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AHHOTAIHUSA

Jnst BBeieHHsl B DKCIUTyaTalMio YIbTPa3BYKOBOH yCTaHOBKH, d3(peKTUBHOM 111 OOpbOBI C
MHUKpPO(UTOOOpACTAaHNUAMH THIPOTEXHHYECKUX COOPY)KEHHH ATOMHBIX 3JICKTPOCTAHIINH,
HE0OX0MMO MPOBEICHNE HATYPHBIX HCCIICAOBAHUM, MOATBEPKIAIOIINX e¢ 0e30MacHOCTh
JUIS THIPOOMOHTOB, B YaCTHOCTH PbIO, MONaJaloiX B 30HY ACHCTBUS yIbTpa3ByKa. Llens
pabOTHI COCTOUT B OIEHKE BO3IEHCTBHSA YIBTPa3BYKOBOH ycTaHOBKH (MomHOCTEIO 500 BT,
gactotoii 27 k[, cuioit Toka 3 A) Ha MOBeIEHUSCKUE PEAKIINN, OMOXUMHIECKUE U THCTO-
MaTOJIOTMYECKUE TTOKA3aTeIN HEKOTOPBIX BHIOB PrIO UepHOro MOpS B YCIOBHSIX MOPCKOI
akBaropuu (0. Kapantunnasi, UepHoe Mope). DKCIEPUMEHT MPOBOJMIM B TEUEHHE TpeX
JHEH, B KaKIBIH U3 KOTOPHIX yJIBTPa3ByKOBYIO YCTaHOBKY BKJIIOYAJH Ha 1 4 mpu yacToTe
Bo3zaecTBus 27kI 1. ITocie aToro ocobu conep:Kaanuchk B CaiKax ele Ha NPOTSHKEHUH ISATH
JTHEH JUTSL OLICHKH BO3MOXHBIX OTCPOYECHHBIX 3((EKTOB. YCTaHOBIIEHO, YTO Ha HEOOIBIIOM
pacctosiHum (10-30 cM) ynpTpa3BykoBas yCTaHOBKA OKa3bIBAaeT Ha PBIO paszpaxaroliee u
oTmyrusaroniee Boszaelcrsue. Hanboee BbIpakeHHBIE TOBEICHYECKHNE PEAKIUKM OBUTH OT-
MeueHbl y cynTaHku Mullus ponticus, craspunsl Trachurus ponticus, cMapuusl Spicara
flexuosum n Mopckoro kota Dasyatis pastinaca, HauMeHee BBIPa)XEHHbIE — y MOPCKOTO
epma Scorpaena porcus. [Ipn 3TOM Ha MPOTSKEHUU BCETO HKCIIEPUMEHTa rHOeny peid He
HaOJIONaIM HU B ONBITHOM, HM B KOHTPOJBHOM cajkax. J[OCTOBEpHBIE Pa3zinuusi MEXIY
OMOXMMHYECKIMH ITIOKa3aTesIIMH B CHIBOPOTKE KPOBM M TEUCHH AHAIM3MPYEMBIX BHIOB
PBIO U3 OIBITHOTO M KOHTPOJIBHOTO CaJKOB OTCYTCTBYIOT. CpaBHUTENBHBIN aHAIN3 MHICK-
COB T'HCTONATOJOTMYECKUX M3MEHEHUI IedeHH, xalp U MOoYeK, a TakKe OOIIUX MHIEKCOB
anpTepaIyii y poId U3 OMBITHOTO M KOHTPOJIBHOTO CAJKOB HE MOKAa3aJl JOCTOBEPHBIX Pa3iv-
ynii. [lomyueHHbIE pe3yabTaThl CBUAETENIBCTBYIOT, YTO YIBTPa3ByKOBas YCTaHOBKA C 3a-
JAHHBIMHM XapaKTePUCTHUKAaMH BO3ACHCTBHS HE BIHMSIET HAa COCTOSHHE DPHIO M3 ONBITHOM
TPYIIIBL, YTO TTO3BOJIIET PEKOMEHI0OBATh JaHHYIO YCTAHOBKY K MCIIOJIB30BAHHIO B CHCTEMaX
TEXHUYECKOTO BOJJOCHAOKEHHNSI aTOMHBIX 3JIEKTPOCTAHIIHNH.
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Abstract

For the commissioning of ultrasound equipment effective for the microphytofouling control
of nuclear power plant hydraulic facilities, field studies are needed to confirm its safety for
aquatic organisms, in particular for fish exposed to ultrasound. The paper aims to assess the
effect of ultrasound equipment (power 500 W, frequency 27 kHz, current 3 A) on the be-
havioral response, biochemical and histopathological parameters of some Black Sea fish
species in the marine environment (Karantinnaya Bay, Black Sea). The experiment was
carried out over three days. In each day the ultrasound equipment was switched on for 1 h
at an exposure frequency of 27 kHz. Afterwards, the individuals were kept in tanks for an-
other five days to assess possible delayed effects. The irritating and deterrent influences
were established at a short distance (10-30 cm) from the ultrasound equipment. The most
pronounced behavioral reactions were recorded in red mullet Mullus ponticus, Black Sea
horse mackerel Trachurus ponticus, picarel Spicara flexuosum and common stingray Dasyatis
pastinaca, the least pronounced ones were noted in European black scorpionfish Scorpaena
porcus. At the same time, fish mortality was not observed in the experimental and control
tanks throughout the entire experiments. There were no significant differences between
the biochemical parameters in the blood serum and liver, histopathological alteration indices
in liver, gills and kidneys, as well as the total indices of alterations in fish from the experi-
mental and control tanks. The obtained results indicate that the ultrasound equipment with
the defined characteristics has no negative influence on fish that allows us to recommend this
equipment for the application in the technical water supply system of nuclear power plants.

Keywords: ultrasound exposure, Black Sea fish, behavioral response, survival, fish surviv-
al, biochemical parameters, histopathological parameters
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Beenenue

B nacTosmee Bpems mpu 3KCIUTyaTallMM aTOMHBIX AnekTpocTaniuil (A3C)
Y IJIaBYYHX aTOMHBIX TerutoanekTpocTtaniwii (ITATOC) GpukcupyroTes: OTKIOHEHHS
B UX paboTe, BbI3BaHHBIE HAKOIUICHUEM B TEXHOJIOTMUECKHX CHCTEMAax >KUBBIX Opra-
HHU3MOB — HCTOYHHKOB OMOIIOMEX. DTO CYILIECTBEHHBIM 00Pa30M BJIMSCT Ha KCILTya-
TAlMOHHBIE XapPaKTEPUCTUKH CHCTEM TEXHUYECKOIO BOJOCHA0KECHHS, PUBOAUT K BbI-
X0y U3 CTpOsi 000PYAOBaHUsI, CHIDKEHUIO MOLTHOCTH 3HEprodiokoB ADC/TIATOC
U, KaK CJICICTBUE, K HEAOBBIPAOOTKE AIIEKTPOIHEPIHH U IKOHOMUYECKUM IIOTEPSIM,
CBSI3aHHBIM C BBIBOJIOM B PEMOHT, IIPOBEIEHHEM BHEIUIAHOBOI'O TEXHHYECKOTO 00-
CITy’)KMBaHHSA, 3aMEHON TEXHOJIOTHIECKOTO 00opymoBanus [1].

