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Asbestos and the anti-asbestos campaign: a review

Assessment of health risks associated with asbestos is based on practical experience, when the asbestos fiber
content in the air was artificially increased. Asbestos fibers enter the environment as a result of the erosion of
ashestos materials and other human activities not related to the asbestos industry. When specifically searched
for, fibers are often detected during autopsies. The results of many studies are more or less biased. When fi-
bers are detected, mesothelioma or lung cancer is sometimes classified as asbestos-related, although the caus-
al relationship remains unproven. Some studies rely on unverified anamnesis on.professional or domestic
contact with asbestos. Reliable data can be obtained in experiments recording the average lifespan of animals.
Different types of ashestos have specific technical characteristics and are used in various fields. For example,
ashestos is used in the manufacture of brake pads. Construction materials based on a mixture of cement and
ashestos are distinguished by low cost and long service life. Asbestos products are also widely used as fire-
resistant materials. On the one hand, the refusal to use asbestos has a positive effect on the environment, but
on the other hand, refusing to use it will lead to increased damage from transport and fires, and will increase
the cost of construction.
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Introduction

Health risk assessment for asbestos was previously based on high concentrations of asbestos fibers.
Risks were assessed using the no-threshold hypothesis, as in the case of radiation hazards, and the effect of
low doses of asbestos fibers on the formation of pleural tumors and lung cancer had not been reliably proven
[1-3]. There is a view that the harmful effects of asbestos in the workplace and in everyday life effectively
ceased in developed countries about 40 years ago, and that modern industrial products and materials do not
release any dangerous amounts of fibers [3]. Asbestos fibers are naturally present in the environment, formed
as a result of erosion of surface deposits [4-5]. Natural emissions help disperse chrysotile and amphibole as-
bestos fibers; in areas of natural deposits, asbestos concentrations can significantly exceed those caused by
human activity [4, 6]. Any environment, including air, water, soil, and living organisms, can be subject to
anthropogenic contamination, including contamination not related to asbestos production and mining. Exam-
ples include tunnel digging in asbestos-contaminated soil and other earthworks [7-8]. Research results in Mi-
lan showed that asbestos fibers were detected in 35 out of 55 (63.6 %) cases of routine autopsy [9]. During
autopsies of deceased individuals who had contact with asbestos, more pieces of lung and pleural tissue are
taken for histology, and the examination is performed thoroughly, using special methods. Therefore, asbestos
fibers are found-more often than in normal autopsies. The detection of fibers alone does not prove either oc-
cupational exposure to asbestos or the role of asbestos in the etiology of diseases. It is worth noting that the
removal of fibers from the respiratory system is a normal physiological process [9-10].

Compared with other natural sources of pollution, it can be assumed that there is a safe (threshold) con-
centration of asbestos fibers in various environments, including air. There is experimental data in favor of the
existence of thresholds for oncological and other diseases [11]. Apparently, screening and medical examina-
tions have contributed to an increase in the detection of mesothelioma and lung cancer among people who
have been exposed to asbestos. Many studies are not sufficiently objective. For example, lung and pleural
tumors are sometimes classified as asbestos-related when fibers are detected, although the causal relationship
remains unproven. Some studies rely on questionable medical history data on occupational or domestic ex-
posure to asbestos and on interviews with relatives of deceased patients [12].
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Experimental

To compile this review, we analyzed literature sources in databases (e-library, Scopus, PubMed, Google
Scholar) for the period 1990-2024. Additional information was obtained from dissertations, conference and
meeting materials, and specialized literature on the physiology of asbestos-related diseases. The following
keywords were used in the search queries: asbestos, lung cancer, mesothelioma, asbestos-related diseases,
epidemiological studies.

