DOI: 10.31618/ESU.2413-9335.2023.4.109

EBpa3sunncknimn Coto3 YueHblX.
Cepusa: megmumHckue, buonornyeckme n XxXmuMnyYeckne Hayku

ExxeMeCsa4YHbI Hay4YHbIN XYypHan
Ne 8 (109)/2023 Tom 1

TJIABHBII PEJJAKTOP

Maxkaposcknii JleHnc AHATOIbEBHY

AuthorID: 559173

3aBexyrommii Kadeapoil OpraHM3alMOHHOTO YIpaBieHWA VHCTHTyTa NPHUKIAJHOTO aHAlIM3a IOBEICHHSA H
MICHXOJIOTO-COIIMAIBHBIX ~ TEXHOJIOTWMH, NPAKTHKYIOUIMHA IICHXOJIOT, CIENHAINCT B cdepe yNpaBIeHHUS
o0pa3oBaHHEM.

PEJAKIIMOHHASA KOJIJIEI'USA

e Kapnenko IOpuii JImurpueBny

AuthorlID: 338912

LleHTp cTpaTern4eckoro INTAHUPOBAHUS M YNPABICHHS MEANKO-OMOJOTHMYECKUMH PHUCKaMH 370poBbi0 PMBA,
JlabopaTopust 3KOJIOTO-TUTHEHNYECKOH OIeHKH 0TX0/10B (MOCKBa), JOKTOp OHMOIOTHYECKHUX HaYK.

e Manaxosckuii Bnagumup Biaagumuposuy

AuthorID: 666188

IlepBb1if MoOCKOBCKUH TOCYHZAapCTBEHHBIH MenuIMHCKUHA yHHBepcuTeT uM. M.M. CeueHoBa, DakynbTeThl,
dakynpTeT MoCIeBy30BCKOr0 NpodecCHOHABHOTO 00pa3oBaHus Bpauei, kadeapa HeleKapCTBEHHBIX METOJ0B
Tepanuu U KuHu4deckoi ¢pusunonorun (MockBa), TOKTOP MEIUIIMHCKUX HaYK.

e MHabsicoB Oaer PammroBny

AuthorID: 331592

VYpanbckuii TOCYNapcCTBEHHBI YHHMBEpCHTET IyTeH cooOmeHus, kadenpa TexHOC(epHOH Oe30macHOCTH
(ExarepuHOYypr), OKTOp OMOJIOTHYECKUX HAYK

e Kocc Buxktop BukropoBuu

AuthorlID: 563195

Poccuiickuii ToCyapCTBEHHBI YHHUBEPCUTET (U3UUECKOW KyIbTYpHI, CHOpTa, MONon&xu u Typusma, HUUN
cropTuBHON MenuiuHbl (MOCKBa), KaHIUIAT MEAULIMHCKUX HAYK.

e Kannnuna MapuHa AHATOJIbEBHA

AuthorID: 666558

Hay4HbIi LEHTp MCHXHYECKOTO 3A0pOBbs, OTAET MO0 HM3YyYEHHUIO NCUXUYECKOH MaTOJOTHMHM PAaHHEro JEeTCKOTO
Bo3pacTta (MockBa), KaHAUIAT MEAULIMHCKUX HAYK.

e CrpIpouknHa Mapus AjlekcaHAPOBHA

AuthorlID: 772151

Iaiizep, BakuHbl MeaunuHCKUH oTaen (ExkatepuHOypr), KaHAUAAT METUITHTHCKHX HAYK

CraTby, NOCTYyHAIOLUE B PEAAKLUIO, PELEH3UPYIOTCS. 3a JOCTOBEPHOCTh CBEACHUM, H3JI0KEHHBIX B CTaThSX,
OTBETCTBEHHOCTh HECYT aBTOpPHl. MHEHHME pelakIMM MOXKET HE COBNaJaTh ¢ MHEHHEM aBTOPOB MaTEpPHAJIOB.
[Ipu nepeneyartke cchliika Ha XypHall o0s3aTenbHa. Marepuaisl ImyOIUKyIOTCS B aBTOPCKON pelaKIyy.

Kypnan 3apeructpupoBan @enepaibHO Ciry>k001 T0 HaA30py B chepe CBA3M, HHPOPMAITMOHHBIX TEXHOJOTHI 1
MaCCOBBIX KOMMyHHKaHHﬁ.

Xynoxuuk: Banernn Apcennii [lerpoBud
Bepcrtka: Kypnartosa lpuna AnekcanapoBHa

AJlpec pefakiuu:
198320, Cankr-IlerepOypr, 'opox KpacHoe Ceino, yin. ['eonornueckas, x. 44, k. 1, murepa A
E-mail: info@euroasia-science.ru ;
WWW.euroasia-science.ru
Yupenutens n uzgarens OO0 «Jloruka+y»
Tupax 1000 2x3.


https://www.doi.org/10.31618/ESU.2413-9335.2023.4.109

COAEPHAHME
MEAHUHHCRUE HAVKH

Markov D.Y., Poryazova E.G.
ENDOMETRIOSIS AND RELATED NEOPLASMS OF THE
OVARY AND ENDOMETRIUM. REPORTING 11 CASES. 3

EBptoxoseuxuii A.C., Illypdoe M.A.

KNOHA/IbHbIM FEMOMO33 KAK
®OYHOAMEHTANbHbIA MEXAHW3M 3AMYCKAKOLLMX
MOJIEKYNAPHO - BUOJIOTMYECKMX COBbITUI U
NPOrPECCMPOBAHWNA HEMPOOEMEHEPATUBHbIX
BOJIE3HENM YENIOBEKA M NEPCMEKTUBHAA LIENb
ANA CO30AHNA HOBbIX METOA0OB UX JTIEYEHUA ....8

Boakodae O.B., Bunuenxo C.A.

BOMPOCblI BOCCTAHOBJ/IEHNA
JIMKBOPOAMHAMUKN y,EI,ETEl;I MEPBbIX MECALLEB
WU3HU C TUAPOLEDATVEM oo 27

Eezenveea A.B., )Komoea M.B., /laspyxuna A.A.
BTMAHUE OXMUPEHUA HA NMPOABNEHUA
CUHAPOMA CTAPYECKOW ACTEHUM Y NALIMEHTOB
MMOCTIE 75 NTET . eoeeiieceeeeee ettt et 30

Kupeeea B.B., Ycoavues I0.K., Mapkoea E.B.,
Konwicosa A.C., Kupeee K.A.

SMOUMNOHANIbHOE BbIrOPAHUE MEONLNHCKNX
COTPYOHUKOB AMBYJIATOPHOTO A
CTALMOHAPHOTO 3BEHA......cccvtiiieiiieieieieeeeeeerenenenene 35

Ilankunu A.A.

KOHCTUTYUMOHA/TbHbIE TUMbl PEAKLIMIA
r’EMOANHAMWKHN TONNEHN Y AEBYLUEK HA
PUINYECKYIO HATPY3KY oot 41

Potapov V.V., Gorev D.S., Kudrinsky A.A.
DEPENDENCE OF PERMEABILITY AND SELECTIVITY OF
ULTRAFILTRATION MEMBRANES ON HYDROTHERMAL
SIO2 NANOPARTICLES. ....coovviiiiiiiiiiiiiciieccieece 45



Eepasutickuti Coro3 YueHbix. Cepus: meduyuHckue, buonoaudyeckue U xumuyeckue Hayku. #8(109), 2023 3

MEQHLUHHCRHE HAVKH

ENDOMETRIOSIS AND RELATED NEOPLASMS OF THE OVARY AND ENDOMETRIUM.
REPORTING 11 CASES.

Markov Daniel Yordanov

Assistant, Department of General and Clinical Pathology, Medical University —

Plovdiv, Bulgaria

Pathologist, Department of Pathology, UMHAT Pulmed Hospital, Plovdiv, Bulgaria,

https://orcid.org/0000-0003-4015-3514
Poryazova Elena Galabova, PhD

Associate professor, Department of General and Clinical Pathology, Medical University —

Plovdiv, Bulgaria

Pathologist, Department of Pathology, UMHAT Pulmed Hospital, Plovdiv, Bulgaria,

https://orcid.org/0000-0001-5919-9921

ABSTRACT

Endometriosis is a common benign gynecological disease among women of reproductive age. Although it is
a benign lesion, in some of the cases changes of cellular atypism (atypical form of endometriosis) are described,
and in others it is combined with clear cell or endometrioid carcinoma of the ovary, as well as with endometrioid
endometrial carcinoma. Atypical endometriosis is considered a borderline precursor lesion for malignancy.
Malignant transformation has been associated in the literature with heredity, genetic defects caused by
inflammation, hyperestrogenism, and hypoxia in the tumor microenvironment.

We report 11 cases of patients with endometrioid and clear cell carcinoma of the ovary and the endometrioid
endometrial carcinoma, combined with endometriosis. All cases were examined immunohistochemically with
HIF-1-Alpha, E-cadherin, Ki67 in order to look for correlations between the expression of these antibodies in
endometriosis, endometrial and ovarian carcinomas for analysis of progression.

Keywords: endometriosis, endometrial carcinoma, ovarian carcinoma, HIF-1-Alpha, E-cadherin, Ki67

Introduction

Endometriosis is an  estrogen-stimulated
gynecological disease that manifests clinically with
pelvic pain, hypermenorrhea and leads to sterility. Its
importance is often underestimated. The association
between endometriosis, endometrioid carcinoma, and
clear cell carcinoma of the ovary is well known (1). A
threefold higher risk of developing both forms of
ovarian carcinoma has been found in women with
ovarian endometriosis (2). However, the relationship
between endometriosis and endometrial carcinoma has
not been well studied (3). Endometriosis and
endometrial carcinoma share common etiologic factors
that include estrogen  stimulation,  chronic
inflammation, and oxidative stress. The propensity of
endometriosis for neoplastic transformation is well
known, although it is erroneous to consider
endometriosis a premalignant lesion given the low
incidence of malignant transformation. It is a benign
estrogen-stimulated process, in rare cases with the
potential for malignant development. Tumors that arise
from endometriosis are called endometriosis-related
carcinomas.

Presentation of the cases

We describe cases of 5 women with clear cell and
endometrioid carcinoma of the ovary combined with
ovarian endometriosis and 6 women with endometrioid
carcinoma of the uterine body combined with
adenomyosis. We present 4 cases of ovarian
endometriosis combined with ovarian carcinoma (1 of
them endometrioid type and 3 clear cell type) and 3
cases of uterine endometrioid carcinoma combined
with endometriosis. In two of the cases with ovarian

carcinoma, the patients had recurrent bilateral
endometrial ovarian cysts. Endometrioid carcinoma of
the ovary is highly differentiated - G1 with foci of
atypical endometriosis. In endometrioid endometrial
carcinomas, two of them are moderately differentiated
- G2, and one is poorly differentiated - G3. In two of
the cases with endometrial carcinoma, a combination of
adenomyosis with endometrial cysts of the ovary was
found. Tissue hypoxia in the literature is associated
with carcinogenesis. HIF-1-Alpha plays an essential
role in the adaptive cellular response to hypoxia (4).
HIF-1 is a transcription factor composed of two
subunits, HIF-1-Alpha and HIF-1-Beta. Hypoxia leads
to stabilization of HIF-1-Alpha, facilitates its nuclear
binding and restores oxygen homeostasis in the cell by
inducing anaerobic glycolysis.

Materials and methods

The present study was conducted to investigate the
correlation between the expression of various
antibodies in endometriosis and endometrial and
ovarian  carcinomas, by immunohistochemical
technique. All the examined materials are from the
biopsy array of the Department of Clinical Pathology
of the UMHAT - "Pulmed" - Plovdiv for a period of
five years (2019-2023). A total of 280 patients were
reviewed retrospectively and prospectively. Of these,
50 patients were tested with immunohistochemistry.
Inclusion and exclusion criteria were drawn up to select
cases with carcinomas associated with endometriosis.
We report 11 cases of carcinomas associated with
endometriosis.

DAKO antibodies
immunohistochemical study.

were used for the
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For immunohistochemical analysis, 4-pm-thick
sections were cut from blocks of paraffin-embedded
tissue. The antibodies used for the experiment are as
follows: anti-HIF-1, E-Cadherin and Ki 67.

An automatic immunostainer (DAKO) was used
following the manufacturer's protocols.

Interpretation of immunohistochemical staining

For interpretation of the immunohistochemical
results, a scale from 0 to 3+ was used, depending on the
intensity of cytoplasmic and/or membranous signals for
E-Cadherin, and nuclear signals for anti-HIF-1 and Ki
67 relatively.

. 0: there is no evidence of
cytoplasmic/membranous or nuclear expression;

 1+: there is weak cytoplasmic/membranous or
nuclear expression in tumor cells, seen at high
magnification x20;

. 2+: there is intermediate
cytoplasmic/membranous or nuclear expression in
tumor cells, seen at low magnification x10;

* 3+ — there is strong cytoplasmic/membranous or
nuclear expression in tumor cells, seen at low
magnification x4,

For statistical purposes, the absent (0) and weak

(1+) signals were considered negative, while

intermediate (2+) and strong (3+) signals were
considered positive.

Results

We compared the strength of E-cadherin
expression in the endometriosis focus and in the tumor
lesions — Fig.1.

Fig. 1 Immunohistochemical E-cadherin expression in eutopic and the ectopic endometrial glands, magn. x100:
2+ (diffuse high-intensity immunoreactivity of more than 10% of the epithelial cells).

According to the strength of E-cadherin
expression, we did not find a statistically significant
difference in the two localizations — in the
endometriosis focus and in the tumor (z-test, p>0.05).

However, according to the expression pattern, we
found a statistically significant difference, with the
diffuse pattern being significantly more prevalent in the
endometriosis focus compared to carcinomas - Fig.2.

Fig. 2 Immunohistochemical E-cadherin expression in a focus of atypical endometriosis, magn. x100: 2+
(diffuse high-intensity immunoreactivity of more than 10% of the epithelial cells). A moderately differentiated
endometrioid adenocarcinoma is seen adjacent, with weak expression of E-cadherin, a heterogeneous
expression pattern.

We also compared the EMF status in these two
locations, but found no significant differences. Foci

with reduced expression of E-cadherin and positive

EMP were observed in a heterogeneous pattern of E-
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cadherin expression in ovarian and endometrial
carcinoma - Fig. 3, 4.

Fig.3 Endometrioid carcinoma of the endometrium of the uterus. IHC, x100, E-cadherin, heterogeneous
expression pattern, positive EMT status in the tumor.

\('

EMT status in the tumor.

In the analysis of Ki-67 expression, we observed In endometriosis, Ki-67 is in most cases expressed
significant differences in the endometriotic focus and  in 1 to 10 percent of cells, and in carcinomas, positive
in the carcinomas in both the degree of expression and  expression was reported in 10 to 50 percent of tumor
the pattern of expression. cells in most cases Fig. 5, 6.
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Fig.5 Endometrioid carcinoma of the endometrium of the uterus. IHC, x100, Ki67 expression- strong expression
of Ki67 in more than 50% of tumor cells

2 3

Fig.6 Clear cell carcinoma of e 0\;éry. IH

C, x10

0, Ki67 expsion - strong expression of Ki67 in more than

50% of tumor cells

The difference in Ki-67 expression in both
localizations is significant.

We reported the expression of HIF-1-Alpha in the
endometriosis focus and in the tumor cells of the
carcinomas. Regarding the expression pattern in

endometriosis, mostly diffuse pattern, weak and
moderate expression was observed. In ovarian and
endometrial carcinomas, we also observed a diffuse
pattern, moderate and strong expression - Fig.7.]

The study of endometriosis foci with different
localization (peritoneal, ovarian and deep infiltrating)
and with different morphology (typical and atypical
endometriosis) can provide an answer for the evolution
of this hormone-dependent disease, as well as for
carcinogenesis.

Analysis of the expression of E-cadherin and the
decreased expression in the tumor cells indicates the
presence of heterogeneous foci in the tumor and the
development of epithelial-mesenchymal transition.
Usually, these areas encompass rapidly proliferating
tumor cells with a high invasive potential, as is the case
described by us.

Examining the expression of Ki-67, which we
associate with the proliferative activity of tumors when
comparing endometrial lesions and carcinomas, sheds
additional light on these processes. The increased

expression of Ki-67 in the ovarian and endometrial
tumors of our patients, combined with endometriosis,
are a sign of high proliferative activity.

A number of studies have demonstrated a link
between endometriosis and epithelial-mesenchymal
transition in carcinogenesis. We did not notice a
difference in the EMT status in the described patients
in the foci of endometriosis and in the tumor tissue.

The measurement of HIF-1-Alpha expression in
endometriosis, endometrial and endometriosis-related
ovarian carcinoma can be used as a morphological
marker of hypoxia and a stimulus for angiogenesis and
proliferation in tumor tissue. In the cases described by
us in the tumor tissue, we reported moderate and strong
expression of HIF-1-Alpha in the endometrial
carcinoma with a predominantly heterogeneous pattern,
and in the clear cell ovarian carcinomas with a diffuse
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staining pattern. In the endometriosis focus, we mainly
observed a diffuse HIF-1-Alpha staining pattern.

Discussion

In 1925, Sampson (5) first described malignant
changes in endometriosis and proposed criteria for the
diagnosis of carcinomas associated with endometriosis:
1- coexistence of carcinoma and endometriosis in the
same ovary, 2- similar histological pattern and 3-
exclusion of a second malignant tumor elsewhere.
Later, in 1953, Scott (6) made an addition to Sampson's
morphologic criteria, namely that when endometriosis
is adjacent to carcinoma, this malignancy is described
as arising from it.

Atypical endometriosis was first described by B.
Czernobilsky and W. J. Morris (7). Most often, the
transition from atypical endometriosis to carcinoma is
associated with transition from a borderline tumor
followed by invasive carcinoma. The relevance for the
diagnosis of atypical endometriosis in clinical practice
is unclear. Moll et al. (8) reported a chronological
relationship between ovarian atypical endometriosis
and subsequent large clear cell carcinoma arising in the
same ovary. Clinicians do not understand the
morphological descriptions associated with cellular
atypism and dysplasia. This does not diminish the
importance of this lesion for the malignant
transformation of endometriosis into a tumor. Hyman
(9), reported two patients who developed endometrioid
carcinoma years after surgery for endometriosis. In a
study by Seidman (10), 1 of 20 patients with atypical
endometrial hyperplasia developed endometrioid
adenocarcinoma during a follow-up period of 8 years.

Hypoxia is an important stage in the process of
carcinogenesis in solid tumors. It leads to the
development of a more aggressive phenotype with
increased survival, invasiveness and rapid proliferation
of tumor cells. Modesitt et al. (11) reported a case of
carcinosarcoma arising from atypical endometriosis of
the abdominal wall, in the caesarean scar, years after
surgery.

Endometriotic cells exhibit abnormal apoptotic
regulation. Aberrant activation of the Wnt/Beta-catenin
signaling pathway may also be involved in the
resistance of endometriotic stromal cells to apoptosis
through the TNFo-MMP-9 axis (12). In addition,
abnormal activation of the Wnt/B-catenin pathway may
facilitate the growth of endometriosis through
increased invasive phenotype and resistance to
apoptosis of endometriotic cells.

Furthermore, abnormal activation of the Wnt/B-
catenin pathway in the secretory endometrium may
result in the preservation of the proliferative phenotype
and impaired decidualization in infertile endometriosis
patients. The Wnt/B-catenin signaling pathway is also
involved in the cellular and molecular mechanisms
underlying fibrosis in endometriosis. A small molecule
antagonist of the Tcf/B-catenin complex prevents
fibrosis progression (12).

A critical step in cancer progression is the
epithelial-mesenchymal transition (EMT), in which
cells lose the quiescent epithelial phenotype
characterized by a rigid cytoskeleton and extensive
cell-cell interactions and adopt a mesenchymal

phenotype characterized by motility that is activated by
fluid cytoskeleton, loss of cell-cell interactions and
increased interactions with and remodeling of the
extracellular matrix (ECM). Many HIF target genes
contribute to each of these changes. In many cancers,
EMT is controlled by a group of transcriptional
repressors, including SNAIL, SLUG, TWIST, ZEBI1,
and ZEB2, which down-regulate the expression of E-
cadherin and other epithelial cell-specific genes, and
one or more of these repressors is HIF -regulated in
many types of cancer. HIF-dependent expression of
many signaling proteins also promotes EMT.

HIF-1 plays a critical role as a master regulator of
the balance between oxidative and glycolytic
metabolism. The conventional wisdom is that cells
switch from oxidative to glycolytic metabolism under
hypoxic conditions to sustain ATP production (13).

Hypoxia plays a leading role in endometrial
tissues. HIF-1a plays a significant role in a wide range
of diseases and treatment strategies focused on HIF1
inhibition in endometriosis progression as well as
therapy.

Conclusion

In persistent cases of endometriosis and in the
presence of atypical endometriosis on morphological
examination of the lesions, malignant transformation
should be suspected. Long-term follow-up of patients
is necessary. Such patients have an increased risk of
developing endometrial cancer of the uterine body, as
well as clear cell or endometrioid ovarian cancer.
Immunohistochemistry with E-cadcherin, Ki-67, and
HIF-1-Alpha may help to develop criteria for assessing
the risk of malignancy in these patients.
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ABCTPAKT

Lenpto paboThl CTANO yCTAaHOBJICHHE M MOATBEPXKICHHWE HAyYHOTo (haKTa CYIIECTBOBAHHUS KIIOHAIBLHOTO
KPOBETBOPEHUS! IPH BO3HUKHOBEHHH U IIPOrPECCHPOBAaHUN HelpoereHepatiuBHbIX Oosnesneit (H/B) uenoseka u
MpOBEpKa HAYYHOU runoTessl 0 ToM, 4To HJ/Ib MHHIMUPYIOTCS U MPOJIIOHTUPYIOTCS TEHOMHBIM MOBPEXICHUEM U
(opMupoBaHMEM NaTocHeny-QUIECKUX KIOHOB COOCTBEHHBIX I'eMOINOdTHYeCKnX cTBONOBBIX KieTok (I'CK)
koctHOro mosra (KM). B uccnemosanue 0butn B3sThl 20 00ibHBIX ¢ pasaunaabivi HJIB (O6ose3ns Anblireiimepa,
60ne3nb [TapkuHCOHA, 6OKOBOI aMHOTPOPHUECKHUI CKIEPO3 U AP.), KOTOPBIM OBLI IPOW3BEIeH TCHOMHBIH aHaJIH3
JHK, Beigenennoit u3 'CK KM u IHK Bwigenennoit uz mumdonutos nepudepu-aeckoit kposu (I1K) metogom
cexBeHnpoBaHus HOBoro nokosieHus (NGS). Bruto nmpoBeaeHo 1esieBoe apHOKOHIIEBOE CEKBEHUPOBAHHE 3K30Ma
22 000 reHOB C LeNbIO TMOWCKA TreHeTHYeckuxX nonumopdusmos, crnenmbuunbix aias HJAB u BbisBieHue
JIOTIOTHUTEIBHBIX coMaTHuecKkux MyTanni (JJCM) B reHax KJIOHAJIEHOCTH ¥ T€HAX CTBOJIOBOCTHU. | €pMHHOTEHHBIH
nonuMopdu3M, CBHUIETENBCTBYIOIINM O HACJIEACTBEHHOM TeHe3e OOJIe3HH, ObUI BBISBICH TOJNBKO y OJIHOTO
nanmerta ¢ HJIb, Bce ocranbHble 3a00eBaHMs MMENM CIOpAJUYecKMid TeHe3. Y BceX NalUeHTOB C
nporpeccuposanreM HJIb Oblin BBISIBICHBI pa3IMuHble MyTalllk T€HOB KJIOHAJIBHOCTH, YTO CBHJETEIILCTBYET O
HAJIMYUH Y HUX KIoHaneHOro remomnodsa (KI'). IIpu atom, cpaBHeHue BhisiBiIeHHBIX JJCM ( HyKICOTHIHBIX 3aMEH
JHK) B renax xionansHoctd B I'CK KM u B num¢onurax [IK npaktudeckn ObUTM HE OTIMUUMBI Y BCEX
MAlMeHTOB, YTO CBHICTENBCTBYET O MOHOKIOHAJIBHOCTH MM OJIMTOKJIOHAIBHOCTH KPOBETBOPEHUS IIPH
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nporpeccupoBanun H/Ib. Bbeuio BeisiBieno 123 JICM u3 kotopbix 114 myTranuil cocTaBUiIM HYKJIEOTHIIHBIE
3aMEHBI TCHOB KJIOHAJIBHOCTH M 9 MyTaiuii TeHOB cTBOJOBOCTH. Ecnm o6miee kommyectBo JICM reHoB
KJIOHaJbHOCTH NPUHATH 32 100%, To y 60ombHBIX ¢ H/Ib ObUTO BBIIBIEHO 18 THIIOB MyTauuii reHa KJIOHaJIbHOCTH
AKT1 (16,5%), 16 tunos mytauuii rera ASXL1 (14,67%), 20 Tuno mytanuii rena CBL (18,3%), 17 tunos
myTanuii rera JAK2 (15,6%), 12 tunoe mytanmii rera PTEN ( 11%), 1 Tun myrtauuit rena PPM1D (0.9%), 10
TUIOB MyTaluii rea TET2 (9,2%), 12 tunoB myrtanuii reda TP53 (11%), 2 tuna myTtarmii rena DNMT3A (1,8%),
3 tuna myramnuii rena DNMT36 ( 2.75%) u 1 i myrtanuii resa DNMTL (1 0,9%). IIpu 5T0M MyTauumii reHOB
CTBOJIOBOCTH OTMedeHO HemHoro: 6 tumoB myrtanuii reHa NANOG u 3 tuma myrtanmii rena MTOR. Beuto
nokazano, uro JICM mpu HJIB ctpykrypHo oTiimgarotcs ot JICM mipu cTapeHUH, 9TO TOBOPHUT O MOJICKYJIIPHO-
TEHETHYECKOM Pa3IMIMK ATUX BO3PACT3aBUCHUMBIX Ooje3Hel. KIIoHaNbHBIN TeMoIo33, BBISABICHHBIH y BCEX
naruedToB ¢ HJIB, o0bscHser mnocrosHHy0 aktmBHOCT, MKK KpoBH, NOAAEpKUBAIONINX CHUCTEMHOE
HEMpOBOCHAJICHUE B KKIMHUYECKON ocH Helpoaerenepauun» rnpu H/b. biiokupoBaHue KIIOHAIBHOTO TEMOII033a
MOXET CTaThb HOBOM CTpaTeruel Je4eHust 1 0CTaHOBKM nporpeccupoBanus HJIb.

KiroueBble ci10Ba: HelipoiereHepTUBHBIC 00Je3HH, O0Je3Hb AblreliMepa, 6ose3Hb [lapkuHCcoHa, 00KOBOI

aMHOTpO(l)I/ILIeCKI/Iﬁ CKJICPO3, KJIOHAJIBbHOC KpPOBETBOPCHUC,

TCMOIIO3THYCCKAs CTBOJIOBAs KJICTKa

BBenenue

B 21-m Beke HeipoaereHepaTHBHEIE OOJIC3HH
(HB) denoBeka OCTArlOTCS OIHOW W3 TIIOOATBHBIX
HEpEIIECHHBIX MTPO0JIEM MUPOBOTO 3APaBOOXPAHEHHS U
OCHOBHOH NPUYMHON TIOCTOSIHHOTO YBEJIMUCHHUS YUCIIa
JIOJIel B MUpE C MPOTPECCHPYIOIIUM cllaboyMHeM U
HEH3JICYNMbIMU (aranbHBIMU JIereHepaTHBHO-
aTpo(uuecKUMHU OOJIE3HSMH LEHTPAILHONH HEPBHOM
cuctemsl (ITHC) ( Hurd M.D., Martorell P., Delavande
A. et al.2013; WHO ; Bryukhovetskiy A.S.et al.,2020;
Bbproxosenkuit  A.C., Ilypmor M.A.2023). B
HACTOsIIIeE BPEMsl HM3BECTHO [JOCTATOYHO OoJbIIoe
komnuectBo  HJIb, xotopele mopaxator LIHC,
BBI3BIBAIOT HapylIeHHE MEKHEHPOHAIBHBIX CBSI3EH,
HapyIIaloT CEHCOPHbIC, MOTOPHBbIE W KOTHUTHBHBIC
MPOLIECCH, BKIIIOYAs 3peHHE, CIIyX, ABHXEHHUE, PeUb U
pedeBble O0OpPOTHI, MaMATh W Jpyrue QYHKIHUN
BBICIIIEH HepBHOM nestenpHOCTH (Poewe W., Seppi K.,
Tanner C.M. et al.,2017). Oto HapymieHHe HEHPOHHBIX
cBsi3ei yueHbIe OOBSICHSIIOT OTJIOKEHUEM
Helpocnenuduieckux (0eta -aMuIona, Tay -0enKkoB,
teneny JleBwu, a-cunykiewna, FUS-06enkos, SODI1-
0enkoB u T.n.) OENKOB BHYTpPU HeHpoHa M B €ro
MHUKPOOKpY-XKEHHH, TPOTPECCUPYIOIIeH aerpananueit
CHHAIICOB ¥ aKCOHOB, YTO B KOHEYHOM UTOTE IIPUBOANT
k rubenu Heriponos (Mullin S.; Schapira A.H., 2015;
Bryukhovetskiy A.S., Grivtsova L.Yu., 2020). K
HeWpo/iereHepaTUBHEIM  3a00J€BaHUSAM  OTHOCSIT
6one3np Auprreiimepa (BA), 6onesnsp, IlapkuHcoHa
(BIT), 6oxoBoit ammorpoduueckuii ckiepo3 (BAC),
6onesus  Xautuarrona (BX), MymbTHCHCTEMHYIO
atpoduro (MCA), nemenmmrio ¢ Tensiiamu JIeBn u eme
6onee 20 wHo3zosormid. Ilo mporHoszam, mo wmepe
CTapeHusl HaceJeHHs YHCII0 ClTydaeB
HeHpoJiereHepaIiy 1 JeMeHIny Bo BceM Mupe k 2050
rogy  pe3Kko  BO3pacTeT, 4YTO  HPEACTABISET
3HAUUTENBHYI0 YIpo3y JUId TJOOaJbHBIX CHUCTEM
OXPpaHbI 37I0POBbS B MUPE B LIEIIOM, H JUI MUHUCTEPCTB
3[paBOOXPAHEHUs OTIENILHBIX CTPaH, B YaCTHOCTH (
Power M.C., Mormino E., Soldan A. et al.,2018;
Bbproxosenkuit A.C., Xonwtonr X., Jlun Y., 2018).
Xorss HJIb o4eHb CIOXKHBI M MOTYT OBITh
3THOJOTUYECKH PA3IMYHBIMH, BBISIBICHUE OOIIUX YEPT
B MEXaHH3Max 3a00JIeBaHMS M MATOJOTUSAX MOXKET
mpuBecTH K Oojee  TIyOOKOMYy  TIOHUMaHHIO
3aIyCKaloUIMX COOBITMH NpU HEHpoJereHepanuu M

IFCPMUHOTCHHBIC W COMATUYCCKUEC MYyTaluu,

CO31aTh BO3MOKHOCTH IUIsL HOBBIX
MaHHEeWPOIereHepaTHBHbIX TEPAIEBTUYCCKHX
HaIpaBICHUH (\Wareham L.K,, Liddelow

S.A., Temple S. et al.,2022).

ITpu Habope B momckoBuke Google 3ampoca o
MEXaHHW3Max 3THONATOreHe3a HEeHpOJeTreHepaTHBHBIX
6onesneit (HIB) Ha 6onee yem 42 700 caiftax nMeeTcst
moJpoOHast CHeUUaIM3upoBaHHass HHGOpPMaui o
W3BECTHBIX ~ MEXaHM3Max »dTUX Ooje3Hel, duTo
CBHETEIBCTBYET 0 6oJpIIOM HHTEpece
uccieaoBaTeell n yueHbIX K 3TOH mpoOiemMe U 09eHb
OOJIBILIOM KOJIMUECTBE HEPEUICHHBIX MPOOJIeM B ATOM
obusactu. Pe3ynbTaToM OTCYTCTBUS CUCTEMHBIX 3HAHUH
B ATOM 00JIaCTH HEBPOJIOTHH SIBJISIETCS HECTTOCOOHOCTH
COBPEMEHHOW MEIULIMHBI TOHATh WX MPUYUHY,
HEBO3MOXKHOCTh H3JI€YMTh OTH OOJIE3HH WIIM JlaXe
HPHUOCTaHOBUTh MpoTpeccupoBaHue 3THUX
cMepTenbHBIX  3a0onmeBaHmit  (Bproxomemkmit  A.C.,
ypaoB M.A., 2023). JleiitOMOTHBOM OOJBIITMHCTBA
AMEIOIUXcs ¢ ceTH VHTepHeT myOIMKaIuii U cTaTei B
CIIEIMATU3NPOBAHHBIX HAYYHBIX JKypHalax SBISETCS
KOHCTaHTallUsl OTCYTCTBHA OOBEKTHBHBIX HAYYHBIX
(akTOB 0 Hadase BO3HWKHOBEHMS 3THX Ooye3HEeH
NpUYUHAX [IPOTrPECCHpOBaHUs ITUX 3abosieBaHuil. He
OIUH W3 H3BECTHBIX MOJEKYJISIPHO-OHMOIOTHIECKUX
MapkepoB HJIb He cmoco0GeH AuarHoCTHpOBATh STH
6one3Hn Ha JOKIIMHIYECKON CTaJIUH.
HuarroctupoBats 6onpmuHcTBO HJB MOXHO TONBKO
Torma, koraa morubmo Oomee 50-90% HelipoHOB
TOJIOBHOTO W/MJIM CIIMHHOTO MO3Ta.