OnauM u3 3PPEKTUBHBIX U OE3pearcHTHBIX METOMIOB OOpPHOBI ¢ OHOJIOTHYE-
CKUMH [TIOMEXaMU SIBJIsieTca 00paboTKa BOABI YIbTpa3ByKoM. CHeHanucThl OTAea
OMOXVIMHUYECKMX TEXHOJOTWH ¥ TexHonorudeckoro obecreuenns AO «BHUMADCy»
pa3paboTaiy yIbTpa3ByKOBYIO ycTaHOBKY (Y3VY) ¢ pa3HBIMHU peXXHUMaMH HU3ITyde-
HUS IS 3alUTHl THIPOTEXHUYECKUX COOPYKEHHUH OT MHKPOPHUTOOOpacTaHWIA.
B pesynbrate coBmecTHOW pabOThl C COTpPYZHUKAMH OTAENa KOJIOTHH OeHToca
denepanbHOrO roCyJapCTBEHHOTO OI0KETHOrO yupexxaeHus Hayku deaepanbHo-
r0 HCCIIEIOBAaTENbCKOrO LEeHTpa «MHCTUTYT OHOJOIMH IOKHBIX MOpEeH HMEHH
A. O. Kosanesckoro PAHy» (®UILl NubKOM) Osuta ycraHoBjieHa BeIcOKas b dhek-
TUBHOCTh Y3Y NpOTHB 00pacTaHMii, a TakKe€ ONTHMAJbHBIE PEKUM M YaCTOTHI
Bo3aeiicteust [1]. [lpu 3TOM HaATypHBIC HCCIEHOBaHUS, MOATBEPIKIAIONINE Oe3-
OTMACHOCTh YCTaHOBKH JUISI TUIPOOMOHTOB, B YHACTHOCTH PBIO, MOMAJAI0IUX B 30HY
neiicteust Y3V, 0 CHX TOp HE MPOBOAWINCH. TaKkue uccieaoBaHus SBISIOTCS He-
00X0UMBIM 3TarioM padoThI st Oe3omacHoro npumeHeHus Y3Y na ADC, Bogoe-
MBI-OXJIAJIUTENIN KOTOPBIX OTHOCATCS K OOBEKTAM PHIOOXO3SIICTBEHHOTO 3HAYEHHS,
B TOM 4YHCJI€ K MOPCKHM aKBaTopusiM. MHTepec K MpOBEACHHIO MOAOOHOrO pona
HCCIICAOBAaHUA B MOPCKMX BoJax o0OycloBieH (yHKIMOHMPOBAaHMEM Ha
tepputopun PO neyx ADC (Jlennnarpanckoit u Kombckoit) u [IATOC «AkameMuk
JIoMOHOCOBY, KOTOpbIEe B Ka4eCTBE BOJOEMAa-OXJIaJUTENS UCTIOIB3YIOT MPHUOpEK-
HbIE MOPCKHE aKBATOPHH, a TaKKe aKkTUBHBIM cTpouTenscTBoM 'K «Pocatom»
ADC B Mopckux akBaTopusx Typuuu, banrnanem, Erunta n Uanuu.

K nHacrosmemy BpeMEeHH XOpPOIIO M3Y4YeHO BIUSHHUE 3BYKa W YJIbTpa3ByKa
Ha CEHCOpPHBIE CHCTEMBI PBIO [2], a Takke (HOKYCHPOBAHHOTO YJIBTPa3ByKa Ha Tie-
pudepryuecKre CTPYKTypbl OPraHOB YyBCTB KMBOTHBIX M 4enoBeka [3]. IIpu atom
CBE/ICHUS O BIMSHUM yJIbTPa3ByKa Ha COCTOSIHUE 310POBbS PHIO B LIEJIOM B JIUTEPA-
Type Mo-NpeKHEMY OTpaHHUYeHHBI. BOJIBIIMHCTBO paboT, KaK MpaBHIIO, HAIIPABICHEI
Ha M3Y4eHHUE BIUSHHS PhIO03arpaluTeIbHbIX YIbTPa3BYKOBBIX YCTPOHCTB TOJBKO
Ha TMMOBeJIHUECKHe peakiuu poio [4], a Takke Ha uzydenne 3pekTHBHOCTH yiTb-
Tpa3ByKka ajsi OopsObI ¢ dKTONapasuTaMu pei0 [5]. JIst OLleHKH BIMSHUS YJIBTpa-
3ByKa Ha pbIO, BHIPAIIMBAEMBIX B MOPCKUX COOPYKEHHUSIX MM HA MOPCKHX MHOTOLIE-
JIEBBIX IIaTGOpPMax, COUETAIONINX MPOU3BOJICTBO BO30OHOBIISIEMOW YHEPTHU U aKBa-
KyabTypy, C. KHOOJIOX ¢ coaBTOpaMy U3ydalil POCT, BBDKUBAEMOCTh U MUKPOOHOTY
BBIPANIUBAEMOT0 B JIAOOPATOPHBIX YCIOBHSIX EBPONEHCKOTO MOPCKOTO OKYHS
(Dicentrarchus labrax) [6]. YcTaHOBIEHO, YTO YJIBTPa3ByK B quama3oHe ot 17.5
10 49.7 kI'u He OKa3pIBAJI KAKOTO-TMOO BIMSHUS HA POCT U BBKHBAEMOCTh MOPCKO-
ro okyHs. [Ipu 3TOM MUKPOOHONIOTHYECKUH aHAN3 C MCIOJIb30BaHUEM YaIleYHOTO
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MoJICUeTa U MeTaTaKCOHOMUM Ha ocHoBe reHa 16S pPHK moka3zan HapyiieHne Muk-
POOHOTHI kalp M KOXKH, BKJIIOYAsl YBEIWYCHUE YUCIIA MPEANOJIaraeMbIX MaTOreH-
HBIX Oaktepuit [6]. pyrumu mccienoBaTelssMA OBIT TIOCTaBJICH IOJTOCPOYHBII
30-mHEBHBIN SKCIIEPUMEHT I10 OIEHKE BIUSHHS MaoMoIIHo# (7-9 BTt) aByxuactot-
HOU aHTHIHaHOOakTepranbHOH Y3V (23 u 46 k') B yCIOBUAX TPECHOBOJIHBIX BO-
JIOEMOB Ha POCT, YPOBEHb KOPTH30JIa B KPOBU W AKTHBHOCTH AHTHOKCHUAAHTHBIX
(epMEHTOB B TOMOTCHATaX MEUYCHU Kapma. Y CTaHOBJICHHBIE B Pab0OTe HE3HAUYUTEIIb-
HBIE M3MEHEHNST OMOXMMHUYECKHX TTOKa3aTelNei, T0 MHEHUIO aBTOPOB, CBUIETETHCTBO-
BaJI 00 OTCYTCTBHH CTPECCOBBIX COCTOSHHIN y PHIO M, COOTBETCTBEHHO, KAKOTO-JTHOO0
HETaTHBHOT'O BIUSHUSI MaJIOMOITTHOH Y3V ¢ JaHHBIMH YacTOTaMH BO3IeHCTBYS [7].

B 10 xe Bpems BiausHue 3pdexTuBHOM 17151 00pBOBI ¢ OMooOpacTanusamu Y3Y
(momHOCTRIO 500 BT, wactoroit 27 kI, cumoit Toka 3 A) Ha MOBEACHUYECKUE PEaK-
Ui pbI0, OMOXWMUYECKHE W TUCTOMATOJIOTHIECKHE IMapaMeTphl MX TKaHEH/OpraHoB
B YCIIOBHSIX MOPCKOM aKBaTOPHU A0 CHX MOP HE OIICHUBAIH.

