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DYNAMICS OF PHYSIOLOGICAL AND BIOCHEMICAL INDICES IN THE TISSUES OF
MOLLUSKS (UNIO TUMIDUSPH.) UNDER THE INFLUENCE OF INORGANIC PHOSPHORUS
IN THE AQUATIC ENVIRONMENT

The influences of various concentrations of inorganic phosphorus (0.3, 0.5 and 1.0 mg/L) registered in
the aquatic environment on its accumulation in the tissues of mollusks, on the total content of protein,
and also on the activity of adenosine triphosphatase, alanine aminotransferase, aspartate
aminotransferase, was investigated. Relationship was established between these indices and the
concentration of inorganic phosphorus, duration of exposure, and the type of mollusks tissues.
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BHUBYEHHS B JIABOPATOPHHUX YMOBAX BILTUBY COJIEN
BAKKHUX METAJIIB, CM3 TA I'EPBIIUAIB HA MOP®OJIOI'TYHI
IMOKA3HUKU EL ODEA CANADENSIS

VY cTarTi HaBEACHI Pe3ybTaTH Jab0PaTOPHUX AOCHIIKCHb BILIUBY PO3YHHIB COICH BAKKUX MCTAJIIB,
CHHTCTHYHHX MHIOYHX 3ac00iB Ta repOimmais Ha Mopdonoriuni mokasHuku Elodea canadensis.
Haiibinpmn Tokcnuny Air0 Ha pociavHu copuuuHsoTs CM3, ki MPUTHIYYIOTE PICT Ta PO3BUTOK €IOACT
3HAYHO PAHIMIC 1 B MCHINUX KOHICHTPALSNX, HIK 1HINI JOCTIAKYBAHI TOKCHKAHTH. BUsBICHI TeCT-
peaxuii pOCIHH MOXKYTh OYTH BUKOPUCTAH] YV CHCTEMI G10MOHITOPHHTY BOJHOTO CEPEIOBHINA.

Kmiouoei crosa: Giomecmyeanns, mecm-peaxyis, mopghono2iuni nokasnuxu, moxcuxanmu, Elodea canadensis

[Ipobaema 3a0pyAHEHHS BOAHOTO CEPEIOBHINA TOKCHUHHMH PCUOBHHAMH 3arOCTPIOETHCS 3 KOMXHHM
pokom 1 HaOyBae rioOajpHMX MacmTaliB. Jlas OIHKKM CTaHy BOJHHUX CKOCHUCTEM IMHPOKOTO
BUKOPHUCTAHHS HA0YB OIOIHAMKAIIHWHUA METOA, SKHUH JO3BOJISIE OLIHHUTH CTYIIHb 3a0pyIHCHHS
HABKOJUIIHBOTO CEPEAOBHIIA 32 CTAHOM O10TH, CEpea SIKOi BAXKITUBA POIb HATCKUTh Makpogitam [1].
3py4HHM TECT-00 €KTOM B OIONOTIYHOMY MOHITOPHHIY MPICHOBOJHHX CKOCHCTEM € €JIOAes
kaHagceka (Elodea canadensis), ski  Big3HA4YA€ThCS BHCOKOK HUYTIAMBICTIO OO 3MIHH YMOB
cepenoBuina. MeTa Haoro AOCHTIIKCHHS MOJNATaia y BUBYCHHI 3MiH MOPGOIOTIYHHUX MOKA3HHUKIB
E. canadensis msxom XpoHIYHOTO O10TECTYBaHH.

MarepiaJ i MeTOAH A0CJTIIKEHD

Jns mOCTaHOBKM TOKCHKOJIOTIYHOTO CKCICPHUMCHTY BHUKOPUCTAHI: PO3YMHH CHHTCTHYHUX MHUIOUYHX
3aco0iB (CM3) - 3acoOy ana mocyny «QGalay Tta mpansHoro mopomky «Persil experty 3
xornenTpauismu 0,1; 0,2 ta 0,5 mr/av’; posunan repbimmmis «Actepa» — 1,0; 2,0 1 5,0 ma/aqv’ Ta
«JTuxamba ®opre» — 1,6; 3,2 ta 8,0 Mr/am’ Ta comi Baxkkux merams — ZnSO, -7H,0 — 1,0; 2,01 5.0
mr/m’ ta Pb(NO;), — 0,1; 0,2 i 0,5 mr/am’. Posunsm yeix B3STHX TOKCHKAHTIB Bigmosizamu 1, 2 i 5
r'’;IK.