Hayunsrii ckangan, paspasusmuiics B 2022 rogy
mnocie pazo0aunTenbHOW MyONMKAIMKM  JKypHasa
Science (J. Science Vol., 377, ISSUE 6604 22 Jul.
2022), B KOTOpOil OBLIO 3asBJIEHO, YTO TEOPHSI WU
MaTOTe€He3 pa3BUTHs Ooye3HN AJbUreiiMepa M APYTHX
HJIb OCHOBAaHBI Ha (aibIIUBBIX JIQHHBIX,
npencTaBieHHbIX podeccopom Sylvain Lesne B 2006
roxy B J.Nature, mpuBen K TUCKpEAUTAIINH OOJIBIIOTO
KOJINYECTBO HAYYHBIX HCCIIETOBAHMH, MOCBAIMICHHBIX
n3yuenuro mexannsmoB HJIb. O6napysxkenue uepes 20
JIET B CTaThE€ CaMOro MPECTHKHOIO HAYYHOTO XKypHana
B MHpE, TIIOATOTOBJICHHOMW B  MUYYHMIaHCKOM
yHUBepcutere, (QanbcH(UKaUuU JaHHBIX «CMOIJIO
BBECTH B 3a0iyXIEHHE LIyl O00JIacTh HAYYHBIX
HCCIIEJOBAaHUI» B MUpPE Ha JAecsATWiIeTHs, Oojee Toro,
9TH JAaHHbBIE IUTHPOBAINCH... THICSIYU Pa3» BO BCEX
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MHPOBBIX Hay4HBIX )KypHanax, Kak IJaBHas NMPUYMHA
O0oNe3HM W TpUBENIM K HEOOOCHOBAaHHOH Tpare
MIUIMApIOB  JCHEKHBIX CPEIACTB Ha  HaydHBIC
HCCIIEIOBaHUSA UL TIOATBEPKACHHS
¢danbcudunmpoBanusix  pesymsratoB  ( Piller
Ch.,2022). B wutore, MHOro Je€T CyLIECTBYIOIIUE
Hay4YHble TPEJCTaBIEHHS O TOM, 4YTO Hadano bBA
0o0yCJIOBICHO ~ HakoIUIEHHMEeM  Oera-amuiouza B
HelpoHaxX, Kak (yHIaMEHTAIbHOH NEePBONPUYNHBI
9TOI 00JIE3HH, TTOIBEPTIINCH KECTOUaNIIeH KPUTHKE B
J. Science (2022) wu3-3a rpy6oi MOATACOBKH H
MOJJICTIKM  HAy4YHBIX  (akToB H  (ororpaduii.
COOTBETCTBEHHO, (akTsI 0 HaKOTICHUU
maTocrenn(pUIecKux OCIKOB B HEHPOHAX W HEPBHOH
Tkauu npu apyrux HJIb, kak nepBonmpuumHa uX
BO3HUKHOBEHHS, CTaId COMHHUTENBHBI M  HE
OJTHO3HAYHBI.

Ho onameko He Bce MHUPOBBIE  y4YE€HBIE
(hanbCUGUIMPYIOT W TOATACOBBIBAIOT IOJyYCHHBIC
pe3yiabTaThl M HE BCE TaK TparMyHo B 00JacTu
uccnenosanuss HJIb. Ilpm Bcem MHOroo0Opazum
COBPEMEHHOM HAy4yHOM JIMTEpaTypbl IOCJIEIHETO
BPEMECHH, MIOCBSIIICHHON MaTOTCHETHIECKUM
MEXaHW3MaM HEHpOJETeHepauu , 10 HameMmy
MHEHHIO, CIIEyeT OTAATh INPEIANOYTCHHUE OJHOH W3
caMblX (YyHZAaMECHTANbHBIX W OYECHb CHCTEMHBIX
Hay4YHO-HCCIICIOBATENLCKUX pPabOT MOCIEAHUX JIeT
(Wareham L.K., Liddelow S.A., _Temple S. et al.,
2022), BBIMONHEHHOW HAYYHBIM KOHCOPIHYMOM,
COCTOSIIIUM M3 21 aMEepHKaHCKOTO HMCCIIEIOBaTelNs U3
Heckoibpkux yHuBepcureroB CIIIA, B kortopoi
JIOCTaTOYHO HayKOEMKO u MHOT'OCTOPOHHE
MPOaHATM3UPOBaHbl OCHOBHBbIE 0a30BbIe MEXaHU3MBbI
HelipojiereHepalny y 4YelloBeKa M IIOKa3aHbl ee
HepelIeHHbIe TPOOIEMBI 1 OCHOBHBIE TPOOEIIBI HALITHX
3HaHWW B JToi  obOmactu.  JlocTOBEpHOCTH
MPE/ICTABIICHHBIX B IAHHOM paboTe pe3yJIbTaTOB TOUHO
HE BBI3BIBACT COMHEHHS. HecOMHEHHO, BBISBICHHE,
crcTeMaTH3alus ¥ 00001eHne MOJIEKYIJIIPHBIX 00X
YepT YJYYIIUT HOHMMaHWE HeHpoJereHepaTHBHBIX
COOBITHH, KOTOPBIE 3aTEM MOTYT OBITh MCIIOJIb30BaHBI
npu pa3paboTke KOMITJIEKCHOI Tepanuu
HeﬁpOHeFEHepaTHBHLIX MEXaHU3MOB IIpU PA3TMYHBIX
3aboneBanusx. [To muennro _Wareham L.K., Liddelow
S.A., _Temple S. et al. (2022), mis gOCTHKEHUS
MIMPOKO NMpUMEHUMOH M 3 dexTnBHON Tepanun H/1b
OCTAlOTCSl 3HAUUTENIbHBIE POOENbl B HAINX 3HAHUSIX,

KOTOpBIE MOYHO copmypoBath psiaoM
(byHIaMeHTanpHBIX ~ Hay4HbBIX  nonoxenuit: (i)
HEU3BECTHBI OOIIME MOJEKYJSIPHBIC COOBITHS Ha

PaHHUX CTAJIHSAX IPOTPECCUPOBAHNUS 3a00ICBaHNUS, T. €.
3aIyCKaroImue COOBITHS, KOTOPBIE IE€PEBENIMBAIOT
Yamy BE€COB B KacCcKala€ YCHICHHUA, NPUBOAAIIEM K
HelipoaereHepanuy, (i) HE OMpPENENTeHbl COOBITUS B
MPOTPECCUPOBAHUH, KOTOpPBIE KAaTAIM3HPYIOT YXKe
CYIIECTBYIOIINE HEHPOAETeHepaTUBHBIE COOBITHS, (iil)
HE TIOHSATHO KaKWe THUIBI KJIETOK 3a/JeHCTBOBaHbI, (1)
HE OIpeJesIeHbl O0IIMe IaToJIOTHYECKHe KOHEUHbIE
TOYKM, T. €. Kak Mbl MOXeM NoJiepxaTb -
OTCJICKUBAHUE ITHX COOBITHH IS TPEAOTBPAILCHUS
WIH 3aMEHBI TIOPAKCHHOM TKaHU W, HAKOHEI, (V) HeT
OIpEeJIeTICHUs] TOTO, Kakue COOBITHS SIBIISIOTCS IIPO-

JeTeHepaTHBHBIMH, a8 KAKHE PENapaTUBHBIMU WIIH JAKe
MIPOPEreHEPATUBHBIMU.

Msbl  cumTaeMmM, 4YTO 3TH  aMepHKaHCKHE
HCCIIeI0BATENH, MOJOUAS TaK OJIM3KO K MOHMMaHHUIO
CHCTEMHBIX (byHIaMEeHTaIbHBIX MEXaHU3MOB
HelpoJereHepanuy, He 3aMETHIIM CaMOro TIJIABHOTO
MOJIEKYJISIPHO-0MOIOTHIECKOTO COOBITHS,
SIBIIIOLIETOCS KaK «CTapTepOM», TaK U «MOTOPOM)
9TOTO HETAaTUBHOTO MOJEKYJIIPHO-OMOJIOTHYECKOTO
mpolecca, ONMCAaHHOTO MMM Kak «KIMHHYecas OCh
HeHpoJereHepauumn», KOTOPBIi1 TIOCTOSIHHO
MOJIAEPI)KUBACT BBICOKYIO AKTUBAIHIO BCEX
koporkoxkuBymmx MKK B opranmsme y 0onbHOrO C
HAb u KOTOpBIi  NONJEPKUBAKOT  BBICOKYIO
aKTUBHOCTb HEMPOBOCMAJECHUS B HEPBHOM TKaHU U
obecreuuBaeT NPOrpecCCUPOBAHUE JETEHEPALUU U

arpodun HEHpOHOB. Otum «JIBUTATEJIEM»
CHCTEMOO0OPa3yIoIIero MATOJIOTUIECKOTO
HelipollereHepaTHBHOTO  TpoIlecca, IO  HAIleMy
MHEHUIO, SABJSAETCS KIOHANBbHBIN remonod3 (KI') wmmm
MaTOJOTHYECKOE  MOHO- WJIH  OJIMTOKJIOHAIBHOE
KpOBETBOpCHHE. Mpr rmoJlaraem, 49TO
HellposiereHepTUBHBIE OOJNIE3HH JTO CHavyayna (Ha
cTapre) TEHOMHO - IIOCTT€HOMHOE 3a0oJyieBaHKe
ayronormyHoit I'CK u ee mOTOMKOB, TO €CTh

3aboneBaHne KPOBH, a TONbKO motoM ( Ha (uHHIIE)
OHO cTaHoBUTCs 3a0oneBanneM [THC.

Llenvio nacmosaweit pabomsl ctana MpoBepKa
HAYYHOH THUIIOTE3BI O TOM, YTO HEBPOJOTHICCKUE
nposiieruss HJIb romoeroro mosra ('M) u cimHHOTO
Mo3ra (CM) gemoBeka 3TO He IPHYUHA ITHX OOJIe3HEH,
a CIEeNCTBHE W WCXOJl HWMMYHOOITOCPEIOBAHHBIX
Ooe3HEl  KpOBW, KOTOphIE HWHHIUUPYIOTCA U
MIPOJIOHTUPYETCS TCHOMHBIM MTOBPEIKICHAEM
COOCTBEHHBIX I'CK KM MalKUeHTOB u
UMMYHOArpeCCUBHOCTHIO HMX TIOTOMKOB K KIIETKaM
HEPBHOU TKaHH B BHJIE (dhopmMupoBanus
MaTOJIOTHYECKOW  KIIOHANBHOCTH ~ KPOBETBOPEHUS
(remomnon3a). IlpoBepka ObuTa OCYIIECTBIIEHA IyTEM
NPOBENEHUS]  IOJHOIK30MHOTO  CEKBEHHPOBAHUS
22000 reHOB W IMAarHOCTHKH JOMOJHUTEIBLHBIX
comatmdecknx mytanuii (JICM) reHoB KIOHAJIEHOCTH
B JHK ayronormuneix I'CK kocTHOro mosra u
maMmdorurax — mepudepudeckoir  kpoBu  (IIK)
nauueHToB ¢ HJAb u onpeneneHueM poiau U MecTa
KIIOHAJILHOTO ~ TeMOoIlo33a B WHHIUALIKMUA U
MIPOTPECCUPOBAHUN ITHX OOJIE3HEH M KaK BO3MOYKHOM
TEpaneBTHUECKONH MHINEHH [UISI TEPCIeKTHBHOTO
JIeYCHHS TAaHHBIX (aTalbHBIX 3a00JIEBaHUH.

Mamepuan u memoovt uccnedosanus. B
uccnenoBanue 0butn B3Thl 20 (IBaaaTh) OOJIBHBIX C
Pa3IHYHBIMHU HeHpoJereHepaTuBHBIMU
3a00JICBAHMSAMU  HAaXOJsIIUeCss Ha JICYUCHHH B
Knuanueckom rocnurane «HeitpoBura» B 2022-Mm u
2023 rony: 10 mammentoB ¢ BAC, 3 namuenta c
Oone3sHplo AnbureiiMepa , 4 manueHTa ¢ OOJIE3HBIO
IapkwacoHa w 3 TamWeHTa C  CHUCTEMHBIM
HelipoiereHepaTUBHBIM 3a0o0JIeBaHNEM. Beem
MAIeHTaM B ACENTHYECKHUX YCIOBUSAX INPOBOAMIACH
MyHKOUS KOCTHOTO MO3ra U3 3aJHero TpedOHs
MOAB3AONTHOW KOCTH (CIpaBa WM CJeBa) H
OCYIIECTBIISIIACH IKC(Y3Us 2 MJI KOCTHOTO MO3Ta U U3
monyyeHHoro Owontara KM B nanpHeiiieM Ha
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wietoudom coprepe CliniMax ( T'epmanus) Ha
MarHMTHBIX IIapukax ¢ aHrurenamu Kk CD34
OCYILIECTBISUIOCH 3KcTpakius ayrtonoruuHeix ['CK,
KOTOpblE B  JajJbHEHIIEeM  HampaBIUICh  Ha
TCHETHYECKOE  KCCIIIOBAHUE B  TEHETHYECKYIO
nmabopatoputo MHUNO um. I1.A.T'epnena- ®umman
OI'bY HMMUMI papuonorun MunzapaBa Poccun
(Poccus, Mockga).

Beem 20 mammeHTaM OBUT TPOW3BENCH aHAIN3
JHK wu3 I'CK koctHoro mosra u anaau3 JHK wus
muMQOIUTOB  mepudepuuecKod  KPOBH  METOIIOM
cekBeHupoBanust HoBoro mokonenus (NGS). Lenesoe
MIApHOKOHIIEBOE CEKBEHHPOBAHUE IPOBOJMIOCH Ha
npudope  MGISEQ-G400 ¢  ucnosb3oBaHHEM
mynbTHIDICKCHON manenu MGIEasy Exome Capture
V5 ¢ uacroroii mokpeitis x=100 ¢ mempo momcka
JIOTIONTHUTEIBHBIX coMaTudeckux myrtauuit (JJCM) B
reHax kioHanbHOTO remomnonsa ( AKT, ASXL1, CBL,
mTOR DNMT1, DNMT 3a, DNMT 3b, JAK2,
MYDS88, Pi3-K, PPM1D, PTEN, SF3B1, TET, TP53)
u B reHax ctBoioBoctd ['CK u mumdommros ( nanog,
Oct- 4, SOx2) . Buounpopmaruyeckas o0OpaboOTKa
JAHHBIX MPOBOJAMIIACH C UCIIOJIBb30BAHHEM IPOTPAMM
ULt JIeMYJIbTUILICKCUPOBAHNS, KapTUPOBaHUs
(BOWTIE2 v 2.2.5), onpenencuust Bapuantos (GATK
3.8-0) u amnorupoBanusi (SNPEff 4.3T Annovar
2017)) u npyrux wuHcTpymeHTOB. OleHKa pucka
MaTOTeHHOCTH BBINOJIHSAJIACH COTJIaCHO
PEKOMEHIAIUSIM ACMG (SF v2.0)/MI'HII,
BKITIOYAOIIAasl KPUTEPHH @ HHU3KOW MOMYJISAIHOHHON
4yacToThl (4acrtora Bapuanta 1000genomes w/mimm
EXAC <0, 01), TIOBPEIKIAFOTITHIA 3¢ ekt
(nonsens,framesift), Hanu4re nadopmanmu o Bapuante
B JIOKYyC crenn(puIeckux 0a3axX JaHHBIX U JIp.

PesyabTaTsl
B pesymprare = NpOBEIEHHOTO  IIEJIEBOTO
napHokoHIeBoro  cekseHupoBanus JIHK I'CK

koctHoro mo3ra u JIHK mumdonuror IIK y Bcex
obcienoBanHbix 20-ti manueHToB ¢ HJB  Obutn
BEISBIICHBI PA3JINYHBIC MYTALlUU T€HOB KIIOHAJIHHOCTH,
YTO CBUJCTENECTBYET O HAJHYUM KIOHAJIBHOTO
reMomod’3a y BCeX OJTHUX mamueHToB. [Ipm 3ToM
cpaBHeHHE BeIIBICHHBIX JJCM ( HYKICOTHIHBIX 3aMEH
JHK) B renax xmonampHocth B I'CK KM u B
mumdorurax [IK nmpakTudecku ObLIH HE OTIHIUMBIMA
y BCeX IMalMeHTOB, 4YTO CBUJCTEIbCTBYET O
MOHOKJIOHAJIBHOCTH  TeMomno’3a  (AOMHHUpPOBaHHE
KJIETOK-TIOTOMKOB OJHOTO ITaTOJIOTHYECKOTO KJIOHA
I'CK) unm ONUIrOKIOHAJIBHOCTH  KPOBETBOPEHUS
(momuHUpoBHME  Heckonbkux — KioHOB  ['CK).
JloMHHUpOBaHME MATOJOTUYECKOTO KIIOHA (KJIOHOB)
I'CK y oOompabIx ¢ HJIb oTMewanoce kak B
muMmdoruTax nepudepmueckord kposu, Tak U B ['CK
KOCTHOTO Mo3ra. Jlumb B OmHOM ciydae OBLI
monTBepxkaeH (¢akt HaciuexctBeHHoro HJIB. s
WUTIOCTPAIH 3TOT0 (akTa MPUBOANM TeHETHYCCKHE
JTAaHHBIE BBISBJICHHBIX MYTAIlMi T'€HOB KJIOHAIBHOCTU
I'CK xoctrHOoro mosra 6onsnoi ®-poit E.B..,55 neT ¢
6onesnpto [lapkuucona (Tabmwmma 1). Y  maHHOM
0OJIBHOW HelpoiereHepaTHBHOE 3a00JICBaHHE HOCHUT
HaclleICTBEeHHBII xapakrep: B 41 sk30He reHa LRRK2
ObLI BBISIBJICH MATOTEHHBIN OJIUMOPhH3M
(NM_198578.4):c.6055G>A (p.Gly2019Ser)
rs34637584. JlaHHBII BapHaHT SBISCTCS IMaTOTCHHBIM
MTOTMMOP(HU3MOM H ACCOITUMPOBAH C HACIECCTBEHHBIM
pasButHeM Oone3nn [lapkuHCOHA.

Tabmuma Nel

Cnucox 10N0JTHUTEIBHBIX COMATHYECKMX MYTAINii T'eHOB KJIOHAJLHOCTH reMOMO3THYECKUX CTBOJIOBBIX
KJIETOK KOCTHOT0 M03ra 00,1bHoii @-Boii E.B., 55 et ¢ 60se3ub10 [lapkuHcoHa

T'en Hyxneotunnas 3ameHa s (ecm Kprreprii
HMeeTcs) AaTOr€HHOCTH
ASXL1 ENST00000375687.4:¢.*22A>G NM_015338,6 | Alo0poxauecTsen-
- HbIN BapI/IaHT
ASXL1 ENST00000375687.4:c.*90T>C NM_015338,6 | Alo0poxauecTsen-
HbIM BApUAHT
ASXL1 ENST00000375687.4: p.Ser1253= NM_015338,6 | Ao0poxasecTsen-
HbIM BaApUaHT
ASXL1 ENSP00000364839.4:p.Pro 815= NM 0153386 | Alo0poKadectse-
HbIM BaApUaHT
. ) . NM- Jlo6poKauecTBeHHBIH
DNMT1 | ENSTO00000676610.1 1:exon20:c.A1734G:p.Thr 594T 0011308233 i
. ) . _ NM- Jlo6poKauecTBeHHbIH
DNMT1 ENST00000676610.1_1:ex0n20:c.A1734G:p.Pro463= 0011308233 i
DNMT3b | ENST00000456297.6_1:exon12:c.T1386C:p.Cys524= | NM_006892.4 I[°6p°§;‘;;;;‘fﬂm’m
DNMT3b ENST00000624081.1_1:exon2:c.A139G:p. Tyr 558= NM_006892.4 ﬂo@o::;z;zeﬂm’m
DNMT3A ENST00000624081.1_1:exon2:c.A139G:p.Pro9= NM_006893.4 | AloOpoasecTsen-
HbIN BapI/IaHT
DNMT3A ENST00000624081.1_1:exon2:c.A139G:p.Leud22= NM_006893.4 | Alo0poasecTsen-
HbIM BApUaHT
JAK2 ENSP00000371067.3:p.His163= NM_004972.4 J10OpoKayeCTBECHHBIIH
BApUAHT
JAK2 ENSP00000371067.3:p.Leu830= NM_004972.4 | JloGpokauecTBeHHbIii




12 Eepasutickuti Coro3 YuyeHbix. Cepusi: MeduuyuHckue, buonoaudyeckue u xumudyeckue Hayku. #8(109), 2023

BapuaHT
MTOR ENST00000361445.9_1:exon33:c.G4731A:p.Asn999= | NM_004958.4 ﬂo@f:;;;f“"m
MTOR ENST00000361445.9_1:ex0on19:c.C2997T:p.Asp479= NM_004958.4 HOGP"E:;;ZE"'HH"HZ
MTOR ENST00000361445.9_1:exon10:c.T1437C:p.Leu2303= | NM_004958.4 ﬂo@f:;;;f“‘ﬂﬁ
MTOR ENST00000361445.9_1:exon10:c.T1437C:p.Ser1891= | NM_004958.4 HOGP"E:;;ZE"'HH"HZ
MTOR ENST00000361445.9_1:exonl0:c.T1437C:p.Alal577= | NM_004958.4 HOGP"E:;;ZE"'HH"HZ
PTEN ENST00000371953.3:¢.-653C>G NM_000314,8 | AOOpOKauCCTBeHHb i
BapHaHT
PTEN ENST00000371953.3:¢.-326 G >C NM_000314,8 | AloOpOKasCCTBeHL i
BapHaHT
PTEN ENST00000371953.3:¢.*1516 T>C NM_000314,8 | Al0OPOKasCCTBeHHL i
BapHUAaHT
PTEN NM_001304717: 89623901: ¢.*2175 C>T NM_000314,8 | Al0OPOKasCCTBHL i
BapHUaHT
PTEN ENST00000371953.3:c.-366 _363del NM_000314,8 | AlOOPOKasCCTBHHL i
BapHUaHT
Bapuant
ENSP00000442788.1:p.Gly877=
SF3Bl ENST00000540549,1:¢.5284A>G NM_124334 | neonpenesernoro
3HAYCHUA
SF3B1 ENST00000540549.1:p.Val 1219= NM 124334 | AloOpoxatccTsenbIii
- BapHUaHT
SF3B1 ENST00000540549.1:p.Lys141= NM 124334 | AloOpoxatccTsenbIii
BapHUaHT
. Bapuant
P53 ENSP00000269305.4:p.Pro72Arg NM_000546,6 S —
3HAYCHUA
TP53 ENST00000269305.4:¢.72+38C>G NM_000546,6 | A\00POKa‘cCTBeHHbIi
BapuaHT
TP53 ENST00000269305.4:¢.376 -91G>A NM_000546,6 | AO0POKasCCTBeHHb i
BapuaHT
TP53 ENST00000269305.4:C.*826 G>A NM_000546,6 | AO0POKadCCTBeHHb i
BapuaHT
AOCOIIIOTHO aHAJOTUYHBIE MYTAallMH T'eHOB IIpu Gonesnn Amsireiimepa (BA) MBI Takke y

kioHansHOCTH Kak B 'CK KM 6ompHO# @-Boit E.B.. 55
ner ¢ Oone3npto IlapkuHCOHAa OBUTH BBISIBICHBI B
muMmpormrax  [IK, d9ro  cBumerenscTBYyeT O
MOHOKJIOHAJIbHOCTH €€ KPOBETBOPEHUS.

Ha nannom mpumepe GompHo#t ®@-Boit E.B., 55
JeT MBI TIO0Ka3ald BO3MOXKHOCTH ITOJTHOTEHOMHOTO
CEeKBEHHPOBAHUSA HK30Ma 4UEIOBEKAa B BBIIBICHUHU
cnemuduuaplx noaumopdusmoB HJIb u  sBienwmit
MOHOKJIOHAJIbHOT'O T€MOII033a.

BCEX MAIMEHTOB OINBITHOI I'PyMNIbl JHATHOCTHPOBAIIN
HaJIM4re KIOHAJIBHOTO T'€MOII033a, XOTS HE BBISBUIH
HE OJTHOTO CJTydasi HacJIeICTBEHHOTO 3aboneBanus. Bee
crydau BA ummenu cropannmdeckuit xapakrtep. s
WUTIOCTPAIMH TPEJCTaBUM T€HOMHBIE M IPOTEOMHBIE
uccnenoBanus OompHoro M-sa B.M.,72 ner ¢
JuarHoctupoBanHoit B I'epmannu BA (Ta6muma 2,3 ).
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Tabmauma Ne2

Cnucok 10N0JTHUTEIBHBIX COMATHYECKMX MYTAINii T€HOB KJIOHAJLHOCTH reMON03THYECKUX CTBOJIOBBIX
KJIETOK KOCTHOro Mo3ra 6oabHoro M-sa B.H., 72 jet ¢ 60J1e3HbI0 AJibUTeiiMepa

Ien HykneotraHas 3aMeHa IS (ecriu umeercsi) | Kpurepuii maTtoreHHOCTH
AKT1 ENST00000554581.1:¢.1173-89C>T 5149990267 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.46+42T>C rs2494749 Henatorennas myTtanust
AKT1 ENST00000554581.1:¢.46+43G>A rs2494748 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.287+30A>G 52494735 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.1260+106_1260+110del rs55839843 Henatorennasi MyTarmst
AKT1 ENST00000554581.1:¢.1260+98G>A rs2498800 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.1172+23A>G 52494732 Henatorennas MyTtanust
AKT1 ENST00000554581.1:¢.726G>A rs1130233 Henatorennas MyTtanust
AKT1 ENST00000554581.1:¢.288-92A>G rs2498797 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.1260+110G>C rs12590657 Henarorennas mytanust
AKT1 ENST00000554581.1:¢.1260+106 1260+107insC Henarorennas mytanust

ASXL1 ENSTO00000375687.4:¢.140+26 A>G 52295454 Henatorennas myTtanust
ASXL1 ENST00000375687.4:c.471+89A>G rs3818190 HenartorenHas MyTtanust
ASXL1 ENST00000375687.4:¢.3759T>C rs4911231 Henatorennasi MyTarust
ASXL1 ENST00000375687.4:c.*22A>G rs2295764 Henatorennas MyTtanust
ASXL1 ENST00000375687.4:c.*90T>C rs2295763 Henatorennasi MyTarust
ASXL1 ENST00000375687.4:¢.2444T>C:exon13:p.L815P rs6058694 Henatorennasi MyTarust
ASXL1 ENST00000375687.4:c.719-100C>T rs2295765 HenartorenHas MyTtanust
ASXL1 ENSTO00000375687.4:¢.*394A>G 52295762 Henatorennas MyTtanust
ASXL1 ENST00000375687.4:c.*548G>C rs41289852 HenatorenHasi MyTarust

CBL ENST00000264033.4:c.*4931T>C rs2510145 HenatorenHasi MyTarust
JAK2 ENST00000381652.3:c.1514-88G>A rs7869668 HenarorenHast MyTarust
JAK2 ENST00000381652.3:c.2886+71G>A rs10974955 HenatorenHasi MyTarust
JAK?2 ENST00000381652.3:¢.2490G>A 152230724 Henarorennas mytanust
JAK2 ENST00000381652.3:¢.3060-72A>G rs10815163 HenatorenHasi MyTarust
JAK2 ENST00000381652.3:c.489C>T rs2230722 HenatorenHasi MyTarust
PTEN ENST00000371953.3:c.-326G>C 1s2943772 HenatorenHasi MyTarust
PTEN ENST00000371953.3:c.80-96A>G rs1903858 HenatorenHasi MyTarust
PTEN ENST00000371953.3:c.-511G>A rs12573787 HenartorenHast MyTanust
PTEN ENST00000371953.3:¢.1026+32T>G rs555895 HenarorenHas MyTtarust
PTEN ENST00000371953.3:¢.802-3 802-2insT rs34003473 Henatorennas MyTtanust
TET2 ENST00000540549.1:¢.4538-113C>T 1s2647243 HenartorenHas MyTanust
TET2 ENST00000540549.1:¢.5284A>G:exonl1l:p.11762V rs2454206 HenatorenHasi MyTarust

TP53 ENST00000269305.4:c.672+62A>G rs1625895 Hernatorensast MyTarust
TP53 ENST00000269305.4:c.376-91G>A rs2909430 HenatorenHasi MyTarust
TP53 ENST00000269305.4:c.215C>G:exon4:p.P72R rs1042522 HenatorenHasi MyTarust
TP53 ENST00000269305.4:c.74+38C>G rs1642785 HenatorenHasi MyTarust

Ta6muma Ne3

CHuCcOK J0MOJHUTEIbHBIX COMATHYECKHX MYTallMii FeHOB KJIOHAJLHOCTH JUM(OUUTOB Nepudepuyeckoi
KkpoBH 0oabHoro M-Ba B.I., 72 Jsier ¢ 60s1e3Hb10 AJblreiimepa

I'en Hyxkneorunast 3ameHa IS (ecxm umeercs)) | Kpurepuii natoreHHOCTH
AKT1 ENST00000554581.1:¢.1173-89C>T rs149990267 Henarorennas mytamyst
AKT1 ENST00000554581.1:¢.46+42T>C rs2494749 Henarorennas mytamyst
AKT1 ENST00000554581.1:c.46+43G>A 1s2494748 Henarorennas mytamyst
AKT1 ENST00000554581.1:¢.287+30A>G rs2494735 Henarorennas mytamyst
AKT1 ENSTO00000554581.1:¢.1260+106 1260+110del rs55839843 Henarorennas mytamyst
AKT1 ENST00000554581.1:¢.1260+98G>A rs2498800 Henarorennas mytamyst
AKT1 ENST00000554581.1:¢.1172+23A>G 1s2494732 Henarorennas mytamyst
AKT1 ENST00000554581.1:¢.726G>A rs1130233 Henatorennas Myrtauust
AKT1 ENST00000554581.1:¢.288-92A>G rs2498797 Henarorennas mytamyst

ASXL1 ENST00000375687.4:¢c.140+26 A>G 1s2295454 Henarorennas mytamyst
ASXL1 ENSTO00000375687.4:c.471+89A>G rs3818190 Henatorennas myrtauust
ASXL1 ENST00000375687.4:¢.3759T>C rs4911231 Henatorennas myrtauust
ASXL1 ENST00000375687.4:c.*22A>G 152295764 Henatorennas myrtauust
ASXL1 ENSTO00000375687.4:¢.*90T>C rs2295763 Henatorennas myrtauust
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ASXL1 ENST00000375687.4:¢.2444T>C:exon13:p.L815P rs6058694 HenarorenHast MyTanust
ASXL1 ENST00000375687.4:c.719-100C>T 1s2295765 HenarorenHast MyTarust
ASXL1 ENSTO00000375687.4:¢.*394A>G 152295762 Henarorennas mytanust
ASXL1 ENSTO00000375687.4:¢.*548G>C rs41289852 Henarorennas mytanust
CBL ENST00000264033.4:c.-95 _-94insGGC rs57028199 Henatorennasi MyTarust
CBL ENST00000264033.4:c.*4931T>C rs2510145 Henatorennasi MyTarust
JAK2 ENST00000381652.3:c.1514-88G>A rs7869668 Henatorennasi MyTarust
JAK2 ENST00000381652.3:c.2886+71G>A rs10974955 Henatorennasi MyTarust
JAK?2 ENST00000381652.3:¢.2490G>A 152230724 Henarorennas mytanust
JAK2 ENST00000381652.3:¢.3060-72A>G rs10815163 Henatorennasi MyTarmst
JAK?2 ENST00000381652.3:¢.489C>T 152230722 Henarorennas mytanust
PTEN ENST00000371953.3:¢.-326G>C 152943772 Henarorennas mytanust
PTEN ENST00000371953.3:¢.80-96A>G rs1903858 Henarorennas mytanust
PTEN ENST00000371953.3:¢c.-511G>A rs12573787 Henatorennas myTtanust
PTEN ENST00000371953.3:¢.1026+32T>G rs555895 Henarorennas mytanust
PTEN ENST00000371953.3:c.802-3 802-2insT rs34003473 Henarorennas mytanust
TET2 ENSTO00000540549.1:¢.4538-113C>T 152647243 Henatorennas MyTtanust
TET2 ENST00000540549.1:c.-46-39 -46-38insTAGA rs58201766 Henatorennas MyTtanust
TET2 ENST00000540549.1:¢.4183-53 4183-52del 1149641287 Henarorennas mytanust
TET2 ENST00000540549.1:¢.5284A>G:exonl1l:p.11762V rs2454206 Henatorennasi MyTarust
TET2 ENST00000540549.1:¢.86C>G:exon3:p.P29R rs12498609 Henatorennas myTtanust
TP53 ENST00000269305.4:c.672+62A>G rs1625895 Henatorennast MmyTarust
TP53 ENST00000269305.4:c.376-91G>A rs2909430 HenarorenHas MyTarust
TP53 ENST00000269305.4:¢.215C>G:exon4:p.P72R rs1042522 HenarorenHas MyTarust
TP53 ENST00000269305.4:¢.74+38C>G rs1642785 HenarorenHas MyTarust
B nanHom ciyuae manuenta M-Ba B.M., 72 ner ¢ mpeuMymIecTBO MOTOMKAaM JaHHBIX  KJIETOK IO
Oosie3Hpl0 AJbLreliMepa HMMEIOT HE3HAYUTeNbHbIE  CPAaBHEHHIO C JAPYrHMMHU KioHamHu. OOHapyKEeHBI MATh
paznmuuus mytanui reHoB kimoHanbHOcTH (TET2 m myrammit rema PTEN, xotopeile Mmoryt ObITH
AKTI) B JHK TI'CK xoctHoro mosra u JIHK acconmmpoBanbl ¢ 3a0oJeBaHHEM, Ha3bIBAEMBIM

JIEUKOLIUTOB, 4TO CBUJIETEILCTBYET 0
OJIMI'OKJIOHAJIBHOCTH Temarod3a. B wuccienxyemom
o0pasiie 0OHapy>KeHBI MyTAIMH B T€HAX, BOBJICUECHHBIX
B TIPOLIECC CTIOPAJUUECKOTr0 KJIOHAIBLHOTO I'eMOI033a.
B o6pasne JHK I'CK kocTHOTO MO3ra BEISBIICHO
omuHHAaTe MyTtammid reHa AKTL, sBnsromerocs
BHYTPHKJICTOUHBIM (pepMEHTOM, OXHMM M3  TpEX
4YIEHOB ceMmelicTBa nportenHknHas B. Kunaza AKT1
SBJSIETCS  KIIFOUEBBIM (hepMEHTOM CUTHAIILHOTO
nytu PIBK/AKT u BOBJICUECHA B
peryisuuo npoinudepanuu, pocTa U BbDKUBAHUS
kiaetok.. AKT1 BeicTymaeT B poOJHM OHKOT'€HA IpHU
MHOTHUX 3JI0KaueCTBEHHBIX 3a00JIeBaHUSX.
O6HapyxeHo neBsTh MyTanuii rera ASXL1. Myrauun
B OTOM TEHE HapymarmT CIIOCOOHOCTh K
CaMOOOHOBJICHHIO ~ TE€MOIOATHYECKHX  CTBOJIOBBIX
kierok. OOHapyxeHa onHa Mmytauus rena CBL,
komupytomero Oenok CBL, koTopelii mpencrasiseT
c000i1 yOMKBUTHH-TIPOTEHHOBYIO aurasy E3,
Y4aCTBYIOULYIO B nepeaye KIeTOYHbIX
CUTHAJIOB M yOMKBUTHHUPOBAaHUH Oeka. V3BecTHO,

YTO MYTallMd B JIAHHOM T€HE BOBJICYECHBI B D[
PaKoBBIX 3a00JIeBaHMI YeIOBEKa, 0COOEHHO B OCTPBIN
MUENOUIHBIN Jieliko3. [{enecoobpazHo nuHAMUYECKOe
HaOrofeHue oHKoyora W remarosiora. OOHapy KeHBI
Tk MyTanmii reHa JAK2. Myrarmu B JaHHOM TeHE
4acTO BCTPEYAIOTCS B MHUENONPOJH(epaTHBHBIX
HOBOOOpPa30BaHUsIX, rae MOTYT SIBIISITBCS
€AMHCTBEHHOU ApaliBepHOil MyTanueil. 3BecTHO, 4TO
Mytaiuu B reHe JAK2 CHIDKAIOT CIocOOHOCTh K
camoobOHoBIIeHMI0 orheabHbix I['CK, Ho garor

cuaapomoM Koynena. Cunnpom Koyznena mosblimaet
PUCK pa3BUTHS OINpPEAEICHHBIX BHIOB paka (pak
MOJIOYHOH >KeJe3bl; pPaKk MaTKH (IHAOMETpHs); pak
IIMTOBUIHON JKEJIE3bl; KOJIOPEKTAIBHBIN pak (pak
TOJICTOHM ¥ MPSIMOHN KHUIIKH) U 00pa30BaHKeE TOJIUIIOB B
TOJICTOM KHWIIKe;, pak mo4ek). Myranuu rera PTEN
TaKKe YBEIUYUBAIOT PUCK Pa3BUTHUS JPYTHX THIIOB
paka. OOHapyXeHBI JBe MyTauuid B TeHe TET2.
KnoHanbHBI ~ TeMomo?3,  acCOIMHMPOBAaHHBIA  C
MYTaIliIMH B 3TOM T€HE, PEe3KO YBEIHMYMBACT PHUCK
CepJCYHO-COCYTUCTRIX 3a0oneBanuii. Myrauu TET2
B TeMOTIOATHYECKHUX CTBOJIOBBIX KJIETKaXx,
crocobctBytoT camoobHoBinennto I['CK, naBas um
KOHKYPEHTHOE MPEUMYIIECTBO B IIAHE HKCIIAHCHH 110
CPaBHEHHMIO C JpyrMMH KioHamu. Takum oOpasom,
MyTauud B reHe TET2 wurpaioT BakHYyIO poinb B
Pa3sBUTHUHM KaKk MMEJIOMIHBIX, TaK M JUMQOHUIHBIX
3JI0KQ4eCTBEHHBIX HOBOOOpa3zoBaHui. OOHapy>KeHBI
4yeTelpe MyTaluu B reHe P53, xoaupytromem O6enox
p53. p53 sBasiercst pakTOPOM TPAHCKPHUIIIIMU, KOTOPBIit
peryiupyer O0NbIIoe KOJMYECTBO T'€HOB B OTBET Ha
pa3iu4HbIE  KJIETOYHBIC TIOBPEXACHUS, BKIIOYaAs
aKTUBaLlMI0  OHKOreHa, mnospexnaeHue JHK wu
BOCmajeHue. OITH  (AaKTOphl  aKTHBHPYIOT P53
MTOCPEICTBOM TTOCTTPAHCIALUOHHBIX MOIU(PHUKAINH,
KOTOpBIE IPUBOJAT K YBEITMUCHHUIO YPOBHSI SKCIIPECCHU
Oenka P53 W TpPaHCAKTHBALMOHHOW AaKTUBHOCTH.
AKTUBUPOBaHHBIN P53 MHIYLHUPYET OCTAHOBKY POCTa,
aronto3, penapauuto JJHK u nuddepenumposky B
TIOBPEXICHHBIX KJIETKAX JUIS MOJABJICHUS KJICTOYHOMN
TpaHchopmaruu. P53 sBISETCS  KPUTHYECKUM


https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D0%BC%D0%B5%D0%BD%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B5%D0%B8%D0%BD%D0%BA%D0%B8%D0%BD%D0%B0%D0%B7%D0%B0_B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%B0_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%87%D0%B0_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D0%B0_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BF%D1%83%D1%82%D1%8C_PI3K/AKT/mTOR
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BB%D0%B8%D1%84%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D0%BD%D0%BA%D0%BE%D0%B3%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%97%D0%BB%D0%BE%D0%BA%D0%B0%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BE%D0%BF%D1%83%D1%85%D0%BE%D0%BB%D1%8C
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Ubiquitin_ligase
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Cell_signalling
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Cell_signalling
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Ubiquitination
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Acute_myeloid_leukaemia
https://translated.turbopages.org/proxy_u/en-ru.ru.cc38e110-639a1bed-ca37ddff-74722d776562/https/en.wikipedia.org/wiki/Acute_myeloid_leukaemia
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PeryJIaTopomM TIOBEACHUS TeMOIIO3THYECKUX
CTBOJIOBBIX KJIETOK, MOJJICP)KUBAET COCTOSHHE ITOKOS
I'CK u perynupyet ux oreeT Ha nospexjaenue JJHK].
P53 aKTUBHpYET TPAHCKPUILHMIO T'€HOB-MHIIEHEH,
OIIOCpEeNysl  pernapanuio noBpexxaenuit  JJHK,
OCTaHOBKY POCTa HJIH aronTo3. 1 P53 BXoAUT B IEpBYIO
ISITEPKY CpEeId TEHOB, HMEIONIMX MYTalUH MpH
KIIOHAJbHOM TeMOII033¢. W3BecTHO, qTO
pacmpocTpaHeHHe KJIOHOB C MyTamusmu | P53

aCCOLIMMPOBAHO C PAa3BUTUEM TI'eMaTOJIOTHYECKUX
HOBOOOpPa30BaHUH y MOXKHJIBIX JIIOACH.