Review

Malignant pleural mesothelioma (MPM)

The stable incidence of MPM in some developed countries, despite ashestos bans [13-15], is partly due
to improvements in diagnostic equipment, the effect of screening, and overdiagnosis due to the unclear defi-
nition of MPM as a nosological entity. In addition to natural ashestos, the etiological factors of MPM include
artificial and mineral fibers, ionizing radiation, the SV40 virus, chronic lung inflammation such as inflamma-
tion, empyema, and tuberculosis, genetic predisposition, and the results of mutagenesis [15-25]. For exam-
ple, scientists have classified erionite as a stronger carcinogen than asbestos fiber. In-general, human activity
contributes to the spread of potentially dangerous substances with carcinogenic properties [7, 16]. Even
nanomaterials made from traditional components can exhibit carcinogenic properties.

Available publications have found that even viruses, such as the SV40 virus, may contribute to the re-
cent increase in diagnosed cases of mesothelioma [26]. DNA sequences similar to SV40 are regularly found
in MPM [27]. After laser microdissection, SV40 was found in MPM cells but not in surrounding cells [26].
When SV40 was introduced, >50 % of hamsters developed mesothelial tumors; after injections into the pleu-
ral cavity, mesotheliomas occurred in 100 % of hamsters [16, 28]. Thus, an increase in the incidence of
MPM was noted in the 1960s, which is associated with the widespread distribution of this virus in 1955—
1963, when anti-mumps vaccines contained live SV40 [26]. Antibodies to the SV40 virus were detected in
the blood serum of 34 % of MPM patients, compared. to 20 % of healthy individuals. The results obtained
reliably indicate the involvement of the SV40 virus in the etiology of MPM, as it circulates widely among
the populations of different countries [29]. Frequently used invasive procedures, such as bronchoscopy, di-
rectly contributed to the spread of the SV40 virus and an increase in additional cases of MPM. Doctors used
bronchoscopy and biopsy to diagnose bronchitis associated with asbestos fibers, as well as to identify other
dust-related diseases and pneumonia [30-33]. Therefore, even despite the ban on the use of asbestos prod-
ucts, there has been a steady increase in the incidence and mortality rates of MPM [34]. Given the significant
presence of carcinogens in the environment, it is expected that most mesothelioma cases will not be diag-
nosed as asbestos-related [3].

Diagnosing MPM is often difficult. Histologically, MPM can resemble various types of cancer. Tumors
can undergo anaplasia and become similar to MPM. The differential diagnosis depends on the subtype of
MPM. Diagnosis of the sarcomatoid variant of MPM is particularly difficult; in this case, the usefulness of
immunohistochemistry is limited [22, 35]. Reviewing histological archives allows for the identification of
misdiagnoses [35-36]. Thus, some studies have shown that the initial diagnosis was confirmed in 67 % of
cases, but after review, it was changed to 13 %, with the diagnosis not being accurately established in the
remaining cases [37]. Other studies have led to a change in diagnosis for 14 % (of 5,258 cases) of previously
diagnosed mesothelioma [16]. According to estimates, about 10 % of MPM cases in the United States were
misdiagnosed [36]. The main reason is considered to be the lack of experience of doctors due to the rarity of
MPM detection by general practitioners [35, 36]. Whereas in risk groups, MPM is identified by specialized
doctors, which leads to a higher detection rate.

Unfortunately, there are no available and reliable biomarkers that could improve the diagnosis of
MPM [26]. Immunohistochemical markers such as calretinin, WT1, podoplanin, and HEG1 play a role in
diagnosis but do not have sufficient specificity [38]. Previously, mesothelin was considered a reliable mark-
er [39], but its expression is also found in other lung tumors, such as adenocarcinoma [40]. The sensitivity of
mesothelin as a marker is insufficient [16, 17, 39, 41]; its expression is often absent in sarcomatoid and
epithelioid MPM [35, 42-43]. Osteopontin was considered a promising marker, but the data remain contra-
dictory. Similar to mesothelin, the use of osteopontin and fibulin-3 is limited due to low sensitivity [44]. In-
formation on changes at the molecular level is insufficient [34]. Heterogeneity of chromosomal aberrations
in MPM has been noted [24, 45-46]. There are no reliable genetic markers [47-48]. The FISH test can detect
the loss of the p16/CDKN2A gene due to 9p21 deletion, which is specific for neoplastic proliferation of
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mesothelial cells. However, its sensitivity for MPM is 48-88 % [49]. The authors show an exaggeration of
the role of biological immunohistochemical and other molecular markers [39]. The Helsinki Criteria, which
were designed to identify a causal link between asbestos and the development of mesothelioma, do not in-
clude clear recommendations on the use of biomarkers in screening for MPM diseases [50-51]. Moreover,
MPM diseases can show intratumoral variability and subclonality [52]. In other words, markers specific
enough for the diagnosis of MPM have not yet been reliably established [50, 53]. Also, malignant tumors
diagnosed as MPM did not always differ from other types of cancer. The above explains the increased fre-
quency of MPM detection in risk groups.

