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[lpeanaraeTca MeTO[ NPHAWIHCHHON IMATHOCTHKH CTpPecCOyCTORMMBOCTH puib (Ha
NpHMEPE NCINA) B HCEYCCTBEHHOM M ecTecTBeHNOH cpefie obHTAHKA N0 oOMeHY HOHAMHE B
OrpaEHicAHOM o0beMe BOJE CHIKEHHOR MUHCPANHIALNH, NPELNOYTHTENRHEE TOTD Ke
HOHHOTO COCTARA, YTO B NPHPOAHLIX BOgocMax. Brnepawie paifenesne yoTolaHBMK M
HEYCTOHYHBLIX K CTPecCyY phid peKOMEHIYETCH NPOBOINTL 0 HATPHEBOMY W KA/IHCBOMY
0OMERY, 8 N0 KATHEBOMY — OTIPEAEATE TAKKE HHANBHIYVANEHYIO YCTOHYHBOCTE CPeIH
cpeccoycToitrebix ocobei. [lokaana carie Memay penuuEOR HOHROIO TRebananca npH
CTpecce H IPOAOITKHTCNLHOCTED HHIHH puib.

BBEAEHHE

[l BHYTPHBHAOROTO pajieNeHHs NPEICTABNTENCH BEICIINY HATEMHBIX HHBOTHLX N0
CTPECCOYCTOHYHMBOCTH NMPUMEHACTCA METO;l «OTEPHITOS NONEH, I1E PAINHYHE ONpelensioTca
Mo XapakTepy ABHratentAod akTHBHOCTH. [lokasana cea3e nomejeHuweckoll peakumu c
OHOXHMHYECKHMH NApAMETPAMHE: CONEPMAHNEM KATCXONAMHHOB B MOITe H AKTHBHOCTRIO Na-
K-ATdaim s spurponntax maekonuraomux (Cumonos, 1992; Macnosa, 1994). B ceazn ¢ Tem,
YTO B KHIHH PBID, KaK BOAHBIX MHBOTHRX, POfik HOHOB OCODEHHO BENWKA, HACTORMIMM
HECCIOEADORIHHEM llptﬂ]'lﬂ.l.’“ﬂﬂ"['c.t METOA AMATHOCTHEH tTpEEED}"E‘I‘ﬂﬂ‘IHBUETH Ha OGCHDBaAHHN

obMEHE HOHAMH HATPHS H KATHA MEXLY OpraHHIMOM M Boaol y ocobefl, conepwantixcs s
HefeakmoM obbeMe BOJIB CHIKEHHON MAHEDATHIAIHN.

MATEPHAN H METO[Ibl HCCIEOJOBAHWA

OfLexToM HCCACNOBAHMA CHYRHN NoNOBOspentlil newt (Abramis brama) Pubusckoro
BOJONpaHHTHILA B Bo3pacTe 9-11 net. Onpenenenne BospacTa NposOAMIK no uemye ([Ipasmn,
1966). [lepen onsimoM peibsl ananTHpoBanics oT 2 Hel. 10 3 Mec. B NaBOPATOPHBIX YCAOBHAX B
OTCTORHHON TpyHTOBO# (BORONPOBOLHON) BOAE NPH COOTHOWEHHH MaCChl Tena u soakt 1:150-
300. KoHueHTpALMA HOHOB HATPHA, KATHA, KATHIMA H MATHHA B BOJIE COCTARNANG, COOTBETCTBEHHO,
0,42-0,56, 0,04-0,1, 2,1-2,5 u 0,83-1 mmons/n, 4T0 NPHMEPHO B § pas NPeRLIDAND TAKORYVIO B
BOJE BOAOXpaHHAHMA. [lepen onbIToM nemel BIBCIHBANH H BRIEPRHBANK 1-2 MHH. B BOJE TOTO
HOHHOTO COCTABA, B KOTOPOM NPOBROAHNTH HCCNEROBAHHE: ZHCTHAAHpOBaHHON (n=9),
AHcTHLHpOBanno# ¢ robasnenem HOHOB Kanbina (n=4) i pasbannennoil 8 5 pas BonoNPoBOAHOH
pode (n=8). llocneguss no monHoMy COCTaBY COOTBCTCTEOBANA BOJE B OTKPBITHIX BOAOCMAX,
Kaxayo ocofs noMemans B OTAeNLABI BKBAPHYM, TIE BORA NPHHYIHTENLHO A3PHPOBANACE.
CooTHowerne mexay Maccoll Tena puilnt i ofbeMomM BoL cocTannano 1:20. OnuTsr nposoIHnm
nevom npi 17-20 °C, 4T0 COOTBETCTBORANG ECTECTBEHHOMY XOIY TEMIEPATYD BOAM B BOAOEME
i nabopatopueix aksapuymax. Henonssopanuce ronofaionme paibel, OfMen nonon Mesiy
OPraHH3IMOM B BOAOH BO BCEX ONBITEX HIYYANH A0 MOMeHTa ruGenn puib, MPOACIKHTEIRHOCTS
HHIHA CTYAHNE KOHTPONBHBIM IOKAa3aTeneM cTpeccoycTofitnnocTy. Konnesrpao woHos Harpua
H Kt B npobax onpeaensan va npuGope Flapho-4 B Bo3AYIIHO-NPONAHOBOM NIAMEHRH, KANLIHS
H MATHHA — HE AAS-] ~ B BOIIYIIHO-AUETHACHOBOM.