IMpu mpoBeacHHI SKCIEPUMEHTY MO I aTh maroHiB E. canadensis mosxunoro 10 cm 6e3
VIOKOJKCHD BEPXIBKH, 03 OIYHUX BIATATY>KCHb Ta KOPCHIB MOMIIIATIH Y CKISIHI €EMHOCTI 00 eMoM 1
;[M3, 3aMOBHCHI JOCTIIKYBAHUMH PO3YMHAMH TOKCHKAHTIB BIANOBILAHUX KOHUCHTpaii. KoHTpoaem
CIIYTYBaIH POCIHHY, IO 3HAXOJWIUCH Y ACXJIOPOBaHIN BoAl. TpHBANICTh MPOBEACHHS CKCIICPUMEHTY
cranosuna 14 xi6. 3amiHy po34unHIB 3A1HCcHIOBaIM Yepe3 KoxkHi 48 rox. Y mabopartopii miarpuMysanu
MOCTIHHUN CBITJIOBHH Ta TEMIICPATYpHHH PekuM. B gKocTi TecT-peakuiii enoxei BUKOPHCTaHI Taki
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MOp}OIOTiUHI MOKA3HHUKH: NMPHUPICT MaroHy, GOpMyBaHHS HOBHX JHCTKIB, 6ioMaca, XJI0po3 Ta HEKPo3
naroHiB. Dikcaiiro TECT-MOKA3HMKIB 3alkcHIOBaIH HAa 3, 7 ta 14 00y. Orpumani pe3ynbraru
OTPaIlPOBAHI METOJAMH BapialliiHOI CTATHCTHKH [2].

PesyabTaT gociaiaskeHs Ta ix 00roBopeHHst

[Mix gac ¢ikcamii mopdosorivaux 3MiH v AocaiaHux maroHiB E. canadensis, mo 3naxomwmuce v
PO3UHHAX CONCH BAXKKUX METATIB, BIAMIUCHI CYTTEBI BIAMIHHOCTI Y PUPOCTI MArOHIB, MOPIBHAHO 13
KOHTPOJIBHOKO TPYNOI0 POCTMH. SIKINO y KOHTPOJBHOI IPYNU MPHUPICT MAaroHis Ha 3-Ti0, 7-my 1 14
no6u cknas 7, 23 1 40% BianosiaHo, To v BCiX poszunHax ZnSO, - 7H,0 BiH 36inpmuBces Ha 3-TI0 0OV
— Ha 2%; Ha 7-my 100y — Ha 5%, a Ha 14-ty 00Oy y posumnax 3 1, 215 I'’/IK — na 10, 7 ta 5%
BiAMOBIAHO. Lle CBIMYUTH PO MPUTHIYCHHS POCTOBHX MPOLECIB V pociuH B pozuuHax ZnSO, -7H,0,
IO KOPEMIOE 13 301IBIICHHAM KOHUEHTpanii Tokcukanty. [Ipuwaomy, v pozuunax 3 5 TJK, mpu 14-
JCHHINM excno3uiii ¢ikcyBaau B3arali MPUITHHEHHS PocTy marosis. Skmo y posurnHax ZnSO, 7H,0
PI3HUX KOHICHTpAWid A0 7-i A00M BIAMIYCHI OJHAKOBI 3aKOHOMIPHOCTI Y MPHPOCTI MATrOHIB, TO Y
pozunHax Pb(NQO;); 3 1, 2 1 5 I'’IK BiAMIHHOCTI POCTOBUX MPOLECIB yKE MPOSBISINCH 3 CAMOTO
nouatky. Tak, Ha 3-T0 100y uel mokasuuk ckiaas 7, 3 1 1%; va 7-my 1006y — 9, 51 2%, na l4-1y
no6y — 13, 7 1 2% signosiano. [IpubnusHo Taka K TCHACHLISA A0 3MEHIICHHSA MOPQHOMETPUYHHX
MOKA3HHKIB 13 30LMBIICHHAM KOHLICHTPAUll TOKCHKAHTIB MpOsBHIAck 1 y (opMyBaHHI HOBHX
JUCTKOBUX ITACTHHOK Ta 3MIHI O10MACH MTATOHIB (TaO UL ).

