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10 TEKy4eH cpele, ecii KOMITBIOTEpHAsl CHCTeMa OIPEASNsAeT M3 JAHHBIX CIIEKTpa KOMOMHAIMOHHOTO
paccesiHus1, 4YTO MPOU3O0LIIO OJHO WK OOJIee 3aJaHHBIX TPUTTEPHBIX COOBITHH.
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OINIMCAHHUE U30BPETEHUA
2420-578441EA/032
CUCTEMBI 1 CHOCOBBI ABTOMATHYECKON HHOKY.JISIIIUA B CHCTEME
HNOCEBHBIX ®EPMEHTEPOB U CIIOCOBbLI TPOU3BOJCTBA

ITEPEKPECTHA CCbIJIKA HA POACTBEHHBIE 3AABKH

B Hacrosiieli 3asBKe UCIPALINBAECTCS IPEUMYLIECTBO U MPUOPUTET MO NPEABAPUTENBHON
3asBke Ha mateHT CIIIA Ne 62/925,940, nomanHo# 25 okTsi0pst 2019 r., U, rue 5To AOMYCTUMO,
OHa BKJIFOUEHA MOCPEICTBOM CChUIKH B MOJHOM O0BEME.

OBJIACTh TEXHUKHU, K KOTOPOM OTHOCUTC A U30BPETEHUE

Uzo0pereHnsi, OXBaTbIBAEMbIE IaHHBIM JOKYMEHTOM, BKJIIOYAIOT OHOPEaKTOPHBIE
CHUCTEMBl M CIOCOOBI MOHHMTOPWHTAa W VIPABICHUS TPOLIECCOM B CHCTEME IOCEBHBIX
(epmeHTepoB B OHMOpeakTopHOH cucteMe. KOHKpeTHBIE BAPHAHTBI OCYLIECTBICHHUS N300pETeHUs
JOTOJHUTENBHO BKIIFOYAOT OHOPEAKTOPHbIE CHCTEMBl, KOTOPbIE BKIOYAKOT CIIEKTPOMETP
KOMOMHAIIMOHHOTO PAacCesHUs, M CIOCOOBI, B KOTOPBIX HCIIOJNB3YETCS CHEKTPOCKOIUS
KOMOMHALIMOHHOTO PAaCCesHUs, JJII MOHUTOPHHIAa M VIPABICHHS TMPOLECCOM B CHCTEME
MOCEBHBIX (DePMEHTEPOB.

YPOBEHb TEXHUKU U30BPETEHU A

TepaneBTudeckre aHTUTENA U, B YACTHOCTH, MOHOKJIOHaIbHBbIe aHTuTeNna (MAT), cranu
B)XHBIM MHCTPYMEHTOM COBPEMEHHON MEIULIMHBI IS pa3pabOTKH IeNeBbIX OENKOB, KOTOPbIE
MOTYT OBITH HCHOJB30BAHBI JJIsI JIEUEHHs INHPOKOTO CHEKTpa 3a00JeBaHMM, BKIIOYAs pak H
ayTOMMMYHHbIE 3a00JIeBaHUS.

IIpencraBnsromue HHTEpEC LeNeBble O€NKH MNPOAYLUPYIOTCA KIETOYHOW JIMHUEH,
KOTOpasi pa3MHOXAETC U3 HCXOAHOTO KPUOKOHCEPBHPOBAHHOIO 3amaca KIJIETOK C
UCIIOJIB30BAHHEM IIPOLIecca B CHCTEME IOCEBHBIX (PEpMEHTEpPOB B TeueHHe OMHOH mim Oosee
CTaaAui 10 TeX MOp, MOKa He OyAeT JOCTUIHYTAa 3a/laHHAs IUIOTHOCTD JKU3HECIIOCOOHBIX KJIETOK
(IDKK), mocne bero pa3MHOXKEHHBIH 3amac KJIETOK 3aTeM BBOAST B IPOU3BOICTBEHHBIN
OuopeakTop sl HHOKYJISILMU COAEpPIKAIIECs B HEM KYJIbTYpasibHOU cpeabl. [locie MHOKYIALUH
KJIETOUHAsI KYJIbTypa MPOIOJIKAET PacTH B OMOpPEaKTOpe O TeX IMOp, MOKa LEJeBOH OeoK He
SKCIPECCUPYETCS B JKEIAEMOM KOJIMYECTBE, MOCJE Yero MOXKeT ObITh COOpaHa KyJbTypasbHas
JKUIKOCTD, a LIEJIEBOM OEJI0K MOKET ObITh BBIZECIEH U OUYHIIEH.

TpanuimoHHBIE MPOLECCHl B CHCTEME IMOCEBHBIX (PEPMEHTEPOB BKIIIOYAIA HECKOJIBKO
CTaaul POCTa U Pa3MHOKEHUs KJIETOK MEXIy MCXOJHBIM KPHOKOHCEPBHUPOBAHHBIM KJIETOUHBIM
3amacoM W KOHEYHOW Tmpoaykuueil  OuopeakTopa, C  HCIOJB30BAHHEM  COCYZIOB
yBeJIMUYUBAIOLErocss  pasMepa. B paHHux  mpoueccax — NepBOHA4albHBIA  3amac
KPHOKOHCEPBHPOBAHHBIX KJIETOK MOT OBITh YBEJIMYEH B HECKOJBKO CTAaIui, KOTOPbIE MOTYT
BKJIFOYATh, HAmpuUMep, OAHYy WM Oomnee KOO 1l BCTPSIXUBAHUS, OAWH wWid Oonee
BPALIAIOIINXCS 3JIEMEHTOB, OIWH WM Oojee OmHOpa3oBbIx OmopeakTopoB ¢upmbel WAVE
Biotech u omny wnm Oonee pacmupuTenbHbIX kamep ansd noctwkeHus 3amanHoi IDKK mns
MHOKYJISILUN B NMPOM3BOACTBEHHBbIN Ouopeaxkrop. CoBceM HemaBHO Obutn paspaboTanbl Oonee

3¢ eKTUBHBIE POLIECCCHI B CUCTEME TIOCEBHBIX (PepMEHTEPOB I AOCTIoKeHUs 3aaanHo IDKK



3a MeHblee KomuuecTBo cranuil. OgHAKO COBPEMEHHBIE IMPOLIECCHl MO-TIPEXKHEMY TPeOYIOT
pPa3MHOXXEHUsl KJIETOK II0 MEHbIIEH Mepe dYepe3 OAHY paCIIUPUTENIbHYIO Kamepy Il
noctwkennst 3amanHoil IDKK mepen wHOKymsiumed KyJnbTypanbHOH cpeabl B OHOpEaKTop
KOHEYHOU NMPOAYKLIUH.

B menom, KOHeuHass KOHLEHTpauusi LEeJeBOro Oenka MOXeT ObITh yBeIHuYeHa, a
OJHOPOJHOCTb TIOKa3aTejel KayecTBa OT NAPTHMH K MAapTHM MOXET ObIThb CHU)KEHA B
IPOU3BOJICTBEHHOM OHMOpEaKTOpe ¢ MCIIOJNIb30BAHMEM MHOKYIISITA, Meromero Takyro ke TDKK.
Opnako cymectByer nauana3oH IDKK wuHOKysnsTa, KOTOpBI NPHUBOAUT K 3aJaHHOU
NPOM3BOIUTENBHOCTH Onopeakropa. Hampumep, cimmrkom Huskuii ypoenb IDKK unOKynsTa
MOYKET MPPUBECTH K HEXENATeIbHOMY MeTab0JIM3MY JIAKTATHBIX KJIETOK, a CJIMIIKOM BBICOKUH
ypoBeHb IDKK mHOKyJsITA MOXET NMPUBECTH K CHHXKEHUIO POCTa KJIETOK B IMPOU3BOACTBEHHOM
OuopeakTope U3-3a BbIXOA KJIETOK U3 (ha3bl SKCIIOHEHIIHATBHOTO POCTA.

HexenarenbHblil MeTaOONM3M JIAKTATHBIX KJIETOK M 0oJjiee HU3KUH POCT KIETOK B
NPOM3BOJCTBEHHOM OHMOPEAKTOpE MPHUBOAST K TMOJYYCHUIO OOJiee HU3KHX KOJUYECTB LIEJIEBOTO
Oenka, 4eM MOrJIo Obl OBITh TIOJYYEHO U3 3TUX KIJIETOK, W, CIENOBATEIbHO, PUPABHUBAIOTCS K
noTepe NPOM3BOAUTEIBHOCTH U o0meMy CHIDkeHuro 3¢ddexruBHoctn mnponecca. Takum
o0pazom, kenaTesbHO, YTOOBI Pa3MHOKEHHUE KIIeTOK pocio o 3ananHoi IDKK, uro mpusogut k
KEJAeMOMY MeTaOOJNIM3My JIAKTaTHBIX KJIETOK B IPOM3BOACTBEHHOM OHOpeakTope u
NOA/IEP’KUBAET SKCIIOHEHIIMANBHBIH POCT KIJIETOK, W YTOOBI NPOU3BOACTBEHHBIN OHOpeakTop
MHOKYJIMPOBAJIM KaK MOXKHO CKOpee nocie noctmxenus 3aganaon IDKK.

Cnenyer nmoHumartb, yto uLeneBoi nuanasoH IDKK Oyner BappupoBaTbest OT OJHOM
KJIETOYHON JIMHUU K APYroil B 3aBUCUMOCTU OT CBOMCTB Pa3HbIX KJIETOYHBIX JuHUI. OgHAKO
BO3HMKAET AOINOJHUTEJbHAS CJIOKHOCTb, CBS3aHHAsA C TEM, YTO PA3MHOXEHUE KIJIETOK MOXKET
TaKKe Pa3IM4YaThbCsl MEXKIY OTAEIbHbIMH HPOM3BOACTBEHHBIMH LHKJIAMHU OOLIEH KIIETOYHOM
JMHUM W3-32 Pa3IMYUil B KyJbTYPaJbHOH cpere M Ipyrux paboumx ycioBusx. B pesynbrate
STOrO BpPEMsl MHOKYJSILUHM TMPOM3BOACTBEHHOIO OHOPEAaKTOpa TOCJe PAa3MHOMKEHHs KIIETOK B
pacmMpuTenpbHON kamepe 10 3ananHoro 3HadeHus IDKK moxer BappupoBaThCs.

Hecmotpss Ha MHOTrOYHCIEHHBIE JOCTHXKEHUS, MOJIYUYeHHbIE K HACTOSIIEMy BPEMEHU B
JaHHOW O00JaCTH TEXHHUKH, OCTAeTCsl MOTPEeOHOCTh B JaJIbHEHIIEM COBEpPLICHCTBOBAHUU
NPOLIECCOB B CHUCTEME MOCEBHBIX (DEPMEHTEPOB ISl AATbHEHIIEr0 COBEPIIEHCTBOBAHHS YPOBHSI
TEXHUKH W  TIOBBbIIEHHS MPOU3BOAMTENBHOCTH B  LenoM. B kadectBe  onxHOro
HEOTPAaHMYHUBAIOIIETO TpPUMepa MOXKHO CKa3aTh, YTO YPOBEHb TEXHHUKH BBIUTPAT OBl OT
YCOBEPLICHCTBOBAHUN, KOTOPbIE OOJErdar0T WHOKYJILUIO MPOU3BOACTBEHHOIO OHOpEaKTopa
MOCJIe pa3sMHOKEHUS KieTok A0 3aaaHHon [DKK.

CYINHOCTDb U30OBPETEHUA

JlanHO€ M300peTeHne OTHOCHTCS K CHUCTEMaM U crocodaMm, B KOTOPBIX HCHONB3YIOTCS
MHCTPYMEHTHI mpoueccHo-aHamuTudeckoi TexHonoruu (PAT) tools m PAT agmuamcTpatop
6a3bl 3HaHMN (Knowledge Manager) nist obecrieueHust CTpaTeruii MOHUTOPHHTA M YIIPABIIEHHS
IUI TIOBBIIIEHUS] COTJIACOBAHHOCTU Mpolecca. B ogHOM acmekTe, CUCTEMBI U CHOCOOBI IO

JAHHOMY H300pETEeHHMI0 YMEHBIIAIOT 3aBUCUMOCTb OT PYYHBIX OMNEpalyil Ui MOJy4YeHUs U



NPOBEPKH aBTOHOMHBIX OOpPa3LOB AJIsi MOATBEPKACHHS LEJNEeBbIX IUIOTHOCTEH KJIETOK U Ui
WHULMUPOBAHMS TMEPEHOCa KIETOYHOH KYJBTYPhl MEXAy OHOpPEeakTOpaMH, HAmpumep, IMpH
MHOKYJISILIMU KOHEYHOT'O MPOM3BOACTBEHHOTO GropeakTopa. CeKTpOCKONusi KOMOHMHAILIMOHHOTO
paccesiHUsl UCIOJIb3YeTCsl B COYETAHWU C MPOTrPAMMHBIM OO€CIeYeHUeM JUIs YIpaBIeHHS
nanHbiMH  PAT, uToObl o0ecnednTbh HENnpepbIBHbI MOHUTOPHHI KJIETOYHOTO pOCTa H
ABTOMATHYECKHH TEPEHOC KJIETOYHOH KyJBTYPBl MEXIY ABYMsI COCYJaMH NpPHU OOHAPYKEHHU
3aJaHHOTO TPUITEPHOrO CcOObITUS (Hampumep, Koraa OOHapyKeHa LejeBas IUIOTHOCTh
JKU3HECTIOCOOHBIX KJIETOK).

Cucrembl, TpPEACTaBICHHbIE B JaHHOM JOKyMeHTe, pabOTaroT IJii MOHUTOPHHTA
KJIETOYHOH KYJbTYpPbl B pACIIMPUTEJbHOW KaMepe C KCIOJIb30BAHUEM CIIEKTPOMETPA
KOMOMHAILIMOHHOTO pPacCesHUsi M YIpPaBIeHHs] WHOKYJSIIUEH MPOM3BOACTBEHHOTO OHMOpeakTopa
UHOKYJIATOM M3  pACLUIMPUTENbHOW  KamMepbl HAa  OCHOBE  CIEKTPAJIbHBIX  JIaHHBIX
KOMOMHAIIMOHHOTO paccesiHus. B HEKOTOPBIX MpHMepax cxema yrpaBJIeHUs] CHCTEMOM BKIIFOYAeT
ABTOMATHYECKYI0 HHOKYJISILMIO TMPOW3BOACTBEHHOrO OHOpeakTopa ¢  HCIOJb30BAHUEM
BCTPOSHHOTO HACOCa Ha OCHOBE OMpPEIENICHUS TOTO, YTO KYJbTypa KJIETOK B PACIOJIOKEHHOM
BBILIE MO MOTOKY PACLIMPHUTENbHON Kamepe (HampuMep, B PACIOJIOKEHHOM BBILIE MO MOTOKY
OWopeakTope OTHOCUTENBHO MEHbIIEero o0beMa) AOCTUTNIA 3aJaHHOTO YPOBHSI IUIOTHOCTH
xu3Hecniocobnbix kietok (IDKK). Takue cuctembl U criocoObl MOTYT OBITh HCIOJNB30BAHBI B
OTHOIIEHHU KJIETOYHBIX KYJBTYp, KOTOpPbIE BKJIOYAIOT KIETKH MJICKOMHMTAIOIINX, HAIpPHMED,
KJIeTKH sinuHuKa kurtaiickoro xomsiuka (CHO), mpuyem kiieTouHasi KyJbTypa MOXKET ObITh
KYJbTUBUPOBAHA C  MOJIy4EHHEM  OENIKOB, KOTOpble  BKJIOYAIOT  aHTUTENd,  HX
AHTUTE€HCBSI3bIBAIOLINE (PPArMEHTBI WIIN CIIUThIE OeNKH.