Taxum oOpazom, 11e1h padoThI — OlleHKa Bo3aercTers Y3Y (MomrHOCcTRIO 500 BT,
gactotoit 27 x['1, cumnoif Toka 3 A) Ha moBeAeHUYECKUE, OMOXUMUYECKUE B TUCTO-
MaTOJIOrMYECKHE MOKa3aTeln HEKOTOPBIX BUAOB pei0 UepHOro Mops B yCIOBHUSX
MOPCKOH aKBATOPUH.

MarepuaJ 1 METOAbI

Jus ouenku Bo3aeiictus Y3V (paspaborunk AO «BHUHUADC», r. Mocksa)
MotrHocThio 500 BT, yactoroit 27 kl'1, cuiioi Toka 3 A Ha MOBEJEHUYECKUE pe-
aKIHMH, a TaKKe OMOXMMUYECKHUE W THCTOMATOJOTHYECKUE MTOKa3aTeNn phiO ObI-
JIY BBITIOJIHEHBI 3KCIIEPUMEHTAaJIbHBIE UCCIIEIOBAHUSI B TIPUOPEIKHON aKBaTOpUH
r. CeBactonons (0. Kapantunnas, YepHoe mope).

Jns peanuzanuy SKCIIEPUMEHTa OBLIM IMOCTAaBJICHBI CIEAYIOIINE 3aJauu:
1) MOHTaX 3KCTIEPUMEHTAIHHON YCTaHOBKHM (KOHTPOJBHBIM M OTBITHBIM CaaKu)
u Y3V, 2) omnoB pei0; 3) oneHka BiausHus Y3Y Ha MMOBEJICHYCCKUE PEAKIIUU PHIO
Y UX paclpeielieHHe B Ca/IKax, a TaKKe BBDKMBAEMOCTh C MCIIOJIb30BAaHUEM BHJIEO-
PEruCTpUpYIOIIEH annapaTypsl; 4) oleHKa BIUAHUS Y3Y Ha OHOXMMHYECKHE U TU-
CTONATOJIOTHYECKHE TTOKA3aTeIH PhIO.

Jiist IpoBeieHus! IKCTIEPUMEHTa ObLUTH TIOJITOTOBIICHBI JIBa CaJlka — KOHTPOJIb-
HBIH M 3KCHepuMeHTaNbHbINA. Caaku MpeAcTaBsuId cOO00M KapKackl M3 IOJIUIPO-
MTUJICHOBBIX TPYO C OTKUIHBIMHU KPBIIKaMHu (UIMHA — 4 M, IIHpUHA — 2 M, BBICOTA —
1 M), OOTSHYTBIE KalIPOHOBOM CETKOM ¢ stueiikoit 10 Mm. J[HO cafKoB W3roTaBIMBAIN
U3 apMUPOBAHHOTrO MeP(HOPUPOBAHHOTO MOIMBUHMIXJIOPHIHOTO MOJOTHA C sTUeii-
koi 1.5 mm. UToObl BepXHUH Kpail CaJIkOB BO3BBIIIAJICS HAJ[ IOBEPXHOCTHIO BOJIBI
Ha 10—15 cM, K BepXHEl 4acTH CaJKOB KPETWIH MTOTUIABKH M3 MEHOIIOIMCTHPOIIA,
K HIDKHEH 9acTu — rpy3bl. Cajku ObUTH TTOTPYKEHBI B MIPHOPEIKHYIO MOPCKYIO aK-
BaTOpHIO OKOJIO JaboparopHoro xopmyca ®UL MuBIOM. KonTponwsHbIi cagok
ObUT OTOYKCHMPOBAaH OT 30HBI OIBITa Ha paccrosiHue 30 M. DKCnepuMEeHTaIbHBINA
CaJIOK OBLT 3aKperIeH OKO0JI0 Mpuyaia JUIsd pa3MelIeH!s] B HeM H3IyJarolei arma-
patypsl. [ mybuHa noj cajgkaMu cocTaBisiia 5 M.

B axBaropuu r. CeBacronons (UepHoe Mope) ¢ HCMOIB30BaHUEM AOHHBIX JIO-
BYIIEK OBIJIM BBIJIOBJICHBI HEKOTOPBIE BUABI prIO YepHoro Mopst: cyntanka Mullus
ponticus Essipov, 1927 — 120 k3., pynena (ry0an) Symphodus tinca (Linnaeus,
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1758) — 60 3x3., MopcKkoii epi Scorpaena porcus Linnaeus, 1758 — 60 3k3., MOpckoit
KoT Dasyatis pastinaca (Linnaeus, 1758) — 4 3k3., Mmopckas smucunia Raja clavata
Linnaeus, 1758 — 2 9k3., craBpuna Trachurus ponticus Aleev, 1956 — 20 ak3.,
nackupb Diplodus annularis (Linnaeus, 1758) — 4 k3., TeMHBII TOpOBUTE Sciaena
umbra Linnaeus 1758 — 6 sk3., cmapuna Spicara flexuosum Rafinesque, 1810 —
6 9K3., Mopckas Jiactouka Chromis chromis (Linnaeus, 1758) — 2 3k3.

Priba Oblna paccaskeHa TOpoBHY B 1Ba caaka. C IeTbi0 afanTaluyd 0coOei
K YCJIOBUSIM COIEpPKaHMS B CajKax, a TAKKe MCKIIOUCHMS U3 SKCIEPHUMEHTa 0CO-
Oeif, TpaBMHUPOBaHHBIX NP BBUIOBE, PHIOY epXKal B cafKax Ha MPOTSHKEHUH IITH
JIHEU 0 Hayana 3KCIEPUMEHTa. DKCIIEPUMEHT MPOBOJWIM B TEUCHHE TPEX ITHEH,
B KaXXIIbI 13 KOTOphIX Y3V Brumovanu Ha 1 4 ¢ yacToTol Bo3aeicTBus 27 k.

O1eHKy MOBEJICHHS U paclpeieieHusl PO B ONTBITHOM M KOHTPOJIBHOM CaJKax
TIPOBOJIMITH C TIPUMEHEHHEM TOIBOHOM Bruaeokamepsl (7/9/10 inch AHD Underwater
Fishing Camera, Kurait) n BU3yallbHO TIO PACCTOSIHUIO MEXAYy (DPOHTOM CTau PHIO
u Y3VY. BepkuBaeMoCTh pPbI0 B OTBITHOM CajKe OICHHBAIHM ITyTEM IIOJICYETa T0-
THOIINX SK3EMIUISIPOB PHIO BO BpEMSI U MOcyie BO3ACUCTBUS Y3V, B KOHTPOJIBHOM —
B TE€UYEHHE Bcero skcnepuMenTa. [locne okoHYaHMS TPEXIHEBHOTO AKCHEpHUMEHTa
1o BO37eiicTBHI0 Y3Y Ha MOBEIECHYECKHE PEeaKIMU PbI0 0COOU OCTAaBAIKCh B Cal-
Kax eIle ISTh AHEH I OLIEHKH BO3MOKHBIX OTCPOUEHHBIX 3(pPeKToB.

Brusane Y3V Ha OMOXMMHYECKHE W THCTOMATOIOTUIECKHE MMapaMeTphl OIle-
HHUBaJIM HA MPEACTABUTENSIX PA3HBIX 3KOJIOTHYECKUX TPYII PbIO — CylITaHKEe U MOp-
ckoM epiue. [locne u3bsATHS pHIO U3 CaAKOB MPOBOAWIN CTAaHIAPTHBIN OHOJIOTHYE-
ckuii aHanmu3 21 3k3. cynranky ¥ 20 5K3. MOPCKOro eplIiia: ONpenesyii OCHOBHBIE
JIMHENHBIE U BECOBBIE XapPAKTEPUCTHKH ), a TakKe KIMHUYECKHE W MATOJIOrOaHa-
TOMHUYECKHE NMPU3HAKU [8, 9]. Bo3pacT pbI6 onpeaesiu o oToauram .