Russian science on the dangers of asbestos

Diseases associated with asbestos and its effects were also widespread in the Russian Federation (and
the former USSR). Many researchers believed that global bans on the processing and use of asbestos materi-
als were overly strict and that compliance with safety regulations did not lead to contamination and an in-
crease in diseases among the population [30, 54-55]. Thus, there were no studies that proved the risk of de-
veloping asbestos-related diseases from low concentrations of asbestos in the environment. No high risks
were identified for populations living near various enterprises involved in the production of asbestos fiber.
Extensive epidemiological analyses show the presence of safe concentrations of asbestos (asbestos fibers) in
the atmosphere [56-57]. It is believed that humans can adapt to certain levels of asbestos fiber concentra-
tion [58]. For example, asbestos slate is widely used in construction for roofing. At the same time, the release
of ashestos fibers from slate sheets into the environment is very insignificant. It has been established that the
average concentration of asbestos fibers in rooms is significantly lower than the maximum permissible level
[59]. Asbestos-cement pipes are considered safe for drinking water delivery. The risk of asbestos fibers en-
tering the digestive system has not been proven. It is worth noting that ashestos fibers are almost not separat-
ed from the mixture after modification with cement [60-61]. Some studies have assessed the safety of using
asbestos-cement pipes for transporting drinking water, and their use has been approved by the Ministry of
Health [62]. Consuming water containing 7—10 million fibers per liter does not increase the risk of stomach
cancer [63]. Asbestos-containing crushed stone was used in the construction of railway embankments. Its
relatively high concentration in the atmosphere has been noted, both at stations and in trains themselves [64].
Asbestos cardboard was widely used, and its carcinogenicity was reduced by aggregation with cellulose fi-
bers [65]. Chrysotile fibers isolated from chrysotile cement have a lower carcinogenic potential than com-
mercial chrysotile. The chrysotile cement industry is considered a source of carcinogenic hazard, but signifi-
cantly less than asbestos [66]. The toxicity of brake pads containing asbestos fibers has also not been reliably
established; no reliable air pollution from such brakes on cars has been recorded, but their effectiveness in
road traffic has been noted [67—-70]. This fact is related to the fact that materials (cardboard, paper, clothing,
gaskets) containing asbestos fibers are still used in various industries [68]. Numerous studies have not found
an increase in the incidence of mesothelioma among workers at ashestos plants or among the population liv-
ing in the vicinity of asbestos plants [71]. An analysis of causal relationships in 3,576 cases of diagnosed
mesothelioma showed that asbestos is neither the leading nor the obligatory causal factor [72]. Thus, in Ka-
zakhstan, an analysis of the course of the disease among 69 patients with MPM did not allow a reliable link
to be established with the extraction, processing, or use of asbestos [73]. Compliance with Russian MPCs
ensures safe working conditions for virtually all workers, i.e., without an increased risk of asbestosis and
cancer [63].

