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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,
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2. Pycakos O.B. BBogHble NOHATUA M NpocTelllas MoAe b CTOXaCTUYeCKol GMHAHCOBOM
maTemaTtuku. — CN6.: Uspatenncteo Cl-ro yHnsepcuteta, 1997.
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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.
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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
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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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To evaluate content of highly volatile substances (2-phenoxyethanol, 2-
ethylhexanol, benzyl alcohol, triethylene glycol, glycerin, etc.) in writing media
and stamp inks, capillary gas chromatography method was applied.

Study was conducted to determine composition of highly volatile components in
pastes and inks from contract detail dashes on studied documents, contribution
of highly volatile paper components was also accounted for. Samples researched
included paper cutouts of record marks and cutouts of paper free of contract
details.

Cutout analysis was conducted using “Chromatec-Crystal” 5000.2 (Russia) gas
chromatograph with solid sample injector. Conditions under which the
chromatograms were obtained are listed in table 5.

Table 5 — Chromatogram obtainment condition

No | Element Parameters

Waiting time — 0 min

1 | Start channel-1 Analysis time — 30 min

Hydrogen flow (Gas regulator-6) — 50 ml/min

2 FID-2 Temperature — 270 °C
Vaporizer-2 Temperature — 200 °C, 0 min
4 Pre-Start — 0

Valve-1 (guard

Switch —yepes 10 min from the start moment
column gas flush)

Pressure (He) — 20 kPa

5 Temperature: 1. 60 °C, 1 min
2. heating to 270 °C with 12 °C/min rate
Column thermostat 3.270°C, 4 min
4. heating to 280 °C with 4 °C/min rate
5. 280 °C, 0 min
6 Flow (Gas regulator-4 He) — 3 ml/min - 1
Column-2 Carrier gas min, 7,8 ml/min — 29 min

Cutouts (each about 1 cm long) were introduced into gas chromatograph
vaporizer using the solid sample injector. Holding time of cutouts in
chromatograph vaporizer — 1 min.

Highly volatile components were identified via peak retention parameters
comparison with highly volatile components comprising stamp inks, ballpoint
inks, gel pen inks that were identified using chromatography-mass spectrometry
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(gas cromatography mass-spectrometer Shimadzu GCMS QP-2010 SE) and
“NIST08” mass-spectra library.

Age of contract details marks was established by relative content of highly
volatile components in the marks. By “natural aging” of contract details we mean
decrease of highly volatile components content in the marks when keeping
documents at room temperature and under limited light exposure [3, c. 70-92].

According to results of study of different inks, dependencies of line relative
intensities of age of ink application to paper. Every point on the graph is averaged
value of corresponding lines ratio from 5 measurements for each sample. Along
the X axis time that passed from the moment of ink application on paper base
to moment of spectrum recording is plotted in months.

Dependence of characteristic lines intensity ratio on time has a complex nature:
it consists of three regions of monotonous variation of spectral properties and
two extreme points.

Following results were obtained from research of B type inks with
triarylmethane dyes as coloring agents (Fig. 4):

+ _
(H3C),N NHCH; Cl
‘ 7 ‘

N(CHj3),

Figure 4. Methylviolet, sample of triarylmethane group dyes

To plot the graph lines at 729 cm™ corresponding to C-N bond vibrations and
lines at 1580 cm™ corresponding to complex C-C vibrations in chromogen [4, 5,
6] were chosen. Due to different nature of lines, sensivity of these vibrations to
dye degradation is also different.

Curve may be divided in three monotonous intervals (Fig. 5), presence of those
intervals shows that prevalent processes change, resulting in complex shape of

22



dependence graph of characteristic lines relative intensities on length of time
passed since ink application to paper.

o Oty At Ats

0,9+

I 729/I 1580

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Ati: Ink plane transformation (volatile components vaporize, resins harden, data is obtained
from writing media chromatography results).
At;: N — demethylation. Dye methyl groups are continuously replaced by hydrogen under
light exposure [7, c. 135-143].
Ats3: Photooxidative cleavage of central C-phenyl bond, resulting in appearance of
benzophenones and phenols [8 c. 242-249; 9 c. 49-58.].

Figure 5. Dependence of 729 cm*and 1580 cm™ characteristic lines relative
intensities ratio on age of ink application on paper plotted for type B inks
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DETECTION OF DOCUMENT ARTIFICIAL AGING
EVIDENCE: RESEARCH OF OPTICAL BRIGHTENERS
FLUORESCENCE SIGNALS ON PAPER SURFACE

KocHEMIROVSKIY V.A.Y, KIRILLOVA E.O.%, GorsHkovA K.O.%, BoRrisov E.N.?

1RussIA, OOO « TRANSREGIONAL ECONOMIC AND LEGAL ASSOCIATION»

2RUSSIA, SAINT-PETERSBURG STATE UNIVERSITY

Abstract. Various methods of document alteration with the aim of evidence
falsification occur in legal practice, including light exposure, heat exposure, chemical
exposure. To detect characteristics of document exposure to heat and/or light, authors
of this paper developed method of detection of document artificial aging evidence.

Keywords: forensic document examination, detection of document artificial aging
characteristics, document heat exposure, optical brightener fluorescence signal.

Optical brighteners based on stilbene derivatives [1, c. 296], are used to whiten
office paper. Brighteners are added to paper pulp in small amounts (0.01%-
0.1%). Molecules of these dyes absorb light in near-UV spectrum range and
fluoresce radiating in the range of about 400-500 nm creating the whitening
effect making up for radiation in this spectral range that is absorbed by cellulose
lignin. Chemical composition and applied bleach concentration varies between
different paper manufacturers and even between different batches by same
manufacturer. These differences are observed when registering band of
fluorescence excited by UV light sources.

When exposing paper surface to shortwave light radiation and heat, dye
degradation and fluorescence intensity decrease occurs leading to surface
yellowing. Application of artificial aging methods without specialized equipment
that provides highly uniform of light or heat field leads to noticeable scatter of
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fluorescence magnitude of different surface areas of paper sheet. Visual review
and/or sheet photography while lighting sheets with near-UV light and point
control along with statistical analysis of fluorescence signal of different regions
of paper sheet are used to detect such irregularities.

To find out whether the documents were subjected to deliberate exposure that
can impede dating of handwritten text and stamp impressions, distribution of
optical brightener fluorescence signal when excited by UV radiation is
researched in vicinity of band peak at 440 nm wavelength (Fig 1).
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Figure 1. Optical brightener fluorescence signal distribution in vicinity of band
peak at 440 nm wavelength

Fluorescence is excited locally on the paper sheet region 4mm in diameter by UV
LED T9H28C (SEOUL SEMICONDUCTOR) with a wavelength of 280 nm.
Fluorescence radiation is transferred to ZMR-3 monochromator entrance slit
through the optic fiber and is gathered from the exit slit to FEU-100
photomultiplier photocathode. Signal of photomultiplier is recorded after the
U5-10 dc amplifier. Signal is registered in the points uniformly distributed along
sheet reverse side and non-inked regions of a front side of the sheet.

Based on the research results, authors of this paper established the following:
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Yucno otcyeTos

Level of fluorescence signal of optical brightener for samples of office
paper made by different manufacturers lies in the range of 200-700
relative units.

Optical brightener fluorescence signal scatter over the A4 sheet surface
for fresh paper and documents, that weren't subjected to artificial aging
is typically less than 5% at triple standard deviation which corresponds to
99,7% confidence interval.

Signal distribution function for paper that was subjected to artificial aging,
has a widening of more than 20% compared to normal distribution, and is
splitting into two strata (Fig 2).
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Figure 2. Optical brightener fluorescence signal distribution for artificially aged

documents

Figure 3 shows histograms of signal distribution of optical brightener

fluorescence for documents that weren't aged artificially.
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Figure 3. Optical brightener fluorescence signal distribution for documents not
subjected to artificial aging

— Significant decrease of optical brightener fluorescence signal on one side
is typical for papers that were kept under artificial light for a long time
(several years) or subjected to intense and uniform light exposure leading
to optical brightener photodegradation with the aim of artificial aging.

— For the papers that were preserved in stacks, packs, folders signal
difference between two sides is less than 5% and typically lies in 1-2%
range according to this research.
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MOP®O®U3NONOTUA HEKTOPbIX OPTAHOB
KPOBETBOPEHMSA YKABbl 3ENEHO (BUFO
VIRIDIS LAURENTI, 1768) B IM4MUHOYHbI
NEPUO/A, PA3BUTUA

CBETALLEBA [1.P.

Poccuna, ACTPAXAHCKUA TOCYAAPCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET

AHHOTauuA. B cTaTbe ONUCLIBAIOTCA MCCNEf0BaHWUA, MNOCBALLEHHbIE W3YYEHUHO
KpOBETBOPEHUA Y aMPUOBMIA B NMUYMHOYHBIA Nepuog pasBuTUA Ha npumepe HKabbl
3eneHoin. ABTopamu 6b11n AeTalbHO M3YyYeHbl OCHOBHbIE NapaMeTpPbl KPOBETBOPEHMUS,
a TaKXKe AMHaMMKa UX pasBMTUA. B cTaTbe ONMCbIBAOTCA 3TaMnbl Pa3BUTUA OPraHoOB
remonoasa u ux mopdodusmonorus.

KnioueBble cnosa. KpOBeTBOpeHMe, remonoses, KPpOBETBOPHbIE 3/1EMEHTbI, MO4Ka,
N\e30Hed)poc, nevyeHb, remocnagepuH, renatounT, ceneseHka, nyabna, TMMyc.

Abstract. The article describes the research devoted to the study of hematopoiesis in
amphibians in the larval period of development on the example of the green Toad. The
authors have studied in detail the main parameters of hematopoiesis, as well as their
dynamics. The article describes the stages of development of organs of hematopoiesis
and their morphophysiology.

Key words. Blood, gemopolis, hematopoietic elements, kidney, mesonephros, liver,
hemosiderin, hepatocyte, spleen, pulp, thymus.

N3yueHne mopdoiormm opraHoB KPOBETBOPEHMA Y TO/I0OBACTUKA 3€/1€HOM *Kabbl
NPOBOAW/IOCh Ha CEpUSAX CPE30B JIMYMHOK 3esieHol Kabbl (BufoviridisLaurenti,
1768), NPUroTOB/IEHHbIX M OKPAaLIEHHbIX NO OOLWenpUHATbIM MeToauKam [1,
c.304]. Y nnumnHok abbl 3eneHon (BufoviridisLaurenti, 1768) ¢ nepsbix AHeWN
Pa3BMUTMA NOYKA BbINOAHANA KPOBETBOPHYO GYHKLUMIO, O YeM CBUAETENLCTBYET
Ha/numMe monozabix 61aCTHbIX M CO3peBatOLLMX KNETOK KpoBu. OCHOBHaA macca
cpean  GOPMUPYIOLWMXCA 3/IEMEHTOB  KPOBM MNPUXOAMAACb Ha  KAETKM
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aputponoatnyeckoro (70%) u rpaHynonostuyeckoro paaos (21%). Ha knetku
arpaHynouMTONO3TUYECKOro paga npuxoamnocb 8%. Ha BTOpon Hepene
Pa3BUTUA NYNHKK B Me30Hedpoce Habitoaannco 3penble NoYeYyHble Tenbla U
KaHanbla, a TaK e WX akTMBHoe obpa3oBaHume. YMCNOo noyeyHbix Tenel B
cpegHem coctasmno 8 +1,2; oOHM MMenun KpaHWANbHYK NOKanmsauumo. Yucno
KaHanbLeB B Me30Hedpoce, B cpeaHem, K 12-m cyTKam coctasnano 270 9,1 wir.

dona KNeToK 3pUTPONO3TUYECKOrO paga COCTaB/IANa 61%,
rpaHynouuTonoaTnyeckoro - 18%, wu arpaHynoumtonostnyeckoro - 13%.
MonoBuHa Bcex 3puTpounToB (50%) OblnM NATONOTMYHBI — MOMKUNOLUTOS.

