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Potential use of endophytes
in the pharmaceutical industry

Summary

Endophytes are microorganisms, usually fungi or bacteria less commonly algae and viruses, that live
in plant fissues without causing disease symptoms in their host. It is estimated that there are over one
million endophytic fungal species, but because of their habitat, they have been discovered relatively
recently and therefore poorly studied. (Gupta, Chaturvedi, Kulkarni, & Van Staden, 2019) It is estimated
that less than 1 % of all endophytic species are currently known. When observing the mutual relationships
of plants with endophytes, most researchers take the view that such associations are commensal
(Ayswaria, Vasu, & Krishna, 2020). Nowadays, endophytic microorganisms are considered to be a
potential source of compounds - secondary metabolites. Endophyte bioactive compounds can be used
in the pharmaceutical industry. Endophytes are mainly used in the production of antibiotics, anfioxidants,
various enzymes, anti-inflammatory, antimicrobial, antiparasitics and antifungal drugs, immunosuppressors,
and also as anticancer agents. The interest in biotechnology is great, as the application of secondary
metabolites of endophytes is possible in the cosmetic industry, agricultural complex, textile production,
and food industry besides pharmaceuticals. The relevance of this fopic and its further research on the
use of already available and the discovery of new bioactive components of endophytic microorganisms
can help scientists in resolving the problems of resistance of some pathogenic strains to modern
approaches in antibiotic therapy. The potential uses are great, as endophytes can be extracted from
numerous plants worldwide. The properties and characteristics of extracted endophytes will vary due
to their geographical location and environmental conditions. Besides the wide variety of endophytic
microorganisms for production, an important factor is the ability to use the same fungus, bacterium, or
algae to synthesize a significant number of different active compounds. These compounds are interesting
because they can manifest their action in several directions. In this article we considered several options
for classifying endophytic microorganisms, listed the possible applications in the pharmaceutical industry,
also considered the most used bioactive compounds from the Streptomyces genus actinobacteria, in
addition, we reviewed substances with anti-tumor activity, which are now used to freat cancer of various
human organs and are available as drugs for preparing injection solutions, metabolites of endophytes
equally found their application. The aim of this work was to describe the modern classification of
endophytes and show their potential use in antibiotic drugs as active agents in cancer treatment and
their use as sedative drugs.
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Introduction Endophytes are microorganisms (most common-
ly bacteria and fungi, less commonly algae and viruses) that live
in plant tissues without causing harm to their host plant. They are
an important part of the plant micro-ecosystem (Harrison, &
Griffin, 2020). Over evolution, microorganisms have established
a symbiotic relationship with plants, on which the metabolic
products of microorganisms can depend, which can be used in
the production of medicines. A detailed study of endophytes has
highlighted biologically active compounds that can be used as:

» anti-cancer agents;

e immune suppressors;

e enzymes;

« in anti-inflasnmatory drugs;

» antimicrobials;

« antiparasitic drugs;

In addition, their neuroprotective, antioxidant and insulinomi-
metic properties were noted. The ubiquitous distribution of endo-
phytic microorganisms offers opportunities for their use in drug
biotechnology. Endophytes can serve as the basis for bioprepa-

rations, which will reduce the need for chemical compounds in
the future (Yerkhova, & Katynska, 2021)

Aim. The purpose of this article is to describe different endo-
phytes and their use in medicinal products.

