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MORPHOLOGICAL AND MOLECULAR BIOLOGICAL
DETERMINANTS OF REPEATED IMPLANTATION FAILURE

Abstract. The evolution of assisted reproductive technology (ART) from classical in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI) to the era of predictive models using artificial intelligence has led to a
worldwide reproductive revolution in recent years. But despite the significant development of ART, there is still a
high prevalence of failed IVF attempts. Thus, although ART improves overall outcomes for infertile couples, some
problems still remain unresolved, such as repeated implantation failure (RIF). The term RIF is applicable only in IVF
programs. RIF is a complex and urgent problem of modern reproductology. It has a wide range of understudied
etiological factors and pathogenesis mechanisms. The pathogenesis of implantation failures is based on a variety of
polygenic and polymorphic mechanisms of defective receptivity due to disturbance of endometrial architectonics.
Management of RIF should be individualized taking into account its pathogenesis patterns using methods based on
the principles of evidence-based medicine. Randomized clinical trials with large statistical samples and with a
thorough consideration of clinical and morphological patterns are necessary to understand the mechanisms of its
realization further and to overcome the problem.
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The evolution of ART from classical IVF and intracytoplasmic sperm injection (ICSI) to the era of
predictive models using artificial intelligence has led to a worldwide reproductive revolution in recent
years. The etiology of infertility is considered multifactorial, and some of its key aspects include genetic
abnormalities of male and female origin, ovulation disorders, tubal obstruction, uterine or peritoneal
disorders associated with female infertility, as well as male factors, such as poor sperm quality [2]. In
2019, the European Society for Human Reproduction and Embryology (ESHRE) published a press release
based on statistical analysis of a large data set. According to them, 20-30% of infertility is associated with
male factors, 20-35% is associated with female etiology, and 25-40% is a combination of female and
male infertility factors. The remaining 10-20% are classified as idiopathic infertility, and most of these
couples suffer from repeated implantation failure (RIF) [3].

Thus, despite the significant development of ART, there is still a high prevalence of failed IVF
attempts. There are many studies and reviews focused on various factors, from uterine anatomy and
endometrial receptivity to connective tissue disorders and immunological factors that negatively or
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positively affect IVF success rates. Although ART improves overall outcomes for infertile couples, some
problems still remain unresolved, such as RIF.

The term RIF is applicable only in IVF programs. Although there is no generally accepted formal
definition of repeated failure of implantation, Orvieto et al (2015) offer a definition that implies three
unsuccessful in vitro fertilization cycles with good quality embryo transfer [4]. Researchers at Zeyneloglu
et al (2014) agree that this clinical situation can be established after three failed IVF cycles, especially
when transferring two high-quality embryos [5]. The data of Simon, Laufer et al (2012) add to the
definition that anatomical disorders of the embryo and a decrease in the receptivity of the endometrium
can play a key role in the development of RIF [6]. To define RIF, it is also important to take into account
the age of the mother and determine whether the embryos were transferred at the stage of fragmentation or
blastocyst [7]. Coughlan et al (2014) offer a more complete working definition based on maternal age,
number of embryos transferred, and number of completed cycles. They define RIF as non-occurrence of
clinical pregnancy after 4 transfers of “fresh” or thawed good embryos in women under 40 years of age
[8]. In the clinical protocol of the Ministry of Health of the Russian Federation in 2019, such a clinical
situation is called “Repeated unsuccessful attempts at transferring embryos (implantation)” and refers to it
as cases of 3 unsuccessful attempts at elective (eSET or eDET) transfer of “fresh” or thawed embryos in
women under 35 years of age, and 2 - in women 35 years of age and older, in the absence of any factors
that reduce the chances of pregnancy [9].