Chrysotile and amphibole asbestos

The prevailing opinion is that serpentine ashestos (chrysotile) is less toxic than amphibole asbestos
(actinolite, tremolite, amosite, crocidolite, anthophyllite, etc.), but there are contradictions between the data
from epidemiological and experimental studies. In Russia, almost exclusively chrysotile is produced. Some
experts believed that the opinion about the danger of certain forms of asbestos was not sufficiently substanti-
ated [74]. Thus, the cytotoxic, carcinogenic, mutagenic, and fibrogenic effects of chrysotile have been relia-
bly confirmed by a number of epidemiological studies, as well as in experiments [75-77]. Comparative ex-
periments have determined that anthophyllite is less dangerous than chrysotile in terms of its fibrogenic ef-
fect [78]. In laboratory experiments, chrysotile was sufficiently toxic to cause a noticeable granulomatous
tissue reaction [79]. However, its carcinogenic effect did not differ significantly from other types of asbes-
tos [80]. The studies comment: “After short-term exposure, longer chrysotile fibers are quickly removed
from the lungs” [81]. Since chrysotile fibers can migrate from lung tissue to the pleura [82-87], it is very
difficult to assess biopersistence solely by counting asbestos fibers in the lungs. Bernstein’s research proto-
col [81] is the reason for the very long half-life of the fibers. Therefore, the carcinogenicity of chrysotile is
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considered insignificant. However, some of Bernstein’s conclusions contradict the results obtained by inde-
pendent researchers. Perhaps these results are related to aggressive sample preparation when determining
asbestos fibers in the lungs [88]. The decomposition of asbestos by acids does not prove its solubility in tis-
sues in vivo. With references to the named author, unfounded statements are made: “It has been shown that
chrysotile is rapidly removed from the lungs of experimental animals after inhalation™; “chrysotile, which
rapidly decomposes in the lungs, behaves more like non-fibrous mineral dust” [89].

Experiments were conducted on the dissolution of asbestos fibers in Gamble’s solution, which mimics
the interstitial fluid of the lungs. Solubility ranged from a few nanograms of dissolved silicon per square cen-
timeter of fiber surface (chrysotile and crocidolite) to thousands ° "¥“™ (glass fiber). However, aramid and
carbon fibers proved to be practically insoluble [90]. Experiments with Gamble’s solution showed that a
relatively large amount of magnesium dissolves from chrysotile. Silicates are based on silicon and oxygen
atoms in Si-O-Si chains. The strength of the fibers is mainly determined by the bonds between these atoms.
Electrostatic forces act between the chains due to negatively charged oxygen atoms bound to silicon atoms
and cations, including magnesium [82, 91-93]. The leaching of magnesium from the surface of the fibers can
contribute to their longitudinal splitting. As a result, the total number of thin asbestos fibers can increase sig-
nificantly [82, 83, 87, 92-97], causing an increase in the carcinogenic effect. The authors suggested that an
increase in fiber thickness leads to an increase in the carcinogenic effect due to better penetration into human
and animal tissues [97]. Further research in this area is needed.

Thus, the rapid removal of chrysotile from lung tissue can be explained by the breakdown of fibers into
thin fragments that are difficult to identify. Asbestos fibers are usually found in the pleura postmortem, with
chrysotile being the predominant fiber in the pleura and pleural plagues [85, 86, 98, 99]. The idea of fiber
migration from the lungs to the pleura is consistent with the proven fact that the primary focus of mesotheli-
oma in individuals who have been exposed to asbestos is more often located in the parietal pleura than in the
visceral pleura [100]. A number of studies have confirmed the biopersistence of chrysotile in the human
lungs [101]. However, it cannot be ruled out that chrysotile dissolves more quickly in the acidic environment
of lysosomes. In experiments on rats, chrysotile caused inflammation in a relatively short period of time, fol-
lowed by malignant tumors, while crocidolite had a carcinogenic effect at a later stage [102].

It has been noted that the incidence of mesothelioma increases significantly when exposed to pure
chrysotile [103-104]. Thus, the significantly higher incidence of mesothelioma among workers who had con-
tact with amphiboles was explained by higher doses of this substance [105]. As mentioned above, there are
discrepancies between the results of animal experiments and epidemiological data. It has been noted that the
evidence for differences between chrysotile and amphiboles in lung cancer is “weak at best” [106]. Some
experiments have demonstrated virtually identical carcinogenic activity of amphiboles and chrysotile in rela-
tion to mesothelioma [93, 107-109] and lung cancer [110-111]. However, some studies show a higher level
of carcinogenic effect of chrysotile compared to amphibole. Thus, it was noted: “No evidence of lower car-
cinogenicity or less severe ashestosis was found in groups exposed to chrysotile compared to groups exposed
to amphiboles” [109]. In experiments on laboratory animals (rats), chrysotile caused a greater number of tu-
mors and pulmonary. fibrosis compared to amphibole. This is explained by the higher concentration of fibers
longer than 20 um in the chrysotile used in the experiment [112]. An increase in chrysotile concentration
contributed to the occurrence of chromosomal breaks, which led to pre-tumor transformation of cells in
vitro [107, 113].

