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(epMeHTEpOB, BKIIOYAIOIINI PaCIIMPUTENILHYIO KaMepy AJIsl pa3MHOXKEHHUsI MCXOJHOTO 3araca KJIEeTOK
JO TIOTHOCTH JKM3HECHOCOOHBIX KIETOK, OMOpEaKTOp Al HHOKYISLHU Pa3sMHOKEHHBIM 3aracoM
KJIETOK; KaHaJI COOOIIEHHS IO TEKy4del cpeie MEeXAy pPacIIMpHTENFHOH KaMepod M OHOpeakTopoMm;
HacoC ISl YIPaBJICHHUS IOTOKOM JKHJIKOCTH 4epe3 KaHajl COOOLICHHs MO TeKyueH cpesie; CIIEKTPOMETP
KOMOWHAIMOHHOTO PAacCEesHUsl Uil TEHEPUPOBAHUS CIEKTPAIbHBIX JAaHHBIX KOMOWHAIMOHHOTO
paccesiHHsl; MHOTOMEPHYIO MOJIeJIb, 00ECIICUMBAIOIIYIO ITPOTHO3WPOBAHUE NEPEMEHHBIX 00paboTKH B
pacuIMpUTEIbHON KaMepe; M KOMIBIOTEPHYIO CUCTEMY Ul YIPaBJICHHS HACOCOM JAJISl OCYIECTBICHUS
aBTOMAaTHUYECKOW HHOKYISIMK OHOpeakTopa M3 PACIIMPUTEIBHOW KaMephl d4epe3 KaHal COOOIIECHUS
10 TEKy4eH cpele, ecii KOMITBIOTEpHAsl CHCTeMa OIPEACIIeT W3 JAHHBIX CIIEKTpa KOMOMHAIMOHHOTO
paccesiHus1, 4YTO MPOU3O0LIIO OJHO WK OOJIee 3aJaHHBIX TPUTTEPHBIX COOBITHH.
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OIIMCAHUE U30BPETEHUA
2420-574132EA/032
CUCTEMBI 1 CHOCOBBI ABTOMATHYECKON HHOK YJISAIIUA B CHCTEME
HNOCEBHBIX ®EPMEHTEPOB U CIIOCOBbLI IPOU3BO/1CTBA

ITEPEKPECTHAX CCBIJIKA HA POJICTBEHHBIE 3AABKU

B nacrosiieli 3asBKe UCIpALIMBAECTCA NPEUMYLIECTBO U IPUOPUTET IO MPEIBAPUTENBHON
3asiBke Ha mateHT CIIIA Ne 62/925,940, nonanHo# 25 okTsiOpst 2019 r., U, rae 3TO AOMYCTUMO,
OHa BKJIFOYEHA MOCPEICTBOM CChUIKH B IMTOJIHOM O0BbEMe.

OBJIACTb TEXHUKU, K KOTOPOM OTHOCUTCS U3OBPETEHUE

Uzo0peTeHunsi, OXBaThIBAEMbIE IaHHBIM JOKYMEHTOM, BKJIIOYAIOT OHOPEaKTOpPHBIE
CHUCTEMBbl M CIIOCOOBI MOHHMTOPHMHTA M VIPABJICHUS TMPOLECCOM B CHCTEME ITOCEBHBIX
(dbepmeHTepOB B OMOpeakTopHOi cucteMe. KOHKpeTHbIE BApHAHTHI OCYLIECTBICHHUS N300PETEHUs
JOTIOJIHUTENBHO BKIIFOYAOT OHOPEAKTOPHBIE CHCTEMBI, KOTOPBIE BKIIFOYAIOT CIEKTPOMETP
KOMOWHAIIMOHHOTO PAacCesiHusl, M CIOCOOBI, B KOTOPBIX HCIIOJNB3YETCs] CIIEKTPOCKOMHS
KOMOWHALIMOHHOTO pAaCCestHUsA, JJII MOHHUTOPHHIa M VIPABICHHUS IMPOLECCOM B CHCTEME
MIOCEBHBIX (PEPMEHTEPOB.

YPOBEHb TEXHUKHW U30BPETEHMA

TepaneBTudeckre aHTUTENA U, B YACTHOCTH, MOHOKJIOHAIbHBbIe aHTUTeNna (MAT), cranu
BAKHBIM MHCTPYMEHTOM COBPEMEHHON METULIMHBI ISl pa3pabOTKH LEJIEBBIX OEJNKOB, KOTOpPbIE
MOTYT OBIThP WCHOJB30BAHbI JJIS JICUEHMs INUPOKOTO CHEeKTpa 3a00JeBaHMM, BKIKOYAs paKk H
ayTOMMMYHHbIE 3a00JIeBaHHSI.

IIpencrapnsromne HHTEpEC IeneBble O€NKU INPOAYLUPYIOTCA KJIETOUYHOM JIMHUEH,
KOTOpasi pa3MHOXKAETCd U3 HCXOAHOTO KPUOKOHCEPBUPOBAHHOIO 3amaca KIETOK C
UCIIOJIB30BAHUEM IIpOLiecca B CHCTEMEe TOCEBHBIX (pepMEHTEepPOB B TeueHHE OFHOW miu Oosee
CTaAMi 10 TeX MOp, IOKa He OyAeT JOCTHrHyTa 33JaHHAasl TUIOTHOCTD JKU3HECIIOCOOHBIX KJIETOK
(IDKK), mocne bero pa3MHOXKEHHBIH 3amac KJIETOK 3aTeM BBOISAT B IPOU3BOJICTBEHHBIH
OropeakTop sl HHOKYJISILIMH CONEpIKaIIeiicst B HEM KyJIbTypasibHOH cpeabl. [Tocne MHOKYISIuu
KJIETOYHAsI KYJIbTypa MPOIOJIKAET PacTH B OMOPEAKTOpe O TeX IMOp, MOKa LEJeBOH OeNoK He
SKCIIPECCUPYETCS B JKEITAEMOM KOJHYECTBE, MOCJE Yero MOXKeT ObITb coOpaHa KyJbTypasibHas
JKUIKOCTD, a IEJIEBOM OEJI0K MOKET OBITh BBIAEIEH M OUYHIIEH.

TpaguunOHHBIE TPOLIECCHI B CHCTEME IMOCEBHBIX (PEPMEHTEPOB BKIIOYAIN HECKOJIBKO
CTaZui POCTa U Pa3MHOKEHUS KJIETOK MeXIy MCXOJHBIM KPUOKOHCEPBHUPOBAHHBIM KJIETOUHBIM
3amacoM W KOHEYHOW TmpoayKuueidl  OuopeakTopa, C  HCIOJNB30BAHHEM  COCYZIOB
yBeIMUYHUBAIOLIErocss  pasMepa. B paHHMX  mpoueccax — NepBOHAa4albHbI  3amac
KPHOKOHCEPBHUPOBAHHBIX KJIETOK MOT OBITh YBEJIUYEH B HECKOJBKO CTaguil, KOTOPbIE MOTYT
BKJIFOYATh, HAmpuUMep, OAHYy WM Ooinee KoaO [N BCTPSIXWUBAHMS, OOMH WK Oolee
BPALIAIOINUXCS 3JIEMEHTOB, OIWH WJH Oojiee OaHOpa3oBbIX OmopeakTopoB ¢upmel WAVE
Biotech n ogny nnm Oonee pacmmpuTenbHbIX Kamep ans poctiokeHus 3amanHoi IDKK mns
MHOKYJISIUU B NPOM3BOACTBEHHBINH Onopeakrop. CoBceM HenaBHO Obuth paszpaboTaHbl Oonee
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3a MeHbIee KomudecTBO cranuid. OOHAKO COBpEMEHHBIE IMPOLIECCHI MO-MPEXHEMY TPeOyroT
Pa3MHOXKEHHUsl KJIETOK II0 MEHbLIEH Mepe dYepe3 OAHY pacCLIUPUTENbHYK0 Kamepy Ui
noctwkeHust 3amanHoil IDKK mnepexn wHOKynsumed KyJbTypaJbHOM cpenbl B OHOPEaKTop
KOHEYHOU NMPOAYKLIUH.

B wmenom, KOHeYHas KOHLEHTpauusl ILIeJeBOro Oejka MOXXeT ObITh YBEJIMYeHa, a
ONHOPOIHOCTh TIOKa3aTejel KadecTBa OT MHAPTHU K MApTHM MOXET ObITh CHU)KEHAa B
IPOU3BOACTBEHHOM OMOpEAaKTOpe C HCIOJIb30BAHUEM HHOKYIIATA, UMeroliero Takyro ke TDKK.
Opnako cymectByer pauama3oH I[DKK wuwHOkynsita, KOTOpBIH NPUBOOUT K 3aJaHHOU
NPOM3BOIUTENBHOCTH Onopeakropa. Hampumep, cnummkom Huskuii yposeHb IDKK unHOKynsTA
MOJKET MPPUBECTH K HEXKEJNATeIbHOMY MeTaOO0JIM3My JIAKTATHBIX KJIETOK, a CJIUIIKOM BBICOKHIA
yposenb IDKK nHOKynsiTa MOXKET NIPUBECTH K CHUKEHUIO POCTA KJIETOK B NMPOU3BOACTBEHHOM
OropeakTope U3-3a BbIXOA KJIETOK U3 (ha3bl SKCIIOHEHIIHAIBHOTO POCTA.

HexenarenbHblil MeTaOONMM3M JIAKTATHBIX KJIETOK M 0oJiee HU3KUH POCT KIETOK B
NPOM3BOJICTBEHHOM OHMOPEAKTOPE MPHUBOIST K MOJIYYCHHIO 00Je€ HU3KHX KOJUYECTB LEJIEBOTO
Oenka, 4eM MOTJIO Obl OBITh TOJYYEHO U3 STUX KIIETOK, H, CJIENOBATEIbHO, PUPABHUBAIOTCS K
noTepe MPOM3BOAUTEIBHOCTH U 00meMy CHWkKeHuo >¢dextuBHOCTH mponecca. Takum
00pa3oM, JkenaTeNbHO, YTOOBI pa3MHOXKEHHE KiIeToK pociio 1o 3ananHoi IDKK, uto npusoaut
KEaeMOMy MeTaOOJNIM3My JIAKTaTHBIX KJIETOK B IIPOM3BOACTBEHHOM OHOpeakTope U
NOJAEPKUBAET SKCIIOHEHLUANBHBIH POCT KJIETOK, W YTOOBI NMPOU3BOACTBEHHBIH OHOpEaKTOp
MHOKYJIMPOBAJIN KaK MOXKHO CKOpee nocie noctmxenus 3agannon IDKK.

Cnenyer nmonumartb, 4yto uLeneBoil nuanason IDKK Oyner BappupoBaTbcs OT OHOMN
KJIETOYHOW JIMHMU K APYroil B 3aBUCUMOCTU OT CBOWMCTB Pa3HbIX KJIETOYHbIX JUHUH. OpHako
BO3HMKAET IONOJHUTEIbHAS CIOKHOCTb, CBA3aHHAs C TEM, UYTO PA3MHOXEHUE KJIETOK MOXKET
TaKXK€ Pa3IM4aThbCsi MEXIY OTAEIbHbIMH NPOM3BOACTBEHHBIMH LHUKJIAMHU OOLIeH KJIETOYHOMH
JMHUM U3-32 Pa3HM4YUi B KyJbTYPaJbHOI Cpeme M ApPYrux padoumx ycinoBusix. B pesynbrare
STOrO BpeMsi MHOKYJISIUHM TPOU3BOACTBEHHOIO OMOpEaKTOpa MOCe Pa3MHOKEHHUS KJIETOK B
paclMpuTenbHON KaMmepe 10 3ananHoro 3HadeHus IDKK moxer BappupoBathest.

HecmoTpss Ha MHOTOYHMCIIEHHBIE JOCTH)KEHUS], MOJYYEHHbIE K HACTOSLIEMY BPEMEHHU B
JaHHOW 00JacTH TEXHHUKH, OCTaeTcs MOTPeOHOCTh B JANbHEWIIEM COBEPIIEHCTBOBAHUU
NPOIIECCOB B CUCTEME IMOCEBHBIX (PEPMEHTEPOB ISl NaJbHEHUIIEr0 COBEPIIEHCTBOBAHMS YPOBHS
TEXHUKM W TOBBIIIEHHWs NPOU3BOJUTENBHOCTM B  LeaoM. B kadecTBe  OJHOrO
HEOTPAaHMYHUBAIOIIETO TpPHUMepa MOXHO CKa3aTh, YTO YPOBEHb TEXHHKH BBIUTpal Obl OT
YCOBEpPLICHCTBOBAHMN, KOTOpBIE OOJErdar0T HWHOKYJBILHIO MPOM3BOIACTBEHHOTO OHOpEakTopa
MOCJIe Pa3MHOKEHUs KieTok A0 3anaHHon [DKK.

CYINHOCTDb NU3OBPETEHMA

JlanHOe M300peTeHne OTHOCUTCA K CHUCTeMaM M Crocodam, B KOTOPBIX HCHOJB3YIOTCS
UHCTPYMEHTHI mpoueccHo-aHamutudeckor TexHosoruu (PAT) tools m PAT agmunmucrparop
6a3p1 3HaHM (Knowledge Manager) nist obecriedeHust CTpaTeruii MOHUTOPHHTA U YIIPABIEHHS
IUIs TIOBBILIEHUS] COTJIACOBAHHOCTU TMpoliecca. B OogHOM acmekTe, CUCTEMbI M CHOCOOBI IO

JAaHHOMY HM300pETEeHHIO YMEHBIIAIOT 3aBHUCHMOCTb OT PYYHBIX ONEpalUil Ui MOJy4YeHUs |



NPOBEPKH aBTOHOMHBIX OOpa3LOB AJIsi MOATBEPKAEHHS LEJEeBbIX IUIOTHOCTEH KJIETOK U IS
VMHHULMMPOBAHMS MEPEHOCa KJIETOYHOH KyJbTYpbl MeEXIy OHOpeakTOpaMH, Hampumep, Npu
WMHOKYJISILIMM KOHEYHOTO MPOM3BOACTBEHHOrO OropeakTopa. CHeKTpOCKOIisi KOMOMHAILIMOHHOTO
paccesiHUsT UCIOJIB3YeTCsT B COYETAHMH C IPOrPaMMHBIM OOeCIeYeHHeM JUIsd YIpaBJIeHHs
nanabiMi  PAT, 49toObl oOecreunTh HEMpepbIBHbI MOHHMTOPUHI KJIETOYHOIO poOCTa U
ABTOMATHUYECKHH MEPEHOC KJIETOYHOH KYJBTYPBl MEXIY ABYMs COCYIaMH NpU OOHapy>KeHUU
3aJaHHOTO TPUITEPHOro CcoObITHs (HampuMep, Korga oOOHapyskeHa LiejeBas IUIOTHOCTD
JKU3HECTIOCOOHBIX KJIETOK).