Failure to implant embryos may be due to female, male, or fetal factors, or a specific type of IVF
protocol. Each clinical situation should be carefully studied to determine the most likely etiology of the
disease, since RIF is a complex problem with several variables. There are many risk factors for RIF,
including maternal age, smoking of both parents, increased body mass index and stress level
[10,11,12,13,14]. Immunological factors, such as the level of cytokines and the presence of specific
autoantibodies, as well as any infectious pathogens leading to chronic endometritis, should be investigated
in each individual patient with RIF. Uterine neoplasms, such as polyps and fibroids, and congenital
anatomical abnormalities should also be excluded. Sperm analysis, preimplantation genetic screening and
endometrial receptivity should be reviewed and evaluated.RIF in order to propose new solutions and
develop individual approaches for specific patients or groups of patients.

Pathogenetic mechanisms of implantation failures. Endometrial receptivity. You cannot talk
about implantation without considering such an important aspect of a woman’s reproductive system as
endometrokh. Sxz;.,jika ewlp[w;pm [vmckdo8ial receptivity. Implantation is a complex process resulting
from the correct interaction between the endometrium and the blastocyst. According to various estimates,
only 30% of all implantation failures account for embryonic abnormalities, while the suboptimal
susceptibility of the endometrium and the altered dialogue between embryos and endometrium are
responsible for the remaining two-thirds [15]. Endometrial susceptibility has been the subject of extensive
debate for over 80 years since Rock and Bartlett et al described histological changes in the endometrium
in the implantation window in 1937 [16]. From that moment, a tremendous path has been made in the
study of endometrium, and flow cytometry and advances in molecular biology have allowed further
studies of the cross-linking between the embryo and endometrium [17]. Omics also greatly helps in the
study of receptivity and implantation. It is the field of research with highly sensitive methods that allow
simultaneous study of changes at various molecular levels: genomics, transcriptomics, proteomics,
metabolomics, etc. Understanding the physiology and pathophysiology of the human endometrium is
being revolutionized through the use of omics [18].

Although recent advances have led to a deep understanding of the processes associated with the
cross-dialogue between the embryo and the endometrium during implantation, the cause of their
impairment remains a mystery, and significant progress in transforming the findings into clinically
relevant prognostic tests and treatments for suboptimal susceptibility of the endometrium has not been
achieved.

The susceptibility and selectivity of the endometrium are two complementary concepts introduced to
describe the endometrium as a biosensor that evaluates the quality of the embryo [19]. Selectivity is a
built-in programmed function of the endometrium for recognition and rejection of embryos with reduced
development potential. On the contrary, susceptibility allows the endometrium to provide an optimal
environment for embryo development and placenta formation.
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An extensive meta-analysis of 2019, which included 163 studies (88834 women) [20], allowed to
identify the main markers of endometrial receptivity:

- Ultrasound markers evaluated on the day the ovulation trigger is administered and on the day of
embryo transfer:

- Endometrial thickness;

- Three-line structure;

- Endometrial volume;

- Pulsation index ofthe uterine arteries;

- Resistance indicators in the uterine, arcuate, radial, basal and spiral arteries;

- Uterine contractions on the day of embryo transfer;

- Markers in endometrial biopsy:

- BLCS6;

- a-Inhibin;

- P-Glycan;

- luminal integrin avP3;

- L-selectin ligand;

- Aromattase P450;

- vascular endothelial growth factor A;

- expression of matrix metalloproteinases and E-cadherin;

- alpha-2 PEG;

-hCG-LH receptor;

- LIF (leukemia inhibitory factor);

- colony-stimulating macrophage factor;

- HOXA-10;

- Counting pinopods by electron microscopy (at least 60 fields at x 2000 magnification);

-ERA;

- Markers in endometrial fluid aspirate:

- Concentration of hDP 200 (Human decidua-associated protein 200);

- LIF (leukemia inhibitory factor);

- TNF-3;

- IL-18;

- Hysteroscopic assessment:

- ring type of arrangement of glands and the presence of well-developed varicose vessels;

- Endometrial blood flow >29 mL/min/100 g.