In humans, the difference in the risk of developing lung cancer between chrysotile and amphiboles
(amosite and crocidolite) has been determined to be between 1:10 and 1:50. For mesothelioma, the risk ratio
from exposure to these types of asbestos was estimated to be 1:100:500, respectively [2]. The latter risk ratio
was described in sources [37, 114]. In a later report, this risk was estimated at a ratio of 1:5:10 [115]. The
authors noted that in experiments with laboratory animals, all types of asbestos provoke almost the same
number of lung tumors, which shows a contradiction between epidemiological and experimental studies. The
following explanation was proposed for this situation: “In humans, chrysotile fibers (excreted over months)
may have less effect than amphibole fibers (excreted over years)” [2]. However, no different mechanisms for
the removal of fibers from the tissues of the respiratory system have been proposed. That is, a decrease in the
concentration of chrysotile in the lungs may be caused by the breakdown of asbestos fibers and their move-
ment into the pleural tissue.

The toxicity of asbestos and other types of fibers largely depends on the three “Ds”—Dose, Dimen-
sions, Durability [18, 116-118]. If different types of asbestos fibers have the same biopersistence indicators,
then the varying degrees of carcinogenicity depend on the thickness and length of the fibers [119]. Thus,
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long chrysotile fibers showed significantly higher toxicity, as they are less readily absorbed by macrophages
[120-121]. According to another study, short and thin chrysotile fibers predominated in MPM in the lungs
and pleura [122]. It has been noted that tremolite impurities in chrysotile products contribute to an increased
carcinogenic effect [123]. In an epidemiological study, the difference in the risk of MPM from pure chryso-
tile and its mixtures with amphiboles was found to be insignificant [124].

The toxicity of different types of asbestos was compared in a meta-analysis of 19 epidemiological stud-
ies, which assessed the impact of study quality on the dose-response relationship for lung cancer. The differ-
ence between amphiboles and chrysotile was significantly lower when the meta-analysis was limited to high-
quality studies [114, 125]. After standardization for quality, the difference between the two types of fibers
was not significant [114, 126].

The overall estimates of the risk of lung cancer were higher after exposure to amphiboles — 1.74 (95 %
confidence interval 1.18-2.57), and slightly lower after exposure to chrysotile — 0.99 (0.78-1.25) [127]. The
significant differences between the results of high- and low-quality studies indicate that the latter lack objec-
tivity. As mentioned above, the prevailing opinion is that chrysotile is less toxic than.amphiboles. This dif-
ference should be quantitatively assessed in independent studies.

Discussion

Asbestos bans were partly based on studies that were influenced by economic interests. When determin-
ing the criteria for including studies in reviews and meta-analyses, their quality and possible systematic er-
rors should be taken into account. Objective information can be obtained from laboratory animal experiments
with determination of average life expectancy. That is, it is desirable to use large animals; the best results for
humans can be obtained by testing asbestos on primates [128]. Experiments involving the inhalation of fibers
in doses comparable to those in the asbestos industry are ethically acceptable, as they can be carried out
without the use of invasive procedures. Experiments and studies using “concentrations many times higher
than those found in the workplace” [129] have limited reliability. For example, replacing ashestos with artifi-
cial fibers is unlikely to eliminate the risks to health and the development of lung diseases [18, 19, 130-131].
Thus, at present, carcinogenic effects are already being detected in materials used as substitutes for asbestos
fiber, such as carbon nanotubes. Studies show that asbestos fibers and carbon nanotubes have toxic effects
through the same mechanisms, in particular, chronic activation of macrophages, leading to inflamma-
tion [132]. Nanoparticles can cause structural changes in membrane proteins and activate the synthesis of
inflammatory mediators, disrupting normal cellular metabolism mechanisms [133]. An experiment has
demonstrated the carcinogenic effect of nanotubes [20, 134]. Carbon nanotubes are biostable, and some of
their varieties have been classified as possible human carcinogens [135].

