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An important problem in the diagnosis, treatment and prediction of papillary thyroid
cancer is radioiodine-resistant metastases, early prediction of which is possible on
the condition of determining their cytological and histological characteristics. The
purpose of this work was to identify the histological and cytological characteristics of
metastases of papillary thyroid carcinomas correlated with their iodine-accumulative
capacity, on the basis of which it will be possible to predict the radio-resistance of
papillary thyroid carcinomas. A cytological examination of punctates of 30 papillary
carcinomas and 45 of their metastases identified in the postoperative period and analysis
of the histological characteristics of 100 papillary carcinomas of the general population,
47 primary papillary carcinomas and their radio-resistant metastasis and 17 primary
papillary carcinomas of patients with radioiodine-uptake metastases were conducted.
Statistical analysis was performed via the non-parametric criterion x? in the package
Statistica 11.0. It has been shown a statistically significant difference between presence
of sign of follicular structures in the histological material of primary papillary cancer of
patients with radioiodine-resistance metastases and between of primary papillary cancer
of patients with radioiodine-uptake metastases and common population of papillary
thyroid cancer. It has been shown a statistically significant difference between
punctuates of radioiodine-resistance and radioiodine-uptake metastases in presence
of such cytological characteristics as different subpopulations of thyrocytes. It has
been shown that the cytological characteristics of radioiodine-resistant metastases
differ from radioiodine-uptake metastases and primary papillary carcinomas by the
presence of different subpopulations of thyrocytes, particular structures and oxyphilic
changes. It is shown that such histological characteristics as lack of follicular structures
in the material of primary papillary carcinomas correlate with radio-resistance and can
be prognostic factors of its appearance.

Key words: thyroid papillary carcinoma, fine-needle aspiration puncture biopsy,
radioiodine-resistant metastasis, cytological characteristics, histological signs.

Introduction

As a result of the accident at the Chernobyl Nuclear
Power Plant, there was a sharp increase in the incidence
of thyroid gland (TG) cancer. The highest increase in the
level of thyroid cancer was observed among subjects
whose age at the time of the accident was 18 years and
younger. So, four years after the Chernobyl disaster, the
incidence of thyroid cancer in children increased by 4.8
times, and in subsequent years exceeded the accident
rate by 10 times [3, 9, 23]. However, in contrast to carcinoma
of other localizations, differentiated thyroid cancer in most
cases has a favorable prognosis: the survival 5-year rate
of patients with thyroid cancer is about 98%, and 20-30

years of survival exceeds 90% [10, 14, 15]. The key to
successful treatment of differentiated thyroid cancer and
its metastases is the use of radioiodine therapy, a specific
highly effective, targeted method of treating this disease.
Radioiodine therapy is based on the unique features of the
physiology of thyroid cells that are able to accumulate
radioiodine and use it in the synthesis of thyroid hormones.
But, unfortunately, in some cases (4-20%), in patients with
differentiated thyroid carcinoma, on the background of
thyroidectomy and radioiodine therapy, metastases whose
cells lose the ability to accumulate radioiodine develop
appear: this tumor is called metastatic radioiodine-

© 2019 National Pirogov Memorial Medical University, Vinnytsya

5



Morphological features of radioiodine-resistance metastases of thyroid papillary carcinoma

refractory disease [11, 12, 13]. It is these metastases that
cannot be treated with radioiodine therapy and can be
uncontrolled to spread in the patient's body and even be the
cause of his death [5, 6, 7]. Therefore, it is important to study
the immunocytochemical, genetic and morphological
features of such metastases. There are some ideas about
the histological manifestations of radioiodine resistance [8,
21, 25]. The most aggressive types of thyroid papillary
carcinoma (PC) researchers consider high-cellular,
columnar-cellular, diffuse-sclerosing, solid and widely
invasive follicular variants [19]. According to the literature,
some pathomorphological features of primary TG carcinoma
correlate with the effectiveness of radioiodine therapy. The
loss of sensitivity of the tumor to the radioiodine is thought to
result in a reduction in the differentiation of its cells. The
manifestation of this phenomenon is the appearance of
elements of low degree of differentiation in metastatic tumors
of such patients. Such attributes include such
pathomorphological characteristics as solid tumor structure,
cell oxyphilia, necrotic changes, high nhumbers of mitoses
[20]. Despite the existing literature data on the histological
characteristics of thyroid carcinoma with aggressive
behavior, there was no clear correlation between histologic
peculiarities and thyroid radioiodine resistance.