While some studies in this 2019 meta-analysis showed high sensitivity in assessing endometrial
receptivity by certain markers, others showed opposite data. Therefore, it is impossible to draw
conclusions regarding the clinical use of certain markers in the practice of a reproductologist, although
many authors distinguish ultrasound criteria, as well as the ERA test, as the most effective [21,22,23]. The
main factor limiting the quality of evidence supporting the sensitivity of endometrial receptivity markers,
measured by biopsy, fluid aspirate, ultrasound, or hysteroscopy, was inaccuracy in the studies. Most
markers have so far been studied only in small samples, and that leads to uncertainties regarding its
reproducibility, their true effect, and clinical value.

Immunological mechanisms. In the recent years great importance has been given to the immuno-
logical mechanisms of the formation of endometrial insufficiency in the study of the etiopathogenesis of
repeated implantation failures, especially in the absence of a macroscopic substrate or signs of chronic
endometritis.

Uterine NK cells, Uterine Natural Killer (uUNK) are primarily responsible for the implementation of
the immune response in the uterine cavity. They come from the NK cell line and differ in the marker
CD56 +, however, they do not have the same ability to destroy cancer cells and other foreign HLA class
1 molecules, therefore, they do not have a harmful effect on the implanted embryo. Due to the similar
phenotype, CD117 + CD94-CD3-, it is likely that peripheral NK cells at the 3 stages of their development
migrate to the endometrium and complete their maturation and development already there, subsequently
becoming uNK cells [24]. In fact, they are the dominant type of immune cells in the uterine mucosa, and it
has been suggested that they play a role in trophoblast invasion and increased blood flow through the
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spiral arteries. Measuring the level of uNK cells seems difficult, as it fluctuates during the menstrual cycle
due to changes in the level of progesterone and other hormones. As a result, any change in hormonal
levels in healthy fertile women can affect the level of uNK cells without any effect on the outcome of
pregnancy.

During implantation, uNK through paracrine signals stimulate endometrial epithelial cells to produce
IL-15, VEGF, and other factors that can regulate the proliferation of uNK cells. An immune paracrine
connection between uNK and endometrial epithelial cells promotes implantation and development of
trophoblast [25].

Figure 1- Schematic representation of the role of uNK in implantation

A study published by Santillan et al (2015) showed that both peripheral NK cells and uNK levels are
elevated in patients with failed implantation. Blood NK cell levels were 13.4 + 1.2% (range 2.63-29.01) in
patients with repeated failure of implantation and 8.4 + 0.7% (range 5.72-13.28) in the control group.
UNK levels were measured using an endometrial biopsy, and levels exceeding 250 CD56 + cells in a
400x high power field were detected in 53% of patients with idiopathic implantation failures and only
5% in the control group. These measurements became possible by imaging uterine NK cells with
immunohistochemical staining. Although thresholds still require standardization, NK cell analysis may
ultimately prove useful for women suffering from idiopathic repeated implant failure [26]. On the other
hand, a meta-analysis by Seshadri et al (2014), aimed at determining the role of NK cells in both
peripheral blood and the uterus in infertility, revealed some conflicting data on their role. There were no
significant differences in peripheral (SMD -0.33; 95% CI -1.06; 0.40; P = 0.37) and uterine (SMD -1.82;
95% CI-4.80; 1, 17; P = 0.23) NK cell levels, expressed as percentages, although in studies in which they
were expressed as numerical values, there were significantly higher levels of peripheral NK cells in
infertile women (SMD 3.16; 95% CI 1.07; 5.24; P = 0.003). In addition, NK cell levels are apparently not
related to the birth rate in people undergoing IVF programs (RR 0.57; 95% CI 0.06; 5.22; P = 0.62). This
study also recorded significantly higher percentages of peripheral NK cells (SMD 1.36; 95% CI 0.04;
2.69; P = 0.04) and numbers (SMD 0.81; 95% CI 0, 47; 1.16; P <0.00001), but there were no significant
differences in uNK cell levels between women with repeated implantation failures and the control group
(SMD 0.40; 95% CI -1.24; 2.04 ; P = 0,063). It remains unclear why measurements of NK cells in
absolute and relative indices give different results [27].