Cucrembl, MpEACTaBICHHbIE B IaHHOM JOKyMeHTe, palboTaroT MAJisi MOHHUTOPWHTA
KJETOYHOH KYJbTYphl B pACIIMPUTEJbHOW KaMepe C KCIOJb30BAHUEM CIIEKTPOMETpPA
KOMOHMHALIMOHHOTO PAacCesHUs M YIPaBJIEHHsT WHOKYJISLHEH MPOU3BOICTBEHHOrO OHOpeakTopa
UHOKYJIATOM W3  pPACIIMpPUTEJbHOW  KamMepbl Ha  OCHOBE  CIEKTPAJIbHBIX  JAHHBIX
KOMOHMHALIMOHHOTO paccesiHus. B HEKOTOPBIX MprMepax cxema yIpaBieHHs] CUCTEMON BKJIIOYaeT
ABTOMATHYECKYI0 MHOKYJISILHIO TMPOU3BOJACTBEHHOr0 OHMOpeakTopa C  HCIOJB30BAHHEM
BCTPOCHHOT'O HAcOCa Ha OCHOBE OMpPENENeHHUs] TOTO, YTO KYJIbTypa KJIETOK B PACIOJIOKEHHON
BBILIE 110 MOTOKY PAaCUIMPHUTENbHON Kamepe (HampuMep, B PaclOJOKEHHOM BBILIE MO MOTOKY
OMopeakTope OTHOCUTEIBHO MEHbIIEero o0beMa) AOCTUTIIA 3aJaHHOTO YPOBHS IUIOTHOCTH
xusHecriocobHpix kietok (IDKK). Takue cuctembl U criocoObl MOTYT OBITH HCIIOJIb30BAHBI B
OTHOLICHHH KJIETOYHBIX KYJBTYp, KOTOpPbIE BKJIIOHYAIOT KJIETKH MJIEKOMHMTAIOLIUX, HAMpUMED,
KJIeTKH stmuyHuKa kutaiickoro xomsiuka (CHO), mpuuem kijeTouHas KyJbTypa MOXKET ObITb
KyJbTUBUPOBaHA C  TOJYYEHHEM  OENIKOB, KOTOpble  BKJIIOYAIOT  aHTUTENA,  HX
AHTUTEHCBSI3BIBAIOLINE (PPArMEHTBI WIIN CIIUThIEC OEJKH.

Cucrembl, IPUBEACHHBIE B JAHHOM JJOKYMEHTE, TaKXKe MOT'YT BKJIFOYATh OJUH WK Oosee
IPOLIECCOPOB, CBSA3AHHBIX C MALIMHOYMTAEMbIM HOcUTeneM (wanpumep, (HUZNIECKYIO
HHEPrOHE3aBUCHMYIO MAMSATh), B KOTOPOM XPAHUTCS TPOrPAMMHBIN KOJ| IS BHITIOJTHEHUS] OTHUM
win Ooyiee mporeccopamu, 00eCreYrBaIOIINA MOyYeHUe CUCTeMON NaHHbIX, BKimouas [IDKK
KJIETOYHOH KYJBTYpPbl, OT CIEKTPOMETpa KOMOMHALMOHHOTO pacCesHUs CBeTa, W s
BBITIOJTHEHUSI HHOKYJISILIMH MPOU3BOICTBEHHOIO OMOpEakTopa Ha OCHOBE CTEKTPabHBIX JaHHBIX
KOMOMHAIIMOHHOTO paccesiHusl. [IporpaMMHBIA KO, XPAHSIIMHACS HAa MAIIMHOYUTAEMOM
HOCHTEJNIE, MOJKET OBbITh JOMOJHHUTEIBHO BBIMOJHEH C BO3MOKHOCTBIO HCIIOJb30BAHHS OIHOMN
win OoJiee MHOTOMEPHBIX MOJEJel, HampuMep, MOAEIH YaCTHYHON perpeccH HaMMEHBIINX
KBQJIPaTOB, [Uisi MHTEPIPETALUH CIEKTPAIbHBIX JaHHbIX KOMOHHALIOHHOTO pacCesHHUs.
[TporpaMmHbIii KOX MOKET OBITh JOMOJHHUTENBHO BBITIOJIHEH C BO3MOKHOCTBIO YIPABJICHUSI
CUCTeMOM JJisi BBITIOJHEHUS] OJHOTO WJIK Oojiee METOMOB OOpaOOTKM CHTHAJIOB B OTHOILIECHUH
CTIEKTPAJIbHBIX JaHHBIX, HATIPUMEP, METOAA YMEHbBIIEHHS [IyMa.

Cucrembl, pacKpbiThbie B JAaHHOM [IOKYMEHTE, MpEeIHA3HAa4YeHbl IJisi MOHHUTOPUHTA U
yOpaBJICHUS MPOLIECCOM B CHUCTEME TMOCEBHbIX (PEPMEHTEpPOB U MOIYT  BKJIKOYATh
PACIIMPUTENBHYIO KaMepy Ul PUeMa UCXOIHOTO 3araca KJIeTOK Uil Pa3MHOXKEHUsI B KYJIbType
JKU3HECTIOCOOHBIX KJIETOK;, OMOPEaKTOp, COOOMIAIOINICS 110 TeKy4Yel cpefe C paclIupUTEIbHON

KaMepol JUIsl TOJIy4eHUs] >KU3HECHMOCOOHOW KIIETOYHOH KyJbTYpbI, HAacoC JUI IEepeHoca



JKU3HECTIOCOOHON KJIETOYHOH KyJNbTYpbl W3 PACIIMPUTEIBHONH KaMepbl B OHOpEakTop uepes
KaHayi COOOLIeHHs MO TeKy4deH cpene MexXay PacIIUpUTENbHOW KaMepod M OHOpeakTopoM;
MHOTOMEPHYIO MOJIENb Il KOPPENSALUH CIIEKTPAIbHBIX JAHHBIX KOMOMHALIMOHHOTO PACCEesTHUS
C ONHOM min OoJiee MEPEMEHHBIMU TPOLIECCa PA3MHOKEHUS KJIETOK B PACLIMPUTENIBHON KaMmepe
C HCIIOJb30BAHHEM CIEKTPOMETPUH KOMOMHALMOHHOTO PAaCCESHHs, MPU 3TOM CIIEKTPOMETP
KOMOMHAIIMOHHOTO pAacCesiHUsl TMPHCIOCOONIEH ISl T€HepUPOBAHUS CIIEKTPAIbHBIX JaHHBIX
KOMOMHAIIMIOHHOTO PACCESHUS, U KOMITBIOTEPHYIO CHUCTEMY, UMEIOLIYI0 CUTHAIBHYIO CBS3b CO
CIEKTPOMETPOM  KOMOMHAIIMOHHOTO  pacCesHusl il TNpUeMa CIEKTPATbHBIX JaHHBIX
KOMOWHAIIMOHHOTO DPACCEesTHUsI, W CUTHAJIBHYIO CBS3b C HACOCOM ISl yIpaBJICHUs paboTOi
Hacoca JUISI OCYINECTBIEHHs] TepeHoca JKM3HECIIOCOOHOW  KJIETOYHOH  KyJBTYphl U3
pacLIMPUTETHPHON KaMepbl B OMOpEaKTop.

CrexTpomMerp KOMOWHAIIMOHHOTO pPACCesTHUsI MOXKeT OBIThb MPHUCIIOCOONIEH  AJIst
TeHEPUPOBAHUS CIIEKTPAJIbHBIX JAHHBIX KOMOWHAIIMOHHOIO PACCEsTHUS, MHOTOMEPHAst MOJIENb
COTIOCTABJISIET CIIEKTPAJbHBIE MAHHbIE KOMOMHALIMOHHOTO PpAacCcesHUs C ONHONH wim Oojee
NEPEMEHHbIMA TIPOIIeCCa, a KOMITBIOTEPHAsl CHUCTeMa MOXKET ObITh NpPUCIOCOONeHa IS
CpaBHEHMs 3HAYCHHUH M3MEPEeHMs NEPEMEHHBIX Ipolecca ¢ OAHON wiam Oojee 3alaHHBIMHU
BEJIMYMHAMH TIPOLIECCa, YTOOBI OMPEAENUTh, YAOBIETBOPSAIOT JIM OJHO MM Oojee 3HaueHHit
U3MEpeHMsl TMEepPEMEHHbIX IIpoliecca 3aJaHHOMY TPUITEPHOMY 3HadeHHio. B ciywae, ecnu
KOMIIBIOTEPHAsl CHUCTEMa OIpeAeNsieT, 4YTO pe3yJbTaT H3MEpeHHsl MepeMEeHHON Ipolecca B
CHEKTPAJIbHBIX JAHHBIX KOMOWHAIIMOHHOTO PACcCesTHUS YAOBIETBOPSET 3aJaHHOMY TPUITEPHOMY
3HAUEHUIO, CUCTEMA YNPABIEHUs AAeT HACOCY KOMAHJY BBINOJIHUTH aBTOMAaTUYECKUI MEPEHOC
o0BeMa KIJIETOYHOH KyJbTYpbl U3 PACIIMPUTENBHOI Kamepbl B OMOpEaKTop, TaKuM 00pas3oM,
aBTOMAaTHYECKH WHOKYJIMPYS KyJbTYpPalbHYIO Cpely B OHOpeakTope KyJbTypOH KJIETOK W3
PacCIIMPUTETIBHON KaMephl.

KommnbioTepHast cucrema o0pabaThlBaeT CHEKTpPaJbHbE TaHHbIE KOMOMHAILMOHHOTO
paccesiHusI, TOJIYYEHHbIE OT CIEKTPOMETpa KOMOMHALIMOHHOTO pPAacCesHUs, Ui CO3IaHUs
MHOTOMEPHOW MOJENH ONHOHM ik OoJiee MEePeMEeHHBIX MpPOoILecca, KOTOpask MOXET BKIIIOYATh
MOJIeJIb YaCTUYHOM PEerpeccuy METOAOM HAaMMEHbLIMX KBaapaToB. IIpu cpaBHeHUN HM3MepeHU
NapaMeTpPoB MPOLECCa U3 CIEKTPATbHBIX JAHHBIX KOMOWHALIMOHHOTO PACCESIHHUS C OJHOW MIIH
Oosnee 3amaHHBIMH BEJIMYMHAMH IPOLIECCA, KOMIBIOTEPHAsl CHCTEMAa MOXKET HCIIOJIb30BaTh
pe3yIbTaThl U3MEPEHHS MMAPAMETPOB MPOIIECcCa U3 MHOXKECTBA 3a/IaHHBIX BBIACIEHHBIX obiacTei
CHEKTPAIbHBIX JaHHBIX KOMOMHAIL[MOHHOTO PAacCesHUs, HampuMmep, o0iacTeil ¢ ATMHON BOJHBI
800-850 em'; 1260-1470 em'; 1650-1840 cv'; w/mnu 2825-3080 e

OnucaHHple B HAHHOM JIOKYMEHTE€ CHCTEMbl MOTYT OBITh HCIIOJNIB30BaHBI IS
aBTOMATHYECKONW WHOKYJSIIMM OHOpEaKTopa IOCPEACTBOM PA3MHOMKEHHs 3araca KIJIETOK B
pacIIMpPUTENPHON Kamepe, TEHEPUPOBAHHS CIEKTPAJIbHBIX JaHHBIX KOMOWHAIIMOHHOTO
paccesHus ¢ UCTIOIb30BAHUEM MHOTOMEPHOH MOAENH Ul MPOTHO3UPOBAHMS OJHOW miu Ooee
NEPEMEHHBIX IMpoLecca PAa3MHOXKEHHsS] KJIETOK B pPACIIMPUTENbHOW KaMmepe, CpaBHEHHs C
KOMIIBIOTEPHON  CHUCTEMOW  CIIPOTHO3HMPOBAHHBIX IIEPEMEHHBIX IpoOLEecca Ha  OCHOBE

CIICKTPAJIbHBIX OAaHHBIX KOM6I/IHaI_[I/IOHHOFO pacCesaHrsd U 3aJaHHBIX 3HAYCHUH npouecca, "



NpUBEAEHUS B JEHCTBHE Hacoca [JIsI ABTOMATHYECKOM MHOKYJSIIMM — OHOpeakTopa
JKU3HECTTIOCOOHOHM KJIETOUHOM KYJBbTYPOH W3 paCIIUPUTENbHOM KaMephl, €CIIM KOMITBIOTEPHAs
cUCTEéMa OINpeneNsieT, YTO OfHa WM Ooyiee CIPOrHO3MPOBAHHBIX INEPEMEHHBIX IpoLecca Ha
OCHOBE JIaHHBIX CIIEKTpa KOMOHMHALIMOHHOTO pPAcCesHUs YIOBIETBOPSIIOT 3aJaHHOMY
TPUITEPHOMY 3HAYEHUIO.

Cucrembl B JaHHOM JOKYMEHTe MOTyT 00pa0aThiBaTh CIEKTpajbHbIE IaHHBIE
KOMOMHAIIIOHHOTO PACCESHUs, MOJyYeHHbIE OT CIIEKTPOMETPa KOMOWHAIIMOHHOTO PACCesSHHS,
IUIsL CO3JTaHHMsI MHOTOMEPHOH MOIen OJHOW Miu OoJiee MepEeMEeHHBIX MPOLIeCca, a 3aTeM MOTYT
MOJIy4aTh CIIPOTHO3UPOBAHHBIE [TEPEMEHHBIE NPOLIeCcCa U3 MHOTOMEPHON MOJENHU Uil CPAaBHEHMUS
C COXpaHEHHbIMU 33JaHHBIMU TPUITEPHBIMU 3HaueHusMU. Ilocrne 3aBeplueHus mpolecca B
CHCTEME TIOCEBHBIX (PEPMEHTEPOB, CHCTEMA MOKET COXPAHUTh MHOTOMEPHYIO MOJIENb JIJIsl 3TOTO
3aBEpIIEHHOr0 TPOIecca B CHCTEME IIOCEBHBIX (DEPMEHTEPOB Uil HCIIOJIb30BAHUS TPH
MOHHUTOPHHIE® U KOHTPOJIE TMOCIEAYIOLIEro Mpouecca B CUCTEME MOCEBHBIX (epMeHTepoB. B
MOCJIEAYIOLIEM IPOLECCE B CHUCTEME INOCEBHBIX (PEPMEHTEPOB, CHCTEMAa MOXKET HCIIOJIb30BATh
onHy niH 0oJiee MHOTOMEPHBIX MOJIENIEH U3 OTHOTO WK OoJiee MPeaIIeCTBYIOINX MPOLIECCOB B
CHCTEME TOCEBHBIX (DEPMEHTEPOB Ul CPABHEHUS C OIHUM HJIM OoJiee 3HAYCHUSIMU HU3MEPEHHS
MEPEeMEHHBIX 00paboTKH B MOCIEAYIOMEM MpPOLEccCe B CHUCTEME IOCEBHBIX (HEPMEHTEPOB.
Cucrema MOXET UCTONIB30BATh OHY WJIM 0OJiee MHOTOMEPHBIX MOAEJEH U3 OJHOro WiIH Oojee
NPEAIIECTBYIOIIUX MPOIECCOB B CHCTEME IOCEBHBIX (PEPMEHTEPOB AJII MOHUTOPHHIA YCIIOBHI
00paboTKH B pacUIMPUTETHHON KaMepe U/ uitn OuopeakTope.

Kax BplmenpuseneHHoe oOlnee onucaHue, Tak U MOCIEAyroliee NoApOoOHOE ONMHMCaHHE
SBJIIIOTCS] TOJIBKO MJUTFOCTPATHBHBIMH U MOSICHUTENIbHBIMU U NIPEAHA3HAYEHbI 1 00eCTIeueHUs
JOTIONIHUTENIBHOTO TOSCHEHUs 3asBlieHHOro u3oOpereHus. ConpoBonutenbHble rpaduueckue
MaTepuabl BKJIOYEHBI U1 00eCreueH s TaIbHEeNHIero MOHUMAaHus H300peTeHus], BKIIIOUSHBI B
JAHHOE ONHMCAaHWE M COCTABJIAIOT €ro0 4acTb, WJUIFOCTPUPYIOT BApPHUAHTHI OCYILECTBICHUS
n300peTeHNs], U BMECTE C OMTUCAHUEM CITYKAT AJIsl OOBSICHEHUS IPUHLIMIIOB U300PETEeHUsI.

