTHOCTH KJIETOK; MJIOTHOCTU JKU3HECTIOCOOHBIX KJIETOK; U
atpubyToB Oenka.

[056] Crocob nansi OuopeakTopa MMO3BOJISIET YCTAHOBHTH KOHTPOJIb HAJ TMOTOKOM
Pa3IMYHBIX KOMIIOHEHTOB, TAKMX KaK MUTATEeNbHAs cpena (BKJIOYas, Hanpumep, TUTATEIbHBIC
BelecTBa), OENIOK U KJIeTKH, B 1 u3 OnopeakTopa. Criocod mist Onopeakropa BKIIIOUAET B ceOst
ynajieHne OEeCKJIETOYHOW WCTOIIEHHOHW MHTATeNbHOH Cpenbl W3 KYJbTYpbl KIJIETOK C
UCIIOJIb30BAHUEM IMEPBOW BBIBOAHOW TpyObl C MEPBBIM HOMHMHAJIBHBIM PacXxOJOM MOTOKA.
Crnoco6 Bkirouaer B ceOsi yaleHue KJIETOK M3 KYJbTYpbl KJIETOK C HCIIOJIb30BAHHEM BTOPOM

BBIBOAHOI TpyOBI CO BTOPBIM HOMHHAJIBHBIM pacxonoM mnotoka. Crmoco® Bkimouaer B cebs
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BBEJICHUE ONHOM WM O0eMX M3 CBEKEH NMUTATENbHOW Cpenbl WM MHUTATEIbHBIX BEINECTB B
KYJIBTYPY KJIETOK C HCIIOJIb30BAHHEM BBOIHOM TPYObI C TPETPUM HOMHHAJIBHBIM PacXOaOM
noroka. OxuH wiu OoJbllee KOJMYECTBO M3 YKA3aHHBIX IEPBOTO, BTOPOIO M TPETHETO
HOMMHAJIBHBIX PAacXOJ0B IOTOKA PpEryJUPYIOTCS HAa OCHOBAHMM HW3MEPEHHH 30HIa AJd
paMaHOBCKOW crekTpockonuu Ouopeaktopa. OmuH wim OoJblee KOJUYECTBO U3 YKa3aHHBIX
NIEepPBOro, BTOPOTO U TPEThEr0 HOMUHAJBHBIX PACXOAOB IMOTOKA PEryJUPYHOTCS HAa OCHOBE
U3MEpeHni 30HJa AN PAMaHOBCKOW CHEKTPOCKONMUU OHOpeakTopa I MOAAEP’KaHUS OIXHOTO
wid OOJBIIEro KOJIMYECTBA TEXHOJOIMYECKHX MapaMeTpoB B IMpelesiaX MpeIBapUTEIbHO
33JaHHBIX AUANAa30HOB. YKa3aHHbIE MEPBbIN, BTOPOU U TPETUH HOMHUHAJIbHBIE PACXOJbl MOTOKA
PEryJIHPYIOTCS Ha OCHOBE M3MEPEHUI 30HNA JUI PAMAaHOBCKOH CHEKTPOCKONMHMH OHMOpeakTopa,
9yTOOBI TMOANEPKUBATh TPETUH HOMHHAJIBHBIN pPAcXOll NMOTOKA BBOAHON TPYOBI W TEPBBbIA U
BTOPOIl HOMHHAJIbHBIE pPAcCXOAbl TIMOTOKA Ka)AOW W3 BBIBOOHOH TpyOd B mpenenax
COOTBETCTBYIOILUX MPEABAPUTENBHO 33JaHHbIX THANIA30HOB.

[057] Kaxxnoe u3 ynaneHus: OECKJIETOYHONH MCTOLIEHHOW MUTATENIbHONW CPENbl, YAAJIEHHS
KJIETOK U BBEIEHUS] OJHOW MM OOEHMX M3 CBEXKEH MUTATENbHOHN Cpeibl U MUTATEIbHBIX BELIECTB
YIPABIIETCS] COOTBETCTBYIOIIMM HACOCOM. bHoOpeakTop comep:KUT (UIBTP, BBHINOJHEHHBINH C
BO3MOXKHOCTBIO  yIEpPXKAHHUA KJIETOK M OOECIeYeHHsT BO3MOXKHOCTH CKBO3HOTO IPOXOAa
KUAKOCTH.

[058] CriocoObl 1 cHCTEMBI JAHHOTO PACKPBITHS BKJIIOUAIOT B ce0st croco0 yIipaBleHHs
Maccoil OmopeakTopa M €ro  CONEPKHUMBIM JJsl  peajd3aldd  IOCIeN0BaTEeIbHOIO
NPOM3BOJICTBEHHOTO TEXHOJOIHUYECKOTO MPOoLecca, cpenu npodynx npuduH. Crnocod BKIIOYAET B
ce0sl M3MepeHHe Macchl OHOpEaKkTOpa, COAEPIKALIEero COMAEPKUMOE KYJbTYpbl KJIEeTOK. B
JOTIOJIHUTEIBHOM BapHaHTE OCYIIECTBJICHUS H300peTeHHs] Crnoco0 HCIMONb3YeT YIpaBiIeHHe
Maccoli OuopeaxkTopa, COeTMHEHHOE C YIPaBJIEHHEM PacXOfaMH TOTOKA, KaK OMHCAHO B CBSI3U C
TpyOamu Bbime. Croco® BKiMouaeT B cebs M3MEpEeHHe Macchl OMOpeakTopa € COAEP’KUMBIM
KYJIBTYPbI KJIETOK, TIPU 3TOM OAMH WJIM OOJIbIIee KOJMUYECTBO U3 YKa3aHHBIX MEPBOT0, BTOPOTO U
TPETHEr0 HOMHUHAJIBHBIX PACXOJOB MOTOKA PETYJUPYIOTCS HA OCHOBAHUM HM3MEPEHHOW MacChl.
VYka3zaHHble NEpPBBINM, BTOPOW W TPETUNH HOMHUHAJIbHBIE PACXOABI MOTOKA PEryJUPYIOTCS Ha
OCHOBE H3MEPEHHOH Macchl, YTOObI MOANEPKUBATH TPETHH HOMMHAJIBHBIA PACXOA MOTOKA
BBOJIHOM TPYOBI M MEPBBIIl H BTOPOH HOMHUHAJIBHBIE PACXOABI TIOTOKA KaJKAOH M3 BBIBOIHOM TPyO
B Ipefenax COOTBETCTBYIOLIMX IPEIBAPUTENbHO 3a/laHHBbIX AMANa30HOB. Y Ka3aHHbIE MEPBbIil,
BTOPOW W/WJIM TPETHH HOMHHAJIBHBIE PACXOABI MMOTOKA PETYJIHPYIOTCS IS TIOANEPKAHHS MacChI
KYJBTYpbl KJIETOK W Ouopeakropa B IMpenenax MpeaBapUTENIbHO 3aJaHHOTO JIHAINa30Ha.
Usmepenne texHonorndeckux napamerpon (TII) KyJasTypbl KIETOK B OHOpPEaKTOpe C TOMOIIBIO
30HJAa AJ PAMaHOBCKON CHEKTPOCKONMHMHM MPOMCXOIUT MO MEHblIel Mepe OJuH pa3 B uac.
Croco® BkmrOYaeT B ce0sl BO3MOXKHOCTb TOANEPXKAHHUS KyJIbTYphl KIETOK MpPU CpemHeil
KOHLIEHTPALIUH JKU3HECTIOCOOHBIX KIIETOK IO MEHbIIEH Mepe 0K0JI0 30 MIJUTMOHOB KJIETOK Ha MJI
B TEUEHHUE 110 MeHbIIeH Mepe okoio 30 THel B yCTOHYHBOM peskuMe padoTel. buopeakTop numeer
0o0BeM, COCTaBISIOLINI MO MeHbine mepe 10 1, u crmocob BkimoudaeT B ceOsi BO3MOXKHOCTH

MOJJepKaHUsT Macchl OHMOpeakTopa C KYJbTYpOHl KJIeTOK B mpeaenax konedanuii 20 T.
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buopeakrop nmeer o0beM, COCTaBILTIOIUI O MeHblIelr Mepe 10 1, u cocod BKIFO4aeT B ceOs
BO3MOXKHOCTb ITOJIIEPIKAHUS MacChl OMOpeakTopa ¢ KyJIbTypoi kieTok B npenenax 0,1 mporenra
OT MEepPBOHAYAJILHOTO Macchl OMOpeakTopa ¢ KyJIbTypod kierok. Korma TexHomormueckuit
napaMeTp OTKJIOHSIETCS OT 3aJaHHOIO 3HAa4€HHs B COOTBETCTBYIOILEM >KEJIaeMOM Juana3oHe,
BBIMOJHSIOT OAHO MJIM OOJbIIee KOJMYECTBO M3 yIAICHUS OECKJIETOUHON MHUTATENbHOW CpeIbl,
yIOaJeHus: KJIeTOK W BBEACHUs OAHONH wiu o0euX W3 CBEeXeH NHUTaTeIbHOW Cpenbl HIIH
NUTATEJIbHBIX BELIECTB, YTOOBI YMEHBUINTb OTKIOHeHHe. Hanmpumep, mo MeHblueil mepe nBa
o0bpemMa OMOpeakTopa MCTOLICHHOW MHUTATEebHOW CPeIbl YAAISIOTCS 4Yepe3 MEePBYI0 BBIBOIHYIO
TpyOy B CYTKH, WJIM 1O Tpex OOBEMOB OHOpEaKkTOpa HCTOIIEHHON MHTATEIbHONW CpEeabl
YIAISIOTCS Yepe3 TEPBYIO BBIBOAHYIO TPYOY B CYTKH.

[059] Onun wnu Oospiee KOMMYECTBO TEXHOJOTHUECKUX TaPaMETPOB TAKKE BKITFOYAIOT
B ce0s Temmeparypy KyJbTypbl KJI€TOK H pH KyJabTypbl KIETOK, H TeMIlepaTypa
noaaep:kuBaercss mexay 35 rpaaycamu lLlenscus u 36 rpanycamm lLlensca, a pH
noanepkuBaercs Mexxay 6,85 u 7,15. B gpyrux BapuaHTax ocyiuecTBieHus nuzodbperenus pH
MOAAEPKUBAETCS OT 0KOJI0 6,50 1o okosio 7,50, ot okono 6,60 go okono 7,40, ot okojo 6,70 no
okoio 7,40, ot okosno 6,80 mo okoso 7,30, ot okojyo 6,90 go okono 7,20, ot okoyio 7,00 mo
okoJio 7,10, mpu okoqo 6,50, mpu okoio 6,55, npu okoso 6,60, npu okono 6,65, npu okono 6,70,
npu okoJo 6,75, mpu okoJio 6,80, mpu okoJio 6,85, npu okoao 6,90, npu okono 6,95, npu OKoJIO
7,00, mpu oxono 7,05, npu okono 7,10, npu okosio 7,15, npu okoso 7,20, npu okoJio 7,25, npu
okoJio 7,30, mpu okouso 7,35, mpu okono 7,40, npu okosio 7,45 nau npu oxono 7,50.

[060] Onun nnu GonblIee KOJMUECTBO TEXHOJIOTHYECKUX NTApaMETPOB BKIIIOUYAIOT B CeOsI
creun(pUIecKyr0 MNPONYKTHBHOCTb KJIETOK, M CIIOCOO BKJIOYAIOT B Ce€0sS BO3MOXKHOCTB
NOJ/IeP’KAaHUs KJIETOK B KJIETOYHOH KyJbType IpU creun(puieckoil NMpOAyKTUBHOCTH KJIETOK,
COCTaBJISIIOLIEH 1O MeHbIIeH Mepe 15-25 mKI/ki/CyT B TeueHue 1o MeHbluel mepe 25-37 nHeil.

[061] Onun nnu Oosblee KOIUYECTBO TEXHOJOIMYECKUX MAapaMeTpOB BKIIOYAIOT B CeOst
KOHLIGHTPALIMIO TJIFOKO3bI, W CIOCO0 BKJIOYAeT B Ce0s BO3MOXKHOCTb MOIEPKaHHS
KOHIIEHTPALIMHU TJFOKO3bI OT OKOJIO 5 MM 10 okosio 85 MM winu ot okonio 1 1/ 1o okomno 15,5
/1.

[062] Onun wu Gonblee KOJMUECTBO TEXHOJOTHYECKUX NTAPAMETPOB BKJIFOUAIOT B ce0sl
KOHLIGHTPALIMIO JIAKTaTa, M CIOCOO BKIOYaeT B Ce0s BO3MOXHOCTh MOIJEPKaHHS
KOHLIEHTPALIUH JIAKTaTa MEHEee yeM OKoJIo 60 MM ujIi MeHee 4eM OKOJIo O T/11.

[063] Onun wu Gonbliee KOJMUECTBO TEXHOJIOTHIECKUX MTAPaMETPOB BKJIOUYAIOT B ceOst
KOHLIGHTPALMIO aMMOHHUsSI, M CIOCO0 BKIOYaeT B ceOsd BO3SMOXHOCTb MOIAEPIKAHUS
KOHLIEHTpaLUd aMMOHUSI MEHEe YeM OKoJio 15 MM.

[064] .

[065] TepMuH «yCTaHOBHMBIIWICS peXuM padOTbD» OTHOCHTCS K TMOAJEPKAHHIO
KOHLIEHTPALIUH MUTATENbHBIX BELIECTB, TEXHOJIOTHUECKNX MMapaMeTPOB WIN aTPUOYTOB KauecTBa
B KYJbType KJIETOK Ha HEM3MEHHOM, INOCTOSHHOM WJIN CTa0MJIbHOM ypoBHe. IIOHATHO, 4YTO
HEM3MEHHbIH, MOCTOSHHBIM WM CTAaOMIBHBIH YPOBEHb OTHOCHTCS K YPOBHIO B Ipenenax

NPpEABAPUTEIIbHO 3aaHHbIX 3HAYEHUN HJIN NpeaABapUTECIIbHO 3aJaHHBIX AUAIIa30HOB. 3a)laHHbIe
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3HAYEHHS U, CIEIOBATEIbHO, YPOBHU YCTAHOBUBIIETOCSA PEXUMa pabOThl MOTYT OBITh CMELIEHBI
OIepaToOpoOM BO BPEMEHHOM MEPUOJE MPOAYLUPOBAHMS KYJIbTYpPhl KJIETOK. 3aJaHHbIe 3HAYECHUS
WIM YPOBHH YCTAaHOBUBLIETOCS pPEXHMMa PabOThl TAaKXK€ MOTYT BKJIIOYAaTh B ceOs 3aJaHHbIE
JMara3oHbl 3HAUEHUH WM MOPOrOBbIe 3HAUYEHUS.

[066] TepMuH «mIpeABapUTENBHO 3aaHHBIN» MOXET OTHOCUTHCS K KOJWYECTBY WU
3aJJaHHOMY 3HAQUEHMIO, 3HA4YeHHE KOTOPOro (PUKCHPYETCS WM BbIYHCISIETCS BPYUYHYIO
HOJIb30BATENIEM MM KOHTPOJUIEPOM B COOTBETCTBHU C OAHUM WM OOJIBIIUM KOJIUYECTBOM
AJITOPUTMOB.

[067] Ha npoTspkeHUH BCEro TEXHOJIOTMYECKOro MpoLecca MPOU3BOACTBA KOHKPETHOTO
TEPANeBTHYECKOro OeJKOBOTO MPOAYKTA, aTpHOyThl MPOAYKTA MM aTpUOyTHI KadecTBa Oelka,
HY KAIOLIHECs] B YIIPABJIEHUH, MOTYT OBITh UACHTU(DHUIIMPOBAHBI HA OCHOBE MX MOTEHLIUAIBHOTO
BJIMSIHUASL HA Ka4ye€CTBO, OCOOEHHO KJIMHHYECKOro BosneiicTBus. COOTBETCTBYIOIIHME aTPHOYTHI
KadecTBa Oejlka MOTYT BIHUSTH HAa YHUCTOTY, 0€30MacHOCTh W/WiH 3PPeKTHBHOCTh. ATPUOYTHI
Ka4eCcTBa OTHOCATCS K (PH3MUECKUM, XMMUYECKIM, OUOJIOTHYECKUM HIIH MUKPOOHOJIOTHYECKIM
CBOWCTBAM WJIM XapaKTEPUCTHKAM IPOU3BOAMMOrO JIEKAPCTBEHHOTO TPOAYKTA, KOTOPBIE
IOJDKHBI HAXOIUTHCS B TPENEaX COOTBETCTBYIOIIETO Mpenesa, 1Hana3oHa Wi pacrpeneIeHus
1t o0ecTiedeHnsI KeaeMOoro kKauecTsa npoaykra (oenka). Cm., nanpumep, International Council
for Harmonization (ICH) Q8 (R2) Pharmaceutical Development (ICH, asryct 2009 r.).
ATpulyTsl KauecTBa /i OEIKOBBIX MPOAYKTOB MOTYT BKJIFOYATh, HO HE OTPAHUYMBAIOTCS] MU,
BBICOKOMOJIEKYJIIPHBIE COEMHEHHsI, arperaTbl, BapUaHTbI 3apsifa, BHEIIHUIN BHZ, 1BeT, pH,
aKTUBHOCTb, MOCTTPAHCISILMOHHBIE MOAU(UKALMK (CONEp)KaHHe M pacIpefeseHHe TIHKaHa),
IPOBOJUMOCTb, H303JIEKTPHUECKYI0 TOYKY, HEOIHOPOAHOCTb 3apsifia, CKpeMONIMpOBaHUE
AuCyIb(GUIHON CBSI3M, CBOOOAHBIN LIUCTENH, OENKH KJIETKU-XO35IMHA U MOTYT PacCMaTpPHBATHCS
KaK aTpuOyThl, KOTOpbIe MMEIOT OONbLIOE BIMSHHUE HA KadecTBO mpoaykra. OnpeneneHHbIMU
TEXHOJIOTHYECKUMHU I1apaMeTpaMy YIPAaBSIIOT B paMKaX COOTBETCTBYIOIIETrO Ipefena,
AUanasoHa WM pPaclpenesieHds BO BpeMs MNPOAYLHUPOBAHHS KYJIbTYpbl i OOecCreueHwHs
SKCIUTYaTAlMOHHOW HAAEKHOCTH M COTJIACOBAHHOCTH BO BpeMs  IPOU3BOACTBEHHOI'O
TEXHOJIOTHYECKOTO Tpouecca. TeXHONOTHUeCKHe TMapaMeTpbl MOTYT BKIHOYaTh B cels
HAYaJIbHYI0 IUIOTHOCTh  KJETOK, HAYaJIbHYK KH3HECIIOCOOHOCTb  KJIETOK, KOHEUYHYIO
JKU3HECTIOCOOHOCTh KJIETOK, OOmuii Oeiok (TUTP), KOJUYECTBO >KU3HECTIOCOOHBIX KJIETOK
(KKK), KOHLIeHTpalMO NHTATEeNbHBIX BEINeCTB (TIIOKO3bI, (hocdara, aMUHOKHUCIOT U T. 1.),
amMoHnuli, pH, nmaktatr u gpyrue. JlekapCTBEHHBI NPOAYKT, KOTOPBIM YyBCTBUTEIEH K
ONPENENeHHOMY  TEXHOJOIHMYECKOMY  IapamMeTpy  BO  BpeMsl  IPOHU3BOICTBEHHOTO
TEXHOJIOTHYECKOT0 MPOIecca, MOXKET BbI3BATh M3MEHEHHs B aTpuOyTe OeiKa BBILIE WM HIDKE
IOPOrOBOTO 3HAYEHHUs [UIA 3TOT0 KOHKPETHOro arpuldyTra W, CIEeNOBaTeNIbHO, TpedyeT
HaJUJIeKAIIero ynpasjieHus. Takum o0pa3oM, TEXHOJIOTHYECKUE MMapaMeTPhl TAKXKe BKIFOYAIOT B
ceOsl TEXHOJIOTMYECKHE IapaMeTphl, W3MEHYHMBOCTb KOTOPBIX MOXKET OKa3bIBaTh BIHSHUE,
NPEBBIIAIOINEE FIJIM PABHOE ONPEAENICHHOMY IOPOrOBOMY 3HAYEHHUIO, Ha 000N aTpuldyT
Ka4ecTBa, MEPEYHCICHHbIN BbIIIE, U MO3TOMY HX CIIEAYET OTCIEKUBATh WM YIPABISATb UMH,

YTOOBI TapaHTHPOBATh, YTO TEXHOJIOTMYECKUI MPOLEeCC MPOAYLHUpPYET Marepuasl TpedyemMoro
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Ka4yecTBa.