Sacks et al. found that the concentration of peripheral NK cells (0.23 x 109/L + 0.11 vs.
0.20 x 109/L £ 0.13) and their percentage (> 18%, threshold) in lymphocytes were significantly increased
in women with failed implantation compared to the control group. Nevertheless, it is important to note that
the sensitivity of this test was only 11%, which suggests that in patients with failed implantation many
other factors can play a role and contribute to difficulties in achieving pregnancy. According to the authors
ofthe study, determining the level of NK cells cannot be used as a predictor of implantation failures in the
general population, but it can be used in women with an already established diagnosis to determine
whether etiology is related to their immunological profile [28].
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In a 2019 meta-analysis studying a cohort of infertile women [29], it was concluded that there is no
difference in NK concentrations of peripheral blood if the phase of the menstrual cycle was ignored in the
measurement. However, in the secretory phase, the authors observed a higher proportion of circulating
NK cells in women suffering from infertility.

The authors also studied the relationship between the concentration in the peripheral
blood of large T-cell granular lymphocytes (post-thymic antigen-primed, constitutively activated
CD3 + CD8 + T-lymphocytes characterized by the presence of cytotoxic granulations in the cytoplasm
and co-expression of CD57 (CD3 + CD8 + CD57 +) and repeated implantation failures. Based on their
data, it can be concluded that the levels of CD3-CD56 + and CD8 + CD57 + cells in peripheral blood are
not associated with repeated implantation failures and cannot be recommended as markers [29].

The role of NK cells in implantation failure remains in the process of study and causes many
contraverses. The level and activity of NK cells is just one aspect of the immune system in women
suffering from infertility, and more data are needed to analyze them clinically.

The role of microRNA. Promising data have been published regarding intracellular genetic
mechanisms for the mechanisms of endometrial insufficiency and implantation failure. MicroRNAs
(miRNASs) play a key role in regulating gene expression by inhibiting translation and controlling post-
transcriptional modifications. There are studies showing that miRNAs provide pathways involved in the
regulatory mechanisms of human reproduction, including the formation and maintenance of primordial
follicles, spermatogenesis, oocyte maturation, folliculogenesis, and corpus luteum function [31,32,33,34].
Previously, a connection was found between miRNA expression and infertility, polycystic ovary
syndrome, premature ovarian failure, and repeated failure of implantation [35,36].

Thirteen different miRNAs have already been identified in endometrial samples of patients, with
repeated implantation failures that presumably regulate the expression of 3800 genes and which were not
found in the group of healthy women. It was also shown that ten miRNAs are overexpressed in
endometrial samples in women with repeated implantation failures, including miR-23b, miR -199a, and
miR-145 [37].

Role is not established
miR-23bf, miR-27bt,

Proliferation and miR-6521, miR-139-5p f,

Decidualization miR-1951, miR-342-3p T,

miR-222,miR-424 miR-1501, miR-374b f, ) )

miR-30b miR-32J., MiR-628-5pj, Migration and
miR-99b, miR-96 miR-874J, ) .
miR-135b miR 199a|,m|R-21,

miR-424. miR-451,
miR-145. miR-99b

Apposition and
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miR-125b.miR-155

Figure 2 - The established role of miRNAs in implantation and impaired expression in RIF
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The role of biocenosis. An important and understudied aspect of endometrial viability is the state of
the vaginal and endometrial biocenosis. A study conducted in 2019 compared the microbiological
composition of endometrial aspirate and vaginal discharge in women with RIF and a control group. Data
of this study showed that the Shannon index (biodiversity index) of vaginal discharge was statistically
significantly lower in the RIF group compared with the control group (p = 0.02), while a comparison of
the same index in endometrial aspirates did not reveal differences [24].

