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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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and review.
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective: To identify risk factors in patients diagnosed with
Amyotrophic Lateral Sclerosis( ALS) in Georgia directed to The
First University Clinic of TSMU and P. Sarajishvili Institute of
Neurology.

Methods: Totally 53 patients, aged 24 to 82 years, were
investigated with ALS, defined by “Gold Coast “ criteria. We
have used the Questionnaire for Environmental Exposures,
Toxins, and Neurological diseases developed by Dartmouth-
Hitchcock Medical center to identify risk factors, and
categorized patients according to the place of settlement and
environmental hazards. The control consisted of age and sex
matched 50 healthy individuals. The brain was visualized by
MRI (1.5T), and Electromyography (EMG) was performed on
all patients.

Results: ALS risk was higher among those ever holding a job
in mechanics, painting, or construction (p<0.05), head trauma or
concussion that caused a “blackout” or loss of consciousness was
associated with a higher risk of ALS (p<0.01). Demographically
more ALS cases were found in Tbilisi and Imereti, compared to
other regions (p<0.05).

Conclusion: According to our research on Georgian ALS
cases, several occupational jobs, Head trauma is associated
with developing ALS in Georgia, Research is needed to identify
environmental risk factors attributing to higher rates of ALS in
Thbilisi and Imereti.

Key words. ALS, motor neuron disease, Georgia, risk.

Abbreviations.

ALS: Amyotrophic Lateral Sclerosis
EMG: Electroneuromyography
MRI: Magnetic Resonance Imaging

Introduction.

Amyotrophic lateral sclerosis (ALS) is a progressive disease
characterized by loss of motor neurons and ultimately death.
The majority of cases appear to be sporadic, and environmental
factors seem to be linked [1].

In sporadic ALS (sALS), patients may have a genetic
predisposition to develop the disease that is influenced by the
environment to produce motor neuronal degeneration and the
manifestation of clinical symptoms over time [2].

Risk factors that may be associated with ALS include 1) genetic
mutations, including the intermediate CAG repeat expansion in
ATXN2; 2) previous exposure to heavy metals such as lead and
mercury; 3) previous exposure to organic chemicals, such as
pesticides and solvents; 4) history of electric shock; 5) history
of physical trauma/injury (including head trauma/injury); 6)
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smoking (a weak risk factor for ALS in women); and 6) other
risk factors, such as participating in professional sports, lower
body mass index, lower educational attainment, or occupations
requiring repetitive/strenuous work, military service, exposure
to Beta-N-methylamino-l-alanine and viral infections [3].

We performed a case-control study of ALS patients from
Georgia. Questionnaires evaluated the association between
the timing of a variety of lifestyle, behavioral (activities), and
occupational, and demographic factors as risk factors for ALS.

Aim of the study.

Aim of our study was to identify risk factors associated with
developing sporadic ALS in Georgia, to determine if there is
a link between occupational factors and disease development,
to assess patient’s environmental exposures, to toxins and
chemicals as well, to examine demographic factors and characterize
the possible link between place of settlement and developing of
ALS. It is safe to say that, the lack of national research in this field,
prompted us to study above mentioned in Georgia.

Materials and methods.

Totally 53 ALS patients, 28 male, 25 female, aged 22 to 82,
were enrolled at The First University Clinic of Tbilisi State
Medical University and P.Sarajishvili Institute of Neurology,
which is a center of Neuromuscular Disorders and nerve
conduction studies during 2019-22 years, in Tbilisi, Georgia.
Participants were required to be residents of Georgia. The
eligible ALS patients were diagnosed with ALS according to
the Gold Coast criteria [4], taking into consideration the clinical
history of the patients to exclude mimicking syndromes, for
instance, multifocal motor neuropathy, neuroinflammation
causing motor neuron syndromes ( HIV, Lyme, Neurosyphilis).
MRI of the brain and spinal cord was done in all patients to
exclude other potential factors causing progressive muscle
weakness and atrophy ( syringomyelia, cervical Spondylotic
Myelopathy, etc). Control consisted randomly selected age and
sex matched 50 healthy individuals, who approved to participate
in the research. Nerve conduction studies and needle EMG were
performed in all patients for evaluation of neurogenic changes
and spontaneous activity, and sensory potentials, as well as
excluding any other mimicry syndromes.