Tabnuya
3miHa Tect mokasuukiB Elodea canadensis v pozurHax TOKCHKAHTIB PI3HHX KOHLICHTPALIH

MopdomeTpruTHI TOKa3HUKH
Jitowa peqornna / JloBX1HA TaroHy KiTpKICTh THCTKIB biomaca
gac eKCHO3uIii (7006a) (cm) (1mT.) (n)
1 14 1 14 1 14

Konrpons (H,0) 10,0 14,0+0,33 960,14 123+0,09 1,88+0,06 3,50+0,11

1K | 10,0 11,0£0,16 950,28 1062016 1,76+0,05 2.24+0,09
ZnS0,x 210K | 10,0 10,6021 940,12 103021 1,74+0,09 2,11+£0,07
7H,0 STAK | 10,0 10,4+40,56 96+0,17 101£0,14 1,7740,03 2,02+0,02

1K | 10,0 11,3£0,29 960,29 110011 1,82+0,07 2,32+0,04
Pb(NOs), 210K | 10,0 10,7034 92+0,16 104+0,09 1,76+£0,05 2,15+0,06

STAK | 10,0 10,5043 92+0,31 970,22 1,73+£0,06 2,01+0,05
3acib o | 1K | 10,0 10,7+0,36 940,28 103031 1,75+0,05 2,07+0,03
HOCY Y 210K | 10,0 10,3028 950,30 98+0,27 1,78+0,06 1,71+0,04
«Gala» STJAK | 10,0 9,6+0.31 940,45 93+0,33 1,75+0,03 1,61+0,06
[Ip.mop. 1K | 10,0 10,4+0,17 960,25 960,41 1,76+£0,05 1,68+0,02
«Persil 210K | 10,0 9,94+0,23 940,36 860,34 1,73+£0,04 1,46+£0,03
expert» STJAK |10,0 8,840,24 9440,33 79+0,26 1,74+0,03 1,29+0,05
["epbirmun 1 TJIK | 10,0 10,3+0,17 95+0,21 99+0,22 1,77+0,04 1,81+0,02
«Acrepay 211K | 10,0 10,1+£0,27 96+0,32 96+0,17 1,81+0,05 1,73+0,04

STAK | 10,0 10,0031 950,43 900,41 1,78+0,08 1,58+0,03
["epbirmmn 1 TJIK | 10,0 10,1+0,29 9440,33 960,23 1,75+0,03 1,77+0,01
«/luxamba 210K | 10,0 10,1034 960,26 840,34 1,82+0,07 1,62+0,03
Doprer STJAK | 10,0 9,840,44 960,54 79+0,42 1,83+0,08 1,44+0,04

[Tpu BizyanmeHOMY OOCTEIKEHHI POCIIHH, IO 3HAXOJHIUCH V PO3YHHAX CONCH BaXKKUX MCETANIB,
Mepri BiAMIHHOCTI Y 30BHILTHBOMY BUIJISLI1 IOMIYCHI Ha 7-H JCHD CKCIICPUMCHTY, SIKI TIPOSBILSLTHACS YV
YacTKOBIH JemirMeHTanii cre6a Ta THCTKIB (IIPH OCHOBI MAaroHiB) Y pO34MHAX 000X TOKCHKAHTIB 3 2 1
5TJK. Ha 14-i nenp Big3HAYCHMI TOBHUIH XJI0P0O3 MArOHIB €IOACH.

