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Forensic comparative analysis of soils by the method
of spore-pollen analysis using projection to latent
structures discriminant analysis

For more than 50 years, spore-pollen analysis data have been used around
the world to investigate crimes. Pollen and spores are most often studied while
complex forensic examination of soils.

Extensive use of spore-pollen analysis is largely conditioned by such specific
features of pollen and spores as their very-large-scale production in plants, the
ability to preserve in soils, presence of characteristic morphological features
enabling to distinguish and identify individual taxa, etc.

In Belarus, the method of spore-pollen analysis has also been implemented
while forensic soil examination: it is increasingly applied to solve identification
tasks in comparative analysis to establish the belonging of soil layers on physical
evidence to the searched area. Its main advantage is that it is a multicomponent
analysis allowing to evaluate both the composition of palynoflora and the
percentage of several dozen components of spore-pollen spectra contained in
soil samples. Therefore, to determine the belonging of soil layers on physical
evidence to the searched area, most informative are data obtained while spore-
pollen analysis, helping forensic experts on the basis of a specific taxonomic
composition of pollen and spores and percentage of spectra components to draw
the most valid conclusions.

Detection of pollen and spores in studied samples in a quantity sufficient for
comparative analysis enables to statistically process data of samples microscopic
examination. Statistical processing of results is one of the characteristic features
of spore-pollen analysis as a method that distinguishes it from other methods
implemented in multidisciplinary forensic examination of soil.
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Forensic comparative analysis of soils by the method of spore-pollen
analysis using projection to latent structures-discriminant analysis

Formulation of Research Problem. Enhancement of possibilities of
forensic science depends mainly on the introduction of new research methods
into forensic practice. The discovery of a huge number of features characterizing
properties of studied objects is essential while group identification, because
a more full study of compared objects enables to narrow the group of objects to
which they belong, therefore to bring group identification to individual.

When conducting examinations of various physical evidence, experts usually
extensively use research methods applied in biology, chemistry and physics. One
of the methods which application can be important for forensic examination in
the field of soil research is spore-pollen analysis (hereinafter referred to as SPA)
aimed at identifying plants based on the study of their spores or pollen.

Analysis of Essential Researches and Publications. Specialists have been
using spore-pollen analysis to study all types of soils for decades !. Foreign
authors describe various methods and examples of using palynology to solve
forensic tasks 2. Research objects are pollen of gymnosperms and angiosperms
and spores of cryptogram plants.

The main tasks of soil forensics are individual identification of a local area
by layers on soil-contaminated objects or establishing the source of soil layers,
that is determining the territorial belonging of soil layers if the event site is not
established. Solution of the first issue is possible in the case of determining
a unique set of identification features. At the same time, the more features are
studied, the more successful solution for this task will be.

The need to solve tasks on establishing territorial belonging of soil layers
on clothing and footwear, vehicles or other objects arises when the location of

! Horrocks M., Coulson S. A., Walsh K. A. J. Forensic palynology: variation in the
pollen content of soil surface samples. Journal of Forensic Science. 1998. Vol. 43. Is. 2.
P. 320—323. DOI: https://doi.org/10.1520/JFS16139J (date accessed: 20.02.2021) ;
Marumo Y. Forensic examination of soil evidence. Japanese Journal of science and tech-
nology for identification. 2003. No 7. Is. 2. P. 95—111. DOI: https://doi.org/10.3408/
jasti.7.95 (date accessed: 20.02.2021).

2 Walter O. J., Adekanmbi O. H., Olowokudejo J. D. Palynological and Lithologi-
cal Investigation of Forensic Materials at the University of Lagos, Nigeria: First Experi-
mental Palynological Approach in Nigeria. Journal of Forensic Science & Criminology.
2019. Vol. 7. Is. 1. P. 104 ; Pereira J. S. R., Ribeiro H., Abreu I. Spatial and temporal
environmental pollen analysis of footwear worn in the area of Barcelos, North-West Por-
tugal, in a forensic context. Aerobiologia. 2019. Vol. 36. No 3. P. 1—6. DOI: https://
doi.org/10.1007/s10453-019-09598-8 (date accessed: 20.02.2021) ; Reis C. 1., Coim-
bra-Dores M. J., Rebelo M. T., Faria, M. S. Palynological analysis of soil in Portugal:
potential for forensic science. Palynology. 2019. Vol. 43. Is. 4. P. 585—595. DOLI: https://
doi.org/10.1080/01916122.2018.1503199 (date accessed: 20.02.2021).
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corpse or object does not correspond to a crime scene, which is the searched
area; if it is necessary to establish the vehicle path, the place of material assets
theft, etc. !