Methods of work include description and synthesis

The term endophytes applies to a community of microorgan-
isms that have chosen living plant tissues as their habitat, and
they generally do not exhibit pathogenicity to their host plant
(Farahat, 2020). Unlike rhizosphere and phyllosphere representa-
tives of plant-microbe symbiosis, endophytic microorganisms can
enter a closer relationship with the host plant. In general, these
microorganisms bring certain benefits, in some cases they can
strongly influence the phenotype of the plant. Besides affecting
the plant phenotype, endophytes also modulate phytohor-
mone levels, produce vitamins and improve nutrient supply. It
was also noted that in the presence of endophytes, the plant
more easily tolerates biotic stress, resistance to pathogenic micro-
flora, to destruction by insects and herbivores rises (Gouda, Das,
Sen, Shin, & Patra, 2016).
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The taxonomic composition of an endophytic bacterial com-
munity can have great biodiversity within the same plant species.
Microbial diversity indicators mainly depend on abiotic and
biotic factors, which also include:

« s0il conditions;

» biogeography;

* plant species;

» the inferaction between microbes and their host.

Through the vastness of the endophyte group (bacteria, fungi,
algae and viruses) there are two variants of classification.

The first method of classification includes general information
from biology and genetics, and not an unimportant point in this
systematization is their ability to transfer from one host to another.
Based on this system, a division is made into two categories: sys-
temic and non-systemic (transitional) endophytes.

The second method of classification applies strictly to fungal
endophytes. Based on this nomenclature, endophytes are divid-
ed intfo 4 classes. These groups are classified according to the
part of the plant colonized (solely the shoots, solely the above-
ground or only the underground part of the plant or the entire
plant) and the area of the plant tissue. It is also possible to divide
these 4 classes into 2 groups - clavicipitaceae endophytes (class
1) and non-clavicipitaceae endophytes (classes 2, 3, and 4) (Jia,
Chen, Xin, Zheng, Rahman, Han, & Qin, 2016)

Endophytes throughout their life cycle can act as producers
of alarge range of compounds that can be used in the pharma-
ceuticalindustry as lead compounds in the development of new
drugs. Today, the bio-prospecting of secondary metabolites that
can be used in pharmaceutical production is becoming increas-
ingly important.

To date, many secondary metabolites have been found and
classified into groups for convenience - alkaloids, quinones,
benzopyranones, phenolic acids, flavanoids, saponins, steroids,
terpenoids, tannins, xanthones, tetralones, etc.

When extracting biologically active compounds from endo-
phytes, all kinds of circumstances must be considered, such as
climatic conditions of the environment of the habitat of the
plant, time of collection and even geographical location.
Endophytes are a treasure trove of medicinal compounds that
may in the future become an inexhaustible source for the pro-
duction of a wide range of drugs (antimicrobial, anti-arthritic,
antidiabetic, antitumor and immunosuppressant drugs).
Discovery of new and study of already known bioactive com-
pounds and secondary metabolites can help in overcoming the
resistance of pathogenic microorganisms to drugs (Singh, Kumar,
Singh, & Pandey, 2017).

The problem of antimicrobial resistance is mainly caused
by irrational prescribing, self-medication, overuse of drugs.
At the same time, the demand for antibiotics is increas-
ing due to a rapidly growing population, with an aging popula-
tion, which is pulling increasing cases of infectious diseases and
chronic diseases (WAAAR: World Alliance Against Antibiotic
Resistance).

In the studies of different plants, it has been found that in each
plant species, several species of endophytes can be present.
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(Newman, & Cragg. 2020) Among different endophytes, actino-
mycetes are known for their 52.73 % share in the production of
antibiotics, 50 % of which are used in the treatment of human
diseases.

The most commonly used producer of antibiotics is
Streptomyces actinobacteria genus. The main compounds with
descriptions of their activity and plants from which they were
isolated are presented in Table 1.

Besides antibiotic activity, endophytes also have antitu-
mor activity. One of the best known compounds is pacli-
taxel (Taxol). It was first found in the endophyte fun-
gus Taxomyces andreanae (the chasian plant is the Pacific
yew Taxus brevifolia). Paclitaxel is a potent mitotic inhibitor. Now
on the market there is a drug Taxol of the same name, which is
used for treatment of ovarian cancer, breast cancer (if there are
affected lymph nodes after standard therapy), metastatic breast
cancer, non-small-cell lung cancer. Also recommended for:
Kaposi's sarcoma in AIDS patients, fransitional cell bladder can-
cer, leukemia, squamous cell head or neck cancer, esopha-
geal cancer.