AHanoruusele pe3yIbTaThl rpy6oro
MOJIEKYJISIPHO-OMOJI0TUYECKOTO MOBPEXICHUS
JoMHHUpYromiero kioHa (koHoB ) I'CK mbI mosy4anim
y Bcex 10 obcmemoBanupix OompHBIX ¢ BAC. Bor
TUIWYHBIA NPUMEp KIOHAJIBHOCTH TEMOmo’3a Y
nanuenta A. Anb K-u 35 ner ¢ BAC (Ta6muna 4 ).

Tabmauma Ned

Cnucok JAOMOJTHUTEJIbHBIX COMAaTHYECCKHUX MyTaHIflﬁ B I'€HaX KJIOHAJbHOCTH JIl/lM(l)Ol.ll/lTOB

nepudepuyeckoii Kpou 60JabHOr0 A. Aib K-

U, 35 jeT ¢ 00J1e3HBI0 MOTOPHOTO HelipoHa

Ien HykneotuaHas 3aMeHa s (ecru umeercsi) | Kpurepuii maTtoreHHOCTH
AKT1 ENST00000554581.1:¢.703-30del Henarorennas mytanust
AKT1 ENST00000554581.1:¢.1173-31C>G rs61761201 HenarorenHast MyTarust
AKT1 ENST00000554581.1:c.46+43G>A 152494748 Henatorennas MyTtanust
AKT1 ENST00000554581.1:¢.46+42T>C 152494749 Henatorennas MyTtanust

ASXL1 ENST00000375687.4:¢.2444T>C:exonl3:p.L815P rs6058694 Henatorennas MyTtanust

CBL ENST00000264033.4:c.-103_-95del rs57028199 HenarorenHast MyTarust

CBL ENST00000264033.4:c.869+44 869+45insT rs3842642 Henatorennasi MyTarust

CBL ENST00000264033.4:c.*366_*365insGG rs397958007 HenarorenHast MyTarust

CBL ENST00000264033.4:c.*2698G>A rs1207361567 Henatorennasi MyTarust

CBL ENST00000264033.4:c.195+84C>G rs1592364794 Henatorennasi MyTarust

CBL ENST00000264033.4:c.747+74del rs373788107 Henatorennasi MyTarust
JAK?2 ENST00000381652.3:¢.-108-61A>G rs2274471 Henarorennas Mmytanust
JAK2 ENST00000381652.3:¢.*1119G>T rs12000101 Henatorennasi MyTarust

PPM1D ENST00000305921.3:c.*68T>C rs370221881 Henatorennas MyTtanust
PTEN ENST00000371953.3:¢.802-3 802-2insT rs34003473 HenarorenHast MyTarust
PTEN ENST00000371953.3:c.-798A>G rs577569375 Henarorennas Mytanust
PTEN ENST00000371953.3:c.-366del rs71022512 HenarorenHas MmyTtanust
PTEN ENST00000371953.3:¢.253+109 253+110insTCTTA rs1799734 Henatorennas MyTtanust
PTEN ENST00000371953.3:c.*1457 *1459del rs5786797 HenarorenHas MmyTtanust
PTEN ENST00000371953.3:c.*1458 *1459del rs5786797 HenarorenHas MmyTtanust
PTEN ENST00000371953.3:¢.-326G>C 152943772 Henatorennas MyTtanust
PTEN ENST00000371953.3:¢.80-96 A>G rs1903858 HenarorenHas MmyTtanust
PTEN ENST00000371953.3:¢.1026+32T>G rs555895 HenarorenHas MmyTtanust
PTEN ENST00000371953.3:c.*1516T>C rs701848 Henatorennas MyTtanust
TET2 ENST00000540549.1:¢.3035C>T:exon3:p.P1012L rs587778707 Henatorennas MyTtanust
TET2 ENST00000540549.1:¢.86C>G:exon3:p.P29R rs12498609 Henatorennas MyTtanust
TET2 ENST00000540549.1:c.-46-39 -46-38insTAGATAGA rs58201766 Henatorennas MyTtanust
TET2 ENST00000540549.1:¢.3954+26C>A rs369415952 HenarorenHas MmyTtanust
TET2 ENST00000540549.1:c.2771A>G:exon3:p.H924R rs34485921 HenatorenHasi MyTarust
TET2 ENST00000540549.1:¢.4538-113C>T 152647243 Henatorennas MyTtanust
TP53 ENST00000269305.4:c.215C>G:exon4:p.P72R rs1042522 HernatorenHasi MyTarust
TP53 ENST00000269305.4:c.672+62A>C rs1625895 HernatorenHasi MyTarust
TP53 ENST00000269305.4:c.376-91G>A rs2909430 Henarorensast MyTarwst
TP53 ENST00000269305.4:.74+38C>G rs1642785 HenatorenHasi MyTarust
TP53 ENST00000269305.4:¢.993+409 993+410insTT rs34308401 Henarorensast MyTarwst
TP53 ENST00000269305.4:c.673-71_673-70insA rs752774596 HenatorenHasi MyTarust
TP53 ENST00000269305.4:c.96+41 97-54del rs59758982 Henarorensast MyTarwst

ITockomnbky OONBHBIX c BAC Q30
CTAaTHUCTUYECKH  JOCTaToyHoe  kommdectBo (10
MAIlMEHTOB ) MbI MPOAHAIM3UPOBAIN BCE BapUAHTHI

JCM xoTopble OTMEUYAINCh y JAHHBIX MAIIUEHTOB. DTH
JIaHHBIE OBUTH CBEJIEHBI HaMU B TaOIuITy Neb.
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Tabmauma Ne5

OO0muii cnucok 10NOJHUTEIBLHBIX coMaTu4ecKux myTtauuii (JICM), BoIsIBJIsIeMbIX B TeHAX KJIOHAJBLHOCTH
ayronoru4abix I'CK npu BAC

Kommuects
s (ecru Kpurepmit ©
l'en HyxneorunHas 3amena MAIMEHTOB
nmeeTcs) MaTOT€HHOCTH N
C 3TOU
MyTaluen
AKT1 | ENST00000554581.1:¢.1251C>T:exonl1p.Y417 | | aoooeny | JoGpokaectaes 1
Y bl BAPUAHT
AKT1 ENST00000554581.1:¢.1260+93C>T (5150861537 | Al00POKadCCTBEHH 1
bIil BAPUAHT
AKT1 ENST00000554581.1:¢.288-92A>G 52498797 | AoOpoKauecTBerH 2
bl BAPUAHT
AKT1 ENST00000554581.1:¢.287+30A>G 52494735 | Jlo0poKasecTsenn 4
bI BAPUAHT
AKT1 ENST00000554581.1:¢.46+43G>A 5249474 | AoOpoKauecTBeHH 4
bI BAPUAHT
AKT1 ENST00000554581.1:¢.703-30del Henarorenmas 1
MyTaLust
AKTL | ENST00000554581.1:c.1260+106 1260+110del | rs55830843 | Al0OPoKauccTseny 3
— bl BapUaHT
AKT1 ENST00000554581.1:¢.1260+98G>A 52498800 | AlCOpoKauectsenH 3
bIN BapI/IaHT
AKT1 ENST00000554581.1:¢.288-92A>G 52498797 | AloOpoKaectseH 1
bIN BapI/IaHT
AKT1 ENST00000554581.1:¢.1172+23A>G rspa0473p | AloOpoKatecTerH )
bIN BapI/IaHT
AKTL ENST00000554581.1:c.726G>A 51130233 | lo0poxauecTsenn )
bIM BApUAHT
AKT1 ENST00000554581.1:¢.1172+69G>C 53803304 | l00poKauecTBenn 2
bIM BApUAHT
AKT1 ENST00000554581.1:c.46+42T>C 52494749 | AloOpoKauecTser 10
bIM BApUAHT
AKT1 ENST00000554581.1:c.1172+23A>G rs2494732 Henarorenras 2
MyTaLsL
AKT1 ENST00000554581.1:¢.1173-31C>G rs61761201 Henarorenras 1
MyTaLsL
AKT1 ENST00000554581.1:¢.1173-89C>T (5149990267 |  icMATOreHHas 1
MyTaLsL
AKTL ENST00000554581.1:c.175+18C>T (3730358 | lemarorenHas 1
MyTaUus
AKTL ENSTO00000554581.1:¢.567+35G>A (53730346 | #l00poKauecTsenn 1
bIN BapI/IaHT
ASXL1 ENST00000375687.4:C.-26A>G Hobpoxatectseti 3
bIN BapI/IaHT
ASXL1 ENST00000375687.4:c.57+41T>G s156922791 | Henatorewsas )
1 MyTaIHs
ASXL1 ENST00000375687.4:¢.57+36C>G Henarorennas 1
MYyTalys
ASXL1 ENST00000375687.4:¢.140+26 A>G rs2295454 Henarorennas 1
MyTaULsL
ASXL1 | ENSTO0000375687.4:c.2444T>C(p.LeuB15Pro) | rse0sge4 | Fl0OpoKatecTserm 5
bIM BApUAHT
ASXL1 ENST00000375687.4:¢.719-100C>T 52205765 | /l0OPOKaueCTBCHH 2
bIM BApUAHT
ASXL1 ENST00000375687.4:c.471+89A>G rs3818190 Henarorennas 2
MyTauust
ASXL1 NST00000375687.4:¢.1085+95A>G rs56016114 Heh“;‘;flfﬁﬁa" 1
ASXL1 ENST00000375687.4:¢.159C>T rs751085375 |  Henatorennas 1
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MyTaLs
ASXL1 ENST00000375687.4:¢.*90T>C 152295763 Henarorentas
MyTaLs
ASXL1 ENST00000375687.4:¢.3759T>C rs4911231 Henarorentas
MyTaLs
ASXL1 ENST00000375687.4:c.*22A>G rs2295764 Henarorentas
MyTaLs
ASXL1 | ENST00000375687.4:c.2444T>C:exonl3:p.L815P | rs6058694 Heh“;‘;r‘;f;ﬁﬂa"
ASXL1 ENST00000375687.4:¢.719-100C>T 152295765 Henarorentas
MyTaLs
ASXL1 ENST00000375687.4:¢.*394A>G 152295762 HenatorenHas
MyTalwst
ASXL1 ENST00000375687.4:¢.*1239G>A (5112187626 | | ICMATOrCHHas
MyTalwst
CBL ENST00000264033 4:C.747+74del (5373788107 |  [lemaToreHras
MyTaIpst
CBL ENST00000264033.4:c.-103_-95del 1s57028199 Henarorenas
MyTaIpst
CBL ENST00000264033.4:¢.*2698G>A 5120736156 |  Hematorenas
7 MyTaLs
CBL ENST00000264033.4:c.*7978A>G rs2511836 Henaroresmas
MyTaLust
CBL ENST00000264033.4:.747+74_747+75insT | rs373788107 | Al00PoKauecTsenn
— bl BApUAHT
CBL ENST00000264033.4:¢.869+44_869+45insT rs3842642 Henarorensas
MyTaLust
CBL ENST00000264033.4:c.748-67_748-66insT | rs367500251 | /100poraiectaciii
bIM BApUAHT
CBL ENST00000264033.4:¢.*6610G>C Hobporatectset
bIM BApUAHT
CBL ENST00000264033.4:C.*7655A>C rs136152268 | JloGpokasecTBeHH
5 bIii BApUAHT
CBL ENST00000264033.4:¢.*366_*365insGG 5397958007 | |lCaTOreHHas
— MyTauys
CBL ENST00000264033 4:c.*4864_*4863insT (5572065582 |  lcmaToreHHas
MyTaLst
Bapuant
CBL ENST00000264033.4:¢.*559_*560insCAA rs3833768 | HeompeseseH-HOro
3HAYCHUA
CBL ENST00000264033.4:¢.1432-61G>T (52208650 | F0OPOKaUuCCTBCHH
bIM BApUAHT
CBL ENST00000264033.4:¢.*7580_*7581del (5376134331 |  [lemaToreHas
MYyTalys
CBL ENST00000264033.4:¢.2251+50G>C 52509660 Henarorenas
MYyTalys
CBL ENST00000264033.4:¢.2592C>T rs1893177 Henarorenas
MYyTaLys
CBL ENST00000264033.4:c.*4931T>C rs2510145 Henarorennas
MYyTaLys
CBL ENST00000264033.4:C.*5907T>C rs2511844 | llenarorcnas
MYyTalys
CBL ENST00000264033.4:c.*7559C>G rs1052121 Henarorennas
MYyTalys
CBL ENST00000264033.4:c.195+84C>G 5159236479 | Henarorenas
4 MyTaIps
JAK2 ENST00000381652.3:¢.-197T>C rs227447 | AloOpoKaecTser
bIM BApUAHT
JAK2 ENST00000381652.3:¢.1514-88G>A rs7869668 Henarorentas
MyTaLs
JAK2 ENST00000381652.3:c.*1329_*1330del 15139964957 | Jlo6pokauecTseHH
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blii BapUaHT

JAK?2 ENST00000381652.3:¢.3059+61_3059+63del | rs3831163 Henaroretiias
MyTaLs
JAK2 ENST00000381652.3:¢.1514-88G>A rs7869668 Henarorentas
MyTaLs
JAK2 ENST00000381652.3:¢.2886+71G>A 1510974955 | llcmarorcHas
MyTaLs
JAK2 ENST00000381652.3:c.2490G>A rs2230724 Henatorennas
MyTaLs
JAK2 ENST00000381652.3:¢.-108-61A>G 1s2274471 Henatorennas
MyTaLs
JAK2 ENST00000381652.3:¢.3060-72A>G 1510815163 Henatorennas
MyTalwst
JAK2 ENST00000381652.3:¢.489C>T rs2230722 Henarorernas
MyTalwst
JAK2 ENST00000381652.3:c.*1185A>C (s567730823 |  ICMATOrCHHas
MyTaIpst
JAK2 ENST00000381652.3:¢.3059+23A>T rs2274649 Henaroresmas
MyTaIpst
JAK2 ENST00000381652.3:¢.-197T>C rs2274472 Henaroresmas
MyTarpst
JAK2 ENST00000381652.3:c.*1119G>T rs12000101 Henarorenas
MyTaLust
JAK2 ENST00000381652.3:¢.614+79C>T 157872649 Henarorennas
MyTaLust
JAK2 ENST00000381652.3:c.1929T>C rs2230728 Henarorentas
MyTaLust
JAK2 ENST00000381652.3:¢.3291+96 T>G rs12005968 Henarorensas
MyTaLust
Bapuant
PTEN ENST00000371953.3:¢.802-3 802-2insT rs34003473 | HeompeeneH-HOro
3HAYCHUS
PTEN ENST00000371953.3:.-457T>G 5004599717 | lo0poKauccTseHH
bIM BApUAHT
PTEN ENST00000371953.3:¢.*1516 T>C rs70184g | Alo0poKauecTherH
bIM BApUAHT
PTEN ENST00000371953.3:c.-366del 571022512 | Alodpoxatcctsein
bIM BApUAHT
prEN | ENSTO0000371953.3:c.253+109_253+110ISTC | joo0sn, HemaroreHHas
TTA MyTams
PTEN ENST00000371953.3:¢.*1457_*1459del 1s5786797 Henarorentas
MyTaLst
PTEN ENST00000371953.3:c.-326G>C 52043772 | AloOpoKauecTser
bIM BAPUAHT
PTEN ENST00000371953.3:¢.-798A>G (s577560375 | | lcMaTOreHHas
MYyTalys
PTEN ENST00000371953 3:c.1026+32T>G rs555895 Henarorermas
MYyTaLys
PTEN ENST00000371953.3:.80-96A>G. rs1903858 Henarorenas
MYyTaLys
PTEN ENST00000371953.3:¢.-653C>G Hobporatectset
bIM BAPUAHT
PTEN NM_001304717: 89623901: ¢.G194C p.C65S Hobporatectset
bIM BAPHUAHT
PPM1D ENST00000305921.3:¢.*68T>C 5370221881 |  lCaTOreHHas
MyTaLst
TET2 ENST00000540549.1:¢.3954+26C>A (5360415052 | 1lcmaTorenas
MyTaLs
Bapuant
TET2 | ENST00000540549.1:c.5162T>G(p.Leul721Trp) | rs34402524 | meompeneneHHOro

SHA4YCHUA
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TET2 ENST00000540549.1:c.4538-113C>T 52647243 | Fi0OpOKaecTBCin
bIM BApUAHT
TET? ENST00000540549.1:¢.3035C>T:exon3:p.P1012 (587778707 Henarorennas
L MyTaIus
TET2 ENST00000540549.1:¢.-46-46_-46-39del (558201766 | | lCMATOreHHas
MyTarps
ENST00000540549.1:c.-46-39_-46- Hemnarorennas
TET2 38insTAGATAGA r$58201766 MyTaIS
Bapuant
ENSP00000442788.1:p.1le1762Val
TET2 ENST00000540549.1:¢.5284A>G 52454206 | HeonpeneeHHOro
3HAYCHUSA
TET?2 ENST00000540549.1:c.86C>G:exon3;p.P29R | rs12498609 | |icMaTOreHHas
MyTaIws
TET2 | ENST00000540549.1:c.2771A>G:exon3:p.HI24R | rs34485921 Hef;‘;f;‘*a"
Ty | ENST00000540549.1:c5284A>G:exonlLp.A762 | o pesnne HenatorenHas
V MYTAaIust
TP53 | ENST00000269305.4:c.993+409 993+410insTT | rs3a308401 | AloOpoxatcctsenm
- bI BAPUAHT
TP53 ENST00000269305.4:¢.376-91G>A (52009430 | AoOpoKauecTser
bIN BapI/IaHT
TP53 ENST00000269305.4:c.96+41_97-54del (550758082 | AloOpoKauccTsein
bIN BapI/IaHT
TP53 ENST00000269305.4:¢.993+352C>T (577697176 | AlOpoKauccTsein
bIN BapI/IaHT
TP53 ENST00000269305.4:c.672+62A>G 51625805 | /l0OpoKasecTBCin
bIN BapI/IaHT
TP53 ENST00000269305.4:¢.215C>G p.Pro72Arg 51042502 | /loOpoKasecTseim
bIN BapI/IaHT
TP53 ENST00000269305.4:c.74+38C>G 51642785 | ACOpoKauecTBeHH
bIN BapI/IaHT
TP53 ENST00000269305.4:c.673-71_673-70insA | rs752774506 | l00pokatecTseiy
- bIM BApUAHT
Bapuant
TP53 ENST00000269305.4:¢.215C>G:exond:p.P72R | rs1042522 | meompenenentoro
3HAYCHUA
TP53 | ENST00000269305.4:c.993+409 993+410insTT | rs3a3084p1 | AloOpoxatcctseny
- bIM BApUAHT
TP53 ENST00000269305.4:¢.673-71del (5752774506 | /\COpOKaiCCTBeNH
bIM BApUAHT
TP53 ENST00000269305.4:.96+41_97-54del (s59758082 |  lCMATOreHHas
MyTaps
ENSTO00000676610.1_1:exon20:c.A1734G:p.T57 JlobpokauecTBeHH
DNMT1 ,
8T bIii BAPUAHT
DNMT3b ENST00000456297.6_1:exon12:c.T1284C:p.C42 I[Opr)KaquTBeHH
8C bl BapHAHT
ENSTO00000456297.6_1:exon12:c.T1386C:p.Y46 JloOpokauecTBeHH
DNMT3b ,
2Y bIii BAPUAHT
DNMT3b | ENST00000624081.1_1:exon2:c.A139G:p.RA7G JloGpoxariecTre
- bIN BapI/IaHT
DNMT3 | ENST00000624081.1 1:exon2:c.A139G:p.Leud?2 JlobpokauecTBeHH
A 2= bIii BAPUAHT
DNMT3 | £NST00000624081.1 1:ex0n2:c.A139G:p.Prog= JloGpoxatectaer
A bl BAPUAHT
ENST00000361445.9_1:exon33:c.G4731A:p.Al15 JlobpokauecTBeHH
MTOR ,
T7A bl BAPUAHT
ENST00000361445.9_1:exon19:c.C2997T:p.N99 JloOpokauecTBeHH
MTOR ,
9N bl BAPUAHT
ENST00000361445.9_1:exon10:c.T1437C:p.D47 JloOpokauecTBeHH
MTOR »
9D bl BAPUAHT
NANOG | ENST00000229307.9_1:exon2:c.T165C:p.P55P Jlobporatectsein

blii BapUaHT
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NANOG | ENST00000229307.9_ 1:exon2:c.G246T:p.K82N JlobpoxasecTreH 1
bIM BApUAHT

NANOG | ENSTO00000229307.9_1:exon2:c.G276A:p.P92P Jlobporatiectsein 1
bIM BApUaAHT

NANOG | ENST00000229307.9_1:exon2:c.C363T:p.S121S JloGpoxasecTser 1
bIM BApUAHT

NANOG | ENST00000229307.9_1:exond:c.T531C:p.L177L JloGpoxasecTser 1
bIM BApUAHT

NANOG | ENST00000528386.4_1:exonl:c.A47C:p.E16A JloGpoxasecTaer 1
bIM BapUaHT

IIpu mnonnoreHoMHoMm cekBeHupoBHun JIHK
ayTOJOTMYHBIX I'CK y TalUEHTOB c
HelpoereHepaTHBHBIMH OOJIE3HIMH MBI BEIBIIIH 123
JACM w3 xotopeix 114 w™yrtamuii cocraBmim
HYKJICOTHU/IHBIC 3aMCHBl TEHOB KIOHAJbHOCTH H 9
MyTanuii TE€HOB  CTBOJIOBOCTH. Ecimm  oOmiee
konmdecTBO JICM TeHOB KIOHAJIBHOCTH IPUHATH 3a
100%, To y 6ospHBIX ¢ H/IB ObLIO BBIsIBICHO 18 THITOB

1 tum myramuit rema PPM1D (0.9%), 10 Tumos
myTaruii reda TET2 (9,2%), 12 TumoB MyTarmii reHa
TP53 (11%), 2 tuma myrtarmii rena DNMT3A (1,8%)
,3 tima mytarmii rena DNMT36 ( 2.75%), 1 Tun
mytanuii rera DNMT1 ( 0,9%). [Ipu stom myTaumit
TE€HOB CTBOJIOBOCTH OTMEYEHO HEMHOIO: 6 THUIIOB
myTtaimit reHa NANOG u 3 Tuma Myranmid reHa
MTOR.

MmyTtanuii rena kinonambHocTH AKT1 (16,5%), 16 Ha pucynke 1 nmpencraBieHa auarpamma
THIOB MyTaluii reHa kinonansHoctd ASXL1 (14,67%), TpOIEHTHOrO  paclpeieieHHus  MyTaldii  T'€HOB
20 TumoB MyTanuii reHa kiaonansHocti CBL (18,3%),  kinoHambHOCTH npu HelpoiereHepaTUBHBIX
17 tunoB myTaiwii rera knonansHoctn JAK2 (15,6%),  3a0oseBaHUsIX YeloBEKa.
12 tunoB myTaimii resa kinonansHoct PTEN (1 11%),

FeHbl MpoueHTsI

[MpoueHTbl

AKT1 16,5

ASXL1 14,67

CBL 18,3

JAK2 156 |

PTEN 11

PTEN 0,9

TET2 9,2

TPS3 11

DNMT3A 1,8

DNMT3B 2,75

DNMT1 0,9

= AKT1 = ASXL1 CBL JAK2 = PTEN = PTEN
m TET2 m TP53 = DNMT3A = DNMT36 = DNMT1

Pucynox 1. Jlons pacnpocmpanennsix mymayuil KionaavbHo2o 2emonodsa (KI) y 10 nayuenmos ¢ 6oxoewvim
aAMUOMPOPUUECKUM CKAEPO30M Y KOMOPIX MOJCHO udenmuguyuposams opaiisepHuie 2etvl. OHu apbupyIOmcs
OM UCCNIe008ANUSL K UCCIEO08AHUIO, HO YKA3AHbL 00UUe NPONOPYULL.

AHaJ'II/ISI/IpyH TIOJTY4YCHHBIC JaHHBIC MBI
OIpeaACInIN OCHOBHEIC ﬂpaﬁBeprIe T'CHbI
KJIOHAJIbHOCTH, OCHOBBIBasACh Ha 4acCToTeC

BCTPEYAEMOCTH 3TU MYTalUil y MAallMEHTOB B KPOBU C
MPOTPECCHPYIOIIUM HeWpoIereHepaTHBHBIM
3a00JIEBAHUEM.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7530644/figure/F3/
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Tabmnuua 6.

YacroTa HandoJIb1Iell BcTpeuaeMoCTH (B MPOLEHTAX) MyTalMii TeHOB KJIOHAJbHOCTH Y 10 manueHTosB ¢
HeiipoJereHepaTHBHBIMU 00JI€3HAMM

Bcerpeuyaemoct
T 0,
T'en Hyxneotunnas 3ameHa S (ecm Kpurepuii Ii(/o) o
I/IMeeTCH) TIATOTCHHOCTHU ,HpaI/IBepHOI/I
MYTallu
AKT1 ENST00000554581.1:¢.46+42T>C rs2494749 | T1arocnetmdiriecin 100
1 BApHaHT
AKT1 ENST00000554581.1:¢.287+30A>G 52494735 | I0OPOKAUCCTBCHHEI 40
1 BApHaHT
AKT1 ENSTO00000554581.1:c.46+43G>A 52494748 | I0OPOKAICCTBCHHEI 40
1 BApHaHT
Asle ENST00000375687.4:¢.2444T>C(p.Leus15Pro) | rs6058694 qaCTOB‘:CpTIEae;feM"‘“ 50
ASXL | ENSTO0000375687.4:c.2444T>C:exon13p.L815 | oo Hematorermas 10
1 P MYTAaIust
JAK2 ENST00000381652.3:¢.2490G>A 1s2230724 Henarorenas 40
MyTaLWsL
JAK2 ENST00000381652.3:¢.489C>T 1s2230722 Henaroreras 40
MyTarys
Bapuant
PTEN ENST00000371953.3:.802-3 802-2insT r53420347 HEOMpEICTICHHOTO 40
3HAYCHUA
PTEN ENST00000371953.3:¢.*1516 T>C (5701848 | AOOPOKAUCCTBEHHEI 40
Y BapUaHT
PTEN ENSTO0000371953.3:¢.-366del rs7102251 | Hacto setpeuacmbiii 50
2 BapHaHT
PTEN ENST00000371953.3:¢.*1457_*1459del rs5786797 Henarorentas 40
MyTALWs
PTEN ENST00000371953.3:¢.-326G>C (52943772 | 1ACTO BCTpeHaeMEIi 50
BapI/IaHT
TET?2 ENST00000540549.1:¢.4538-113C>T rs2647243 qacm}g‘:‘;ﬁ’;:fem’m 50
TP53 | ENST00000269305.4:¢.993+409_993+410insTT r534910840 qacm}g‘:‘;ﬁ’;:fm”ﬁ 50

ME&I okazand, 9T0 MyTalldd TeHa KIIOHATBHOCTH
AKT1 B BUJIE HYKJICOTHIHOM 3aMEHBI
ENST00000554581.1:¢.46+42T>C B JIHK kocTHOrO
Mo3ra ¥ JTuMQOIHTaX NepudepruIeckoi KpOBU UMENN
Mecto B 100% HabmomeHuil, 4To HyXXIaeTcs B
JIOTIOJIHUTEIbHOW IPOBEPKE JAaHHOM MyTallMM Kak
npaiiBepHoit mpu 6onpmmHCTBE H/IB.

OO0cysKaeHne NOJy4eHHBIX Pe3yJIbTATOB.

Ha xoHkpeTHBIX KimHHYecKuX npumepax 20 -Tu
nagueHToB ¢ pasHeiMu HJIB Mbl moxazanu, 4Tto mpu
MPOTPECCUPOBAHUM 3THX 3a00JIeBaHUH 3HAYNTEIHHYTO
poinb B WX T[aToreHese wWrpaer (GopMHpOBaHHE
natongoruueckoro  KI',  koTopelii B  Kaxaom
KOHKPETHOM Cllydyae HMEeT OIpeeIeHHbIN Habop
JACM u onpezneneHHbIe ApaiiBepHbIE MyTallld T'e€HOB
KJIOHAJIBHOCTH, KOTOpBIE, TII0 HAIleMy MHEHHIO,
SBIISIIOTCSL  3allyCKAIONIMM W IOJAEP’KHUBAIOIINM
3a0oneBaHme MOJIEKYISIPHO-0MOIOTHIECKUM
IpoIieccoM TIaToreHe3a. Panee MBI He Hamuid B
JIOCTYIIHOM HaM JIMTEpaType CCBUIOK Ha HaJlu4ue
MOATBEPXKJICHHOTO (EHOMEHAa KJIOHAIBHOCTH TP
pasnuunbsix HJIb genoeka.