Theadvantage of SPA, compared to other methods applied in multidisciplinary
soil forensics, is that it is a multicomponent analysis * enabling to assess both
the composition of palynoflora and the percentage of several dozen components
of spore-pollen spectra contained in soil samples. Therefore, when solving
tasks of soil forensics, oftentimes it is data of spore-pollen analysis that allow
forensic experts to draw the most valid conclusions based on a certain taxonomic
composition of pollen and spores and the percentage of spectral components.

It should be stressed that in recent years, to assess results of a research
on identified spore-pollen complexes, experts started to apply the methods of
multivariate statistical analysis 3.

The Article Purpose is to consider practical approaches to determining the
belonging of soil layers (from contaminated objects) to a specific local area with
the help of SPA implementing elements of mathematical statistics.

Main Content Presentation. Apart from other issues, soil forensics should
address the following issue: “Do soil layers obtained from 2 round-pointed
shovels presented for research and a polymer bag with soil samples taken for
a comparative study at 2 forest areas where the theft of the upper fertile soil
layer was detected have a common genera (group) affiliation?”” Along with other
research methods, comparative research on the composition of spore-pollen
complexes was performed.

To extract pollen and spores from the soil, the separation techniques
developed by V. P. Hrychuk * were used. Zinc chloride dissolved in 2%
hydrochloric acid with the specific weight of 1.9 was used as a heavy liquid.

! Wiltshire P. E. J. Protocols for forensic palynology. Palynology. 2016. Vol. 40, Is. 1.
P.4—24.DOL: https://doi.org/10.1080/01916122.2015.1091138 (date accessed: 20.02.2021).

2 Xox A. H., Pouoa T. B. J[oka3arelbCTBEHHOE 3HAYEHHUE CIIOPOBO-TIBLIBIIEBOTO
aHajM3a IPU HCCIIEAOBAHWM BEIECTBEHHBIX NOKa3aTelbCTB. Bonpocwul kpumunonocuu,
Kpumunanucmuku u cyoedonoil sxkcnepmusol. 2018. Ne 1 (43). P. 148—155.

3 Ochando J. et al. Forensic palynology revisited: Case studies from semi-arid Spain.
Review of palaeobotany and palynology. 2018. Vol. 259. P. 29—38. DOI: https://doi.
org/10.1016/j.revpalbo.2018.09.015 (date accessed: 20.02.2021) ; Kumari M., Sankhla
M. S., Nandan M., Sharma K., Kumar R. Role of forensic palynology in crime investi-
gation. Journals: International Journal of Social Relevance & Concern. 2017. Vol. 5.
Is. 3. P. 1—13 ; Abdulrahaman A. A., Al Sahli A. A., Okoli J. U. The use of soil palyno-
morphs in forensics. Journal of Applied Sciences and Environmental Management. 2018.
Vol. 22. No. 1. P. 85—89. DOL: https://doi.org/10.4314/jasem.v22i1.15 (date accessed:
20.02.2021) ; Riding J. B. A guide to preparation protocols in palynology. Palynology.
2021. Vol. 45. Is. 1. P. 1—110. DOI: https://doi.org/10.1080/01916122.2021.1878305
(date accessed: 20.02.2021).