Marepuanom aisi OHOXUMHUYECKHX WCCIEIOBAHUN CITY>KWIN TME4YE€Hb U CBIBO-
pOTKa KpoBU pbIO. B medeHu puid ompenensim copep’kaHue MPOAYKTOB OKHCIIH-
tenbHON Moaudukanun 6enkoB (OMB), mepekucHoro okucnenus munuaos (IT0JT),
a Takke akTHBHOCTH cynepokcugaucmytassl (CO/), katanassl (KAT), nepokcu-
nasel (IIEP) n xonmunacrepassl (X2). B nedeHu u chIBOPOTKE KPOBU ONpEAEIISIIN
aKTUBHOCTh ajlaHnHamuHoTpancdepasnl (AJIT) u acnapraTamMuHOTpaHChEpasbl
(ACT) meromamu, onrcanasiMu Hamu panee [10].

Bce ompenenenuss nmposoaunu Ha crnekrpodoromerpe CD-2000 (OKB
«Cnextpy, r. Cankr-IlerepOypr, Poccus).

JU1st THCTOJIOTMYECKOT0 aHalIn3a MPoObl kadp, NeUeHN U NoYeK (PUKCHPOBAIH
B TeueHne 2448 4 B pactBope JpBUACOHA, 3aTeM momemanu B 70%-HbIid CITUPT.
JanpHelyo 00paboTKy THCTONIOTHYECKHX P00 MPOBOHIN O OOIIETTPUHATON Me-
TojmKe 2, Cpesbl TONMMIUHON 4—5 MKM OKpalIUBalid T€MaTOKCHIMH-303UHOM 10 Meii-
epy u 1o Pomanosckomy — ['um3e 2. BeisBlieHHbBIE Y PBIO THCTOMATONIOIHYECKUE
M3MEHEHUS! aHAJIM3UPOBAIN C HUCIOJIb30BAHMEM MOANU(HUIMPOBAHHOIO IMOIYKOJIHU-
YeCTBEHHOTO aHaju3a anprepannii mo metonuke /[. bepne ¢ coaBTopamm [11],

D Ipaeoun U. @. PyKOBOACTBO MO M3y4EHMIO PHIO (MPEMMYIIECTBEHHO NMPECHOBOAHLIX). MoCKBa :
[IumeBast mpoMBIIUIEHHOCTH, 1966. 374 c.

2 Bancroft J. D., Gamble M. Theory and practice of histological techniques. New York ; London :
Churchill Livingstone, 2008. 744 p.
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IpY KOTOPOM YYUTHIBAIKCH (HaKTOp TsDKECTH (W) M PaclpOCTPaHEHHOCTDH MOBpe-
JKIeHUH B opraHax (a). Mcnonp3ys BhIllleyKa3aHHbIE 3HAUEHHUS, PACCUUTHIBAIM UH-

nekc oprana [11, c. 30]
Iorg = Z Z(aorg rp alt x Worg p alt)v
p alt

TJIe Org — OpTaH; rp — TUII PEaKlny; alt — I3BMEHEeHue; @ — 3HaueHue O0ama; w — (ak-
TOp 3HAYUMOCTU. BBICOKHMI MHIEKC YKa3bIBAE€T HAa 3HAUUTENBHYIO CTEIEHb MOBpE-
xpaenavst. OOt nHAeKC ambTepartuil [T BEIYUCIIIN KaK CYMMY WHIEKCOB OpTaHOB.

JlOCTOBEpHOCTh pa3IMuUii MEXY BHIOOPKAMM OLICHHBAIH C MPHUMEHEHUEM
U-kputepuss Manna — YurtHu. Paznuuus cuutanu 10CTOBEPHBIMU IIPU YPOBHE 3HA-
gumoctu p < 0.05. CraTucTuueckuil aHaIU3 MTPOBOJIWINA C UCTIOIH30BAHUEM KOM-
NBIOTEpHBIX TiporpamM Past 3 u Microsoft Office Excel 2016.

Pe3y.11|,TaT1>1 n 06cy>lcne}me

Tosedenueckue peakyuu, pacnpeoeieHue u 8blHcuUsaeMocnv povlo

[lepBrIit neHb skcnepumMenTa. 3a 30 MUH 10 Hauajga SKCIEPUMEHTA B ONBITHBIN
casok Obla ycTaHOBJIEHA M3Jydaromias anmaparypa. PeiObl cBOOOAHO mepenBura-
JUCHh BHYTPH CajKa, HE OIacasich IUIABAIOMIETO TPEAMEeTa Ha MOBEPXHOCTH BOJBI.
Cynranka pacrnojiarajach Ha JHE TPYIIOil, 9acTh KOTOPOH HaxoAwIachk moa Y3V.
Oco0u pyJieHbl, MOPCKOTO epllia U TOpObUIS HaXOIWIUCh B YIJIAX MEXAY JHOM
Y CTEHKOHW cajika. Mopckasl Jiucuiia pacroiaraiach Ha aHe. CTaBpuabl, CMapHUIbl
1 JIACKHPH COOPANIFICH B TPYIITY U AePKaJNCh BO3JIE CTEHKH camka. OcoOM MOPCKOTO
KOTa M JJACTOYKA aKTHBHO IEePEIBUTAIMCH B TOJIIE BOBI IO BCEH TUTOMIAIN CaKa.

[Mocne BritoueHus Y3Y B 9KCIMEPUMEHTAILHOM CaJlKe PHIOBI (CMapHIb, J1ac-
KUPH, CTaBpHUIbI, PYJICHBI, MOPCKHE €PIIH, TOPOBUIH, MOPCKas JIMCHIA), KOTOpPhIC
HaXOJWIIUCH BHE MPSIMOTO BO3JEHCTBHS MPpUOOpa, HE M3MEHSITH CBOETO MOBEICHUS
1 MecTorosokeHus1. OcoOM MOPCKOTO KOTa MPH OYEPEeTHOM MPUOTIKEHNH K Y3Y
PE3KO pa3BOpAaYMBAIKMCh M OTIUIBIBAJIM B IPOTUBOIOJIOXKHYIO CTOPOHY, M30eras
MOMIaIaHusl B 30HY M3ITyYeHHS TOA anmaparypod. CylTaHKH, pacroioKHBIIUECS
Ha AHe canaka mox Y3V, Haualu CMeIaThCsl B CTOPOHY 0co0el CBOEeTo BHAA, HAaXO-
JUBILIUXCS BHE 30HBI ICHCTBUS IprOOpa.

Bo Bpemst paGoTsl ipubopa peIOBI cTapaluch n30erath 30HBI JSHCTBHS yilb-
Tpa3Byka. BHe 30HBI neiictBus Y3Y — Benu ce0s Tak e, Kak U 0 Hadaja pabo-
THI IpUOOpa.

Bropoii geHp sxcnepuMenTa. ['M6enu ppid B OMBITHOM B KOHTPOJILHOM CajKax
HE HaOIoAaH.