697



AATIFVTHORA A,

Ha prcynxe n3obpameHsl NHINE OCHOBHBIE IKCICPHMEHTANBHEIE TOUKH, ODAIATENLHO
NeWALTHE HA HINOME KPHBKIX, ONHAKO TPolki BOMb AHATHIHPOBAMHCH IHAYHTENLHO Haime. [Ipn
OTCYTCTRHN WM OYeHb MANEIX HIMEHEHHAX B HOHROM 0BMEHE SXECYTONO HeeheaoBan no 2-3
npobEl, OIHAKD B Nepsbie i nocnennte |-2 A onkiTa, 8 TaKKe B moboe APy roe BPeMs PR peIkoM
HIMCHCHNH HOHHOTO ofMeHa (YCHNEHHHA NOTEPs HW/HIH YCHICHHH aDCopOuiM ) aHaNnIMPORAIH B
eyricn Ao 20 npof u Gonee, B pafore ananHIMpOBAAH CYMMaPHYID NOTEPI (NOTI0IIEHNE) —
HAMEPAEMYIO N0 KOAHYECTBY NOTEPAHHOND HAN NOTNOEHHON HOHA SAMHHLCH MAcChl Teha 3a
nepuol HaBMoIeHRS — HATKIBAEMYIO ellle YHCTRIM noTokoM («netfluxs ) 1 koHueHTPaIHIo HONHOTO
fiananca (WIH YCTAHOBMBLICECH B [POLECCE HCCNENOBAHMA PABRHOBECHE NOTEPL H NOTNOUICHHS
HOHOR), OFHAMAKOLTYH MUHHMANEHYIO KOHIIEHTPALIHIO HOHA B CPENE, NPH KOTOPOH OPraniisM MoKeT
NOIEPHHBATE CBOW AHanecnocobHocTs (Bunorpanon, 1987, 2000). CooTHomenne MEXLY
KOHUEHTpamKeil Hounoro Gananca W BETWIHHOR HOHHLIX MOTEPh, MPEACTARAEHHON HA PHCYHEE,
ONpEfenAnoch COOTHOMEHNEM Mekay Maccolt Tena puifnl B obwemMoM BOALL Kpome Toro,
BRIMHCTSUTH CROPOCTE NOTepH noxos, Pesynsrar obpabaruBanics craruerhyecki. [locrosepuocts
pasnuumil oleHHBaTH no kpurepHo Cronesra (p<0,05).

PEIYIILTATLI

B oreer na noMemerne puth 8 pebonpmoil obbeM BOML CHHKEHHOH MHHEPLIHIALHHA
neppoxauanERo nabmogan yernenne Juddyin HOHOB HATPHA H B MEHLIIER CTENCHH — KAIHA B
noay. [Mo senusnie 3THX NOTEPs W N0 XapaKTepy HOHHOTO 0OMEHa MEXTY OPraHMIMOM W BOJOI,
VCTAHABTHBAOWIEMYCA B XO/€ ONBITA, (POBOJHIH paifenenie peil no CTpeccoyCcToiMHBOCTH.