4 JTapuna T. B. Hcnonb30BaHHE METO/a CIIOPOBO-IIBUIBIICBOTO aHAIN3a PH KPUMH-
HAJIMCTHIECKOM HCCIICJOBAHUH ITOUB JUIS JIOKAIM3AIUH YIaCTKOB MECTHOCTH. [Ipobnembl
9KCnepmu3el pacmumensvuuix 06vexmos. Mocksa, 1972. P. 104—106.
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Pollen and spores identification was performed in a movable specimen using
MUKME/J 6 (JIOMO) light microscope equipped with a digital camera while
magnifying with a 50x to 1000x (with immersion). This was done so that each
pollen grain or spore could be turned to both polar and equatorial positions,
it is expedient to consider morphological features of the surface structure. In
each specimen all pollen grains and spores were counted, encountered during
sequential viewing of a specimen in parallel rows, starting from the upper left
corner of the cover glass and ending with the lower right corner.

All samples contained a large quantity of pollen and spores (from 246 to
383). It helped to calculate the reliable percentage of spectral components. The
composition of certain taxa, the number of pollen grains of each taxon and their
percentage in each studied sample are presented in Table 1.

Table 1
Taxonomic composition, quantity and percentage
of pollen and spores
Polymer Forest area| Forest area
Shovel Ne 1 | Shovel Ne 2
Taxonomic bag Ne 1 No 2

composition of

pollen and spores

Pollen of tree and
. 42,0 | 17,0 {297,0| 77,5 | 281,0| 87,0 |265,0|87,0| 44,0 | 16,9
shrub species

Pollen of herbaceous
plants and prostrate [203,0| 82,5 | 15,0 | 4,0 | 23,0 | 7,0 | 24,0 | 8,0 {216,0| 82,8

shrubs

Spores 1,0 | 0,5 71,0 | 18,5] 18,0 | 6,0 | 150 |5,0| 1,0 | 0,4

Picea abies (L.) H.
Karst. (European — | — [ 1,0 | 03] 70 | 22| 80 (26| — | —

spruce)

Pinus sylvestris L.
40 [16,3]164,0] 42,8 [243,0(75,5|218,0{71,5| 42,0 16,1

(Scots pine)
Betula sp. (birch) — | — 41,0 10,7 40 [ 12| 60 |19 — | —
Alnus sp. (alder) 1,0 | 0,4 | 57,0 | 149|170 | 53 |23,0|7,5| 1,0 | 0,4
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Polymer Forest area| Forest area
Shovel Ne 1 | Shovel Ne 2
Taxonomic bag Ne 1 Ne 2

composition of
pollen and spores

Quercus robur L.

(common oak)

Ulmus sp. (elm) — | — 11003 — | —| —|—|—| —

Carpinus betulus L.
1004190 (23| — | — | —|—]10] 04
(common hornbeam)

Corylus avellana L.
— | — 12,0 31| 1,0 |03 | 1,0 |03 — | —
(common hazel)

Salix sp. (willow) — | —130]08|50]|16]7023] —|—

Amaranthaceae
subgen.

430175 — | — | 6,0 | 1,9 | 7,0 |23]450](17,2
Chenopodioideae

(goosefoot family)

Polygonaceae

) 20008 — | — | — | — | —|—1]20]08
(buckwheat family)

Apiaceae (celery) — | — (1003|2006 1,0 (03| — | —

Artemisia sp.
2010820051003 — |—]20]0,8
(sagebrush)

Asteraceae
. 30(12| — | — | 101]03] 1,0 (03] 301 1,1
(composites)

Asteraceae subgen.
Cichorioideae 30 1,2 1,0 | 03 — — | — | — 140 15
(common chicory)