B momenT BiitoueHust Y3V pbIObI OBIITH pacmpeieNieHsl o BceMy 00beMy caji-
ka. [Ipu mombBITKE COTHATH TPYMITY CYJNTAaHKU B 30HY JEWCTBUS YIBTPa3ByKa, phiOa
nepeMecTHiIach oA npubop, Tlie Haxoauaach JUIMTEILHOE BPeMsl, HHOTA P H-
MOJHUMASICh CO JTHA B TIONBITKE IEPEMECTHTHCS, a 3aTeM CHOBa OITyCKasICh Ha JHO.
BusyanbHO gaHHbIE MOBEACHUYECKUE PEAKIUU CYITAaHOK B 30HE BO3AEUCTBUS Y3Y
MOJKHO OBLIO XapaKTepHU30BaTh KaK MOTEPIO OPUEHTAINH / OTIyIIeHHe. AHAIOTHY-
HBIC TOBCJACHYCCKHUEC PCAKIINN 6BIJ'[I/I OTMCYCHEI y CTaBpUd, CMapua U MOPCKOI'0 KOTa.
Jpyrue BUIbI pbIO, KOTOPBIE HE HAXOAWINCH B 30HE Y3V, CBOOOHO MEpEABUTAINCH
o canky. CKaThl U3peKa 3aruTbIBaN MO IPUOOp, HO AePKAINCH y THA, CTapasiCh
HE ITOJHUMATHCS B TONILY BOZbI Ommke K pudopy. [locne oTkimoueHns m3mydaromnieit
arrmapaTrypsl pI)I6bI HE N3MCHSIN CBOCTO ITOBECACHUA N MECTOIIOJIOXKEHUS B CalKeE.
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Tperuit newp dxcriepuMenTa. I 'nGenu peIid B ONTBITHOM W KOHTPOJIBHOM CaKax
He HaOmonanu. [locne BkimtoueHust Y3V B ONBITHOM Cajike HE OBIJIO OTMEYEHO Ka-
KOTO-TH00 3aMETHOr0 BO3ACHCTBHs Ha pbIO BceX BUAOB. OHU CIOKOMHO mepeme-
IIAJTMCH TI0 BCEH IJIomany caaka 0e3 mpu3HaKoB OECITOKOWCTBA WA TIOTEPH OpH-
EHTAINN.

[Tocne okoHYaHMS TPEXAHEBHOIO IKCIIEPUMEHTA 110 Bo3AelcTBUIO Y3V Ha mo-
Be/ICHUECKHE PEaKkuy peid 0COOM CoepKaINCh B CaJIKax €I MATh JHEeH AJIs OleH-
KH BO3MOJYKHBIX OTCPOUYCHHBIX 3(pdekToB. ['beau prId B ONBITHOM M KOHTPOJIBHOM
caZKax He HaOJFOIam.

Takum o6pazom, Y3V (27 k['11) ciocoOHO 0Ka3bIBaTh pa3apa)Karoiiee 1 oT-
MyTHBAIOIIEe BO3JEHCTBHE Ha PHIO, HAXOANINXCS Ha HEOOIBIIOM PACCTOSHUU
(10-30 cm) ot mpubopa. Hanbomnee BrIpakeHHBIE MOBEACHUECKUE PEAKIIHMH OBLTH
OTMCUYCHBLI Yy CYJITaHKU, CTaBpUAbI, CMAapHUJIbl 1 MOPCKOI'0O KOTAa, KOTOPLIC I/I36CI‘3J'II/I
30HBI Bo3AcHCTBUS Y3Y. MOpPCKO# KOT HE UMEET Yellyd, U3-3a YeT0 OH, BEPOSITHO,
Oonee uyBCTBUTENIEH K Bo3nelcTBHIO Y3Y. HamMmeHnee BeIpakeHHBIC TOBEICHYC-
CKHE€ peakliy HaOIONAINCh Y MOpckoro epiia. OIeHKa BBDKHBAEMOCTH OcoOeit
B KOHTPOJILHOM U OTIBITHOM CaJiKax Ipu aeicTBur Y3V ¢ gactotoit 27 k['11 He BHISIBH-
Jla HeTaTUBHOTO 3¢ dekTta (rudenu ppid). OTCYTCTBHE HETATHBHOIO BIMSHUS Ha POCT
Y BBDKHBAEMOCTB PBIO OBLIO TaK)KE OTMEYEHO B 72-AHEBHOM SKCIIEPUMEHTE IO BO3-
JIeHcTBUIO HA MOpCKOTO OKyHs (Dicentrarchus labrax) ynbTpa3ByKOM € 4acTOTOH
B quamnasone oT 17.5 mo 49.7 k'l B BHUIe CIIy4aifHO YepEeAYIOIIUXCS MOCIEeI0Ba-
TelabHOCTEHN UKIOB [6]. B To jke BpeMs pe3ynapTaThl HAIIUX UCCIEA0BaHUHN MO3BO-
JIWIN YCTaHOBUTH, YTO JIJISl OUEHKH OTITyTHUBAIOLIEro Bo3aencTBUd Y3V Ha paccro-
ssain Oosbine 30 cM HeoOXoauM 0oJiee MOIITHBIN UCTOYHHK H3rydeHus (> 500 Br).

Buoxumuueckue uccnedosanus

Pe3ynbTaThl OMOXMMHYECKUX UCCIIEIOBAHUN MTOKA3alld OTCYTCTBUE JTOCTOBEP-
HBIX Pa3IMIui MEXIY BCEMH aHATM3UPYEMBIMU NIOKA3aTEJIIMU B TKaHAX CYJITAaHKH
¥ MOPCKOTO €pIlia U3 OMBITHOW U KOHTPOJIBHOU rpym (Tadm. 1).

OneHnuTh XapakTep OTBETHOM peakIMy OpraHu3Ma Ha OIpeJleNIeHHbIN cTpecc-
(baxTop WM HX KOMIUIEKC IO3BOJISIET aHaJIM3 COOTHOIEHUs nHTeHcuBHOCTH [10OJI
u OMBb c peaknusimu anTrnokcuaanTHOU (AQO) cUCTeMBI. YBelnnueHHe aKTUBHOCTH
AO ¢depMeHTOB MpH BO3JCHCTBUU HEOIArONPUATHBIX (PAKTOPOB CpPE/bI SIBISETCS
Hecneu(puuecKoi aanTUBHOW peakiuell OpraHu3Ma, HalpaBJIeHHOW Ha 00e3Bpe-
JKMBaHHE aKTUBHBIX (QopM Kuciopona. CHIKEHHE WM CPaBHUTEIBHO HU3Kas ak-
tuBHOCTH AO (pepmenToB Ha (oHe Bbicokoro conepskanus npoxykros [10JI 1 OMB,
HaIpOTHB, CBUAETEIBCTBYET O CJABHIE€ IPOOKCHAAHTHO-aHTHMOKCHUIAHTHBIX peak-
1A B CTOPOHY TPOIECCOB CBOOOIHO-PAJNKAIEHOTO OKUCIICHUSI OMOMOJIEKYI U pas-
BUTHH OKUCIIMTEIBHOTO CTPEcca, MPEAIIECTBYIOLIETO MATOJIOTHYECKUM COCTOSIHU-
siM B opranusme [12—15]. B Hammx uccienoBaHusIX OTCYTCTBUE TOCTOBEPHBIX pa3-
JUYANA MEXIy TOKa3aTelsiMH OKMCIHUTENbHOTO cTpecca (comepkanuem TBK-AIL
npoayktoB OMB) u aktuBaOCcTEI0 AO depmentor (CO, KAT, TTEP) B neuenu psio
U3 OMBITHOM M KOHTPOJIBHOM I'pyII MOTYT CBHIETENBCTBOBATH O TOM, 4TO Y3V
(500 Bt) ¢ 3amanHON 4acTOTOH, MEPUOANIHOCTBIO M IPOAOIKUTEILHOCTBIO PAOOTHI
HE OKa3bIBajla KaKOTO-JTHOO BO3/IECHCTBHSA HA COCTOSIHHE MPOOKCHIAHTHO-aHTHOKCH-
JAHTHOM CHUCTEMBI e4eHH pbl0. OTCYTCTBUE TOCTOBEPHBIX PA3IMUYUN MEKAY aKTHB-
HocTeio AO depmentos (CO/l, rimyraTHOHNIEPOKCHAA3HI, TIYTaTUOH-S-TpaHcgepasbl)
B meueHu kapmna (Cyprinus carpio) M3 ONBITHBIX W KOHTPOJIBHON TpymHmn OBLIO
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Tabnunma 1. Hekotopsie Onoxnmudeckue nokaszarenu (M £ m) B TKaHSIX cynTaHKU M. ponticus B YCIOBUSIX BO3ACHCTBUS YIIBTPa3BYKOM