Microbiota of endometrium
2.500

2.000

1.500

1000

0.500

0.000 Control RIF

Figure 3- Comparison of the Shannon index of the biocenosis of endometrial aspirate [38]

The unweighted Unifrac distance (an indicator used to compare biological communities) of the
microbiota of the endometrial aspirate showed a significant difference between the RIF group and the
control group (p = 0.0089). Meanwhile, the same indicator of vaginal discharge was the same in both
groups (p = 0.38). The microbiota of endometrial aspirate with a predominance of lactobacilli, determined
by the status of the genus Lactobacillus> 90%, was observed with a higher frequency in the RIF group
(64.3%) rather than in the control group (38.9%) (p = 0.13). Similar results were obtained for the vaginal
microbiota: 67.9% in the RIF group and 44.4% in the control group was the microbiota with a
predominance of lactobacilli (p = 0.14). The detection rate of Gardnerella in the EF microbiota was
39.3% in the RIF group and 27.7% in the control group (p = 0.53). Burkholderia was not detected in any
ofthe microbiota of the endometrial aspirate in the control group, but was found in 25% ofthe RIF group
(p = 0.032). Some studies have shown that Burkholderia are often detected in the uterine cavity in patients
using the intrauterine device contraceptive system with levonorgestrel [39], in another study, the authors
suggest that Burkholderia may be one of the potential pathogens that cause tubovarian abscess [40]. The
effect of Burkholderia on endometrial susceptibility requires further studying. There were no significant
differences in the frequency of detection of certain types of bacteria in the microbiota of the vaginal
discharges between the two groups.

Genetic Disorders. A 2019 study [41] examined the hypothesis that transcriptome analysis of
follicular cells after failed IVF cycles can reveal potential causes of implantation failures and provide new
information about their pathophysiological mechanisms. Real-time PCR showed 165 differentially
expressed genes in the group of patients with implantation failures compared with the group of pregnant
women. These genes included many pro-inflammatory cytokines and other factors associated with
inflammation. Overexpression of several factors, some of which regulate the activity of vascular
endothelial growth factor, also indicates increased permeability and vasodilatation in the pathogenesis of
RIF. Some genes have been associated with abnormal differentiation and increased apoptosis [41]. Thus, it
can be assumed that failure of implantation in IVF cycles may be associated with an imbalance between
pro-inflammatory and anti-inflammatory mediators.

Promising data were obtained in a study by Diaz-Nunez et al. in 2019 regarding coagulation factors
and their association with RIF. In this prospective study, women with repeated implantation failures were
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subjected to a ThromboinCode analysis to identify 12 genetic variants of factors VV Leiden, V Hong Kong,
V Cambridge, I, XIII, XII and Al. Higher values were observed in the RIF group (70%) compared with
the control group (52.94%) and the population of Spain in general (56.5%) regarding XII coagulation
factor (p = 0.043) [42].

Conclusion. Repeated implantation failure is a complex and urgent problem of modern
reproductology, which has a wide range of understudied etiological factors and pathogenesis mechanisms.
Based on the analysis of modern literature, it can be concluded that there is still no consensus regarding
the definition of repeated implantation failure, reliable risk factors and implementation mechanisms, as
well as methods for overcoming them. The main reason for the failure of implantation is a disturbance of
the receptivity of the endometrium [43]. And the basis of the pathogenesis for each individual patient
differs due to etiological factors and mechanisms, which include changes in the architectonics of the
endometrium, impaired immune status, neoangiogenesis, vasodilatation, defects of coagulation factors,
genetic factors and even microbiota imbalance. Management of RIF should be individualized taking into
account its pathogenesis patterns using methods based on the principles of evidence-based medicine.
Taking into account clinical and morphological patterns randomized clinical trials on large statistical
samples are necessary to study the mechanisms of its realization further and overcoming the problem.