The questionnaires -’ Questionnaire for environmental
Exposures, Toxins, and Neurological Disease’ developed by
Dartmouth-Hitchcock Medical center with the cooperation of
John Hopkins University [5], was filled out by patients and
Control at the First University Clinic of Tbilisi State Medical
University. We had eligible participant questionnaire data on 53
ALS cases and 50 controls.
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We evaluated lifestyle and environmental risk factors using a
specially designed questionnaire [5]. Subjects and control were
asked to report if they participated in a variety of activities at
least twice a month for a year or longer, as well as questions
about employment and hobbies. We assessed the ALS risk
associated with occupations that are likely to involve industrial
chemical exposure and analyzed if their job(s) or hobbies
involved exposure to potentially harmful chemicals, for instance,
lead, mercury, solvents, cooling, cutting, lubricating oils,
pesticides, insecticides [6]. Specifically, job titles associated
with construction, manufacturing, mechanics, or painting were
used as surrogates.

Participants and control consented in written form to join
the study. All study procedures were approved by the Ethics
Committee of Tbilisi State Medical University and the
P.Sarajishvili Institute of Neurology.

Statistical analysis performed with Statistical Package for
Social Sciences SPSS 20.0. Baseline patient characteristics
were reported using the mean (SD) for continuous variables
according to their distribution. The student’s T-paired test and
ANOVA analysis was used to compare the means for normally
distributed continuous variables. p value <0,05 was considered
to be significant.

Kruskall-Wallis test compared abnormally distributed
variables.  Pearsons’s correlation and Multiple Logistic
Regression (forward stepwise conditional model) were used
when all presumable risk factors entered into the model. The
Hosmer and Lemeshow test used to assess the goodness of fit
of each model.

Results and Discussion.

ALS patients have had genetic testing at the Genetic Laboratory
of the Institute of Neurology, London, UK. They all have tested
negative for c9orf72 hexanucleotide repeat expansion that is the
most valuable genetic mutation in European patients with ALS
[7]. All Patients were taking Riluzole, and 3 of the patients had
treatment with iv Edaravone. The median time from symptoms
onset to the questionnaire was 1(0.5) year. Our questionnaire
asked about head trauma or concussion that caused a “blackout”
or loss of consciousness. More ALS patients reported ever
having such an injury, adjusted for age, gender, smoking, and
family history.

According to above-presented table- 1, the most significant
difference between ALS patients and control has been shown
toward occurrence of Head Trauma/” Blackout” within and
before 10 years prior to symptom onset. Individual or multiple
injuries found to be correlating with a higher risk of ALS (r=+
0.51; p<0.05). There was no significant association between
injuries occurring less than 10 years before ALS symptoms
appeared (p<0.1). Each participant in the study reported up to
three past occupations, and ALS risk was higher among those
ever holding a job in mechanics, painting, or construction,
compared to all other job categories pooled together (Table 2).

In scientific literature, association between the head trauma
and ALS risk is higher for injuries that occur more than 10
years before the onset of the disease. According to a 1987
study, physical injuries to the head, neck, shoulder, or arm
are common in the majority (58% of n = 78) of ALS patients
[8]. Reports of high rates of ALS among Italian soccer players
sparked international attention [9] resulting in a 2006 meta-
analysis which found a link between head injuries and ALS,
but no other physical injuries [10] Chio et al. reanalysed this
cohort in 2009 and found that ALS occurs more frequently in
Italian professional soccer players than in basketball players and
cyclists who do not commonly sustain head injuries [11].

