PEYOBWH
T A\BUPOBIB

UDC 343.98 D. PeikS§tenyté, chief expert of Forensic
Science Center of Lithuania,
D. Vasiliauskiené, chief expert of Forensic
Science Center of Lithuania, PhD in che-
mistry

INTERPRETATION OF RESULTS AND VERBAL STATEMENT
OF COMBINED FORENSIC EXAMINATION
IN CIGARETTE SMUGGLING CASE

The scale of smuggling of tobacco products in Lithuania is reviewed. The
possibilities of assistance of experts from the Forensic Science Center of Lithua-
nia in investigation of cigarette smuggling case are described. The verbal scale
of results evaluation used in Department of Examination of Materials and Other
Objects is discussed, on the basis of which the conclusion about the categorical
contact of the objects is made.

Keywords: combined forensic examination, cross-transfer of microparticles,
cigarette smuggling case.

Smuggling of tobacco products and their illegal circulation occupies most of
the shadow economy in Lithuania. According to the results of the study of empty
packs of cigarettes, the company “Nielsen” found that the amount of contraband
cigarettes smoked in Lithuania in 2016 constituted 17.5 %'. Amount of illegally
smoked cigarettes (%, in curve) and tax losses are presented on the Fig. 1.

Fig. 1. Amount of illegally smoked cigarettes (%, in curve)
and tax losses (mIn EUR per year, in columns)

! State Border Guard Service at the Ministry of the Interior of the Republic of Lithua-
nia 2016 activity report — 2016 March. No 8. Vilnius, 2016.
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The main reason for smuggling is the difference in the price of tobacco pro-
ducts in the EU and non-EU neighboring countries. For example, in Belarus,
a pack of the most popular cigarettes costs about 0.5 euro, while the retail price
of a pack of the most popular cigarettes in Lithuania is about 45 times higher.
Smuggling of cigarettes accounts for 90 % of all smuggling cases recorded by the
State Border Guard Service. In 2014, the officers of the State Border Guard Ser-
vice detained almost 2 mln, in 2015 — more than 2 mln, in 2016 — more than 1 min
packs of contraband cigarettes. Most of the cigarette smuggling cases have been
recorded on the border with Belarus (Fig. 2)'.
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Fig. 2. Cigarette smuggling and illegal transportation routes

Smuggled cigarettes are transported hidden inside of cars and trailers, floated
across the border along the Nemunas River, and bundles with cigarettes are carried
over across the border by people. In the latter cases, cigarettes are packed in plastic
bags with self-made handles from improvised materials — ribbons, ropes, etc. The
bundles are carried in the form of a backpack or a shoulder yoke. When smugglers
cannot be caught red-handed and suspects are detained using service dogs and
operational data, their involvement in smuggling must be proved. In these cases,
the assistance is provided by experts from the Forensic Science Center of Lithuania.
The question of the contact between the clothing of suspected person and the
bundle of cigarettes, as well as between the car and bundles is of the main
importance.

It should be noted that in the case under consideration, the prompt actions of
border guards, timely withdrawal of research objects and nature of the objects

' Paigozinas V. Smuggling via Lithuanian EU external border. Material of Customs
Department under the Ministry of Finance of the Republic of Lithuania. Brussels, 2013.
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themselves, their handicraft production — all this allowed us to conduct a complete
combined study of materials, and to make positive categorical conclusion that
there was contact between submitted objects.

On 2 November 2016, the border guards in the forest near an abandoned house
found a hidden bundle with packs of cigarettes “Gold Super Slims” with excise
marks of the Republic of Belarus. The bundle was wrapped in black plastic, self-
made handles in the form of ribbons and ropes were attached to it imitating a
backpack. The service dog led the border guards to the village and a suspect was
detained there.

The examination of submitted items was carried out using classical and mo-
dern instrumental methods': low power microscopy (stereoscopic microscope
Nicon SMZ1000, magnification 20"—80*) and high power, polarized microscopy
(biological microscope Nikon Eclipse 50i, magnification 200*—400*), Fourier
Transform Infrared spectroscopy (Bruker FT-IR spectrometer Tensor II coupled
with FT-IR microscope Hyperion 2000), microchemical analysis of fiber dyes,
plastics and paints (qualitative reactions performed using concentrated inorganic
acids and reduction-oxidation reactions).