Tepmunbl «crieruduueckass NPOAYKTUBHOCTb KIJIETOK», «cCrenudpuyueckas CKOPOCThb
KJIETOK» U TOMY IOAOOHOE OTHOCATCA K CHElU(PHUECKON CKOPOCTH 3KCIPECCUU MPOAYKTA,
HanpuMep, Ha KJIETKY WM Ha eUHULY U3MepeHHs Macchl nin oobema kierok. Cnenudpudeckas
NPONYKTHUBHOCTb KJIETOK U3MEPSETCs], HAIIPUMED, B rpaMMax Oellka, IPOU3BEAECHHOTO Ha KIIETKY
B ICHb.

[068] buopeakropHas cuctema 1 Moxer coaepxkarb pesepByap 10 Ouopeaxropa,
nuTaoLmii peseppyap 28, muraromuii Hacoc 30, cnuBHOW Hacoc 40 m Hacoc 50 mis cOopa
npoaykra. buopeakropnasi cucrtema 1 takxke moxer cogep:xkarb ATF nHacoc 70 ¢ mepeMeHHBIM
TaHreHIMaIbHbIM TOTOKOM (0T anri. ATF - alternating tangential flow), ciuBHoi#t pe3epByap 80
u pesepByap 90 nmist cbopa mpoaykra. Hacocer 30, 40, 50 u 70 MoryT ObITh (PyHKIIMOHAIBHO
coenuHeHbl C¢ koHTpojuiepoM 200. B Hekoropbix npumepax, omgHako, ATF nHacoc 70 ¢
NEPEMEHHBIM TAHT'€HLUAIbHBIM IIOTOKOM MOXKET OBITh COEAMHEH C OTAEJIbHBIM KOHTPOJUIEPOM
102 n ynpaBasTbCs UM.

[069] Pesepyap 10 OuopeakTopa MOKET MPENCTAaBJISITH COOOW BaHHY, OOUYKY, COCYI,
KOJIOY WJIM APYrod NOAXOMSALINHA KOHTEWHEp, PAacCCUMTAHHBI HAa MHOTOYHCIIEHHBIE padoune
macmradel. Hanpumep, o6bem pesepyapa 10 GuopeakTopa MOXKET COCTABIATH OT OKOJIO 1 11 10
okoJ10 20 000 11, oT okoJo 5 11 7o okoyo 10 000 i1, ot okoso 10 ;1 go okoxo 1 000 i, oT okojo 20
a1 1o okoJio 100 51, oxomno 50 51, o MeHble Mepe okoo 1 1, no MeHbIueil Mepe okoso 10 1, mo
MeHbLIen Mepe 0koo 50 i1, mo MeHbiueld Mepe okogo 100 51, mo Menben mepe okono 200 i, o
MeHbLIen Mepe okouo 500 i1, mo MenbLeln Mepe okono 1 000 1, mo menspiei mepe okomno 10 000
11, MmeHee 1yeM okoJjio 20 000 i1, meHee yeM okosio 10 000 1, menee uem okosio 1 000 51, MmeHee uem
okono 500 5, menee ueM okono 200 i1 unu meHee yeM okono 100 n. B apyrux BapuanTax
ocyuiecTBieHHus: n300pereHus pesepByap 10 Guopeakropa nmeer 00beM 1Mo MeHbLuei Mepe 2 i,
1o MeHbIlel Mepe 3 11, o MeHbLueil Mepe 10 1, mo MeHbIIel Mepe 35 J1 WK 0 MEeHbLIEH Mepe
50 n wm Gonee. PesepByap 10 OuopeakTopa MOKeT ObITh U3TOTOBJIEH U3 MeTa/UIa (HAIPUMED,
CTaJTM WJIM HEPIKaBEIOIIEeH CTajIH), MeTAJUTMYECKOrO CIUIaBa, CTEKJIa W/WIH NoJrMepa (Hanpumep,
pacxonyembiii OMOPEaKTOp OJHOPA30BOTO MCIIOIb30BAHMS).

[070] Hacocer 30, 40 u 50 MoOryT mpeactaBiisiTb COOOH JIFOObIE MOMXOMSIINE HACOCHI,
TaKHe KakK, HalpuMep, MePUCTAIBTUYECKUE HACOChl, MEMOPaHHbIE HACOCHI, TIOPIIHEBBIE HACOCHI,
MOTOPH30BAaHHBIE HACOCHI WM TOMY mnopobHoe. B onHom mpumepe Hacocsl 30, 40 u 50 moryt
OBITH 1O CYIIECTBY WACHTUYHBI APYT APYTy. B npyrom mpumepe onuH mim O0bliee KOTHIECTBO
Hacocos 30, 40 u 50 MOryT oTM4aThCa OT APYIUX HACOCOB. B emie omHoM npumepe Hacoc 70
MOKET ObITh aHaymorudeH Jodomy u3 HacocoB 30, 40 u 50. IMuraromuii pesepyap 28 MoOxKeT
CoIepKaTh 000N MOAXOAALINA HCTOYHHUK MOAMUTKH MUTATEIbHBIM BELIECTBOM JUIS pe3epByapa
10 ObuopeakTopa, M MOAMUTKA MUTATEIBHBIM BELIECTBOM MOJKET OBITh HAIIPABIIEHA B PE3epByap
10 6uopeakTopa mocpencTsoM muraroinero Hacoca 30 yepes moaxonsinyro TpyOy. IToamurka
NUTATEIbHBIM BEINECTBOM (MUTATENbHAs CpeAa ANl POCTa) MOXKET COIEepKaTb HCTOYHHUK
yriepona (Hampumep, TJIFOKO3Y), BOAY, COJIb, HCTOYHUK aMHHOKHCIOT W/WIH JpPyrHUe

MNUTATCIIBHBIC BEIICCTBA.
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[071] Kpbimka 12 moxer 3aKkpbiBaTh BEPXHIOK HacTh pesepByapa 10 Ouopeakrtopa, a
pas3IMyYHble KOMIIOHEHTBI U MHCTPYMEHTBI MOTYT MIPOXOAUTh Yepe3 KPbILIKY 12 BO BHYTPEHHIOKO
JacTh pesepByapa 10 OGuopeakropa. Hampumep, asparop 14, nepememmparoiiee yCTpoicTso 16,
30HA 18 mns pamaHOBCKO# cnekTpockomuu, Tpyda 20 u Tpyba 22 MOryT MPOXOIUTH Uepes3
kpeiky 12. OnHako npeanonaraercs, 4yTo Jr000l Win Bee U3 aspaTopa 14, nepeMeInnBaroiero
ycTpoiictBa 16, 30H1a 18 11 paMaHOBCKOM cniekTpockonuy, TpyOor! 20 u TpyObI 22 MOTYT ObITH
(YHKIIMOHAIBHO COEAMHEHBbI C pe3epByapoM 10 OuopeakTopa JHOOBIM APYTMM IOIXOASIINM
CHoco0OM, TAKMM Kak, Harmpumep, yepe3 OOKOBYIO MOBEPXHOCTH pesepByapa 10 Ouopeaxropa.

[072] Aspatop 14 moxer ObiTb OapOOTEPOM, BBIMOJHEHHBIM C BO3MOXKHOCTBIO MOAAYH
KHCJIOPOJa W/WJIH APYTUX ra30B B KYJbTYPY KJIETOK B pesepByape 10 Ouopeaktopa. Asparop 14
MOJKeT ObITb COETMHEH C UCTOYHUKOM KHCJIOPOAA MITH APYroro ra3a U MOXKET HalpaBJIATh ra3 B
KYJIBTYPY KJIETOK, TaK YTO MY3BIPbKH ra3a B KYyJbTYpe KIETOK, TAKUM O0pa3oM, a’pUpYOT
KYJIBTYPY KJIETOK. B HEKOTOpBIX mpuMepax MUKpoOapOOTEp MOKHO HCIONIBb30BATh B COYETAHUH
¢ 6apboTepoM ¢ MPOCBEPIIEHHOH TPyOKOH.

[073] TlepememmBaromee ycTpoiicTBO 16 MoxkeT ObITh JFOOBIM  MOIXOISIIUM
NEePEeMELINBAIOIINM YCTPOWCTBOM, BBIMOJIHEHHBIM C BO3MOKHOCTBIO CMEIIMBAHUS KYJIBTYpPBI
KJIETOK BHYTpHU pe3epByapa 10 Guopeakropa. [lepememupatomee ycTpoiCTBO 16 MOXKET OBITh C
BEPXHUM TNPUBOJOM WJHM HIDKHUM TPHBOJAOM C IOMOINBI0 MEXAHMYECKHX W/WJIM MarHUTHBIX
MEXaHU3MOB. B HEKOTOPBIX CIIydasx MOXKET OBITh KeJaTeIbHO NMePEMEIINBAIOIIee YCTPOHCTBO C
HIDKHUM TIPUBOZAOM, IOCKOJBKY OH MOXKET OCBOOOAUTH NPOCTPAHCTBO B KpblKe 12 s
U3MEPUTENbHBIX TPUOOPOB, TAKUX KaK, HAIPUMeEp, NaTYUKOB Temreparypsl, pH, pactBopeHHOro
KHMCJIOPOJa, MEHbI, AUOKCUJA YIWIepoAa U APYTUX JATUMKOB, a TAKXKE BITyCKHBIX OTBEPCTHUH IS
KMCJIOTBI, LIEJI0YH, MEHbI, BXOAHBIX M BBIXOJHBIX OTBEPCTHIl AJIsl CBEXKEH MUTATEIbHON CPEIbl.
IlepemenrnBaromiee ycTpoicTBO 16 MOXKET MpeAcTaBiIATh COOOH paananibHOE NepeMEeIIBaOIIee
YCTPONCTBO, OCEBOE IE€PEMELIMBAIOLIEe YCTPOWCTBO, ummnemiep PamrTona, ummnemiep ¢
HAKJIOHHBIMH JIOMIACTSIMU, UMITEJJIEP C MOPCKUMH JIOMIACTSIMH WJIH TOMY MOJO0HOE.

[074] 3onx 18 nust paMaHOBCKOM CHEKTPOCKOIIUU MOXKET ObITh, HAIIPUMEP, BOJOKOHHO-
ONTUYECKUM 30HIAOM JUIsI PAMaHOBCKON CHEKTPOCKONHUH B, HalpUMep, KOpIyce u3
HEep KaBEIOLIeH CTalu, U UMEThb MPO3pavyHOe, Hampumep, carndupoBOEe MM CTEKJSTHHOE OKHO.
3oun 18 nns paMaHOBCKOHM CHEKTPOCKOMUU MOXKET OBITh BBIIOJHEH C BO3MOXKHOCTHIO
obecrieyeHnsT paMaHOBCKOro oTOopa mpod KyibTypsl 2 KJIeTOK. 30HA 18 miisi paMaHOBCKOM
CHEKTPOCKOITUH MOJKET OBITh BBITIONIHEH C BO3MOKHOCTBIO M3JIy4aTh MOHOXPOMATHUYECKHI CBET
(Harpumep, nazep Ha 785 HM WM APYTON MOAXOAALIEH JUIMHON BOJIHBI) HAa KYJIBTYPY 2 KJIETOK U
O0OHapy’KUBaTh PACCESTHHBIN CBET OT KYJBbTYPHI 2 KIETOK.

[075] PamaHOBCKasi CHIEKTPOCKOMMs TpPENCTaByseT coOol (opMy BHOpaAMOHHOM
CTHIEKTPOCKOIUH, KOTOPask MPENOCTaBISIET HHPOPMALIUIO O MOJIEKYJISIPHBIX KOJIEOAHUSAX, KOTOPBIE
MOKHO HCIOJBb30BaTh NMyTE€M BBEEHUS 30HAA AJI PAMAHOBCKON CIEKTPOCKONMHU in situ s
UIeHTUQUKAIUMY M KOJNMYECTBEHHOTO ONpeneseHns oOpasloB. B HEKOTOpBIX BapuaHTax
OCYIIECTBIIEHUSI W300pPETeHUs] OTCIIEKUBAHME IIEPEMEHHBIX TEXHOJOTMYECKOro mporecca

BBIMNOJIHSETCS C UCIOJIB30BAHUEM PaMaHOBCKOM CIEKTPOCKOMUU 1n situ. PamMaHOBCKuUI aHamu3 in
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situ mpencrasnser coOoi crmoco0 aHamm3a oOpasua B €ro MCXOIHOM MECTONOJIOXKEHHUH Oe3
HEOOXOIMMOCTH M3BJIEYEHUS TMOPUMH OOpasma Al aHaiu3a B PAaMAaHOBCKOM CIIEKTPOMETpE.
PamanoBckuii aHanu3 in situ BBIPOAEH TEM, YTO CIEKTPOMETPBHl PAMAHOBCKOHN CIIEKTPOCKONUU
HEUHBA3UBHbI, YTO CHWXXAET PHUCK 3arps3HEHUs, M Hepa3pyLIUTENeHbl, He BJIUAsd Ha
JKM3HECTIOCOOHOCTh KYJIBTYPBI KJIETOK HIIM KauecTBO Oeska. PaMaHOBCKMH aHanU3 in Situ MOXKET
o0ecreunTh OLIEHKY B pPEAJbHOM BPEMEHH OAHOW WM OOJBLIEr0 KOJNMYECTBA IEePEMEHHbIX
TEXHOJIOTHYECKOrO MpolLecca B KyJbTypax kieTok. IIpoussoaurenu 30HIOB Uil PaMaHOBCKOMN
CIIEKTPOCKOIMUHU BKJIOYAKOT, MOMUMO Tmpodero, techSusa, Anton Paar, InPhotonics, Kaiser
Optical Systems, Inc. u FiberTech Optica.

[076] PesepByap 10 GuopeakTopa MOKET ObITh COEAMHEH C (PUIBTPOBANBHON CUCTEMOM
100, comepxkaieii B cebe GUIBTP ¢ MOJBIMU BOJIOKHAMU. MemOpaHa C TOJBIMH BOJIOKHAMHU
(Hampumep, MOMUCYIb(POH) MOXKET COAep:KaTh ONHY WM OOJiblliee KOJIUYECTBO TPyOUaThIX
MeMOpaH, UMEIOIINX BHYTPEHHUN quaMeTp oT okojio 0,3 MM 110 okojio 6,0 MM, OT okoJjio 0,5 MM
110 0k0J10 3,0 MM, OT 0k0J10 0,5 MM 10 0k010 2,0 MM, Oostee uem 0k010 0,3 MM, OOJIEe YeEM OKOJIO
0,5 MM, meHee yeMm okojio 6,0 MM, MeHee YeM Oko0jo 3,0 MM WM MeHee YeM OKoJio 2,0 mM.
Ceruateiii MaTepran B MeMOpaHe MOXET ObITb BBIOpAH TaKUM 0O0pa3oM, 4TOOBI pa3Mmep Iop B
ceTke ObLT OJMM30K K AMAMETPY KIETOK M3 KYJIBTYPbI 2 KJIETOK, IOMOrasi 00eCIeunTh BbICOKOE
yZep:KaHHe KJIETOK, B TO XK€ BpeMsl [T03BOJISIs KJIETOYHOMY IETPUTY U UCTOLIEHHON MUTAaTeIbHON
cpene mpoxoauTh uepe3 GuabTp. B omHOM mpuMepe pa3mep mop CeTKH COCTaBJsieT OT 0koJjio 0,2
MKM 70 OKoso 30 MKM, XOTs TakK€ pacCMaTpUBAIOTCA Apyrue MNOAXOAALINE JUana3oHbl U
3HaueHMs. benok mium apyrue npeacTaBisomye HHTepec ONoIornIeckue NpoOayKThl MOTYT OBITh
nepdy3upOBaHbI WIIK COXPAHEHBI B 3aBUCHMOCTHU OT pa3mepa nop ¢puptpa (Hanpumep, 0,2 MKM
i 50 x/1a).

[077] )Kunxoctb u3 pesepByapa 10 Onopeakropa MOXKET MOAABATHCS B (PHIIBTPOBAIBHYIO
cucremy 100 uepe3 TpyOy 20 u nHacoc 70. Hacoc 70 mMokeT ObITh PEeBEPCHBHBIM, YTOOBI
MO3BOJIUTh JKUJKOCTH Te4b M3 (UIbTpOBaIbHOM cuctembl 100 obpatHo B pesepyap 10
Ouopeaktopa. ®@uubTpoBasbHas cucrema 100 Moxer paboTaTh TpPU  NEPEMEHHOM
TAHTeHLIMAJBHOM TIOTOKE. B OfHOM mnpumepe nepeMeHHbI TaHI€HLMAJIbHBIH MOTOK MOXKET
O3Ha4yaTh, YTO CYIIECTBYET OAMH TOTOK B TOM JK€ HANpaBJIEHUH, 4YTO U (Hampumep,
TAHTE€HIIMAJIBHBIA K) MeMOpaHHbIE TOBEPXHOCTH IMOJBIX BOJIOKOH, KOTOPBIH TE4YeT Has3al M
BIIEpENl, U UTO CYIIECTBYET IPYroi MOTOK B HANpaBJCHUU IO CYIIECTBY MEpPIEHAUKYJISIPHOM
YKa3aHHOW MOBEPXHOCTH (mibTpa. llepeMeHHbI TaHTeHIMAIbHBIH TIOTOK MOXET OBbITh
IOCTUTHYT C HCIIOJIb30BAaHMEM OJHOTO Hacoca (Hampumep, Hacoca 70) sl LUPKYJISLUAA
KYJIBTYPBI KJIETOK MO (PUIBTPOBAIBHOMY MOJYJIFO, COIEpIKAIleMy IOJble BOJIOKHA, U APYToro
Hacoca (Hampumep, Hacoca S0) ms yoajgeHus KUAKOCTH, UMEIoIel 6oiee HU3KYIO MJIOTHOCTh
KJIETOK 10 otneneHus: (uabTpoM. I[lepeMeHHBI TaHT€HIUANbHBIN MMOTOK MOXET IOMOYb
NPEAOTBPATUTh 3arpsi3HEHHEe M NPOOJEeMbl CIBUTA, TUIMUYHBIE JUIA JPYTHX MEXaHU3MOB
yAep KaHUsI KJIETOK.

[078] B kadecTBe anbTepHATUBBI MOTYT ObITh HCIOJNB30BAaHBl JAPYIHE MEXAHH3MBbI

¢unbTpauuu (BKIO4Yas MeMOpaHHblE MEXaHM3Mbl (PUIbTpALMM), Takue Kak, HarpHuMep,



20

yIbTpadUABTPALHSL, MUKPOPHIIBTPALNS U (UIBTPALIUSA TAHT€HLIUAIBbHBIM TOTOKOM.

[079] CnusHoit Hacoc 40 MOKeT OBITh BBITOJHEH ¢ BO3MOXKHOCTBIO YAAJIEHUS KIIETOK M3
pesepyapa 10 Ouopeakropa uepe3 Tpydy 22. Tpyba 22 mMoxkeT ObIThb MOTpY:KHOH TPYOKOH,
BbIOpaHHON BO HM30€XaHME KIETOYHOM arperaluy U 3aKylnopUBaHUs (UTO, HANPHUMEP, MOXKET
IPUBECTH K TOMY, 4TO TpyOa 22 OyAeT CIHMIIKOM Y3KOi MO0 OTHOLIEHHUIO K BS3KOCTU KYJIBTYPBI
2). Tpy©a 22 MoxeT npeacTaBisiTh OO0 TepMOIUIACTUYHBIE 3J1ACTOMEpPHBIE TPYOKH (Harmpumep,
6uonpen). CnuBHOI Hacoc 40 MOXKET ynpaBiIsAThCS, HAPUMeEp, C MOMOIIbI0 nponeccopa 200.
CnuB kneTok uepe3 ciuBHONW Hacoc 40 MOXKET yHaluTb KJIETKH U3 KYJbTypbl 2 KJIETOK B
pesepByape 10 Guopeakropa. CKOpPOCTh CHMBa KJIETOK (YIpaBiisieMasi ¢ MOMOIIBIO BBIXOIHOTO
oTBepcTusi ciuBHOrO Hacoca 40 u koHTpouiepa 200) MokeT ObITH OmpenesieHa Ha OCHOBE
CKOPOCTH pPOCTa KJIETOK B KyJbType 2 KJIeTOK. YUToOBl MOAAepKHBATh yCTAHOBHBIIYIOCS
IUIOTHOCTb KJIETOK B KYJIbTYpe 2 KJIETOK, MOXKET OBITh JKEJATENIbHO UMETh CKOPOCTh CIIMBA U
CKOPOCTb POCTA KJIETOK, MPUOIU3UTENLHO K 1O CYINECTBY PaBHBIE APYT Apyry. B HEKOTOpBIX
npUMepax, €Clid UMEETCs 3HAYUTENbHbIH 00BEM KYJIBTYPBI 2 KJIETOK, TO YAAJISEMbIH U3 KJIETOK
CIIUB C LEHHBIM TNPOAYKTOM, MOXET ObIThb 3aTeM coOpaH u 00paboTaH Ui M3BIICUYEHUS
NPOAYKTA.

