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XemMomMeTpuUKa: aBa onpeaeneHus

denykrnBHoe

XEeMOMETpHUKA - ATO Hay4yHasd IUCLUILUIMHA, HAXOOAIIASACAd Ha
CTbIKE XMMHU U MATEMATHKH, IMPEIMETOM KOTOPOU SBISIOTCS
MaTeMaTu4eCcKre METOIbl UCCIICAOBAHUS XUMHUUCCKUX JaHHBIX

caum Poccuiickoeo Xemomenpuieckoeo 061/{/;667’}1661

UHaoyKTUBHOE

XCMOMeTpI/IKa — 9TO TO, 4TO ACTA0OT XCMOMCTPHKH.
catim MeotcOynapooHo2o xemomempuuecko2o oouecmaa

XCMOMGTpI/IKI/I — 9TO TAKHUC JIIOJHU, KOTOPBIC BCC BPCMSI IIBIOT

[IMBO U BOPYIOT UJIEM Y MATEMATUKOB
Svante Wold
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UTO menaet xemomeTpuka?

e XEeMOMETPHKA UMEET JEJIO C AAHHBIMHM (3a4aC-TYIO
C OYCHb OOJBIIMMHM), IIOITOMY XEMOMETPHKA - 3TO
noapasaen naHpopmaruku (Data mining)

 JlaHHBIE, KOTOpPBIE HCCIECAYET XEMOMETpPHKA I10
OOJIBIIIEW YaCTH MPOMCXOMAT W3 XUMHMH, MOITOMY
XEMOMETpPHUKaA - 3TO moxapaszaen xumuu (Analytical

chemistry)

. MeToaibl, KOTOPBIE MCIIOJNB3YET XEMOMETPHUKA
OpPHECHTUPOBAHbLI HAa (hopMaJIbHOE MOJICIUPOBAHUE

(Soft modeling)
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[Moyemy «xemo-» ?

e XeMOMETpHKA POAUIACh U3 3aJ]auM aHAIN3a XHUMH-

YECKUX CMEKTPOB

e CHOEKTPOCKOIMS — HAWIYUYIIHHA METOJ IOJy4YCHHS
MH(pOpMaILMHU Mo xoay mnpoiecca (on-line) B pexxnme
peaIbHOIO0 BpPEMEHHU: OBICTPO M O3 BIMSHHUS Ha

IIPOIIECC

* «XEeMO» IHOoAYCPKUBACT NMPAKTHYCCKYIO, 4 HC CTa-
)

THCTHUYCCKYIO SHAYMMOCTDb IIPUMCHSICMBIX MCTOJOB
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[Noyemy «-MeTpuka» ?

 XEMOMETPUYECKHE METOABI JIETKO W TJIOAOTBOPHO
MEPEHOCATCH B JIpyrue oO0JacTH, HaAlpUMEpP, B IICH-

XOJIOTHIO, OMOJIOTHIO, TEOJIOTHIO, U T. .

¢ XCMOMCTpI/IKa AKTHUBHO JKCILUTYAaTHUPYCT MATCMATHUKY

CTaTUCTHUKY, IMHEHHYIO aJreopy

e ‘It 1s easier to teach a chemist statistics that to teach

chemistry to a statistician.” (Svante Wold)
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MHOro nepeMeHHbIX U MHOIO U3MEepPEeHUM

OaHo namepeHune — cnekrtp (600 Touek) OauH uukn — 800 cnekTpoB (BpeMeH)
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OcHoOBHasd 3agavya XeMOMEeTPUKMU

3aMEHUTH NMPSIMbIe H3MEPEHHS, KOTOPEIE JTHO0 —
] HEBO3MOKHEI
] moporu
] JUTUTENBHEI
Ha KOCBEHHbIE U3MEPCHUS, KOTOPHIC —
] mocTymHbBI
] nereBnl
] OBICTPBI

C IIOCJIeAYIOIIEH NX 00pad0TKOM (KaIrnOpPOBKON).

10.02.05 WSC-4 Courses



OnpepeneHue KayectBa 6eH3nHa no UK-cnekTpy

AR RRRERELEN | AR ED R R AR E T
1100 1200 1300 1600

Scores Predicted Y

Elements: 13
Slope: 1.010279
Offset: -0.918475
Correlation: 0.987680
RMSEP: 0.233897
SEP: 0.243305
Bias: 0.008032

Measured Y
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Kak onpegenutb unucno K?