The earliest possible prediction of radioiodine resistance
of papillary thyroid carcinoma is possible on the basis of the
determination of the cytological characteristics of the cells of
the radioiodine resistant metastases (RIRM). However, no
literature data on similar cytological studies have not been
found. Therefore, the purpose of this work was to study the
histological and cytological characteristics of metastases
of papillary carcinoma of the thyroid gland (PC TG), correlated
with their iodine-accumulation ability, on the basis of which
it will be possible to predict the radioiodine resistance of PC
TG.

Materials and methods

In this work, the material obtained as a result of performing
fine-needle aspiration puncture biopsy in male and female
patients from the age of 17 to 40 years old who were
examined surgical treatment and radioiodine therapy in the
clinic of our institute were used. The specified protocol used
to treat patients with thyroid cancer consists of radical
thyroidectomy and lymphadenectomy, postoperative
radioiodine therapy in 4-6 weeks and the appointment of
suppressive hormone therapy with L-thyroxine (2.5 pg/kg).
Conducting of scintigraphic and sonographic research
allowed to detect in the postoperative period radioiodine-
resistant metastases of PC TG and metastases capable of
accumulation of radioiodine. In all cases, the diagnosis was
confirmed cytologically and histologically (except for
radioiodine-sensitive metastases, which were successfully
treated with radioiodine and in most cases, they were not
surgically removed).

According to the decision of the Bioethics Commission,
S| "V.P. Komisarenko Institute of Endocrinology and

Metabolism of NAMS of Ukraine" (No. 28/1-KE of April 12,
2019) found that the study followed ethical and moral
requirements, was safe for the patient's health and did not
deny the basic bioethical norms of the Helsinki Declaration,
the Council of the Convention Europe on human rights and
biomedicine, as well as relevant provisions of the WHO and
the laws of Ukraine.

Cytological studies were performed on punctures of 30
PC TG detected prior to thyroidectomy and at punctures 45
metastases of PC TG, which arose in the postoperative
period following total thyroidectomy and radioiodine therapy.
The punctures were fixed with methanol for 5 minutes and
stained using the Romanowsky method for 30 minutes. A
solution for staining was prepared from a Romanowsky
concentrate produced by the Shostka Chemical Reagent
Plant consisting of: 20 ml phosphate buffer 0.07 M (pH =
6.4), 1,5 ml of Romanowsky stain.

The analysis of pathological findings of 47 primary PC of
patients with RIRM, their RIRM, 17 patients with radioiodine
susceptible metastases (RISM) and 100 PC of the general
population were carried out. In the group of patients with
RIRM, three of them had a diagnosis of "diffuse sclerosing
variant of PC TG", 31 with primary thyroid PC (PPC) (66%)
had invasive growth in the capsule and beyond, metastases
to regional lymph nodes. The histological study was carried
out in the laboratory of pathomorphology of the Si
"Department of Endocrinology and Metabolism" (head of
the department - MD, Prof. Bogdanova T.I.).

The statistical processing of the data was done according
to a non-parametric criterion x2, which allows comparing the
frequency of occurrence of the qualitative characteristics
studied in two samples. The calculations are made in the
Statistica package 11. If the sign occurs in any of the
comparison groups in less than 10 cases, the Yates
correction for continuity was used.

Results

A comparative study was performed on the presence of
certain histological characteristics in the
pathomorphological findings of the following tumor groups
- PPC of patients who developed with time RIRM, the PPC of
patients with RISM, the general population of thyroid PC and
the RIRM group. The presence of such histological signs,
which according to the literature was related to the aggressive
behavior of PC-follicular structures (FS), necrotic changes
(NC) and oxyphilic-cellular changes (OC), was analyzed.