[080] PesepByap 10 Owmopeakropa MoOkeT OBITh pacnojiockeH Ha Becax 110,
BBIITOJIHEHHBIX C BO3MOYKHOCTBIO M3MEPEHHUsI Macchl pedepyapa 10 Ouopeakropa U KyJabTyphl 2
kierok. Becor 110 moryr OpiTh mpucoeanHeHbl K KOHTpoyutepy 200 M MOTYT HENmpepbIBHO
NOChLIATh 3HAYEHHE Macchl pesepByapa 10 OuopeakTopa U KyJbTypbl 2 KJIETOK Ha KOHTPOJUIED
200. B HekOTOpBIX MpHUMeEpax IO MEHblIeH Mepe d4acTh (UIbTPOBaNIbHON cuctemsl 100,
BKJIFOUAsi, HAIpUMep, Koprnyc Guibrpa u GuiIbTp ¢ Mool MeMOpaHoil B HEM, TaK:Ke MOXKET ObITh
pacrionoskeHa Ha Becax 110. Becbr 110 moryT ObITh JMHOOBIMH MOAXOASAILIMM BECAMU HIIU
JATYUKOM HArpy3KH, BBIIIOJIHEHHBIM C BO3MOJKHOCTBIO H3MEPEHMs MAacChl KOMIIOHEHTOB,
OMMPAIOLINXCS HA BECHI.

[081] Ccputascb Ha ¢ur. 1 wu 2, koHtposuiep 200 Moxer OBbITb BBIIOJHEH C
BO3MO’KHOCTBIO MPUEMa JaHHBIX OT 30HAAa 18 ns paMaHOBCKOH cnekTpockonuu, BecoB 110 u
APYTUX JAaTYUKOB, a TAKXKE MOXET OBITh BBITIOJHEH C BO3MOJKHOCTBIO YIPABJICHHUS PACXOAOM
MOTOKA JKUJIKOCTH 4Yepe3 OIUH MJIH OOJbIlee KOJUYECTBO M3 MUTAroLero Hacoca 30, CIMBHOTO
Hacoca 40 u Hacoca 50 st cOopa MPOAyKTa, HA OCHOBE YKA3aHHBIX TAHHBIX.

[082] Kourpomrep 200 woxker ObITh BBIIOJHEH C BO3MOXKHOCTBIO —IpHEMa
HeoOpabOTaHHBIX CHEKTPAIbHBIX JAHHBIX OT 30HAA 18 aysi paMaHOBCKOW CIIEKTPOCKOMHHU IS
OTpesieNieHUs] TEXHOJOTHYECKUX MapaMeTpoB, TaKUX Kak, HallpuMep, KOHLEHTpPalUs TIFOKO3bI,
KOHLIEHTpaLUsl TJIyTaMUHa, KOHLIEHTpaLusl IJyTamMaTa, KOHIIEHTpalusi aMMOHUS, KOHLIEHTPaLMsl
JaKkTara, o0mas MIOTHOCTh KJIETOK, TUTP U TUIOTHOCTh KM3HECNOCOOHBIX KiieTOoK. KoHTposep
200 MOXeT HCIHOJB30BaTh 3TH OINpPEAETICHHbIE TEXHOJOIMYECKHE MapaMeTpbl sl CO3JaHUs
KOHTypa OOpaTHOM CBS3M JJIsI PErYJIMPOBKH OAHOTO WJIHM OOJBIIErO KOJIWYECTBA U3 IOTOKOB
KUAKOCTU uepe3 nuraromuii Hacoc 30, cnmuBHOMN Hacoc 40 u Hacoc S50 mns cOopa mponykra. To
ecTb KOHTpoiuiep 200 MOKET yCTaHAaBIMBATh 3aJaHHblE 3HAYEHUS Ul OOHOTO MM OOJNbLIEro

KOJIMYECTBA M3 KOHIEHTPAIMH TJIIOKO3bI (HAMpuMep, OT okojio S MM 1o okojio 85 MM wim ot
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okoJj10 0,5 /1 mo okomo 15,5 r/n, ot okono 1 r/a go okosao 15,5 r/n, ot okoso 0,5 r/n 1o okoio 8
r/n, or okoysio 2 /1 Ao Ookoyo 6 I/ WiaM OT OKoJMo 3 T/T A0 OKOJNO S r/i), KOHIEHTPALUH
rIyTaMHuHa (HarpuMep, MeHee 4eM okoio 8 MM, MeHee ueM OkoJo 7 MM, MeHee ueM OKOoJIo 6
MM, MeHee yeM OKoJio 5 MM wim MeHee 4yeM OKkoysio 4 MM), KOHLEHTpaLWu TriyTamara
(Harmpumep, MeHee ueM okosio 5 MM, MeHee ueM okono 4 MM, MeHee yeM okojo 3 MM, MeHee
yeM OKoJIo 2 MM uim MeHee 4eM Ookoso 1 MM), KOHLIEHTpalyu aMMOHHMS (HallpuMep, MeHee ueM
okosio 15 MM, mMeHee dem okoio 12 MM, meHee dem okoio 10 MM, MeHee YeM OKOJiOo 9 MM,
MeHee 4eM Ookosio 8 MM, meHee ueMm okoyio 7 MM, MeHee ueM Okojio 6 MM), KOHLEHTpaIluu
JakTara (HarmpuMep, MeHee 4YeM OKOJIo O I/, MeHee YeM OKOJIO 5 I/J, MeHee 4eM OKOJIO 4 1/,
MeHee YeM OKOJIO 3 TI/JI, MeHee ueM OKOJIO 2 I/J1 WiIh MeHee YeM OKoJio 1 1/1), oO1ieid miIoTHOCTH
KJIeToK (Hampumep, Oosiee yem okojio 30 MM, Gonee uem okoso 35 MM, Gonee yem okono 40
MM, Gonee uem okoso 45 MM, Gogee uem okosio 50 MM, Goinee uem 0koj0 55 MM, Goiee uem
okoo 60 MM wunu Oonee yem okoio 65 MM) W MIOTHOCTH >KU3HECTIOCOOHBIX KJIETOK
(Harmpumep, mo MeHbInei Mepe 30 MUJUTHOHOB KJIETOK Ha MJI, IO MEHbLIEH Mepe 35 MIJIJIHOHOB
KJIETOK Ha MJI, IO MeHblIed Mepe 50 MWIIJIMOHOB KJIETOK HAa MJI WM MO MeHbIIeHd Mepe 75
MIIJIMOHOB KJIETOK Ha MJI), a TaKke€ CpPaBHUBATh OINpENeIeHHbIE 3Ha4YeHHs (Ha OCHOBE
PaMaHOBCKOTO CIEKTpa OT 30HHa 18 11 paMaHOBCKOHW  CIEKTPOCKONMHMH) C HX
COOTBETCTBYIOLMMU 33aHHBIMU 3HAYEHHSIMH.

[083] KonTtpomnep 200 MOKeT MCHOIB30BATh KOHTYP OTPHLATENbHOH OOpAaTHOW CBSI3H
1T UCTIPABJICHUS JIFOOOH pasHMLIBI MEXIY 3aJaHHBIM 3HaUeHHEM (MM 33JaHHBIM JAHANa30HOM
3HAYeHMI) M OINpeneNeHHbIM 3HaueHHeM. Hampumep, ecnu ompeneneHHas KOHLEHTPALUs
TJIIOKO3bI Oyzer Ooublie, yeM 3alaHHOE 3Hau€HHe KOHLEHTPALUH TIIOKO3bI, KOHTposuep 200
MOJKET, HAalpUMep, YMEHbIIUTb MPOU3BOAUTENBHOCTb MHTaroLEero Hacoca 30, yMEHBLIUTH
NPOM3BOIUTENBHOCTh CJIMBHOTO Hacoca 40 W/MIM yBENHYUTh MPOU3BOAUTENBHOCTh Hacoca S50
ans cOopa MpoaykTa, 4TOOBl IOMOYb CHH3UTH KOHLEHTPALIMIO TIIFOKO3BI, WM KOHTposuiep 200
MOXKET YMEHBIIUTb IPOU3BOAUTENBHOCTh MHTaOIero Hacoca 30 ©W  yMEHBUIUTH
MPOU3BOAUTENLHOCTh Hacoca S50 mms cOopa mpoaykra. Hampumep, ecnu omnpeneneHHas
KOHLIEHTpALUsl TJI0TaMUHA Oyzer Oojbine, YeM 3aJaHHas KOHIEHTpALUUs TIJIFOTAMHHA,
koHTpoJiep 200 MokeT, HalpuMep, YMEHBIIUTh MPOU3BOJUTEIBHOCTh NUTAarOLero Hacoca 30,
YMEHBLINTb MPOU3BOJUTEIBHOCTh CIIMBHOTO Hacoca 40 W/WIM yBEIHMYUTH NMPOU3BOAUTENBHOCTD
Hacoca 50 mnst cOopa mpoaykTa, YTOOBI MOMOYb CHH3HTHb KOHLEHTPALHMIO TIIOTAMUHA, WIIH
kOoHTpoJuiep 200 MOXKET YMEHBLIUTh NPOU3BOAUTEIBHOCTD NUTaroIIero Hacoca 30 U yMEHBIIUTD
MPOU3BOMUTENILHOCTh Hacoca S50 mis cOopa mpoaykra. Hampumep, ecnu omnpeneneHHas
KOHLIEHTpaLUs rroTaMara Oyzaer Ooubline, 4eM 3aJaHHOE 3HAYeHHE KOHLEHTPALUU TIF0TaMaTa,
koHTpoJuiep 200 MOkeT, HapuMep, YMEHBIIUTb NPOU3BOAUTEIPHOCTh NUTAOIIEro Hacoca 30,
YMEHBLINTb MPOU3BOIUTEIBHOCTh CIMBHOTO Hacoca 40 W/WiM yBEIHMYUTH NMPOU3BOAUTENBHOCTD
Hacoca 50 mus cOopa mpoaykra, 4TOOBI IMOMOYb CHU3WUTh KOHLIEHTPALMIO TJOTAMaTa; WIIH
koHTpoJuiep 200 MOXKET YMEHBLIUTh NPOU3BOAUTEIBHOCTD UTAOLIEro Hacoca 30 ¥ yMEHBIIUTh
MPOU3BOOUTENBLHOCTh Hacoca S50 must cObopa mpoxykra. Hampumep, ecnu omnpeneneHHas

KOHLIEHTpaLMsl aMMOHMsI BBIIIE 3aJaHHOM KOHLIEHTpauuu aMMOHUsA, KOHTposuiep 200 MOXer,
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HallpuMep, YMEHBIIUTb IPOU3BOAMTENBHOCTb  MNUTarolero Hacoca 30,  yBEIWYHUTH
NPOM3BOIUTENBHOCTh CIMBHOTO Hacoca 40 W/MIM YMEHBUINTH NMPOU3BOAUTEIBHOCT Hacoca 50
11 cOopa MPOAYKTa, B YTOOBI MOMOYb CHU3UTh KOHLIEHTPALIMIO aMMOHHUS;, i KOHTposuiep 200
MOXET  yBEJIMYUTb  INPOU3BOAUTENBHOCTh  MUTAKOLIEro Hacoca 30 M yBEIMYUTH
NPOU3BOAUTENBHOCTE Hacoca S50 mis cOopa npoxykra. Hampumep, ecnu onpeneneHHas
KOHLIEHTpaLusi Jaktara Oyner Oojblne, 4YeM 3aJaHHOE 3HAYE€HHE KOHIIEHTPALMU JIAKTaTa,
koHTposiep 200 MOKeT, HalpuMmep, YBEIUYUTh MPOU3BOAMTEIBPHOCTh NUTarolero Hacoca 30,
YMEHBLINTb MPOU3BOIUTEIBbHOCTh CIIMBHOTO Hacoca 40 W/WM yBEIHMYUTh MPOU3BOAUTENIBHOCTD
Hacoca 50 mis cOopa mpomykTa, 4TOOBI TMOMOYb CHHU3UTh KOHLIEHTPALMIO JIAKTAaTa, WM
koHTpoJuiep 200 MOXKET YMEHBbIIUTh NPOU3BOAUTEIBHOCTD NTUTaoIIero Hacoca 30 U yMEHbBIIUTh
MPOU3BOIUTENILHOCTh Hacoca S0 mist cbopa mpoaykra. Hampumep, ecnu onpeneneHHasi oOrast
IUIOTHOCTb KJIETOK Oyzmer Oosblie, 4YeM 3aJaHHOE 3HaYeHHe OOLIel IUIOTHOCTH KJIETOK,
koHTpoJuiep 200 MokeT, HaIpuMep, YMEHBIIUTb MPOU3BOAUTEIBPHOCTh NUTAOLIEro Hacoca 30,
YBEJIIMYUTh MPOU3BOAUTEIBHOCTD CIIMBHOTO Hacoca 40 W/Win yMEHBIIUTH MTPOU3BOIUTENBHOCTD
Hacoca 50 mnsa cOopa mpoaykra, YTOOBI NMOMOYb CHU3UTH OOIIYIO IJIOTHOCTH KJIETOK, HIIH
kOoHTpoJuiep 200 MOXKET YMEHBLIUTh NPOU3BOAUTEIBHOCTD NUTaroIIero Hacoca 30 U yMEHbBIIUTD
MPOU3BOOUTENLHOCTh Hacoca S50 mms cbopa mpoaykra. Hampumep, ecnu omnpeneneHHas
IUIOTHOCTb JKM3HECIIOCOOHBIX KJIeTOK Oyner Oosblie, 4eM 3aJaHHOE 3HA4YE€HHE IUIOTHOCTH
KU3HECTIOCOOHBIX  KJIETOK, koHTpouiep 200  moxer, HallpUMEpP,  YMEHBIIUTH
MPOU3BOAUTENIBHOCTh MNUTAOLEro Hacoca 30, yBEIWYUTh IPOU3BOAUTENBHOCTH CIHUBHOIO
Hacoca 40 w/mnM yMEHBUIMTh NMPOU3BOAMUTENBHOCTh Hacoca S50 mist cOopa mpoaykra, 4TOOBI
IIOMOYb CHU3HUTH IJIOTHOCTb JKU3HECTIOCOOHBIX KIIETOK; MU KOHTpoJuiep 200 MOXKET YMEHBIIUTh
MIPOU3BOAUTENIBHOCTD MMUTAOIIEro Hacoca 30 U YMEHBIIUTh IIPOU3BOAUTEIBHOCTL Hacoca S0 ais
cOopa mpoaykra.

[084] Hampumep, eciau ompeneneHHas KOHIEHTPALUS TJIFOKO3bI OyleT MeHbIIe, 4YeM
33/1aHHOE 3HAYEHUE KOHLIEHTPALUU TTII0TaMHUHA, KOHTposuiep 200 MOKET, HallpuMep, YBEJIUYUTh
MPOU3BOAUTENBHOCTh NHTAaOLIEro Hacoca 30, yBEIMYUTb IPOU3BOAUTENBHOCTb CIHUBHOTO
Hacoca 40 w/wiM YMEHBUIMTb MPOU3BOAMTENBHOCTb Hacoca S50 mist cOopa mpoaykTa, 4TOOBI
NIOMOYb YBEJIMYUTh KOHLEHTPALMIO TJIOKO3bI, MJIU KOHTposiep 200 MOXET YBEIMYUTH
MPOU3BOAUTENBHOCTD MUTAIOIIEr0 Hacoca 30 M yBEIMYUTh NPOU3BOAUTENILHOCTh Hacoca SO st
cbopa nponykra. Hampumep, ecinm ompeneieHHass KOHLEHTPALMs MIFOTAMHUHA OyZeT MeHbIIe,
4eM 3alaHHO€ 3HA4YeHHe KOHLEHTpaluuu IIIoTaMuHa, KoHTposuep 200 MoxeT, Hampumep,
YBEJIUYUTb MPOU3BOAUTENBHOCTh MUTAKOIIEro Hacoca 30, yBeNMYHTh IPOU3BOAUTENBHOCTH
cnuBHOrO Hacoca 40 W/WiaM YMEHBLINTH MPOU3BOAUTENLHOCTh Hacoca SO mis cbopa MponyKTa,
94TOOBI TOMOYb YBEIMYNUTh KOHLIEHTPALIUIO TJIFOTAMUHA, WIIH KOHTpoutep 200 MOXKET YBEJIUIHTD
MPOU3BOAUTENBHOCTh MUTAIOIIEr0 Hacoca 30 M yBEIMYUTh NPOU3BOAUTENILHOCTh Hacoca SO st
cbopa mponykTta. Hampumep, ecnu onpeneneHHass KOHLIEHTpPALUs TIIOTaMaTa OyIeT MEHbLIE,
4eM 3aJaHHOE 3HAYE€HHE KOHLEHTpAaLuM IiroTamarta, KoHTposuep 200 MoOkeT, Hampumep,
YBEJIUYUTb NPOU3BOAUTENBHOCTh MUTAKOIIEro Hacoca 30, yBENWYUTb IPOU3BOAUTENBHOCTH

cnuBHOro Hacoca 40 W/WiaM YMEHBUINTh MTPOU3BOAUTENBHOCTE Hacoca S0 mys cOopa MponyKTa,
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9TOOBI IOMOYb YBEJIUYHUTh KOHIICHTPAIMIO III0TaMarta; ik KoHTposiep 200 MOXKeT YBEeJTUIHTh
MPOU3BOAUTENBHOCTh MUTAOIIEr0 Hacoca 30 M yBEIMYUTh NPOU3BOAUTEILHOCT Hacoca SO s
cbopa mpoaykra. Harpumep, ecinu onpezneneHHas KOHLEHTpaUUs JIaKTaTa OyJdeT MeHbIle, 4eM
3aJJaHHOE 3HAYEHUE KOHLIEHTPALMM JIakTaTa, KOHTpoJuiep 200 MOXeT, Hanmpumep, yBEJIUYUThb
MIPOU3BOAUTENIBHOCTh MNUTAKOMEro Hacoca 30, yBEIWYUTh MPOU3BOAUTENIBHOCTH CIHMBHOIO
Hacoca 40 w/wim yMEHbLUIMTH MPOM3BOAWTENBHOCTh Hacoca 50 mis cOopa mpomykra, 4ToOBI
MIOMOYb YBEJIMYUTh KOHLEHTPALMIO JIakTaTa, wWin KOHTposuiep 200 MOXET YBEIMYUTH
MPOU3BOAUTENBHOCTD MUTAIOIIEro Hacoca 30 U yBEIMYUTh MPOU3BOIAUTENIBHOCTE Hacoca S0 s
cOopa nponykra. Hanpumep, eciiu onpezneneHHas oOiast IiOTHOCTh KJIETOK OyIeT MEHbIIIe, YeM
3alaHHOe 3HaYeHHe OOIIel MIIOTHOCTH KJIIETOK, KOHTposiep 200 MOXKET, Hampumep, yBEJIUYHTh
MPOU3BOAUTENBHOCTh TNHUTAKOUIEro Hacoca 30, YMEHBLIWTH MNPOU3BOAUTEIBHOCTb CIHUBHOIO
Hacoca 40 W/wiM yBENMYUTHh NMPOM3BOAUTENBHOCTh Hacoca SO i cOopa mpomykTa, YTOOBI
MOMOYb YBEJIUYUTh OOMIYI TUIOTHOCTh KIJIETOK, ujii KOHTposuiep 200 MOXKeT YBEIU4HTh
MPOU3BOAUTENBHOCTh MUTAIOIIErO Hacoca 30 M yBEIMYUTh MPOU3BOAUTENBHOCTE Hacoca S0 s
cbopa mpoxaykra. Hanpumep, ecnm omnpeneneHHast IUIOTHOCTb JKU3HECTIOCOOHBIX KJIETOK Oyner
MEHbINE, YeM 3aJaHHO€ 3HAueHHE IUIOTHOCTH >KHU3HECTIOCOOHBIX KIETOK, KoHTposuep 200
MOYKET, HANPUMEP, YBEJIUYUTh MNPOU3BOAUTEIBHOCTh MHUTarOIero Hacoca 30, yMEHBLIUTH
MIPOU3BOIUTENILHOCTh CIMBHOTO Hacoca 40 W/MiU yBEJIMYUTH MPOU3BOAUTEIHPHOCTh Hacoca S50
s cOopa MPOAYKTa, YTOOBI MOMOYb YBEJIWYHUTH IUIOTHOCTb JKU3HECHMOCOOHBIX KIETOK; HIIN
koHTpoJuiep 200 MOKET yBEJIMYUTh MPOU3BOAUTENBHOCTh MUTAKOIIErO Hacoca 30 U yBEIUYUTH
MIPOU3BOIUTENLHOCTh Hacoca SO aiist cOopa mpoaykTa.