KPATKOE OITMCAHUE 'PAOUYECKNX MATEPHAJIOB

JIONOJTHHUTEbHBIE TPU3HAKU U MPEUMYLIECTBA U300PETEHUSI MOTYT OBITh YCTAHOBJICHBI
U3 TPHUBEJEHHOrO HIDKE TMONPOOHOTO ONUCAHMs, KOTOPOE TMPENCTABIEHO BMECTE C
NPUBEACHHBIMU HIDKE TpaMIECKIMH MaTepHaIaMH:

Ha @wur. 1 nponurocTpupoBaH OJUH NMPUMEP CUCTEMBI 110 JTAHHOMY H300pETEHUIO;

Ha ®ur. 2 npowJuIrOCTpUpPOBaH OAUH MPUMEP apXUTEKTYPbl BBIUHUCIUTEIBHBIX CHUCTEM,
KOTOpasi MOKeT OBITh HCIIOJIb30BAHA BMECTE C KOMITBFOTEPHON CHCTEMOMN crcTeMbl o Pur. 1;

Ha ®wur. 3 npowuIFOCTpUPOBaH OUH MPpUMEP Coco0a UCTIONBb30BAHUS CUCTEMBI TI0 Dur.
1 st aBTOMATHYECKON MHOKYJISIITUN OHOPEaKTopa,

Ha @wur. 4a-4d nponsurocTpupoBaHbl cTaquu cOopa 1 00padOTKU CHEKTPAIbHBIX TAHHBIX
U CO3aHUSl PErPECCHOHHON MOAENH M3 COOPAHHBIX CIEKTPAJIbHBIX JAHHBIX C UCIOJIB30BAHUEM
cuctemsl o dwr. 1,

Ha ®ur. 5 npowmrOCTpUpOBaH IPUMEP PETPECCUOHHOM MOAENH, CO3JaHHOW U3

CIICKTPAJIbHbIX JaHHBIX KOM6I/IHaI_[I/IOHHOFO pacCessHus C UCITOJIB30BAHUEM CUCTEMEI 11O @ur. 1,



Ha ®ur. 6 nmpommroCTpUpOBaHBl OHMANA30HbI AAHHBIX CHEKTPAJIbHOM MOAENU IS
WCIIOJIb30BaHUsI IPU CO3JAHUH PErPECCUOHHON MOAEH C UCIOJIb30BAHUEM CUCTEMBI 11O Dur. 1;

Ha ®ur. 7 npousmumoCTpUpOBaH OAWH CPABHUTEJbHBIM MPUMEP IBYX PErpEeCCUOHHBIX
Mojenell, CO3MaHHBIX C MHCIOJb30BAHUEM PpA3JUUYHBIX O0JNacTell CHEeKTPaJbHBIX JaHHBIX
KOMOMHAIIMOHHOT'O paccesiHus cucremoii o @ur. 1; u

Ha ®ur. 8 nponmmtocTprpoBaHa B3BELICHHAsl PErpecCUOHHAsi MOZENb POrHO3UPYEMBIX
3HAUYEHUN NPOLECCa, TeHEPUPYEMBIX CUCTeMOM o Pur. 1.

ITOAPOBHOE OITMCAHUWE U30BPETEHMA

B mpuBeneHHOM HUXKE PACKPBITHH PACCMOTPEHO HaHHOE M300pEeTeHHe CO CChUIKOW Ha
NPUMEPBI, MPOWUTIOCTPUPOBAHHBIE HA MpHJAraeMbiX rpa@Uyeckux MaTepHuajax, HO ITaHHOEe
n300peTeHne He OrPAaHIMYUBAETCS STUMHU IIPUMEPAMHL.

B KOHTEeKCTe MaHHOTO JOKyMeHTa (JOPMbI €MUHCTBEHHOTO YHCIA BKJIFOYAIOT CCHUIKU HA
MHOKECTBEHHOE YHCIIO, €CIIU B KOHTEKCTE SIBHO HE YKa3aHO MHoe. Mcmonp3oBaHME JIFOOBIX U
BCEX IMPUMEPOB WM BBOAHOTO CJIOBA Iepel NPUMEPOM (Hanpumep, «HATIPUMEDY),
MPENJIOKEHHBIM B JaHHOM JOKYMEHTE, MPEJHA3HAYEHO TOJbKO [JIs1 JIy4LIEro OCBEILEHHUs
n300peTeHNs] U HE HajlaraeT OrpaHHyYeHHsi Ha 00beM H300pETEeHHs, €CIM HE YKa3aHO HHOE.
Hukakast ¢popMyIrpoBKa B OMHCAHUHM HE JTOJDKHA TOJIKOBATHCS KaK YKa3bIBAIOIIAs HA KaKOM-
a0 HE 3asBJICHHBIN 3JIEMEHT, KaK Ha CYLIECTBEHHBIH WM XK€ MMEIOIINI IEePBOCTENICHHYIO
BAKHOCTD JUJISI IPAKTHYECKOrO MPUMEHEHNs1 n300peTeHns. Ecimu B KOHTEKCTe He YKa3aHO WHOE,
TaKue TEPMHHBI, KaK «IIE€PBbINY», «BTOPOW», TPETUN» U T. A., KOTAA OHU HCIOJIb3YHOTCSA IJIs
OMNMUCAHUsl HECKOJbKUX YCTPOWCTB MWJIM 3JIEMEHTOB, HUCIOJB3YKOTCS TOJBKO sl INepeaadu
OTHOCUTEJIbHBIX NI€HCTBUMN, MO3ULMOHUPOBAHUSA W/HWIN (PYHKLUN OTAENBHBIX YCTPOMCTB, U HE
TpeOYIOT HM CHELUAIBHOTO 3aKa3a TaKUX YCTPOWCTB WM 3JEMEHTOB, HH KakKoro-jubo
OTIPEAENIEHHOr0 KOJNYECTBA TAKUX YCTPOMCTB MU DJIEMEHTOB.

C10BO «I10 CYLIECTBY» B KOHTEKCTE JAHHOTO JOKYMEHTA MO OTHOLIEHHUIO K KaKOMY -JIH00
CBOWCTBY WJIHM OOCTOSITENICTBY OTHOCHTCSI K CTENEHH OTKJOHEHMs, KOTOpas SIBJISETCS
JIOCTAaTOYHO MaJioH, 4YTOOBI 3aMETHO HE YMEHbIIATh HIACHTU(UIIMPOBAHHOE CBOICTBO WU
o0cTosTeNbeTBO. TOYHAS CTEMEHb OTKJIOHEHHSI, TOMyCTUMAs B JAHHBIX 00OCTOSATENbCTBAX, OyaeT
3aBHCETh OT KOHKPETHOTO KOHTEKCTA, KaK 3TO OyeT MOHATHO CHEIHMAINCTaM B JaHHOW 00JacTh
TEXHUKHU.

Hcnonp30oBaHWE TEPMHHOB «OKOJIO» WM «IPUOIM3UTEIBHO» TNPEIHA3HAYCHO IS
OINMCAHMs 3HAYEHHUH BBINE W/WIM HUXKE YKA3aHHOTO 3HAYEHHs WJIM JTHAra30Ha, Kak 3To Oyxer
NOHSATHO CHELHATNCTY B JAaHHOW O0OJAacTH TEXHHUKH B COOTBETCTBYIOIIEM KOHTEKcTe. B
HEKOTOPBIX CJIydasix OH MOXKET OXBaThIBaTh 3HA4YEHUs B quamna3oHe npubn. +/-10%; B npyrux
CJIydasix MOTYT OBITh OXBau€Hbl 3HAUEHUS B AMANa3zoHe npulm. +/-5%; eme B Ipyrux ciuydasx
MOTYT OBITh OXBau€HBbI 3HAUEHHs B AWana3zoHe npudi. +/-2%; u B APYrHX CIydasx OH MOXKET
OXBaThIBATh 3HA4YEHUs B auamnasone npuoin. +/-1%. IlpuMeHUMBI AMana3zoH AN KaKAOTO
cinydast OyJneT TMOHATEH U3 KOHTEKCTa, W HHMKAKUX JONOJHUTENbHBIX OrPaHUYEHUN He

HIOZIPA3yMeBACTCS.



CnenyeT MOHHUMATh, YTO TEPMUHBI «COMEPKUT» W/MIM «CONEPIKALIMIT», TPU WX
UCTIOIb30BAHUH B JaHHOM OITMCAHUH, OMPENENSIOT HAJIU4YHe 3asiBJIEHHBIX MPU3HAKOB, MEJIbIX
4KCes, CTaauii, Omepauuii, SJIeMEHTOB W/WJIM KOMIIOHEHTOB, HO HE WMCKJFOYAIOT HAJIUYUS HIIH
nobaByieHUs] OOHOrO WM Oojiee APYTHMX MPHU3HAKOB, LENbIX YHCEN, CTaJWi, OIMepaLu,
3JIEMEHTOB, KOMIIOHEHTOB H/MJIH UX TPYIII, €CJIA 3TO HE YKA3aHO B JAHHOM JOKYMEHTE WU K€
SIBHO HE TIPOTHBOPEYHUT KOHTEKCTY.

[TpuBeneHHbIE B TAaHHOM JOKYMEHTE JHANa30HbI 3HAYEHHI, €CJIH B JAHHOM JIOKYMEHTE
HE YKa3aHO HHOE, CIy>KaT B KAauyecTBe COKpPALIEHWs JUIsi OTAEIbHON CCBUIKM Ha KaKIoe
OTHENbHOE 3HAaYeHWE, TMOMANarollee B YKa3aHHbIE IUANAa30HbL, BKJIKOYAas KOHEYHBIE TOYKH
Ka)KIOTO [Hara3oHa, KaKI0e OTIAENbHOE 3HAYEHHE B KAXKIOM JHAIa30He U BCE MPOMEKYTOUHBIE
JMana3oHbl, BKJIFOYEHHBIE B KQKIbIH THAMA30H, MPUYEM KasKI0€ U3 HUX BKJIFOUEHO B OMHCAHHE,
KaK ecJi Obl OHO OBLIO OTHEIHHO MPHUBENEHO B TAHHOM JJOKYMEHTE.

Bce cmocoObl, omucaHHblE B TaHHOM JOKYMEHTE, MOTYT OBITh OCYIIECTBIICHBI
OTHENbHBIMU CTaIMsIMH, BBIIOJHSIEMBIMH B JIFOOOM MOAXOfsiieM mopsiake. Eciau B maHHOM
JIOKYMEHTE HE YKa3aHO WHOE WJIM WHOE SIBHO HE MPOTHBOPEYHMT KOHTEKCTY, CIIOCOOBI MOTYT
BBIMOJIHSATHCSI B TOYHOM OITHCAHHOM MOPsiAKE W 0€3 KaKUxX-JIUOO MPOMEKYTOUHBIX CTaIHid, C
UCTIONIb30BAHHEM OIHOW WIH 0ojiee JOMOJHUTENbHBIX CTaJui, HAXOMSALIMXCS MEXIY
OMUCAHHBIMH CTAIUSIMH, MPUYEM OMHCAHHBIE CTAJUU BBIMOJHIIOTCS B MOPSAKE, OTIHYHOM OT
TOYHOTO PACKPBITOTO MOPSAKA, C MCIOJb30BAHHEM OMHOWM WK Oojiee CTaauii, BBITOJHIEMbIX
OJTHOBPEMEHHO, U C UCTIOIb30BAHUEM OHOM WK OoJiee MPOMYIIEHHBIX W3 OMMCAHHBIX CTaIHIA.

TepmuHBI «KyJIbTypa KIETOK» U «Cpefa s KyJbTHBHPOBAHUS KJIETOK» MOTYT
UCTIOIb30BAThCSI B3AMMO3aMEHSIEMO U BKJIFOYATh JIFOOBIE TBEPAbIE, KUIKUE WU TOyTBEPbIe
BEIECTBA, MPEIHA3HAYEHHBbIE Ui TMOANEPXKAHUS POCTA M COXPAHEHUS MHUKPOOPTaHU3MOB,
KJIETOK WJIM KJIETOYHBIX JIMHUH. Takue KOMITOHEHTBI, KaK TOJMIENTHIBI, caxapa, COJIH,
HYKJICMHOBBIE KHCJIOTBI, KJIETOUHBIH neOpHuc, KHUCIOThI, OcHOBaHus, pH-Oydepsl, kucmopon,
a30T, areHThl Ui MOIYJISIHK BSI3KOCTH, AMHHOKHCIIOTHI, (PaKTOpBl pOCTa, LMTOKUHBI,
BUTAMHHBIL, KO(AKTOPBI ¥ IHMTATENIbHBIE BEIECTBA MOTYT NPHCYTCTBOBaTh B Cpemax JJist
KyJIbTUBHPOBAHUST KJIETOK. B HEKOTOPBIX IMpUMEpax MOXKeT ObITh MPENCTaBJI€H IMPOLECC
KYJIbTHUBHPOBAHUS KJIETOK MJIEKOMUTAIOIINUX C HCIIOJB30BAHHEM KJIETOK WMJIH KJIETOYHBIX JIMHHI
MUIEKOTUTAIOIINX, HANpPUMEp, KIETOYHOH JHHUM SIMYHUKOB KwuTaiickoro xomsiuka (CHO),
BBIpAIEHHO! B 0a3aJibHOM Cpelie OMPeNeIeHHOIO XUMHUYECKOTO COCTABA.

B kOHTEKCTE MaHHOTO JTOKYMEHTAa TEPMHUH (ITUTATEIBHOE BEIECTBO» MOXKET OTHOCHUTHCS
K JIFOOOMY COENMHEHHUIO WM BEUIECTBY, KOTOpOEe OOecredmBaeT MHUTAHHE, HEOOXOOUMOE IS
pOCTa ¥ BbDKHBAHMSI KJIETOYHOW KyNbTYphl. [IprMepbl MUTATENbHBIX BEIECTB BKIIFOYAIOT, HO HE
OrpaHUYUBAIOTCS MMM, MPOCThIE Caxapa, HAMpUMEp, TIIFOKO3y, rajlakTo3y, JakTo3y, (Qpykrosy
WM MaJibTO3y; aMUHOKHCJIOThI, U BUTAMHHBI, HAlPUMEpP, BUTAMHH A, BUTAMHHBI TPyMIbl B u
BuTaMuH E.

B KOHTEKCTe MaHHOrO JAOKYMEHTa TEPMHH «CHTHAJIbHASI CBSI3b» MOYKET OTHOCHTBCS K
Jr000My CrIoco0y mepenadyn CUrHajia MEeKAY ABYMs WK Oojiee yCTPOWCTBAMH, BKJIIOYAst, HO HE

OrpaHUYMBAsACH UMM, (U3NYECKHE COCAMHEHUs (HAampuMep, NPOBOAHBIE NMYTH IMPOXOXKIEHHS



CHUTHaia) W HepU3WYEeCKHe COeNuHEeHMs (Hampumep, OeCHpOBOAHBIE MYTH MPOXOXKIEHHS
curHana). Eciu He yka3aHo HHOe, repeada CUIHAJIOB MEXXIY ABYMS YCTPOHCTBAMU MOJKET OBITh
npsAMON (HampuMmep, MepeaaTyrK B MEPBOM yCTPONCTBE HANpPSIMYyK0 OOMEHHBAETCs NAaHHBIMH C
NPUEMHHKOM BO BTOPOM YCTPOMCTBE) WJIM KOCBEHHOW (Hampumep, HepenaTiuk B IEPBOM
YCTPONCTBE M MPUEMHHUK BO BTOPOM YCTPOHCTBE OOMEHUBAIOTCS JAHHBIMU APYT C IPYTOM 4epe3
IPOMEKYTOYHBII MTPUEMOTIEPEIaTUHK ).

