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ABSTRACT

Relevance: This literature review examines scientific publications on the efficacy of optical spectroscopy methods, including
Raman spectroscopy (RS), for the early diagnosis of tumors in oncology.

The study aimed to summarize the existing data, analyze their effectiveness in studying cancer located in different organs
through Raman spectroscopy, and assess their diagnostic potential in oncology.

Methods: The literature search covered publications from 2015 to May 2025 using keyword-based database queries. After
removing duplicates, articles were screened via abstracts and full texts. The research team reviewed all selected papers. All authors
agreed upon a final list of 22 articles, with relevant data synthesized into this review.

Results: Optical spectroscopy (OS) has proven to be an effective tool for diagnosing, monitoring, and predicting malignant
tumors in experimental and clinical studies. Over the past 20 years, RS has demonstrated 90% accuracy and specificity in early
cancer detection and advantages in bioavailability, speed, clarity, and multiplex analysis-key factors driving its growing interest in
biological research. However, foreign and domestic literature analysis revealed a lack of standardized protocols for RS in cancer
diagnostics, highlighting the need for optimized, systematic guidelines.

While promising, RS remains underexplored and requires further research to translate findings into routine clinical practice.

Conclusion: Recent advancements in optical spectroscopy, particularly Raman methods, contribute to deeper cellular-level
insights into oncological mechanisms and improve predictive diagnostics.
Keywords: oncology, malignant tumors, optical spectroscopy, predictive diagnostics, Raman spectroscopy, infrared spectroscopy.

Introduction: Spectroscopy is a vibrational research
method that combines various complementary methods.

Optical spectroscopy, including RS (RS), surface-en-
hanced RS (SERS), diffuse optical tomography, infrared
spectroscopy, fluorescence spectroscopy, magnetic reso-
nance spectroscopy, and electrical impedance spectrosco-
py, is a modern and optimal method for non-invasive diag-
nostics of oncological diseases.

Currently, cancer remains one of the leading causes of
death and morbidity in the world [1].

Cancer has been one of the most important health
problems worldwide for many years. This disease is as-
sociated with a disruption of cell growth and division
regulation, leading to the uncontrolled proliferation of
cells and the formation of tumors. In addition, tumors
are characterized by heterogeneity, since they consist
of different types of cells and extracellular components,
which complicates their treatment. Another impor-
tant feature is metastasis, i.e., the spread of cancer cells
throughout the body via the blood or lymphatic system,
resulting in the formation of secondary tumors in oth-
er organs [2].

Raman Spectroscopy as a Research Tool in Medicine:
Among the optical spectroscopy methods, RS is one of

the most well-known in medical research. This method is
based on the Raman effect, discovered in 1928 by C. V. Ra-
man and K. S. Krishnan. RS is a new method for studying bi-
ological tissues such as tumors [3, 4].

As a non-invasive, real-time, in vivo tool, RS ensures
high specificity, sensitivity, and multiplexing capabilities,
providing high spatial and temporal resolution to charac-
terize the molecular basis of cancer [5].

Analysis of the correlation between the intensity of
vibrational light scattering and frequency enables the
identification of unique spectral structures associated
with different samples. It is based on inelastic scattering
of photons, known as vibrational conjugate scattering.
Spectra of nucleic acids, proteins, lipids, and carbohy-
drates with Raman functional groups can be used to as-
sess the metabolic state of various cells and tissues, each
with its unique composition [6]. Monitoring the intensity
of inelastic light scattering as a function of frequency en-
ables the acquisition of a unique spectroscopic signature
for a tissue sample [7].

The study aimed to summarize the existing data, ana-
lyze their effectiveness in studying cancer located in dif-
ferent organs through Raman spectroscopy, and assess
their diagnostic potential in oncology.
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Materials and methods: A literature review was con-
ducted using keywords to search and select articles in
databases for the period from 2015 to May 2025. After
removing duplicates, articles were selected by review-
ing their abstracts and full texts. The research team’s
authors reviewed all articles. The final list of selected
articles was compiled after obtaining consent from all
authors. Of these, 20 articles were selected; the relevant
available data were analyzed and summarized in a re-
view article.