Cucremsl, MPUBEACHHBIE B TAHHOM JJOKYMEHTE, TaK)Ke MOTYT BKJIIOYATh OJUH WK Oonee
IPOLIECCOPOB,  CBSA3aHHBIX C MALIMHOYMTAEMbIM HOcUTeNneM (nanpumep, (HU3NUECKYIO
HHEPrOHE3aBUCUMYIO IIAMSATH), B KOTOPOM XPaHUTCS IPOTPAMMHBIHA KOJ| JIJIsI BBIITOJHEHHUS] OZTHUM
win OoJyiee mporeccopamu, 00eCTeYNBAIOIIMK MOyYeHUe CUCTEMOW maHHbIX, BKjrodas [DKK
KJIETOYHOM KYJBTYpbl, OT CIEKTPOMETpAa KOMOHMHALMOHHOIO pAacCesiHUsl CBeTa, W JUIs
BBITIOJTHEHHSI HHOKYJISILIUH MPOU3BOCTBEHHOI'O OMOPEaKTOpa Ha OCHOBE CIIEKTPAbHBIX HaHHBIX
KOMOWHAIIMOHHOTO paccesiHusl. [IporpaMMHBIA KON, XPAHSIIMHACS Ha MAIIMHOYUTAEMOM
HOCHTEJNIE, MOJKET OBITh JOMOJIHUTEJIbHO BBIMOJHEH C BO3MOJKHOCTBIO HCIOJb30BAHHS OIHOMN
win OoJiee MHOTOMEPHBIX MO, HanpUMep, MOJAEIH YaCTHYHON perpecCud HauMEHBIIUX
KBQJPATOB, [UIsi MHTEPNPETALH CIOSKTPAJbHBIX JaHHbIX KOMOHHALMOHHOTO pacCesHHUS.
[TporpaMMHBIii KO MOKET OBITh JOMOJHUTENBHO BBITIOJIHEH C BO3MOKHOCTBIO YIIPABJICHUSI
CHCTEMOW JJisl BBITIOJIHEHUSI OJHOTO Wik Oojiee MeTOIOB 0OpabOTKH CHTHAJIOB B OTHOLIEHHH
CMEKTPAJIbHBIX JAHHBIX, HAPUMED, METOAA YMEHBLICHHUS LIyMa.

Cucrembl, pacKpbITbie B IaHHOM JIOKYMEHTE, NpeIHa3HAYeHbl IJisi MOHUTOPUHIA M
YIpaBJIeHUS] TPOLECCOM B CHUCTEME TMOCEBHBIX (PEPMEHTEPOB U MOIYT  BKJIFOYATh
PACIIMPUTENBHYIO KaMepy [UIs PHUeMa HCXOIHOTO 3araca KJIeTOK Ui PAa3MHOXEHUs! B KYJIbTYpe
JKM3HECTIOCOOHBIX KJIETOK; OHOpeakTop, COOOLIA0IUICS M0 TeKy4Yel cpefe ¢ paclIMpUTEIbHON

KaMepol JUIsl TIOJNYYEHHs] JKU3HECNOCOOHOW KJIETOYHON KYJbTYpbl, HAcoC Uil IepeHoca



YKU3HECTIOCOOHOH KIJIETOYHOW KyJNBbTYPhl M3 PACIIMPUTEIBHON KaMepbl B OHOpEakTop dYepes
KaHaJ COOOIIEeHHs MO TeKy4deH cpene MexkIy pacIIMpUTENIbHOW KaMepoil M OHMopeakTopoMm;
MHOTOMEPHYIO MOJIENb Il KOPPEJSALUH CIIEKTPAJIbHbIX JAHHBIX KOMOMHALIMOHHOTO PACCESHUS
C ONHOM miu OoJiee MepeMEHHBIMU TPOLIECCa PA3MHOKEHUS KJIETOK B PACLUIMPUTENIHON Kamepe
C HCIOJb30BAHHEM CIEKTPOMETPHU KOMOMHALIMOHHOTO PACCESHHs, MPU 3TOM CIIEKTPOMETP
KOMOMHAIIMOHHOTO PACCesTHUS TMPHCIOCOOJIEH I TeHePHPOBAHMS CIEKTPAIbHBIX JaHHBIX
KOMOMHAIIMOHHOTO PAaCCEsHUS, U KOMITBIOTEPHYIO CHCTEMY, UMEIOLIYI0 CUTHAJIBHYIO CBS3b CO
CIIEKTPOMETPOM  KOMOMHAIIMOHHOTO  pacCesHUsl Uil TNpUeMa CIEKTPAIbHBIX  JTaHHBIX
KOMOWHAIIMOHHOTO PACCEeSTHMsSI, W CHUTHAJIBHYIO CB3b C HACOCOM JUIs yIpaBjieHus paboToi
Hacoca JUIsI OCYLIECTBIIEHHsI TepeHOca JKM3HECIOCOOHOW  KJIETOYHOH  KYJNBTYpBl U3
pacuIMPUTEIHbHON KaMepbl B OMOPEaKTop.

CrnexTpoMerp KOMOWHAIIMOHHOTO pPAacCesTHUs MOXKeT OBITb TNpHUCTIOCOONIeH st
T€HEPUPOBAHMSI CIIEKTPAJIBHBIX JAHHBIX KOMOWHAIIMOHHOTO PACCEsTHUS, MHOTOMEpHAsi MOJEIb
COTIOCTABIIIET CIIEKTPAJbHBIE JaHHbIE KOMOMHALIMOHHOTO pAacCestHUs C ONHOW wuim Ooiee
NEPEMEHHbIMHA TIPOIIECCa, a KOMITBIOTEPHAsT CHUCTEMa MOXeT ObITh NPHCIOCOONeHa s
CpaBHEHMs 3HAYCHUH HM3MEPEHMs NEePEMEHHBbIX Ipolecca ¢ ONHOH wimu Oonee 3alaHHBIMU
BEJINYMHAMH TIPOLIECCa, YTOOBI OIMpPENENUTh, YAOBIETBOPSAIOT JH OJHO WM Oojiee 3HAYCHHId
U3MEpEeHMsI TMEePEMEHHBbIX IpoLecca 3aJaHHOMY TPUITEPHOMY 3HaueHHo. B cayuae, eciu
KOMIIBIOTEPHAsI CHUCTEMa OIpeAeNsieT, 4YTO pe3yJbTaT H3MEpPEeHMsl NEepPEeMEeHHON mpolecca B
CTHEKTPAJIbHBIX JAHHBIX KOMOWHAIIMOHHOTO PACcCesHUS YAOBIETBOPSET 3alaHHOMY TPUTTEPHOMY
3HAUEHUIO, CUCTEMA YNPABIEHUs JAeT HACOCY KOMAHIy BBIIOJHUTb aBTOMATUYECKUN NEPEHOC
o0beMa KIJIETOYHOH KyJbTYpbl U3 PACIIUPHUTEIBHON KaMepbl B OMOPEaKTOp, TaKuM 00pasoM,
aBTOMATUYECKH WHOKYJIHPYS KYJBTYPaJbHYIO Cpely B OHOpeakTope KyJbTypOoH KIETOK U3
PacCIIUPUTETBbHON KaMephbl.

KommnbioTepHast cucrema o00OpabaThiBaeT CIEKTpPaJbHbIE JaHHbIE KOMOWHALIMOHHOTO
paccestHUsI, TOJYYEHHbIE OT CIEKTPOMEeTpa KOMOWHALIMOHHOTO pAacCesHUs, Ui CO3aHUs
MHOTOMEPHOW MOJENIHM ONHOW WM Ooyiee MEePEMEHHBIX MpPOoIecca, KOTOpas MOXKET BKIIOYATh
MOJIeJIb YACTUYHOM PEerpeccur METOAOM HauMEHbLIMX KBaapaToB. IIpu cpaBHeHMHU U3MepeHU
IapamMeTpoB MPOLECCa M3 CIEKTPATbHBIX JAHHBIX KOMOWHAIIMOHHOTO PAacCesHUsI C OIHOHM MU
Oonee 3amaHHBIMH BEJIMYHMHAMH MPOLECCA, KOMIIBIOTEPHAs CHCTEMa MOMXKET HCIIOJIb30BaTh
pe3yJbTaThl U3MEPEHHUS MAPaMETPOB MPOIECcca U3 MHOXKECTBA 3aJaHHBIX BBIICIEHHBIX oOyacTei
CHEKTPAIbHBIX JaHHBIX KOMOMHALMOHHOTO PAcCesHUs, Hanmpumep, oOjacTeil ¢ AJIMHOW BOJHBI
800-850 cm!; 1260-1470 cm!; 1650-1840 cm!'; w/unum 2825-3080 cm!.

OnucaHHblE B JaHHOM JIOKYMEHTE€ CHCTEMbl MOTYT OBITh HCIIOJNIb30BaHbI IS
aBTOMATUYECKOH WHOKYJSIIMKA OHOPEaKTOpa IMOCPENCTBOM PA3MHOXKEHHs 3armaca KIETOK B
pacIIMPUTENbHON Kamepe, TEHEPUPOBAHHS CIEKTPAJIbHBIX JAHHBIX KOMOWHAIIMOHHOTO
paccestHusI ¢ UCTIOJIb30BAHMEM MHOTOMEPHOIH MOAENH Il MPOTHO3UPOBAHMS ONHOW miu Ooee
NEPEMEHHBIX MPOLECCa PA3MHOXKEHMsI KJIETOK B paCIIMPUTENbHON Kamepe, CpaBHEHHs C
KOMIIBIOTEPHON  CHUCTEMOM  CIPOTHO3UPOBAHHBIX IIEPEMEHHBIX Ipoliecca HA  OCHOBE

CIICKTPAJIbHBIX OAaHHBIX KOM6I/IHaI_II/IOHHOFO pacCessHusd U 3aJaHHBbIX 3HaYeHUH npoaoecca, u



NpUBEAECHUS B JEHCTBHE HAacoca JUIsi aBTOMATHUECKOM HWHOKYJSIIMUM — OuopeakTopa
KU3HECTIOCOOHOHM KJIETOUHOW KYJBTYPOH W3 paCIIUPUTENBHOM KaMephl, €ClIM KOMITbIOTEPHAs
crCTEMa OMpenessieT, YTO OfHa WM OoJiee CIPOrHO3MPOBAHHBIX INMEPEMEHHBIX IpoLecca Ha
OCHOBE JaHHBIX CIEKTpa KOMOHMHALIMOHHOTO pAacCesHUs YIOBIETBOPSIOT 3aJaHHOMY
TPUTTEPHOMY 3HAUEHHIO.

Cucrembl B HaHHOM JOKYMEHT€ MOTyT 00pa0aThiBaTh CIEKTpajbHbIE TaHHBIE
KOMOMHAIIMOHHOTO PACCEsSHUs, MOJYyYeHHbIE OT CIIEKTPOMETPa KOMOWHAIIMOHHOTO PACCesSHHUS,
IUISL CO37IaHKMsT MHOTOMEPHOM MOJIeN OAHOHN miH 0oJiee epEeMEeHHBIX MPOLIeCca, a 3aTeM MOTYT
MOJIy4YaTh CIIPOTHO3MPOBAHHBIE ITEPEMEHHBIE TPOLIecca U3 MHOTOMEPHOIN MOJENH 1Jisl CPAaBHEHHUS
C COXpaHEHHBIMU 33JaHHBIMH TPUITEPHbIMHU 3HaueHusMU. Ilocne 3aBepluieHus Mpolecca B
CHCTEME TOCEBHBIX (PEPMEHTEPOB, CHCTEMAa MOXKET COXPAHUTh MHOTOMEPHYIO MOZAEIb JJIsl 3TOTO
3aBEPIIEHHOrO TIPOLIECCa B CHCTEME ITOCEBHBIX (PEPMEHTEPOB ISl HCIIOJNB30BAHHSA TPU
MOHHUTOPHHI€ U KOHTPOJIE MOCIEAYIOLIero Mpolecca B CHCTEME MOCEBHBIX (epMeHTepoB. B
MOCJIEYIOLIEM TPOLIECCe B CUCTEME IOCEBHBIX (PEPMEHTEPOB, CHCTEMAa MOXKET HCIIOJb30BATh
OIHY WJIH OO0Jiee MHOTOMEPHBIX MOJENel U3 OMHOro WK OoJee MPeaIIecTBYOIUX MPOLECCOB B
CHCTEME MOCEBHBIX (DEPMEHTEPOB Il CPABHEHUS C OHUM WU OoJiee 3HAUYCHUSMH U3MEPEHUsI
MepEeMEHHBbIX 00pabOTKM B TMOCIEAYIOUIEM MPOLECCe B CHCTEME IOCEBHBIX (HDepMEHTEpOB.
Cucrema MOXET UCIIOJNB30BATh OHY WJIM 0OJiee MHOTOMEPHBIX MOAEJNIeH W3 OJHOTrO MK Oolee
NPEAIEeCTBYIOIHUX MPOIECCOB B CUCTEME IMOCEBHBIX (PEPMEHTEPOB AJII MOHUTOPHUHIA YCIIOBHIM
00pabOoTKH B pacUIMPUTETBHON KaMepe /Uil Onopeakrope.

Kak BblmenpuseneHHoe oOlnee omnucaHue, Tak U MOCJEAyIollee NOAPOOHOE ONMUCaHHe
ABJISTFOTCSI TOJIBKO MJUTFOCTPATHBHBIMU U MOSICHUTENBHBIMU U TIPEAHAa3HAYEHbI I 00ecreueHus
JOTIOJTHUTENBHOTO TOSICHEHUs 3asiBIeHHOro n3obOpereHus. ConpoBonuTeNbHbIE TrpaduyuecKkue
MaTepHualbl BKIIFOYEHBI Ul 00eCneueHns JaIbHeHIIero MOHUMAaHUsI N300PETEeHNs, BKIIOYEHbI B
JAHHOE ONHMCAHWE U COCTABJISAIOT €ro0 4YacTh, WIOCTPUPYIOT BapHUaHThl OCYILECTBICHUS
U300peTeHNsT; U BMECTE C OITUCAHUEM CIIYKAT JJIsl OOBSICHEHHSI MPUHLIUIIOB H300PETEHUSI.