Ve B nepssic 3-5 4acoB MCCNENOBAHHA MOMHO BhiETHTE KpPadHHx N0
crpeccoyeToiumBocTH ocobell, y KOTOPRX BENHYHHA AHQyYIHN RATPRA MUK KATHA PALTHYATACK
8 10-50 pas. Hanpumep, B H3HE4ANBHO JHCTHHPOBAHKON BOAE CAMEIE HEYCTOHYHELIE K CTPECCY
peifb; 7 (IMArHOCTHPOBANTHCE MO CAMBIM GONBIIHM NOTEPAM HATPHA), 8.9 (N0 cambim BONLITHM
NOTEPAM KANHA) W cambie ycToiiuuasie ocobn | 1 2 (onpeaensnm no camoll Hiakol auddyun
kanua) (puc. IA, B) u 8 pasfarnennofl Bononposoarof BOAE, COOTRETCTBEHHO 5.6 (neycroliunsne)
i 1,2 (yerofiunesie) — AHArHOCTHPORATH N0 NOTEPAM HATPHA W kanud (puc. (1A, B).

TpoaonHHTENLHOCTE IHAMHOCTHEM BCEX HEYCTONYMBRIX K cTpeccy puid He npepmuata
QIHHX CYTOK H OCYIWECTBAANACH MO BRICOKHM 3HAYCHHAM CKOPOCTH MOTEPH HOHOB HATPHA M
KOHUEHTpaHH HouHoro Bananca. [lpwn sToM B BOAE pmumﬁ HOHHOTO COCTARA ITH MOKAIATETH
GRLUTH OIMHAKOBRIMHE WIH GNHIKHMH 10 BenuyMHe. Tak cKOpOCTh: MOTEPH HOHOR B HIHAIANLHO
AHCTHATHpORaHHOH 1 pasbasneHHOM B 5 pas BOAONPOBOAHONR BOJE KONEORTACK B NPEAEIaX 0,37-
0,58 mmons/Kry, a B JMCTHANHpoBaHnOA Boge ¢ noDanneHHeM HOHOB KANbUHA COCTaBRIANG B
cpeanem 0.4 mmons/kr (prc. A LILI). Konuentpaitus MoHHOro Dananca no HaTpuio Y
crpecconeycToiiuBex ocobell, conepamuxca B BOJC PAITHYHOR MHHEDANH3AUNH, K KOHLY
NepeLIX cyToK onbra nprbmekanace k 0,3-0.4 smons/n. ¥ paif  RIRAUANLHO AHCTHITHPOBANNOR
H pasbasnennoil BogonposonHofl Boae wepes 2-3 cytox Habmogand AaibHedes YBCUHUCHHE
NOTEPh HOHOR, AOCTHIAIOMIEE K MOMEHTY rHOEIH, COOTRETCTBEHHO, 0-13 s 8- 1 Immonn/kr. Onnakn
y neweit, cotepaalllHXCs B HCTHATHPORAHAON BOAE ¢ HOHAMH KAILLHA, YACPAHBANOCH PABHOBECHE
npoteccos auddyInn 1 aboopblinn HOHOB, MOITOMY cMepTh puIb Yepes 4-5 cyT. HacTynana
NPAKTHHECKH MPH TOM e YPOBHE MOTEPhL HATPHA, 10 H B KOHLE NEPBLIX CYTOK HCCACA0BAHHA, T.€.
npH 4-6 myone/kr. Takum 06pazom, OTHOCHTENLHAR HEIABHCHMOCTh BEAHMHHLL ICPBOHAYANBHEIX
HOHHBIX NOTEPh OT MEHEPANHIAIMH ¥ HOHHONO COCTABA BO/LL Y HEYCTORUMBBIX K CTPECCY ocobeh
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OLIEHKA CTPECCOYCTOMMMBOCTH JEILLA ABRAMIS BRAMA

CYHIECTREHHO ODNEMIEeT MPOLece HX AHATHOCTHEH, [1poaoiHTeABHOCTD MHIHH HEVCTORYHERIX

phif B BONE pAITHYHOR MHHEPATHIAIN TaKoKe OBINTA NPAKTHYECKH ONMHHAKOBOH W paiTHYalach He
fonee, wem na 0,5-1,5 cyrok.

N T TR R T S T N ™

Pae. OGmen wonammn vatpus (A) u xanus (B) y nema mesury opransaMom M Boaofl npu crpecce.

I, 10w 1] = cooTeeTcTREHIHO, HIHAMANLHO AMCTHANHPOBAHHAR BOA, pRIbARTEHHAR B 5 pas BOJONPOSOIHAR H
HIHAYATLHD JHCTHANHPORAHHAS © A00ABAEHHEM HONOR KATLUMA B KOHUCHTPaLHK 2,5 Mmons/ .

