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NCTOPUSA HATMOHAJIBHOT'O HEHTPA TUTHEHDBI TPYIA "
MMPO®ECCUHOHAJIBHBIX 3ABOJIEBAHUI

I'ABAYJUIA ABJABIKOKAEBUY KYJIKBIGAEB

lNabmynna AGasikoxxkaesud (1940-2006 rr.) akame-
muk HAH PK, noktop memumuHCKHX Hayk, mpodeccop,
no4eTHsll rpaxkaanuH r.Kaparanasl. Ilocne oxoHuaHust
KaparanauHCKOro rocyiapCTBEHHOIO  MEIULMHCKOIO
MHCTHUTYTa paboTai Ha KaeIpe rocnuTaibHOU Teparuu.

C 1979-1981rr. nupektop Kazaxckoro HUUM kap-
JTMOJIOTUH;

C 1982-1990rr. — 3aBexyrommii 1abopaTtopueii B
WNucturyre kpaeBoil martomorun MunznpaBa KazCCP,
3aBelyromuii naboparopueid u ornenenueM B Hayunom
LEHTpe pernoHanbHbIX npodaem nuranus AMH CCCP.

C 1990-2006rr. - nupextop HanmonaiabHOTO 11€H-
Tpa TUTHEHBI TpyJa U NpodeCcCHOHAIbHBIX 3a00JIeBaHUN

M3 PK.

Kynxei0aeB I'.A. 6b11 n30pan: unenHoMm-koppecnongentom HAH PK (1995r.);
wieHoM llpesunnyma HAH PK u uneHom Beicuiero HayuyHo-TexHuueckoro CoBera
MOH PK (1999r.); akanemuxom HAH PK (2003r.); unenom MexayHapoaHO#H accoiua-
K (uznonoros; Buue-npesuaeHToM @dusnonormyeckoro HayuyHoro obmecrtsa PK
(2003r.). C 2005r. o 2006r. unen Komuccuu nmo ['ocy1apcTBEHHBIM MPEMHUSIM T10 HAY-
ke 1 TexHuke npu IIpasurensctee PK.

Kynksi6aeBbim I'.A. Oblia pazpaboTaHa KpynHas HayuyHasl Iporpamma JesiTeib-
HOCcTH MHCTUTYTa 10 2005T. «OKO0JI0rNs NIPOMBIIIIEHHOIO PETMOHA U 30POBbE TPYs-
muxcs». B Hell ObM ompesesieHbl HOBbIE HayuYHbIE HalpaBiCHHs, KOTOpbIE HaIUIU
BOIUIOIIEHHE B HAYYHBIX IIPOrpaMMax, YCIEHNIHO BBIMNOJHEHHBIX ¢ 1990 mo 2005rr.:
«EnuHCTBO BO3/1€HCTBUS TPOMBIIIIIEHHOH, SKOIOrn4YecKkoi cep Ha opranu3M padoraro-
iero», 370poBbe paboTaromiero HaceneHus PecrnyOnmuku», «l'urueHa yMCTBEHHOMN
NEeSITeIbHOCTHY, «PaHHSISI THTUEHUYECKas! TUarHOCTUKA.

B pa3paboTaHHbIX mporpaMmMax Hay4HbIX HCCIEIOBAaHUM ONpe/ieeHbl aKTyasb-
HbI€ BOIPOCHI THTHEHBI B CEIBCKOM X034HCTBE, Ha TPAHCIIOPTE U acOecToq00bIBatOIIeH
OTpaciid, a TaKkke MpobjemMbl coueTaHHBIX (opM MpodeccnoHalbHBIX 3a00JeBaHU,
HKOJIOTUYECKU 00YCIOBICHHBIX 3a001€BaHUM, TPOU3BOACTBEHHO-00YCIIOBIEHHBIX 3200-
JIeBaHUH, MOJIEKYJIIPHO-TEHETUUYECKUX HCCIeIOBaHUN B TUTHEHE. Pe3ynbTaThl BBINOI-
HEHHBIX MCCJIEIOBAHUHN MOBIUSAIN HA Pa3BUTHE HAINPaBJICHHS B 00JACTH MEIUIIUHCKON
9KOJIOTMH, TUTHEHBI U MEIUIMHBI, TPOMBIIIJICHHON TOKCHUKOJIOIMHM HAYYHBIX HCCIEH0-
BaHMI B PecriyOnnKe v peanu3yoTcs 1Mo HACTOSIIEE BpeMs.

Axanemuk HAH PK Kynkei6aes I'.A. — aBTop 60see 400 HayuHbix Tpya0B (60
pabot omyOsnkoBaHO 3a pyOexom), 24 monorpaduif, 15 maTeHTOB M NpennaTeHTOB
Poccun u PK. Ilox ero pemaknueir omyOimnkoBaHo 19 cCOOpPHUKOB Hay4HBIX TPYIOB.
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ABTOp HAy4YHO-TIOMYJIAPHOM KHUTH HA Ka3aXxCKOM si3bike «bosne3nu cycraBoBy, 30 nute-
paTypHO-KpUTHUECKUX cTarel, 10 crareil B DHuukionenuu Kazaxcrana Ha Ka3axcKoMm
S3BIKE.

ITox pykoBoactBom I'.A. KynkeibaeBa 3amumiensl 27 gokropckux (ITocmenos
H.U., baiimanoBa A.M., Mycun E.M., )KymabekoBa b.X. u np.) u 61 xanaumarckas
nucceptaiust (barrakoBa X.E., Aman6ekoBa A.Y., KynranoB b.XK., Koiirensaunosa
I.C. u np.).

3a 3acinyru nepen PecnyOnukoi HarpaxaeH MegamsiMu « Anb-DPapaduy», «10 et
Koncrturynum», «Berepan tpyna», 3Hakamu «OTJIMYHHMK 3]paBOOXpaHEHUs», «3a
3aciayrd B pa3BUTUHU Hayku Kaszaxcranay, modeTHoOH rpaMoToil MuUHUCTEpCTBAa 00pa3o-
BaHUs U Hayku PecnyOmmku Kazaxcran, modetHoi rpamoToii Pecrybnmku Kazaxcras.
[Touernsiii rpaxknanud T.Kaparanaer (2001r.), crunenauar «l ocymapcTBeHHbIE Hayd-
HbI€ CTUIICHIUU [Js YYEHBIX M CHELUUAJIMCTOB, BHECIIMX BBIJAIOLIMKCS BKIAJI B
pa3BuTHE HayKu U TexHUKu» (1997-2003rr.).

Kynkei0aeB I'.A. BeicTynan ¢ AokjiagaMu Ha MEXJIyHapOJHbIX, BCECOIO3HBIX U
pecrmyOIMKaHCKUX HAy4YHBIX KOHTpeccax, Che3faxX, KOH(PEPEeHLHUSX U CUMIO3HMyMax
(Mockgsa, 3arpe0, bynanemr, CtpacOypr, Cankr-IlerepOypr, XbtocToH, BammHrros,
Konenraren u ap.). Ilog ero pykoBoACTBOM BBINOJIHSAIUCH MEXKyHAPOIHbIE MPOEKTHI
no pouny «INTAS» B corpyaanuectse ¢ yueHbIMU benbrun nu @panmun mo MHTL, o
«Hdpakoc» u apyrue.

[Tpu I'abnynne A6nukoxaeBruue HHCTUTYT ObLI OMpE/IesieH HayYHO-MEeTOInYec-
kuM L{eHTpoM NOBBITIICHHS KBATH(DHUKAIMY 110 TUTHEHE U TipodmaTonoruu PK.

KynkeibaeB I'.A. sBisuics mpencenaTesieM COBETa IO 3alllUTe JOKTOPCKUX U
KaHJIMJIATCKUX JUCCEepTaluid Mo crnenraibHocTsIM «l'uruena» n «MenuuuHa Tpynay.
[Mupokas >pyaunus, Jr000Bb K €Ty MO3BOJSUIA €My YCIHEIIHO NepeaaBaTh CBOHM 3Ha-
HUS MOJIOJIBIM YY€HBIM, TOTOBUTH CIEIUATUCTOB Mo «I urnene» n «Menuuune Tpyaay.

lMabmynna AGIBIKOKAaeBUY U ceifuac 00pasel moApaskaHusl I MHOTHX KTO 3HAI
ero u Bcrpevancs ¢ HUM. Cero/iHs Ha HEro paBHSIOTCS MHOTWE, IPU3HABAs B HEM 3Ta-
JIOH YEeCTHOCTU U IieNieycTpeMiieHHOCTU. J[to0oe BOoCcrOMUHAaHWE 00 STOM yAUBHUTEIb-
HOM Y€JIOBEKE HE MMEET HU Havajla, HU KoHla. [laMaTh 0 HeM GecKoHeuHa. ...
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Kazakhstan's higher medical education system has been transitioning toward
competency-based learning models that emphasize integration between theoretical
instruction and workplace practice. Dual education, which combines academic course-
work with structured training at professional sites, represents a promising strategy for
developing practical competencies in Public Health programs. However, systematic
evaluation of its implementation in medical universities remains limited.

Key words: dual education, occupational hygiene, student satisfaction, practice-based
learning, public health, competency-based training

Introduction. In recent years, Kazakhstan’s higher medical education has under-
gone reforms aligning with the European Higher Education Area principles, emphasi-
zing learning outcomes and practical competencies as per the Bologna Process [1, 2].
Current trends in higher education reform aim to reduce the number of contact hours for
classroom teaching while expanding the share of independent student work. At the same
time, a competency-based approach to professional education requires shifting the focus
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toward practice and workplace-based learning. That is why dual training system has
emerged as a strategic tool for bridging theory and practice in medical and public health
education [3, 4]. In accordance with the Order of the Minister of Education and Science
of the Republic of Kazakhstan “On approval of the Rules for organizing dual
education”, dual training is defined as a form of vocational preparation that combines
learning in an educational organization with mandatory periods of on-the-job training
and professional practice at enterprises, with shared responsibility between the
university, the student, and the host organization [5].

In simple words, dual education (also called dual vocational training) integrates
formal schooling with on-the-job apprenticeships [6], and usually develops in the form
of partnership between education institutions and work facilities. International experien-
ce confirms the effectiveness of such partnerships. Studies conducted in 17 European
countries (Austria, Germany, Italy and etc.) showed that early exposure to professional
environments increases employment rates and job satisfaction among graduates [7]. In
the medical sector, dual training supports clinical reasoning and professional identity
formation [8]. For example, Swiss nursing “relies on vocational education and training
programmes ... reflecting the strong and successful tradition of the dual education
system,” combining classroom programs with apprenticeships in health settings [9].

By design, dual programs tie training to real jobs and link graduates with
employers. OECD data confirm that young people with vocational credentials typically
enjoy higher employment rates than those with purely academic education (about 83%
versus 73% employment for 25-34 year-olds in OECD countries) [10].

A distinctive feature of the dual education system is the gradual professional
adaptation of students in real-world settings with minimal psychological discomfort.
This approach facilitates smoother transitions from learning to employment and enhan-
ces students’ social and professional competencies [11, 12]. During dual training, stu-
dents acquire not only technical skills but also communication and teamwork abilities,
as they interact with professionals in real healthcare contexts. The quality of students’
performance under dual education also serves as an indicator of prior theoretical prepa-
ration and the effectiveness of curricular alignment [13]. Therefore, the integration of
dual education elements into medical and public health training programs corresponds
to international pedagogical trends and the national strategy for higher education moder-
nization in Kazakhstan. It enables universities to develop graduates who are competent,
adaptive, and ready for real-world professional demands.

This study aimed to explore student perceptions of integrating dual education
elements into the Occupational Hygiene course for Public Health students at a leading
medical university in Kazakhstan. We examined perceived benefits and systemic limita-
tions of this model, contributing to ongoing discussions on optimizing competency-
based education for future preventive medicine specialists.

Materials and methods. Study design and rationale. We conducted a conver-
gent parallel mixed-methods study to evaluate student experiences with dual education
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elements integrated into the Occupational Hygiene course at Karaganda Medical Uni-
versity during the 2023-2024 academic year. By combining structured survey responses
with semi-structured interviews (Figure 1), we pursued to measure satisfaction levels
across multiple dimensions and identify specific organizational barriers.

QUANTITATIVE ( \ QUALITATIVE
el INTEGRATION SIR NI
Survey (n=37) POINT Interviews (n=12)
1. Comparison of findings - -
24 Likert-scale items 2. Convergence analysis Semi-structured guide
4 satisfaction domains 3. Areas of agreement 3 :
4. Areas of divergence Thematic analysis
Descriptive statistics \ ) 4 major themes

INTERPRETATION
1. High satisfaction with skills development and climate
2. Lower satisfaction with organizational aspects
3. Need for authentic workplace exposure
4. Value of mentorship with time constraints

Figure 1. Mixed-methods study flowchart

Setting and context. Dual training was implemented at two institutional bases
within Karaganda Medical University. The first was the School of Public Health, where
theoretical instruction and laboratory exercises took place. The second was the Research
Sanitary and Hygienic Laboratory of the Institute of Public and Occupational Health,
which provided access to equipment and protocols used in actual sanitary surveillance
activities. Selected practical sessions were also conducted at territorial health institu-
tions that had signed formal partnership agreements with the university, though these
placements were limited in frequency.

Participants and sampling. The study population consisted of all students enrol-
led in the Occupational Hygiene course during the spring semester of 2024. This inclu-
ded third-year students following the shortened educational program and fourth-year
students in the standard program, both groups studying within the Public Health special-
ty at the School of Public Health. The total enrolled cohort comprised 37 students.

We employed total population sampling because the cohort size was small and
we aimed to capture the full range of experiences within this specific educational inter-
vention. Inclusion criteria were current enrollment in the Occupational Hygiene course,
participation in at least 75% of dual training activities during the semester, and volun-
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tary agreement to participate in the study. Exclusion criteria included students who had
taken academic leave during the study period, and students who declined to participate
when invited. No students met the exclusion criteria. All 37 enrolled students partici-
pated in the quantitative survey phase with a response rate of 100%. For the qualitative
phase, we invited students to volunteer for interviews and continued recruitment until
thematic saturation was achieved. Twelve students participated in individual interviews.

Quantitative data collection. We developed a structured questionnaire to assess
student satisfaction with the dual education format. The instrument was constructed
through a four-stage process. First, we reviewed published surveys used in studies of
dual vocational education, as well as satisfaction scales applied in medical education
research. Second, we conducted informal consultative meetings with five students who
had completed the previous year’s course to identify themes they considered important
for evaluation. Third, a preliminary version containing 24 items was drafted by the rese-
arch team. Fourth, three faculty members with expertise in public health education and
survey methodology reviewed the instrument for content validity, suggesting revisions
to wording and ensuring alignment with the study objectives.

The final questionnaire consisted of four sections corresponding to key aspects
of the dual learning experience: organizational quality (six items addressing scheduling,
clarity of expectations, and coordination between university and practice sites), reinfor-
cement of theoretical knowledge (five items examining the extent to which practical
activities helped consolidate classroom learning), development of practical skills (seven
items evaluating hands-on training in sanitary inspection, laboratory techniques, and
risk assessment), and socio-psychological climate (six items measuring comfort, support
from mentors, and interpersonal relationships at training sites). Each item used a five-
point Likert scale ranging from 1 (completely dissatisfied) to 5 (completely satisfied).
Three open-ended questions were included at the end to allow students to describe what
they valued most, what could be improved, and whether they would recommend dual
training to future cohorts.

We pilot tested the questionnaire with eight students from a parallel specialty
who were not part of the study sample but had experienced similar practice-based lear-
ning formats. Pilot participants completed the survey and then provided verbal feedback
on item clarity and response burden. Minor adjustments were made to two items where
students reported ambiguity. Internal consistency was assessed using Cronbach’s alpha.
The reliability coefficient for the overall scale was 0.84, with subscale values ranging
from 0.76 (socio-psychological climate) to 0.88 (practical skills development), indica-
ting acceptable to good internal consistency.

The survey was administered electronically using Google Forms during the final
two weeks of the semester, after all dual training activities had been completed but
before final examinations. Participation was voluntary and anonymous.

Qualitative data collection. Following the survey phase, we conducted indivi-
dual semi-structured interviews to gain deeper insight into student perspectives. Inter-
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view participants were recruited through a voluntary sign-up sheet distributed during
class announcements and via email. We aimed for a diverse sample in terms of gender,
academic performance level, and prior work experience. Interviews were scheduled at
times convenient for students and held in private offices at the School of Public Health
to ensure confidentiality. Each interview lasted between 20 and 32 minutes.

The interview guide was developed collaboratively by three members of the
research team and organized around five thematic areas: motivations for choosing the
Public Health specialty, perceptions of how dual training differed from conventional
coursework, specific experiences with mentors and supervisors at practice sites, sugges-
tions for improving the dual model, and reflections on professional readiness. The guide
included primary questions with follow-up probes to encourage elaboration. For
example, when discussing mentorship, the interviewer would ask students to describe a
specific situation where mentor guidance was particularly helpful or, conversely, where
they felt additional support would have been beneficial.

All interviews were conducted by two researchers who were not directly invol-
ved in teaching the Occupational Hygiene course to reduce potential bias related to
evaluator-instructor relationships. Interviewers introduced themselves, explained the
study aims, confirmed verbal consent, and emphasized that responses would not affect
academic evaluation. Interviews were audio-recorded with participant permission.
Recordings were transcribed by a professional transcription service. Transcripts were
checked for accuracy by members of the research team and anonymized by removing
any identifying details.

Data analysis. Descriptive statistics including frequencies, percentages, means,
and standard deviations for each survey item and subscale were calculated in SPSS ver-
sion 26.0. Given the small sample size and ordinal nature of Likert responses, we did
not perform inferential statistical tests. Instead, we focused on describing patterns of
satisfaction across the four evaluated dimensions. Responses to open-ended questions in
the survey were coded inductively to identify recurring themes, and frequency counts
were generated for the most common comments.

Qualitative data from interviews were analyzed using thematic analysis, and be-
gan with familiarization, during which two researchers independently read all trans-
cripts in full. Next, initial codes were generated to label meaningful segments of text.
These codes were applied systematically across the dataset. After coding was comple-
ted, the research team met to compare coding decisions, discuss discrepancies, and
refine the codebook. Related codes were then grouped into broader themes.

Ethical considerations. The study protocol received approval from the Local
Ethics Committee of Karaganda Medical University (reference number 2023-09/HE)
and adhered to the principles of the Declaration of Helsinki. All participants provided
informed consent. For the survey, consent was obtained electronically through an intro-
ductory statement requiring participants to confirm their agreement before proceeding to
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the questions. For interviews, verbal informed consent was obtained and audio-recorded
at the beginning of each session.

Results. Participant characteristics. All 37 students enrolled in the Occupatio-
nal Hygiene course during the spring semester of 2024 completed the online satisfaction
survey, representing the full cohort and yielding a 100% response rate. The group
consisted of 23 students (62.2%) from the fourth-year standard program and 14 students
(37.8%) from the third-year shortened program (Table 1). Among respondents, 28 were
female (75.7%) and 9 were male (24.3%), reflecting the typical gender distribution in
Public Health programs at the institution. The mean age was 21.4 years (standard
deviation 1.2 years, range 19 to 24 years). Twelve students volunteered to participate in
follow-up interviews. Among interview participants, eight were from the fourth-year
cohort and four from the third-year cohort, with nine females and three males. Two
interview participants reported having prior work experience in healthcare settings
before entering university, while the remaining ten had no previous professional
exposure to public health practice.

Table 1 - Participant characteristics (n=37)

Characteristic Survey participants, n | Interview participants, n (%)
(%)

Program level

Fourth-year (standard program) | 23 (62.2) 8 (66.7)

Third-year (shortened program) | 14 (37.8) 4(33.3)

Gender

Female 28 (75.7) 9(75.0)

Male 9(24.3) 3 (25.0)

Age, years

Mean (SD) 21.4 (1.2) 21.6 (1.3)

Range 19-24 20-24

Prior healthcare work experience

Yes Not collected 2 (16.7)

No Not collected 10 (83.3)

Overall satisfaction with dual education. When asked to compare the dual lear-
ning format with traditional classroom-based instruction, 29 students (78.4%) indicated
that dual training was more effective for their professional development. Six students
(16.2%) perceived both approaches as equally useful, and two students (5.4%) expres-
sed a preference for conventional teaching methods. Students who favored dual training
most frequently cited in open-ended comments the opportunity to see how theoretical
concepts apply in realistic settings, the chance to work with equipment and protocols
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used in actual sanitary practice, and the motivational effect of engaging with profess-
sionals outside the university environment.

The overall mean satisfaction score across all 24 Likert-scale items was 4.21
(standard deviation 0.58), indicating generally high satisfaction with the dual education
experience. When examined by the four predefined domains, satisfaction varied in both
level and consistency, revealing specific strengths and areas requiring attention (Table
2).

Table 2 - Mean satisfaction scores by domain

Domain Number of Mean score Range | Cronbach's
items (SD) a

Organizational quality 6 3.87(0.74) 2-5 0.79
Reinforcement of theoretical 5 4.15 (0.68) 2-5 0.81
knowledge

Development of practical skills 7 4.38 (0.61) 2-5 0.88
Socio-psychological climate 6 4.41 (0.55) 3-5 0.76
Overall satisfaction 24 4.21 (0.58) 2-5 0.84

Note: Scores based on 5-point Likert scale (1=completely dissatisfied, S5=completely satisfied). SD=standard deviation.

Organizational quality. The organizational domain, comprising six items related
to scheduling, communication of expectations, coordination between university and
practice sites, clarity of learning objectives, adequacy of preparation before practical
sessions, and overall logistical management, received a mean satisfaction score of 3.87
(standard deviation 0.74). This was the lowest-scoring domain among the four evaluated
areas.

Regarding the location and facilities where practical training occurred, 24 stu-
dents (64.9%) reported complete satisfaction with the organization of sessions at the
university’s Research Sanitary and Hygienic Laboratory. These students appreciated the
availability of modern equipment, the structured nature of laboratory exercises, and the
consistency of supervision. However, 13 students (35.1%) indicated partial satisfaction,
specifying in open-ended responses that while the laboratory environment was well
organized, they would have preferred more opportunities to conduct practical work in
actual industrial or occupational health settings rather than solely within the university
infrastructure. Representative comments included observations that laboratory simula-
tions, although useful, did not fully capture the complexity and unpredictability of real
workplaces, and that exposure to real industrial environments would better prepare them
for post-graduation employment.

When asked specifically about the clarity of expectations and learning objectives
for dual training activities, 26 students (70.3%) were completely satisfied, 9 students
(24.3%) were moderately satisfied, and 2 students (5.4%) expressed dissatisfaction. The
students who reported lower satisfaction mentioned that at the beginning of the
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semester, the structure of dual training was not explained thoroughly, leading to initial
confusion about what would be expected during practical sessions and how these activi-
ties would be assessed.

Satisfaction with the coordination between classroom instruction and practice-
based learning was reported as complete by 27 students (73.0%), partial by 8 students
(21.6%), and inadequate by 2 students (5.4%).

Reinforcement of theoretical knowledge. The second domain assessed whether
dual training helped students consolidate and deepen their understanding of theoretical
material presented in lectures. This subscale contained five items and yielded a mean
satisfaction score of 4.15 (standard deviation 0.68). Twenty-eight students (75.7%) indi-
cated complete satisfaction with how practical activities reinforced classroom learning,
while nine students (24.3%) felt their expectations in this area were only partially met.
No students reported dissatisfaction. When asked whether dual training improved their
ability to apply hygiene standards and regulations in practical contexts, 31 students
(83.8%) agreed strongly, 5 students (13.5%) agreed moderately, and 1 student (2.7%)
remained neutral.

Satisfaction with the balance between theory and practice was reported as opti-
mal by 30 students (81.1%), while 7 students (18.9%) felt that additional theoretical
preparation would have been helpful before some practical sessions. These students sug-
gested that brief pre-session seminars reviewing relevant regulations or methodologies
could enhance their confidence and performance during practical activities.

Development of practical skills. The practical skills domain contained seven
items evaluating training in sanitary inspection techniques, laboratory analysis methods,
occupational risk assessment procedures, documentation and reporting skills, use of
specialized equipment, interpretation of hygiene measurements, and communication
with workplace representatives. This domain received the highest mean satisfaction
score of 4.38 (standard deviation 0.61).

Thirty-two students (86.5%) expressed complete satisfaction with the develop-
ment of practical skills through dual training. Four students (10.8%) reported partial
satisfaction, and one student (2.7%) indicated dissatisfaction without providing explana-
tory comments in the open-ended section. Open-ended responses frequently mentioned
gaining confidence in operating instruments such as noise level meters, air sampling
devices, and photometric equipment, as well as learning standardized protocols for
workplace inspections.

When asked specifically about confidence in performing occupational hygiene
procedures independently after completing dual training, 30 students (81.1%) reported
feeling confident or very confident, 6 students (16.2%) felt moderately confident, and 1
student (2.7%) remained uncertain. The variation in confidence levels appeared related
to the extent of hands-on practice each student received, which depended partly on
group size during laboratory sessions and the availability of equipment.
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Satisfaction with mentorship and guidance during practical skill development
was high, with 33 students (89.2%) expressing complete satisfaction. Students valued
the accessibility of laboratory supervisors and their willingness to demonstrate proce-
dures, answer questions, and provide corrective feedback. Four students (10.8%) indica-
ted that while mentors were generally helpful, time constraints sometimes prevented in-
depth discussions or personalized instruction, particularly when multiple students nee-
ded assistance simultaneously.

Socio-psychological climate. The socio-psychological climate domain included
six items measuring comfort and sense of belonging at training sites, quality of interper-
sonal relationships with mentors and peers, emotional support during practical sessions,
respect and encouragement from supervisors, overall psychological safety, and willing-
ness to ask questions or admit uncertainty. This domain received a mean score of 4.41
(standard deviation 0.55), nearly equivalent to the practical skills domain.

Thirty-four students (91.9%) rated the socio-psychological climate positively,
describing training environments as supportive, respectful, and encouraging. Three
students (8.1%) provided neutral ratings but did not elaborate on specific concerns. No
students reported negative experiences. Open-ended comments emphasized the impor-
tance of friendly and approachable mentors who created an atmosphere where students
felt comfortable asking questions, making mistakes, and seeking clarification. One stu-
dent noted that mentors treated them as junior colleagues rather than merely as students,
which enhanced motivation and fostered a sense of professional identity.

When asked whether they would recommend dual training to students in future
cohorts, 35 students (94.6%) responded affirmatively, 2 students (5.4%) were undeci-
ded, and none responded negatively.

Thematic analysis of student interviews. Analysis of the twelve semi-structured
interviews produced four major themes (Table 3) that elaborated on the quantitative pat-
terns and provided explanatory depth regarding student experiences with dual educa-
tion.

Table 3 - Major themes from qualitative analysis

Theme Description Ilustrative Quotation
1 2 3
Motivational | Students described enhanced en- | “When you sit in a classroom and hear about
value of | gagement and professional rele- | permissible noise levels, it is just numbers on a
practice- vance when theoretical knowled- | slide. But when you go to the laboratory and
based ge was applied in practical | actually measure sound intensity...suddenly those
learning contexts numbers mean something.”
Mentor Quality of mentorship emerged as | “Our supervisor...did not just tell us to follow the
accessibility | a key determinant of satisfaction. | protocol step by step. She explained the history of
and quality | Students valued patient | why certain standards were developed...That kind
of feedback | explanation and professional | of teaching helps you understand the bigger
context but noted time constraints | picture, not just memorize techniques.”
limited individualized attention
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IIpomomxenue Tabnuus 3

1 2 3
Organizational | Students  recognized  logistical | “We had a laboratory session scheduled on
challenges complexity but noted scheduling | the same afternoon as an important seminar
related to | conflicts and limited external | by visiting professor, so I had to choose
scheduling and | placements as areas requiring | which one to attend. That should not happen

site improvement because both are important.”

availability

Tension Students desire more exposure to | “The university laboratory is excellent for
between authentic workplace environments | learning basic techniques, but it is still a
laboratory- with inherent unpredictability controlled academic environment. Real
based and factories...have different dynamics...”
industrial field

experiences

Theme 1: Motivational value of practice-based learning

Students consistently described dual training as more engaging and motivating
than conventional lectures. They explained that seeing the practical application of theo-
retical knowledge made the subject matter feel relevant and worthwhile. One fourth-
year student stated, “When you sit in a classroom and hear about permissible noise
levels, it is just numbers on a slide. But when you go to the laboratory and actually mea-
sure sound intensity, adjust the equipment, and see how different environments produce
different readings, suddenly those numbers mean something. You understand why the
regulations exist and what happens if they are ignored”.

Several students mentioned that dual training helped them confirm their career
choice. A third-year student who had been uncertain about specializing in occupational
health explained, “I was not sure if this field was right for me because it seemed very
bureaucratic and dry. But during the practical sessions I realized that the work is actual-
ly quite dynamic. It made me more confident about my future in this profession”.

The motivational effect extended beyond interest in the subject matter. Students
reported feeling more responsible for their own learning when they knew they would
need to apply knowledge in practical contexts. One student described preparing more
thoroughly for practical sessions than for traditional exams, explaining, “If you do not
understand the procedure correctly, you cannot just memorize an answer. You have to
actually do something, and if you do it wrong, it is obvious. That made me study more
carefully because I did not want to look incompetent in front of the mentor or my
groupmates”.

Theme 2: Mentor accessibility and quality of feedback

The quality of mentorship emerged as a determining factor in student satisfac-
tion. Students highly valued mentors who were patient, approachable, and willing to
explain not only how to perform procedures but also why particular methods were pre-
ferred and what factors influenced decision-making in professional practice.

One student described an exemplary mentoring interaction: “Our supervisor at

the laboratory did not just tell us to follow the protocol step by step. She explained the
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history of why certain standards were developed, what mistakes people made in the past
that led to those standards, and what can go wrong if you cut corners. She also encoura-
ged us to ask questions even if they seemed basic. That kind of teaching helps you
understand the bigger picture, not just memorize techniques”.

However, students also identified limitations. Several mentioned that while
mentors were knowledgeable and supportive, the time allocated for each practical
session was often insufficient for meaningful dialogue. One student explained, “We had
three hours for the laboratory session, but with a group of eight students and only one
mentor, each of us could only get a few minutes of individual attention. If you wanted to
discuss something in depth or needed help troubleshooting a problem, you had to wait,
and sometimes we ran out of time before everyone got their questions answered”.

Students expressed a desire for structured debriefing sessions following practical
activities where they could reflect on what they learned, discuss challenging situations,
and receive personalized feedback on their performance. One student suggested, “It
would help if after every practical session we had thirty minutes to sit down with the
mentor and talk through what we did, what went well, what we struggled with, and what
we should focus on improving next time. Right now, we finish the tasks and then move
on to the next class without really processing the experience”.

Theme 3: Organizational challenges related to scheduling and site availability

Students recognized that implementing dual training required significant logisti-
cal coordination, and while they appreciated the effort, they also noted organizational
difficulties. Scheduling was a common concern. Several students mentioned that practi-
cal sessions sometimes conflicted with other courses or were scheduled at inconvenient
times, making it difficult to fully participate. One student noted, “We had a laboratory
session scheduled on the same afternoon as an important seminar by visiting professor,
so I had to choose which one to attend. That should not happen because both are impor-
tant”.

The limited availability of external practice sites was another recurring issue.
Students understood that arranging placements at industrial enterprises involved nego-
tiating access, ensuring safety, and coordinating with workplace supervisors who had
their own responsibilities. However, they felt that the lack of field-based training was a
significant gap. One student explained, “The university laboratory is excellent for lear-
ning basic techniques, but it is still a controlled academic environment. Real factories,
construction sites, or healthcare facilities have different dynamics. There are time pres-
sures, budget constraints, equipment that is not always properly maintained, and wor-
kers who may not cooperate with inspections. We need exposure to those realities”.

Another student mentioned the contrast between dual training in their program
and experiences described by peers in other specialties: “My friend who studies in Italy
told me that her dual program includes several weeks per semester working full-time at
a partner company. She gets to see how the organization actually operates, builds rela-
tionships with her supervisor, and contributes to real projects. Our version of dual
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training feels more like enhanced practical classes rather than genuine integration into a
workplace”.

Theme 4: Tension between laboratory-based and industrial field experiences

Students expressed ambivalence about the balance between university-based
laboratory training and external field placements. On one hand, they valued the safety,
structure, and pedagogical intentionality of laboratory sessions. One student noted, “In
the laboratory, the mentor can control the conditions, demonstrate techniques clearly,
and make sure everyone gets hands-on practice. If we went to a busy factory, there
might not be enough time or space for everyone to participate, and we might just end up
observing rather than doing”.

On the other hand, students felt that excessive reliance on laboratory simulations
limited the authenticity of their learning. A fourth-year student reflected, “When we
conduct a workplace risk assessment in the laboratory, we are evaluating a scenario that
was designed for teaching. The hazards are obvious, the documentation is organized,
and everything follows the textbook procedure. But in a real workplace, you have to
identify hazards that are not immediately visible, deal with incomplete information, and
navigate situations where the employer might be defensive or uncooperative. Those are
the skills we really need, and we cannot learn them in a university laboratory”.

Students also recognized the resource constraints that limited external place-
ments. One student acknowledged, “I understand that the university cannot easily arran-
ge for all of us to visit factories regularly. It requires permissions, insurance,
transportation, and coordination with busy professionals. But maybe even two or three
field visits per semester would make a big difference in how prepared we feel for our
future work”.

Discussion. This study provides empirical evidence that introducing dual educa-
tion elements into the Occupational Hygiene curriculum can enhance student satisfac-
tion and perceived readiness for professional practice in Public Health programs. The
majority of participating students rated the dual learning format as superior to conven-
tional classroom instruction, with particularly high satisfaction regarding practical skill
development and the supportive learning environment at training sites. These findings
align with broader literature demonstrating that work-integrated learning approaches
improve motivation and self-assessed competence among health professions students.

Our findings are consistent with international studies examining dual and coope-
rative education models in health professions training. Research conducted across Euro-
pean vocational education systems has consistently demonstrated that students who
participate in workplace-based learning report higher employment readiness and
smoother transitions into professional roles compared to those receiving exclusively
classroom-based instruction. A comprehensive analysis of dual training outcomes in
Germany, Austria, and Switzerland found that graduates from programs incorporating
substantial workplace components achieved employment within three months of
graduation at rates exceeding 85%, compared to approximately 65% for conventional
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program graduates [14]. While our study did not measure actual employment outcomes,
the high student satisfaction and self-reported confidence suggest that similar benefits
may accrue in the Kazakhstan context.

The motivational advantages of practice-based learning observed in our study
parallel findings from medical education research. Yardley and colleagues conducted a
systematic review of early clinical exposure programs and found that students who
engaged with clinical environments during preclinical years demonstrated increased
motivation, clearer understanding of professional roles, and better integration of basic
science knowledge with clinical reasoning [15]. Although our study focused on public
health rather than clinical medicine, the underlying mechanism appears similar. When
students observe how occupational hygiene principles protect worker health in real
settings, the relevance of their studies becomes immediately apparent rather than
remaining an abstract future possibility.

The importance of mentor quality emerged strongly in both our quantitative and
qualitative data. This finding aligns with extensive literature on clinical supervision and
workplace learning. Dornan and colleagues examined the characteristics of effective
clinical learning environments and identified supervisor enthusiasm, availability, and
willingness to explain reasoning as key determinants of student learning outcomes [16].
Their work emphasized that learning in authentic professional settings depends heavily
on the social and relational dimensions of practice, not merely on physical presence in
workplaces. Students in our study echoed these themes when describing how mentors
who contextualized procedures within broader professional frameworks enhanced their
understanding beyond what protocol memorization alone could achieve.