[085] Tem nHe menee, obmas nepdy3us depe3 CUCTEMY MOAACPIKUBACTCS HA 3alaHHOM
ypoBHe (CKOpOCTh mepdy3un He OyIeT M3MEHATbCS B 3aBUCHMOCTU OT KOHLIEHTPALMH BHYTPHU
peaktopa). Konrtpomnep 200 MOXeT aHAJOrMYHbBIM O0pa3oM KOHTPOJIUPOBATH MAacCy
OunopeakTopa (M MaccCy KyJbTYpbI 2 KJIETOK), UCIOJb3Ys METIH0 OTPULIATEIbHONH 00paTHOM CBSI3H.

[086] Cnenyer OoTMETHTh, YTO NOOABJEHHE WJIM BBIUUTAHUE PA3JIMYHBIX MUTATEIbHBIX
BEIIECTB, BBOJUMBIX B PEAKTOP, MOKET OBITh CBS3aHO C COOTBETCTBYIOIIUM H3MEHEHUEM APYTUX
BBOJIMMBIX BEINECTB, YTOOBI TapaHTUPOBATh, YTO oOOmas Macca WM o0beM MaTepuala,
BBOJIUMOTO B PEAKTOP, OCTAeTCs HEU3MEHHbIM. TO €CTh, TOCKOJBKY CKOPOCTh Nepdy3uu
MOAEPKUBAETC IOCTOSHHOW, YBEIMYEHHE OJHOIO NMTATENbHOIO BELIECTBA, HAMpPUMED,
pacTBOpa TIIIOKO3BI, MIIOTAMHUHA, TJIyTaMaTa WM TOMY IOJOOHOTO, MOXKET COMPOBOMKAATHCS
COOTBETCTBYIOIUM YMEHBIIEHHEM MACChl WM O00beMa TEPBHYHOTO TMMOTOKA MOAMUTKU
MUTATENbHBIM BELECTBOM.

[087] B omHOM BapuaHTe OCYINECTBJICHUS M300pETEHHs] CHCTEMAa MOXKET COAEPIKATh IO
MEHBIIeH Mepe ABe MeTiM OOpaTHOW CBSI3U - ONHY JJISL YVIIPABJIEHUS MAacCOW W OOHY JUIs
yOpaBlieHus: TexHojorudeckumu mnapamerpamu (Hanpumep, KOKK, rmoxos3a, mimoTaMuH,
rJIlyTaMaT, aMMOHHM, JIAKTaT U T. 1.). B onqHOM mpuMepe pa3inyHble BBOIHBIC M BBIBOIHBIC
HACOCHI He YITPABIISIIOTCS] KOHKYPUPYIOIIUMU KOHTYpaMu. Hanpumep, MoskeT OBbITh yCTaHOBJICHA
ckopocte mepdy3uu (Hampumep, 20 Jy/meHn), mocie uero 30HA 18 s paMaHOBCKOM

CHEKTPOCKOIMUHU H3MEPSIET OIHO MIIK OOJIbIlIee KOJIMYECTBO 3HAUEHUH KYJIbTYPhI, & KOHTPOJLIED
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200 omeHWBAeT 3TaIbl, KOTOPbIE HEOOXOAMMO MPEANPUHSITh, OCHOBBIBASICH HA M3MEPEHUSX OT
3oama 18 pmma pamanoBCckoM cnekTpockonuu. Eciau kontposep 200 omnpepenser, dro,
Harpumep, KKK cinumkom BeicOk, kOHTposuiep 200 MOXET HadaThb yJIaj€HUE KIETOK 4Yepes
cnuBHON Hacoc 40, u pacxon moroka Hacoca S0 mist cOopa MPOXyKTa, MOXKET OJHOBPEMEHHO
YMEHBINATbCS, TaK 4dYTO O0muii o0beM B paMKaX CHCTEMbI OCTAeTCsS IOCTOSIHHBIM.
JIOTIOTHUTENbHBIE 3Tambl, KOTOpbIE IOJUKHBI OBITH BBIMOJNHEHBI KOHTpoyulepoMm 200, koraa
U3MEPEHO, YTO JPYrHe TEXHOJOTMYECKHE MNapameTpbl SBJSAIOTCA CIAMIIKOM BBICOKMMH WM
CJIMIIKOM HU3KMMHU (HAampuMmep, TJIOKO3a, TJIIOTAMHUH, TJIyTaMaT, aMMHaK, JIAKTaT U oOmias
IUIOTHOCTD KJIETOK), OTUCAHBI BhIIIIE.

[088] BTopoii muTarommii HACOC MOXKeT ObITh A0OaBjeH sl MOOaBJIEHUS TIIFOKO3bI,
JIaKTO3Bl, MNIIOTAMUHA, IJIyTamara U T. . B anbrepHaTUBHOM BapuaHTe WM B AOIOJIHEHUE, CIUB
MOJKHO PETyJHPOBaTh TAKUM 00pa3oM, 4TOObI OH pearupoBasl HA YBEIMYCHHE aMMOHUS MyTEM
yAAJIEHHs KIIETOK.

[089] Kontpomiep 200 moxerT OBbITh pacmojiokeH B "0e3rojioBoi" KOMIBIOTEPHOMH
cucreme (Hampumep, B cucteMe 0Oe3 MOHHTOpA, KJIAaBHATypbl M MblmH). Takum oOpaszom,
koHTposuiep 200 mMokeT ObITh PACIHONIOKEH Ha CepBepe, KOTOPBIM YIPABJISIFOT Yepe3 CETeBOe
COEAMHEHHE WM Kakoe-THOO IPyroe COeNWHEHHE, TaKOoe Kak, HalpuMep, MOCIeNOBATEIbHOE
coenunenne. Konrposutep 200 MoxkeT ObITh KJIOHUPOBAH Ha OJHOM HJIA OOJIBIIEM KOJMYECTBE
M30BITOYHBIX CEPBEPOB B Cllydae cOO0sl OJHOTO MIIK OOJIBILIETrO KOJIUYECTBA CEPBEPOB.

[090] Konrpomrep 200 mokeT OBITH BBITOJHEH C BO3MOXHOCTBIO TMPUMEHEHUS
¢unbTpaunn Kanmana, Hanpumep, TMHENWHON KBagpaTHuHON oneHkH (linear quadratic estimation
- LQE) nns pamMaHOBCKHMX CIEKTPaJbHBIX MJAaHHBIX OT 30HZA 18 g pamMaHOBCKOM
cnektpockonuu. Punbrpauus Kammana moxer Bkmouarh B ceOs NPUMEHEHHE alrOpUTMA K
CHEKTPAJIbHBIM JAHHBIM, KOTOPBIM UCIONB3YET CEPUI0 U3MEPEHUI BO BPEMEHU IJIsl MONTy4YeHUs
OLIEHOK HEM3BECTHBIX NEPEMEHHBIX, KOTOPbIE UMEIOT TEHIEHINIO ObITh OOJIee TOYHBIMH, YEM Te,
KOTOpble OCHOBaHbI TOJIbLKO Ha OJHOM HU3MepeHuu. Takum o0pa3oM, OmnpeneseHHbIE
TEXHOJIOTUYECKHUE TMapaMeTpbl MOTYT OBITh OCHOBaHbI Ha OT(PUIBTPOBAHHBIX MOJAEIISX.
[Ipennonaraercs, uto KoHTpoJutep 200 TakK»Ke MOMKET UCIOJIb30BATh IPYTrUe THIbI (PHUIBTPALUN
111 00pabOTKH CIEKTPAJIbHBIX TAHHBIX OT 30HAA 18 11 paMaHOBCKOH CIEKTPOCKOHH.

[091] Konrpostep 200 MOXKET comep:KaTh UM MOXKET OBbITb MHBIM OOpa3oM CBsi3aH C
uctopueit UTIT (uHpOpMaIIK O TEXHONOTHUYECKOM mporecce). YkasanHas ucropusi UTIT moxer
OBITH TpHIIO’KEHHEM ¢ 0a30l TaHHBIX BPEMEHHBIX PAIOB, KOTOPOE MOKET 3aIHCHIBATH JaHHbBIE
U3 CHUCTEM yIpaBjieHUus TexHosorndeckum mnpoueccoM. Mcropus HTII moxxker mno3BOIUTH
NOJIb30BATENSIM  3AIMUCHIBATh, AHATU3UPOBATH W OTCJIECKHBATh HHYOPMALIMIO B PEKUME
peanbHOro Bpemenu. Konrpomnep 200 moxer xpanuts B ucropun MTIL, nanpumep, 3HaueHus
Macchl OT BecoB 110, cniekTpanbHble AaHHBIE OT 30HAA 18 i1 paMaHOBCKOHN CHEKTPOCKONHH, a
TaK>Ke PacxoJbl HAcoca A muTaroero Hacoca 30, cnmuBHoro Hacoca 40 u Hacoca 50 st cOopa
NPOAYKTA.

[092] Ha ¢ur. 3 mnpowmutoctpupoBan crmocod0 300 B COOTBETCTBUH C JaHHBIM

packpeitieM. OquH uiu OoJblIee KOJHYeCTBO ATAnoB crocoda 300 MOTYT BBIMIOJHATHCS HE IO
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MIOPSIZIKY, BBIOJHSATHCS OTHOBPEMEHHO C IPYTMMH 3TalaMu Win BooO1e uckimouarbes. Crocod
300 moxxer HaumHaTbCs Ha STame 302, Ha KOTOpOM OMoOpeakTopHas cucremMa | MoKeT ObITh
coOpaHa, U KyJbTypa 2 KIETOK MOXeT ObITh IpefocTaBieHa B pe3epByap 10 OuopeaxTopa u
MHOKYJINpOBaHa JHUHHUEH KieTok. 3areM criocod 300 moxer nepeiitu k stamy 304, Ha KOTOpPOM
TEXHOJIOTHYECKHUE NMapaMeTphbl KYJIbTYpPbl 2 KJIETOK H3MEPSAIOTCS B OHOPEAKTOpE C MOMOILIBIO
30H7Aa 18 1y paMaHOBCKOH CIEKTPOCKOIMHU /MM C TMOMOIIBIO JTOTIOJHUTENIbHBIX WIH APYTHX
AaTYUKOB. TeXHOJOrn4ecKue mapaMeTpbl MOTYT BKJIIOYATh B ¢e0s 000N U3 BBIIEYIOMSIHYThIX
NapaMeTpoB, ONPEAENIEHHBIX U3 PAMAHOBCKHUX CHEKTPAIbHBIX JaHHBIX, OJYYEHHBIX C IIOMOLIBIO
3oHAa 18 must pamanoBckoil criektpockormu. Crocod 300 moxer mepelitu k dtamy 300, Ha
KOTOpOM Macca pesepByapa 10 Ouopeakropa (BKIIFOUAst KyJIbTYypPy 2 KJIETOK BHYTPH) U3MEPSIETCS
¢ nomowsto Becos 110 u nepenaercs B mpoueccop 200.

[093] Ot stana 306 ciocod 300 moxer nepelTy k 3tamy 308, Ha KOTOPOM OecKiIeTOYHAs
UCTOLIEHHAasl MUTAaTeNlbHAs Cpefa U3 KyJbTYpPbl 2 KJIETOK yJIaJisieTcsl C MepBbIM HOMHHAJIBHBIM
pacxonoM MyTeM aKTHBALWHU Hacoca 70 1l M3BJIEYEHUS KYJIbTYPbI KJIETOK (ITUTATENbHAS Cpena
IUTIOC KJIETKH) U3 pesepByapa 10 OumopeakTopa depes TpyOy 20, a Takke NMyTeM aKTHBALMH
Hacoca 50 mns cOopa MpoAyKTa, sl yaaleHus pacTBopa u3 GpuibTpoBasibHOM cuctembl 100. Ot
srana 308 cmoco® 300 moker mepexoauTh K 3Tamy 310, HA KOTOPOM KJIETKH MOTYT OBITh
yoaJeHbl W3 KYyJIbTYPbl KJIETOK C HCIOJb30BAHMEM BBIBOAHON TpyOBl 22 CO BTOPBIM
HOMUHAJIBHBIM PAaCXOAOM C MOMOLIBI0 ciBHOTO Hacoca 40. Ot stama 310 cocod 300 mosker
nepenTy K 3tamy 312, Ha KOTOPOM OJ{HA MJIU 00€ U3 CBEXKEH MUTATEbHOMN CPEeIbl M MUTATEIbHBIX
BEIIIECTB MOTYT OBITh BBEAEHBI B KYJBTYPY KIJIETOK C TPETbUM HOMHHAJIBHBIM PacXOAOM C
UCTIOJIB30BAHUEM BBONHOW TpyObl W muraromero Hacoca 30 TakuMm 00pa3oM, 4YTOOBI
noAnepKuBaTh OOLIMH BBOJ IMMTATEJIbHOW CpPenbl M MNHUTATENbHBIX BELIECTB PaBHBIM
00BETMHEHHOW MPOM3BOAUTEIHPHOCTH CIMBHOrO Hacoca 40 u Hacoca 50 mis cOopa mpoaykra.
HomuHanbHbIH pacxox MOKeT ObITh 3aJaHHBIM 3HAUEHHEM PacXoja WM JUANa30HOM PacXOMO0B,
pU KOTOPBIX Hacoc paboraer w/wiam OOCHyKUBAeTCs. YKa3aHHbIE HOMHHAJIbHBIE PAaCXOJIbI
MOTYT OBITB OIpeeeHbl KOHTpoJuiepom 200.

[094] Tlpennonaraercs, yTo Kaxabli U3 3TanoB ¢ 302 mo 312 MOXET MPOUCXOOUTH B
a000M TOpsIKe, @ B HEKOTOPBIX CIIy4asiX MOXKET MPOHCXOAUTh OAHOBPEMEHHO B PEKHME
peaJbHOrOo BPEMEHHM 4Yepe3 COBOKYITHOCTh KOHTYPOB OOpaTHOH CBSI3H, BBIIOJHIEMbIX
KOoHTpoJepom 200.

[095] Vmpasnenne na stamax 308, 310 u 312 MOXKET OCYIIECTBIATHCS C IOMOIIBIO
koHTposiepa 200 Ha OCHOBE J[aHHBIX, MOJYYEHHBIX OT 30HAA 18 1 paMaHOBCKOU
criektpockonuu Ha stane 304, u or BecoB 110 Ha stame 306. Maccoii pesepByapa 10
OunopeakTopa (TUTIOC coneprKameiicst B HEM KYJIBTYPBI 2 KJIETOK) MOKHO YIPABJISATH C TIOMOLIBIO
netiu [TU]] (mponopiuonansHO-UHTErpaTbHO-IH( PepeHnanpHoro) ynpasieans. Kpome Toro,
KoHTpoJutep 200 MOKET OBbITh BBINOJHEH C BO3MOXKHOCTBIO aHAJIN3a PAMAHOBCKUX CIIEKTPOB,
MOJYYEHHBIX C MOMOLIBI0 30HAA 18 s pamMaHOBCKOW CHEKTPOCKOIWH, IJisl ONpPEAEsIeHUs
OJHOro WM OOJNBIIEr0 KOJWYECTBA TEXHOJOTHYECKUX IapaMeTPOB, BKJIIOYAs, HalpuMmep,

KOHUCHTpPALHO T'TFOKO3bI, KOHLCHTpPALUIO riyraMuHa, KOHUCHTpPALHO rjryramara,
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KOHLIEHTPALIMIO aMMOHUS, KOHIIEHTPALMIO JIaKTaTa, OOILIYI0 IUIOTHOCTh KJIETOK U IJIOTHOCTB
KU3HECTIOCOOHBIX KIIETOK. Kaxkmoi 13 3THX MepeMeHHbBIX TaKyKe MOKHO YIPABIATH C TIOMOIIBIO
NETJIN C OTPHULIATENIbHOW O0OpaTHOMN CBSI3bIO.

[096] IIpumepnl HACTOALIETO PACKPBITHS MOTYT INPENOCTABIIATH 3JIETaHTHbIE, THOKUE U
HEIOpOrue pelleHHs] Ui CYIIEeCTBYIOIIMX pEeLIeHUH 3a7ad yIpaBlIeHUs U MOIYT HMETh
OTHOCHUTENBHO HEOONbIIOE KOJIMYECTBO MpoOenoB B HaHHBIX. CTpareruu yIpaBieHUs IO
HACTOSAIIEMY M300PETEeHHI0 MOTYT JEMOHCTPHUPOBATH MOCIEAOBATENIbHOE YIIPABICHHUE YPOBHEM
OuopeaxkTopa. Hanpumep, nucrnepcusi ypoBHsi Obuia cHuwxkeHa ¢ +/- 0,5 n/cytku mo +/- 0,01
J/CYyTKU € HMCIIOJIb30BAHUEM CHUCTEM YIPABJCHHs MO HacTosAlieMy n3oOpereHuro. Taxke Obutn
JTOCTUTHYTHI YJIyYIIEHHs TUCTIEPCUN MACChl, HAIPUMED, YMEHBIIECHHE OTKJIOHEHHSI MacChl OT 5-
10% ¢ ucrosp30BaHUEM IPYTUX CHCTEM, TAKHUX Kak OObeMHas KaJIHOpOBKA, A0 MOTPEIIHOCTH
0,1-0,5% c¢ wucnonbp30BaHHMEM CHUCTEM YIPABIEHUs, pPACKPBITBIX B JaHHOM JOKYMEHTE.
VYydmeHne MOXeT ObITh, IO MEHbIIEH Mepe YaCTHYHO, CBSA3aHO C M3MEHEHHUEM CHUCTEMBI C
00BEMHOM KaTMOPOBKH HAaCOCOB Ha BEPCHIO C MPOTPAMMHBIM YIPABICHHEM, OCHOBAHHYI Ha
Macce U Apyrux napamerpax. Kpome Toro, cucTeMsl yIpaBieHHs M0 HACTOSLIEMY PAaCKPBITHIO
MOTYT OBITh MMOJIHOCTBIO HHTEIPUPOBAHBI C ABAPUIHBIMUA CHTHAJIAMH TEXHOJOTHYECKUX JTaHHBIX
(TH) (manpumep, 3JIEKTPOHHBIMH COOOIIEHUSIMH) U MOTYT OBIThb JOCTYNHBI M OTKJIFOUEHBI
ynainerHo. Kpome Toro, cucteMsl 1 CriocoObl HACTOSAIIETO PACKPBITHS MOTYT o0ecrneunTs Ooee
MOBTOPSIEMBIE M HA/IEXKHBIE PE3YJIbTATHI, YEM MPEAIIECTBYIOIINE CHCTEMBI U CITOCOOBI.

[097] HHpumep 1 (dur. 4 u S)

[098] OxcnepumeHTbhI, ONHUCaHHblE B npumepe |

, CpPaBHHUBAIOT mep(y3UOHHBIN
OunopeakTop ¢ OMOpPEAKTOPOM € NEPUOAMUECKOM MOANMMTKON U MOKA3bIBAIOT OoJiee BBICOKHE
AOCTUTHYTbIe KOHLEHTPALMH >XH3HECIOCOOHBIX KIETOK M CHeLU(UYECKYI) HPOAYKTUBHOCTD
KJIETOK B nep(y3uoHHOM OHMOpEeakTope MO CPAaBHEHUIO ¢ OMOpPEaKTOPOM C MEPHOAMYECKOMN
MOJNUTKOM.

[099] B onmHOM 3KcrepuMeHTe OMOpPEaKTOpP BMECTHMOCTBIO 15 J1 KyJBTHBHPOBAJICS C
UCTIOIb30BAHUEM KJIETOYHBIX JIMHUA M TUTATeNIbHON Cpeabl. 3afaHHble 3HAYEHHs IS
OuopeakTopa BKIOYanu Temmeparypy (35,5 rpamycoB llenbcusi), nepememuBanue (250
0o0/muH), pH (ynpasmsemas ¢ nomouisto CO, u Oukapbonara Hatpusi) (or 6,85 mo 7,15) m
pabounii oobem (11 ). YerpotictBo mns ynep:kanus kietok ATF4, ocHameHHOe QUIBTPOM C
nojbIMH BOJIOKHaMu 0,2 MKM, OBUIO TPUCOCAMHEHO K OmopeakTopy. PUIBTp C MOJIBIMH
BOJIOKHAMH 33JePXKUBAJl KJIETKH, HO OOeCre4YrBa] BO3MOXHOCTh O€JKaM M IHUTATEeIbHBbIM
BEIECTBAM IPOXOAUTh CKBO3b Hero. JIBa oObema peakropa (Wi 22 J MHUTATENBHOW CPEMbI)
MPOTMYCKAJIN Yepe3 YKa3aHHbIA PUIIBbTP Kaxble 24 Jaca.