The presence of FS was noted in the histological
conclusions of the PPC TG in 20% of patients, in which
developed RIRM. At the same time, RIRM of these patients
had a papillary or papillary-solid structure, and FS were found
in only 1 case (2%). In this case, in the general population of
PC TG, FS were found in 60% of cases (30 times more often
than in the group RIRM and 3 times more often than in PPC
patients with such metastases). In this case, in the PPC
group with RISM, FS were found in 70% of cases. According
to the non-parametric criterion x?, a statistically significant
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difference at the significance level p<0.05 was confirmed by
the presence of a morphological sign - FS between the PPC
group of patients with RIRM and PPC in the group of patients
with RISM (p = 0.002), between the PPC group of patients
with RIRM and the general population PC TG (p = 0.000),
and between the PPC of patients with RIRM and the RIRM
group (p = 0.010, with the Yates correction for continuity).
Thus, the statistically significant difference between the PPC
with RIRM and the PPC with RISM and the general group of
PC demonstrates that the absence of FS is associated with
the development of RIRM and may be a worrying prognostic
factor in the development of radioiodine resistance of PC TG.

In the analysis of the presence of the following histological
sign, the OC in the pathologist's conclusions, it was found
that the frequency of its intolerance in the PPC patients with
RIRM (30%) was slightly higher than in the overall population
of PC TG (16%), slightly higher such as in the PPC TG of
patients with RISM (23%) and RIRM group (21%). There
was no statistically significant difference in the incidence of
OC between the PPC patients with RIRM and PPC in patients
with RISM (p = 0.859 with Yeats correction), and in the PPC
patients with RIRM and the general population of PC (p =
0.053). That is, there was no correlation between the
presence of this histological sign and the radioiodine
resistance of the tumors under investigation.

Although the presence of histological signs of necrotic
changes (NC) of the tumor is associated with the "adverse
behavior" of thyroid tumors, the literature does not give a
clear idea of its correlation with the ability of thyroid carcinoma
precisely to accumulate radioiodine. Therefore, we
conducted a comparative analysis of the incidence of NC in
all of the above groups of tumors.

As a result of the performed research, it was found that
the incidence of NC in the control group of patients with
RIRM was higher (2%) than in the general population of PC
(1%). In this case, NC did not register in the PPC patients
with RISM, and in the group RIRM NC were also noted in 2
cases. The statistical analysis carried out did not reveal a

Table 1. Frequency of occurrence of the following histological
signs - FS, NC and OC in primary thyroid PC of patients with RIRM
and RISM, the general population of the PC and RIRM.

PPC Totl PPC
Sgn patents R RM popu A tbn patents
w ih R RM PC w ih R ISM
FS 20% * 2% 60% 70%
NC 2% 2% 1% 0%
oC 30% 21% 16% 23%

Notes: * p<0.05 in comparison with the general population of the
PC, the PPC patients with RISM by the criterion 2.

significant difference in the frequency of NC exposure
between the PPC patients with RIRM and the PPC with RISM
(p = 0.593 with Yeats correction), and between the PPC with
RIRM and the general population of PC (p = 0.831). The
results of the research are shown in the table (Table 1).

Thus, the statistical analysis of the research has shown
that the factor of absence of FS in the primary PC can be an
alarming histological prognostic factor for the appearance
of RIRM PC TG. At the same time, the presence of NC and
OC in the primary tumor is not associated with the growth of
radioiodine resistance.

Since there was no literature data on cytological research
of RIRM PC TG, we have conducted comparative studies of
cytological characteristics of the thyroid cells population in
punctates of RIRM, RISM and the corresponding PPC TG.
The performed studies showed that in the punctures of RIRM
in 2 times more frequent than in their PPC there are different
subpopulations of thyroid cells (which are cytologically
different from the general population of thyroid cells), OC
are more common, and in 10% - there are specific cellular
structures that consist of a psammoma bodies surrounded
by a layer of macrophages and vacuolated epithelial cells
(Fig. 1).