However, our students also reported time constraints that limited opportunities
for individualized feedback and reflective discussion. This challenge reflects a common
tension in workplace-based education documented across multiple health professions.
There are arguments that busy clinical or public health practitioners often struggle to
balance their service obligations with teaching responsibilities, leading to supervision
that emphasizes task completion over deep learning [17]. They propose structured
debriefing as an essential but frequently neglected component of workplace learning,
allowing students to articulate what they observed, question assumptions, and develop
metacognitive awareness of their developing competence. Our findings suggest that
even in well-organized dual training programs, dedicated time for such reflection must
be explicitly planned and protected rather than assumed to occur spontaneously.

The desire for more exposure to genuine industrial environments rather than
university laboratories represents a noteworthy finding. While laboratory-based simula-
tion offers obvious advantages in terms of safety, control, and pedagogical intentiona-
lity, students recognized that authentic workplaces present complexity that cannot be
fully replicated in academic settings. This observation aligns with Billett’s research on
workplace learning, which distinguishes between ‘“rehearsal” environments designed
primarily for learning and genuine work settings where production demands,
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interpersonal dynamics, and resource constraints introduce authentic challenges [18].
Simulated settings allow repeated practice and error correction without consequences,
while authentic workplaces require students to develop adaptive expertise by respon-
ding to unpredictable situations. Our findings suggest that optimal dual education
models should incorporate both, sequencing laboratory practice before workplace
immersion to ensure students arrive at external sites with sufficient foundational compe-
tence to benefit from authentic exposure.

The organizational challenges identified by students reflect systemic barriers that
affect dual education implementation in many countries. Research examining work-
place-based learning across multiple European vocational education systems has consis-
tently identified securing adequate external placements as one of the most significant
obstacles to successful dual training programs [19]. In healthcare and public health
specifically, workplace learning partnerships face additional complexity because host
organizations must balance service delivery obligations with educational responsibilities
while maintaining patient safety and data confidentiality. Research on clinical education
has documented that workplace supervisors frequently experience role conflict between
their professional duties and teaching commitments, leading to variable quality of
student supervision depending on workload pressures [20]. In the occupational hygiene
context, many enterprises operate with lean public health staff who may not have capa-
city to accommodate student learners regularly. Additionally, organizations may be
reluctant to allow students access to production areas due to concerns about proprietary
information, compliance with safety regulations, or potential liability if students are
injured during workplace activities. These practical realities mean that universities can-
not simply mandate increased workplace exposure without substantial effort to build
partnerships, negotiate formal agreements addressing liability and confidentiality, pro-
vide training and support to workplace supervisors, and potentially offer financial or
other incentives to offset the costs organizations incur when hosting students.

Conclusions. This study provides evidence that incorporating dual education
elements into Public Health curricula can enhance student engagement, satisfaction, and
perceived professional readiness. Students participating in the modified Occupational
Hygiene course valued opportunities to apply theoretical knowledge in practice-based
contexts, appreciated supportive mentorship from workplace supervisors, and reported
increased confidence in performing professional tasks. These positive outcomes occur-
red despite organizational limitations including restricted access to authentic industrial
settings and insufficient time for reflective learning. The findings suggest that dual edu-
cation represents a viable approach for addressing the persistent theory-practice gap in
health professions education. However, realizing its full potential requires substantial
institutional commitment extending beyond pedagogical enthusiasm to include strategic
partnership development, mentor preparation, curriculum redesign allocating adequate
time for workplace learning and reflection, and sustainable resource allocation. Univer-
sities cannot simply append workplace experiences to existing programs and expect
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transformation. Rather, dual education demands systemic changes in how institutions
conceptualize their educational mission, structure their relationships with the
professional community, and allocate their resources.
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1. Kappuikacein K., «KMVY» KeAK Koramaplk neHcaysiblK cakray MEKTeOiHIH
npodeccopsl, e-mail: zharylkassyn@qmu.kz

2. Poroga C., e-mail: s.rogova@qmu.kz

3. Aburaes /I., e-mail: abitaevd@qmu.kz

4. XKuenbGekoBa A., e-mail: zhienbekova@qmu.kz

5. XKakeraena H., e-mail: zhaketaeva@qmu.kz

6. XapsbuikaceiHoBa A., e-mail: a.zharylkasynova@qmu.kz

7. Hypxxanos C., e-mail: nurzhanovs@qmu.kz

8. XKamanraes O., e-mail: zhamantaev@qmu.kz

TyXKbIPbIM

Kazakcrangarel XKorapbl MeTUIMHAJIBIK OUTIM Oepy »Kyiecl Ky3bIpeTTUTIKKe
HETI3/IENITeH KOHE TCOPUSIIBIK JAWBIHIBIKTHI )KYMBIC OPHBIHIAFbI PAKTHKAIBIK, KbI3MET-
IIEH YIITacThIpyFa OarbITTaJIFaH OKBITY YJTUIepiHE Ke3eH-Ke3eHIMEH Kelrynae. Akaje-
MUSUIBIK OKBITYJBl KOciOM Oazanapiarbl KYpbUIbIMAAIFAH TOKIpUOEeMEH OipiKTiIpeTiH
TyaJibJibl OUTIM Oepy KOFaMIIbIK JCHCAYJBbIK cakTay OaraapiamManapblHia KOJJaHOAbI
JaFAbUIapbl KaJIBINITACTHIPYABIH THIMJI JKOJBI PeTiHAe KapacTbipbliaabl. CoraH Kapa-
MacTaH, MEIUIMHAJIBIK YHUBEPCUTETTEpAE OyJI TOCUINI EHII3y HOTHXKEJIEepiHe >KyHeni
Oara Oepy oui Jie LIEKTeYl JeHrei 1e KaJlbIl OThIp.

Tytiinoi ce30ep: nyaibapl OUTIM Oepy, CHOCK TMTUEHAChI, CTYJACHTTEP/IiH KaHaFaTTaHyhI,
MpaKTHKaFa HETI3JCITeH OKBITY, KOFaMbIK JCHCAYJBIK CaKTay, KY3BIPETTLIIKKE HETI3CNTeH
JAaUBIHIBIK

ISSN 3106-5538 l'uruena Tpyna u MenumuHCKas sxojorus. Nel, 2026



23

YAOBJIETBOPEHHOCTbDB CTYAEHTOB U UX OIIBIT OBYUYEHMUS 110
JUCIHUIIVIMHE «I'UHTTUEHA TPYIA» B YCJIOBUAX A YAJIBHOI'O
OBPA30OBAHUA

Kapbuikacein K.', Porosa C.', Adourtaes /1., ’KuenoOexoBa A.', ’Kakeraesa H.',
KapbuikacsinoBa A.', Hypaxkanos C.', ’Kamanraes O.!

Mlkoma obmecTBeHHOTO 3apaBooxpaneHus, HAO «MeaunuHCKH YHHBEPCHUTET
Kaparanger» (100012, Pecmyonmka Kasaxcran, r.Kaparanma, Torons 40, e-mail:
info@qmu.kz)

1.Kappuikacein K., «KMVY» mnpodeccop mikonsl oOuiecTBeHHOro 310poBbsi HAO
«KMVY», e-mail: zharylkassyn@qmu.kz

2.Poroga C., e-mail: s.rogova@qmu.kz

3.Abutaes ., e-mail: abitaevd@qmu.kz

4. Kuenbekona A., e-mail: zhienbekova@qmu.kz

5.XKakeraeBa H., e-mail: zhaketaeva@qmu.kz

6.2KapbuikaceiHoBa A., e-mail: a.zharylkasynova@qmu.kz

7.Hypxanos C., e-mail: nurzhanovs@qmu.kz

8.)Kamanraes O., e-mail: zhamantaev@qmu.kz

Pe3iome

Cucrema BBICIIIEr0 MEAUIIMHCKOTO 0Opa3oBaHusi Kasaxcrana HaxoauTcs B MpoO-
1ecce rnepexonia K MoJessiM o0yueHurst, OCHOBaHHBIM Ha () OPMUPOBAHNUU KOMIIETSHITUI 1
OPUEHTHUPOBAHHBIM HAa MHTETPALIMIO TEOPETUUYECKON IMOATOTOBKH C IPAKTUYECKOM Jies-
TETHLHOCTHIO Ha pabouux MecTax. [[yasbHoe 00pa3oBaHuE, COUETAIOIIEE aKaJEeMUIECKOE
o0yueHHe cO CTPYKTYPUPOBAHHOMN MPAKTUYECKON MOATOTOBKOW Ha MpodeccHoHaATbHBIX
0a3ax, paccMaTpuBaeTCs KaK MEPCHEKTUBHBIA MOIXO/ K PA3BUTHIO MPUKIIATHBIX KOMIIE-
TEHIIMH B mporpaMmax Mo oOLIECTBEHHOMY 31paBooxpaHeHuto. Ilpu 3Tom octaercs
OTPAaHUYEHHOM CHUCTEMAaTUYEeCKasl OLICHKA BHEJIPEHUS JAHHOTO MOAX0Ja B MEIUIIMHCKUX
YHUBEpPCUTETAX.

Kniouesvie cnosa: nyanbHoe oOpazoBaHHe, NMpodecCHOHANbHAS TUTHEHA, YIOBJIETBO-
PEHHOCTb CTY/IEHTOB, MPaKTHKO-OPHEHTUPOBaHHOE 0OydeHHe, OOIIECTBEHHOE 3/ApaBoOXpa-
HEHHE, KOMIIETEHTHOCTHAS TIOJITOTOBKA
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OIEHKA BJIMAHUA PU3NYECKUX U XUMHNYECKUX ®PAKTOPOB
(HA YPOBHE 1,5 IIIK, I11Y) HA YCKOPEHHOE CTAPEHHE
MOJEJIBHBIX OPTTAHU3MOB (I1IO PE3YJIbTATAM XPOHUYECKOI'O
IKCIIEPUMEHTA)

Casuenko O.A.!, Uyenko H.®.!, ILnornukosa 0.B.%, CaBuenko O.A.%,
Caguenko 0.0.?

'®BYH «Hosocubupckuit HUW ruruens» Pocrnotpebuamsopa (630108, Poccus, T.
HoBocubupck, yin. [Tapxomenko, 7).

2OI'bOY BO «OMckuii rocyapcTBEHHbIH MEIMIMHCKMI YHUBEpCHTET» MHUHHCTEp-
cTBa 3apaBooxpaHeHus Poccuiickoir ®enepauuu (640099, Poccus, r. Omck, yiI.
Jlenuna, 12)

1.CaBuenko O.A., kaHIuaT OMOJOTMYECKUX HAyK, BEAYLIUMN HAy4HbIM COTPYIHUK
ObYH «HoBocubupckuit HWUW ruruens» PocnotpebHamzopa, e-mail: Savchen-
kooal969@mail.ru

2.Uyenko Haranps ®EénopoBHa, e-mail:natali26.01.1983@yandex.ru

3.IlnotnukoBa Omnbra, e-mail: olga.plotnikova7@mail.ru

4.CaBuenko Onbra AHaronbeBHa, e-mail: Olgasav1978@mail.ru

5.CaBuenko Oxkcana OneroBHa, e-mail: savchenkoox(@yandex.ru

B 180-cyrounom skcniepumMente Ha 120 kppicax nuHun Wistar H3y4yeHO BIUSHUE
M30JIMPOBAHHOTO BO37eicTBUs BuOpauuu, myma (81,5-85,3 1bA) u 4-KOMIIOHEHTHOI
cmecu yraesogoponaos (1,5 TIJK). YcranoBieHo, 4TO IIUTENHHOE BO3JICUCTBHUE JIaH-
HbIX (hakTopoB Ha ypoBHe 1,5 TIJIK/TIAY mpuBOAUT K YCKOPEHHOMY CTAapeHHUIO, YTO
MPOSIBIISETCS. JIOCTOBEPHBIM YKOPOUEHUEM TEJIOMEp, MOJIUMOP(PHBIMU MaTOJIOrHyec-
KHMHU U3MEHEHUSIMU B IBYX U 00jiee BHYyTPEHHUX OpraHax, CHUKEHHEM IOBEJeHYECKON
AKTUBHOCTH U BHEUIHUMH CEHUJIbHBIMU Ipu3Hakamu. [lomydeHHblE pe3ynbTaThl MOJ-
TBEPKAAIOT POJIb MPOU3BOJICTBEHHBIX (DAKTOPOB KaK MHIYKTOPOB MPEKAEBPEMEHHOTO
cTapeHuss U OOOCHOBBIBAIOT HEOOXOJUMOCTh YCHUJICHUS NPOPUIAKTHUECKUX Mep Yy
TPYAOBOTO KOHTHHI'€HTA, pab0TAaOLIEro B MOJOOHBIX YCIOBHSIX.

Knrouesvie cnosa: SKCUEPUMEHT, BUOpamws, IIyM, XHMHYECKHE BeIIecTBa, 1,5
IMTAK/IIAY, MoaenbHbIE OPraHU3MBl, YCKOPEHHOE CTapeHHe, YKOpOUeHHE TeJIoMep

BBeagenne. Oxpana 3710pOBbsl HacelIeHUs U O€30IacHbIE YCIOBHS TPY/ia SBISIOT-
csl IPHOPUTETAMU TocyAapcTBeHHON nonutuku P® [1]. 3nopoBee — kitoueBoit GakTop
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peanM3anuyu TPYJOBOTO W HHTEIUIEKTyaIbHOTO ToTeHiuana [2]. Bpeanbie ¢dakTopbl
IIPOU3BOJICTBEHHOU Cpeibl ((hHU3HUecKre U XUMUYECKHUE), IeUCTBYS JJIUTENbHO, IaXKe Ha
ypoBHe, 0im3koM Kk mpenensHo pomyctumomy (ITAK, TTJIY), MoryT BbI3bIBaTH XpOHHU-
YECKHUM CTpecC, MPUBOAAIINI K YCKOPEHHOMY CTapeHHMIO OPraHM3Ma M pa3BUTHUIO NATO-
JIOTHMM CBSI3aHHOM C HEOJarompHsTHBIM BO3JEHCTBHEM (DaKTOPOB HPOM3BOJCTBEHHOM
cpensl [3-9]. IlpexieBpeMEHHOE CTapeHUEe pacCCMaTPUBAETCA KaK pe3yJibTaT KOMILJIEKC-
HOTO BO3JCUCTBHUS CTPECCOPOB Ha ()OHE MHAMBUIYAIBHBIX aJalNTAllMOHHBIX BO3MOXK-
HocTe opranusma [6, 10]. HecmoTps Ha akTya’abHOCTb, KOJIMYECTBEHHBINM BKJIA]]
U30JIMPOBAHHBIX (PAKTOPOB M WX BIHMSIHHE HA MOJEKYJSPHO-KIETOYHBIE MEXaHU3MBI
cTapeHust TpeOyIoT yriryOJieHHOTO n3ydeHus [6-17].

Llesb ucciien0BaHUsI: OLICHUTH BIUAHUE QU3NIECKUX U XUMUYECKUX (PaKTOPOB
Ha ypoBHe 1,5 TIJIK/TIJIY Ha pa3BuUTHE YCKOPEHHOTO CTApEHHs MOJEIbHBIX OpTaHH3-
MOB, YCTaHOBUTb [IEPBUYHBIE U3MEHEHUS U OMOMapKephbl JAHHOT'O IpolLecca.

Martepuan u meroabl. VccienoBanue BeInodHEeHO HA 120 moI0BO3peEIbIX KpbI-
cax-camuax u caMmkax JuHuM Wistar. JKuBoTHbeIX pasnmenmunu Ha 4 rpymmsl (n=30 B
KaKJI0#): 1-s1 — MHTAKTHBIA KOHTPOJIb; 2-51 — BO3JICUCTBHE JOKaNbHOU BuOpamwueit (30
MUH/IICHB); 3-1 — BO3JCHCTBUE MIMPOKONOJIOCHBIM IrymoMm 81,5-85,3 nbA (30 mmu/
JIeHb); 4-51 — Bo3eiicTBHE 4-KOMIIOHEHTHON CMECHIO YIJIEBOJAOPOIOB (IUMETHIOCH30I,
OEH3MH-paCTBOPUTENb, METHIIOEH30J1, MPONaH-2-0H) B KOHLEHTpauuu 1,5 cymmapHoit
[TAK (30 mun/nmens). Okcnepument amwics 180 cytok. Onenky mpoBoauiu Ha 1-e
(don), 60-e, 120-¢ u 180-¢ cyTKH.

Meroapbl: TUTHEHHYECKasi AMArHOCTUKa, TeCT «OTKPBITOE MOJIe» s OLEHKH
noBeseHYecKuX peakuuil [16], B3BemuBanue, Tepmomerpus. Uepes kaxapie 60 et
YacTh JKMBOTHBIX BBIBOJWIM U3 3KcrepuMeHTa. Hekpomcuio mpoBoauwiu ¢ 3abopom
00pa31oB cepala, MeYeHH, JIETKUX, MOYEK, CEIe3eHKHU JIJIsl TUCTOJIOIMYECKOT0 UCCIIe0-
BaHMs (OKpacka T€MaTOKCHJIMHOM W 203MHOM) M CKEJIETHOW MYCKYJaTypbl Oemapa Jist
reHerudeckoro aHanusa. OtHocurenbHyto JuiHy Tenomep (OAT) onpenensinu meto-
nom kommuectBeHHoM [TLP B peasibnoM Bpemenn [ 18, 19]. Cratuctuueckyro o0OpaboTKy
npoBowiIn B mporpamme Statistica 10.0 ¢ ucnosnb30BaHreM KpuTepusi MaHHa- Y UTHH,
pasnuuust cuuTanu 3HauuMbiMu ipu p<0,05.

PesyabraTsl u 00cy:xkaenne. K 180-M cyTkaM 3KCIIEpUMEHTA Y KUBOTHBIX BCEX
OTBITHBIX TPYMIL, 110 CPABHEHUIO C KOHTPOJIEM, OTMEYAJIOCh CTATUCTUYECKU 3HAUMMOE
(p<0,05) cHuXKEHHE TOPU3OHTAJIBHON M BEPTUKAJIBHOW JABUraTeIbHOM aKTHUBHOCTH,
MCCJIEIOBATEIbCKON aKTUBHOCTH (HOPKOBBIN pediiekc) U yBeIMueHUE SMOLUOHAIBHOM
peakTUBHOCTH B Tecte «OTKpbITOe Tmone». Habmoganuch BHEIIHHWE MPU3HAKH
YCKOPEHHOTO CTapeHus: ajomnenus, TyCKJas LIepcTh, CHW)KEHHE Macchl Teda,
YMEHbIIEHHE 00I1ell aKTUBHOCTH.

Mopdorucronornueckuii aHanu3 BbISIBUJ pa3BUTHE MOJMMOP(HBIX MaTOJOTHU-
YEeCKUX U3MEHEHMH B JIBYX M OoJjiee OpraHax y >KMBOTHBIX ONBITHBIX TPYI yke K 60-M
cyTkaM, ¢ mnporpeccupoBanueM Kk 120-180-m cyTkam. BelsBiaeHsl: B MHOKapie —
TucTpousi KapAMOMHOIMTOB, OodaroBas JUMQOUAHAs HHOWIBTpaLUs; B TMEYEHU —
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MOJTHOKPOBHE, AUCTPOGUS TENaTOLUTOB; B JIETKHX — YTOJIIEHUE MEKaIbBEOISIPHBIX
MEPEropoJIOK, MOJHOKPOBUE; B MOYKAX — TUCTPO(US SIUTENNS KaHAIIBLEB; B CEJIE3€HKE
— runepruiazus auMmpongHon Tkanu [21, 22]. I'eHeTnyeckuil aHaIM3 MOKa3al JAOCTO-
BEpHOE YKOpoueHHe OTHocuTelbHON muHbl Teaomep (OJT) B kimeTkax MBIIMICUHOMN
TKAaHU y JKMBOTHBIX ONBITHBIX rpynn Ha 120-e u 180-e CyTKM 1O CpaBHEHHUIO C
KOHTPOJIEM M UCXOJHBIMU 3HaUeHUAMHU (p<0,05), 4TO SBISETCS KIIFOUEBBIM KIIETOUYHBIM
MapkepoM ctapenus [23, 24]. IlomyueHHble TaHHBIE COTIACYIOTCA C pe3yIbTaTaMu JIpy-
TUX HUCCIENOBaHMM, MOATBEPKIAIOIIUMHU POJIb XPOHUYECKOIO CTpecca B yCKOPEHUU
KJIETOYHOT'O CTapEHHUs Yepe3 YKOpOUueHUe TeJIoMep U cucteMHoe Bocmnanenue [10, 12].
KomOunupoBanHoe nerictBue (akropos, naxe Ha ypoHe 1,5 TIJIK/IIY, oka3biBaeT
BBIPQXCHHOE HETaTUBHOE BIUSHUE, 3allyCKas KackaJ peakuui, BeIyllUX K
MPEXIEBPEMEHHOMY M3HAILIMBAHUIO OPTraHoB U cucteM [6, 9, 11].

BoiBoabI:

1) dnutenbHoe (180 cyTok) U30IMpOBaHHOE BO3/ciicTBHE Pu3nueckux (BUOpa-
Us, IIyM) ¥ XUMHUYECKUX (CMECh yriieBoAopoaoB) GakTopoB Ha ypoHe 1,5 TIJIK/TIAY
UHAYLUUPYET Y MOJEIbHBIX OpraHu3MoB (Kpbickl Wistar) KOMILJIEKC MPU3HAKOB YCKO-
PEHHOT'O CTapeHMUsL.

2) buomapkepaMu yCKOPEHHOTO CTapeHHs, BHI3BAHHOTO JAaHHBIMU (paKTOpamu,
ABJIAIOTCS: YKOPOUEHHE OTHOCUTENIBHOM JJIMHBI TEJIOMEDP B COMAaTHUECKUX KIIETKaX, pa3-
BUTHE MOJUMOP(HBIX MATOJIOTHUYECKUX U3MEHEHUI B IByX U Oojiee BHYTPEHHUX Opra-
HaX, a TaKK€ CHWKEHUE IMOBEJICHYECKON aKTUBHOCTU U IOSIBIIEHUE BHEUIHUX CEHUJIb-
HBIX IPU3HAKOB.

3) PesynbTatsl uccieoBaHus NOATBEPKIAIOT HEOOXOAMMOCTh YCUIIEHUS TUTHe-
HUYECKOT0 KOHTPOJIS 3a YCIOBUAMHU TpYJa, pa3pabOTKU U CTPOTOro COOIOJCHUS KOM-
ieKca npouiIakKTUYeCKMX MEpONpuUsiTUi, BKitouas ucrosnb3doBanue CU3 u perynsp-
HBbI MEIUUMHCKUNA MOHUTOPHHI Yy paOOTarolMX B YCJIOBHUAX BO3JEHCTBUS BPEIHBIX
(GakTOpOB TMPOU3BOACTBEHHOM Cpelbl, A NPOPHIAKTUKH MPEXKIEBPEMEHHOIO
CTapeHus U JOCTHXKEHHUS TPYAOBOIO JOJITOJIETHUS.

3akuiouenue. IIpoBesieHHOE HCClieOBaHUE MO3BOJIUT IIIy0Ke MOHATH MpoLec-
Cbl, TIPUBOJSIINE K Pa3BUTUIO YCKOPEHHOI'O CTApEHMsI, HEMOCPEICTBEHHO BIIMSIOIIETO
Ha COCTOSIHHME IOKa3aTeslel 30pOBbs U IIPOJOJDKUTEIBLHOCTH JKU3HU. B nccienosanun
ornpezesieHa BeAyllasl posib 310pOBbecOEperaroIx Mep B MPEAYNPEKICHUN Pa3BUTHS
YCKOPEHHOTO0 CTapeHusi, 4TO, HECOMHEHHO, OyJeT CHocoOCTBOBAaTh YBEIMUYECHMIO
POJOKUTEIbHOCTH KU3HU.
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Ty:KpIpbIM

180 xynnik Toxipubene Wistar Tykbimaac 120 ereykyipbIKTa TeK BUOpaiusi-
HBIH, IysUIABIH (81,5-85,3 n1BA) xoHe 4-KOMIOHEHTTIK KOMIpcyTeK KocnachlHbH (1,5
ITJAK) acepi 3eprrenai. benrinenrenneii, atanran GpakTopiapAblH y3aK yakbeIT acepi 1,5
[MTAK/AIY nenreifinae KapTaio NpOLECIH KeAenaeTeal, Oy TeJoMepiepAiH ceHiMai
KbICKapybIMEH, €Ki HeMece OJlaH Jla KeIl 1IIKI ar3ajap/a MOJIUMOP(THI MaTOJOTHUSIIBIK
e3repicTepMeH, MiHE3-KYJIBIK O€JICEHIUNMHIH TOMEHACYIMEH XOHE CBIPTKBI KapTaro
OenruiepiMeH KepiHendl. AJIBIHFAH HOTIOKeNEp OHIIpic (aKTOpiapblHBIH €pTe KapTaro-
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IBIH WHAYKIHUSJIAYBIHAAFRl POJIH pacTam, OCBIHAAW Karjaiiapaa >KYMbIC ICTEHTIH
eHOEK KOHTHMHTCHTIH/IC aJIJIbIH aly IapajiapblH KYIIEUTYAIH KaXET CKeHIH OIS ICH/I.

Tyuinoi cosdep: Toxipube, BUOpauus, WIybUI, XUMUsUIBIK 3artap, 1,5 T[IAK/IIAY,
MOJIEITBIIK OPTaHU3MIED, K KApTako, TEJIOMEPIIEP/Ii KbICKApTy

ASSESSMENT OF THE IMPACT OF PHYSICAL AND CHEMICAL
FACTORS (AT THE LEVEL OF 1.5 MAC, MPC) ON ACCELERATED AGING
OF MODEL ORGANISMS (BASED ON THE RESULTS OF A CHRONIC
EXPERIMENT)

Savchenko O.A.!, Chuyenko N.F.!, Plotnikova O.V.2 Savchenko O.A.2,
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Summary

In a 180-day experiment on 120 Wistar rats, the effects of isolated exposure to
vibration, noise (81.5-85.3 dBA), and a 4-component mixture of hydrocarbons (1.5
MAC) were studied. It was found that prolonged exposure to these factors at a level of
1.5 MAC/POC leads to accelerated aging, manifested by a significant shortening of
telomeres, polymorphic pathological changes in two or more internal organs, reduced
behavioral activity, and external signs of senility. The results confirm the role of
occupational factors as inducers of premature aging and justify the need to strengthen
preventive measures for workers operating under such conditions.

Key words: experiment, vibration, noise, chemicals, 1.5 MAC/POC, model organisms,
accelerated aging, telomere shortening
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BJIMAHUE KIIMMATUYECKUX U METEOPOJIOI'MYECKUX ®PAKTOPOB
HA TITOKA3ATEJIM 3JOPOBbs HACEJIEHUSA ITPOMBIINJIEHHOI'O
PEI'MTOHA PECIIYBJIMKHN KA3AXCTAH

Aowutaes /I.C.

"HAO «Memuuunckuii yausepcurer Kaparanms» (100012, Pecny6nuka Kaszaxcraw,
r.Kaparanna, ['orons 40, e-mail: info@qmu.kz)

1.Aburaes [[.C., K.M.H., acCOIMUPOBAHHBIN TMpodeccop Kadeapbl OOIIECTBEHHOTO
3nopoBbsi, HAO «Menuuuuckuii yauBepcuter Kaparangei», r. Kaparanpa, e-mail:
abitaevd@qmu.kz

Crarbs MOCBsILIIEHA MCCIIEIOBAHUIO BIUSHUS KIMMATHUYECKUX U METEOPOJIOTHU-
yeckuX (PaKTOpOB HA TOKa3aTeld 3a00I€BACMOCTH U CMEPTHOCTH HACEICHHSI TIPOMBIIII -
nenHoro peruona Pecriyonuku Kazaxcran. [IpoBeieH KOMIIEKCHBIN aHANINU3 JUHAMHKI
TEMIIEpaTypHBIX TOKa3aTeNiel, YacTOThl IKCTPEMAIbHBIX MOTOIHBIX SBJICHHUM, YPOBHS
aTMoc(epHOro 3arpsi3HEHUsT U WX B3aHMMOCBS3M C MOKa3aTelssMU OOIIeH, cepaedHo-
COCYAMCTON M PECHUPATOPHON CMEPTHOCTU. Y CTAHOBIJICHBI CTATUCTUYECKU 3HAYMMBIE
KOPPEJALIMOHHBIE CBSA3M MEXIY POCTOM CPEIHECYTOUHOW TEeMIIepaTypbl BO31yXa, KOH-
[EHTpaIMell MEIKOAUCIIEPCHBIX YaCTUIl U YXYIIICHUEM MEIUKO-AeMOrpaduuecKux
xapakTepucTuk. OO0OCHOBaHa HEOOXOTUMOCTh pa3pabOTKH aJalTalMOHHBIX MeEp B
cdepe 00IIEeCTBEHHOTO 3/IpaBOOXPAaHEHUs U TUTHEHBI TPY/a.

Kniouesvie crosa: n3meHeHue KimMara, HpOMI)IHIJ'IeHHI)II‘/'I PEruoH, METCOPOJIOTNICCKUC
(dakropel, arMocdepHOe 3arpsA3HEHHE, CMEPTHOCTh, 3a00JEBACMOCThb, MPOQPECCHOHABLHBIC
PHCKHU.

BBenenne. ['moOanbHble KIMMATUYECKHE W3MEHEHHUS PACcCMaTPHUBAIOTCS Kak
OJIMH U3 Beaymux (akTopoB pucka I 310poBhs HaceneHust B XXI Beke. [loBeienune
CPEIHETr0I0BOM TEMIMEPATYpPhl, YYallCeHHE TEIUJIOBBIX BOJH, HW3MEHEHUE CTPYKTYpbI
OCaJIKOB U ycuJieHHe aTMoc(hepHON HecTaOUIbHOCTU (OPMUPYIOT HOBBIE TUTHEHHYEC-
KM€ U 3MUAEMHOJOTHUYECKHE BbI3OBBL. [l0 JaHHBIM MEXIYyHApOAHBIX HMCCIIEJOBAaHUU,
pOCT TeMnepaTypbl OKPYKaroIIeH Cpebl aCCOMUPOBAH C YBEIUYEHUEM CMEPTHOCTH OT
CEPJICYHO-COCYAUCTHIX M PECIHPATOPHBIX 3a00JI€BaHMIA, a TaK)Ke ¢ POCTOM oOparae-
MOCTH 33 MEJIUIIMHCKOM MOMOIIBIO B MEPHUOIBI SKCTPEMAIBHOM Kaphl.

[Tpomebrnennsie peruonsl PecmyOnuku Kazaxcran xapakTepu3yroTcsi BRICOKOM
KOHIICHTpaIlie METATyPrUYeCKUX, YTIeT00BIBAIONINX U SHEPTETHUCCKUX TPEIITPHs-
TUH, GOPMUPYIOIINX 3HAYUTEIBHYIO aHTPOTIOTEHHYIO0 Harpy3Ky Ha aTMOC(EpHBIN BO3-
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nyX. B coueranuu ¢ n3aMeHeHHneM KJIMMaTU4YECKUX [1apaMeTPOB 3TO CO3AAET CUHEPIeTU-
YyecKuii 3 GeKT BO31eHCTBUS Ha 3/10pOBbE HACEICHMSL.

B ycnoBusix ypOanuzanuu ¢Gopmupyercss (pEeHOMEH «TrOpOJACKOTO TEIUIOBOTO
OCTPOBa», YCUJIMBAIOIIUI TeMIIEpaTypHYIO Harpy3ky. OJHOBPEMEHHO TeMIlepaTypHbIe
WHBEPCUH B XOJIOJHBIA MEPUOJ COCOOCTBYIOT HAKOIUICHHIO 3arpsI3HSIONINX BEIECTB.
Takum 00pa3oM, KIMMaTHUECKUE M3MEHEHHs PEeaTU3yI0TCs 4epe3 CIOKHYIO CHCTEMY
IPSIMBIX U OIIOCPEJOBAaHHBIX BO31ECHCTBUM.

Ilesab uccaen0BaHMA: OLIEHUTH BIUSHHME KIMMAaTHYECKUX U METEOpOJOoruyec-
KUX (paKTOPOB Ha MOKa3aTeH 3a00JI€BaeMOCTH U CMEPTHOCTH HACEJICHUS TPOMBIIILICH-
Horo peruoHa llentpanbHoro Ka3zaxcrana 3a nepuoja 2010

Marepuajibl M1 METOBI.

Oo6mwexT uccnenoanus: Hacenenue r.Kaparanas! ¥ npuiieratonx NpoMbIIIIeH-
HBIX TEPPUTOPUH.

[Tepuon Hadmoaenus: 2010r..

Ucroununku unpopmaruu: nannsie PITI «Kasrugpomer» o temneparype, BIax-
HOCTH, CKOPOCTH BETpa M KOJMUYECTBE OCA/IKOB; CBEJICHUS MOHUTOPUHIA aTMOC(HEPHOTO
Bo3ayxa (PM10, PM2.5, NO2, SO2); obunmanpHas MEIUIIMHCKAs CTATUCTHKA O CMEPT-
HOCTH U 3a00JI€eBa€MOCTH; JAaHHbIE O BPEMEHHOH HEeTpPyI0CIOCOOHOCTH PabOTHHUKOB
IPOMBIIUIEHHBIX TPEAPUATHIH.

Mertoabl aHayIM3a: aHAJIU3 BPEMEHHBIX PSJIOB; KOPpENIALMOHHBIM aHanu3 [Iup-
COHA; MHOXXECTBEHHas JIMHEHHasi perpeccusi; pacdyer oTHocurtenbHoro pucka (RR) u
JIOBEPUTEIbHBIX MHTEPBAJIOB; CTAHJAPTU3ALMs [TOKa3aTeIel 0 BO3pacTy; CPaBHUTEIb-
HBbI aHalu3 MEPUOJOB TEIUIOBBIX BOJH. CTaTHcTHYecKas 3HAYMMOCTb IPHUHHUMAjach
npu p<0,05.

PesyabraTsl nceaenoBanus. /luHamuka kiMMatudeckux nokasareneil. Cpen-
HEerojioBas TeMIlepaTypa BO3[ayXa 3a HcCCleAyeMblil mepuoj ysenuuuiach Ha 1,4°C.
KonungectBo nHeii ¢ remnepartypoit Beiie +30°C yBenuumiioch 0ojee 4eM B JiBa pasa.
YactoTa sKCTpeMalbHO XOJIOJHBIX JTHEH CHU3UJIACh, OJTHAKO COXPAHSETCS BbIpaKeHHAast
KOHTHHEHTAJIBHOCTD KIIMMaTa.

3arpsizHenue atmocdepHoro Bo3ayxa. Ormeueno npesbimenue [1JIK mo PM10 B
1,3-1,8 pa3za B oTaenbHbIe TOABl. B mepuoabl TemnepaTypHbIX UHBEpCUil (UKCHUpOBa-
JIOCh HAKOIJICHUE AUOKCUIA a30Ta U cepbl. KoppensunoHHbIN aHaIu3 BBIIBUII HOJIOXKU-
TEJIBHYIO CBSI3b MEXJ1y TeMIepaTypoil 1 koHieHTpauueit PM2.5 (1=0,44; p<0,05).

CmepTHOCTh. B rojpl ¢ aHOMaJIBHO KapKWUM JIETOM HaOJOMalCcs POCT OOIIe
cMepTHOCTH Ha 6—9%. CMepTHOCTH OT O0JIe3HEN CUCTEMbI KPOBOOOPAIIIEHHS YBEIHYH-
Bajach B cpefHeM Ha 11% B mepuonbl TemaoBbIX BOJH. OTHOCUTENBHBIN PUCK CMEPT-
HOCTH B kapkue auu coctaBuil RR=1,18 (95% JAU: 1,05-1,32).