The suspect’s jacket and self-made handles removed from the bundle were
submitted for examination. Self-made handles (Fig. 3) consisted of 3 ribbons with
arope. Ribbon No 1 was made of a piece of white fabric (100 % polyester fibers)
which was stitched with red and blue stitches. Inside the ribbon was a purple
color filling material (100 % polypropylene fibers). Ribbon No 2 was made of a
piece of blue fabric (100 % polyester fibers), a fragment of a gray color rope
twisted from polypropylene strips was attached to one end. Ribbon No 3 was
about 160 cm long, the fabric of the ribbon consisted of polyester fibers of orange,
brown and white colors.

Fig. 3. Self-made handles removed from the bundle with packs of cigarettes

! The Manual of the Best Practice for the Forensic Examination of fibres. — ENFSI,
2013; The Manual of the Best Practice for the Forensic Examination of Paint. Brussels. —
ENFSI, 2009.
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When an external examination of the suspect’s jacket (Fig. 4) was made, it
was found that the jacket consisted of artificial suede (100 % polyester microfibers,
thickness 3 um), the black paint finish being on the suede’s surface. The inner
side of the jacket, collar and cuffs was made of artificial fur (100 % acrylic fibers).
The jacket was decorated with strips of artificial leather, in many places the plas-
tic of strips was worn out.

artificial fur artificial suede

artificial suede composition: polyester
microfibers with black paint finish on surface

Illlwllllmllllwllllw""

decor strips of brown artificial leather

Fig. 4. Suspect’s jacket

On the self-made handles microscopic search for microparticles matching the
microparticles from the jacket was performed and vice versa — on the jacket was
performed a search for microparticles matching the microparticles from the self-
made handles. In addition, a search for the same foreign microparticles (not in-
cluded in the composition of submitted objects) was conducted.

It was determined that various microparticles (fibers, microparticles of paint,
plastic) which corresponded to complete composition of the suspect’s jacket were
found on the presented self-made handles:

— tufts of brown polyester fibers matching the brown polyester fibers of
artificial suede from the suspect’s jacket by color, structure, thickness, type and
class of fibers, polymer composition, color changes (or stability) in specific re-
agents and chemical class of dyes (Fig. 5);

— single tuft of brown polyester fibers with black paint microparticles on its
surface. The black paint matched the paint of artificial suede’s finishing of the
suspect’s jacket according to color, morphological features and chemical compo-
sition: binders, pigments and fillers (Fig. 6);

— microparticles of brown plastic matching the plastic of artificial leather
from the decor strips of the suspect’s jacket by color, morphological features and
chemical composition: polymer, pigments and fillers (Fig. 7);

— two types of yellowish brown acrylic fibers (delustred fibers with diameter
110 pm and non-delustred fibers with diameter 60 um) matching the fibers of the
suspect’s jacket artificial fur according to color, shade, structure, thickness, type
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and class of fibers, polymer composition, color changes (or stability) in specific

reagents and dyeing with the same chemical class dye mixture (Fig. 8, 9).
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Fig. 8. FTIR spectra of compared brown acrylic fibers
(acrylonitrile-methylacrylate copolymer).

On the other hand, microparticles (fibers of two types, plastic microparticles)
which were consistent with the fibers of the two ribbons and the plastic of the rope
were found on the suspect’s jacket:
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— purple color polypropylene fibers matching the fibers of filler from the
ribbon Nol by color, structure, thickness, type and class of fibers, polymer com-

position
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Fig. 9. FTIR spectra of compared brown acrylic fibers
(acrylonitrile-vinylcetate copolymer).
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Fig. 10. FTIR spectra of compared purple color polypropylene fibers

— blue polyester fiber matching the fibers from the ribbon No 2 by color, structure,
thickness, type and class of fibers, polymer composition, by color changes (or stability)

in inorganic concentrated acids (Fig. 11);
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Fig. 11. FTIR spectra of compared blue polyester fibers

— microparticles of gray color plastic matching the gray color plastic of rope,
attached to the ribbon No 2, according to color, morphological features and
chemical composition: polymer, pigments and fillers (Fig. 12).
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Fig. 12. FTIR spectra of compared gray plastics
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Moreover, two types of the same foreign microparticles were found on the
suspect’s jacket and self-made handles:

— microparticles of red paint matching by color, morphological features and
chemical composition: binder, pigments and fillers (Fig. 13);
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Fig. 13. FTIR spectra of microparticles of red paint.