L6. Defining
Multivariate Calibration
Model Complexity for
Model Selection and
Comparison

John Kalivas

Idaho State University, Pocatello,
USA
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dPopmManbHble U coaepKaTenbHble MOAeNU

CopepxarternbHble PopmanbHbIe
“Hard” models “Soft” models
OTKyna ®dusunka, xmmus, ... N3 AaHHbIX
®dopmyna y=f(x,a)+e y=Xa+g
NMapameTpbl metoT purs. cMmblich dusnyeckn 6eCccMbICrEHHDI
NMpobnemsi [MocTpouTb MOAEnNb ObpaboTtaTb AaHHbIE
Ha3HavyeHue SQKCTpanonaums NHTepnonaums

10.02.05 SR - "
Mpumep XVM. KUHETUKA i ANOVA



benble, cepble U YepHble Mogenwu

L2. Gray Modelling
Approaches to Investigate
Chemical Processes
Roma Tauler

Institute of Chemistry and Environmental
Research, CSIC, Barcelona, Spain
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XemMomMeTpUuKa cpegu CBOUX cecTtep
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H — npuHunn. OCHOBbI XeMOMETPUKHU

L3.The H-principle of
Mathematical
Modeling

Agnar

Hoskuldsson
IPL, DTU, Kgs Lyngby, Denmark
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XeMomeTpukKa — OT apxeonorum oo
aCTPOHOMUMU

LS. Exploration and
Classification:
Applications from
Archaeometry to
Spectroscopy

Kurt Varmuza

Vienna Technical University, Vienna,
Austria
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KnHetuka — curve resolution
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Kak HanTm KMHeTUKY no crnekrTpam?

K, k,
> B >(C

A

KOHLI,eHTpaLWIVI «Yunctbie» CNeKTpPpbl KOMMOHEHT

concentrations

spectral signal

0 5 10 15 20 25 30 35 40 45 50
conventional wavelengths
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JBOsOLnA CrneKTpa KOMMNOHEeHT peakKuunu

1.0 1

0.9 -

0.8 -

0.7 1

spectral signal

0.3 1
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0.1 -

0.0

10.02.05
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OLEeHKN KUHETUNYECKUX KOHCTaHT

0.40 -
0.35 -
0.30 -
0.25 -
0.20 -

0.15 -

0. 1 0 I I I I [ I
-005 000 005 010 015 020 025

10.02.05 WSC-4 Courses 21



KuHeTnka n xemomeTtpuka

L1.Principal
Component Analysis in
Photochemistry
Bnagnmup PasymoB

Institute of Problems of Chemical
Physics, Chernogolovka, Russia
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XemMomMeTpuKa B NPOMbILLUIIEHHOCTMU

=

no marepuainam Nouna Kettaneh-Wold, Sweeden

u Richard Brereton, UK
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PAT & FDA

Process Analytical Technology (PAT) =
TexHonmorus (METOIbl) aHaIX3a IMIPOLIECCOB

PAT =
CTaTuCTUYECKUU KOHTPOJIb mporeccoB (SPS) +
XemomeTtpuka (Chemometrics)

FDA = U.S. Department of Health and Human
Services Food and Drug Administration

Guidance for Industry PAT — A Framework for Innovative
Pharmaceutical Development, Manufacturing, and Quality Assurance
Pharmaceutical CGMPs, September 2004
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MHOromepHbIN CTaTUCTUYECKUMN
KOHTponb npoueccoB (MSPC)

MSPC — 510 MareMaTUYEeCKAM aHAJIM3 PEATbHBIX UCTOPH-
YECKUX JAHHBIX, XapaKTEPU3YIOIIUX OIBIT PA0OTHI

e lleab: Hayuntecst y cammx ceOs NpUHHAMATh
OINITUMAJIbHBIE PENICHUSA B PA3JIMYHBIX CUTYaIUAX.

e CpeacrBa: COop uctopun padbOTHI IpoLIECCa, a TAKKE
aHaJIN3 HAKOIJICHHBIX JaHHBIX.

e Pesgvabprar: CHWKEHMH 3aTpar Opy CTAOMIM3ALUN
Ka4yeCTBaA.