KPATKOE OITMCAHUE 'PAOUYECKNX MATEPUAJIOB

JIONOJTHUTEIbHBIE MPU3HAKK W MPEUMYIIECTBA N300PETeHUsI MOTYT OBbITh YCTAHOBJICHBI
U3 TPHUBEIEHHOrO HIDKE TMOAPOOHOTO OINUCAHMs, KOTOPOE TMPENCTABIEHO BMECTE C
NPUBEACHHBIMU HIDKE TPaQUIECKIMH MaTepHaIaMH:

Ha ®@ur. 1 npomyuroCTpIpOBaH OUH MPUMEP CHCTEMBI 110 TAHHOMY H300PETEeHHIO;

Ha ®ur. 2 npowumrocTpUpOBaH OUH MPUMEP apXUTEKTYpPbl BBIUUCIUTENbHBIX CHCTEM,
KOTOpasi MOXKET OBITh HCIIOJIb30BAHA BMECTE C KOMITBIOTEPHOM CUCTEMOM cUCcTeMBbI o Dwr. 1;

Ha ®@ur. 3 nponJuTrOCTpUpPOBaH OAUH MPUMEP CIOCO0a MCTIONb30BAHMS CHCTEMBI 110 Pur.
1 nyist aBTOMATHYECKON MHOKYJISIAK OUOpPEaKTopa,

Ha ®ur. 4a-4d nponsurocTpupoBaHbl CTaquu cOopa U 00pabOTKH CIEKTPAIbHBIX TAHHBIX
U CO3/1aHUSI PErPECCHOHHON MOAENH U3 COOPAHHBIX CIEKTPAJIbHBIX JAHHBIX C UCMOJIB30BAHUEM
cucTeMsbl 1o @ur. 1;

Ha ®ur. 5 npoWIIrOCTpUPOBAH MPUMEP PErPECCUOHHOM MOAENH, CO3AAHHOW U3

CIICKTPAJIbHbIX JaHHBIX KOM6I/IHaI_[I/IOHHOFO pacCessHuA ¢ UCIIOJIb30BAHUEM CUCTEMEI 110 ®@ur. 1,



Ha ®ur. 6 nmpomnnroCTpupOBaHbl AMANA30HbI AAHHBIX CHEKTPAJIbHOW MOAENH MU
WCIIOJIb30BaHUsl IPU CO3JAHUU PErPECCUOHHON MOAEH C UCMOJb30BAHUEM CUCTEMBI 110 Pur. 1;

Ha ®ur. 7 npomunocTpupoOBaH OAWH CPAaBHUTENbHBIA NMPUMEDP IABYX PErPEeCCUOHHBIX
MOZIeNiel, CO3MaHHBIX C HCIOJb30BAHMEM PpA3JUYHBIX OOJNAcCTel CHEeKTPAJbHBIX JaHHBIX
KOMOMHALIMOHHOTO paccesiHus cucremoii o dur. 1; u

Ha ®ur. 8 nponnmocTpupoBaHa B3BELIEHHAs] PETPECCUOHHAsT MOZENb MPOrHO3UPYEMBbIX
3HAYEHUH NpoLecca, TeHEPUPYEeMBIX cucTeMol no dur. 1.

ITOAPOBHOE OITMCAHUE U30BPETEHU A

B npuBeneHHOM HUXKe PACKPBITHH PAaCCMOTPEHO NaHHOE M300pPETeHHE CO CChUIKOW Ha
NpUMEPBI, MPOWLTIOCTPHPOBAHHBIE HA MpHJaraeMbiX rpauyeckux Mmarepuanax, HO JaHHOE
n300peTeHne He OrPAaHIMYUBAETCS STUMHU IIPUMEPAMHL.

B koHTekcTe MaHHOro JOKyMeHTa (OPMBbI €IMHCTBEHHOTO YHCIA BKJIFOYAIOT CCHUTKU Ha
MHOKECTBEHHOE YHCIIO, €CIIM B KOHTEKCTE SIBHO HE YKa3aHO WHoe. Mcronp3oBaHME JIFOOBIX H
BCEX TMpPHUMEPOB WJIM BBOAHOTO CJIOBA IIEpel NPUMEPOM (Hanpumep, «HATIPUMEPY),
NPEIJIOKEHHBIM B JAHHOM JOKYMEHTE, MNPEJHA3HAYEHO TOJbKO IJIs JIy4YIIero OCBEIICHUs
n300peTeHNss U HE HajlaraeT OrpaHHuYeHHs Ha 00beM H300pETEHUs, €Clii He YKa3aHO HHOE.
Hukakast ¢popMyaHpoBKa B ONMHMCAHUHM HE JOJDKHA TOJKOBATHCS KAK YKA3bIBAKOLIAsl HA KaKOM-
00 He 3asBJICHHBIN 3JIEMEHT, KaK Ha CYLIECTBEHHBIH WM K€ MMEIOIINI MEePBOCTENICHHYIO
B)KHOCTB JIJIsI IPAKTHYECKOTO MPUMEHEHUsI N300peTeHns. Ecian B KOHTEKCTe He YKa3aHO WHOE,
TaKU€ TEPMHHBI, KAK «IEPBBIN», «BTOPOW», «TPETUNW» U T. A., KOTJAa OHU HUCIOJB3YIOTCS IS
OMNMCAHUsI HECKOJIbKUX YCTPOWCTB MWJIM 3JIEMEHTOB, HUCIOJb3YIOTCS TOJIBKO Uil Mepenadyu
OTHOCUTEJIbHBIX NEHCTBUH, MO3ULMOHUPOBAHUA W/WIM (PYHKIUH OTHENbHBIX YCTPONCTB, U HE
TpeOyIOT HHU CHELHANBbHOTO 3aKa3a TaKUX YCTPOMCTB WJIM 3JIEMEHTOB, HU Kakoro-iubo
OTIPENeIeHHOTO KOJMYECTBA TAKUX YCTPOICTB MU 3JIEMEHTOB.

CoBO «I10 CyLIECTBY» B KOHTEKCTE TAHHOTO JOKYMEHTA MO OTHOLIEHUIO K KAaKOMY-JTHOO
CBOWCTBY WJHM OOCTOSITENIbCTBY OTHOCHTCSI K CTENEHH OTKJOHEHHs, KOTOpasi SBJIAETCS
JIOCTaTOYHO MaJol, 4YTOOBl 3aMETHO HE YMEHbLIaTh HIACHTU(UIMPOBAHHOE CBOICTBO MU
oOcrosiTenbcTBO. TOYHAS CTENEHb OTKJIOHEHHS, TOMyCTUMAs B TAHHBIX OOCTOSITENbCTBAX, OyaeT
3aBHCETh OT KOHKPETHOTO KOHTEKCTA, KaK 3TO OyJeT MOHSITHO CIEeLUaIucTaM B JaHHOW 00JacTu
TEXHUKH.

Hcnonp30oBaHUE TEPMHHOB «OKOJIO» WJIH «IPUOIU3UTENBHO» NPEAHA3HAYSHO IS
ONMHMCaHMs 3HAYEHWH BBIIE W/WIM HUXKE YKA3aHHOTO 3HAYEHMsI WJIM JMANa3oHa, Kak 3TO Oyner
NOHSTHO CHELHAJINCTY B AAHHOW OOJAacTH TEXHUKH B COOTBETCTBYIOIIEM KOHTEKcTe. B
HEKOTOPBIX CJIy4asix OH MOJKET OXBAThIBaTh 3HAYEHHs B AuamnasoHe npudin. +/-10%; B apyrux
CJIy4asix MOTYT OBITh OXBau€Hbl 3HAUEHUs] B AMANa3oHe mpubis. +/-5%; eme B APyrux ciydasx
MOTyT OBITh OXBau€HBbI 3HAYEHMs B AMAna3zoHe npuoi. +/-2%; U B APYyrux Ciydasix OH MOXKET
OXBaThIBaTh 3HA4YeHUs B Juamna3oHe npuoin. +/-1%. IlpuMeHnMbIil AMana3zoH AN KaKAOTO
cinydass OyneT TOHATEH M3 KOHTEKCTa, W HHMKAKUX JONOJHHUTENbHBIX OrpaHHYEHHH He

THIOZ[Pa3y MEBAETCS.



Crenyer mMOHMMATh, YTO TEPMHHBI «CONEPKUTY WHIH «COAEPIKAIIMN», MPU HX
UCTIOJIb30BAaHUKM B JAHHOM OITMCAHUH, OMPENESISAIOT HAJM4YHe 3asBJIEHHBIX MPU3HAKOB, IEJBIX
quces, CTaauii, Omepauuii, SJeMEHTOB W/WJIM KOMIIOHEHTOB, HO HE MCKJIFOYAIOT HAJIWYHS WIN
nobaBneHusi OOHOrO WM Oojiee OPYrMX MPHU3HAKOB, LENbIX YHCEN, CTaJWii, OIeparu,
3JIEMEHTOB, KOMIIOHEHTOB M/WJIM UX TPYIII, €CJIA 5TO HE YKa3aHO B JAHHOM JOKYMEHTE WU K€
SIBHO HE TIPOTUBOPEYHT KOHTEKCTY.

[TpuBeneHHbIE B JaHHOM JAOKYMEHTE JHMAMa30HbI 3HAYEHH, €CIM B JAHHOM JOKYMEHTE
HE YKa3aHO WMHOE, CJy>KaT B KAuyeCTBE COKPAIEHHs IJIsi OTHENbHOW CCBhUIKM Ha KasKIoe
OTHENbHOE 3HAYEHWE, TOMAnarollee B YKa3aHHbIE IHAIA30HbI, BKJIFOYAs KOHEYHBIE TOYKHU
Ka)KJIOTO JHara3oHa, KakIoe OTAeNbHOE 3HAYeHHE B KaXKIOM JHaTa30He U BCE MTPOMEKYTOUHbIE
JMara3oHbl, BKJIKOYEHHBIE B KAKIbIH AHANA30H, PHYEM KaXKI0€ W3 HUX BKJIFOUEHO B OMHCAHHUE,
KaK €CJI Obl OHO OBLIO OTHEIHHO MPUBENEHO B TJAHHOM JIOKYMEHTE.

Bce crmocoObl, omucaHHblE B JaHHOM JIOKYMEHTE, MOTYT OBITh OCYINECTBIIEHBI
OTAENbHBIMU CTAJMSIMH, BBIMOJHSIEMbIMH B JFOOOM TMOAXOIslieM mopsinke. Eciv B maHHOM
JIOKyMEHTE HE YKa3aHO WHOE WJIM WHOE SIBHO HE TMPOTUBOPEYUT KOHTEKCTY, CIOCOOBI MOTYT
BBITIOJTHSITHCSI B TOYHOM OITHCAHHOM MOPsiAKE W 0€3 Kakux-JuOO MPOMEKYTOUYHBIX CTaIHid, C
UCTIOIb30BAaHHEM OIHOW WM 0ojiee JOMOJHUTENbHBIX CTaAWN, HAXOMSIIUXCS MEXKIy
OMUCAHHBIMH CTAIUSIMU, MPUYEM OIMMCAHHBIE CTAJUU BBIMOJHSIOTCS B MOPSAKE, OTIMYHOM OT
TOYHOT'O PACKPBITOTO MOPsAKA, C HCIONb30BAHHEM OIHOM WM Oojiee CTaauii, BBITOJHIEMbIX
OJTHOBPEMEHHO, U C UCTIONIb30BAHUEM OIHOM Mitn OoJiee MPONyIIEHHBIX U3 OMUCAHHBIX CTa U,

TepMmuHBI «KyJIbTYpa KJIETOK» M «Cpefa M KyJbTHBHPOBAHUS KJIETOK» MOTYT
UCTIOJIb30BAThCSI B3aMMO3aMEHIEMO U BKJIFOYATh JIFOObIE TBEPAbIE, *KUIKUE WU TOJTyTBEPIbIE
BEIECTBA, MPEeIHA3HAYEHHbIC Ui MOAMEPKAHUS POCTA M COXPAHEHHS MHUKPOOPTAHHM3MOB,
KJIETOK WJIM KJIETOYHbIX JMHUN. Takue KOMIOHEHTHI, KakK TOJHUIENTH/bI, caxapa, COJIH,
HYKJICHHOBBIE KUCJIOTBI, KJIETOYHBIH IeOpuC, KHUCIOThL, ocHOBaHus, pH-Oydepsl, kucmopon,

a30T, ar€¢HTbl OJid MOAYJIAUHUH BA3KOCTH, AMHWHOKHCIIOTBI, (l)aKTOpr pocCTa, LUTOKHUHBI,

)
BUTaMHHBI, KO(baKTOpr U TIHUTATCJIBHBIC BCIICCTBA MOFYT HpI/ICYTCTBOBaTb B cpe)lax 1A
KYJbTHBHPOBAHUS KJETOK. B HEKOTOpBIX MNpHMepax MOXeT ObITh TNPENCTABIEH IMPOLECC
Ky.]'IbTI/IBI/IpOBaHI/Iﬂ KJICTOK MIJIICKOIIUTAKOIINX C HUCITIOJB30BAHUEM KJICTOK WU KIIECTOYHBIX JII/IHI/II\/‘I
MJIEKOTIMTAIOLINX, HANpuUMep, KIETOYHOH JMHMM SUYHUKOB kurakickoro xomsiuka (CHO),
BBIPAIEHHON B Oa3aibHOI Cpelie ONpeaeeHHOTO XUMHUECKOTO COCTaBa.

B KOHTEKCTEC JAHHOTO I[OKYMGHTa TepMI/IH KIIUTATCJIBHOC BCIICCTBO» MOXKXET OTHOCUTHCSA
K JIOOOMY COENMHEHHUIO WJIM BEHIECTBY, KOTOpOe OOeCrednBaeT MUTAHUE, HEOOXOOUMOE IS
pOCTa 1 BBIDKUBAHUS KHeTOqHOﬁ Ky.]'IbTypr. HpI/IMepr MUTATCIJIbHBIX BCIICCTB BKJIFOYAKOT, HO HE
OrPaHUYMBAIOTCS MMM, MPOCThIE caxapa, HAPUMEP, TIIFOKO3Y, TajaKTo3y, JakTo3y, QpyKTo3y
501051 Maanosy; AMUWHOKHUCJIOTBI; 1 BUTAMHWHBEI, Haan/IMep, BUTAMUH A, BUTAMHWHBI prrll'[bl Bu
BuTaMuH E.

B KOHTCEKCTEC HAHHOI'O I[OKYMGHTa TepMI/IH «CUTHAJIbBHAsI CBA3b» MOXET OTHOCUTHCSA K
moboMy Crioco0y mepenadyn CUrHajia MeKAY ABYMs uiiu Oojiee yCTPOHCTBAMU, BKJIIOYAst, HO HE

OrpaHUYMBASACh MMM, (PU3NYECKHE COCAMHEHHUs (HAampuUMep, NPOBOJHBIE IYTH INPOXOXKIECHUS



CHUrHasa) W HepU3W4YecKue coenuHeHus (Hampumep, OeCHpOBOAHBIE IYTH MPOXOXKIACHUS
curHana). Ecnu He yka3aHo HHOe, nepeaya CUrHAJIOB MEXy ABYMs YCTPOHCTBAMU MOXKET OBbITh
npsIMO (Hampumep, MepeAaTyrk B IMEPBOM yCTPONCTBE HANPSIMYyK0 OOMEHHBAETCS JAHHBIMHU C
NPUEMHHKOM BO BTOPOM YCTPOWCTBE) WJIM KOCBEHHOW (Hampumep, NepenaTiuk B IEPBOM
YCTPOMNCTBE U MPHUEMHUK BO BTOPOM yCTPONCTBE OOMEHUBAIOTCS JAHHBIMU APYT C APYTOM depe3
IPOMEKYTOYHBIH MPUEMONEPEaTUHK).

B ogHOM mpumepe, kak nmpowsuocTpupoBaHo Ha Pur. 1, mpennaraercs cuctema 10,
coaepkainas pacumpuresbHyro kamepy 110, cnexrpomerp 120, nacoc 130, mpou3BOICTBEHHbIN
ouopeaktop 140 u kommbroTepHyIO cuctemy 150. Pactmpurensras kamepa 110 u Guopeaktop
140 HaxomsITCS B YKUAKOCTHOM COOOILIEHUU PYT C APYTroM vepes JUHUK 135 momadu, mpu 3T7oM
MOTOK KUJIKOCTU uepe3 JuHUIO 135 momaum ympasisiercs HacocoM 130. Cnextpometp 120
UMEEeT N0 MEHbIIeH Mepe OOUH NaT4uK 125, nmpucrnocoOaeHHbIN 11 MOHUTOPUHIA KJIETOYHOM
KyJbTYpbl B pacliupuTenbHONW kamepe 110, M MMeeT CUTHaJbHYHO CBSI3b C KOMIIBFOTEPHOU
cuctemoit 150. KomnbrotepHas cucrema 150 numeer CUTHaJIbHYHO CBSI3b IO MEHBILIEH Mepe CO
cnexktpomeTpoM 120 u Hacocom 130, XOTS Takke MOKET UMETh CUTHAJIBHYIO CBSA3b C OAHOMN WU
Oosee, WK KaXIbIM U3: paciiupuTenbHoi kamepsl 110, 6nopeakropa 140 u cetn. B HeKoTOpBIX
npumepax naBa wid Oonee crektpomerpa 120 KOMOMHAIIMOHHOTO pacCesHUs CBETa,
komrbroTepHas cucrema 140 u Hacoc 130 MOryT OBITH IPEASIOKEHBI B BHJIE €UHOTO LEJIOTO.