According to our research, more patients with ALS are from
the capital city of Georgia- N18 (34%), which can be explained
due to the growing rate of urbanization and the increase in
population density, and high rates of environmental hazards. It
should be pointed out that there is a difference between rates
of ALS in the West and East Georgia - N18 ( 34%) in the west
and N 10 (18.8%) in east Georgia accordingly, an explanation
of these results is yet to be found, however, we can speculate
that environmental hazards, water intake, soil composition play
a role, even though, according to the heavy metal content, the
soil quality in Georgia is satisfactory nonetheless, heavy metal
contamination is found near industrial cities and mining sites,
especially in west Georgia [12]. This emphasizes the fact that
further research is needed to evaluate potential risk factors of
the disease and how they contribute to its development.

The multivariate logistic regression analysis performed toward
the probability of ALS development, in which all investigated
presumable risk factors of ALS (gender, age, dwelling place,

Table 1. Comparison of head and body injury frequency between ALS patients and Control.

Ever had Head Trauma/”’Blackout”(within 10 years prior to symptom

onset)

Ever had Head Trauma/”’Blackout” (Before 10 years Prior to symptom

onset)

Smoking >100C/PW

Family History of Neurodegenerative Disorder

Electrocuted

Individual/multiple injuries to the body

(Within 10 years prior to symptoms onset)

Individual/multiple injuries to the body (Before 10 years Prior to
symptoms onset)

History of Surgery (involving brain/SC)

*P<0.05 indicates to the significant differences between different values

92

Patients Control P
n=53 n=50

7(13.2%)* 2 (4%) <0.05
16 (30.18%)* 12%) <0.05
7(13.2%) 35(70%)* <0.05
6 (11.32%) 3(6%) <0.5
3(5.66%) 0 (0%) <0.85
7(13.2%) 5(10%) <0.85
6 (11.3%)

12 (22.6%) 18 (36%) <0.5
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Table 2. Comparison of percentage and median years involved in special
jobs among ALS patients and Control (ANOVA analysis, CI-95%).

ALS

Ever held a job in patients <" p value
N=50

N=53
Mechanics 15.09%  9.4% <0.05
Years involved 20(6.2) 11(4.8)* ’
Painting 26.4% 3.7% <05
Years involved 14 (3.2) 12(4.1)
Manufacturing (includin,
chemical fact(g);rges) : 13:2% 36% <0.05
Years involved 18(4.4) 11 (5.2)*
Construction 18.8% 3.7% <0.05
Years involved 16(5.4) 14 (3.3) ’
Other jobs (Teacher, Doctor,
Clerk, Scientific worker, 26.51% |77.6% <0.05
Lawyer, Actor, Merchant, Etc.
Years Involved 22(6.8) 30(5.5) *

*P<(0.05 indicates to the significant differences between mean values
The table data shows that engagement in special jobs and spent years in these
Jjobs are significantly high in patients with ALS compared to healthy controls.

Table 3. ALS patient's site of residency according to the demographic
region in Georgia.

Regions N 53 of ALS patients (%)
Thilisi N18 (34%)

Imereti N7 (13.2%)

Ajaria N3 (5.6%)

Kvemo Kartli N3 (5,6%)

Samegrelo and Zemo Svaneti N6 (11.3%)

Kakheti N4 (7.54%)
Shida Kartli N2 (3.7%)
Abkhazia N2 (3.7%)
Samtskhe-Javakheti NO

Guria NO
Mtskheta-Mtianeti N 1(1,8%)

Racha-Lechkhumi and Kvemo Svaneti N 0
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Figure 1. Association between several baseline variables with the
probability of ALS development in 53 investigated patients (Logistic
Regression Analysis).
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Job types and years spent in these jobs, exposure to different
chemicals and solvents, head trauma, body trauma, surgery,
smoking, inheritance) entered into the model stepwise.

Multivariate logistic regression analysis found the highest
significance for jobs with exposure to chemical matters adjusted
with age for mean predicted probability of ALS development.
r=+0.31, p<0.05.

Limitations of our study include small numbers of cases for the
analysis of subgroups of certain exposure and latency factors.
Overall, our results support previous reports of head injury,
lead exposure, and certain occupations as ALS risk factors.
Some exposures 20 or more years prior to diagnosis had the
largest effects on ALS risk. In addition to the well-documented
effects of lead on cognition in children, the potential long-term
risks of age-related ALS linked to adult lead exposure should
be emphasized. Public health approaches should be taken to
reduce the increased risk of ALS reported here and in literature,
such as switching to lead substitutes, promoting helmet use,
and enforcing ground fault circuit interrupters, which are both
favorable to overall health along with reducing ALS risk.