In addition to paclitaxel, vinblastine, which is produced by
the endophytic fungus Curvularia verruculosa found
in Catharanthus roseus, is also widely used as a pro-tumour drug
compound. Vinblastine is a chemotherapeutic agent that is used
as a mitosis inhibitor in chemotherapy. Vinblastine binds to the
protein tubulin and thus inhibits the formation of microtubules.
During cell division, microtubules ensure that the corresponding
chromosome pairs of newly formed cells are separated. As a
result, the alkaloid prevents cell division. They also block the syn-
thesis of DNA and RNA (Parthasarathy, Shanmuganathan, &

Table 1. Antibiotic substances produced by Streptomyces actinobacteria
genus

Strain Active . The host
Producer compound LA plant
Broad spectrum
Bacillus
anthracis,
Streptomyces .- Streptococcus pneumoniae, Kennedia
NRRL 30562 Munumbicins Enterococcus faecalis, nigricans
Staphylococcus aureus,
S.aureus,
E.faecalis.
Streptomyces . . .. Grevillea
NRRL 30566 Cockadamucins | Wide spectrum of activity pteridifolia
. . Electoral activity Bruguiera
Xiamycin A as for HIV gymnorrhiza
Xiamycin B Antibacterial,
ztz%tg;gces 4 Also applicable for
Indolesoi methicillin-resistant Kandelia
ndolespin Staphylococcus aureus candel
. and vacomycin-resistant
Sespenin Enterococcus faecium

Antimicrobial,
it also shows its activity in
relation to P.falciparum

Streptomyces

MSU-2110 Monstera sp

Coronamycin

Antifungal Alpinia

Antitumor

Streptomyces

1022 Actinomycin D

References: Hur, Jang, & Sim, 2021; Finocchiaro, 2020; Pfaffenbach,
Bakanas, O’Connor, Herrick, & Sarpong, 2019; Pratiwi, Hidayat, Hanafi, &
Mangunwardoyo, 2020.
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Pugazhendhi, 2020). On the pharmaceutical market, the drug is
marketed under the names Vinblastine and Welbe. In fact, the
list of compounds that exhibit antitumor activity based on endo-
phyte metabolites could go on, but so far only vinblas-
tine and taxol have entered serial production.

In addition to its antimicrobial and antitumor activity, the
compound hypericin has become widely used. Hypericin is a
bright red chemical belonging to the category of naphthodian-
drons. Hypericin has several pharmacological effects such as
antiviral, anticancer and antidepressant (Verebova, Benes, &
Stanic¢ova, 2020). In addition, recent evidence suggests that it can
be used in photodynamic therapy or photochemotherapy as a
diagnostic or therapeutic agent (Vigneshwari, Rakk, N meth,
Kocsubé, Kiss, Csupor, & Szekeres, 2019). Although hypericin has
been known for over 60 years, its mechanism of action has not
yet been elucidated.

Hypericin was first isolated from Hypericum perforatum. In
subsequent studies it was found possible to cultivate it from
the endophytic strain Thielavia subthermofila. Now hypericin can
be found in sedative medicines, antidepressants and used to
treat diseases of the nervous system (Gelarium hyperi-
cum, Deprivit, Sedaton, etc.).

Discussion and conclusions

Nowadays, endophytes unfortunately remain an understud-
ied group of microorganisms. With new research, endo-
phytes have proven to be reliable renewable sources for the
industrial synthesis of bioactive compounds. These substances
can be used in many pharmaceutical preparations effective
against a wide range of pathogens.