M. P. Opasosl, B. H. TokwunH2 E. C. CunaHTteesa3 J1. M. Muxanésa4,
A. M. Kamunnosa3, P. E. Opexosl W. . MenexuHa3

IPMXKKBBM «Peceli xanblLuTtap 4OCTbIrbl YHUBEPCUTET», Mackey, Peceil;
ZPersona» XKPO, Anmartbl, KasaxcTaH;
3<AHa MeH bana» komnaHusiap Tobbl, Mackey, Pecei;
Abepepasgbl MEMIEKETNK GHOMXKETIK IbI/IbIMW MEKEME
Agam Mopgonoruscel roiibIMA-3epTTeY UHCTUTYTHI, IM3ckey, Peceli

LAUTANAHTAH UMNNAHTALMA C3TCBALM LWL, MOP®ONOrUANbLL,
X3OHE MOJIEKYTAPAbLI-BNONOT NANbLW, AETEPMNHAHTTAPLI

AHHoTauusa. Kocankbl penpogyktusn texHonoruanapbil, (KPT) Knaccukanblk SKCTPOKOpNopanibl ~pbIKTa-
HyfaH (OK¥) XaHe criepmaTo3ouATapabl MHTpaUMTONNa3Ma/IbIK MHbeKLMA xacaygaH (ICSI) sxacaHfbl MHTENNEKTTi
KOMjaHa OTbIpbin 60/MKaHaTbIH MOAEeNbAep [A3YIpiHE [eRiHri 3BOMOUMACHI COUrbl Kbigapbl AYHUEXY3ifiK
penpoayKTuBTI peBontoumsra biknan etn. bipak KPT-HbIL aliTapnbiKTai gamyblHa KapamacTaH, C3TCi3 SKCTpOKop-
nopangbl ¥pbIKTaHAbIPY 3SpeKeTTepLULl, >korapbl Tapanybl cakTanagbl. Ocbinaiwa, KPT 6egeynik xntapgpiy
Xannbl HITWKENEepiH dkakcapTca fa, Keibip npobnemanap ani Ae LWELLWMEreH, MbiCabl, MMMIaHTaUMSHbIL
KaliTanama catasgw (MKC). MmMnnaHTauusHbIL KaiTasama caTci3giri Tepmuw Tek OK¥ 6argapnamanapbl 6ap
nauveHTTepre KongaHbinagbl. MKC - 6”1 a3 3epTTenreH 3TMOMOrMANbIK (hakTopiap MeH NaToreHeTMKasbIK
MexaHu3MaepaiL, Kew, crekTpiHe ve kasipri 3amaHrbl Kebetofiy, KYPoeni >xaHe e3ekn maceneci. mnnaHTaums
CATCI3AiriHiL, naTtoreHesi SHAOMETPUSANBIK aPXUTEKTOHUKAHbIL, UMMYH/bIK M3pTe6eHiL, HeoaHrmoreHesgil, Basoam-