— leaves of the same peat-moss (Fig. 14) — toothed peat-moss (Sphagnum
cuspidatum)'.

Fig. 14. Leaves of the toothed peat-moss (Sphagnum cuspidatum).

' Uenamog M. C., Henamosa E. A. ®nopa MX0B cpeiHei uacTu eBporeiickoii Poccun.
T. 1. Sphagnaceae — Hedwigiaceae. M., 2003.
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It should be noted, that foreign microparticles, such as textile fibers, soil, peat
were also detected in other forensic examinations of cigarette smuggling per-
formed in our lab.

For the interpretation of forensic examination results, the following verbal
statement scale (Fig. 15) is used in the Department of Examination of Materials
and Other Objects of the Forensic Science Center of Lithuania: negative categori-
cal conclusion — “no”, “cannot be determined”, “weak probability”, “moderate
probability”, “h1gh probability”, “very high probability”; positive categorical

conclusion — “yes”.

hn---

~ 100%

Fig. 15. Scale of verbal statement applied in FSC of Lithuania.

Following requirements must be satisfied to formulate a positive categorical
conclusion that the contact among submitted objects has occurred®:

— cross-transfer of microparticles must be found on the objects under inves-
tigation;

— material composition of the investigated objects must be diverse and nu-
merous;

— recovered microparticles must correspond to the larger part of material
composition of the investigated objects;

— presence of matching foreign microparticles (textile or other origin) indi-
vidualizing the interacting system must be defined.

In this particular case, cross-transfer of microparticles and the same foreign
microparticles were found on the objects under investigation (Fig. 16). The di-
versity of recovered microparticles corresponded to the larger part of material
composition of the investigated objects. Summarizing the totality of findings of
combined forensic examination and estimating that all the requirements for sol-
ving this issue have been fulfilled, the conclusion was made that the suspect’s
jacket and self-made handles removed from the bundle had been in contact.

! Ilyukoe B. A. TeopeTnueckre U METOIMYESCKHAE OCHOBBI PEIICHUS 3a1a4n O (GaKTe
KOHTaKTHOTO B3aHMOJICHCTBHSI KOMILIEKTOB OJIC)K bl MEXIy CO0O0# 1 C IpyruMHU 00beKTa-
Mu. Jxenpecc-ungopmayus. Beim. 4. M., 1983; Talaliene D., Vasiliauskiene D. Evidential
value of Textile Fibre Examinations. Proceedings of the 4th Meeting of European Fibres
Group. London, 1996. P. 27-32.
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Fig. 16. Findings of combined forensic examination.

The present case study demonstrates the impact of forensic experts in cigarette
smuggling cases investigation and reinforces the importance of close cooperation
between forensic science and pre-trial investigation institutions.

NHTEPIPETAIIVSI U BEPBAJIBHASI ONEHKA PE3YJIBTATOB
KOMILUVTIEKCHOU KPUMHWHAJIMUCTHYECKOU SKCIHEPTHU3bI
B JEJIE O KOHTPABAHJE CUTAPET

Henuxwmanume /]. C., Bacunayckuene /l. b.

Koumpabanoa mabaunvix uzdenuii u ne3akonHoe ux obpaujerue 3aHumaiom 6016uyio
uacme mernesol skonomuku 6 Jlumee. Ilo pesynomamam uccie0068anus nycmulx navex
cueapem xomnaHueil Nielsen ycmanoseneno, umo 6 2016 e. konmpabaHOHble cuzapemol
cocmagasau 17,5 %. Ihaenas npuuuna Konmpabanowl — paziudue 8 yene madauHvlx us-
Odenuti 6 cmpanax EC u ne eéxoosumux ¢ EC coceonux cmpaunax. Hanpumep, ¢ beropyccuu
nauKa camvix nONyiapHeix cueapem cmoum okono 0,5 espo, a 6 Jlumse posHuuHas yeHa
maxkou nayxu npumepno 6 4—5 paz eviue. Konmpabanoa cueapem cocmaegnsiem 90 % ecex
cnyuaes koumpabanowl, sagurcuposanrotl Cryocboil nocpanuytol oxpansl. bonvuuncmeo
cyyaes KOHMpabanobl cueapem 3aQukcuposano Ha epanuye ¢ Benopyccuell.