MpocBeTbl HEKOTOPbIX KaHaNbLEeB 6blaM 3anonHeHbl 6enkom. Ha 16-20-bie cyTKM
noyka 6blna nonHoctbio chopmupoBaHa. AnddepeHUnMpoBaNUCL KNETKU
3PUTPONO3TUYECKOTO (60%), FPaHy/I0LMTONO3TUYECKOIO (30%) n
arpaHynoumtonoatmyeckoro (10%) pagos. Y 15% saputpountoB 6bina oTMeYeHa
nonnxpomasusa [3]. NMeyeHb c NepBbIiX AHEN PA3BUTUA NUYMHOK HKabbl 3eneHoM
(BufoviridisLaurenti, 1768) TaK ke BbINONHANA KPOBETBOPHYIO PpyHKUMIO. OpraH
nmen cnabyto 6anoyHyro cTpykTypy. Ha 20-e CyTKM NMYMHOYHOrO pa3BUTUA B
MEXKK/IETOYHOM  MPOCTPaHCTBE OblnM  OBHApy)KeHbl 3/1EMEHTbl  KPOBM
aputponoatnyeckoro (31,7 %), rpaHynoumtTonoatmyeckoro (65,3 %) w
arpaHynouymtonoatuyeckoro (3,0 %) pagos. OTMeyeHbl 3SPUTPOUUTBI C
natonoramun - 17% (nomkmnouunTos). OTMeYeHO NPUCYTCTBUE 3PEenbiX KIEeTOK
KpoBu. MeyeHb Ha 8 - 12 AeHb MMeNa BbIPAXKEHHYIO OANOUYHYIO CTPYKTYpY.
YBENNUMIOCb  MPOLLEHTHOE  COOTHOLIEHME Knetok  6enoi KpOBM
(numdoumTonoatryeckuin pag 8,5 %). KneTkm 3spuTponoaTMyeckoro psaa
rpynnMpoBanncb B 3puUTpPobaacTMYecKme OCTPOBKM, COCTOALLME M3 KNETOK Ha
PasHbIX cTaauax pa3sutMa. Ha cpesax O6bian  obHapyXKeHbl FpaHybl
remocugepuHa. K 20 cyTKam AMYMHOYHOrO Pa3BUTMA MeyYeHb [010BACTUKA
Xabbl MMena BblpaXKeHHYI COCYAMUCTYHO CTPYKTYpy. B 3TOT nepuopg cocygpbl
neyvyeHn 6bIM CUNbHO PacLMpPEHbl U NepenosiHeHbl GOPMEHHbIMM 3N1EMEHTAMMU
KPOBW. DNEMEHTHbIN COCTaB KPOBW ABaALATUAHEBHOM AMYMHKM HKabbl
OObIKHOBEHHOW OTparkaeTcA B HEPAaBHOM MNPOLLEHTHOM COOTHOLUEHUM:
rpaHynountbl - 19 %, arpaHynountbl —5 % 1 3,5 % KNeToK spuTpono3ITUYECKOro
paga. B neyeHun 6bina oTMeveHa 3HaAYMUTENbHAA MHPUAbTPAUMA TMMboUUTaMM.
B ceneseHKe Ha 9-e CYTKM NMUYMHOK Bblna 3amMeTHa pa3BeTB/IEHHAN CETb LWenen,
YTO MOXHO CYMTATb «nNpoobpazom» GOPMMUPYIOLLENCA COCYAUCTOMN CUCTEMBDI
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opraHa [1, c.304]. Me3eHXMMHbIN PETUKYAYM, PaACMONOMNKEHHbIN MexKay
cocyaamu, yxe B 6onbwein cTeneHM K 3ToMy BO3pacTy 6Obin 3amelleH
AnddepeHUMPYIOWMMUCA FTEMOMNOSTUYECKUMM  KNETKAMU, PETUKYAAPHbIMU
KNeTKamu, MaKpodaramm. CHapy»u opraH NOKPbIT TOHKOWM
COeAMHUTENIbHOTKAHHOM Kancynoh. B noBepXHOCTHOM cnoe opraHa penKko
onpeaenanncb nayuwimne ot Kancyabl B rybb 3aKNaaKM TAXKNU BbITAHYTbIX KNETOK—
pa3BuBatowwmecs Tpabekynbl. B aToT nepmnos gobasnserca rpaHynouMTonoas. Ha
12-e CyTKM IMYNMHOYHOIO Pa3BUTUA ceneseHKa npruobpeTaeT c/1aboBblpaXKeHHYo
AnpdepeHUMPOBKY Ha Benyto M KpacHyo nyabny, NPU 3TOM y4acTKM 6enon m
KPAcHOM Nynbnbl HE MMENM YeTKOro MecTa JsoKanmsaumun. UccnepoBaHuA
NMoKa3anu, Y4To CceNe3eHKa Y IMYNHOK Kabbl TaK e 0OHapyKMBAETCA HA PaHHMUX
CTagusax passBuTMA. B nepBble CyTKM NOCne BblIAYNAEeHUA, cene3eHKa NNYUHOK
pacnosioXKeHa B KayganbHOM HanpaB/ieHUN B NETAAX KULWEYHMKA N0, 3a4aTKOM
me3oHedpoca. PopMUpYHOLLMIACA OpPraH B NepBble CYTKU TIMYMHOYHOTO Pa3BUTUA
npeacTasnsan coboit HebonbLwoe oBasibHOe 06pa3oBaHUe, COCTOALLEE U3 NIOTHO
PaCMONIOXKEHHDbIX ME3EHXMMHbIX KNeToK. Ha 3Toi cTagum cpean me3eHXMMHbIX
KNETOK Oblnn OTMeYeHbl eANHNYHbIE GOPMUPYHOLLMECHA KNETKN KPAaCHOM KPOBU -
apuTpobnacTbl. Ha BTOpble CYTKU Pa3BUTMA NMYUHKU NOABAAKOTCA eAUHUYHbIE
KNeTkM ninmeoumTonoaTuyeckoro paga: nmmeobnactel u nponnmeoumnTsl. Ha 5
— 6 CYyTKM B METAAX MONOAO0MN PETUKYNAPHOM TKAHW BbIABAAIOTCA OYaru
Pa3MHOatoLLMXCS KPOBETBOPHbIX KNEeToK 3PUTPONO3TUYECKOrO,
NMMPOUMTONOITUYECKOTO, MOHOLMTOMNOSTUYECKOTO n
TPOMBOUMUTONOITUYECKOTO pPAaoB. Bce KneTkM pacnonaranncb XaoTUYHO.
MpoucxoauT 3aknaaka npocBeTa NepBUYHbIX cocyaoB. K 20 aHlo pa3Butms
NNYNHKM HKabbl 06bIKHOBEHHOM cene3eHKa NOIHOCTbI0 ChOPMMPOBAHA, CTPOMA
opraHa noapasaenseTca Ha KpacHyo W benyio nynbny. B atoT nepuos B
ceneseHke AOMUHMPYET AMMIOUMTONO33. Y INYMHOK Kabbl 0ObIKHOBEHHOM
TUMyC OOHapyKMBaeTca Ha BTOpble CYTKU pas3BUTUA opraHmMama. OpraH
dbopmmpyetca B BMAE MJOTHOTO  CKOMAEHMA  ME3EHXMMHOM  TKaHW
BbICTYNAKOWMMB MNONOCTb abepHoro KapmaHa. Wmeetca BTOpOM —
CMMMETPUYHbIMA 3a4aTOK TMMYyCa. 3a4aTOK opraHa npeacTtasnAan cobon nnotHoe
CKOMJIEHME K/IETOK, MEKKNETOYHOrO BEeLLLeCTBA Mano. Bnepsble CyTKM pa3BUTUA
KNEeTKM KPOBW BCTPEYaNUCb KpamHe penKo. bbinn BbiBAEHbl €AUHWUYHbIE,
MONOAble KNETKN 3PUTPO M TPaAHYNI0LMTOMN033a, KOTOPble, BOSMOXHO, OKa3anCb
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Tam nytTem MHOUAbTPAUUK. B TeyeHnMBcero nepmoaa NMYMHOYHOIO PA3BUTUA
JIMYNHKM TUMYC He npeTepneBasl 3HAYUTENbHbIX CTPYKTYPHbIX M3MEHEHWMN.
Takum obpasom, M Ha 20-e CYyTKM pa3BUTUA Kabbl B opraHe He BbISIBNEHO
reMono3TUYEeCKOM aKTMBHOCTM. Takum obpa3om, Yy Kabbl 3eneHom
(BufoviridisLaurenti, 1768) B IMYNHOYHbIA Nepuoa Pa3BUTUA NeYeHb, NMOYKM U
ceneseHKa ABASNNCL YHMBEPCAZbHbIMM OpPraHaMmn remonossa. B noykax
AOMWHMpPOBaN npouecc npoaudepaunn wn andPepeHUMPOBKN  KNETOK
3PUTPONO3TUYECKOTO pAAda, B MNEYEeHU — T[PaHYy/IOUMTOMNOITUYECKOrO, a B
ceneseHke - nmmooumTonoss. B nccnenoBaHHbIX POPMUPYIOLWMXCS OpraHax
6blNM OTMEYEeHbl NPOLECChl HapyLWeHMA KpoBOObpalleHMAa U obMeHa BeLLLEeCTB.
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®AKTOPbI, BNTUAIOLWMUE HA BbIEOP
KOHCTPYKLUUU MOPCKUX
HE®TErA30406bIBAIOLLIMX COOPYXEHUN HA
LLUENb®E SAMEP3AIOLLUX U HESAMEP3AIOLLUX
MOPEN

J1apnoHoB I.A., BaosuH A.A., ABnnUEBA A.UA., KOBANEHKO A.M.

Poccua, lanbHEBOCTOUHbIN deaepasibHbI YHUBEPCUTET

AHHOTauuA. B HacToAwei paboTe 6biM BbIABNEHbI U PaHXMPOBaHbI (aKTOPbI,
BAMAIOLWIME Ha BblI6OpP CXembl pPa3paboTKM M  TUNA KOHCTPYKLUMM  MOPCKUX
HedTerazogobbiBaoWwmx coopyxeHun (MHIC), coctaBneHa Knaccudukauma MHIC,
oTpakawolasa uenecoobpasHocTb Bbibopa onpeaeneHHoro TMna KOHCTPYKUMU Ann
BbINO/HEHMA HEOBX0AMMbIX 33434 NPU 3aJaHHbIX €CTECTBEHHbIX YC/I0BUSAX.

KnioueBble cnoBa: HedTerasoBble pecypcbl, nefocTorkune nnatdopmol, GakTopbl,
KOHCTPYKLMA COOPYKEHWUI, Nef0BOe BO3AENCTBUE.

Abstract. In this paper were identified and ranked the factors influencing the choice of
the scheme of development of oil and gas field and choice type of construction
offshore oil and gas installations, the classification of offshore oil and gas installations.
The main goal of this classification is reasonably choosing a certain type of structure to
perform the required tasks for the given natural conditions.

Keywords: oil and gas resources, ice-resistant platform, the factors design structures,
the impact of the ice.

C pocTOM 3KOHOMMK CTpaH BO BCEM MUpe NPOLOAXKAETCA POCT CNpoca Ha
YyrN1eBoAopoA Ha yrneBoAopoAHOEe Cbipbe (KaMeHHbIN yronb, HedTb, ras). Mo
nporHosam reonoruyeckoi cayxobi CLUA (USGS) k 2035 roay cnpoc Ha HedTb U
ras rno6anbHo BbIpacTyT Ha 18 1 44 npoueHTa COOTBETCTBEHHO. B TO Bpemsa KakK
60% nnaHnpyemon HedpTn 1 razonobbiumn B 2035 rogy 6yaeT ¢ MeCTOPOXKAEHUMN
eLleé He HaNZEeHHbIX N He pa3BegaHHbix [19]. Mo BEPOATHOCTHbIM OLEHKAM TOM
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Xe cnyxbbl CLUA [19] B ApKTuKe coaepxutca nopaaka 30% HepasBeAaHHbIX
MMPOBbIX 3anacoB rasa u 13 % npoueHToB Hepa3BeAaHHbIX MUPOBbIX 3aNacoB
HedTH, OCHOBHASA 4YacTb KOTOPbIX, MO WX MHEHWIO, pacnonaraeTca B 30He
KOHTUHEeHTaNbHOro wenbda Ha paccTtoaHMM MeHbwe 500 meTpoB oOT
NMOBEPXHOCTMU.

HepoctaTouyHOCTb OnbiTa 0OYCTPOMNCTBA MECTOPOMKAEHUI B YCAOBUAX APKTUKM
obycnaBAnBaeT BeCbMa BbICOKWI  YpOBEHb HeonpeaenéHHOCTM, Npwu
peanusaumMm nNpPoeKToB 0OYyCTPONCTBA MECTOPONKAEHUN Yr1eBoAopoA0B MO
CPaBHEHMIO C NPOEKTaMMU 0OYCTPOICTBA MECTOPONKAEHMA B He3aMep3atoLmx
Mmopax. Kpome Toro, TpagmMuUMOHHO NPUMEHAEMbIN METOA, NPOEKTUPOBAHUA MO
obbeKktam aHasnoram, npu obycTPOMCTBE CYXOMYTHbIX MECTOPONKAEHUN U
MECTOPOXKAEHUA  He3amep3alWwmux MOpPeNHe MNPUMEHMM K MNpPOeKTam
06yCTpOIACTBA aPKTUYECKMX U CYDAPKTUUYECKUX MOPEN, YTO TaKKe 006YCN0BAEHO
OTCYTCTBMEMB  HACTOAWMN  MOMEHT TEOPETUYECKM WU  IKOHOMUYECKMU
060CHOBaAHHOrO MeToAa ONTMManbHOro Bblbopa cnocoba obycTpoincTea
MECTOPOXKAEHMN Ha wenbde ApkTukK [11, 7, 17].

OCHOBHOWM UenblonccnefoBaHn aAgnaeTca onpeaeneHne GakTtopos, BAUAIOLMX
Ha BblI6bOp KOHCTPyKuum MHIC, gna 4yero B paboTe 6blAM pPacCMOTPEHDI
nepcneKkTMebl N Npobaembl OCBOEHMA MECTOPOXKAEHUN HedTM U rasa wenbda
ApPKTUKM, NpoaHannsmpoBaHbl GaKTopbl, BAKAKOWME Ha BbIOOP KOHCTPYKLUM
COOpPYXeHuA, n npmseaeHa Knaccmpumraumna MHIC

Pa3zpaboTka BapuaHTOB KOHCTpyKumit MHIC 3aBUCUMT OT NOAHOTbI MU
AOCTOBEPHOCTM OFPOMHOI0 KonmyectBa GaKTOpoB, M3  KOTOPbIX MOXHO
cbopmmnpoBaTb cregyowme 610Ku:

— bBnok ectectBeHHbIX PaKTOPOB, T.e. PaKTOPOB NPMPOAHON Cpeabl;
— B0k Npon3BOACTBEHHbIX PAKTOPOB;

— Bnok TexHonornyecknx GakTopos;

— Bnok akonornyecknx pakTopos;

— BnoK aKoOHOMMYEeCKNx GpaKTOpOB.

B 3aBMCMMOCTM OT pe3y/bTaTOB aHanM3a 3TUX GaKTOpoB BbliOBMpPaAOTCA TUMbI
HedTerasonpoMbICNIOBbIX COOPYKEHWUIM, M onpeaenseTca obwas KoHuenuua
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CXeMbl OOYCTPOMCTBA, KaK OTAENbHbIX MECTOPOXKAEHMN, TaK U OCBOEHMS
MECTOPOKAEHUN LLeNoro pernoHa. [laHHble 610KM daKTopoB UenecoobpasHo
paccmaTpumBaTb C YYETOM OMbITa NPOEKTUPOBAHMA N OLEHMBATb UX BAMAHME Ha
BbIGOp TMNA HedpTEera3onpPoOMbICIOBOrO COOPYKeHus [4].

Mpn 3TOM HEOoBXOAMMO paHXMPOBaTb AaHHble 6/10KM MO MPUOPUTETHOCTU
$aKTOpPOB, YTO M ABNSAETCA OCHOBOW ANS onpeaeneHns KOHLEeNUUU pa3BUTUS Tex
nnun nHbix Tunos MHIC.

Ncxopa w3 onbiTa npoektupoBaHna MHIC, MOXHO KOHCTAaTMpPOBATb, YTO B
HAaCTOAWMMA MOMEHT HEe CYLLECTBYET CUCTEMblI KPUTEPUEB PaHKUPOBAHUA
dakTopoB ANnA onpeaeneHna ONTUMANbHOIO peweHna obycTpoiicTBa
MEeCTOPOXKAEHMA.

Ha ocHoBe aHanutMyeckoro ob63opa mccnenoBaHUM 0byCTPOMCTBA MOPCKUX
MECTOPOKAEHUN YrNeBOAOPOLAOB, MOXKHO BbIAENUTb C/eAylOWME KPUTEPUN,
KOTOpble MCMNONb30Ba/IMCb MNPU OOOCHOBAHUM MPOEKTHbIX PELIEHUN YXKe,
0byCTPOEHHbIX MECTOPOXKAEHUN.

Tak, Hanpumep, Npu 0CBOEHUM MecTopoXaeHua "MpupasnomHoe" B MNevyopcKkom
MOpPEe OCHOBHbIMWU KpUTepUAMKU Bblbopa cnocoba obycTpoictBa ABAANACH
HeobxoanmocTb obecneuntb cnegyolme NoKasaTenn: TEXHUYECKUA YPOBEHD;
TEXHO/NIOTMYHOCTb; OMNepPaTUBHOCTb;, 6e30NacHOCTb; CTOMMOCTb; aAanTUBHOCTb.
CnegyeT 3amMeTUTb, YTO 34€Cb He Y4YMTbIBAlOTCA MNPaBOBble HOPMbI, U CPOK
peanusaumm NpoekTa.