HerartusHuii BIivB po3umHIB MHIOYOTO 3aco0y mis mocyay «Galay 1 mpanbHOrO MOPOLIKY
«Persil expert» 3 xonnentpauisimMu 1, 2 1 5 I'IK no3HaumBcs Ha POCAMHAX MPHU 3HAYHO MEHIIHX
KOHLICHTPALIAX, HIXK V PO3YHHAX CONECH BAKKUX MeTamiB. Bike 3 mepiunx AHIB €KCOCPHUMEHTY B YCIX
posunnax CM3 cmocrtepiranochk CHOBITBHEHHS MPUPOCTY MAroHiB Ta (POpMyBaHHS HOBHX JTUCTKIB.
Axmo B KOHTPONBHIN Tpymi pocaud Ha 3, 71 14 100y KifbKICTh YTBOPEHHX HOBUX JTUCTKIB 3pOCia Ha
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8.3, 20,8 ta 28,1% BiamosigHo, To B poszunHax «Gala» 3 1 I'IK Bona 3pocna Ha 6,4, 8.5 ta 9,6%
Bignosiauo, 3 2 I'JIK — va 3 1 7-my mobu — Ha 2,1 1 3,2% BignosigHO, a micias 7-i 700K yTBOPCHHS
HOBHX JHCTKIB B3arami He BiaOyBanoch. ¥ posuusi 3 5 ['JIK yTBOpeHHS HOBHX JUCTKIB BIAMIYCHO
aumne 10 3-i go0u, mpu upoMy iX KiIbKiCTe 3pocaa Ha 2,1%, a Hanpukiaii 14-i 1o0u KijgbKICTh iX
aveHmunacek Ha 1,06% B pe3yapTari HEKPOTHYHUX MNpOLECiB. Y PO3UHMHAX MHPATBHOTO HOPOIIKY
«Persil expert» yTBOpEeHHS HOBHX JTHCTKIB CIIOCTEPIrald JIHIIE V PO3YMHAX 3 KOHLCHTpamismMu 1 ta
2T'AK no 3-i nobu, me ix kimpkicte 3pocna muime Ha 1,06%. YV HacTyIHI IHI €KCIIEPUMEHTY iX
KUTBKICTh 3MEHIIYBANACh 1 HANpuKiHI 14-100u 1e 3meHmeHHs ctaHoBwio 1,04 ta 8,5% BiamosiaHO.
VY poszumnax 3 5 ['JIK dhopmyBaHHS HOBUX JNUCTKIB HE BiamiucHo Biarami. [Ipu Taxiéi kKOHUCHTpAIi
mpotsirom 14 gi6 X KUIBKICTH 3MCHINMIAch Mabixke Ha 16%. BisyanpHi 3MiHH 30BHIIIHIX
MOpPGOIOTIYHUX O3HAK MaroHis enoxei v pozunHax CM3 ¢ikcyBany 3 nepmux JHIB CKCICPUMEHTY —
BiJ YACTKOBHX XJIOPO3iB HA MOYATKY 1 A0 HEKPO3iB — HAMPHKIHLI JOCTIKECHHS. Taki 3MiHH HE MOTTIH
HC MO3HAYUTHCSA HA 3MCHINCHHI OloMacH mnaroHiB. IMOBIpHO, cHpHYHMHEHAa [Ji€F0 TOKCHKAHTIB
JCTITMCHTALSl TATOHIB BILIMBAE HA 3HIDKCHHS IHTCHCHBHOCTI (POTOCHHTE3y, INO BIAMOBIIHO
B1JOOpaKaeThCs HA 3HIKCHHI O10MacH.

Po3zunnn repbinmaie «Actepa» ta «ukamdba doprte» cpHUMHATH HA TAroHd enojei MEeHII
TokcruHy Aito, Hk CM3. Ilporte, 3 mepmmx AHIB mepeOyBaHHSA y PO3YHMHAX LHUX TOKCHKAHTIB 3
koHueHTpawismu 1, 2 1 5 T'IK v pocnauH BigMiueHO croBUIbHEHHS pocToBHX mpouecis. [lomipHuit
MPUPICT NMaroHie GikcyBatu A0 7-i 00H EKCIIEPUMEHTY, a MICHS CIOCTEPIranock HOro 3MEHIICHHS. Y
posunnax «Actepa» 3 11 2 I'IK ueit mokazuuk ckmaB 2—3%, y pozuuni 3 5 TJAK — 1%. Tlicns 7-i
qobu y pozuuni 3 1 I'JIK pict maroniB mpunuuuscs, a B pozuuHax 3 2 1 5 I'IIK BigmiueHo #oro
3MCHIICHHS BHACTIAOK HEKPOTHYHUX TponeciB. Y posunHax «nkamba @oprey 3 5 I'IK 3a 14 gHiB
CKCIICPUMEHTY MPHUPOCTY MAroHiB B3arail He Biamiuaau. Hesnaunuii fioro pict noMiucHuit y enoaci B
posumnax repOimuay 3 2 1 5 I'IK go 7-i no6u wa 2 i 1,5% BianoBigHO, a y HACTYMHI JHI HOTO
3MCHIICHHS.