B cmamve npedcmasnen npumep KOMNIEKCHO20 IKCNEPHHO20 UCCIe008AHUS, NPO-
6E0€HHO20 8 C8513U C PACCe008aAHUeM Y20T08HO20 0eld 0 KOHmpabanoe cusapem.

2 Hosbpa 2016 2. noepanuyHuKU 8 1ecy, OKOL0 3a6POUEHHO20 00MA, OOHAPYHCUIU
CRPAMANHYIO C6A3KY, 6 Komopoll bvinu nauku cueapem Gold Super Slims ¢ akyusnvimu
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snaxamu Pecnybnuxu Benapycw. Céaska 6vina obepHyma 6 uephvili NOAUIMULEHOGbLI
MeUloK, K Hell Obliu NPUKPENIeHbl CAMOOEbHbIE PYYKU 8 GUOE JICHIN U 6ePEBOK, UMUMUDYSL
proxzak. CryscebHas cobaxa npugena noSpaHuyHUKo8 8 ceno, 20e ObLI0 3a0ePHCAHO NOO0-
3pesaemoe auyo.

Ha uccnedosanue 6vinu npedcmasiervl KypmKa no003pesaemozo U camooeibHble
PYHKU, CHSIMblE CO C6EPMKA.

— camooenbHble PyuK COCMOSIY U3 Mpex JIeHM C 8ePedKoll;

— KypmKa nooospesaemozo Oblid U3 UCKYCCMEEHHOU 3aMuil, COCMOosyell U3 nou-
IPUPHBIX MUKPOBOTIOKOH (3 MKM), NOBEPXHOCMb 3aMUU OKPAUIEHA KPACKOU 4epHO20
yeema. Buympennsisi cmopoHa KypmKi, 60POMHUK U MAHIICENbl U3 UCKYCCMBEHHO20 MeXd,
cocmosiuye20 U3 akpuiiogvlx 8010KOH. Kypmka 0exopuposana ieHmoukamu u3 UCKyCcmeeH-
HOU KOJICU, NAACMUK UCKYCCMEEHHOU KOJICU 60 MHO2UX MECMAX UCmepn.

Ha npedcmasnennvix k ucciedo8anuio camooenbHulx pyukax 0vli npogeoeH Nouck
MUKPOYACMUY, 00UHAKOBBIX C MUKPOYACMUYAMU KYPMKU, U HA0OOPOM — HA KypmKe Oblil
nposeden NOUCK MUKPOUACMUY, 00UHAKOBbIX ¢ MUKPOYACTIUYAMU CAMOOCTbHBIX PYUeK.
Kpome moeo, 6vi1 nposeden nouck 00UHAKOBbIX HOCHIOPOHHUX (He 8X0O0SWUX 8 COCMA8
uccnedyemvix 06beKmos) MUKpouacmuy.

B uccnedosanuu ucnonvzosanuce maxue memoosl: MUKPOCKONUYECKOE UCCTIe006aHUe,
ungpaxpacuas Qypve-MuKpOCHeKmMpoCKonusl, MUKPOXUMUYECKOE UCCIe008aHUe KPACU-
menet.

Ha camoodenvuvix pyuxax obnapyicenvl Mukpouacmuybsl (6010KHA, MUKPOUACMUYbI
KpACKU, NIACMUKA), KOMOpbie NOIHOCMbIO COOMBEMCME08AIU COCMABY MAMEPUANA KYPH-
KU 10003Pegaemozo.

Ha xypmke nooospeeaemoeo 0viiu 0OHAPYI’CEHbI MUKPOYACTUYDLL (60IOKHA O8YX
MUN08, MUKPOUACMUYbL NAACMUKA), OOUHAKOBbIE C BOTOKHAMU O8YX JIeHM U NAACMUKOM
6EPeBKU.

Kpome mozo, na kypmre u pyuxax o6Hapyicervl 06a muna 0OUHAKOBIX NOCHOPOHHUX
MUKPOUACIUY: MUKPOYACMUYbL KPACHOU KDACKU U TUCIbS. MOPYAHO20 MXA — chacHyma
ocmpokoneunozo (Sphagnum cuspidatum,).