B onHOM mpumepe, kak NPOWJUTIOCTpUpOoBaHO Ha Pur. 1, mpemnaraercs cucrema 10,
coaepskaiasi paciinpurenbHyro kamepy 110, cnekrpomerp 120, nHacoc 130, mpon3BOICTBEHHbIN
ounopeaktop 140 u kommbroTepHyto cucremy 150. PactmpurensHast kamepa 110 u Guopeaktop
140 HaxomsTCS B JKUAKOCTHOM COOOIIEHUU APYT ¢ APYrOM uHepe3 JUHHUI0 135 momayu, mpu 3ToM
MOTOK KUJIKOCTU uepe3 JuHHIO 135 momaum ymnpasisiercst HacocoM 130. Cnextpomerp 120
UMeeT MO MEHbIIeH Mepe OOUH MaT4uk 125, mpucrnocoONeHHbIH s MOHUTOPHHTA KJIETOYHON
KyJbTYpbl B paclIupuTenbHONW kamepe 110, M HMMeeT CUTHajNbHYHO CBsi3b C KOMIIBEOTEPHOMU
cuctemoil 150. KomnbroTepHas cucrema 150 nmeeT CUrHajIbHYIO CBsI3b [0 MEHBIIEH Mepe cO
cnexktpomerpoM 120 u Hacocom 130, XOTS Tak:ke MOKET UMETb CUTHAJIBHYIO CBA3b C OJHOM WU
Ooree, MM KaXXIbIM U3: paciiupuTesnbHoi kamepsl 110, 6bnopeakropa 140 u cetn. B HekoTopbIx
npuMepax naBa wuiad Oomee crekTpomerpa 120 KOMOMHAIMIOHHOTO paccesHUs CBETa,
KommbroTepHas cucrema 140 u Hacoc 130 MOryT OBITh IPEASIOKEHBI B BHJIE €UHOTO IIEJIOT0.

Pacimpurensrast kamepa 110 u Omopeakrop 140 moryr pabotaTh Kak yCTpOHCTBa
NEePUOJUYECKOr0 JEHCTBHS, TNEePHOANYECKOro AEWCTBUS C TMOANUTKON W/WIN yCTPOHCTBA
HenpepbiBHOrO aeiicteus. Kak pacmupurenbHas kamepa 110, Tak u Ouopeakrop 140 moryr
uMeTh 00BeM B AHama3oHe OT OKoio 2 j 1o okoso 10000 n. Hampuwmep, pacmmputenbHas
kamepa 110 moxeT mpexacTaBnsTh COOOH ammapar M3 HepkaBerolneil cramu oobemom 50 1, a
O6uopeaxrop 140 moxer mpeacraBnaTh coboil ammapar odvemom 250 5. Kak pacmmpurensHas
kamepa 110, Tak u Ouopeakrop 140 nOKHBI TOANEPKUBATH KOJIUYECTBO KJIETOK B AUATIA30HE OT
okoo 0,25x10° knetox/mi 10 okono 100%10° kneTox/mu.

B omHom npumepe cmektpomerp 120 mpencraBisier  co0OM  CIIEKTPOMETP
KOMOWHAIIMOHHOTO PAcCesiHUsl CBETa, KOTOPBI MOMKET OTCJIEKHMBATh U COOMPATh HAaHHBIE O
a000M KOMIIOHEHTE KJIETOYHOH KyJbTYpbl, KOTOPBIA HMeeT OOHApyKUBAaeMbIH CIEKTP
KOMOMHAIIMOHHOTO paccesiHust. OnucaHHble B JAHHOM JOKYMEHTE CHUCTEMbI H CIOCOOBI MOTYT
OBITh MCTIOJB30BAHBI JJI1 MOHUTOPUHTA JIFOOOr0 KOMIIOHEHTA CPelbl KyJIbTHBHPOBAHUS KJIETOK,
BKJIFOYAss KOMIIOHEHTBI, J00aBisieMble K KYyJbTYpe KIJIETOK, BEINeCTBA, CEKPETUPYEMBbIe
KJIETKAMH, W KJIETOYHbIE KOMITOHEHTBI, NMPUCYTCTBYIOIINE NMpHU rubenu kieTok. KoMIoHeHTHI
cpen IUIsl KyJbTUBUPOBAHUS KIIETOK, KOTOPBIE MOKHO KOHTPOJUPOBATH MOCPEACTBOM CUCTEM U
Croco0OB, BKJIIOYAIOT, HO HE OrPAaHUYMBAIOTCS WMH. NHTATENbHBIE BEIIECTBA, HANPUMEP,
AMHHOKHUCJIOTHl M BUTaMHHBI, JIAKTAT, COIMYTCTBYOLIHE (PakTopsl, (PaKTOPhI pOCTa, CKOPOCTH
pocta kjierok, pH;, KuUCIOpOA; a30T; YNCIEHHOCTb J>KHU3HECIIOCOOHBIX KIJIETOK, KHCIIOTBHI,
OCHOBAHUS, IUTOKHUHBI;, aHTUTENA, 1 METAOOIUTHI.

KowmnerotepHast cuctema 150 Moxxer ObITh peann3oBaHa C UCTIOJNIb30BAHUEM OIHOM HIIH

OoJnee creUMaIbHO 3aMPOrPAMMHPOBAHHBIX KOMIBIOTEPHBIX CHCTEM OOIIEro Ha3HAYEeHWs,



HanpuMep, BCTPOEHHBIX IPOLIECCOPOB, CUCTEM HA KpHUCTajule, MEPCOHAJbHBIX KOMIIBIOTEPOB,
pabounx CTaHUWH, CEPBEPHBIX CHCTEM M MHHH-KOMIIBIOTEPOB WM MeHH(ppeiimMoB, wiu B
pacIpenesNeHHbIX CETEBBbIX BBIYMCIMUTENBHBIX cpeaax. KommnbrorepHas cucrema 150 moxer
BKJIFOUaTh ofauH miu Oonee mponeccopos (LIII) 1502A,-1502N, cxemy 1504 BBOma/BeiBOZA,
cereoil amantep 1506 u mamars 1508, IIIT 1502A-1502N BBINOJHSAKOT NPOrpPaMMHBIE
WHCTPYKLIUHU ISl TOTO, YTOOBI BBIMOJIHATH (DYHKLUH MPEACTABICHHBIX CHCTEM H criocoboB. Kax
npaBwio, LT 1502A-1502N mnpexncraBisiror coOod onuH WM 0oJjiee MHKPOIPOLIECCOPOB,
Hanpumep, rpoueccop INTEL CORE®.

Cxema 1504 BBOma/BeiBOma oOecrmeyrMBaeT BO3MOXHOCTh BBOAA JAaHHBIX B
KOMIBIOTEPHYIO cucteMy 150 wiam BbeIBOma AaHHbIX W3 Hee. Hampumep, cxema 1504
BBOJ1a/BbIBOIa MOXKET BKJIFOUATh YCTPOMCTBA BBOJA, HAPUMED, KJIABUATYPbI, MBIIIH, CEHCOPHBIE
NAHEJH, [IAPOBbIE MAHUIYJIATOPBI, CKAHEPbI, aHAJIOro-uu(poBble mpeodpasoBaTenu W T. 1.,
yCTpOICTBa BBIBOZA, HApUMeEp, BHAE0ANANTEPbl, MOHUTOPHI, IPUHTEPHI U T. 1., U YCTPONCTBA
BBOJIA/BBIBOMA, Hampumep, monembl u T. 1. CeteBoit agantep 1506 coenuHseT KOMITBIOTEPHYIO
cucremy 150 ¢ cerpro 1510, kOoTOpast MOXKET MPEACTABIATH COOOH MO0y OOIENOCTYTHYIO W
NPOTNPUETAPHYIO JIOKAJIBHYIO I TNIOOAJBbHYIO CETh, BKIIIOYAs, HO HE OTPAHHYUBASICH 3THM,
UHTEpHET.

ITamsaTe 1508 XpaHUT MpOrpamMMHbIE MHCTPYKLHUH, KOTOPBIE BBINOJHSIOTCS, U JAHHBIE,
KOTOpBIE UCHOJB3YIOTCS U 00pabaThIBatOTCS HEHTpaTbHBIMU npoueccopamMu 1502A-1502N ans
BBIMIOJHeHNsT (YHKUMHA KommbroTepHOW cuctembl 150, Ilamsate 1508 Moxker BKIIIOUATH,
HampuMep,  JJIGKTPOHHbIE  3alOMUHAIOLIME  YCTPOIICTBA,  HAmpuUMep,  OMNEpaTUBHOE
3anomuHaromee ycrpoiictBo (RAM), mnocrosiHHOe 3anmomuHaromee ycrpoiicto (ROM),
porpaMMHUpyeMoe TOCTOSIHHOe —3amomuHawomee  ycrpoiicteo  (PROM), snekrpudecku
CTHpaeMoe MPOrpaMMHpPyeMOe MOCTOsIHHOe 3amnomuHaroiiee ycrpoiicteo (EEPROM), ¢uaiu-
NaMsTb U T. [., & TAKXKE 3JIEKTPOMEXAaHUYECKYIO NaMsTh, HAIPUMED, HAKOIUTEIN HA MATHUTHBIX
JUCKaX, HaKOMUTEIN Ha MAarHUTHOM JIEHTEe, MPUBOABI Ha ONTHUYECKUX AMCKAX U T. A., KOTOpbIE
MOTYT HCIIOJIb30BaTh MHTepQeiic BcTpoeHHOH siekrponuku npusona (IDE) wnu ero BapuaHT
win ycosepiueHcTBoBaHue, Hanpumep paciiupensblii IDE (EIDE) unu cBepxnpsiMoi 1ocTym K
namsiti (UDMA), wiu unTepdeiic Ha ocHOBe uHTepdelica Majiol KOMITBIOTEPHONW CHCTEMBI
(SCSI), wnu ero M3MeHEHHWE WJIM YCOBEPIIEHCTBOBAHWE, HAMPUMEp, YCKOPEHHbIN HHTEp(erc
SCSI, urmpoxomnonocHslit naTepderic SCSI, yckopeHHslii u mupokononocHslid naTepdetic SCSI
u 1. 1, wim Serial Advanced Technology Attachment (SATA), wniu ero uU3MeHEHHE WIIH
YCOBEPLICHCTBOBAHUE, WJIM HHTeppEeHC Ha OCHOBE OTBETBICHHS BOJOKOHHO-ONTHYECKOTO
kaHaja ¢ apourpaxnoit norukoi (FC-AL).

ITamate 1508 mosker BkIrO4YaTh moamnporpammbel 1512 konTposnepa, ganHele 1514
KOHTPOJIJIEPA U ONEPalMOHHYK0 cucteMy 1516. IloanporpaMMsel KOHTPOJUIEpAa MOTYT BKJIFOYATh
POrpaMMHOE OOecrieueHne JUIsl BBIMOJIHEHHsST 00pa0OTKM AJsl peanu3alyd OJHOro MM Ooee
KOHTpOJUlepoB.  JlaHHbIE  KOHTpOJUIEpa  MOTYT  BKJIOYaTb  JaHHblE, HEOOXOIMMBIE
NOATpOrpaMMaM  KOHTpOJUIepa il BBINOJNHEHUs oOpabotku. B ogHOM  BapuaHTe

OCYHICCTBJICHU H306peTeHI/I$I noAmnporpaMmMbl KOHTPOJUIEPA MOTYT BKIIKOUATb MHOT'OMEPHOE
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NporpaMMHOE  O0ecrieueHue Ui BBINOJHEHHS MHOTOMEPHOTO — aHajlu3a, Hampumep,
perpeccuoHHoro moaenuposanuss PLS. B aToMm acnekre moamporpaMMbl KOHTpOJIIEpa MOTYT
Birouath SIMCA (Sartorius Stedim Data Analytics AB, Ywmea, IlIBenusi) 1jisi BBIIOJHEHUS
monenupoBanuss PLS. B npyrom BapuaHTe OCYIIECTBIEHHS H300pPETEHUS IONNPOrPAMMBI
KOHTPOJUIEPA MOTYT TAK>K€ BKJIIOUATh MPOrpaMMHOE 00ecTiedeHre TSl BBIOJIHEHUS OAaBIICHHS
myMa B HaOope HNaHHBIX. B 3TOM acmekTe mOANpOrpaMmbl KOHTPOJUIEPA MOTYT BKIIIOYATH
MATLAB Runtime (The Mathworks Inc., Natick, Mass.) st BBINOJHEHUs] MOziesIel (UIbTPOB
myMorozasieHus. bonee Toro, mognmporpaMmMbl KOHTpOJUIEpa MOTYT BKJIFOYATh MPOrPAMMHOE
obecnieuenne, Hanpumep, MATLAB Runtime, nisi ynpaBieHUss aBTOMaTH3HPOBAHHBIM Y3JIOM
yOpaBJICHUS,  HANpUMep,  MNPONMOPLHUOHAIBHO-HHTErpaibHO-Tuddeperunansibiv - (PID)
koHTpoyiepoM. [Iporpammuoe oOecrnieueHue ayisi pabOThl CHCTEMbI TaKXKe AOKHO OBITh
CrOCOOHO BBIMHCISTh PA3HUIY MEXAY 3aJaHHON BEJIMYMHOW W H3MEPEHHOH MepeMEeHHOM
nporecca (HampuMep, U3MEPEHHONW KOHIEHTPALMeH MUTATEeIbHBIX BELIECTB) U 1aBaTh MPOTHO3
Toro, korma OyneT MOOCTHTHyTa 3aJaHHas BenuuuHa. llpu  BKIrOUEHHH  (QYHKUUH
MPOTHO3UPOBAHUSI BPEMEHM JOCTIDKEHMsS 3aJaHHOM BeNWYMHBL, Kak B ciaydae ¢ PID
KOHTPOJUIEPOM, KOMIIbIOTEpHass cucteMa 150 Takike OCyLIECTBJISIET CUTHAJbHYK) CBSI3b C
HacocoM 130 Takum oOpa3oMm, 4YTOOBI HOPMAJIbHOE KOJMYECTBO HHOKYJSATA MOIJIO OBITh
3aKavaHoO B paciuuputenbHyro kamepy 110 n/nnm 6mopeakrop 140, kak Obuto 3amaHo. Cucrema
10 MoskeT oTCneXuBaTh U KOHTPOJIUPOBATh MEPEMEHHbIE MPOLIECCa B PACLIMPUTETIBHON KaMepe
110 u 6uopeakrope 140, xkak nokazaHo Ha Dur. 1, Wi BO MHOKECTBE PACLIUPHUTEIHHBIX KaMep
W/WJIH BO MHOXKECTBE OMOPEaKTOPOB.