[l ock OpaAMHAT — NOTEPH HOHOB B BOLY, MMOIL/K, N0 OcH ABcuMCe — Bpess KUIHH pub, |,

1-9 = nomepa pub; cnaowHol AuHHeR — veycTollMHBLMe K cTpecey phibbl, MyHKTHPHOH — yeTORMMRLE.

Fig. The exchange of sodium and potassium ions between an organism and water in stress.

I, Il end 1] - initially distilled water, five times dilluted soil water and initially distilled water witk addition
of 2,5 mmol/l caleium ions, correspondingly;

Ordinate axis - ions loss in water, mmol/kg; abscissa axis — life duration of fish, h.

1-9 - fish numbers; solid line — fish unresistent to stress, dotted line — fish resistent to stress.

Onnaxo ¥y yCTORYHBEIX K cTpeccy peib CKOPOCTE NMOTEPH HOHOB HATPHA 3aBRCENa OT
MHHEPATHIANHHE BOIKL. Tax B HIHAMANEHO IRCTRITHPOBAHHOM BOZE B nepssie 12 v, HocneT0BAHHS
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IATTFYITHOBA A,

ocodei B pasbasnenHoil BOLONPOBOAHOCH Boe BoaMOKHA Yae yepes 10-12 y, onwrra (puc. 11A).
Croas HHIKHE NOTEPH MOHOB B pazGannenHoN BOAONPOBOAHOA BOAC CBHAETENLCTBYIOT 06
UTHOCHTEIEHOM NOCTOSHCTEE KOHIEHTPALME HOHOB BO BHEMIHEH CPe/le HA NepROHAYAITLHOM YPOBHE
B Te4eHHE BCero onbiTa. Takum ofipatoM, cHibHee BCEID BLIPAMCHL! PAINHYHA 110 HATPHEBOMY
ODMEHY MeHaY YCTOHYHBEIMH W HEYCTORYHBEMH K cTpeccy ocobaM# B pasGasnennoi
BOJONpOBONHOR Bode. B muermanmponannodl soge paitencune pub no crpeccoycToluMpocTs
BOIMMKHO B HAYane BTOPbIX c¥TOK (puc. [A). Obmee KoMHYECTBO NOTEPAHHEX HOHOB
YCTORYHBLIMH K cTpeccy puibamu nepei rubensio B HIHAMATLHO JHCTHATHpOBAHHOR Bofe
coctasnano 1-4 mmons/kr, a B pasbasnennoil rpyRTOROH NPAKTHYECKH PABHO HYMIO.

KonuenTpanus nonsoro Gananca no Harprio ¥ CTPEccoycTolMHBRIX phib, cotepiammxcs
B IIHAYANLHO AHCTHAIMpOBanioi u paidasiedHoll sogonposoanoii poge pasna win Ganika &
COICPHAHAID 3TOMD HONA B OTKPAITRIX TPECHRIX BOJIOEMAX: B OCHOBHOM OHA koneGanack papenenax
0,15-0.2 mmone/n (pasnuams ¢ HeycTofiYMBEIMH K cTpeccy 0cODAME CTETHCTHMECKH SHAMHML),
Y AByX peif, cotepaalxc B AMCTHANHPOBAHHOM Boae (| M otaacTu 2 - puc, [A), KoRUEHTPaIHA
HoHHOro Dananca no warpuio cocrasmana 0,02-0,1 mmons/n. Frux ocobeli MOKHO OTHECTH K
BRICOKO YCTORMMBEIM K crpeccy. [IpofomsuTensHocTs HX MHIHA THAYMTEALHO NPEBOCKOAKNA
TAKOBYIO ¥ OCHOBHOM 4acTH puib, YCTORYHBOCTE KOTOPEIX K CTPECCY MOWHO HAIBATE Cpeaned. ¥
piaa ocobell B HINAYANEHO AMCTHANHpoBanHoi Bome (pwbn 1,2,3.4 — puc. IA) obuapyxena

obpaTHas 3a8HCHMOCTE MEXIY HHAHBHIYAILHOR YCTORMHBOCTEIO M KOHLEHTpauHed Hounoro
Gasanca no HATPHIO.