MSPC — 310 0iMH U3 METOJI0B aHaan3a poieccoB (PAT)

10.02.05 WSC-4 Courses 26



3ayem B MSPC HyXHa xemomMeTpukKa?

[Iotomy, 4TO Bce OOJbIIE€ AAHHBIX O Mpoleccax
OJY4arOT C MOMOIIBIO COBPEMEHHBIX, A(P(PEKTUBHBIX
nprOOpPOB

(J MakponepeMeHHEbIe (TeMmiieparypa, pH, nasieHnue, ... )

1 Croekrpockonus (YO, UK, BUK, ...)

J Xpomatorpadus (OKX, I'X, ...)

 I'mOpugnbeie metonbl QKX/MC, XKX/SAMP, ...)

1 Bugaeo o0pa3sl u runepcnekTpsl (2D, 3D)
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KoHTponb ¢ nomouwbio SPC
X1 X2

OanHomepHasa obnacTb KOHTPONSA

X2

(
J ;
MHOFOMepHaFI obnacTtb KOHTPOIJA
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KoHTponb ¢ nomouwbio MSPC

X3 =

Mepa T? XoTtennuHra B
(paccTosiHue BHYTpWU mMoaenu)

VA
VA

/7

X2 -

(paccTosiHue oo moaenu)
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[Nepunoaunyeckue (batch) npouecchbl

[lepyoauyeckue MpOLECChl MPUMEHSIOTCS IPU MPOU3BO-
CTBE JICKApCTB, MOJWMEPOB, MUIIEBBIX MPOAYKTOB, U T. II.
OHU XapaKTepU3yIOTCs —

] KoHeuHol npoao/KUTEIbHOCTHIO

] KuneTtukoi mpoTeKkaHus

] M3MEHYNBOCTHIO, KAK BHYTPH, TaK U MEKAY ITUKIAMH

] HacTor cMeHOM MPOU3BOAMMBIX ITPOTYKTOB
B HemnpephIBHBIX MPOIECCaX BaXKHbI TOJIBKO B3aHMOOTHO-
IICHHUS MEXKIY IIEPEMEHHBIMH, TOTJa KaK B MEPHOINISCKHUX
BaXHO 3HATh KaK IIEPEMEHHBIC MEHSIIOTCS BO BPEMEHH.

[ToaTOMy 3A€Ch OCOOCHHO Ba)K€H KOHTPOJIb B PEaIbHOM
BPEMEHH.
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CpaBHeHUue oBYyX TUMNOB MNpoLEeccoB

HenpepbIBHLIM NpoLecc [lepuogunyeckun npouecc

$t2 | $t3 t
I
batch 1 batch 2 batch 3
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KoHTponb B dphapmaneBTUKe

= ll

MakponapameTpbl: TeMneparypa, AaBneHune % = —kA; A0) = A,
t > dB
_>_f:k1A_sz; B(O):BO
C:if = sz, C(O) — CU
10.02.05
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MSPC B chapmaueBTuke
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TpexmopanbHble (3-way) AaHHble

X

batch 1

§ batch 2
o
>
D

o batch 3

batch 4

batch 5

wavelengths
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Perpeccus
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BrnonHe peanbHbIV npumep

Real Time Quality Control (Batch monitoring)
of Pharmaceutical Production Processes.

Chris Ambrozic and John Parsons
Umetrics Inc.. Kinnelon, NJ 07405

Presented at FDA., 28 Nov., 2001

@ UMETRICS
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MSPC KoHTponb no nepBbiM ABYM K

CpenHas TpaekTopusa XOpOoLInX LUKITOB ( ) £ 30 (KpacHbIe).
Xopolune UuKIbl AOMMKHbI NexaTb B 3TUX npeaenax.