Table 1. Some biochemical parameters (M = m) in tissues of red mullet M. ponticus under ultrasound exposure

$20T "7 'ON "89S JO SaU07Z J[9US puUe [BIS80)) JO K195eS [8o1301007

CynraHka / Mopckoii epr /
IMapamerp / Red mullet European black scorpionfish
Parameter Koutposs / Ompit / Kontpons / Ombit /
Control Experiment Control Experiment
[leuens /
Liver
TBK-AII, amoins TEK-AIl/Mr Genka /
TBARS, nmol TBARS/mg profein 2.370 + 0.240 3.000 + 0.39 4.240 £ 0.700 4.020 + 0.490
Csse, ont. en./ur bemea / 0.039 £ 0.007 0.049 £ 0.006 0.057 + 0.009 0.059 + 0.012
Css6, optical units/mg protein
Csro, omT. ex/ur Genka / 0.037 £ 0.006 0.047 £ 0.006 0.052 + 0.008 0.055 + 0.011
Cs70, optical units/mg protein
Caso, onT. en./mr Gemea / 0.014 = 0.004 0.020 = 0.003 0.022 + 0.005 0.024 + 0.005
Ca30, optical units/mg protein
Cs3o, ont. en./ur bemea / 0.004 £ 0.002 0.006 £ 0.001 0.008 + 0.003 0.009 + 0.001
Cs30, optical units/mg protein
CO/, yen. en./mr benka/mun / - 15.450 + 2.730 23.110 + 3.710 27.300 + 3.900 34.460 + 2.450
SOD, arbitrary units/mg protein/min
KAT, mxat/mr Gema / 0.143 £ 0.022 0.160 = 0.016 0.090 + 0.014 0.080 + 0.009
CAT, mcat/mg protein
IIEP, omr. en/ur bema/om / 0.025 + 0.009 0.016 £ 0.006 0.023 + 0.006 0.028 + 0.005
PER, optical units/mg protein/min
AJIT, MxMOIL/4 Mr Genka / 0.430 = 0.080 0.370 = 0.030 0.200 = 0.020 0.160 = 0.020
ALT, pumol/h mg protein




$20T "7 3N "Bdow Hog pogodarem u nomxadoudir IL00HIBIIOEQ KRIOORHIOLONE

94!

Iponomxkenne Tabnuist 1 / Continued Table 1

Cyiranka / Mopcxotii eprr /
IMapamertp / Red mullet European black scorpionfish
Parameter KonTpons / Ompit / KonTpons / Oneit /
Control Experiment Control Experiment
ACT, mxmoms/ mr Gerka / 0.120 £ 0.025 0.190 = 0.030 0.057 £ 0.009 0.054 £ 0.007
AST, umol/h mg protein
X9, pwat/r Geaa / 0.360 = 0.090 0.440 = 0.050 0.350 = 0.060 0.031 = 0.040

ChE, pcat/g protein

I'mroxo3a, MMOJIB/T TKaH! /
Glucose, mmol/g tissue

190.390 + 37.660

182.840 + 18.700

106.640 £+ 15.830

120.020 =+ 18.800

Cvigopomxka kpogu /

Blood serum
AJIT, Mxmons/4 Mr Genka / 0.013 £ 0.006 0.019 £ 0.005 0.017 + 0.007 0.010 =+ 0.0002
ALT, pmol/h mg protein
ACT, mxmob/a Mr Gema / 0.040 + 0.028 0.026 + 0.010 0.007 + 0.002 0.013 + 0.004

AST, umol/h mg protein

[pumeuanne: TBK-AIl — TBK-aktuBHBIE TPOAYKTHI, C3s6 — allbAETUABI HEHTPaIbHOTO XapakTepa, C370 — KETOHBI HEUTpambHOTO Xapakrepa, Ca30 — ajubIeTHabl Oc-
HOBHOTO XapakTepa, Cs3o — KeTOHBI OCHOBHOTO Xapakrepa, COJ] — cymepoxcunnncmyrasa, KAT — karanasa, I[IEP — mepokcunasa, AJIT — ananmnaMuHOTpaHcdepasa,
ACT — acnapraramuHOTpaHcdepasa, XD — XoIuHICTepasa.

Note: TBARS — thiobarbituric acid reactive substances, Csss—neutral aldehydes, C370 — neutral ketones, C430 — basic aldehydes, Cs3o — basic ketones, SOD — superoxide

dismutase, CAT — catalase, PER — peroxidase, ALT — alanine aminotransferase, AST — aspartate aminotransferase, ChE — cholinesterase.



TaKk)ke OTMEYEHO TpH feiicTBun MaaoMoIinHoi Y3V (7-9 Br; 23 u 46 xI'nr) B ycmo-
BUSIX TTPECHOBOHBIX BOJOEMOB [7].

Hpyrumu nHGOpMaTUBHBIME OMOMapKepamMy, PEKOMEHIOBAHHBIMH JJIsI OLCHKU
MUTOJIUTHYECKOTO MTOBPEXKICHUS OPTaHOB B YCIOBHAX OKHCIHUTEIHLHOTO CTpecca,
seisitoTes AJIT u ACT [16, 17]. B pesynbraTe HapymeHHs HEIOCTHOCTH KIETOYHOMH
MeMOpaHbl aMHHOTpaHc(epasbl MONajaloT B KpoBb. [Ipu 3TOM MX aKTHBHOCTH CHU-
JKaeTcsl B OpraHe W YBEIIMUMBACTCS B CHIBOPOTKE KPOBH. B Hammx mccienoBaHUAX
nokazaten akTuBHOCTH AJIT u ACT B medeHHM W CHIBOPOTKE PBIO M3 CpaBHUBAC-
MBIX TPYI HE Pa3UYaINCh, 9TO TAKXKE CBHIAETEIHCTBYET 00 OTCYTCTBHH KaKOTO-
n0o BIMSHUS yIabTpa3Byka (TpH JaHHBIX XapakTEPHCTHKaX Npubopa, 4acToTe
Y peXUMe BO3JIEHCTBHSI) HAa OpPTaHU3M PHIO.

B xommiiekce ¢ BBINIETIEPEUNCICHHBIMA MapKepaMy, KaK MPaBUIIO, aHAIIU3H-
PYIOT COJiep)KaHUE TJIIOKO3bI B TICUYCHU — IOKAa3aTelsl yriieBoAHOro oomena [18].
OTcyTCTBHE TOCTOBEPHBIX Pa3INUUil MEXTY aHATU3UPYEMbIMU TPYTIIAMH CYJITaHKH
U MOPCKOTO epIlla MOXET CBUAETEIhCTBOBATH 00 OTCYTCTBHM aJaNTHBHBIX/KOM-
MIEHCATOPHBIX MEPEeCTPOSK METa0OIMIECKHUX IPOIIECCOB, XapaKTEPHBIX IS Opra-
HU3MOB TIpH JIeliCTBUU cTpecc-)akTOpOB Pa3HOI MPUPOABI U HHTEHCHBHOCTH.