WzBectHo, uto KI' 00yciiOBIEH HakOIUICHHEM
JIOTIOJTHUTENIbHBIX comaThueckux MmyTauuid (JJCM) B
JMONTOXKMBYIINX  KJIETKax oOpraHusMa (HEpBHBIX

KJIETKaX, TKaHEeCTEIN(PUIECKNX CTBOJOBBIX KIETKaX,
MBIIIEYHBIX KJIETKAaX W T.JI.) U B TEPBYIO OYepeab B
reMoIno3THYECKUX CTBOJIOBBIX KieTkax (I'CK). Challen
G.A and M.A. Goodell (2020) yTBep*afOT, UTO
HeJlaBHEEe OTKPBHITHE IIUPOKOH PAaCIpPOCTPAHEHHOCTH
KIJIOHAJIEHOTO KPOBETBOPEHHS HU3MEHHIIO
MIPEJCTaBJICHHE TI'eMAaTOJIOTOB, OHKOJIOTOB M APYTHX
Bpauerl o ['CK. XoTsa konebaHHsi akTHBHOCTH KJIOHOB
ctBosioBEIX KieToK (CK) maBHO M3BECTHBI, B LIEJIOM
Bkiag ['CK B BeIpaOOTKY KpOBM CUMTAJICS JIOBOJILHO
CTaOWJIBHBIM TIPH OTCYTCTBHM SIBHBIX 3a00JI€BaHHH,
TaKuX Kak JeikeMmus uinu HenocratogHocTs KM. Ilo
cytu, KI' sBasercs pe3ynbTaToM KOHKYPEHLUH
nonroxuBymux kposerBopHeix CK B KM (Challen
G.A. and _Goodell M.A., 2020).
KionanbHOE  KpOBETBOpEHME
JOOOMY  COCTOSIHMIO — KJIOHAJTbHOM
KpOBETBOpHOM cucteMe. Pak  KpoBu, Takol Kak
XPOHUYECKU MHUEIONIHbIN Jjeliko3 (XMJI) wnm
muenoauciactuueckuii curapom (MJC), sBnsercs
THUIUYHBIM IPUMEPOM KJIOHAJILHOTO
kpoBeTBOpeHHs. OMHAKO Te Ke CcaMble MyTalluy,
OOHapy)XCHHbIE TIPM OTHX BHIAX paka, TaKKe
HaOMIONAIOTCSl Yy 3HAYUTENBHOW 4YacTH 3J0pPOBOTO
MIOXHIIOTO HaceNneHUs. UTOOBI OTANYHUTH HATMIHE STHX

OTHOCHUTCA K
OKCIIaHCUHU B


https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goodell%20MA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goodell%20MA%5BAuthor%5D
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MyTalMii B  HE3JOKAaUYECTBEHHBIX YCIOBUAX  OT
3JI0Ka4e€CTBEHHOTO KJIOHAJILHOTO KPOBETBOPEHHS, ObLI
BBE/ICH TEPMHUH  KJIOHANbHLIL — 2eMAMON0d3  C
neonpeoenennvim nomenyuarom (CHIP) (Steensma
D.P., Bejar R., Jaiswal S., et al., 2015). CHIP
ONpEETACTCS HAIMYHMEM CBSI3aHHOH C  pakoM
COMaTHYECKOH MyTallil B KPOBH HJI KOCTHOM MO3T€ y
mur, 0e3 M3BECTHBIX TeMAaTOJOTMYECKHMX pPaKOBBIX
3a00NeBaHAN WM JAPYTHX KIOHAIBHBIX COCTOSHHH,
TaKMX KaK MOHOKJIOHAJIbHAS FaMMaIaTHs.

Cunraercs, 9to KI' pa3sBuBaeTcs ¢ BO3pacToMm B
TEUYCHHE OYEeHb JJIMTENIBHOTO MepHoAa BPEMEHH,
aHajorn4yHo MapagoHckoMmy 3adery. IlomoOHble
accoranuu npunuim o nosoay KIT k  G.A.
Challen and M.A. Goodell (2020), kotopble s
WUIIOCTPAIlMU ¥ JIyYIIEro IMOHUMAaHUs TPOBOJST
ananoruto KI" Ha nmpumepe mapacdona. «B mapadone,
KOTOPBI  HAa4YMHAETCS C W3HAYAJIbHO  XOPOILIO
MoA0OpaHHBIX OETYHOB, HEOOIBIIOE TPEHUMYIIIECTBO B
BBIHOCJIUBOCTH MOXET OKYNHUTHCS, B TO BPeMs Kak
0eryH, KOTOPBII TPATUT OOJIBIIOE KOJIMYECTBO SHEPTUU
Ha paHHEH cTaguM, MOXET HE IPOAEPKATHCS
Jonro. TOYHO Tak ke OEeTyHBI, MOJYyYUBIINE TPABMBL,
BBIOBIBAIOT M3 UTPHL. B 1onroii roHke, B Urpy MoryT
BCTYIUTh ~ MHOTHE  BTOPOCTENCHHbIE  (AaKTOPBHI,

BKIIFOYAsl MCUXOJIOTHIO, MOroxy u MecTtHocTh. Illanc
BCErJla WIpacT OIPEACICHHYIO pOJib, W, HAKOHEII,
BEPOSATHOCTh MOOEIBI TAKXKE 3aBHCUT OT KOJIUYCCTBA
COPCBHYIOIIUXCS OCTYHOBY.

Opnako Takoir moaxon k KI' He oOwscHser
HAJIM9HE IpaliBEPHBIX MyTallli B TeHaX KJIIOHATBHOCTH
Y MOJIOZIBIX JTFO/IeH TIpH OOJBIIMHCTBE Ay TONMMYHHBIX,
HEUpOJECTeHEePAaTUBHBIX M  OHKoJormueckux  BII,
KOTOPBIE MBI Takke OOHAPYKIIN y HAIIUX TTallHCHTOB
( Bbproxosenkmii A.C.,2023). TlodToMy MeXaHH3M
HAKOTUICHHS KPUTHIECKOTO KOJINIeCTBa
npamatmdecknx JICM B T'CK  HeoOs3aTenbHO
00YCJIOBJICH TOJBKO UCKITFOYUTEIBHO BO3pacToM. B ero
OCHOBE JIeXKaT M APYTrHe MEXaHU3Mbl (OPMHUPOBAHUS
KI'. OHu noapoOHO OOCYKICHBI M HCCIICAOBaHBI B
pabote Grant A. Challen and Margaret A. Goodell
(2020). DOtu wmccnemoBaTeaM OPUBOAAT THOMYHOE
IOJICBOC YYaCTHE TEHOB KIOHAIBHOCTH MIPH CTAPCHHUU
(Pucynox 2). CpaBHHBasg [IOTH pachpercicHHS
MyTaluil B TeHaX KJIOHAIBHOCTH y TMOKWIBIX JIFOACH U
CTapUKOB C JIOJICH pacmpenereHus MyTallid TIpu
MIPOTPECCUPOBAHIH HelpoereHepaTHBHBIX
3a00JICBaHUN CTAHOBUTCS OYCBHIHO, YTO 3TO COBCEM
pa3Hble OONE3HH, XOTd U T€ U JAPYrHe 3aBHCAT OT
BO3pacTa Jirojiei (BOCTpacT3aBUCHUMEIE).

o
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Pucynox 2. Jlons pacnpocmpanennvix mymayuii K1oHaIbHo20 2emonodza (CH) y nodicunvix nodetl u cmapuros, y
KOMOPIX MOIICHO udeHmuuyuposams opaiieep. OHu 6apbupyOmMcst Om uccie008anus K UCCIe008aHUI0, HO
ykazamuwvt obwue nponopyuu (yum. no G.A. Challen and M.A. Goodell,2020)

PaznigHbple  MyTanmud TEHOB  KJIOHAJBHOCTH
JOMUHHPYIOT B WHULMAIWH, (QOPMUPOBAHUU |
MPOTPECCUPOBAHUN ATHX KIMHHUYECKHUX COCTOSHUH U
Hallle HUCCIEI0BAaHUE 3TO IIOJHOCTBIO IOATBEPKIACT.
IIporpeccupoBanue CUCTEMHOTO IIPOLIECCA CTAPEHUS U
mpouecca HEHpOJEreHepallMd Ha YpPOBHE TIeHOMa
NPE/ICTABISIIOT cO00M COBCEM pa3HbIE MOJEKYJISIPHO-
OMOJIOrMYecKHe MPOLECCHI, IIPH UX BHEITHEH CXOKECTH

KIIMHUYCCKHUX HpOfIBJ’IeHI/Iﬁ n BOCTpacT-
aCCONMNPOBAHHOCTH.
I[OMI/IHI/Ipy}OHII/IMI/I MyTalsIMu T'CHOB

KJIOHAJBHOCTH TIpH ctapernu 0bid DNMT3A (48,3%)

n TET2 (15,5% ), a mpu HelpoaereHepaTUBHOM
mporecce AOMHHHPYIONIMMH — MYTAIlllsIMH ~ T'€HOB
KJIOHAJIBHOCTH Obltv MyTanuu renos CBL (18,3%),
myTauuu rena AKT1 (16,5%) u myTtauun rena ASXL1
(14,7%). Ho xakum o6pa3om, BeisiBIIcHHBIH HamMu KI
mpu  Bcex HJIb, oOecmeunmBaeT 3amyck W
nporpeccupoBanne HJIB? VYcraHoBieHHBIE HaMu
(haKTHI MATONIOTHYESCKOHN KIIOHATEHOCTH TeMOII033a IIPH
nporpeccupoBanuu pasnuyHbix HJIb odenp noruyHo
VKJIaAbIBAaETCSI B  «3aIyCKalollee MOJIEKYJISPHO-
OMONIOrMYecKoe  Hayalo»  CKJIMHHYECKOW  OCH
HeWpoAeTreHepalun», MPEeaIOKEHHOM KOHCOPLUYMOM


https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goodell%20MA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goodell%20MA%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7530644/figure/F3/
https://pubmed.ncbi.nlm.nih.gov/?term=Challen%20GA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Goodell%20MA%5BAuthor%5D
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amepukanckuX ydenbiX (Wareham L.K., _Liddelow
S.A., _Temple S. et al.,2022). MHUOUHPYOIAMHA H
MOJIEP)KUBAIOIIMMHU COOBITHAMHU HeHpojaereHepauuu
aBisieTcs (opMHpPOBaHHE NAaTOJOIMYECKUX KIOHOB
I'CK, popmupoBaHue NX TOMUHUPOBAHUS B TEMOII033¢
M TIOCTETICHHOTO  pAacHIMpeHHst B CHCTEME
KPOBETBOPEHHUHW, TOAABICHHUA (MHTHOUPOBAHHUA )
npyrux 100 000- 200 000 sMOproHATHHO 3aJI0KEHHBIX
npakTHaecku 310poBbX K10HOB ['CK kocTHOTO MO3ra
U TIOCTOSIHHAs IEJICHANPABJICHHAS PEIpPOLYKIUS U
murpanus aktuBupoBaHHbIX KK kpoBH arpeccuBHBIX
k HepBHO# TKanu ['M u CM 1 criocoOHBIX O€CKOHEYHO
JIOJITO MTOJ/IEPXKUBATh CHCTEMHOE HEHPOBOCIAJICHUE B
HEPBHOM TKaHU MO3Ia.

[To-Bunumomy, umenno KI' aBisieTcss OCHOBHBIM

UHHULAHPYIOMIAM u CHCTEMO00OPa3yIOIUM
MEXaHU3MOM HA4anbHOTO 3Tama KIMHUYECKOH OcHU
HEUpOJETreHEPLIMH, OIIMCAHHOHI KOHCOPLIUYMOM

amepukanckux ydenoix (Wareham L.K., _Liddelow
S.A., _Temple S. et al.,, 2022). Bonbuioit Hay4HbIi
KOJIJIGKTHB aMEpUKAaHCKUX HccleloBaTelel U3 pa3HbIX
Vuusepcureto CIHIA, Wareham L.K., _Liddelow
S.A., Temple S. et al.(2022) onpenenuim HECKOIBKO,
TaK Ha3bIBAEMBIX, OOIIUX MEXaHIUCTUICCKHUX oOMacTei
COCPEIOTOYCHHS, KOTOPBIE  MOTYT  OOECIICYHTh
MOTCHIINATBHEIC MaHHEeWpoIereHepaTHBHBIC
TepaneBTHYECKUE cTparernd. K HAUM OHH OTHECIHH:
(hakTOpBl OKpY’)KAIOIIEH Cpensl, HEHpPOBOCHAJICHHUE,
MeTabOoJIMYECKHUI CTpecC, HEHPOBACKYJSIPHYIO CBSI3b U
TeHETUYECKHH BKJAJ B pa3BUTHE 3a00JieBaHUS.
Kazanocs 0b1 Bce BepHo! Ho MBI osiaraem, 9to B 3THX
CTPOMHBIX HAy4YHBIX IOCTPOCHHUSX HWMEET MEeCTO
cucrteMHas (yHJaMEHTalbHAs MeETO/0JOrHYecKas
omubka! @DakToOpel OKpYyXKalOIIeW Cpeapl, Kak
OCHOBHOH WHUIMHPYIOUIMA MOMEHT OOJe3HH He
SBIISTIOTCSI  3BEHOM MATOTEHE3a, HSTO BO3MOXKHBIN
STHOJNOTHICCKHN (aKTOp, HO HE MOJCKYISAPHBINA
Mexanu3M mnartoreHe3a HJIB! A B ocTaabHOM,
HECOMHECHHO, OHM TIpaBBl B CBOHMX BEBIBOJAX U
cyxkaeHusx. Takxe, aMepHKaHCKHE UCCIICIOBATEIH HE
OTBETIJIN HA CaMble TJIaBHBIEC, TOCTABJICHHBIE UMHU XKe
CaMHMH, BOIPOCHI O MOJIEKYJISIPHO-OHOIOTHIECKUX
cOOBITHSIX, 3amycKaromux  (TIpoaereHepaTuBHbIC),
KaTaJIN3UPYIOIINX u HOAJICPIKUBAIOIIIX
HelipoaereHepanuo! DTO caMble TIaBHBIE ACIIEKTHI
naToreHe3a 3THX 0OJe3He|, Tak Kak BCe BBISBICHHbBIE
UMH paslidyHble MEXaHHYECKHE COCPEIOTOYCHUs (
TeHETHYECKUH BKJIA], HelpoBocHajeHue,
MeTaboIMYeCcKui cTpecc, (opmupoBanue
MaTOJIOTMYECKUX OEJIKOB, COCYANCTOE MOBPEXKICHHE U
T.I.) 3TO HE NpPUYMHBI OOJIE3HH, a €€ 3aKOHOMEpPHOE
cneactBue. HeiponereHepanusi BKIIOYAET CIIOXKHBIE
B3aUMOJICHCTBUSI MEX/y COCEJHUMH KIJIETKaMH U HX
AKCOHAJIbHBIMU TPOCKUMSIMH; HEHPOHBI HMMEIOT Kak
MIPOKCUMAJIbHBIE, TaK M TUCTAIBHBIE 00JIACTH, KOTOPHIE
HUMEIOT Pa3JIMYHOE KJIETOYHOE OKPY)KEHHE H, B CBOIO
ouepeb, pasinuHele Mexanusmel naroigorun (Mullin
S., Schapira A.H.,2015). Kpome toro, ITHC He Bceraa
JIEUCTBYET M30JIMPOBAaHHO; nepudeprnueckas HepBHASL
cucrema (ITHC) wu mnepudepuueckas HUMMyHHas
CHCTeMa, TaKkKe Kak M COCYAMCTasi CUCTEMa BCE valle
CTaHOBSTCS AKTHBHBIMH YYaCTHHUKAMH JICTCHEPALUU
IIHC ( Liesz A., 2019). Yro xe sBIsercs

MIEPBONPUYMHON  CHUCTEMHOW  HelpopaereHepanuun?
[aBaiite eme pa3 BHUMATEIbHO IIOCMOTPUM Ha
CTpOTHE W HaydHO OOOCHOBAHHBIC PACCYXKACHUSI
KOHCOpIIMyMa aMephKaHckux ydenbix! _Wareham
L.K., Liddelow S.A., Temple S. et al. (2022) uetko u
CTPOTO ONIpEeAETIUIN KJINHHUYECKYI0 OCh pa3BUTHUS
HellpoJlereHepalum:  aKmusuposanHvie  UMMYHHbIE
KIemKu 3anyckaiom axmueayuio 2IuanibHuIX KIemox,
acmpoyumos U  MUKPO2IUU, YMO HPUBOOUmM K
XPOHUYECKOMY — HEUpOBOCNANEHUIO, OKCUOAMUBHOMY
cmpeccy, Memaboauieckum u cocyoucmuvim
NOBPEHCOeHUAM,  HAKONACHUAM  NAMOA0SUYECKUX
0enkog BHympu KiemKu U 8 MeHCKIemOYHOM
NpoCmMpancmee HepeHOU MKAHU U KAK Cleocmeue -
OeceHepayusi HeUpoHO8. A YTO K€ BBI3BIBAET
aKTUBAIMIO OONBIIMHCTBA HMMMYHOKOMITETCHTHBIX
kinerok (MKK) wmmynHOU cucremsl? [louemy mpu
JUTMTENbHOCTH X u3HU akTuBrpoBaHHBIX KK He Gonee
80-120 gmeit mporecc HeHpoaereHepalMyu JUIUTCS
roJJaMH U IPUBOAUT K CMEPTH uesioBeka? Uto sBsercs
«KOCTPOM», KOTOPBI IIOCTOSIHHO «IOIOTrpEBacT»
BBICOKHI ypoBeHb aktuBammu WKK B kaxaom wux
HOBOM ToKoJieHHH? TlogeMy ¢ eCTeCTBEHHOM CMEpTHIO
KOPOTKOXHUBYIIHX akTHBHPoBaHHBIX KK 0oxe3np He
npekpamaetca? Oter 6aHaneH 3to Hammune KI' mpu
Bcex HJIb u MBI mepBble 3TO MOKa3zadd B 3TOM
HCCIICIOBAHHH.

W3BeCTHBII  aMEpPUKAHCKUM  CHELUAIUCT B
obmactu KI' S. Jaiswal (2020) B cBoeM aHaIMTHIECKOM
0030pe o CHIP moxkaszai, 9yTo comMatnieckue MyTaluu
CO BpEMEHEM HAKaIUIMBAIOTCA BO BCEX KIETKAX
OpraHusMa, YTO  TOATBEPAWIM H  JpyTHE
uccineposarenu (Welch J.S., Ley T.J., Link D.C., et al.,
2012; Alexandrov L.B., Jones P.H., Wedge D.C., et
al.,2015; Martincorena 1., Campbell P.J.,2015;
Blokzijl F., de Ligt J., Jager M., et al.,2016; Hoang
M.L., Kinde I, Tomasetti C., et al., 2016). Otu
MYTaIliM Yallle BCEro NPEeACTaBIAI0T co00i 3aMeHBI
OCHOBAaHMH (M3BECTHBIE KaK OJHOHYKJICOTHIHbIC
BapuaHTsl [SNV]), HeOobIMe BCTaBKU WIN JIENICIINH
(indels) wiM W3MEHEHHsS 4YHCIA KONMWH OOJBIIHX
XPOMOCOMHBIX obmacreit (3BECTHBIC Kak
cTpykrypHeie BapuaHTel [SV]). [lo omenkam, I'CK
mproOpeTaroT npuMepHo 20 COMaTHYECKUX MYTAIHA B
roz Bo Bcem reHome (Lee-Six H., @bro N.F., Shepherd
M.S., et al.,2018 ; Osorio F.G., Rosendahl Huber A.,
Oka R., et al.,2018)-u nmpumepso 0,1 MyTaruu B TO1 B
9K30HaX, koaupyrommux Oenox (Welch J.S., Ley T.J.,
Link D.C., et al.,2012), noxasstoriee OOIBITHHCTBO
13 KOTOPBIX sABiAroTcs SNV. B KOCTHOM MO3T€e TOJIBKO
nonroxuBymue ['CK o06magaroT CrmocoOHOCTBIO K
CaMOOOHOBJICHHIO Ha TMPOTSDKCHUHM BCEH  KU3HU
opranm3Ma ( Reya T., Morrison SJ., Clarke M.F.,
Weissman I.L., 2001). IlosToMy B OOJBIIMHCTBE
Clly4aeB TOJIbKO MyTauuu, Bo3Hukatomue B ['CK,
COXpaHSIOTCS HAa  MPOTSDKEHHUH — BCEH  KU3HU
YenoBeKa. YUUTHIBAs, YTO HA YETIOBEKA MPUXOIUTCS OT
~50 000 mo ~200 000 I'CK, oxugaercs, uro Kk 70
romam y moneir oyzer ot 350 000 mo 1 400 000
kogupytonux mytanuii B myne I'CK. Ecnu xoTst Ob
OlHA W3 JTHX MYyTalMii crocoOHa O00ecTeunTh
celleKTHBHOE TpeumyiiectBo B otHomeHnu 1'CK, B
KOTOPOM OHa BO3HHUKACT, KJIOHAJIbHAS JKCIAHCHS B
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KpOBHU J0OJI’KHA GLITL O6BI‘{HLIM SABJICHUCM IIpU
crapennn  (Jaiswal S., Ebert B.L.,2019) wu
BO3BHUKHOBCHHUU  JPYTUX 60J'Ie3HeI>i OUBUIIN3AIIUN
(BproxoBeukuit A.C., llypao M.A.2023), B TOoM
yucine u npu HJIB. JlelicTBUTEIbHO, 3TO SIBJIECHHE,
Ha3bIBACMOC KJIOHAJIbHBIM TEMATOIIO330M, TECHO
CBSI3aHO CO CTapeHHEM U MOKa3aHO B HECKOJBbKHX
HUCCIICJOBAHUAX Yy Jiui, HC OTOGp&HHbIX JJIsL I/I3y‘{CHI/I}I
reMaroJorndeckux Hapyirenuit (Xie M., Lu C., Wang
J., et al.,2014; Genovese G., Kahler A.K,, Handsaker
R.E., et al.,2014; Jaiswal S., Fontanillas P., Flannick J.,
et al.,2014; McKerrell T., Park N., Moreno T., et
al.,2015; Buscarlet M., Provost S., Zada Y.F,, et al.,
2017; Acuna-Hidalgo R., Sengul H., Steehouwer M., et
al.,2017; Coombs C.C,, Zehir A., Devlin S.M,, et al.,

2017).

B 6OJ'IBI.HI/IHCTBG I/ICCJ'IC,I[OBaHI/Iﬁ MyTaluu,
HCIIO0JIb3YEMbIC JUJIA OIpCACIICHUA KIJIOHAJIBHOT'O
KpOBeTBOpeHI/IX, AHAJIOTNYHBbI MyTaI_II/IHM,

OOHApy»HWBaeMbIM TpPH TEMAaTONOTUYECKOM pake (
Jaiswal S., Fontanillas P., Flannick J., et al.,2014;
Coombs C.C., Zehir A., Devlin S.M., et al,
2017). Haubosnee 4acTO MYTHPYIOIIHE TeHBI B
KJIOHAJIbHOM

kpoBetBoperny Bkirodator DNMT3A |, TET2 , ASXL
1,JAK2,TP53 u SF3B1, xoTopeie TaKke YacTo
MYTHPYIOT TP OCTPOM MHEIOHIHOM Ieiikoze (Ley
T.J., Miller C., Ding L., etal.,2013; Lindsley R.C., Mar
B.G., Mazzola E., et
al.,2015), muenoaucmnactuueckom cuuapome (MJIC)
(Bejar R., Stevenson K., Abdel-Wahab O., et al.,2011;
Papaemmanuil E., Gerstung M., Malcovati L., et
al.,2013) u MUeI0NpoIu(epaTUBHBIX
HoBoOOpaszosanusix (MITH) (Nangalia J., Massie C.E.,
Baxter E.J. et al..2013). Ciie10BaTENbHO,
HEeyJIUMBUTENbHO, uTo y moaed ¢ KI' atu BuIbl paka
pa3BUBAIOTCS C OONBIICH CKOPOCTHIO, YeM Y Jroei 0e3
myranuit (Genovese G., Kéhler A.K., Handsaker R.E.,
et al.,2014; Abelson S., Collord G., Ng SW.K,, et
al.,2018; Jaiswal S., Fontanillas P., Flannick J., et
al.,2014; Desai P., Mencia-Trinchant N., Savenkov O.,
et al.,2018; Bolton K.L., Ptashkin R.N., Gao T. et al.,
2019). OgHako MyTanuu, BBI3BIBAIONINE KJIOHAJIHHOE
KPOBETBOPEHHE, TAaKXKEe MOTYT OBITh OOHApPYXKEHHI B
LAPKYJIUPYIOIUX HMMMYHHBIX KIIETKax, TaKHX Kak
TPaHYJIOLUUTHl, MOHOLUUTEI W  JUMQOUHUTHL ITO
OTKPBITHEC  TMOBBIIACT BEPOSTHOCTH  TOTO, 4TO
KJIOHAIEHOE KPOBETBOPEHHE MOXKET WPUBECTH K
W3MEHCHHBIM ~ HMMYHHBIM  OTBETaM,  KOTOPBIC
MOTEHIIMATBHO MOTYT BJIMATH HAa MHOTHE OOJIC3HU
OUBIIIM3AIMH U crapeHus. [loatoMy, UEHTpambHOMN
3a/1a4eil aBTOPOB 3TOH pabOTHI OBLIO JOKA3aTEIbCTBA
€aMoTo0 Hay4YyHOTO (haKTa CyIIeCTBOBAHUS KIOHAIBHOTO
TreMOI1033a le/I paSJ'II/IqHBIX HeﬁponereHepaTnBHHx
Oone3HsAX W TeopeTHmdeckoe OOOCHOBAaHWE HATMUHS
(hakTa MATONIOTHUECKON KIOHATLHOCTH FEMOII0d3a KaK

(hyHIaMEHTAIEHOTO MEPBOTPUIUHHOTO
(3amyckatorero) u MOJIEP>KUBAIOIIETO
IIPOrpEeCCUPOBAHUE HJIB, MOJIEKYJISIPHO-

OMONIOrMYecKOro COOBITUSL JJIsl BO3HMKHOBEHHS U

nporpeccupoBanus consinHeTBa HIB y yenoseka.
bes yCTpaHEHUs KT OCTaHOBUTH

nporpeccupoBanne HJIb u npodmnakruposats ee

peuuMauB  Jaxe TEOPETHUECKH HE  BO3MOXKHO.
OCHOBBIBasICh Ha MMEIOIIUXCSI COOCTBEHHBIX JTaHHBIX
nmo KI' mpum ayTOMMMYyHHBIX, OHKOJIOTHYECKUX U
HaCcJIEICTBEHHBIX 3a00JICBaHUSAX OMNHMCHHOW B HaIlei
monorpaduu (bproxoseukuit A.C., UlypmoB M.A.,
2023), MBI TojaraeM, 9YTO  PECTUTYIHOHHBIS
MEXaHU3MBI CAHOTEHE3a B TOBPEKIACHHBIX OpPTraHax U
TKaHAX  JOCTaTOYHO  JKECTKO  3aBs3aHBl  HA
KpPOBETBOpPEHHE u AMMYHHUTET. Nmenno
cHCTeMO00Opa3yromasi U PeTyIATOPHAs, YIIPaBISIONIAs
poJTb I'CK dbopmupyet PECTHTYITUOHHBII
CaHOT€HETHYEeCKHMH  MEXaHH3M  BOCCTAHOBIICHHS
MOBPEXKJICHHBIX OPraHOB U TKaHell. Eciu B opranusme
9YKapHOT CYIIECTBYET MOIMKIOHAIBHOCTh [E€MOI033a
(paboraror Bce WM OOJIBIIMHCTBO CYIIECTBYIOLIHX
kiaoHoB ['CK), TO caHOreHeTHYecKHEe MeXaHU3MBbI
opraHusmMa  pabOTalOT  HCHOPAaBHO M YETKO.
[TomMKIIOHaTPHOCTS KPOBETBOPEHHUSA O0CCIIEYHBACT
MOCTOSTHHYIO 3aMEHy WM PEMOHT IIOCTPaJaBIINX
CICIHANTM3APOBAHHBIX KJIETOK KPOBH U PECTaBPAIIIO
CHCIHANTM3APOBAHHBIX TU(PGEPEHIIMPOBAHHBIX KIETOK
opranoB u Tkaneii (Jaiswal S.,2020). Yem Gosbmie
kioHOB ['CK yuacTByloT B mpouecce hopMHpOBaHUS
myga Bcex 36 MWIUIHApAOB LMPKYJIUPYIOIUX B
OpraHu3Me KJIETOK KPOBM, TE€M MEHBIIE IIIaHCOB
Bo3HUKHOBeHUs HJIb wnm HapymieHuil caHoreHesa.
[Tpu HOpMankHO paboTarolieli UMMYHHOH CHCTEME U
MOJIMKJIOHATIBHOCTH ~ KPOBETBOPEHHUSI  HAKOIUICHHE
MATOJOTHICCKUX OCJKOB B TKAHAX , B TOM YHCIE U
HEPBHOW TKaHH, HE BO3MOXKHO IO OTIPEIEICHUIO.
MHOro 7neT B HMMMYHOJIOTHH, OHKOJIOTHH H
reMaToJIOrMM cyllecTBoBaja jormMa o toMm, uyto I'CK
9TO BCETO JIMIIB KIETKHA-POIOHAYATBHHIIEI BCEX KIETOK
kpoBu u wummyHurera ( Hlupun A.JI., bapaHosa
O.10., ®penkens M.A. ¢ coasr., 2023). Pempoaykius
HOBBIX KJIETOK KpPOBHM CUMTAJaCh WX TIJIABHOW U
OCHOBHOH (pyHKIHEH B opranmsme. pyrux ¢yHKIuit
y HHMX B OpraHu3Me SKOOBl He IperyCMOTPEHO B
npuHIune! CauTanock, 9T0 OHH CIHOCOOHBI U3 OJHOI
KJIETKHM BOCCTAaHOBHTH BECh MHOTOMMJUTHAPIHBIHI
KJICTOYHBIA Ty KPOBH, HO HUKAKHX YIPAaBIAIOMINX U
peryisatopabix  ¢yHkmmid y Hux HeT (Tynuubm
H.H., Yyakosa C.B., Illonoxosa E.H. ¢ coarr0,2019 ).
3a mociegHre JecATUIIeTHE HAKOIUIEHO MHOTO BayKHBIX
HayuHbIX (akTOoB 0 TOM, 4yro I'CK 3T0 He TOJIBKO
MpapoANTEIbHUIBI BceX KieTok KpoBu, HO ['CK,
00pa3HO BBIPAXasCh, ATO TIABHBIC «KOMIIO3HTOPBDY,
«ITUPUKEPBD) U «OPAHKUPOBIIUKN) B «OPKECTPE BCEX
CYIIECTBYIOIINX UMMYHHBIX peaxmminy,
MIPOUCXOJIAMINX B OPTaHU3ME UEIOBEKa W >KHBOTHBIX
(bproxosenkuit A.C.,IlyproB M.A.,2023). Bce 230
U3BECTHBIX THUIIOB KJIETOK OpraHU3Ma 4eloBeKa
(Alberts B., Johnson A., Lewis J. et al.,2003)
HaXOJATCSl K HUM B 3aBUCHMBIX U YIPaBIISIEMbIX UMH
kietounblx noacucremax. ['CK sgBisIOTCS TIaBHBIMU
PeryJIsITOpHBIMU u CHCTEMO00Opa3yIOIUMHU
CTPYKTYPHBIMH 3JIEMEHTaMHU OpraHusma, GopMupys B
KOHKPETHBIX YCJIOBHUSAX, HEOOXOANMOE KOJIMYECTBO
TpeOyeMbIX PEryIATOPHBIX, KHJUTEPHBIX u
OUTOTOKCHYIECKHUX KIETOK KPOBHU B OTBET Ha HOSBIICHNE
B OpTaHM3MeE TaToTeHa (OHKOTeHa, BUpyca, OaKTepHIo,
MPOCTEHIIer0o W Jp.) M OO0ECIeYnBaAIOT OCHOBHYIO
HMMYHHYI0 mnaMmsaTe opranusma (B. de Laval, J.
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Maurizio, P.K. Kandalla et al., ,2020). I'CK sBisrorcs
CaMbIMH MEIUICHHBIMM KJIETKaMH B OpraHU3Me
yejioBeKka M KMBOTHBIX. Kierouneri mukn I'CK B
opraHusMe uenoBeka cocrtarisgeT 360 nueit. Knetok ¢
Gonee MeAJICHHBIM KJIETOYHBIM I[MKJIOM B OpraHU3MeE
yenoBeka B HopMme HeT (bemymkwaa H.H., Xomsakos
10.H.,2009). Kak TOBOpHI  OCHOBOTIOJIOKHHK
KHOEPHETHKN M MaTeMaTHIECKOM TEOPHH CHCTEM
Benmkui MaTeMatuk Hopoept Bunep: «Ynpasisromeit
B TM000H caMoO#l CIOXXHOW CHCTEME SBISIETCS camast
memmennas daza» (N.Wiener,1989). Oto monoxenne
«paboraeT»  Bcerma BO  BCEX  XUMHYECKHX,
OMOXMMUYECKUX, (QHU3MYECKUX U MaTeMaTHYECKHX
CHCTEMax W CEroJHs He IOJUIC)KUT OOCYXKICHHIO B
MaTeMatHuecko Teopun cucreM (Kosnmaropos
A H.,2023). TTostomy I'CK, B nepapxuu Bcex KIETOK
OpraHu3Ma, 3aHHMaeT caMoe BepXHee JTOMUHUPYIoIee
TIOJIOKCHHE W BCE KJICTKHM TeNla HaxXoJiITcs K Hell B
MOJYMHEHHOM 3aBHUCUMOCTH. AHaJOTHel ee paboTHI B
JKUBBIX CHCTEMaXx SIBIISIETCS] POJIb U MECTO IMIETIOMAaTKU
B yIObE IT4ENT WIN IApHIBl B MypaBeHHHKE WIH
TepMuTHHKE. Eciom ImyenmoMarka pemuT IOKHHYTh
yJel, To Bech pod YJETUT BMECTE€ C HEl U ero He
YAEpKaTh.

I'CK aT10 Teoperuuecku «6eccMepTHBIE» KIETKU
WIK TOYHEEe CcaMble JIONTOKHUBYIIHME KJIETKH B
OpraHu3Me, Kak M HEMpOHBI TOJIOBHOTO M CIHUHHOTO
Mosra.  Pacuerbl  BBIJAIOIIETOCS  POCCHUCKOIO
MaTematnka tpodeccopa TamymkmHa A.M. (He
OITyOJINKOBaHBI € €T0 CMEPThIO) C HCIIOJIb30BAHHEM
HelpokoMnbloTepHOH ceTH ee B 2010 roxy nokaszanu,
yto TOJbKO HelpoHsl u I'CK wu3 Bcex KIETok
OpraHu3Ma crocoOHBI TeopeTHIecKH MPOXKUTH 10 1000
JeT. DTO IMOJHOCTBIO COTJIACYETCSl C MX MHCCHEH B
OpraHu3Me: KOJIMYECTBO HEHPOHOB  OMpeseseT
CTPYKTYpPY CO3HaHUS W JIMYHOCTH, a KonmdecTBo I'CK
OIpeJesieT CYLIECTBOBAHUE BCEH CYILIECTBYIOILEH
HepapXuM KJIETOK B OpraHu3Me€ M BO3MOXKHOCTh
chopMUpOBAaTH HMMMYHHBIH HaI30p ¥ KOHTPOJIb,
OpraHu30BaTb CHUCTEMHBIN 3alUTHBIA HMMMYHHBIN
orBer oprammma (Bproxosemkuit A.C., Llypmos
M.A.,2023).