Mpu cpaBHeHWW BapuaHTOB naaTPopm Ana obyctpoiictea LUTOKMaHCKoro
MeCTOPOXKAEHUA, pPa3paboTaHHOTO COBMECTHO HOPBEXKCKOM KOMMNAHUEMN
«KBepHep HedTb M ras» m PoCCUMMNCKON KOMMaHnen «PybuH», NCNoNb30BaNnCh
KpuTepumn Bbibopa Ha OCHOBE CneAyloLWmMX NoKasaTenemn:

— NPUMEHNMOCTb OUEHKKU KOHUEeNnuUMnMm B 4YaCTU COOTBETCTBUA MPOEKTHbIM

TpeboBaHUAM;
— 3penocTb - OUEHKa KOHUENnuMM C TOYKM 3peHua  rnybuHbl
npopaboTaHHOCTH TEXHUYECKMX peLeHuni, paccMaTpMBaeMbIX

BapuaHTOB. CneayeT OTMETUTb, YTO 3TU NOKa3aTeIM HOCAT CyObeKTUBHbIN
XapaKtep, T.K. rnybuHa npopaboTaHHOCTU BapWMaAHTOB AO0/KHA ObiTb
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OAMHAKOBOM, B MNPOTMBHOM CJ/lydae TaKOe CpaBHEHWE He ABAseTcA
BEPHbIM;

— anpobupoBaHHOCTb TEXHONOIMW — HANNYME aHANOMMYHbIX MPOEKTOB,
KoTopble 6blN peanm3oBaHbl M YCNELWHO 3KCNYaTUPYHOTCA B HAcToAWMe
Bpems;

— b6e3onacHOCTb — oueHKa 6e30MacHOCTU B OTHOLIEHUN M3MEHEeHMA Beca
BEPXHEro CTPOEHWS, KOAMYECTBA reM3epoB W BENUYUHbI Ne[0BOM
HarpysKku;

— POCCMMCKOE y4yacTue — BO3MOMKHOCTb BbINOAHEHUA PaboT Mo NpoeKTy
POCCUACKMMU NpeanpUATUAMK;

— BbINO/IHEHMA rpadUnKa — aHANN3 YYBCTBUTENIbHOCTU rpaduKa BbINONHEHMA
NPOEeKTa K BO3MOHbIM KPUTUYECKMM CAYYaAAM M aBaPUIMHBIM CUTYaLUAM;

— BO3MOXHOCTb  yCOBeplleHCTBOBaHMAs —  obnactm, rae  4acTb
paccMaTpPMBAEMOM KOHLUEMUUM MOXKET ObiTb U3MEHEHA ANS AOCTUNKEHMUA
H6onee BbICOKOro NokasaTens.

[Ns BbINONHEHMA PaHXMUPOBAHUA KaxKAOMy M3 MokKasaTenen npucsamBainCh
6annbl ot 1 ao 4. Hamsbiclwinii 6ann 4 oTpaxkaeT o4eHb BbICOKYHO KOHLENUMIo, 3-
XOPOLLUUIO, 2- HENTPaNbHYIO, 1- cnabyto.

Takolh noaxos MOXET MO3BO/INTb OUEHUTb BapuaHTbl 6e3  yyeTa
MHOFOYUCNEHHbIX BHYTPEHHUX (3N1€MEHTHbIX) NOoKa3aTenenm KOHCTPYKUMK
NefoCTOMKUX nnatdopm.

Kpome Bbille MNMepevYncCneHHbIX n0Ka3aTenel71, npu Bbl60pe onTumanabHOro
BapKnaHTa H€O6XOAVIMO TaK e BBeCTU AONO/HUTENIbHbIE KPUTEPUN!

— yenoBeyeckn ¢akTop. Kak MokasbiBaeT MPaKTUKa, MHOXECTBO aBapui
NPOUCXOAAT UMEHHO NO 3TOMN NPUYNHE;

— HOPMATUBHO NpPaBOBble TPAAULMU — CneayeT yYnTbiBaTb 3TOT GpaKTop no
NPUYMHE Pa3HOCTU NOAXOA0B Pa3paboTKM HOPMATUBHBIX OKYMEHTOB MO
NPOEKTUPOBAHUIO U CTPOUTENLCTBY MOPCKUX COOPYKEHUI B PA3/IUYHbIX
CTpaHax.
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Takum obpasom Bce 3T GaKTOPbl U KPUTEPUMABAAIOTCS OCHOBOMONATAOLWUMMU
ANA BbIABNAEHMA ONTUMANIbHOrO cnocoba 0bycTpPoCTBA MECTOPOXKAEHUA ANS
nobblun yrnesogopoaa.

Ocoboro BHMMaHMA  3aCNY)KUBAET OUEHKA BAWAHUA  XapPaKTEepPUCTUK
OKpYy:KatoLlen cpeabl Ha Bbibop TMna MHIC. KaKk npaBnno, 601bLWNHCTBO U3 HUX
BHE 3aBUCMMOCTM OT CYObEKTUBHOIO MHEHMA MPOEKTUPOBLLUNKA CTAaHOBATCA
pewarowmmm B onpegeneHMn ¢Gopmbl U KOHCTPYKTUBHbLIX MapameTpos
COOpPYXEHMUA.

OcHoBHOM XapaKTepPUCTUKOMN, onpeaenaoLen paboTtocnocobHoOCTb
COOpPYXEHMA B NefoBbIX YCNOBUAX, ABNAETCA COCTOAHME MNOBEPXHOCTU
akBaTopuu. 1o 3TON NPUYNHE Y MHKEHEPOB CYLLLECTBYET pa3geneHme Mopen Ha
«He3amepsatowme» (MOBEPXHOCTb KOTOPbIX B paoHe pacnonoxeHna MHIC He
3aMep3HEeT HUKOraa, BC/AeACTBME YEro COOpYrKeHue He byaeT noasepraTbCA
BO34ENCTBMIO bAad) M «3amep3alowme», MNOBEPXHOCTb  KOTOPbIX B
onpeseneHHbl Nepuos BPeMeHM 3amep3aeT, C/1e0BATe/IbHO, COOpPYKeHue
NPOEKTUPYETCA C yYETOM N1e40BbIX YC/I0OBUIM, XapaKTEPHbIX A8 4AHHOTO MOpA.

He meHee BaxXHbIM napameTpom AsaseTca raybuHa mops. OT raybuHbl mops
nepes COOpPYXEHMEM CYLWECTBEHHO 3aBMCUT BbIOOP TWNA KOHCTPYKUUU
ocHoBaHMA MHIC. B npakTMKe MOpPCKOro HepTerasoBoro CTPOUTENLCTBA B
3aBUCMMOCTM OT MPOCTOTbl MW CAOXKHOCTU BbINOJHEHMA CTPOUTENbHbIX paboT
BblAENAT cneaytowme rnybuHbl: 6onbwmne (H>50 m), cpegHne (15<H<50 m) wm
manble (H<15 m), [13].

Knaccuoumkaumm mopcKux HedTerasoBbiX COOPYMKEHUI B Pa3INYHbIX HayYHbIX
MCTOYHUKAX HEe MMeeT OAHO3HAYHOro KpPUTepuaA, U 3aBUCUT OT MOCTaBAEHHbIX
aBTOPOM Lenen 1 3agay knaccuoumkaumm. CyuwecTsyeT Uenblid pag, KpUTepues,
MO KOTOPbIM aBTOPbI Pa3aenAaT MopcKMe nNaaTdopmMbl B OTAENbHbIE Fpynnbl.

Hanpumep, B 3aBUCMMOCTU OT cnocoba pasmelleHna obopyaoBaHuA n 6ypoBbix
YCTQHOBOK BblAeNAT HaABOAHYO, NOABOAHYO U KOMOWHMPOBAHHYIO CXEMbI.
Hanbonblee pacnpocTpaHeHWe noayymMna HagBOAHaA CXema Pachno/IoXNKEHUS,
npu KoTopoh obopyaoBaHWME WM YCTAaHOBKM pa3MeLLaloTcad Ha HagBOAHbIX
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NAoLWWaAKax, CBA3b MeXAy KOTOPbIMW OCYyLLeCTBAAETCA MNpu nomouwu Aamé,
3CTakag, nnascpeacTtsamm unu septonetamm[l].

Mo 3tanam obycTporctBa mecTtopoxaeHua MHIC 6biBalOT MOMCKOBbLIMY,
pPa3BeAOYHbIMMU, CTPOUTENBbHBIMU M 3KCNIyaTauuMoHHbIMKU. Kaxabin Tuin MHIC
BbINO/IHAET ornpegeneHHble (PYHKUMKN, CBA3AHHbIE C MOWCKOM, pPa3BeaKoW,
Aobbluen noAroToBKOM, XpPaHEHMemM W TPAHCMOPTUPOBKOM HedTM W rasa.
CywectsyeT pag MHIC, BbINONHAKOWMX HECKONBKO PYHKUMN OA4HOBPEMEHHO.
Hanpumep, CaxanuHckme nnatpopmbl ob6beanHAOT B cebe Kak A06biuy w
NOAroTOBKY, TaK U XpaHeHMe HepTenpoayKTOB.

OAHMM M3 OCHOBHbIX KpuTepmem Knaccuédukaumm MHIC asnaetca cnocob
BOCNPMATUA OCHOBHOWM HArpy3KM COOPYKEHMEM, YTO MNO3BONAET Pa3[enAatb
MOpCKMe nnatdopmMbl Ha NeA0CTOMKME U HenepoCcTonKne (B 3aBUCMMOCTM OT
€CTeCTBEHHbIX YC/I0BMI aKBaTOpMK). B 3amep3aromx mopsx, ciieayet OTMETUTD,
nnatGopMbl MOTYT MPOEKTUPOBATb KaK C y4ETOM BOJIHOBbIX, TaK U C y4ETOM
NefoBbIX HAarpy3okK, Npu 3ToM onpeaensarwen HagEXHOCTb COOpPYKeHMA byaeT
ABNATbCA MAKCMMa/ibHaA HarpysKa, KOTOpPOM BeCbMa BEPOATHO ByaeT Harpyska
OTO NbAa.

Mo onbiTy NPOEKTUPOBAHMUA M 3KCMAyaTaLUM COOPYKEHUN ONA apPKTUYECKOro
wenbda, cnegyet oTMETUTb, YTO MMEHHO Nef0Bble Harpy3Ku (3KCTpemasibHble
3HAYeHUA KOTOpbIX MoryT pgocturatb 4-5 mH Ha metp anuHbl ¢GpoHTa
CoOpyXKeHus) asnsoTca onpeaenaiowmmn. [15, 9] Takum obpasom, npwu
onpeseneHnn KOHCTPYKTUBHbIX GOPM UM PA3MepPOB HECYLWMX 3/1EMEHTOB
NPOEKTUPYEMOrO COOPYKEHUA, MpPeaHa3HAYeHHOro AAA  KPYr1oroanyHowm
3KCNAyaTauum B YCAOBUAX 3aMep3atloLLen aKBaTOpUMK, Apendyrowmx negaHblx
nonen w T.4., ChepyeT PYKOBOACTBOBATbCA /1Ie40BbIM PEXMMOM, TO €CTb
COOpYXEeHME [OMKHO OblTb N1e40CTOMKMM. APXMUTEKTYpa AaHHOro Tuna
COOpPYKEHUM (MOPCKUX NepocTorkmx nnatdopm) dopmupyetca rnaBHbIM
obpasom 3a cyeT CNOCOOBHOCTM BOCNPUMHMMATL JiIeA0Bble HArpy3kM npu
3Kcn/lyaTauumM B Ne[oBoit 06CTAaHOBKE pas3nMYHoOro Tuna (cnaowHon nea,
npunavHoli  nen, pgpendyrowme AbAuHblL,  Apendyrolmne TOpPOoCUCTbie
obpa3oBaHMA M T.4). B NPOEKTHOM NpPaKTUKM NPUMEHAEeTCcA ABa BapuaHTa
nepeaHUX rpaHen onopHbIX 6,110K0B NAATPOPM B 3aBUCMMOCTM OT BOCNPUATUA
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Nef0BbIX HArpPy30K — 3TO ONOPHbIe B0KN C BEPTUKANbHOWN NepeaHen rpaHblo,
npopesatoLLen es 1 onopHble 610KM C HAKIOHHOM NepeaHeln rpaHbioB palioHe
3KCN/yaTaUMOHHOM BaTepP/IMHUKU, AOCTAaTOYHOM ANA JIOMKU NbAa U3rMbom c
Yr/10M HaKN0Ha K ropu3oHTy oT 50° ao 70°.

B oTAnumMe OT ruapoTeXHUYECKMX COOPYHKEHNI, BO3BOAMMbIX B HE3aMeP3aHoLLNX
MOpAX, MOPCKue nepoctonkne nnatdopmbl (MJIM) npu cTpouTenbcTse W
3KCN/lyaTauum UMerT pAg  TpygHocTen, 0OyCNOBAEHHbIX CAeayoWMMn
dakTopamu:

1. CTauMOHApPHOCTbIO  TEXHMYECKUX  CPeacTB, 4YTo  obycnasnuBaet
HeobxoAMMOCTb NPOEKTUPOBAHUA, CTPOUTENBLCTBA M 3KcnAayaTauumn MM
C Y4ETOM 3KCTPEMA/IbHbIX N€40BbIX BO34ENCTBUN.

2. YoaneHHOCTbO panoHa CTPOUTENbCTBA, YTO BbIHYKAAET K CO343HMIO
crneymanbHbIX TEXHUYECKUX CpeacTB ANACTPOUTENIbCTBA.

3. CNnoXKHOCTbIO NPOBEAEHMA PEMOHTHbIX paboT MJIIM B OTKpbITOM MOpe.

4. JKoNorMyeckummn npobnemamm, T.K. B YCIOBUAX CEBEpPA CTEMEHb PUCKA
0COHEHHO BbICOKA M3-3a A0CTAaTOYHO XPYMNKOW 3KocucTemMsl. [19]

Mpu 3TOM CywecTByOT NpobaemMbl He TOIbKO B BbibOpe TUMA KOHCTPYKLUM
COOPYEHUSA, HO U B NPUMEHEHMMN 0OOCHOBAHHOW METOAMKU OLEHKWN Nef0BbIX
Harpy3oK 1 Bo34eNCTBUM, 0OCOBEHHO C y4ETOM MX BEPOSATHOCTHOM NpMUpoabl.

CypoBble  KIMMATMYECKME  yCloBMA  APKTMYECKMX  MOPEN  Bbi3bIBAKOT
HeobXxo0ANMMOCTb Pa3pPabOTKN HOBbIX TUMOB MOPCKUX HEPTEra3oBbIX COOPYHKEHUM
(MHIC), KoTopble A0/IKHbl OTBeYaTb rNaBHbIM TPEOOBAHMAM: HAAEXKHOCTW,
9KOHOMMYHOCTU U SKONOTUYHOCTMW.