Ha ®ur. 3 nokazana Omok-cxema it ogHOro crocoba 200 BBIMOJSHEHUs! MpoLecca B
cucTeMe NMoceBHbIX (pepmeHTepoB ¢ cuctemoii 10. Ilocne BBeneHHs KPHOKOHCEPBHPOBAHHOIO
3amaca KJIETOK B KyJbTypaJIbHYK) cpeAy B pacimuupurenbHoil kamepe 110, cnextpomerp
KOMOMHAIIMOHHOTO paccesHust 120 coOupaer cnekTpaibHble HaHHbIE KOMOWHALIMOHHOIO
paccesiHust (@ur. 4a) U3 pa3MHONKAIOLIEIHCS KIETOYHOW KYJbTYpPbl B PACIIUPUTENILHOW Kamepe
110 (cragust 201). CriekTpockonusi KOMOMHALIMOHHOTO PacCesiHus - 3TO GopMa KoJieOaTeIbHOM
CHEKTPOCKOIUH, KOTOpasi MPEAOCTABISIET HHYOPMALIUIO O MOJIEKYJISIPHBIX KOJIEOAHUSIX, KOTOpast
MOJKET OBITh HCIOJIb30BaHA Ui HMASHTU(QUKALMH M KOJIMYECTBEHHOIO aHajn3a OOpasLoB.
CnektpomMerp KOMOWHAIIMOHHOTO paccessHust 120  coOupaeT CHeKTpaibHble JaHHBIE
KOMOWHAIIMOHHOTO pacCesHusl 4yepe3 nardyuk 125, KOTOpbIii MOXeT ObITh KOHTaKTHBIM JIHOO
OECKOHTAKTHBIM JAaTYMKOM. BeCKOHTaKTHBIH nmaTyuk 125 TMO3BOJSIET MPOBOIUTH aHAU3
KOMOWHAIIMOHHOTO PACCEsTHUSI B KJIIETOYHOH KyJIBType 1n Situ, He TpeOyst KOHTaKTa C KJIETOYHOM
KYJIBTYpOH WK ee u3ByedeHus. [IpenMymecTBo aHamm3a KOMOMHALIMOHHOTO paccesHus in situ
COCTOMT B TOM, UTO OH SIBJISIETCS HEMHBA3UBHBIM U, CJI€A0BATEIbHO, CHUXKAET PUCK 3arpsA3HEHMUSI
KJIETOUYHONH KYyJBTYpbL, KOTOPOE€ MOXKET OKa3aTb HEXEeJaTeJbHOE BIMSHUE HA KJIETOYHYIO
KYJIBTYPY U ITOJy4eHHbIE OENKH.

CriexTpanbpHble JaHHBbIE KOMOHMHALIMOHHOTO pPAacCestHUsI COOMPAIOTCS C TOCTOSHHOMN
4aCcTOTOM, TaKUM OOpa3oM, CIIEKTpaJbHbIE JAaHHBbIE MOCTOSHHO OOHOBILIHOTCA. CrieKTpasibHbIe

JaHHbIE MOTYT OBITH COOpaHbl OOUH pa3 mpuOmu3uTenbHO Kaxkable 10-120 muHYT, onuH pas
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npUONU3NUTENBHO Kaxable 15-60 MUHYT WM OUH pa3 NpUOIM3UTENbHO Kakaple 20-30 MUHYT.
CootBercTByromasi yacrora orbopa mpod MokeT ObITh OmpenejieHa B KaKIOM KOHKPETHOM
cilydae, HarpuMep, Ha OCHOBE KOHKPETHOH KJIETOYHOW JIMHUU W/WJHM YCJIOBHHA 00paloTKw,
KOTOPbI€ CUYHMTAIOTCS MOAXOASIIUMU Il OOECIeUeHHUs] TOro, YTOOBI CIEKTPajbHBIE IaHHBIE
KOPPEKTHO OTPaXKaJIi TEKYyIee COCTOSHUE NaHHON KJIETOYHOW KyJIbTYphl. MOXHO HCIIONB30BaTh
moOOl  KOMMEpPYeCKHM  JOCTYIHBIH  CIHEKTPOMETp  KOMOHMHAIIIOHHOTO  PaCCesHUs,
HEOTPAHUYMBAKOLIUI TNpUMEpP KOTOPOr0 MOXKET BKIHOYaTh crexkTpoMerpbl RamanRXN2 u
RamanRXN4 (Kaiser Optical Systems, Inc. Ann Arbor, Mich.).

ITocne cbopa, Ha cranuu 202 HeoOpaOOTAaHHBIE CIIEKTPAIbHBIE NaHHBIE MEPEAIOTCS B
KOMITBIOTEpHYIO cucteMy 150, roe oHu mpeaBapuTesibHO oOpadaTeiBaroTCs, a oOpaboTaHHBIE
JaHHbIE KOMOMHAUMOHHOTO paccesiHust (Pur. 4B) xpansarcs B mamsitm 1508 B BbImeneHHOM
MecTe JUI TIOCIIEAYIOLIero ucmoib3oBanus (craaus 202). B HekoTophIX mpumepax obOpaboTka
CHEKTPAIBbHBIX JAHHBIX KOMOHMHALIMOHHOTO pACCEeSTHUS BKJIIOYAET IMPHMEHEHHE OIHOTO HIIH
Ooree creKTpaibHBIX (PHIBTPOB IJIST KOPPEKLHH JIFOOBIX cIBUroB 0a3oBoil nuHNHA. Hampumep,
HeoOpaboTaHHbIE CIEKTPaJbHBbIE MAaHHbIE MOTYT ObITh 00pabOTaHBl METOAOM TOUYEYHOTO
CTJIAKMBAHHUA WJIM METOAOM HopMmanu3aumu. Hopmanmsaumss MokeT mnotpeOoBaTbCs IS
KOPPEKTHPOBKH JIFOOOr0 M3MEHEHHS MOLIHOCTH Jia3epa M MPONOJDKHTENIBHOCTH 3KCIO3ULIUH
MOCPEICTBOM  CHEKTPOMETpPa KOMOMHAIIMOHHOTO paccestHus. B HEKOTOphIX —IpuMepax
HeoOpaboTaHHbIE CHEKTpPaJbHbIE JaHHbIE KOMOHMHALIMOHHOTO pPAacCesHUsT MOTYT OBbITh
00paboTaHbl C WCMOJb30BAHMEM TOYEUHOTO CriaKMBaHWs, Hanpumep, 1% mpoussomHas ¢
TOUYEUHBIM CryIakHBaHHeM 21 CM ™', ¥ HOPMAIH3AINH, HATIPUMEp, HOPMAM3ALMN CTAHIAPTHOTO
OTKJIOHEHHUsI CITy4aifHOM BEJTMYMHBI C HOpMaJbHBIM pactpenenerreM (SNV).

[MapannenbHO cO COOPOM CIEKTPATBbHBIX HaHHBIX KOMOWHAILIMOHHOTO paccesiHusl (CTaaus
201) naHHBIE IEPEeMEHHBIX MPOLIECCA TAKXKE COOMPAIOTCS C MCIOJIb30BAHHEM AJIbTEPHATUBHOTO
«aBTOHOMHOTO» criocoda (cramust 203) U aHAJOTMYHBIM 00pPa3oM COXPAaHSIOTCA B mamsTu 1508
(cragus 204). ITpu aBTOHOMHOM peXUME JaHHbBIE TIEPEMEHHBIX MPOLIECCa MOTYT OBITh COOpaHBI
C HCIONB30BaHHEM JIOOOr0 MOAXOISINEro AaHATUTHYECKOro Crocoba, Hampumep, C
UCTIONb30BAaHUEM OOpasna KJIETOYHOW KYJBTYpPbL, TOJYYEHHOTO BPYYHYIO, KOTOPBIH
UCTIBITHIBAIOT B JIOKAJILHOM aHAJIHM3aTope, Hampumep, aHamusatope BioProfile Flex® Analyzer
(Nova Biomedical Corporation, Maccauycerc, CIIA). Ilpu aBTOHOMHOM peXHME TaHHbBIE
NepEeMEeHHBIX Tpolecca cobuparorcs ¢ Oosiee HU3KOH YacTOTOH, YeM CHEeKTpPaJbHbIC aHHBIE
KOMOWHAIIMOHHOTO PACCEsiHUS - HApUMep, OAMH pa3 MPUOJM3UTENbHO Kaxable 24 4yaca, OIUH
pa3 MpUONMM3HUTENBHO Kaxble 12 4acoB WM OOUH pa3 MPUOJM3UTENBHO KaXple 6 4acoB - U
ciykaT 0a30BBIM 3TAJIOHOM JUIsl CIIEKTPAJIbHBIX JTAHHBIX KOMOMHALIMOHHOTO paccestHus. [locne
cOopa B aBTOHOMHOM pEXKHME JaHHbIE IEPEMEHHBIX IPOLECcCa TAKKE COXPAHSIOTCS B
KoMmbroTepHOH cucteme 150 B BeigenieHHOM MecTe. [lpu cOope maHHBIX MEpeMEeHHBIX MpoIecca
B aBTOHOMHOM DPEKHME KOMITbIOTepHas cucreMa 150 MoXker Takke XpaHUTb MHPOPMALMIO U3
PAT w/munu cucreM yrpaBieHHs JaHHBIMHU (HAampuUMep, CHUCTEM YIIPaBJIEHUS J1a0OPaTOPHBIMU

TaHHBIMH W/WJIA HETIPEPBIBHBIMU JAHHBIMHU TPOLIECCA B PEKUME OHJIANH).
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KomnerotepHast cucrema 150 mcronb3yer oOpaOoTaHHBIE NaHHBIE KOMOMHALMOHHOTO
paccesHUst 1N CO3JAaHMS MHOTOMEPHOH Mozenu, Koropas cooOuiaer omHy wuiam Oonee
TEXHOJIOTHYECKUX MEPEMEHHBIX KJIETOUHON KyabTyphl (cTagus 205). B ciaydae, ecnu OCTYNHbBI
JAHHbIE MEPEMEHHBIX MpOLecca B AaBTOHOMHOM pEeXHME, KOMIbIOTepHas cucrema 150
CPaBHHMBAeT CHEKTPAJIbHbIE JaHHbIE KOMOMHALIMOHHOTO pacCesHHs C COOTBETCTBYIOLIMMHU
JaHHBIMHU TEPEMEHHBIX INPOLECCa B aBTOHOMHOM pEXHME, YTOObI CONMOCTABHTH MHKH MEXIY
AByMsi Habopamu JaHHbIX. KoMmnbloTepHas cucTeMa HCIONb3yeT COXpaHeHHble naHHble PAT
W/WJIM TaHHBbIC YTIPABJIEHUS JJIsl KOPPEISLMU ITAHHBIX MEPEMEHHBIX MpPOLEecca B aBTOHOMHOM
pEeKUME C COOTBETCTBYIOIMUMH CIEKTPAJIbHBIMH JaHHBIMH KOMOWHAIIIOHHOTO pPAaCCEsTHHUS.
JIrob0it THII MHOTOMEpPHOTO MakeTa NporpaMMHOro obecrnedenusi, Hampumep, SIMCA 13
(Sartorius Stedim Data Analytics AB, VYmeo, I[IIBenusi), MoxkeT OBbITh HCIOJB30BAH JJIsI
KOPPEJSILIUH TUKOB MEXIY ABYMSI HAOOpaMH CIIEKTPaJbHBIX JAHHBIX.

MHoroMepHoe MOAENIHPOBAHUE, BBIMOJHAEMOE KOMIBIOTEpHOU cuctemoit 150, moxer
BKJIFOYATh, HO HE OrPAaHMYMBACTCS STUM, YaCTHUHbIE HauMeHblnne kBaapatsl (PLS), anamms
rnaBHbIX KOMIOHeHTOB (PCA), oproroHanbHble uacTHuHble HauMeHblnne kBaapaTsl (OPLS),
MHOTOMEPHYIO PErpecCHi0, KaHOHUYECKYIO KOpPPENsLuio, (aKTOPHBIA aHaiu3, KIACTEPHBIH
aHanmu3,  rpaduuecKkMe  MpoLenypbl M aHAJOTM4YHblE  METoApl. B mpumepe,
NpOMJLTIOCTpUpOBaHHOM Ha @ur. 4c-4d, perpeccuonHas monenb PLS co3maercs mocpencrsom
MOJATOHKM JIOCTYIHBIX 3HAYEHUH W3MepeHull, MOJY4YeHHbIX M3 CHEKTPAJIbHBIX JaHHBIX
KOMOWHAIIMOHHOTO PACCEsIHUS, M JTAHHBIX MEPEMEHHBIX MPOLiecca B aBTOHOMHOM peskume (Pur.
4C), ¥ yKa3aHHYIO MOJENb ONTUMU3HPYIOT (cTanus 206) mOCPEnCTBOM yIAJICHHSI BBITIAIAI0IINX
nokasaresiel, 4YroObl MOJY4YUTh MOAENb JUHeHHoro mnporHosupoBanus (Pur. 4d). Takas
perpeccuonHast Moaenb PLS mosker ObITh mcnonb3oBaHa it 0O0eCHeueHus] MPOrHO3HPYEMbIX
3HAUYEHUN MpoLecca, HAIpHUMep, MPOTHO3ZUPYEMBIX 3HAYEHMN KOHLEHTpALUu Al KOHKPETHOMN
MEPEMEHHON, KOTOpasi JAOJDKHA OTCIIEKUBATBCS  KOMIBIOTEpHON cuctemoit 150  mos
OCYILECTBJIEHUs yIrpaBjieHus cucremoit 10.

OnTummszanuss MOAENH MOXeT BKIYaThb IPUMEHEHHE JOMOJHUTENIbHBIX METO/IOB
00paboTKH CUTHAJIOB K MHOTOMEPHOI MOZENH U MpeaCcKa3aHHbIM 3HAYSHUSIM Tpoliecca B Heil. B
OHOM TMpHMEpe K IMPOTHO3UPYEMBbIM 3HAUEHUSM MpOoIecca MOKET ObITh MPUMEHEH METO
YMEHBLICHHUS LIyMa JJIS1 BBITIOJHEHUS CTJIAKUBAHMSI TAHHBIX W/MJIH TIOAABJICHHUs CUTHANA. Takue
METOJIbI YMEHBIIEeHHs IyMa 00ecmeYynuBaroT OT(GUIBTPOBaHHYKD Monesb. OIWH U3 METONOB
YMEHBIICHUS [ITyMa 3aKJIF0UaeTCsl B 00BbeIUHEHNN HeOOpaOOTaHHBIX PE3yJIbTATOB U3MEPEHHUI C
OCHOBAaHHOM Ha MOJENU OLEHKOH TOro, 4TOo M3MepeHMs MAOJDKHbI J1aTb B COOTBETCTBUHU C
MOJEeNbI0. MeTo CHHKEHHUSI IIyMa MOXKET OOBENUHSTH TEKyIlee MPOTHO3UPYEeMOe 3HaYEHHE
mpoLecca € €ro HEONPEAENeHHOCTSMU, KOTOPbleé MOTYT OIpPEENSThCS MOBTOPSIEMOCTBIO
IIPOTHO3MPYEMbIX 3HAUYEHMN Mpolecca M TeKyIUMH YCJIOBUAMHU Ipouecca. Kak Tonbko
HaOJrolaeTcsl Clienyroliee MPOrHO3UPYEMOe 3HAa4YeHHE IPOLIECCca, OIEHKAa IMPOTHO3HPYEMOTO
3HaYeHHs Iporecca OOHOBISAETCS ¢ MCIIOJNb30BAHUEM CPEIHEB3BELUICHHOTO 3HAYEHUs, IIPH 3TOM
OonplMii Bec TmpumaeTcs OIEHKaM ¢ Oojee BBICOKOHW crTemeHbto gocroBepHocTH. C

HUCIIOJIb30OBAHUEM UTEPATUBHOIO0 IMOAXOAd, OKOHYATCIBbHBLIC 3HAUCHUA IIpoHeCcCa MOTYT OBITh
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OOHOBJIEHBI Ha OCHOBE MPENbIIYLIEr0 H3MEPEeHUs W TEeKYLIMX YCIOBHH mpouecca. B stom
acIIeKTe aJTOPUTM JOJDKEH OBITh PEKYPCHUBHBIM U CIIOCOOHBIM paboTaTh B pPeajbHOM BPEMEHH,
94TOOBI HCIIOJIB30BATh TEKYIEe MPOrHO3UPYEMOe 3HAUEHHE Mpoliecca, Mpeablayliee 3HaueHHue 1
SKCIIEPUMEHTAJIBHO ONpEAENICHHble KOHCTAHTbL. MeETOA yYMEHbIIEHHUs IIyMa IIOBbIIAET
HaJIeKHOCTh U3MEPEHMI aHAIN3a KOMOWHALIMOHHOTO PacCestHUs U MporHo3os PLS.

