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CPABHEHWUE MOJAENEN CTOXACTUYECKOIO
MPOLECCA, MOCTPOEHHbIX C
UCNOJ/Ib3OBAHUEM CUCTEMblI MATLAB

FALACUHA J1.B.

Poccuna, CAHKT-TTETEPBYPTCKMIN TOCYAAPCTBEHHbBIA YHUBEPCUTET

AHHOTauuA: [pu NOCTPOeHMM Moaenen BaxKHO, 4YToObl OHM COOTBETCTBOBANM
onpeaeneHHbIM TpeboBaHUAM, NO3TOMY HEOBXOAMMO MPOBOAWUTb MX BANNAALMNIO M
BepMPUKaLMIo, Aaxke MNpPU UCMONAb30BaHMM BCTPOEHHbIX CPEACTB MOAE/NNPOBaAHUA
NPWKNAAHbIX NaKeToB. B 4aHHOM paboTe NpoBOANTCA CPAaBHUTENbHbIV aHaNMU3 MOAENM
CTOXaCTUMYECKOro npotecca, nocTtpoeHHon B nakete MATLAB, aByma pasHbiMu
cnocobamm.

KnioueBble cnoBa: Mmogenb, CTOXacTMyeckmin npouecc OpHwWTenHa-YneHbeKa,
MATLAB.

Abstract. Constructing models demands that they fit certain requirements, therefore
it is necessary to accomplish their validation and verification, even in the case when
special built-in tools for modeling are used. The paper presents a comparative analysis
of the stochastic process model constructed in MATLAB in two different ways.

Key words: model, Ornstein-Uhlenbeckstochastic process, MATLAB.

[Ona noctpoeHnsa u anpobaumm MHOrMX Mogenein, B YacTHOCTM PpUHAHCOBOM
MaTeMaTUKK, TpebyeTca CTPOUTb MUMMUTALMOHHbIE MOAENM  CTOXAaCTUYECKUX
NpPOLEecCcoB C Pas/INYyHbIMM cBOMCTBAMU. OQHMM M3 TaKMX NPOLLECCOB ABNAETCS
CTALMOHApPHbIN rayccoBCKMIMMapKoBCcKuinnpouecc OpHwTenHa-YnenbekaU(t),
KOTOPbIA  ABASETCA  pPelleHMemM CToxacTuyeckoro AuddepeHumanbHoro
ypaBHeHuA NlaHxeBeHa (Langevin)

dU(t) = =AU (t)dt +V22dW (t),t = 0,
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roe W(t) — craHgapTHoe 6poyHOBCKOe ABUMKeHMe, HayvanbHoe 3HaveHue U(0) —
He3aBucAwasa ot W (t) ctaHmapTHas HopmanbHaA cayvyaHas BenuumHa, A >0 —
napameTp BA3KOCTU.

Ona mogennpoBaHua TpaekTopuin npouecca OpHwTeHa-YneHb6eKka MOXKHO
BOCMO/1b30BaTbCA €ro AUCKPETHbIM aHaNorom, ABMAKLWMMCA aBTOPErpeccmen
nepBoOro NopsagKa n onpegenaembiMm peKyppeHTHO:

U(O) = 801
Un+1)=eUn) +vV1—e 2, (1)
roe &g, &q,... — He3aBuUCMMble OAMHAKOBO pacnpeneneHHblie cnyqal‘&Hble BeJ/INYUNHDI,

nmmeruwmne CtTaHgapTHoOeE HOPMasJsibHOE pacnpegeneHue.

YoobHoi cpenoit Ans MOAENUPOBAHUA ABASIETCA CO34aHHbIA KOMMaHWeMN
MathWorks naketTMATLAB, B KotopomB EconometricsToolbox wnmetotcs
BCTPOEHHble PYHKUMKU, npeaHa3HAYeHHble AAA NOCTPOoeHuA noAobHbIx
mogenen. [Ona NOCTPOEHUA MOAENN TPAEKTOpPMM OMNMUCAHHOrO npoLlecca
HeobxogMmo BOCMONb30BaTbCA  PyHKUMamMMhwy ©n  simByEuler, 3agas
HeobxogmMmble napameTpbl. CpaBHMM KayecTBO MOAENMPOBAHMA C NMOMOLLbIO
BCTPOEHHbIX GYHKLMIA 1 ¢ npumeHeHnem B MATLAB dopmyn (1).

OuEeHMM CTAaTUCTUYECKM [OUCMEepPCU0 W aBTOKOPPENSUMOHHYI  GYHKUMIO
nosly4eHHolM moaenu npouecca OpHwTeliHa-YneHb6eKa Ana pasHbiX NapameTpoB
A (0<A<1). 3atem cpaBHMM MNOJyYEHHbIE OLLEHKU C TEOpeTU4eCKMMMU
XapaKTepPUCTUKaAMMU:

— pucnepcven D{U(t)} =1,t = 0,
— aBTOKOppenaumoHHol pyHKumenr(s,t) = exp{—A|t — s|}.