Takum 00pa3oM, HaIlIM CKPOMHBIE UCCIIEIOBAHUS
MO3BOJISIIOT OTBETUTh HAa 3HAUMTENIBHBIE NPOOENbI B

HAIINX 3HAHUAX o MEXaHNU3Max H/B,
copMyTHpOBaHHbIE AMEPUKaHCKUMH
uccnenosarensm  ( Wareham L.K.,  Liddelow
SA.,_ Temple S. et al, 2022) mno psny
(byHIaMeHTanpHBIX ~ Hay4HbBIX  nonoxenuit: (i)
KJIOHAJIbHOCTh ~ KPOBETBOPEHHS  SBJSACTCS  OOLIMM

MOJICKYJISIPHO-OMOJIOTHYECKAM COOBITHEM HAa pPaHHHUX
CTaaMsX mporpeccupoBanus 3aboneBanusi Bcex HJIB,
T. e. K[' ompexmensieT Bce 3amycKaroliue COOBITHSI,
KOTOpbIe TEpPEBEIIMBAIOT Yally BECOB B KacKaze
YCHJICHHS, IPUBOIAIIEM K Heliponereneparu, (i) K[
onpeeIser BEChH CIIEKTpP COOBITHS B
MPOTPECCUPOBAHUH, KOTOPBIE KaTAIH3UPYIOT YyXKe
CYIIECTBYIOIIUE HEWPOAeTreHepaTHBHbIC COOBITHS, (iil)
I'maBHBIM  THUIIOM  KJIETOK  3a/J€HCTBOBAaHHBIX B
nporpeccupoBanun HJIb sBIsitoTCS  ayTOJIOTUYHBIE
I'CK, (iv) oOmmM# MaToJIOTHYECKUMH KOHEYHBIMU
toukamu HJIb sBisitorest JICM reHoB KIIOHAJIbHOCTH
I'CK u k1eTok KpoBH, T. €. MOHUTOPUHTOM JTUHAMUKH

JICM TI'CK u kJIeTOK KpOBH MBI MOKEM TIOJIEPKATh -
OTCIIC)KUBAHUE 3THX COOBITHIl U MpPEAOTBPAIICHUS
WIA 3aMEHBl IMOpPaXeHHOW TKaHU M, HakoHem, (V)
Nmenno KI' obecrieunBaeT u moaaep>kuBaeT cOOBITHS,
KOTOpBIE SBIIAIOTCS MPO-AET€HEPATUBHBIMU U TOJIBKO
rocyie ero OJOKUPOBaHMS M YCTPAHEHUs] BO3MOXKEH
3aIlyCK penapaTUBHbIX WM JaKe MpopereHepaTUBHBIX
IIPOLIECCOB BOCCTAHOBJICHMSI IIOBPEXKICHHON HEPBHOU
tkan npu  HJB. Ilpu ostom, dQopmupoBanue
KiIoHansHOro  remomolsa  (KI') mpu  HJb
paccMaTpuBaeTCsi HaMHM KakK TJIABHOE MOJIEKYJISIPHO-

Ouororpdeckoe  coObITHE,  WHHULIUHpYIOImEee |
MOAJIEPKUBAIOLLIEE MaTOreHe3 HJIb, a 1704
HEBPOJIOTHYECKHAE TIPOSBICHHUSA OSTO HE NpPHUYHHA
00JIe3HH, a CIIEICTBHE " HACXOJT
HMMYHOOTIOCPEOBaHHOT O BO3ICHCTBUS
AKTUBHPOBAHHBIX ~ MMMYHOKOMIIETCHTHBIX  KJIETOK

(MKK) xpoBM Ha KJIETKM HEPBHOH TKaHM MO3Tra,
NpUBOJALICE K INPOrPECCUPOBAHUI0 MEXAaHU3MOB
HEHUPOBOCHAJICHUS U HEMpOAereHepalun

3akia04yeHue

B nmaHHOH cTaThe MBI BIEpBBIE Ha HEOOIBIIOM
KIIMHUYECKOM  MaTepuane  IpOJEMOHCTPUPOBAIU
Hamuuue  (yHZAMEHTAJbHOTO  Hay4yHOro  (Qakra
“HULMauuy U nporpeccupoBanus HJIb demoBexa B

BUJIC KIOHAJIbHOTO TIEMONO’3a M  00OCHOBAIH
NIPEAINIOJIOKEHHE O TOM, YTO O3TOT YCTaHOBJICHHBIN
Hay4HbIi  ()EHOMEH  JEHCTBUTEIBHO  SIBIISIETCS
OIpEIENAOIIM u CHCTEMO00Opa3yIoIuM
MOJIEKYJIIPHO-ONOJIOTNYECKUM coObITHEM,
MHULAUPYIOMIAM HeHpOoereHepanuo u
o0ecIeynBaroIIM eé MIPOrPECCUPOBAHUE.

HecomuenHO 3Tn paboTh! TpeOYIOT MacIITaONpOBaHUS
u Oonbmeit BeiOopku OoxpHEIX ¢ HJIB. B mpormecce
KU3HH YeJOBEKa M OJKUBOTHBIX WM CTPECCOBOIO
BO3JCICTBUS  OKpYXKarolled cpeapl IPOUCXOAUT
HAKOILJICHHUE JIOCTATOYHO 00JIbIIoro Kojgudyectsa JJCM
B JOJNTOXHUBYIIMX KJIETOYHBIX CHCTEMax M BO BCEX
CTBOJIOBBIX KieTkax. Yacte a3tx JCM B Takux
nonroxuBynmx kinetkax kak ['CK  Teopermueckn
MOJKET CTAaHOBUTCS JpaiBEPHBIMHU H JIPaMaTHUIECKHUMHU
u mpuBoguTH K QopmupoBanuto KI. B kpom
¢dopmupyercss  oauH  (MOHOKIOHAJIBHOCTH)  FUTH
HECKOJIBKO ~ JECSTKOB  JOMHHHUPYIOUIMX  KJIOHOB
KPOBETBOpEHUS]  (OJNMIOKJIOHANBHOCT),  KOTOpPBIC
«BBIUTPHIBAIOT ~ COPEBHOBAHUE»  CPEOH  JAPYTHUX
CTBOJIOBBIX KPOBETBOPHBIX KieTok (Jaswal S.,2020).
OHM TONyYaroT MPHOPUTET B PENPOIYKIUH KIETOK
kpoBu B KM, perynatopHsle U yIpaBJIAIOLINE
(YHKINH, TaK KaKk MX KIETOYHBIA IUKI CTAHOBUTCS
caMbIM OOJIBIIMM M CaMBIM MEJICHHBIM CPEIU IPYTHX
100 000 -200 000 wmono I'CK KM. Ilocrenenno
pacummpsssice B ob0beme, moroMkn I'CK n
FeMOMOITHYECKHUX NIPE/IIECTBEHHUKOB
JOMHHHUPYIOIIET0 KJIOHA (KJIOHOB) KPOBETBOPEHUS
BEITECHSIOT UMMyHOKommereHTHbIe kieTkn (HMKK)
JpYTUX KIOHOB BO BCEH LMPKYJIHUPYIOLIEH KPOBH U
TKaHAX ¥ popmupyrot npu HAb nx maTonornueckyio
aKTHBHOCTH MPOTHUB IIHAJBHBIX KJICTOK, aCTPOLIUTOB U
MHKpOTJINK HEPBHOW TKaHH. bbIBaeT, 4TO KOIMYECTBO
HKK nomunupytomero kioHa (kioHoB) ['CK B o6meit
IUPKYJISAIANA KIETOK KpoBH jgocturaet ao 70%, a
uHorna a0 93% mnpu pasueix HJ/Ib. VMmeHHO oOHHU
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HAUMHAIOT  TOJNJEPXKUBATh  HEWpOBOCHAJICHHE B
HEpPBHOM TKaHW TOJOBHOTO W CIMHHOTO MO3ra H
narorere3 H/Ib. [ToatoMy, k1oHaNbHBIM reMOII033 MBI
paccMmaTpuBaeM KaK T€HOMHO-TIOCTTEHOMHOE
3a0oJeBaHme COOCTBEHHBIX I'CK, [JIaBHBIN
(bynmamMeHTa bHBINH 170303000%0%10) 74 0) 1105051 TpoIiecc
hopmupoBaHs JTHOIATOTECHE3a OONBIIMHCTBA
“MMyHoaccormupoBanueix  HJIB u  onmHolt w3
LEHTPaJbHBIX  TEPANEBTHUECKUX  MOJEKYJSIPHO-
OMOIOTHYEeCKHX  MHIICHEH B  HMHHOBAIIMOHHBIX
crparerusix nedenust HIb.

Baaroaapuocru. ABTOpBI BBIPAXKAIOT
6J1aroJapHOCTh PYKOBOJUTEINIO OT/AETa UMMYHOJIOTUU
MPHI] wm .®. Ipiba -Pumuan PI'BY HMMUI]
panuonorun Munsnapasa Poccun (r.O6HuHCK, Poccus)
1n.0.H., k.M.H. ['puBnosoii JLIO. 3a moaroroeky mpoo
I'CK kocTHOrO MO3ra Ha KJIETOYHOM Cemaparope
CliniMax™ 118 MONHOSK30MHOIO CEKBEHHPOBAHUS
22 000 reHOB ¥ aHAJIM3a My TAIMHA F'€HOB KJIOHATHLHOCTH
, 4 TaKke OJaromapsAT PyKOBOIUTEINS TCHETHYECKOW
naboparopun ®I'BY HMUI] paawonorun MuH3apBa
Poccum (r. Mocksa, Poccust) 1.6.1. [Tlatanosa I[1.A. u
HAYYHOMY COTPYIHHKY 3TO¥ jaboparopui k.0. H. MLIT.
Paiiropoackoil.

Kondmukr nnrepecoB. KoHduukra nHTEepecos
HE CYILIECTBYET.

HccnenoBanue BBHINOJHEHHOE HA YaCTHBIE
¢unancoBble moxkepTBoBaHus AO KnmHuyeckunit
rocrutanb «HetipoBura» (r.Mocksa, Poccus).
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BOIPOCHI BOCCTAHOBJIEHUS JINKBOPOJMHAMMKM ¥ JETEN MEPBBIX MECSIIIEB
JKN3HM C TUAPOLE®AJINEN

Bonakooae O.B., 3unuenxo C.A.
Kpvimckuii ghedepanvuviti ynusepcumem umenu B. U. Bepuaockozo, 2
95051, 6ynveap Jlenuna 5/7, Cumghepononw, Poccus

ISSUES OF RESTORATION OF CEREBROSPINAL FLUID DYNAMICS IN CHILDREN OF THE
FIRST MONTHS OF LIFE WITH HYDROCEPHALUS

0.V. Volkodav, S.A. Zinchenko
Crimean Federal University named after V. I. Vernadsky,
Simferopol, Russia

AHHOTALIUA

PaCCManI/IBaIOTCH BOIIPOCHI BOCCTAHOBJICHUA JIMKBOPOAWHAMUKHU MIPU FI/I,I[pOI_[G(i)aJ'II/II/I y ,I[CTeI7I NEPBBIX
MmecseB xm3HA 3a nepuon ¢ 2000 roma, Kpeim. HemoHomenHbeiMu pommnuchk 327 nmereit (1 rpymma),
noHOomeHHBIMU 153 pebenka (2 rpymma). CtammapTHOE JedeHHE, BKIFOYAIOIICe JEOMOATbHBIC MyHKIUH,
BEHTPHUKYJIO-CyOrajeaibHOe APSHUPOBAHHE M BEHTPHUKYJIO-TIEPUTOHEATIbHOE IIYHTUPOBAHME, BBHIMONHEHO B 1
rpymne y 184 nereit, Bo Bropoii rpynme y 107 neteit. [Ipu OKKITFO31H KETyJOUKOB ¢ OJI0KOM CyOapaxHOUIATEHOTO
npoctpancTBa y 143 nmereit 1 rpymmel u 46 aereil 2 TpyNIbl B JICUEHUE BKIIOYAIUCh aBTOPCKUE METOIUKH
TPaHCIIOMOBUIHON BEHTPUKYJIOCTOMUU U BEHTPHKYJIO-CyOapaXHOWIAIFHOTO CTEHTHPOBAHUS, UTO TO3BOJIIIIO
BOCCTaHOBHUTH JINKBOPOJWHAMUKY ¢ KommeHcanuel ruaponedamnu (p < 0,001), ycTpaHUTh TUNEPTEH3NOHHOE
CHHUXKCHUEC HepHBeHTpHKynﬂpHOﬁ IINIOTHOCTHU MO3Ta, CTa6I/IJ'II/I3I/Ip0BaTI) Ppa3MEphI KEITYyJOIKOB.

ABSTRACT

The issues of restoration of cerebrospinal fluid dynamics in hydrocephalus in children of the first months of
life for the period since 2000, Crimea are considered.327 children (group 1) were born prematurely, 153 children
(group 2) were born full-term. Standard treatment, including lumbar punctures, ventriculosubgaleal drainage and
ventriculo-peritoneal bypass surgery, was performed in group 1 in 184 children, in the second group in 107
children. In case of ventricular occlusion with a block of subarachnoid space in 143 children of group 1 and 46
children of group 2, the author's methods of translabdoid ventriculostomy and ventriculo-subarachnoid stenting
were included in the treatment, which allowed restoring cerebrospinal fluid dynamics with compensation for
hydrocephalus (p < 0.001), eliminating a hypertensive decrease in periventricular density of the brain, stabilizing
ventricular sizes.

KiroueBble c10Ba: THKBOPOIMHAMHUKA, THApPOLEhaNns, 1eTH

Keywords: cerebrospinal fluid dynamics, hydrocephalus, children

Beenenue ruapouedamuu (III'T) y nereii nepBbIX MecsLEB KU3HU
Ho HACTOSILETro BpEMEHU ocratotcs  [1-6]. IIporpeccupyromee MOBBIIICHHUE
aKTyaJIbHBIMU BOMPOCHI BOCCTAaHOBIEHUsl  BHyTpuuepenHoro pnasneHus (BUJ) c yBemuueHuem
JUKBOPOJMHAMHUKH  TPH  MOCTTEMOPPAarn4ecKod  IKETyHOYKOB NPUBOJUT K MHTEPCTHLUATBHOMY OTEKY
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U CHIDKEHUIO NEPUBEHTPUKYJISIPHON MIOTHOCTH MO3ra
(TITIM) [7-9]. B kauecTBe peKOMEHIAIMIA JTCUCHHUS IO
JIBB-nipoTtokoiny = paccMaTpUBAlOTCSl  JIIOMOAbHBIE
MYyHKIUH (JIIT), BEHTPUKYJIO-CyOraneanbHOe
npenuposanue (BCI'Jl), BeHTpUKyIO-NIEpUTOHEAIBHOE
myataposanue (BITII) [3]. Ortmeuaercs, uTo Her
OOIIETIPHHATOTO MHEHUS JICYECHUS pu
nekommencauu  III'T  [7-14], Heo6XOIUMOCTBIO
MIEPCOHANIM3AINHN JIeYeOHON TAKTHKH, HAIlpaBICHHOM
Ha BOCCTAHOBIICHHE JINKBOPOAWHAMHUKH [ 3], CHIKEHHE
yacrtotel BITII [13-14].

Heas wucciaenoBaHusA. U3ydeHUE
BOCCTaHOBJICHUS JIMKBOPOIUHAMHKH
rugpouedaiiy y AeTel IMepBhIX MECSIEB KU3HH.

MATEPHUAJI U METO/bI

Co0pas, H3yueH u IIpOaHaIU3UPOBaH
KIMHUYecKuit matepuan mno jedenuto I[IIT y 480
HOBOPOXKICHHBIX MO AaHHBIM PecryOmmku Kpeim 3a
nepuoa ¢ 2000 roga. HegoHomEeHHBIMU pPOIMIIUCH
327 pmereit (1 rpymnma), noHomeHHBIME 153 pebeHka
(2 rpymnma). CrangaptHOoe nedenme 1o JIBB-
MPOTOKOJY BbIOJNHEHO B 1 rpynme y 184 nereil, Bo
BTOpOH rpynne y 107 neteit.

[Tpu nexomnencanuu [II'T y 143 HenoHOMIEHHBIX
(1 rpynna) u 46 noHOIIEHHBIX JeTed (2 rpymma) B
Jie4eOHbIH KOMITJIEKC Ha Ha4aJIbHOM dTalle BKIII0YaIach
KOPOHAPO-TPaHCISI0I0BUIHAS
cybapaxHoBentpukyioctomun — KTCB [15], mpu

BOIIPOCOB
npu

NPOTPECCUPOBAaHUN  THAPOLC(HATHH  BEHTPHUKYJIO-
cybapaxHouganpHoe crentupoBanne — BCC [16].
OcCJO)KHEHHsT W JICTAIbHOCTh,  CBSI3aHHBIE  C

OTIEPAIIMOHHON TPaBMOW OTCYTCTBOBAJIH.

Kputepusmu nekomnencaruu [T sBrmsitocs 5-
10 xkpatHoe mnosbimienne BYJ[ oT Bo3pacTHOro ¢
OKKITIO3UEH KEIyT0YKOB u 6510KOM
cy0apaxHOHIaJIbHOTO MPOCTPaHCTBA (CAII),
BrOpuuyHOe cHkeHue I11IM, BenencTBre HalpsKEHUs
TPAHCAMEHANMAPHOTO IIyTH BCACHIBaHMSA JIMKBOpa B
watershed-o6nactu, Ha pacctosiauu 3-10 MM OT CTEHOK
OOKOBBIX  KEIyJOYKOB. Beinenensl  cremneHu
nexomrercanud IIIIM: 1 cremenn (17-18enH), 2

crenein (15-16exH), 3 cremenu (13-14exH) u 4
crenenu (10-12exH).

KTCB BbINOJNHSIOCH TyTEM IYHKIUH U3 JIBYX
TOYEK Yepe3 KOPOHAPHBIA W JIIMOZOBHIHBIA IIBBI
urnamu auamerpoM 14G mepeaHuMX M 3aTBUIOYHBIX
poroB OOKOBBIX JKEIYJOYKOB C HX pasTpy3KOH OT
KpoBH ®  JHKBOpa,  jaekommpeccueit  CAIL
ITpoBoannace cananms GpU3NOIOTUIECKIM PacTBOPOM
xemymoukoB . CAIl ¢ dopmupoBanmeM MeEXIY
xemynoukamu 1 CAIl npeHnpyomux KaHaIoB.

Cucrema BCC obecneunBana BO3MOXKHOCTB
JPEHUPOBAHUS JTUKBOpa U3 kelnyaoukoB B CAII uepes
BEHTPHKYJISIPHBIH ApeHaX W nepdopannuy OCHOBaHUS
MOMIIBL. JIOTIOJTHUTEIBHO OCYIIECTBIAETCS BPEMEHHBII
OTTOK JIMKBOpa W3 TIOMIIBI 4epe3  (parMeHT
JHMCTAJILHOTO JpeHaxa B cyOraneansHblil kapman (CK),
YTO MO3BOJSET Criuaaute nepenaast BYJ B
TIOCIJICOTIEPAIOHHOM TIEPHOJIE.

Ilpy  oOpabGoTKE  [NaHHBIX  HCIIOJIH30BATACH
npukiagaas mporpamma STATISTICA 6.0 (StatSoft
Inc., USA). [lnst cpaBHEHUsI IPOLICHTHBIX JIOJICH B IBYX
TpYIIax HCIIOJIB30BANICS TOYHBIH KpuTepuit Pumepa
(TK®). JlocTOBepHBIMH M3MEHEHMSAMH IOKa3aTelei
CUHTAJIM TaKue, IIPU KOTOPHIX BEPOSITHOCTH HYJEBOU
runote3sb Obua p<0,05.

PE3YJIBTATBI UCCJIEJOBAHUMSA N HUX
OBCY)XXJIEHHUE

XUpyprudeckui HMHJIEKC CTaOHIM3aALUH
mukBoponuHamukn (XWCJI) oTpaxkan BEIXOI B
komreHcauuto [II'T: Ha HayanbHOM 3Tamne JIeYeHUs! 10
JIBB - mporokony XUCJI — 17,9% (y 33 u3 184
HEJJOHOLICHHBIX JIeTel), IPU BKIKOYCHUH B KOMILICKC
neyeauss omnmuun KTCB XUCHT - 343% ¢
xomnencarweit [1I'T y 49 u3 143 nereit, (p=0,046), ato
o0ecreunBaIoch s ekTuBHOI pasrpy3koin
KENMyJOYKOB OT CTyCTKOB KpoBH wuriamu 14G,
caHallMed KpaHUOCIUHAJIBHBIX JIMKBOPHBIX IIyTeH
¢u3.pactBOpoM, ycTpaHeHHeM okkmo3uu, I[locie
BCT I XUCJI—12,6% nabmronancs y 19 uz 151 nerei,
nocie BimodeHus onuuun BCC xommencanus [T
ormeueHa y 59 u3 94 nmereit ¢ XUCJ — 62,8% (p <
0,001) (Tada.l).

Tab6muma 1.
CpaBHUTe/IbHBIH aHAJTU3 KOMIIEHCAUMH ruapoueda uu Y HeIOHOIEHHbIX JAeTel
KomneHcanys rugporedaim Kon-Bo nereit % p*
[ocmne JIIT u BII (o JIBB - npotoxkoity) 33 17,9
Tocne prmrouenns KTCB (B komrmrekce ¢ JITT) 49 34,3 0,046
TTocie BCT' /1 (o JIBB - mpoTtokoity) 19 12,6
Tocne Brimrouernst BCC (B komiutekce ¢ BCT' T u JIIT) 59 62,8 <0,001
* mo TK®
BbIsIBIIEHHBIE OTJIMYHSI OTMEYEHBI U Y JJOHOIIEHHBIX JeTel (Ta0/1.2).
Tabnuna 2.
CpaBHHUTEIbHBII aHAJIN3 KOMIIEHCAIMH THAponedany y AOHOUIEHHBIX JIeTei
Komnencanms rugponedairm Kon-Bo mereit % p*
[ocne JIIT u BII (1o JIBB - mpoToxkoity) 17 15,9
Tlocne prmrouernst KTCB (B kommurekce ¢ JITT) 24 52,2 0027
[ocne BCT' A1 (o JIBB - npotokoity) 5 5,6
Iocne primrouennst BCC (B kommuiekce ¢ BCT' u JITT) 13 59,1 <0,001

* mo TK®



Eepasutickuti Coro3 YueHbix. Cepus: meduyuHckue, buonoaudyeckue U xumuyeckue Hayku. #8(109), 2023 29

O¢ddexkruBnocts  kommencarmu [T npum
BriroueHnu omiuu KTCB B JIBB - mportokoin (p<0,05)
JIOCTUTacTCs 3a CYET KCIOJIb30BaHUS OOJBIIErO
JUaMeTpa MO3TOBBIX WIJ M 30H ITyHKIIMOHHBIX
JIOCTYTIOB ¢ ()OPMHUPOBAHUEM MEXKIY KEIyJOUYKAMH U

CAIl  gpeHmpyommx  KaHAJIOB,  YCTpaHCHHEM
OKKIIIO3MH. DtamHoe Biirouenme omnmmu BCC
obOecrieynBa0O  BOCCTAHOBJICHHE MHPKYJIHUHA U

BCACBIBaHUS JIMKBOpPAa Ha 3Tale HPOJOHTHPOBAHHON
CaHallM¥ JMKBOPHBIX mpocTtpaHcTB (p < 0,001). Hdns

moBEIIEHNST () ()eKTUBHOCTH  (QYHKIHOHUPOBAHUS
CUCTEMBI BCC ObLT NPEAJIOKEH
CaMOPaCKPBIBAIOIIUICS BEHTPHKYJIO-

cybapaxHOMIAIBHBINA CTEHT [17] ¢ TepMeTH3upyroIei
MaHXETOH.

Otmeueno, uyto auHamuka I[I[IM onpenensna
BOCCTaHOBJIEHHE HEBPOJOTUYECKOTO CTaTyca MpH
KOMIICHCAI[TH Irr u 3aBHCeIa oT
MophoQyHKIIMOHATEHON 3penoctn pebeHka. Tak, y
nerelt 1o 37 Hedenu recranuu ¢ nokasareaamu 11T1IM
16edH u mnocne 37 uememu ¢ IIIIM 17-18exH
OTMEYaJIOCh XOpOIIee BOCCTAHOBIICHHE MBIIICTHOTO
TOHyCa, PE(IICKCOB M JBUTATEIBHOW AKTHBHOCTH C
€JIMHUYHBIMU NIEPUBEHTPUKYISIPHBIMA KHCTAMH.

ITpu cawxenuu ITIM 15exH no 37 venenu u 15-
16eqgH mocne 37 Hemenu Mbl OTMEYald HEMOJIHYIO
00paTHUMOCTH MpoIiecca ¢ KUCTO3HOH TpaHchopMariei
MIEPUBEHTPUKYJISPHBIX CTPYKTYP. ITocne
cTabmin3anuy ~ JUKBOPOIWHAMHUKH  HAOMOZamCs
perpecc THIIEPKIHE30B W MHOKIOHUH C MEIJICHHBIM
BOCCTAaHOBJICHAEM CETMEHTAPHBIX U MMO30TOHUYECKHUX
pedirexcos.

[pu camwkenmn IIIIM 13-14egH otmedanack
KHCTO3HAsT TpaHCPOpPMAaNUs IEPUBEHTPUKYIAPHBIX
CTPYKTYp 0€3 pacnpoCTpaHEeHUsI HA CYOKOPTHKAIbHBIC
otnenbl. Heo6XoauMo OTMETHTh, 4TO cHikeHne [TITM
npu III'T mpotekano B codeTanuu ¢ mepeOpaIbHOI
nmemuet 'y 54,7% HemoHomeHHBIX U 48,4%
JIOHOIICHHBIX JIeTeH, YTO YyXyamano HporHo3. Tak,
MOJTHOM JIEKOMITEHCAIIUN C KPUTHUYECKUM CHIDKEHHUEM
IIIM mo 10 — 12enH, comyrcTBOBaNa mepedpanbHas
umieMuss 2-3 CTENeHH C TMEpUBEHTPUKYISAPHO —

CyOKOPTHKaJIbHBIMU JIMKBOPHBIMH KHCTaMH,
CYZOPOKHOH TOTOBHOCTEIO, aTpo(UUECKUMHU
U3MEHEHUSIMU u KOMIIEHCATOPHOI
BEHTPUKYJOMErajauen. YiayulleHue  IoKasaTesel

[IIIM paccMaTpuBaiOCh HaMH KaKk OOBEKTUBHBIN

KPUTEpUHA BOCCTAHOBICHHS JIMKBOPOJMHAMUKH B
KOMILJIEKCE C JaHHBIMU HEHPOBU3YaJIH3aIIHN.
Takum o0pazom, xopoluas JUHAMMKa

HaOmonanace npu [1IIM 17-18enH ¢ eamHUYHBIMU
HNEpUBEHTPUKYISApHbIMU kucTamu. [lpu ITIIIM 15-
l6enH oTMedanach KHCTO3Has —TpaHchoOpMaIus
NEPUBEHTPHUKYIAPHBIX  CTPYKTyp.  Kpurmueckoe
cumkenue [1TIM no 10 — 12egH onpenensiio BeIXO B
(opmupoBanue MEPUBEHTPHUKYIISIPHO -
CYOKOPTHKaJIBHBIX KHCT C CYI0POXKHOH TOTOBHOCTBIO.

Wuterpanus cuctemsl BCC ¢ mepuToHearbHBIM
CETMEHTOM IIyHTa oOecleunBaga OTBEICHNUE JTUKBOpa
n3 xenynodkoB B CAII u ero mo3upoBaHHBIN cOpoC B
OpIOIIHYIO TIOJOCTh C ajganTanuei pe30opOTHBHON
emkoctu CAII k Bo3zpacTaromeMy 00beMy TPOAYKIIHH
JIMKBOpA mepBoro roxa [1-2].
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B wuccnenoBannu ydactBoBanu 40 marueHTtoB B Bo3pacre 80,2%3,8 ner. Mysxumnbl (19 manueHTOB) B
Bo3pacte 80,9+5,5 ner u >xeHuuHbI (21 yenosek) B Bozpacte 79,5+3,6 jeT ObUIM COMOCTaBHMBI 11O BO3pacTy M
3a0oneBanusM. [lanmeHTsl ObIIM pa3aesieHsl Ha 2 TPYNIBI B 3aBUCUMOCTH OT MHIeKca Maccsl Tena (UMT): 17
nanuentos (42,5%) ¢ UMT menee 30 xr/m? (25,8+2,1 xr/m?) u 23 uenoseka (57,5%), CTpajalomux 0KUPEHHEM
(UMT 33,2+2,9 kr/m?). BepostHocTh paseuthsa CCA 1o naHHbBIM Inkansl Mopce u omnpocHuka «Bospact He
nomexa» u Obl1 Ha 71,2% u Ha 40%, COOTBETCTBEHHO, BBINIE B IPYMIC MAIMEHTOB C OKUPEeHUEM. [1o JaHHBIM
onpocauka MINI-COG menee 3 6annoB B rpynmne ¢ HopmansHbiM IMT Habpanu 3 mamuenta (17,6%), B rpymme
MAIMeHTOB ¢ OoxupeHueM 8§ uenoBek (34,8%), 4TO sBIsETCA ONHUM W3 NPOSBICHHH IeMeHIMU. B rpymme
nmanueHToB ¢ HopMabHEIM UMT mposBnenns nerkoit nemennmu mo mkaie MMSE orMewanmcs y 4 denoBek
(23,6%), ymepennoii nemeHunun y 5 denosek (29,4%); B rpymme mauueHToB ¢ oxuperueM — y 9 (39,2%) u 7
(30,5%) martieHTOB, COOTBETCTBEHHO. HU3KMe TIOKa3aTeNn JMHAMOMETPUH B TPYIIIIE MAIMEHTOB ¢ HOPMAITBHBIMH
nokaszarerxsiMu UMT Obunu BeisiBIeHBI y 8 uenoBek (23,6+0,15 kr), B rpymnmne MalUeHTOB ¢ OXHUpeHHeM y 19
yenoBek (19,8+0,9 kr). Beuta BbisiBieHa nonokurenbHast koppeminus UMT ¢ nokasarensmu mkansl Mopce
(r=0,49, p <0,05); u obpatHas 3aBucumocth UMT ¢ mauusiMu mkosst MMSE (r=-0,56, p>0,05). Ha6mronanace
obparHasi KOppEISIIHOHHAsI CBA3b MEXIY MOKA3aTeNIAIMU JHMHAMOMETPHUH M Bo3pactoM marmentos (r=-0,53, p
<0,05), a Takxxe UMT (r=-0,42, p <0,05).

[To pe3ynbTaram NpPOBEAEHHOTO HCCIIEAOBaHUS OBUIO BBISBICHO 3HAUMMOE CHMIKEHHE YPOBHS (pu3nveckon
AKTHUBHOCTH, MBIIICYHON CHJIBI M KOTHHUTHBHOTO CcTaryCa Cpead MalUCHTOB, CTPpaAarolnuX OXHUPCHUCM.
TMosyueHHbIE JaHHbBIE BO3MOXKHO O0BACHUTH pasBUTHEM y nanuentos ¢ UMT 6onee 30 Kr/m? «capKkoNeHHYECKOro
OXUPCHUS», KOr'la U30BITOYHAS Macca TOJIBKO MacCKHpyeT ,Ile(I)I/H.[I/IT MBIIICYHOM MaccChbl, 4YTO HOATBEPIKAACTCA
JAaHHBIMU NTUHaAMOMCTPUH. HpOSIBHeHI/ISI CUHApOMaA CTap‘ieCKOfI ACTCHHUHU BBISBJICHBI 60nee, YCM Y HOJIOBHUHbBI
06cnenyeMHx NMafnuCHTOB, YTO CBUACTCIILCTBYCT O H€O6XOZ[I/IMOCTI/I Ooiee HIUPOKOI'0 BHCAPCHUS B MCAUINHCKYIO
IMPaKTUKy METOAUK KOMIIJICKCHOI'O Ir€puaTpuvY€CKOro oCMOTpa y nmalqu€HTOB CTAapIIUX BO3PACTHBIX I'PYIIIIL. Taxxe
Ba)KHO, YTO BBIABICHUE 3aBUCUMOCTH IIPU3HAKOB CHUHApOMa cTapdyeckod acteHuu ot VMT, urto sBisercs
MOIUMUIMPYEMBIM (haKTOPOM, B OTIIMUUE OT BO3pACTa.

ABSTRACT

The aim of the study is to determine the role of obesity as a cause of decreased physical activity and cognitive
impairment in people over 75 years of age. The study involved 40 patients aged 80.2+3.8 years. Men (19 patients)
aged 80.9+5.5 years and women (21 people) aged 79.5+3.6 years were comparable in age and diseases. Patients
were divided into 2 groups depending on body mass index (BMI): 17 patients (42.5%) with a BMI of less than 30
kg/m2 (25.8+2.1 kg/m2) and 23 people (57.5%) obese (BMI 33.2+2.9 kg/m2). The probability of developing SSA
according to the Morse scale and the questionnaire "Age is not a hindrance” was 71.2% and 40% higher,
respectively, in the group of obese patients. According to the MINI-COG questionnaire, 3 patients (17.6%) scored
less than 3 points in the group with normal BMI, and 8 people (34.8%) in the group of obese patients, which is
one of the manifestations of dementia. In the group of patients with normal BMI, manifestations of mild dementia
on the MMSE scale were observed in 4 people (23.6%), moderate dementia in 5 people (29.4%); in the group of
obese patients — in 9 (39.2%) and 7 (30.5%) patients, respectively. Low dynamometry values in the group of
patients with normal BMI were detected in 8 people (23.6+ 0.15 kg), in the group of obese patients in 19 people
(19.8+ 0.9 kg). There was a positive correlation of BMI with Morse scale indicators (r=0.49, p <0.05); and an
inverse relationship of BMI with MMSE school data (r=-0.56, p>0.05).

There was an inverse correlation between dynamometry indicators and the age of patients (r=-0.53, p <0.05),
as well as BMI (r=-0.42, p <0.05). According to the results of the study, a significant decrease in the level of
physical activity, muscle strength and cognitive status among obese patients was revealed. The obtained data can
be explained by the development of "sarcopenic obesity™ in patients with a BMI of more than 30 kg/m2, when
excess weight only masks a lack of muscle mass, which is confirmed by dynamometry data. Manifestations of
senile asthenia syndrome were detected in more than half of the examined patients, which indicates the need for
wider introduction into medical practice of methods of complex geriatric examination in patients of older age
groups. It is also important to identify the dependence of the signs of senile asthenia syndrome on BMI, which is
a modifiable factor, unlike age.

KiroueBble ¢j10Ba: CUHAPOM CTapuECKON aCTEHUM, CAPKONECHUs, KOTHUTUBHBIE HAPYILLIEHUS, OXKUPEHUE.

Keywords: senile asthenia syndrome, sarcopenia, cognitive impairment, obesity.