KowmmnbrotepHas cucrema 150 BrirouaeT aBToMaTU3UpOBaHHbIN y3en yrpasienus (ACU)
155, xoropsiii paboraer Ha craguu 207 11 OLIEHKH CMOJEINPOBAHHBIX CIIEKTPAIbHBIX JAHHBIX,
4TOOBI OMpENeNuTh, CIACAYET JIU aKTUBUpPOBaTh Hacoc 130 mis mepeHoca oObema KJIETOYHOMH
KYJBTYpbl M3 pacumpureiapHoll kamepbl 110 B Omopeaktop 140, 4TOOBI WHOKYJIHUPOBATH
KyJBTYpalibHYyIO cpeny B Ouopeaktope 140. ACU 155 xpanut omgHo wiu Ooyiee 3aaHHBIX
3HAYEHHH BEJIMYMHBI, KAKI0€ U3 KOTOPBIX OMPEAEISieT TPUITEPHOE COOBITHE IUIS BBITIOJHEHUS
aBToMarnyeckor MHOKyJsimnu. ACU 155 mosker mpencraiaTh coOOi aBTOMAaTU3MPOBAHHBIN
KOHTpOJUIep JTI0O0ro TUma, CIOCOOHBIH CPaBHUBATh OT(HIBTPOBAHHBIE 3HAYEHHUS Mpolecca ¢
OIHUM WJIH OoJiee 3aJaHHBIMH 3HAYCHHUSIMH BEJIMYMHBI U aBTOMATHYECKH BBITIOJHSTH 33aHHOE
IefCTBUE MIPU OIPENENIEHHH TOTO, YTO OJHO MK OoJiee OT(UIBTPOBAHHBIX 3HAUEHUH Mporecca
YIIOBJIETBOPSIFOT YCJIOBHUIO COOTBETCTBYIOLIETO 3aJaHHOTO 3HAYEHHS BEJWYHMHBI (HAmpuMmep,
PaBHO WJIM BBIIIE MAKCHMAJIBHOTO 3aJaHHOTO 3HAYEHHs] BEJIMYMHBL, OJNIM3KO K WM HIDKE
MUHUMAJIBHOTO 3aJaHHOTO 3HadyeHwsi BenuunHbl U T. 1.). Ecmtm ACU 155 ompenensier, 4ro
3aJlaHHbIe YCJIOBUS Uit MHOKYJsiuuu Obutn cobmonensr, To ACU 155 npuBogut B nedcTBue
Hacoc 130 st co3maHust TIOTOKA KUAKOCTU 4Yepe3 KHUIKOCTHYIO JHUI0 135, Takum obOpasom,
aBTOMAaTHYECKH WHOKYJHpys Ouopeakrop 140 (cramus 208), B MPOTUBHOM cCiydae MPOLECC
BO3BpAlIaeTcs K cOOpPY AaHHBIX uepe3 UTepaTHBHbIN LUK (cTanus 209).

B omnom mnpumepe ACU 155 coxpaHseT 3aJaHHOE 3HAa4YeHHE BEJUYMHBI (TaKxkKe
UMEHyeMOe B JIaHHOM JOKYMEHTE «TPUITEPHbIM 3HaueHHeM») Ha ocHose ueneBoil IDKK mis
KJIETOYHOH KyJBTYpbI, SIBISIOLICHCS OOBEKTOM TEKYLIero Mpolecca B CHCTEME IMOCEBHBIX
depmentepoB. Takoe 3aaHHOE 3HAUYEHUE BEJIMYMHBI MOXKET ObITh YCTAHOBJICHO ISl LIEJIEBOM
IDKK, Takum 00pa3om, MOXKET ObITh JKeTaeMbIM KJIETOUHBIH MEeTab0IU3M B MPOU3BOACTBEHHOM
OunopeakTope, a TakXe MOANEPKAHHE KIETOK B (hase HKCIOHEHIMAIBHOrO pocta. Hampumep,
3HaueHune Tpurrepa Ha ocHoBe IIDKK MoskeT ObITh YCTAHOBJIEHO PAaBHBIM 3HAUYEHUIO, PABHOMY
3apanHoi nenesou IDKK; 3mauenuro, cocrasmsromemy -2,5% ot uenesort IDKK; 3Hauenwuro,
cocrasJsiroiemMy -5% ot uenesoit [DKK; 3nauenuro, cocrasmsromemy -10% ot nenesoii [DKK; u
aHaJOrM4YHBIM 3HaueHussM. B takom mpumepe, ecnu ACU 155 omnpenpensier, 4To U3MEpEHHOE
3Hauenne IDKK paBHO u Gonbine, yem 3amaHHOe TpurrepHoe 3HaueHne Ha ocHoBe IDKK, To
ACU 155 obpabaTtbiBaeT 3TO yCJIOBHUE KaK TPUTTEPHOE COOBITHE JUIsl IPUBEIEHUS B NEHCTBUE
Hacoca 130, 9ToOBI BBI3BATh MOTOK KUIKOCTH Yepe3 KUIKOCTHYIO JIMHUIO 135, Takum oOpa3om,
9yTOOBI KyJNBTYpasibHas cpena B Ouopeakrope 140 aBroMaTuyeckn MHOKYJIUPOBAJIACH OOBEMOM
KJIETOYHOM KYJIbTYPbI U3 PACIIUPUTEIbHON Kamepel 110.

ACU 155 moxer XxpaHuTh JI00O€ KOJMYECTBO 3aJaHHBIX TPHUITEPHBIX 3HAUYEHUM,
yCTaHAaBIMBAsl YCJOBUS AJS JIFOOOrO KOJNMYECTBA TPUITEpHBIX coObiTuil. Hampumep, nepsoe

TPUITEPHOE 3HAUEHHE MOKEeT OBITh ycTaHOBJIeHO Ha ocHoBe ueneBoii IDKK, a BTopoe
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TPUITEPHOE 3HAYEHHE MOXKET ObITh YCTAHOBJIEHO HA OCHOBE MMHHMMAJIbHOTO 3HAYEHUS JIAKTaTa.
Tpurreproe 3nauenne Ha ocHoBe IDKK moxker mpencrasnsaTe coboii neneBoe 3HaueHne IDKK
IUI MCTIONIB30BAHMS TPU WHOKYJSALMU Ouopeakropa 140, Hampumep, ONUCAaHHOE paHee, MpU
5TOM TPUITEPHOE 3HAYEHHE HA OCHOBE JIAKTaTa MOXKET WAEHTU(UIPOBATH MHUHUMAJbHBIN
YPOBEHb JIAKTaTa, KOTOPbIH ObUT 3amaH, YTOObI CHTHAJIM3MPOBATh 00 M3MEHEHHM COCTOSIHUSI
pocta kierok. Takoe TpUrrepHOE 3HAUYEHHE HAa OCHOBE JIAKTATa MOXKET ObITh YCTAHOBJICHO HA
3HAYEHUE, PABHOE 3aJaHHOMY MUHUMAJbHOMY YPOBHIO JIAKTaTa;, 3Ha4Y€HHE, KOTOPOE COCTABIISET
+2,5% OT MHMHUMAJBHOIO YpOBHSl JlaKTara, 3Ha4YeHUe, KOTopoe cocraBiser +5% ot
MUHUMAaJbHOTO YPOBHSI JIaKTaTa, 3HaueHHe, KoTopoe cocrtaBisieT +10% OT MHHMMaIbHOTO
YPOBHsI JIaKTaTa, W aHAJIOTM4YHOe 3HaueHue. B Ttakom mnpumepe ACU 155 moxer ObITh
NPUCTIOCOOJICH [T aBTOMATUYECKON MHOKYIsnuu 6nopeakropa 140 npu oOHapykeHHH JTFOO0Tro
TPUITEPHOrO COOBITHS, TakuM obOpa3om, cucrema 10 wuHOKydmpyer Omopeakrop 140 mpu
JOOCTIKeHUN 3anaHHoro TpurrepHoro 3HaueHuss IDKK, xors Moker HWHULMHMPOBATH
aBTOMATHYECKYI0 HHOKyJsiuio npu Oomee Huskoil IDKK, ecnm oOnapykuBaercsi 3Ha4YeHHE
U3MEpEeHMs] YPOBHS JIaKTaTa, PaBHOE WUJIM MEHee 3aJlaHHOrO TPUITEPHOrO 3HA4YeHHs] HA OCHOBE
JaKTaTta, TakuM oOpa3om, olecrieunBass WHOKYJSILMIO Ouopeaktopa 140 no wu3MeHEHUs
COCTOSIHHUS pOCTa KJIETOK.

B xauectBe nomomHutenpHOoro mpumepa, ACU 155 moxer pabotaTe C HepBBIM
TPUITEPHbIM 3HaueHUEeM, OCHOBaHHbIM Ha wueneBoil IDKK, BTOppIM TpuUrrepHbIM 3HauY€HUEM,
OCHOBaHHBIM Ha 000N mepemMeHHOW 00padoTkH, KoTopas Obula 3a7aHa Kak IIOKa3aTelb
U3MEHEHHUsl COCTOSIHUSI POCTa KJIE€TOK, U TPETbUM TPUITEPHBIM 3HAUEHUEM, OCHOBAHHBIM Ha
moznenu nporuosupyemoit IDKK. IIpornosupyemoe Moznenpr0 TpUITEpPHOE 3HAYEHHE Ha OCHOBE
IDKK moxer ObITh YCTAaHOBJIEHO HAa 3HAU€HHE, PABHOE MAKCHMAJIBHOMY HPOTHO3UPYEMOMY
mozenbto IDKK, koTopoe cunraercss npuemMiieMbIM AJis JAHHOTO MPOLECcca B CUCTEME OCEBHbIX
(dbepMeHTepOB; 3HA4YEHHE, paBHOE -2,5% MaKCUMAaJbHOW CKOPOCTH pPOCTa KJIETOK, 3HAYeHHE,
paBHOE -5% MaKCHUMaJbHOW CKOPOCTH POCTa KJIETOK, 3HadeHue, paBHOe -10% makcuMalbHOU
CKOPOCTH POCTa KJIETOK; M aHajormyHoe 3HadyeHue. B Takom mpumepe ACU 155 mosxer ObITh
NPUCTIOCOOJICH [Tl aBTOMAaTUYECKOI MHOKYIsinuu Onopeakropa 140 npu oOHapykeHHH JTFOO0T0
U3 TPUITEPHBIX COOBITHH, TakuM obOpasom, cucrema 10 mHOKYIHpyeT Ouopeaktop 140 mpwu
JNOCTHXKEHHUH 3a1laHHOro TpurrepHoro 3HadeHust IDKK, xots MoxkeT HHUIIMNPOBATh HHOKYJISILIUIO
npu Oonee Hu3koi IDKK, ecnu obHapykuBaeTcsi 3Ha4YeHHE NMEPEMEHHON 00pabOTKH, KOTOpOe
YIIOBJIETBOPSIET YCJIOBHIO, KOTOPOE OBLIO 33/1aHO KaK MOKa3aTeb M3MEHEHUs] COCTOSHUSI POCTa
KJIETOK, C JOTIOJIHUTEJIPHOH MepOil MpPemoCTOPOXKHOCTH, 3aKIIOYArOIIeHcss B TOM, 4TO Oojee
paHHsS aBTOMATHYECKash WHOKYJISILUS TaKKe 3aIyCKaeTcs, eCiii OOHapy’keHa MPOTHO3UpyeMast
moznenb IDKK, paBHas wnu npesbllIaroliasi 3ajaHHOE TPUITEPHOE 3HAaU€HHUe, MPOTHO3UPYEMOit
moznenu [DKK. Takum oOpa3om, eciiu KJIeTOYHast KyJbTypa HAUMHAET HCIIBITHIBATD YBEIHMUEHHE
nporHozupyemoii moxenu IDKK no obGHapyskenust 3amanHoro TpurrepHoro 3HaueHus IDKK u
0e3 obOHapykeHUsI KakoH-TuOO Apyroil mnepeMeHHOH o0paboTku, KoTopas obecredynBaet
npeaynpexaeHne 00 M3MEHEHUH COCTOSHUS POCTa KJIETOK, TOT/a CHUCTEMa MOXKET 3alyCTHThb

ABTOMATHUYCCKYI0 MHOKYJIALIUIO 1O BO3SHUKHOBCHUA HETIPUEMIIEMOI'O COCTOSHUS POCTA KIICTOK.



15

ACU 155 mosker paboTtaTh ¢ JFOOBIM KOJIUYECTBOM 33/1aHHBIX TPUTTEPHBIX 3HAYEHUH Ha
OCHOBE JIFOOOT0 KOJIMYECTBA PA3JIMYHBIX MEPEMEHHBIX MPOLECcca, KOTOPbIE MOTYT BKJIIOUaTh, O3
OrpaHuueHus], Jr000e OAHO WM KOMOHMHALMIO W3. OJHOro Win 0OJiee NMUTATENbHBIX BELIECTB
(HarmpuMep, aMHUHOKUCJIOT M BHTAMHHOB), JIAKTaTa, COMYTCTBYIOLIMX (akTOpoB; (PakTopoB
pocTa; CKOPOCTH pocTa KiIeTok, pH; kucnopoaa; a3ora; YMCIEHHOCTH JKH3HECTIOCOOHBIX KIIETOK;
HozcyeTa rudeNu KJIeTOK; KUCJIOT, OCHOBAHUIL, IUTOKUHOB, aHTHTEJ; 1 METa0OJIUTOB.

KomnbrotepHas cucrema 150 Taxke MOXKET UMEThb CPEICTBA YIPABJIEHUs, TO3BOJISIOIINE
BHOCUTb M3MeHeHusi B cuctemy, Bkirouas ACU 155, B pexkume peanbHOrO BpPEeMEHU U3
unrepdeiica marpopmel. Hampumep, Moxker uMeTbcsi HHTEp(dENC, KOTOPBIA IO3BOJISET
NOJIb30BATENI0 BBIOMPATh ONHO WM OOJiee YCJIOBHH 3amyCka Ha OCHOBE pPsiia PasIMYHbIX
nepeMeHHbIX 00padotku (Hanmpumep, TpurrepHoe ycnoBue Ha ocHoBe IDKK; Tpurrepnoe
yCJIOBHE Ha OCHOBE JIAKTaTa; TPUITEPHOE YCIOBHE HA OCHOBE CKOPOCTH POCTA KJIETOK; U T. 11.);
A7 BBOJA JKEJIAEMOIO 3HA4YEeHUs U1 MCHOJb30BAHMSI B KayeCTBE 3aJaHHOTO 3HAYECHUs
BEJIMYMHBI B TPUITEPHOM YCJIOBUH (HampuUMep, 3Ha4eHUs1 TpUrrepa Ha ocHose neneBoil [DKK;
MUHHMAJBHOTO VPOBHS JIAKTAaTa, MAaKCHMaJbHOH CKOPOCTH pPOCTa KIETOK U T. 1), H
peryJupoBaHus OOHOTO WK Oojiee 3aaHHBIX TpUTrTepHbIX 3HaueHud. ACU 155 nomxkeH ObITh
crioco0eH pearnpoBaTh HAa W3MEHEHHE OJHOro WiM OoJjiee 3aaHHBIX TPUITEPHBIX 3HAYCHUH,
9YTOOBI PETYJIUPOBATH YCIOBHS, IPU KOTOPBIX 3aITyCKAETCS ABTOMATHYECKAs! HHOKY JISLHS.