With the help of biologically active substances produced
by endophytamas it is possible to bypass the resistance of some
pathogens. (Martinez-Romero, Aguirre-Noyola, Bustamante-Brito,
Gonzalez-Romaén, Herndndez-Oaxaca, Higareda Alvear, & Servin-
Garciduenas, 2020) The range of applications of endophytes is
very wide and they can be used as anticancer agents (tfaxol, vin-
blastine), immune suppressors, enzymes (vidyl hydrolases, lyases,
oxidoreductases and transferases), anti-inflammmatory drugs
(cineol), antiparasitic drugs, antifungal drugs (Actinomycin D),
antiviral drugs (various alkaloids), antimicrobial drugs
(Coronamycin). In addition to pharmaceutical applications,
secondary metabolites of endophytes can be used in cosmetics,
agriculture and food industries.

Results

Generally speaking, the pros of using endophytes in industrial

production include:

« There’s a fremendous variety of species;

* Prevalence;

* The ability o synthesize multiple drug compounds from the
same genus of microorganisms. A striking example is the
genus Streptomyces actinobacterium, which can produce
many active compounds that can exhibit a wide range of

Ne 2-3 (258-259) / 2022

activity against many pathogens;

« Thanks fo endophytes it is possible to bypass antibiotic resis-
tance, e.g. for methicillin-resistant Staphylococcus aureus
and vacomycin-resistant Enferococcus faecium.
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Pe3iome

MoreHuian BukopucraHHsa eHpodirise
y bapmaueBTUYHIN ranysi
A. B. Epxosa, M. I KatnHCbka