[0100] Kak Oumopeakrop, Tak u ykazaHHoe yctporcTtBo ATF Oblmm pacmosoxeHbl Ha
Becax. Macca OuopeakTopa, KyJIbTypbl KieTok u ycrpoiictBa ATF mnepenmaBanace uepes
coenuaenne Ethernet B ncnonHsieMOe KOMIBIOTEPOM IPOrpaMMHOE OOECreueHHe CUCTEMBI
ynpasieHusi. Macca cpaBHHBaJIach ¢ 3aAaHHbIM 3HadeHueM (11,0 kr, Hanpumep, pabounii oobem
ounopeaxropa), u II1]J[-kouTposiep (paspadborannbiii B MATLAB, HO BBINIONHSIEMBINH Yepes

nporpaMMHOe oOecriedeHre CucTeMbl ympasieHus SynTQ) ompepensn, crienyer Jd
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3anelicTBoBaTh nuTaromuii Hacoc. Hacoc ans cOopa mpoaykTa, yCTaHABIMBAIM HA TIOCTOSIHHBIN
pacxop, 3KBUBAJIEHTHBIN TpeOyemol ckopoctu mnepdysuu (nBa obdbeMa peakTopa B IEHD).
IMuTaromuM HacocoM U mNepPy3MOHHBIM HACOCOM ABTOMATHUECKH YIPABISUIA C IMOMOIIBIO
nporpammHoro obecneuenusi SynTQ, koropoe tpancnupyer curaan OPC Ha cepeep Kepware.
CepBep Kepware Tpanciaupyer 3ToT curHan depe3 coeauHeHue Ethernet Ha monynb BbIBOnA
ananorosoro curiana MODBUS, koropeiii npeodpasyer mudpoBoe 3HaueHHe B (PU3HMUECKUN
MUWJIJIMAMIIEPHBIM BBIXOJHON CUTHAJ B uanas3oHe oT 4 MA 10 20 MA.

[0101] Ucrnonb3yst 3Ty CUCTEMY, MAacCOil OMOpeakTopa MOMKHO YIPABISITH C TOYHOCTBIO
no 10 r or nepBoHauanbHOro Maccel 11 kr (0,09%). Jlo BHempeHHsI 3TOW CHUCTEMBbI OBLIO
HEBO3MOJKHO YIPABJISATh Maccoii Ouopeakropa ¢ To4HOCThIO Oosiee 0,5 kr (4,54%) B TeueHue
HOUYHU B OuopeakTope. BHYTpH TOI ke CHCTeMbI 30HI JJIsl pAMaHOBCKOM criekTpockonuu Kaiser
Optical ncronp3oBancs Ui 3aXBaTa PAMAHOBCKOTO CHEKTPa M3 KyJbTYphl KieTok. KoHTposuiep
UCTIONB30BAJ MOJENH, KOTOpble ObUIM pa3paboTaHbl B MNPENLISCTBYIOIIMX MApTHSIX IS
NPOTHO3UPOBAHUS KOJMYECTBA KJIETOK, TJIFOKO3BL, JIAKTATA, AMMOHHS U APYTHX KOHLEHTpaUui
MUTATEIbHBIX BELIECTB. 3O0HI [UIsI PAMAaHOBCKOH CIIEKTPOCKONHH 3aXBaTBIBAET THICTUH
Pa3NUYHBIX CIEKTPOB, KOTOPBIE 3aT€M AaHAJIU3UPYIOTCS B KOMIIBIOTEPHOW MpPOTrpaMme,
Hanpumep, SIMCA. Hcnonbp3yss MHOTOKOMIIOHEHTHBIH aHAJNW3 M aBTOHOMHBIE NaHHbBIE IS
JAHHOTO TapameTpa, MporpaMMa CO37JaeT MOJeNb 10 BCEM IIOKa3aHMsSIM 30HAa. 3aTeM 3Ta
moznenb SIMCA 3arpyxkaercs B SynTQ, u k Heil oOpainaroTcst B peKUMe PeajbHOTO BPEMEHH
KaXIbIH pa3, KOrJa 30HA CHUMAET MOKa3aHus (Hanmpumep, Kaxasle 15-45 MuHyT).

[0102] YnpaBnenue pa3nuyHbIMU MUTATEIbHBIMU BEIIECTBAMHU C MOMOLIBIO 30HAA JJIs
PaMaHOBCKOH CHEKTPOCKOIIUH TMO3BOJAET IOBBICUTH NPOAYKTUBHOCTb KIETOYHBIX JIMHUH,
YBEJIHMYHUTD KU3HECTIOCOOHOCTh KYJIBTYPbI KJIETOK B TEYEHHE AJIUTEIBHOTO BPEMEHHU H YIJIyYIIUTD
Ka4eCTBO HECKOJIbKHMX aCHEKTOB Oelka.

[0103] Ha d¢ur. 4 DpoOWUIIOCTPUPOBAHO, HYTO MAKCHMAJIbHAas KOHLIEHTPALIUS
JKU3HECTIOCOOHBIX KJIETOK B nepdy3noHHOM Ouopeaktope (DkcrnepuMeHT «IKC.» 1) corjacHo
JAHHOMY PACKpPBITHIO Ha 37-H J€Hb MapTHU MPONYKIMH, NMPUOIH3UTEIHHO BIBOE MPEBBIIAET
MAaKCUMAJIbHYK) KOHIICHTPALMIO JKHU3HECIIOCOOHBIX KJETOK B PEAaKTOpe ¢ MOIIMUTKOH C
SKBHBAJICHTHbIM Pa3MEepPOM Ha CeIbMOW AeHb maptuu npoaykuuu (Jkc. 2). Tor daxt, yro
MaKCHUMaJIbHasE KOHLIEHTPALUS KU3HECITOCOOHBIX KJIETOK ObUIa NOCTUTHYTa Ha 37-U neHb (B
OTINYHue OT 6-T0 AHS B OMOPEAKTOpe C MOAMUTKON), MOKA3bIBAECT HAECKHOCTh U JOJITOBEYHOCTh
TEXHOJIOTHYECKOTO MpoLecca nmeppy3noHHOro OHopeakTopa.

[0104] Ha ¢ur. 5 nokasana cnenmduyeckas npoaykTuBHocTh kietok (cell specific
productivity - cSP) B Teuenue 12-25 nHeill nepy3HMOHHOIO TEXHOJOIMYECKOrO MpOoLecca s
naptun npoaykuuu (Jxc. 1) mporus cSP B Teuenune 1-12 nHel TEXHOJOTHUECKOTO MPOLECCa C
noanmuTkoil (Jkc. 2). AHaJOTWYHbIE NPOXYKTUBHOCTH OBUIM AOCTHTHYTBI Ha 25-37 CyTKu
nepdy3MOHHON MapTHH MPOIYKIIHH.

[0105] Cxkopoctb niepdy3un, paBHast TpeM oObeMaM peakTopa B JeHb, TpeboBajach s
ysennuenus: KOKK nocne 50x10° xerox/mn B nepdy3MOHHONW MapTHH MPOAYKLUH, YTO BO

MHOTUX CJIy4asixX MOKET OBITH KOMMEPYECKHU HEAOMY CTUMbBIM.
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[0106] OnTumu3anus NUTATENbHON CpeAbl C HUCMOJIb30BAHHUEM CTPATETUH «TOJYOK K
HU3KOMY YPOBHIO» JIOJDKHA CHU3UTh HEOOXOIMMYIO cKopocTh nepdysun. Hampumep, kietku
MOTYT OBITH BBIPALIEHbI JIO 20x10° keTox/M1 H MO IeP>KUBATHCA B CTAOMJIBHOM COCTOSTHHH.
Cxopoctb niepdy3un MokeT ObITh YCTAaHOBJIEHA Ha ABa 0ObeMa peakTopa/IeHb B TEUEHUE IISITH
nHedl. Ha mnsreii neHb ckopocth mepdy3un Moxker ObITh yMeHblneHa a0 1,5 o0bemoB
peakTopa/nenb. Ecnu ki1eTku monaep KuBaroTCs, CKOPOCTh nepdy3uu MOKeT ObITh yMEHbIIEHA
10 omgHOro obbemMa peakTopa/neHp depe3 S5 nHeil. Kak TOMBKO KJIETKM HAYWHAKOT YMHUPATH,
MO’KHO MCIOJIb30BaTh AMUHOKHCJIOTHBIN aHAJIN3 WJIM IPYroil aHau3, YTOOBI OMPENeUTh, KaKk
Jydme oOoramarh MUTATEIbHYIO Cpedy, Hampumep, N0OaBJSITh MHUTATENIbHBIE BELIECTBA MJIH
perynupoBaTh KOHLEHTPALMIO IMUTATEeNbHBIX BEINECTB B MUTAaTeNbHON cpexe. B omHOM
HEOrpaHUYHUBAIOLIEM NPpUMEpe ykasaHHas crpaterus onucana B “The Push to Low Approach for
Optimization of High Density Perfusion Cultures of Animal Cells” by Bayer et al. Adv.
BioChem. Engin./Biotechnol. 2006, 101:75-98.

[0107] Hamasie NOVA Flex mMoryT ObITh MOJyY€HBI, KOrZJa aBTOHOMHOE CUUTHIBAHHE
MPOU3BOMUTCS TyTeM aHaimm3a npoObl. Mcmone3ys npenbinymme naHHble NOVA, MOXKHO
MOCTPOUTH MOJI€NIb PAMAHOBCKON CIEKTPOCKOIMHUHU, U B 3TOT MOMEHT B PEAKTOP MOXKHO BBECTH
30H7, a MOJenb MOxeT npenocTtasisaTh AaHHble KOKK kaxabie 15-45 MuUHYT, Kaxxayr0 CEeKyHAY,
KQKAYI0 MUHYTY, KaKble 2 MUHYTBL, KaXJble 3 MUHYTbI, KaXable 4 MUHYTbI, K&X/ble 5 MUHYT,
kaxaple 10 munyT, kaxaele 15 munyT, kaxaele 20 MUHYT, Kaxable 25 MHUHYT, Kaxzabie 30
MHUHYT, Kaxable 35 MUHYT, Kaxable 40 MUHYT, Kaxable 45 MUHYT, Kaxable S0 MUHYT, KaKable
55 MUHYT, KaXIbIi Yac, Kaxable 2 Jaca, Kakable 3 Jaca, Kakable 4 yaca, KaKable S 4acOB WUIIU
KaKabple 6 4acoB, BMECTO OJHOTO pasza B JI€Hb U TpeOyroluero pyyHoro orbopa mpod, Kak C
NOVA. Ha ¢wur. 5 nokazan 20 neHp manHoro uwukia. Ilepele 20 nHeil mnmkia ObutH
UCTIONBb30BaHbI st cOopa naHHbiXx NOVA, KoTOopbie ObUTH UCTIONB30BAHBI IS CO3AHUS MOJEIH
PaMaHOBCKON CHEKTPOCKOMUY JJIs MOCIEAYIOIUX YacTel LIHUKJIA.

[0108] B mocnenyromux mOpuMepax HIDKE TMPUBEAEHBI OOINMe IUAMa3OHbI IS
ONpENENEHHbIX TEXHOJNOrnueckux napamerpos. pH: 6,85-7,40, pacteopennsblii kuciopon: 30-
60%, 35-55%, 40-50% wunu 45%, Temneparypa: 34-37,5 °C u nepememnBanue: 150-300 06/muH,
175-275 06/mun, 200-250 o6/muH wiu 225 06/MuH Ha pabodyeM cToe.

[0109] Ilpumep 2 (dur. 6-8)

[0110] DOxcmepuMeHTBI, OMUCAHHbIE B TMpPUMEpPE 2, TOKA3bIBAIOT JaHHbBIE IS

nepdy3noHHOrO Ouopeakropa, He umeromero ympasieHus: poctom KKK wmm rmoxo3oil.
Habmonamn muk KKK Ha 7-ff neHb, korga KieTku ObICTPO pociu 10 OONBIION TUIOTHOCTH
KJIETOK, a 3areM ObICTpO CHIKaIMCh Ha 11-fi nmeHb, KOrja OHM HMCTOLIANN NHTATENIbHbIE
BelllecTBa B muTaTesibHOH cpene (dur. 6). Tombko ympaBiieHHe Maccoil ObBLIO HEIOCTATOYHBIM
111 AOCTHKEHUs yeTonunBoro coctosiuus KKK,

[0111] I'moxo30if Takke HE YIpaBisiim BO Bpems mukina nepdysum. Ilockombky
KyJIbTYypa HCHOJb30Bajia IJIIOKO3y B IUTATENbHOH cpene BO BpeMs LUKIa mnepdy3uu s
IIUTAHUS KJIETOK, 3TO BIOCJIEACTBUU IPHUBEJIO K THOETH KJIETOK BO BpeMs KyJIbTHBHpOBaHus. 1o

Mepe pocTa KJIETOK YpPOBEHb IJIIOKO3bl HEYKJIOHHO CHMIKAJICS, XOTsl NMTaTelbHas cpena
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NOCTOSIHHO noanuThiBanack (¢ur. 7). [Iuk B 0OHapyKe€HUH TIIFOKO3bI, UMEBIINI MecTo nocie 10-
ro 1Hs, ObLT BbI3BaH MOJHON THOENBIO KJIETOK U, CJIEAOBATENbHO, OTCYTCTBHEM MOTPEONIEHHS
TJIFOKO3BI, KAK MOXKHO BUJI€Th NIPU OTCJIEKUBAHUH JKU3HECTIOCOOHOCTH KJIETOK, MPENCTaBIEHHOM
Ha ¢ur. 8.

[0112] B 3TOM 3KCTIEpUMEHTE HHOKYJINPOBAJIN HACTOJIBHBIN OnopeakTop oobeMoM 15 11 ¢
3aJaHHOW KOHIIEHTpAalMeH KIEeTOK su4HuKa kuraiickoro xomsuka (Chinese hamster ovary -
CHO), nponyuupyromux mAbl. Kierkun KyJbTHBUPOBAIN NPHU ONPENEeNeHHON KOHLEHTPALH
PAaCTBOPEHHOI'O KHCIOPOIa, TEMIIEPATyphl, MepeMelnBanus U pH, KoTopeie MOAIEpKUBAIUCH
NIOCTOSIHHBIMU B T€YEHHE BCero Lukia. KierkaM Takike NMOAaBau CBEXKYIO MUTATEIBHYIO CPEay
U TMTaTeNIbHbIE BEINeCTBA B BHIE NepPy3MOHHOW NOAMHUTKH CO CKOPOCTBIO, B JIBa pasa
npeBbImaroIneii 00beM peakTopa B CyTku. O0beM peakTopa MogAep KUBAIH MOCTOSTHHBIM My TEM
n00aBJIEHUs] B PEAKTOP TOTO K€ KOJHMYECTBA IMOANUTKH, KOTOPOE YAAISIOCH B mepdysare
ucnonszoBanueM cuctembl Repligen XCell ATF4. 310 ObUT0 TOCTUTHYTO MyTEM OTCIIEKUBAHUS
Macchl OMOPEaKTOPHON CUCTEMBI M HCIIOJIb30BAHMS aBTOMATU3UPOBAHHON CUCTEMBbI YITPABICHUS
¢ oOpaTHO¥ CBSI3BIO TSI TIOJIePKaHusI Macchl B ripeneniax 0,05 Kr oT 3a1aHHON LIEIeBOH MacChI.
Hu ynpaBneHne Ha OCHOBE PaMAaHOBCKOW CIIEKTPOCKONHH, HH YIPABJICHUE CIUBOM HE OBLIH
npenoctasnens! A yrnpasnernst KKK wmu moboro apyroro napamerpa duopeaktopa BO BpeMs
3TOTO MPOU3BOJICTBEHHOTO LIUKJIA NEp(y3HH.

[0113] B ananormuHOM >KcnepuMeHTe (He MokasaH Ha (urypax), B KOTOPOM pPacxon
NOTOKA TaKkke OBbLI YCTAaHOBJIEH HA J1BA OMOpEaKTOpa B AE€Hb MOAAYHM IMHUTATENBHOW Cpenbl, HO
MAaccoil He yIpaBJsui, BApUaOUIbHOCTBIO HACOCOB HE MOTJIN a[IeKBATHO YIIPABIISTD.

[0114] B 3TOM aHaJIOrMYHOM SKCTIIEPUMEHTE 110 Tiepy3Un MUTAIOIIHI HACOC U HACOC IS
nepdy3upyeMoil KUAKOCTH ObUTM HACTPOEHbl HAa OKBUBAJEHTHBIE PACXOAbl MOTOKA
(ompenensieMble TyTeM OOBEMHONM KaJIMOPOBKH HACOCOB). DTOT METON HE MOT OOECHeyuTh
pPacxobl MOTOKA, KOTOPbIe OBUIM JOCTATOYHO TOYHBIMH, YTOOBI COOTBETCTBOBATH APYT APYTY, U
B TEUEHHE HOYM (HAmpUMep, MEepUO] BPEMEHH, KOraa OHOpPeakTOpOM aKTHBHO HE YIPABIISUIIN),
MUTAIOLINA HACOC TOOABJST B peakTop OOJblIe MUTATENIbHOW Cpelbl, Y4eM MOT YAAISTh HAcoC
s epy3upyemMon JKUAKOCTH. DTO MPHUBEJO K IMEPENONHEHUI0 PeakTopa U MOCIeOYHoLei
NOTEPE KYJIBTYPBIL.

[0115] IIpumep 3 (dur. 9-12)

[0116] OxcmepumeHT, ONHUCaHHBII B mpuMmepe 3

, TIOKa3blBa€T IaHHbIE IS
nepdy3noHHoro duopeakropa ¢ ynpasienneM KXKK. Ynpasnenne KKK (ur. 9) npusonuio k
MOCTOSTHHOMY YCTOMYHUBOMY COCTOSTHUIO KU3HecrocodHocTH (pur. 10), mponyupoBaHuio Oenka
(pur. 11) n nurarenbHbIX Bemects (dur. 12).

[0117] B 3TOM 5KCnIEpUMEHTE WHOKYJIMPOBAIN HACTONBHBIN OHopeakTop o0beMoM 15 11 ¢
3amaHHON koHueHtpaumeil kierok CHO, mpomymmpyromux mAb2. KneTku KynbTHBHpPOBAIN
IPU OTPEAeNIeHHON KOHIEHTPALUH PACTBOPEHHOIO KUCJIOPOA, TEMIIEPATYPhl, IepEMEIINBAHHS
u pH, xoTopble MOANEP)KUBAIUCH NMOCTOSHHBIMH B TEYEHHE Bcero mnukia. Kierkam Ttaxske
NOJaBAJIM CBEXXYIO IUTATENbHYIO Cpely U IUTaTeIbHblE BEIIeCTBA B BHAE Nep(y3nOHHOM

NOJIMTKH CO CKOPOCTBIO, B JIBA pa3a MpeBbliaroiiell oobem peakropa B 1eHb. OOBeM peakTopa
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NOJAEPKUBAIM TTOCTOSIHHBIM TyTeM TOOAaBJEHUS B PEAKTOP TOTO K€ KOJMYECTBA IONIUTKH,
KOTOpOe yaasuiock B mepdysare ¢ ucnonb3oBanueM cucrembl ATF4. DTo ObUI0 DOCTUTHYTO
IyTEM OTCJIEKMBAHMSI MAacChl CHCTEMBI M HCIIOJIb30BAHUSI KOMIIBIOTEPHOI CHCTEMBI YIIPABICHUS
IJIs1 TIOAJEpIKaHUS MAcChl B Ipenenax Iunoc uiau MuHyc 0,05 Kr OT 3aJaHHOrO LEJIeBOro
3HaueHMs. YIIpaBlieHHE C UCIOJIb30BAHUEM PAMaHOBCKOH CHEKTPOCKOMUHU HE HCIOJIb30BAJIOCh
IUTsL 5TOTO LIMKJIA, U PacXo]] CJIMBa Hacoca ObUT YCTAHOBJIEH BPY4HYHO mocie otoopa nmpod KKK,
OtoT nporuecc TpeOoBaT HECKOIBKHX 00pa3LoB, a Pacxoj CJIMBA AOJDKEH ObUI PeryJIHpOBaTHCS
HECKOJIbKO Pa3 B JICHb.