Pacimmpurensaas xamepa 110 m Ouopeaktop 140 moryr pabortaTh Kak yCTpoiicTBa
NEPUOIUYUECKOr0 NEHCTBHSA, IEPUOANYECKOro AEWCTBUS C MOANUTKOW W/WINM yCTPOHCTBA
HerpepeiBHOrO aeictBust. Kak pacmmpurenpHas kamepa 110, tak u Ouopeakrop 140 moryt
uMeTh 00beM B AHama3oHe OT OKouo 2 1 10 okojo 10000 n. Hampumep, pacmmputenbHas
kamepa 110 MokeT mpeacTaBisTh COOOH ammapar M3 HeprkaBeroineil cramu odosemom 50 i1, a
Ouopeakrop 140 moxer mpencraByiaTh coboii armmapar odvemom 250 n1. Kak pacmmpurenpHas
kamepa 110, Tak u Ouopeakrop 140 nOKHBI HOAAEPKUBATH KOJIUYECTBO KJIETOK B INAIA30HE OT
okoJ10 0,25%10° knmeTox/mMi 1o okoso 100x10° knerox/m.

B omHom nmpumepe cnektpomerp 120 mpenctaBnsier  co0OW  CHEKTPOMETP
KOMOWHAIIMOHHOTO PAaCCEsHUSI CBETA, KOTOPBI MOXKET OTCJIEKHMBATh U COOMpATh IaHHBIE O
moOOM KOMIIOHEHTE KJIETOUYHOH KYJBTYpPbl, KOTOPBIH HMeEeT OOHAPYKHBAEMbIH CIEKTP
KOMOWHAIIMOHHOTO paccestHusi. OnucaHHbIe B TAHHOM JOKYMEHTE CUCTEMBI U CIOCOOBI MOTYT
OBITh MCTIOJIb30BAHBI JJII MOHUTOPUHTA JIFOOOTO KOMIIOHEHTA CPeNbl KYJIbTUBUPOBAHHS KIIETOK,
BKJIFOYAsi KOMIIOHEHTBI, J00aBisieMble K KYJbTYpPe KIETOK, BEIeCTBA, CEKPETUPYEMBbIE
KJIETKAMH, U KJIETOYHbIE KOMITIOHEHTBI, MPUCYTCTBYIOLINE NPHU rudenu kieTok. KoMmoHeHTHI
cpen Ay KyJbTUBUPOBAHUS KJIETOK, KOTOPBIE MOXKHO KOHTPOJUPOBATH MOCPEACTBOM CUCTEM U
CrocO0OB, BKJIIOYAIOT, HO HE OrPAaHUYMBAIOTCS MMM NHTATENIbHBIC BEIIECTBA, HAIpUMeEp,
AMMHOKHCJIOTHI M BHUTAaMHHBI, JIAKTAT, COMYTCTBYOIUE (PakTOphl; (PaKTOpBI POCTa; CKOPOCTH
pocta kjerok, pH;, KHUCIOpOA;, a30T;, YHCIEHHOCTb >KHU3HECIIOCOOHBIX KIJIETOK, KHCJIOTHI,
OCHOBAHUS, [IUTOKUHBI, AHTUTEINA, U METAOOIHUTHI.

KomnerotepHast cuctema 150 MoxxeT ObITh peann3oBaHa ¢ UCIONIb30BAHUEM OIHOM WU

Oosee creuuaJbHO 3alpPOTrPAMMHPOBAHHBIX KOMIBIOTEPHBIX CHCTEM OOLIEro Ha3HAYEeHWSs],



HarpuMep, BCTPOEHHBIX IPOLIECCOPOB, CUCTEM HA KpHUCTajUle, MEPCOHAJbHBIX KOMIIBIOTEPOB,
pabounx CTaHLUWH, CEPBEPHBIX CHCTEM U MHMHH-KOMITBIOTEPOB MWIN MeiH(peiimMoB, wiu B
pacnpeleNeHHbIX CETEBBbIX BBIYMCIMUTENBHBIX cpeaax. KommerorepHas cucrema 150 moxker
BKJIIOYaTh oauH miu Oonee mponeccopos (LIII) 1502A,-1502N, cxemy 1504 BBOma/BhIBOZA,
cerepoii ajantep 1506 u mamsare 1508. LI 1502A-1502N BBIMOJAHSAKOT NPOrpaMMHBIE
MHCTPYKLMH UIsl TOTO, YTOOBI BBIMOJHATH (PYHKLIUU MPEACTABICHHBIX CUCTEM U criocoboB. Kak
npaswio, LIT 1502A-1502N mnpexncraBisitor coboii omuH winm 0ojiee MHUKPOMPOLIECCOPOB,
Hanpumep, npoueccop INTEL CORE®.

Cxema 1504 BBOma/BeiIBOmAa oO0Oecrme4yrBaeT BO3MOXHOCTh BBOAA JAaHHBIX B
KOMIBIOTEPHYIO cucteMy 150 wnam BeIBOma pAaHHbIX W3 Hee. Hampumep, cxema 1504
BBOJIa/BBIBO/IA MOKET BKJIFOUATh YCTPOMCTBA BBONA, HAPUMED, KJIABUATYPbI, MBIIIH, CEHCOPHBIE
NIAHEJH, [IAPOBbIE MAHUIIYJIATOPBL, CKaHEPbI, aHAJIOro-LU(ppPOBBIE MpeodpasoBaTeNd U T. 1.,
yCTpOICTBa BBIBOZA, HAPUMED, BUE0AJANTEPbl, MOHUTOPHI, IPUHTEPHI U T. 1., U YCTPONCTBA
BBOJZIA/BBIBOZA, Hampumep, Moaembl u T. A. CereBoii agantep 1506 coennHsAET KOMITBIOTEPHYIO
cucremy 150 ¢ cerpro 1510, KOTOpast MOXKET MPENCTABIATE COOOH MFOOYIO OOIIENOCTYITHYIO HITH
NPOTIPUETAPHYIO JIOKAJIBHYIO WM TJIOOAJBHYIO CETh, BKIOYAs, HO HE OrPAHHYHUBASICH 3THM,
UHTEpHET.

ITamare 1508 xpaHuT mporpamMmHble MHCTPYKLUH, KOTOPBIE BBINOIHSIOTCSA, U JAAHHBIE,
KOTOpbIE UCHOJB3YIOTCS U 00pabaThIBatOTCS LEHTpaIbHBIMU npoueccopaMu 1502A-1502N st
BBINOJHEHUA (YHKUMH KoMmmbroTepHoi cuctembl 150. Ilamsare 1508 mokeT BKIOYATH,
HamlpuMep,  3JIGKTPOHHbIE  3alOMUHAIOLIME  YCTPOIICTBA,  HANpUMeEp,  OMNEpPaTUBHOE
3anomuHaromiee ycrtpoiictBo (RAM), mnocrosiHHOe 3anomuHaromee ycrpoictso (ROM),
NpOrpaMMHUpPyeMOe TOCTOsIHHOe — 3anoMuHaromee  ycrpoiicteo  (PROM), snexkrpuuecku
CTHpaeMoe MPOrpaMMHPYEMOe MOCTOSIHHOe 3anomuHaromee ycrpoiictso (EEPROM), -
NaMsATh U T. 1., & TAKXKE 3JIEKTPOMEXaHUYECKYIO NaMsTh, HAIIPUMED, HAKOMUTEIN Ha MArHUTHBIX
JMCKAaX, HAKOMUTENIN Ha MAarHUTHOM JIEHTEe, MPHUBOJBI Ha ONTHUYECKHUX AMCKaX U T. 1., KOTOpPbIE
MOTYT HCIOJIB30BaTh MHTEpdeiic BCTpoeHHOH snekrponnku npusona (IDE) wnu ero BapuaHT
win ycosepiueHcTBoBaHue, Hanpumep pactmpensbiii IDE (EIDE) wnu cBepXxnpsiMoii 1OCTYI K
namsiti (UDMA), wiu unTepdeiic Ha OCHOBe HHTepdelica Majioil KOMITBIOTEPHONW CHCTEMBI
(SCSI), wnu ero M3MEHEHHE WM YCOBEPIIEHCTBOBAHHE, HANPUMED, YCKOPEHHbIH HHTEp(deiic
SCSI, mrmpoxkomnonocHblid nHTepderic SCSI, yckopeHHblii u mupokononocHsiii naTepdetic SCSI
u 1. 1, wim Serial Advanced Technology Attachment (SATA), win ero M3MeHEHHE WM
YCOBEpPLICHCTBOBAHUE, WM HUHTepeiic Ha OCHOBE OTBETBJICHUS BOJOKOHHO-ONTHYECKOTO
kaHana ¢ apoutpaxnoii norukoii (FC-AL).

ITamare 1508 mosker BrarOYaTe noamnporpammbel 1512 xonTposnepa, aannele 1514
KOHTPOJIJIEpa U ONEePallMOHHYI0 cucteMy 1516. IloanporpaMmsel KOHTPOJIIEPA MOTYT BKJIFOYATh
NpOrpaMMHOe OOecTieueHre JUIs BBIMOJHEHHsT 00pa0OTKU Il peaji3alid OJHOTO WM Ooiee
KOHTpOJUIepOB.  JlaHHBIE  KOHTpOJUIEpa  MOTYT  BKJIOYaThb  JaHHblE, HEOOXOIUMbIE
NOATIpOTpaMMaM  KOHTpOJUlepa JJii  BbIMOJHEHHs oOpaborku. B omHOM  BapmaHTe

OCYLIECTBIIEHUsT M300pETeHUs] IMOANPOrpaMMbl KOHTPOJUIEPA MOTYT BKJKOYAaThb MHOTOMEPHOE
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nporpaMMHOe — obecriedeHue Uil BBINOJIHEHHS MHOTOMEPHOTO — aHalu3a, Hamnpumep,
perpeccuoHHoro moaenuposanuss PLS. B aToM acnekre moamporpaMMbl KOHTPOJIJIEpa MOTYT
Brirouath SIMCA (Sartorius Stedim Data Analytics AB, Ymea, IllBenusi) st BBITIOJTHEHUS
moznenupoBanuss PLS. B npyrom BapuaHTe OCYINECTBJIEHUS H300pETEHHUS IOANPOrpaMMBbl
KOHTPOJUIEPA MOTYT TAaK)Ke€ BKJIIOUATh IPOrpaMMHOE OOecTedeHre AJIsl BBIOJHEHUs OaBICHUs
myMa B HaOope HOaHHBIX. B 3TOM acmekTe MOANpPOrpaMMbl KOHTPOJUIEPA MOTYT BKJIIOYATh
MATLAB Runtime (The Mathworks Inc., Natick, Mass.) st BINOJHEHUs] MOzeNiel UIbTPOB
mymornoaasieHusi. bonee Toro, moanmporpaMMel KOHTpOJUIepa MOTYT BKJIFOYATh MPOrPAMMHOE
obecnieuenue, nanpumep, MATLAB Runtime, nisi ynpaBieHUsT aBTOMATH3UPOBAHHBIM Y3JIOM
yOpaBJIEHUs,  HANpPUMeEp,  MNPOMOPLUOHAIBHO-UHTErpadbHO-IupdepeHunansibiv  (PID)
kKoHTpoJutepoM. Ilporpammuoe oOecrnedeHue ansi pabOTBl CHUCTEMBI TakKKe IOJDKHO OBITh
CNOCOOHO BBIUUCIISITH PA3HUIY MEXKAY 3aJaHHON BEIMYMHOW M HW3MEPEHHOH NepeMEeHHOM
npouecca (Hanpumep, U3MEPEeHHONW KOHIICHTPALMEH MUTATeNbHBIX BELIECTB) M J1aBaTh MPOTHO3
TOro, korma OyneT [AOCTHTHYTa 3aJaHHas BenuuuHa. llpu  BKIOUEHHH  (YHKIHUA
NPOTHO3UPOBAHUSI BPEMEHU JOCTIDKEHMsS 3aJaHHOM BelIWYMHBL, Kak B ciaydae ¢ PID
KOHTPOJUIEPOM, KOMIIbIOTEpHass cucteMa 150 Takike OCyLIECTBJSAET CUTHAJbHYK) CBS3b C
HacocoM 130 TakuMm o00pa3oM, 4YTOOBI HOPMAJbHOE KOJHYECTBO HMHOKYJISITA MOTJIO OBITh
3aKa4aHo B pacmmputeNbHyo kamepy 110 w/unm Ouopeakrop 140, kak Obuto 3amano. Cucrema
10 mMoskeT oTcnexuBaTh U KOHTPOJIUPOBATh MEpEMEHHbIE MPOLecCca B PACLIMPUTETIBHON KaMepe
110 u Guopeakrope 140, kak nokazaHo Ha Dur. 1, UM BO MHOKECTBE PACLIMPUTEITHHBIX KaMep
W/WJIM BO MHOXKECTBE OMOPEaKTOPOB.

Ha ®ur. 3 nokazana Onok-cxema ajisi omHoro crocoba 200 BBINOJTHEHHs MpoIecca B
cucTeMe MOCeBHBbIX (epmeHTepoB ¢ cuctemoii 10. Ilocne BBeneHHs KPHOKOHCEPBHPOBAHHOIO
3amaca KJETOK B KyJbTypaJIbHYI0 cpeAy B pacmupuTenbHoil kamepe 110, cmexTpomerp
KOMOMHAIIMOHHOTO paccesHust 120 coOupaer cnekTpaibHble TaHHbIE KOMOHMHAIIMOHHOTO
paccesiHust (Dur. 4a) U3 Pa3MHOXKAIOIIEHCS KJIETOYHOW KYJbTYPbl B PACIIMPHUTEIBHON Kamepe
110 (cragust 201). CnexTpockomnusi KOMOMHALIMOHHOTO PaccesiHus - 3TO Gopma KojedaTeapbHON
CHEeKTPOCKOMHH, KOTOpasi MPEAOCTABISIET HHYOPMALIUIO O MOJIEKYJISIPHBIX KOJIEOAHUSIX, KOTOpast
MOXeT OBITh HCIIONIb30BaHA Uil WACHTU(UKALMH ¥ KOJIMYECTBEHHOTO aHajn3a OOpasLoB.
Crnektpomerp KOMOWHALMOHHOTO paccesHust 120 cobupaer CHekTpalibHble JTaHHBIE
KOMOMHAIIMOHHOTO pPacCesHHsl 4yepe3 AaTduK 125, KOTOpbIi MOXeT ObITh KOHTAKTHBIM JIHOO
OECKOHTAaKTHBIM JTaTYMKOM. bBEeCKOHTaKTHBIH naTyuk 125 TO3BOJISIET TPOBOIUTH AHAH3
KOMOMHAIIMOHHOTO PACCEsTHHSI B KJIIETOYHOH KyJBType in situ, He TpeOyst KOHTAKTa ¢ KJIETOYHOM
KYJBTYpOH WIH ee u3BneueHus. [IpenMymecTBo aHainm3a KOMOMHALIMOHHOTO PacCestHUs in situ
COCTOUT B TOM, UTO OH SIBJIIETCS HEMHBA3UBHBIM U, CJI€0OBATEIbHO, CHUXKAET PUCK 3arps3HEHMUSI
KJIETOYHON KYyJBTYpbl, KOTOpPOE€ MOXKET OKa3aTb HEXKENAaTeJIbHOE BIUSHUE Ha KIETOYHYIO
KYJBTYPY H MOJIy4eHHbIE OENKHU.