NAUMSAHBIL, Koarynaums (akTopnapbiHbIL, FeHeTUKa/IbIK (hakTopnapabll, XKaHe TinTi 6MoLEeHO3AbIL 6:pbinybIHbIL
asacblHAa aKay/bl PeuenTUBTINIKTIL, 3pTYPAi NONUreHAIK XX3He NoNMMOpPQThl MexaHu3mAepiHe HerisgenreH. Courbl
XKbIAapbl UMMNaHTaUMAHBIL, KaliTanama C3TC3AL akay/apblHbIL, 3TMONATOreHeswWw 3epTTeyje, acipece, MakpOCKO-
NUANbIK Cy6CTpaT HeMece CO3blMasbl 3HAOMETPUT Genrinepi 6onmaraH Kesge, SHAOMETPUS/BbIK LIPMEHCI3AIKTIL,
nainga 60MybIHbIL, MMMYHONOTMANBIK MexaHu3MgepiHe Kebipek MaH Gepwn kenegi. Courbl Xblngapgarbi
XKETICTIKTEP WMMMNaHTaUMs Ke3iHAe SMOPUOH MeH 3SHAOMETpUiA apacbiHfarbl aikac AuanormneH 6GainaHbICThl
npouecTepi Tepew, TYCiHyre akence Ae, onapasiy, 6”3b1ybIHbIL ce6eb6i K¥nua 6onbin kana 6epen™ an HATWXeNepai
3HAOMETPUSHBIL, CybonTuMangbl cesiMTa/iablFbIH eMaeyre apHairaH KNMHWKaIbIK Malbl3gbl 60/mKamMabIK CbiHaKTap
MeH emaeynepre aiHangblpyaa antapbiKTali XXETHOTKIepre Ko XeTKi3inreH )ok. MKC-HL, kenTereH mapkepnepi
KlwkeHTalh YArinepae raHa 3epTTenireH, 6”0, onapapil penpoayKTUBTI Xargaiira KatbICTbl GeNrici3gikke, LblHalb
3cepiHe »XKaHe KIMHUKaNbIK K¥BbIbIrbiHa KatbICTbl 6enricisgikke akeneq™ KUC-ri 6ap 6egeynik x ntapaply emaey
TaKTUKaCbiH [anengi MeduuMHa KarugatrapbiHa HensfenreH 3AicTepAi KofjaHa OTbIpbin, MaToreHeTUKasbiK
3aUAblNbIKTapabl eCKepe OTbIPbIN XXeKeney kKepek. Macesiell eHrisy XaHe Luelly TeTikTepiH ofaH 3pl 3epTTey YLUiH
K/TMHUKabIK XX3HE MOPQOIOrUAbIK epekLLeNikTepai ecKepe oTbIpbIn, ipi CTaTUCTMKaNbIK YArinepae paHaoMusaums-
NaHTaH KMHMKAbIK 3ePTTEY/EP KaKeT.