Results:

Raman Spectroscopy in Oncology: New approaches to
understanding disease pathogenesis may lead to the dis-
covery of biological markers that will allow better moni-
toring of disease progression and improve prognosis. RS is
a research and diagnostic tool that helps uncover the mo-
lecular basis of diseases and provides objective, quanti-
tative molecular information for diagnosis and treatment
evaluation. G.W. Auner and co-authors reviewed the use
of RS for the detection of brain, ovarian, breast, prostate,
and pancreatic cancer, as well as circulating tumor cells [8].
Domestic authors have described the use of electrical im-
pedance spectroscopy for the early detection of skin ma-
lignant melanoma, specifically by analyzing electrical con-
ductivity and impedance waves in the damaged layer of
the skin compared to the healthy layer [9].

Raman Spectroscopy in Neuro-Oncology: The primary
task during surgery is to distinguish between tumor and
healthy tissue, as well as to identify tumor cells that have
infiltrated beyond a clear pathological border. Deter-
mining the residual tumor load is of great importance,
as complete resection is a favorable prognostic factor.
In an experimental study by Marco Riva and co-authors,
single-point RS was performed on biopsy samples of
healthy and tumor-affected tissue from 63 patients with
stage II-1V gliomas, as classified by the World Health Or-
ganization (WHO), who underwent surgery using neu-
ronavigation. Raman spectral analysis of the active
functional groups of nucleic acids, proteins, and lipids
enabled a detailed characterization of biopsies from ne-
oplastic and normal brain tissue. Averaged Raman spec-
tra showed differences in molecular signatures between
neoplastic and normal samples. A literature review of
Raman scattering revealed 137 peak types, of which 60
peaks are known to have high specificity, and 19 new
peaks useful for differentiating glioma from healthy tis-
sue were identified. Analysis of these new bands may
contribute to the further development of real-time tis-
sue analysis, improving the accuracy and efficiency of
neurosurgical interventions. This study makes a signifi-
cant contribution to the application of this technology
in oncological brain surgery [5].

Additionally, a domestic literature review describes the
regulation of 2-hydroxyglutarate (2-HG) during tumor tis-

sue division at the cellular level using magnetic resonance
spectroscopy, a non-invasive method for diagnosing glio-
mas of the central nervous system [10].

Raman Spectroscopy in Hematology and Oncohematol-
ogy: Diagnostics and treatment of hematological and on-
cological diseases are currently possible only through a
combination of scientific advances and methods. For ex-
ample, rapid detection of acute leukemia is essential for
accurate and timely clinical decisions. The success of im-
munotherapy in hematological malignancies has creat-
ed new diagnostic challenges, including the need to as-
sess the immune status. In addition, despite the recent
introduction of high-throughput genetics, which has rev-
olutionized this field, many challenges remain to be ad-
dressed. Therefore, the development of new technolo-
gies that can overcome barriers such as inaccessibility,
lengthy diagnostic times, and the need for highly trained
personnel remains relevant.

Medical applications of mass spectrometry (MS), a
molecular spectroscopy technique that provides detailed
information on the chemical structure, phase, crystallin-
ity, and molecular interactions of a sample, have been
studied for several decades. Due to the rapid assessment
of the metabolic state of cells in vivo, MS is of particular
interest in hematology and oncology. The study of nor-
mal hematopoietic stem/progenitor cells and their prog-
eny is associated with several challenges, including limit-
ed sample availability and difficulties in preserving their
original state and functions. Due to the complex behavior
of these cell populations, functional assays that measure
cellular activity are often necessary for a comprehensive
evaluation of hematopoietic cells. In addition, single-cell
resolution and label-free protocols, another key feature
of PCa hematology, provide important insights into the
heterogeneity of stem and mature cell populations, as
well as for assessing the developmental stages and acti-
vation status of cells [11].

Raman Spectroscopy in Cartilage Cancer: A study by F.
Niccoli et al. in 10 patients with chondrosarcoma, a com-
mon primary bone tumor, demonstrated that it is chal-
lenging to distinguish between benign tumors (enchon-
droma) and chondrosarcoma grade 1 (CS1), as these two
tissue types share common biochemical components.
However, unlike standard procedures, the use of machine
learning (ML) methods for multivariate analysis can en-
hance the classification of enchondroma in the form of
CS1. This article presents the results of the best methods
for improving multivariate analysis using ML algorithms.
To differentiate the RS signals, two main methods were
employed to distinguish between tissues, cells, and the
extracellular matrix (ECM): principal component analysis
(PCA) and linear discriminant analysis (LDA). PCA (an un-
supervised method) includes projecting features onto a
hyperplane that contains most of the variance (approxi-
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mately 95%) of the data and its orthogonal complement.
LDA (supervised method) is used to find a subspace of
features that optimizes the separation of the analyzed
cartilage tissues. For this purpose, the supervised meth-
od based on PCA+LDA algorithms is highly scalable and
can be applied not only to large data sets, but also to can-
cer tissue of any type [12].