CrnexTpanbHble IaHHbIE KOMOHMHALIMOHHOTO pPAacCesHHUsl COOUPAIOTCS C TOCTOSTHHOMN
Y4aCcTOTOM, TaKuM 00pa3oM, CIEKTpaJbHbIE JaHHBIE MOCTOSHHO OOHOBILIIOTCA. CrieKTpasibHbIe

JaHHbIE MOTYT ObITH COOpaHbl OAWH pa3 mpudmm3uTenbHO kaxable 10-120 mMuHyT, OnuH pa3
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npuOIU3UTENBHO Kaxble 15-60 MUHYT WM OMH pa3 NMpUOIM3UTENbHO Kaxaeple 20-30 MUHYT.
CootBercTByromas yacrora ordopa mpo0 MOXKeT ObITh ONpeneieHa B KaKIOM KOHKPETHOM
cilydae, HampuMep, Ha OCHOBE KOHKPETHOH KJIETOYHOW JIMHUM W/WIM YCJIOBHHA 0OpaloTKwH,
KOTOpbIE CYHMTAIOTCS MOAXOASIIUMU Il OOeCHeueHHs] TOro, YTOOBI CHEKTpajbHbIE JaHHbIE
KOPPEKTHO OTPa’kaJi TEKYyIee COCTOSHUE TaHHON KJIETOYHOW KyJIbTYpbl. MOXHO HCIONB30BaTh
moOOW  KOMMEpPYeCKHM  JOCTYIHBIH  CHEKTPOMETp  KOMOHMHAIMOHHOTO  PaCCesHUs,
HEOIPaHUYHUBAKOLINI TNpPUMEp KOTOPOrO MOKET BKIOYaTh crekTpoMeTpbl RamanRXN2 wu
RamanRXN4 (Kaiser Optical Systems, Inc. Ann Arbor, Mich.).

ITocne cOopa, Ha craguu 202 HeoOpaOOTaHHBIE CIIEKTPAbHBIC NAaHHBIE MEPEIAOTCS B
KOMITBIOTEpPHYIO cucTeMy 150, rae OHM mpeaBapuTeNbHO 00pabaThiBatOTCs, a 00paboTaHHBIE
IaHHble KOMOMHAUMOHHOTO paccesiHus (Pur. 4B) xpansarcs B mamsitu 1508 B BBIIENEHHOM
MecTe JUIs TIOCJIEAYIoLero ucrnonb3oBanus (craaus 202). B HekoTophix mpumepax oOpaboTka
CHEeKTPAIBbHBIX JTAHHBIX KOMOMHALIMOHHOTO pPACCESTHUS BKJFOYAET NPHMEHEHHE OIHOTO UM
Oosee crieKTpaibHBIX (PHIBTPOB AT KOPPEKLHMH JIFOOBIX CIBUrOB Oa3zoBod nuHMU. Hampumep,
HeoOpaOOTaHHBIE CIEKTPaJNbHBIE MAHHbIE MOTYT OBITh 00pa0OTaHBl METOAOM TOYEYHOTO
CTJIOKMBAHMA WJIM METOAOM HOpMaim3anuyd. Hopmamuzauuss MokeT mnoTtpedoBaTbes IS
KOPPEKTUPOBKH JIFOOOr0 M3MEHEHHS MOLIHOCTH Jia3epa W MPONOJIKHTEIBHOCTH SKCIO3HMLIUU
NOCPEIICTBOM  CHEKTPOMETpPa KOMOMHAIMOHHOTO paccestHus. B HEKOTOphIX mpuMepax
HeoOpaOOTaHHBIE CIEKTPAJbHbIE JaHHbIE KOMOWHAIIMOHHOTO pacCesHUus MOIyT OBbITh
o0paboTaHbl C HCIOJNB30BAHHEM TOUEYHOIO CrIaKMBaHWs, Hampumep, 1% mpousBoxmHas ¢
TOYEUHbIM CrylakuBaHueM 21 cM™', ¥ HOpManM3aLMK, HAMPUMEP, HOPMATHU3AIMK CTAHIAPTHOTO
OTKJIOHEHHUsI CITy4alfHOW BEJTMUHMHBI C HOpMaJIbHBIM pacnpeneneHnem (SNV).

[MapannenbHO cO cOOPOM CIEKTPAbHBIX JaHHBIX KOMOWHAILIMOHHOTO paccesiHusl (CTaaus
201) naHHBIE EPEMEHHBIX MpPOLECCa TaKKe COOUPAIOTCS C UCTIOIB30BAHUEM aJIbTEPHATHBHOIO
«aBTOHOMHOrO» crocoda (cragust 203) 1 aHAJOTUYHBIM 00pPa30M COXpPaHSIOTCA B mamstu 1508
(ctapus 204). IIpu aBTOHOMHOM peXKUME JaHHbIE IEPEMEHHBIX MPOLIECCa MOTYT OBITh COOpaHbI
C HCIONB30BAaHMEM JIFOOOTO  MOAXOASINEr0 AaHAJMTHYECKOro Crocoba, Hampumep, C
UCTIOJIB30BAaHMEM 00pasna KJIETOYHOW KYJBTYpPbL, TMOJYYEHHOTO BPYYHYIO, KOTOpPBIH
UCTIBITBHIBAIOT B JIOKAJILHOM aHANW3aTope, Hampumep, aHanuzatope BioProfile Flex® Analyzer
(Nova Biomedical Corporation, Maccauycerc, CILIA). Ilpy aBTOHOMHOM peXHME JIaHHbIE
NEePEMEHHBIX Mporecca cobuparorcs ¢ Ooyiee HU3KOH YacTOTOH, YeM CIEKTpaJbHbIe JaHHbIE
KOMOWHALIMOHHOTO PACCEsiHUS - HAIPUMEp, OMH pa3 MPUOTU3UTENbHO Kaxable 24 4aca, OJUH
pa3 mpuONM3NUTENbHO KaXkbple 12 4acoB WJIM OOUH pa3 MPHOIM3UTEIBHO KaXKable O HacoB - U
ciy’kaT 0a30BBIM 3TAJIOHOM JUJIsl CTIEKTPAJBbHBIX JTAHHBIX KOMOHMHAIIMOHHOTO paccestHus. [locne
cOopa B aBTOHOMHOM pEXKHME JaHHbBIE IIEPEMEHHBIX IMPOLECcca TAKKE COXPAHAITCS B
KOMITbIOTEepHOI crcteme 150 B BbineneHHOM Mecte. [Ipu cOope naHHBIX MEepeMEHHBIX Mporecca
B aBTOHOMHOM pE€XHMe KOMITbIoTepHasi cucreMa 150 MOXeT Take XpaHWUTb WHPOPMALHUIO M3
PAT w/mnu cucteM yrmpaBieHHsl JaHHBIMU (HAIpUMep, CUCTEM YIPaBJICHUS JaOOpPaTOPHBIMU

TAHHBIMU W/WJIN HETIPEPBIBHBIMU JAHHBIMHU TPOLIECCA B PEKUME OHJIAIH).
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KomnerotepHast cucrema 150 mcmonb3yer oOpaOoTaHHBIE NaHHBIE KOMOMHAIMOHHOTO
paccessHUsI ANl CO3[aHMS MHOTOMEPHOH MOIenH, Koropas cooOumiaer omHy wuiam Oosee
TEXHOJIOTUUECKUX MEPEMEHHbIX KJIETOUYHON KyJabTyphl (cragust 205). B ciaydae, ecnu 1OCTYIHbBI
JAHHbIE TIEPEMEHHBIX IpPOLecCCa B AaBTOHOMHOM pEeXHUME, KOMIbKOTEepHas cucrema 150
CPaBHMBAET CHEKTPAJIbHBIE IaHHbIE KOMOWHAIMOHHOTO pACCEsIHUS C COOTBETCTBYIOLIMMHU
IaHHBIMH TNEPEMEHHBIX INPOLECCa B aBTOHOMHOM pEXHMMe, YTOObI CONMOCTaBUTH IMUKH MEXKIY
aByMsi Habopamu JaHHbIX. KoMmbloTepHas cucTeMa HCIONb3yeT coXpaHeHHble naHHble PAT
W/WJIM TaHHBbIE YTPABJIECHUS JJIsI KOPPESIMU JaHHBIX MEPEMEHHBbIX MPOLecca B aBTOHOMHOM
pEeKUME C COOTBETCTBYIOLIUMH CIHEKTPAJbHBIMH JTaHHBIMH KOMOMHAIIIOHHOTO PACCEsTHHUS.
JIroOo#t THIT MHOTOMEpPHOrO MakeTa NporpaMMHOro obecrnedenus, Hanpumep, SIMCA 13
(Sartorius Stedim Data Analytics AB, VYwmeo, I[lIBenusi), MoxkeT OBbITh HCIOJNB30BaH ISl
KOPPEJSILMY MTUKOB MEXIY ABYMSI HAOOpaMH CIIEKTPATbHBIX JAHHBIX.

MHoOroMepHOe MOAENHPOBAHUE, BBIMOJHIEMOE KOMIBIOTEpHOU cuctemoin 150, mosxker
BKJIFOYATh, HO HE OrPAaHMYUBAETCS STUM, YaCTHUYHble HauMeHbliue keaapatel (PLS), ananms
rnaBHbIX KOMIIOHEHTOB (PCA), oproroHajbHble HacTHYHblE HauMeHbline kBaapatsl (OPLS),
MHOTOMEPHYIO PErpecCHi0, KaHOHHYECKYIO KOPpeNsinuio, (aKTOPHBIN aHAJIH3, KJIACTEPHBIN
aHanmu3,  rpaduuecKkue  MpPOLEeNypbl W aHAJOTHMYHBIE  MeToApl. B mpumepe,
NPOMILTIOCTpUpPOBaHHOM Ha @ur. 4¢-4d, perpeccuonHast monenb PLS cosnmaercst mocpencTsom
MOJATOHKU JIOCTYIHBIX 3HAYEHUM W3MEpeHul, IMOJYYEeHHBIX U3 CHEKTPAJbHbIX JaHHbBIX
KOMOMHALIMOHHOTO PACCESTHUS, M TAHHBIX NIEPEMEHHBIX IPOLIECCa B aBTOHOMHOM pexxnmMe (Pur.
4C), 1 yKa3aHHYI0 MOJENb ONTUMU3HPYIOT (cTanus 206) MOCpenCTBOM YAAJNEHUS BBITAJAIOLINX
nokasaresiel, 4YToObl MOJY4YUTh MOAENb JHHeliHoro nporHosupoBanus (Pur. 4d). Taxas
perpeccuonHast Mozaenb PLS Moker ObITh MCHONMB30BaHA Uil OOECHEeUeHHs] MPOrHO3HPYEMBIX
3HAUYEHUH NpolLecca, HAIpUMep, NMPOTHO3ZUPYEMBIX 3HAYEHMH KOHLEHTPALUU Al KOHKPETHON
NEPEMEHHON, KOTOpasi JAOJDKHA OTCIIEKUBATBCS  KOMIBHOTEpHOM cuctemoit 150  mos
OCYLLECTBJICHUS yIpaBlieHus1 cuctemoit 10.

OnTtummszanus MOAENH MOXET BKJIOYaThb INPUMEHEHHE JIOMOJHUTENbHBIX METOAOB
00pabOTKM CUTHAJIOB K MHOTOMEPHOI MOZENH U MPEICKa3aHHbIM 3HAYSHUsIM Tpoliecca B Hell. B
OJHOM TMpHMEpe K IMPOTHO3UPYEMBbIM 3HAYEHHSIM TMPOIecca MOXKET ObITh MPUMEHEH METOH
YMEHBIICHHUS [TyMa JJIsl BBIMIOJIHEHUS CTIIAKUBAHKS TAaHHBIX W/WJIU TIOAABJICHHUs CUTHAIA. Takue
METOIbl YMEHBINEeHUs IyMa o0ecrnedynuBarOT OTPUIBTPOBaHHYIO Moxaenb. OOWH U3 METOIOB
YMEHBIICHUS [IyMa 3aKJIF0YaeTcsl B O0beIUHEHUH HEOOpPaOOTaHHBIX PE3yJIbTATOB U3MEPEHHH C
OCHOBaHHOM Ha MOJENU OLEHKOH TOro, 4TO HM3MEpEeHMsl JOJUKHBI NaTh B COOTBETCTBUHU C
MOZENbI0. MeTon CHI)KEHUS IIyMa MOXKET OOBENUHSATH TEKyIlee MPOTHO3UPYEeMOe 3HAUYCHHUE
npolecca € €ro HEONpeneNeHHOCTSMHU, KOTOPblE MOIYT ONPENeNATbCS IMOBTOPSEMOCTBIO
NPOTHO3UPYEMBIX 3HA4YEHMM Mpolecca M TeKyIIMMU YCIOBUAMU mpouecca. Kak Tonbko
HaOMIolaeTcst Clienyrolnee MPOrHO3UpyeMoe 3HAa4YeHHe IPOLECcca, OLEHKA MPOrHO3HPYEMOTO
3HA4YeHUs1 Tporecca OOHOBIISETCS C MCIIOJIb30BAHUEM CPEIHEB3BEIIEHHOTO 3HAYEHHUS, TIPH STOM
OonpLInii BeC NpUAAaeTcs OLEeHKaM ¢ Oosee BBICOKOHW cremeHbto gocroBepHocTH. C

HUCIIOJIb30OBAHUEM HUTEPATUBHOIO0 IMOAXOAAd, OKOHYATCJ/IbHBIC 3HAUYCHUSA IHpoHecCa MOryT OBITh
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OOHOBJIEHBI HAa OCHOBE MPENbINYLIEr0 H3MEPEeHUs U TEKYLIUX YCIOBHH mpouecca. B stom
acIIeKTe aJTOPUTM JOJDKEH OBITh PEKYPCUBHBIM U CIIOCOOHBIM paboTaTh B pPeajibHOM BPEMEHH,
94TOOBI UCTIOJIB30BATh TEKYIEe MPOrHO3UPYEMOEe 3HAUEHHE MpoLiecca, Mpeablayliee 3HaueHHue 1
SKCIIEPUMEHTAJIBHO OINpeAe/ieHHble KOHCTAHTbl. MeTOn yMEHBILIEHHs IIyMa [OBBIIIAET
HAJIe’)KHOCTh U3MEPEHNH aHaIn3a KOMOMHALMOHHOTO paccesiHus U Mporao3os PLS.