Beenenne. Cunapom crapyeckoii actenun (CCA)

pacOopoCTpaHEHHOE COCTOSIHHME CpE€Ar IMAallUCHTOB
MOKWJIOTO MW CTApYECKOIro BO3pacTta. CTapLICCKaH
«XPYIIKOCTB» CBs3aHHa co CHUXKCHUEM
(I)yHKHHOHaHLHOﬁ AaKTUBHOCTH, HCJOCTaTKOM

MBIIIEYHOM MAacCCBhI, CKIIOHHOCTBIO K ITaJICHUAM, 4 TAKXKC
XapaKTepu3yeTcss KOTHUTUBHBIMH pacCTPOHCTBAMH
pa3IMYHON CTENeHH BbIpakeHHOCTH. Ha opranmsm
OKa3BIBAIOT BJIHMSHWE HE TOJNBKO BO3PacT, HO U
XpOHWYEcKHe 3a00JieBaHUs, 00pa3 JKU3HU, XapakTep
MUTAHUS,  COIMAJbHBIC-DKOHOMUYCCKUE  YCIIOBUS

xu3Hu uvenoBeka [1]. IlocranoBka nuarnoza CCA
3a4acTyl0  3aJepXKHBAaeTcs, TaK KaKk MalUeHTHI
oOpamarorcsi 3a  MEIUIMHCKOH  MOMONIBIO K
criequaiucTam apyroro npo¢wins. Tak mnepBUYHOMN
JUATHOCTUKOM  BBIHYXKJIEHBI ~ 3aHUMATbCA  HE
TEepOHTOJIOTH W TEpHaTpbl, a 4dalle HEBPOJOTH,
SHIOKPHHOIOTH ¥ Ap. CKPUHUHT Ha MPEAMET HAJINIUS
CHHIpPOMa CTapyeCKOM AaCTEeHHH C HCIIOJIb30BAaHUEM
KOPOTKMX  OINpPOCHHKOB M  IIKal  JOJDKEH
OCYLIECTBIISITBCSA  BE3A€, TIC TOXKWIOW YEIOBEK
BCTPEYACTCS] ¢ MEJULIMHCKUM paboTHHKOM [2]. Mepsl
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1o BbIsABJIEHUIO JuI| ¢ npusHakamu CCA mpexynpensat
ee pa3BuTHE, a, CJIeI0BATENBHO, OynyT
CIOCOOCTBOBaTh COXPAHEHHIO (PYHKIMOHAIBHBIX U
KOTHUTUBHBIX (pyHKLUIT YeToBeKa.

Ilens — ompeneneHue ponM OXHUPEHHUS Kak
NPUYUHBl CHIKEGHUS (U3MYCCKOM aKTHUBHOCTH U
KOTHUTHUBHBIX HapyIIEHUH y 1MLl cTapuie 75 JeT.

3amaun:

OLIEHUTh YaCTOTy BCTPEUACMOCTH IIPH3HAKOB
CCA cpenm o6cieryeMBIX MAINIeHTOB;

BELBUTH pa3HuIy mokazateneii CCA y mwm c

HopManbubiM  KMMT wu B Trpynme nanueHTos,
CTPaJalOUIUX OKUPECHHUEM;
OIPEJEIIUTD 3aBUCUMOCTD IoKa3arenei

OIPOCHUKOB, TaHHBIX AMHamMmomeTpuu or UMT.

Martepuansl  MeToabl. B uccienoBaHuu
ydyactBoBaiu 40 ManMeHTOB  TepaneBTUYECKOTO
npoduns B Bospacte 80,2+3,8 ner. Myxumaer 19
yemoBek B Bo3pacte 80,9455 mer u 21 xenmmHa B
Bo3pacte 79,5+3,6 mer OBUTH COMOCTaBHMBI JpPYT C
JIPYTOM IO Bo3pacTy W 3aboneBaHusM. B kadecTBe
OCHOBHOM TATOJOTHM BBICTYNANHd  3a00JIeBaHUS
CEepACYHO-COCYUCTOM CHCTEMBI (72,3%),
XpOHHYECKast 00CTpyKTHBHast 60j1e3Hb Jerkux (8,2%),
oxuperne (28,6%), caxapupiii guaber (7,5%).
KpurepusamMu  uckmoueHus  ObUIM  BBIpaXKEHHas
MOJIMOPraHHas HEeIOCTaTOYHOCTh, 3a0ojeBaHHs B
CTaIMu JEKOMIIGHCALMM, a TaKkXke HapylleHus,
3aTPYIHAIOIINE TIEpEABIKCHIE H CaMOOOCITy )KUBaHHE.
Puck passurus cuanpoma crapueckoit acternu (CCA)
OIICHUBAJICS C TIOMOIIBIO OmMpocHHKa «Bo3pact He
rmoMexay, OIICHKa pucka maIcHU i y
TOCITUTAJIM3HUPOBAHHBIX TIAIMEHTOB OIPELIIIACh C
MOMOIIBIO ITKaTBl Mopce, KOTHUTUBHBIE HAPYIICHUS
omnpezessuck ¢ nomoupio onpocurka MINI-COG u
IIKaJIbl OLEHKH MCUxuueckoro craryca (Mini-Mental
State Examination, MMSE).

sl OLlEHKH COCTOSIHUSI MBIILIEYHOH CHCTEMBI
OIIPEIeIISI CUITy KUCTEH C IMOMOIIBIO AWHAMOMETpa
IOK — 50 (3AO "HmwKHETarwibCKHi MEIUKO-
uHCTpyMeHTaNbHEI 3aBox' (HTMMU3), r.Hmwkauit
Tarw). 3MepeHns: IpOBOAMINCH TPYKIBI HA KaXKIOH

nekanpioToHax - daN), manmee BBIYMCISUICS CPEAHHN
CyMMapHBI MoOKa3aTeldb MpaBOM M JEeBOM pyku. 3a

MPU3HAK  BEPOSITHOW  CApKOMEHHH MPUHUMAJIHCH
nokaszatenu meHee 16 daN y sxenmmu u 27 daN y
MY KUHH,

Juis  cratucTudeckoit 0OpabOTKH pe3yIIbTaToB
HCIIONB30BANMCH dJIeKTpoHHbIe Tabmuipl Excel 7.00,
MaKeThl CTATHCTHYECKUX Tporpamm BioStat (Bepcus
5.9.8.5, AnalystSoft, Copyright 2023). Beraucisuich
MOKa3aTel CPENHEr0 3HAYEeHHS W CTaHIAPTHOTO
OTKJIOHEHUSI U MIX pa3inudust o Kpureputo CTHIOICHTA.
AHanu3  3aBUCHMOCTEH  NPOBOJAWIICS  METOJOM
[Mupcena. 3a ypoBeHb TOCTOBEPHOCTH HMPUHHUMAJIOCH
3nauenue P<0,05.

PesyabTaTel. Muaexc maccel tena (MMT) Beex
y4acTHHKOB MccnenoBanus coctapun 30,1+4,6 kr/m?,
JlaHHbIE ONPOCHUKA «B03pacT He momMexa» COCTaBUIIN
3,7£1,6 6amnos, mkamsr Mopce — 61,9+£20,5 Gammos.
IIpuzHaku BEpOSTHOM CTApYECKOM aCTEHUH IO
pe3yJbTaTaM ONpPOCHHKA «BO3pacT He momexay (5-7
0autoB) OBLTH BBIABJICHEL y 14 yenmoBek (35% cirydaes).
Bricokuii puck manmeHwmit (51 m Oosee GamroB) mo
JIAaHHBIM I1KaT6l Mopce ObLT BoIsiBICH B 57,5% ciiyuaes
(23 yenoBeka), HU3KUM puck - y 37,5% (15 uenosek), y
2 4enoBek (5%) puck mageHHH OTCYTCTBOBAI.
[lokazaTen  KOTHUTMBHOTO  CTaryca  COIJIacHO
onpocuuky MINI-COG cocrapuiu 3,3+0,9 6anios, mo
mkare MMSE - 21,1+4,3 Gamios. Menee 3 6aiios
cornacHo onpocHuky MINI-COG nabpanu 11 genoBex
(27,5%), dro sBAsSETCA OOHHM W3 ITOKas3aTesei
nemeriun. [lo manaeM mkamsl MMSE y 3 denosek
(7,5%) He OBUIO BBISBICHO HapyLICHHI; CTOJBKO Ke
MAIIEHTOB WMEINHN JIETKHE KOTHUTUBHBIC HAPYIICHUS
(28 0GamtoB); yMepeHHbIE KOTHUTHBHBIC HAPYIICHUS
(25-27 GamnoB) ObLTM OOHAPYKEHBI y 9 MAIHEHTOB
(22,5%), nerxas nemenims (24-20 GawoB) — y 13
yemoBek (32,5%), ymepennas pgemenims (19-10
6amnoB) —y 12 yenosek (30%). CHUXeHHE MBIIIEYHON
CWIBI TI0 JaHHBIM guHamometpusi (Menee 16 daN y
xeHnmH 1 Menee 27 daN y MyxunH) BbIsiBICHO y 27
marueHToB. B Tabmume 1 mpencTaBiieHB JTaHHBIC
HCTIONB3YEMBIX OMPOCHHUKOB U IIKAJ, KaK MPOSBICHUH

pyKe, BBIOMpAJICSl HAWIy4YIIMA  pe3ynbTaT (B CHHIpOMA CTap4YeCKOi aCTCHUH.
Tabm. 1.
IIposiBneHusl CHHAPOMA CTAp4YecKOil acTeHNH
Mokasarem Yacrora HaOIrOAEHUI
AOGCOIOTHBIE/CpeTHIE 3HAYCHUST OrtHocurenbHbIe 3HaYeHMs (%)

KonuuecTBo nanueHToB 40 100
«Bospact He omexa» (5-7 6aoB) 14 35

Mopce (Menee 24 OaioB) 2 5
Mopce (25-50 6asmoB) 15 37,5
Mopce (51 u Gornee 6ayLIOB) 23 575
MINI-COG (menee 3 bamioB) 11 275
lkasa MMSE (30-29 6amoB) 3 75
LlIxana MMSE (28 6asuios) 3 75
lkaga MMSE (25-27 6auioB) 9 22,5
lkasa MMSE (24-20 6auoB) 13 32,5
lkasa MMSE (19-10 6amoB) 12 30
CHIKEHHbIE TOKA3aTeNU JUHAMOMETPUH 27 67,5

Bouia BbISBIIEHA II0JOKHMTENbHAS KOPPEIALMS
UMT c¢ nokasatensmu mkainsl Mopce (r=0,49, p

<0,05); u obparHas 3aBucumocTs UMT ¢ maHHBIMHA
mkonmel  MMSE  (r=-0,56, p>0,05). Ilpu otom
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CTAaTHCTHYECKH 3HAYMMOH CBSI3U MEK/1y NOKa3aTeIsIMU
ONPOCHUKOB W BO3pacTa IALHEHTOB BBISIBICHO HE
obuto. HaOmiopanace oOpaTHasi KOppesiust MeExay
nokasateassMu  quHamomerpun u UMT  (r=-0,42,
p<0,05).

B  3aBucumoctu or UMT  yuacTHuKHM
WCCIIeIOBaHUA OBUTM pa3felieHbl Ha 2 rpymmsl: 17
manuenTos (42,5%) ¢ UMT menee 30 kr/m? (25,8+2,1

[Nokazatenu ¢Qu3nueckoil aKTHBHOCTH COTJIACHO
onpocHUKY «Bo3pact He momexa» cocraBmwia 3,0+1,2
0a)yIOB B TpyIIE JHIl C HOPMaJBHOW Maccoil Tena u
4,2+1,7 GamnoB B TpyNIE MalEHTOB, CTPaJarolINX
oxupenneM. YV maunuento ¢ UMT menee 30 kr/m?
3HadeHHs mKamel Mopce cocraBmmu  43,8+14,0
6awtoB, ¢ UMT 6Gonee 30 xr/m? — 75,0+17,3 Gaos.
PasHnma mokazaTeneil gu3nmdeckux BO3MOXKHOCTEH y

kr/M®) wm 23 uenosexa (57,5%), CTpaJaloUIMX  HAalUEeHTOB cTapue 75 ner B 3aBucumoctd or UMT
oxupenuem (MMT 33,2+2,9 Kr/m2). TIAIIEHTOB OTpa)keHa B Tabmmie 2.
Taom. 2
INoka3aTenn pu3NUYECKOil AKTUBHOCTH Y NAIIMEHTOB cTapuie 75 jet B 3apucumoctu ot UMT
Iokazarenu HUMT menee 30 xkr/m2 HMT 6omnee 30 kr/m2 %
BHII (6autsr) 3,0£1,2 42+17 40%, p>0,05
Mopce (6awibn) 43,8+£14,0 75,0£17,3 71,2%, p<0,05

CrenoBarenbHO, PUCK CTapuecKoil acTeHHM MO
mkase Mopce T0CTOBEPHO BHILIE B IPYIIIE MAIIUEHTOB
C O)KUPEHHEM.

IIpu3Haku BeposiTHOH cTapueckod acteHMH (5-7
0a;yIoB 1O pe3yibTaTaM ONPOCHHKA «BO3PAcT He
nomexay») B rpymne nanuentos ¢ UMT menee 30 kr/m?
ObuTH BBIsBIIEHBI y 4 4enoBek (23% ciydaeB), Torzna
Kak B TPYIIIIE MAIIEHTOB ¢ OXXKupeHneM — y 10 gemoBex

(43,4% cnyuaeB). Beicokuii prCK MaJeHU# MO IIKae
Mopce (51 u Gosiee 6asToB) HAOMIOAANCS Y 4 YSITOBEK
(23% cnyuaeB) ¢ HOpMaJIbLHON Maccoil Tena, B TO BpeMs
KaKk y MalHMeHTOB C OXKHpeHHeM oTMedaics y 19
nanuerToB  (83,6%  cmywaeB).  CpaBHHTEIbHAS
XapaKTepUCTHKAa  TIOKa3aTeliell  MalueHTOB B
3apucumocT oT UMT mpezncrasiena B Taduuie 3.

Tabmx. 3
CpaBHuUTe/IbHAS XaPAKTEPUCTHKA NALMEHTOB B 3aBucumMoctT ot UMT
THokasatesm AOGCOITIOTHBIC/OTHOCHTEITHHBIC 3HAUCHHIS
MMT menee 30 kr/m? WMT Gonee 30 xr/m?
KoJimuecTBo maryeHToB 17 (100%) 23 (100%)
«Bospacr He nmomexa» (5-7 6a/u1oB) 4(23%) 10 (43,4%)
Mopce (51 u Gostee GaiLIoB) 4(23%) 19(83,6%)

[lo  pmaHHBIM  ONpPOCHUKA  KOTHUTHBHBIX
HapymeHnid MINI-COG menee 3 OauioB B rpynme ¢
HopMmasbHbiM UMT Habpanu 3 manuenta (17,6%), B
rpyIIie MaleHToB ¢ oupeHreM 8 uenosex (34,8%),
YTO SIBJISIETCS OJHUM K3 IIOKaszaTejed JeMEHIHH.
Jlerkas nemenius (24-20 6ansoB) MO JaHHBIM IIKAJIBI
MMSE BeisiBiiena y 4 uenosek (23,6%) B rpymie

nanueHToB ¢ HopMmainbHbIM MMT u y 9 manumentor
(39,2%) ¢ oxupeHHeM; TOPH3HAKH yMEPEHHOI
nevennuu (19-10 GaytoB) HaGIIOAAINCE — Y 5 YETIOBEK
(29,4%) u 7 marmenros (30,5%), cOOTBETCTBEHHO.

B Tabnuie 4 OTpakeHa JleTanbHas
XapakTepUCTHKa MalKUeHTOB B 3aBUcuMoctu ot UMT
IO TTOKa3aTessIM KOTHUTHBHOTO CTaTyca

Tab6xn. 4
Iloka3zaTe/ i KOTHUTHBHOIO CTATYCA NAIMEHTOB B 3aBucuMocTH oT UMT
S P AGCOIIIOTHBIE/OTHOCHTEIILHBIE 3HAYEHUS
HMT menee 30 kr/m? HMT 6omnee 30 kr/m?
KonmuecTBo nanmeHTos 17 (100%) 23 (100%)
MINI-COG (menee 3 6amuioB) 3(17,6%) 8 (34,8%)
[xana MMSE (30-29 6asuios) 2 (11,7%) 1(4,3%)
xana MMSE (28 6amioB) 2 (11,7%) 1(4,3%)
[xana MMSE (25-27 6asuios) 4 (23,6%) 5 (21,7%)
[xana MMSE (24-20 6asuios) 4 (23,6%) 9 (39,2%)
[xana MMSE (19-10 6asuios) 5 (29,4%) 7 (30,5%)
CHIKeHUE oKa3aTeseil IMHAMOMETPHHY B TPYIIIIe  aKTUBHOCTH U KOTHUTHUBHBIE W3MEHEHHs ObLIH

nanueHToB ¢ UMT menee 30 Kr/m ObUTH BBISIBICHEI Y 8
yenosek (23,6+0,15 daN), B rpymme mamueHToB C
oxuperrem y 19 dwemosex (19,8+0,9 daN). Taxxe
CTOUT OTMETHTh, YTO HHU3KHE IMOKA3aTEIIM MBIIICYHON
CHIIBI 110 JAHHBIM KHCTEBOW IMHAMOMETPUHU OBLIH
BBISIBIICHBI Y BCEX IAIMCHTOB C BBICOKHAM PHCKOM
nageanii (51 u OGomee GammoB) mo mkaie Mopce u
JIeMEHTHBIMH HapynieHussMu 1o mkaire MMSE.
Oobcyxnenue. B npoBejeHHOM UCCIIEJOBAaHUH 10
JAHHBIM CKPWHHWHTa CHIDKEHHE (DYHKIMOHAIEHOW

BEIBJIICHBI OoOJice YeM y TOJOBHHBI 00CIEIyEeMbIX
IlonyueHHsle JIaHHbIE COIIIaCyIOTCS c
SMUACMHUOJIOTUYCCKUMHU Ha6J'IIO}ICHI/IHMI/I MMalMCHTOB
MOXHJIOTO U CTapuecKoro Bospacta [3].

ITo AaHHBIM KCCIICAOBAHHI 0COOYIO OMACHOCTH B
miade pa3Butust CCA npeacTaBisioT co00# marueHThl
¢ UMT wmenee 23 kr/M2, HEeHaMEepEHHOH MOTepel Beca
O6onee 5 kr 3a mocnemHue 6 wmecsieB. CoriacHo
KIUHAYCCKHUM  PCKOMCHAAIUSAM  MalUeHTaM  C
CHUHJPOMOM CTapuecKod acTeHuH M 3HaueHueM MMT
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25-29.,9 Kr/M2. CormnacHo KJIMHHYECKUM
pexoMenaanusaM cHmwxkenne MMT menee 23 kr/m2
MOBBILIAET PUCK PA3BUTHUSL CAPKONEHHUU, MPHUBOIUT K
YMEHBIICHUI0O MMHEPAJIbHON TUIOTHOCTH TKaHEew,
notepe KocTHOW Maccel [4]. TakuMm mnamueHtam He
PEKOMEHIOBaHO JNaNbHeiee cHmKeHne Beca. OqHaKo
CTOMUT OTMETHTh, YTO OXXHPCHHE TakXKe HE HeceT
HUKaKUX TPEUMYIIESCTB U HAlUEeHTOB ¢ CHHAPOMOM
CTap4ecKoil acTeHnu. B maHHOM mccieoBaHNH OBLIO
BBISIBIICHO 3HAYIMOE CHIDKCHHE YpOBHS
(DYHKIMOHATBHOH AaKTHBHOCTH W KOTHHUTHBHOTO
craryca cpeau manueHToB ¢ UMT Gomee 30 kr/m2.
Bo3MOXHO MpeanonoXuTh, 4TO MOJyUYEHHbIC JaHHBIS
CBUJETENLCTBYIOT O BAapUaHTE «CapKOMEHHYECKOTO
OXKUPEHUS», KOT/Ia N30BITOYHBIN BEC TeJla MacKHPYeT
JE(PUIIMT MBIIICYHOH MAacChl, YTO MOJTBEPKIACTCS
JTAaHHBIMH JIUHAMOMETPHH. CapkoneHnueckoe
OKHUpPEHHUE XapaKTePH3YeTCs HAKOIICHUEM IKHPOBOH
TKaHU, ¥ 3aMeIICHUECM MBIIICYHBIX KIETOK YKHPOBBIMH,
YTO  TPOSBIICTCS  3HAYUTCIBHBIM  CHIDKCHHEM
MBIIICYHONH MacChl, CHIIBI MBI U (YHKIHOHATBHBIX
BO3MOXKHOCTEH dUenoBeka. B  mepByro  ouepens
MPOUCXOJUT CHUKECHHE MBIIIEYHOH CHIIBI, Janee
yMeHbleHne o0bema Mbi [5, 6]. Takum o6pazom,
JaXe TPH OTHOCUTCIHLHOM COXpPAaHCHHH O0beMa
MBIIIICYHON TKaHW e¢ (QyHKIMs cTpamaer. J(okaszaHo,
YTO MOTEPS MBIIIEYHONH MacChl HE BCETJa MPUBOJIUT K
CHIXKGHHMIO Beca U yMmenspmieHuro HWMT, npu
CapKONICHUYIECKOM OXXHPEHHH BEC Tela HE TOJNBKO HE
YMEHBIIAETCs, HO MOKET W YBEITHMUUTHCSL.

Cpenu Pa3THYHBIX MEXaHU3MOB,
CHOCOOCTBYIOIIMX  Pa3BUTHIO  CApKOIECHUYIECKOTO
OKUPEHUS BBIICILIIOT BOCIIAJUTEIBHEIC ITPOIECCHI,
XPOHHYECKHE 3a00JIeBaHus,
WHCYJUHOPE3UCTEHTHOCTb, CHU)KECHHE YPOBHSA
aHJIPOTEHOB W TOpMOHa pocTa. J{OMOJHUTEIbHBIN
BKJIaJ] B pa3BUTHE JAHHOW TMATOJIOTMH BHOCAT
CHIKeHHE (PM3UYECKOM aKTHBHOCTH U niepeenanue [7],
YTO TMOATBEPKAACTCS BBIIBICHHBIMU KOPPEISAIUIMU
nposineHnit CCA n UMT nanueHToB.

[ToXuIbIM JFOASIM C BBICOKMM PUCKOM Pa3BHTHS
CCA Heo0X0oOmMo peryJsipHOe oOciIeqoBaHUE It
BEISIBIICHUSI TPU3HAKOB CAPKOIICHWM W CHIDKCHUS
MUHEpaTbHOU IUIOTHOCTH KOCTHOM TKaHH,
PEKOMEHIaLMU CTIEeHATUCTa IO U3MEHEHUIO TUTAaHUS
C y4eToB aocTaTo4dHoro morpebnenust 6enka (1,0-1,5
r/kr B cyrtku) nommepxku [8]. TpeGyercs
OpHUEHTUPOBAThCS HA  KOHIEHIUIO  «YCIEITHOTO»
CTapeHUs HACETICHHsI, HaMpaBIeHHYI0 Ha COXpaHEHHE
MBICITUTEILHOM JIeATEBHOCTH, BOBJICUCHHOCTD
MOKUJIOTO YeJIOBeKa B OOIIECTBEHHYIO JKHM3Hb, a HE
TOJIBKO Ha OOPHOY C XpOHHYECKIMU 3200ICBaHUSMI.

BoiBoasl. Ilpusnaku CCA ObUTH  BBISBIICHEI
0oJee YeM y MOJIOBHHEI 00CTIeTyeMbIX TAllUCHTOB, YTO

CBUJICTCIILCTBYET O HEOOXOAMMOCTH BHEAPCHHS B
MEIUIIMHCKYIO TPAKTUKy METOJUK KOMIUIEKCHOTO
repUaTpUYECcKOro OCMOTpa y TAIMEeHTOB CTapLINX
BO3pacTHBIX TIpynn. JlaHHbIE CKPUHUHTAa MOXHO
WCIONB30BaTh I PCKOMEHAANUU 0ojee NeTaTbHOrO
o0crlefoBaHMsI, HAPUMED, ICHCUTOMETPUH.

[lokazatenn  Qu3myeckod  aKTHBHOCTH |
KOTHUTUBHOTO  CTaryca, a  Takke  JIaHHbIE
JUHAMOMETPUH OBUIM  JIOCTOBEPHO HHXKE Cpenu

MAIMEHTOB, CTPAAAOIINX OKUPEHUEM.

BoisiBnennas xoppemsauus UMT ¢ npusHakamu
CHHJpOMa CTapueckod acTeHuu Mo IKkaie Mopce
(r=0,49, p<0,05) u MMSE (r=-0,56, p=>0,05);
nmokaszatensimu - quHamomerpun  (r=-0,42, p<0,05)
MO3BOJISIET paccMaTpuBaTh OXUPEHHE, Kak (akTop
pasButust CCA y mun ctapiue 75 net.
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SMOIMOHAJIBHOE BBI'OPAHUE MEJUIIUHCKUX COTPYJHUKOB AMBYJIATOPHOT'O
CTAIIMOHAPHOTI'O 3BEHA

Kupeesa Bukxmopusa Bnaoumuposna

KAHOUOAm MeOUYUHCKUX HAYK, 3aMeCTUmenb 21a6H020 6payd No NOJUKTUHULECKOMY pa30eny pabombl
Knunuuecroti boronuyor UHL] CO PAH, cmapuwiuii hayunvlii compyOHUK 0moeia MeouKo-ouoio2uieckux
uccneoosanuti u mexuonozuii MHI] CO PAH

2.Upkymck, Poccus

Yconvues FOpuii Koncmanmunoguu

Kanouoam meouyunckux nayx, enasnoiii spay Knunuueckoti bononuyor MHL] CO PAH, 2. Upxymck, Poccus
Mapkosa Enena Braoumuposna

epau-mepaneem Knunuueckoti borvnuyvt HHIL] CO PAH,

2.Upxymck, Poccus.

Konvicosa Anacmacua Cepzeesna

spau-snudemuonoe Knunuuecxou borvnuyert UHL] CO PAH,

2.Upkymck, Poccus.

Kupeee Koncmanmun Anexcanopoguu

Mazucmpanm,

Canxm-Ilemepbypeckuil 20cy0apcmeenHblil 21eKmpPOmexHULecKul

yuugepcumem "JIDTH" um. B.U. Yvsanosa (/lenuna),

Canxm-Ilemepoype,Poccus.
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AHHOTAIUSA
HccnenoBanne TMOCBAMICHO TpoOiieMe HSMOMUOHAIBLHOTO BBITOPAHUS MEAWIUHCKHX PaOOTHUKOB,
OKa3bIBAIONINX TEPBUYHY MEIUKO-CAHUTAPHYI MOMOIIb. C MOMOINBIO ONPOCHHKOB Ka4yecTBa KH3HU H
SMOLMOHAIBEHOTO BBHITOPAHUS MPOBEICHO CPABHEHHE MEXKIY COTPYTHHKAMH CTAlHOHAPHOTO M aMOYyJIaTOPHOTO
3BEHBEB  JIEYEOHBIX  yupexaeHuid. [lo  pe3ynpratam  HCCie[OBaHMS  IUIAHUpyeTcsl  pa3paboTka
MEPCOHATM3UPOBAHHBIX MPOrPaMM PEAOMIMTAIMK COTPYIHHKOB C CHHIPOMOM 3MOI[MOHAILHOIO BBITOPAHHS.
Co3aaHHble peaOWUIMTAIOHHBIC MPOrPAMMbBI CHHU3ST YPOBCHb MPO(ECCHOHAIBHOTO BBIFOPAHUSA W OyIyT
HaMpaBJICHBl HAa MPEOJOJICHHE NPOPECCHOHAIBHOW amanTalWd, 4YTO IO3BOJIUT  YIIYYIIWTh KJIAMAT
npoecCHOHANBHON CcpeJibl M COXPAaHUTh MCHXHYECKOe M (U3MUYECKOE 3/I0pOBbE, a TAKKE IOBBICST
npo¢eCCHOHANBHBIN NPECTHK MEIUIIMHCKUX CIEMHAILHOCTEH W oOecredaT CHH)KEHHE OTTOKa KaapoB M3
JIe4eOHBIX YUPSIKICHUH.

ABSTRACT
The study is devoted to the problem of emotional burnout of medical workers providing primary health care.
Using quality of life and emotional burnout questionnaires, a comparison was made between employees of
inpatient and outpatient units of medical institutions. Based on the results of the study, it is planned to develop
personalized rehabilitation programs for employees with burnout syndrome. The created rehabilitation programs
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will reduce the level of professional burnout and will be aimed at overcoming professional adaptation, which will
improve the climate of the professional environment and maintain mental and physical health, as well as increase
the professional prestige of medical specialties and ensure a reduction in the outflow of personnel from medical

institutions.

KiaioueBble ciioBa: CUHAPOM BBII'OpaHus, MCIAUIMHCKUEC COTPYAHWUKH, OIIPOCHHKH, pea6I/IHI/ITaHI/IH,

IMEPCOHAIN3UPOBAHHAA MEAUITNHA

Key words: burnout syndrome, medical staff, questionnaires, rehabilitation, personalized medicine

Ipodeccus MenpaboTHHKa OTIMYACTCS
TIOBBIIIICHHBIM CTPECCOM H 3TO MOXKET CTaTh IPUINHOMN
Pa3BUTHA CHHAPOMA SMOIIMOHAIFHOTO BEITopaHus [1].
Tewmm KU3HU B COBPEMEHHOM OOIIECTBE PAacTacT U B
MocJeHee BpeMs HanboJiee CuiibHa HeCTaOMIIBHOCTD B
pa3IMYHBIX O0NACTAX JCATEIBHOCTH, Ha (HOHE ITOrO
aKTyaJIbHOCTb TE€MBbl CHHIPOMa SMOIMOHAIBLHOTO
BBHITOPaHHUS B MEIUIMHCKOM COOOLIECTBE OYEHb
BEJIMKA.

Briepsrie MTOHSATHE po¢heCCHOHATHFHOTO
BHITOpaHHWS B MEIWIMHE MOSBWIOCH B  KOHIE
HICCTUACCATHIX ToAoB XX Beka Kak CI0CO0 OLIEHKH
TICHXOJIOTMYECKOTO CTpecca, KOTOPHIH HCIBITHIBACT
MEIHUIIUHCKINA TIepCoHaNl MpH paboTe B OECINIATHBIX
neueOHBIX yupexaeHusx [2]. ExenHeBHbI cTpecc u
OMOIIMOHAILHOE HAMpPSDKEHUE SIBISIOTCS CIIEIICTBUEM
OONBIION HATPY3KH Y MEIMIMHCKUX pPaOOTHUKOB.
MexaHu3MOM IICHMXOJIOTHUECKOM 3alllUThl B OTBET Ha

JEWCTBHE TPaBMHUPYIOUIMX areHTroB B  Qopme
Y4aCTUYHOTO I TIOJIHOTO HCKJIIOUCHUS
SMOIMOHANBHOTO  (pakTOpa  SBIAETCS  CHHAPOM

SMOLMOHAIBHOIO BbITOpaHus [3,4].

CunzpoM TpoQecCHOHATFHOTO BBITOPAHHSA, II0
pa3MYHBIM  JaHHBIM, Bcrpedaercs y  30-90%
MEIHUIIUHCKIX pabOTHUKOB H 3aBUCHT OT IIOJa,
BO3pacTa, CIECHUAIFHOCTH, CTaxa padoT, a TakkKe
MecTa NpokuBanus [5,6].

CuMnTOMBl  XapakTepHblE OIS  CHHApPOMaA
OMOIIMOHAJIBHOTO BbIT'OpAHUA (COI_II/IaJ'H)HO-
TIICUXOJIOTHYCCKUC, HCI/IXO(i)I/ISI/I‘-IeCKI/Ie,
MOBE/ICHUECKHE) MIMPOKO PaCIpOCTPaHEHbl Cpelu

Bpauel M MEIUUUHCKUX cecTep. MenunuHckue
pabOTHUKM TIPEABSABISAIOT JKaJoObl Ha W3JIUIIHIO
HaINpsOKEeHHOCTh, ~ HEHOPMHPOBAaHHOCTh  Pabodero
BPEMEHH H CIIOKHOCTB paboTHI [2].

B oTnmume ot paGoTHUKOB cTannoHapa paboTa B
amMOyJIaTOPHO-TIOJIMKIMHIYECKOM 3BEHE HMEET CBOH
0COOEHHOCTH W 3aKOHOMEPHO CBsi3aHa C Hamboiee
BBICOKOM MICUXO03MOIMOHAILHON Harpy3Kom.
[TareHTsI  KOYT OT MEOUIIMHCKOTO —IepcoHaa
COUYYBCTBHE M 3a00Ty, 4TO B CBOIO OYepenb, TpeOyeT
mposiBjeHUsl sMmnatuiiHoctu. Ilo3romy, yuuThIBas
cepbe3HbIe (U3NIECKUE U ICUXUIECKUE IEPETPY3KH, B
MEJUIUHY JOKHBI UATH JIOAU C BBICOKUM YPOBHEM
SMIIaTHH, HO 0€3 IICMXOJOTMYecKoW paboTel |
caMoaHaJi3a 3TO BEAET K Pa3sBUTHUIO SMOLIUOHAIBHOIO
BBITOPaHMsS, IOTOMY MEAMIMHCKHE PaOOTHUKH
JIOJDKHBI MMETh BBICOKHH YpPOBEHb 3MOLMOHAIBHON
YCTOWYMBOCTH M CHOCOOHOCTh K JMCTAHIMPOBAHUIO
MOMHUMO dMTaTu# [7].

IIprunHO#N 3MOIMOHATIBHOTO BBITOPAHHUS MOTYT
OBITb W WHIMBHUIYalbHBIC OCOOCHHOCTH IIHMYHOCTH,
HalpuMep, WACAINCTUYECKOE OTHOLIEHHE K pabore,
CKJIOHHOCTb K H3JIMIIHEMY CcO4YyBCTBHIO. IloaToMy

aKTyaJibHa CBOEBPEMEHHAsI THATHOCTHUKA M KOPPEKIHsI

CHMITTOMOB 3MOIIMOHAJIHHOTO BEITOpaHu [8].
[MpodeccronansHoe BBITOpaHHE uMeeT

CCPhE3HBbIC TMOCJIEJACTBHS B OTHOIICHUH 3I0POBbBS

MEIUIIMHCKOTO  pabOTHHUKA, PAa3BUTHSI Yy  HETO
JICTIPECCHH,  CEePJCYHO-COCYIUCThIX  3a00JICBaHUIA,
COKpAILCHUSI MPOIODKUTEIEHOCTH KH3HH,

3IIOYIOTPEOICHHST aTKOTOJIEM, a TaKXKe BIHUSICT Ha
KauecTBO MEIUIIMHCKOM MOMOIIY naruenTam [9].

Bcé BpmenepeunciieHHOe, AN MCKITFOUCHHUS
COLMAIIFHO 3HAYUMBIX TOCIEACTBAN SYMOLIMNOHAIEHOTO
BBITOPAHUS y MEIUIINHCKUX COTPYAHUKOB
aMOyIIaTOPHO-TIOJINKIIMHIIECKOH CITyKOBI,
JIOKa3bIBacT HEOOXOAWMOCTh TOWCKa 3(PPEKTHBHBIX
METOJIOB ~ OOBCKTHBHM3AllMH,  NPOQUIAKTUKA U
peaOwiuTalMd  PacCTPOUCTB  (DYHKIHMOHAIBLHOTO
COCTOSIHUS, BO3HHUKAIOMIMX Ha ()OHE IOBBINICHHOMN
Harpy3kd W c(HOPMHUPOBABIIEIOCS  CHHAPOMA
npo)eCCHOHATIBHOTO  BBITOPAHHUS,  KOTOPBIA B
HaCTOSIIIMA  MOMEHT  WMeeT  TEHIEHIHUI K
oMonoxxeHn0. C MENbI0 YKPEIDICHUS W COXPaHCHUS
(pU3NIECKOTO U IICHXUYECKOTO 3/JOPOBbS 1 MOBHIIICHHS

PO eCCHOHANBEHOTO MIpecTHXKa MeANIUHCKON
npodeccun HE0OXOIMMO TPHHATHE YIPABICHUECKHX
peleHui u co3JlaHHe ONTUMAIIBHOTO
TICUXOJIOTHYECKOTO KIMMaTa Ha pabodmx MecTax, a
TaKxe pa3paboTku HOBBIX HaIlpaBJIeHUH
NpoQUIAKTUKM ¥ KOPPEKLUH MCHXOJIOTHYECKOTO
COCTOSIHUS, JIOJDKHBI ~ BHEJAPATHCS  KOMILJICKCHBIC
OpOTpaMMBbl,  HalpaBlICHHbIE Ha  O3J0POBJICHHUE

npodeccuoHaNbHOM cpeasl Meaukos [10].