3a0051eBa€MOCTh OpPraHoOB JbIXaHUA. B mepuojpl MOBBIIIEHHONW KOHIIEHTpAILUU
B3BEILLICHHBIX YaCTULl TOCIUTAIU3AIMS 110 MIOBOLy XPOHHYECKOr0 OpPOHXHTA BO3pacTraia
Ha 14%, OponxuanbHOi acTMbl - Ha 12%. VYV nereil BbisABIEeHa Ooiyiee BbIpaKEHHAs
qyBCTBUTEIBHOCTh K N3MEHEHHUIO KaueCTBa BO3AyXa.
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[Ipodeccuonanbubie acniekTsl. [loBbIIEHHE TeMIepaTypbl BO3/ayXa COMPOBOXK-
JIAJIOCh POCTOM CJIydaeB TEIUIOBOIO IepeHanpsiKeHUs y paOOTHUKOB MeTajllypruyec-
KUX TIPeAnpusaTHid. 3aUKCHPOBAHO CHIDKEHUE POU3BOIUTEIHLHOCTH Tpyaa Ha 5—8% B
HEePUOJIbl IKCTPEMAIIbHON JKapBbl.

Oo6cyxnenne. [lonydeHHbIe TaHHBIC MMOATBEPKAAIOT MHOTO(PAKTOPHBIA Xapak-
Tep BIMSHUSA KIMMaTUUYECKUX M3MEHEHMH Ha 3/10pOBbE HaceleHMs. B mpoMbliieHHOM
peruoHe TeMIepaTypHble KOJIeOaHUsl YCHIIMBAIOT HETaTUBHOE BO3JICHCTBUE 3arpsi3HSIO-
mux BemecTB. CoueTaHue TEIUIOBOIO CTPEcCa U adpPOr€HHOrO 3arpsi3HEHMs CO3JaeT
JOTIOJTHUTEIILHYIO HAarpy3Ky Ha aJanTallMOHHBIE MEXaHU3MbI OpPTraHU3Ma.

Pe3ynbraThl CONMOCTaBUMBI ¢ MEKIYHAPOAHBIMU UCCIIEAOBAaHUAMMU, JEMOHCTPH-
PYIOILMMHU POCT CMEPTHOCTH B YCJIOBHUSIX TEIJIOBBIX BOJH U BBICOKOTO ypoBHS PM2.5.
Oco0yr0 00eCIIOKOEHHOCTh BbI3bIBAET BO3ACHCTBUE HA ySI3BUMbIE I'PYIIIIbI HACEICHUS U
pabOTHHKOB, 3aHSTHIX B YCIOBHUSIX MOBBIIIEHHBIX TEMIIEPATYD.

[IpakTHyeckre peKOMEeH1aH
BHenpenue pernoHanbHBIX IPOTPaMM pearupoBaHus Ha TETIOBBIC BOJIHEI.
CoBeplIeHCTBOBAHNE MOHUTOPUHIA aTMOC(HEPHOT0 BO3/IyXa.
OnTuMu3anus MEKpOKJIMMATa MIPOU3BOICTBEHHBIX TTIOMEIICHUH.
[TpoBenenue npohuUIAKTUYECKUX METULIMHCKUX OCMOTPOB.
5. Pa3paboTka oOpa3oBaTeiIbHBIX MPOrpaMM IO aJanTallud K KIUMaTHYECKUM
U3MEHEHMSIM.

3akiii0ueHue. YCTaHOBJICHA CTAaTUCTHYECKH 3HAUYMMasi CBS3b MEXKIYy POCTOM
TEeMIIepaTypbl BO3/yXa, YBEIMUYEHHEM KOHLEHTPALMM MEJIKOJMCIEPCHBIX YacTULl U
YXyIIICHHEM ToKa3aTejeid 370pOBbS  HACENICHUS MNPOMBIIUICHHOTO  PErHOHA.
Knumarnyeckue W3MEHEHMs YCUIMBAIOT HETaTUBHOE BO3JIEMCTBUE aHTPOINOTCHHBIX
(baxTOpoB U TPeOYIOT pa3padOTKN KOMITIEKCHBIX MPOPHIAKTUISCKAX MEPOTIPUSTHIA.

AW N —
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KA3AKCTAH PECITYBJIMKACBIHBIH OHEPKOCINTIK AMAFBIHIAFBI
XAJIBIK JTEHCAYJIBIFBI KOPCETKIIITEPIHE KJIMMATTBIK JKOHE
METEOPOJIOTHUSIIBIK ®AKTOPJIAPJBIH OCEPI
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Ty:KpIpbIM

3epTTey HOTHXKEJepl KIMMATTBIK ©3repiCTepAiH OHEPKICINTIK aiiMaKTa XajbIK
JIeHCayJIbIFbIHA €JIeYJIl 9cep €TETIHIH KepceTTi. Aya TeMrepaTypachlHbIH >KOFapblIaybl
MeH aTMoc(epasblK ayaHbIH JacTaHybl KYpPEK-KaHTaMbIp >KOHE TBHIHBIC aily »Xyieci
aypyJapbIHBIH 6CyIMEH OallIaHBICThI €KEH1 aHBIKTAJIIbI.
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THE IMPACT OF CLIMATIC AND METEOROLOGICAL FACTORS ON
POPULATION HEALTH INDICATORS IN AN INDUSTRIAL REGION OF
THE REPUBLIC OF KAZAKHSTAN
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Summary

The study demonstrated a statistically significant association between increasing
ambient temperature, air pollution levels, and adverse public health indicators in an
industrial region of Kazakhstan. Climate change enhances the negative impact of
anthropogenic factors and requires integrated preventive strategies in occupational and
environmental health.

Key words: climate change, industrial region, air pollution, mortality, occupational
health.
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KAYECTBO KH3HHU Y TOPHOPABOUYHX C COYETAHHOM
IMPO®ECCHUOHAJBHOM MMATOJIOTUEMN

Orap6aeBa M.b.

'"HAO «HaruoHanbHBIHA IIEHTp TUTHEHBI TPyJa U NPodecCHOHANBHBIX 3a00IeBaHMID
(100017, Pecriyonuka Kazaxcran, r.Kaparanma, yn.Mycradpuna 15, e-mail: info@nao
ncgt.kz)

1.0rtapbaeBa M.b., a.Mm.H., mpodeccop HAO «HarnmonanbHelii IEHTP TUTHEHBI TPY/Ia U
npodeccnoHaIBHBIX 3a00JeBaHniy, e-mail: mb.otarbaeval 03@mail.ru

B mocnennue rogpl Ka4ecTBO KU3HH PACCMATPUBACTCS KaK OJUH U3 KIFOYEBBIX
MHTETPAIBbHBIX TOKa3aTellel COCTOSHUS 3A0POBbsSl IPU XPOHUUYECKUX MPOPECCHOHATb-
HBIX 3a0o0neBaHmsX. Llenpio rccaenoBanus SBUIACh OLIEHKA Ka4eCTBa JKM3HU y TOPHO-
pabounx ¢ codyeTaHHOH MpodeccHoHaNbHON MATOJOTHEH: XPOHUYECKOW MOSCHUYHOMN
paaukynonarueld U BUOpamuoHHOM Oosie3npro. ObcnenoBano 124 ropHopabouux, pas-
JEJNEHHBIX Ha TPYMIbl B 3aBUCUMOCTH OT HO30JI0THYeCKOW (opMbl 3a0o0nieBaHus. YcTa-
HOBJICHO, YTO HanOoJjee BBIPAKEHHOE CHM)KEHUE KauecTBa YKU3HH OTMEYAeTCs y TMalH-
€HTOB C COUYETaHHOH MpodeCcCHOHATBHOMN MATOJIO0rUeH, 4To 00yCIOBICHO BBIPAaKEHHOC-
THIO OOJIEBOTO CHHIpPOMA W TICHXOIMOIMOHAIBHBIX HapymeHui. [lomydeHHbIe TaHHbBIE
HOJTBEPXKIAIOT HEOOXOIUMOCTh KOMITJIEKCHOI'O MEIMKO-COILIMAIbHOIO MOAX0/1a K pea-
OMIIMTAlUK TaHHOM KaTeropuu pabOTHHUKOB.

Knrouesnbie cnosa.: xauecTBO JKHU3HU, HpO(l)eCCI/IOHaHLHBIe SaGOﬂeBaHI/IH, ropHopaGOIme,
paauKysIonaTHs, BUOpallMOHHAs 00JIC3Hb.

AKTYyaJlbHOCTb. B TeueHHe MocCienHero 1ecATUIeTUsl 3HAYUTEIbHO BO3POC UH-
Tepec K u3yueHuro kadectna xu3Hu (KXK) npu xponnueckux 3a0oeBaHUAX KaK WHTE-
TpajJbHOTO TOKA3aTelNs, OTPAXKAIOUIEro Hanbosee 3HaYMMbIe acleKThl (PYHKIIMOHUPOBA-
HUS YeJIOBEKAa W TO3BOJISIONIETO MPOBOJUTH KOMIUIEKCHBIM, MHOTOIUIAHOBBIA aHAIIU3
U3MEHEHUH ero (PU3NYecKoro, MCUXUYECKOTO M COLUATBHOTO COCTOSIHUS, BKIIOYAS
YMOIMOHAIBHBIA KOMITOHEHT [1]. [lepBoHaYaIbHO TEPMHUH «KaueCTBO >KH3HU» HCTIOJb-
30BaJICSl TPEUMYILIECTBEHHO B COLMAIBHBIX HAyKax, OJHAKO B HACTOAIIEE BPEMsS OH
IIMPOKO MPUMEHSIETCA U B KIIMHUYECKO Mmeaunnae. Meaunuuackue acnektsl KOK Bkiro-
YarOT BIUSHUE KJIMHUYECKUX MPOSIBICHUN 3a00JEBaHUS, a TAaKXKE MPUMEHSIEMBIX METO-
JIOB JICUCHUSI Ha TIOBCETHEBHYIO KU3HEIEATEILHOCTh TAIlMeHTa. BBISABIICHBI pUCKU 00N
B TMOSICHUIIE Y TOPHSKOB, CBA3aHHBIE ¢ BHOparueil Ha pabouem mecte [1,2]. [lonsTue
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«COOCTBEHHO Kau€CTBO JKU3HU» OMPEIEIAETCS, MPEKE BCEr0, CyObEKTUBHOM OLIEHKON
0O0JIBHOTO U BKJIKOYAET €ro ’Kajgo0bl, (PyHKIHMOHAIbHbIE BO3MOXKHOCTH, BOCIIPUITHE U3-
MEHEHHUH, CBS3aHHBIX C 3a00JieBaHMEM, YPOBEHb O0IIEro OJaromoiyuyusi U CTENECHb
YAOBIETBOPEHHOCTH KU3HBIO. M3yuenne KOK npeanonaraer oneHKy NpakTUYECKU BCEX
CTOPOH KU3HENEATEIbHOCTH YEJIOBEKA, BKIIIOYAs CUMIITOMBI, KOTOpPbIE B HanOOJbIIEH
CTEIIEHU BIIMAIOT Ha (PU3MUYECKYIO, ICUXUYECKYI0, COLIMAIbHYIO U SMOLIMOHAIBHYIO Ce-
PBI TOBCEIHEBHOM aKTUBHOCTH [3]. Y CTaHOBJIEHO, YTO MOKA3aTEeJIM KayecTBA KU3HU CY-
IIECTBEHHO YXYALIAIOTCS IO Mepe YBEJIWYEHHUs JAIUTEIbHOCTH 3aboneBanus. [Ipu npo-
JOJDKUTENBHOCTH Oone3Hu 6osee 10 neT u pa3BUTUM HEOOPATUMBIX U3MEHEHHI B CyC-
TaBaX OTMEYAETCS BBIPAKEHHOE CHMYKEHHE POJIEBOro (hpM3MYECKOro (PyHKLHOHHPOBA-
HUS, 4TO, B CBOIO OYEPE]b, IPUBOJIUT K YXYJIIEHUIO OOLIEr0 COCTOSHUS 3/10pPOBBS, B
ToM uucie y jun ¢ CIIII. Onucanel 5proHOMUYECKUE METOBI OLICHKU YCIOBUM TpyJa U
CBSI3aHHOU CO 37A0pOoBbeM (DYHKIHH y MaxTépoB [4]. BaxHO OTMETUTH, YTO XpOHHYEC-
Koe 3a00JeBaHNe 00YCIIOBIMBAET HE TOJIBKO CHWXEHHE (PU3UUECKOro 3/10POBbs BCIIE-
CTBHE CTOMKOTr0 0OJIEBOTO CHHIPOMA M HapylIeHHs (PYHKIUU CyCTAaBOB, HO U OKa3bIBa-
€T 3HAYMTEeIbHOE BJIMSHUE HA MCUXOJIOTMYECKOE COCTOSIHHE IMAlMeHTOB, CIOCOOCTBYS
Pa3BUTHUIO TPEBOXHO-IEMPECCUBHBIX PACCTPOMCTB M CHUKEHHUIO IICHXOIMOLIMOHANb-
HOro 0JIaronojy4usi, aBTOHOMHbIE HapylIeHUs y LIaxXTEPOB ¢ BUOPALMOHHOW Ooje3-
Hb10. MccnenoBana pactipocTpaHEHHOCTD 0OJICH B MOSICHUIIE U BIHMSIHUAS YCIOBHHA TpyAa
Ha 3/10pOBbE TOPHSAKOB, JIaHAa OLEHKAa KAa4eCTBA >KM3HU y IALUEHTOB C IOSICHUYHOU
paauKyjonaruel ¢ quHaMHKOM mocie yedenus [5]. Cnenyer moguepKkHyTh, YTO Tpak-
TOBKa IOHATHSI «KAYECTBO JKU3HM» OCTAETCsl HEOAHO3HAUHOW. PAn mccienosareneit
paccMaTpuBaeT ero Kak CrocoOHOCTh MHAMBUAA (DYHKIIMOHHUPOBATH B OOIIECTBE B COOT-
BETCTBUU CO CBOMM COLIMAJIBHBIM IIOJIOKEHUEM U IIOJy4aTh yIOBIETBOPEHHUE OT KU3HU.
Jpyrue aBTOpbI OMpenesoT KayeCcTBO KU3HU KaKk CyObEKTUBHYIO OIIEHKY COBOKYITHOC-
TH yCJIOBUH (DPU3HUECKOT0, ICUXUYECKOTO U COLMATIBLHOTO OJIaronoydns 4eloBeKa Tak,
KaK OHM BOCIPMHHUMAIOTCS CAaMMM MHAMBHUAOM [6]. Pe3ynbpraTel uccieq0BaHus y namu-
€HTOB C COYETaHHOM MPo(decCHOHATLHON MATOJIOTHEHN, XPOHUUECKOU MOSCHUYHOM MaTo-
Joruer ¥ BUOPAaMOHHON OO0JIE3HBIO BBISBUJIM 3HAUMMBbIE PA3JIM4Ms B OLEHKE KauecTBa
JKU3HH, YTO NOJYEPKUBAET CIOKHBII M MHOTOKOMIIOHEHTHBIM XapakTep BIUSHUS
npodeccuoHaIbHBIX (PAKTOPOB U XPOHUYECKUX 3a00seBaHMii Ha nmoka3atenu KK.

Marepuajibl M MeTO/bI HCCJIETOBAHNS.

beuto obcnenoano 298 ropHopabouux ¢ coueTaHHON MpodecCHOHANBHOM MmaTo-
Jorueil (XpoHudeckasi MOSICHUYHASI paAMKyJIoNaTus U BUOpanroHHast Oose3nb) mo AO
«ApcenopMurran TemupTay», KOTOpbIe IPOXOAWIH obcienoBanue u sedenue B PITI
Ha [IXB «HanuonanbHOM LIEHTpe THMTHEHBI TpyJa U IpodhecCHOHATBHBIX 3a00IeBaHMMA
M3 PK r.Kaparanzaer 3a nepuox 2007-2009r., cpeaHuii BO3pacT KOTOPBIX COCTaBUI
47,7+12,4 rona, ctax 21,4+2,43, KOTOpbIE JUIUTEILHOE BpeMs paboTaliid B HEOJIaronpHu-
ATHBIX TPOU3BOJCTBEHHBIX YCIOBHUSAX.
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VYranyGneHHble TUTHEHUYECKUE, KITMHUKO-HEHPOPU3HONIoTnieckne 1 aHKeTHpOBa-
HUE HCCleIoBaHus ObUIHN MpoBeaeHbl 124 ropHopabounM, KOTOpbIe OBLIN pa3/ieleHbl Ha
CJIEYIOIINE TPYIIbL:

| rpymnma - mpakTUYecKu 30POBBIE HMIAXTEPbI-yroNbIIMKU Tpynmna «K» - 25 yen.
(26,3%);

2 rpynma — ropHopaboure ¢ coueTaHHOU nmpodeccuonanbHou marojorueit (CIIIT -
BEpTEOpPOTeHHAs MATOJIOTUS C YMEPEHHO-BBIPAKEHHBIM OOJIEBBIM CHHAPOMOM M BHOpa-
nuonHas 6omnesns I c1.) - 28 uen. (29,4%);

3 rpynma - xpoHudeckas npodeccruonanbHas pagukynonarus (XI1P) ¢ ymepenHo-
BBIPAXXECHHBIM 00JIEBBIM CUHAPOMOM 25 yei. (26,3%);

4 rpynmna - BuOpauuonnas 6onesns (Bb) II ct. 22yen. (23,1%).

Jlist u3yueHusi CaMOOIEHKH KauecTBa KU3HU HCIIOJIb30Balld OMPOCHUK KadyecTBa
XKHU3HH, pazpaboranHbelii B HaydHo-mccienoBaTenbckoM HEHTpe MPOQUIaKTUIECKOM
meaununbl (BHULL ITH; nporpamma 9CKUN3 — skcnepTHast cucTeMa KOPPEKIUU UH]IU-
BUIyaTbHOTO 370p0Bbs), (r.Cankt-IlerepOypr) [7]. On Bkirouan 15 Bompocos, kaca-
IOLIEHCS pa3IMyYHbIX MapaMeTpoB KadecTBa >ku3HHU. OIeHKa KauecTBa 370POBbs MPOU3-
BOJUTCA C NO3ULMM €IMHCTBA (PU3NYECKUX, IICUXUYECKMX U COLHUAIbHBIX COCTaBIS-
IOIUX, TOATOMY HCHOJB3YyeTCsl METOJ TpeX IMIKal — (U3UYECKOH, MCUXUYECKON u
COIMAILHOM YJOBJIETBOPEHHOCTH. OOpaboTKa W MHTEpPHpETalus Pe3yJIbTaToOB — IMOJ-
CUMTBHIBACTCS CpelHUN Oayul ans Kaxkaoi mkansl (15 mikan) v 3aHOCUTCA B TaOnuily.
Kaxnapiii n3 15 MmyHKTOB moapasfensercs Ha NOANYHKTHl C LEJIbH JI€TAIM3aLHNU
Ka)KI0ro BoIlpoca. B 3aBucCMMOCTH OT OTBeTa IS KQXKI0M Kbl BBIIEISIETCS YPOBEHb
KayecTBa KU3HU:

e 0T 61 10 100 6ayIOB — HOPMAIBPHOE KAa4€CTBO KU3HM;

e 0T 31 10 60 6amI0B — CHI)KEHHE KaueCTBA JKU3HH;

e 0t 0 10 30 GaI0B — HU3KOE Ka4eCTBO KU3HHU.

[ToncunThiBaeTCs cpeqHUM Oasll Bcex mapaMeTpoB KauecTBa KHU3HH.

Craructuueckast o0paboTKa JaHHBIX NMPOBOJWIIACH MO CTAHJAPTHBIM METOJUKaM
C MCIOJIb30BaHUEM CIELUAIN3UPOBAHHBIX IIPOrpaMM IJIs CTaTUCTUYECKOIO aHaIu3a —
tabnnuHblil iponeccop «Microsoft Excel» n mporpamma «STATISTICA 6.0» (dpupmsl
StatSoft, CIIIA).

Pe3yabTarsl ucciieloBaHus.

AHanu3 cpeHUX pe3yIbTaTOB OLICHKU KayeCTBa )KM3HU B 3 TPYIIAx BBISIBUII ClIE-
nyrolee: HanOolsiee yIOBJIETBOPEHBI KayeCTBOM CBOEH KM3HU OOJIbHBIE B TPYIIIE C
JTUarHo30M BuOpannoHHas 6one3ns (51,4+2,4). B ocranpubix rpynmax CIIIT (30,7+1,4)
u XIIP (34,64+2,5) kauecTBO *U3HU OLEHUBAETCS KaK CHHKEHHOE, YTO YKa3bIBaeT Ha
HEJIOBOJILCTBO OOJIHBIX OOJIBIITMHCTBOM aCHEKTOB cBoei u3HU. B rpynne Bb nauuen-
Thl YJOBJIETBOPEHBI CIIEAYIOIIMMHU COCTABIISIOIIMMU CBOEH >KM3HH: OJIarOCOCTOSTHUE
cBoeil cembu 60,1+6,5; KIMMaTH4YECKMMH YCIOBUSMHU paiioHa mnpokusanusa 60,6+2,7;
OBITOBBIMU YCJIOBUSIMH B palioHe NpokuBaHus 68,5+3,0; OTHOIIEHUSAMHU C KOJUIEraMH
no pabore 61,5+2,0; 3mopoBbeM aerell. HU3KyI0 OILIEHKY JAIOT MO TaKOMY Mapamerpy
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KaK HEJIOBOJILCTBO JTHYHBIM 3apaboTkam 30,4+1,6; BO3MOKHOCTh PO(HECCHOHATLHOTO
pocta 15,6+1,2. B 1iesioM B JaHHOU TpyINIle OLIEHUBAIOT CBOKO KU3Hb KAK YIOBJIETBOPH-
tenbHas (51,4+2.4).

B rpynmne 60apHBIX ¢ muarHo3oM XIIP oTHOIIEHHE K KOHKPETHBIM acTIEKTaM KHU3-
HU BBITJISIAT CIISIYIONINM 00pa3oM: OIICHKA Ka4eCTBA KU3HH PACIICHUBACTCS KaK yJIOB-
JIETBOPHUTEIIBHOE 10 TaKUM IapaMeTpaM: JIOBOJIbHBI pa3MepaMu CBOCH >KHIITLIOINIAIN
51,442,4; TOBOJIBHBI MUTAHUEM U KOJIHYECTBOM moTpebasemoit munwm (60,3+4,3; 66,2+-
6,4). IlposBiIIET HEAOBOJLCTBO, T.€. JACT HU3KYIO OIEHKY KadecTBa JaHHAas TpyMra
OOJIBHBIX IO TAKUM MapaMeTpaM KakK HeOBOJILCTBO JIMYHBIM 3apaboTkam 35,244,6; Bo3-
MOXHOCTB TIpodeccuonanbHoro pocra 18,4+1,3. [1o ocTanpHBIM MMapaMeTpaM KayecTBa
’KU3HU B I1€JIOM OIICHUBAETCS KaK CHIYKEHHOE.

VY nun ¢ CIII ynoBiaeTBOpeHb! CIEAYIOMIMMU COCTABISIONIMME KauecTBa >KU3HHU:
CUMTAIOT CBOIO CEMEHHYIO XH3Hb cyacTiuBo 77,03+3,5; HOBONBHBI KOJUYECTBOM
noTpebasemoit mumu 67,8+4,9; 10BoJBHBI 310poBheM cBoux aeteit 70,0+4,9. Bripaxka-
IOT HEJOBOJILCTBO M HEYJOBJIECTBOPEHBI TAaKUMH IapaMeTpamMH KakK: BO3MOXHOCTh
npodeccuonansHoro pocta 15,9+1,1; cexcyanpHoii xu3ubt0 30,6+2,7; CYyTOUHBIM CHOM
30,9+2.5; pabotoit 30,5+5,4.

Huskoe kauectBo xu3uu y sun c¢ CIIII ompenenunu Takue mapamerpbl Kak
«OLIEHKA COCTOSIHUSI CBOEro 310poBbs» (26,9+1,5), atu ke napamerpsl y aun ¢ XIIP u
Bb onpeznenensl kak CHMKEHHOE KadyeCTBO JKM3HM M cocTaBuiau 34,6+3,2 U COOTBET-
CTBEHHO; HU3Kasl «OIEHKA CBOErO JYIIEBHOI'O COCTOSIHHS B MOCJIEIHEE BPEMs» Y JIUIL C
CIIIT (27,6+1,6), HECKOJNBKO BBIIIE 3TOT MapaMeTp U PACICHUBAICA KaK CHUKCHHOE
kaudecTBoO xu3HU y nuil ¢ XIIP u Bb u cocraBun 32,5+2,8 u 48,7+4,0 COOTBETCTBEHHO;
HU3KO OILIEHHMBAIOT «CBOIO *u3Hb B menom» nuua ¢ CII (30,7+1,4), y nun ¢ XIIP u Bb
ATOT MapaMeTp OKa3aJiCsi CHUKEHHBIM U cocTaBml 34,6+2,5 u 51,4424 cOOTBETCTBEHHO
(trabmuna 1). Takum oOpa3om, y JHUI[ C COUYETAHHOW MPO(PECCHOHATLHON MAaTOJIOTHEH
BBISIBJICHO CTATHCTHMYECKU 3HAYMMOE CHM)KEHHE BCEX KIIFOUEBBIX MAapamMeTPOB KauecTBa
JKU3HHU TI0 CPaBHEHUIO C KOHTPOJILHOM TPYNIOM W MalMEHTaMH C HM30JIMPOBAHHBIMHU
dbopmamu ipohecCHOHATBHBIX 3a00eBaHUI.

Tadoauua 1 - OueHka napamMeTpoB KauyecTBa KU3HHU Y JIMI C COYETAHHOH mMpodeccHOHATLHON
NaToJIOTHell, XpPOHMYecKOd mNpodecCHOHAJLHOH paauKyJdonaTueil, BUOPALMOHHOW 00/1€3HBIO
(M=£m)

ITapameTpsl I'pymma «K» | CII XIIP Bb
n=25 n=28 n=25 n=22
1 2 3 4 5
1. J/lenbru, MaTepuaIbHbIi 10CTATOK

1.1 JIOBOJIbHBI JIH BBI 58,7+3,5 49,61,8%**A | 51 4+6,1*%* | 60,1+6,5
0J1arococTosTHUEM Balllel CeMbH AN *

1.2 [JoBompHbl 11 BE cBouM | 34,0+4,5 32,243 2## 35,2+4,6M | 30,4+1,6%*
JIMYHBIM 3apab0TKOM A
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1 | 2 | 3 | 4 5
2. KBapTupa, :KUJHIIHbIE YCI0BHSA
2.1 JIoBOJIBHBI JIH BBl pa3MepaMu 53,3+7,7 53,7£5,3 64,2+£5,4%%* | 54 5442
JKAION TUIOIIAIHA H#it
2.2 J10BOJIBHEI JIH BBI 60,4+1,5 43,5+3,6%* | 49,313 ,8*** | 54 244 D***
051aroyCTpOEHHOCTBIO KBAPTHUPHI HANA
Me0elb, OBITOBBIC TPUOOPHI U T.11.)
3. DKkoJiorus, ObIT B paiioHe MPOKMBAHUSA
3.1 J1oBOJIBHEI JIH BBI 42.7+1,3 41,1£2,5## | 45,4+6,6* 60,62, 7%**
KIIMMaTUYECKUMU YCIOBUSAMU B HAMN
MecTe IPOKUBaHUsA (BeTep,
BJI&XXHOCTb, TEMIIEPATypa U T.J.)
3.2 JIOBOJIbHBI JIH BBI 43,6+1,7 34,145,5%* | 38,443, 7*%* | 54,544 2%%*
3KOJIOTMYECKUMHU YCIOBUSAMH B KA
MecTe MPOXKUBAHUS (IIIyM, TIHUTb U
T.1.)
3.3 JIOBOJIbHBI JTH BbI OBITOBBEIMU 59,3+5,1 47,4+3,6%* | 45,3+3,6%** | 68,5£3,0%**
YCIIOBUSMU B MECTE IIPOKUBAHUA HANN
(Mara3uHbl, YCIYTH | T.1.)
4. Cembsi

4.1 Hackonpko BBl CUHTaeTe CBOIO | 67,3+3,2 77,03+£3,5% | 58,444, 3*** | 62, 4+4 4***
CEeMEHHYI0 KHU3Hb CUACTIIMBOM AN

5. llutanue
5.1. JoBOIBHBI I BBl | 63,3£3,6 44 8+3,4*%* | 60,3+4,3** 57,4+3,4%**
pazHoobpaszuem MOTPEOIAEMBIX *
MPOAYKTOB ITUTAHUS Pt

AAN
5.2.J10BOJIbHBI X BbI KOJHUYECTBOM | 69,3428 67,8+4,9" | 66,2+6,4%* 58,3+5,0%**
MUY, TOTPeOIsIieMoil 3a CYTKH
6. CekcyajabHas :KU3Hb
6.1 JloBonbHBEI NI BBl CBOelt | 69,7+6,8 30,62, 7** | 54,6+£6,5%** | 54,3+6,8%**
CEKCYaJbHOM XKU3HBIO AN
7. Pa3BiieveHusi, OTABIX, CHOPTHUBHBIE 3aHSITHS
7.1 [oBombHbI 1H Bl cBouM | 65,0+6,4 30,9+2,5** | 62,6+4,4 58,7+5,8**
CYTOYHBIM CHOM AN
7.2 J10BOJIbHBI IIH CBOEH 44,7+3,6 43,7+3,3## | 42,7+3,6 37,8+1,4%*
(bU3NYECKOH aKTHBHOCTBIO #
8. [lo10:xeHMeE B 0011IeCTBE

8.1 JIoBOJILHBI JIU CBOUM 64,7+4,4 47,442.2%% | 50,4+£3,4%** | 47 442 4***
MOJIXKCHHEM B 00IIIECTBE iaia

9. Pabora
9.1 OtHomIeHus ¢ 66,7+3,8 52,6£7,7% | 60,3+£5,4%* | 54,8+4,2%*
PYKOBOJUTENIEM R * *
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1 2 3 4 5

9.2 OTHOIIIEHHS ¢ KOJUIEraMH 110 65,3+£3,2 71,14£5,3*%* | 66,4+6,4 61,5+£2,0%*

pabote AN

9.3 BO3MOKHOCTb 68,7£3,8 15,9£1,1%% | 18,4+1,3%** | 15,641,2%%*

podeCCHOHATFHOTO POCTa WITH *

MIPOJBMKEHUS IO CITy)KOe

9.4 Y noBJIETBOPEHHOCTh CBOCH 58,7+2,7 30,5£5,4%* | 35,6+4,5%** | 41,6+£2,3***

paboroit i

10. /IlyxoBHBIE TOTPEOHOCTH

10.1 Cunrtaete a1 BBl CBOIO KM3HE | 51,3+2,3 42,2+6,0%* | 50,4+6,5 47,6+3,1%*

IyXoBHO Ooraroit  (JuTepatypa, AN

HCKYCCTBO, IPUPOJIA U T.J.)

11.ConnajanHasi mojiepxKKa

11.1 B cayyae cepbe3HbIX 81,3+3,1 41,5+3,1%* | 56,424 8%* | 46,742, 8***

HENPUATHOCTEH MOXKETE JIH BB AN *

PacCUYNUTHIBATEL HA TIOJICPKKY

CEMBbH, POJICTBEHHHUKOB, Apy3eit?

12. 3n10poBbe, 61aronoay4re poacTBEHHUKOB OJM3KUX

12.1 3popoBbe aeteit 59,3+4,2 70,0+4,9%* | 53,4+7,1 66,8+4,1
*###/\/\/\

12.2 310poBbEe KEHbI/MYyXKa 52,7+4,1 54,42, 7H## | 62,5£4,8*** | 60,3+2,5%**
#/\/\/\

13. OneHuTe COCTOSIHME CBOETO 310POBbS

13.1 58,7+6,7 26,9+1,5%* | 32,6+4,1%*%* | 34,613 2%**

*###/\/\/\
14. OueHnTe CBOE NyIIIEBHOE COCTOSIHUE B MOCJIEeAHEE BpeMsl

14.1 56,043,1 27,6+£1,6%* | 32,5£2,8%** | 48,7+4,0%**

*###/\/\/\
15. OnenuTre B eJIOM, KaK CKJIAJABIBAETCS Ballla KH3Hb

15.1 67,34£5,2 30,741,4%*% | 34,64£2,5%** | 51,442 4%**

*##/\/\/\

HpHMe‘laHHe - HOCTOBCPHOCTL:

*#<0,01; ***<0,001 mexny rpynnoit yuu ¢ CIIIT ¢
rpynmoit «K»; ##<0,01; ###<0,001 mexnay rpynmnoii nut ¢ CII u rpynmoit nun ¢ XI1P; ~<0,01;
MA<0,001 mexay rpynnoi smn ¢ CII u rpynmoi#t i ¢ Bb

B «uenom» (15 mxana) y nun ¢ CIII u oun ¢ XIIP «ouieHka kayecTBa AKU3HN»
paclEHUBAETCS KaK «HU3KOE» B CPAaBHEHUH C JIMIIAMHU KOHTPOJIbHOU rpynnoi Ha 54,4%
u 48,6%, Torna kak y ymi ¢ Bb ona onpeneneHa kak «CHI)KEHHOE Ka4ECTBO KUZHHI» U
CHI)KEHO TI0 CPABHEHUIO C TUIIaMH KOHTPOIILHOU rpyribl Ha 23,7%. O0ycnoBIeHHOCTD
OIICHKM KaueCTBa U3HH B 11eJIOM Kak «Hu3koey, y ymi ¢ CIIIT u XIIP sBuioce 6omnee
HIMPOKasi MPEACTaBIEHHOCTh KOMOPOHIHBIX PACCTPOMCTB (B JTaHHOM ciry4dae 0OJeBOI
CUHAPOM), yeM y null ¢ Bb. BeipakeHHOE CHMKEHME HHTErpalbHOI0 MoKa3aTesl Kadec-
TBa JKU3HHU OTMEYEHO Yy MAIMEHTOB C COUETAaHHOM NMpodeccHOHANIBHON MaTOJIOTHEH, YTO
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CBHUJICTEJILCTBYET O 3HAUUTEIILHOM BJIMSHUU KOMOPOMIHBIX HApyIIEHUH U XpOHHYEC-
KOTro 00JIeBOr0 CHHAPOMA Ha (PU3NUECKOE U IICUXOIMOIHOHATIbHOE (PYHKIIMOHUPOBAHUE
(pucyHok 1).

51,4

30,7

Orpynna "K" B CIT OITP OBb

Pucynok 1 — UHTerpajbHas OeHKAa Ka4ecTBa )KU3HU y 00C/IeJ0BAHHBIX TPy

O0600611ast pe3yabTaThl, HAJJ0O OTMETUTh, YTO BCE TPYIIBI YIOBIETBOPEHBI MaTe-
pHUANBHBIM JIOCTATKOM, >KUJIUIIHBIMU YCIOBHUSIMH, palOHOM IMPOXKUBAHUS, CEMbEH, MH-
TaHUEM, TYXOBHBIMU MOTPEOHOCTAMH, 3/1I0pOBbeM OnM3KuX. Becemu rpymnmnamu oneHu-
BalOTCA KaK HEYJIOBJIETBOPHUTENbHbIE TaKWE€ MapaMeTpbl KauecTBa JKU3HM, KaK OlLIEHKa
COCTOSIHUSI CBOETO 3/10pOBbSI, MPO(PECCHOHANBHBIN POCT, TUYHBIN 3apabOTOK, AyIIEBHOE
COCTOsIHUE, KOTOpble Hanbosee sipko Bbipaxensl y jaul ¢ CIIII. KommnekcHslit aHanu3
quHamuku napamerpoB KOK, sBisromeecss B Hacrosilee BpeMs IEPCHEKTUBHBIM
HaIpaBJIEHUEM B Pa3BUTUU IMPAKTUUYECKONW MEIUIIMHBI, MO3BOJMI a/JeKBaTHO U CBOE-
BPEMEHHO OLICHUTh MPOUCXOASIINE U3MEHEHHUSI B COCTOSHUM 00CIelyeMbIX U OIpe/e-
JUTH HanboJIee 1eIeco00pa3HbIi METOT KOPPEKIIUH.