B Omoene sxcnepmus séewjecme u usoenuii L{enmpa cyoebnoii sxcnepmu3svl JIument
0JIs1 UHMepnpemayuy pe3yibmamos UcCie008aHUl UCNOAb3YEmCsl MaKast 6epoaIbHas
WIKATLA OYEHKU: OMPUYAMENbHBII KAMe20PUHecKull 8b18600, He NPEeOCMAGIISLeNCsl 603MOIC-
HbIM YCMAHOBUMb, MALASI CMENEHb 8ePOSIMHOCIU, 6EPOSIMHO, 8bICOKASL CIMENeHb 6epPosin-
HOCMU, 04€eHb 8bICOKASI CIMENEeHb 6EPOSIMHOCMU, NOIONCUMENbHbBLI KAMe20PULECKUL 8b1800.

st hopmynuposanusi NOLOACUMENLHOLO KAMe2OPUHecKo20 6bl800d 0 (hakme KOH-
MAKmMHO20 83aUMO0eiCmaUs 00beKmMo8 HeoOX00UMO 6bINOIHEHUe MAKUX YCA0BULL:

— Ha uccrnedyemuix 06veKkmax 00ceH Ovblmb YCMAaHO81eH 08YCIMOPOHHULL (83aUMO-
nepexooawuLl) nepeHoc MUKpouacmuy;

— cocmag ucciedyemvix 00beKmos 00HCeH Oblmb PA3HOOOPA3HBIM U MHO2OUUCTEH-
HbIM HO 8UOOBOMY U YBENOBOMY COCIABY;

— nepeneceHHble MUKPOYACmuUybl O0NINCHbI COOMBEMCMBO8AMb DONbULEL YaACMmU CO-
cmasa uccnedyemvix 00beKmos;

— Hanuuue 0OUHAKOBLIX NOCMOPOHHUX MUKDPOYACTUY (80IOKHUCIOZ0 UL OPY2020
NPOUCXOAHCOEHUS), UHOUBUOYATIUIUPYIOWUX 83AUMOOEUCIEYIOUYI0 CUCEMY.

06001u6 COBOKYNHOCMb YCMAHOGLEHHBIX NPUSHAKOS U OYEHUS MO, YMO YOO0B8IemE0-
penbl 6ce YCosust OJisl peuenusi 0npoca 0 KOHMAKMHOM 63auMO0eiCmeuL, 8 MomM KOH-
KpemHoM cyuae cOelan 61800, Ymo npedcmasieHnblie Ha Ucciedo8anue 00bekmol —
camooenbHble PyuKU, U320MoGIeHHbLe U3 MPeX JIeHM ¢ 6EPEeGKOll, KOMopble CHIAMbL CO
c8epmKa, KOHMAKMUPOBAIU ¢ KypmKoU n0003pe6aemozo.
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IHTEPITPETAIISL 1 BEPBAJIBHA OULIHKA PE3YJIbTATIB
KOMIIVIEKCHOI KPUMIHAJIICTUYHOI EKCIIEPTU3U
B CITPABI IIPO KOHTPABAH1Y CUTAPET

Heaxwmanime /. C., Bacunayckiene /. b.

Konmpabanoa momionoux upobie i He3akoHHuil ix odie 3atimaroms OinbULy 4acmu-
HY minbogoi exonomixu 6 Jlumei. 3a pezynomamamu O0CIIONHCEHHS NOPONCHIX NAYOK CUea-
pem Komnanieto Nielsen ycmarnognerno, wo y 2016 p. konmpabanOHi cueapemu cmaHogu-
au 17,5 %. Tonoena npuuuna konmpabanou — 8iOMiHHICMb Y Yini MIOMIOHOBUX 8UPODIE
y kpainax €C i cycionix kpainax, wo ne exoosimo 0o €C. Hanpuknao, y binopycii nauka
camux nonyasipHux cueapem kowmye onusviko 0,5 espo, a 6 Jlumei po3dpibna yina maxoi
nauxu npubnusno 6 4-5 pasis euwje. Konmpabanoa cueapem cmanosums 90 % ycix eu-
naoxie konmpabanou, 3agixcosanoro Cnyxnc6or0 npukopoonHoi oxoponu. Birbwicme eu-
naoxie KOHMpabanou cueapem 3apikcosano Ha kopooui 3 Binopycier.

Y emammi naoano npuxiad komniexcHoeo exchepmuo2o 00CiOHCeHH, NPOBEOEHO20
¥ 36 "A3KY 3 PO3CHIOYBAHHAM KDUMIHALHOT CNpAsu npo KoHmpabanoy cueapem.