[0118] KKK ynpaBnsuin B TedeHHe Nep(y3HOHHOTO MPOAYLHUPOBAHHS KYJBTYPHI C
nenesbiM KKK, cocrapmsormm 42,5%10° knerox/mn (40-45x10° kierok/mi). COOTBETCTBEHHO,
ecnu KKK momHuUManoch BbIIIE LENEBOTO 3HAUEHUS], TO PACXOM CIMBA ObLI YBEJHYEH, & €CIIH
KKK omyckanoch HUXKe LEJIeBOro 3HaUEHHs], TO PacXO CJIMBA ObLT yMEHBIIEH.

[0119] IIpumep 4 (dur. 13 u 14)

[0120] DxcnepumMeHTBI B S5TOM MpPUMEPE CPaBHUBAOT Crocod mnepdy3noHHOTO

KyJnbTHBHpOBaHus (¢pur. 14) co cnocodom KyipruBHpoBaHusi ¢ noanutkoil (pur. 13). Crocod
nepQy3nMOHHOTO  KYJBTUBHPOBAHUS ~ MO3BOJMJI  JOCTHYb  OKOJIO  YETBIPEXKPATHOTO
MaKCHMaJIbHOTO YHCJIAa KJIETOK IO CPAaBHEHHIO CO CHOCOOOM KYJIBTUBHUPOBAHHS KIIETOK C
MONMUTKON JUIsi OOHOTO U TOrO ke Oejdka B aHAJOTM4YHbIX ycjaoBusx (dur. 13).
KynbTuBHpOBaHUE C MOIMUTKON BBITOJIHSIN B ITOJYIIPOMBILIIIEHHOM MaciuTade, B TO BpeMs Kak
nepdy3uMOHHBIH SKCHEPUMEHT MpoBOoAWIM B JjaboparopHoM Macmradbe (15 ;). Crparerus
nepeMeIIuBaHus M adpauuu ObUla yMEHbLIeHa 10 JAOOpaTOPHOH MIKalbl ¢ HUCHOJIb30BAHHUEM
NOZIXO/1a MOIIHOCTH Ha €AMHHULYY 00BbeMa JUIs MepEeMEIINBAHNs U COTJIACOBAHMS CTPATETHH IS
aspaiu o0bema Ha 00BeM.

[0121] Cnoco® mnepdy3nOHHOrO KyJbTHBUPOBAHMS IO3BOJMJ MOJYyYUTh B 3,5 pasa
Gosnplue Oenka MO CPAaBHEHUIO C KOJIMYECTBOM, MOJYYEHHBIM B PEAKTOPE C MOAIMHUTKOM, 33 TaKOe
K€ KOJIMYeCTBO BpeMenu (¢ur. 14).

[0122] Cnoco® mnepdy3MOHHOTO KyJIBTUBUPOBAHHUS OCYLIECTBIISUIH, TPEIOCTaBJISISI
HACTOJIbHBIA OHOpeakTop 00beMOM 15 JI, MHOKYJMPOBAHHBIA C ONPENEeIeHHOW KOHIICHTpaLuei
kiaerok CHO, nponyumpyrommx mAb2 (Okc. 5 u 7). Knerku KynbTHBUPOBAJIH IPH
OTpEeNEeNeHHON KOHLEHTPALUU PACTBOPEHHOIO KHCJIOPOIA, TEMIIEPATYphl, MEPEMEIINBAHUS U
pH, xoTopble NOANEPKUBAIMCH IOCTOSIHHBIMM B TEYEHHE BCero nukia. Kierkam Taxke
NOJaBAJIM CBEXYIO INHUTATENIBHYIO Cpely U MUTATeNIbHbIE BELIECTBA B BUAE NepPy3HOHHON
NOANHUTKH CO CKOPOCTBIO, B JIBA pa3a MpeBbllIammell o0beM peakTopa B AeHb. llurarenbHas
cpexa B 3TOM LIMKJE ObUla JOMOJHEHA MOBBIMIEHHBIMH KOHLEHTPALMAMHU JKU3HEHHO BaYKHBIX
IUTATEIbHBIX BEIIECTB MO CPABHEHUIO C MPEOBIAYLIMMH 3KCHEPUMEHTAMH, TaK YTO KIETKH
MOTJIA OBbITh JIOBENEHBI 0 OoJiee BHICOKOW IUIOTHOCTU KJIETOK BO BpeMsl LUKJA Mepdys3um.
O0pvem peakTOpa MOAAEPKUBAIHM TOCTOSHHBIM C ITOMOINBIO CHCTEMBl YIPAaBJIEHUS MAacCOM,
9TOOBI TOAAEpPKUBATh Maccy B mpenenax 0,05 Kr oT 3agaHHOrO IeJIeBOrO 3HadeHus. Hu
yIpaBlIeHHE HAa OCHOBE PAMAaHOBCKOW CHEKTPOCKONHUH, HU YIIpaBlIiEeHHE CIMBOM He ObUIH

npeaoCTaBJICHBI BO BPEMA 5TOI0 MPpOU3BOACTBCHHOI'O ITUKJIA HGp(l)yBI/II/I.
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[0123] KynpTHBHpOBaHUE KIETOK C MOAMUTKON (JKC. 6 1 8) MPOBOAMIN B aHAJIOTHYHBIX
YCIIOBHSAX (PacTBOPEHHBIN KUCIOPO, TeMIepaTypa, nepememnsanue u pH).

[0124] IIpumep S (¢pur. 15-18)

[0125] Oxcnepument, onucaHHbli Ha ¢ur. 15-18 mokasbiBaeT NpennOYTHUTEIbHbIE
pe3yJIbTaThl KH3HECHIOCOOHOCTH, TIIOKO3bl M TuTpa, a Takke KOKK, momnmepkuBaembIx B
YCTOWYHMBOM COCTOSIHUM B TeueHue Oosiee 30 mHEH C MOMOIIBIO 3TOH NMepy3nOHHONH CHCTEMBI
(cMm., Hanpumep, dur. 15-18).

[0126] Cnoco® mnepdy3HOHHOrO KyJIbTUBHPOBAHHUS C YMpaBJICHHWEM HAa OCHOBE
PaMaHOBCKOW CHEKTPOCKOIUHM, CJIMBOM U MAacCOM BBINOJHSUIM, NPEROCTaBisAs 15-muTpoBbIi
HACTOJIbHBIA OMOpEaKTOp, MHOKYJUPOBAHHBIN € onpeneneHHON KoHueHTpauuei kierok CHO,
nponyuupyromux mAb2. Kierku KyJIbTUBHPOBAIM TpU crenuuyueckoll KOHLEHTpPALUH
pPacTBOPEHHOI'0 KHCIIOpOJa, TemIepaTyphl, IepeMeliuBaHuss u aAuanaszoHa pH, koropeie
NOJJEPKUBAJINCH ITOCTOSHHBIMU B TeUeHHe Bcero nukia. Kierkam Takke MOAaBalyd CBEXYIO
NUTATENBHYIO CPENy M NMUTATEIbHBIE BEIECTBA B BHE NePPY3HOHHON MOAMHUTKH CO CKOPOCTBIO,
B JIBAa pasa MpeBbIIIAOIIEH 00BeM peakTopa B JAeHb. lIuTarenbHYIO Cpeay B 3TOM ILHKIIE
JOTIONTHSUTA TIOBBIIIEHHBIMH KOHLEHTPALMAMH KM3HEHHO BaXKHBIX NMUTATEIbHBIX BEIIECTB (10
CPaBHEHHUIO ¢ MmpuMepaMu 2 u 3), 4TOOBI KJIETKH MOKHO OBLJIO TOATOJIKHYTh K OOJiee BBICOKOM
IUIOTHOCTH KJIeTOK. OObeM peakTropa MOIAEPKUBAIM TOCTOSHHBIM C IOMOINBI) CHCTEMBI
YIPaBJICHUS] MacCOM, OOABISASA B PEAKTOP TAKOE JK€ KOJIMYECTBO MUTAHMSI, KOTOPOE YAASIOCH B
nepy3UOHHON KUIKOCTH C HCHoyb3oBaHueM cucteMbl ATF4, myTeM OTClIeKHBaHUS MacCChI
CHCTEMBbl U HCIIOJIb30BAHUSI KOMITBIOTEPHOW CHCTEMBl YIIPaBIE€HUs] C OOPAaTHOM CBSA3BIO IS
MOAJEP KaHUsT MAaCChl B Ipefenax Mmiroc uiau Muayc 0,05 Kr OT 3aaHHOTO LIEJIEBOrO 3HAYECHMUSL.

[0127] VYnpaBnenune ¢  HUCHONB30BAHMEM  PAMAHOBCKONH  CIIEKTPOCKONMHMHM U
AaBTOMATHUECKOE YIPaBJIEHHE CIIMBOM Ha OCHOBE OOPATHOH CBSA3M MO pe3yJbTaTaM PaMaHOBCKOH
CIEKTPOCKOMUK UCTob3oBauch aisi ynpasienus KKK B stom uukne (¢ur. 15). B nepsom
skcniepumente (Dkc. 9), cTparerus CjaMBa Ha OCHOBE PAMAaHOBCKOM CIEKTPOCKONMUHU ObLia
yctaHoByieHa s noaaepxkanuss KKK, cocrasnstoriero 40%10° keToK/MiL. Juanazon KKK
cocTaBisl 35-45x10° Kierok/mi, uTo GLIO HEMHOTO LIMpe, YE€M LEJIEBOE 3HAYEHUE, KOTOPOe
UMEJI0 MECTO MPU PYyYHOM ciiuBe B mpeabinymeM skcrnepumente (IIpumep 3). OgHako oTOop
npod B CHUCTEME OCYLIECTBIISUICS TOJBKO OJMH Pa3 B JAE€Hb, U B 3TOM LHKJIE Neppy3uu He
noTpe0oBaINCh KaKue-MOO PeryJupoBKU (IO CPABHEHUIO C HECKOJIBKUMH PETYJIMPOBKAMH IO
HECKOJIBKO Pa3 B IEHb C PyYHBIM CJIIMBOM, ONMCAHHBIM B ITpUMepe 3).

[0128] Bo Bropom skcnepumente (Dxc. 10), ycnoBus ObUIM aHAJOTHYHBI TEPBOMY
JKCIIEPUMEHTY, 3a uckirodeHueM toro, 4ro KXKK Obuto ycraHoBneHO Ha 10x10° kerok/mn co
CKOPOCTBIO Tiep(y3UHr, COCTABIISIFOIIEH OTHH 00bEM PEeaKkTOpa B ACHb.

[0129] Ilpumep 6 (¢pur. 19 u 20)

[0130] B onHOM »3KclepUMeEHTE TPU pa3HbIX OHOpPEaKTOpa KYJIbTHUBUPOBAIH C
UCITIONIb30BAaHUEM KJIETOYHBIX JIMHUM M THUTATeNbHOW cpenpl. Bmectumocts OnoOpeakTopoB
coctaBisina: 3 1 (Qkc. 11), 15 nm (Oke. 12) u 50 n (Oxc. 13) (omHOpa3oBBIl OHOpEAKTOD).

3amaHHBle 3HAUYeHUs Ui OuopeakTopa BKIIO4anu Temmeparypy (35,5 rpamycos lLlenbcus),
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nepemeruBanue (250 06/mun), pH (ynpasnsiemas ¢ momomnbsio CO2 u bukapOonara HaTpusi) (OT
6,85 mo 7,15) u pabounit oovem (2 i1, 10 11, 35 1 coorBercTBeHHO). Bee 3TH mapameTps! ObLIH
IOCTOSIHHBIMU Ha TPOTsDKEHHMM Bcero wnukia. Kaxnaeiii Ouopeakrop ObUT COenMHEH C
ycrpoiictBom g yaepxkanuss kietok ATF (ATF2, ATF4, ATFO6 COOTBETCTBEHHO),
ocHaieHHbIM pubTpom 0,2 MukpoHa. @uibTp ¢ MOJIBIMU BOJIOKHAMHU 3a€P>KUBAJl KJIETKH, HO
obecrieunBas BO3MOXHOCTb O€JIKaM IMPOXOANUTh CKBO3b HEro 1ocie 24 4acos.

[0131] Ilepdy3uoHHOE KYJIbTHBHPOBAHUE MPOBOIUIM B KAKIOW CHCTEME, UCIOJB3YsI
yIOpaBlieHHe Ha OCHOBE PAMAaHOBCKOM CIIEKTPOCKONHH, CIMBOM M MacCOW Ha BCeX Tpex
macmrabax. Kak u B mpumepe 5, mutatenbHas cpeia B 3TOM DKCHEPUMEHTE ObLjia JTOMOJHEHA
JONOJIHUTEIbHBIMU MUTATEIbHBIMU BelleCTBAaMU. Maccoll B Ka)XAOW CHUCTEME YIPaBISUIM JJIS:
+/- 0,05 xr B ATF4 u ATF6, a taxke +/- 1 xr (u3-3a orpanndeHuii 000pyIOBaHUSI CAMHX BECOB)
OT 3aJIaHHOTO LIeJIEBOTO 3HAUEHUS.

[0132] VYmnpaBneHue C  UCIOJNb30BAaHMEM  PAaMAHOBCKON  CIEKTPOCKOMUU U
aBTOMAaTHYECKOE YIPABIIEHUE CIMBOM Ha OCHOBE OOPAaTHOM CBSA3H IO pe3yJIibTaTaM PaMaHOBCKOM
CHEKTPOCKONMUH HCTob3oBauch st yctaHoBku KKK B atom mukne (pur. 19) no 40x1076
KJIeTOK/MJI. MI3MEHYHBOCTh 30HIOA AJII PAMaHOBCKOW CIleKTpockonuu Habmomanmack B S0-
autpoBoil cucrteme ATFO6, uro oxupanoch, MOCKOJbKY MOAENb YIpPAaBIE€HUS Ha OCHOBE
PaMaHOBCKOW CIIEKTPOCKONHHU elle He Oblla ONTUMHU3MPOBAaHA JUIA KPYMHOMACIITAOHBIX
UCCJIEIOBAHUM.

[0133] Bo Bcex Tpex W3 3THX LUKIOB CKOPOCTb mepdy3uu Obla yCTAaHOBIIEHA B
nauanasoHe oT 1,8 1o 2 00beMOB peakTopa/ieHb, 1 BCe MapaMeTphl YBEeIUUYeHHs MacinTaba Obun
YCTaHOBJIEHBI C UCTOIb30BAHUEM TPAJAULIMOHHBIX METOJOB.

[0134] PesynapTaThl 3TOrO SKCHEPUMEHTA 3aKJIOYAJUCh B TOM, YTO CONOCTaBUMAs
NPOAYKTUBHOCTh Oenka (¢pur. 20) Obula JOCTUTHYTA BO BCEX TPEX CHUCTEMaX B TEUEHHUE IISITH
IHEH.

[0135] Ipumep 7 (¢pur. 21)

[0136] B onmHOM skKcrepuMeHTe OMOpPEaKTOp KYJbTHBHPOBAJCS C HUCIOJIb30BAHUEM
KJIETOYHBIX JIMHUH W NHUTATeNbHON cpenbl. Emkocth Ouopeakropa Obuia 15 n (Oxc. 14).
3anmaHHble 3HA4YeHUs Ui OWopeakTopa BKIrO4Yamu Temmeparypy (35,5 rpamycos Llenbcus),
nepememuBanue (250 06/mun), pH (ynpasnsiemas: ¢ momomnsto CO2 u 6ukapbonara Hatpusi) (OT
6,85 no 7,15). Bce st mapamerpel ObUIM TMOCTOSIHHBIMH Ha MPOTSDKEHHH BCEro LIUKJIA.
Buopeakrop Obul coemuHeH C ycTpoiictBoM s ynep:kanusi kierok ATF4, ocHameHHBbIM
¢unbTpom 0,2 MukpoHa. PUIBTP € MOJBIMH BOJIOKHAMH 3a7€P KUBAJ KJIETKH, HO O0eCTIeYrBa
BO3MOKHOCTH O€JIKaM MPOXOANTH CKBO3b HETO MOCIe 24 4acoB.

[0137] ITepdy3noHHOE KYyJIBTUBUPOBAHHIE MPOBOIMIN B CHCTEME, UCTIONB3YS YIIPABJICHUE
Ha OCHOBE PaMaHOBCKOW CHEKTPOCKOMUH, CIMBOM U Maccoi. Kak u B nmpumepe 5, nurarenbHas
cpena B 3TOM 3KCIEePUMEHTe ObLIa JOTIOJHEHA TOTIOHUTEIbHBIMU MTUTATEIbHBIMU BELIECTBAMH.
Maccoit B kaxpoi cucreme ynpasmsian ;. +/- 0,05 kr B ATF4 ot 3amanHOro nenesoro
3HAYEHUS.

[0138] VYmpaBnenune ¢  UCHONb30BAHMEM  PAaMAHOBCKON  CHEKTPOCKONMHUU U
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aBTOMAaTHYECKOE YIPaBJIEHUE CIMBOM Ha OCHOBE OOPATHOMW CBS3M IO pe3yJIibTaTaM PaMaHOBCKOM
CHEeKTPOCKONUH Hcronb3oBanuch A ycraHoBku KXKK B sTom nukine (cm. ¢ur. 21) o 70x10%6
KJIETOK/MIJL.

[0139] Ckopocts nepdy3uu B 3TOM HHKIEe OblIa yCTAaHOBJEHAa Ha YpoBHE 2,5 oObema
peakTopa/neHb, 4ToObI TOOABUTH TOTIOJHHUTENbHBIE KJIETKH B KYJIBTYPY U TapaHTHPOBATh, YTO HE
IIPOU30IAET UCTOLIEHNE TUTATENIbHON CPEABbI.

[0140] Peaktop Obin crmocoben mnopnep:kuBaTh KKK Bbime 70%107°6 kieTok/mn B
TeueHue 7 AHEW, Mpekae yeM OTKa3 oOOpynOBaHUs MPUBEN K KOHIY MapTUH MpPOayKuuu. B
TEYEeHHUE STOTO0 BPEMEHH JKU3HECTIOCOOHOCTh MOAepKUBaIach Bbime 90%, 4TO CBUIETENLCTBYET
0 310poBOH KyJabType. Jlo peanusanuu CHUCTEMbl YOPABICHHUS N0 JAHHOMY PAaCKPBITHIO
YCTOHYMBOE NMPOAYLIMPOBAHUE TIPH TAKUX BBICOKHX IJIOTHOCTSIX OBLIO ObI HEBO3MOXKHO.

[0141] B uacTHOCTH, CCBUIKA B JAHHOM JOKYMEHTE Ha «OAMH BapUAHT OCYILECTBICHMUS
U300peTeHNs)» WM «BapUAHT OCYIIECTBJICHUS H300pETEHHs» O3HAYaeT, YTO KOHKPETHBIH
NPU3HAK, CTPYKTypa WIN XapaKTEPHCTHKA, OMHCAHHAs B CBSA3HM C BAPUAHTOM OCYIIECTBIICHHUS
n300peTeHNs], MOTYT OBbITh BKJIFOUEHBI, CTIOIb30BAHbI U/WUJIA BHEAPEHB! B OAMH, HEKOTOPbIE I
BCE BapUAHTHI OCYIIECTBJIEHHUS] HACTOALIETO PacKpbITHs. Mcromp30BaHNe WIN MOSIBIEHUE (Ppa3bl
«B OHOM BapHUaHTE OCYLIECTBICHUS M300PETEHUS» MM «B APYTOM BAPUAHTE OCYINECTBIICHHS
n300peTeHNs’» B OMHMCAHWU HE OTHOCSTCS K ONHOMY M TOMY K€ BapHaHTy OCYIIECTBIICHHS
U300peTeHNs, W TpPU 3TOM OTAENbHbIE WIM AJbTEPHATUBHBIE BAPUAHTBI OCYILIECTBICHUS
n300peTeHnst He 00s3aTeNbHO B3aUMHO HCKIIIOUYAIOT OAMH WM OOJbIee KOJIUYECTBO APYTUX
BAPUAHTOB OCYLIECTBJICHUS H300pETEHHs M HE OTPAaHMYHMBAIOTCS OAHHM 3KCKIIO3UBHBIM
BAapPUAHTOM OCYIIECTBJIeHUs n300pereHus. To jke caMoe OTHOCUTCSI K TEPMUHAM «pean3aLusy
u «npumepy. Hacrosiiee packpbITie He OrPaHUYE€HO HU OAHUM OTAEJbHBIM aCIEKTOM HIIU €ro
BAPUAHTOM OCYILIECTBJICHHs, HHM JIIOOBIMH KOMOMHALMSIMU W/WJIM TEPECTAHOBKAMH TaKHX
aCTeKTOB WM/WJIM BapUAHTOB OCYLIECTBIIEHMs M300pereHus. Kpome TOro, KaXkablii M3 acIeKTOB
HACTOSIIErO PACKPBITHSI W/MJIM €ro BapUAHTOB OCYINECTBJIECHHUS H300PETEHHS MOXKET
UCTIOJIb30BAThCSl OTAENBbHO WJIM B COYETAHWU C OJHHMM MJIM OOJIBIIMM KOJHYECTBOM IPYTHX
ACTIeKTOB HACTOSIETO PACKPBITUS W/WIM €ro BapUaHTAMHU OCYIIeCTBIeHHs. JIJI1 KpPaTKOCTH
HEKOTOpbIe TEPECTAHOBKM M KOMOHMHALMU HE OOCYXKTAIOTCS W/WIM HE WUIFOCTPUPYIOTCS
OTHEJIbHO B IAHHOM JOKYMEHTE.