B Ttabnuue 1 npuBeseHbl abCoONOTHblE MOrPEWHOCTU OLEHOK Ancnepcum
CMOZENMPOBAHHOIO NpoLLecca ANA Pa3HbIX 3HaYeHU napameTpa A npu obveme
BbIOOpKKN 2500 (oueHMBaHWE XapaKTePUCTUK obenx moaenen npoBefeHo Mo
OAMHAKOBbIM METOAMKAM, YYUTbIBAOLLMM CBOMCTBO CTAaLLMOHAPHOCTM Npouecca
OpHwTeNHa-YneHbeKa).

12



Tabnnuya 1

3HaveHuAa A 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
MogaenuposaHue

BCTPOEHHBIMM 005 | 0090 | 023 | 0.26 | 0.24 | 0.43 | 057 | 0.67 | 0.78
cpeacreamm

MATLAB

MogennpoBaHue ¢
nomoubto dopmyn | 0.01 | 0.02 | 0.05 | 0.02 | 0.08 | 0.01 | 0.01 | 0.01 | 0.02

(1)

CnepyeT 06paTMTb BHUMAHME, YTO OWIMOKA OLEHKM ANCNEPCUMM MEPBO MOLENM
pacTeT ¢ NpMbANKEHNEM 3HAaYEHMIN BA3KOCTM npouecca K 1. 3To o3HayaeT, uTo
npu 3TUX 3HAYeHMAX A Npouecc, CMOAENMPOBAHHbBIN C MOMOLLbIO BCTPOEHHbIX
OYHKUMN, UMEET LYM &, KOTOPbIN AaeT HeYCTPAHMMYHO NOrPeLHOCTb:

nonyueHHbli npouecc umeet sug U (t) = U(t) + &, oTKyga nonyyaem
D{U(t)} = D{U()} + Die} + 2 cov(U(t), &),
npuvyem ecnu Wym He 3aBucuT ot npoueccal(t), To
D{U(t)} = D{U®)} + D{e.}.

OLEeHUM CyMMapHYI0 OLLIMBKY Moaenn B MeTpukeL, Buaa
n . ~\2
ER, = z:i=1(7ﬂTeop (0,1) — Tonenennoe (0; l)) .

. €3] o
Beegem cneaytouwme obosHayeHua: ER; — owmnbka moaenun, nosyvyeHHom c

NMOMOLLBbIO BCTPOEHHbIX ¢yHKumMn MATLAB, EREZ) — owwubka mopenn,

nosny4YeHHor ¢ nomouwpto ¢opmyn (1), A= ERgl) — ER%Z) . Pe3synbtaTtbl
OLLEHWBAHMA NpMBeAeHbI B Tabanue 2.

MonyyeHHble OLLEHKM MOKa3blBalOT, YTO B LENOM MOAENb, MOCTPOEeHHasa C
NOMOLLIO CMeUnanbHbiX GYHKUMK, UMeeT XyAallne XapaKTePUCTUKM Mo
CPaBHEHMIO CO BTOPOI MOAENbIO.
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Tabnunua 2

3HaueHus A ERSV ER{ A

0.1 0.509 0.456 0.053
0.2 0.159 0.110 0.049
0.3 0.139 0.116 0.023
0.4 0.056 0.048 0.008
0.5 0.115 0.040 0.075
0.6 0.129 0.059 0.07
0.7 0.106 0.025 0.081
0.8 0.131 0.026 0.105
0.9 0.138 0.021 0.117

Taknum 0b6pasom, HeCMOTpPA Ha 6oNbLIME BO3SMOMKHOCTU PA3INYHbIX NPUKAAAHbIX
MaKeToB, NO3BO/IAIOLLMNX CO34aBaTb C/I0XKHbIE MOAENN, HEOHXOAMMO NPOBOANUTL
BaAnZaumMion BepuduKaymio Noayyaemblix pesybTaTos.

Cnucok nutepartypbl:

1. bynuHckuii A.B., Wnpsaes A.H. Teopusa cnyydanHoblx npoueccos. — M.: PUIMAT/INT,
2005. - 408 c.

2. Pycakos O.B. BBogHble NOHATUA M NpocTelllas MoAe b CTOXaCTUYeCKol GMHAHCOBOM
maTemaTtuku. — CN6.: Uspatenncteo Cl-ro yHnsepcuteta, 1997.
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SECTION 2.
CHEMICAL SCIENCE
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AGE DETERMINATION OF HANDWRITTEN
INSCRIPTIONS AND STAMP IMPRESSIONS ON
DOCUMENTS USING RAMAN SPECTROSCOPY AND
GAS CHROMATOGRAPHY

KocHEMIROVSKIY V.A., KIRILLOVA E.O., GORSHKOVA K.O., TUMKIN I.I.

RussiA, OOO «TRANSREGIONAL ECONOMIC AND LEGAL ASSOCIATION»

Abstract. At the present day, taking into account yearly increase of forensic science
institutes workload, demand for high efficiency analysis methods introduction is more
pressing than ever. This paper introduces non-conventional method of age
determination of handwritten inscriptions and stamp impressions on documents.

Keywords: forensic document examination, age determination of document
processing, age determination of handwritten inscriptions on document, writing
media, chromatography of objects of forensic analysis, spectroscopy of objects of
forensic analysis, Raman spectroscopy.