Paynenats newell no crpeccoycTORYHBOCTH MOKHO TAIGKE 110 BENHIHHE NIOTEPL KAIHA
{prc. b). Opnako B nepeLie CYTKH HCCNETOBAHWHA TOUYHOCTh [AMAIHOCTHEH MO NOKAATEINM
KATHEBOrD 0OMEHE B NAHHLIX TEMNEPATYPHEIX YCIOBHAX HECKONBKD YCTYIAST TAXOBOMR 10 HATPHIO,
T.E. TPaHHlE JHADAIOHOB MOTEPs HOHOB KalHd ¥ peid ¢ painoll crpeccoveTolYHBOCTLIO
PACHONArAIOTCA AOCTATOYHO DITHIKO M PAIIHMHA MEATY HHMH CTATHCTHYECKH He JHaunMel. Tak
B H3HA9ANEHO IHCTHILTHPOBAHHOH M pasDapnenHofl B 5 pas BONONPOBOAHON BOE Y HEYCTORYHALIX
K cTpeccy ocofiell CKOPOCTL NOTEPH KANHA B nepekie 12 4. HCCNENOBAHNA HIMEHANACK B NPeALnax
0,06-0,11 mmons/ery., a y yeroltunessx — 0,012-0,045 mmonn/kr4. B ancrunnnposannoit soje
€ HOHAMH KIBIHA OTEPH 3THX HOHOB ¥ HeyCToRUHBLIX K cTpeccy paib coctanman 0,05 MmMonn/krua.

Onxako noxasateny Kanweroro obMeHa no OHArHOCTHYECKOH UCHHOCTH C TCHMCHHEM
BPEMEHH IHAYHTENBHO NPEBOCNOMHIN NOKA3ATENH HATPHEBOro obmena W yxe Ha 2-3 cyTEM
colepaanud pub B orpanHyeHHoM o0beMe BOJK MOTAH CAVAHTH KONHYECTBEHHOH
KAPAKTEPHCTHKOH CTENEHH cTpeccoycTollunpocTH kawaod ocobn B ceasd ¢ Goasmod
HHAHBHAYANLHOA BapHADENBHOCTEIO BENHYMHE NOTEPs HOHOB KAIHS CPE/IH CTPecCOVCTORYHERX
peid. CropocTe AWdQyIHH HOHOB Kanms cBA3aHAa oOpaTHONl 3IABHCHMOCTHIO CO
CTpeccoyCTOMHBOCTEIO. B Hasane BTOPRIX CYTOK HCCNEAOBAHHA ¥ YCTORMHELIX K cTpeccy pub
0T nokasarens we npessnan 0,02 mmons/kry. ¥ pul co cpemiell yeToRMHBOCTRIO TPEBLILICHAE
ITOrD ypoORHA NOTEPh HAYMHHACTCH B KOHLE BTOPHIX — Hauwane mwecThX cyTok. Opanako v
BRICOKODY CTOHYHBRIX K CTPecCY puib (M Mano gyBCTRHTENBHLIN) HHIKHE IIOTEPH HOHOB KANHA B
soay (0,01- 0,02 mmone/r.) gepwarcs anurensHiii nepuon speMenn: 8-10 ey u Gonee (puc.
Ib). Kpome Toro, y piG | M 2 B maHaqansHO AMCTHANMpOBAHHOR Bofe ¢ | Mo 4 cyTKH OnbTa
perHcTpHposani gaik pasnosecus abeopOumn W anddysnm. A va 10-11-12-13 cyTrwm y 77X pub
Habmwganocs npeobnaganne abcopbunn WoHOB Kanua Han NOTEpAMHE: 33 OIHH CYTKH
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OIEHEA CTPECCOVCTONYHBOCTH JELLA ABRAMIS ERAMA