BuiBoabI:

1. CoueranHas npodeccruoHaibHasi NaTOJOTUsl Y TOPHOPAOOUYMX COMPOBOXKIAET-
Cs1 BBIPQXKCHHBIM CHIDKEHHUEM KauecTBa JKU3HH.

2. XpoHHU4ecKuil 60JI€BOM CUHIPOM SIBISETCS KIHOYEBBIM (DAKTOPOM yXYALLICHUS
($U3NUECKOro U MCUXO0IMOIIMOHATIBHOTO COCTOSHUS MAIlUEHTOB.

3. OneHka KayecTBa *HU3HU JOJKHA UCIOJIb30BaThCS Kak 00sA3aTeIbHBIM KOM-
MOHEHT KOMILJIEKCHOTO OOCHe0BaHMs M peabWiIMTaluy JIUI ¢ Npo(ecCHOHATbHBIMU
3a00JIEBaHUSIMH.
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KOCAPJIAHTY AH KO9CIBHU MMATOJIOT'USAACHI BAP KEHIIIJIEPITH ©OMIP
CAITACBHI

OTrap0baeBa M.B.

l«EHbex rurmeHachl oHe KOCINTIK aypynap YITTHIK opTanbirbdy KeAK (100017,
Kazakcran Pecny6nukacel, Kaparanne! k., Mycradus k. 15, e-mail: info@nao ncgt.kz)

1.0Orap0aeBa M.b., Mm.F.a., npodeccop «EHOEK rurueHacs koHe KOCINTIK aypysap yiT-
ThIK opTanbiFey KeAK, e-mail: mb.otarbaeval 03@mail.ru

Ty:KbIpbIM

COHFBI KBUIIAPBI CO3BUIMANBI KOCiOM aypyriapsl O0ap HayKacTapblH IEHCAYIBIK
JKarJaiplH Oaranayna eMip Cypy camachl MaHBI3[bl MHTETPAIABl KOPCETKIII PETiHJe
KapacThIpbUIaAbl. 3€pTTEYIIH MaKcaThl — CO3BUIMAIBI O€Nl paguKyJOMaTHsICHI MEH
BUOPALUSIIBIK aypybl 0ap Tay-KeH >KYMBICHIBUIAPBIHBIH OMIp CYpy camachlH Oaranay.
3epTTey HOTIKENEpl apansac KociOMm MaTOJIOTHACH Oap HaykKacTapaa ewip cCypy
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carachlHbIH alKbIH TOMEHJICHTIHIH KepceTTi. by jkarnmail aybIpChlHY CHHAPOMBIHBIH
YKOHE TICUXO03MOIMOHAIIBIK OY3bIIBICTAP IBIH aUKbIHABLIBIFBIMEH OAiIaHbICTHI.

Tyuinoi co3dep: emip camachl, KociOM aypynap, KEHUIJiep, paJuKyJIonaTwus,
BUOPAIUSIIBIK aypy.

QUALITY OF LIFE IN MINERS WITH COMBINED OCCUPATIONAL
PATHOLOGY

Otarbaeva M.B.

NC JSC «National Centre Occupational Health and Diseases» (100017, Republic of
Kazakhstan, Karaganda, Mustafina str. 15, e-mail: info@naoncgt.kz)

1.Otarbaeva M.B., MD, Professor, NC JSC «National Centre Occupational Health and
Diseases», e-mail: mb.otarbaeval 03@mail.ru

Summary

In recent years, quality of life has been considered an important integral indicator
in patients with chronic occupational diseases. The aim of this study was to assess the
quality of life of miners with combined occupational pathology, including chronic
lumbar radiculopathy and vibration disease. The results demonstrated a significant
decrease in quality of life in patients with combined pathology, mainly due to chronic
pain and psycho-emotional disorders, highlighting the need for a comprehensive
rehabilitation approach.

Key words: quality of life, occupational diseases, miners, radiculopathy, vibration
disease.
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TOPAKAJITUS: HEPACKPBITBIA IOTEHIIUAJI JUATHOCTHUKHA U
HOBBIE I'OPU30HTHBI B IIOHUMAHHWMU BOJIN B I'PYIHOM OTAEJIE
ITO3BOHOYHUKA
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Kaasbi6aesa Y.A.!, Boaar H.B.!
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1.Hypanuesa A.E, HAO «Meaununckuii ynusepcuteT Kaparanas», e-mail: nuraliye-
va.9898@mail.ru
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IIpencraBineH BceCTOPOHHUM 0030p COBPEMEHHBIX METOJIOB TMarHOCTUKU TOpa-
KaJITMH, HAYMHAS OT TPAJUIIMOHHBIX PEHTTEHOJOTHYECKUX UCCIIeI0BaHUIN U 3aKaHYUBas
VMHHOBAIIMOHHBIMA HEWPOBU3yaIN3allUOHHBIMU TEXHUKaMU. B cTatbe moguepkuBaeTcs
Ba)XHOCTb paHHEN M TOYHOM TUArHOCTUKU JJIS ONpeeNIeH s 3THOJIOTMH 00 U BhIOOpa
onTtuManabHoOro jedeHus. Ocoboe 3HauUe€HUE MPUIAETCSI COMATOCEHCOPHBIM BbI3BaHHBIM
HNOTEHIMaJaM M MYJIbTUMOJAIBHOMY HEHpO(pHU3HMOIOrHYECKOMY MOHUTOPHMHIY, KOTO-
pbl€ MO3BOJISIIOT BBISIBUTH HapYILIEHUS MPOBOJMMOCTH HEPBHBIX HMITYJIHCOB U IMO3BO-
JSIFOT TPEAOTBPATUTh MOBPEXKACHNUE HEPBHBIX CTPYKTYp BO Bpems omneparuii. O0cyx-
JTAIOTCSl MEePCHEKTUBBI UCIOJIb30BaHUSI HEWPOBHU3YyaIU3alluu, BKIIOYas (YHKIMOHAJb-
Hyt0 MPT, no3uTpoOHHO-3MUCCHOHHYIO TOMOTpa(ui0 U MarHUTHO-PE30HAHCHYIO CIIEK-
TPOCKOTIHIO, JIJIsl BBISIBJICHUSI OMOMapKepoB 001 U pa3pabOTKHU MEPCOHATN3UPOBAHHBIX
noaxo/a0B K jedeHHto. CTaTbs HpeAcTaBiIseT cOOOM LEHHBIH pecypc JUlsl Bpaued u
ucclienoBaresneii, 3aHUMAaroIMXCsl AUArHOCTUKON U JIEYEHHEM TOpPAKaJITHuu U IMoauep-
KHMBAaeT BaXXHOCTb KOMIUIEKCHOTO IOAXO0J/a, COYETAIOUIEr0 TPAaJULMOHHBIE U WHHOBA-
IIUOHHBIE METO/bI, ISl TOCTHKEHUSI HAUITYUYIINX PE3yIbTaTOB B JICYCHUH IMallUEHTOB C
3TOH pacnpocTpaHeHHOH MPOOIEMOH.

Knrwoueswvie cnosa: TOpPaKaJIrui; 0oib B TpPyAHOM OTJACJIC IMO3BOHOYHHUKA; AUArHOCTHUKA,
WHHOBAIIMOHHBIE METOBI; TU(depeHIInaTbHas AMarHOCTHKA
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AKTyaJIbHOCTB. boiib B IpyJHOM OT/A€/e MO3BOHOYHUKA (TOpakairus) Ipes-
CTaBJISIET COOOW CIIOKHYIO MYJNbTU(PAKTOPHYIO KIMHHUYECKYIO MpPOOJIeMy, XapaKTepu-
3YIOIIYIOCS CPaBHUTEIBLHO MEHbIIEH pacnpocTpaHéHHOCThIO (13%) mo cpaBHEHHIO C
nosicHuuHbIM (43%) u meitaeiM (32%) oTaenaMu, HO 3HAYUTENbHBIM KIMHUKO-JHAr-
HOCTHYECKUM pa3zHooOpaszueM. HecMOTpsi Ha aHATOMHUYECKYIO CTaOMIBHOCTD T'PYTHOTO
otnena, oOyCIOBICHHYIO PUTHIHOCTBIO TPYJHOU KIJIETKH, MATOJIOTHYECKHE IMPOLIECCHI
pa3IMYHOIO reHes3a (JereHepaTUBHBIE, BOCHAIUTEIbHBIE, HEOIIACTUYECKUE) OCTAIOTCS
aKTyaJbHON NMpUYMHONU OoseBOoro cuHapoma. KirroueBoil mpoOiemMoid sSBseTCs HU3Kas
KOPpEJSIUS MEXy BHU3YaIM3alMOHHBIMM M3MEHEHUSMHU U KIMHUYECKOW CHUMITOMa-
TUKOHN, 4TO MOJTBEP)KIACTCS BBICOKOM YacTOTOW OECCMMMITOMHBIX JereHepaTHUBHBIX
u3meHenuut (10 20%) [1-4]. 910 00ycHOBIMBAET PUCK TUIEPAUATHOCTUKN MU SKOHOMHU-
yeckd Hed(PPEKTUBHBIX BMEUIATENHCTB (CTOUMOCTH JICYEHHS] OJHOTO SMH30/a PATUKY-
auta - g0 53 595 USD) [9]. Takum oOpa3zom, coBpeMeHHasi rmapajurmMa JHarHOCTHKH
TpeOyeT mepexojia OT CTPYKTYPHOU K (HYyHKIIMOHATHHO-UHTETPATUBHOM MOJIEIH, BKIIIO-
qaIeil HepoBH3yalIn3aluio, OMOMapKepbl M aJTOPUTMBI MCKYCCTBEHHOTO WHTEI-
JIeKTa.

[IprunHBI TOpaKaJIrui: KOMIUIEKCHBIHN B3I Ha poOIemMy

Topakanrus MoXeT ObITh BbI3BaHA PA3IMYHBIMH MIPUYMHAMH, KaK BEpTEOPOTeH-
HBIMH, TaK U HeBepTeOporeHHbIMHU [2]. K BepTeOpOreHHBIM MPUYMHAM OTHOCSTCS JeTe-
HEpaTUBHO-AUCTpOdUUecCKre 3a00JeBaHUs MMO3BOHOYHMKA, TaKMe KaK OCTEOXOHAPO3,
CIOHJIMJIE3, CIIOHAMJIOAPTPO3, TPBDKU MEKIIO3BOHOYHBIX JIUCKOB, @ TaKKE TpPaBMbI
MO3BOHOYHMKA (TI€PEJIOMBI, BBIBUXH, PACTSHKCHUS CBA30K U MBIIII), BOCTIAIUTEIbHbBIC
3a0o0sieBaHus (CIOHAUINT, Oosie3Hb bexTepeBa), Omyxou NO3BOHOYHMKA (TIEPBUYHbBIE U
METacTaTUYeCKHe) U BPOXKJCHHbIE aHOMAJIMU Pa3BUTHS MO3BOHOYHMKA. JlereHepaTHB-
Hbl€ M3MEHEHHsS] MO3BOHOYHHMKA, B YAaCTHOCTH CIOHJWJE3, CHOHIWIOIMCTE3, TpbIka
ME)XIO3BOHOYHOIO JIUCKa M CTEHO3 ITO3BOHOYHOTO KaHajia, TaKXe MOTryT ObITh
3HAYMMBIMM NIPUYUHAMHU Topakaiaruu. CIOHANIIE3 OpakaeT MEKIO3BOHOUHBIE TUCKH,
CYCTaBHbIE OTPOCTKH, CBSI3KM U COECJUHUTEIbHYIO TKaHb ITO3BOHKOB, B TO BpeMs Kak
CIOHJMJIONKNCTE3 XApAaKTEPU3YeTCSd CMEIIEHUEM OJHOIO II03BOHKA OTHOCUTEIBHO
JIPYToro, YTO MOXKET C/IaBJIMBaTh HEPBHBIEC KOPEIIKW W BI3bIBAaTh O0ib [5, 6]. I'ppika
MEKIO03BOHOYHOIO JMCKAa BO3HMKAET IPH pa3pblB€ BHYTPEHHErO sApa JHUCKa U €ro
BBIXO/I€ 3a Mpeesibl BHEUIHEr0 KOJblla, YTO OKa3bIBaeT JABJICHHE Ha OKPY’KaIoILIue
HepBbl [6]. CTEHO3 IMO3BOHOYHOIO KaHalla, BBI3BIBAIOIIMN CY)KEHHE IO3BOHOYHOIO
KaHaja ¥ BO3MOXKHOE C/IABJIMBAHUE CIIMHHOTO MO3Ta MJIM HEPBHBIX KOPELIKOB, CTaHO-
BUTCsI 00Jiee pacTipoCTpaHEHHBIM C BO3pacToM, AocTHUras nmpumepHo 19,4% cpeau nui B
Bo3pacte 60-69 ner [5]. Kpome TOro, TpaBMBI MO3BOHOYHHKA, TaKWE KaK IMEPEIOMBI
MO3BOHKOB, TaKXe MOTYT BbI3bIBaTh Topakanruio [7]. UccnenoBanue Parenteau et al.
(2021) moka3zano, YTO PEHTICHOJOTHYECKHE MEepes oMbl T'PYIHBIX IO3BOHKOB YacTO
BcTpevatorcs mpu COVID-19 1 mo3BoJSIOT MPOrHO3UPOBATH UCXObI 3a00seBaHus [8].

HeBepTeOporeHHble MpUUMHBI TOPAKAITUU BKIIOYAIOT 3a00J1€BaHUSI BHYTPEHHUX
OpraHoB (cep/ia, JETKUX, MKelyJO0YHO-KUIIEYHOIo TPaKTa), NMCHUXOTEeHHbIE (aKTOPbI
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(ctpecc, nempeccusi), nH(EKIMOHHBIC 3a00JIeBaHUs (OTOSCHIBAIOIIMIA JTUIIIAN), a TAaK¥Ke
3aboseBaHus pedep M MexpedepHbIXx HepBOoB [2]. [loHMMaHue NPUYMH TOpPAKaITUU
SBIISICTCS KIIIOUEBBIM (DPaKTOPOM ISt pa3paboTKu A(PPEKTUBHBIX METOIO0B IUATHOCTUKU
u sedeHus. OcreoapTpuT (aceTOUHbIX CYCTaBOB TaKXKe MIPAeT 3HAUYUTENbHYIO pOJb B
pa3BUTUHN Topakaaruu. BocraneHue U JereHepanusi CyCTaBHBIX OBEPXHOCTEW MpPUBO-
JAT K 00JIM, CKOBAaHHOCTH M OI'PaHMUYEHMIO MOJBUKHOCTH I'PYIHOrO OTJela M03BOHOY-
HUKa. MuodacuuansHbiii 00JIEBOM CHHAPOM IMPEACTABISET COOOM elle OJHY Pacrpoc-
TPaHEHHYIO NPUUUHY Topakairuu [9]. TpurrepHsle TOUky B MbIIIIAX U Hacusx MOryT
BBI3BIBATh JIOKAJIBHYIO U OTPAXKEHHYIO 00JIb, YTO 3aTPYAHSAET AUArHOCTUKY W JICUYCHHE.
CreHO3 NM03BOHOYHOIO KaHaja B IPyAHOM OTJAEJE BCTPEUaeTCs pPeke, UeM B IOSCHUY-
HOM, HO Bc€ K€ MO)KeT ObIThb npuuuHod Topakanruu [10]. CyxkeHue no3BOHOYHOIO
KaHaJla IPUBOAUT K CAABJICHUIO HEPBHBIX KOPEIIKOB M CIIMHHOI'O MO3TI'a, BBI3bIBas OO0JIb,
OHEMEHHeE, CIIa00CTh U JAPYrHe HEBPOJOTHUECKHE CHUMIITOMBL. [Ipyrue mpuYuHbBI TOpa-
KaJITMU BKJIIOYAIOT MHQEKIMH (OCTEOMHUENUT, CIOHIWINT), OIyXoyid (TIEepBUYHBIE U
METacTaTHYEeCKHe), BOCHAINTENbHBIe 3a0oseBanust (Oone3nb bexrtepeBa, peBmMaTrouji-
HbIi apTpUT) W BHUCLepalibHble 3a0oiyeBaHMs (3a00JeBaHMSA ceplua, JIErKHX, XKely-
JIOYHO-KHILIeYHOro TpakTa) [10, 11].

HecmoTpst Ha TO, 4TO B JIMTEpaType ONUCaHbl OCHOBHbIE IPUYHUHBI TOPAKaJITUH,
AIUAEMUOJIOTHS U (PAKTOPBI PUCKA 3TOTO COCTOSIHUS OCTAIOTCS HEJAOCTATOYHO M3YyUEH-
HbIMU [12]. Pa3BuTHE MHHOBAIMOHHBIX METOJOB JAMArHOCTHKH, TaKUX Kak (DyHKIHO-
HaneHast MPT, muddysnonno-reH3opHas BU3yaau3alys U MO3UTPOHHO-IMHCCHOHHAS
ToMorpadusi, o3BoJsieT 00JIee TOUHO BU3YaIU3UPOBATh CTPYKTYPHBIE U (PYHKLIMOHAb-
HbI€ U3MEHEHMsI B IO3BOHOYHMKE U OKpYyXKaroIux TKaHsAx [13]. Oto moxeT nomoub B
Qg depeHMaIbHON AMarHOCTUKE TOPaKaIruy U BBIOOpPE ONTHUMAIbHOTO JICUSHUS IS
KaXKJ0ro MalueHTa.

B nononHeHne k IMarHOCTHKE, MHHOBALMOHHBIE MOAXOJbI K yIHpaBieHHIO 0o-
Jbl0, TaKMe KaK pajnoyacToTHas aOisiuus, HEHpOMOIYJSUMS M NPUMEHEHUE HOBBIX
(apMaKoJIOTMYECKUX MPENnaparoB, MpeagaraloT HOBbIE BO3MOXHOCTHU JUIsl 00JeryeHus
00111 1 yTydIlIeHUs KayecTBa )KU3HU NMAllMEeHTOB ¢ Topakanrueit [13, 14].

Topakanrust siBIsieTCsl CI0KHON MPOOJIEMOM ¢ MHOKECTBOM BO3MOKHBIX IpPH-
yuH. s 3pPEeKTUBHON AUArHOCTUKH U JICUEHHUS] HEOOXOUMO YUUTHIBATh BCE BO3MOX-
Hble (aKTOpbI, BKIIOYAs Jler€HEepaTHUBHbIE M3MEHEHHS, BOCHAIUTENbHBIE IMPOLIECCHI,
TpaBMbI U JApyrue coctosiHus. JlanpHelInne ucciaenoBaHus B 3TOH 00jJacTH MOMOTYT
pa3paboTaTh Oosiee LeneHanpaBieHHble U 3D (PEKTUBHBIE CTpAaTErnd NPOQUIAKTUKUA U
JIEYEHUS TOPAKaJITUH.

Ponp panHel 1 TOYHON TMAarHOCTHKYU B YCIEIIHOM JICYEHUH TOPAKAITUU

PaHHsA4 ¥ TOYHAsE AMArHOCTUKA UTPAaeT KIKYEBYIO POJIb B YCIIELIIHOM JIEYEHUH
TOpakalruv, OOJM B TPYAHOM OTJele MO3BOHOYHHMKA. CBOEBPEMEHHOE BBISBICHHE
OCHOBHOHM MPUYMHBI OOJIH MO3BOJIET pa3paboTaTh MEPCOHAIN3UPOBAHHBIN IUIAH Jiede-
HUS, YTO B KOHEYHOM MTOT'€ MPUBOAUT K YIyULIICHUIO PE3YJIbTATOB JICUEHHS TAI[IEHTOB
[15]. bonee Toro, TOYHas AMArHOCTHKA MMOMOTaeT U30€XkKaTh HEHY)KHBIX BMELIATEIbCTB
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Y TIOTEHUHUAJIBHBIX OCJIO)KHEHHUH, KOTOPbIE MOTYT BO3ZHMKHYTh IIPU HEIIPaBWJIBHOM WU
HECBOCBPEMEHHOM JieueHuu [16].

Hanpumep, y nanveHTOB € LIEPBUKAJIBHON CHOHAWJIOTHYECKOM MUENIONATHEH
(CSM) panHee pacrio3HaBaHHE CUMIITOMOB, TAKUX KaK HEYKJIIOKECTb PYK WU MOXOIKH,
MOJKET IPUBECTU K CBOEBPEMEHHON BU3yaJIM3ALUU U XUPYPTrU4€CKOMY BMEIIATEIbCTBY,
npeaoTBpanias gajabHeiinee HeBposiorndeckoe yxyamenue [17]. B npyrom cnydae, y
HalMeHTa ¢ OCTPOoi OOJIbI0 B TPYAHOM OTJENIE PEHTI'CHOJIOTHYECKOE HCCIICAOBAaHUE U
MPT MoOryT BBISIBUTB TSXKEJbIA CTEHO3 LIEMHOr0 OTAENA TO3BOHOYHUKA, YTO IPUBEHAET
K XMPYPTUYECKOH NEKOMIIPECCHH M TPEAOTBPALICHUIO HEOOPATHMOIO IOBPEKICHUS
CIIMHHOTO Mo3ra [17].

PanHss nmuarHocTrika MHQEKIMOHHBIX MPUYHH TOPAKAITHH, TAKUX KaK IEePBUY-
HBIM SMUIYpalbHBIN abclecc MO3BOHOYHHMKA, UMEET pellarollee 3HAYeHHE ISl CBOE-
BPEMEHHOI'0 XHUPYPTUYECKOTO BMELIATENbCTBA M aHTHOAKTEPHAJIbHON Tepanuu, 4TO
CHI)KAeT PUCK HEOOpaTUMOTro HEBPOJIOTUYECKOTO Aedunurta u cmeptHocTH [18].

TouHas AMarHOCTHKA TAK)KE Ba)KHA MPH BBIIBICHUN (UOPOMHUAIITHH, COCTOSHUS,
XapaKTEePU3YIOUIETOCs XPOHUYECKOU PacpOCTPAHEHHOM OONBI0 M JPYTHMMU CUMITOMA-
mu. Pannee pacmnosHaBaHue (GUOPOMHAITHM TO3BOJIIET HAYaTh COOTBETCTBYIOIIEE
JiedyeHue, BKI0Yas MEAUKAMEHTO3HYIO Tepamnuio, GU3NOTepanuio U KOTHUTHBHO-IOBE-
JIEHYECKYIO TEPAIHIO, YTO MOKET YJIYUIIUTh Ka4e€CTBO JKU3HM ManueHToB [19].

VHHOBAalIMOHHBIE METOJIbl BU3yalM3allUHd, TaKHME€ KAaK MarHUTHO-PE30HAHCHas
tomorpadust (MPT) u xommnerorepnas Tomorpadus (KT), a Taxxke sIeKTpoanarsoc-
TUYECKHE HCCIEIOBAHUS, UTPAIOT BA)XXKHYIO POJb B PAaHHEM M TOYHOM JUArHOCTHUKE
Topakanruu [15]. DT MeTo/bl MO3BOJSAIOT BpauyaM JETAbHO BU3yallu3UpOBaTh CTPYK-
Typbl O3BOHOYHUKA, BBISBIATH MATOJIOIMYECKUE U3MEHEHHUS U ONpPEACNATh UCTOUHHK
6omu.

Takum o00pa3zoMm, paHHSISI U TOYHAs TUATHOCTHKA TOPAKAJITMM SIBJISETCS Kpae-
YroJbHBIM KaMHeM 3(QeKTHUBHOro jedeHus. OHa MO3BOJSIET pa3paboTaTh MHIUBH-
JyaJIbHBIN T1J1aH JIe4eHus], N30€KaTh HEHYKHbIX BMEIIATENbCTB, IPEAOTBPATUTh OCIOXK-
HEHUS U YIYYIIUTh OPOTHO3 JJIs MAllUEHTOB.

B nocnennue roasl HaOMI0OgaeTCA 3HAYUTENBHBIN Iporpecc B pa3paboTKe UHHO-
BalIMOHHBIX METOJOB JIMarHOCTHKU TOPAKAJITHMHU, YTO OTKPHIBAET HOBBIE MEPCHEKTHUBBI
Juist 0ojiee TOYHOTO M TEPCOHAIM3UPOBAHHOIO JIEYEHHUS MAIlMEHTOB. DT METOJbI
PaCHIMPSIOT BO3MOXHOCTH TPAJUIIMOHHBIX MOAX0/0B, Takux Kak peHtreH, KT u MPT,
npenocTasiisig OoJsiee IeTalbHYI0 HH(POPMALUIO O COCTOSIHUM MO3BOHOYHHMKA U HEPBHOU
cuctembl. OOHMM M3 TaKMX WHHOBAIMOHHBIX IIOAXOJOB SIBJISIETCS HCIIOJB30BAHUE
KJIMHUYECKUX aJTOPUTMOB JUISl TUAarHOCTUKUA HEHPOTEHHON TOpaKaJbHON NHCTOHMH,
YTO MO3BOJISIET BBIABUTH MAIlMEHTOB, KOTOPHIM MOKET MOTPEOOBATHCS XUPYPIUUYECKOe
BmemarenbcTBO [20]. Kpome Toro, HOBBIE TeXHONOTWH, Takue Kak Spine-GAN,
ABTOMATH3UPYIOT MPOLECC CETMEHTALUU M KIacCU(UKALUU CTPYKTYp MO3BOHOYHMKA,
YTO CIMIOCOOCTBYET paHHEH JTUArHOCTUKE U JICUEHUIO CIIMHAIBHBIX 3a00eBanmii [21].
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CoBpeMeHHbIE METOABI BH3YyalIM3allid, BKIOYas (HIFOOPOCKOMMYECKU-YIIPaB-
JSIEMYI0 UPECKOXKHYIO TPaHCIEAMKYJSIPHYIO OMOICHIO, NPEAOCTABIAIOT BpayaM BO3-
MO’KHOCTb I10JIy4aTh OMOICHMHBIN MaTepuas ¢ BBICOKOM TOYHOCTHbIO MU MHUHHUMAaJIbHOU
WHBAa3UBHOCTHIO [22]. DneKTpodU3HOJOTUUECKHE METOJ/bI, TaKHEe KaK COMATOCEHCOP-
Hble BbI3BaHHbIe noTeHuuanbl (SSEP) u MynbTHMOAAIbHBIN HEWPO(DU3NOTOTHIECKUI
MOHUTOPHHT, UTPAIOT BaXKHYIO POJIb B OLIEHKE (DYHKIMM CIMHHOTO MO3ra M HEPBHBIX
KOPEIIKOB BO BPEeMsI Olepanuii Ha MO3BOHOYHHKE, YTO CIIOCOOCTBYET MPEIOTBPAILCHUIO
OCJIO)KHEeHuH [23, 24].

HeiipoBusyanu3zanusi, B CBOIO OYepeib, OTKPHIBAET HOBBIE BO3MO>KHOCTH IS
uaeHTuuKanuu OuoMapkepoB OO0JIM, TMPEAOCTaBlsAs OOBEKTHUBHYIO HH(GOPMAIUIO O
CTPYKTYPHBIX U ()YHKIMOHAIBHBIX U3MEHEHHIX MO3Ta, CBA3aHHBIX C OOJIEBBIM CHHAPO-
MoM [25, 26]. Kpome Toro, MPT mo3BoJiseT KOJIMYECTBEHHO OIICHUThH 30HBI a0JIallhH
IpU JIEYEHUH XPOHUYECKOW OONM B MO3BOHOYHMKE, YTO IOMOraeT ONTHUMHU3UPOBATH
POLEAYPHI U TOBBICUTH UX 3P PEKTUBHOCTD [27, 28].

B coBOKynHOCTH, 3TH MHHOBAllMOHHBIE METO/bl AUATHOCTUKHU TOPAKAJITHM IIpe-
JIOCTaBJIAIOT BpadaM MOIIHBIA HMHCTpyMEHTapuil Juist 0ojiee TOYHOIO OINpeAeieHUs
OpUYHH 00JIH, BRIOOpA OMTUMAIBHOTO JICUEHHS] 1 MOHUTOPHHTA 3()()EKTUBHOCTH Tepa-
nuu. B ciaenyromux paszaenax mMbl 6osiee NOAPOOHO PACCMOTPUM KaXKAbIH U3 3TUX METO-
JIOB, UX MPEUMYIIECTBA U OTPAaHUYEHUS, a TAK)KE€ UX MOTEHLIMAIbHOE BIMSHUE HA KIIH-
HUYECKYIO IIPAKTUKY.

Lesablo HacTosIei pabOTHI ABILETCS OlEHKA 3()(PEKTUBHOCTH MHHOBAIIMOHHBIX
METO/I0B JMAarHOCTUKU TOPAKaJIIMM U MX POJIM B IMOBBILIEHUM TOYHOCTH AuddepeH-
LMAJIbHOM TMATHOCTUKH.

CranyiapTHble METO/BI IUATHOCTUKH TOPAKAJITHU: 0030p U OrpaHHYEHHS

TpaguionHble METOABl BU3yallM3alluu, Takue kak peHTreHorpagus (CXR),
komnbtorepHass Ttomorpadus (KT) m marautHo-pe3oHaHcHas Tomorpadus (MPT),
UTPAIOT BAXKHYIO POJIb B JMArHOCTHKE TOpAKaITHH, MPEIOCTaBIsAs IEHHYI HH)Op-
MAaIMIO O COCTOSIHUM MTO3BOHOYHMKA M OKPY’KaloIUX TKaHen [29 - 31].

Pentrenorpagus (CXR) aBnserca Hanbosee TOCTYMHBIM U MIMPOKO UCHOJb3Ye-
MBIM METOJIOM BH3yanu3anuu. OHa MO3BOJISET BBIIBUTH I'PyOble CTPYKTYpHbIE H3MEHE-
HUS IO3BOHOYHMKA, TAKHE KaK MepesioMbl, Ae(opMaliui U AereHepaTiBHbIE U3MEHEHUS
[29, 30]. OnHako, peHTreHorpadusi UMEeT OrPaHUYEHHYIO UyBCTBUTEIBHOCTh K MATKO-
TKAaHHBIM CTPYKTypaM, TaKMM KaK MEKIIO3BOHKOBBIE JIUCKH, CBSI3KM W MBIIIIIBI,
KOTOpBIE YacTO BOBJICYEHBI B TATOTE€HE3 TOPAKAJTUH.

Kommnsrotepnas Tomorpadus (KT) npenocrasisier 6onee neTanbHy0 HHPOpMa-
IIUI0 O KOCTHBIX CTPYKTypaxX IMO3BOHOYHMKA M MOXKET OBITh MOJI€3HA JJIS BBISABIICHUS
NIAaTOJIOTUH, TAKUX KaK CTEHO3 IT03BOHOYHOIO KaHaja, CIOHJIWJIONNCTE3 U omyxonu [31,
32]. Tem He Menee, KT Takxke nMeeT orpaHHYEHHYIO CIIOCOOHOCTH BU3YaJIU3HPOBATh
MSATKHE TKAHU U CBSI3aHA C BO3JIEHCTBUEM MOHU3HUPYIOIIETO U3JTy4EHUSI.

MaruutHo-pe3oHaHcHast Tomorpadgus (MPT) cumraercss 3010TBIM CTaHAAPTOM
BU3YyalIM3alMy MATKUX TKaHEW MO3BOHOYHMKA. OHa IO3BOJSET [ETalbHO OLICHUTH
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COCTOSIHME MEKIO3BOHKOBBIX JMCKOB, CBSI30K, CIIMHHOTO MO3ra U HEPBHBIX KOPEIIKOB
[33]. MPT ocoGenHo mosie3Ha Il TUarHOCTHKHU TPhDK JIMCKOB, MIPOTPY3Ui, BOCIIAIN-
TEJBHBIX MPOIIECCOB U JIPYTUX MATOJIOTHM, KOTOPbIE MOT'YT BBI3BIBATH TOPAKAJITHIO.

Hecmotps Ha cBOIO 1M0JI€3HOCTD, CTAHIAPTHBIE METOABI AUATHOCTUKH UMEIOT DS
orpannueHui. PeHTreHorpadusi MOXeT He BBISIBUTH TOHKHE W3MEHEHHUS B MSATKUX TKa-
Hsx, a KT cBsizana ¢ mydeBoii Harpy3koil. MPT, xoTs u siBnsieTcss BLICOKOMH(GOPMATHB-
HBIM METOJIOM, MOKET OBITh HEJAOCTYIHA JJII HEKOTOPBIX MAIMEHTOB M3-3a BBICOKOM
CTOMMOCTH WJIM HAJIMYKS MPOTUBOIIOKA3aHUN, TAKUX KaK METAJUTMUECKUE UMIUIAHTATHI.

Heo0xoa1uMocTh MHHOBAITMOHHBIX METOJIOB

OrpanuueHus CTaHAAPTHBIX METOJOB JAMATHOCTUKH IMOAYEPKUBAIOT HEOOXOIM-
MOCTb pa3pabOTKH ¥ BHEAPEHUSI MHHOBAIIMOHHBIX MOJX0JI0B, KOTOPBIE MOTIIU OBI MPEO-
JOJIETh 3TU HenocTaTku. Takue MeTonsl, Kak (yHkuuoHanbHas MPT, nuddysmnonno-
TEH30PHAS] BU3YAIHM3AIMsI U MMO3UTPOHHO-IMUCCHOHHAS TOMOTpadus, MPeI0oCTaBISIOT
HOBBIE BO3MOXKHOCTH [IJISl OLEHKH (DYHKIHMOHAIBHOTO COCTOSIHHMSI TO3BOHOYHUKA U
HEPBHOM CHUCTEMBI, YTO MOKET OBITh MOJIE3HO JUIsl JUATHOCTUKH U JICYCHUS] TOPAKaJITUH
[32].

MarepuaJbl 4 MeTOAbl. MeTo10I0THS

Jliia HanucaHusl TaHHOW 0030pHOM cTaThu OBbLT MPOBEEH MOUCK U aHAINU3 Hayd-
HOU nuTepatypsl B 6a3ax ganHeix PubMed, Google Scholar 1 Web of Science. B kadec-
TBE KIIFOUEBBIX CJIOB MCIOJB30BAJHUCH: "Topakanrus', "00ib B TPyIHOM OTeNe 03BO-
HOUHUWKA", "nuarHocTuka", "WHHOBAIIMOHHBIC MeTONbI", "HelpoBu3yamm3amus'", "nud-
depennuanbHas auarHoctuka". beimum oToOpaHbl CTaThbH, OMYOIMKOBAHHBIE 3a MOCTE/-
Hue 5 net (2019-2024 rr.), noCcBALIEHHbIE PA3IMYHBIM aCIIEKTaM AMATHOCTUKH TOpaKaJl-
TUH, BKIIOYas TPAJUIMOHHBIE W WHHOBAIIMOHHBIE MeToAbl. Ocoboe BHUMaHUE OBLIO
YACIIEHO CTaThsM, OMHUCHIBAIOIIMM HOBBIE TEXHOJOTUM M TOJXOJbI K JUArHOCTUKE, a
TaK)K€ HUCCIICIOBAHMSM, TOCBAIICHHBIM HM3yYCHHIO OMOMapKepoB 0o M pa3paboTke
MEPCOHATU3UPOBAHHBIX MOAXOA0B K JIeUeHHI0. B 0030p ObUIM BKIIIOUEHBI KaK OPUTH-
HaJbHBIC WCCIEAOBAHMS, TaK U 0030pBI JIUTEPATYphl, METa-aHAIU3bl U KIUHUYECKUE
pexomennaiuu. CTaTby, HE COOTBETCTBYIOIINE TeMAaTUKE 0030pa, OMyOIMKOBaHHbBIE HA
SI3bIKAX, OTJIMYHBIX OT AHTJIMHCKOTO M PYCCKOTO, a TaKKe CTAaThbU C HU3KUM YPOBHEM
JOKA3aTENbHOCTH ObLITN UCKITIOYEHBI.