Research was conducted on handwritten inscriptions and stamp impressions
applied with gel pen or capillary pen inks, ballpoint inks and stamp inks colored
black and blue, containing specific dyes, applied to letter paper documents that
were kept under the following conditions: (20+5) °C temperature, (70-95) %
relative air humidity, (730—780) mmhg atmospheric pressure, no direct exposure
to light, UV radiation and chemical reagents.

Research algorithm includes dye type identification based on Raman spectrum
appearance according to empiric classification used further in figures 1 — 3,
tables 1 — 3 and measurement of relative intensities of lines for wavenumbers
corresponding to particular dye type.
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Figure 1. Raman spectra of writing media samples No. 1-10 containing

phtalocyanine water-soluble and alcohol-soluble dyes, obtained at 785 nm
laser radiation wavelength

Table 1 — Characteristic lines of writing media containing phthalocyanine water-
soluble and alcohol-soluble dyes

. Characteristic . . . Characteristic . .
Line ] Lines relative | Line ] Lines relative
lines frequency | . - lines frequency | . I
No. 1 intensity No. 1 intensity
ranges, cm ranges, cm
M M
M M
M W
M S
M w
S w
M S
W W

*S - Strong; M - Medium; W - Weak.
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Figure 2. Raman spectra of writing media samples No. 1-10 containing
triarylmethane dyes, obtained at 532 nm laser radiation wavelength

Table 2 — Characteristic lines of writing media containing triarylmethane dyes

Characteristic . . . Characteristic . .
. . Lines relative | Line j Lines relative
Line No. | lines frequency | . . lines frequency | . -
o intensity No. 4 intensity
ranges, cm ranges, cm
1 526 " 10 1176 S
2 563 W 11 1308 M
3 684 W 12 1369 S
4 729 M 13 1448 W
5 765 M 14 1488 W
6 805 S 15 1536 M
7 915 S 16 1587 M
8 974 W 17 1620 S
9 1079 W 18 1721 W

*S - Strong; M - Medium; W - Weak.

18



1 2 3 4567 89 10 11 12131415 1617 18 19
Sample

100

80 4

Boo~N~ounsrwnr

60

Raman Intensity, %

40

20 H

1 Lo b U

T T T LI T L T T T T T
400 600 800 1000 120 1400 1600 1800

Raman Shift, cm™

Figure 3. Raman spectra of writing media samples No. 1-10 containing
phtalocyanine pigments obtained at 785 nm laser radiation wavelength

Table 3 — Characteristic lines of writing media containing phthalocyanine

pigments

. Characteristic . . . Characteristic . .

Line . Lines relative | Line . Lines relative
lines frequency | . ok lines frequency | . .

No. 1 intensity No. 1 intensity
ranges, cm ranges, cm

1 483 M 11 1008 W

2 594 W 12 1109 W

3 642 W 13 1144 M

4 680 S 14 1195 W

5 716 W 15 1217 W

6 747 S 16 1307 W

7 780 W 17 1340 S

8 832 W 18 1450 M

9 849 W 19 1522 S

10 954 M 20 1721 W

*S - Strong; M - Medium; W - Weak.

Measurements of characteristic lines relative intensities were conducted using
Raman spectroscopy. Raman spectra of handwritten text and stamp impressions
were registered in the 440 — 1735 cm™ range at 532 nm and 895 nm excitation

19



wavelengths. Under these conditions general view of a spectrum is mainly
determined by dye content of writing media [1, c. 947-951].

As time passes, dye degrades due to oxidation, hydrolysis and degradation
(break up of large molecules into smaller fragment due to photoinitiated redox
reactions) [2, c. 133] processes, thus allowing to use ratio of Raman spectra
characteristic lines for expert assessment of written inscription date

With the aid of device software, characteristic lines wavenumber values of
studied ink Raman spectra were determined at 785 nm and 532 nm laser
wavelengths. Characteristic line relative intensity was recorded using the “strong
(S) — medium (M) — weak (W)” scale. Identification of writing medium dye type
(phthalocyanine alcohol-soluble and water-soluble dyes, triarylmethane dyes
and phthalocyanine pigments) was conducted via comparing appearance and
position of Raman spectrum characteristic lines of a sample with data from
tables 1 - 3.

Writing media dye types were identified by match between wavenumbers and
relative intensities of all the strong (S) and medium (M) lines with data listed in
aforementioned tables.

Conducting measurements by this algorithm ensures Raman spectra relative
intensities measurement results in the range and with precision criteria listed in
table 4 in confidence interval P =0,95.

Table 4 — measurement range, repeatability factor, intermediate precision and
measurement accuracy

Measurement

range of . . Precision factor

. - Intermediate precision | , . .

difference Repeatability (limits of

- factor (mean square

between factor(repeatability L . . measurement
o deviation of intermediate

characteristic lines | mean square recision), oR/1 absolute error),

relative intensities | deviation), or P ! 3, at P = 0,95

X

25— X

2,5-2,5 0,11 0,16 0’25| | +0,09
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