[0142] Kpome Toro, kak yKka3aHO BbIllle, BAPUAHT OCYLIECTBJICHUS WJIH pealu3aluu
n300peTeHNs], ONMCAHHBIE B TAHHOM JOKYMEHTE KaK IPEACTABJICHHBIA B Ka4eCTBE MPUMEPaAY,
HE JOJDKEH PacCMaTPUBATHCS KaK MPEATIOYTUTENbHBIA MITH MPEUMYIIECTBEHHBIH, HAIIPUMEp, T10
CPaBHEHHIO C APYTUMH BapUAHTAMH OCYIIECTBICHUS N300PETEHUS TN BAPHAHTAMH PEeaTU3aLiH
n300peTeHns, CKopee, OH TMpenHa3HaueH Uil OTPaKEHUS WM YKa3aHUs BapHaHTa
OCYIIECTBIIEHHsI N300pPETEHNUs WM BAPUAHTOB OCYINECTBIICHUS] N300PETEHNST KOTOPBIN SIBJISETCS
«TPECTABJIEHHBIM B KayeCTBE IMpPUMeEpPa» BapUaHTOM (BapHAHTAMH) OCYINECTBIICHUS

n300peTeHusl.
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POPMVYJIA U30BPETEHHUA

1. Cnoco0 ympaBienust OMOpEaKTOPHON CHCTEMOM, BKITIOUAOIIUH B ceOsl:

nozauy KyJbTYpbl KJIETOK B OMOpPEaKTOp, IMPU 3TOM YCJIOBUsS B OMOpEaKTOpe MO3BOJISIOT
KYJIBType KJIETOK MpOonyupoBaTh HHTEepecyromuii 6enok (Ub);

U3MEpPEeHHe OIHOTO0 MM OOJbLIero KoMuuecTBa TexHonorumueckux mnapamerpos (TII)
KYJbTYpbl B OMOpEakTope ¢ MOMOLIBIO 30HAA ISl PAMAHOBCKOH CIIEKTPOCKOIHHM, MPU 3TOM
TEXHOJIOTHYEeCKUE IapaMeTpbl BbIOMPAIOT W3 TPYNIbL, COCTOSINEH M3 KOHLEHTPALUH
MIUTATENIbHBIX BEIIECTB, KOHLIEHTPALIUH JKU3HECTIOCOOHBIX KJIETOK U aTpHOyTOB Oelka;

U3MepEeHNe MacChbl OMOPEAKTOPa C COAEPKUMBIM KYJIBTYPbI KJIETOK;

ylnajgeHue OEeCKJIeTOYHOH MCTOLIEHHOH MUTATENbHON Cpeabl U3 KYJIbTYPbl KIETOK C
NPUMEHEHHUEM MEPBOi BBIBOJHON TPYObI MPHU MEPBOM HOMHUHAIBHOM PaCcXOJIE;

yaaneHne KJIETOK U3 KyJbTYPbl KJIETOK C MPUMEHEHHEM BTOPOI BBIBOAHOW TPyOBI mpu
BTOPOM HOMHHAJIbHOM PacXoJe;

BBEJIEHHE OHOW MM 00erX U3 CBEXKEH MUTATEeNbHOM CpPelbl UM MUTATEIbHBIX BELIECTB
B KYJIBTYPY KJIETOK C IPUMEHEHHUEM BBOJHOI TPyObl MPH TPeTheM HOMHHAJIBHOM PacXxofe; U

IPU 3TOM BBOJHAsI M BBIBOIHASI TPYObI PEryJIUPYIOTCS Ha OCHOBE U3MEPEHMI 30HIA IS
PaMaHOBCKOH CIIEKTPOCKONMHM M U3MEPEHUs Macchl OHOpeakTopa, 4yToOBl mopaep:kuBaTh (1)
OJIMH WK OOJIbIIEe KOJIUYECTBO U3 TEXHOJIOTHMYECKHIX MTapaMETPOB B MPEABAPUTENBHO 3aJaHHBIX
nuana3onax, (i) maccy OwopeakTopa € KYyJbTYpOHW KJIETOK B TpeAeNiaX IMperBapUTENIbHO
3aJJaHHOTO AMarna3oHa U (iil) TpeTuii HOMUHAIBHBINA PacXoa BBOJHON TPyObI M MEpBBIN U BTOPOH
HOMHUHAJIbHBIE PACXOMAbl KKIOH W3 BBIBOAHBIX TpyO B mpenenax HX COOTBETCTBYIOIIMX
NpeABAPUTENBHO 33JaHHBIX TUATIA30HOB.

2. Crnocob6 mo m. 1, OTMHYAIOLIMICA TeM, YTO H3MEPEHHE OIHOrO WJIH OOJIBIIEro

,
KOJIMYECTBA TEXHOJIOTHYECKHUX NApPaMETPOB KYJIbTYPhl B OMOPEaKTOpPe ¢ MOMOLIBIO PAMAaHOBCKON
CIIEKTPOCKOITUH MPOUCXOIUT MO MEHBIIEH Mepe OIMH pa3 B 4ac.

3. Cnocob o 1000My U3 MPEAIIeCTBYIOUINX MyHKTOB, OTJIHYAOIIUNACS TEM, YTO CIIOCO0
BKJIFOYAeT B ce0si BO3MOXKHOCTD MOAEPKUBATh KYJIBTYPY KJIETOK CO CpeIHEH KOHLEHTpalei
JKU3HECTIOCOOHBIX KJIETOK MO MeHbInei Mepe 30 MIUIJIMOHOB KJIETOK Ha MJI B TedeHue 30 mHei
NPH YCTAHOBUBILEMCS PEXKUME PabOTHI.

4. Cnocob mo nro0OMy U3 MPEAMECTBYIOIIMX MYyHKTOB, OTJIMYAOIIUICS TEeM, YTO
OnopeakTop UMeeT 00beM, COCTABIIOUI o MeHblIelr Mepe 10 11, 1 cnocol BKio4aeT B ceds
BO3MOJKHOCTb MOJ/IEPIKAHUST MACChl OMOPEAKTOpa U KYJIBTYpPbI KJIETOK B Mpezesax kojebanuii 20
.

5. Cnocob mo ar000My W3 MPEeNUIeCTBYIOIIUX MYHKTOB, OTJIMYAKOIIMICS TEM, YTO
OnopeakTop UMeeT 00beM, COCTABIAOUI o MeHbLIer Mepe 10 1, 1 cnocol Bkio4aeT B ceds
BO3MOYKHOCTb ITOJZIEPIKAHUS MacChl OHOpeaKkTopa ¢ KyJIbTypoil kieTok B npenenax 0,1 mpoueHTa
OT MEePBOHAYAILHOIN MacChl OMOpPEaKTOpa C KYJIbTYPOU KJIETOK.

6. Crioco0 mo r000My M3 TPEIIeCTBYIOMNX MyHKTOB, OTJIMYAIOIIUNACS TeM, YTO KOraa
TEXHOJIOTUYECKUH TMapaMeTp OTKJIOHSETCS OT 3aJaHHOTO 3HAUeHHs B COOTBETCTBYIOIIEM

KEJIAaEMOM OHaIla3OHE, OJHO HWJIH OoJiblllee  KOJIUYECTBO U3 yYAaJIeHUs O€eCKJIETOUHOM
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NUTATEIbHOW Cpedbl, YNAJeHHs KJIETOK WM BBENEHUS OXHOH WM o00emx u3 CBexel
MUTATEIbHONW CPEbl HIIH MUTATENbHBIX BEIIECTB, PETYJIUPYIOT YTOOBI YMEHBIIUTH OTKJIOHEHHUE.

7. Cnoco0 mo mro00My M3 NPEAIIeCTBYIOIIMUX IYHKTOB, OTJIMYAIOLIMICA TE€M, YTO IIO0
MeHbIIEH Mepe aBa oObeMa OMOpeakTOpa HCTOIIEHHOW NMUTATENIbHON Cpeabl YAASIIOT depes
HePBYIO BBIBOJHYIO TPYyOy B CYTKH.

8. Crioco0 1o 1r000My M3 MPEAIIECTBYOIIUX MYHKTOB, OTJIHYAOIMNACS TEM, YTO 0 TPeX
00beMOB OMOpeakTOpa HCTOLIEHHOW MHUTATEIbHOW Cpelbl YAASIIOT Yepe3 NEepPBYIO BBIBOJHYIO
TpyOy B CyTKH.

9. Cnocod mo ar000My M3 MPENIIeCTBYIOIIUX MMYHKTOB, OTJIMYAKOIIMICS TEeM, YTO
TEXHOJIOTHYECKHE TapaMeTpbl BKJIOYAIOT B ceOs Temmeparypy KyJabTypel Kietok u pH
KyJbTYypbl KJIETOK, M TemIepaTypa NOAAep:KuBaeTrcs mexay 35 rpagycamu Llenbcuss u 36
rpagycamu Llenscs, a pH noanepxusaercsa mexay 6,85 u 7,15.

10. Crnoco6 mo nroOOMy U3 TPEIIeCTBYIONIUX MYHKTOB, OTJIHYAOLIUICS TEM, YTO
TEXHOJIOTUYECKHE MapaMeTPhbl BKIFOYAIOT B CeOsl CrIEU(PUUECKYIO0 TMPONYKTHBHOCTh KJIETOK, U
croco0 BKIOYAOT B Ce0s BO3MOXKHOCTb MOANEPKAHHUS KJIETOK B KYJIBType KIETOK IpH
crienupUIecKol MPOAYKTUBHOCTH KJIETOK, COCTABJISIONIEH O MeHbIIel mepe 15-25 nkr/ki/cyT
B TEUEHHE MO MeHbLIEH Mepe 25-37 nHei.

11. Cmoco®6 mo nmoOOMy H3 MPEOIIECTBYIOLINX IyHKTOB, OTJIMYAIOLIMHICA TEM, YTO
TEXHOJIOTUYECKHE MapaMeTPhbl BKIFOUAIOT B Ce0sl KOHLIEHTPALHMIO TJIFOKO3BL, U CIIOCOO BKIIFOUAET
B ceOst BO3MOXKHOCTh MOANIEPIKAHUS KOHIICHTPALMH TIIFOKO3bI OT OKOJIO 5 MM 10 okojio 85 MM
U OT okoJ10 1 1/ 1o okono 15,5 r/n.

12. Cnoco®6 mo nmroOOMy M3 MPEAIIECTBYIOLIMX IyHKTOB, OTJIHYAIOLIMHICA TEM, YTO
TEXHOJIOTHYECKHE MapaMeTphl BKIIOYAIOT B ce0sl KOHLIEHTPALIMIO JIAKTATa, U CIIOCO0 BKIFOYAET B
ce0s1 BO3SMOKHOCTD TMOJ/IEPKAHUST KOHIIEHTPALNH JIAKTaTa MeHee ueM okoso 60 MM min MeHee
YeM OKOJIO 6 I/11.

13. Cnoco6 mo mo00My U3 TPEIIeCTBYIOIIMX IYHKTOB, OTJIMYAOLIUICI TEM, YTO
TEXHOJIOTUYECKHE MAapaMETPhbl BKIIFOYAIOT B Ce0s KOHLEHTPALMIO aMMOHHUSI, M CIIOCO0 BKITFOYAeT
B ce0st BO3MOKHOCTD TIOIEP KAHKSI KOHLIEHTPALIMA aMMOHHSI MEHee 4eM OkoJio 15 MM.

14. Cnocob6 mo moOOMy W3 MPEIIECTBYIOLIMX IMYHKTOB, OTJIUYAKOLIMHCA TEM, YTO
KQX0€ U3 yHaJeHus1 OeCKIETOYHOW HMCTOIIEHHON MUTATENbHON CpPEeAbl, YOAJICHUS KIETOK H
BBEJICHUS ONHOH MM O0eMX W3 CBEXKEH NHUTAaTeNbHOW Cpenbl M IUTATENbHBIX BELIECTB
YIPABIISIOTCS COOTBETCTBYIOLIIM HACOCOM.

15. Cnoco6 mo moboMy U3 TPEIIeCTBYIOIIMX NYHKTOB, OTIMYAOLIMICS TEM, YTO
OnopeakTop CONEPKHUT (UIIBTP, BBIMONHEHHBII C BO3MOXHOCTBIO YIEpPKAHUS KIIETOK H
o0ecriedeHns1 BO3SMOXKHOCTH CKBO3HOTO MPOXO0/1A JKUAKOCTH.

16. Criocob ynpapneHus OHOpPeaKTOPHOM CUCTEMOH, BKITFOYAIOIIHA B ce0st:

nozavy KyJbTYphI KJIETOK B OMOpeakTop;

U3MepEeHNe OTHOTO MK OOJBIIEr0 KOJIUYECTBA TEXHOJIOTHUECKUX MAapAMETPOB KYJIbTYPbI
KJIETOK B OMOpEaKTOpe € MOMOLIBIO 30HAA Il PAMAaHOBCKOI CIIEKTPOCKOINHY;

ylnajeHue OecCKJIeTOYHONH MCTOLIEHHOH IUTATeNbHON Cpeabl M3 KyJbTYPhl KJIETOK C
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NPUMEHEHNUEM TIePBOH BBIBOAHOHN TPyObI P MEPBOM HOMUHAJIBHOM PACXOJIE;

ylaJeHue KJIETOK U3 KYJbTYpPbl KJIETOK C MPUMEHEHHEM BTOPOW BBIBOJHOW TPyObI mpu
BTOPOM HOMHUHAJIBHOM PaCXOZe;

BBE/ICHUE OJTHOM MJINM 00€MX M3 CBEXKEH NMUTATEIbHON Cpeabl UM MHUTATEIbHBIX BEIIECTB
B KYJIBTYpPY KJIETOK C IPUMEHEHHEM BBOJHON TPyObI IIPU TPETHEM HOMUHAIBHOM PACXOE; U

WU3MEHEHHE OIHOTO WJIM OOJBIIEr0 KOJIWYECTBA W3 MEPBOr0 HOMHHAJIBHOIO PAacXona,
BTOPOr0 HOMHMHAJIBHOTO PacXxofa U TPETbero HOMUHAIBHOIO PACXOAa HA OCHOBAaHUHU U3MEPEHUM
30H/a JUIs1 PAMAHOBCKOHN CHEKTPOCKOIHH.

17. buopeakTopHas cUCTeMa KyJbTUBUPOBAHUS, COAEpIKaIIas:

pe3epByap, ComepsKaluii BBOIHYIO TPyOy U MO MeHbIIEeH Mepe OHY BHIBOAHYIO TPYOY;

M0 MEHbIIIEN Mepe OJIUH HACOC,

(UNBTpP, COEANMHEHHBIH C PE3epPBYapPOM,;

30H] JUIs1 PAMAaHOBCKOM CIIEKTPOCKONMH, COEAUHEHHBIN C pe3epByapoM; U

KOHTPOJUJIEP, COEAWHEHHBbI C MO MEHbUIEH Mepe OAHUM HAaCOCOM U 30HAOM AJIA
PaMaHOBCKOW CHEKTPOCKONUHU, NPUYEM KOHTPOJIJIEP BBIMNOJHEH C BO3MOXKHOCTBIO YIPABJICHUS
IO MEHbILIEH Mepe OJHUM HAacCOCOM Ha OCHOBE BXOJHOIO CHUTHANa OT 30HAA U1 PaMaHOBCKOU
CHEKTPOCKOIUU.

18. buopeakTopHas cucreMa KyJbTUBHpOBaHUA NO . 17, oTnuuaromasicss TeM, 4TO IO
MEHBLIEH Mepe OJJHa BBIBOAHAS TPyOa COMEPKUT MEPBYIO BBIBOAHYIO TPYOy ISl COSOMHEHUS CO
BTOPBIM HAaCOCOM, BBIMOJIHEHHBIM C BO3MOXHOCTBIO YIIPABJICHUS YNAJIECHUEM >KUAKOCTH W3
pe3epByapa, U BTOPYIO BBIBOIHYIO TPYOY AJIsl COENUHEHNUS C TPETHHM HACOCOM, BBIMIOJIHEHHBIM C
BO3MOXKHOCTBIO YIPABJICHUs! YAAJICHUEM KJIETOK U3 pe3epByapa.

19. buopeaxkTopHasi cuCTeMa KyJbTUBUPOBaHUA 1O 1. 17 unu n. 18, oTnnvaromasics tem,
4YTO (DHIIBTP BBINOJHEH C BO3MOXKHOCTBIO VJAEpKaHHs KJIETOK B pe3epByape U oOecredeHus
BO3MOKHOCTH MPOXOZA )KUAKOCTH 4epe3 QUIbTp.

20. buopeakTopHas cHCTEMa KyJbTUBHUPOBaHHMA 1O Jrobomy w3 mm. 17-19,
OTJIMHAIOLIASACA TEM, 4YTO 30HJ MJIs PAMAHOBCKOMH CHEKTPOCKONHUHU PACIOJIOXKEH BHYTPH
pesepsyapa.

21. buopeakTopHas cHCT€Ma KyJbTUBHUPOBaHHMA 10 Jrobomy w3 mm. 17-20,
OTJIMHAIOLIASACA TEM, YTO KOHTPOJJIED COEAUHEH C IMEePBbIM HACOCOM, BTOPBIM HAacOCOM H
TPETBUM HACOCOM.

22. buopeakTopHas CHCTEMa KyJbTUBHPOBaHMA 1O Jrobomy w3 mm. 17-21,
JNOMOJIHUTENIbHO COAEprKallasl BEChbl, BBINOJHEHHBIE C BO3MOXKHOCTBIO M3MEPEHHs] MAacCChl
pe3epByapa ¢ KyJbTypOH KJIETOK BHYTPH pe3epByapa, NPU 3TOM KOHTPOJUIED BBIIIOJHEH C
BO3MO>KHOCTBIO MTOJIy4€HUsI AAHHBIX O MacCe OT BECOB.

23. buopeakTopHas cucTemMa KyJbTUBUPOBAHHUS MO M. 22, OTIMYAKOLIASCA TEM, YTO
KOHTPOJIJIEP BBINOJHEH C BO3MOXKHOCTBIO CPAaBHEHHsI MacChl pe3epByapa ¢ 3aJaHHbIM 3HAaYEHUEM
IUI1 MacChl M, HA OCHOBE CPABHEHUS, PETYJIMPOBAHHUS OAHOM MM OOJBIINM KOJHUYECTBOM U3

MPOU3BOAUTCIIBHOCTHU IIEPBOI0 HACOCA, BTOPOIr0 HACOCa U TPETHEro HACOoCa.
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24. buopeakTopHas CHCTEMa KyJbTUBHUPOBaHMA 1O Jrobomy wu3 mm. 17-23,
OTJIMYAOLIAsACS TEM, YTO KOHTPOJUIEDP BBINOJHEH C BO3MOXKHOCTBIO NPHUEMA CIEKTPAJbHBIX
JAHHBIX OT 30HJA JUJIsl PAMAHOBCKOMN CIIEKTPOCKOMMHU; OTIPEAENIEHUs] HA OCHOBAaHUU MOJYy4YEeHHbIX
CHEKTPAJbHBIX JAAaHHBIX NapaMeTpa KyJbTypbl KJIETOK, CPABHEHUs ONpPENEIEeHHOrO MapaMerpa C
3a/laHHBIM 3HAQUYE€HHUEM IIapaMeTpa;, M pPeryJupOBaHMs, HA OCHOBE CPAaBHEHHUs, OIHOIO WU
OoJbIIero KOJM4YecTBa U3 MPOU3BOAUTEIBLHOCTH MEPBOrO HACOCA, BTOPOTO HACOCA WIIU TPETHETO
Hacoca.