Poaceae (grasses)) 15,0 | 61,0 11,0 | 29 | 6,0 | 1,9 | 6,0 |2,0|16,0|61,3

Cyperaceae (sedges) | — | — | — | — | 1,0 | 03| 1,0 |03 | — | —
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Polymer Forest area| Forest area
Shovel Ne 1 | Shovel Ne 2
Taxonomic bag Ne 1 Ne 2
composition of
pollen and spores
No. | % | No. | % | No. | % | No. | % | No. | %
Tiph tifolia L.
dpha angustifolia L. 1\ s el eo 20| — | —
(lesser bulrush)
Myriophyllum
spicatum L.
. — | — | — | — ] L0 ]03|20 (07| — | —
(Eurasian
watermilfoil)
Bryales
— | — | 40| 10| 40 | 1,250 |16 — | —
(green mosses)
Sph .
PRASTIT 5P — | — |60 |17s| 10 [31]70 |23 — | —
(peat moss)
Lycopodium
clavatum L. — | — | — — 10 (03| — | — | — | —
(club moss)
Polypodiaceae
. 1.0 (04| — | — |301]09|20107]| 101 04
(polypody family)
Salvinia natans (L.)
. - - — | =] — | — | LO|O03| — | —
All. (floating fern)

In the overall composition of spectra of samples from round-pointed shovel
No. 2 (3 samples) and taken from forest area No. 1 (10 samples), where theft
of the upper fertile soil layer was detected, pollen of tree species constitutes
86—91 %, herbaceous plants and prostrate shrubs: 6—8 %, spores: 3—7 %.

Scots pine (Pinus sylvestris L.) prevails in the pollen of tree species: 71—
76 %. Pollen of alder (4/nus sp.): 5—38 %, European spruce (Picea abies (L.) H.
Karst.): 2—3 %, birch (Betula sp.): 0,3—1,6 %. There is also pollen of common
oak (Quercus robur L.): 1—1,5 %, common hazel (Corylus avellana L.): 0,3—
0,35 % and willow (Salix sp.): 1,1—2,5 %.

Among the pollen of herbaceous plants, pollen grains of goosefoots were
mainly identified in specimens (Amaranthaceae subgen. Chenopodioideae):
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1,8—2,6 % and grasses (Poaceae): 1,4—2,3%. Constant presence in each
sample of pollen of aquatic and semi-aquatic species is typical: lesser bulrush
(Bypha angustifolia L.): 1,5—2,2 %, Eurasian watermilfoil (Meniantus spicatum
L.): 0,3—0,7 %, sedges (Cyperaceae): 0,3—0,35 %.

Cryptogram plants are represented by a small number of spores of sphagnum
mosses (Sphagnum sp.): 2—3,3 %, green mosses (Bryales): 0,9—2 %, polypodies
(Polypodiaceae): 0.4—1.1%; there are single microsporangia of a floating fern
(Salvinia natans (L.) All.) and club moss (Lycopodium clavatum L.): 0-0.3 %.

The composition of the pollen of tree species for samples from a polymer
bag (3 samples) and taken at forest area No. 2 (10 samples) contains Scots
pine: 16—16,5 %, as well as single pollen grains of alder: 0.4 % and common
hornbeam (Carpinus betulus L.): 0,4—0,6 %.

In the composition of the pollen of herbaceous plants, in turn, representatives
of the grasses were identified: 60,7—61,8 % and the goosefoots:17,0—17,8 %.
Pollen grains of sagebrush (Artemisia sp.), buckwheat (Polygonaceae),composites
(Asteraceae), common chicory (Asteraceae subgen. Cichorioideae) are found
occasionally.

Cryptogam plants are represented by single spores of polypodies: 0—0,4 %.
In samples from round-pointed shovel No. 1 (3 samples) in the total composition
of the spectra, the pollen of tree species is 77.5 %, herbaceous plants 4 %, spores
18.5%. Scots pine pollen prevails among tree species pollen 53 %. Alder pollen
15%, birch 11.5%, common oak 3 %, common hornbeam 3 %, common hazel
4%, willow 1%, elm (Ulmus sp.) 0.3%. An insignificant amount of pollen
of herbaceous plants was found in: grasses 3.5%, single-celery (Apiaceae),
sagebrush, common chicory.

Cryptogam plants are represented mainly by sphagnum moss spores: 18 %,
occasionally spores of green mosses (Bryales) are found: 1.5 %.

Later, obtained palynological data were analyzed using the principal
component analysis (hereinafter referred to as PCA) '. For this purpose, The
Unscrambler X v.10.4.1 (CAMO, USA) specialized program was used.