Pe3yabTarsl.

. IuHOBalIMOHHBIN MOAXOMA K JUAarHOCTHKE HEMPOTE€HHOTO CUHAPOMA I'PyAHOIrO
BBIXOJIa

Cunapom rpyanoro Beixonaa (CI'O) - 3To COBOKYMMHOCTh CUMITOMOB, BO3HUKAIO-
IIMX W3-3a CHIaBJICHUS HEPBOB W/WIM KPOBEHOCHBIX COCYJIOB B 0OOJACTH TPYAHOTO
BBIXO0/1a. DTa 00JaCTh PACIONIOKEHA MEXY KIIOUYUIIEH U MEePBBIM peOpoM, U uepe3 Hee
MIPOXOJSIT HEPBHI U COCYBI, HAYIINE OT mieu K pyke. CaaBieHHEe MOXKET ObITh BHI3BAHO
pa3auuHbIME (paKTOpaMu, BKIIOYas aHOMAJIHHM KOCTeW (Hampumep, meidHoe pedpo),
MBI (HAampuMep, THNEPTPO(PUs JECTHUYHBIX MBIIII) WX COCIWHHUTEIHHON TKAaHH
(mampumep, ¢uOpo3HbIe TskH). VIHHOBAIIMOHHBIA METOJ| NUArHOCTUKU, TPEICTABICH-
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HBI B uccrnenoBanuu Hwang et al. (2021), ocHOBaH Ha HMCIIOJIB30BAHUH KIMHUYECKOTO
QIrOpUTMa, KOTOPBIA YUYUTHIBAET CIIEUU(DUKY CUMIITOMOB U PE3yJbTaThl (PU3UKAIBHOTO
oOcreoBaHus. AJITOPUTM BKIIFOYAET B Ce0sl aHAIN3 XapaKTEPHBIX CHUMIITOMOB, TaKHX
Kak 00Jb, OHEMEHHUE, MOKaJIbIBAHUE U CJIa00CTh B pyKe, 0COOCHHO B 00iacTu 4-5 manb-
ueB. Takyke y4YUTBIBAKOTCS PE3yJIbTaThl IPOBOKAIMOHHBIX TECTOB, TAKMX KaK TeCThI Paii-
Ta, AJicoHa U DJICOHA, KOTOPbIE MOMOTAalOT BBIBUTH HAIMYUE KOMIIPECCHH HEPBHBIX
WIM COCYAMCTBIX CTPYKTYp B 00jacTu rpynHoro Bbixoga. Hainume anHomanuii paszBu-
TUS, TaKUX Kak HIeiHble pedpa, J00aBOYHBIE MBI WK (HUOPO3HBIE TSKU, TaKXKe
YUUTBHIBAETCSl MpU JUarHoctuke. KpoMme TOro, aaroputM MOXKET BKJIKOYAaTh JIaHHBIE
anekTpomuorpadguu (OMI'), koTopasi MO3BOJSIET OLEHUTh (YHKIUIO HEPBOB M MBbIIIII]
pyku. Ha ocHOBe aHanm3a 3TUX AAHHBIX AITOPUTM KJIACCH(PUIMPYET NAllMEeHTOB HA TPH
rpynmnsl: "uctuHHb" HeliporenHbsld CI'O, "cumnromarnueckuit" CI'O u "manoBeposiT-
Heii" CI'O, 4T0 moMoraer onpenenuTs HanboJIee MOAXOIAIMINNA METOT JICYEHUS, BKITIO-
Yasi XUPyprudeckoe BMEIaTeNIbCTBO Mpu HeoOxoaumocTu [34, 35].

II. Manosanumonnsie metonsl KT

Topakanrus, uin 6076 B TPyAHOM OT/eN€ MO3BOHOYHHKA, MPEACTABISAET COOOU
pacIpoCTpaHEHHYIO IPOOJIEMY, KOTOPAsi MOXKET 3HaYUTENIbHO CHU3UTh KAaUECTBO JKU3HU
nanueHToB [36]. B cBsa3u ¢ aTuM, pa3paboTka U BHEIPEHHE MHHOBAIMOHHBIX METOJIOB
JIMAarHOCTHKU TOPAKAJITUM SBJIIETCS aKTyaJbHOM 3a7adeld COBPEMEHHOUM HeBposioruu. B
JAHHOM pasJielie Mbl PACCMOTPHUM JBa TaKWX METOJa: KOMIIBIOTEPHYIO TOMOTrpaduio
(KT) u KT B coueranuu ¢ o1HO(GOTOHHON SMUCCHOHHON KOMITBIOTEPHOI TOMoOTrpadueit
(O®DOKT), unmu KT-CIIEKT, a takke o6cyaum nepcrnekTuBsl ucnonb3oBanus OOIKT/
CIIEKT B nuarHocTuke XpOHUYECKUX O0JIeH B TPyAHOM OT/ENE TO3BOHOYHHUKA.

Anroputm Spine-GAN

KT naBHO 3apexkomeHpoBasia ce0si KaK Ba)KHBIH WHCTPYMEHT B JHArHOCTHKE
3a00J€BaHU TTO3BOHOYHHUKA, OCOOEHHO MpHU Tiepenomax u maparuvieruu [36]. [erans-
Hble U300paXkeHus, nosyyaemble ¢ nmomoinpio KT, mo3BostoT BpayaM TOYHO OLIEHUTh
CTENEHb MOBPEXKIEHUS U BBIOPATh ONTUMAJIbHBIN METOT ieueHus [36].

B nocnennue roasl HaOIr0Aa€TCSl 3HAUUTENBHBIN Iporpecc B pa3paboTke WHHO-
BallMOHHBIX MeTo/0B aHanm3a KT-uzobpaxenuit. OMHUM U3 TaKUX METOJOB SIBIISETCA
Spine-GAN - uHHOBauMOHHas Meronuka aHanu3a KT-uzoOpakeHuil MO3BOHOYHMKA,
OCHOBaHHAasl Ha MPUMEHEHUHU TeHepaTuBHO-cocTs3aTeabHbIX ceTelt (GAN). GAN mnpen-
CTaBIsieT COOOM THIN aJropuTMa MAIIMHHOIO OOy4YeHMs, COCTOSIIMI U3 JBYX HEHpOH-
HBIX CEeTel: reHepaTopa M JucKpuMuHaTopa. ['eHepaTop co3naer u3zoOpakeHus, a aAuc-
KPUMHMHATOP TBITAETCS OTJIMYUTh CT€HEPUPOBAaHHBbIE H300pa)KeHHsS OT pealbHbIX. B
nporecce o0yueHus: 00e CeTH COBEPIIEHCTBYIOTCS, M T€HEPaTOp YUYUTCS CO3/1aBaTh U30-
OpakxeHus1, KOTOpbIE AUCKPUMHUHATOP HE MOXET OTIMYUTh OT peanbHbIX [21, 36].

B xonrtekcte ananuza KT-uzoOpaxenuil mozBoHouHuka, Spine-GAN ucnosib-
3yeT 3TOT MPUHIMI JUI1 aBTOMAaTHUECKOW CErMEHTAIlMU U KIacCU(UKAIMK Pa3IUnYHbIX
CTPYKTYp MMO3BOHOYHUKA, TAKUX KAaK MEXKIIO3BOHOUYHbIE AUCKH, IO3BOHKH U Helpodopa-
muHa. CerMeHTalus npeAcTaBiIseT co0ol Mpolece BbIACICHUS ONpeAeSIeHHbIX 00ac-
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Tel Ha M300paKeHUH, a KiIacCU(UKAIHS - TIPOIECC ONMpeAeNIeHUs TUla 00beKTa. Spine-
GAN o0Oyuvaercst Ha 6oabiom Habope KT-m300pakeHni MO3BOHOYHHMKA C PYYHBIMH
AQHHOTAIMSAMH, A€ SKCIEPTHI BBIACISAIOT U KIACCH(PHUIUPYIOT PA3ITUYHBIE CTPYKTYPHI.

ITocne oOyuenust Spine-GAN MOXET aBTOMaTHYECKH CETMEHTHPOBATh W Kiac-
CHU(HUIMPOBATH CTPYKTYPHI MO3BOHOYHMKA Ha HOBBIX KT-m300paxeHusax. ITo mo3Bois-
€T 3HAYUTEJILHO YCKOPUTH U YIIPOCTUTH MPOIIecC aHaan3a N300pakeHUi, a TaKkKe MOBBI-
CHUTbH ero TOYHOCTb. Spine-GAN MoxeT ObITh MCIIONB30BaH AJIS BBISIBICHUS PA3IUYHBIX
MATOJIOTUH MMO3BOHOYHUKA, TAKMX KaK I'PbIKU JAUCKOB, CIIOHMJIONNUCTE3, CTEHO3 T03BO-
HOYHOTI'O KaHaJla U Jpyrue JereHepaTuBHbIE U3MEHEHUS, KOTOPBIE YacTO SIBJISIOTCS MPU-
YUHOW XPOHUYECKON OOJM B CHMHE. DTO OTKPHIBAET HOBBIE BO3MOKHOCTH Uil OoJjee
TOYHOW TUArHOCTHKH U BBISBJICHHS MATOJIOTUYECKUX U3MEHEHUH, YTO OCOOEHHO BaXKHO
IpU XPOHUUYECKOH OO0JIM B CIIMHE, YACTO CBSI3aHHOM C JIereHepaTUBHBIMU U3MEHEHUSIMU
MMO3BOHOYHHKA [36].

KT-CIIEKT

KT-CIIEKT (xoMmmbroTepHasi ToMoTrpadusi B COUETaHUU C OJHO(OTOHHOHN IMHC-
CHOHHOHM KOMITBIOTEPHON ToMorpadueii) - 3To THOpUIHBIN METO BU3yalIH3allU, 00be-
JTUHSOIMUN BO3MOXHOCTH KoMIibioTepHoi Tomorpaduu (KT) u omnodoToHHOH SMEC-
cUOHHOM KoMmmbioTepHOI ToMorpaduu (ODIKT). IToT MeTo1 MO3BOJISIET MOIYUUTH Je-
TaTbHYI0 HHPOPMAIUIO 0 cTpyKType Kocter u Tkanel (KT), a Takke BH3yaan3npoBaTh
MeTabonmuueckyto akTuBHOCTh KiIeTOK (ODIKT). KT-CIIEKT ocobenHo mone3eH npu
JTMAarHOCTUKE TOPAKAITUHU, TaK KaK MO3BOJISIET BBIIBUTH UCTOYHUKH OOJIM, CBSI3aHHBIE C
BOCTIAJIUTEILHBIMU HWJIU JIET€HEPATUBHBIMU IIPOIIECCAMH B TTO3BOHOYHMKE. Du3nueckue
ocuoBsl Metoga KT-CITEKT 3axmrouaroTcst BO BBEJCHUU MAIMEHTY panuodapmmperna-
pata, KOTOpBI U30UpaTEIbHO HAKAIUIMBAETCA B 00JACTAX C MOBBIIIEHHBIM METa00NIN3-
MoM. 3areM npoBojasTcs ABa ckanupoBanus: ODPIKT nns Bu3yanuzanuu pacnpesene-
Hus paanodapmnpenapara U KT ansg nomydenus netanbHOro M300pakeHUsT aHaTOMMU-
4eCKUX CTPYKTyp. [lonmydyeHHble n300pa’keHHUsl COBMELIAIOTCS, YTO MTO3BOJISIET TOUHO JIO-
KaJIM30BaTh OOJACTH TOBBIIMIEHHON METa00IMYeCKON aKTMBHOCTH HAa aHATOMHYECKHX
cTpykTypax [36]. Ha paHHHX cTaausax JereHepaTUBHBIX 3a00JIeBaHUN MO3BOHOYHUKA
KT-CIIEKT MoeT BBIIBUTH MOBBIIIEHHOE HAKOIUICHHE paarodapmMipernapaTa B mopa-
JKEHHBIX OOJIACTSIX elle J0 MOSBICHUS 3HAYUTEIbHBIX CTPYKTYPHBIX n3MeHeHui Ha KT
[36]. OT0 MO3BOJNIAET HAYaTh JICUCHUE HA PaHHEW CTAIUU W 3aMEJIUTh MPOTPECCUPO-
BaHue 3aboneBanus. Ha mo3gHMX cTagusaxX, KOTAA YK€ WUMEIOTCS BBIPAKEHHBIE CTPYK-
TypHble u3menenus, KT-CIIEKT momMoraer oneHuTh CTENEHb aKTUBHOCTU BOCIAJIH-
TEJILHOTO IpoIecca U ONpPEeAeTUTh Hauboee MOAXO0ISIIYI0 CTpaTertio JedeHus [37].

[TepcnextuBel OOIKT/CIIEKT B quarnoctuke XpoHHYECKUX 0oJiel B TpyJHOM
OTJIeNIE€ T03BOHOYHUKA

OceBast 60116 B CIIUHE MPECTABISAET COO0N Cephe3HYI0 MPOOIEMy 31paBOOXpa-
HEHUS, UMEIOLYI0 3HAUUTENIbHbIE COLUAbHO-DKOHOMHYECKHUE nocaeactsus [37 - 39].
ToyHas nTUArHOCTHKA HWCTOYHUKOB OONU SIBISIETCS KPUTHUECKU Ba)KHOM Juisi BbIOOpa
ONTUMATFHOW CTpPATEeTUH JICUeHUs, OyAb TO XHUPYPTrUYeCKOe BMENIATEIbCTBO MIIM KOH-
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cepBaruBHas Tepanus [40]. XoTs B HacTosIIIee BpEMsI CYLIECTBYET OTPAHUYEHHOE KOJIH-
YECTBO JI0Ka3aTeNbCTB, mnoarBepxkaaronmx sddexruBHocts ODIKT/CIIEKT mpu
00JIIX B TPYAHOM OT/EJI€ TTO3BOHOYHHKA, Mbl BUAUM OOJIBIION MOTEHIIUAN JIIsI MCTIOJb-
3oBaHus 3T0oi TexHosoruu B Oyaymem. ODOIKT/CITEKT mMoxeT ObITh 0COOEHHO MOJIe-
3€H MPU JAUArHOCTUKE IATOJOTUU KPECTIIOBO-IO/B3IOIIHOIO COWIEHEHUS, a TAKXKE B
CIIy4asiX JUArHOCTMYECKOW HEONpPENEJICHHOCTH Y MAallMeHTOB C MPEUMYIIECTBEHHO
OCEBbIMU CUMIITOMAMH{ W/WIM HAJIMYMEM B aHAMHE3€ MPEIIIECTBYIOUIETO XHUpPypruyec-
KOr0 BMEIIATEJILCTBA Ha TO3BOHOUHHUKE [41].

Y coBepIIeHCTBOBaHUS TeXHOJMOTUH Bu3yanu3anuu, Takue kak OOSKT/CIIEKT,
OTKPBIBAIOT HOBbIE BO3MOXXHOCTH JIJIsl PAHHETO BBISBJICHUS U 00Jee TOYHON JTUarHOCTH-
K1 3a00JIeBaHUI TO3BOHOYHHKA, BKIIIOYAs XPOHUUECKYIO 00JIb B rpyAHOM otaene [42 -
47]. Mbl yBepeHbl, UTO AalibHEHIIINE UCCIIEOBAaHUS B 3TOM 00JacTH MpUBEAYT K paspa-
0OTKE HOBBIX JUArHOCTHUYECKHUX AQITOPUTMOB M YIYYIIEHUIO PE3YyJbTAaTOB JIEUEHUS
MAIMEHTOB C XPOHUYECKOI OO0JIbIO B TPYTHOM OT/IeJIe TO3BOHOYHUKA.

UpeckoxHast TpaHCCIIEAUKYIISIpHAsT OMOTICHS TO3BOHOYHHUKA 1OJT (PIIFOOPOCKOTIH-
YEeCKUM KOHTPOJIEM

UpeckoxHast TpaHCCIIEAUKYIISIpHAsT OMOTICHS TO3BOHOYHHUKA 1OJT (PIIFOOPOCKOTIH-
YeCKMM KOHTPOJIEM - 3TO MHHHUMAaJIbHO MHBA3WBHBIM METOJ MOJy4YeHHs 00pa3loB TKa-
HEW M3 TTO3BOHKOB JUIsl TUArHOCTUKHU PA3JIMYHBIX 3a00JIeBaHUM MO3BOHOYHKKA. Bo Bpe-
Msl TIPOIIeIypbl TOHKAsl UIJ1a BBOAUTCS Yepe3 KOXKY B MO3BOHOK IO/ KOHTpPOJIeM (IIr00-
POCKONMHU, YTO OOECHEeYMBAET BU3yaJIM3allUI0 B PEaIbHOM BPEMEHU. DTO IO3BOJSET
Bpauy TOYHO HAIMPaBUTh UTJTYy K MOPAXKEHHOMY Y4acTKY U MOIYy4YUTh 00pa3el TKaH! Jyis
JalIbHEHUIIEro anaiusa.

IIponienypa ocHOBaHa Ha aHATOMHYECKHUX OCOOEHHOCTSX MMO3BOHOYHHKA, COC-
TOSIILIETO U3 TeJa, IyTH U OTPOCTKOB. TpaHCHEeNUKYISPHBIN JOCTYN 03HAYaeT, YTO WIJIa
BBOJIUTCS Yepe3 HOXKKY JYTH MO3BOHKA, YTO obOecrieunBaeT Oe30omacHbid U d(PPeKTuB-
HBI IyTh K T€Iy M03BOHKA. DIIOOPOCKOINHS, UCIOJIB3YIOLAs PEHTTEHOBCKOE M3IIyde-
HUE, TI03BOJISIET BU3YAIU3UPOBATh KOCTHBIE CTPYKTYpPbI IIO3BOHOYHHMKA B PEAILHOM Bpe-
MEHH, TIOMOTasi Bpauyy KOHTPOJHMPOBATHh MOJOKEHUE WIIIbI U W30eratb MOBPEXICHUS
HEPBOB M KPOBEHOCHBIX COCYJO0B. UpeckokHasi TpaHCCIEIUKYJsipHas OUONCHs TO3BO-
HOYHMKA MO3BOJISIET BBIABUThH PA3JIMUHbIE MATOJOTMU HA PAHHUX U MO3JHUX CTaIUAX.
Ha pannux cranusax 6uorncust MOXeT oOHapy HUTh BOCIIAIUTENIbHbIE TPOLECCHI, HH(]EK-
LMW WIK OMYXOJIM JO0 TOSIBJICHUS 3HAYUTENBHBIX CTPYKTYPHBIX M3MeHeHud Ha KT. Oto
MO3BOJIIET HA4aTh JICUEHUE HA paHHEW CTaJAuM U YJIy4YlIMTh NPOrHO3 3aboneBanus. Ha
MO3HMUX CTAJAUSIX, KOTJIa YK€ UMEIOTCSI 3HAUYUTENbHBIE CTPYKTYpHbIC H3MEHEHHsI, OHOTI-
CHS IOMOTAaeT YTOYHUTD JIMArHO3, OMpPENEIUTh CTETEeHb 3JI0KaYeCTBEHHOCTH OMYXOJHU U
BBIOpaTh ONTHUMANILHYIO CTPATETHIO JieueHus. UpeckoxkHasi TpaHCCIeIUKYIIpHas Ouor-
CHUSl TO3BOHOYHUKA MO (PIIFOOPOCKOMUYECKHM KOHTPOJIEM CTajla IEHHBIM MHCTPYMEH-
TOM B JUAarHOCTHKE 3a00JIeBaHMH MO3BOHOYHMKA. DTOT METOJ IO3BOJSET MOTy4aTb
o0pa31ibl TKaHEeH U3 MO3BOHKOB C BBICOKOM TOYHOCTBIO U OTHOCUTEIFHO HU3KUM PHUCKOM
ocnoxHeHuit [48, 49]. B ornuune OT TpaJUIIMOHHON OTKPBITON OMOIICHU, YPECKOKHAs
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Oouoncus He TpeOyeT OOJBIIMX Pa3pe3oB, YTO MPUBOAUT K MEHbIIEH KpOBONOTEpE U
0oJiee KOPOTKOMY TMEepHUOay BOoCcCTaHOBJICHUS [49].

@DI1I00pPOCKONNYECKUIT KOHTPOJIb 00ECTIEUNBAET BU3YAIM3ALMIO B PEAIbHOM Bpe-
MEHHU BO BpeMs IMPOLEAYphl, YTO MO3BOJISIET TOUYHO HAMPABUTH ULy AJIsi OMOICUU K
nopaxxeHuto [48, 49]. 310 0COOEHHO BaXKHO MPU MOPAKEHUSIX, PACHIOIOKECHHBIX B TPY/I-
HOJIOCTYITHBIX MECTax M03BOHOYHMKA. KpoMe Toro, (aroopocKomnus mo3BoJsSeT MpOBO-
JUTh HENPEPBIBHBI MOHUTOPUHT, YMEHBIIAsI PUCK MTOBPEKICHUS OKPYKAIOLIUX CTPYK-
Typ, TAKMX KaK HEPBHbBIE KOPEILIKU U KPOBEHOCHBIE cOCy/ bl [48].

UpeckoxHast TpaHCCIEAUKYIISIpHasi OMOTICHSI TTO3BOHOYHHKA OKa3ajlach OCOOCH-
HO TOJIE3HOM MPU JUATHOCTHKE PA3TIMYHBIX MATOJOTUI MO3BOHOYHHMKA, BKIIIOUAsl OIY-
X0JU, HHPEKIIUU ¥ BOCHANUTENbHBIC 3a00eBanus [48, 49]. Bo3MOXHOCTh MOIy4YCHUS
00pa3110B TKaHEH MO3BOJSET MPOBECTU THCTOMATONIOTMUECKUNA U MUKPOOUOIOTHUECKUN
aHaJIN3, YTO MMEET pellarollee 3HaUeHUue JJIsi TOYHOro JuarHo3a M BbIOOpa COOTBET-
cTByMo1Iero jeueHus [48]. B mocnennue roipl MpoBOJSTCS UCCIEIOBAHUS, HAIPABJICH-
HbIC Ha M3y4YeHHE dPPEKTUBHOCTH 3TOH MPOLEAYPHI 10 CPABHEHHIO C IPYTHMMHU METOA-
MU BHU3yallM3allid, TAKUMH KaK KoMIibloTepHas tomorpadus [49]. Taxxke paspadaTsi-
BAIOTCSI HOBBIE KOHCTPYKIIMH CUCTEM YPECKOKHOU TPAHCCIECAMKYJIISIPHOW OMOTICHU /ISt
NOBBIIIEHHS 0e30macHoCcTy U 3P pexTuBHOCTH Mpoueaypsl [50, S1].

HecmoTpss Ha MHOrOYHMCIIEHHBIE MPEUMYIIECTBA, YPECKOXKHAS TPAHCCIIEIUKY-
JsipHas OHWOICUs TO3BOHOYHMKA HMMeeT cBou orpanuueHus [52]. [Ipouemypa moxer
OBITh 3aTpyAHEHA y MAIEHTOB C TSHKEIBIMU JeOopMalUsIMU TTO3BOHOYHUKA WU 00-
HIMPHBIM pyOuieBanueM TkaHel [53]. Pazmep u pacnonokeHre nmopakeHust MOTyT orpa-
HUYMBAaThb BO3MOXKHOCTb IOJyYEHUS aJeKBaTHOro oOpa3ua TkaHW. [[1s pemeHus sTou
npoOIeMbl UCCIeI0BaTeNN U3y4yaroT MCIOJIb30BaHUE MIJT JUIs KU(OIIACTUKU C LIMPO-
KUM IIPOCBETOM, KOTOPbIE MO3BOJISIOT MOMyYaTh 00pa3iibl OOJIBIIET0 pa3Mepa U MOBBI-
IAI0T JUATHOCTUYECKYIO TOYHOCTH [54].

B 3akirouenue, upeckoxkHas TpaHCCIEAUKYISIpHast OMOINCHs TO3BOHOYHHMKA O]
(IIFOOPOCKONUYECKUM KOHTPOJIEM MPOU3BEIa PEBONIOINIO B TUATHOCTHKE 3a00J1€BaHUMN
NO3BOHOYHMKA. E€ MUHUMaNbHO MHBa3UBHBIN XapaKTep, BBICOKAs TOUHOCTh M CIIOCOO-
HOCTb MOJy4yaTh 00pa3lbl TKAHEH JUIsi OKOHYATEJIbHOTO JUarHo3a JeNaioT €€ LEHHBIM
MHCTPYMEHTOM B apceHase Bpaueil [48]. C nanpHEeHIIUM pa3BUTHEM 3TOW TEXHOJIOTUH
MO’KHO OKHJaTh COBEPUICHCTBOBAHUS U PACUIMPEHUS €€ MPUMEHEHHS B IMarHOCTUKE U
Je4yeHUH 3a00IeBaHUN TTO3BOHOYHHKA.

[II. IlpuMeHeHne coMaTOCEeHCOPHBIX BbI3BaHHBIX MoTeH1uanos (CCBII)

Comarocencopusie Bbi3BaHHbIE moTeHmansl (CCBII) - aTo MeTon uccnenosa-
HUSl HEPBHOW CHUCTEMBbI, OCHOBAHHBIM Ha perucTpanuu 3JeKTPUUECKUX OTBETOB I'OJIOB-
HOT'0 MO3Ta Ha CTUMYJISILNIO Nepudeprueckux HepBoB [55 - 57]. DTOT MeTo1 O3BOJISIET
OLICHUTh (PYHKIIMOHAJIBHYIO II€JIOCTHOCTh COMAaTOCEHCOPHBIX IyTeH, Mepeaaronnx
UH(POPMALIKIO OT PELENTOPOB KOKH, MBIIII] U CYyCTaBOB K TOJIOBHOMY MO3TY.

[Tpu npoBenennu CCBII anexTpuueckuil cTUMyJ oj1aeTcs Ha nepudepruueckuii
HEpPB, HAlpUMEpP, Ha HEPB PYKU MM HOTU. DTOT CTHUMYJ BBI3BIBAET PacCIpOCTPAHEHUE

ISSN 3106-5538 I'uruena Tpyna u meauimHckas sxosorus. Nel, 2026



56

IIEKTPUYECKOTO UMITYJIbCA [10 HEPBHBIM BOJIOKHAM, KOTOPbIH B KOHEYHOM UTOIE I0CTH-
racT TOJIOBHOTO MO3ra. DJIEKTpUYECKas aKTUBHOCTb MO3T'a, BO3HMKAIOUIas B OTBET Ha
3TOT CTUMYJ, PETUCTPUPYETCS C IMOMOIIBIO AIEKTPOIOB, PA3MELIEHHBIX HAa KOXE I'0JI0-
Bbl. [losryueHHbIe CUTrHaJIBI 00pabaThIBAIOTCA U AHAIU3UPYIOTCS € MOMOIIBIO CIIEUaIIb-
HOT'O MPOTPAaMMHOTO 00€CIIeUeHUs], OIICHUBAIOTCS TAKHE MapaMeTphl, KaK JATEHTHOCTh
(BpemMsi OT MOMEHTa CTHMYJIALIMM A0 HOSABICHHUS OTBETa) M aMIUIUTyAa (BeIMYUHA
oTBeTa). MI3MeHeHus 3TUX napaMeTpoB MOT'YT CBUJETEIBCTBOBATh O HAPYLIEHUH IPOBO-
JMMOCTH HEPBHBIX UMITYJIBCOB, YTO MOXET OBbITh CBSI3aHO C PA3IMYHBIMU MATOJIOTHSIMU
HEPBHOW CUCTEMBI, BKJII0Yasi TOPAKAJITHUIO.

Ha panHmx cramusx 3a0osieBaHmid, BbI3bIBaromux topakainruio, CCBII moryr
BBISIBUTh HE3HAYUTENIbHBIE U3MEHEHUS B IPOBOJUMOCTH HEPBHBIX UMITYJICOB, KOTOPBIE
elle He NMPOSIBILIIOTCS KIMHUYecKU. Hanpumep, npu HadaabHBIX CTaJHUAX KOMIIPECCUU
HEPBHBIX KOPEIIKOB MOXKET HaOmonaThes yBenndyenue sareHTnoctu CCBII, uto cBume-
TEJIbCTBYET O 3aMeJUIEHUM MpOBeAeHUs uMIyibca. Ha mo3gHux cranusx 3a0ojeBaHUi
CCBII moryT BbISIBUTH 00Ji€€ BbIpa)KEHHbIE U3MEHEHUS, TaKue KaK CHM)KEHUE aMIUIM-
TyZbl WJIN IIOJHOE OTCYTCTBUE OTBETA, YTO YKa3bIBAECT HA 3HAUUTEIBHOE MOBPEKICHHE
HEPBHBIX BOJIOKOH WJIM HapyILIEHHUE MEePEeIavil HEPBHBIX UMITYJIbCOB B TOJIOBHOM MO3TE.

CCBII takxe MOryT OBITh MCIIOJIb30BaHbI 7151 OLIEHKH 3(h(hEeKTUBHOCTH JICUEHUS.
B coBpemeHHOIl HEBpOJOTMYECKOW MPAKTUKE HAOJI0AeTCsl MOBBIIEHHBI HMHTEpPEC K
ucnoap3oBanuo CCBII B nuarHocTuke M NPOTHO3MPOBAaHUM PA3JIMYHBIX HEBPOJIOTH-
YECKUX COCTOSHUH, BKIIOUas Topakairuto [55 - 57]. [Ipumenenne CCBII moxeT ObITh
0CcOOEHHO TOJIE3HbIM, KOTJa Jpyrue Meronsl YiyuineHue nokazateneit CCBII nocne
JICYEHUSI MOKET CBUAETEIbCTBOBATh O BOCCTAHOBJICHUU (DYHKLUU HEPBHOM CHUCTEMBI U
3 peKTUBHOCTH BhIOpaHHOHN Tepanuu [58]. obcnenoBanus (Hampumep, MPT unmu KT)
HE BBISABJISIIOT CTPYKTYPHBIX MU3MEHEHMH, HO MAIMEeHT MPOJI0JIKAET UCHBIThIBATh OoJie-
BoiIl cuHipoM. B Takux ciydasx CCBII MoryT moMoub BBISIBUTH HapyLIEHHs B IPOBEE-
HUU HEPBHBIX UMILYJIbCOB, CBSI3aHHBIE C IIOBPEKIEHUEM HEPBHBIX KOPEUIKOB, CIMHHOIO
MO3ra WM IPYTUX CTPYKTYP HEPBHOU CHUCTEMBI.

Hecmotpss Ha 1O, uro CCBII SBASAIOTCS OTHOCHTEIBHO CTapblM METOJOM, B
NocCJeAHUE TOAbl HaOJI01aeTCsl pa3BUTHE HOBBIX MOJAXO0B K MX NMpuMeHeHuto. Hampu-
MEp, UCCIIEOBATENN HM3y4daroT BO3MOXKHOCTH Hcrosb3oBanusd CCBII mis nporsosu-
pOBaHMs HEBPOJIOTMUECKUX MCXOOB IOCIE ONepaluii Ha MO3BOHOYHUKE, a TAKXKE JUIsS
OLIEHKU BIMSHUS PA3JIMYHbIX (PAaKTOPOB (HAmpuMep, OCAaHKHM) HAa COMATOCEHCOPHYIO
00pabotky [59, 60]. B nenom, npumenenune CCBII B quarHocTUke TOpaKaJruu TMpe-
CTaBIsieT cO0O0M MepCreKTUBHOE HAMpaBJIeHUE, KOTOPOE MOXKET YIy4IIUTh OHUMaHUe
NaTo(PU3NOIOTUYECKMX MEXaHU3MOB 3TOTO COCTOSIHUSA M ONTHUMU3HPOBATh MOAXOJbI K
€ro JICYEHHUIO.

IV. MynbtumMoaanbsHblil HelQpoPpU3noI0rndeckuii MOHUTOPUHT

MynbpTUMOAATBbHBIN Helipodusnonaoruueckuii MouutopuHr (MH®M) — 310 Me-
TOJI, UCTIOJIb3YEMBbIil BO BpeMsl omnepaliii Ha MO3BOHOYHUKE I OLIEHKH (YHKIIMOHAb-
HOT'O COCTOSTHHSI HEpBHOW CHCTEMBI B peXXHUME peasbHoro Bpemenu [61]. OH oObeauns-
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€T HECKOJIBKO JIEKTPO(U3NOIOTHIECKUX METOJIOB, TAKUX KaK COMAaTOCEHCOPHBIE BBI3-
BanHble noteHuuansl (CCBII), TpaHckpaHUalIbHBIE JIEKTPUYECKHE MOTOPHBIE BBI3BAH-
ueie noreHuansl (TOC-MBII) u snexrpomuorpadus (OMI) [61, 62, 63]. DT MeToABI
OIICHUBAIOT pa3JInuHble acmnekThl QyHKiMKu HepBHOU cuctembl: CCBII - ceHcopHbie
nposogsmue nyt, TOC-MBII - motopubsle npoBogsamue nytd, a OMI' - akTUBHOCTB
HEPBHBIX KOpPELIKOB [61, 64, 65].

MH®M 1n03BoJIsI€T BBISIBUTh U3MEHEHHUSI B (DYHKIIMA HEPBHOW CHCTEMbI HA PaH-
HUX WM TO3IHUX CTaausaxX 3aboneBaHuil. Ha paHHUX CTaausX OH MOXET OOHAapy>KUTh
Jla’ke HEe3HAYMTEIbHbIC N3MEHEHHS, KOTOPhIE MOTYT OBITh CBSI3aHBI C HAYaJbHBIMHU CTa-
UMM MOBPEXKIEHUSI CIIMHHOIO MO3Ta WJIM HEPBHBIX KopewkoB. Ha mo3aHux cragmsax
MH®M MoxeT BBISIBUTH 00Jiee Cepbe3HbIe HAPYIICHUS, TAKUE KaK MOJHOE OTCYTCTBHE
BBI3BaHHBIX MOTEHLMAJIOB WA BbIPAKEHHbIE U3MEHEHUsSI DMI -aKTUBHOCTH, YTO CBUJIE-
TEJIHCTBYET O 3HAUUTEIILHOM MOBPEXKICHUH HEPBHBIX CTPYKTYp [61].

Buenpenne MH®OM B Xxupypruto rpyJJHOro OoT/eja MO3BOHOYHUKA, OCOOCHHO B
JieYeHuHU TyOepKyJie3a O3BOHOYHHKA, 3HAUUTEIbHO CHUYKAET PUCK MOBPEXIEHUS HEPB-
HBIX CTPYKTYpP BO BpeMs CIOXHBIX npoueayp [61, 66]. PanHee BbiABIEHNE PU3HAKOB
MOBPEXACHUST HEPBOB IO3BOJIAET XUPYpraM MNPUHUMATh KOPPEKTHPYIOIIME MEpPHI BO
BpeMs ONIEpaLK, YTO IPUBOJUT K JIyUILIUM pe3yibTaTaM JJis MalueHToB [61].