Taki » 3aKOHOMIPHOCTI MPOABISLIMCE 1V (OPMYBaHHI HOBUX IHCTKIB Ta 3MiHI Oiomacu
maroniB. [lepmi BizyanpHI 3MiHH POCIMH BiAMi4YCHI HA 7-U JEHb Y NAroHIB, IO 3HAXOAWIHCH V
pozunnax «/luxamba Popte» 3 5 I'/IK. BoHH mposBIsIuce Y 4aCTKOBOMY XJIOPO31 KpaiB THCTKOBHX
miactuHok. Ha 14-ty 100y Taki 3MiHM OynH YiTKO BHPaXCHI Y POCIHMH B YCIX IHIIUX JOCHIIHHUX
rpymax. KpiM Toro, Ha mell wac BiAMIYEHI 1 HEKPOTHHYHI MPOLECH V POCIHH B PO3YHHAX 000X
repOinpaie 3 koHueHtpamismu 2 1 5 [JIK. Ilpum nopiBHAHHI BIUIMBY pO34YMHIB repOiIUaiB 3
OHAKOBUMH KOHIICHTparisMu Ha E. canadensis cix BigzHaunTH GibIn HETATUBHHE BIUTHB PO3UMHIB
«duxamba Doptey, Hizk «AcTepay.

BucHosxu

B xonxi BUBYCHHS BILIMBY PO3YHHIB AOCTIAKYBAHUX TOKCHUKAHTIB 3 KoHUeHTpauismu 1, 21 5 I'/IK Ha
maroun E. canadensis susiBicHi 3MiHH MOP(OMETPHYHHMX MApaMETPIB Ta BI3VAIbHHUX O3HAK, SIKI
MPOSIBJSIIMCH Y 3MEHIICHHI MPHPOCTY MAroHIB, CIOBLIBHEHHI Mpouecy GopMyBaHHS HOBHX JTHCTKIB,
3MCHIICHHI 0OlOMacH, XJIOpo3ax 1 HEKPO3axX IMaroHIB pOCauH. BHSMBACHO, MmO 3a OJHAKOBHUX
KOHLICHTpaLi# Oifdbll NPUTHIMYIOYHH BINHB Ha pociuHu crnpuuuHaiote CM3. Takum unHOM,
3gatHicTe E. canadensis akTuBHO pearyBaTd Ha aHTPOIOTCHHE 3a0pyIHCHHS BOJHOTO CCPCIOBHINA
MOKe OYTH BHKOPHCTAHO B CUCTEM1 O10MOHITOPUHTOBHX JOCITIIKCHb.

1. Tudposxonozuueckas TOKCUKOMETpUS 1 OnonHanKanus 3arpsasuennit / Pex. M. T. Oxexcus. — JIsBoB: Mup,
1995. - 440 c.
2. Jlaxun I'. @. buomerpusa /I". ©. Jlakun. — M.: Beicmag mxoma, 1990. — 352 c.
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U3VUEHUSA B TABOPATOPHBIX VCJIOBUSX BIIUSAHUSA COJIEM TSDKEJIBIX METAJUIOB,
CMC U TEPEMLIMI0B HA MOP®OJIOTMYECKHUE TTOKA3ATEJIM ELODEA CANADENSIS

B cratbe mpuBeacHBI pe3ynbTaThl 1a00PATOPHBIX UCCICIOBAHUIA BIMSHUS PACTBOPOB COJICH TSIKEIBIX
metamioB (ZnSO4 7TH,O u Pb(NOs),), cunreTnueckux mowimux cpeacts (CMC) (cpeacrsa s
nocyabl «Galay u crupamsHoro moporuka «Persil experty) u repounmaos («Actepa» u «Jukamba
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doprer) ¢ kounentparmmsavu 1, 2 u 5 TIJIK #Ha mopdonoruueckne mokasaream Elodea canadensis.
OOHapykeHO, uTO0 mpH 14-IHCBHOUW 53KCHO3ZULMH B PACTBOpPaX HCCICAYEMBIX TOKCHKAHTOB C
koHueHTpanusvMu 5 [IJIK mpoucxomuT mpekpaimieHHe pocTa MOOETOB PACTCHHUH W CHUIKCHUS
OHMOMAaCCHI, HAOTIOMACTCS ACTIMTMCHTALNS JTUCTHEB M ¢TeOt. Haubomee TokcHueckoe ACHCTBHE HA
pacteHus Bei3piBalOT CMC, KOTOpEIEC TOAABISIOT POCT U PA3BUTHUE BIOACS 3HAYUTCIBHO PAHBIIC H B
MEHBIIUX KOHLICHTPALMSAX, YeM APYTHE HCCICAYEMBIC TOKCHKAHTEL. JTO MPOSBILIOCH B MHTCHCUBHOM
JCTUTMEHTAIIMM W HEKpoTH3almu Tmo0eroB pactenuit B pacteopax CMC «Persil expert»y ¢
koHueHTpamsamu 2 u 5 [IJIK u «Gala» — ¢ 5 TTJK. OGHapyKeHHBIE TeCT-PEakMi PACTCHUH MOTYT
OBbITh MCTIONB30BAHBI B CHCTEME ONMOMOHHUTOPHHIA BOXHOW CPEBI.