CoopyKeHne AONKHO BbINONHATb Cneaylowme OCHOBHble QYHKLUMK:

— OypeHMe M 3KcnayaTauua A00biBalOWMX CKBaXKMH (BepTUKasbHbIX,
HAKNOHHbIX U C Pa3BUTbIM FTOPU30HTA/IbHbIM OKOHYAHUEM);

— XpaHeHue AobbiTor HedTM (XxpaHunuwe HedpTU pacnonaraetca B Tene
onopHoro 6aoka MJ1M);

— NoAroTtoBKa HePTU K TPAHCMOPTUPOBKE;

— JICN ponxKHa obecneymBaTb NOIHOCTbIO CAMOCTOATENbHYIO pa3paboTKy.
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Ha ocHoBe, NpoBeAeHHOr0 aHaAn3a CyLeCcTBYOWMX Knaccupumraumit MHIC [3, 2
,5, 6, 8, 10, 12, 13, 14, 15, 16, 18] 6blna pa3paboTaHa npeacTaBieHHas Ha
pucyHke 1 «Knaccudukauma M/ no pagy XxapakTepuctuk». [ns mopen c
NefoBbiM  PEXUMOM  TPAAUUMOHHO MNPUHATO ucnonb3osatb MJIM ¢
OCHOBaHMAMU CreayroWmMX TUNOB: FPABUTALUMOHHBLIE MCKYCCTBEHHbIE OCTPOBA
OTKOCHOFO W  KEeCCOHHOro TWMOB, [PABUTALUMOHHbIE OAHOOMOpPHbIE U
MHOTFOOMNOpPHbIE Kene3obeToHHble OCHOBaHWA, MONYMNOrPY)KHble naaBatowme
ocHoBaHua (MMNAY), noasoaHble A0OblYHbIE OCHOBAHMA ANA MNOABOAHbIX
No6bIyHbIX  Komnnekcos (MAK). 3To cBA3aHHO C WX [JOCTOMHCTBAMM,
no3BonArWMMKN paboTaTb B MOPAX C IeA0BbIM pexXxnmoM. Mpexae Bcero, ¢ ux
YKECTKOCTbIO, KOTOPAs NO3BOJIAET BOCNPUHMMATbL /1I€40BYIO HArpy3Ky Uan yUTH OT
Nel0BbIX BO3AENCTBUI Ha COOpYXKeHune BoBce (npu ucnonbsosanume MAK).

KAQCCreuKalMa MOPCKKWX ANEA0OCTORAKMY HEPTEMAZI0BEX COOPEHXEHKMRA
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DIGITAL ADAPTIVE LINEARIZATION OF POWER
AMPLIFIER

GuDKOVA N.V., CHuYKov V.M.

RussiA, SOUTHERN FEDERAL UNIVERSITY

Abstract. The paper presents the results of the investigation of the adaptive algorithm
for power amplifiers linearization. The basis for this algorithm is a method of adaptive
inverse control of the objects such as «black box». Algorithm uses the Least Mean
Square criterion. Computational procedures may be an alternative or
complementation to LUT of the amplifier input signal predistortion. The results of the
computer simulation confirm the efficiency of the proposed solution.

Key words: adaptive inverse control, linearization, «black box», Least Mean Square,
power amplifier.

1. Introduction

Power amplifier (PA) is one of the most expensive and the power-consuming
devices in communication systems. Digital predistortion is a technology designed
to reduce the cost and improve the efficiency of the PA. In PA with digital
predistortion the non-linearity is decreased. This means that a non-linear PA
with a low power consumption and low cost can be used instead of a more
expensive linear PA with high power consumption. In addition, the linearized PA
is a more efficient one, because it is used in a mode close to the saturation. The
benefits of the digital predistortion are particularly evident for applications with
multiple carriers, since it allows to decreasing the effect of intermodulation
distortions.

2. Algorithms

The paper presents the results of the investigation of an adaptive algorithm for
a PA linearization. The algorithm is based on the adaptive inverse control of the
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objects called «black box» [1-6]. Algorithm uses the Least Mean Square (LMS)
criterion.

Figure 1 shows a block-diagram of an adaptive PA linearization system.

In the general, the relationship between input and output signals of a PA is
nonlinear. Adaptive predistorter reproduces an adaptive inverse model (AIM) of
the PA. AIM is an adaptive transversal filter, defined as [1, 5]

L
Ug = Zwlkgkfl ,
I=1

where gy is the input signal, Uk is the output signal, Wi are the weights of

AIM, parameter L is the number of the filter weights. During the adaptation,
the weights are changed by means of LMS algorithm as [1, 5]

W1y = Wik + 2104 €,

where €. =Xg —X, is the linearization error; Xx is the PA output signal;
X, =Kg,_m is a reference signal for Xc; Ox_m is an input signal, delayed by m

sampling periods; parameter K is the linearization coefficient of the PA.

€k

h 4
&
2

—+» AIM | DAC | PA

Ele-m x}:

LMS
o / Uy, u x X
— : ] +:

Figure 1. Block diagram adaptive linearization of the PA

Mean-square error E[ef] is minimized after the filter adaptation. The

parameters of the adaptive inverse model are related to each otheras m<L
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- O<p<

)

1
Elo?]L’ where E[gf] is the input signal variance. The transient
k

response duration of adaptive filter is

where T, is the time constant of the least mean square error curve in LMS
adaptive filter with real-valued weights [1, 2, 10]. The relation is valid if all
eigenvalues of the input signal correlation matrix are the same.

3. Experiment

The performance of the considered algorithm was investigated by means of
computer simulation of an adaptive system for a PA linearization.

Fig. 2 — Fig. 4 shows parameters that are typical for a real PA used in
communication systems [7, 8, 9].
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Figure 2. Normalized amplitude-frequency response PA
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Figure 3. Normalized amplitude characteristics PA

The below parameters are the main reasons of the amplifier distortion. They are:

— the inertial delay, determined by the cut-off frequency Fy of the
amplitude-frequency response of a PA, which is shown at the Fig. 2;

— non-linear amplitude characteristics of a PA, which is shown at the Fig. 3;

— non-linear phase characteristics of a PA, which is shown at the Fig. 4;

— the thermal distortions (dependence amplitude and phase characteristics
from temperature), which are shown at the same Fig. 3 — Fig. 4.

0,0 -
-
g_oz %&\:\w/mperature
3ol | e \§\
N

-0,6 \\\
0,00 0,04 0,6 036 064 1,00 144 196
Input Power (mW)

Figure 4. Phase characteristics PA

The main objective of the investigation was to study the ability of the adaptive
algorithm to compensate intermodulation distortion in power amplifiers. The

system input accepted two sinusoidal signals
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0 = Acos2nf kT + Acos2nrf, KT,

where K =1,2,..,N; A=1mV; f, =5 MHz; f,=875MHz; T =1/F; F =240
MHz (sampling frequency of the processed signals).

Mathematical model of output signal PA at the minimal (normal) temperature is

described by the low pass filter equation

Xk:

(T+Ty)

Xok CO

S(pk +

S

(T+Ty)

X1,

where Xgx = \II(Uk) = K'sinuy is the mathematical model of the normalized amplitude

2
characteristic of a PA; normalized factor of linearization is set as K =1; @y = —0-3Uk is

the mathematical model of phase characteristic; the inertial delay is Ts =1/ Fs ( FSE

60 MHz).

The AIM parameters are 1= 0.0001- 0.0002; L =9 -12; M= 4-8. It should be

noted that the parameters are chosen experimentally.

Nonlinear intermodulation distortion can be roughly estimated using the mean

square error E[ef]. The below are the results of the simulation of the PA in

different modes without adaptive linearization and with adaptive linearization.

Mode 1. Fig. 5 — Fig. 6 show the signals in the PA system without inertial delay (

Ts = 0) and with amplitude and phase non-linear distortion at normal (min)

temperature.
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Figure 5. The signals in the PA system without AIM (Mode 1)
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Figure 6. The signals in the PA system with AIM after adaptation (Mode 1)

Mode 2. Fig. 7— Fig. 8 show the signals in the PA system with inertial delay Ts =
0.017 1S and with amplitude and phase non-linear distortion at the normal (min)

temperature.
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Figure 7. The signals in the PA system without AIM (Mode 2)
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Figure 8. The signals in the PA system with AIM after adaptation (Mode 2)

Mode 3. Fig. 9 — Fig.10 show the signals in the PA system without the inertial
delay (Ts = 0) and with amplitude and phase non-linear distortion at the high

(max) temperature.
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Figure 9. The signals in the PA system without AIM (Mode 3)
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Figure 10. The signals in the PA system with AIM after adaptation (Mode 3)

Mode 4. Fig. 11-Fig. 12 show the signals in the PA with inertial delay Ts =0.017
HUS and with amplitude and phase non-linear distortion at the high (max)

temperature.
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Figure 11. The signals in the PA system without AIM (Mode 4)
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Figure 12. The signals in the PA system with AIM after adaptation (Mode 4)
4. Conclusion

It follows from the above figures that the mean-square error in a system with
adaptive predistorter is less of the mean-square error in the system without
predistorter. This result indirectly confirms the reduction of non-linear
intermodulation and other distortion. Thus, the simulations results, presented in
the paper, demonstrate, that the proposed solutions can be an effective way of
digital linearization of the power amplifiers. It may be an alternative or
complementation to Look up Table (LUT) of signal predistortions in the amplifiers
[7, 11].
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UCCNEAQOBAHUE TENJIOOBEMEHHbIX
XAPAKTEPUCTUK WUTbIPbKOBbLIX CTPYKTYP

3yeK0B H.H., butioukaa KO /1.

Poccna, MOCKOBCKUI TOCYAAPCTBEHHbBIA TEXHUYECKUM YHUBECPUTET UM. H.3.
BAYMAHA

AHHOTauuA. B paboTe npeactaBaeHbl pPe3y/ibTaTbl 3KCMEPMMEHTOB MO ONpeaeNeHuIo
ONTUMANbHOW  MNOTHOCTU  WTbIPbKOBbLIX  CTPYKTYP, MOJIYYEHHbIX  METOAOM
aedopmupytowero pesanus (AP), M onTumanbHOM GOpPMbl UX WTbIPLKOB.

KnioueBble cnoBa: WTbIPpbKOBblIE  CTPYKTYpbl, Aedbopmupytollee  pesaHue,
KOHBEKTUBHbIX TEN1006MeH.

Abstract. Experimental results for determination of the optimal density of pin-fin
structures, obtained by deformational cutting (DC), and optimal pin-fin shape are
presented in this article.

Key words: pin-fin structures, deformational cutting, convective heat transfer.

Ona nosbiweHna 3GPEeKTUBHOCTM TensoobmeHa B CUCTEMAX MKUAKOCTHOrO
OXNAXKAEHMA  LIMPOKO  WUCNONb3YIOTCA  TennoobmeHHble  MOBEPXHOCTU
WTblpbKOBOro Tuna. LUTblpbKOBbIE CTPYKTYpbl NpeacTaBasatoT cobon pa3suTble
NOBEPXHOCTU CO C/IOXHbIM perynapHbiM penbedpom B BUAE MHOXKECTBA
OTAe/IbHbIX BbICTYNOB. [1epCrneKTUBHbIM U BbICOKONPOM3BOAUTENIbHBIM MEeTO4,0M
nosy4YeHua 3TUX CTPYKTyp asnsetca metog AP [1]. WTbipbkn metogom AP
dbopmMuMpytoTCA 33 ABA HECOBMAAAOLWLMX MO HANPABAEHMIO MPOX04A MHCTPYMEHTA
(puc. 1) [2].
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Puc. 1. Cxema ¢opmmMpoBaHUA WTbIPbKOBOM CTPYKTYPbI [1]

MeToga P no3sonseT no/yyaTb LWTbIPbKOBbIE NOBEPXHOCTN pPa3HOObpa3Hble No
BbICOTE U LWary CTPYKTypbl, opmMe WTbIPbKOB U T.A4.[3] B CBA3KU C 3TUM BO3HUKaET
HeobxoAuMMoCTb  Bblbopa  reOMETPUYECKUX  MapameTpoB  CTPYKTYPbI,
obecneuymBaloLNX HaWAYYLYO TenaooTAadyy MNpW HU3KOM TMAPABIMYECKOM
conpotuneHnun. CpaBHUTE/NbHbIE UCMbITAHUA Ha KOHBEKTUBHbIN TennoobmeH
WTbIPbKOBbIX CTPYKTYP C BUHTOBLIMMW U UTONbYATBIMM LITbIPbKAaMM, MNOYYEHHbIX
metogom [P, nponssogunuce B pabote [4].

MpeacTaBneHHble B HacTosWen paboTe aKCNepPUMEHTbI BblIM HanpasaeHbl Ha
HaxoXAeHMe ONTUMA/IbHOM MNIOTHOCTM PACMOJIONKEHUSA LWTbIPbKOB B CTPYKTYPE,
dopMbl WITbIPbKOB M HanpaBAEHUA TeYyeHUA TenJoHOCUTEeNs ANsA CUCTEM
OXNaXAEHMUA  PAAMOINEKTPOHHOW, CUABHOTOYHOW annapatypbl W Ap.
YnpaBieHue yKa3aHHbIMW MNapameTpamu OCYLLEeCTBAANOCh Ha3HaYeHuem
COOTBETCTBYIOLLEN NOAAYN HA NEPBOM M BTOPOM NPOX0AaX MHCTPYMEHTA U yrna
MeXay HanpaBneHMem nepBoro M BTOpPOro npoxogos (yrna BcTpeun 0).
N3BecTHO, 4TO 3PPEKTUBHOCTb TENnn00TAaYM MOBEPXHOCTU CYLLECTBEHHO
3aBUCUMT OT ee naowagu. YTtobbl msberkaTb BAUAHMA ITOro nNapameTpa Ha
pe3ynbTaTbl 3KCNEPUMEHTOB, BCe 06pasubl M3roTaB/AMBAINCL C OAMHAKOBbLIM
KO3ODULUMEHTOM  yBE/IMYEHUSA NAOWAAN MNOBEPXHOCTU, T.e., NO CyTwu,
nccnenoBanoch BAnAHME MmaclutabHoro ¢akTopa.

McnbiTaHna NPoBOAMANCHL HA AMCKax M3 meam M1 @40 mm TonwmHom 6-10 mm
C Pa3BUTOM LITbIPbKOBOM NOBEPXHOCTbIO, NOAy4eHHOM meToaom [P, c ogHOro 13
TOpUOB AMCKa. LUTbIpbKM BblN NONYYEHbI HA CTPOraIbHOM CTaHKe 3a 2 NpoxoAa
MHCTPYMEHTOM C yrnom B nnaHe ¢ = 27,6°. Obpasew, ycTaHaBANBAJICA B KOPMYC
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MCNbITaTeNbHOIO CTEHAA W FNaAKOM CTOPOHOMN NPUMKMMAnNcA K HarpesaTtento. K
BXOAHOMY OTBEPCTUIO KOpMyca Mnpu MNOMOLLM Hacoca noAaBoaunacb BOAA.
KoHCTpyKumna Kopnyca obecneuymBania nponyckaHue BoOAbl Yepe3 CTPYKTYpy
ncnbiTbiBaemoro obpasua.

IPPEKTUBHOCTb OXJIAXKAEHUA HaArpeBaTeNs OUEHMBasacb NO pasHocTu At
TemnepaTtypbl HarpesaTena M BOAbl Ha BXOAe B CUCTEMY W CYMTANacb
NPUOPUTETHBIM NMapameTpoM. MapaBANYECKNE XapPaAKTEPUCTUKM OLLEHMBAJIUCD
no BennymnHe pacxoga soapl Q.