IHCTUTYT BiOMEANYHUX TEXHOAOTIN «BIAKDUTUIA MDKHOPOAHUIM YyHiBEPCUTET
PO3BUTKY AOAVHW «YKpAiHO», KuiB, YkpaiHa

EHAODITM — Lie MIKPOOPraHi3MK, 3a3BMYaN rPMbK abo GakTepii, pialle
BOAOPOCTI M BIPYCW, SIKI )KMBYTb Y TKOHUHOX POCAMHW | MiXK HUMMW, HE BUKANKAKOYM
NPV LLbOMY CYMMTOMIB 30XBOPIOBAHb Y FOCMOAQPS. 34 OLHKOMM, EHAODITHUX
BUAIB rOMBIB HOAIMYETBCSI MOHOA MIABMOH, OAE Yepes iX MiICUS iICHYBAHHS BOHU
BYAV BUSIBAEHI BIAHOCHO HELLLOAQBHO, TOMY MOAO BMBYEHI. HO CbOroAHI BiAOMO
MeHLWe 1 % yCix eHAODITHUX BUAIB. [Tpr cnoCTepeeHHi 30 BBOEMOBIAHOCUHO-
MU POCAWH 3 EHAODITIB GIABLLICTE AOCAIAHNKIB AOTPUMYIOTBCST AYMKU, LLLO TAKi
acoujauii € komeHcaaismom (Ayswaria, Vasu, & Krishna, 2020). Y Haw yac
EHAODITHMX MIKPOOPTIOHI3MIB BBOXKAOTb MOTEHLLIMHUM AXXEPEAOM CMOAYK — BTO-
PUHHNX METABOAITIB. BIOGKTVBHI CMOAYKM €HAODITIB MOXKYTb BYTU BUKOPWUCTOHI Y
$GAPMALEBTUYHIN FAAY3i. B OCHOBHOMY €HAO®ITY 30CTOCOBYIOTh Y BUPOBHNLTBI
QHTUBIOTUKIB, AHTUOKCUACHTIB, PiI3HX GEPMEHTIB, NPOTU3ANAABHWX, AHTUMIKPOO-
HUX, MPOTUNAPA3UTHVIX | MPOTUIPUBKOBKWX MPENAPATiB, IMyHHUX CYnpecopis,
TAKOX SIK IPOTUPAKOBI AreHTU. IHTepec A0 GIOTEXHOAOTIT BEAVKNIA, AAXKE 30CTO-
CYBOHHS1 BTOPUHHNX METABOAITIB €HAODITIB MOXXAMBE, OKPIM GOPMALIEBTUKN, B
KOCMETUYHI MPOMUCAOBOCTI, CIABCbKOrOCMOAQPCHKOMY KOMMAEKCH, TEKCTUAb-
HOMY BUPOBHWLITBI TQ XAPYOBIN MPOMUCAOBOCTI. AKTYOABHICTb BKA3OHOT TEMM
MOAQABLLNX iT AOCAIAXKEHD 3 METOKD 3ACTOCYBAHHS! BXKE BIAOMMX i BIAKPUTTSI HOBUX
BIOAKTUBHMX KOMMOHEHTIB €HAOPITHUX MIKPDOOPIAHI3MIB MOXKE AOMOMOTT BYEHUM
Y PO3B’S1I30HHI MPOBAEMN CTIMKOCTI AESIKUX MATOTEHHWX LUTAMIB A0 CYHACHMX
MIAXOAIB Y QHTUBIOTMKOTEPArIT. [TOTEHLAA BUKOPUCTAHHS AY>KE BEAVUKNIA, OCKIAb-
K1 €HAODITY MOXHA AOBYBATU 3 BEAMKOI KIABKOCTI POCAMH MO BCbOMY CBITi.
BAQCTMBOCTI 1 XOPAKTEPUCTUKN OTPUMAHUX EHAODITIB BYAYTb PI3HUMMU, B 3B° 513Ky
3 ix reorpadiyHMM PO3TALLYBAHHSIM | YMOBOMM HOBKOAMLLHBOTO CEPEAOBMILLA.
KpiM 3HAYHOI PIBHOMAHITHOCTI @HAODITHNX MIKPOOPTAHI3MIB AASI BUDOBHWLITBO
TAKOK BAXKAMBUM PAKTOPOM € MOXXAMBICTb BUKOPUCTAHHSI OAHOTO i TOrO ) rpnéa,
B6aKTepii a60 BOAOPOCTI AASI CUHTE3Y 3HOYHOI KIABKOCTI PI3HUX OKTUBHMX CMOAYK.
LLi cnoAyKu LjiKOBI TMM, LLLO BOHW MOXYTb AISITU B AEKIABKOX HAMPSIMKOX. Y Ui
CTATTI PO3MASIHYTI KIABKQ BAPIAHTIB KAQCUPIKALN EHAODITHUX MIKPOOPTIOHI3MIB,
nepepaxoBaHi MOXXAMBI BOPIAHTN 3QCTOCYBAHHS Y GAPMALLEBTUHHOMY BUPOG-
HULITBI, PO3IASIHYTi HONOIAbLL BUKOPUCTOBYBAHI GIOQKTVBHI CMOAYKM 3 AKTUHOBAK-
Tepun poay Strepfomyces, AO TOrO X, PO3IASIHYTI PEYOBMHM 3 MPOTUMYXAUHHOKO
QAKTUBHICTIO, §IKi BXX€ 30PA3 BUKOPUCTOBYIOTb AAST AIKYBAHHST OHKOAOTIT PI3HNX
OPraHiB AOAVHN | BUMYCKAKOTb Y GOPMI AIKAPCbKMX 3ACOBIB AAST MPUTOTYBAHHS
iH"EKLIMHNX PO34MHIB. METABOAITN eHAODITIB TOKOX 3HAMLLAM 3ACTOCYBAHHS Y
BUPOBGHMLTBI OHTUAEMNPECAOHTIB, 3ACMOKINMAMBIX, NPENAPATIB AAST AiIKYBOHHS
30XBOPKOBAHb HEPBOBOT CUCTEMK. MeTOIo HALLOT POBOTN BYAO ONMUCATU CyHOC-
HY KAQCUKOIKALjKO eHAODITIB | MOKA3ATN MOXXAMBOCTI iX MOTEHLIMHOrO 3ACTOCY-
BAHHS$1 B AHTUGIOTMYHMX MPPENAPATAX, SIK AiOUNX PEYOBUH AAST AIKYBAHHS POKY TA
B SIKOCTi CEAQTMBHMX MPENAPATIB.