Jnst u3ydeHuss JaHHOW TeMaTWKH pa3paboTaH
NnpoToKoJl uccaenoBanus: «llepconanuznpoBaHHBIN
MOIX0A K PeaOMIUTANN MEIUIUHCKUX COTPYIHUKOB
aMOyIIaTOPHO-TIOMKIMHAIECKOTO 3BeHA C CHHAPOMOM

BBITOPAHUSD», c OLIEHKOH 3II0POBBS u
TICUXOJIOTUYECKOTO cTaryca MEIAIUTHCKHX
pabOTHUKOB  aMOyJIaTOPHO-TIOJIUKIMHUYECKOTO U

CTAaIlMOHAPHOTO 3BEHHEB JICUCOHBIX YUPESKICHUH.

Ienbio HameTo UcciegoBaHus OBLTO pa3padoTaTh
C€AWHBIC MCTOAWYCCKHEC TIOAXOAblI UIA ONPCACICHUA
CHHJpOMa MPO(eCCHOHATIBHOTO BBITOPaHHs, CBSI3b CO
310POBEEM MEOIUITUHCKUX pa6OTHI/IKOB
amMOyJIaTOPHOTO M CTaI[IOHAPHOTO 3BE€HAa M MEPHI 110
peaduauTanny u NpopIIaKTHKE.

Bbuti nocTaBieHs! cleyomne 3a0auu:

1.IlpoBectn pasHOCTOpPOHHEE OOCIEIOBAaHHE W
OLICHUTD CIIEKTpP HApYIICHUH (PYyHKIUHI U OrpaHUIEHUS
KHU3HE/ICSTENbHOCTH,  PE3BHBIIMECS  BCIEICTBHE
Hpoq)eCCHOHaHBHOFO BBIT'OPpAaHUA y MCEAMIHUHCKUX
pabOTHUKOB  aMOYJIaTOPHOTO W  CTAI[MOHAPHOTO
3BEHBEB JICICOHBIX YUPEKICHUI.

2.IIpoBecTr TECTUPOBAHKME UCCIICAYSMOM TPYIIIBI
ONIPOCHUKAMH  Ka4deCTBA JKM3HH  (KOTHHUTHBHBIC
CIIOCOOHOCTH, OLICHKa JIeTIPECCHH, OLICHKa
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IICUXOOMOLIMOHAJIBHOI'O CTaTyca) " BBIABUTH BCAYLIHC
COCTABJIAIOMINE Ka4Y€CTBa JKU3HH, HYXKAANOMIUECSI B

KOPPEKIUU c UCTIOJIb30BaHUEM METOZOB
VHJMBHIYaJIbHOI peaObnInTalum.
3.IpennoxuTs HEepPCOHANN3UPOBAHHBIN

KOMILIEKC 3 (PEKTHBHOMN peaOMINTAIINN MeTUIIITHCKAX
pabOTHUKOB B COOTBETCTBHU C  pe3yJlbTaTaMu
WH/UBHYaJIbHBIX HCCIIETOBAHHA.

4.Pa3paboTaTh eqUHBIC METOINICCKHE ITOIXOHI B
peabmmTanuu 1 IpopUIaKTHKE MPO(HECCHOHATHFHOTO
BBITOPaHHs MEIUIUHCKAX PAOOTHUKOB aMOyJIaTOPHO-
MTOJIMKJIMHUYECKOIO 3BEHA.

MaTepHaabl 1 METOIBI:

B  wuccmemoBanme  Obuio  BkimoueHo 50
MEIUIUHCKUX COTPYIHUKOB (BpayM M MEIUIIMHCKUE
CECTPHl B PaBHOM COOTHOIICHWH) amMOyJIaTOPHOTO M
CTallMOHAPHOTO 3BCHBEB JICUCOHOTO YUPEKACHUS B
PaBHOM KOJIMYECTBE.

BceM yuacTHHKaM MPOBEICHO 00CIIeI0BaHHUE:

. JlaboparopHbie: reMaToJI0rn4ecKoe
UCCIeIOBaHUE KPOBU, OMOXUMHYECKUIT aHAIHN3 KPOBU
(YpOBEHb TIIIOKO3bI, XOJECTePHH, KPEaTHHHH, OOt
6emnok, AJIT, JIAI', ACT, CPB), cocTosiHue CUCTEMBI
remocrasa; JI-numep; Oepputu.

37
. HucTpyMeHTaIbHEIC HCCIEeIOBAHUS:
crmporpadust c OpPOHXOMOTOPHBIM TECTOM,

perrrenorpadus uin MCKT nerkux, ynbTpa3zBykoBoe

HCCIIEJOBAaHWE  OpraHOB  OpIOIIHOM  IOJIOCTH,
IIMTOBUIHOM JKeJle3bl, cepaua, OpaxuuedanbHbIX
apTepuil.

. AnketnpoBanue: omnpocHuk EQ-5D B

Momudukamum 3L, rocnmrTanpHas mIKana TPEBOTH U

JeTpeccun HADS, omeHka  5MOIMOHAIBLHOTO
BEITOpanus mo metoauke B.B.boiiko [11].

. Koncynprauuu HEBPOJIOTa,
MICUXUATPA/TICUXOTEPATICBTA, MyJIbMOHOJIOTA,

Kapauojiora W Jp. CICIHUAIUCTOB IO TPOQIIIO
BBISIBJICHHBIX HApPyIICHHH.

. Koncynbrarus ¢pusznorepamnesra.

JUis  KaxJoro y4YacTHHKa HAa  OCHOBAHUU
BBISBJICHHBIX HApPYIICHUA ¥ JaHHBIX OMPOCHUKOB
paspaboTaHa  IMEpCOHANM3UPOBAHHAS  MpPOTpaMMa
peabunuranu (QYHKIAH OpraHW3Ma M OICHKA ee
3¢ eKTUBHOCTH.

Pe3yabTaThl Hcc/IeJOBaHUS U UX 00CYy:KIeHMe:

B  wuccmenoBanme — ObIO  BKJIIOYEHO 25
MEIMIIUHCKHX COTPYIHHKOB aMOYJIaTOPHOTO 3BCHA U
25  crammonapHoro.  KimHuko-memorpaduueckas
XapakTepHCTUKA TPy IpeAcTaBieHa B Tadmuue 1.

Tab6muna 1

KJII/IHI/IKO-I[eMOFpa(l)PI‘IeC]Caﬂ XApPAKTEPUCTUHKA UCCJICTOBAHHBIX I'PyHII

oxazate Meyiku aMOyIaTopHOro 38eHa | MeWKu cTaloHapa
e n=25 (50 %) n=25 (50 %)
51.24 £9.95 43.68 £12.17
Bospact (M + sd; Me [Q1; Q3]) 49 [46; 61] 43 [34; 53]
Crrasc 2242 +11.16 20.56+12.31
20 [15.5; 27] 20[12;32]
TTepeborien KOBUIOM: 20 (80 %) 19 (76 %)
o 5 (20 %) 6 (24 %)
HET
TTocTKOBHHBINA CUHAPOM (KOJIHYECTBO CUMIITOMOB): 9 (45 %) 8 (42.1 %)
venee 9 (45 %) 11(57.9 %)
0, 0
9 u Goniee 2(10%) 0(0%)
26.7+7.47
MT 24 [22.5; 29] -
e 16 (64 %)
P 4 (16 %)
n30. BeC 3 (12 %) -
oxupenue 1 cr 2 (8 %)
BBIP@XK. OKUPEHHE
3abonesanust HC: 1(4%)
ropra 6 (24 %) -
oI 18 (72 %)
JIp. IATOJIOTUsl
3aboneanms [C: 6 (24 %)
N 6 (24 %) -
13 (52 %)
JIp. IATOJIOTUsl
ces: 2(16.7 %) ]
Hopwa 10 (83.3 %)
OTKJIOHCHU A
Ortkionenust Ha MCKT: 10 (40 %)
HOpMa 3(12 %) i
(huOpO3, MHEBMOCKIIEPO3 3(12 %)
04aroBble 00Pa30BaHVs, KATBIIMHATHI, JIMM(}OaIeHOIATHS
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HECKOJILKO AaTOJIOT M

(36 %)

[Ipu cpaBHEHHHU pe3yIHTATOB BCEX ONPOCHUKOB Y
rpynm:  amOyiaatopHbix  (N=25) © CTalHOHAPHBIX
MEIUIUHCKHX  paboTHUKOB (N=24), mOCTOBEpHO
pas3nUYaroluecs: pe3ysbTaThl MOIyYeHbl TONBKO IIO
onpocHUKy boliko.

UccnenoBanne mnokazano (mpuMeHeHHs |-
kputepusi CThIOJICHTa), YTO PE3yJbTaThl OMPOCHHKA
Boiiko xyxe y aMOynaTOpHBIX MEINKOB, B CPABHEHUU
co CTallMOHAPHBIMU (p 3HaueHue > 0.05),
pHUCyHOK 1.

160

141.52l+ 15.46

140

120

100

80

60

40

OnpocHUK Boiko - 3aknyeHune (0o peabunutauum)

20

ambynatopHble

OnpocHuK Borko - 3aknioyeHne (o peabunurtaumnn) / Mpynna

[pynnel

cTaunoHapHble

Pucynox 1. lannvie onpocuuxa botiko 6 epynnax cmayuoHaphvix u amoyiamopHuix(00 peabuiumayuu)
MEOUYUHCKUX COMPYOHUKOB

Bcem COTpYAHUKAM aM6yJ’IaTOpHOF0 3B€HaA II0
pe3yiabTaTaM BBIABJICHHBIX HapyHIeHHfI TIPOBEACHBI
pea6I/IJ'II/ITaI.[I/IOHHLI€ MEPONIPUATHUA B BUJIE KOMILUIECKCA

¢usmonponeyp, Maccaxka M IICHXOJOTHYECKHX
TPEHHUHTOB.
Iloce npoBeneHHOll peabuimuTanuu OB

CpaBHEHBI Pe3yJIbTaThl OIPOCHUKOB KauyeCcTBA )KU3HH U
onpocHUKa boilko 10 u nociae MEponpUaATUil B rpyIe
amMOynaTopHbIX MeauKoB. C moMomnrsio npumeHerns W

KpuUTepusi YHJIKOKCOHA B TpyMIax aMOyJaTOPHBIX
MEIUIIHCKHX COTPYIHUKOB N0 peadbuiuranuu (N=25):
Me [Q4,Q5]: 127 [77,206] u nocie peabuiauTanuu
(n=25):Me [Q,, Q3]: 66 [50,100], OBLI0
3apEruCTPUPOBAHO, YTO PE3yJIbTaThl ONPOCHHKA Boiiko
B TIpylme g0 peadWiuTanud XyXe, 4eM Iocie
peabunurauuu (p 3HadeHne > 0.001), pucyHok 2.
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250

OnpocHuK bonko / [pynnbl

200

150
127.0 [77.0,206.0]

OnpocHUK bonko

100

50

OnpocHuk boliko - 3akntoyeHue (fo peabunurauum)
Mpynnbl

OnpocHuk Bolko - 3aknoyeHre (nocne peabunutayum)

Pucynox 2. Pezynbmamur onpochuxa botixo 6 epynne ambynamopuvix mMeouxog 00 u nocie peabuiumayuu

CyMMapHOe KOJIHMYECTBO 0ajsloB OIPOCHHKA
Boiiko cocraisier 360 6amioB, mMpu 3TOM 3HAYCHUS
Beire 120 GamnoB cumTaroTcst c(hOPMHUPOBABIIMMCS
CHHIPOMOM NPO(ECCHOHATIBHOTO BHITOPAHHSI.

Hamu B wuccnenoBanuu ObUIo  (IpUMEHEHHE
kputepusi MakHemapa c¢ mnomnpaBkod DnBapica)

BBISBJIICHO, YTO KOJHMYECTBO MCHBITYEMBIX II0OCIIE
peabuuTanny, y KOTopbIx onpocHuk boiiko Beime 120
0a)UToB, MEHBIIE KoJMdecTBa a0 peabuamuTanuu(p
3nauenue >0.05), pucyHok 3.

OnpocHuk bowko - 3akntoyeHne
(Hom)
(0o peabunutauyumn)

13
Gonbwe 120 (52.0)%

po 120

OnpocHuk bonko - 3akntoyeHne
(Hom)
(nocne peabwunutauum)

Bonble 120

3
(12.0)%

oo 120

Pucynok 3. Bannet onpocnuxa boiiko 0o u nocne peabunumayuu y amOyiamopHuix MeouKos

Ha OCHOBaHUHN TMOJYUYCHHBIX PE3YIbTATOB

BBISIBIICHBI  (DAaKTOPBI  OOBEKTHBH3AIMU  CHUHIPOMA
«BBITOPAHUC»,  ONPCACISIIOIIUE  MOTPEOHOCTH B
MEIWIIUHCKOH  peabWiuTamuu Yy  MEIUIIMHCKHUX

pabOTHHUKOB aMOyJIaTOPHO-TIOTMKIMHAYECKOTO 3BEHA.
OneHensl HapymeHWss (QYHKOUA ©W  OrpaHHYeHUS

KU3HEJCATCIFHOCTH Yy MEIULUHCKUX PabOTHUKOB
aMOyJIaTOPHOTO U CTAL[MOHAPHOTO 3BCHBEB JICUCOHBIX
YUPSKACHUA  HA  OCHOBAHHH  MPOBEACHHOTO
Pa3HOCTOPOHHETO OOCIIEJOBAHUS U BBIBICHO, YTO B
NepBoil Trpymme Ooipllle YacToTa BCTPEYAEMOCTH
CHHApOMA 9MOLUOHAIEHOTO BBITOPaHMS.



40 Eepasutickuti Coro3 YuyeHbix. Cepusi: MeduuyuHckue, buonoaudyeckue u xumudyeckue Hayku. #8(109), 2023

IIpoBeneHHOE TECTHPOBAHUE HCCIECAYEMbIX TIPYIII
ONMPOCHUKAMM  KadyecTBa JKU3HU  (KOTHUTHBHEIC
CIIOCOOHOCTH, OIICHKA Jlenpeccu, OILIEHKA
TICUXOAMOLIMOHAJILHOTO CTaTyca) MO3BOJIUIIO BBISIBUTH
BeyIIHE COCTaBJIAIOIIHNE KauecTBa JKM3HH,
HYXKJAIOUIAecss B KOPPEKIHUH C HCHOJIh30BAHUEM
METOZOB  WHAWBHAYaTbHOM  peaOWMIMTAITUH. B
COOTBETCTBHH C pe3yJbTaTaMH HWHINBUAYATBHBIX
WCCIICIOBAaHUN IO pe3yJibTaTaM aHalli3a IPeIoKeH

MIEPCOHAM3UPOBAHHBI  KOMIDIEKC 3P PEKTHBHOM
peabmmTanun MEIUIINHCKUX paboTHHUKOB
MEPBUYHOTO 3BEHA B  YCIOBHSAX MOBBINICHHOMN
Harpy3KH.

Buenpenue pa3paboTaHHBIX €IMHBIX
METOJAMYCCKUX MOAXOJOB B  peadwiuTalud |
OpOQUIAKTHKE  HPOPECCHOHANIBHOTO  BBITOPaHUS
MEIULMHCKUX PpabOTHHUKOB amMOyJIaTOpHO-
MOJMKJINHAYECKOTO  3BE€HA TO3BOJHT  YIYYIIUTh
Ka4yeCTBO JKU3HH.

3aKIroueHne

Peanuszanms paHHOM MpOrpaMMbl  MO3BOJSET
MOIY4YUTh HOBBIE JAHHBIE O PHCKAaX I 3[0POBbS
MEIUIMHCKUX PAOOTHUKOB «IIEPBUYHOTO» 3BEHA C
pHOOPETEHHBIM CHUHIPOMOM B YCIOBHSIX
MOBBIMNIEHHON Harpy3ku. OrmnpeneneHsl OCHOBHBIE
(akTOphl OOBEKTHBU3AIMK CUHIPOMA «BBITOPAHHUEY,
ONpeNeNdonie  MOTPpeOHOCTh B MEAUIIMHCKOM
peabwiuTanMu 'y  MEAUIUHCKMX  paOOTHHUKOB
amMOyJIaTOPHO-TIONUKIMHIYECKOTO 3BEHA.

C y4eToM NoTy9YeHHbIX JaHHBIX O (POPMUPOBAHUA
CHUHIpOMA SMOLUOHAJIBHOTO BBITOpaHUS y
UCCIIETOBaHHBIX MEAULIUHCKUX pabOTHHKOB
npezaraeTcs BKIIIOYHTh peaduIMTannOHHbIE
IpOTrpaMMBbI JUIs COTPYIHUKOB neyeOHo-
NpOGUIAKTHUECKUX  YUPEXKICHHH ¥  yYUTHIBAThH
WUHINBUAYaJIbHBIE TICUXOTHUIIBI MEIUITHCKUX
pabOTHHKOB B Ka4eCTBE MPEBEHTUBHBIX MEP U METOJIOB
MOMOIM, YTO  MOXeT  yIy4IIUThb  KadecTBO
UCTIOJIHAEMBIX O00Sf3aHHOCTEH M YypPOBEHb OKa3aHUs
MIOMOIIY MAITUeHTaM.

B pesynbrare oxwupgaercs, 4TO, BHEIpPsS Bce
METOAMYECKHE PEKOMEHNAUUM, KadeCTBO JKU3HHU
MEAUIUHCKUX pabOTHHUKOB c CHHJIPOMOM
npodeccroHaIbHOTO BBITOpaHUS Oyner
ONTHMHU3UPOBAHO, YTO OyAeT  IPEensTCTBOBATH
Pa3sBUTHIO y HUX NMPOGECCHOHATIBHOHN [1e3adanTalliH,
BO3HHKHOBEHHIO TICHXOTEHHO 00yCIIOBJICHHBIX
paccTpoiCTB 30POBBA U YXOAY U3 PO ecCchu.
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KOHCTUTYIHHUOHAJIbHBIE TUIbI PEAKIIUI TEMOJIUHAMUKHA I'OJIEHA Y TEBYIIEK HA
OU3NYECKYIO HATPY3KY

H]ankun Anexcandp Anekceeguu
KaHO. Me0. HayK, 0-p buon. Hayk, npog., PI'BOY BO « MUP3A —
Poccutickuii mexnonoeuueckuii ynueepcumemy, Poccus, 2. Mockea

VY nesymek B Bo3pacte 18,09+1,04 ner mpoBOIMIOCH M3MEpEHHE aHTPOIIOMETPHYECKHX MOKazaTeiaed u
OIMPCACIICHNC KOHCTUTYIITMOHAJILHOI'O TUTIA BO3paCTHOI7[ 3BOJIFOIIUH. MCCJ‘IC}JOBaHI/Ie IréeMOJUHaMHUKHN JIEBOM T'OJIEHU
OCYIIECTBJIAIIOCHE MECTOAOM peOBa3orpa(1)1/m B COCTOSHUMU IIOKOA, ITOCJIC OL[HOKpaTHOﬁ IlO3PIpOBaHHOfI (1)H3I/I‘-ICCKOI7I
Harpy3ku B oobeme 50% ot unauBuayansHoro PWC 170 u B meprose BOCCTaHOBICHHS. B COCTOSHHMU MOKOS
KOHCTUTYIINOHAJIbHBIX 0CO66HHOCT6ﬁ, 00BEMHOTO KpOBOTOKa TOJIEHM BBIABJICHO HE Obut10.  Bausanue
TPOXAaHTEPHOTO HHAECKCAa M KOHCTHTYIHOHAJHHOTO THIIA BO3PACTHOW 3BOJIOIMH OpraHW3Ma Ha OOBEMHBIN
KPOBOTOK I'OJICHHU MIPOSIBIBIIOCH IPH (YU3WIECKOM Harpy3Kke (CTaTUCTHIECKH 3HAYUMast 00paTHas: KOPPENAHOHHAS
CBS3b TPOXAHTEPHOTO HHIEKCAa C peorpapuyecKuM HHIEKCOM). B pesympTate mpu CpeaHHX 3HAYCHHUSIX
TPOXAaHTCPHOTO HMHACKCA (HOpMBBOJ‘IIOTPIBHBIfI THUIT KOHCTI/ITYL[I/II/I) Ha6moz[anac5 aZICKBaTHasA pcaKnus
TeMOAMHAMUKH TOJICHW Ha (u3nMdeckyio Harpy3ky. IIpm otkinoHennmn TU oT cpemHuX 3HAUYEHHH OTMEYaJNCh
KOHCTUTYIHNOHAJIbHBIC OCO6eHHOCTI/I TeMOJUHaAMHNYCCKUX peaKuHﬁ.

Girls aged 18,09+1,04 years was measured anthropometric indices and age determination of the constitutional
type of evolution. Hemodynamic study was carried out by the left leg rheovasography at rest, after a single dosage
of physical activity in 50% of the individual PWC 170 and in the recovery period. In the resting state constitutional
features, leg blood flow were detected. Effect trohanternogo index and constitutional evolution of the body such
as age at the leg blood flow during exercise was shown (a statistically significant inverse correlation with the index
trohanternogo rheographic index). As a result, the average values trohanternogo index (normevolyutivny type of
constitution), there was an adequate hemodynamic response to exercise legs. If you deviate from the mean values

of Tl noted constitutional features of hemodynamic responses.
KiroueBble cj10Ba: AHTPONIOMETpPUS, TpOX&HTepHLIﬁ HWHJACKC, S5BOJIOTUBHAS KOHCTUTYLUA, peOBa30rpa(b1/m,

Tr€MOJHAMHKa.

Keywords: anthropometry, trohanterny index, evolutive constitution, rheovasography, hemodynamics.

Beenenue

KoncTutynnoHnaasHeI THUII BO3PacTHOH
9BOJIIOIIMM OpraHU3Ma BO MHOTOM OIIpeeIsaeT
aJanTallMOHHBIE BO3MOXXHOCTH OpraHuzma. OITO
HOPOSIBASIETCA B YaCTHOCTH KOHCTHUTYLHOHAIBHBIMU
OCOOCHHOCTSAIMH ICHTPaJbHOW T'€MOJWHAMHUKH B
COCTOSIHUM IIOKO€ U MBIIIEYHON JeATEbHOCTU
(Iaukua A. A, Komemea O. A., 2011). Mu
OPEATIONOKHUIA, YTO 3BONIOTUBHAS KOHCTUTYLUS
OKa3bplBa€T TaK K€ CYIECTBEHHOE BIUSHHE Ha

COCTOSIHHE nepudepuIecKon reMOJIHMHAMHUKH.
OnHuM "3 OOBEKTHUBHBIX METOIOB HMCCIEIOBAHUS
reMOINHAMUKHU SIBIISIETCS peoBazorpadus

(Haymenko A. U., CkotuukoB B. B., 1975, Poukun
M. A., Usanos JI. b., 1997, Enuzaposa C. H., 2002).
JaHHBI MeTOJ TO3BOJISIET MPOBOAUTH AaHAIU3
Pa3IUYHBIX TUIIOB aZanTUBHBIX Ppeaxiuii
nepudpeprnueckoii remommHamuku (I'pumyx A, 1.,
2006).
Marepuan u MeTObI HCCIEAOBAHUS

OO0bekToM uccaenoBanus Obtm 109 neBymiek B
Bospacte 18,09+1,04 mer pa3HBIX HAIlMOHATHLHOCTEH,
npoxuBatommx B PecmyOimke MoppoBus.  Mel
M3ydald PeaKkIuio co CTOPOHBI 00BEMHOTO KPOBOTOKA
TOoJleHH Ha  (QU3NYECKYI0 HArpy3ky  MeETOJIOM
peoBazorpadpumn B 3aBUCUMOCTH oT
KOHCTUTYIITMOHAIILHOTO THIIAa BO3PACTHOW 3BOJIOIUU
opranusma. IIpoBoaunoch u3MepeHUe UIMHBI Tela
(AT), nunast Horu (JJH), OKpY»KHOCTH IpyIHOM KIIETKH
(OI'K), oxpyxuoctu tamuu (OT), okpyxHOCTH Oepa
(OB), okpyxnoctu 3amsictbs (O3), maccer Tena (MT),
pacuet TpoxantepHoro uuaekca (TU) u onpenencHue

9BOJIIOTUBHOTO THmna koHctuTyimu no B. T'. [rtedxo
(1929) u C. T'. Bacuipuenko (1990).

3ateM MBI OTIpeIeIIsIH bu3nyecKyro
paboTocrocobHOCTh ¢ momoripio Tecta PWC 170,
PeoBazorpadmuto neBoit ronenn npopommn mo JI. P .
3enkoBy U M. A. Porkuny (1992) mocne ogHOKpaTHOM
JO3MPOBAaHHON (DU3UYECKOW HATPY3KH MOIITHOCTHIO
50% ot nanuBuayansHOoro PWC 170 B Teuenue 3 MuH u
B BOCCTAaHOBUTEIHLHOM IIEPHOJIE Yepe3 3 MUH OT/AbIXA.
MBI perucTpupOBaIH CIEAYIONINE TOKA3aTEIH:

ammuTyay peorpammsl (API) om;

peorpadudeckuii cuctonuyeckuii uunexc (P1);

OTHOCHTEJIbHBIH 00beMHBIi mysbe (OOT);

peorpaduuecKkuii  TUACTOJMYCCKUM  WHICKC
(ACK) %;

mokasarenb Toryca cocynos (I[ITC) %;

ko3¢ unment BeHoznoro orroka (KBO) %;

ko3 punment acummerpun (KA);

yactoTa cepjeunbix cokpamteruii (YCC) ya\m.

Pe3yabTaTsl HecIe10BaHUS

AHTpONIOMETPUYECKHE  II0Ka3aTelid  JAEBYILIeK
Pecrry6nmuku MopioBust CylecTBEHHO HE OTINIAINCH
or gapyrux perunoHoB Poccmm (Kamvuma O. B,
Adanacuesckas 1O. C., Camoryta O. B., 2009). JInura
Tema cocraBmiaa 163,95+6,16 cm, gauHa HOrU —
83,40+3,86 cM, OKPY>KHOCTb IPYAHOW KJICTKH Macca —
84,78 + 6,31 cm, okpy)HOCTH Tamuu — 67,67 + 6,04 cMm,
OKpYXHOCTb Oenpa — 54,24 + 5,18 cM, OKpYXHOCTh
3amsictbst — 14,59 + 0,89 cm macca tena — 60,20+ 9,24
KT.

CpenHsii BeNMYMHA TPOXAaHTEPHOI'O HHIEKCA
coctraBuna 1,96 + 0,05. I[Ipu sToM 36 neByiexk uMenu
nmokazarenb TU < 1,95 (TUNOSBONIOTHUBHBIA W
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JICOBOJIIOTUBHBIA THITBI KOHCTUTYIIMN), 55 NEeByIIeK —
™ = 1,95-2,0 (HOPMABOJIIOTUBHBIA ~ THI
KoHcTUTyluu), 18 gpmeBymexk - THU < 2,0
(TUnepHIBOIIOTUBHBIH, JIIC3BOJIIOTUBHBIHN u
MAaTOJIOTMYECKUH  TUMBl  KOHCTUTYyHMH). Takum
obOpa3oM, Tmpeobnamanmd OEBYIIKH C  HU3KAMH
3HAYEHHMAMH TPOXAHTEPHOTO MH/EKCA.

@usmueckast  pabotocmocodbrocts  (PWC  179)
nIeBymek cocraBmia 678,33 + 87,61 xrm/MuH win

11,26 + 3,18 KIM/MHH/KT, 9YTO COOTBETCTBOBAJIO
CpeiHEMy YpOBHIO pabOTOCHOCOOHOCTH Yy  He
TpeHupoBaHHbIX AeBylek (Kapnman B. JI., 1987).

B Tabmuume 1 mpencraBieHbl  MOKa3aTeH
TeMOJMHAMHMKH JIEBOM TOJEHH B TMOKOE, MOCIe
¢usmdeckoii  Harpy3km W depes 3 MUH
BOCCTAHOBHTEJIBHOTO IIEpHOA.

Tab6muma 1

Iloka3zareau PBI seBoii roJjienu y AeByuiexk B Bo3pacre 18 jier B moxoe, nocje ¢gpu3snyeckoil Harpy3Ku, B

BOCCTAHOBHTEJILHOM nepuoae (M+3)

Ilokazarenu B nokoe Ilocine Harpy3ku Boccranosnenue

APT (om) 0,04+0,01 0,05+0,03**** 0,04+0,01
PU 0,3740,14 0,50+0,33**** 0,43+0,17#
OOII 0,62+0,21 0,79+0,37**** 0,69+0,26#

JCH (%) 55,27+25,38 47,50+20,41 53,32+21,34
ITC (%) 16,82+4,29 17,5545,13 17,49+4,57
KBO 27,16+4,05 22,0743,96 19,75+3,53

YCC yp/mun 08,14+14,89 102,21+15,50* 97,33+17,90#

IIpumeuanus

1 3HakoM * OTMEYEHBLI CTATHCTHYECKH 3HAUYMMBIE pazaniusg MEXKAY IOKas3aTeJsIMU B IIOKOC M IIOCIIC

(usnyecKoil Harpy3Ku

2 3HaKOM # OTMEUEHBI CTATUCTUYECKU 3HAYHUMEIC pa3janiudg MEXKIAY INOKa3aTciAsMU I10CIIC (I)HSH‘ICCKOﬁ

Harpysku 1 B BOCCTAHOBUTCJIbBHOM NIEPHUOJIC

3 3mech: *# p < 0,05, **## p < 0,01, ***### p < 0,005-0,002, ****#### p < 0,001

W3 tabauiel 1 BuaHO, uTO B moka3arenu API, PU,
OOIl mocme ¢u3nveckoil HArpy3Kd ITOCTOBEPHO
yBenuuuBanuchb, mnokazarenu JICH, ITC, KBO
CYIIECTBEHHO HE HW3MEHSUINCh. 3areM duepe3 3 MHH
OT/AbIXa MPOUCXOJUIIO BOCCTAaHOBJIICHHE IIOKa3aTenei
APT, PU, OOII. Takywo peakiuioo TeMOJIUHAMUKU
JICBOH ToJIeHH Ha (U3MYECKYI0 Harpy3ky MOXKHO
OIIEHUTH Kak HopManbHy!0 (Porkun M. A., MBanos JI.
b., 1997).

3areM MBI TIPOBEJNM KOPPETSAIHMOHHBIN aHaIu3
AQHTPOIIOMETPUYECKHUX IIapaMeTpPOB C IIOKa3aTelsIMHU
TEeMOJIMHAMHUKH JIEBOW TOJIEHM B IIOKOE, MpH
(u3MyecKoil Harpys3Ke W B XO/i€ BOCCTaHOBHTEILHOTO
neprosia. B mokoe ¥ B BOCCTaHOBHUTEILHOM IIEPHOJIE
HaOIOAMNCh OOpaTHBIE CTATUCTUUECKH 3HAYMMbIC
KoppessinuonHele cBsizu nokazateneid OI'K, OT, OBb,

O3 u MT c noxazarenem PU neBoii ronenu. Ilpu
¢dusHyecKoil Harpys3ke HaOJIIOAanach CTaTUCTHYECKH
3HauMMas ~ oOpaTHas  KOPPENSIMOHHas  CBS3b
TPOXAaHTEPHOTO  HWHIEKca ¢ peorpaduuecKuM
nHaekcoM. OTcrofa MOXHO CAenaTh BBIBOJ, YTO
TPOXAaHTEPHBI HMHAEKC HMEeT 3Ha4YeHue s
aJlanTaluy CUCTEMBI NepUPEepUIECKOi TeMOANHAMUKHI
JIeBOi1 rosieHu K usnueckoi Harpyske. B oTHomeHnn
MOKa3aTelsl TOHyca COCYJIOB M JPYTHX IOKa3arenei
PBI" neBoii rojeHu CylIECTBEHHBIX KOPPEISLUOHHBIX
CB3ell C  AHTPOIIOMETPUYECKMMH IapaMeTpaMH
OpraHM3Ma BBISIBIICHO HE OBLIO.

JleBylIKY ¢ pa3IMYHBIMH 3BOJIOTUBHBIMU TUITAMU
KOHCTUTYLIUU HMEIH pa3Hble 3HAUEHUs IOKa3zaTesel
PU u IITC, B mokoe, niocie Gpu3nIecKoii Harpy3Ku U B
BOCCTAHOBHTEIILHOM IEPUOJIE.

0.8

0.7

0.6

0.5
0.4
0.3
0.2
0.1

H B nokoe

i Mocne ¢pmsmyeckomn
Harpysku

M B BoccTaHOBMTENBHOM
nepuoae
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Ipumeuanus
1 no ocu abcyucc — KOHCMUMYYUOHATLHBIT TMUN 803PACMHOTU IBOTIOYUU OPLAHUZMA
2 no ocu opouxnam — nokazameiv PU
Pucynox 1 — 3asucumocmo noxasamens PHU nesoii zonenu 6 nokoe, nocie Qusuueckou Hazpy3Ku, 6
B0CCMAHOBUMENLHOM NEPUOOe OM KOHCIMUMYYUOHATbHO20 MUNA 803DACMHOU I80I0YUL OPSAHUIMA

CoryacHO PHUCYHKY 1, y A€ByIIEK CO CpPEeaHUMH

3HAYEHUSIMHA TPOXaHTEPHOTO HHIEKCA
(HOPMABOIIOTHBHEIH THI KOHCTUTYIIMN) HAa0IIF0JaIach
aJleKBaTHAas (usnonornueckas peakuus

TeMOAMHAMUKH JIEBOW TOJEHH HA OIHOKPATHYIO
JIO3MPOBAaHHYI0 (PU3MYECKYI0 HArpys3ky. Bo-mepBbix,
cpelHee 3HaYeHUE UCXOMHOTO 3HAU€HHUs MOKa3aTens
PU (0,37+0,14), BO-BTOPBIX, CTaTUCTUYECKU
nmocroBepHoe yBemumuenue PU (0,51+0,28) mpu
¢usnueckoit Harpysku (p < 0,005), B TpeThux, yepes 3
MHH OTAbIXa HECIIOJHOC BOCCTAHOBJICHHEC HCXOIHBIX
suauennii PU (0,43+019).