At the same time, in all cases, the cytological
characteristics of RISM are not different from their PPC, their
cytograms are represented by regular epithelial layers, which

£ 4

Fig. 1. Special complexes of psammoma bodies and surroundiﬁg thyroid cells with signs of expressive vacuolation in RIRM PC TG

punctate. Romanowsky staining. Objective x40, eyepiece x3.3.
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Fig. 2. A - homogeneous population of thyroid cells without expressive signs of atypia in the RISM PC TG punctate. B -‘different‘
subpopulations of thyroid cells (large rounded cells with clear contour on the background of moderately enlarged thyroid cells) in the
RIRM PC TG puncture. Romanowsky staining. Objective x40, eyepiece x3.3.

Table 2. The frequency of various cytological signs in the RIRM
and RISM PC TG punctates and the punctates of the corresponding
PPC.

Patients with RRM | Patients with RISM
Types of thyroid cells (n=30) (n=15)
PPC RIRM PPC RISM
Different subpopulations | 36,6% * | 79,9% *# 0% 0%
Special complexes 0% 10% 0% 0%
(o] 16,6% | 26,6% * 0% 0%

Notes: * - p<0.05 in comparison with RISM by criterion x?; # - p
<0.05 in comparison with the PPC by criterion 2.

"

s &0 .
: i 4 .
Fig. 3. Follicular structures in the RIRM PC TG punctate.
Romanowsky staining. Objective x40, eyepiece x3.3.

consist of homogeneous thyroid cells, in which there are no
different subpopulations of cells, OC and special structures.
The punctate cells of the PPC and RISM had no signs of a
marked atypia, only showing signs of proliferation of the
follicular epithelium (Fig. 2, Table 2).

Another interesting observation concerns the follicular
structures (FS), the presence of which is considered a

prerequisite for the accumulation of radioiodine. In spite of
the fact that in the histological material of RIRM FS were
noted only in the first case, we observed FS with colloid
within 14% of RIRM punctures, which gives grounds to
consider the absence of follicles as a pathomorphological,
rather than cytological, manifestation of radioiodine
resistance of PC TG (Fig. 3).

Discussion

Radioiodine resistance of PC TG is the biggest problem
in the diagnosis and treatment of differentiated thyroid cancer.
Since RIRM cannot be detected with a conventional
scintigraphic study, it is important to be warned about the
possible development of radioiodine resistance of papillary
thyroid cancer, which gives the chance to timely use of
additional research methods and treatments like carcinoma.
Early prediction of the radioiodine resistance of PC TG is
possible in the presence of histological and cytological
features of such metastases. There are literary data [24]
regarding some histological manifestations of aggressive
behavior and radioiodine resistance of TG carcinoma, but
there are no data on cytological studies of RIRM PC TG.

Complex researches and analysis of cytological and
histological characteristics of PPC and their metastases,
depending on their iodine accumulation ability, have allowed
to reveal morphological peculiarities of metastases
associated with radioiodine resistance of PC TG. It is shown
that among the studied histological characteristics of tumors,
only the absence of FS in the histological material of the
PPC is associated with the development of their radioiodine
resistance. The fact of loss of FS in the development of RIRM
PC TG can be regarded as a manifestation of a reduction in
the degree of differentiation resulting in the progression of
the tumor. Such data are confirmed in the literature and
indicate that TG carcinomas that lose FS, lose the ability to
effectively concentrate and store iodine for a long time (for
example, solid state metastases) [2]. The absence of FS in
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the histological material of the PPC can be considered as
an alarming factor in predicting their radioiodine resistance.
An interesting phenomenon of the absence of FS in the
histological material of RIRM (except for 1 case), when they
are registered in 14% of punctures of RIRM can be explained
by the fact that when conducting a FNAPB RIRM, even single
follicles, which do not mark histologists, can enter into the
punctate.