Raman Spectroscopy in Colon Cancer: About 30% of
colorectal cancer (CRC) cases are caused by mutations in
inherited genes. Approximately 15% are caused by mal-
functioning repair genes, while another 80-85% are
caused by mutations in the adenomatous polyposis coli
(APC) gene. CRC can also develop as a result of inflamma-
tory bowel disease.

Uncontrolled cell growth, a hallmark of cancer devel-
opment, requires a continuous supply of nutrients. Carbo-
hydrates and fats play an important role in tumor growth.
Changes in lipid metabolism are a primary factor in the de-
velopment of various diseases, including cancer. There-
fore, this class of compounds is of increasing interest in
clinical trials as biological markers to determine the role of
lipidomics in cancer research. Among them (FA) - saturat-
ed (palmitic acid (PA, 16:0)), unsaturated (linoleic acid (LA,
18:2), eicosapentaenoic acid (EPA, 20:5)), and their poten-
tial in the diagnosis and treatment of colorectal cancer has
been identified.

Evidence of lipid reprogramming in cancer cells was
first described in the 1920s as the Warburg effect [13].
However, there is now a widespread trend towards the
opposite of the Warburg effect: researchers have discov-
ered that different types of cancer cells have unique met-
abolic characteristics, and some can synthesize adenosine
triphosphate via oxidative phosphorylation [14].

In general, lipids can be characterized as a diverse
group of compounds using LIPID MAPS [15]. K. Be-
ton-Maysur et al. analyzed PA, LA, and EPA acids in nor-
mal (CD-18 Co) and malignant (Caco-2) human colon cells
using Raman imaging and spectroscopy [14]. In addi-
tion, excessive intake of saturated fatty acids (SFAs), in-
cluding PA, may increase the risk of obesity and digestive
disorders. Many research groups have also proven a cor-
relation between excessive PA intake and cancer devel-
opment. Lipid analysis showed that PA may affect the ag-
gressiveness of cancer cells [16].

This study demonstrated the possibility of visualiz-
ing the internal structures of individual cells (endoplas-
mic reticulum, mitochondria, lipid droplets, and nucleus)
and analyzing fatty acid metabolism using Raman mi-
croscopy and cluster analysis. The distribution and me-
tabolism of fatty acids in different cellular compartments
were monitored by spectroscopic analysis of the intensi-
ty ratios of characteristic bands (11656/11444, 11444/11256,
11444/1750 and 11304/11256). The results showed LA to be
the most effective membrane penetrator, having a signif-

icant impact on cell viability. Specifically, LA inhibits the
growth of Caco-2 cancer cells while stimulating the pro-
liferation of normal CCD-18 Co cells. PA, on the contra-
ry, exhibits the opposite effect. The obtained data con-
firm the effectiveness of using Raman imaging to study
the molecular mechanisms of colon carcinogenesis and
to assess the effect of various fatty acids on cell metab-
olism [16].

Raman Spectroscopy in Lung Cancer: Lung cancer is the
leading cause of cancer death worldwide. Due to its high
mortality rate, the development of effective non-invasive
diagnostic methods for this disease remains an urgent
problem. Traditional diagnostic methods (computed to-
mography, sputum cytology, biopsy, and bronchoscopy)
are often insufficient for early detection of the disease, as
they are expensive, time-consuming, and may have insuf-
ficient sensitivity. On the other hand, these methods are
less invasive and more convenient for the patient, without
compromising the diagnostic accuracy. Vibrational spec-
troscopy, particularly Raman and Fourier transform infra-
red spectroscopy (FTIR), has been developed, enabling the
detection of molecular-level changes with high sensitivi-
ty. These methods are non-invasive, non-destructive, do
not require reagents, and leave no residues, providing de-
tailed information on the composition and structural con-
formation of specific molecules [17-19]. FTIR spectrosco-
py measures the absorption of infrared light by a sample,
revealing information about molecular vibrations, chemi-
cal bonds, and functional groups. On the other hand, RS
measures the inelastic scattering effect and provides addi-
tional information about the molecular structure of a bio-
logical sample [20].