Based on the performed analysis, all studied samples were combined into 3
classes:

1) samples from a round-pointed shovel No. 1;
2) samples from a round-pointed shovel No. 2 and taken at forest area No. 1;
3) samples from a polymer bag and taken at forest area No. 2.

Fig. 1 shows that points reflecting the studied samples and corresponding to
one class do not overlap and are located in different areas of the model regarding
the 1st and 2nd principal components, indicating significant differences between
them.

! Kherif F., Latypova A. Principal component analysis. Machine Learning. 2020.
P. 209—225.
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Fig. 1. Graph of PCA-calculations for 29 studied samples

After, projection to latent structures-discriminant analysis (hereinafter
referred to as PLS-DA) ' was conducted. We used the same data as for PCA, but
at the same time samples from round-pointed shovels and a polymer package
were assigned to the test dataset (test), and samples from two forest areas where
theft of the upper fertile soil layer was detected were assigned to the training data
set (training) and preliminary divided into 2 classes: site No. 1 Class /; site No.
2 Class 1.

The accuracy of the designed PLS-DA-model assessed by the cross-
validation method was 99.8 %.

Table 2 shows the significance coefficient of identified samples from round-
pointed shovels and polymer bags. The mentioned coefficients have both positive
and negative values depending on their contribution to the positive or negative
areas of the model, their significance in this case does not depend on a sign and
is determined only by deviation from zero.

' Sampaio P. S. et al. Identification of rice flour types with near-infrared spectroscopy
associated with PLS-DA and SVM methods. European Food Research and Technolo-
gy. 2020. Vol. 246. Is. 3. P. 527—537. DOL: https://doi.org/10.1007/s00217-019-03419-5
(date accessed: 20.02.2021) ; Ruiz-Perez D. et al. So you think you can PLS-DA? BMC

bioinformatics. 2020. Vol. 21. Is. 1. P. 1-—10. DOI: https://doi.org/10.1186/s12859-019-
3310-7 (date accessed: 20.02.2021).
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Table 2
Calculated significance coefficients

Sample No. Significance coefficient Deviation
Polymer bag No. 1 —0,9494005 0,085706
Polymer bag No. 2 —0,9619232 0,264547
Polymer bag No. 3 —0,9708145 0,049738
Shovel No. 11 3,621863 8,977525
Shovel No. 1_2 3,662567 9,069019
Shovel No. 1_3 3,703678 9,161437
Shovel No. 2_1 0,9100758 0,603048
Shovel No. 2 2 0,9250175 0,297527
Shovel No. 2 2 0,9394305 0,148326

According to the results of the performed research, studied samples from
a polymer bag were assigned to Class -/ of the corresponding forest area No. 2
(the average significance coefficient was —0.96), and the samples from the round-
pointed shovel No. 2: to Class /, corresponding to the forest area No. 1 (the
average significance coefficient was 0.92). In turn, the samples from the round-
pointed shovel No. 2 were not assigned to any of the 2 classes, that is arecas where
the upper fertile soil layer was stolen (the average coefficient of significance was
3.7; Fig. 2).

Predicted with Deviation

Class 1 = Forest area No. 2 Class 1 = Forest area No. 1

Polymer bag Polymer bag Polymer bag Shovel Shovel Shovel Shovel Shovel Shovel
No.1 1 No.1 2 No.1 3 No.1 INo.1 2 No.1 3 No.2 1 No.22 No.23

Samples

L b omn s oo

Predicted Y (A/B, Factor-1)

Fig. 2. Division of samples from test dataset

To assess the degree of variability influence of the taxonomic composition
of pollen and spores on the distribution of objects from the test dataset (test) in
principal component space and to determine the most informative parameters, an
analysis of loads on the first and second principal components was performed.
The results are presented in Fig. 3.
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HMPC-1 uPC2

Fig. 3. Graphs of loads on the first and second principal components

As can be noted, the most informative (variable) parameters of the obtained
spore-pollen spectra are the overall composition of the spore-pollen spectrum
(the quantitative ratio of pollen of three main groups of plants (tree species,
herbaceous plants and prostrate shrubs, as well as spores), along with the
quantitative and percentage concentration of the following taxa: Scots pine, birch,
alder, goosefoots and grasses; that is, it is these indicators that are increasingly
responsible for dividing the studied samples into 3 different groups.