Score Plot (Observation Level) Score Plot (Observation Level)

BothSets.sip - Predicted scores for t[1] Bothets.sip - Predicted scores for t[2]

2..
0..
= m— 3 std. dev. — 3 st dey.
= e Average Batch e Average Batch
1 = -3std. dev. ——— Jstd. dev.
_4 4 l I
0 200 400 600 0 200 400 600
TimeMaturity ($timeb
imeMaturity (3timeb) TimeMaturity (Stimeb)

SIMCA-Batch On-Line 1.0 - 100301 03:03:05 PM

SIMCA Batch On-Line 1.0 - 100301 03:04:31 PM
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KoHTponb npouecca B pearibHOM BpeMeHM

[1noxon npouecc (4YepHbIN) BbIXOAUT [MpnynHa BLIACHSETCA C MNOMOLLBIO
3a npeaenbl JOMYCTUMbIX OTKIOHEHWUN rpadrka BKMagoB MNEpPeMEHHbIX B
no NK1. nepsyto K.
Score Plot (Observation Level) B LIRS CE
BothSets.sip - Contribution Scores
BothSets. Slp - Predicted scores for t[1 ] Batch 01p7-025 - average batch at 2001-10-03 15:15:00 (time/maturity 51), weight p
150
21 Bad batch 140 Bad variable
| 120
5100
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24 — (1p7-025 040
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KoHTponbHaga KapTa Ansa 3Ton nepeMmeHHOMU

[ variable Plot [Observation Level)

BothSets. sip - Level

S000 T ll
4000 1
= ———— 3 std. dev.
o — Average Batch
- — 3 std. dev.
30001 — M p7-025
2000 1

0 100 200 300 400 S00 600
TimeMaturity (Ftimeh)

SIMCABatch On-Line 1.0 - 100401 10:55:47 A
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MHoromepHbin aHanu3 nsoodpaxeHuun (MIA)

no marepuanam Paul Geladi, Sweeden
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Pa3noxeHue nsobpaxeHus no KaHanam

Red channel Blue channel

|
Green channel
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[MpumeHeHne MI'K ona aHanusa

X

Obpas K1

PCA

10.02.05

Obpas K2
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UccnepoBaHue coctossHuA necoB (KaHapa)

Crapsie nepeBbs
7 ~—
UcxoaHbin asapocHUMOR 21 Pa%e H’I\\ OH e B npocTtpaHcTBe K1
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XeMomeTpukKa n aKkcnepTusa

o marepuaiiam Oxcanbl Pogunonosou, Poccus
u Lars P. Houmeller, Denmark
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danbvlinBbIe TabNeTKn
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UK CnekTpbl Tabnetok

0.7 7 —N1 —— N1Cut

0.6 - —N2 —— N2Cut

0.5 A

0.4 -

0.3 A

0.2 A

0.1 1

cm”’
0 1 1 1 / 1 1 1

0 13800 4800 5800 6800 7800 8800 9800
0.2 -

-0.3 -

Mpu6op Bomem MB160 B ananasoHe 3800 — 10000 cm™' (6nvxHmin UK
cnektp); 1609 3HauyeHUN.

N1 - Tabnetku ot nponssoautens —10 WTyK;
N1Cut — o6pa3eu N1 paspe3aHHbIU

N2 - Tabnetku dphanbcudmumpoBaHHblie — 10 WTYK;
N2Cut — o6paser, N2 paspe3saHHbIN
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PCA nonHoro cnekrtpa

PC2
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OTpenbHbIe YYHACTKU CNEKTPA
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AHanu3 «Hamxypglwero» y4dyacTKa cnekrpa
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SIMCA

[MonHbIn cnekTp (1609 TouYeEK) Yyactok cnektpa (130 To4ek)
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TMnpecnekTpbl TabneTokK

£ 11MIA - Multivariate Image Exploration =10l x|
System Desktop Help

[ Olc|a|a|e] - [+« o @|L:]2] 2] 2| D&

Image Files] Model-1 Model-1 Desktop I
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XemMomMeTpUuKa u akonorus

o —wANT"T D

no marepuanam Pentti Minkkinen, Finland
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BnnaHmne BaHagneBOM NbiNN Ha nNogen

30

cnbiTaTtenbHas
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Afos
B-cf
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Ca
Urat
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KoHTposbHas
rpynna 18 yenosek

Variable No.
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KIMMHUYECKUX
nokasarenemn 1§
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Gluc

Scaled concentrations
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PLS-D duckpnmuHauums