The extraction and use of asbestos is prohibited in a number of countries, while others continue to pro-
duce and export it [136]. Chrysotile products traded internationally contain impurities of varying amounts of
amphiboles [137]. Different types of asbestos have their own technical advantages and preferred areas of
application. Amphiboles (crocidolite, anthophyllite) are acid-resistant, thermally stable, and durable [138].

Conclusion

Asbestos is an inexpensive material and an effective reinforcing fiber. Asbestos cement structures are
durable and fire resistant. Ashestos-based products are highly durable and safe, and incorporating them into
other products increases their reinforcing properties. It can be confidently assumed that the refusal to use as-
bestos-containing materials will increase the damage and number of victims of road accidents, fires, and
armed conflicts. The independence of scientific research from economic interests is of great importance.
However, the mechanism of development of many respiratory diseases from asbestos exposure has not been
reliably established, which requires further research.
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C.B. fprun

AcOecT koHe ac0ecTKe KapChl HAYKAH: IIOJLY

AcbectrieH 0GaiIaHBICTBI JAEHCAYJIBIKKA Kayil-Kartep/i Oaramay ayamaarbl acOecT TaslIbIKTAPbIHBIH KYPaMbl
JKaCaHIbl TYPIE apTTHIPBUIFAH MPAKTHKAIBIK TKipubere HerizmenreH. AcOGeCT TaNIBIKTAPBl KOPIIAFaH
oprara acOecT MaTepHaIJapBIHBIH JPO3MICH JKOHE acOeCT OHEpKICciOiHe KATBICHI JKOK Oacka Ja amgam
OpeKeTTepi apKbUIBI €HeIi. ApHaiibl i37ey Ke3iHIe TalIBIKTap JCHENEpIl CO Ke3iHIe KUl Ke3Jeceni.
Kemnreren 3eprreynepain HaTmkesepi Oenria 6ip mopexene OipxakrTsl Oomnaapl. TamublKTap aHBIKTATFAH
Ke3/le Me30TelIioMa HeMece OKIle parbl Kele acOecTrieH OaiIaHbICTBI [l JKiKTeleHdi, JereHMeH ceber-
cannmapislk Oaimaneic manengeHOeren Kyiiinge Kamagsl. Keiibip 3eprreynep acOectiieH Kacibum Hemece
TYPMBICTHIK OaiiJIaHBICTBIH TeKCepiiMereH aHeMHesiHe cyiieHeni. CeHiMal IepeKTep/i jKkaHyapiIapIblH opTa-
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1a eMip Cypy Y3aKThIFbIH TIPKEHTIH JKCIIEpHMEHTTEepACH ajyFa 0oiambl. AcOecTTiH apTypii TypiepiHiy
©31HJIIK CHITaTTaManapsl Oap >koHe oJap bl 9PTYPIIi calaiapla KojanaHyra 6osnaasl. Mblcaisl, KypaMbIHIa ac-
Oect Oap Marepuanzap TEXETill TeceMAEpiH eHIipylde KojaaHbUIanbl. LleMeHT meH acOecT KOCHAachIHAH
JKacaliFaH KypbUIbIc OYHBIMIaphl ap3aH jkoHE y3aK yakbIT Iaiifananyra Oonansl. Acoect OyHBIMIapsl epTke
Te3IMAI MaTepHangap peTiHjae KeHIHeH KolgaHbulaasl. bip »karbiHaH, acOecTTi maimamaHynaH 6ac TapTy
KOpIIaFaH OpTara OH dcep eTKeHIMeH, 0ipak eKiHIIi )KaFblHaH, OHBI IalijlaylaHyjaH 0ac TapTy TackIMajgay
MEH 6pTTEH OO0JIaThIH 3aIajl/ibl apTTHIPAIbl, COHIANH-aK KYPBUIBIC IIBIFBIHIAPIH YIIFalTa/Ibl.