K/liOHe‘Gble cilosaq. 6u0mecmup08al-tu}l, mecm—peakuu}l, MOpd)OﬂOZM‘l@CKM@ nokasameyi, moKcukanmasl, ElOdea
canadensis

L.E. Astahova, G.V. Muzh
Ivan Franko Zhytomyr State University, Ukraine

STUDY OF EFFECTS OF HEAVY METALS SALTS, HERBICIDES AND SD ON
MORPHOLOGICAL INDICATORS ELODEA CANADENSS UNDER LABORATORY
CONDITIONS

The results of laboratory studies of effects of heavy metal salt solutions (ZnSO, 7H,0O and Pb(NO),),
synthetic detergents (SD) (tableware «Gala» and detergent «Persil expert») and herbicides ("Astera"
and "Dicamba Forte") with concentrations of 1, 2 and 5 MTC on morphological indicators Elodea
canadensis are presented in the article. It was discovered that after the 14 days exposure in solutions
of researched toxicants with concentration of 5 MTC occurs the termination of shoot growth and
reduction of biomass, as well as depigmentation of leaves and stem. SD that suppress the growth and
development elodea much earlier and in lower concentrations than other studied toxicant have the
most toxic effect on plants. It was shown through intensive depigmentation and necrotization of
shoots of plants in solutions SD «Persil expert» with concentrations of 2 and 5 MTC, and SD «Gala» -
with 5 MTC. Discovered test parameters of plants can be used in the biomonitoring system of aquatic
environment.

Keywords: biotesting, test parameters, morphological indicators, toxicants, Elodea canadensis
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IXTIOMMATOJIOI TYHUI MOHITOPHUHI BOJIOIM
YHOBLIbHEHOI'O BOJTOBMIHY UEPHITIBCbKOI OBJIACTI

HageaeHo paHi crocTepeXCHp 1XTIONATONOTIYHOI CUTYaLii vV BOZOHMAaxX YHOBIIBHEHOTO BOJOOOMIHY
Uepniriseekoi obmacti Bopoaosxk 2013-2014 pp. Ha ocHOBI KIIHIYHOrO OMNISAY T4 MATOJIOTO-
AHATOMIYHHUX JOCIIKCHb IMPOAHATI30BAHO YACTOTY TPAIUIIHHS XBOPOi pubOu Ta ChOpMYIOBAHO
MPUIYLICHHS MO0 POJIi aHTPOIIOTCHHOI CKIa0BO1 Y HOIIUPEHH] 3aXBOPIOBAHb.

Kmouosi crosa. monimopune, puba, namono2iuni 3MiHU, 000IMI YNOGLIbHEH020 6000006MiHy, HepHiziecvka
obracme

OCHOBHOIO €KOJIOTTYHOK MpoGneMor YepHiriscbkoi 001acTi BIPOAOBK OCTaHHIX ACKUIBKOX POKIB
3ATHINAETHCS MHUTAHHS 3a0pyAHCHHS Ta CTAH MOBEPXHEBHX BOAHHX 00 ekTiB [1]. Ilepimoueprosum
YUHHUKOM BIUTMBY HA SIKICHUH CTaH BOMOHM 00/acTi € aHTPOIMOTCHHE HABAHTAKCHHS, 30KpEeMa
HAAXOMKCHHA HEIOCTATHBO OYHMIICHUX CTIYHMX BOJ, 3a0pVIHCHHS TBAPWHHHLBKUMH CTOKAMH,
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