KowmmbrotepHas cucrema 150 BrirouaeT aBToMaTH3UpOBaHHbIN y3en yrpasierus (ACU)
155, xoropsiit pabotaer Ha craguu 207 U OLIEHKH CMOJEINPOBAHHBIX CIIEKTPAIbHBIX JAHHBIX,
9yTOOBI OMpEAeNuTh, CIEAYeT JIU aKTUBUpPOBaTh Hacoc 130 mist mepeHoca oObema KJIETOYHOMN
KYJbTYpbl W3 pacmupurespbHOoll kamepbl 110 B Oumopeakrop 140, 4ToObI WHOKYJIHUPOBATh
KyJbTypajbHyt0 cpeny B Ouopeakrope 140. ACU 155 xpanur omgHo wiu Ooyiee 3amaHHBIX
3HAYEHUN BEJIMYUHBI, KAKIOE U3 KOTOPBIX OMpEAEIsieT TPUTTePHOe COOBITHE ISl BBIOJHEHUS
aBromMatndeckorl MHOKyJsimnd. ACU 155 moker mpenctaBisTe coOOW aBTOMATH3UPOBAHHBIHN
KOHTPOJUIEp JIOOOro THMA, CIOCOOHBIH CPaBHUBATh OT(HIBTPOBAHHBIE 3HAYEHHUs Mpolecca
OIHUM WM OoJiee 3aJaHHbIMH 3HAYSHHUSMU BEJIUYMHBI U ABTOMATHYECKH BBITIOJHSTH 3aJaHHOE
IEWCTBUE TIPU ONMPEAENIEHHH TOTO, YTO OJHO MK Oojiee OTPUIBTPOBAHHBIX 3HAUEHHUH mporecca
YIIOBJIETBOPSIFOT YCJIOBUIO COOTBETCTBYIOLIETO 3aJaHHOTO 3HAYEHUs BEJIMYUHBI (HAIPHUMED,
pPaBHO WM BBIIIE MAaKCHUMAJIBHOTO 33JaHHOTO 3HAYEHHs] BEJMYUHBL, OJNM3KO K WIJIM HIDKE
MUHUMAJILHOTO 33JIaHHOTO 3HadyeHwsi BenwuuHbl U T. 1.). Ecmu ACU 155 omnpenenser, 4to
3alaHHbIe YCJIOBUS Ui MHOKYJsiuuK Obumi cobmmonensr, To ACU 155 mpuBogut B nelicTBue
Hacoc 130 st co3maHusl MOTOKA MKUIKOCTH 4epe3 JKUIKOCTHYIO JIMHMIO 135, Takum obpasom,
aBTOMAaTUYECKH WHOKYJHpys Ouopeaktop 140 (cramus 208), B NpOTHBHOM Cilydae IPOLIECC
BO3BpALIAETCs K COOPY AaHHBIX uepe3 uTepaTHBHbIN LUK (cTanus 209).

B omnom mpumepe ACU 155 coxpansieT 3aJaHHOE 3HAY€HUE BEJIMYUHBI (TaKxkKe
UMEHyeMOe B JaHHOM JOKYMEHTE «TPUITepPHBIM 3HaueHHeM») Ha ocHoBe uHeneBoil IDKK mis
KJIETOYHOH KyJBTYpbI, SBISIIOLIEHCS OOBEKTOM TEKYLIero Ipolecca B CHCTEME IOCEBHBIX
¢depmentepoB. Takoe 3aaHHOE 3HAUYEHUE BEJIHMYUHBI MOXKET ObITh YCTAHOBJIEHO JUISL LIEJEBOM
ITKK, Takum 00pa3oM, MOXKET ObITh JKETaeMbIM KJIETOUHBIH MeTabOJIM3M B MPOU3BOIACTBEHHOM
OuopeakTope, a TakXke MOAAEpPKAHHME KIETOK B (pase HKCIMOHEHIHAJIBbHOrO pocta. Hampumep,
3HaueHue tpurrepa Ha ocHoBe IDDKK moker ObITh YCTAHOBJIEHO PAaBHBIM 3HAYEHHUIO, PABHOMY
3amanHoi menesoi IDDKK; 3nauenuro, cocrasmsromemy -2,5% ot uenesoit IDKK; 3Hauenwuro,
cocrapysiromemy -5% ot nenesoii [DKK; snauenmto, cocrapsiromemy -10% ot uenesoit IDKK; u
aHaJOrM4YHbIM 3HaueHusM. B takom mpumepe, ecnu ACU 155 ompenensier, 4TO U3MEPEHHOE
sHauenue IDKK paBHO u Oonblie, yem 3amaHHOe TpurrepHoe 3Hadenne Ha ocHoe IDKK, To
ACU 155 obpabaTbiBaeT 3TO yCJIOBHUE KaK TPUTTEPHOE COOBITHE ISl MIPUBENEHUS B INEHCTBUE
Hacoca 130, 4ToOBI BRI3BATh MOTOK KUIKOCTH Yepe3 KUIKOCTHYIO JIMHUIO 135, Takum obpasom,
9ToOBI KYJbTypalibHast cpena B Ouopeakrope 140 aBroMaTnyeckn MHOKYJIHPOBAIACH 00BEMOM
KJIETOYHOU KyJIbTYPBI U3 PACIIUPUTEIBbHON Kamepel 110.

ACU 155 moxer xpaHuTh JH00OO€ KOJHMYECTBO 3aJaHHBIX TPUITEPHBIX 3HAUEHHI],
yCTaHABJIMBAsl YCJIOBUS JAJsl JIFOOOro KOJMYECTBA TPUITEPHBIX coObiTuil. Hampumep, mepsoe

TPUITEPHOE 3HAauUeHHEe MOXKeT ObITh ycTaHOBJIeHO Ha ocHoBe wnenesoil IDKK, a Bropoe
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TPUTTEPHOE 3HAYEHHE MOXKET OBbITh YCTAHOBJIEHO HA OCHOBE MHUHHUMAJIbHOTO 3HAYEHUS JIAKTATa.
Tpurreproe 3nauenne Ha ocHoe IDKK moxer mpencrasnsate coboii nenesoe 3HaueHue IDKK
IUI UCTIONB30BAHUSl TPH WHOKYJSALMU Onopeakropa 140, Hampumep, ONUCAaHHOE paHee, NpU
5TOM TpPUITEPHOE 3HAYEHHE HA OCHOBE JIAKTaTa MOXET HMIAEHTU(UIMPOBATH MHUHUMAIbHBIN
YPOBEHb JIaKTaTa, KOTOPbIH ObLI 3a1aH, YTOObI CHIHAJM3HPOBATh OO0 W3MEHEHHM COCTOSIHUSI
pocta kierok. Takoe TpUrTepHOE 3HAYEHHE Ha OCHOBE JIAKTaTa MOXET OBbITh YCTAHOBJIEHO Ha
3HAYEHUE, PABHOE 33JJaHHOMY MHUHUMAJIbHOMY YPOBHIO JIAKTaTa, 3HA4Y€HHE, KOTOPOE COCTABIISAET
+2,5% or MUHUMAJIBHOTO YPOBHS JIaKTaTa, 3Ha4deHHe, KOTopoe coctaBiusier +5% ot
MHUHUMAJIbHOTO YPOBHSI JIaKTaTa, 3Ha4deHHe, KoTopoe cocraBisieT +10% OT MHMHMMAaIbHOTO
YPOBHs JIaKTaTa, W aHAJIOTM4YHOEe 3HaueHue. B Ttakom npumepe ACU 155 moxer ObiTh
NPUCTIOCOOJICH I aBTOMATUYECKOI MHOKYJIsAuK onopeakropa 140 npu oOHapykeHUH JH000r0
TPUITEPHOTO COOBITHS, TakuM oOpasom, cuctema 10 wuHOKymmpyer Omopeakrop 140 mpu
AocTHKeHuH 3anaHHoro TpurrepHoro 3HaueHuss IDKK, xors MoxkeT UWHUIMMPOBAThH
aBTOMATHYECKYI0 MHOKyJsinuio mpu Oomee Huskoil IDKK, ecnm oOHapy:kuBaercsi 3Ha4YeHHE
M3MEpEeHMs] YPOBHsI JIaKTaTa, PaBHOE UM MEHee 3a/laHHOT0 TPUITEPHOIO 3HaueHHs Ha OCHOBE
JaKkTata, TakuM oOpa3oM, obOecreunBas HWHOKYJSALUIO Owuopeaktopa 140 n0 wu3MeHEHHUs
COCTOSIHMSI pOCTa KJIETOK.

B kauectBe nomomnutenpHOro mnpumepa, ACU 155 moxer pabotaTe C NepBbIM
TPUITEPHBIM 3HaueHHeM, OCHOBaHHbIM Ha ueneBoil IDKK, BTOpeIM TpUITEpHBIM 3HaUY€HUEM,
OCHOBaHHBIM Ha 00O mepemMeHHOH 00paboTku, Koropas Obula 3aJaHa Kak IOKa3aTelb
WU3MEHEHHUs] COCTOSIHMsI pOCTa KJIETOK, U TPETbUM TPUITEPHBIM 3HAaU€HHEM, OCHOBAaHHBIM Ha
mozaenu nporHosupyemoit IDKK. IIpornosupyemoe Moznenpr0 TpUITEPHOE 3HAYEHHE Ha OCHOBE
IDKK mosxer ObITh YCTAaHOBJIEHO Ha 3HAU€HHE, PABHOE MAKCHMAJBbHOMY MPOTHO3UPYEMOMY
mozenbto IDKK, koTopoe cunraercss npuemMiIeMbIM i JAHHOTO MPOLEecca B CUCTEME MTOCEBHBIX
(depMeHTepOB; 3Ha4YeHHE, paBHOE -2,5% MaKCHUMaJbHOH CKOPOCTH POCTA KJIETOK, 3HAYCHHUE,
paBHOe -5% MaKCHMaJIbHOW CKOPOCTH POCTa KJIETOK, 3HaueHue, paBHOe -10% MakcuMaabHOM
CKOPOCTH POCTa KJIETOK; M aHaJormyHoe 3HaueHue. B takom mpumepe ACU 155 moxer ObITh
NPUCTIOCOOJICH I aBTOMATUYECKOI MHOKY K Onopeakropa 140 npu oOHapykeHHUU JH000ro
U3 TPUITEPHBIX COOBITHH, TakuM obOpasom, cuctema 10 mHOKyIMpyer Omopeaktop 140 mpwu
JNOCTHXKEHUU 3ailaHHOro TpurrepHoro 3HadeHust [IDKK, xots MoxkeT HHUIIMUPOBATh HHOKYJISILIUIO
npu Oonee Hu3koi IDKK, ecnu obHapykuBaercsi 3HaUeHHE TEPEMEHHON 00pabOTKH, KOTOpoe
YIIOBJIETBOPSIET YCJIOBHIO, KOTOPOE OBUIO 3a7aHO KaK MOKa3aTeslb U3MEHEHHUs] COCTOSIHUSL POCTa
KJIETOK, C JOTOJIHUTEIBHOH MEpOH MpenoCTOPOKHOCTH, 3aKJIOYAIOMIEHCs B TOM, 4TO Ooiee
paHHSsI aBTOMAaTHYECKasi MHOKYJISILUS TaKXKe 3aIyCKaeTcs, ecii oOHapy’keHa MPOTHO3UpyeMast
mozenb IDKK, paBHas unu mpeBbllIaroias 3ajaHHOE TPUITEPHOE 3HAUEHHE, MPOTHO3UPYEMOi
moznenu IDKK. Takum obpa3om, ecii KJIeTOYHAs KyJbTypa HAUWHAET UCIIBITHIBATD YBEIHUEHHE
nporaosupyemoit mogenu IDKK no oOHapyskenus 3amanHoro TpurrepHoro 3HaueHusi [IDKK u
0e3 obOHapykeHUs: KakoH-mubO Apyroil mnepeMeHHON o00paboTkw, KoTopas obecrnedynBaeT
npeaynpexaeHne 00 M3MEHEHUU COCTOSIHUSI POCTa KJIETOK, TOTAAa CHUCTEMa MOXKET 3aIyCTUTh

ABTOMATUYECCKYI0 MHOKYJIALUIO 10 BO3SHUKHOBCHUA HETIPUEMIIEMOI'O COCTOSAHUS POCTA KJICTOK.
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ACU 155 mosxker paboTtaTh ¢ JFOOBIM KOJIMYECTBOM 33aHHBIX TPUITEPHBIX 3HAUEHUH Ha
OCHOBE JIFOOOTO KOJIMYECTBA PA3JINYHBIX MEPEMEHHBIX MPOLECCa, KOTOPbIE MOTYT BKIIKOYATh, O€3
orpaHuueHus], Jr000e OAHO WM KOMOMHALIMIO M3. OJHOro Miu OOJiee NMUTATENbHBIX BEIECTB
(HampuMep, aMHUHOKUCJIOT M BHUTaMHHOB), JIAKTaTa, COMYTCTBYIOIIMUX (aKkTOpOB; (HaKTOpPOB
pocTa; CKOpOCTH pocTa KieTok; pH; kucnopona; a3oTa; YMCIEHHOCTH JKU3HECTIOCOOHBIX KJIETOK;
HOZicYeTa THOeNN KIIETOK, KUCJIOT, OCHOBAHUIT, IUTOKUHOB, aHTHUTEJ; U METa0OJIUTOB.

KomnerorepHas cucrema 150 Taxke MOXKET UMETh CPEACTBA YNPABICHHs], IO3BOJISIOLIUE
BHOCUTb M3MeHeHuss B cuctemy, Bkitoudas ACU 155, B pexume peanbHOrO BpPEMEHU U3
unrepdeiica mnarpopmbl. Hanpumep, MoxkeT umeTbcsi HHTep(dEHC, KOTOPBIH IO3BOJSET
NOJIB30BATENI0 BBIOMPATH ONHO WM OoJiee YCJIOBUN 3alyCcKa Ha OCHOBE psiia Pa3IMYHBIX
nepeMeHHbIX o0pabotku (Hanpumep, TpurrepHoe ycnoBue Ha ocHoBe IDKK; Tpurrepnoe
yCJIOBHE Ha OCHOBE JIAKTAaTa, TPUITEPHOE YCIOBHE Ha OCHOBE CKOPOCTH POCTA KJIETOK; M T. I.);
JUIsl BBOJA SKEJAEMOIO 3HAYEeHUs [JIs1 WCIOJb30BAHMSI B KaueCTBE 3aJaHHOIO 3HAYEHUs
BEJINYMHBI B TPUITEPHOM YCJIOBHH (Hampumep, 3Ha4eHHs1 Tpurrepa Ha ocHose neneBoi [1DKK;
MHUHHMQJIBHOTO VPOBHS JIAKTaTa, MAaKCUMAaJIbHOH CKOPOCTH pOCTa KJIETOK H T. 1.);, H
peryiupoBaHusi OOHOTO wiu Oojiee 3adaHHbIX TpUrrepHbix 3HadeHu. ACU 155 momkeH ObITh
crioco0eH pearnpoBaTh HA W3MEHEHHE ONHOTO WM OoJiee 3aJaHHBIX TPUITEPHBIX 3HAYCHUH,
9TOOBI PETYJINPOBATH YCIOBUS, IIPH KOTOPBIX 3aITyCKAETCS aBTOMATHYECKAsh HHOKY JISLIFSL.

B mepBoM mnpomecce B CHCTEME IOCEBHBIX (PEPMEHTEPOB CIIEKTpPAJbHbIE ITaHHbIE
KOMOMHALIMOHHOTO  PAacCesHUsl HCIONB30BAINCh ISl  CO3JaHWS MHOTOMEPHOW MOJENH,
OCHOBAaHHOM Ha 3HAYEHUSAX U3MEPEHHMii TepeMeHHbIX mporecca B auanasoHax 450-1800 cm! u
2600-3100 cm!, 3a uckmoyeHHWeM 3HaYEHW M3MepeHWi B nuanasoHe 1800 < x < 2600 cm!.
[MTapannenbHO CO CHEKTPAIBbHBIMH H3MEPEHUSIMH KOMOHMHAILIMOHHOTO pacCestHUs ObUTH TaKke
IPOBEEHBI ABTOHOMHbIE CIIEKTPaJIbHbIE H3MEPEHHs C UCTIOJIb30BaHNEM aHanu3zaTopa BioProfile
Flex®. CriexTpasipHble M3MEPEHHsI KOMOMHAIMOHHOTO PaccesiHusl MPOBOAMINCH Kaxsle 15-60
MHUHYT, NPU 3TOM H3MEPEHMs] NEPEMEHHBIX aBTOHOMHOIO Mpolecca MPOBOAWINCH OAWH pa3
npuOJIM3UTENIbHO Kaxkable 4 4waca, 24 dvaca, 48 wacoB u 72 d4aca TmOCie BBEICHHUS
KPHUOKOHCEPBUPOBAHHOIO 3amaca KIETOK B pacuupurenbHyro kamepy 1100 Ha ®ur. 5
NPOUJUTFOCTPUPOBAHbl J1aHHBIE ABYX CIHEKTPajdbHbIX H3MepeHuil BMmecTe ¢ unenesoi IDKK
(4.0x10° kneTox/mn) A1 MHOKyJIsILMK GuopeakTopa 140.