For RS, 1 pL of plasma from each individual was pipet-
ted onto an aluminum foil attached to a glass slide and air-
dried for 5 minutes. Aluminum foil was chosen due to its
advantages, including high reflectivity, stability, flexibili-
ty, low background noise, and low cost. This makes it the
most suitable base material for enhancing the Raman ef-
fect. FTIR spectroscopy was performed by attenuated to-
tal reflection (ATR) using a special crystal in direct contact
with the sample [21].

In the study by H. Hano et al., 36 participants were
recruited, including 18 patients with non-small cell lung
cancer and 18 healthy participants. The information
was obtained by combining Raman and FT-IR measure-
ments in a single spectroscopic instrument. This instru-
ment combines the two methods, enabling simultane-
ous measurements of a sample using two spectroscopic
methods in a single location. Data fusion strategies can
be divided into three types: low-level, mid-level, and
high-level fusion. In low-level data fusion (LLDF), matri-
ces from multiple data sources are directly combined to
create a comprehensive dataset covering the full range
of measured variables. Mid-level data fusion (MLDF) ad-
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dresses the problem of high dimensionality. This meth-
od reduces data complexity by selecting or pruning fea-
tures prior to data fusion, thereby preserving important
information and enhancing model training efficiency.
High-level data fusion (HLDF) combines the predicted
results of models created for each data source, leverag-
ing the strengths of each model to enhance the accura-
cy of predictions. In this study, the peak at 624 cm-1 in
RS indicates C-C bond bending in phenylalanine and li-
pids. The peak at 966 cm-1 corresponds to the deforma-
tion of the CH3 group in the amino acids’ tryptophan,
valine, and proline. Of particular importance is the peak
at 1125 cm-1, which indicates the stretching of the CC,
CO, and CN bonds in lipids, glycogen, and proteins. The
peak observed at 1587 cm-1 corresponds to the stretch-
ing of the C=C bond in tryptophan, while the amide |
bands between 1632 and 1668 cm-1 correspond to
changes in the secondary structure of the protein (a-he-
lix and B-sheets) [22].

In FTIR spectroscopy, the vibration bands at 1055-
1070 cm™ indicate symmetric vibration of the PO group
in phospholipids, and the intense absorption band at
1699 cm™ indicates stretching of the C=0 bond in the
amide | group.

These spectral markers enable the detection of
changes in proteins and lipids at the molecular lev-
el in the diagnosis of lung cancer. Amide | bands indi-
cate changes in protein structure, while phosphate and
carbonyl group vibrations serve as important biological
markers in the diagnosis of cancer. This study demon-
strates the potential of Raman and FTIR spectroscopy in
detecting malignant lung tumors using modern data fu-
sion techniques [22].

Conclusion: According to the literature review, RS is
one of the most widely used and proven methods in vari-
ous fields of oncology.

Furthermore, numerous experimental studies have
convincingly demonstrated the effectiveness of this
method in characterizing biological tissues. However, to
successfully transfer this technology into clinical prac-
tice, it is necessary to address several key challenges, in-
cluding the creation of a comprehensive spectral data-
base and the development of robust tissue classification
methods that are thoroughly tested for compliance with
established diagnostic standards. Solving methodolog-
ical problems will enable RS to fully realize its poten-
tial and transition from the realm of research to every-
day clinical practice, as well as establish a worthy place
among modern diagnostic tools.
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Oszexminizi: Makanada onxonozusioazvl icikmepdi epme OUAZHOCMUKANAY YWIH ONMUKALbIK CHEKMPOCKONUs 90icmepi COHbIY fuiHoe
Paman cnexmpockonuscel (PC) muimoiniei 60tibinuia 2biibl MU HCAPUATAHBIMOAP2A 90e0U WOy bepineen.

3epmmey maxcamot— Oy o0ebuemmix wiony 6ap oepekmepoi scunakmay, Paman cnekmpockonuscol apkblivl opmypii Myueoe OpHaIacKan
Kamepai icikmi 3epmmeyoe muiMOLLiciH Maiday JHeoHe 01apOblH OHKOL02US0A2bl OUACHOCMUKALLIK dleyemin bazanay 6ovin madwuliaosl.