JApyruM BaKHEHIIMM MOKa3aTeleM, PEKOMEHIOBAHHBIM JI OLICHKH (pyHK-
[MMOHUPOBAHUS HEPBHOW CHUCTEMBI W OENOKCHHTE3WpYIOmEeH (hYHKIIMU TeYeHU
TIpH JeficTBUH CTpecc GakTopoB, sBisiercs dpepmenT XO [19]. B mammx uccnemo-
BaHMUAX aKTUBHOCTH X B IEYECHHU ABYX BHUJ0B pbl6 M3 ONBITHOM Tpymnnbl HE OTJIU-
YaJiach OT aHaJOTUYHOTO MOKa3aTelsl PbI0 M3 KOHTPOJbHOM rpymmbl. [TomydeH-
HBIE PE3YIbTAaThl MOTYT CBUACTEIHCTBOBATH 00 OTCYTCTBHH BIUSHHSI YIIbTPa3ByKa
(TIpY TaHHBIX XapaKTEePUCTUKAX MpHOOpa, YacTOTe M PEKUME BO3JCHCTBHA) Ha Oe-
JIOKCUHTE3UPYIONIYIO (PYHKIIMIO TICUYCHH.

T'ucmonozuueckue uccre0o8anus

WnTerpanbHeIM pe3ynbTatoM (HU3MOJIOro-0MOXMMHUYECKUX H3MEHEHHMH SIBIIS-
IOTCSI TUCTOIIATOJIOTHYECKUE aJIbTepalii, OTPAKAIONINE TSHKECTh MaTOJIOTHIECKUX
MPOIIECCOB Ha YpOBHE TKaHed u opraHoB [9, 20]. ['mcTomornyeckumMu MeTOIaAMU
MCCIIEIOBAHUS Y PBIO BBISIBIIIM CIIELYOLINE U3MEHEHHUSL.

Cynranka. B mapenxume medyeHM Hambojee 4acTo OTMEYalud MEJaHOMaK-
podaransable HEHTpPHI (Y KOHTPOJIbHOH Tpynmbl — 33.3 %, y onbiTHOHN — 41.7 %)
(puc. 1, a; 2, a). [lokazaTenun BCTpeuaeMOCTH JIMITOMIHON BaKyOJIM3allMM TenaTo-
[IUTOB Pa3lIM4aIiCh He3HAUNUTENbHO (22.2 1 25 %) (puc. 2, a). JlokanpHyI0 BOCIIa-
JIMTENBHYIO PEaKIMI0 OKOJO KPOBEHOCHBIX cOCyNoB (puc. 1, b) yame HaOmoaamm
y ppi0 KoHTponbHOM Tpynmsl (33.3 npotuB 16.7 %), a pacuupeHue Me4eHOUHBIX
CHHYCOMJI U KPOBEHOCHBIX cocy0B (110 8.3 %) BBIABIIN y pbIO TOJNBKO MOCIE BO3-
neiictus Y3VY. B ska0pax peructpupoBaiy JIOKAJIBHYI0 YMEPEHHYIO THIIEPILIA3UIO
PECIIMPaTOPHOTO SIUTENHS Ka0CPHBIX JIaMelll, TIOKa3aTeld BCTPEYaeMOCTH KOTO-
poii paznu4anich He3HaunTenbHO (22.2 u 25 %) (puc. 1, ¢; 2, ¢). EnuHNYHBIX ma-
Pa3UTHYECKUX MPOCTSHITNX OOHAPYKHIIM HA KaOEPHBIX JIaMeIlIax Y KOHTPOJIbHOM
u omeiTHON Tpymm (66.7 u 33.3 % coorBercTBeHHO) (puc. 1, d; 2, ¢). XoHmpoma —
JI00OpOKavYeCTBEHHAs OIyXO0JIb XPALIEBOM TKaHU — Obula 1uarHoctupoBaHa y 8.3 %
pBIO OMBITHOM Tpynmsl (puc. 2, ¢). B mouKax JOCTOBEPHBIX PAa3IUYN MEXIy aHa-
JU3UPYEMBIMU TPYNIIaMH HE BBISIBUIIN (pHC. 2, ).

Mopckoii epii. B meyeHM BCTpeyaemMoCTh JIMIIOMHOM BaKyOJIM3allMU TeaTo-
LIUTOB U MEIaHOMaKpo(daraibHbIX HEHTPOB pa3zinvanach HE3HAYUTENBHO (pHC. 2, b),
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Puc. 1. Twucromormueckas crpykrypa medeHu (a, b) u xabp (¢, d) y cymnranku
M. ponticus u Mmopckoro epiua S. porcus (e — me4ens, f — sxabpbl) B YCIOBUSIX BO3ACHCTBUS
yapTpazBykoM. O0o3HaueHus:: A — MeraHoMakpodaraibHBIA LEHTP; | — pacImiupeHHe
KPOBEHOCHOTO COCy/a; A — JIOKaJbHas BOCHAIUTENbHAS PEaKUust; T — TUIEPILIa3Hs SIIU-
Tenus JKabepHBIX JIaMellT; A — mapasuTapHble MPOCTEeHIIMe Ha >kabepHBIX JlaMesUIax.
[Ikana 50 MkM

Fig. 1. Histological structure of liver (a, b) and gills (¢, d) of red mullet M. ponticus
and of European black scorpionfish S. porcus (e — liver, f — gills) under ultrasound expo-
sure. Note: A — melanomacrophage center; T — blood vessel dilation; A — local inflam-
matory reaction; 1 — epithelial hyperplasia in gill lamellae; A — parasitic protozoa on gill
lamellae. Scale bar: 50 pm
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6, 11 — goKabHAs THIEPILIA3Hs PECIHPATOPHOTO SMUTEIHS KaOEPHBIX JTaMelLT
7, 13 — eanununble npocteifie Ha KabepHbBIX JTaMellIax

8 — Epitheliocystis sp. Ha jkaGepHBIX JlaMeIax

9 — XoHapoMa

10 — pacuperne KPOBEHOCHBIX COCY/IOB

12 — j0KanbHOE CMIAaHNE KaOepPHBIX JIaMell1
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18 — J10KabHBIIT HEKPO3 MOUEUHBIX KaHA/IbLICB
19 — nokabHas BocHaINTEIbHAS PEAKIINA
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Puc. 2. Berpeuaemocth (%) THCTONMATONOTUYECCKIX M3MEHCHHU B TICUCHU
(a, b), xabpax (c, d) u moukax (e, f) y cynranku M. ponticus (cresa) u MOPCKO-
ro epmia S. porcus (cnpasa) B yCIOBHUSX BO3JCHCTBUS YIBTPa3ByKOM

Fig. 2. Incidence (%) of histopathological changes in liver (a, b), gills (¢, d)
and kidneys (e, f) of red mullet M. ponticus (left) and European black
scorpionfish S. porcus (right) under ultrasound exposure
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TOT/Ia KaK pacuIMpeHne neuyeHouHbIx cunycoun (9.1 %) u KpOBEHOCHBIX COCYIIOB
(18.2 %), a TaxKe NOKANBHYIO BOCTIANUTEIbHYI0 peakiuto (9.1 %) oTMevanu ToIbKo
y pbIO ombITHOM Tpymisl (puc. 1, e; 2, b). B :xadpax J0KaIbHYIO THIIEPIUIA3HIO JITH-
TENUsl U CIIMTIaHue >Ka0epHBIX JIaMeIll, a TaKKe paclIMpeHrne KPOBEHOCHBIX COCY-
JIOB BBISIBUIIM TOJIBKO Y PBIO onbITHOH Tpynmsl (110 9.1 %) (puc. 1, f; 2, d). B nou-
KaX HanOoJiee YacTo HabIoaany Menann3annio Makpodaros (22.2 u 9.1 % B xoH-
TPOJBHOM M OMBITHOW TPYIAX COOTBETCTBEHHO). JIOKanbHYI0 BOCTIATUTENBHYIO
PEaKLHI0, THATMHOBO-KAMENIbHYIO IETeHEPaIHI0 M HEKPO3 KJIETOK MOYEUHBIX KaHAJb-
LEB PErUCTPUPOBAIIM TONBKO Y PIO ombITHOH rpymmsl (9.1, 27.3 n 9.1 %) (puc. 2, f).