Kak Bumno Ha @ur. 5, nBa Habopa CIEKTPaJbHBIX JaHHBIX ObUIM OTHOCHUTEJBHO
COIJIACOBAHBI JPyr € JPYroM Ha 24-4acoBOH OTMETKE, 4YTO COOTBETCTBOBAJO BTOPOMY
ABTOHOMHOMY H3MEPEHMIO, XOTS HAyajd pPaCXOOUTHCA NPUOTU3UTENFHO Ha 32-4acoBOM
oTMeTKe. XOTs 1Ba HaOOpa JaHHBIX CHOBA CXOISTCS MPUOIU3UTENLHO HAa 72-4acOBOH OTMETKE,
COOTBETCTBYIIEH UYETBEPTOMY AaBTOHOMHOMY H3MEPEHHIO, HAOJIOAaNOCh MAaKCHMAJbHOE
CMellleHHe, COCTaBlsAoNIee NpuOMM3uTensHo 2,0x10° kiaerox/mn mpu okono 48-4acoBoii
OTMETKE, COOTBETCTBYILIEH TPETbeMy AaBTOHOMHOMY H3MEPEHHIO. JTO CMELIEHHUE SBISETCS
3HaumTenbHbIM. Hanpumep, npu Hauenusanuu IDKK Ha unokynsuuio 4,0x10° kneTok/mi, eciu
6b1 ACU 155 mnomarancs Ha CHEKTpajbHble JaHHblE KOMOWHAIIMOHHOTO pAacCEsHUs,

aBTOMaTUYeCKass MHOKYJsAIMs Ouopeakropa 140 mpoucxomuna Obl mpuOIM3UTENBHO Yepe3 44
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yaca. OnHAaKo, OCHOBBIBAasCb HAa AaBTOHOMHBIX CIEKTPAJbHBIX JaHHBIX, aBTOMAaTHUYECKasl
MHOKyJIALUs d4epe3 44 daca Obuta Obl mpexneBpeMmeHHoM, Tak kak [DKK B 310 Bpems
(axTuuecku cocTapnsna O6bl MpUOAM3UTENBHO 2,5%10° KIeTok/Mn. BMecTo 5Toro, Npeanosaras,
YTO aBTOHOMHBIE CIIEKTPAJIbHBIE JaHHbIE TOYHBI, LeneBoe 3HadyeHue IDKK nisa nHokymsinuu He
Oyner MOCTHrHyTO NPUOIM3HTENBHO BILIOTH 10 60 uwacoB. Takum oOpa3om, aBTOMaTHYeCKas
MHOKYJISILMST Ha OCHOBE CIIEKTPAJIBHBIX JaHHBIX KOMOHMHAIIMOHHOTO pPAacCesiHUS Morja Obl
npousoiTy npu cydontumanbraoi [TXKK, 4To MOrio Obl IPUBECTH K CYIECTBEHHOMY CHIIKEHHIO
MPOU3BOAUTENBHOCTHU MIPOU3BOACTBEHHOTO IIpoLecca.

Cwmemenune, Hampumep, Ha Pur. 5, MoxkeT ObITh NMPOOJEMATUYHBIM IJIi TOYHOH U
HAJeKHOW WHOKYJSIuu Ouopeaktopa. Hampumep, eciam mmeercst ommOKa B CHEKTPAIbHBIX
JaHHBIX KOMOHMHALIMOHHOTO pAacCEesTHUs, TO aBTOMATHYECKas HMHOKYJSILUS MOXKET OBITh
BBINOJTHEHA CJIMINKOM paHo, A0 QakTtuueckoro poctmwkenus ontumanpHon [DKK. C mpyroit
CTOPOHBI, €CIIM H3MEPEHMs] NEPEMEHHBIX IPOLECCa B ABTOHOMHOM pEXKHMME BBINOJHSAIOTCS
TOJBKO OJMH pa3 B HECKOJbKO YacOB, TO WHOKYJSILUS BPYYHYKO MOXKET OBITH BBINOJHEHA
CJIMIIKOM NO3[HO, HalmpuUMep, KOTrJa MHOKYJISILUS BPYYHYIO HE BBINOJHSAETCA Ha 48-4acoBoi
ormetke, eciu [DKK Hmke neneBoro 3HaueHus (kak Ha Qur. 5), 1 BMECTO 3TOTO BBITOJTHAETCS
Ha 72-dacoBoii oTMeTke nocie npesbimenns neiesoii [IDKK (Pur. 5).

Ctpemsicb  MOBBICUTb TOYHOCTb M HAJEXKHOCTb  CIEKTPAJIbHBIX  H3MEPEHMH
KOMOMHAIIMOHHOTO pACCEesIHUS CBETAa, IPOBENIM HCCIIEAOBAHME KJIETOYHOH CTHMYJISILUN C
ucnoap3oBanueM cycrnensuu kierok CHO npu mectu pasnuuHbIX MIOTHOCTAX, KaK YKa3aHO B

NPUBEAECHHON HIbke Tadnue I:

Tabauua 1
MroTiocTs nenensix keTox (x109) dakTHYEeCKAs IVIOTHOCTH KJIETOK
(NovaFLEX®, x10°)
1 1,03
4 3,85
7 7,68
10 9,39
13 13,09
16 15,65

CriekTpanbHble W3MEPEeHUsT KOMOHWHAIIMOHHOTO PAaCCesTHUs TMPOBOMWIMA I IIECTH
Pa3IMYHBIX TUIOTHOCTEH KJIETOK B TPEX OK3EMIUISIpax, TMOBTOPSISl BpeMsl CKaHUPOBAHUS,
UCTIONIb3yEMOe TPU cOOpe MAHHBIX KOMOHMHALIMOHHOTO pPACCESHHs BOCXOIIEr0o IOTOKA, a
rpadvK MepeMeHHOTO BIUsTHUS Ha nporHo3uposanue (VIP) ucnonp30Bau s ONpeneNieH s TeX
oOjacreli JUIMH BOJIH CHEKTPAJIbHBIX JAaHHbIX KOMOWHAIIMOHHOTO PACCEsTHHs, KOTOpbIE
HaOJIFOHaTUCh, YTOOBI KOPPEIHPOBATh CaMble CHIIbHBIC C M3MEPEHHUSIMU TUIOTHOCTH KJieTok. U3

3TOrO HCCNenoBaHus obmacTé auuH BodH 800-850 cml; 1260-1470 cml; 1650-1840 cm!l; u
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2825-3080 cm!' umenTuduuupoBamM kak Haubojee TOYHO HH(POPMHUPYIOUIME O MIOTHOCTH
kJ1eTokK (Pur. 6).

Ha @®ur. 7 npouMyuIIOCTPUPOBAHBI PE3YJbTAThl CPABHUTEJIBHOIO MpPUMEPA MEXIY
U3MEPEHISIMH, TOJYYSHHBIMH U3 JBYX HAa0OPOB CHEKTPAIbHBIX IaHHBIX, MPUYEM IEePBBIi
OCHOBAaH Ha CIEKTPAJIbHBIX M3MEPEHUSX KOMOMHALMOHHOTO pACCESHUs, BBINOJHEHHBIX B
COOTBETCTBHM C OOBIYHBIMH METOAAMH, 4 BTOPOW OCHOBAH HAa CIEKTPAIbHBIX H3MEPEHUSIX
KOMOWHAIIMOHHOTO PACCEsSIHUS, BBITIOJHEHHBIX B COOTBETCTBHU C MHHOBALIMOHHBIMH METONAMH,
¢ oboumu HaOOpaMH HaHHBIX, MOCTPOSHHBIMH OTHOCHTEJIBHO ABTOHOMHBIX CIEKTPAJIbHBIX
naHHbIX. OOBIUHBIE CIEKTPAJbHBIE HW3MEPEHHS KOMOMHALIMOHHOTO PACCEsHUs TPOBOAMIIHN B
nuanasoHax muuH BomH 450-1800 cm' m 2600-3100 CM'I, MPU 3TOM HWHHOBALMOHHBIE
CTHEKTPAJIbHBIC U3MEPEHHsI KOMOMHAIIMOHHOTO PACCEsTHUS POBOAIIIN B MANAa30HAX JUTHH BOJIH
800-850 cml; 1260-1470 cmt; 1650-1840 em!; u 2825-3080 cml. Kak MOXKHO BHIETh, HECMOTPS
Ha TO, 4To 00a Habopa NaHHBIX KOMOWHAIIMOHHOTO PAaCCEsHHs TOKa3bIBAIOT HEKOTOPOE
OTKJIOHEHHE OT U3MEPEHUI B aBTOHOMHOM PEXKHMe, U3MEPEHUs], TPOBEEHHbIE B COOTBETCTBHUH C
OMUCAaHHBIMU B JAHHOM JJOKYMEHTE MHHOBALMOHHBIMH METOAAMHU, MOKa3aJId 3aMETHO MEHBLIYIO
W3MEHYHBOCTh OT oOpasua k odpasiy.

B emme onHOM acrniekTe JaHHOTO H300pETeHMs, B IOTIOJTHEHUE K TOMY, YTO KOMIIBIOTEPHAS
cuctemMa 150 coxpaHsieT CHPOrHO3UPOBAHHBIA TEXHOJOTMYECKUHM MapamMeTp W3 MHOTOMEpPHOU
MOZIeJI, KOMIIbIOTEepHasl cucteMa 150 MOKET COXpaHsATb BPEMEHHOU psifi CIPOrHO3UPOBAHHBIX
TEXHOJIOTHYECKUX MapaMeTpoB B pacumputesnbHol kamepe 110 mmubo B 6buopeakrope 140. Dtor
BPEMEHHOH PSS MOXET IIOBEPraTbCs METOAY IIYMOIOAABIEHHs, KOTOPBI MOXET OBITh
MPOTHO3HBIM WJIHM peTpocnekTuBHbIM. [Ipu BrmoueHun merona mymononasieHus, ACU 155
MOXKET TPENCTABISITh COOOH PEerpecCHOHHYI0 MOZENb C JIOKAJbHBIM B3BELIMBAHHEM, KakK B
nyonukaiuu Cleveland, W.S., Robust Locally Weighted Regression and Smoothing Scatterplots.
Journal of the American Statistical Association, Vol. 74, No. 368 (1979): 829-836, koropas
BKJIFOYEHA B TIOJIHOM 00BbEeMe MOCPENCTBOM CChUTkK. Hampumep, BecoBasi pyHKIUSI MOKET ObITh
MOJJMHOMOM TIISITOTO TOPSIZIKA, KOTOPBIA YMEHbIIAeT aKLEeHT Ha PAaHHUX TOYKax B MaKeTe U
NOAYEPKHUBAET MOCeIHUE TOUKU. [Ipeapiayiune 3HaHus Ja0T CIIOCOOHOCTh HEMTOCPEICTBEHHOTO
BOCTIPUATUSL TOTO, YTO POCT KjieTOK B N-1 sBiseTcs CUrMOHMIAJIbHBIM, YTO O3HA4YaeT, UTO
cpenHsisi 0OJIaCTh POCTAa SIBJISIETCS MPUOJU3UTENBHO JHUHEHHOH. JIOKambHBbIE pPerpecCHOHHBIE
MOZEN MOTYT OLIEHUBATh OTy JIMHEHWHOCTb U JKCTPANOJUPOBATH Uil  OOHOBJICHUS
NPOTHO3UPYEMOr0 BPEMEHU HHOKYJIILMM, & TaK)K€ BBIUUCIATH BPEMsI MEXIY H3MEpPEHUSIMHU,
KOTla pacyeTHOe 3HaueHHe mpolecca OyneT paBHO TPHUITEPHOMY 3HAYEHUIO. IJTOT IMOIXOX
YMEHBIIIAET BapHALMIO MPEICKA3aHUsI OJHOIO M3MEPEHHS KOMOMHALIMOHHOTO pacCesHUs], Kak
nokas3aHo Ha Pur. 8.

Xots naHHOE U300pEeTEeHHE OIMMCAaHO CO CChUIKOM Ha KOHKPETHBIE BapUaHTHI
OCYILIECTBIIEHHUsI N300pETEeHNs, CIEHATNCTaM B TAaHHON OOJIACTH TEXHUKHU OyIeT MOHATHO, YTO
NPEAIIECTBYIOLIEE PACKPbITUE OTHOCUTCS TOJBKO K THUIIOBBIM BapHaHTaM OCYILECTBICHMUS
u300peTeHust; 4ro 00BeM H300pEeTeHHs HE OrPaHHUYMBAETCS PACKPBITBIMU BapHaHTAMU

OCYIIECCTBIICHUSA I/I306peTeHI/I$I; U 4TO 00BbEM I/1306peTeHI/I$I MOXKET OXBaTbIBATb AOMOJIHHUTCIIBHBIC
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BapHUAaHThBI OCYHICCTBJICHUA I/1306peTeHI/I$I, OXBATbIBAIOIIHUE Ppa3InYHbIC HU3MCHCHUA u
MoOAM(UKAIMA IO CPAaBHEHHIO C IPUMEPAMH, PACKPBITBIMM B JaHHOM JOKyMEHTe, Oe3
OTKJIOHEHUsI OT 00beMa M300peTeHNs1, ONPENETICHHOTO B IpujiaraeMoi GopmMyJiie n300peTeHus u
€€ SKBHUBAJICHTAX.

B Toii Mepe, B Kakoil 3TO HEOOXOAUMO MJIsI MOHUMAHUS WM 3aBEPLICHUS PACKPBITHS
IaHHOTO M300peTeHus, Bce MyOIMKalny, MATEeHThl U ATEHTHBIE 3asBKH, YIIOMSHYThIE B JAHHOM
IOKYMEHTE, HETIOCPEICTBEHHO BKJIIOYEHbI B HErO NMOCPEICTBOM CChUIKM B TOH JK€ CTENEHH, KaK
ecii Obl KaxXaasi U3 HUX ObL1a BKJIFOYEHA TaKUM o6pa30M 10 OTACJIBHOCTH. Huxkakast JIMLCH3U,
SIBHO BBIPAKEHHAs WJIM MOApasyMeBaeMas, He MpPEeIOCTaBJsAeTCsl JIoOOMy MaTeHTY,
BKJIFOUEHHOMY B Z[aHHbeI JAOKYMCEHT.