According to literature, tumor necrosis factor is one of
the most important histologic markers of poorly differentiated
PC and an independent predictor of survival of the patient,
even when the histologic tumor architecture corresponds to
a well-differentiated PC [14]. At the same time, we did not
find a statistically significant difference in the frequency of
occurrence in the histological material of such signs as NC
and OC between the study groups of tumors. Accordingly,
these factors cannot be considered as associated with the
development of radioiodine resistance PC TG.

Since the cytological characteristics of the RIRM PC TG
were not yet found, we conducted a comparative cytological
study of RIRM, RISM and related PPC. It is shown that the
RISM cytograms and their control groups have no distinct
differences and are represented by homogeneous
populations of thyroid cells without expressive signs of
polymorphism and atypia. At the same time, RIRM differ in a
heterogeneous population of thyroid cells, among which
there are different types of cells, including enlarged thyroid
cells with a clear cell surface. Different subpopulations of
cells are found in punctates of RIRM 2 times more often,
and OC is 1.6 times more frequent than in the PPC. The
difference in the frequency of the occurrence of different sub-
populations of thyroid cells in the punctates between the
RIRM and their PPC and RISM is statistically proved. Attention
is drawn to the special complexes of psammoma bodies
and vacuolated cells that occur in 10% of RIRM and are not
found in PPC and RISM. Similar to these complex structures
in large numbers are presented in the histological material
of the diffuse-sclerosing variant of PC, which, according to
literature and our observations, is one of the most aggressive
variants of PC TG. It is possible that such special structures
may be candidates for the title of cytological prognostic factors
of radioiodine resistance PC TG.

The presence in PC TG punctates of the RIRM of a greater
diversity of cellular subpopulations and thyroid cells
structures compared with the RISM group may be a
manifestation of their greater genetic heterogeneity, which
may be a "polygon" for the formation of new thyroid cells
subclones, aggressive, may eventually lose its accumulation
ability for radioiodine and cause the development of
radioiodine resistance. These considerations do not
contradict contemporary ideas about clonal cellular evolution
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MOP®OIOrYHI OCOBNUBOCTI PAQIONOAPE3UCTEHTHUX METACTAS3IB MANINSAPHOIO PAKY LUMTOMOAIEHOI 3ANO3HU

3eniHcbka I.B.