2 aucmonada 2016 p. npukopOOHHUKY 6 NicCi, 6L NOKUHYMO20 OYOUHKY, UABUIU
cX08aHull 320pmox, y akomy oyau nauxku cueapem Gold Super Slims 3 axyusnumu snaxamu
Pecnybnixu Binopyce. 320pmox 6y6 3a20pHenutl y YopHUil NOALeMULEHO8UL MIUOK, 00
Hb020 OYU NPUKPINIEHT caMOPOOHI PyuKU V 6Ueis0i CMpPIYoK | MOMY30K, AKi IMIimyeanu
proxzax. Cnyscb0o8uil cobaxa npusis npUKOPOOHHUKIE Y ceno, 0e O)Y1a 3ampumana nioospro-
6ana ocoba.

Ha oocnioowcenns 6ynu Haoaui Kypmxa nioo3pro8ano2o i camopooHi pyuKu, 3HAmI 3i
3e0pmKa:

— CamopoObHi pyuKu CKIAOANUCS i3 MPbOX CIMPIYOK I3 MOMY3KOIO,

— KypmKa nido3piosanozo 0yaa 3i wmyyHoi 3amuti, o CKAa0acmvcs 3 NoaieqhipHux
MIKpOBONOKOH (3 MKM), nosepxua 3amuii nogapbosana apooio uwopHozo korvopy. Buy-
MPiWHA CIMOPOHA KYPMKU, KOMIP | MAHICEMU 31 WMYYHO20 XYMpa, Wo CKIA0AEMbCs 3
axpunogux eonokon. Kypmka oexoposana cmpiveuxamu 3i wimyuHoi wKipu, niacmux
WMY4HOT WKIpU 8 6A2amvox Micysax cmepmuil.

Ha nadanux na oocniosicenns camopoduux pyukax 6y npogedeHutl noutyk Mikpo-
YACMUHOK, OOHAKOBUX [3 MIKpOYACMUHKAMU KYPMKUY, | Hagnaku — Ha Kypmyi 0ye npoge-
OeHutl NOWYK MIKpOUACMUHOK 00OHAKOBUX §3 MIKPOYACMUHKAMU caMopoOHux pyuox. Kpim
moeo, 6y8 nposedeHuli NOWYK 0OHAKOBUX CIOPOHHIX (0 He 8X005Mmb 00 CKIAdY 00CTi-
00ICY8aAHUX 00 '€KMIB) MIKPOUACMUHOK.

YV 0ocnidorcenni suxopucmosysanucs maxi memoou: MikpocKkoniyHe 00CriOHCeHH s,
iHghpauepsona @ypbe-MiKpOCNEKMPOCKONIsL, MIKPOXIMIUHe Q0CIIONCEHHS OAPEHUKIS.

Ha camopobnux pyuxax suseneni Mikpouacmunku (6010KHA, MIKpoyacmunku ¢apou,
NRACMUKY), AKi NOGHICNIO 8IONOBIOANU CKIAOY MAMEPIALY KYPMKU NIO03PI08AHO20.

Ha xypmyi nioosprosanoeo 6ynu usgieni MiKpo4acmuHKu (60J10KHA 080X MUnNis,
MIKpOYACMUHKY NAACTUKY), OOHAKOBI 3 BOIOKHAMU 080X CIMPIYOK | NAACMUKOM MOMY3KU.

Kpin moeo, na kypmyi 1i pyuxax uagneno 08a munu 0OHAKOGUX CHOPOHHIX MIKpO-
YACMUHOK. MIKPOYACMUHKU 4ep8oHOi (hapdu ma aucmu mopeh aHo2o Moxy — cpazrnymy
wnuyacmoeo (Sphagnum cuspidatum).

Y Biooini excnepmus pevosun i eupo6is Llenmpy cyooeoi excnepmusu Jlumeu 04
iHmepnpemayii pe3yn1bmamie 00CIONCeHb GUKOPUCIIOBYEMbC MAKA 6ePOANbHA WKAAA
OYIHIOBAHHA: He2AMUBHUL KAMEe2OPUYHULL BUCHOBOK, He € MOACIUBUM YCMAHOBUMU, MATULL
CMYNiHb IMOBIPHOCI, IMOBIPHO, BUCOKULI CIYNIHb IMOBIDHOCII, OYdHce 8UCOKUL CMYNIHb
iIMOGIPHOCIMI, NO3UMUBHULL KAME2OPUUHULL BUCHOBOK.
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s popmyniogans no3UMUEHO20 Kame2opuiHO20 BUCHOBKY NPO (Paxm KOHMAaKmHoi
63a€M00ii 06 €kmi6 HeoOXIOHe BUKOHANHS MAKUX YMOB:

— Ha 00cnioHcy8anux 06 'ekmax mae 6ymu 6CmaHogieHe 080CMOPOHHE (83aemone-
pexione) nepenecennss MIKpOUACMUHOK,

— CKAa0 00CIOHCY8aAHUX 00 €KMi8 NogUHeH OYMU PISHOMAHIMHUM | YUCTEHHUM 34
BUOOBUM | KOTIPHUM CKIAOOM;

— nepeHeceHi MIKpOYaCmuHKY NOGUHHI 8I0n0gioamu Oinbil Yyacmuri ckiady 0o-
COHCYBAHUX 00 €KMI8;

— HaAGHICMb 0OOHAKOBUX CMOPOHHIX MIKPOYACMUHOK (80J0KHUCTO20 A60 IHUO020
NOX0O0JICEHHS), WO THOUBIOYANIZYIOMb 83AEMOOIIOYY CUCIEMY.

V3acanvuuewu cykynnicmo ycmanosieHux o3Hax i oyiHusuwiy me, wo GUKOHAHI 6CI
YMO8U 01 8upittenHs NUMAaHHs NPo KOHMAKMHY 83aEMO0II0, Y YbOMY KOHKPEMHOMY 6U-
naoxy 3po6aeHo 8UCHOBOK, WO HAOAHI HA 0OCHIONCEHHsl 00 €Kmu — camopobHi pyuKu,
B8U2OMOBAEHI I3 MPLOX CIMPIYOK I3 MOMY3K010, AKI 3HAMI 3i 320pMKA, KOHMAKMYEaIu 3
KYpmKOI0 Ni003pI08aHO20.

VJIK 343.98:543.544.9 B. A. Pyones, 3aBinyBau naboparopii
Xapkiscbkoro H/ICE, kanauaaT ximiu-
HUX HayK,

A. @. Knimuyk, crapiivii HayKOBHH CITiB-
pobitauk Xapkiscskoro HJIICE,

JI. B. Hapoio, ctapuivii HAyKOBUil CITiB-
pobitauk Xapkiscskoro HJIICE,

O. /1. By, ipoBiiHMii HAyKOBUI CIIBPO-
oitauk Xapkiscekoro H/ICE, kanaunat
XIMIYHUX HayK,

. M. /[3w06ak, ciBpobiTHuK Ciyxou
Oe3nexn Ykpainu

KPUMIHAJIICTUYHE JOCIIIKEHHA
HAIMNIBCUHTETUYHHUX MOTOPHUX OJIUB IHO3EMHOI'O
TA BITYN3HAHOT'O BUPOBHUIITBA

Yemanosneno xapakxmepucmuku 308HIUHB020 8USIAOY MOMOPHUX ONUS
8 YD-npomensx, napamempu pozuunnocmi. Hasedeno pezynomamu 0ocniodicens
CMPYKMYPHO-2PYNOBO20 CKAAOY OESAKUX HANIBCUHMEMUYHUX ONUE THO3EMHO20 U
BIMYUZHAHO20 BUPOOHUYMEA I3 BUKOPUCAHHAM Memo0ié MOHKOWAPO8oi Xpoma-
moepagii ma I9-cnexmpockonii. Busnaueno iOMIHHOCMI 8 CHeKMPATbHUX XA-
PAKMeEPUCMUKax HanieCuHmMemuyHux oaue 6io momopuux onus. Iloxkazano, wo
HaubOibw IHGHOPMAMUBHUM MEMOOOM, AKUU 00380JIAE GUABIAMU XAPAKMEPUC-
MUYHI O3HAKU HANIBCUHMEMUYHUX ONIUE, € MeMOo0 MOHKOWAP08oi xpomamozpadii.
Ipu yvomy xapmuna xpomamozpagdiunozo po30ireHHs: HanieCUHMEMUYHUX OTUB
npu 021501 Xxpomamozpagiunux niacmunok 8 Yd-npomensx, oopobnenni napamu
100y ma peaxmugom Mapki 6xnouae psao 30H, XapakmepHux K /i MiHepaIbHUX,
mak i Onisk CUHMEMUYHUX ONUB.
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