Matpuua geckpuntopos X MaTtpuua nHankatopos Y

& Xy, e | X 1 0
1 0

X21 X22 X2k 1 0
C LAY C 1 0

1] 0

0 1

X X. | x 0 1
T dLASS V ) T
xi+1,1 Xi+1,2 Xi+1,k 0 1
0 1
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'pachuk NK B PLS-D
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XeMoMeTpuKa B bmonormm

no marepuaiam David O. Nelson and
Matt Coleman, USA
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HoBasa ononorus: X- omics

TpaguUMOHHbLIN Noaxon:
» OauH reH/6enok/peakuuns 3a pas

* /lccnepoBaHune oTaenbHOU MOAOEeNun

HoBbIN «cucTeMHbINY noAaxoA:
» Bce JHK/PHK/6enkn nccnegytorca Bmecte

e [MobanbHbIN aHaNU3 0ONbLWUX AAaHHbIX
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YTOo Takoe microarray - 4ymn?

* KaxxgbIin MUKpOpeakTop
cogepxut OHK (nnu
6enok)

* OObIYHO B KaXXO0OM
peakTtope pasHble [HK,
C NoBTOpamMu Ans
KOHTPOSS1 TOYHOCTU

* 3a ONH pa3 HECKOSbKO
MUKPOPEaKTOPOB
rmopmnansnpyroTcs c
9KCTpaKTaMun TKaHeW

* Pesynbtart BuageH kak
obpas, cocTosLnm 13
MHOXeCTBa LiBETHbIX
NATEH
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JkcnepumMmeHTbl ¢ OHK

NMoaroroBka npo6 AHK NMopgroroBka ynna

KOHTPOIb TecCcT

NS w

l nogkpawinBaHu l
e

\ Kpacutenamu W
~: :’N
(o ™)

.~ CcMeluMBaHue
i B PaBHbIX
obbemax

rmbpugusay, .
us CKa

npo6bi ' o S—

HU-
poB

aHu
CpaBHuBarTcs aBe npoobbl AIHK. OHKu NOAKPALIMBAIOTCA Pa3HbLIMU KpacuTensmu

Pe3ynbraTt 3KCNeprMMeHTa 3TO MHTEHCUMBHOCTU Yepe3 aABa (hunbTpa - KpacHbIN U
3eNneHbIn
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Cxema oOHapyxeHns npomMoTopoB

SJ barray 4
regicate

= subarray4

1. DKCNepuMeHT C
4YUMNOM

. —
7.4x  114.3%

2. VI3|;neL|eHV|e
knactepos kJHK

3. MNMounck nocneposa-
TenbHOCTEN B Hase

4, 3BneyeHue
nocnenoBaTeIbHOCTEN

5. OnpegenexHune nNoTek-
LiManbHbIX NPOMOTOPOB

6. Bo3MoXxHas Moaesnb
npomMoTopa

/. Tlonck apyrux
reHoB B H6ase

005- D30037 JFEATURE= /DEFINITION=HUMPITPE Human mRMA
006- U77949 FEATURE= /DEFINITION=HSU77949 Human Cdch-
007-Cluster Incl. AB002450:Homo sapiens mRNA from chromos

008-Cluster Incl. ABO09252:Homo sapiens mRMA for cytochrom
009-Cluster Incl. U35459:Human bomapin mRMA complete cds

010-Cluster Incl. U18271:Human thymopoietin (TMPO) HEne o
011-Cluster Incl. AF023203:Homo sapiens homeobox protein Og
012-Cluster Incl. X83928:H sapiens mRNA for transcription fact
013-Cluster Incl DSSJ%? HOmD ~sapiens mRNA for CDC2 delta T
014-Cluster Incl. X79; H sapiens mRMA for SYT jcds=(3,117
015-X77794 .l'FF_ATURE cofs DEFINITION=] HSCYCC1 H.sapiens

016-Cluster Incl. £J011915:Homo sapiens mRMA for synaptosa
017-h11507 Human transferrin receptor mRMNA complete cds (
018-Cluster Incl. W25932:1561 Homo sapiens chNA fgh=1A7253.
019-Cluster Incl. ¥16983:Human mRMA for integrin alpha-4 Sul)l
020-Cluster Incl. M74031:Human cyclin mRMA, fds=UNKMNOWR
021-Cluster Incl. ABOD7896:Homo sapiens KIALA0436 mRMA, pe
DZ‘2-C uﬂer nc ¥78925:H.sapiens HZF2 mRNA for zinc flnger
AF001175:Homo sapiens ribonuclease P prote
024 M1150? Human transferrin receptor mRNA, complete cds