MN3BeCTHO, YTO MOPAJOK PACNONOXKEHMA LWTbIPbKOB PA3BUTON MOBEPXHOCTU
TENIOCbEMHMKA OTHOCUTE/NIbHO HanpaBAeHUA TeyeHuAa TenloHOoCUTeNs
OKa3blBaeT BAMAHME Ha TypOynM3aumio NOTOKA U BENNYUHY TMAPABANYECKOrO
conpotmBaeHua CcTpykTypbl [5]. Kaxabih w©3 ucnbiTbiBaeMblx 06pasyos
OPMEHTMPOBA/ICA B KOPMNyCe YCTAHOBKWN MO OTHOLLEHUIO K HamnpaBAeHUIO0 TeYeHUs
TENJOHOCUTENA TPEeMA BO3MOXHbIMM cnocobamu. B nepBom cnyvae BoAa
npoTeKana BAONAb HanpaBAeHWA MepBOro npoxoga ob6paboTkM, BO BTOPOM
C/ly4yae nepneHANKYNAPHO 3TOMY HaNpaB/IEHUIO, B TPETbEM — LWITbIPbKM Oblan
PacnofioXKeHbl B LAXMAaTHOM MOpPsAAKE OTHOCUMTENbHO TeyeHuMAa BoAbl. 3a
LWAXMaTHbIN NOPAAOK MPUHMMANACh OpUeHTauna obpasua, Npu KOTOPOM NOTOK
KMOKOCTM npoTekan BAONAb Oonbliel AuaroHann napannenorpamma,
06pa30BaHHOrO HanpaBAeHUAMM NEPBOro M BTOPOro Npoxon08 06paboTku.

[ns onpegeneHns onTMManbHOM NNIOTHOCTM P PacnoNoKeHUA WTbIPbKOB Bblan
npoBeAeHbl UCMblTaHMA 6 0b6pa3LoB, NapameTpbl KOTOPbIX MpPeacTaBAeHbl B
Tabnnue 1. 3a NNOTHOCTb CTPYKTYPbl NMPUHUMANU KOMYECTBO LWTbIPbKOB Ha 1

cM2.

Pe3ynbTaTbl MCMNbITaHUN NpeacTaBAeHbl Ha puc. 2. Hannyywune pesynbTaTbl C
TOUYKM 3PEHMA OXNa*KAEeHWUs HarpesaTena MOKasann obpasubl C NAOTHOCTbHO
PaCroNoMKeHUA WTbIpbKOB He 6onee 110,5 wTbipbKoB Ha cm’. Haubonbwwuii
pacxoA XMaKocTu Habaroganca Ha obpasuax c NIOTHOCTbIO CTPYKTYpPbl He Bonee
70,7 1/cm?.
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Tabnunua 1 —MapameTpbl 06pa3LoB ANA onpeaeneHna onTMMaabHON NAOTHOCTH
CTPYKTYpbI

Ne | S1 =S, mm/aB.xon, ti, MM | t, MM | BblCcOTa CTPYKTYpPbI, MM 8,° P 1/cm?
1 2 2 2,3 4,1 17,7
2 1,6 1,6 1,9 5,1 27,6
3 1,4 1,4 1,6 4,5 36,1
135

4 1 1 1,2 3,7 70,7
5 0,8 0,8 0,9 1,9 110,5
6 0,6 0,6 0,7 2 196,4

18 60

16

50
1% W Baonb Hanpasnexus M BA0/1b Hanpasnexus
12 nepsoro NpoxoAa 40 + nepsoro npoxoaa
© 10 <
g 8 MNepneHanKyNapHO a‘ 30 MNepneHauKyNapHo
Hanpas/ieHnio Nepsoro HanpasneHuio nepsoro

6 npoxoaa 20 npoxoaa

4 W LLlaxmaTHbIi NopaaoK 10 B LLlaxmaTHblit nopaaok

2

0 0

17,7 276 361 70,7 1105 196,4 17,7 276 361 707 110,5 19,4
P, 1/cm? P, 1/cm?
a 4]

Puc. 2. PesynbtaTbl U3mepeHua TemnepaTypsbl (a) u pacxoga soapl (6) npu
Pa3/IM4YHOM NIOTHOCTU LUTbIPbKOBOW CTPYKTYpb!

Mpu U3MeHeHUN opueHTaunm obpasLoB OTHOCUTE/IbHO HaMNpPaBAEeHMA TeYeHUn
TEeNJI0HOCUTENA He Oblno  BbIABAEHO 3aKOHOMEPHOCTEM B  U3MEHEHWUM
TemnepaTtypbl HarpesBaTens. Camblit BbICOKMM pacxon Habawogancs npwu
NPOMNyCKaHUN BOAbl Yepe3 CTPYKTYpPYy BAO/Ib NMEPBOro MpoxoAa MHCTPYMEHTa,
CaMbli HU3KWIA pacxog — NPW Hanpas/ieHMW MOTOKA BOAbl NEpPneHAUKYAAPHO
nepBomMy npoxoay.

O6pasupl AN AaNbHENLIUX SKCNEPUMEHTOB W3roTaB/IMBa/IUCL C BEIMYMHAMM
nogady W rnybuH pesaHus, cooTBeTcTByoWwMMKM o0bpasuyy 4 (tabaunua 1),
NMOCKO/NIbKY MPM MUCNbITaHUM 3TOro obpasua bblna AOCTUrHYTa HaMMeHbluas
TemnepaTypa HarpesaTena. [ins onpegeneHua onTMmanbHoOM GOpPMbI LWTbIPbKa
MCNbITbIBAaNUCL 3 006pasua: C BMHTOBbIMW LITbIPbKAMW, CO  LWUTbIPbKaMM

57



nrosb4aTon PopPMbl 1 CO WTbIPbKAMKU B pOpMe KPHoUKoB. MNonyyeHme WTbIpbKOB
pa3inyHoM GopMbl AOCTUFANOCH 3a CYET HA3HAYEHMA PA3INYHBIX YI/I0B BCTPEUM
npu U3rotosaeHnn ob6pasyos..

Pe3ynbTaTbl UCMbITAHMIA NOKa3aau, YTO HAaMMEHbLUAA TEMMEepPaTypa HarpeBaTens
Aocturanacb Ha obpasue co WTbipbkaMu wuronbyator ¢popmbl (0 = 255°).
Hanbonbwuin pacxog 6bin 3aduUKCUMpPOBaAH NPU MPOXOXKAEHUW BOAbl 4Yepes
obpa3seL, C BUHTOBbIMM WTbipbKamu (8 = 135°).

MonyyeHHble pe3ynbTaTbl MNO3BOAAIOT CAenaTb BbIBOA, YTO LWTbIPbKOBAA
CTPYKTYPa € NNOTHOCTbIO 70,7 LWITbIPbKOB Ha CM? C MroNbYaTbIMM LITbIPbKaMM
cnocobHa Hambonee 3pPeKTUBHO OXNarkAaTb HarpeBaloWMNCA 3NEMEHT MpU
COXpaHeHUu OTHOCUTENbHO HU3KOro 3HayYeHuA r’MApPABANYECKOro
conpoTuBneHnA. TaKke cnegyer OTMETUTb, 4YTO U3MEHEHMe MAOTHOCTU
PACNONOMKEHUA WTbIPbKOB CTPYKTYPbI TEMN/JIOCbEMHON NOBEPXHOCTM NPUBOANT K
b6onee cywecTtBeHHOMY Nepenagy TeMnepaTypbl HarpeBaTena M pacxoga BoAbl,
yemM nameHeHme GOpPMbI WTbIPbKOB CTPYKTYPbI.
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UCCNEAOBAHME TEKYLLENO TEXHUYECKOTO
COCTOAHUA OLUTYKATYPEHHbIX
NOBEPXHOCTEM KAMEHHbIX KOHCTPYKLIUI
OBbEKTOB UCTOPUKO-APXUTEKTYPHOTIO
HACNEAUA HUXKHEroO NMoBOMKbA

MBAHHUKOBA H.A.

Poccua, ACTPAXAHCKUI MHMKEHEPHO-CTPOWUTE/IbHBIA UHCTUTYT

AHHOTauuA. B pamKax npoBeAeHUs Hay4yHO-UCCNeAO0BaTENbCKOM 3Kcneauuum no
N3yYeHUI0 OBBEKTOB WMCTOPUKO-apXMTEKTYPHOro Hacneamus AcTpaxaHCKoW obnacTtu,
6bl/1a NOCTaBNEHA 334a4aMo U3bATUIO 0TOopa NPo6 06pasLOB LWTYKATypPHOro pacTBopa
HapPY)KHbIX U BHYTPEHHUX MOBEPXHOCTEN CTPOUTE/IbHbIX KOHCTPYKUMIN YHUKANbHbIX
06bEKTOB NPaBOCNABHbIX XPaMOB, ABNAIOWMXCA NAaMATHUKAMM apXUTEKTYPbl. ABTOPOM
AAHHOM cTaTby NpeanpPUHATLI NONbITKM 06paboTaTb U cMCTEMATU3MPOBATL AaHHble 06
nccneayembix obpasuax LWITYKaTypHbIX PacTBOPOB, MNOAYYEHHbIX BO Bpems
NPoBeAEeHMNA YKa3aHHOM 3KCNeANLMM, a TaKKe AaTb OLLEHKY TeKYLLLeMy TEXHUYECKOMY
COCTOAHUIO OLWITYKAaTYPEHHbIX MOBEPXHOCTEN KaMeHHbIX KOHCTPYKLMA nccnegyemblx
0bbeKTOoB.

Knouesble cnoBa: TexHMYecKkaa OLEHKA, OObEKTbl WUCTOPUKO-apPXUTEKTYPHOro
Hacneams, cuenaeHue LWTYKaTypHOro c/1os, MpaBoC/aBHble XpamMbl AcTpaxaHCKoM
obnactu.

Abstract. As part of a research expedition for the study of historical and architectural
heritage of the Astrakhan region, it has been tasked to seize the sampling plaster
exterior and interior surfaces of building structures unique objects of Orthodox
churches, is an architectural monument. The author of this article attempts to process
and systematize data on test samples of plaster solutions obtained during the
expedition said, as well as to assess the current condition of the plaster surfaces of
masonry structures of the objects.
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Keywords: Technical evaluation of the objects of historical and architectural heritage,
clutch plaster layer, the Orthodox churches of the Astrakhan region.

BecHoM TeKywero roga, wccnefoBaTeNbCKOM rpynnon  ACTpaxaHCKoOro
WHXXEHEPHO-CTPOUTENbHOFO  MHCTUTYTAa  Oblia  OpraHM3oBaHa  HAy4yHO-
nccnepoBaTeslbCkas  KCNeaAuuMa MO U3yYeHUo OOBEKTOB  UCTOPMKO-
aPXMTEKTYPHOro Hacneama AcTpaxaHCcKon obnactu. HayuyHo-nccnenosaTtenbCcKan
aKcneamumsa coctoana M3 KOMMJEKCA MepPonpuATUMA nNo noabopy U aHanmsa
nHpopmaumm o 132-x CywecTBylOWMX MWAN Koraa-nmbo Cyu,ecTBOBaBLUMX
KYNbTOBbIX COOPYXEHUAX, B TOM YWUC/Ie MNPaBOCNABHbIX XPaMOB, 4aCOBEH,
MOJIeNIbHbIX AOMOB M MPUIOTOB, PACMONIONKEHHbIX Ha TEppUTOPUM LIECTU
panoHoB AcTpaxaHcKkon obnactu. MpoJonKMTeNbHOCTb NPOBEAEHNA NONEBbIX
paboT akcneanummn — 34 gHA, 06LWanA NPOAONKUTENbHOCTb SKCNEANLMN C YHETOM
NoAroToBUTEIbHbIX PAabOT M OTYETHOro nepmnoaa — 4 mecaya, obwaa naowanb
OXBaTblBAEMOro MapwpyTta — oKono 20000 KB.KM, npubansuTenbHasn
NPOTAXEHHOCTb MapuwpyTa 3kcneauumm — 800 km. Uenb 3sKkcneguummn —
nccnenoBaHUE apXMTEKTYPHO-CTPOUTEbHBIX U KOHCTPYKTUBHbBIX OCOBEHHOCTER,
onpejesieHNe TeKyLWero COCTOAHMA U TOYHOrO0 MEeCTOMO/IOXKEeHUA KYNbTOBbIX
06BEKTOB KY/IbTYPHO-UCTOPUYECKOTO Hacneama AcTpaxaHckoi obnactu.

3apauum, pewaemblie NMPOEKTOM:

— cbop MHPOpMaAuUMM O MPABOCAABHbIX XpPamaX, UCTOPUYECKUE CNPaBKM,
obmepHble paboTbl;

— ¢doTorpammeTpua 06bEKTOB, aHANIN3 TEKYLLLETO COCTOAHMA CTPOUTE/IbHbIX
KOHCTPYKUUI, onpeaesieHne NPUYMH pa3pyLleHna n U3HOCa;

— BbIIB/IEHNE CYLLECTBYOLMX KOHCTPYKTUBHbBIX U TEXHUYECKUX npobnem,
MOUCK NyTEN UX YCTPAHEHUS;

— W3y4YeHMEe MNPUMEHEHHbIX NPXM BO3BEAEHWUM WAN  PEKOHCTPYKLUMUM
CTPOUTENbHbIX TEXHO/NIOTMN, onpegeneHne AOCTOMHCTB U HeAO0CTATKOB,
npeanoXeHna X COBEPLLEHCTBOBAHMSA;

— YepTek COBPEMEHHOM WHTEPaKTMBHOW reorpaduyeckon KapTbl C
YKa3aHMeM BHewHero 06/AMKa M3y4eHHbIX OOBEKTOB M TOYHOrO WX
MECTOpPacnoNoXeHna ¢ nomolubio cuctembl GPS/T/TOHACC, pa3paboTka
MHTEPAKTUBHOM reorpadmyeckom KapTbl, C yKazaHnempoTonsobparkeHus,
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KPaTKOro OMMCaHMA W MECTOPACnoNOXeHUA 52-X CyLLecTBYOWMX B
HacToALLEee BPeMs NPaBOCAaBHbIX XPamOB.