KAto40Bi cAOBO: OHTUOAKTEPIAABHI 30CO0U, BAKTEPIi, rPNBU, eHAOPITH,
MPOTUMYXANHHI 30CO6M
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Pe3iome

MoreHuuan ucnonb3oBaHus sHaoduTOB
B papmaueBTUuecKoi obnacru
A. B. Epxosa, M. I. KatuHckas

MHCTUTYT BUMOMEANLIMHCKUX TEXHOAOTUN «OTKPbLITBIN MEXAYHOAPOAHBIN
YHUBEPCUTET PA3BUTUSI HEAOBEKA «YKPAMHAO», KneB, YKpanHA

SHAODUTBI — BTO MUKPOOPTAHM3MbI, OBbIYHO MPUOBI NAK BAKTEPUM, PEXE
BOAOPOCAM M BUPYChI, XMBYLLME B TKAHSIX PACTEHMS 1 MEXAY HAMU, HE BbI3bIBAS
NPV STOM CUMMTOMOB 3A6OAEBAHMIN Y XO35IMHA. 10 OLEHKAM, SHAODUTHBIX BUAOB
rPUBOB HOCYUTLIBOETCSI BOAEE MUAAMOHA, HO 13-301 UX CPEeAbl OBUTAHMST OHU
ObIAV OBHAPY>KEHBI OTHOCUTEABHO HEACQBHO, MOSTOMY MAAO M3y4YeHbl. Ha
CETOAHSILLHNIA AEHb N3BECTHO MeHee 1 % BCex aHAODUTHBIX BUAOB. MNpn HOOAO-
AEHUM 30 B3ANMOOTHOLLEHUSIMN PACTEHUIN C SHAODUTAMM BOABLIMHCTBO UCC-
AEAOBATEAEN MPUAEPXKMBAIOTCSI MHEHWS, YTO TAKME ACCOLMALIMN SBASIKOTCSI
KoMMeHcaamamom (Ayswaria, Vasu, & Krishna, 2020). B HacTosiwee Bpems
SHAODUTHBIE MUKPOOPTAHN3MbI CYNTAKOTCS MOTEHLMAABHBIM UICTOYHUKOM COe-
AVHEHWNIA — BTOPWYHBIX METABOAMUTOB. BMOAKTVBHBIE COEAMHEHMST SHAODUTOB
MOTYT ObITb MICMOAB30BAHbBI B GAPMALLEBTUHECKOM OBAQCTU. B OCHOBHOM 9HAO-
GUTbI IPUMEHSIIOT B NPOU3BOACTBE GHTUONOTUKOB, AHTUOKCUACHTOB, PA3AMYHBIX
GEepPMEHTOB, MPOTUBOBOCTAAUTEABHBIX, AHTUMUKDOBHBIX, MPOTUBOMAPO3NTHBIX
1 MPOTUBOIrPUOKOBBIX NPENAPATOB, UMMYHHbIX CYMPECCOPOB, A TAKXKE NPOTU-
BOPAKOBbIX OreHTOB. MIHTEpec K GUOTEXHOAOTUN BEAUK, BEAb NMPUMEHEHWE
BTOPWYHBIX METABOAUTOB SHAOPUTOB BO3MOXKHO, KpOMEe GAPMALEBTUKN, B
KOCMETUYECKOM MPOMbILLUAEHHOCTN, CEAbCKOXO3SIMCTBEHHOM KOMIMAEKCe,
TEKCTUABHOM MPOU3BOACTBE W MNLLLEBOWN MPOMBILLAEHHOCTN. AKTYOABHOCTb
YKQ3QAHHOM TEMbI M AGABHEWLLIVX €€ NCCAEAOBAHUIM C LEABIO MPUMEHEHWS] Y)KEe