Baxnusoto npobriemoro diazHOCMUKU, JTiKy8aHHsS ma rpo2HO3y8aHHS NarifisspHo20 paky wumornodibHoi 3a103u € padiolioOpe3ucmeHmHi
Memacma3su, paHHE NPO2HO3yB8aHHS MOS8U KOMPUX MOX/UBO 3a YMOBOK B8U3HAYEHHS IX 4UmOsio2iYHUX ma eicmoroaidyHux
ocobnusocmet. Memoto pobomu 6yno AocnidXeHHs icmosoeidHUX ma YumosioeiyHUX XxapakmepucmuKk mMemacmasie nanifnspHux
mupeoiOHUX KapUUHOM, KOPEestoYux 3 ix Uod-HakKonu4yyeasnbHOK 30amHicmio, Ha OCHO8I KOmpuX cmaHe MOXITUSUM MPO2HO3y8aHHs
padioliodpe3ucmeHmHOCMi MupeoiOHUX naninsgpHUX KapyuHoM. byno npogedeHo yumosnoeidHe docnioxeHHs nyHkmamig 30 naninsgpHux
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KapuyuHoMm ma 45 memacmaasie, susieneHux y nicasonepayitiHomy rnepiodi, npoaHasnizoeaHi 2icmonoeiyHi 03Haku 100 naninsgpHuUx
KapyuHoM 3ae2arnbHoi ronynsayii, 47 nepeuHHUX naninapHUX KapyuHoMm ma ix padioliodpe3ucmeHmHUX Memacmasie, a makox 17
epeuHHUX nanifiipHUX KapUuHoM y nauieHmie 3 padiollodyymausumu memacmasamu. CmamucmuyHy obpobKy ompumaHux OaHux
nposodunu 8 nakemi Statistica 11.0 3a Hemapamempuy4HuM Kpumepiem x?. Brnepwe 6ynu nposedeHi yumonoaidHi 0oCnidxeHHs
nicrigonepauyiliHux Memacmasie y Mopi8HsIHHI 3 MeP8UHHUMU RanifnsgpHUMU KapyuHoMamu wumornolibHoi 3ano3u, Kompi euseunu
HasigHicmb pi3Hux cybnonynayili ma cmpykmyp mupeoyumie y nyHkmamax padiolioOpe3ucmeHmHux memacmasie, kompi 6ynu
gidcymHimu 6 padiolio04ymnueux Memacmasax ma Nep8UHHUX nanifsspHux kapuyuHomax. [lokaszaHa cmamucmu4Ho iMO8ipHa
8iOMiHHICMb 8 HasieHOCMI YONIKYyMSAPHUX CMPYKMyp 8 2icmosiogiyHoMy Mamepiani MiX Mep8uHHUMU nanifsspHUMU KapyuHoMamu
nauieHmie 3 padiolioOpe3ucmeHmMHUMU Memacmasamu, NepeuHHUMU NanigpHUMU KapyuHoMmamu nayieHmie 3 padiollo0yymiusumu
MemacmasaMu ma 3a2aslbHOK MOMynAayiero NanifsapHUX KapyuHoM. He susisrieHo crmamucmuyHO iMO8ipHOT 8iOMiHHOCMI y HasieHOCMI
HEeKpOMUYHUX ma OKCUIlbHUX 3MiH 8 2icmosio2iYyHOMYy Mamepiarni Mix eciMa 00cnidxysaHuMu 2pynamu fyxiauH. Takum YUHOM,
yumousoaiyHi xapakmepucmuku padiolioOpe3ucmeHmHUX Memacmasie 8i0pi3Hstombcs 8i0 padioliodyymiueux memacmasie ma
epeuUHHUX NanifiipHUX KapyuHOM Hasi8HICMIo pi3HUX cybrnionynauit mupeoyumie, 0cobnueux KimuHHUX cmpykmyp ma oKcugbirnbHo-
KimuHHUX 3MiH. [JogedeHo, wo eidcymHicmb ¢honiKynspHUX cmpyKmyp 8 2icmoso2idyHoMy Mamepiari NepeuHHUX NarninsgpHUX KapyuHOM
MOXe 3acmocogygamucsi 8 IKocmi MPo2HOCMUYHO20 ¢hakmopy rosieu padiolioOpe3ucmeHmHuUX Memacmasie.

Knwo4voBi cnoBa: nanindapHa KapyuHoma u,umornodibHoi 3amo3u, mMOHKoieonbd4acma acnipayitiHa nyHkyitiHa 6ioncis,
padiotiodpe3ucmeHmHi Memacmasu, UUmorsoaiyHi 03HaKu, 2icmorsioeidyHi 03HaKU.

MOP®OJOMYECKUE OCOBEHHOCTU PAOMONOAPE3UCTEHTHBIX METACTA30B MAMUIISAPHOIO PAKA LUUTOBUOHOMN
XENE3bl

3enuxckasa A.B.