B 1887 roay, kntoyapb YcneHckoro KadeapanbHoro AcTpaxaHckoro cobopa
Kupunn Bacunbes cBen BOegMHO HeKoTopble GaKTbl UCTOpUM ACTpaxaHu B
npousBeaeHnn nog HasBaHMeM «KntoyapeBCKaa /1eTonNuUcb», B KOTOPOWM
roBOpUTCA O «UCTOPpUM AcTpaxaHu, apxumepesx, OyHTax, BOeBOgaX W
BOEHHOHa4YaIbHMKaxX». ITOT NepPBOCTENEHHbIA UCTOYHUK, Nepen3gaHHbii B 2012
rogy, NvWb u3penKa 3aTparMeaeT WUCTOPUIO U apPXUTEKTYPY NPaBOC/ABHbIX
XPaMoB, U He nccneayeT nx Kak o6vekTbl. B 2002 roay BbIXOAWUT B CBET U3gaHMe
NrymeHa Mocuda (MapbsaHa) «AcTpaxaHb. Xpambl U MOHACTbIPU», B KOTOPOM
6onee NoApobHO N3yYeHbl KyNbTOBbIE COOPYKEHUA, U AaXKe COCTaBNAEHA KapTa
NX PacnoNOXKeHUA, HO TO/IbKO B Npeaenax ropona AcTpaxaHu, 4YTo He no3sonseT
AaTb 06LLYI0 KapTUHY COCTOAHMA NPABOCIABHbIX XPamMoB AcTpaxaHCKoM obnacTu.
B 2002 roay, K YeTbIpexcoTNeTUIO CyLLeCTBOBaHMA ACTPaxaHCKOM enapxuu,
onybanMkoBaHa KHMra ««OuyepKkun nctopmmn ActpaxaHckon enapxum 3a 400 net ee
CYLLEeCTBOBAHUA», KOTOpPaA MO3BOMAAET MNONYy4YMTb HEKOTOpble CBeAEeHMA O
XPOHO/IOTUM  CTPOUTENILCTBA MNPABOC/AABHbIX COOPYXKEHUW, HO TaKXKe He
paccMaTpMBAET MX KaK 06BEKTbI Hay4HOro UccnenoBaHuA. B Tekywem rogy, no
pe3yabTaTam rPaHTOBOro KOHKypca «[llpaBocnasHaa nHuymatmea 2013-2014»,
BbILWEN B CBET CNPABOYHUK «[1paBoCnaBHble XPamMbl U MOHACTbIPU AXTYOUHCKOM
enapxmm ACTPaXxaHCKOM MUTPOMOAMU», HO W YKa3aHHbIA CMNPaBOYHUK He
ABNAETCA NONHOLUEHHbIM HAayYHbIM MCTOYHMKOM, YTOObI PELnNTb NOCTaBAEHHbIE
npobaembl CTPOUTENBHOM OTPAC/IN UCCAEAYEMbIX MPABOC/IABHbIX XPaMOB.

Takum 0bpa3om, Ha CerogHAWHUN AeHb, UCTOPUA ACTPaxXaHCKOro Kpas He umeeT
B Ha/IMYMKN MOSIHOLLEHHOTO UCTOYHMKA (yyebHOro nocobusa, cnpaBoOYHUKA UK
KagacTpa) NaMATHMKOB  apXUTEKTYPHOro  Hacneaua, B TOM  4ucie
WMHTEPECHEMNLLMX U3 HUX — NPABOC/IaBHbIX Ky/N1bTOBbIX COOPYXeHMN. Yalle Bcero,
CBEAEHMA O HWUX HAXo[ATCA B apxuBax BMONMOTEK M YACTHLIX KONNEKLMUSAX.
HekoTopble, u3yyaemble B paboTe COOPYKEHMA, CyLWEeCTBYOT TO/NbKO Ha
doTorpaduax, HekoTopble — B CBA3U C obBeTWwWaHMEM U HeobpaTUMbIMMK
AedopmaumaMn — Mbl MOXKEM YBUAETb €lle A0BOJIbHO HEMPOAOMKUTENbHOE
BpeMA, a Beb MMEHHO OHU coAeprKaT B cebe yHMKaNbHYy0 MHPOpmaumo 06
MCTOPWUM,  CYLLECTBYHOLWMX  MaTepuanax, CTPOUTENbHbIX  TEXHONOrUsX,
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NPUMEHAEMbIX METOAAaX PEKOHCTPYKLUM U pecTaBpaLmn, AyXOBHOM Pa3BUTUM
pervoHa.

OaHOM w©3 3agay 3kcneauumm 6bino u3bATME oTbopa npob o0bpasuos
LUTYKATYPHOro pacTBOpPa HAaPYKHbIX M BHYTPEHHUX NOBEPXHOCTEN CTPOUTENbHbIX
KOHCTPYKUMIMA YHMKANbHbIX OOBEKTOB MNPABOCNABHbLIX XPaMOB, ABAAKOLWMXCA
namATHUKaMM apxXuTeKTypbl (PrucyHok 1).

PucyHok 1. Npouecc ot6opa 06pa3LoB WTYKaTypPHOro pacTtBopa U U3MepeHue
CU/Ibl CUENIeHMA ero C NOBepPXHOCTbIO

MHTepec K 4aHHOMY poay UCCNenoBaHMAM BO3HUK He CayyaliHo. [onoA/IMHHO
M3BECTHO, YTO CTaPMHHbIE MOCTPOMKM, COXPAHUBLUMECA HA TeppUTOPUM HUKHEro
MOBOMKbA C CepeAnHbI MPOLLJIOTO ThiCAYENETHA, B HACTOSALLLEE BPEMS MOPAXKAOT
CBOEM MNPOYHOCTbIO, KPacoTol W Benukosenvem. Yaule BCEro, K TaKum
MOCTPOIMKaM OTHOCATCA NPABOC/IaBHbIE KY/IbTOBbIE COOPYHKEHUS.

Tepputopusa HuxkHero [MoBonkba Poccuiickor Pepepaunm 6orata csBoum
YHUKANbHbIMKY/IbTYPHbIM U UCTOPUKO-apPXMUTEKTYPHbIMHacneanem. [lepsbin
XPUCTUAHCKUI Xpam Ha Tepputopumn HukHero MoBoOMXKbA, CYyLLECTBOBAA eLle B
VIl Beke Hawel 3pbl, BO Bpemsa Xa3apcKoro KaraHaTa [1, 2]. B Hauane XVI Beka B
AcTpaxaHCKOM 0b6n1acTu nosiBMAacb NepBasa KaMeHHas uepkoBb [3]. WcTtopus
NpPaBOCNABHOrO 3044ecTtBa ACTpaxaHCKOW ob6nactm mmena cBoe pa3BUTUE B
Ka)Kgom parioHe obsacTu, 1, B uenom, o6pa3oBasio eguHy0 CTPYKTYPY: Kak no
MeCTY PacnoioXKeHnA 06bEKTOB NPABOCNABHOIO 3044€CTBa, @ UMEHHO, XPaMOB,
MOHACTbIpPen 1 XpaMOBbIX KOMMJIEKCOB; Tak U N0 nepuoay Bo3seaeHus [4, 5].

CornacHo MC 11-17.2004 [6], ocobeHHOCTbIO 3A4aHNI XPaMOB SIBAAETCA TO, YTO
MX Hecywue U OrpakAalolinme KOHCTPYKUMM HepaspbiBHO CBA3aHbl C
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XapaKTepHbIM AEKOPOM, BbipabOoTaHHbIM MHOTOBEKOBbIMU TpaauUMamMMU. Yaule
BCEro AaHHble MNOBEPXHOCTU MOAJIEXKAT OWTYKAaTypUBaHUIO, B CBA3U C YEM
paspylleHne KamMeHHOM KNafKku, a, C/lefloBaTesibHO, U LUTYKaTypHOro Cnos,
NPUBOAMUT K pa3pbiBam, OTC/IOEHUIO U yTpaTam BecueHHbIX ApeBHUX GPECOK,
poCnnCeN, a TaKKe XyAOMKECTBEHHOM JienHMHbl. Takum obpa3om, 3HAYMMOCTb
LUTYKaTyPHOrO CN0A HeNb3A NepeoLeHnTD.

Tabnnuya 1 — [lepeyeHb WCNOAb30BaHHbIX NPUOOPOB ANA NpPOBeAEHUA
obcnefoBaHMA 34aHUNA, COOPYXKEHUM U KOMMNNEKCOB Horocny»ebHoro
Ha3HayeHuA

Mogaensb OnucaHue

Mpubop Ana wmamepeHMa aaresmu, MNPOYHOCTU
CUEneHns, NPUKNENBAHUSA KepPaMWYEeCKOM MIUTKN,
WITYKATYPKK, 3aLLUUTHLIX MOKPLITUA CO CTEHOW WU
APYrMM OCHOBaHMEM

U3ameputenb agresum NCO-1Mrr4

Bnaromep Ml4-b
N3meputenb nNPOYHOCTU OETOHa

Mnc-mMr4.01
Mpnbop ynbrpassykosoit YKC- | [edeKkTockonus, KOHTPOIb NPOYHOCTU CTPOUTENbHbIX
Mra martepuanos
N3meputens TennonpoBOAHOCTM
UTM-Mr-4
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PucyHok 2. ®otorpadua cocToaHNA OWTYKATYyPEHHbIX CTPOUTENbHbIX
KOHCTPYKLUMIM Xpama MNokposa MpecssaTton boropoaunupl B cene ConeHoe
3anmuue AcTtpaxaHcKon obnactm

Ncnonb3ys cneayowmii nepedyeHb obopyaoBaHus (Tabauua 1), 6bino
YCTaHOBNEHO, YTO NPOYHOCTb CLEN/IEHNA CYLLECTBYHOLLENO WUTYKAaTYPHOro C/108 C
NOBEPXHOCTbIO KMPMNUYHOM Knaakm, pasHa oT 0,2 ao 2 Mna, a coctoaHue
LUTYKATYPKM Ha HEKOTOPbIX 06bEKTaX, BO3PaCT KOTOPbIX cocTaBnseT 6bonee 150
NeT, B HEKOTOPbIX MecCTax COOTBETCTBYeT BMO/He paboTtocnocobHomy, U He
Tpebytouiemy 3ameHbl (PucyHok 2). [laHHblA  aKT cBuAeTenbcTsyet 06
YOMBUTE/IbBHOM KayecTBe BbIMOJIHAEMbIX LWTYKATypHbIX pPaboT, Tak KakK
COBpeMeHHan LITYKaTypKa, Ha NPaKTMKe, Yallle BCero He BblAEPKUBAET U NATU
net 6e3 KanuTanbHOro PEMOHTA.
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MCNONb30BAHUE UHOOPMALMOHHbIX
TEXHO/IOTUIA B COBPEMEHHOM
LOENONPOU3BO/ACTBE

Ko3nosa U.B., BAcnHA E.H.

Poccuna, POCCUNCKMIA SKOHOMUYECKUM YHUBEPCUTET UM. .B. TINEXAHOBA,

AHHOoTauuAa. CTaTba nNoOCBAWEHA aHaAM3y WCMNO/b30BaHMA WHPOPMALMUOHHbBIX
TEXHONIOTUIA B COBPEMEHHOM [AEe/N0oNpPOoU3BOACTBE MO maTepuanam nybanKaumn B
CMeumnann3npoBaHHbIX U34AHUAX, WHTEPHET-MOPTA/ZIoB U 3NEKTPOHHbIX PEeCcypcos
6ubnunotek. MpoBeaeHa cUcCTEMATM3aLMA MATEPMA/ZIOB M Ha €e OCHOBE BblAe/NeHa
TemaTuyeckas CTPYKTypa AaHHOM NpeaMeTHOM 06nacTu.

Kniouesble cnosa: NHbopmaumoHHble TEXHONOMUU, cOBpemeHHoe
AEeNnonpousBoAcTBO, NybAMKauMKM, WHTEPHET-NOPTanbl, 3/EKTPOHHbIE PECYpCbl
6nbnnoTeK, TemaTUYeCcKan CTPYKTypa, npegmeTHaa obnacTb.

Abstract. The article is devoted to the information technology applying in modern
record management using specialized publications, Internet portals and electronic
library resources. The systematization of materials and the subject area thematic
structure is provided.

Keywords: Information technology, modern record management, articles, Internet
portals, electronic library resources, thematic structure, the subject area.

OgHUM N3 OCHOBHBbIX d)aKTOpOB B/IMAHNA HAY4YHO-TEXHUYECKOIo nporpecca Ha

BCe Cd)epbl KU3HU O6U.I,€CTBa N OeATe/IbHOCTU 4YesioBeKa ABNIAETCA WUpoKoe

MCNnosib3oBaHNE HOBbLIX VIHCI)OpMaLI,VIOHHbIX TEXHONOMUMN. Cpep,M Hanbonee

BaXKHbIX cdep, B KOTOPbIX MHOOPMALMOHHbIE TEXHONOMMU UTPAIOT PeLLatoLLyto

pONb, 0C060Ee MecTo 3aHMMaEeT chepa ynpaBaeHus.

B AoKymeHTaunMoHHOM obecneyeHun ynpasneHunsa (AOY) wuHPOpMaLMOHHbIE

TexHonorun (UT) B nocnegHue aecatuneTus Urpaam onpeaenatolyo posab, a B

COBpPEMEHHDbIX YCNOBUNAX OHU 3a4al0T BEKTOP PA3BUTUA ,EI,aHHOlj1 C(I)epbl.
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[naBHbIM HanpaBieHNnem coBeplieHcTBoBaHUA JOY B cOBpPEMEHHbIX YC/OBUAX
cTano: passutne NHTepHeT, co3dgaHue rnobanbHbIX TENEKOMMYHMKALMOHHbIX
ceTeil, pa3paboTKka  HOBbIX  BbICOKOIPGDEKTUBHbLIX  UHPOPMALMOHHO-
ynpaB/ieHYECKUX TEXHONOTMI B paboTe C AOKYMEHTAMM, PA3BUTUE PbIHKA YCAYT
B cdepe MHGOPMALMOHHO-KOMMYHUKALMOHHbIX TEXHONOTUMA.

B HacToALWee Bpemsa BHeAPEHNE TEXHOIOTUIM 3/IEKTPOHHOTO A0KYyMeHToobopoTa
B COYETAaHMM C 3aJa4yaMM peanmsaumm  KOHUenuum «MHGOPMALMOHHOrO
obuectBa» U «3/IEKTPOHHOTO MPaBUTENbCTBA», PA3BUTUEM TOCYAAPCTBEHHbIX
YyCAyr, OKa3blBaeMbiX B 3/1EKTPOHHOM ¢GOpmMe, CTAHOBMUTCA  BaXKHbIM
HanpaBaAeHMUEM COBEPLLUEHCTBOBAHUA AeATeNbHOCTM OPraHOB rocyAapCTBEHHOMO
ynpasneHus. AKTUBHOMY pPasBUTUIO U BHEOPEHUD MHPOPMALMNOHHbBIX
TEXHONIOTMA B FOCYAAPCTBEHHbIX OPraHM3aLUMAX M KOPNOPaATMBHbIX CTPYKTypax
cnocobCcTByeT NOAMUTMKA, NIAaHOMEPHO NpoBogMmasn Mpasutenbcteom PP, yTo
HawWwNo oTpaxkeHue B KoHuenumMm AoArocpoyYHOro counanbHO-3KOHOMUYECKOro
pa3suTtua Poccuimckon ®egepaunm Ha nepuog Ao 2020 r. n opyrnx A4OKYMEHTaX.

C Apyroit CTOPOHbI 3HAHUA M ONbIT YYEHbIX U cneymannctos B obnactn A0V,
aKKyYMyMpPOBaHHble B CTaTbAX MPOQU/bHBLIX KYPHaANOB, B TOM 4YMC/e U B
3NEKTPOHHOM BMAE, ABAAIOTCA OAHOW U3 Hanbosee LEHHbIX COCTaBAALINX
MHPOPMALMOHHbBIX PECYPCOB, UCMOb3yEMbIX B Hay4yHOM M 06pa3oBaTeNbHOM

coepe.