HenaBuue nccnenosanus nmokaszanu, uto MH®M sBisiercst 3¢ (heKTUBHBIM HHC-
TPYMEHTOM B XHUPYpruu TyOepkynesza mo3BoHouyHHKa [61, 62, 63, 67]. OH HE TONbKO
CHI)KAET PUCK HEBPOJIOTMUECKUX OCIOXKHEHHH, HO U yJIydllaeT 001ee KayeCTBO XUPYyp-
THYECKOr0 BMEIIATEeNhCTBA M MO3BOJISET MPOBOIUTH 00Jiee TOUYHYIO OIEHKY COCTOSHUS
MaIMeHTa MOoCiIe ONepalyy, 4TO CoCOOCTBYET pa3padOTKe WHANBHIYaTbHBIX peaduim-
TalMOHHBIX ITporpaMm [61].

V. HelipoBusyanuzanus

Topakanrus unu 601b B TPYJIHOM OT/ENI€ NMO3BOHOYHMKA — PAaCHpOCTpaHEHHas
npobiema, CyIIeCTBEHHO CHIJKAloIlas KadecTBO JKM3HM mnainueHToB [68]. HeiipoBu-
3yajau3alus — OJIHO U3 IEePCIEKTUBHBIX HAIIPABJIECHUN B JUArHOCTUKE 3TOTO COCTOSHHUS.

@DyHKIMOHANbHAs MarHUTHO-pe3oHaHcHas Tomorpadus (pMPT) — meron Heit-
pOBU3yaJIM3allui, OCHOBaHHBI Ha M3MEPEHUN U3MEHEHHH KpOBOTOKA B MO3Te, CBSI3aH-
HBIX C HEHPOHHON aKTUBHOCTHIO. Korjja HeHpOHBl aKTUBUPYIOTCS, MOTPEOICHUE KHCIIO-
pozia yBEIWYUBAETCS, YTO MPUBOAMUT K JIOKAJIbHOMY YBEIWYEHHMIO KpoBoToka. GMPT
0oOHapy’KUBAeT 3TH U3MEHEHMs U CO3aeT KapTy aKTUBHOCTH MO3ra, IOKa3bIBasl, Kakue
00JacTh aKTUBHBI BO BpeMs BBIIOJIHEHUS ONpEAEICHHON 3a/jaul WM B OTBET Ha OIpe-
JeleHHBI cTumyn [69].

OTOT METOJ WCIOJIb3YETCs AJIs JUArHOCTUKHM TOPAKAJITHH, BBISBISAS U3MEHEHUS
B aKTUBHOCTHU 00JacTeil Mo3ra, CBsI3aHHBIX ¢ 00pabOTKON OOJIH, YTO MOXKET CBUAETEIb-
CTBOBATh O HAJIMYHMHM XPOHWYECKON WIIM HeWpomnaTudeckoi 6oy [69, 70]. Ha parnHux
cragusax Topakanrud GMPT mMoxeT BBIABUTh U3MEHEHHS B aKTUBHOCTH MO3Ta, CBS3aH-
HbIE ¢ 00JIbIO, AK€ €CIIM CTPYKTYpPHBbIE U3MEHEHHSI B IO3BOHOUYHUKE €I11€ HE BHISBICHBI
JpYyruMU MeToaaMH Bu3yanuszanuu, TakuMu kak KT unmu MPT [69, 70]. Ha no3nuux
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cragusix ¢MPT MokeT OBITH HMCIOJIB30BaHA U OLEHKH APPEKTHBHOCTU JICUCHHUS,
HalpuMep, YMEHbIIEHUE aKTMBHOCTH B OOJIACTSIX MO3ra, CBSI3aHHBIX C 0OJIBIO, MOCIe
JICYCHHUSI MOXKET CBHIETENBCTBOBAaTH 00 3¢ ¢dextuBHOCTH Tepanuu [71]. Kpome Toro,
GMPT MmoskeT moMoub BBISIBUTH H3MEHEHHS B MO3T€, CBSI3aHHbIE C XPOHUYECKOM 00JIb10,
TaKM€ KaK peopraHu3alysi COMAaTOCEHCOPHOM KOpbl WJIM CHM)KEHHE AKTUBHOCTH B
00J1acTsAX, OTBETCTBEHHBIX 3a MojiaBiieHue 6onu [69, 70].

[Momumo GMPT, ans AMArHOCTHKH TOPAKAJITUU MOTYT OBITH HCIIOJIB30BaHbBI
HO3UTPOHHO-3MHUCCUOHHAs Tomorpadus (II9T) nu MarHUTHO-pe30HaHCHAsT CIEKTPOCKO-
nust (MPC) [71, 72]. IIOT mo3BomsieT OIEHUTh METAa0OIN3M U HEUPOXUMUYECKHUE TPO-
neccol B Mo3re, a MPC — u3mMepuTh ypoBEHb pa3IMYHbIX METAOOIUTOB, TAKUX KaK IIIy-
tamat u ' AMK, KoTopble HTpatoT BaXKHYIO POJIb B Iepeade 00JIeBbIX CUTHAJIOB [72].

B nocneanue roasl HabmOaeTCs 3HAYMTENbHBIN Mporpecc B pa3paboTke Ouo-
MapKepoB Uil AMATHOCTHKH XpOHUUECKOi 6o [74, 75]. Martins et al. (2022) npencra-
BIWJIM NOTEHIMAIbHBIN HEHpOBU3yaIU3allMOHHbBIN OMoMapkep JUist OOHapy>KeHUsT QPyHK-
LMOHAIBbHBIX W3MEHEHHMH, CBS3aHHBIX C HEHUPOTPAHCMUCCHUEH, W IPOTHO3MPOBAHUSA
oTBeTa Ha (apMakosoruyeckoe o0e300MBaHNe MpU XpoHUYeckoit 6omu [74]. Zhang et
al. (2022) paccmoTtpenu paznuyHble OMOMapKepbl HEHPOBU3YaIU3aLUHU JJi XpOHUYEC-
KOIl 6011, MOJYEPKHYB BaKHOCTh MHTErPallMM Pa3IMYHBIX METOMOB Ui JTOCTUKECHUS
0oJiee TOUHOM U IEPCOHATU3UPOBAHHON JUATHOCTUKH [75].

VMHHOBalIMOHHBIE METOMBI IUAarHOCTUKHA TOPAKAJITHH, OCHOBAaHHBIE HA HEMPOBU-
3yaJu3aluy, OTKPHIBAIOT HOBbIE BO3MOKHOCTH JJIsi 00JIe€e TOYHOI'O ONpPEENICHUs MpU-
yyuH O0NM M pa3pabdOTKU MEPCOHAIN3UPOBAHHBIX IMOJIXOAOB K JIEYEHHUIO, YTO HMEET
0OJIBIIION MOTEHIIUAN JJIsI YIYUIIICHUS! KaueCTBA KU3HU MaIlueHToB [73].

Busyanuzanus 30H abnsuu

PaguouactotHas abnsuus (PYA) — 3T0 MUHMMalIbHO MHBA3UBHBIA METOJT Jieye-
HUsl 00N, MpPU KOTOPOM MCIONB3YETCS paauovyacTOTHas SHEpPrusl AJisl HarpeBaHus U
pa3pylieHus HEpBHOU TKaHU, epeaaroliei bonesrsie curHainsl [27]. Oxnaxnaemas PUA
(oxs. PYA) — 3T0 Monudukamnus MeTos1a, Mpu KOTOPOH MCHOIb3YETCsS OXJIAXKACHUE IS
3alUTHI OKPY’KAIOIINUX TKaHEH U YBEIMUYCHHsI 30HbI abisauu [76]. duszndyeckne 0CHOBBI
PYA 3axiro4aroTCs B MCIOJIB30BAHUM IIEPEMEHHOTO JJIEKTPUUYECKOIO0 TOKAa BBICOKOM
4acTOTBI, KOTOPBIM T€HEPUPYETCA PaAHOYacCTOTHBIM I€HEPATOPOM. DTOT TOK MOAAETCA
Ha AJIEKTPOJ, KOTOPHII BBOAUTCS B TKAHU MOJ KOHTPOJEM BU3yalIM3allMM (Harpumep,
MPT wunu KT). IIpu npoxokaeHuu ToKa uepe3 TKaHW MPOUCXOAUT UX HarpeBaHHE 3a
CYeT TpeHHUs MOHOB. B cityyae oxi. PHA, anekTpox 0XJ1aKaaeTcsi ¢ MOMOIIBIO IUPKYJIS-
IIUH KUJIKOCTH, YTO MO3BOJISIET YBEJINYUTh 30HY aOJSIIMU U CHU3UTh PUCK MOBPEXKACHUS
OKPY’KaIOIINX TKaHeH [76].

B uccnenoBanuu Desai u Safriel (2022) 6bu10 poBeieHO MEpBOE MPOCIIEKTUB-
HO€E KOJIMYECTBEHHOE MCCIIEN0BAaHUE 30H aOJISIMU, CO3MAaHHBIX ¢ TOMOIILI0 0xi1. PHA, ¢
ucnonb3oBanueM MPT [27]. Yaenble 0OHapy>KWIIK, UTO HA pa3Mep U GopMy 30HbI a0JIs-
nuu BiusieT TMN 30HAa PYA, pacronoxeHue 30H1a OTHOCUTENIBHO KOCTH U CTPYKTYp-
Hble 0COOEHHOCTH OKpYXaloluX TKaHel [27]. DTo uccnenoBaHue MoaYepKUBAET BaX-
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HocTh MPT B moHMMaHUM TOTO, KaK pa3ianyHble (PaKTOpbl MOTYT BIHATH HA 3((eKTrB-
HocTh PUA.

MPT no3BoJsieT BU3yaau3upoBaTh 30HY a0uanuu, co3nanuyo PYA, uro BaxHO
s onieHkH A dextuBHOCTH Tporieayphl [27]. Ha panaux cragmsx nmocie PYA MPT
MOYET TI0Ka3aTh OTEK W BOCHAJICHHE B 00JACTH aONSAIMH, YTO SIBIISETCS HOPMAaJbHON
peakuueil Ha npouenypy. [lo mepe 3axuBiaeHus TKaHel 30HA aOJsALMK YMEHbILAETCS B
pasMmepax U craHOBUTCA MeHee 3aMeTHOM Ha MPT. Ha mo3mHux craausx, depe3 Hec-
Kosbko Mecsies mocie PUA, MPT mokeT moka3aTh IOJIHOE MCYS3HOBEHNE 30HLI a0JIs-
UK Wik o0pazoBaHue pyO1oBoi TkaHU. OTCYTCTBHE YMEHBIICHUS 30HBI aOJSIMH WIIN
€€ yBEJIMYEHHE MOXET CBHUJIETEICTBOBATh O HEI()(PEKTUBHOCTU MPOLEAYPhI WIN peLU-
nuBe 6o [27].

Davis et al. (2019) pa3paboTanu HOBBII nep}y3nOHHO-OXTAKIAEMBIN SIEKTPO,
KOTOpBIA 3((PEKTUBHO YBEITUUYMBAET pa3Mep 30HbI A0JIALMU B IIEUYEHU IO CPAaBHEHHUIO C
MOHOIIOJISIPHBIM OXJIQXJAEMbIM AJIEKTPOAOM [76]. DTOT MHHOBAIMOHHBIA MOAXOJ MO-
XKeT ObITh IPUMEHEH M K JICYCHUIO TOPAKaJITWH, MOTEHIMAJIBHO MOBBIIIAS YPPEKTHB-
HOCTb ITPOLIEYPBI.

Ucnons3oBanne MPT nns ouenku 30H abnsuuu nocie PYA — ato mHOrooGe-
IIarolasi MHHOBALUSA B AMarHOCTHUKE U JICYEHUU TOpaKalruu. Busyanusupys 3oHy abus-
[IUH, BpA4y MOTYT JIy4Ille IOHATh, HACKOJIBbKO 3(h(hEeKTUBHO MpoLIeaypa BO3eHCTBOBAIA
Ha HEepBHbIE TKAHU, OTBETCTBEHHbIC 32 00Jb. DTO MO3BOJIAET UM MPUHUMATh OOOCHO-
BaHHbIE PELICHUS O HEOOXOIMMOCTH JAAJbHEHIIEro JIEYEHUS WU KOPPEKTHPOBKU
TEKYILIEro IJIaHa JICYCHHUS.

[TorenumaneHoe BiausHMe MPT Ha jnedeHHMe TOpakalaruu BBIXOAUT 3a PaMKH
npocToii onieHku 30H abnsauuu. MccnenoBanus Lee et al. (2021) nmokazanu, uro MPT
MO’KET OBbITh MCIOJIb30BaHA JJsl OUEHKU 3pdexktuBHOCcTH PUA B meueHu, yTo cBUAE-
TEIbCTBYET O €€ NMOTEHIMAIbHOM PUMEHEHUHU B JPYTUX 00JIACTAX, TAKUX KaK JICUCHHE
topakanruu [71]. Kpome Toro, Davis et al. (2019) u Kapural et al. (2022) ycnemrHo
MCIOJIb30BAIM oxJaxaaeMyto PUA 11 nedenust 00yid, 4TO yKa3bIBa€T Ha BOBMOXKHOCTh
IIPUMEHEHHUS 9TOW TEXHOJIOTUH B coueTanuu ¢ MPT niis neuenus topakanruu [77, 78].

JanpHelime ucciaeq0BaHus

Xotsa MPT yxe 3apekoMeH10Bas1a ce0sl KaK LIeHHbI HHCTPYMEHT, HEOOXOJUMBbI
JAIbHEWIINE HCCIIEeIOBAaHUS ISl U3YUYEHHs €€ MOJHOro MOTEHILMana B JIEYEHUH Topa-
KaIruu. B yacTHOCTH, HEOOXOIUMBI HCCIIEAOBAHUS JIsi ONPEAETICHUs ONTHUMANbHBIX
napamerpoB MPT st Buzyanusanuu 30H aOasuu B TPyIHOM OTJEN€ T03BOHOYHUKA, a
TaKXe JUIs OLIEHKU J0JTocpodHoi s ¢pextuBHOCTH PUA mpu TOpakaaruu ¢ UCHoOIb30-
BaHneM MPT B kauecTBe HHCTpyMEHTA OLICHKH

VI. JuddepenuuanbHas IuarHocTuka MNpUYMH OoNiell NMpH TOpakaaruum ¢
MCIOJIb30BaHNEM MHHOBALIMOHHBIX METO/I0B

Topakanrus MoXeT ObITh BbI3BaHA PA3TUYHBIMUA IPUYMHAMH, U TOYHAsI TUArHOC-
TUKA SIBISIETCSA KIIIOUEBBIM (akTtopoM aisi 3¢ dekTuBHOro neyeHus. VIHHOBaAIMOHHBIE
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METO/bI JUATHOCTUKH MPeIaraloT HOBbIE BOZMOXKHOCTH ISl O0JIee TOYHOTO OIpe/iese-
HUSl UCTOYHHKA 00 U BEIOOpA ONTUMAIBLHOTO JICUEHUS.

NHHOBAaLMOHHBIN MOAXO0J K AMArHOCTUKE HEMPOrE€HHOrO0 CHHAPOMA TPYIHOIO
Bbixoja (CI'O), npemnoxennbiit Hwang et al. (2021), ocHOBaH Ha UCIIOJIB30BAaHUHN KJIH-
HUYECKOTO AJITOPUTMA, KOTOPBIH yUYUTHIBACT CIeUM(UIECKHE CUMITOMBI M PE3yJIbTaThl
¢busukanpsHOTO OOCnenoBanust [34]. DtoT anroput™m mo3BoiseT auddepeHInpoBaTh
nanueHToB ¢ HeiiporeHHbIM CI'O OT manueHToB ¢ ApyrMMH IPUYMHAMU TOPaKaITuu.

Huddepennmanus veriporennoro CI'O ot npyrux npuuuH Topakanruu [34, 35]:
e Hctunnsiii Heiiporennbii CI'O: IlaumeHThl ¢ XapakTepHbIMHCUMITOMaMH (00Jib,
OHEMEHHE, CJIa00CTh B PYKE) U MOJIOKUTEIBHBIMU PE3yJIbTaTaMH MPOBOKAIIMOHHBIX TEC-
TOB (Harpumep, Tect Paiita, Tect AjcoHa).

e Cumnromarnueckuit CI'O: TTanMeHTHI ¢ XapakTEpHBIMU CHUMIITOMaMH, HO OTpHIIa-
TEJBHBIMUA PE3yJIbTaTaMH MPOBOKALMOHHBIX TECTOB. Y ATHX NAIMEHTOB MOTYT OBITh
JIpyrue MpUYMHbBl 00NM, Takhe Kak MHO(dacuuaibHbIi CHHAPOM WM CUHAPOM BEpXHEH
anepTypbl IPYJHON KIIETKH.

o Manosepostaeiii CI'O: IlaneHThl ¢ HETUMHUYHBIMA CUMIITOMAMU WM OTCYTCTBUEM
CUMIITOMOB CO CTOPOHBI PYKH. Y 3THX NAIUEHTOB, CKOPEE BCETO, ECTh JIPYTUe NPUYUHBI
0071, TakKe Kak 3a00JeBaHus TTO3BOHOYHHKA, peOep WM BHYTPEHHUX OPraHOB.

[IpenmyniecTBa UCIIOJIB30BAHUS KIIMHUYECKOTO aJITOPUTMA:

o [loBbllIeHHE TOYHOCTU AMATHOCTUKH: AJNTOPUTM MOMOTAaeT UCKIIOYUTH JIPYTHE BO3-
MO>KHbIE IPUYMHBI O0JIM U IOATBEPAUTH AUarHo3 HeiporenHoro CI'O.

o PanHee BbIABICHUE MAIMEHTOB, HYXIAIOIIUXCS B XUPYPTUYECKOM JIEUEHHUU: ITO
MI03BOJIIET CBOEBPEMEHHO IPOBECTH ONEPALIUIO U YIYULIUTh PE3YJIbTaThl JIEUECHUSI.

o CHmKeHHNe pUCKa OCIOKHEHMH: OoJiee TOUHAsl JUArHOCTHKA OMOTaeT u30exarb He-
HY’KHBIX OIlepalil U CBSI3aHHBIX C HUMHU PUCKOB.

OrpannueHust:

o CyOBEeKTMBHOCTb: AJITOPUTM OCHOBAaH Ha KJIMHHYECKUX JAHHBIX, KOTOpbIE MOTYT
OBITh CyOBEKTUBHBIMH.

e Heo0xoauMOocCTh TabHEHIINX UCCIIeJOBaHUI: TpeOyeTcs MPOBEIeHUE TOTOTHUTENb-
HBIX HCCIIEOBaHUM A MOATBEpKIeHUs 3(()EKTUBHOCTH alropuTMa B pa3IMYHbIX
HOIYJISILMSIX MAl[UEHTOB.

Knuanueckuit anroputwm, npeioxxkenusii Hwang et al. (2021), npencrasnser
co0OM MepCHeKTUBHBIN HHCTPYMEHT JUIsl JU(QepeHInaIbHON THarHOCTUKN HEeWpOreH-
Horo CI'O. DtoT MeToj MOXKeT NMOMOYb BpayaM MpPUHUMATh Oojiee 0OOCHOBaHHBIE
pEIIEHNUs O JIEYEHNUHN TAMEHTOB C TOpaKaITrueu.

Komnerorepnas romorpadus (KT)

WuHoBanmonHbsle MeToasl komnbloTepHoi Tomorpaduu (KT), Takue xax KT-
CIIEKT u Spine-GAN, urpatoT BakHy10 poiib B TuddepeHianbHoil quarnoctuke 6o-
J€l B IpyAHOM OT/ENIe MO3BOHOYHMKA, [TOMOrasl pa3inyarh Pa3IMyHble HO30JOTUHU U
OTIpeNIeTIATh ONTUMANIbHBIC cTpaTernn JeueHus [21, 34, 35, 36, 37].
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KT-CIIEKT komOunupyer anaromuueckyro unpopmanuio KT ¢ GpyHKIIMOHANb-
HOH mH(popMmaruelr 0 JHOPOTOHHONH SMHUCCHOHHON KOMITbIOTepHOW Tomorpaduu (ODD
KT). D10 mo3BOMSIET BBISIBUTH OOJACTH MOBBIIICHHONW METa0OJUYECKOW aKTHBHOCTH,
KOTOpbIE MOTYT CBUJETEIbCTBOBaTh O BOCHAJIUTENBHBIX IIpoleccax, HHQEKUUsX,
OIyXOJsAX WM nepenomax. Hampumep, npu nmoxo3peHUH Ha CIOHAWIMT (BOCHAJIEHUE
1mo3BoHKOB) KT-CIIEKT MoeT BBIABUTH XapaKTEpHOE TOBBIIICHHOE HAKOIUICHHE
panuodapmmpenapara B HOPaKEHHBIX MO3BOHKAX, YTO MOATBEPXKIACT TUArHO3 U IOMO-
raet onpeaeauTh CTeNeHb aKTUBHOCTH mpotiecca [37, 38, 39].

Spine-GAN, OCHOBaHHBII Ha aNTrOPUTMaX MCKYCCTBEHHOTO MHTEIIEKTA, MO3BO-
asieT aBToMatu3upoBath aHanu3 KT-uzo0pakeHuii 1O3BOHOYHMKA. DTO IIOMOTaeT BbIs-
BUTh TOHKHE M3MEHEHHs, KOTOPbIE MOTYT OBITh IMPOMYIICHBI IPH BU3YAJIBHOM OIICHKE,
TaKue KaK HaydalbHbIE CTaJUM JCTCHEPaTUBHBIX 3a00JeBaHMM, HEOObIINE I'PHIKHU HC-
KOB HJIM KOMITPECCHSI HEPBHBIX KopemkoB. Hampumep, npu muddepeHnmaipHoi auar-
HOCTUKE MEXAy MHO(pacuuaIbHbIM OO0JIEBBIM CHUHIPOMOM M JHUCKOT€HHOH OO0IIbIO,
Spine-GAN MOXET MOMOYb BBISIBUTh HAJTMYUE MPOTPY3UH WM TPHDKH JUCKA, YTO yKa-
3bIBAET Ha JUCKOTEHHYIO ipupoay 6onu [35 - 37].

Kombunamust KT, KT-CIIEKT u Spine-GAN mpenocraBiseT BpadaM MOITHBIN
UHCTPYMEHT A TuddepeHMaabHON TUarHOCTUKU 0oJiel B IpyIHOM OTAEJe MO3BO-
HouHuka. KT no3sonsier Busyanuzuposars kocTHble cTpyKTypbl, KT-CIIEKT - onienuts
METa0O0JIMUECKYI0 aKTUBHOCTb, a Spine-GAN - BBIIBUTh TOHKME U3MEHEHHUS U aBTOMa-
TU3UPOBATh aHAIM3 M300paKEHUH. DTO MO3BOJISIET O0JIee TOYHO OMPECITUTh MPUINHY
6onu u BbIOpaTh Hanbosee 3G deKTUBHOE JiedeHune, Oyb TO KOHCEpBAaTUBHAs TEPaIlUs,
XUPYpPruyeckoe BMENaTeIbCTBO WM KOMOUHaus MeTo10B [35 - 39].

UpeckoxkHast TpaHCCIETUKYIIApHAs OMOICHS TO3BOHOYHHUKA

UpeckoxxHasi TpaHCCIEAUKYJISIpHasi OMOINCHUS TO3BOHOYHUKA MO (PIIFOOPOCKOIHU-
YECKUM KOHTPOJIEM UIPAET BaXKHYIO poiib B U depeHInaibHoi [uarnoctTuke 0osnel B
IPYIHOM OT/ieJle MO3BOHOYHHUKA, OCOOEHHO KOTJa JIpyrue MeTObl BU3yallu3allii He
JTAI0T OJIHO3HAYHOT'O OTBETAa MM TpeOyeTcs MOATBEpKAECHUE AUarHo3a. JTa METOIUKa
MO3BOJISIET MOJYYUTh 00pa3Ibl TKAHEH I TUCTOIOTHYECKOT0 U MUKPOOHOIOTHYECKOTO
aHajn3a, 4YTo MOMOTAET pa3uyaTh pa3andHble aTosnoruu [48 - 51].

Juddepenunarus MHOEKIMOHHBIX U OIYXO0JIEBBIX Ipo1eccoB [52 - 54]:

e Hubexkuuu (COOHIMIUT, OCTEOMHUENNT): OMOIICUS MO3BOJISIET BBIIBUTH BO30OYAMTENS
UHQEKIMH U ONPEIEINTh €0 YyBCTBUTEIBHOCTh K aHTUOMOTHKAM, YTO ITOMOIaeT BbIO-
paTh ONTUMANIBHYIO TEPAIHUIO.

o Omnyxonu (MepBUYHBIE, METACTATUYECKHE): THCTOJIOTHYECKOE HCCIIeJOBaHNE OUONTA-
Ta TIO3BOJIIET ONpPEAETUTh THUIl OMYXOJIM, CTEIEHb €€ 3JI0KaYeCTBEHHOCTHU W BhIOpaTh
HanOonee 3¢ pexkTuBHOE JeueHne (XUPYpPruueckoe BMENaTeabCcTBO, XUMHOTEPATIHsL, JTy-
yeBas Tepamnusi).

Juddepenunaryst BocnaauTeIbHbIX 3a00J€BaHUA:

o AHKWJIO3UPYIOUIMM  CHOHIMIMT: OHOICHUS  MOXET BBIIBUTH  XapaKTEpHbIE
BOCTIAJINTENIbHBIE U3MEHEHUS B KOCTHON TKaHH, YTO IOMOTaeT MOATBEPAUTH JUATHO3.
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o PeBmarouHbI apTpUT: OMOICHS MOXET BBIIBUTH HAJHMUUE PEBMATOUTHBIX Y3€ITKOB
B M03BOHOYHMKE, YTO YKa3bIBa€T Ha BOBJICYEHHE I[1O3BOHOYHMKA B IATOJOTHMYECKUI
poLecc.

Huddeperunanus 1pyrux naToaoruii:

e Ocreonopo3: OMONCHUSI MOXKET OMOYb OLICHUTH IJIOTHOCTh KOCTHOM TKaHU W MOJ-
TBEPIUTh JUArHO3 OCTEONOpPO03a, KOTOPHI MOKET OBITh MPUUMHON MAaTOJOTMYECKUX
[IEPEIOMOB [I0O3BOHKOB.
e Merabonnyeckue 3abosieBaHUS KOCTEW: OHOICHS I03BOJIAET BBIIBUTH HAJIU4YUe
cneur(ruyecknx U3MEHEHUH B KOCTHOM TKAaHM, XapaKTEPHBIX I PAa3IMYHBIX METa0o-
JMYECKUX 3a00JIeBaHUH.

[IpenmyniecTBa YpeCKOKHON TPAHCCIICIUKYIISPHON OMOTICHH:

e MuHuManpHas HHBaA3UBHOCTh: MPOLEypa BBIMOIHAETCS O]l MECTHOI aHecTe3ueil u
He TpeOyeT OONBIINX pa3pe30B.

e Bpicokas TOUHOCTh: (PIIFOOPOCKOIIUYECKUN KOHTPOJIb 0OecredrBaeT TOUHOE HaBele-
HUE UIJIbl K TOPAXKEHHUIO.

e bBricTpoe BoccTaHOBIIEHHE: MALMEHThl OOBIYHO MOTYT BEpHYTHCS K OOBIYHOM aKTHB-
HOCTU B TEYEHHUE HECKOJIbKUX JHEH.

UpeckoxkHasi TpaHCCHEIUKYJIApHAs OMOICHS MMO3BOHOYHHUKA SIBJISETCS LIEHHBIM
MHCTPYMEHTOM B JIMarHOCTHKE 00JIell B IpPy/AHOM OTJIEJI€ T03BOHOYHUKA, [TO3BOJISISI TOU-
HO ONPENENUTh MPUUMHY 00JIK U BBIOpaTh Haubosee 3¢ (HeKTUBHOE JIeUeHUE.

ComatoceHcopHble Bbi3BaHHbIe nnoTeHuansl (CCBI):

ComaroceHcopHble BbI3BaHHbIE noTeHIManbl (CCBII) urpatot BakHyt poJib B
g depeHraIbHON TMarHocTuKe O00Jiel B TPyAHOM OT/IeNie TIO3BOHOYHHKA, 0COOEHHO
KOI'Zla KJIMHUYECKasl KapTHHA HEsICHA MJIM PE3YJIbTAThl APYTUX UCCIEN0BAaHUN HEOAHO3-
HA4Hbl. DTOT METOJ MO3BOJSIET OLEHUTh (DYHKIMOHAJIBHYIO II€JIOCTHOCTh MPOBOISILINX
nyTel OT nmepudepuyecKux HEPBOB JI0 KOPbI FOJOBHOI'O MO3ra, YTO MOXKET MOMOYb B
T depeHIMaui MeX1y pa3InyHbIMU HO30JI0THsAMH [55 - 57].

Juddepenunanus paaukyiaonaTuyd U MUEJIONATHH:

o Panukynonarusi: mpu MOpakeHUM HEPBHBIX KOPEIIKOB (HAaIIpUMeEp, MpHU IPbDKE JUC-
ka) CCBII moryT BBIIBUTH 3aMeJIEHUE WM OJIOKUPOBAaHUE MTPOBEICHUS UMITYJILCOB Ha
YPOBHE MOPAXEHHOI'O CErMEHTa. JDTO IOMOTAaeT ONPEIENIUTD JIOKAIN3ALMIO aTOJIOTHH
U BbIOpaTh ONTHUMAJIbHBIM METOJ] JeueHus: (KOHCEpBATUBHOE JICUEHUE, XUPYPTrUYECKOoe
BMeMIaTensCcTBo) [58 - 60].

e Muenonarus: Ipyu NOpPa’)K€HUU CIIMHHOTO MO3Ta (HampuMep, IIPU CTEHO3€ IT03BOHOY-
Horo kaHasa) CCBII MoryT BBISIBUTH 3aMeIJIEHHE NPOBEIECHUS NMITYJILCOB Ha MPOTSDKE-
HUU BCEro CIHMHHOTO MO3ra. DTO CBUAETEILCTBYET O 0oJjiee CEephe3HOIl MaTOJIOTHH,
TpeOyroleil HeMeUICHHOTO JIedeHHsl (XUupyprudeckas nekommpeccus) [58 - 60].

Juddepennnanus nueHTpaIbHOU U nepudepudeckoil HeliponaTuueckoi 6omu:

o IlentpasnbHas HeifponaTuueckas 60Jb: IPU MOPAKEHUH IIEHTPATLHON HEPBHOM CHC-
TeMbl (HampuMmep, npu paccesHHoM ckiiepo3e) CCBII mMoryT BHISIBUTH M3MEHEHUS B
OTBETAaX Ha YPOBHE KOPHI T'OJOBHOI'O MO3ra. JTO IOMOTaeT OTIUYMUTH LEHTPAIbHYIO
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HelpornaTuueckyo 00ib OT mepudepruuecKoil U BHIOpATh COOTBETCTBYIOIIEE JICUCHUE
(bapmakoTepanus, puznorepanus) [58 - 60].

o Ilepudepuueckas HeliponaTuueckas O00Jb: MPH MOPAKEHUN NepUEepUIECKUX Hep-
BOB (Hampumep, npu auadetudeckoit Heriponatuu) CCBII MoryT BBISIBUTH 3aMeJICHHE
WM OJIOKMPOBAHME IMPOBEAECHUS HUMIIYJbCOB Ha YPOBHE IOPa)XKEHHOI'O HEpBA. JTO
IIOMOTAET MOATBEPAUTh JUArHO3 U OLIEHUTh CTENIEHb OBPEXICHUS HEPBA.

[Ipeumymectsa CCBII [58 - 60]:

o HeunnBaszuBHOCTh: MeTon He TpeOyeT BBEIEHUSI KOHTPACTHBIX BELIECTB MJIM BO3ACH-
CTBUSI HOHU3UPYIOLIETO U3ITyYEHHUSL.

e OObektuBHOCTH: PesynmbraThl CCBII He 3aBHCAT OT CyOBEKTHUBHBIX OIIYIICHUN
HanueHTa.

o UyBCTBUTENBHOCTh: MeTOJ] MOXKET BBIABUTh HAPYLIEHUs NMPOBOAMMOCTU JaXe NpHU
OTCYTCTBUM CTPYKTYpHBIX u3MeHeHut Ha MPT wmm KT.

Orpannuenust CCBII:

o Hecnemuduunocts: u3menenuss CCBII moryt HaOmromaThCsi TpU  Pa3IHYHBIX
HaTOJIOTUSAX, YTO 3aTPyIHAET JU(PepeHINaTbHYIO IUarHOCTUKY .

e 3aBHCHMOCTH OT OIbITa clienuanucra: uaTepnperauus pesyinpbratos CCBII tpedyer
BBICOKOM KBaJIM(HUKAIIMK Bpaya.

B menom, CCBII sBASIOTCS IIEHHBIM HHCTPYMEHTOM B Iu(QepeHIIHaTbHONR
JMarHocTHKe OoJiel B IPyAHOM OT/eje [TO3BOHOUYHUKA, OCOOCHHO B COYETaHHM C ApY-
TUMH METOJAMHU HUCCIIEI0OBaHUS.

MynsTuMonanbHbli Helipoduznonornueckud Mouutopur (MHOM)

MynbpTUMOAANBHEIN Helpodusnonornueckuii Monutopuar (MH®OM) wurpaer
Ba)XXHYIO poJib B TU(depeHINaIbHON AUarHOCTUKE 001l B TPy AHOM OT/IeNe MO3BOHOY-
HUKa, OCOOEHHO BO BPEMs XUPYPrudyeckux BMmemaTenbcTB. OH MO3BOJIIET B PEKUME
peaIbHOTO BPEMEHH OLIEHUTh (PYHKIIMOHAIBHOE COCTOSIHUE CIIMHHOTO MO3ra U HEPBHBIX
KOPEIIKOB, YTO TOMOTAeT NPEAOTBPATUTh UX MOBPEXKIECHUE U MPOBECTH AU depeHima-
LIUI0 MEX/y pa3InYHbIMU NaTtoiorusmu [61 - 63].

Juddeperunanyisi KOMIPECCHOHHBIX U HEKOMIIPECCUOHHBIX CUHPOMOB:

o Komnpeccuonnsle CHHAPOMBI (IpbDKa JUCKa, CTEHO3 IT03BOHOYHOIO KaHala):
MH®M 1no3BoJseT BBISIBUTh U3MEHEHHUS B IPOBOJAMMOCTH HEPBHBIX MMITYJIbCOB, BbI3-
BaHHbIE CHABJIIEHHEM HEPBHBIX CTPYKTYp. DTO MOMOTaeT ONpEeAesuTh YPOBEHb U CTe-
NEHb KOMIPECCHM, YTO Ba)KHO JUIsl BBIOOpa ONTHUMAIbHOW XHUPYPrUYECKOM TaKTHUKU
(mexommpeccust, CTaOUITU3AIINS).

o HexomnpeccroHHbIE CHHIPOMBI (BocnanieHue, umemus): MH®OM MoxeT BBISBUTH
M3MEHEHHUs B (DyHKIMH HEPBHBIX BOJIOKOH, HE CBSI3aHHBIE C KOMIIPECCHEH, YTO yKa3bl-
BAeT HA HAJMYUE BOCIAIMTEIBHOTO WIN HIIEMUYECKOTO Ipoliecca. TO MOMoraeT BbIO-
paTb COOTBETCTBYIOIIEE JieueHHEe (MPOTUBOBOCHAIUTENbHAS TEpanus, YJIydlleHHe
KPOBOCHA0KEHUS).