BaxHol npobnemoll duacHoCMuUKU, fle4eHuUs U Mpo2HOo3Upo8aHus NanuisipHo20 paka WumosuldHOU xenes3bl S81910mcs
paduoliodpe3ucmeHmHbIe Memacmasbl, paHHee MPO2HO3UPO8aHUE MOSIBNIEHUS KOMOPbIX 803MOXHO MPU YCI08UU 8bISBNEHUS UX
yumonoau4YecKux U 2ucmosioauqyeckux ocobeHHocmed. Llenbto daHHOU pabomsi bbIr10 8bisi8IeHUE 2UCMOI02UYeCKUX U YUMmOIo2Uu4eCcKuX
XapakmepucmuKk Memacma3sos nanusispHbiX mupeoudHbIX KapUUuHOM, KOppenupyouwux ¢ ux Uod-HakonumersbHoU CrnocobHOCMbIO,
Ha OCHO8€ KOMOPbLIX CmaHem 803MOXHbIM MPO2HO3Upo8aHue paduoliodpe3ucmeHmHOCMU MuPeOoUOHbIX NanumnispHbIX KapyuHOM.
Bbirio nposedeHo yumonoauyeckoe uccriefosaHue ryHkmamos 30 nanumnnspHbiX KapyuHoMm u 45 memacmas08, 8bIsi8IeHHbIX 8
rocneonepayuoHHOM repuode, MpoaHanu3uposaHsl gucmoroaudyeckue xapakmepucmuku 100 nanunnaspHeIX KapyuHom obuwel
nonynayuu, 47 nep8uyHbIX NanuisipHbIX KapUUHOM U UX paduoliodpe3ucmeHmHbIX Memacma3sos, a makxe 17 nep8uyHbIX nanuisipHbIX
KapuyuHoM y nayueHmos ¢ paduoliodyyecmeumenbHbIMU Memacma3samu. Cmamucmuyeckyo obpabomky OaHHbIX Npoeodusnu no
Henapamempu4yeckomMy kpumepur x? 8 nakeme Statistica 11.0. Brniepsbie 6binu npogedeHbl yumoroaudyeckue uccriedosaHusl
rocreonepayuoHHbIX Memacmasos 8 CpaBHeHUU C Nep8UYHbIMU NanuIAPHbIMU MUPEOUOHbIMU KapyuHOMamu, KOmopble 8bisaeuru
Hanu4ue pasHbix cybrnonynayul u cmpykmyp mupeouyumos 8 nyHkmamax paduoltiodpe3ucmeHmHbiX Memacmasos, omcymcemsyouwue
8 paduolioduyscmeumernbHbIX Memacma3sax U MepsuyHbIX nanunispHbIX KapyuHomax. llokasaHo cmamucmu4yecku OocmosgepHoe
pasnuyue 8 Hanu4uu QoNUKYIAPHBIX CMPYKMYpP 8 2UCMOoIo2udeckom mamepuarne Mexoy nepeuyHbIMU NanuisgpHbIMU KapyuHoMamu
nayueHmos ¢ paduolioOpe3ucmeHmMHbIMU Memacma3saMu, NepeuyHbIMU NanuasapHbIMU KapyuHoOMaMu rnayueHmos ¢
paduoliodyyscmeumernbHbIMU Memacma3samu u obwel ronynayued nanunaspHbIX KapyuHoM. He eusierneHo cmamucmu4yecku
docmoeepHoU pa3HUUbl 8 HamIUYuU HEeKPOMUYEeCKUX U OKCUGhUIbHbIX U3MEHeHUU 8 2UCmosio2u4yeckoM Mamepuarne Mexoy ecemu
uccriedyembiMu epyrnnamu onyxosnel. Takum obpa3oM, yumosio2u4deckue xapakmepucmuku paduolodpe3ucmeHmHbIX Memacmasos
omnuyaromesi om paduolio0yyecmeumesibHbIX Memacma3sos U repeuyHbIX NanusispHbIX KapUUHOM Hanuquem pasHbiX cybrnonynayud
mupeoyumos, 0cobbiX KIemoYHbIX CMPYKMyp U OKCUGUTIbHO-KITEMOYHbIX UsMeHeHul. [JokazaHo, Ymo omcymemeue hOonnuKynsipHbIX
CMPYKMyp & 2ucmosio2u4ecKoM Mamepuarne rnepeuyHbIX NanuiisapHbIX KapUUHOM MOXHO MPUMEHSIMb 8 Ka4ecmee Mpo2HOCMUYECKO20
ghakmopa nosienieHusi paduoliodpe3ucmeHmMHOCMHbIX Memacma3sos.

KnioueBble cnoBa: nanunnspHas KapyuHoMa WumosudHOU Xernesbl, MOHKou20Ik4acmas acrnupayUuoHHas MyHKYUOHHas buorncusi,
paduoliodpe3ucmeHmHble Memacma3sbl, YUmornoaudeckue rnpu3Haku, aucmorioaudeckue rMpusHaku.
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