CNOXKHOCTb, MHOTOACMEKTHOCTb U MHOTOrPaHHOCTb PacCMaTPMBaEMOM B CTaTbe
npobnembl, a TakKe OTCYTCTBME NybAMKauuii obobuiatolero xapakrepa no
BOMPOCAM MCMNONb30BaHUA WMHPOPMALIMOHHBIX TEXHOJIOTMN B COBPEMEHHOM
[.eNonpon3BOACTBE NOATBEPIKAAOT aKTyaIbHOCTb BbIOPaHHOM TEMBI.

Mcxopsa M3 BaXKHOCTM paccmaTpuBaemoin npobsiemsl, B paboTe npegnpuHATa
NonbITKa aHaNN3a KYPHaNbHbIX NYBAMKALMIN C TOYKM 3PEHMA LIMPOTbLI OXBaTa U
MO/MHOTbI  PACCMOTPEHMA  BOMPOCOB  UCMO/b30BaHUA  UHPOPMALMOHHbIX
TEXHOJIOTNI B COBPEMEHHOM AEe10NPOM3BOACTBE.

ONna AOCTUMKEHMA NOCTAaBAEHHOM LUenn bblnn peLleHbl cheaytolme 3a0a4u:
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— BblABNEHbI Hanbonee  aKTya/ibHble BOMpPOCHI MCNONb30BaHMA
MHPOPMALMOHHbBIX TEXHONOTNIA B COBPEMEHHOM AE10MNPON3BOACTBE Ha
OCHOBE aHa/n3a cTaTeln Cneurasn3mpoBaHHbIX NEPUOANYECKUX U3OAHNI;

— PACKPbIT CMbIC/1 NOHATUA «HOBble MHGOPMALMOHHbIE TEXHONOTMMY» MPU
B3aumoaenctaum c 40Y;

— paccMoTpeHa UCTOPMA Pa3BUTUA aBTOMATM3aLUKM OEeN0NpPOon3BOACTBA B
Poccuun no gsym atanam: 1980-e - 1990-e rogpbl, 1990-e - no HacToALee
Bpems;

— paccMOTpeHbl BONPOCbI rOCYAapCTBEHHOIO PeryJinpoBaHnA NpUMeEHeHUA
MHPOPMALMOHHbBIX TexHoNornn B 10Y;

— paccmoTpeHbl NpobaemMbl COBPEMEHHOIO A€N10NPOM3BOACTBA M Pa3BUTUA
C3/;

— paccMoTpeHbl noaxoabl K Knaccudukauum C34, npuBeaeHbl Npumepbl
C34;

— PacCMOTPEHbl BOMPOCbI CO34aHUA «3/IEKTPOHHOrO MNPaBUTENBCTBA» U
MCNoNb30BaHMA «061aUYHbIX» BbIMUCAEHUN.

Ana peweHnAa noCtaBaeHHbIX 3ada4 6bIn nposeeaeH aHaans:

— 3aKOHOZATENbHbIX U HOPMATMBHBIX AKTOB MO BOMPOCAM MCMNO/Ib30BaHMA
3/IEKTPOHHbIX [OO0KYMEHTOB, 3/IEKTPOHHOM NOAMWUCK, 3NEKTPOHHOrO
AOKYMeHTO060pOTa, opraHu3saumm MeKBeLOMCTBEHHOIO
B3aMMOAENCTBUSA;

— HAUMOHANbHbIX M MEeXAYHApPOAHbIX  CTAHOAPTOB,  COAEpPKALUMX
peKkoMeHgaLMmM No opraHn3aumm paboTbl C 3NEKTPOHHbIMU LOKYMEHTAMM
N BHEAPEHUIO CUCTEM YNPaBAEHUA OKYMEHTAMU;

— nybaunkaumi, NOCBALLEHHbIX BONpOCam MCNO/Ib30BAHUA
MHPOPMALMOHHbBIX TEXHONOTMIA B COBPEMEHHOM A,E/10NPOMN3BOACTBE;

— MaTepuanos KoHdepeHuunm BHUNOAL «JoKymeHTaumA B
MHPOopMaLMOHHOM obuiecTBe: 3dPeKTUBHOE yNpPaB/IEHNE 31EKTPOHHbIMMU
AOKYMEHTaMN», NOCBALLEHHDIX BOMpOCam opraHusauum n
aBTOMATMU3aUMN AOKYMeHTO0b60pOTa;

— 3/1eKTPOHHble pecypcbl 6ubnunotek PITY, PTB, e-Library;
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— QHAa/NUTUYEeCKMe  maTepuanbl  UHTEPHET-pecypcoB MO  BOMpOcCam
pa3paboTkm n BHeapeHuna CI3M.

MpoBeAeHHbIW aHanAnM3 W cuctemaTmsauyma nyb6AMKaumii No  BOMpPOCam
NCNO/Ib30BaHMUA NHPOPMaLIMOHHBIX TEXHOJIOTUM B COBpPEMEHHOM
AEeNonpon3BoAcTBe MMeeT 60/blioe Hay4yHO-NPaKTUYECKOe 3HayeHue, T.K.
pe3y/bTaToOM NPOBeAEHHbIX UCCIeA0BaHUI ABNAETCA, C O4HON CTOPOHbI, 0630p,
NoAroTOB/IEHHbIN cneuyannctamu B 061actv MHPOPMaLUMOHHbIX TEXHONOMUMI, a
C APYroM — MoJlyYeHHas 3KCNepTHbIM MyTemM Tematumyeckaa cTpyktypa (TC)
BbIbpaHHOM npeameTHOM o06i1acTu. BbinonHeHHaa paboTa sBaseTcs o4HMM U3
aTanoB nocTtpoeHns TC ¢dopmanbHbIMM METOoAaMU C  MCMNOJb30BaHUEM
npob61eMHO-0pMEHTUPOBAHHbIX 633 AaHHbIX.

B pe3ynbTaTe coaeprkaTenbHOro aHanM3a cTaten B NPOPUAbHbIX XKypHanax obin
BbIAB/IEH XYpPHan «[1enonponsBoacTBO», Kak Hanboaee yHUBEPCA/IbHbIM C TOYKK
3peHMAa TemMaTUMKM Nyb/nKyembiX MaTepuasioB, a TaKXKe Haubonee
NPOAYKTUBHbIN MO KONMYECTBY CTaTen aHannsnpyemoi npobnematukun. Janee B
YKa3aHHOM peuTuHre ceaylT XKypHanbl: «CoBpeMeHHble TEexXHOJIorMm
AenonpousBoacTBa M AOKyYMeHToobopoTa»,  «/lenonpoun3BoAcTBO W
AOKymMmeHToobopoT Ha npeanpuatumn», «CekpeTapckoe paeno». Ha ocHoBe
n3yyeHns matepuanos nybanKauuii, oTHOCAWMXCA K BbiBpaHHOM Teme, Bbian
BblAe/IeHbl OCHOBHble NPob6aembl, KOTOPbIM Yy4YeHble U cneunanmcTbl B 0b6nactu
[0Y ypenann Hambonbliee BHUMAHME Ha CTPAHULAX XKYPHANbHON NEPUOLUKK,
a TaKe onpeaeneHbl Hanbonee NpoAyKTUBHblE aBTOpbl. Cpean Hux: JlapuH
M.B., CepoBa l.A., bobbinesa M.I1., banacaHsaH B.3., Ky3Heuos C.J1., PbickoB
O.U., ®unenko E.H., AHKoBaa B.®., bywyesa E., Cokonosa W., bepecHesa E.A.,
MNonsak lO.E., Upntnkosa B.C., Bapnamosa /1.H., AraHoBa A.A., XpamuyoBscKasa H.A.,
bywmenesa C.A., lMaxyaHAaH A., PomaHos [1., Yayasa A., Cbicoesa J1.A., Konecos
A., Kntouko H. n ap.

B pe3ynbtate aHanmMsa npoBeAeHa cuctemaTusauma  nybavMKauui B
COOTBETCTBUM C BblgeneHHbIMU npobaemamu. Tak, B paboTe Hblan paccmoTpeHbl
0COHEHHOCTM OCBELLEHMA B CTaTbAX NOAXOAO0B K ONpeAe/ieHMIO NOHATUA «HOBblE
MHGOPMALIMOHHbIE TeXHOMorMM» npu B3anmogenctenmn ¢ A0Y, ocobeHHOCTH
pa3BuTMA aBTomaTusauum genonpoussoacrtsa B 1980-e — 1990-e rr. m
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rocyAapCTBEHHOrO peryanpoBaHus NPUMeHeHuA MHPOPMALLMOHHbBIX
TEXHONOTMN Ha COBPEMEHHOM 3Tane, a TaKXe MpPaKTUYeCcKne acnekTbl
NPUMEHEHUA CUCTEM 3/IEKTPOHHOIO AOKYMEHTOO6OpPOTA.

BbiNONHEHHbI B paboTe aHanu3 nybAMKauuii NoKasan, YTo Ha CTpaHuuax
YPHANOB W 3NEKTPOHHbIX PEeCYpPCOB PacCMOTPEHbl MPAKTUYECKU BCe
coAepraTesibHble 6N0KKN, coCTaBAsOWME 3aABEHHYI0 NpobaemaTuKy. OgHaKo
HYYHO OTMETUTb Pa3HYIO CTEMEHb NONHOTbI OCBELLLEHMA OTAENbHbIX Npobaem.

NccnepoBaHUo MNOHATUM  «MHGOPMALMOHHAA TexHonorna», «40Y» un ux
B3aMMOZLENCTBUIO  MOCBALLEHO CPABHUTENbHO HebO/blIOe  KOAMYEeCTBO
nybavkaumm B NPodUNbHBLIX KypHanax. HecmoTpA Ha oOrpaHUYeHHoe
KO/INYECTBO, OHW MO3BOJIAKOT MNOJYYMTb O0b6WMe npeacTaBNeEHUA O POU
MHPOpPMaLMOHHbBIX TEXHONOMMIM B npoueccax ynpasneHusa soobuwe u B 0Y, B
YaCTHOCTMW.

3HaunTeNnbHYO AoOoAK0 NybAMKauMiM B pamKax [AaHHoOM npobnematukm
COCTaBNAKOT CTaTbM, MOCBALWEHHbIE BOMPOCaM OPraHU3aUMU 3/1IEKTPOHHOrO
AOKYMEHTOOOOPOTa W MOHATUIO «INEKTPOHHbLIM AO0KYMeHT». Kak nokasan
aHanu3 nybauKauui no AaHHOMY BOMPOCY, OCHOBHOE BHMMaHWE aBTOPOB
YOENEHO NPEUMYLLECTBAM 3/IEKTPOHHbLIX [AOKYMEHTOB WU  3/1EKTPOHHOrO
AOKYMEHTO0b60pOoTa, X OCOBEHHOCTAM U XapaKTepPUCTUKAM.

AHanu3 rpynnbl CTaTel, PaCKPbIBAKOLWMX MCTOPUYECKME aCNeKTbl Pa3BUTUA
asTomatusaumm OY B 1980-e - 1990-e roabl, nNo3BonAeT Ham MNOAYYUTb
AOCTAaTOYHO WHTEPECHble M nose3Hble cBedeHMAa 06 OCHOBHbIX 3Tanax
aBTomatmsaumn [OY B HaweW CTpaHe, a TaKkKe QPYHKUMOHANbHbIX
BO3MOXHOCTAX CUCTEM aBTOMATM3aUUM LOEN0NPOMU3BOACTBA TOMO BPEMEHMN.
MpoBeaeHHbIM B CTAaTbAX W MmaTepuanax WHPOPMALMOHHbLIX MNOPTANOB
CPaBHUTENbHbIM  aHanuM3  ¢QYHKUMOHANbHbIX BO3MOXHOcTen C3[, wux
XapaKTePUCTUK pJaeT MHOOpPMaUUID ANA  CpaBHEHUA  YHKUMOHANbHbIX
BOo3MoOXKHocTen C3[0 1990-x rr. ¢ UX COBPeMeEHHbIMW aHanoramu. MonesHbim
OKa3blBaeTcA NPMBEAEHHbIA B CTaTbsAX onbiT peanusauymm AC AOY Ha 6ase
npunoxeHmn Microsoft Office, T.K. OH MOKeT bBbITb MICNO/Ib30BAH U CEroAHA NPU
co34aHnn manobroaeTHbix CI/.
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Ha cTpaHuuax »KypHanos nybanKoBanucb WM MaTepuasbl, pPacKpbiBalowme
CYLWHOCTb roCy4apCTBEHHOrO peryanposaHmna ncnonobsosaHua UT s A0OY. Takue
nyb6anKaumm no3BoAMAN NOAYYNTb NpeacTaBieHne 06 OCHOBHbIX HOPMATUBHO-
NPaBOBbIX [AOKYMEHTax, HALMOHANbHbIX W MEXAYHAPOAHbIX CTaHAapTax,
perynmpytowmx sty cbepy 4eATeNbHOCTMU.

Kak nokasan aHanuMs, HaumeHbllee 4ucno nybaMKauuii  NocBALWEHO
KOHLEeNTyanbHbIM AOKyMeHTam, deaepasbHbIM 3aKOHaM, Peryanmpytowmm
BHeAPEHME COBPEMEHHbIX MHPOPMALUMOHHbIX TexHosornin B A0OY. OaHako B
LUesIoM AaHHble NybiMKauMmn O30T BO3MOXKHOCTb NONYYUTb NpPeacTaBAeHne o
NPUMEHEHUM INEKTPOHHbIX OKYMEHTOB, MPUAAHUN UM HOPUANYECKON CUAbI, 06
OpraHM3aLmn MeKBeJOoMCTBEHHOIO AOKYMeHToobopoTa.

B OGonbwen crteneHn B nNyb6AMKAUMAX HaWAM  OTPaXeHuMe BOMpPOCHI
CTaHAAPTM3aUMN B yNpaBAeHUM AOKYMeHTaumnen. AHanus ctatei nokasblBaerT,
4YTO C OAHOM CTOPOHbI, CTaHAAPTbl YCTaHAB/AMBAOT NpaBuaa, OTHOCAWMECS K
acnektam [OOY, c papyrom — obecneymBaloT MPaBOBOE peryaMpoBaHue
cobCcTBEHHO MHPOPMALMOHHBLIX TexHosnorn. OTaenbHaa rpynna craTen
paccmaTpuBaeT cTaHgapT EBponeiickoro coto3a MoReq2, nomoraa ymtaTento
COPMEHTMPOBATLCA B TPEOOBAHUAX K INEKTPOHHbIM AOKYMEHTAM, YNPaBJAEHUIO
MeTagaHHbIMK, BbIBOPY CUCTEM IN1EKTPOHHOIO A0KYyMeHToobopoTa.