Conclusions. In the case considered in this research paper, the abundance of
pollen and spores in the samples under study and the possibility of determining
these plant remains helped to statistically process the data of samples microscopic
examination. Comparison of spore-pollen spectra for samples from round-
pointed shovel No. 1 with the rest of the studied samples showed the existing
sharp differences, as confirmed by the results of projection to latent structures-
discriminant analysis. At the same time, the spore-pollen spectra (1) for samples
from the round-pointed shovel No. 2 and taken at forest area No. 1, and also
(2) for samples from a polymer bag and taken at forest area No. 2 had a similar
percentage of pollen and spores in the main groups of plants in the overall
composition of the spectra, in addition, they are characterized by coincidence
of the composition of taxa of tree species (regional components), herbaceous
and spore plants (local components) and their quantitative content. According
to the results of the classification by the PLS-DA method, it was concluded that
the samples from the round-pointed shovel No. 2 and taken from forest area
No. 1 have a common group affiliation; samples from a polymer bag and forest
area No. 2 also had a common group affiliation. At the same time, it should be
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emphasized that (1) and (2) have a different generic affiliation. The classification
accuracy turned out to be high and amounted to 99.8%. Consequently, pollen
and plant spores are an integral part of any type of soil, and therefore (along with
a complex of soil morphological characteristics) they can be efficiently used in
solving tasks of soil forensics.
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A. H. Xox, B. JI. Illana6ooa
Cyne6Ho-3KCIepTHbIE CPABHUTEIbHbIE HCCJIeIOBAHNUS NMOYB
METO/I0M CIIOPOBO-TIBLIBIIEBOT0 AHAIN3A
€ MCIO/Ib30BaHNEM JUCKPHMHUHAHTHOTO aHAJIN3A
NMPOEKIHIi HA JIATEHTHbIE CTPYKTYPbI

B cmamwe paccmompenvt npakmuueckue nooxoobl K UCHONb30BAHUIO CROPO-
B0-NbLILYEBOO AHANU3A 68 YCMAHOGIEHUU NPUHAOTEINCHOCMU NOYEEHHBIX HACIO-
eHUll Ha 3a2PA3HEHHBIX NPEOMemax KOHKPEmHOMY JTOKANbHOMY YYACMKY Mech-
nHocmu. Tlokasana 603ModCHOCMb UHMeEpPNpemayuy NAIUHOI0SUYECKUX OAHHbIX
¢ npumMeHeHuem OUCKPUMUHAHIMHO20 AHANU3A NPOEKYUTl HA JIAMeHmMHble CMPYK-
mypot. [lo pesyremamam npoeedéHHO20 UCCIe008aHUS COELAH BblB00, YMO
nbLILYA U CNOPBL PACMENUL HAPAOY ¢ KOMNIEKCOM MOPPOI0SULECKUX NPUSHAKOS
NOYGbL MOJICHO UCNONB306AMb KAK UH(OPMAMUBHBII NOKA3AMENb NPU PelueHUU
3a0au cy0eOHOU NOUB06e0UeCKOU IKCNEPMUSLL.

Knrouegwie cnosa: cyoebnas nanuHono2us, no4éd, MUKPOCKONUs, MAKCOHO-
MUYECKUll cocmag, NPOYEHMHOoe COO0epHCanue, OUCKPUMUHAHMHBIIL AHAU3 NPO-
exyull Ha lamenmHuble CMPYKmMypbl.