Acinoepi: oebu wony 2015 sxncvindoan bacman 2025 xHcwlioviy Mambvlp allbiHa Oeliinel Ke3eyee apHaleaH 0epekKopaapoazsl MaKaidaiapobsl
i30ey orcone manoay myuinoi cezdepOi KOIOAHY apKblibl dcyzeee acwbipvliovl. Kewipmenepdi oscotizannan Keuin Maxanaiap oaapmeH
6aUIANLICIBL AHHOMAYUSLAD MeH MObIK MOMIHOepOi Kapay apKulivl mexcepindi. Bapuvix makanaiap sepmmey moobuvlibly asmopiapbimMen
mekcepinoi. Ipikmey dcacanean mMaKaiaiapowiy coHabl Mizimi OApiblK a8mMopiapmeH Kericiieenze Oeliin Jcypeizinin, 22 maxana ipikmeiin
anviHObl, KO0a 6ap muicmi oepexmep capanmavin, WoLy MaKaiacsl mypiHoe HCUHAKmManiobl.

Homuxcenepi: Ouxonocusoa onmuxanviy cnekmpockonusi (OC) kamepni icikmepoi ouazHocmukaiay, OaKwliay sicoHne O0x#cay yuin
modicipbuede dcone KIUHUKANLIK 3epmmeyiepoe muimoi Kypai 0oasin mabuliamuinbli Kopyee 601abl. IKCnepumenmanovl sepmmeyiepoiy
nomuoicenepinoe kopemin boncar coyewl 20 xceinoa PC odicmep kamepai icikmepoiy epme ouaenocmuxacvinoa 90% dondizi scone apnaiivlivlebii
Kepcemmi, COHbIMEH Kamap OUONO2USANBIK HCeMIMOLNIKmMe KOAHCemiMOiniciMen — Muimoi, s2HUu CHeKmpOCKONUsad Kbl3bl2yUlblIbIKMbLY
apmybviHblY OHbIY OUONOSUATLIK MAMEPAIObl 3epmmeyoe Holi0aMObLIbI2bI, HOMUNCEHTH AUKbIHObLIbIZbL MeH MYIbIMUKOMNIEKCMI 601ybl ceben
6onbin madwinadsl. Llemendix scone omanovik o0ebuemmepoi mandayoa Kordanwvliean Paman cnexmpockonuscoli OHKOIOUANBIK AYpYIapObl
Juaenocmukanayoa 6ipviHeail sdicmemenep mypaibl e2)ceti-me2icetili MeXHUKAbIK 0epekmep JHCOK eKeHiH Kepcemmi, Oyl naudaianyosl
pemmeimin xammamanapobvl Heylieni Oymatlianobipy Kaxcemminicin kopcemeoi.

PC oni 0e acakcel mycininmezen sxcone Keyipek 3epmmey Kasxcem ememin Heone aavlhaan Homuicenepoi KyHOeaikmi mosxcipubece eneizyoe
bIKNAIbL 30p 3epmmey d0icmepi 60abln MadbLIaAObL.

Kopvimuoinowt: PC conzol ocvioaper OC-0a o0icmepiHiy MeOuyuHa caiacblHoa O0amybl OHKOLOSUSIBIK aypyiapobly nauda 0oy
MEXAHUBMINIY JHCACYUATBIK Oeneetioe meper 3epmmeyee JHCoHe OHbLY OONICAYUBLIAPLIH AHbIKMAY2d KOMEeKmeceOl.

Tyitin co3dep: onxonozus, Kamepai icikmep, ONMUKATBLIK CHEKMPOCKonus, boaxcaywiiap, Paman cnekmpockonuscel, un@paxvisvli
CNEeKMpPOCKONUSICHL.

AHHOTALNUSA

PAMAHOBCKAS CIIEKTPOCKOIIUA B OHKOJIOT'UU J1JISA BBIABJIEHUS IIPEAUKTOPOB
3JIOKAYECTBEHHbIX 3ABOJIEBAHUI:
OB30P JIMTEPATYPbI

¥.K. Cazvinzanu', K.T. lllaxees?, A.I. Kymuna®, A.K. 3eanuounos’, /1.B Illecmaros'

'HAO «KaparaHamnHckui MeauumMHCKuiA yHuBepeuTeT», Kaparanaa, Pecnybnuka Kasaxcrar;
KM Ha MXB «MHoronpodunbHas 6onbHuua Ne 3 r. Kaparaapi», Kaparaxaa, Pecnybnuka KasaxcraH,
HAO «KaparaHanHckuit yHuepcuTeT» UMeHy akanemuka E.A BykeTosa, Kaparanaa, Pecnybnuka KasaxctaH

Axkmyanvnocms: B cmamve npedcmagien 0030p HAVUHbIX NYOIUKAYULL, NOCEAUWEHHBIX dPPekmueHocmu Memooos ONmuyecKoi
cnekmpockonuu, ekaouas Pamanosckyio cnexkmpockonuio (PC), 0ns panneti Ouaznocmuku onyxoneil 8 OHKOA02UU.