8. BO3MOXXHbIe reHbl

10.02.05

N3 Thomas Werner Biomolecular Engineering, 17: 87-94 (2001)
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QSAR 1 QSPR

o marepuanam Anbdpena CyneiimanoBa, Poccus
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Uto Takoe QSAR/QSPR?

QSAR/QSPR

Quantitative structure-activity/property
relationships

KonnyectBeHHas CBA3b
«CTPYKTYpa-aKTUBHOCTL/CBOMCTBO»

Llenb — co3paHue HOBbIX NPOAYKTOB C
3agaHHbIMU CBOUCTBaMM
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Pa3paboTtka nagenumn ns NBX (QSPR)

MaTtpuua geckpuntopos X

Matpuua ceonucte Y

MoaudukaTope! Crabunusarope! Mpouwne Benuana Pa3pbiBHOe | YaapHas TekyuyecTb
FM22 OakpunaH| WUHTepcTabl HadTomukc nobaBku pacTtaxeHune| NPOYHOCTbL| pacnnaBa
. training
training
X . Y
new _O new




CBA3b «COCTaB-CBOUCTBa»

[padouk X 1 Y Harpy3ok [1IpOrHo3 ygapHou npo4YyHoOCTH

Slope=0.865
Offset=3.14

1 Correlation=0.9
® /HTepcTab RMSEC=133

® Hadpromuke RMEP=1.57

Predicted, KJ/m

28 30 32
Measured, KJ/m
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[MoapobHee 0 QSAR/QSPR

T14. QSAR/QSPR:
Universal Approach to the
Prediction of Properties of
Chemical Compounds and
Materials

Bnagumup lNanonuH
Moscow State University, Russia
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ANEKTPOHHbIE A3bIK U HOC

o Marepuanam Anucel Pynaunkon, Poccus
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Cxema 3neKTPOHHOro A3blKa

) measurng device
multipjeor
L v
SENEY r
2 refareroe
~J | [T | -1 dectrode
» /3 -
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PeanbHbIN

BUA
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Koppenauua «yenoBeK-CEHCOP»

10.02.05
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[MoopoOHee O A3bIKe N HOCe

T5. Comparison of PLS
Regression and Artificial
Neural Network for the
Processing of the
Electronic Tongue Data
from Fermentation Growth
Media Monitoring

Anuca PyaHuukas

Sr. Petersburg University, Russia
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[Mpob6ooTOOop

no marepuaiam Pentti Minkkinen, Finland
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Teopusa npobooTdopa

IIpo6ooTOOp
 IICKyCCTBO OT/ICICHUS MaJIOM 4aCTH U3 OOJIbIION MAacChl 1

MOATOTOBKH 3TOM MPOOBI K aHAJIU3Y

JIO3YHI nHSA

 PesynbpraT aHanmm3a Bceraa xyxke, uem mpooa, 1o KOTopou oH
clenaH

* [Ipo6a nomxHa OBITH MPEACTABUTEILHOM

Teopusi, coenMHAIOINAS TEXHUYECKYI0 M CTATHCTHYECKYIO
CTOPOHBI ObLJIa pazpadoTrana

Pierre Gy: Sampling for Analytical Purposes, Wiley, 1998
1 Tenepb pa3BMBaeTcsi B padorax

Kim Esbensen & Pentti Minkkinen
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HenpaBunbHbIN OTOOP OOpa3ua
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[MpaBunbHbLIN OTOOP OOpa3ua
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BbiBOAbI

XeMOMeTpVIKa HaxXoaAuT NpuriioxxeHume
BO MHOINmX, o4eéHb MHOI'X obnacTtsax
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KoHdepeHuna Analytica Expo 2005

MockBa, Beicrapounbiu LleHTp
«CokoabHuKN», 19 anpesst 2005 .

Richard G. Brereton

Centre for Chemometrics University of Bristol
United Kingdom
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