HaHHOe I/I306peTeHI/Ie HE€ OIpaHUYCHO TUIIOBBIMHU BapHAHTAMU OCYIICCTBICHUA
I/1306peTeHI/I$I, MPOUJUTIOCTPHUPOBAHHBIMU B JaHHOM AOKYMEHTE, a BMECTO 3TOro

XapaKkTepU3yeTcst mpuiaraeMoit popmyioi n3o0peTeHusl.
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P®OPMYVYJIA U3OBPETEHUA

1. Cucrema ynpasieHHs TPOLIECCOM B CUCTEME ITOCEBHBIX (DEPMEHTEPOB, CONEpIKAILAs:

PaCIIMPUTETbHYIO KaMepy AJis MOJIy4eHHs] HCXOJHOTO 3arnaca KJIETOK AJsl pa3MHOXKEHUs
70 SKU3HECTIOCOOHON KJIETOUHON KYJIBTYPBI,

OuopeakTop, COOOLIAIOIIUICS MO TEKyded cpene ¢ pacUIMPUTENbHOW KaMepou st
HIOJTyYEeHHUS] )KU3HECTIOCOOHOH KJIETOYHON KYJIBTYPHI;

HACOC MJIi OCYLIECTBJICHHs IIEPEHOCA >KU3HECIIOCOOHOW KJIETOYHOH KyJNbTyphl U3
pacUIMpPUTENbHON KaMepbl B OMOpEakTop 4epe3 KaHasl COOOIIeHHS MO TeKy4el cperme Mekay
pacUIMPUTETLHON KaMepol U OHOPEaKTopoM,

CTIIEKTPOMETP KOMOMHALMOHHOTO PACCEsSHUS, UMEIOLIUI 10 MEHbIIeH Mepe OMH JaTYUK
IJIs  MOHHUTOPHHra IIpoliecca pa3MHOXKEHMs KIETOK B pPacCUIUPUTENIbHOW KaMmepe C
UCTIOJIB30BAHIEM CIIEKTPOMETPHUH KOMOWHAIIMOHHOTO pACCEsIHUS, MPU 3TOM CHEKTPOMETP
KOMOMHAIIMOHHOTO DPACCesHUsI TMPUCIIOCOOJIEH ISl TeHEPHPOBAHHUS CIEKTPAIbHBIX JTaHHBIX
KOMOWHAIIMOHHOT'O PaCcCesTHUS;

MHOTOMEpPHYIO MOAEeNb, KOTOpas o0ecrneuynBaeT MPOTHO3UPOBAHUE TMEPEMEHHBIX
npouecca Ha OCHOBE JaHHBIX CIEKTPa KOMOMHALMOHHOTO PACCESTHUS, U

KOMIIBIOTEPHYKD ~ CUCTEMY, MMEIOIIYK0 CUTHAJIBbHYIO CBsI3b CO  CHEKTPOMETPOM
KOMOMHAIIMOHHOTO PAaCCESHUS sl IPUEeMa AHHBIX CHEKTPOB KOMOMHALIMOHHOTO PACCESTHUS, U
CHUTHAJIBHYIO CBSI3b C HACOCOM ISl YIIPaBJieHNs1 pabOTON Hacoca Al OCYLIECTBIICHUS IIepeHoca
KU3HECTIOCOOHOM KIIETOYHOH KyJIBTYPBI U3 PACIIMPHUTEIBHON KaMephl B OHOpeaKkTop,

IpU  3TOM  CIEKTPOMETP KOMOMHAIIMOHHOTO  PAcCesHUs  MPUCIOCOONEeH A
I'€HEPUPOBAHMSI CIIEKTPAJIbHBIX JAHHBIX KOMOWHALIMOHHOIO PAcCEsHUs, MHOTOMEpHas MOJAENb
o0ecreynBaeT MPOTHO3MPOBAHUE OAHOHN MM Oojee MEePEMEHHBIX MPOLECcca, a KOMIBIOTEPHAs
CHCTEeMa MPUCTIOCOOIeHA [T CPAaBHEHUST U3MEPEHUH TIEPEeMEeHHBIX MpoLiecca ¢ OHOH Wi Ooee
3aaHHBIMHU BEJIMYMHAMHU IPOLECCa, YTOOBI ONPENeNnTh, YAOBIETBOPSIOT JIM OJHO MM Oosee
3HaUEHUI U3MEPEHUs IEPEMEHHBIX MTPOLecca 3aJaHHOMY TPUTTEPHOMY 3HAYEHHIO,

IPU 3TOM KOMIIBIOTEPHAsT CHCTEMa MNPUCTOCOOJIeHA, IMOCHEe OMpEeNeSeHUs TOro, 4TO
3HAYEHHE HU3MEPEHUs] TEePEeMEHHOW Mpolecca B CHEKTPAIbHBIX JTaHHBIX KOMOWHAIIMOHHOTO
paccesiHUsI YIOBJETBOPSIET ONHOMY WM Oojiee 3aaHHBIX TPUITEPHBIX 3HAYCHUH, IS
yIpaBJIEHUs] HAaCOCOM JUJIsl BBITMIOJIHEHUS] aBTOMATHUYECKOTO TepeHoca o0BeMa KIIETOYHOH
KYJbTYpbl M3 PACIIUPHUTENIBHON KaMmepbl B OHOpPEAaKTOp, TaK, YTO aBTOMATHUECKUH MEPEeHOC
o0beMa KJIETOYHOW KYJBTYPbl W3 PACLIMPUTENILHOW Kamepbl B OHOpPEaKTOpP HMHULMHPYETCS
KOMITBIOTEPHOM CUCTEMOM, KOTJla AOCTUTAETCS IO MEHbLIEH Mepe MePBOE 3aJaHHOE TPUTTEPHOE
3HAYeHWEe, WIM KOTAa 3HAUYE€HHE OJHOW WM Oojiee NMEPEeMEHHBIX NPOLECcca YIOBIETBOPSIET
YCIIOBHIO, KOTOpPOEe OBLIO 3apaHee OMpPENeNieHO KakK IOoKas3aTelb M3MEHEHUs] COCTOSHHUS POCTa
KJIETOK.

2. Cucrema o m. 1, rme

KOMIIbIOTEpHAsT CcUCTeMa 00pabaTbIBaeT CIHEKTPaJbHbIE JaHHbIE KOMOWHALIMOHHOTO
paccestHUsI, TOJYYeHHbIE OT CIIEKTPOMETpa KOMOWHALIMOHHOTO PpAacCesHUs, Ui CO3[aHUSA

MHOTOMEPHOW MOJIeNIN OHOHN HiIH OoJiee epeMeHHbIX MpoLecca.
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3. Cucrema 1o 1. 2, e

KOMITBIOTEPHAsI CHCTEMa TIEHEePUPYeT MOAENb YaCTUYHOM pEerpecCud METOIOM
HaUMEHBIIUX KBaJIPaTOB.

4. Cucrema 1o 1. 3, rae

KOMITBIOTEPHAsi CHCTEMa aJaNTHPOBaHA, IPU CPABHEHUU IMPOTHO30B IEPEMEHHBIX
nporecca U3 MHOTOMEPHOW MOZAENH ¢ OAHON uiau 0ojiee 3aJaHHBIMH TOYKAMHU MPOLIECCa, IS
UCIIOJIb30BAHUSl 3HAYEHUII HM3MEPEHUN IMEepPEeMEHHBbIX Ipolecca W3 MHOXKECTBA 3aJaHHbIX
BBIJIEJICHHBIX 00JIACTEH CIIEKTPaIbHBIX JaHHBIX KOMOWHAIMOHHOTO PACCESTHUSI.

5. Cucrema o 11. 4, rie

KOMITBIOTEPHAs] CUCTEMA HCTIONb3YeT 3HAYCHHS] U3MEPEHHH MEepPEeMEHHBIX MpoLecca U3
CHEKTPaJIbHBIX JaHHBIX KOMOMHALMOHHOTO PAacCesHUs B AMAna3oHax AauH BojH 800-850 cm!;
1260-1470 cm!; 1650-1840 em™t; u 2825-3080 cm™.

6. Cioco0 aBTOMAaTUYECKOH MHOKYIISIMKA OMOpeakTopa ¢ MPUMEHEHUEM CHUCTEMBI IO II.
1, BKITFOYAFOTINA:

Pa3MHOKEHHUE 3aImaca KJIETOK B PACLIUPUTEIbHONU KaMepe;

TeHePUPOBAHUE  CHEKTPAJbHBIX  JAHHBIX  KOMOWHAIMOHHOTO  pacCessHus ¢
UCTIOJIB30BAHUEM CIIEKTPOMETpa KOMOMHALIMOHHOTO pacCesHusl sl oOecredeHus] JaHHBIX st
MHOTOMEPHOW MOJEJIH, KOTOpasi MPOTHO3UPYET OAHYy WIH OoJiee TEepeMEeHHBIX MpoIecca
Pa3MHOKEHUS KJIETOK B PACLIUPUTENILHON KaMmepe;

KOMITBIOTEPHYIO CUCTEMY, CPAaBHHBAIOIIYIO CIIPOTHO3UPOBAHHBIE TIEPEMEHHBIE MPOIEcca
13 MHOT'OMEPHOMN MOJIENU C 3aJaHHBIMU TOUKAMU MPOLIECCA B KOMITBEOTEPHOU CUCTEME;

KOMITBIOTEPHYIO CHCTEMY, YIIPABJSIOLIYI0 HACOCOM JUIsl aBTOMATHUECKON HHOKYJIALINU
OuopeakTopa >KHU3HECTIOCOOHOHM KJIETOYHON KYJbTYPOH M3 PACUIMPUTENBHOW KaMephbl, €CIH
KOMITBIOTEPHAsI CHCTEMA OIPENeNseT, YTO OnHA WM Oojiee CIPOrHO3UPOBAHHBIX MEPEMEHHBIX
npoLecca 13 MHOTOMEPHON MOJENIHN yAOBJIETBOPSIOT 3aJaHHOMY TPUITEPHOMY 3HAUEHHUIO, I7Ie
yKa3aHHble OIHAa wWih Oo0jiee CIPOrHO3MPOBAHHBIX MMEPEMEHHBIX TMPOIECCa BKIIKOYAKOT
MOKa3aTeNIb U3MEHEHHUSI COCTOSIHUSI POCTa KJIETOK.

7. Cniocob mo 11. 6, rie

3aJJaHHOEe TPWITEPHOE 3HAYeHHWe TPeACTaBisieT CcoOOW 3HA4YeHHWE IUIOTHOCTH
YKU3HECTIOCOOHBIX KJIETOK.

8. Cnocob mo 1. 7, rae

3alaHHOE€  TPUITEPHOE 3HAYCHHE YCTAHABJIMBAIOT HA 3HAYEHUH  IUIOTHOCTU
JKU3HECTIOCOOHBIX KJIETOK, KOTOPOE PaBHO WM HaxomuTcs B amamasoHe -10% oT 3amaHHON
1[EJIEBOH TIOTHOCTH JKU3HECTIOCOOHBIX KJIETOK.

9. Cniocob mo 1. 6, rue

3aJJaHHOE TPUTTEPHOE 3HAUEHUE MPEACTABIISICT COOOM 3HaAUEHNE YPOBHS JIAKTATA.

10. Crtocob mo 1. 9, e

3aIaHHOE TPUTTEPHOE 3HAYEHUE YCTAHABIMBAKOT HA 3HAYEHUH YPOBHS JIAKTaTa, KOTOPOE
pPaBHO WK HaxoauTcs B nuana3oHe +10% oT 3a1aHHOro MUHUMAJIBHOTO YPOBHSI JIAKTATa.

11. Criocob mo 1. 6, re
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3aJaHHOE TPUTTEPHOE 3HAUEHHUE MPEACTABIISIET CO00M nmporHo3upyemyro moxaesb [DKK.

12. Criocob mo 1. 11, roe

3a1aHHOE TPUITEPHOE 3HAYEHUE YCTAHABIUBAIOT HA 3HAYEHUM MPOTHO3UPYEMOU MOIENIU
IDKK, xoTopoe paBHO WM HaXOAUTCs B [uanaszoHe -10% oT 3agaHHO MakCUMAaJIbHOM CKOPOCTH
poCTa KJIETOK.

13. Criocob mo 1. 6, rje

KOMIIBIOTEPHAsE CHCTEMa COXpAHsAeT MepBOE€ 3aJaHHOE TPUITEPHOE 3HAYEHUE Ha
OCHOBAaHUH 33JaHHON IUIOTHOCTH >KHU3HECIIOCOOHBIX KJIETOK M COXPAHSET BTOPOE 3aJaHHOE
TPUITEPHOE 3HAYEHWE Ha OCHOBAHWU 3aJlaHHOH TMEePeMEeHHOW OO0pabOTKH, OTIUYHOH OT
TUIOTHOCTH JKM3HECTIOCOOHBIX KJIETOK, U

KOMITBIOTEPHASI CUCTEMA MPUCIIOCOOIEHA [T YIIPABJICHUS] HACOCOM ISl aBTOMAaTUYECKON
MHOKYJISIUN OHOpeakTopa >KU3HECIIOCOOHOW KJIETOYHOH KyJIBTYpOH U3 PacUIMPUTEIbHON
KaMephl, €CJIM KOMIIBIOTEpHAas CHCTeMa OINpEAessieT, 4TO CIPOTHO3UPOBAHHAs IMEPEMEHHas
mporecca W3 MHOTOMEPHOW MOJENH YIOBJIETBOPSIET MEPBOMY JIMOO BTOPOMY 3aJaHHOMY
TPUTTEPHOMY 3HAUYEHHUIO.

14. Criocob mo 1. 6, rje

BTOPOE 33/IaHHOE TPUTTEPHOE 3HAYCHUE MPEACTABIAET COO0H 3HaAUEHNE YPOBHS JIAKTATA.

15. Criocob mo 1. 6, re

NepBOE 3aJaHHOE TPHUITEPHOE 3HAUEHHE IMIPEACTaBIsieT COOOW 3HAYEHHWE MOZENH
nporxosupyemon IDKK.

16. Crioco0 mo 1. 6, re

KOMITBIOTEpPHAsl CHCTeMa OOpabaThIBae€T CHEKTpPaJbHbIE JaHHbIE KOMOWHAIIMOHHOTO
paccestHUsI, TOJy4eHHblE OT CIEKTPOMETpa KOMOMHALIMOHHOTO pacCcesHus, Ul CO3[aHUSA
MHOTOMEPHOW MOIenu ONHOH uiau Oojiee MepeMEeHHbIX Ipolecca W MOJydaeT 3HAueHUs
U3MEPEHUI NEePEeMEHHBIX MpoLecca U3 MHOTOMEPHOW MOJENH Al CPaBHEHMsI C 3aJaHHBIM
TPUTTEPHBIM 3HAYEHHEM.

17. Criocob mo 1. 16, roe

KOMIIBIOTEPHAsi CHCTeMa TIEHEepUpyeT MOAENb YaCTUYHOM pEerpecCud METOAOM
HaNMEHbIIUX KBAJPATOB.

18. Cucrema mo m.l, rme yka3aHHas KOMIBIOTEPHAas CHUCTEMa COXPAHSET IMEePBOE
3aJJaHHOE TPUITEPHOE 3HAYEHHE Ha OCHOBE 33JaHHOTO YPOBHS IUIOTHOCTH JKH3HECIIOCOOHBIX
kiaerok (IDKK) u coxpanser BTOpO€ 3aJaHHOE TPHUITEPHOE 3HAUEHHE HAa OCHOBE 3aJaHHON
nepeMeHHo npouecca, ornuHon oT [DKK, u TpeTbe 3a1aHHOE TPUTTEPHOE 3HAUYECHUE HA OCHOBE
moaenu nporuozupyemoit IDKK.

19. Cucrema mo 1.1, roe BTOpoe 3aJaHHOE TPUTTEPHOE 3HAUEHUE MPENCTaBJISIeT COOOM
3HAYEHUE YPOBHs JIAKTATA.

20. Cucrema no 1.19, rae 3HaueHue ypoBHS JIaKTaTa YCTAHOBJIEHO HAa 3HAUYEHHUE, PABHOE
3alaHHOMY MUHHUMAJIbBHOMY YPOBHIO JIAKTATA.

ITo noBepennocTn
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