Juddepenunanus ypoBHS HOPaKEHUS:
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o Ilopaxxenue HepBHBIX KopemkoB: MH®M 1no3BossgeT onpenenuTs ypoBeHb IOpaxe-
HUSl HEPBHBIX KOPEIIKOB, YTO MOMOTAET BHIOPATh ONTUMAJIbHBIA YPOBEHb XUPYypruyec-
KO0 BMELIATEIbCTBA.

o [lopaxxenne cnuHHOro Mo3ra: MH®M MoOKeT BbIIBUTh U3MEHEHHMS B IPOBOJAUMOCTH
MMITYJIbCOB 110 CIIMHHOMY MO3TY, YTO CBMJIETEIBCTBYET O €r0 MOPAKEHUH U TpeOyer
0c000ro BHUMAaHHUS BO BPeMsl OIIEpaLIUU.

IIpeumymecrea MHOM:

o BrIicokast 4yBCTBUTEIBHOCTh U CHEIU(PUUHOCTD: MO3BOJISIET BBIABUTH JaXKe HE3HAUU-
TEJIbHBIC U3MEHEHUS B ()YHKIIMU HEPBHOW CHCTEMBI.

e Bo03M0XXHOCTh MOHUTOPHHIA B PEAIBHOM BPEMEHHU: TIO3BOJISIET XUPYPry HEMEJIEHHO
pearupoBaTh Ha U3MEHEHUS B COCTOSIHUM HEPBHBIX CTPYKTYP BO BpEMs OIEpaLiu.

o be3onacHocTh: MeTO1 HEMHBAa3MBEH U HE MPEACTABIAET OMACHOCTHU U1l TAllUEHTA.

Orpannuenust MHOM:

o TexHuyeckue CI0KHOCTU: TpeOyeT CHEIUAIBHOTO 000PYIOBaHUS M KBATU(UIIUPO-
BaHHOT'O IEPCOHAIA.
e CTOMMOCTB: MOXKET OBITH JOPOTHM METOI0M HCCIICOBAHHUS.

B nemom, MHO®OM sBnsieTcss EHHBIM HHCTPYMEHTOM B JH(QepeHIHaTbHON
JTUArHOCTHKE O0Jel B rpyJHOM OT/ieJie IO3BOHOYHHKA, OCOOEHHO B COUYETAaHUU C JIPYTH-
mu Meronamu uccaenoBanus (MPT, KT). On no3Bonser nmpoBoauTh 0oJjiee TOUHYIO
TUArHOCTHKY W BbIOMpaTh HaubOosiee 3(PPEeKTUBHOE JE€UEHUE, YTO CIIOCOOCTBYET
YIIYUIICHUIO TTPOTHO3a JIsl mariueHToB [64, 65]..

HeipoBusyanuszanus:

HeiipoBusyanu3zanus, Bkitoyaronasi QyHKIMOHAIbHYI0 MarHUTHO-PE30HAHCHYO
tomorpaduio (GMPT), no3urponHo-3mMuccuonny tomorpaduio (II9T) u marHuTHO-
pe3onancHyo crekrpockonuio (MPC), urpaer Baxuyio ponbs B auddepeHnmnanibHon
JUarHOCTHKE OoJiell B TpyJHOM OT/AeNie MMO3BOHOYHUKA, OCOOEHHO B CiIydasiX, KOrjaa
TpPaZMLIMOHHBIE METOJIbl BU3yaJIM3allMM HE JAlOT OJHO3HAYHOM KapTHHBI. JTH METOJbI
MO3BOJIIOT MCCIEA0BaTh (PYHKIIMOHAIBHBIE U META00IMYECKHNE U3MEHEHUSI B TOJIOBHOM
U CIIMHHOM MO3T€, YTO MO>KET OMOYb B I depeHnauy pa3inyHbIX HO30JI0THil [68,
69, 70].

OMPT no3BoseT OLEHUTh AKTUBHOCTh PA3IMUHBIX 00JIacTeil MO3ra B OTBET Ha
00JeBBIE CTUMYJIBI. DTO MOXKET OBITH MOJIE3HO IS AUPPEepEeHIInauu MEXAy HOLUIIET-
TUBHOHM (CBSI3aHHOW C TIOBpPEXJCHHEM TKaHeH) M HeWpomaTudyeckol (CBS3aHHOU C
MOBPEXJACHUEM HEpPBHOM cuctembl) Oonbto. Hampumep, npu Heliponatudeckoi Oosu
MOYKET HaOJI0/IaThCsl MOBBIIIEHHAs aKTUBHOCTh B OOJIACTSAX MO3ra, OTBETCTBEHHBIX 3a
00paboTKy O0JIEBBIX CUTHAJIOB, 1a)Ke MPU OTCYTCTBUH SIBHOTO MOBPEXKICHUS TKaHe [71
- 75].

[19T nmo3BossieT BU3yalln3UpoOBaTh META0OINYECKYIO aKTUBHOCTh TKaHEH, BKIIIO-
Yasg BOCHAJIMTENbHbIE IMPOLECChl. JTO MOXET OBITh MOJE3HO A TuddepeHranuu
MeEXJly BOCHAJIUTENbHBIMU 3a00JI€BaHUSIMHU TTO3BOHOYHUKA (HAIpHUMEp, CIIOHAMWIUT) U
npyrumu npuauHamMu 6omu. [I9T Takxke MoxkeT ObITh MCHOJIB30BAaHA JUIA OLEHKH 3(]-
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(EeKTUBHOCTH JICUCHHsI, HAPUMEp, U ONPEACICHUSI CTEIECHH IMOJABJICHUS BOCIAJIN-
TEJILHOTO TIporiecca nocie Tepanuu [71 - 75].

MPC 1no3BoJsieT U3MepsTh KOHICHTPALUIO PA3IMYHbIX META0OJUTOB B TKaHSIX,
TaKUX KaKk HEWPOTPAHCMHUTTEPHI U MPOIYKTHI UX pacnaza. ITO MOXKET ObITh MOJE3HO
Ui qudQepeHIanuy MeXAY pa3IudYHbIMA THIIAMU HEHpPOMaTHIECKOW 0O0H, a Takxke
JUI OLEHKH 3((GEKTUBHOCTH JIEYEHHUs, HAIIPABICHHOTO Ha BOCCTAHOBJICHHE HOPMaJlb-
HOTO Oaslanca HelpoTpancMuTTEepoB [71 - 73].

[IpeumyiiecTBa HEMPOBU3YATTU3ALIUHN:
o HenHBa3MBHOCTH: METOJBI HE TPEOYIOT BBEIEHHUS KOHTPACTHBIX BEIIECTB WM IIPO-
BEJICHUS MHBA3UBHBIX IIPOLEAYD.
e YyBCTBUTEIBHOCTb: IO3BOJISIOT BBIIBUTH TOHKHE HW3MEHEHHS B MO3I€ U CIIMHHOM
MO3re, KOTOpbIe MOT'YT ObITh HE BUJIHBI HA OOBIYHBIX CHUMKAX.
o B03MOXHOCTH OLIEHKH (DYHKIIMOHAJIBHBIX U3MEHEHUH: MO3BOJISIOT OLIEHUTH HE TOJIb-
KO CTPYKTypHbIE, HO ¥ (PYHKLMOHAJbHbIE M3MEHEHHs, YTO BAXHO JJIsI IMOHMMAaHUS
MEXaHHU3MOB 00JI1 U BbIOOpA ONTUMAIBHOTO JICUEHUS.

Orpanunuenust Heilipousyanusanuu [71 - 73]:
e Beicokas croumocTh: MeTo/Ibl ABIISIOTCS JOPOTOCTOSAIIMMH U HE BCET1a JOCTYIIHBI.
e Heo0xoauMocTh crienuanbHOM MOArOTOBKU: TpedyeTcs crennaibHoe 000py10BaHue
U KBATH(UITUPOBAHHBIN MTEPCOHAN [T TPOBEACHUS M HHTEPIIPETAIIMH PE3YIbTATOB.

B nenom, HelipoBu3yanusanus MpeacTaBiseT co00i nepcreKTuBHOE Hampasiie-
HUE B qU(PepeHInaTbHON JHarHOCTHKE O0JIel B TPYAHOM OTJele MO3BOHOYHUKA. JTH
METO/Ibl MOTYT IIOMOYb B BBISBJICHUU NPUYUH 0OJM, BBIOOPE ONTHUMAIBHOIO JICUEHUS U
oreHKe ero 3(h(heKTHBHOCTH.

buomapkepsr:

B xontekcte auddepeHnnanbHOW IUArHOCTUKKA Ooyied B TPYIHOM OTJENE
MO3BOHOYHHMKA OMOMapKephl MOTYT ChIIPaTh BaXKHYIO POJib, OCOOEHHO C YYETOM pa3BH-
TUS HeWpoBU3yalu3aluu. B cTaTbe He yKa3aHbl KOHKpPETHBIE OMOMapKephl JUIsl TOpaKa-
UM, MOXHO MPEAINOJIOKUTh UX MOTEHIMAIbHOE PUMEHEHNE, OCHOBBIBAsICh HA HCCIIe-
JIOBaHUSX B 00JIaCTH XPOHUUECKOU OOIH.

[ToTenunanpHble OMOMapKepsl A1 AU depeHInaIbHON JUarHocTuku [74, 75]:

o BocnanurensHueie Mapkepbl: [loBeimennsie ypoBHu C-peaktuBHoro oenka (CPB),
uHTepaeiikuna-6 (MJI-6) u apyrux BoCHANMTENBHBIX MOJEKYJ MOTYT yKa3blBaTh Ha
BOCTIAJIUTENbHbIE 3a00JI€BaHUS MO3BOHOYHUKA (CHOHAMIIMT, apTPUT) UIM CHCTEMHbIE
BOCHAJIUTENbHbIE 3200JI€BaHNUS C BOBJICYEHUEM [TO3BOHOYHUKA.

o HelipogereneparuBHble Mapkepbl: [1oBbIIeHHBIE YPOBHH HEWPO(DUITAMEHTOB JIETKOM
nenu (NFL), tay-6enka u qpyrux MapkepoB HEWpoJiereHepai MOryT CBHIETEIbCTBO-
BaTh O HeWpomaTH4YecKoW MpHupoje O0JM, CBA3aHHOM C TOBPEKICHHEM HEPBHBIX
BOJIOKOH.

e Merabonnyeckue Mapkepbl: MI3MeHeHUs! YpOBHS TIIIOKO3bI, JJAKTaTa U APYTrUX MeTa-
0O0JMTOB B CIIMHHOMO3TOBOM UAKOCTU WJIM TKaHSIX MO3BOHOYHHMKA MOTYT YKa3bIBaTh
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Ha HAJMYUE OMyXOJed WiIM MeTaOOJMYeCKHUX HApYIICHUH, BIUSIOMIMX Ha KOCTHYIO
TKaHb.

HeiipoBusyanusanus u OnoMapKepsbl:
o OynkmmonansHass MPT (GMPT): MOXeT BBISIBUTH U3MEHEHHUS B aKTUBHOCTH MO3Ta,
CBSI3aHHBIC C PA3IMYHBIMU TUIIAMH OO0JIM, YTO MOMOTaeT B MU epeHanbHON auar-
HocTuke. Hanpumep, Helponatuueckass 00Jb MOXKET OBITh CBsi3aHA C M3MEHEHHUSIMH B
AKTUBHOCTH OINpPE/ETICHHBIX 00NacTelf MO3ra, OTBETCTBEHHBIX 3a 00pabOTKy O0JIeBBIX
CUTHAJIOB.
o TlozutponHo-smuccronHas Tomorpadus (I13T): MoxkeT Ucmonb30BaThCS A1 BU3ya-
JN3alUU BOCIATUTENBHBIX MPOLIECCOB B MO3BOHOYHUKE C MOMOIIBIO CHEHU(pUIECKIX
paarodapmmpenaparoB. IT0 MOXKET MMOMOYb B AU(PHEPEHIIUALNN MEXKIAY BOCIATHTEIh-
HBIMU U HEBOCTIAJIUTEIILHBIMH 3a00JI€BAaHUSIMH.
e MarautHo-pe3oHancHas crnekrpockonus (MPC): mo3BossieT oneHnTh MeTabonndec-
KM€ W3MEHEHHUS B TKAHSIX MO3BOHOYHHUKA, YTO MOXET OBITh MOJE3HO ISl TUATHOCTUKU
OITyXOJICH 1 MEeTa0OIMIEeCKHUX 3a00JICBaHUH.

[TepcniextuBel [74, 75]:

PazpaboTka HOBBIX OMOMapKepOB M UX MHTETPALMS C METOJIaMH HEHpPOBH3YalIn-
3alliM OTKPHIBAET HOBBIE MEPCHEKTUBHI JJIs1 OoJiee TOYHOW W paHHEW AMArHOCTUKH 00-
Jeil B TPY/HOM OTJIeJIe TO3BOHOYHHUKA. DTO MOXET MPHUBECTH K Oosee dPPeKTHBHOMY
JICUCHUIO U yIyYIICHUIO MPOTHO3a I MAIUEHTOB.

MPT B onienke 3pHEKTUBHOCTH PaIiOYacTOTHOMN a0IsAIuu:

MPT B omnenke 3ddexkTuBHOCTH paguodacToTHON abmsauuu (PYA) urpaer Bax-
HYI0, HO KOCBEHHYIO pOJib B Au(epeHnnanbHoi fuarnocTuke 0oeil B rpyIHOM OTHAe-
je no3BoHOYHMKA. XoTss MPT He mo3BosiseT HampsMyro pas3jinyaTh HO30JOTHH, OHA
nomoraet oreHuTh dpdextuBHOCTE PUA, 4TO MOXET OBITH TOJIE3HBIM JIJII KOCBEHHOM
nuddepennmarnuu npuuun 6omu [27, 71, 76, 77, 78].

Onenka 3¢ dexruBHoctn PYA u kocBenHas nuddepenumanus [27, 71, 76, 77,
78]:
e VYcremHoe yMeHbIIeHHE 30HbI absuuu: ecnu nocie PUA nabmomaercss yMeHblle-
Hue 30HbI abmsauuu Ha MPT, aT10 cBuaerenbcTByeT 00 3(DPEKTUBHOCTH TPOLETYPHI.
Ymenbumienne 6onu nocie PUA moxer ykasplBaTh Ha TO, YTO NMPUUMHON 00U OBLIO
BOCMaJIEHUE WM AUCPYHKIHSA (PaceTOUHBIX CYCTaBOB, KOTOpbIe ObUIM ycHemHo oOpa-
OOTaHBI.
e OTtcyTcTBUME M3MEHEHUU WM yBEJIWYEHHE 30HbI a0JIALMU: €CIU 30Ha aOisLuu He
YMEHBIIAETCS WIN AaKe yBenuuuBaeTcs nocie PYA, 3To MOXET CBUIIETENBCTBOBATE O
Hea(PeKTUBHOCTH MpoIreAyphl. B 3TOM citydae, BO3MOXKHO, TIpUYrWHA OOIH KPOETCS B
JIpyroi NaTOJOTMH, TAKOW KaK TIpbDKa AHMCKA, CTEHO3 IIO3BOHOYHOIO KaHalla WM
OITYXOJIb.

JlonoaHuUTeNbHAs HHPOPMALIUS:
o Busyanuzanmsa anaromuueckux cTpykTyp: MPT mo3Bossier eTtanbHO BU3yalIU3HpO-
BaTb aHATOMUYECKUE CTPYKTYpPBI TO3BOHOYHUKA, YTO [IOMOTAET UCKIFOUYHUTH IPYTHE BO3-

ISSN 3106-5538 I'uruena Tpyna u meauimHckas sxosorus. Nel, 2026



67

MOYKHBIE TIPUYMHBI OOJHM, TaKME KaK IepeloMbl, Omyxoiu uin uHpekunu. OueHka
cocrosiHus MATkuX TKaHed: MPT 1no3BosiieT OLEHUTH COCTOSHHME MEKIIO3BOHOYHBIX
JIMICKOB, CBSI30K M MBIIII, YTO MOXKET OBITh IMOJIE3HO A JU(QPEepeHIHAUN MEXTy
JUCKOT€HHOM  00ibt0, MHO(pACHMAIbHBIM  OOJEBBIM CHHAPOMOM U JAPYTMMH
[ATOJIOTUSIMHU.

Orpanunuenus [27, 71, 76, 77, 78]:

Heo6xonumocTs nononHuTeNbHBIX nccneaoBanuii: MPT B coueranun ¢ PUA He
ABJISIETCA CAaMOCTOSITENIbHBIM METOA0M U epeHMalbHON AUAarHOCTUKU U TpeOyer
JIOTIOJTHUTEIIBbHBIX MCCIEA0BAaHUMN, TAKUX KAK KIMHUYECKUH OCMOTp, aHAMHE3 U JIpyrHe
METO/Ibl BU3YyaJIU3aL1u.

B nenom, MPT B onenke ¢ ¢extuBHocTH PUA sBRsieTcs IeHHBIM HHCTPYMEH-
TOM, KOTOPbIII MOXXET KOCBEHHO MOMOYb B AuddepeHnnanbHoi 1uarnoctuke 6osei B
IPYAHOM OT/EJI€ MO3BOHOYHHMKA. DTOT METOJ MO3BOJIIET OLEHUTh 3PPEKTUBHOCTD
JEeYeHUsT M OIpelNeNUTh HeOoOXOAUMOCTb JIONOJHUTENbHBIX HMCCIEIOBAaHUN IS
YTOYHEHMSI IUarHo3a.

Oo6cyxaenne.

JuddepennnanpHas AUarHOCTHKA TOPAKAITHU TPEACTABIACT COOO0M CIOXKHYIO
3ajjauy, TPEOYIOIIYI0 KOMIIJIEKCHOI'O MOAX0/1a ¢ UCIOJIb30BAaHUEM PA3JIMYHBIX METO/I0B
uccienoBanysl. VIHHOBallMOHHBIE METO/IbI, ONMCAHHBIE B CTaThe, 3HAUUTEIbHO PACIIH-
PAIOT BO3MOXKHOCTH Bpaueld B 3Tod oOnactu [22]. KiauHWYeckuid anroputM Jyis
JUArHOCTUKU HEWpOreHHOro cusjapoMa rpyaHoro Bbixoga (CI'O), npennosxkeHHBbIH
Hwang et al. (2021) [34], no3BossieT 6osee TouHO MubdepeHIPOBaTh MALKUEHTOB C
UCTUHHBIM HelporeHHbIM CI'O OT manueHToB ¢ APyrMMHU IpUYUHAMK OOJU B rPpyAHON
KJIeTKe. DTO OCOOEHHO Ba)KHO, IMOCKOJIbKY TOJBKO MALIMEHTHI ¢ UCTUHHBIM HEWPOTeH-
HeIM CI'O MoryTt monyuuTh MOJb3y OT XHUPYpPruUuecKoro JjedeHus. KommbroTepHas
tomorpadust (KT) u KT-CIIEKT urparor BakHy0 pOjib B BBISIBICHUU CTPYKTYPHBIX
W3MEHEHNH NO3BOHOYHMKA, TAKMX KakK Iepesiomsl [7, 21], omyxoau U JereHepaTuBHbIE
u3MeHeHus [8], xotopsie mMoryT ObITh nmpuunHoil Topakanruu. KT-CIIEKT, B cBoro
ouepellb, MO3BOJSET OIEHUTh METAOOIMUECKYI0 aKTUBHOCTh KOCTHOW TkaHM [36, 41],
YTO MOXKET yKa3bIBaTh Ha HAJMYHE BOCHAIUTENBHBIX WIM MHPEKIMOHHBIX MPOIECCOB
[18]. Anroputm Spine-GAN, OCHOBaHHBIH Ha MCKYCCTBEHHOM MHTEIJIEKTE, aBTOMAaTH-
3upyer aHanu3 KT-u300pakeHuid, 4TO MOBBIIMIAET TOYHOCTh U CKOPOCTh TUAarHOCTHKHU.
UpeckoxkHas TpaHCCIEAUKYIsIpHAsi OMOTICUs TO3BOHOUHUKA [48, 49, 50, 51, 52, 53, 54]
MO3BOJISET MOJIyYUTh 00pa3Lbl TKAaHEH JIJIsl THCTOJIOTUYECKOTO0 U MUKPOOHOIOIHUECKOT O
aHalu3a, YTO SBJSETCA pelarIuM ¢GakTopoM B AudQepeHInanbHol TuarHocTuke
MH(EKIMOHHBIX, OMYXOJEBBIX U BOCIAJIUTENIbHBIX 3a00JieBaHUM MMO3BOHOUHUKA [16].
Comatocencopnsbie BeizBanHble oTeHImansl (CCBII) [55, 56, 57, 58, 59, 60] u myabTH-
MoJlalbHBIA Helpoduznonornyeckuit Monutopunr (MH®OM) [24, 25, 61, 62] no3Boss-
IOT OLIEHUTDH (DYHKIIMOHAJILHOE COCTOSIHUE HEPBHOW CHCTEMBI, UTO IoMoraeT auddepen-
UPOBATh MEXKIY paJUKyJIonaTuel, MUeIonaTuel U IpyruMi HEBPOJIOTUYECKUMHU MTPH-
yuHamu 6oiu. MH®M ocolGeHHO mosie3eH BO BpeMs Olepaluii Ha MO3BOHOYHHKE, TaK

ISSN 3106-5538 I'uruena Tpyna u meauimHckas sxosorus. Nel, 2026



68

KaK TO03BOJISIET B PEXKUME PEAIbHOIO0 BPEMEHM KOHTPOJUPOBATH COCTOSHUE HEPBHBIX
CTPYKTYp M MPENOTBpAIIaTh MX MoBpexacHue. HeitpoBusyanusanus, sriaodas GMPT,
12T u MPC [26, 68, 69, 70, 71, 72, 73, 74, 75], mo3BOJNsET UCCIEAOBaTh (DYHKIINO-
HaJbHbIE U METa0OJMYECKUE M3MEHEHHUS B TOJOBHOM M CIMHHOM MO3r€, YTO MOKET
OBITH TOJIE3HO A AU(QPepeHIHAIUN MEXTY Pa3TUYHBIMUA TUIIAMH O00IM (Hampumep,
HOLIMIICTITUBHOM 1 HEHPOMaTU4YeCKON) 1 OLEeHKU 3(P(HEKTUBHOCTH JICUCHHUS.
buomapkepsbl, XOTS U HE YIIOMHHAIOTCSI KOHKPETHO B KOHTEKCTE TOpAKalIruu B
CTaTbhe, MOTYT CTaTh MEPCIEKTHUBHBIM HHCTPYMEHTOM Uil nuddepeHransHoi nuar-
HOCTUKH B OyaymeM [68]. Hampumep, BocrianuTenbHble MapKepbl MOTYT yKa3bIBaTh Ha
BOCHAJIMTENbHbBIE 3a00JeBaHMsl, HEHpOJereHepaTuBHbIE MapKephl - Ha HeHWporaTuiec-
Kyto 6omb [69, 70, 71, 72, 73, 74, 75], a MeTabonrdecKknue MapKephl - Ha OMyXOJIH WA
MeTtabonmuueckue HapyuieHus. MPT B ouenke adppexTuBHOCTH pagrodacTOTHON abuis-
uu [27, 76, 77, 78] mo3BonsieT KOCBeHHO MU depeHIMPOBATh MPUYUHEI 00U, OIICHH-
Bas 9 PeKTUBHOCTD JiedeHusl. Y MeHbleHue 60au nocine PYA mMoxeT yka3biBaTh Ha TO,
YTO IPUYHHOM 60JIM OBUIO BOCTIAJIEHUE MK AUCHYHKIMS (aceTOYHBIX cycTaBoB [14], B
TO BpeMsi Kak OTCyTcTBHE 3(h(deKkTa MOKET CBUAETEIbCTBOBATH O JPYrod MaTOIOTHH.
W HHOBaIIMOHHBIE METOBI TUArHOCTUKU TOPAKAJITMH, TAKME KaK KJIMHUYECKHUE aJlTOPUT-
Mmbl, KT-CIIEKT, Spine-GAN, upeckoxxnas Owuoricuss, CCBII, MH®M wu nelipoBu-
3yaiau3anusi, He 3aMEHSIOT, a JAOIOJIHAIOT TPAJIULMOHHBIE METO/bI, TAKUE KaK PEHTIEH,
KT u MPT [29, 30, 31, 32, 33]. KomIieKCHBIN MOAXO0/I, COYETAIOIINN Pa3IMYHbIE METO-
JIbI, TIO3BOJISIET TOJIYYHUTh HanOoJiee MOJHYI0 KapTUHY 3a00JieBaHUS W BHIOpPATh OMNTH-
MaJbHYIO0 CTpareruto jeueHus [35]. BakHO OTMETHTh, YTO MHHOBAIMOHHBIE METOMIbI
JUArHOCTUKU TOPAKAJITUU OTKPBIBAIOT MYTh K MEPCOHAIM3UPOBAHHOM MEIUIIMHE.
Hanpumep, HelipoBHU3yanu3anus MOKET IIOMOYb OIPEIeIUTh, KaKOH THII JeueHHus 00U
Oynet HanOosiee 3 (HEeKTUBEH /JI1 KOHKPETHOTO MallueHTa, YUYUTbIBas UHIUBUIYaIbHbIE
O0COOEHHOCTH €ro HEPBHOW cUCTEMBI. XOTS HEKOTOpPblE HHHOBALIMOHHBIE METOJIbI MOTYT
OBITH JIOPOTOCTOSIIIMMH, UX HCIIOJIb30BaHUE MOXKET MPHUBECTH K CHU)KEHHUIO 3aTpaT Ha
JedeHue B goiarocpouyHoit nepcrekruse [39, 40]. bonee TouHast TMarHOCTUKA MO3BOJISIET
n30exaTh HEHYXHbBIX MPOLEIYpP U COKPATUTh BpeMs A0 Hadajga 3(p(PEeKTUBHOIO Jieye-
HUS, YTO B KOHEYHOM HUTOr€ MOXKET CHHU3UTh OOIIME pacxoibl Ha 3paBOOXpPaHEHHE.
[TpuMeHeHrEe HOBBIX TEXHOJIOIMM BCErZa CBSA3aHO C ATMYECKMMM Bompocamu. Hampu-
Mep, MCTOIb30BaHHE UCKYCCTBEHHOI'O MHTEJIEKTa B JUarHOCTHKE, TAKOro Kak Spine-
GAN, MOxeT BbI3BaTh BONPOCH 0 KOH(UACHIMAIBHOCTH JaHHBIX U OTBETCTBEHHOCTH
3a MpUHATHE pelieHni. BaxxHo oGecnieunTs MPO3payHOCTh U ITUYHOCTD UCIIOJIb30BAHUS
3TUX TEXHOJIOTHH, 4TOOBI rapaHTHPOBATh 3AILUTY MpaB U MHTEpecoB HamueHToB. He-
CMOTpPST Ha 3HAUYMUTEIbHBIM MPOrpecc, HWHHOBALMOHHBIE METOAbl JIMArHOCTUKU
TOpaKaJITHH HAXOJAATCS Ha CTaJuM aKTUBHOTO pa3BUTHA. JlanbHeiiue ucciaenoBaHUs
HEOOXOUMBI JIJIsl YTOUHEHUS UX AUArHOCTUYECKOM IIEeHHOCTH, OIPe/IeTIeHHs ONITUMAIlb-
HBIX aJITOPUTMOB HMCIIOJIb30BaHMS U pa3pabOTKKU HOBBIX METOJIOB JIEUEHHUS, OCHOBAHHBIX
Ha MOJIYYEHHBIX JAaHHbIX. Ocoboe BHHUMaHUE cleAyeT YAETUTh pa3paboTKe HOBBIX
O6uomapkepoB 0O0NM, KOTOpble MOTYT OBITh HCIIOJNB30BaHBl B COYETaHUU C
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HelpoBU3yanu3aIuei ajs eme 0ojiee TOYHOW TUArHOCTHKU U TIEPCOHATM3UPOBAHHOTO
MOJIX0/Ia K JICYCHUIO NAIIUEHTOB C TOpPaKaJIrueil.

BoiBoabl.

Topakanrus mpencraBisieT coO0i CIOXKHYI0 METUIIMHCKYIO MPobdieMy ¢ pa3Ho-
0o0pa3HbIMH TPUYHMHAMH, BKJIIOYAs JereHepaTUBHBIC [§], BocnamurenbHbie [1], nHbEK-
uuoHHble [16, 18] u onmyxosieBbie mporiecchl [3]. TpaauuoOHHbIE METOAbI TMATHOCTUKH,
takue kak pentred, KT u MPT [29, 30, 31, 32, 33], ocTraioTcsi BA)KHBIMU MHCTPYMEHTA-
MH, HO HMMEIOT CBOM orpaHuueHusi [22]. VIHHOBallMOHHBIE METOABI, TaKUE Kak
knuandeckue anroputmbel, KT-CIIEKT, Spine-GAN, upeckoxxnas Ouorcus, CCBII,
MH®M wu HelipoBU3yanu3aiys, NpeaaraloT HOBbIE BOZMOXXHOCTH JUIsl 00Jjiee TOYHOM
JUArHOCTUKU U INEpPCOHAIM3UpOBaHHOTO jedeHus [19, 20]. Ot mMeToapl MO3BOJAIOT
BBISIBUTH TOHKHE U3MEHEHHUS B CTPYKTYpe U (DYHKIIMU TIO3BOHOYHHUKA [5, 6], onpenenuTsb
uctouynuk 6omm [11, 12] u ouenuts 3pdexTuBHOCTE JNeueHus [24, 27]. Hampumep,
KIIMHUYECKHE aJITOPUTMBI MOMOTraroT auddepeHnupoBaTh HEUPOTEHHBIH CHHIPOM
rpyanoro Beixona [34], KT-CIIEKT BeisiBiisieT BocnaniutenbHbie Tipoiecch [36, 411, a
HelpoBU3yanu3alys MO3BOJSET OLIEHWTh aKTUBHOCTh MO3ra B OTBET Ha 00ib [26].
OnHako, MHHOBAIIMOHHBIE METObI TAK)KE UMEIOT CBOM OTPAHMYEHUS], TAKHE KAK BBICO-
Kasg CTOMMOCTh M HEOOXOJMMOCTH CIELHaIbHOW MOATrOoTOBKH. Kpome Toro, oHu He
3aMEHSIOT, a JOTOJTHSIOT TPAAUIIMOHHBIE METObI. [109TOMY Ba)KHO MCIIOIB30BATh KOM-
TUIEKCHBIA TMOAXO0/, COYETAIOUIUMN pa3IMYHble METOJbl JAMATHOCTUKH, NJIS MOJIYYECHUS
HauOoJee MoNHOM KapTUHBI 3a0oneBanus [35]. HecmoTps Ha cyuiecTByromuye orpaHu-
YEHUs, WHHOBAIIMOHHBIE METOJbl TUATHOCTHUKU TOpaKalITuu NPEICTABISIOT CcOOOMH
3HAYUTENBHBIN MPOPHIB B MeauIIMHEe. OHU OTKPBIBAIOT HOBBIC MEPCIICKTHBBI I O0jee
TOYHOW JAMArHOCTUKH, NEPCOHaIM3UpoBaHHOro seuenus [9, 10, 13, 14, 15, 17] u
VIIy4IICHUsS] KaueCTBa JKU3HU NanMeHToB. JlanbHele uccneoBaHusl B 3TON 001acTi
MOMOTYT pa3paboTaTh emre 6osee YPPeKTUBHBIE U JOCTYITHBIE METOBI JUATHOCTUKU U
JICYEHUS] TOPAKAJITUU.

Jlureparypa

1.Manchikanti L., Knezevic N.N., Navani A. u ap. Epidural interventions in the
management of chronic spinal pain // Pain Physician. 2021. Vol. 24 (S1). P. S27-S208.

2.Leboeuf-Yde C., Nielsen J., Kyvik K.O., Fejer R., Hartvigsen J. Pain in spinal
regions // BMC Musculoskeletal Disorders. 2009. Vol. 10. P. 47.

3.Boden S.D. u ap. Cervical spine MRI abnormalities // J Bone Joint Surg Am.
1990. Vol. 72 (7). P. 1178-1184.

4.Wood K.B. u ap. Thoracic spine MRI // J Bone Joint Surg Am. 1995. Vol. 77
(11). P. 1631-1638.

5.Chen G. u ap. Thoracic stenosis review // Eur Spine J. 2020. Vol. 29. P. 2164—
2172.

6.Aoki Y. u np. Lumbar spondylolysis // Sci Rep. 2020. Vol. 10. P. 6739.

ISSN 3106-5538 I'uruena Tpyna u meauimHckas sxosorus. Nel, 2026



70

7.Di Filippo L. u gp. Vertebral fractures in COVID-19 // J Clin Endocrinol
Metab. 2021. Vol. 106 (2). P. e602—e614.

8.Parenteau C.S. u ap. Spine degeneration epidemiology // Sci Rep. 2021. Vol.
11. P. 5389.

9.Manchikanti L. u ap. Chronic spinal pain guidelines // Pain Physician. 2013.
Vol. 16. P. S49-S283.

10.Chen G. u np. Thoracic stenosis / Eur Spine J. 2020. Vol. 29. P. 2164-2172.

11.Maselli F. u np. Red flags in thoracolumbar pain // Disabil Rehabil. 2022.
Vol. 44 (8). P. 1190-1206.

12.0ta Y. u ap. Mechanisms of spinal pain // Radiographics. 2020. Vol. 40 (4).
P. 1163-1181.

13.Marshall K., McLaughlin K. Thoracic pain management // Thorac Surg Clin.
2020. Vol. 30 (3). P. 339-346.

14.Manchikanti L. u ap. Facet joint guidelines // Pain Physician. 2020. Vol. 23
(3S). P. S1-S127.

15.Christelis N. u np. Persistent spinal pain syndrome // Pain Med. 2021. Vol. 22
(4). P. 807-818.

16.Schwab J.H., Shah A.A. Spinal epidural abscess // JAAOS. 2020. Vol. 28
(21). P. €929—938.

17.Price M. u np. Cervical myelopathy case // J Bodyw Mov Ther. 2021. Vol.
26. P.315-319.

18.Ma C. u ap. Spinal epidural abscess // Beijing Da Xue Xue Bao. 2019. Vol.
51 (4). P. 574-580.

19.Sarzi-Puttini P. u np. Fibromyalgia // Nat Rev Rheumatol. 2020. Vol. 16 (11).
P. 645-660.

20.Hwang J. u np. Thoracic outlet syndrome // Ann Vasc Surg. 2021. Vol. 76. P.
454-462.

21.Jia P. u np. CT spinal fractures // J Healthc Eng. 2021. Vol. 2021. P. 1-8.

22 Kim G.-U. u ap. Spine diagnostics // Asian Spine J. 2022. Vol. 16. P. 764—
775.

23.Ravikanth R. Percutaneous biopsy // J Craniovertebr Junction Spine. 2020.
Vol. 11. P. 93-98.

24 Melachuri S.R. u ap. Evoked potentials // J Neurosurg Spine. 2020. Vol. 33.
P. 35-40.

25.Zhang C.W. u ap. Neuro monitoring TB // Zhongguo Gu Shang. 2021. Vol.
34 (11). P. 1065-1071.

26.Tracey 1. Pain biomarkers // Sci Transl Med. 2021. Vol. 13. P. eabc0918.

27.Desai M., Safriel Y. MRI ablation // J Pain Res. 2022. Vol. 15. P. 423-430.

28.Speldewinde G. Thoracic neurotomy // Pain Med. 2020. Vol. 21 (9). P. 1811-
1818.