B mepBoM mpomecce B cHCTeMe IOCEBHBIX (DEPMEHTEPOB CIEKTpPAJIbHBIE JaHHbIC
KOMOMHAIIMOHHOTO  pAacCesHUs] HCIONb30BAINCh Ul CO3JaHUS MHOTOMEPHOM MOJENH,
OCHOBAHHOW Ha 3HAYEHMSX MU3MEPEHHUH NEePEMEHHBbIX mpouecca B auanaszoHax 450-1800 cv! m
2600-3100 cM', 3a MCKIOUeHHEM 3HAYeHHiT M3MepeHuii B amanazoHe 1800 < x < 2600 cm™.
[TapanienbHO CO CIEKTPAJbHBIMH H3MEPEHUSIMH KOMOHMHAIIMOHHOTO paccesiHus ObUIM TaKke
IPOBEICHbI ABTOHOMHbBIE CIIEKTPaJIbHbIE H3MEPEHHsI C UCIIONIb30BaHUEM aHanu3aTopa BioProfile
Flex®. CrniexTpanpHble M3MEpEHHsI KOMOMHALIMOHHOT'O pacCestHusl MPOBOAMINCH Kakable 15-60
MHUHYT, TPH 3TOM H3MEpPEHHs NMEePEeMEHHBbIX aBTOHOMHOIO Ipollecca MPOBOAMINCH OIUH pas
npubMu3uTeNnbHO Kakable 4 yaca, 24 wyaca, 48 wacoB um 72 wyaca TmOC/€ BBEISHHS
KPUOKOHCEPBHPOBAHHOIO 3amaca KIETOK B pacmupurenbHyro kamepy 1100 Ha @ur. 5
NPOWJIIIOCTPUPOBAaHbl JAaHHBIE ABYX CHEKTPalbHbIX H3MepeHuil BMmecTe ¢ ueneod IDKK
(4.0x10° kyetok/mu) auist HHOKYJIsILIH GropeakTopa 140.

Kak BupHO Ha @ur. 5, nBa HaOopa CHEKTPAJbHBIX JAHHBIX OBUTH OTHOCHUTENBHO
COIJIACOBaHbl JIPyr C JPyroM Ha 24-4acoBOHW OTMETKE, YTO COOTBETCTBOBAJO BTOPOMY
ABTOHOMHOMY H3MEPEHHIO, XOTS Hadajl pPaCXOAUTbCA NPUOTU3UTENPHO Ha 32-9acoBOM
oTMeTKe. XOTs 1Ba Ha0opa JaHHBIX CHOBA CXOISTCA NMPUOIU3UTENBPHO Ha 72-4acOBOI OTMETKE,
COOTBETCTBYLIEH YETBEPTOMY AaBTOHOMHOMY H3MEPEHHIO, HaOII0MaI0Ch MaKCHMAJbHOE
CMEIeHNe, COCTaBJISIIOIEe MPUOIU3UTEITHEHO 2,O><lO6 KJIETOK/MJT TIpu OKOJIo 48-4acoBoi
OTMETKE, COOTBETCTBYILEH TPETbeMy AaBTOHOMHOMY H3MEPEHHUIO. JTO CMELIEHUE SBISIETCS
3HauuTenbHbIM. Hanpumep, npu Hauenusanuu 1DKK Ha nHOKynsAnmo 4,0x10° kerok/mu, eciu
61 ACU 155 mnonarancs Ha CHEKTpajbHble JaHHble KOMOWHAIIMOHHOTO PpacCesHus,

aBTOMaTH4ecKass MHOKYJALUs Omopeakropa 140 mpoucxonuna Obl mpuOIU3UTENBHO depe3 44
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yaca. OJHAaKO, OCHOBBIBasCb HAa aBTOHOMHBIX CIHEKTPAJbHBIX JaHHBIX, aBTOMAaTHYeCKas
UHOKyIsAusl 4epe3 44 daca Oputa Obl mpexneBpemeHHoi, Tak kak IDKK B 310 Bpems
axTHUeCKH cocTaBisuIa Obl IpUOMMBHTENHHO 2,5%10° KIeTok/Mi. BMecto sToro, mpeamonaras,
YTO aBTOHOMHBIE CIIEKTPalbHbIE JaHHbIE TOYHBI, LeneBoe 3HadyeHue IDKK nnsa nHokymsanuu He
Oyner MOCTHrHyTO NPUOIM3UTENBHO BILUIOTH A0 60 uyacoB. Takum oOpa3oMm, aBTOMaTHYECKas
MHOKYJISILMST HAa OCHOBE CIIEKTPAJIBHBIX JAHHBIX KOMOMHALIMOHHOTO pAacCesHUs Morjia Obl
npousoiTu npu cydonrumanbaoit [DKK, 4To MOrjio Obl MPUBECTH K CYLIECTBEHHOMY CHIKEHHIO
MIPOU3BOAUTENBHOCTH TPOU3BOACTBEHHOTO MpOoLecca.

Cwmermenune, Hampumep, Ha @ur. 5, MoxxeT ObITh NMPOONEMATHYHBIM IJii TOYHOH U
HaNIeXKHON WHOKyJsiuu OuopeakTopa. Hampumep, ecnm mmeercss OmmOKa B CIEKTPATbHBIX
JaHHBIX KOMOHMHALIMOHHOTO pAaCCEesIHHUs, TO aBTOMATHUYeCKas WHOKYJSIUS MOXET OBbITh
BBINTOJIHEHA CJIMIIKOM paHo, 10 ¢aktuueckoro noctwkenns ontumanbHoii [DKK. C npyroii
CTOPOHBI, €CIIM HU3MEPEHHUs] MEPEMEHHBbIX MPOLIECCa B ABTOHOMHOM PEKHUME BBINOJIHSAIOTCA
TOJIbKO OJMH pa3 B HECKOJbKO YacCOB, TO HMHOKYJSIIHMS BPYYHYIO MOXKET OBITh BBINOJHEHA
CJIIMILIKOM MO3[HO, Hampumep, KOrja MHOKYJSILUS BPYYHYIO HE BBINOJHsETCA Ha 48-4acoBOH
ormertke, ecnu [DKK Hmke neneBoro 3HaueHus (kak Ha Pur. 5), 1 BMECTO 3TOTO BBIIOJIHSAETCS
Ha 72-4acoBoii oTMeTke rocie npesbimenus uenesoi IDKK (Pur. 5).

Ctpemsicb  MOBBICUTb TOYHOCTD M HAJEKHOCTb  CIEKTPaJbHBIX  H3MEPEHUM
KOMOWHAIIMOHHOTO pACCEesTHUs CBETAa, IPOBENN HCCIENOBAHME KJIETOYHON CTHMYJISILUH C
ucnosp3oBanueM cycrnensuu kierok CHO npu mectu pa3snuyHBbIX MIIOTHOCTSX, KAK YKA3aHO B

NPUBEAECHHON HIbke Tadmmue I:

Tabauua 1
MroTiocTs nenensix kaeTox (x10°) dakTHUeCKast l'l.]IOTHOCTb6K.]1€T0K
(NovaFLEX®, x10°)
1 1,03
4 3,85
7 7,68
10 9,39
13 13,09
16 15,65

CriexTpanpHble W3MEPEHUsT KOMOMHALMOHHOTO pACCesHHUsI MPOBONWIM JJIsl LIECTH
Pa3NMYHBIX IUIOTHOCTEH KIJIETOK B TPEX OHK3EMIUIIPAaxX, IOBTOPssI BpPEeMsl CKAHMPOBAHUS,
UCTIONIB3yeMOe IpU CcOOpe AAaHHBIX KOMOWHAIIMOHHOTO PACCEesIHHUS BOCXOJSINEr0 MOTOKAa, a
rpad ik MepeMEeHHOTo BIMsIHUA Ha nporHosuposanue (VIP) ncnonb3oBany aist onpeneneHus Tex
oOnacTeil JJNMH BOJIH CIEKTPAJbHBIX JaHHBIX KOMOWHAIIMOHHOTO pPACCEesTHHs, KOTOpbIE
HaOJF01alMCh, 9TOOBI KOPPENHUPOBATh CaMble CHIIbHBIE ¢ U3MEPEHUsIMH IUIOTHOCTH KieTok. U3

5TOr0 HccienoBaHust oomactu aiauH BosH 800-850 CM'I; 1260-1470 CM'I; 1650-1840 CM'I; u
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2825-3080 oM nmeHTHOULMPOBAIN KaK HanGojee TOUHO HH(OPMHPYIOIIHE O UIOTHOCTH
kJeToK (Pur. 6).

Ha @ur. 7 npouwuIIOCTPUPOBaHbl PE3YJIBTAThl CPABHUTEIBHOIO IIPUMEPA MEXIY
U3MEPEHUsIMH, TOJNYYeHHBIMH U3 JIByX HAOOpPOB CNEKTPAJIbHBIX MAAHHBIX, NPHYEM IEPBBIN
OCHOBaH Ha CIEKTPAJbHBIX M3MEPEHUSAX KOMOMHALMOHHOIO pAaCCEesHUs, BBIMOJIHEHHBIX B
COOTBETCTBUH C OOBIYHBIMH METOAAMH, & BTOPOW OCHOBAH HA CIIEKTPAIbHBIX H3MEPEHUSIX
KOMOMHAIIMOHHOTO PACCESHUsI, BBIMOJHEHHBIX B COOTBETCTBUH C MHHOBALIMOHHBIMH METOJAMHU,
¢ oboumu HaOOpaMH IaHHBIX, MOCTPOSHHBIMH OTHOCHTEIbHO ABTOHOMHBIX CIEKTPAJIbHBIX
naHHbIX. OOBIYHBbIE CIEKTPATbHbIE HW3MEPEHUS KOMOMHAILMOHHOTO PACCEsHUS MPOBOIUIA B

nuana3zoHax JuMH BoaH 450-1800 em’ w 2600-3100 cm! NP 5TOM HWHHOBALIMOHHBIE

>
CTHEKTPAJIbHBIE U3MEPEHHsI KOMOMHALMOHHOTO PACCEsTHUS TIPOBOAIIIN B AMANA30HAX JJIMH BOJIH
800-850 cm; 1260-1470 cm™; 1650-1840 cm'; 1 2825-3080 e, Kak MOKHO BHIETb, HECMOTPSI
Ha TO, 4ro o0a Habopa HaHHBIX KOMOWHAIIMOHHOTO PACCEsSHHUS TOKA3bIBAIOT HEKOTOPOe
OTKJIOHEHHE OT U3MEPEHUN B aBTOHOMHOM peXXMMe, U3MEPEeHUs], IPOBEIEHHbIE B COOTBETCTBUU C
OMMCAaHHBIMU B JAHHOM JJOKYMEHTE MHHOBAL[MOHHBIMH METOAAMH, ITOKa3aJld 3aMETHO MEHBLIYIO
W3MEHYHBOCTh OT 0Opasna k obpasiy.

B eme onHOM acrniekTe JaHHOTO H300PETeHNs, B IOTIOJIHEHUE K TOMY, YTO KOMITBIOTEPHAS
cucremMa 150 coxpaHsieT CHPOrHO3UPOBAHHBIM TEXHOJOTMYECKUHM NapameTp U3 MHOTOMEPHOU
MOZENN, KOMIBbIOTEepHas: cucreMa 150 MOXKeT COXpaHATb BPEMEHHOU psAll CIPOrHO3UPOBAHHBIX
TEXHOJIOTHYECKUX MapaMeTpoB B pacumputenbHol kamepe 110 nmubo B 6uopeakrope 140. Dot
BPEMEHHON psl MOXET TIIOABEPTaTbCsl METOAY INYMONOAABIEHHs, KOTOPBIH MOXKET OBITh
IIPOTHO3HBIM WM peTpocnekTuBHbIM. Ilpu Bxurouenun meropa mymononasieHus, ACU 155
MOXET MPENCTaBISITh COOOH PErpecCHOHHYI0 MOJENb C JIOKAJbHbIM B3BELIMBAHHEM, KakK B
nyomukauuu Cleveland, W.S., Robust Locally Weighted Regression and Smoothing Scatterplots.
Journal of the American Statistical Association, Vol. 74, No. 368 (1979): 829-836, xoropas
BKJIFOYEHA B TIOJHOM 00BEMe MOCPEACTBOM CChUIKU. Hampumep, BecoBast PyHKLUS MOKET OBITh
MOJIMHOMOM TISITOTO TOPSIZIKA, KOTOPBIM YMEHBILIAET aKIeHT Ha PaHHUX TOYKax B MakeTe U
NOJUEPKUBAET MOCeNHUe TOUKH. [Ipeapiaymuye 3HaHUsI AT CIIOCOOHOCTh HEMTOCPEICTBEHHOTO
BOCTIPUSATUSL TOTO, YTO POCT kieToK B N-1 sBisercs CUrMOMIAJbHBIM, YTO O3HA4aeT, UTO
cpenHsis OOJaCTh POCTa SIBJISIETCSl MPHUOTU3UTENBHO JUHEWHOW. JIOKaJlbHbIE PEerpecCHOHHBIE
MOJENId MOTYT OLIEHUBATh OTy JHUHEWHOCTb U OKCTPANOJHPOBATH Uil  OOHOBJICHUS
MPOTHO3UPYEMOI'0 BPEMEHU HHOKYJISILHMM, & TaKKe BBIMUCIATH BpEMsl MEXIY H3MEpPEeHUsIMHU,
KOTZla pacueTHOe 3HaueHHe mpouecca OyneT paBHO TPHUITEPHOMY 3HAYEHHIO. JTOT IMOAXON
YMEHBLIAET BAPHALMIO NMPEACKa3aHUsI OJHOTO M3MEPEHHS KOMOWHAIMOHHOTO PAaCCEesTHHs, Kak
NOKa3aHo Ha Pur. 8.

Xors naHHOE U300pETeHHE ONUCAHO CO CChUIKOM HAa KOHKPETHBIE BapUAHTHI
OCYIIECTBIIEHHs] U300PETEeHNUs, CIIEMATNCTaM B TAHHON OOJIACTH TEXHUKHU OyIeT MOHSATHO, YTO
NPELIECTBYIOLIEE PACKPBITHE OTHOCUTCS TOJBKO K TUIIOBBIM BapHaHTaM OCYLIECTBJICHMUS
n300peTeHus;, 4YTo 00BeM H300pETeHHsT HE OrPaHUYMBAETCA PACKPBITBIMH BapHAHTAMH

OCYHICCTBJICHU I/I306peTeHI/I$I; U 4TO 00BbeEM I/1306peTeHI/I$[ MOKECT OXBaTbIBaTb AOMOJIHUTCIBHBIC
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BapHUAHTHBI OCYHIECTBIICHUA I/1306peTeHI/I$I, OXBATbIBAIOIIIHE Ppa3JInvIHbIC HU3MEHCHUA u
MOIU(UKAIMA IO CPaBHEHUIO C IpPHMEPaMH, PACKPbITBLIMU B JaHHOM JOKYMEHTe, Oe3
OTKJIOHEHUs OT 00beMa M300peTeH s, ONPEAETICHHOrO B IpujiaraeMoii popmyJie H300peTeHus 1
€€ SKBUBAJICHTAX.