M3BECTHbIX 1 OTKPbITUSI HOBBIX BMIOAKTUBHBIX KOMMOHEHTOB SHAODUTHBIX MUKDO-
OPraHM3MOB MOXET MOMOYb YHEHbIM B PeLLeHNN NPOBAEMbI YCTONYMBOCTUN
HEeKOTOPbIX MATOTE€HHbIX LUITAOMMOB K COBPEMEHHbBIM MOAXOAOM B AHTMOMOTUKO-
Tepanun. NoTEHUNAA MCMOAB3OBAHMSI O4EHb BEAUK, MOCKOAbKY SHAODUTHI
MOXHO WM3BAEKATb 13 BOABLIOrO KOAMYECTBA PACTEHUM MO BCEMY MUPY.
CBOWCTBO U XOPAKTEPUCTUKN MOAYHYEHHBIX SHAOPUTOB BYAYT PA3HBIMK, B CBS3N
C VX reorpaduyeCkmM PACMOAOKEHNEM N YCAOBUSIMU OKPYXKQIOLLIEN CPEABI.
Kpome 3HAYMTEABHOrO PA3HOOBPA3MST SHAODUTHBIX MUKPOOPTAHN3MOB, AASI
NPOW3BOACTBA BAXKHBIM GAKTOPOM SIBASIETCST BO3MOXHOCTb MCMOAB3OBAHMS
OAHOTO M TOTO e rpuba, 6AKTEPUM MAU BOAOPOCAN AASI CUHTE3A 3HAYUTEAD-
HOrO KOAMYECTBA PABANYHBIX AKTUBHBIX COEAMHEHWA. DTV COSANHEHUS UHTE-
PEeCHbI TEM, YUTO OHU MOTYT AENCTBOBATb B HECKOABKMX HOMPOBAEHMSIX. B AQHHOM
CTATbE PACCMOTPEHbBI HECKOABKO BOPUAHTOB KAQCCUPUKALMIA SHAOPUTHBIX
MUK OOPIOHN3MOB, NEePEYNCAEHbI BO3MOXHbBIE BOPWAHTbLI MPUMEHEHMS B dap-
MOLEBTUHECKOM MPOUN3BOACTBE, PACCMOTPEHbI HONBOAEE NCMOAb3YEMbIE
BOUOAKTMBHbIE COEANHEHMS M3 AKTMHOBAKTEPUIM POAQ Strepfomyces, K TOMy ke
PACCMOTPEHbI BELLECTBA C MPOTUBOOMYXOAEBOW AKTUBHOCTBIO, KOTOPBIE Y)Ke
Cenyac UCMOABb3YIOT AASI A@YEHUST OHKOAOTUM PA3AMYHBIX OPFOHOB B BUAE
AEKAPCTBEHHbIX CPEACTB AASI MPUTOTOBAEHMST MHBEKLIMOHHbBIX PACTBOPOB.
MeTaGoANTbl BHAODUTOB TAKXKE HALLAM MPUMEHEHWE B MPOM3BOACTBE AHTUAE-
NPECCAHTOB, YCMOKAMBAIOLLMX NPOENAPATOB AASI AEYEHMS1 3AO0AEBAHMIN HEPB-
HOW cucTeMbl. LleAbto Hawen paboTbl BbIAO ONMMCATL COBPEMEHHYIO KAQCCH-
PUKALMIO SHAOPUTOB M MOKA3ATE BO3MOXKHOCTU MX MOTEHLIMAABHOTO MPUMEHEe-
HWS1 B AHTUBMOTUYECKMX MPENAPATAX KAK ASNCTBYIOLLMX BELLLECTB AASI ACYEHMS]
PaKA M B KAYECTBE CEAQTMBHBIX MPENAPATOB.
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