Kinm ce30ep: acbect, Xpu30THJ, acoecTke GailTaHbICTHI aypyliap, Me30TeNuoMa, OKIle parsi, aMm(poOous

C.B. Aprun

AcOect 1 aHTHacOecTOBasi KAMIIAHUS: 0030p

OueHKa PUCKOB JUIS 3/10POBBsI, CBA3AHHBIX C aCOECTOM, OCHOBAaHA Ha IIPAKTHYECKOM OIIBITE, KOTJa COAepKa-
HHe acOECTOBBIX BOJIOKOH B BO3yXe OBLIO HCKYCCTBEHHO YBEINYCHO. ACOECTOBBIC BOJOKHA HOMAIAIOT B OK-
PYKarOLIyI0 Cpely B pe3yibTaTe 3pO3UH acOECTOBBIX MAaTEPHUAJIOB U APYTHX BHUJOB JEATCIHHOCTU YeTOBEKa,
HE CBSI3aHHBIX C acOECTOBOW NMPOMBIIIICHHOCTHIO. [Ipy IeneHanpaBieHHOM [TOUCKE BOJOKHA YacTo OOHapy-
JKHBAIOTCS IIPU BCKPBITHH TeJl. Pe3yabTaTel MHOTHX HCCIICIOBAHUI B TOM WM MHOW CTETIeHH MpeAB3aTs. [Ipn
OoOHapyXEHHH BOJIOKOH ME30TEINOMa WM PaK JISTKUX MHOTTA KIaCCH(HIMPYIOTCS Kak CBs3aHHBIE ¢ acOe-
CTOM, XOTS NPUYHHHO-CIIEACTBCHHAS CBA3b OCTAeTCs HelOKa3aHHOH. HekoTopble HCCIeI0BaHUS OMMPAKOTCS
Ha HETPOBEPEHHBIIl aHaAMHE3 NPO(ECCHOHAIBHOTO MIIM OBITOBOTO KOHTaKTa ¢ acoectoM. J[0CTOBEpHbIE AaH-
HbIE MOXKHO IOJIyYUTh B SKCIIEPUMEHTAX, PETHCTPUPYIOLIUX CPEIHIOK MPOAOKUTEIBHOCT KU3HH JKHBOT-
HbIX. Pa3nuyHble BHIBI acOecTa UMEIOT CBOM TEXHHYECKUE XapaKTEPUCTUKKM M MOT'YT HCHOJIb30BAThCS B pa3-
HBIX obOnactsix. Hampumep, acGecT HCIoNb3yeTcst B IPOU3BOJCTBE TOPMO3HBIX KOJIOAOK M3 MaTepHajioB, CO-
neprkanux acoect. CTpOUTEIbHBIE H3EINSs Ha OCHOBE CMECH LIEeMEHTa M acOecTa OTIMYAI0TCsl HU3KOH CTOH-
MOCTBIO U JUTUTENBHBIM CPOKOM CITyXObl. M3nmenus u3 acOecTa IIMPOKO HCHOJB3YIOTCS B KauyecTBE OTHE-
YIOpHBIX MaTtepuanoB. C OXHOH CTOPOHBL, OTKa3 OT UCIIOJb30BaHUS achecTa MOJOKUTEIBFHO CKa3bIBAaeTCs Ha
OKpY’Karollel cpejie, HO ¢ IPYroi CTOPOHBI, OTKa3 OT €ro UCMOJBb30BaHMS IIPUBEET K YBEIMYCHHIO yliepoa
OT TPAHCIIOPTHPOBKH U MOKAPOB, 4 TAKXKE YBEIUYUT CTOUMOCTb CTPOUTEIBCTBA.

Knioueswvie cnosa: acbect; Xpu30ThIL; acOecT-cBsA3aHHbIE 3a00JI€BaHMS, ME30TEIIHOMA, PAK JIETKOTO, aM(oOoIHs
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