IIpr OTKIOHEHHWH TPOXAHTEPHOTO HHIEKCA OT
CpeOHHX 3HAYCHWH HaAOMIOJaINCh TE€ WM WHEBIE

VY neBymieK ¢ TUIO3BOJIOTHBHBEIM COMAaTOTHIIOM
BenMurMHa Tokazatenss PU B Xome wuccnenoBaHus
MPAaKTHIECKH HE W3MEHSIAch, TAKyl0 PEaKIHio
TEMOJMHAMHUKN JICBOW TOJEHH MOJYKHO OIICHHTH Kak
HeanekBaTHyo. [Ipym  NHCIBOIIOTHBHOM  THIIE
koHcTuTyuuu ¢ TU = 2,04-2,08 B nepuoje oTapixa He
MPOUCXOJIUIIO BOCCTAHOBJICHHS HCXOJHBIX 3HAUCHHI
PU, a npu nucsBonrOTUBHOM TUIE KOHCTUTYUMU ¢ TU
= 1,86-1,91nabmonanock BBICOKOEe 3HadeHwe PU
mocie pusnyeckor Harpysku 0,60+0,40. Y neByiiek ¢
MaTOJOTMYSCKUM THUIIOM KoHcTUTynuu ¢ T > 2,09
HaOOaIoCk yMeHbIIeHWe Tmokazarens PU  mpu
¢usmaeckoit Harpyske (0,26+0,07), Takyro peakiuro
MOJKHO OIIGHHTHh KaK MapaJoKCallbHY0. Y NEBYIIEK C

KOHCTUTYLUOHAJILHBIE OCOOCHHOCTH  MATOJIOTHYECKAM THIOM KoHctuTymuu ¢ THU < 1,85,
TeMOJIMHAMHYECKHX peakuui, KpOME  HalpoOTHB, OTMEYAIOCh Hambollee BBHICOKOE 3HAUYCHHUC
THUIEPIBOIIOTUBHOTO  THIMA  KOHCTUTYLMH, Tpu  mokaszatens PU  npu  ¢usuueckoid  Harpyske
KOTOPOM peakius Oblia cxoaHa ¢ HopmasoaotusHbeiM  (0,75+0,05).
TUTIOM KOHCTUTYIIUU.
25
H B nokoe

i Mocne pusnyeckom
Harpyskm

i B BoCCTaHOBUTE/IBHOM
nepunoae

I no ocu abcyucc — KOHCMUMYYUOHANLHBIL MUN 603DACMHOU IGOIOYUU OP2AHUIMA
2 no ocu opounam — noxazamens I[ITC, %
Pucynox 2 — 3asucumocmo noxkasamens I1TC nesoii 2onenu 6 nokoe, nocie Quauieckou HazpysKu, 6
B0CCMAHOBUMENILHOM NEPUOOE OM KOHCMUMYYUOHATIbHO20 MUNA 803DACIHOU I80I0YUL OPSAHUIMA

CormacHo pucyHka 2, 'y  JeByIIeK C
HOPMABOJIIOTUBHBIM TUIIOM KOHCTUTYLUH OTMEYAJIOCh
yMepeHHoe cHikeHue nokazarenss [ITC npu
(u3nveckoil HarpysKe, a 3aTeéM €ro BOCCTAHOBIICHHUE
yepe3 3 MUHYTHI OTAbIXa. [Ipu 3TOM B AWHAMUKE €ro
BEITMYMHA BCET/[a OCTaBAJIACh B MIPEJIeNax HOPMATbHBIX
3HaueHul. [Ipu otknonenun TU ot cpenHux 3Ha4eHUH
HaOJIOMAMNCh pa3IM4HbIE pPEaKIUHd CO CTOPOHBI
nokazarens [1TC na ¢pusngeckyto Harpysky. Crenyer
OTMETHUTH, YTO NPH PAIE SBOITIOTUBHBIX COMATOTUIIOB
(rUnepIBOJIOTUBHBIN, IUCIBOILIIOTUBHBIN ¢ TU =
1,86-1,91 u maromoruueckomM Ture KoHcTUTynuu ¢ TU
> 2,09) npu ¢usndeckoit Harpyske mokasatens [1TC

MOTHUMAJICS BBIIIE HOpMaJIbHBIX 3Ha4eHUN
(19,60+5,02 %, 21,69+6,07% u 20,75+0,91%).
BuiBoabl

B xoze mpoBegeHHOTO MCCIIeI0BAHNS BBISBICHBI
KOHCTHUTYILIMOHAJIbHBIE 0COOEHHOCTH peaxn
neprepuIeckoil TeMOIUHAMHUKHA Ha (U3UIECKYIO
Harpy3Ky. KOHCTHTYIIMOHATBHBIA TOAXO0/I K H3Y9IEHUIO
TEMOJIMHAMHUKN  TOKa3all CBOIO 3P PEKTUBHOCTD.
Hcnonp30BaHue TPOXaHTEPHOI'O MHIACKCA B KAadeCTBE
KpUTEpHUs OLIEHK!U WHANBUAYATbHBIX
KOHCTHTYLIMOHAJIbHBIX ~ OCOOCHHOCTEH  YeJoBeKa
MO3BOJIMJI HaM BBIABUTH psAJ 3aKOHOMEPHOCTEH U
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MOPEeBATUPYIOUIMX  TEHACHLUN TeMOJUHAMUYECKUX
peaKLuii ToJIeHn Ha (M3UYECKYI0 Harpys3Ky.

Bnustaue TPOXAHTEPHOTO HHJEKca u
KOHCTUTYIL[HOHAJILHOTO THUIIA BO3PAacCTHOH 3BONIOLUU
opraHu3Ma Ha OOBEMHBIA  KPOBOTOK  TI'OJICHH
MPOSIBIIAIIOCH IpH ¢busmIecKoi Harpyske
(craTucTHYeckn 3HAUMMAasi 00paTHast KOPPEIAIHOHHAS
CBSI3b TPOXAHTEPHOTO HHICKCA C peorpaduiecKkum
nanekcom). Kpupas 3asucumoct PU ot 3BOIIOTHBHOM
KOHCTUTYLIUH nprodperana BOCXOJsIIIEe
HaNpaBJIEHUE, TO €CTh IPH YMEHBUICHUU BEIHYHHBI
TH nabmopanock yBennueHue nokasarens PU.

B pesynbTare 4ero y AeByllIeK MaTOIOTMYECKOM
tunoM koHctutynuu ¢ TU > 2,09 nokazarens PU npu
¢usnueckoit Harpyske ymensmancs jpo 0,26+0,07
(mapagokcanpHasi peakuusi), a |y JAEBYUIEK C
MaToJIOTH4ecKUM TunoM koHctutymmu ¢ TU < 1,85
yBenmuuBaiucs 1o 0,75+1,05 (azekBaTtHast M30BITOUHAS
peaxms).

IIpy cpemHux  3Ha4YeHUSX  TPOXAHTEPHOIO
MHJEKCa (HOPMABONIOTHBHBIM THI KOHCTHUTYIWH)
HaOMofanace aJeKBaTHAs ONTHMaJbHAs —PEAKIUS
reMOJJMHAMHMKH TOJICHH Ha (U3MYECKYI0 HArpy3ky B
BHJI€ HOpPMaJbHBIX MCXOAHBIX MoKa3aTeneil PBI' B
COCTOSTHUU TOKO$I, MTOBBIICHUS noka3areneid AP, PU,
OOII u cumxenus [ITC mpu ¢usnueckoli Harpyske,
BOCCTAHOBJICHUSI UCXOAHBIX 3HAUYCHUU IIOKa3aTeseil B
MIepUO] BOCCTAHOBJICHUS Yepe3 3 MUH OT/bIXA.

Ilpu otkmonenun TU or cpenHux 3HaueHUH
HaOMIONANNCh Pa3iIWYHBIE pPEaKIUH CO CTOPOHBI
nokazarens [ITC na dusmgeckyro Harpysky. Crenyer
OTMETHTh, YTO IPU PAAE BOIIOTHBHBIX COMATOTHIIOB
(TMIIEPABOTIOTHBHBINA, IHCIBOILTIOTUBHBIA ¢ TU =
1,86-1,91 u maromoruueckoM TUre KOHCTUTYIuH ¢ TU
> 2,09) npu ¢uszuyeckoir Harpyske nokasareib [1TC

MOAHUMAJICS BbIIIIE HOPMaJIbHbBIX 3HAYEHU I
(19,6045,02 %, 21,69+6,07% wu 20,75+0,91%).
[Tepeuucnennsie HaM# 3aKOHOMEPHOCTH
TeMOJUHAMHYECKUX  peakuuid Ha  (PUBHYECKYIO

Harpy3Ky HMeEIT OOJIbIlIOe 3HAYEHHE B IIJIaHE
paclmMpeHHus HamMX 3HaHWM 00 aJanTarMoOHHBIX

peakuusx opraHusMa, NpoduiIakTHKe 3a0oieBaHUN

COCYI0B HUIKHUX KOHEUYHOCTEHA.

JIutepartypa

Bacunpuenko, I. C. Cekcomaronorus / I'. C.
Bacunpuenko, Arapkosa C. I'., Arapkos C. I'. u gp.:
cupaBoyHHK. — M. : Menuiaa, 1990. — 576 c.

I'punyk, A. . W3menenus mnepudepudeckoit
TeMOAWHAMUKHN y FoHOmeH 18-22 jer B yCIOBHSX
¢u3mdecknx Harpy3ok pa3nndHoii momuocty / A. 1.
I'punyk // Ycmexu COBpEMEHHOTO €CTECTBO3HAHHSA. —
2006. — No5. — C. 60-61.

Enunzaposga, C. H. OcobeHHOCTH
MIPUCTIOCOOUTENBHBIX PEaKIMii KPOBOOOpAIIEHHUsS |
MBI KOHEYHOCTeW K (DU3UYECKOHl Harpyske y
CIIOPTCMEHOB ~ C  pa3iM4YHONH  HAMpPaBICHHOCTBHIO
TPEHHPOBOYHOTO mpolecca (aBToped. IucC. ... KaHI.
ouon. Hayk) / CBernana HwukomaeBna EmmsapoBa. —
Kypran, 2002. - 33 c.

Kanmun, O. B. CpaBHuTenpHas xapakTepUCcTHKa
YPOBHSI (pU3NYECKOTO Pa3BUTHUs IOHOIIEH M JEBYIICK
Kpacnonapckoro Kpas 1o JIAHHBIM
aHTpornoMeTpudeckux ucciaenoanuii / O. B. Kanmuw,
0. C Adanacuerckas, A. B. Camoryra //
AcTtpaxaHckuil MeguIMHCKUH xypHai. — 2009. T. 4. —
Ne 2. -C. 6-16.

Haywmenxo, A. n. OCHOBBI
anekrporuietusmMorpadun / A. 1. Haymenko, B. B.
CkotaukoB. — JI.: Memnmnuna, 1975. — 216 c.

PoukuH, M.A. Peorpadus B KIMHHYECKOMH
mpaktuke / M. A. Pomkun, JI. b. MBanoB. — M.:
Mennmuaa, 1997. —403c.

Mrepxo, B. TI. CxeMbl  KIMHHYECKOI
JUAarHOCTHKH KOHCTUTYLHMOHANBHBIX THHOB / B. T.
HItedxo, A. 1. OctpoBckuit. — M. : buomenrus, 1929.
-79c.

MMankua, A. A.  KoHcTUTyIMOHANbHBIE
0COOEHHOCTH peakIH IeHTPAJbHOH TI'eMOANHAMHKH
JeBYIICK Ha Qu3nuecKyto Harpy3ky // A. A. lllankuH,
O. A. Komenesa // [TepMckuii METUIMHCKHUIA KypHAJT.
—2011. - T. 28. -Ne 6. — C. 115-119.



Eepasutickuti Coro3 YueHbix. Cepus: meduyuHckue, buonoaudyeckue U xumuyeckue Hayku. #8(109), 2023 45

KMMHYECKHE HAVRH

UDC 66.081.63.

DEPENDENCE OF PERMEABILITY AND SELECTIVITY OF ULTRAFILTRATION MEMBRANES
ON HYDROTHERMAL SI02 NANOPARTICLES.

PotapoviV.V., Gorev'D.S., Kudrinsky?A.A.
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of the Russian Academy of Sciences, Petropavlovsk-Kamchatsky
2Chemical Faculty of Lomonosov Moscow State University, Moscow
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Experiments on membrane concentration of hydrothermal nanosilicon were carried out, stable aqueous sols
with a final SiO, content of 150 g/dm? were obtained. The experimental values of the permeability and selectivity
of the ultrafiltration membrane were statically processed at different degrees of concentration of SiO;
nanoparticles. The contents of Na*, Ka*, Ca?*, Mg?* cations, Cl-, SO4> anions and total salinity (in terms of
electrical conductivity) in the initial hydrothermal solution, concentrated ash and filtrate were determined. The
diameters and zeta potentials of the surface of SiO2 nanoparticles were measured. The stability of the SiO; sol has
been established for 12 months. The applications of hydrothermal sol SiO; are justified.

Keywords: hydrothermal solution, sol of SiO; nanoparticles, permeability, selectivity, diameter and zeta

potential of SiO2 nanoparticles.

Membrane processes, primarily ultrafiltration and
microfiltration, are widely used to solve problems of
separation of macromolecules of proteins, proteins,
colloidal particles of inorganic and organic substances
[1-6] — pigments, minerals and clays [5-8], latex
particles [9], microorganisms (bacteria, viruses) [3].
Separation for the purpose of purification,
concentration and separation of fractions with different
molecular weights is carried out in suspensions [10-14],
solutions [15-19], also in sols of particles [19-25],
including concentrated ones.

Membrane processes are used to remove or
concentrate metal nanoparticles (Ag, Cu) [22, 23, 24],
metal oxides and semiconductors (TiO,, Fe;Os. SiOy)
[25-34], humic acid molecules, high molecular weight
organic compounds [2].

Removal of Ag nanoparticles with an average
diameter of 8.3 nm from dilute aqueous sols with a
content of 2.7 mg/dm3 was performed by ultrafiltration
at different values of transmembrane pressure TMP, the
amount of electrolyte added and, accordingly, the ionic
strength of the aqueous medium, under conditions with
forced pre-mixing [22]. The growth rate of the sediment
layer on the membrane layer and its effect on the
filtration rate have been established.

In [25], the application of ultrafiltration for the
separation of TiO, oxide nanoparticles with average
diameters of 30 nm and a specific surface area of 50
m?/g in agueous suspensions with a content of 0.1-1.0
wt. % is considered. The effectiveness of ultrafiltration
for the task of purification of aqueous suspension from
TiO, nanoparticles was evaluated based on the study of
the effect on membrane permeability of such
parameters as: nanoparticle concentration, pH,
membrane layer flow rate, transmembrane pressure,
dose of CaCl, coagulant introduced to enlarge TiO;
nanoparticles, and the pore parameter of the membrane
layer MWCO = 30 and 50 kD (minimal weight cut off).

Experiments on the removal of SiO; nanoparticles
with an average diameter of 28 nm from single aqueous

suspensions with a content of 0.14 wt. % = 1.4 g/dm?®
were performed in [34]. SiO, aqueous suspensions
were considered as model media for wastewater from
the ceramic and microelectronic  industries.
Ultrafiltration cellulose membranes with MWCO
parameters of 10 and 100 kD were tested. The values
of the permeability of the membrane layer G and the
selectivity of @S for SiO, nanoparticles, the rate of
growth of the mass of deposits on the membrane layer,
the resistance of the sediment layer at different values
of TMP (0.04; 0.08; 0.3 MPa) and MWCO were
determined. The greatest efficiency was achieved in the
case of using membranes with a smaller pore diameter
(MWCO = 10 kD) under the condition of preliminary
mixing. Since the diameters of SiO2 nanoparticles were
comparable to the pore diameters of the membrane
layer, the membranes having the parameter MWCO =
100 kD were mainly subjected to internal
contamination due to pore clogging by individual SiO2
nanoparticles and due to aggregation of small SiO;
nanoparticles in the pore structure. Membranes with the
parameter MWCO = 10 kD had a pore diameter
significantly ~smaller than the diameters of
nanoparticles, and were characterized by contamination
only due to the formation of deposits on the membrane
layer.

The use of ultrafiltration and microfiltration
membranes for the centering of SiO2 nanoparticles is
considered in technologies for the production of
aqueous sols with a content of 10-40 wt. % based on a
precursor - an aqueous solution of alkali metal silicate
(Na.SiOs) [35, 36, 37]. Ultrafiltration and
microfiltration membranes are used to separate
nanoparticles of precipitated SiO; after acidification of
an aqueous solution of alkali metal silicate [38].

With respect to SiO, nanoparticles formed as a
result of polycondensation of orthosilicic acid (OCC)
molecules, two tasks arise: removal of geothermal
power plants (GeoPP) for the purification of the liquid
phase of the coolant and concentration for the
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production of stable SiO2 aqueous sols. The
hydrothermal solution differs in the range of
temperature values, the initial concentration of SiO»,
pH, the ratio of the contents of the leading cations and
anions — Na*, K*, Ca%", Mg?*, Al3*, CI-, SO4* — to the
content of SiO,, the ionic strength and the distribution
of SiO; nanoparticles by diameter. To solve these
problems, a preliminary assessment of the effectiveness
of the main membrane processes is required:
microfiltration, ultrafiltration and reverse osmosis. A
comparative study of membrane processes should be
carried out taking into account the parameters: TMP,
MWCO, G, ¢s under conditions of formation of
deposits on the membrane layer.

SiO2 sols and nanopowders are classified as forms
of amorphous silica that have the greatest application in
various industries [39-42]. SiO; sols and nanopowders
with medium nanoparticle diameters are distinguished
by the possibility of high-tech applications and a high
price level.

The aim of our work was to study the parameters
of the ultrafiltration membrane concentration of
hydrothermal SiO» sols, which are an independent
product and at the same time the basis for the
production of SiO, nanopowders and sol-gel synthesis
products.

Membrane processes, primarily ultrafiltration and
microfiltration, are widely used to solve problems of
separation of macromolecules of proteins, proteins,
colloidal particles of inorganic and organic substances
— pigments, minerals and clays, latex particles,
microorganisms (bacteria, viruses). Separation for the
purpose of purification, concentration and separation of
fractions with different molecular weights is carried out
in suspensions, solutions, and also in sols of particles,
including concentrated ones. Membrane processes are
used to remove or concentrate metal nanoparticles (Ag,
Cu), metal oxides and semiconductors (TiOz, Fe;Os,
SiOy), humic acid molecules, high molecular weight
organic compounds.

Purification of the liquid phase of the GEPP
coolant from SiO; nanoparticles allows solving the
problem of solid deposits in wells and heating
equipment and obtaining additional amounts of thermal
and electrical energy. Membrane concentration of
nanoparticles ensures the production of an additional
product — stable SiO; aqueous sols. SiO2 sols can be
considered as potential sources for the production of
gels and nanopowders [43]. Sols, gels, nanopowders
are the basis for the production of various products: thin
films of sol-gel transition, glasses, SiC, ceramic molds
based on sols and nanopowders, microfiltration and
ultrafiltration membranes, aerogels, heat insulators,
optically active materials modified with metal
nanoparticles, growth stimulators of agricultural plants,
medical preparations. With the help of SiO;
nanoparticles of sols and nanopowders having a high
and chemically active surface, it is possible to
purposefully influence the nanostructure of Portland
cement concretes. Concretes modified  with
hydrothermal nanosilicon, with improved mechanical
characteristics, abrasive properties, increased water
resistance, frost resistance, sulfate resistance, can be

used in conditions of cold, seawater, climatic and ice
load. Modified concretes have prospects of application
not only for the construction of civil and industrial
buildings, highways, but also berthing structures and
drilling platforms [44-46].

Currently, the production of hydrothermal
nanosilicon, which is a new type of amorphous silica,
is developing in the fields of the USA, Italy, Japan,
New Zealand, Iceland [47-51]. To extract different
forms of silica, coagulation, flocculation, filtration
through a suspended sorbent layer are used [47-51]. For
the production of aqueous silica sols, the most
promising method is membrane concentration using
ultra and microfiltration [51].

Materials and methods.

Experiments on the membrane concentration of
the separator were carried out at the sites of the
operating stations - Mutnovskaya GEOHPP and
Verkhne-Mutnovskaya GEOHPP. Productive wells of
the Mutnovskaya GEPP with a capacity of 50 MW
bring to the surface a coolant in the form of a
steam—water mixture (PVS) with a mass vapor content
of 0.1 - 0.2. In the separators of the first and second
lines at a pressure of 0.8 MPa and a temperature of
170.4 0C, the PVS is divided into a steam phase, which
is fed to turbines for generating electricity, and a liquid
phase (separator). The total silica content in the
separator is 650 — 820 mg/kg.

Silica is formed in a supersaturated solution when
it is brought to the surface from molecules of
orthosilicic acid (OCC), which comes as a result of
chemical interaction of the hydrothermal solution with
aluminosilicate minerals of rocks in the depths of
deposits. When the solution rises to the surface through
productive wells and the temperature decreases, the
solution becomes supersaturated and polycondensation
and nucleation of OCC molecules take place in it,
leading to the formation of spherical silica
nanoparticles with diameters of 5-100 nm or more. In
addition to silica, there are ions of dissolved salts in the
solution. The total silica content in the initial
hydrothermal solution, concentrate and filtrate samples
was determined by the yellow-molybdenum Muller
method.

The concentration of the main cations and anions
in the ash, filtrate and initial solution was determined
by the methods of M-03-505-119-03 and PNDF
14.1:2.95-97. Method M-03-505-119-03 (for Na*, K*),
the atomic absorption method was implemented on the
AA-6300 spectrophotometer, according to the PNDF
14.1:2.95-97 method, the contents of the components
were titrated.

The results of determining the particle diameter in
concentrated hydrothermal ash with a SiO, content of
150 g/dm® were obtained using a Zetasizer device
(Malvern, Pananalytic, USA) designed to measure the
particle size of dispersed systems from fractions of a
nanometer to several micrometers in diameter using
dynamic light scattering (DLS) technology. The
instrument complex is also used to analyze the mobility
and charge of particles (zeta potential) using the
electrophoretic light scattering (ELS) method. Before
the DLS and ELS determinations, the concentrate
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samples were diluted to a SiO, content of 0.5 g/dm?
with a buffer medium that allowed the pH value to be
maintained at the level of 8.0-9.0.

Results of membrane concentration.

To obtain concentrated hydrothermal silica sols, a
membrane process — ultrafiltration - has been studied.
A baromembrane module with Raifil UOF-3B
ultrafiltration cartridges (Netherlands) has been tested.
The diaphragm cartridge consists of a cylindrical body.
A bundle of capillary fibers is coaxially located inside
the housing.

Technical characteristics of the ultrafiltration
membrane: dimensions - 90x1106 mm, inner/outer
diameter of the fiber - 0.6/ 1.1 mm, pore size - 0.03
microns, minimum weight cut off parameter - 100-150
kDa, filter surface area - 8 m2,

At the first stage of concentration, a dead-end
filtration scheme was used, at the third stage - a
tangential filtration scheme at a temperature of 18-20
°C.

Initial parameters of the hydrothermal solution:
density p = 1000 g/dm?, SiO; content = 0.5 g/dm?,
pH=8.4, salinity TDS = 664 mg/dm?,

The parameters recorded during the experiment
for concentrating the hydrothermal solution of the
Mutnovskaya GEPP on a membrane UV filter are
shown in Table 1, where: Qf is the capacity of the
filtrate unit, P is the pressure at the inlet to the filter
cartridge, G = Qf/S is the permeability of the membrane
layer, m3/m2 - h, S is the total surface of the membrane
layer in the filter cartridge, m2, Gp = Qf./S-AP, relative
permeability of the membrane layer, m3/m? -h -MPa, AP
—transmembrane pressure — pressure drop on the
membrane layer, TDSk - salt content of the
concentrate, TDSs — salt content of the filtrate, pk —
mass density of concentrate, rf — filtrate density, ¢SiO;
— selectivity for silica, calculated by formula 1:

Psio2=(Psiozx — Psioz¢) / Psiozx (1)

¢tos — Selectivity for ions of dissolved salts,
calculated by formula 2:

@10s=(@TDSx-PTDS)) / PTDSK (2)

Taking into account the fact that the hydrothermal
solution is multicomponent, and unlike the traditional
technology for the production of aqueous sols based on
sodium silicate contains, in addition to Na* cations, the
main ions K*, CI, SO4%, in the approximation of
equilibrium with membrane separation, the salt content
in the TDSS sol solution and on the surface of SiO;
TDSsio2 nanoparticles was estimated by the Donnan
equation. experimental values of salt content in
concentrate and filtrate TDSy, TDSt:

TDSsi0,+TDSs _ TDSg, 3)
TDSy ~ TDSg
DS

TDS§
(TDSsi0,+TDSs)  TDSx

TDSs = =TDS, - 22 (4)

TDSs;p, = TDS, — TDS; (5)

According to the SiO; content and salinity in the
concentrate and filtrate samples, the selectivity of the
membranes for silica and dissolved salt ions was
determined depending on the filtration time, the
selectivity of the membranes for dissolved salt ions
from the TDS salinity in the concentrate (Table 1). The
permeability of the membranes decreased over time
and with an increase in the SiO2 content in the
concentrate. At the same time, selectivity for silica and
salt ions increased, which can be explained by the
formation of a gel layer on the membrane surface. The
SiO,/TDS ratio increased with increasing SiO2 content
in the concentrate.

Table 1.
Parameters determined during the experiment on a membrane UV filter. 1st stage. pr= 1000 g/dm?,
pH=8.4
Ce | Co
t|plan| G Gp, oo | Sio | sio| TD | Tos | TPSx o | me
mi | MP | m¥ | m¥m? | m¥mzh- | gd | o S | o | mud 1 si | [siogT | v
n|al| h h MPa m* | gid | gd | ppm | ppm | M | ™5 | O, DS ms
m | md m
0.5 100 7240 | 00| 0.0 14
0 | 04 59 0.070 0.175 0 05 | 05 | 724 | 675 0 7 0 0.69 5
04 101 7856 | 0.1 | 0.9 0.0
15 | 04 5 0.056 0.141 5 28 05 | 774 | 675 1 4 8 35.64 3
04 101 7856 | 0.1 | 0.9 0.0
30| 04 4 0.055 0.138 5 28 05 | 774 | 675 1 4 8 35.64 3
04 101 779.2 | 01| 09 0.0
45 | 04 4 0.055 0.138 2 25 05 | 770 | 675 4 3 8 32.08 3
04 101 7792 | 01 ] 09 0.0
60 | 0.4 4 0.055 0.138 5 25 | 05 | 770 | 675 4 3| s 32.08 3

The resulting sol was further concentrated on an
ultrafiltration membrane unit with lower productivity —
Stage 2 (Table 2). The permeability of the membranes
decreased depending on the SiO2 content in the

concentrate (Fig. 1, 2). At the same time, selectivity for
silica and salt ions increased, which can be explained
by the formation of a gel layer on the membrane (Fig.
3, 4, 5). The ratio ms= SiO2/TDS increased with an
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increase in the SiO; content in the concentrate (Fig. 6),
and the inverse parameter (1/ms) decreased (Fig. 7).
Table 2.
Parameters. recorded during the experiment of ultrafiltration membrane concentration. the 2nd stage.
Ps= 1000 g/dm3. Cy SiO>= 0.5 g/dm3. pH=8.43

t, min P, MPa 3 /MZ(';L[I)iMPa P, g/dm3 %“2‘% ms= [SiOZ]/TDS 1/ms
0 0.11 261 1001 4 6.02 0.17
15 0.11 250 1002 7 10.44 0.10
30 0.11 1.88 1003 9 13.06 0.08
45 0.11 1.94 1004 11 15.61 0.06
60 0.11 191 1005 13 18.77 0.05
75 0.11 1.89 1006 16 2353 0.04
%0 0.11 1.88 1007 18 25.98 0.04
105 0.11 1.63 1010 22 31.52 0.03
120 0.11 1.56 1011 24 33.77 0.03
135 0.11 150 1012 25 35.29 0.03
150 0.11 219 1013 26 35.30 0.03
165 0.11 1.69 1015 28 37.58 0.03
180 0.11 150 1017 31 40.86 0.02
195 0.11 150 1020 37 4856 0.02

210 0.11 1.44 1022 4 53.56 0.02
225 0.11 1.38 1025 44 55.32 0.02
240 0.11 1.00 1027 47 58.67 0.02
255 0.11 250 1029 49 60.97 0.02
270 0.11 1.56 1030 51 62.68 0.02
285 0.11 1.46 1035 57 69.62 0.01
300 0.11 1.36 1040 64 75.14 0.01
315 0.11 1.25 1044 69 80.502 0.012
330 0.11 117 1051 79 90.453 0.011
345 0.11 115 1055 86 97.742 0.010
360 0.11 115 1060 %4 105.445 0.009
375 0.11 1.04 1070 113 114.418 0.009
390 0.11 0.99 1075 125 125.843 0.008
405 0.11 0.95 1082 140 139.279 0.007
420 0.11 0.94 1085 150 147.230 0.007
0.36
0.31
= 0.26 -
L 021 -
o 0.16 -

-0.11 I |
0.06 y = 0.4359x0271
001 | | | | | R?=06787 | | | | | | |

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
C,[SiO,], g/dm3

Figure 1. Membrane permeability depending on the SiO2 content in the concentrate. the 2nd stage.
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Figure 2. Membrane permeability depending on the SiO2 content in the concentrate. the 2nd stage.
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Figure 3. Selectivity of silicon dioxide membranes depending on the SiO2 content in the concentrate. the 2nd
stage.
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Figure 4. Selectivity of membranes for salt ions depending on the SiO2 content in the concentrate. the 2nd stage.
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Figure 5. SiO2 content in concentrate depending on time. the 2nd stage.
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Figure 6. The ratio of silica concentration to the content of salt ions ms=TDS (SiO2/TDS) depending on the
increase in SiO2 content in the concentrate. the 2nd stage.
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Figure 7. Ratio 1/ms depending on the SiO2 content in the concentrate. the 2nd stage.

The density, total salinity of the concentrate and
filtrate increased over time according to a stronger than
linear dependence.

Due to the fact that the selectivity for SiO-
particles was high — 0.8-1.0, and the selectivity for
electrolyte ions was in the range of 0.08-0.3, using
membrane concentration it was possible to obtain

samples of stable sols with a high value of the
parameter ms = SiO2/TDS= 147.2 at a SiO, content in
the ash of 150 g/dm?. The contents of the main cations
and anions in the initial hydrothermal solution, the final
concentrate with a SiO content of 150 g/dm? and the
integral filtrate are shown in Table 3.

Table 3.
Salinity in concentrate, filtrate, sol solution and on the surface of SiO2 nanopatrticles.
TDSx. TDS:. TDS.. TDSs. TDSsi0,-

ppm ppm mg/dm? mg/dm?® mg/dm?
664 630 0.66 597.14 67.52

669 631 0.67 593.97 76.37

687 634 0.69 583.34 105.72
702 651 0.70 601.30 103.51
689 661 0.69 630.98 61.46

676 663 0.68 646.37 33.68

688 665 0.69 638.30 54.52

691 621 0.70 552.57 145.34
703 623 0.71 546.10 164.64
700 628 0.71 556.73 151.67
727 652 0.74 577.23 159.22
734 653 0.75 572.35 172.66
746 633 0.76 528.14 230.54
747 635 0.76 529.21 232.73
749 690 0.77 621.96 143,51
776 692 0.80 602.04 193.36
780 694 0.80 601.25 199.81
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781 697 0.80 604.50 199.15
790 698 0.81 598.75 214.95
791 700 0.82 598.52 220.16
819 703 0.85 580.22 271.54
821 703 0.86 576.59 280.53
831 706 0.87 570.70 302.68
834 708 0.88 569.70 310.17
841 709 0.89 563.89 327.57
923 711 0.99 511.86 475.75
924 715 0.99 514.67 478.63
929 724 1.01 521.48 483.70
939 725 1.02 515.92 502.90

During membrane separation, as a result, the bulk
of the ions were concentrated in the surface layer of
SiO; nanoparticles (Table 4). The salinity in the TDSS
sol solution became lower than in the surface layer of
TDSsio2 nanoparticles and lower than in the TDSs
filtrate. Na* and K* cations were mainly concentrated
in the sol solution and the surface layer of
nanoparticles, while the degree of concentration of K*
cations was higher than that of Na* cations when

30

25

Mumber (Percent)
- (%]
[#3] =

1 1

—
=
1

compared with the initial
(Tables 3, 4).

The height of the peak of the distribution of the
number of SiO, particles by diameter, established by
the method of dynamic light scattering, falls on the
value dnum = 4.5 nm (Fig. 8), the height of the peak of
the distribution of the fraction of the volume of particles
by diameter - on the value dvo = 5.3 nm (Fig. 9). The
average zeta potential of the surface of nanoparticles is
—32,3mV (fig. 10).

hydrothermal solution

0 T T
0.1 1 10

100 1e+03 1e+04

Size (d.nm)
Figure 8. Distribution of nanoparticles by diameter dnumber = 4.5 + 0.3 nm — the average diameter by the
number of particles. Sample UV-150.
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Figure 9. Distribution of nanoparticles by diameter dvol = 6.2 nm — average diameter by volume.
Sample UV-150.
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Figure 10. The results of electrophoretic light scattering by determining the zeta potential of the particle surface
are &m m= (-32.3) mV. UV-150 sample
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Figure 11. Dependence of the light scattering intensity of nanoparticles on the diffusion coefficient according to
MADLS technology. Sample UV-150.

Conclusions

The permeability of the membranes decreased
over the filtration time, while the selectivity for silica
and electrolyte ions increased, which can be explained
by the formation of a gel layer on the membrane layer.
Due to the fact that the selectivity for SiO- particles was
high, and the selectivity for electrolyte ions was low,
using ultrafiltration membrane concentration, it was
possible to obtain samples of stable sols with a high
value of the parameter ms = SiO,/TDS =105.44, and,
accordingly, with a low value of the inverse parameter
(1/ms), = 0.17-0.009 with a SiO; content in ash of 150
g/dm?. SiO nanoparticles in the ash during membrane
concentration remained stable due to the absence of
accumulation of ions of dissolved salts as membrane
concentration and an increase in the proportion of SiO;
relative to the concentration of ions - ms = SiO»/TDS =
105.44. The peculiarity of membrane separation in
hydrothermal ash was that, as a result, the bulk of the
cations were concentrated in the surface electric layer
SiO, nanoparticles. The salt content in the TDSS sol
solution became lower than in the surface layer of
TDSsio2 nanoparticles and lower than in the TDSs
filtrate. Na* and K* cations were mainly concentrated
in the sol solution and the surface layer of
nanoparticles, while the degree of concentration in the
ash when compared with the initial hydrothermal
solution for K* cations — about 10 was significantly
higher than for Na* cations — about 4-5. At relatively
low concentrations of electrolyte ions, the ionic
strength of SiO, aqueous sol increased insignificantly,
the consequence of this was the absence of developed
coagulation, gelation and enlargement of nanoparticle
sizes as membrane concentration: the average diameter
of nanoparticles in the initial hydrothermal solution
differed little from the value in concentrated ash: the
peaks of the distributions of the number of particles and

volume fell on the diameter values in the range of 6.2
nm.
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