Llenv uccnedosanus — npedcmasisiem cooou coOOp Cywecmgyiowux OAHHbIX, AHAIU3 IPHEKMUBHOCIU UCCIeO08ANUSL 3NOKAYECNEEHHbLX
HO08000PA306AHUTL, PACHOIONCCHHbIX 8 PA3NUYHLIX OP2AHAX, ¢ NOMOWbI0 Pamanosckoli cnekmpockonuu, u oyeHky e€ OudeHOCMUYecKo20
NOMEHYUANA 8 OHKOLOZUU.

Oncology and Radiology of Kazakhstan, Ne2 (76) 2025 145



@) KazIOR

KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

LITERATURE REVIEWS

Memoowi: [Touck numepamypusl nposoouics no nyoauxayuam ¢ 2015 200a no mai 2025 200a no karouegvim ciosam 6 6a3ax OAHHBIX.
Tlocne uckniouenus OyonuKamos cmamoi OMOUPAIUCH HA OCHOBE AHANU3A AHHOMAYULL U NOTHBIX MeKcmos. Bee nybauxkayuu bviiu nposepersl
asmopamu ucciedosanus. OKOHUamMenbHbll CNUCOK U3z 22 cmametl Obll CO2NACOBAN BCEMU ABMOPAMU, NOCIIE He2O0 COOMBEMCMBYIouue OaHHbLe
ObLIU NPOAHATUIUPOBAHBL U CUCIIEMAMUZUPOBANDL 8 8UOE 0030Da.

Pesynomamor: Onmuueckas cnexmpockonusi (OC) sensemcsi 3(QekmuHvim UHCMPYMEHMOM O0As OUASHOCMUKU, MOHUMOPUHSA
U NPOSHO3UPOBAHUS 3]I0KAYECMBEHHbIX ONYXOiell KaK 6 IKCHePUMEHMANbHbIX, MAK U 6 KIUHUYeCKUx ucciedosanusx. Pezynbmamol
IKCnepuMenmanbHelx pabom nokaszanu, ymo 3a nocieouue 20 rem PC npodemoncmpuposana 90% mounocms u cneyugpuunocms 6 pannei
ouaznocmuke paka, a makdice npeumMyuecmsd 6 6GUOOOCmMYnHOCMU, CKOPOCHMU, YeMKOCIMU U MYTbIMUNIEKCHOM AHAau3e, 4mo 00yciasiusaent
pacmywuii unmepec K 3momy memooy 6 6uon10eudeckux uccie0oganusx. OOHaKo ananus 3apyoedlcHoll u omedecmeeHHOU TUmepamypbl GblsGUIL
omcymemeue eOuHblX CIManoapmu3upo8aHHblx memooux npumenenus PC 6 ouaznocmuke onkonoeuieckux 3a60ae6anuil, 4mo nooyepkugaem
HeoOX00UMOCHb pa3pabomKy ONMUMUSUPOBAHHBIX CUCIIEMAMUYECKUX NPOMOKOLO8.

Hecmomps na nepcnexmuenocms, PC ocmaemces nedocmamoyno u3yyenHol u mpedyem OanbHeuuux ucciedo8anuil 0as 6HeOpeHus
NONYHUEHHBIX Pe3YIbMAMO8 8 KIUHUYECKYIO NPAKIMUKY.

3akniouenue: CospemeHnnvie 00CmMudxiCenus 8 001acmu ONMu4eckoll CneKmpockonuu, 8 uacmuocmu Pamanosckux memooos, cnocoocmsyom
YeNYONeHHOMY U3YUEHUIO MEXAHUZMO8 BO3HUKHOBEHUS. OHKOIOSUYECKUX 3A00Ne8AHUL HA KICMOYHOM YPOGHE U COBEPULCHCMBOBAHUIO UX
npeoOuKmuHOU OUACHOCMUKLU.

Knioueswie cnosa: onxonozus, 3nokavecmeennble ONYXoau, ONMU4ecKas CneKmpocKonus, npeouxmuenas ouaznocmuxa, Pamanoscras
CNeKmpOCKONUsl, UHPPAKPACHaAs CNeKMpPOCKONU.
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