My6anKaumm, 3aTparuBatowme NpPakTUYECcKMe acneKkTbl NPUMEHEHUA CUCTEM
9NEKTPOHHOIO0 [AOKyMeHToobopoTa, pasaeneHbl B paboTe Ha uYeTbipe
TemaTuyeckue rpynnobl.

LUnpoko npepcrtaBneHa  rpynna  cTtaTe, MOCBALWEHHbIX  npobnemam
COBPEMEHHOIO [e/IoNpou3BOACTBA WM Pa3BUTUS  CUCTEM  INEKTPOHHOrO
[OKyMeHToobopoTa. Ha ocHoBe aHanun3a cTaTei BbiABAEHbI METOA0N0rNYecKme
npobnembl  COBPEMEHHOro  AOKYMeHToobopoTa Kak  ynpaBnsemol
NOKYMEHTA/NIbHOM  KOMMYHUKALUMK, OCYLECTBAAEMOW C NPUMEHEHUem
coBpemeHHbIX UT, npobnembl NpuaaHua OPUAUYECKON CU/bI 3IEKTPOHHbIM
AOKYMEHTaM, npobaembl  WUCNO/Mb30BaHMA  3/IEKTPOHHOM  noAanucK B
3NEKTPOHHOM AO0KymeHToobopoTte. lNpu paccmoTpeHun npobnem cneayet
OTMETUTb Pa3InuMA B NoaxoAax aBTOPOB CTaTel K onpegeneHuto npobnaem u
nyTen ux pewweHus.

70



AHann3 onybanMKOBaHHbLIX CBEAEHMM, B TOM YMUCAE WU AaHHbIX WHTEpPHEeT-
nopTanoB, NO3BOJIAET NOJYYUTb NpeacTaB/ieHne O COBPEMEHHOM COCTOAHUMU
aBTomatmsaumm [OOY B Poccmu, rnaBHbiXx npobnemax pacnpocTpaHeHun
3/IEKTPOHHOro A0KYMeHTO0b0pOTa, coBmecTtumocTtn C3/ u ap.

[JOBONBHO  MHOrOYMC/AEHHA Trpynna CcTaTen, NOCBAWEHHbIX npobnemam
Knaccudukaumm C3. AHanms nybanKaunii NOKasblBaeT, YTO B HACTOALLLEE BpeEMA
COCTaB/IEHO U ONYyB6AIMKOBAHO MHOTO Knaccudukaumm CI. 3T Knaccnpmkaymm
oTAMYaTCA ApYyr oT Apyra obbemom, BbIBOPOM OCHOBAHUI KnaccudpuKauuu.
Bmecte ¢ Tem, HM OA4HOM M3 HMX He OTAaeTca npeanoyteHuA. Kpome Toro, B
CTaTbAX BCTPEYATCA pa3HOOOpasHble HA3BaHMA, 4YTO CBMAETenbCcTByeT 06
OTCYTCTBUM YHNOULMPOBAHHOMN TepMUHONOTMM B 0b6nacTn CI/A.

Ewe ogHy TemaTuyecKyl rpynny COCTaBAAOT nNybaMKauuu, NOCBALWEHHble
BOMPOCaM NPAKTUYECKOrO MCMNOJIb30BAaHUA 3NEKTPOHHOIo AOKYyMeHToobopoTa n
C3[4. Cratbm o npumeHeHun CI[ MMeroT NPAKTUYECKYO HanpaBAEeHHOCTb U
noBecTBylOT 06 ycnewHom onbiTe BHegpeHna C3[ Ha NPOMbILWIEHHbIX
npeanpUATUAX, B TOCYYpPeXXAEeHNAX U KOMMEPYECKUX CTPYKTYypax.

Hanbonbwunit HTepec B TEOPETUYECKOM U MPAKTUYECKOM NiaHe NpeacTasaaeT
TemaTuyecKkas rpynna cTaTen, NOCBALLEHHbIX nepcnekTUBHbLIM
MHPOPMALMOHHbIM TexHonormam B [AOY: «3N1eKTPOHHOMY MNpPaBUTE/IbCTBYY,
«06/1a4YHbIM» U MOBWUNBbHBIM TeXHoNOrMAM. [NAa ycnewHou peanunsaumm
KOHUENUMU «3NEKTPOHHOro NpaBUTENbCTBAY, KaK caedyeT U3 aHa/n3a crtaTen,
HeobxoAMM NPUHUNNNANBHO MHOM YPOBEHb B3aMMOAENCTBMA BEAOMCTBEHHbIX
C3/[, KOTOopbiM B HacToAwee BpemA He MOXKeT ObiTb peannsoBaH BBUAY
pasHopogHoctn C3/[1, ncnonblyembix POUB.

AHanu3 nyb6anKauuin nokasbiBaeT, 4To byayuwee B obnactm C3/[, npuHagnexut
«06/1a4YHbIM» BbIYMCNEHUAM, NMPEMMYLLECTBA KOTOPbIX O4YEBUAHbLI, HO €CTb U
npobaemsbl: B nepByto ovepeab — MHPopMaLMOHHAA 6€30MacHOCTb.

B uenom MoXHO caenaTtb BbiBOA, YTO Npobaembl, pacCMOTPEHHblE B AAHHOM
CTaTbe, HOCAT KOMMJIEKCHbIA XapaKTep, M M3yyeHHble nybauKauum patot
BO3MOHOCTb NONAYYUTb NPeAcTaB/ieHne O B3rA4axX CNeumanmcToB Ha NyTn U
BO3MOHOCTM UX PELUEHUA.
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OLLEHKA 3KCNNYATALMOHHOI HAAEXHOCTH
YKEIE3OBETOHHOIO KAPKACHOIO 3AHMUA B
CBA3U C UBSMEHEHUEM ®YHKLIMOHANIbHOTO
HA3HAYEHMUA

Kymnak O.T., FTanaytanHos 3.P., NAXxmyPuH O.P., NETYX0B A.A.

Poccuna, TOMCKUIM TOCYAAPCTBEHHbIM APXUTEKTYPHO-CTPOUTE/IbHbIA YHUBEPCUTET

AHHOTauuAa. B ctatbe npuBeaeHbl pe3ynbTaTbl 06CNE€40BAHUA TEXHUYECKOrO
COCTOSIHMA HEeCyWMX KOHCTPYKUMIMA HaA3eMHOM W NOoA3eMHOM 4acTel 34aHuA
noaurpadpuyeckoro kKombuHata OO0 «M3paTenbcTBO «KpacHoe 3HamaA»». B npouecce
obcnepgoBaHuna onpegeneHo  GaKTUYECKoe TeXHUYEeCKOe COCTOSIHME  HEeCyLUMX
KOHCTPYKUMI KapKaca M ¢yHOAMEHTOB, BbiABAEHbl AedEeKTbl U NOBPEXAEHUA.
KonnyectBeHHaa oOueHKA BbINOJIHEHA Ha OCHOBAHWM CTAaTUYECKOro pac4yeTa
NPOCTPAHCTBEHHOIrO Kapkaca ¢ npumeHeHnem [BK «SCAD». OnpegeneHbl HecyLan
CNOCOOHOCTb KONOHH, purenei, NAUT NEepPeKpbITUA U MOKPbITUA, OCHOBAHWIA U
dyHaameHTOB. O pesynbTaTam pacyeToB onpefeneHbl KOHCTPYKLMUM MPOYHOCTb
KOTOpbIX He obecneyeHa npu AeNCTBUM (AKTUYECKMX HArpy3oK 06YyCNnOBAEHHbIX
CMeHOMN PYHKLUMOHANbHOrO Ha3HaYeHuUs.

KnioueBble cnoBa: obcnegoBaHMe, HECYWMM KapKac, TEXHUYECKOe COCTOSHUE,
KONOHHA, purenb, NepekpbiTva, GyHAAMEHT, OCHOBaHWE, AedeKTbl, NoBpeXAeHUs,
HecyL,aa cnocobHOCTb.

Abstract. Thispaper presents the results of a survey of technical condition of bearing
structures above and below ground parts of the building printing plant of «Publisher
«Red Flag»». In the survey process to determine the actual technical condition of the
bearing frame structures and foundations, revealed defects and damage. Quantitative
evaluation is made based on static analysis of the spatial frame with PVC «SCAD».
Determined load-bearing capacity of columns, beams, slabs and coverings, basements
and foundations. As a result of calculations, the design strength of which is not ensured
by the action of the actual loads caused by the change of functional purpose.
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Keywords: survey, supporting framework, technical condition, column, beams, floors,
foundations, foundation, defects, damage, bearing capacity.

B ycnoBusx NOTHOM ropoACKOM 3aCTPOMKM He BCeraa MOXHO HaliTu ceobogHoe
MeCTO NoJ, HOBOE CTPOMTENbCTBO. [103TOMY B COBPEMEHHOM CTPOUTENbCTBE
OY€Hb YacTo MPUXOAUTCA CTaNKMBATbCA C BOMPOCOM nepenpodunmpoBaHmns u
PEKOHCTPYKLUMM 30aHNIA.

3gaHne 000 «U3patenbctBO  «KpacHoe 3HamA» —  KPYyMHEWWwumn
nonaurpadumyeckmn KombuHat Tomckon obnactu, cywecrtsoBaswmin go 2010
roga. B paccmatpuBaemom  3gaHMKM  pa3mewianocb  noaurpaduyveckoe
NpPoM3BOACTBO M34aTeNnbCcTBa. HeobxogmMmocTb NpoBeAeHMA PEKOHCTPYKLUMM
34aHMa obycnosneHa TpeboBaHNeM N3MeHeHUA GYHKLMOHANbHOIO Ha3HaYeHUA
KOpnyca C pasMelleHMeM Ha 3TaxKax TOProBO-pa3B/ieKATENIbHOrO KOMMJEKca,
BMeCTO Tunorpadckoro obopyaosaHms.

34aHue npeacTaBaseT cobol COopyKeHNEe KapKaCHOro TMNa, MPAMOYro/ibHOM B
nnaHe ¢opmbl € rabapuUTHbBIMM pasmepaMn MO KOOPAUHAUMOHHBIM OCAM
90.0x24.0 m (puc. 1). Hecywunm Kapkac coopyxeHua obpasoBaH
¥ene3ob6eTOHHbIMM KOJIOHHAMW U pUrensimm NepekpbITUA YCTaHOBAEHHbIMU B
nonepeyHoOM HanpasaeHUWU. HKecTKoCTb 34aHUA B MONEPEeYHOM HanpaBAeHUMU
obecneyeHa nOMEpPeYHbIMM pPaMamMM C XKECTKUM COMPAXKEHUEM KONOHH U
purenen n }KecTkMm coeAnHEHNEM KOJIOHH ¢ pyHAaMeHTamuK. B npoaonbHOM
HanpaB/NeHUM KEeCTKOCTb obecneyeHa MNPOAONAbHBIMM pPamMaMu, B COCTaB
KOTOPbIX BXOAAT CTaJibHble CBA3M W MAUTbI PACNOPKU YCTaHABAMBAEMbIMU B
CTBOPE KOJIOHH NO BCEN A/INHE 34aHUA.

>
| i ] -

Puc. 1. O6wmii BuA (a) n nHtepbep (6) nepenpodpunnpyemoro Kopny;ca

s
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LLlar KonoHH B nNpoao/nbHOM HanpasaeHunm no 6.0 m, a B nonepevyHom
HanpasneHun 9-6-9 m. [lepekpblTUA U MNOKpbITUE 0OpPa3oBaHbl pUrensmm
durypHoro npoduna ¢ MNONKONM B pPaCTAHYTOM 30HE, YCTAHOBAEHHbIMU B
nornepevyHom HanNpaBAEHUM 343HMA HA KOHCONW KOJNIOHH. [lo purenam B
NPOAO/NbHOM HANPaBAEHUW YKNAAbIBAOTCA PebpucTbie NAUTbI pasmepamu B
nnaHe 1.5x5.55 m. dyHaameHTbl cTonbyaTblie, OTAENbHO CTOALLNE, HA CBAMHOM
OCHOBAHUMW.

Mo pesynbTaTam nNpoBeAeHHOro obcnegoBaHWA, B COOTBETCTBUMU  C
TpeboBaHMAMM HOPM [2, 6, 8,], YCTAHOBNEHO TEKYLLLEE COCTOAHNE KOHCTPYKLNN,
onpeaeneHbl QakTUYECKMe pasmepbl U apMUPOBAHME KOHCTPYKUUA U
MexXaHUYeCKME XapaKTEPUCTUKN BETOoHa M apmaTypbl. Hecywme KOHCTPYKLUUM
HaxoaaTcA B uchnpaBHOM coctosHuM [8]. B Hux, npu obcnepoBaHun, He
BbifiBNIEHbl AedeKTbl N MOBPEKAEHUA CHUXKAIOLIME HECYLLYH CMOCOBHOCTD.
Adedopmaumm He NpeBbIWAtOT NPeae/ibHO A0NYCTUMbIe 3HavyeHuA [9].

Bmecte ¢ Tem, npouecc nepenpoduANPOBAHUA 3[aHMA COMPOBOXKAAETCA
YBE/IMYEHNEM HArPy30K Ha KapKaC COOPYKEHMA, KOTOPOE, B NEPBYO oYepeapb,
0bycnoBNEHO YCTPOMCTBOM HaccerHa M 06C/yXKMBAOLWEro TEXHO/IOTMYECKOro
obopyaoBaHua Ha otmeTKe 20.4 m. Pazamepbl 6acceitHa B niaHe 24x9 m, rnybuHa
nepemeHHan 1.2 — 1.8 m. Takmm obpa3om, NpUHATUE OKOHYATENbHOIO peLleHmns
O BO3MO)HOCTM MepenpoPuUAMPOBaAHMA 343aHMA BO3IMOXKHO TONbKO Moc/e
NpoBeAeHUA pPacyeToB Ha AencTBMe (AKTUYECKUX HArpy3oK C Yy4eToM MX
YBEJIMYEHNA MPU PEKOHCTPYKLMUM.

OnA BbIABNEHUA YCUAUIA B HECYLLMX KOHCTPYKUMAX Obln Npou3BeaeH pacyet
NPOCTPaHCTBEHHOrO KapKaca (puc. 2). PacyeT BbINOJIHEH C NOMOLLbO MPOEKTHO-
BbluncauTenbHoro komnnaekca «SCAD». OnpeaeneHme yCunnim B KOHCTPYKLMUAX
BbIMO/IHEHO B NPEANO/IOKEHUN UX YNPYron paboTbl, NPU 3TOM pacyeT CeYeHUN
BbIMO/IHEH C Y4€TOM Heynpyrux gedopmaunii No GaKTUHECKMM MEXAaHUYECKUM
XapaKTepucTmkam 6eToHa 1 apmaTypbl, onpegeneHHbIXx Npu obcnen0BaHUMN.

MoBEpPOYHbIA pacyeT NPOCTPAHCTBEHHOrO KapKaca BbIMNONHANCA Ha AencTsue
NMOCTOAHHbIX HArpy3oK OT COOCTBEHHOro Beca KOHCTPYKUMM, mMaccbl nosa Wu
Maccbl CTaUMOHapHOro obopyAoBaHUA, a TaK e Ha AENCTBME BPEMEHHbIX
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