Conclusion.

Recently a great deal of new knowledge has been gathered
on ALS, particularly its genetics. Although there is broad
agreement that non-genetic factors are significant in ALS
etiology, progress in identifying these factors remains limited,
especially in Georgia, Epidemiological view in neurology gives
us an opportunity to evaluate various factors affecting ALS
disease incidence in this Caucasian country. Our research gave
us an opportunity to look into aspects of environmental factors,
place of settlement, occupation, and its effects on disease
incidence, but there is a need to investigate this issue further
and continue research in this field, which ultimately will lead
to a better understanding of the disease and potential treatment.
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ABCTPAKT

eab: BeraBuTth (hakTOphl pricka y ManMEHTOB C JTHArHO30M
BAC B I'py3un, HanpaBineHHbIX B [IepByI0 YHHBEPCHUTETCKYIO
wimHuky TI'MY wu  HWecrutyr HeBposormn uM. IL
CapaHKATIBIITH.

MeTtoasl. Beero 6110 00ciienoBaHo 53 manneHTa B BO3pacTe
or 24 mo 82 mer ¢ BAC, ompenenseMbpIM IO KPUTEPUSM
«Gold Coasty. Msr ucronmszoBanu ONPOCHUK BO3ICHCTBUS
OKpYXaIOIIeH  Ccpelpl, TOKCHHOB W  HEBPOJOTHYECKHX
3a0oneBannii, pa3pabOTaHHBIH MEIUIUHCKAM  EHTPOM
HapTMyT-XWYKOK, M BBIABICHUS (DAaKTOPOB pHCKA W
KIIACCU(UIIMPOBANN TIAIMEHTOB B 3aBHCHMOCTH OT MeECTa
MPOKUBAaHUSI U OMAacHOCTEN oOkpyxaromel cpenbl. KoHTpons
coctaBmin 50 370POBBIX JIMI, COMOCTaBUMBIX IO BO3PACTy U
mory. Beem GonpHBIM BhIMoONHsIack MPT romoBHOrO Mo3ra
(1,5 Tm), samexrpomuorpadust (OMI).

PesyabTatsl. Piick BAC OpIT BBIIIIE cpenn TeX, KTO KOT/Ia-
100 paboTanr MEXaHHKOM, MasipoM Wi ctpoutenem. (p<0.05)
TpaBma TromoBBI WM COTPSICEHHE MO3Ta, BBI3BABIINE MOTEPIO
CO3HaHUs, ObUT cBs3aH ¢ Oojee BBICOKMM prckoM BAC (p<
0.01). demorpadmuecku 6onpiie caydaeB BAC O6bu10 BBIIBICHO
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B TOmnmcu u ViMepeTr 1o CpaBHEHHIO C JIPYTUMH PETHOHAMH.

(p<0.05)
BoiBoa: CornacHoO HameMy HCCIIEIOBaHHMIO — CITydaeB
BAC Heckonbkme mnpodeccHoHalbHbIE paboTH, TpaBMa

roJioBel cBsizaHa ¢ pasButHeM BAC B I'py3un. HeoOxomumsl
WCCIIEIOBAHMS JUIsl BBISIBIICHUS (h)aKTOPOB PHCKA OKpY Karomen
cpelbl, OOBICHSIOMMX Oojee BhICOKHE MokasaTenu BAC B
Tounucu u Nmepern.

CoxpameHns:
BAC: Bokogoit aMHOTPOPHIECKIHA CKIIepo3
OMI: OnexTpoHeipoMHOTpadus

MPT: MmarHUTHO-pEe30HAHCHASI TOMOTpadus

KaoueBbie ciaoBa: BAC, 3aboneBaHHe [IBHraTelbHBIX

HEUpOHOB, ['py3ust, puCKu.
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