TYWiH cesaep: SKCTPOKopropanasl ~pbIKTaHAbIPY, VUMANaHTALMSAHBIL, KaiiTanama CaTCisgiri, KocasKbl pernpo-
LOYKTUBTI TeXHonoruanap.
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MOP®O/NIOMMYECKUME N MONEKYTAPHO-BNONOTIMMYECKWE AETEPMUNHAHTbI
MOBTOPHbLIX HEYAAY UMIMNJTAHTAL NN

AHHOTaums. SBONOLMSA BCMOMOraTe/bHbIX PeNpPOAYKTUBHLIX TexHonoruii (BPT) OT Knaccmyeckoro akcTpa-
KoprnopanbHOro oniofoTeopeHns (3KO) v MHTpauuTonnasmMaTMyeckon MHbekumu cnepmarosomgos (MKCW) k
anoxe Mogenei NPOrHo3npOBaHUs, UCMOMb3YHOLLMX UCKYCCTBEHHbIV MHTE/N/EKT, B MOCNEAHME oAbl COCO6CTBOBANA
BCEMMPHOI PenpofsyKTVBHOV peBontoumu. Ho, HecMOTps Ha 3HauuTenbHOe passuTve BPT, no-npexHemy
MPUCYTCTBYET BbICOKAsi PacrnpOCTPaHEHHOCTb HeyaadHbIX NonbiTok KO, Takum 06pa3omM, xoTa BPT v ynydwaet
o6Lime pesynbTaTbl Ans 6ecnnofHbIX nap, HEKOTOpble NPO6AeMbl 0 CUX NOP OCTAOTCH HEPELUEHHbIMU, Hanpumep,
MOBTOPHble Heygaun umnnaHtaumu (MHW). TepMyvH MOBTOPHbIE Heyfauu UMNIaHTauuy MpPUMEHUM TOMbKO K
nauveHTam B nporpammax 9KO. MHW - 310 cnoxHas v akTyasibHas Npo6sieMa COBPEMEHHOW PenpoLyKTOnormu,
VIMEIOLLEN LUMPOKNIA CMEKTP MaOU3yUeHHbIX 3TUONOMMYECKUX (AaKTOPOB M NaTOreHeTUYeCKMX MexXaHu3moB. B
OCHOBe naTtoreHesa Heyjay WMMAaHTaUMM fieXaTr pasHoo6pasHble MOMUMEHHble W MOAUMOP(HbIE MEXaHWU3Mbl
[etheKTHOl pPeLenTUBHOCTU Ha (DOHE HAapYLUEHWIA apXUTEKTOHWKU 3HAOMETPUSA, MMMYHHOTO CTaTyca, HeoaHruo-
reHesa, Basogwnataummn, AedeKToB (HakTOPOB CBEPTbIBAHWUSA, FEHETUYECKUX (DAKTOPOB W Aaxe HapyLUeHWit
6uoueHo3a. lMocnefHve rogpl B U3y4eHU 3TMonaToreHes3a NOBTOPHbLIX Heyday MMMIaHTaumMmn Bcé GonbLuee 3Haye-
HWe yfenseTcs VMMYHO/IOTMYECKUM MexaHu3Mam (DOPMUPOBAHMA HECOCTOATENIbHOCTU 3HAOMETPUSA, OCOBEHHO B
OTCYTCTBMM MAaKpOCMUYeCKoro cyb6eTpata WM MPU3HAKOB XPOHWUYECKOTO 3HAOMETpUTA. XOTA [LOCTUKEHUS
nocnesHuX feT NPUBENM K riy60KOMy NOHUMAHUIO MPOLLECCOB, CBA3aHHbIX C MEPEKPECTHbIM ANANoroM am6puroHa u
3HAOMETPUS BO BPEMS MUMMNaHTaLWW, MPUUMHA UX HapyLLeHWUid OCTaeTcs 3arafkold, M 3HauYMTe/bHbIA Nporpecc B
npeo6pa3oBaHNM OTKPLITUIA B KIIMHWUYECKW 3HAYMMbIE MPOTHOCTUYECKME TECTbI U METOAbI leYeHNs Cy60NTUMasbHONM
BOCMPUUMYMBOCTU 3HAOMETPUUN LOCTUrHYT He Bbln. BonbIMHCTBO Mapkepos MNMHI noka yTo usy4yanuch NnLlb Ha
MaJileHbKMX BbIGOpKax, YTO NPMBOAWT K HEOMpefeNeHHOCTU B OTHOLUEHWM BOCMPOM3BOAMMOCTW, WUCTUHHOIO WX
aphekTa M KIMHUYECKOW LeHHOCTW. TakTuka BefeHus 6GecnnogHbiX map, cTpagaiowmx MHW, gomkHa 6biTb
WHAMBMAYAIM3NPOBAHA C YHETOM MaTOreHeTUYeCKUX NaTTepHOB C MPUMEHEHVEM METOAO0B, OCHOBaHHbIX Ha NMPUHLM-
nax [0Ka3aTe/bHOW MeauuUMHbl. NS fanbHeMLWero u3yyeHns MexaHu3mMoB peanusaumi v NpeofoneHns npobnemsl
Heo6X0aVMbl PaHLOMM3NPOBAHHbIE K/MHUYECKME WCMbITaHUA Ha 60MbLIMX CTAaTUCTUYECKWUX BbIGOPKaxX C y4eToM
KJIMHNKO-MOP(OIOrMyeckmnx 0COBEHHOCTEIA.

KntoyeBble cnoBa: 3KCTpaKoprnopanbHOe OMJIoA0TBOPEHMe, MOBTOPHbIE HeyAauu MMMIaHTauuu, BCOMOra-
TeNlbHble PENPOAYKTUBHBIE TEXHOMOTUN.
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