BrlsiBieHHBIE HapyLIEHUs] TMCTOJIOTHYECKONW CTPYKTYpPhl OPraHOB NPEUMY-
HIECTBEHHO OTHOCSITCS K TepBOii rpynme TsokecTH [11] 1 SBISIFOTCST 0OpaTUMBIMH.
CrnenyeT OTMETUTH, YTO BCTPEUAEMOCTh MPOCTEHIINX Mapa3uTOB Ha KaOEPHBIX
JlaMeIIax y CyJITaHKU B KOHTPOJIBHOM rpymiie Oblla B ABa pasa BBILIE, YEM B OIIBIT-
HoOU Tpymme (puc. 2, ¢). BeposTHO, BO3AEUCTBHE yIbTpa3ByKa CHU3WIIO MapasuTap-
HYIO Harpy3Ky Ha >xa0Opbl pbi0. [logoOHbIE HcciienoBaHus MPOBOAWIN Ha JIOCOCSIX,
BBIPALIMBAEMBIX B MOPCKUX caznkax B FOxxHoM Unnu. BeisiBieHo, 4TO npH UCTIONB30-
BaHMHU YJbTPa3ByKa MPOUCXOIUIIO CHIKEHUE OOILECH 3KToNapa3sHTapHON Harpys3kH
Caligus rogercresseyi 6€3 UCTIONB30BaHUsT XMMUYECKHMX AHTHIIAPA3UTAPHBIX CPEICTB >,

[Ipu mpoBeaeHUM CpaBHUTEIBHOTO aHAJIM3a MHIEKCOB TMCTOMNATOJIOTMYECKHX
W3MEHEHUH MeYeHH, Kabp W MOoYeK KOHTPOIBHON M OMBITHOM TPYMII yV IBYX BHIIOB
PBIO TOCTOBEPHBIX pa3nnuyvii He BhIABUIN. CTaTHCTHYECKUN aHaIM3 OOIIUX MHCK-
COB QJIbTEPALMil KOHTPOJIBHON U OIBITHOM IPYIII CYITAHKU U MOPCKOI'O €pla TAKXKE
HE ITOKa3aJl IOCTOBEPHBIX pasziInyuii (Tadi. 2).

Tab6nmuma 2. MHAEKCH THCTONMATONOTHICCKHUX aNbTepaiuii opraHoB (M £ m) cynTaHKH
M. ponticus u MOPCKOTO epiia S. porcus B yCIOBHUAX BO3ACHCTBHSI YIbTPA3BYKOM

Table 2. Values of indices of histopathological alterations in organ (M + m) of red mul-
let M. ponticus and European black scorpionfish S. porcus under ultrasound exposure

Cynranka / Mopckoii epmr / European
IMapamerp / Red mullet black scorpionfish
Parameter Konrpons / Ompit / Konrpos / OmnsIT /
Control Experiment Control Experiment
Wunexc anprepanuii opraHos /
Organ alteration index
esenin /i 0.88+0.78 1.00+0.85 133158 1.45+1.69
of liver [
xaop I / 150+ 133 1.16+133 0.11+033 0.45=0.07
of gills I,
Houex /i / 1.00+£0.50 1.08+028 022+047 0.73+1.48
of kidneys I
OO6uwmii nuaekc anprepauuii IT /
Total pathology index IT 344+£1.58 325+217 1.67+1.50 2.18+2.31

3 URL: https://aquavitro.org/2016/11/17/ispolzovanie-ultrazvuka-v-kontrole-chilijskoj-morskoj-vshi-
caligus-rogercresseyi (nara oopamenus: 24.05.2024).
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3akia0ueHue

AHanu3 MoBeICHYECKUX PEaKINi YePHOMOPCKUX BUIOB PBIO (CYJITaHKH, PYJIEHBI,
MOPCKOTO €pIlia, MOPCKOT'O KOTa, MOPCKOW JINCHITBI, CTAaBPU/BI, JTACKUPS, TEMHOTO
ropOBUISL, CMapH/IbI, MOPCKOM JacToukH) moa aeiicteueM Y3Y (AO « BHUHUADCy,
r. Mocksa) (MomHocTE0 500 BT, wactoroit 27 x['1, cunoii Toka 3 A) mO3BOIHI
YCTaHOBUTH pa3apakalolliee W OTITyTHBAIOIIee BO3JEHCTBHE Ha PHIO Ha HEOOINb-
mom paccrostaun (10-30 cM) ot mpubdopa. Hanboiree BEIpaskeHHBIE TIOBEICHISCKIE
peaknuuu ObUTM OTMEYEHBI Yy CYJITAaHKH, CTaBPHIBI, CMapUAbl B MOPCKOTO KOTa,
HanMeHee BhIpaKeHHbIE — y MOPCKOro epiia. ['nbenu peid He HaOmogamm.

Pe3ynpraTel OMOXMMHYECKUX MCCIIEAOBAHUHN TIOKAa3alll OTCYTCTBHE TOCTOBEP-
HBIX pa3inuuil MeX1y aHalu3upyeMelMH napamerpamu (yposuem OMbB u I1OJI,
aktuBHOCTBIO AO ¢epmenToB, amuHoTpancdepas u XD, a Takke colepKaHUEM
TJIFOKO3BI) B TKAaHSX MOPCKOTO €pIlia M CYNTaHKHA W3 OMBITHOTO M KOHTPOJBHOTO
cankoB. MIHIEKCHI THCTOMATOIOTMYECKUX N3MEHEHUH TIeUeHH, xalp U MoveK, a Tak-
)K€ 3HAaueHHUsl OOIIEro MHAEKca albTepalii y CpaBHUBAEMBIX TPYII CYJITaHKH
¥ MOPCKOTO epIlia TaKKe HE Pa3INYanCh.

Takum o0pazoM, aHaNMHM3 MOBEACHYECKNX, OMOXUMHYECKHX W THCTOJIOTHYE-
CKUX IOKa3aTenell HEeKOTOPhIX BUAOB phI0 UepHOro Mopsi MOXKET CBUIETEIHCTBO-
BaTh 00 oTcyTcTBUM HeraTuBHOro BiausHUS Y3V (AO «BHMMADC», r. Mocksa)
(momrHOCTRIO 500 BT, wactoroii 27 kI'1, cumoit Toka 3 A) Ha COCTOSHUE 3[I0OPOBbBS
pBI0 M3 ONBITHOH TPYIIBI, YTO TMO3BOJSET PEKOMEHIOBATh ITAHHYIO YCTaHOBKY
K HUCIIOJIb30BAaHUIO B YCIIOBUAX BOJ TEXHHMUYECKOTO BogocHabxeHust ADC.
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