I M. Xox, B. JI. lllanabooa
CynoBo-eKkcnepTHi NOPiBHSIbHI T0CiI:KeHHSI IPYHTIB MeTOI0M
CIIOPOBO-MUJIKOBOI0 AHATI3Y 3 BUKOPUCTAHHAM
JUCKPUMIHAHTHOIO aHAJII3Yy MPOEKUii HA JIATEHTHI CTPYKTYPH

Vowce nonao 50 poxis y écbomy ceimi nio wac po3ciioy8anus 3104UHi6 Gu-
KOpUCMOo8y1oms 0aHi cnopo8o-nuikogo2o aunanizy. Hatiuacmiwe nunox i cnopu
00CI0HCYIOMb Ni0 YAC BUKOHAHHA KOMNLEKCHOI KPUMIHATICIUYHOI eKcnepmu3u
IPYHMIS.

Llupoke 3acmocysants CHOPOBO-NUIKOBO20 AHANIZY 3VMOBILEHO 3HAYHOIO
Mipo0 marumu cneyugiuHumu 0coonu8oOCmAMU NUIKY Md CNOP, AK GelUde3Hd
KiIbKiCmb iX npoOyKY8aHHs pOCIUHAMU, 30AMHICIb 30epieamucs 8 IPYHmMAax, Ha-
SBHICHIb XAPAKMEPHUX MOPGHONO2IUHUX 0cOOIUBOCMETL, WO OAIOMb 3MO02Y PO3DI3-
HAMU U GU3HAYATNU OKPEMT MAKCOHU | M. iH.

YV Binopyci memoo cnopoo-nuniko8o2o anaizy markoxc 3Hatuo8 3acnmocy-
8aHHA NIO YAC BUKOHAHHA CYO0B80I TPYHMO3HABYOI eKChepmu3u: 1020 yacmiuie
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3aCmMOoCco8yIomMb 015t UPIUEHHS! [0eHMU@IKAYITHUX 3A60aHb NIO YAC NOPIGHIb-
HUX Q0CHIONCeHb 0I5l 6CMAHOGLEHHSL HALEHCHOCTI IPYHMOBUX HAUAPYEAHb HA
peuosux dokazax dinanyi micyesocmi. Hozo 2onoena nepesaza nonseac 6 momy,
wWo ye bazamoKoMNOHeHMHUN AHali3, AKUL 0A€ 3MO2Y OYIHIOBAMU SIK CKIAO NAli-
HO@IOpU, Max i 8i0COMKOSUL 6MICm 00pA3y OEKLIbKOX 0eCsMKI6 KOMNOHEHMIE
CROPOBO-NUNKOBUX CHEKMPIB, WO MICMAMbCS 8 IPYHMosux spaskax. Tomy oas
BUSHAYEHHS! HAEHCHOCMI [PYHMOBUX HAWAPYSAHb NEGHIU JIOKAIbHIN OLIHYI
Micyesocmi HAOLIbW IHGHOPMAMUBHUMU € CaMe OAHT CNOPOBO-NUIKOBO20 AHALI-
3y, WO 0alomb 3M02Y eKCNePMAM HA NIOCMAG] NeBHO20 MAKCOHOMIYHO20 CKAAOY
NUIKY [ CNOp ma nPOYEeHmHO20 GMICHTY KOMNOHEHMI6 CNeKmpig Olimu Hauobiibul
0OIPYHMOBAHUX BUCHOBKIB.

Busisnenns nuixy i cnop y 00cuioscysanux npooax y KilbKocmi, 00Cmammiu
0151 ROPIGHAIbHO20 OOCAIONCEHHS, 0AE 3MO2Y CIAMUCMUYHO 0OpOOUmMU OAHT Mi-
KpOCKONiuH020 6usyents 3paskie. Cmamucmuune oopoonenus pe3ynomamie —
00HA 3 XAPAKMEPHUX O3HAK CNOPOBO-NUNIKOB020 AHANI3Y SIK MEMOoAy, Wo GiOpiz-
HAE 1020 IO peutmu Memodis, K 3aCMoCo8yIoms Y KOMNJIEKCHIU eKCnepmusi
IPYHMIB.

Knrouosi cnosa: cyoosa naninonozis, tpyHm, MikpOCKORIsL, MAKCOHOMIYHUU
CKA0, IOCOMKOBULL 6MICM, OUCKPUMIHAHMHUUL AHANI3 NPOEKYIU HA JIAMEHMHI

CMpYKmMypu.
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