B Toli Mepe, B Kakoil 3TO HEOOXOAMMO Uil TIOHMMAaHMS WJIM 3aBEPLICHUS] PACKPBITHS
JTaHHOTO U300peTeHus, Bce MyOarKauuy, MATEHThl U NATEHTHBIE 3asBKH, YIIOMSIHYThIE B JAHHOM
JIOKYMEHTE, HEMOCPEICTBEHHO BKJIIOYEHbI B HErO MOCPEIACTBOM CCHUIKH B TOH K€ CTENEHH, KaK
ecyia Obl KaxXaasi U3 HUX Obl1a BKJIFOYEHA TAKHUM o6pa30M 10 OTACJIIBHOCTH. Hukakast JIMLCH3 U,
SIBHO BBIPAKEHHAs WJIM [OApasyMeBaeMasi, He MpeldOoCTaBJsIieTCsl JIoOOMYy MaTeHTY,
BKJIFOUEHHOMY B I[aHHbeI JAOKYMEHT.

HaHHOe I/I306peTeHI/Ie HE OIpaHUYCHO TUIOBBIMH BapHaHTaMH OCYLICCTBJICHHSA
I/1306peTeHI/I$I, IMPOUJLITIOCTPUPOBAHHBIMU B JaHHOM AOKYMEHTE, a BMECTO 3TOro

XapaKkTepU3yeTcs mpuiaraeMoit popmyioit n3o0peTeHust.
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®OPMYVYJIA H30BPETEHUA

1. Cucrema yripaBieHHsI TPOLIECCOM B CUCTEME ITOCEBHBIX (PEPMEHTEPOB, COAEpPIKALIA:

pacCLIMPUTENIbHYIO KaMepy AJis MOJIy4eHHs] HCXOJHOTO 3araca KJIETOK JUIsl pa3MHOKEHUs
10 ’KM3HECTIOCOOHON KIIETOUHOM KYJBTYPHI;

OuropeakTop, COOOLIAIOIIUICS MO TEKyded cpene ¢ PacUIMPUTENIbHOW KaMepou st
HOJTyYeHHUS] )KU3HECTIOCOOHON KJIETOYHON KYJIBTYPHI,

HAcOC Ui OCYLIECTBJICHUS IIEPEHOCA >KU3HECIIOCOOHOH KJIETOYHOH KyJBTYpBI U3
pacUIMpPUTENTPHONH KaMepbl B OMOpPEaKTOp uepe3 KaHajl COOOIIEHUs MO TeKy4el Cpeae Mexay
pacLIMPUTETFHON KaMepol U OHOPEeaKkToOpoM,

CIEKTPOMETP KOMOMHALIMOHHOTO PACCesIHUS, UMEIOIIUI 10 MEHbIIeH Mepe OUH AaTYUK
IS MOHUTOPUHIA IIpolLiecca pa3MHOXKEHMsI KJIETOK B  pacIIMPUTENbHOW Kamepe C
UCTIOJIb30BAHUEM CIIEKTPOMETPUH KOMOHMHALIMOHHOTO PACCEsHUS, NpPU 3TOM CHEKTPOMETP
KOMOWHAIIMOHHOTO PAcCesHUsI TMPUCIIOCOONeH /Il TeHEPUPOBAHMS CIEKTPAJIBHBIX JTaHHBIX
KOMOWHAIIMOHHOT'O PaCCesTHUS,

MHOTOMEPHYIO MOAENb, KOTOpass o00eCneunBaeT MPOTHO3HPOBAHUE TMEPEMEHHBIX
nporiecca Ha OCHOBE JAHHBIX CIEKTPa KOMOMHALIMOHHOTO PACCESTHUS, U

KOMIIBIOTEPHYIO ~CUCTEMY, MMEIOIIYI0 CHUTHAJIbHYIO CBA3b CO CIIEKTPOMETPOM
KOMOWHAIIMOHHOTO PAcCesHUS TSl IIpHeMa TaHHBIX CHEKTPOB KOMOMHAILMOHHOTO PACCEsHUS, U
CHUTHAJIBHYIO CBSI3b C HACOCOM JJISl YIIPaBJIeHUsT pabOTON Hacoca sl OCYIIECTBIICHUS ITEPEeHOCca
KU3HECTIOCOOHOM KJIETOYHOH KyJIbTYPhI U3 PACLIMPUTEIBHON KaMepbl B OUOpeaKTop,

OpU  3TOM  CIEKTPOMETP KOMOWHALIMOHHOTO  pacCesHUs NPUCIOCOONEeH s
I'€HEPUPOBAHUS CIIEKTPAJIbHBIX JAHHBIX KOMOWHAIIMOHHOIO PAacCEsHUs, MHOTOMEpHAasi MOJIENb
o0ecrieunBaeT MPOTrHO3MPOBAHHE OAHON MM OoNee MEePEeMEHHBIX MpoLEecca, a KOMIbIOTepHas
cucTeMa npucrocoOIeHa s CPaBHEHUSI H3MEPEHUH TIepeMEeHHbIX IpoLecca ¢ OHOH miu Oonee
3aJaHHBIMHU BEJIMYMHAMHU ITIPOLIECCA, YTOOBI OMPENeNnuTh, YAOBIETBOPSIOT JIM OJHO WM Oolee
3HAUEHUN U3MEPEeHUsI IEPEMEHHBIX MPoLIecca 3aJaHHOMY TPUTTEPHOMY 3HAYEHHIO, U

NPU 5TOM KOMIBIOTEpPHAsT CHCTEMa MPUCIOCOOJIeHA, TMOCHe OMpPEAENeHHs] TOrO, YTO
3HAYEHHE W3MEPEHUs] TMEePEeMEHHOW Mpolecca B CHEKTPAIbHBIX JAHHBIX KOMOWHAIIMOHHOTO
paccesiHUsl YAOBIETBOPSIET 3aJJaHHOMY TPUITEPHOMY 3HAYEHMIO, JJIsl YIIPABJICHUs] HACOCOM IS
BBINTOJIHEHHSI aBTOMATHYECKOTO MEPEHOCa 00BbeMa KJIETOYHOH KYJBTYpPbl M3 PACIIUPHTEIBHON
KaMmephl B OMOpeaKkTop.

2. Cucrema o m. 1, rae

KOMITBIOTEpHAsT cucTeMa 00pabaThiBaeT CHEKTpPaibHbIE IaHHbIE KOMOWHAIIMOHHOTO
paccesHusI, TOJYYEHHbIE OT CIIEKTPOMETpa KOMOHMHALIMOHHOTO PAacCesHUs, Ul CO3MaHUS
MHOTOMEPHOW MOJIENI OHON HITH OoJiee epeMEeHHbBIX MpoLecca.

3. Cucrema 1o 1. 2, rae

KOMIIBIOTEpPHAsl CHUCTEMa TeHepupyeT MOAeNb YaCTUYHONW perpeccud MeTOAOM
HauMEHbIINUX KBAJPATOB.

4. Cucrema 1o 1. 3, rae
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KOMITBIOTEPHAs] CHCTEMa aJanTHPOBaHA, MPU CPABHEHUU IMIPOTHO30B TMEPEMEHHBIX
nporecca U3 MHOTOMEPHOH MOJAENH ¢ ONHOHM Wiau OoJiee 3aJaHHBIMU TOYKAMH IPOLIECCa, IJIs
UCTIOJIb30BAHUSl 3HAYEHUN HW3MEPEHUN TMEePEeMEHHBIX IMpolecca M3 MHOXECTBA 3aJaHHbIX
BBIJICJICHHBIX 00JIACTEH CIIeKTPATbHBIX JAHHBIX KOMOWHAIIMOHHOTO PACCesHUSI.

5. Cucrema 1o n. 4, e

KOMITBIOTEPHAs] CUCTEMa MCMOJIb3YeT 3HAUEHUS] U3MEPEHMI NMEePEeMEHHBIX MpoLecca U3
CTHEKTPAJIbHBIX JTAHHBIX KOMOMHALMOHHOTO pacCesHusl B auana3oHax iuH BoyiH 800-850 CM'I;
1260-1470 cm'; 1650-1840 cv'; 1 2825-3080 cm'.

6. Cnioco® aBTOMATHYECKONH MHOKYJISILIMK OMOpEaKTopa ¢ MPUMEHEHHEM CHUCTEMBI IO TI.
1, BKITFOYAFOIITHH:

Pa3MHOKEHHUE 3araca KJIETOK B PaCIIUPUTEIbHOU KaMepe;

TeHePUPOBAHUE  CIEKTPaJbHBIX  JAaHHBIX  KOMOWHAIIMOHHOTO  pAacCesHusl  C
UCTIOJIb30BAHUEM CIIEKTPOMETPAa KOMOMHAIIMOHHOTO PacCesHUs IJIsi 0OecreYeHus] JaHHBIX IS
MHOTOMEPHOW MOJIeNIM, KOTOpasli MPOTHO3UPYeT OAHYy Wik Oojiee TepeMEeHHBIX mporecca
Pa3MHOKEHUS KJIETOK B PACLIMPUTENILHON KaMepe;

KOMITBIOTEPHYIO CUCTEMY, CPAaBHUBAIOIIYIO CIIPOTHO3MPOBAHHBIE MIEPEMEHHbBIE MTPOLIECCa
13 MHOTOMEPHOW MOJIEINU C 33JaHHBIMU TOUKaMH MPOLECCa B KOMITBIOTEPHOUN CUCTEME;

KOMITBIOTEPHYIO CHUCTEMY, VIPABJISIOLIYI0 HACOCOM JJIsi aBTOMATHYECKON WHOKYJISILUU
OuopeakTopa JKU3HECIIOCOOHOW KJIETOUHOH KYJIbTYpPOH W3 PACIIUPUTENIbHOW Kamephl, eCiH
KOMITBIOTEPHAsI CUCTEMa OIMPEAeIIeT, YTO OJHA WUJIM OoJiee CIPOTrHO3UPOBAHHBIX MEPEMEHHBIX
npolLecca U3 MHOTOMEPHOU MOJENH YAOBJIETBOPSIOT 3aJaHHOMY TPUITEPHOMY 3HAUEHUIO.

7. Criocob mo 1. 6, rae

3alaHHOE€ TPUITEPHOE 3HAYEHHe TpeAcTaBjisieT coOOl  3HA4YeHHE TIUIOTHOCTH
JKU3HECTIOCOOHBIX KJIETOK.

8. Criocob mo . 7, re

3aJJaHHOE€  TPUITEPHOE 3HAYEHHE YCTAHABJIMBAKOT HA  3HAYEHWHU  IUIOTHOCTHU
JKU3HECTIOCOOHBIX KJIETOK, KOTOPOE PaBHO WJIM HAXOAWTCs B auamasoHe -10% oT 3amaHHON
1[EJIEBOM TUIOTHOCTH JKU3HECTIOCOOHBIX KJIETOK.

9. Crtocob o 1. 6, rae

3aJaHHOE TPUTTEPHOE 3HAUEHHUE TIPECTABIISIET COOOH 3HAUYEHNE YPOBHSI JIAKTATA.

10. Criocob mo . 9, e

3aJIaHHOE TPUITEPHOE 3HAUEHHE YCTAHABIMBAIOT HA 3HAYEHUH YPOBHS JIAKTaTa, KOTOPOE
PaBHO WM HaxoauTCs B auamna3oHe +10% oT 3a1aHHOr0 MUHUMAJIBHOTO YPOBHSI JIAKTATa.

11. Crioco0 mo m. 6, rae

3aJaHHOE TPUTTEPHOE 3HAUEHHE MPEACTABISIET CO00M mporHo3upyemyro moxaes [IDKK.

12. Cmocob mo m. 11, re

3a/JaHHOE TPUITEPHOE 3HAYEHUE YCTAHABIUBAIOT HA 3HAYEHUH MPOTHO3UPYEMON MOJENU
IDKK, koTropoe paBHO WM HaXOAUTCS B Auamnasone - 10% ot 3aaHHOM MakCUMaJIbHON CKOPOCTH
pOCTa KJIETOK.

13. Crioco0b mo m. 6, rue
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KOMITBIOTEPHAsT CHUCTEMa COXPaHsET IIePBO€ 3aJaHHOE TPUITEPHOE 3HAYEHHE Ha
OCHOBAHMHU 3aJaHHOH IUIOTHOCTH >KHU3HECIIOCOOHBIX KJIETOK M COXPAHSET BTOPOE 3aJaHHOE
TPUITEPHOE 3HAYEHHE HAa OCHOBAHWU 3alaHHOW IEPEeMEHHONW OO0pabOTKH, OTIUYHOM OT
IUIOTHOCTH KU3HECIIOCOOHBIX KJIETOK, U

KOMITBIOTEPHAs CHCTEMa MPUCTIOCO0IEHA ISl YIPABJIEHHS HACOCOM ISl aBTOMATHYECKOH
MHOKYJIILMM OHOpeakTopa >KU3HECHOCOOHOH KJIETOYHOW KyJNBTYPOH W3 PaCIIMPHUTENbHON
KaMephl, €CJIM KOMIIBIOTEPHAsl CHCTEMa OIpeAeNsieT, YTO CIPOrHO3UPOBAHHAs IEpeMeHHas
nporecca M3 MHOTOMEPHOW MOJENH YIOBJIETBOPSIET MEPBOMY JIMOO BTOPOMY 33JaHHOMY
TPUTTEPHOMY 3HAYCHHUIO.

14. Crioco0 mo 1. 6, rue

BTOPOE 33/IaHHOE TPUTTEPHOE 3HAUCHUE TPEICTABIIACT COO0M 3HAUSHHNE YPOBHS JIAKTATA.

15. Crioco0b mo m. 6, rue

3aJJaHHOE TPUITEPHOE 3HAYEHHWE MpPENnCcTaBiseT CcoOOM  3HA4YeHHWE  MOJENH
nporuosupyemoi IDKK.

16. Crioco0 mo m. 6, rue

KOMITBIOTEPHAsI CHCTeMa O0pabaTbIBaeT CIEKTPAJIbHBIE NaHHblE KOMOWHAIIMOHHOTO
paccesHusl, TOJIy4eHHbIE OT CIIEKTPOMETpPa KOMOHMHALIMOHHOTO PAacCesHUs, Ul CO3MaHUS
MHOTOMEPHOW MOJENu OAHOH wiu Oojiee MEepPeMEHHBIX Ipolecca M MOJy4aeT 3HAuYeHHs
U3MEPEHUI TePEMEHHBIX IMpolecca W3 MHOTOMEPHONW MOIENIM Ul CPaBHEHHs C 3alaHHBIM
TPUITEPHBIM 3HAUEHHEM.

17. Criocob o m. 16, rae

KOMITBIOTEPHAsE CHUCTEMAa TEHEpUpyeT MOJeNb YacTUYHOH perpeccud MeTOAOM
HANMEHBIINX KBaJPaTOB.

ITo noBepenHoCcTH
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