ISSN 3106-5538 l'uruena Tpyna u MenumuHCKas sxojorus. Nel, 2026



71

29.Carey S. u ap. Chest imaging comparison // Radiology. 2020. Vol. 296. P.
89-96.

30.Hamd Z.Y. Pulmonary embolism imaging // Int J Biomedicine. 2023. Vol.
13. P. 12-18.

31.Carrabba N. u ap. CTA chest pain // Biomed Res Int. 2019. Vol. 2019. P. 1—
8.

32.Kashani M.A. u ap. MRI biopsy guidance // J Thorac Imaging. 2022. Vol. 37
(6). P. 375-382.

33.Rajasekar B. u np. Photoacoustic imaging // Biomed Res Int. 2022. Vol.
2022. P. 1-9.

34.Hwang J.S. u np. Thoracic outlet syndrome // Ann Vasc Surg. 2021. Vol. 76.
P. 454-462.

35.Lin L. m np. Musculoskeletal pain care // Br J Sports Med. 2019. Vol. 53. P.
276-284.

36.Tender G.C. u nmp. CT-SPECT // Neurosurg Focus. 2019. Vol. 47. P. E18.

37.Hoy D. u np. Low back pain prevalence // Arthritis Rheum. 2012. Vol. 64. P.
2028-2037.

38.Patrick N. u gp. Low back pain // Med Clin North Am. 2014. Vol. 98. P.
777-789.

39.Dieleman J.L. u ap. Healthcare spending // JAMA. 2020. Vol. 323. P. 863—
884.

40.Zheng F. u np. Spine surgery predictors // Spine. 2002. Vol. 27. P. 818-824.

41.Cusi M. u np. SPECT-CT SI joint // Eur Spine J. 2013. Vol. 22. P. 1674—
1682.

42.Choi B.W. u np. Cervical imaging // Clin Orthop Surg. 2021. Vol. 13. P.
499-504.

43 Kang K.W. u gp. Nuclear medicine // Seoul: Korea Medicine; 2019. P. 1—
850.

44.Anderson K. u ap. SPECT stress injuries // J Pediatr Orthop. 2000. Vol. 20.
P. 28-33.

45 Perez-Roman R.J. u np. SPECT facet pain / World Neurosurg. 2020. Vol.
137. P. e487—e492.

46.Ryan R.J. u np. SPECT spine // Nucl Med Commun. 1992. Vol. 13. P. 497—

502.

47 McDonald M. u ap. CT-SPECT fusion // Neurosurg Focus. 2007. Vol. 22. P.
E2.

48.Ravikanth R. Biopsy // J Craniovertebr Junction Spine. 2020. Vol. 11. P. 93—
98.

49.Lee S.A. u ap. CT vs fluoroscopy biopsy // Spine J. 2020. Vol. 20. P. 1114—
1124.

ISSN 3106-5538 l'uruena Tpyna u MenumuHCKas sxojorus. Nel, 2026



72

50.Roschan S. Biopsy system // J Southeast Asian Orthop. 2022. Vol. 46. P. 24—
28.

51.Nourbakhsh A. u np. Spine biopsy review // JAAOS. 2021. Vol. 29. P. e681—
€692.

52.Gala K.B. u ap. CT biopsy technique // J Clin Interv Radiol. 2021. Vol. 5. P.
150-157.

53.Marruzzo D. u np. Biopsy improvement // Eur Spine J. 2023. Vol. 32. P.
221-227.

54.Basu S. u ap. Needle biopsy // Eur Spine J. 2021. Vol. 30. P. 1450-1455.

55.Melachuri S.R. u np. Evoked potentials // J Neurosurg Spine. 2020. Vol. 33.
P. 3540.

56.Fustes O. u ap. Review // Arq Neuropsiquiatr. 2021. Vol. 79. P. 824-831.

57 .Markand O.N. Evoked potentials // 2020. P. 139-207.

58.Reddy R.P. u np. Meta-analysis // Spine J. 2021. Vol. 21. P. 555-570.

59.Lachance B. u ap. Neuroprognosis // Neurocrit Care. 2020. Vol. 32. P. 847—
857.

60.Moustafa .M. u np. Head posture // J Clin Med. 2023. Vol. 12. P. 3217.

61.Zhang C.W. u ap. Monitoring TB // Orthop Surg. 2021. Vol. 13. P. 1359—
1368.

62.Zhang C.W. u ap. Monitoring TB // Zhongguo Gu Shang. 2021. Vol. 34. P.
1065-1071.

63.Xu N.J. u np. Lumbar TB // Spine. 2019. Vol. 44. P. E123-E130.

64.Wu P. u np. Thoracolumbar TB // Eur Spine J. 2020. Vol. 29. P. 980-987.

65.Jiang L. u np. TB surgery / BMC Musculoskelet Disord. 2022. Vol. 23. P.
619.

66.Zhong Y. u ap. Bone graft TB // Eur Spine J. 2021. Vol. 30. P. 2500-2510.

67.Peng Y., Guan Q. Dexmedetomidine // Evid Based Complement Alternat
Med. 2021. Vol. 2021. P. 6363188.

68.Eldabe S. u np. Pain biomarkers // Pain Res Manag. 2022. Vol. 2022. P. 1—

10.
69.Xu X., Huang Y. Pain assessment // F1000Research. 2020. Vol. 9. P. 1-10.
70.Diaz M.M. u ap. Neuropathic pain // Front Pain Res. 2022. Vol. 3. P. 869215.
71.Lee J.J. u np. Neuroimaging biomarker // Nat Med. 2021. Vol. 27. P. 174—
182.

72.Ferraro S. u ap. Insula biomarker / Hum Brain Mapp. 2022. Vol. 43. P. 998—
1010.

73.Davis K.D. u ap. Pain biomarkers // Nat Rev Neurol. 2020. Vol. 16. P. 381—
400.

74.Martins D. u ap. Neuroimaging biomarker / Brain Commun. 2022. Vol. 4. P.
fcab302.

75.Zhang Z. u np. Brain imaging // Front Neurol. 2022. Vol. 12. P. 734821.

ISSN 3106-5538 l'uruena Tpyna u MenumuHCKas sxojorus. Nel, 2026



73

76.Kim S., Seo J. Radiofrequency ablation // Cardiovasc Intervent Radiol. 2005.
Vol. 28. P. 779-788.

77.Davis T. u np. Knee pain RFA // Reg Anesth Pain Med. 2019. Vol. 44. P.
499-506.

78.Kapural L. u np. Cooled RFA // J Pain Res. 2022. Vol. 15. P. 2577-2586.

TOPAKAJITUA: JUAT'HOCTUKAHBIH AIIBIVIMATAH 9JIEYETI )KOHE
KEYJIE OMBIPTKACBIHJAT'BI AYBIPY 1Bl TYCIHYIEI'T ZKAHA
KOK/KUEKTEP

Hypamuesa A.E.!, Orap6aesa M.B.!, Barrakosa III.B.!, Tpurosamsuian M.A.!,
Kaabi6aesa Y.A.l, Boaar H.B.!

1<<KapafaHz[H meaunuHa yHusepcuteri» KeAK, (100012, Kazakcran PecmyOnukacsl,
Kaparannsr ., ['orons kemeci, 40, e-mail: info@qmu.kz)

1.HypamueBa A.E., «Kaparangsl meaunmua yauBepcuteTi» KeAK HeBposorus,
MICUXUATPHS JKOHE peabunurtonorus kadeapacsl, e-mail: nuraliyeva.9898@mail.ru
2.0rapbaeBa M.b., e-mail: mb.otarbaeval 03@mail.ru

3.barrakoBa I1I.b., e-mail: sharbanu_battakova@mail.ru

4.I'puronamBmwmm M.A., e-mail: Grigolashvili@qmu.kz

5.KansibaeBa V.A., e-mail: info@qmu.kz

6.bonar H.b., e-mail: info@qmu.kz

Ty:KpIpbIM

TopakanrusHel TUArHOCTUKANAYAbIH 3aMaHAyH OSIICTEpiHE KAH-KAKTHI IOy
ycbiHbUTFaH. OHJIa 19CTYPJll PEHTIeHONIOTUSIIBIK 3epTTeyIepieH OacTan HHHOBAIUSIIBIK
HEeNpOBU3YyaIU3alMsUIbIK TEXHOJIOTUSIIApFa IEHIHT1 ToCUIAep KapacThIpbliaabl. Makana-
Jla aybIPCBIHYJIBIH 3THOJIOTHSACHIH aHBIKTAY >KOHE THIMJAl eMJley TAaKTHKAChIH TaHJay
YILIH epTe 9pi 191 TMarHOCTUKAHBIH MaHbI3/IbIIBIFBI €PEKIIE aTan eTUIe 1.

CoMaToceHCOpIIbIK MAKbIPbUIFaH MOTEHIMAIAAPFA KOHE MYJIbTUMOAAJIb/1bl HEl-
POPU3NONIOTHUANIBIK MOHUTOPUHIKE epeKile MoH Oepuieni, ce0edl Oyn omicTep KykHke
UMITYJIbCTAPbIHBIH OTKI3TIITIrIHAETT Oy3bUIBICTapAbl aHBIKTayFa MYMKIHIIK Oepeni
KOHE orepanus Ke3iHle KYHKe KYphUIBIMIAAPBIHBIH 3aKbIMIAHYBIHBIH alJBIH allyFa
KOMEKTECE/I].

CoHpaii-ak HEHPOBU3yAIM3aIlMIHBl KOJJIAHYABIH OOJaIIarbl TalKblIaHAIbI, CO-
HBIH 10IHAE (QYHKIHOHAIIBIK MAarHUTTIK-PE30HAHCTBHIK TOMOTrpadus, MO3UTPOH]IbI-
IMHCCHUSUTBIK TOMOTpadusl )KOHE MAarHUTTIK-PE30HAHCTHIK CIIEKTPOCKONHS. by amicTep
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ayBIPCHIHY/IBIH OMOMapKepIIepiH aHBIKTayFa jKOHE eMJICYAIH KEKEICHIIPIIreH Tocue-
piH 93ipaeyre MyMKIHIIK Oepe/i.

Makana ToOpakalTHsSHBl JUATHOCTUKANAy JKOHE eMICYMEH aifHaIbICaThIH
Jopirepsaep MEH 3epTTEyIIUIep YIIiH KYHbI aKimapaT Ke31 O0JIbIN TaObLIaabl )KOHE OChI
KEH TapajfaH mocelie OOMBIHINA MAlMEHTTEPl eMJIey/Ie CH MKAKChl HOTHXKeIepre Kol
JKETKI3y YIIIH JOCTYPJIl KOHE MHHOBAIUSIIBIK 9icTep Al OIpIKTIPETIH KEIIeH I TOCIIIIH
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Summary

A comprehensive overview of modern methods for diagnosing thoracalgia is
presented, ranging from traditional radiological examinations to innovative neuroima-
ging techniques. The article emphasizes the importance of early and accurate diagnosis
for determining the etiology of pain and selecting optimal treatment strategies.

Particular attention is given to somatosensory evoked potentials and multimodal
neurophysiological monitoring, which make it possible to detect disturbances in nerve
impulse conduction and help prevent damage to neural structures during surgical
procedures.

The prospects of using neuroimaging techniques are also discussed, including
functional magnetic resonance imaging, positron emission tomography, and magnetic
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resonance spectroscopy. These approaches allow the identification of pain biomarkers
and contribute to the development of personalized treatment strategies.

The article represents a valuable resource for physicians and researchers invol-
ved in the diagnosis and treatment of thoracalgia and highlights the importance of a
comprehensive approach that combines traditional and innovative methods to achieve
the best outcomes in the management of patients with this common condition.

Key words: thoracalgia; thoracic spine pain; diagnostics;, innovative methods;
differential diagnosis.
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XABAPJIAP

10 mapra 2026 rona B ropojae Kaparanma va 6aze HAO «HarnmoHnanbHbINH LIEHTP
TUTHUEHBl TpyJda M MpOo(ecCHOHANBHBIX 3a00JIEBaHUIT» COCTOSIICS MEXyHapOIHbIH
ceMHHap-coBelanue Ha TeMy «lIpodeccrnoHanbHO 00yCIOBIEHHAs OHKOJIOTHS: IHIe-
MHOJIOTHs, HaA30p M NPOPHIAKTHKA». Meponpusarue Mpoluio B pamMKax COTPYIHH-
yecTBa ¢ MexXayHapoaHBIM areHTCTBOM 1o u3ydeHnuro paka (IARC).

OCHOBHOW IIETBI0 CEMHHapa CTallo OOCYXJIEHHE BOMPOCOB MPOMUIAKTUKA
po¢eCCHOHATIBHOIO PaKa, COBEPIICHCTBOBAHUS CUCTEMBI 3MUJEMHOJIIOTHYECKOTO HaJl-
30pa, a TaKKe pa3BUTHUs HAy4YHOI'O COTpyJAHHYECTBa MexIy KazaxcraHoM um Mexay-
HapOJHBIMU OPTraHU3ALMAMU. B MEpONpUATHN MPUHAIM y4acTUE BEAYIIHE CIIELIMATINC-
TBI, YYCHbIE, BpPauU-NIPO(DIIATOIOTH U MPEJICTABUTEIN HAyUYHBIX OpraHU3alni.

C NpuBETCTBEHHBIM CJIOBOM BBICTYIWJIM NPEACENATENb NIPABICHUS — TUPEKTOP
HAO «HanumoHanbHBI HEHTP TUTHEHBI TPyAa W NMPOQPECCHOHATIBHBIX 3a00JICBaHUI,
JOKTOp MEIUIMHCKUX HayK, accouuupoBaHHbli podeccop E. XK. Otapos u pykoBoau-
TeNb OTJIENa AMUAEMUOJIOTUH OKpYKarollel cpebl 1 o0pa3a Ku3Hu MexTyHapoIHOro
areHTCTBA 110 M3y4eHHIo paka Moaxum Illion. OHE MOMYEPKHYIH BaKHOCTh MEXKIyHa-
POTHOTO HAYYHOTO COTPYAHHYECTBA B BONPOCAX MPOPHIAKTHKH TPOPEeCcCHOHATHHO
00yCIIOBJIEHHBIX OHKOJIOTHYECKUX 3a00JIeBaHUM.

B pamkax nporpaMmMbl ceMuHapa ObUIN NPEACTaBIEHbl HAYYHbIE JJOKJIAbl BEIY-
mux sxcrepros. Moaxum Ilon pacckasan o muccuu IARC, cOBpeMEeHHBIX MOAXO01AX K
npo(UIAKTUKE paKa U AMHUIEMUOJIIOTMYECKOMY HAJ30py 32 OHKOJOTMYECKUMU 3a0oJie-
BaHusMu. Hayunslii corpynnuk IARC EBrenus OcTpoymoBa mpeicTaBuia JOKIAX O
BIIMSIHUM PaJMallMK HA Pa3BUTHE paka U MpoliaemMax MpoQecCHOHATIBHOTO BO3/ICHCTBHS
VMOHM3UPYIOLIETO U3ITyYECHHUS.

['maBHBINM Hay4yHBIM COTPYAHUK HalmMoHaIBHOIrO LEHTpa TMTUMEHBI TpyAa U Mpo-
(beccnonanbHbIX 3a00seBaHuil A.Y. AMaHOeKkoBa BBICTYNHJIA C JOKIAIOM O COCTOSIHUU
npodeccuonanpHoi marosnorun B PecnyOnuke Kaszaxcran. AcnupaHT oTnena snuje-
MHOJIOTHH OKpYy»Karolei cpesl u oopasza xu3Hu IARC Xanna IlnyHuan pacckazana o
COBMECTHOM HayuyHO-HccienoBaTenbckoM npoekrte Kazaxcrana u IARC no uzydenuro
BO3/JEHCTBUS MOHU3UPYIOIETO U3ITyUEHUS.

3amecTuTeNb JUPEKTOpa MO CTPAaTErMYecKOMYy pa3BUTHIO U Hay4yHOU pabote
HaumoHnaneHOro LieHTpa TUTHMEHBbl TpyAa M HpodeccuoHanbHbIX 3aboneBaHuii A.B.
AnekceeB TpeAcTaBUI HMH(OpPMALMIO O BPEIHBIX MPOU3BOACTBEHHBIX (akTopax Ha
npeanpustusx Pecryomuku Kazaxcras.

B 3aBepiuenue ceMuHapa COCTOSJIaCh CECCHUsI BOIIPOCOB M OOCYXKIEHHI, B X0J€
KOTOPOH yYaCTHUKHM OOMEHSUIMCh MHEHUSIMH TI0 BOIIpOcaM MpOo(UIaKTHKH Ipodeccro-
HaJIbHO OOYCIIOBJICHHBIX OHKOJOTMYECKHX 3a00JIeBaHUMN, Pa3BUTHUSL HAYyUHBIX HCCIENO-
BaHUH U YKpEIUIeHUs] MEXKTyHapOIHOTO COTPYIHUYECTBA B 00JaCTH METUIIMHBI TPYa.

[To cinoBam opraHu3aTOpoOB, IPOBEAECHHUE MOJTOOHBIX MEPONPUITHI CIIOCOOCTBY-
€T Pa3BUTHIO HAYYHOTO JUajiora, 0OMeHy MeXIyHapOIHBIM OIBITOM U COBEPIICHCTBO-
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BaHUIO Mep MPOPWIAKTHKU OHKOJIOTHUYECKUX 3a00JIeBaHUM, CBS3aHHBIX C Mpodeccro-
HAJILHOU JIEATEIbHOCTEIO.
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OBYYEHUE JOCTOWHOE BAIIETO JJOBEPHSI!

HAO «Hayuonanonouit yenmp 2ucuenvt mpyoa u 3asBKkH DNpHCbLIANITE Ha  DJIEKTPOHHYIO
npogheccuonanvuvix 3ab0neeanuliy OKa3bpIBaeT yciayrn mo mouty: nsgtpz-kpk2025@yandex.kz
IPOBEACHUIO CepTU(UKAIIMOHHOrO Kypca (MeaunuHa Tpyaa Nudpopmanus 0 JIOIOJIHUTEJILHOM
(mpodeccroHanbHas MATOJOTHSA) M KYpCOB IOBBINICHHS He()OpPMaIbHOM 00pa30BaHHU:

KBaJM(pUKaLUK, CEMHUHApPOB, MacTep - KJIAacCOB, TPEHUHTH, Ha caiite -www: https://naoncgt.kz/
CTaKUPOBKH IO CHEIUAIBHOCTSIM:

T'urnena TpyAa, IIPOMBIIIICHHAS TUT'HEeHa, Anpec:
pajualoOHHAsl TUTHUEHA, JIAOOPAaTOPHOE JIENI0 B CAHUTApHO- r. Kaparanna, yin. Mycraguna, 15
TUIMEHUYECKOH nabopaTopuy, 1a60paToOpHO-

WHCTPYMEHTAIBHBIE ~ METOJbl  HMCCIIeAOBaHHUA  (DakTOpoB Ten.: 8§(7212)506885 (6127)
MIPOM3BOJCTBEHHON Cpenibl, aTTeCTalus MPOU3BOACTBEHHBIX 87024484261

00BEKTOB MO YCIIOBHSM TpPY/a, OLICHKA MPOQEeCCHOHATBHBIX
PHCKOB, 0€30I1aCHOCTh U OXpaHa TPyJa, [IPOU3BOJICTBEHHAs
TOKCHKOJIOTHSL.

Menuunna Tpyaa (mpogeccuoHaIbLHASA NATOJIOTHS).

dopma 00ydeHus: ‘ @

l)ua 6asze HIII'Tull3 (rpymma ciymareneii 5 u Gonee Vo . .’....‘. X‘.,'-‘.:'-:: i
CIyImaTesnei);

2)Bble3iHbIC UKIBI (15 ciymareneid u 6ozee);

OOyueHne TPOBOMAT  JOKTOpa W  KaHAWJATHI
MEIMLUHCKUX Hayk, npodeccopa no npopumo «Meauruxa HL[ l—l‘ rl3
Tpyna (mpodeccuoHaIbHas MAaTOJIOTHs)», «[ UrueHay, Bpaun- n
Hpo(IATONIOTH U THTHEHHUCTHI BBICIICH, IEPBOM KaTETOPHH.

Kiannnueckoii 0a3oit IS TIPOXOXKICHUS
CepTU(UKAIMOHHOTO  Kypca M  KypcOB  HOBBINICHHS
KBaJTU(UKALMK  Bpauyeil- NpodrnaToiIoroB sBiseTcs —
KOHCYJIbTAaTUBHO-IMAaTHOCTUYECKOE OTIENICHUE, OTAEJICHUE
podecCHOHATBLHOM HEBPOJIOTHUH, OTIeJeHNe
npodeCcCHOHANBHON Tepamnuy, Iie HaxomaTcs paboTaromme
BO BPCIHBIX U OMACHBIX YCJIOBUAX TpyAda HJIA MPOXOXKIACHUS
9KCIIEPTHU3HI CBSI3M 3a00JICBaHUs C Mpodeccueil  MpOXOAsiT
peabunuranuio GobHBIE c Pa3IUYHbIMU
podecCHOHATLHBIMU 3a00JICBaHUSIMU.

Ba3oii 1 00yuenus no npopuinto « UrueHay sBiseTCs
HAaYYHO-HCCIIeI0BATEIbCKas CaHUTAPHO-TUTUEHUIECKAsT
naboparopusi.

Cpoxkn mpoBedeHMsi CcepTHOUKALMOHHOTO  Kypca,
LUKJIOB TMOBBINICHHS KBaJH(UKALUH, CEMHUHApOB, MacTep-

KJIaCCOB, TPCHUHI'OB, CTAXKUPOBOK MOI'yT OBITH HU3MCHCHBI, B
CBA3HU C 3asiBKaMH OpFaHI/I3aI.IHi/II.

P.S. K obyuenuio na cepmugurxayuonnom Kypce Ousl
MeACNPOPUNLHOLL cheyuanuzayuu 00nycKaromces pabomuuxu
C GbICIUUM 00PA306AHUEM, NOCTE PE3UOSHMYPbL, COSNACHO
en.6, nl9 u en7, nl. npuxaza Ne2l8. Hcknouenue
cocmaensiom 6vinycKHuKY unmepnamypul nocie 2014 200a
be3 00yueHus:  pesudeHmype.
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OKBITY — CI3IH CEHIMIHI3TE JIAHBIK!

«EHOGK TUrMeHachl JKOHE KOCINTIK aypyjap YITTHIK
opraneirbly KeAK keneci GarpiTTap OOMBIHIIA cepTH(UKATTAY
KypceblH (EHOex MenuuumHachl (KOCINTIK MaTOJIOTHs)), COHAAM-
aK OULIKTINIKTI apTTeIpy KypCTapblH, CEMHUHapiap, MacTep-
KJIaccTap, TPEHUHITEP JKOHE TarbUIbIMIaMaapabl OTKi3e i

Enlex rurmeHachl, ©HEPKOCINTIK TMTHEHA, paJUalMsIIbIK
THT'HEHa, CAHUTAPUSUIBIK-TUTHEHATBIK 3epTXaHaIa 3epTXaHaJIbIK
ic,  OHHIpPICTIK  OpTaHbIH  (aKTOpJApblH  3epTTEYyHiH
3epTXaHaJbIK-aCIANTBIK  9JicTepi,  eHOeK  JKaFmauiapsl
OoilbIHIIA eHJIpiCTIK OOBEKTiNEpAl arrecrarray, KoCIINTIK
Toyekennepai Oaranmay, eHOCK KayilCi3iri »oHe eHOEKTI
KOpFay, OHJIIPiCTIK TOKCUKOJIOT HSl.

Enf0ex mernumnHacek! (KICiNTiK NaToI0THs).

OKbITY popMacs:

1)ETKA¥O 6a3aceina (5 xoHEe OJaH Ja Kol

THIHIAYIIBLIAP TOOBI);
2)kemrneni oKy nukiepi (15 xoHe omaH 1a Ker
TBHIHJIAYIIbLIAP TOOBI).

OxpiTyabl «EHOek MequuuHachl (KOCINTIK MATOJOTHA)Y,
«'uruenay» Oelinnepi OOWBIHIIA MEIUIIMHA FHUIBIMAAPBIHBIH
JOKTOPJIapbl MEH KaHIUIATTaphl, podeccopIiap, JKOFaphl JKoHe
OipiHm  caHATTBl  JOPIrep-KoCiNTik — HAaToJOrTap  MEH
THUTHEHUCTEP JKYPrizei.

Jlopirep-KocinTik HaTojorTapra apHalfaH cepTUHKATTAy
Kypchl MeH OUTIKTITIKTI apTThIpy KypCTapblH OTyre apHaliFaH
KIMHHKAIBIK ~ 0a3a  KOHCYJbTallMSUIBIK-THArHOCTHKAIBIK
OeiMIle, KOCIMTIK HEBPOJIOTHS OeiMilieci, KOCINTIK Teparus
Geusimmieci Oombin TaOblmambl. Byn OemiMiuenepae 3USAHABI
JKOHE KayinTi eHOeK JKaraaliapblHIa JKYMBIC 1CTEHTiH
KbI3METKEpJIep aypy/blH KOCiMeH OallaHbIChIH capanTaylaH
eTelli, COHJal-aK OPTYPJIi KOCINTIK aypyhapsl Oap HaykacTtap
OHAJITY/IaH OTEeIi.

«T'uruenay OeiiHi OOWBIHIIA OKBITY 0a3achl — FhHIIBIMH-

3epTITey  CaHUTAPUSUIBIK-TUTHEHANBIK — 3€PTXaHachl  OOJBII
ecenTenesi.

CeprudukaTray  KypCHIHBIH,  OUTIKTUTIKTI  apTThIpY
UKJIJIEPIHIH, CeMUHapJapbIH, MacTep-KJIacTap/bIH,
TPEHHHTTEPIIH JKOHE TaFbUIBIMIaMalapIbIH OTKi3y
Mep3imaepi  yHbIMAapablH  OTiHIMAepiHe  OalJIaHBICTBHI
©3repTilyi MyMKIiH.

P.S. ITonapanvix MAMAHOAHOBIPY obotibiHwa

cepmugpuxammay xypcwvina Ne2l8 oyiipvievl 6 mapayowiy 19
mapmagvina  dcone 7 mapayoviy 1 mapmazeina - caiikec
Pe3udeHmypaoan Ketin co2apvl 6inimi Oap Kvlzsmemkepiep
oicibepineoi. Epexwenix 2014 owcvindan Keilin pesudenmypaod
OKbIMARAH UHMEPHANMYPAHbl Oimipeen myaeKmepee apHAaieaH.
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ITPABUJIA VIS ABTOPOB

[Ipu HampaBneHMM cTaTel B pEHAKIHMIO aBTOPY HEOOXOAMMO COOIOAaTh
cieayouiee:

1. B BBIXOAHBIX [aHHBIX YKAa3bIBAIOTCS: WHUIMAIB U (aMHIUH aBTOPOB,
Ha3BaHUe padOoThl, HA3BaHUE YUPEKIACHUS, B KOTOPOM OHA BBIIIOJIHEHA, TOPOI.

2. Craths TOJDKHA BKIIOYATh: pe3toMe (He Oonee 5-6 CTPOK), KIIFOUEBHIE CIIOBA
(1-2 cTpoxm). Ecnu craThst Ha pyCCKOM s3BIKE, TO pPE3IOME MPEJICTABIATh HAa Ka3aXCKOM
U aHTJUICKOM sI3bIKax W Hao0opoT. OpuruHaibHas CTaThs MJOJDKHA BKIIOYATh
aKTyaJbHOCTb, L€JIb, MaTEpUaNbl U METOJbl, PEe3yJbTaThl MCCIEJOBAHUSA, BBIBOJBI,
auteparypy. Pasmep opurmHanpHOW cTaThu (BKIIOYas BCE yKa3aHHBIC pasfelibl) HE
JIOJDKEH MPEBBIIATh — § cTpaHull; Uit 0030pa - 10 cTpanu.

3. Crarbst 0053aT€IbHO MOANMCHIBAETCSI BCEMU aBTOPAaMU. Y Ka3bIBAIOTCS: MM,
0TYECTBO, (haMUIINs KaXJI0Tr0 aBTopa, aapec, pabouuil u qoMaliHuil TenedoHsl.

4. CraTbll UWHOCTPAHHBIX aBTOpPOB, TNIEPEBEACHHbIE Ha PYCCKUH S3BIK,
BU3UPYIOTCSI IepeBOTYUKOM. TekcT craTbu, (HOpMyJibl, 103bI, HU(PBl TODKHBI OBITH
TIIATEIBHO BHIBEPEHBI aBTOPOM.

5. Cratesa nomkHa ObITh HaOpaHa Ha KommbloTepe B mporpamme Word for
windows, mpudrom Times new roman, kxr. 12, gyepe3 1,0 nuHTEpBaIa MEXKIAY CTPOKAMH,
C HOJISIMM CBEpXY, CHU3Y U crpaBa 2 cM, cieBa 4 cM. CTaTbu MOTYT IIPEJICTABIATHCS HA
Ka3aXxCKOM, PyCCKOM M aHTJIMICKOM SI3bIKaX.

6. TaGauubl ¥ PUCYHKH JIOJDKHBI OBITH NPEACTaBIEHBl B TEKCTE MO Mepe HMX
yIOMUHAaHUS. B craThe MpencTaBICHHbIE PHUCYHKM WM TaOJIUIBl TPUBOIATCS B
coorBercTBUM ¢ cuctemoi enunun CU. Iloamucu k pucyHkaMm narotcst BHM3Y. B HHX
NPUBOJATCS: HAa3BaHHWE PUCYHKA, OOBSCHEHHE Ha3BaHMS BCEX KPHUBHIX, OykB, nmudp u
yCcIIOBHBIX 0003HaueHuil. KommuecTtBo rpaduueckoro marepuana JTOJKHO OBbITh
MUHHMMaJIbHBIM (He Oonee 2-3); rpaduKu, CXeMbl U AMAarpaMMBbl - KOHTPACTHBIE, YETKHUE
¥ HE JOJDKHBI OBITh MEPErpyKeHbl TEKCTOBBIMU HAITUCSIMH.

7. TaGauubl AOMKHBI OBITH KOMIIAKTHBIMU, UMETh Ha3BaHUE, MX 3arojoBKa -
TOYHO COOTBETCTBOBaTh cojepkaHuio rpad. TaOmuipl He AOKHBI TyOIMpOBaTh
rpaduKy, COKpalleHHe CIOB B TaOiMIax He Jomyckaercs. TaOiauubl JOKHBI ObITH
03arjiaBlieHbl W TPOHYMEpOBaHBL. Bce Maremarnyeckwe (GOpPMYNBI JODKHBI OBITH
TIIATENbHO BbIBEepeHbl. DOTOTA0IMIIBI HE TPUHUMAOTCS.

8. CokpailieHusi JOMYCKAIOTCS JIMIIL OOIIETIPUHSATHIE B MHUPOBOM NpPAKTHKE
(manmpumep, LTHC, OKI'). B ocranbHbIX ciyyasx HOpu MEpBOM YINOMHHAHUU TEPMHHA
JaeTcsl ero IOJHOE Ha3BaHMEe, B CKOOKax - cokpauleHHoe (abOpeBuarypa), Jaiee B
TEKCTE UCIOJIb3yeTcsi ab0peBuarypa.

9. Crucok JIMTEepaTyphl AAeTCs Ha OTACIBHOM JIUCTE, B TEKCTE B KBaApPaTHBIX
CKOOKax - TIOPS/IKOBBIM HOMEp HCTOYHHMKA IO Mepe YINOMHHAHHUS IUTHPYEMOH
auteparypbl. KolndecTBO HCTOYHMKOB B CTaThe HE JOJDKHO IMPEBBIMATH 15, B 0030pe
autepatypsl -50, 3a npomeamue 5-10 jer.
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Ecnu ynoMuHaeTcss HECKOJIBKO pabOT OJJHOTO aBTOPA, UX HY)KHO YKa3bIBaTh IO
BO3PaCTaHMIO To0B u3faHusA. CTaThsi, HANMCaHHAs KOJUIEKTUBOM aBTOpOB (Ooisee 4
YeJI0BEK), IMOMEIIAeTCs B CHHCKE JUTEepaTypbl Mo (GaMHINM TEpPBOrO aBTOpa H
yKa3blBalOTCS €Ile JBa aBTOpa, jAajee craBuTcs U 1p. Ecim aBTOpoB Beero 4, To
YKa3bIBAIOTCSI BCE aBTOPBHI.

Ilocne ¢gamunuii aBTOPOB NPUBOAUTCS IOJHOE Ha3BaHHE CTaTbH, MCTOYHMKA,
rOJl, TOM, HOMEp, BBIIYCK, CTPaHUIBI OT U A0. /s KHUT U COOPHHMKOB 00S3aTENBHO
TOYHOE Ha3BaHME, TOPOJI, U31aTEIILCTBO, TOI.

Monorpadus, HanmucaHHas KOJUICKTUBOM aBTOpoB (Oonee 4 dYeloBeEK),
IIOMEIIAETCs] B CHUCKE 0 HAa3BAHMIO KHMIH, 3aTEM 4epe3 KOCYI0 4epTy yKa3blBatOTCs
(bamunum Tpex aBTOpPOB, a Jajee cTaBuTcs "'u aAp.".

B MoHorpadusx MHOCTpaHHBIX aBTOPOB, M3JaHHBIX HAa PYCCKOM S3bIKE, IOCIE
Ha3BaHU yepe3 ABOCTOUYHE YKA3bIBACTCS, C KAKOTO SA3bIKA C/IEIaH TIEPEBO/I.

@daMuIMM M BCEe HHULIMAIBI HMHOCTPAHHBIX AaBTOPOB B TEKCTE JAIOTCI B
WHOCTPAHHOW TPAHCKPUIILINH.

Ccpliku Ha HeolyOJMKOBaHHBIE Pa0bOThHL, B TOM 4HCIEe Ha aBTopedeparsl U
nuccepranuu, padboune nokyMmeHTsl BO3, He nomyckatorcsi.

10. Cratbu, odopmieHHbIE HE B COOTBETCTBMM C YKa3aHHBIMU IPaBUJIAMHU,
BO3BPAILAIOTCS aBTOpaM 0€3 pacCMOTPEHHUS.

11. CraTes He COOTBETCTBYIOIIAs PyOpHKE >KypHala BO3BpALIAeTCs aBTOPY U
penakuus )KypHaia He HeCeT OTBETCTBEHHOCTH 3a €€ Iy OIMKAaIIHIO.

12. Pykonucu, He IPUHSATHIE K [1€4aTH, aBTOPaM HE BO3BPALIAIOTCS.

13. JlaToii TOCTYIUICHHS CTaTbU CYUMTACTCS BpeMs IOCTYIUICHHUS €€
OKOHYATeJIbHOTO (epepadoTaHHOI0) BapHaHTa.
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Penaknus xypuana ""['MrueHa Tpyia u MeIUIMHCKAs YKoJd0rus"

Ten.akc.:+7(7212) 50-98-85, e-mail: yertay.otarov(@gmail.ru
Texuuueckuii penakrop: Ecenrynosa /[.U.
Kommnbrotepnsrit Habop u BepeTka: Ecenrynosa J[.1.

YBAXKAEMBIE ABTOPBI!
PEJIAKIITUOHHAA KOJUIETHA U3BEIIIAET
Crarpu HanpaisaTh Ha calt HAO «HanuoHanpHBIM LEHTP TUTHEHBI TpyJa U

npodzabdoneBanuii», opunuanbHbIi caiiT: https://nauka.naoncgt.kz/
Omnata 3a crateto - 1000 TeHre 3a OHYy CTpaHUILY.
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