25. buopeakTopHas cucTeMa KyJbTUBHPOBAHHUS MO M. 24, OTIMYAKOLIASCS TEM, YTO
peryJarpoBaHUE MPOU3BOIUTENIBHOCTH OIHOTO I OOJBLIEr0 KOJWYECTBA U3 MEPBOrO HACOCA,
BTOPOIO HAcoca M TPETbEr0 HACOCAa YMEHBINAET OTKJIOHEHHE MEXIY OINpPeNeIeHHbIM
napaMeTpoM M 3a/laHHbIM 3HauU€HHEM MapaMeTpa WM OTKJIOHEHHE MEXKAY MOJy4eHHOW Maccoi
Y 33/1aHHBIM 3HAYEHUEM MacChl.

26. buopeakTopHas cHCTeMa KyJbTUBHPOBaHHMA 1O Jrobomy w3 mm. 17-25,
OTJIMYAIOINASACS TE€M, UTO CMOCOO BKIIOYAET B Ce0sl BO3MOXKHOCTb MOIIEPKUBATH KYJIBTYPY
KJIETOK CO CpeIHel KOHIIEHTpAINel JKU3HEeCTOCOOHBIX KJIETOK MO MeHbInel Mepe 30 MUJLTHOHOB
KJIETOK Ha MJI B TeueHue 30 nHel Mpu yCTaHOBUBIIEMCS PeKUMe paboThI.

27. buopeakTopHas CHCTEMa KyJbTUBHPOBaHMA 1O Jrobomy w3 mm. 17-26,
OTJIMYAOINASICS T€M, YTO pe3epByap UMeeT O0ObeM, COCTABJSIOLINI Mo MeHbined mepe 10 i, u
croco0 BKIFOUAET B €051 BO3MOXKHOCTbD IMOAIEPKAHHS MAacChl pe3epByapa ¢ KyJbTYPOI KIETOK B
npenenax konedanwmii 20 T.

28. buopeakTopHas cHCTeMa KyJbTUBHPOBaHMA 1O Jrobomy w3 mm. 17-27,
OTJIMYAOIIASCS T€M, YTO pe3epByap MMeeT OOBbeM, COCTaBJSIOLINI 1Mo MeHbled mepe 10 i, u
crnoco0 BKIIFOUaeT B ce0si BO3MOXKHOCTD MOAJEPKAHUS MACChl OMOpPEakTopa ¢ KyJIbTypOl KJIETOK
B npenenax 0,1 mpoueHTa OT nepBOHAYAIBHON MacChl pe3epByapa C KyJbTypOl KIIETOK.

29. buopeakTopHas CUCTeMa KyJbTUBUPOBAHHUS MO M. 28, OTIMYANOLIASCS TEM, YTO
KOHTPOJIJIEDP BBIMIOJHEH C BO3MOKHOCTBIO:

ONpefeNieHNs] Ha OCHOBAHHUM TOJYYEHHBIX CIIEKTPAJbHBIX JAHHBIX COBOKYITHOCTU
napaMeTpoB KyJIbTypbl OMOPEaKTopa,

CPaBHEHHUsl KaXIOTO W3 COBOKYIHOCTH IapaMeTPOB C COOTBETCTBYIOIIMM 3aJaHHBIM
3HaUEHHEM JJIs KaXI0T0 U3 COBOKYITHOCTU NapaMeTpoB; U

peryJIupoBaHus, HAa OCHOBE CpPABHEHHs, OIHOTO WM OOJBIIEro KOJMYeCTBA U3
MPOM3BOIUTEIBLHOCTH MEPBOrO HACOCA, BTOPOTO HACOCA M TPETHErO HACOCA, YTOOBI YMEHBIIUTH
OTKJIOHEHHE MEXKAYy OIpENeeHHbIMI T[apaMeTpaMd U COOTBETCTBYIOLIMMH 33JaHHBIMU
3HAUYEHUSIMU.

30. buopeakTopHass cucTeMa KyJbTUBHUPOBAHMS MO M. 29, OTIMYAIOLIAACA TEM, YTO
COBOKYITHOCTb NMapaMeTPOB BKJIOYAET B cedst Temrepatypy, pH, KOHIEHTpanMO MUTATEeIbHBIX
BEIECTB, KOHLEHTPAIMIO  JIAKTaTa, KOHLIEHTPALMI aMMOHHUS M CIEHU(PHUUECKYIO

MPOAYKTUBHOCTD KJIETOK.
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31. buopeakTopHas cucTeMa KyJbTHBHPOBaHMA 10O Jrobomy wu3 mm. 17-30,
OTJIMYAIOINASACS TeM, YTO (UIBTP BBIMOJHEH C BO3MOXKHOCTBIO VAEP)KAHUS KJIETOK U
o0ecriedeHNs1 BO3SMOXKHOCTH CKBO3HOT'O IPOXO0/1A JKUAKOCTH.

32. buopeakTopHas cuCTeMa KyJbTHUBUPOBaHUSA Mo mm. 17-31, KONOJHUTENBHO
coziepKaliiasi BECbl, IPU 3TOM pe3epByap U (PUIbTP OMHUPAIOT HA BECHI.

33. buopeakTopHas cuCTeMa KyJbTHBHPOBaHMA 10 Jrobomy w3 mm. 17-31,
JOTOJTHUTEIBHO COAEPIKALast BECHI, IPU 5TOM Pe3epBYyap ONMUPAIOT Ha BECHI.

34. DbuopeakTopHasi CHCTeMa KyJbTUBHPOBaHHsS 1O Jrobomy w3 mm 17-31,
JOTIOJTHUTEIBHO CONEprKaIasi BECHI, TP 3TOM pe3epByap HAXOAUTCS B (PU3HUECKOM KOHTAKTE C
BECaMHU.

35. buopeakTopHas cucTeMa KyJIbTUBHPOBAHUS, COAEpIKalLas:

pe3epByap, ComepsKaluii BBOIHYIO TPyOy U MO MeHbIIeH Mepe OHY BHIBOAHYIO TPYOY;

MO MEHBIIIEN Mepe OJIUH HACOC,

(UIBTpP, COEANMHEHHBIH C PE3epPBYapPOM,;

BEChI B KOHTAaKTE C PE3EPBYapOM;

30H]] AJI1 PAMAHOBCKOI CIIEKTPOCKONMH, COEITUHEHHBIN C pe3epByapoM; U

KOHTPOJIIEP, COEANHEHHBIN N0 MEeHbIEH Mepe ¢ OAHUM HacOCOM, BECaMH U 30HJIOM AJis
PaMaHOBCKON CIEKTPOCKOMMUH, MPUYEM KOHTPOJIJIEpP BBINOJHEH C BO3MOXHOCTBIO YIPAaBIEHUS
[0 MeHbIlIEel Mepe OJHUM HacOCOM Ha OCHOBE BXOAHOI'O CHUTHaja OT 30HJA JJ1 PaMaHOBCKOM
CHEKTPOCKOIMUHU U BXOAHOIO CUTHAJa OT BECOB.

36. buopeakTopHas cucTeMa KyJIbTUBUPOBAHUS, COAEPKALLAs:

pe3epByap, COAep:KallMi BBOAHYIO TPyOy sl COEOUHEHHUs C TIEPBBIM HACOCOM,
BBIMIOJITHEHHBIM C BO3MOXXHOCTBKO YIIPABJIEHMs] MOAAa4Yedl SKUAKOCTH B pe3epByap, NEPBYHO
BBIBOJIHYIO TPyOy IJIsi COEIMHEHHS CO BTOPBIM HACOCOM, BBINOJHEHHBIM C BO3MOXXHOCTBIO
yIpaBJIeHUs YAAJICHUEM XUIKOCTH U3 pe3epByapa, U BTOPYIO BBIBOAHYIO TPYOY AJISl COSTMHEHUS
C TPETbHUM HACOCOM, BBINOJHEHHBIM C BO3MOXXKHOCTBIO YIIPABJICHUS YyAAJEHHEM KJIETOK U3
pesepByapa,

(UNbTP, COETUHEHHBIH C pPe3epBYapOM, NPU 3TOM (PUIIBTP BBITOJHEH C BO3MOKHOCTBIO
yIEpKaHUsl KJIETOK B pe3epByape U OOecreueHHs: BO3MOXKHOCTU MPOXOJA KHIKOCTU dYepe3
bunbTp;

BECBI, BBIMIOJIHEHHbIE C BO3MOKHOCTBIO H3MEPEHMsI MacChl pe3epByapa C KyJbTypoi
KJIETOK BHYTPHU pe3epByapa;

30H] Il PAMAHOBCKO# CIIEKTPOCKOINNH, PACIIONIOKEHHBII BHYTPU pe3epByapa; u

KOHTPOJIJIEP, COEUHEHHBINH C MEPBBIM HACOCOM, BTOPBIM HACOCOM, TPETHHUM HAaCOCOM,
BECAMU W 30HJOM /Jid PaMaHOBCKOM CHEKTPOCKONUH, MPU STOM KOHTPOJUIEP BBINOJHEH C
BO3MO>KHOCTBIO!

IpreMa JaHHBIX O Macce OT BECOB;

CpPaBHEHHUs1 MacChl pe3epByapa ¢ 3aJJaHHbIM 3HaUEHUEM JIJIs1 MacChl,

IpUeMa CIEKTPAIbHBIX JaHHBIX OT 30H7A JJIs1 PAMAaHOBCKON CIIEKTPOCKOINHY,

ONpENEIeHUs] HA OCHOBAHUM IOJIYYEHHBIX CIEKTPAJIbHBIX JAHHBIX MapaMeTpa KyJbTYpPhI
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KJIETOK;
CPaBHEHUs ONPEENIEHHOrO NapameTpa C 3a/laHHbIM 3HaU€HUEM apaMeTpa; U
peryJIupoBaHUs, HA OCHOBE CpPABHEHHs, OJHOTO WM OONBIIEro KOJWYECTBA U3

IIPOU3BOJUTENBHOCTH NIEPBOIO HACOCA, BTOPOTO HACOCA U TPEThErO HACOCA.

37. buopeaxkTtopHas cucTeMa KyJbTUBHUPOBaHHUS MO M. 36, OTIMYANOLIASCS TEM, YTO
peryJmpoBaHue MPOU3BOIUTEIBHOCTH OJHOTO WM OOJIBIIEro KOJHMYECTBA M3 MEPBOrO HACOCA,
BTOPOIO HAacoca U TPETbEro HAcOCa YMEHBLIAET OTKJIOHEHHE MEXAY ONPEeAesIeHHbIM
napaMeTpoM M 3a/IaHHBIM 3HaU€HHEM TapaMeTpa WIH OTKJIOHEHHE MEXIY IMOJIyYeHHON Maccoi
Y 331aHHBIM 3HAYEHHEM MacCChL.

38. buopeakTopHas cucTeMa KyJbTHBHUPOBaHMA 1O Jrobomy w3 mm.  36-37,
OTJIMYAIOINASACS TE€M, YTO CHMOCO0 BKIFOYAET B Ce0sl BO3MOXKHOCTb MOIEPKUBATH KYJIBTYPY
KJIETOK CO CpeIHel KOHIIEHTpAaIHel JKU3HECTIOCOOHBIX KIIETOK IO MeHbIel Mepe 30 MUJUTHOHOB
KJIETOK Ha MJI B TeueHue 30 1Hell mpu yCTaHOBUBIIEMCS PEKUME PadOThL

39. buopeakTopHas cHCTEMa KyJbTHBHUPOBaHMA 1O Jrobomy w3 mm.  36-38,
OTJIMYAIOIIASICS TE€M, YTO pe3epByap UMeeT 00beM, COCTABJISIFOIINI MO MeHblneil mepe 10 i, u
croco0 BKIFOUAeT B ce0s1 BO3MOYKHOCTbD MOANEPKAHHUS MACChl pe3epByapa ¢ KyJIbTYpPOH KIETOK B
npenenax konedanwmii 20 T.

40. buopeakTopHas cHCTeMa KyJbTUBHPOBaHMA 1O Jrobomy w3 mm.  36-39,
OTJIMYAIOINASICS TE€M, YTO pe3epByap UMeeT 00beM, COCTABJSIFOIINI MO MeHblieit mepe 10 1, u
croco0 BKIFOYAET B ce0sl BO3MOXKHOCTD IMOJAEPIKaHUS MacChl OMOPEaKTOpa ¢ KyJIbTYPOH KIIETOK
B nipenenax 0,1 mpoueHTa OT nepBOHAYAIBHON Macchl pe3epByapa ¢ KyJbTypOi KIETOK.

41. buopeakTopHas cHCTeMa KyJbTUBHPOBaHMA 1O Jrobomy u3 mm.  36-40,
OTJIMYAIOLIASICS TEM, YTO KOHTPOJLIEP BBIIIOJHEH C BO3MOXKHOCTBIO:

ONpEAENICeHNs] Ha OCHOBAHUM TMOJYYEHHBIX CIEKTPAJbHBIX JAHHBIX COBOKYIHOCTHU
napamMeTpoB KyJIbTYPbl OMOpeakTopa,

CPaBHEHHUSI KaXIOTO W3 COBOKYITHOCTH IapaMeTPOB C COOTBETCTBYIOIIMM 3aJaHHBIM
3HAUEHHEM JJIsl KaX10T0 U3 COBOKYITHOCTH NapaMeTPOB; U

PerynupoBaHusi, Ha OCHOBE CpaBHEHHUS, OJHOrO WJIM OOJNBLIET0 KOJHYECTBA U3
MPOM3BOIUTEIBLHOCTH MEPBOrO HACOCA, BTOPOTO HACOCA M TPETHErO HACOCA, YTOOBI YMEHBIIUTH
OTKJIOHEHHE MEXAy OIpENeNeHHbIMH T[apaMeTpaMd U COOTBETCTBYIOLIMMH 33JaHHBIMU
3HAUYEHUSIMU.

42. buopeakTopHas cuUcCTeMa KyJbTUBHpPOBaHMS Mo NI. 41, oThouyarowascs TeM, 4TO
COBOKYITHOCTb NMapaMeTPOB BKIOYAET B cedst Temrepatypy, pH, KOHIEHTpaUMO MUTATEIbHBIX
BEIECTB, KOHLEHTPALMIO  JIAKTaTa, KOHLIEHTPALMIO aMMOHHUS M CIEHU(PHUECKYIO
NPOAYKTUBHOCTD KJIETOK.

43. buopeakTopHas CHCTEMa KyJbTUBHPOBaHMA 1O JrobomMy w3 mm. 36-42,
JOTIONIHUTEIBHO coneprkammasi (pUiabTp, BHIOIHEHHBIH C BO3MOXKHOCTBIO YAEpIKaHUS KJIETOK U
o0ecriedeHns1 BO3SMOXKHOCTH CKBO3HOTO MTPOXO0/1A JKUAKOCTH.

44. buopeakTopHas cuUcCTeMa KyJbTUBUPOBAHUS MO I. 43, OTIMYAKOLIASACA TEM, UTO

pe3epByap U GUIBTP ONMHPAIOTCS HAa BECHI.
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45. buopeakTopHas CHCTeMa KyJbTUBHPOBAHHUS IO JiOOOMYy w3 mim. 36-44,
OTJIMYAIOINASCS TEM, YTO PE3EPBYap OMUPAETCS HA BECHI.

46. buopeakTopHas cHuCTeMa KyJbTUBHPOBaHMA 1O JroOoMy wu3 mm.  36-45,
OTJIMYAIOINASACS TEM, YTO PE3epPBYap HAXOAUTCA B (PU3NUECKOM KOHTAKTE C BECAMHU.

47. buopeakropHasi CUCTEMa KyJIbTUBUPOBAHUs, COAEPIKaIIas:

pe3epByap, coaeprKaiuii BBOIHYIO TpyOy U MO MeHbIIeH Mepe OIHY BIBOAHYIO TPyOy;

110 MEHbLIEH Mepe OAMH Hacoc,

(UIBTpP, COEAMHEHHBIH C Pe3epBYapoOM,;

30HA JUIsl PAMAHOBCKOH CIIEKTPOCKOIHHU, COETMHEHHBIH C pe3epByapoM; H

KOHTPOJUIEP, COCOUHEHHBIH C IO MEHBbIIEH Mepe OIHUM HAacOCOM U 30HAOM st
PaMaHOBCKOW CIEKTPOCKONHHU, MPHYEM KOHTPOJUIEP BBITIOJHEH C BO3MOXXHOCTBIO YIIPABJICHUS
N0 MEHbIIEH Mepe OIHUM HAaCOCOM Ha OCHOBE BXOIHOIO CHUTHAJIA OT 30HZA JUJIsl PAMAHOBCKOM
CHEKTPOCKOITHUH.

48. buopeakTopHas cucTemMa KyJbTUBHPOBAHUS, COAepIKalIlas:

pe3epByap, COAep KAl BBOXHYIO TPyOy sl COCOUHEHHS C TIEPBBIM HACOCOM,
BBIITOJIHEHHBIM C BO3MO)KHOCTBIO VIIPABJIEHHsI TOJAadell JKUIKOCTH B pe3epByap, MEPBYIO
BBIBOAHYIO TPyOy IUIsI COEAMHEHHs] CO BTOPBIM HACOCOM, BBIMOJIHEHHBIM C BO3MOYKHOCTBIO
YIPaBJICHUS YAAJIEHHEM XUIKOCTH U3 pe3epByapa, U BTOPYIO BBIBOAHYIO TPYOy Il COEAMHEHUS
C TPETPUM HACOCOM, BBIIIOJHEHHbIM C BO3MOXXKHOCTBIO YIIPABJIEHHUS YIAJIEHHEM KJIETOK M3
pesepByapa,

(GuUNbTP, COETUHEHHBIH C pe3epBYapoOM, IPU 3TOM (UIBTP BBIIOJHEH C BO3MOKHOCTBIO
yIepKaHUsl KJIETOK B pe3epByape U oOecrmeueHus: BO3MOXKHOCTU MPOXOZA KUAKOCTU dYepe3
bunbTp;

BECHI, BBINIOJIHEHHbIE C BO3MOXKHOCTBIO M3MEPEHMsT MaccChl pe3epByapa C KYJbTypoi
KJIETOK BHYTPHU pe3epByapa;

30HA JUIsl PAMAHOBCKOH CIIEKTPOCKOIHH, PACIIONOKEHHBIN BHYTPU pe3epByapa; u

KOHTPOJUIEP, COSAMHEHHBIH C MEPBBIM HACOCOM, BTOPBIM HACOCOM, TPETHHM HACOCOM,
BECaMU.

49. buopeakTopHasi CUCTEMa, KaK MOKa3aHo Ha Gur. 1 1 2 TaHHOTO PACKPBITHSL.

50. Cnoco® ympaBieHuss OMOpPEeaKTOPHON CHCTEMOMH, Kak Moka3aHo Ha (ur. 3 JaHHOTO
PaCKpBITHSI.

ITo noBepenHocTn
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TIOJJAYA KVIILTYPBI KJIETOK B BHOPEAKTOP

w

M3MEPEHIVE KPUTHUECKIX TEXHOJIOI MUECKIX
TIAPAMETPOB (KTIT) KY/IbTYPEI BHYTPH BHOPEAKTOPA C
TIOMOIIBIO PAMAHOBCKO! CIIEKTPOCKOITNN

v

W3MEPEHHE MACCHI BMOPEAKTOPA C KVIIBTYPOH KJIETOK

»

VIAJIEHVE BECKJIETOYHON UCTOIEHHON
IIATATETBHOH CPEIBI M3 KYJIBTVPBI KJETOK C
HMCTOJL30BAHIEM ITEPBOI BLIBOTHOMN TPVEE]

g

VIAJIEHHE KJIETOK M3 KVJIBTYPRL KJIETOK C
HCTIOIB30BAHMEM BTOPOHM BEIBOTHOU TPVEERL

&

BBEJIEHHME OJHOH MM OBEHX W3 CBEXEN IMTATE/ILHOM CPEIRI U
THTATEJIBHBIX BEILECTB B KVJIbTYPY KJIETOK C HCTIO/Ib30BAHHEM
BBOJHOM TPVEBI TAKVM OBPA30M, YTOBBI [IO/[IEPAVBATE OBLLHI BBOJ

TUTATEJIBHOM CPE/IBI M [IMTATEJIBHBIX BELECTB PABHBIM OB BEIMHEHHOM
[IPON3BOUTEILHOCTH IIEPBOI ¥ BTOPOH BBIBOHBIX TPVE
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