(pic. 1B). Kpose Toro, y pe6 | # 2 B H3RAMANEHO AMcTHANposantol sone ¢ | no 4 cyTkn onwra
permcrpuporani dask papHoecH abeopGunmn n anddrysmm. A na 10-11-12-13 cyTrn y mux prat
wafimoganock npeodnatanie aGeopOim HOHOR KATHA HAJL NOTEPAMA: 33 QIHH CYTKH PErHCTPHPOBRIN
nornonenye ot 0,25 no 0,4 MMONL Ha KI Beca Tena (BO BCEX CNYYAAX CYTOYHBIE MIMEHCHHA
cTaTHeTHdecKH 3HaunmMel). CkopocTh NOTEpH HOHOB Kanua ¥y pub ¢ pazawdnohl
CIPeCCOVCTONMHBOCTLI0, HAPACTAN B XOME ONLITA, JOCTHIAN HanGomLuX JHadeHHi nepel rudesio:;
B HIHAMANEHO JHCTHARHpOBaHKHOR | pasbaBAeHHol BOAONPOBONHON BOAE OOLIMHO KONCOATACH B
ananazone 0,15-0,20 Mmols/kr4., HROIMA HENPOLOMKHTENLHLIH NEPHOL BPEMEHH (B TeuenHe
nonyuaca-vaca) oHa yeemmunsanack B 10-40 pas. Xapaktep kpHBOH NOTeps KAIHA HANOMMHAN
axcronenTy. B pacteope xa0pHeTonn KamkiHa puddpysHa HOHOB KATHE NPHMEPHO B 184 Pasa HHHE.

Konuenrpauus woHHoro Hananca no KanMio ¥ BHICOKOYCTOHYHBRIX K CTpECCy Pt
coctannana 0,02-0,03 MMoan/n. TOT NOKASATENS ¥ CPEAHEYCTORUHBLIX K CTpeccy pulb Haxonmacs
& panasone 0,05-0, 1 myone/n (pamnaus ¢ BHICOKOYCTORIHBLEIMH JOCTOBEPHLL). ¥ HEYCTORYABLIX
K CIpeccy ocobel CAmKHO ONPEACNTE BETHYHIY KOHUSHTPALHH HOHHOMD GANAHCA, T.K. OHH TEPANH
HOLE! KATHA NPAKTHMECKH HEMPEPHBHO H ¢ BrcoKofl crkopocThio. Oanako nHOrIa Habmonani
HENPOIOITKHTENBHYIO CTADHAN3ANMIO B HOHHOM oOMeHe Ha ypoHe HoHos B soje (125 Mumoak/n.

Ofinee KOMMYECTBO NOTEPSHHEIX HOHOB KATHA B HIHAYANLHO AMCTHILIHPOBAHHOH W
pasfasnennoll BOIONPOBOAMON Bofe Mepel rHOeNLIO Y BeeX MccneayeMulx peif (BRI M
HeycroflarBpx K cTpecey) cocrapnano 7-9 mmoan/kr. OQHAKO 3TO KONKHYECTBO PLIDB! TEPANH 33
paATHAHEG NEpHOT B JABNCHMOCTH OT CTpeccoycTofuanBocTH: of 2-4 ¢yt a0 | mec. u Gonee
(puc. b; 3anpyarosa, 2005). B pacTeope XIOPHCTOND KANBUKA BENWIHHA TH(dyIHI HOHOB KAIHA
NPUMEPHO BABOE Hitike, Y YCTORUHBRIX K cTpeccy ocobell OCHOBHEIE TOTEPH KATHA NPONCOIHITI
Grmsice & WX rHGeny o MornH HabMaTECA NepHoIL npeobnatanns abcopbunK ITHX HOHOB HAL
andpeyaneii, K sncny noxasarenefl BRCOKOH CTPECCOyCTORYHBOCTH PID NOMHMO HHIKHX NOTEPS
W HH3KOTD YPORHS KOHIEHTPAIHH HOHBON Gananca oTHOCHTCA yeuaeHHe abcopOuMH HOHOB KaHA.

PesynsTaTsl NpoBEAEeHHEIX MCCNENOBAHNA YKaILBAIOT HA cyllecTRoBanne ofpaTroi
JABMCHMOCTH MRy BenunHol wonHOrD aucGananca npH cTpecce (CKOPOCTEIO W BElHYHHOH
NOTeps, KOHIEHTPAIHER HONHOTO Gananca) H NPOIOIKHTENEHOCTEIO MHIHH b (pHc).

OBCYIJIEHHE

B pesynprare npoReAeHHLIX HCCIEAOBAHKA YCTAHOBNEHO, HTO B BOAE PASTHHHOTO HOHHOTD
COCTARA CKOPOCTE H BENHYHHA NOTEPH HOHOB HATPHA Y YCTORYMBEIX K cTpeccy ocobeil Hume, HeM
y neycroliunenx Gonee uem B 2-10 pas. ¥ ycTORUHBEIX K CTPECCY TAKME HIOKE CKOPOCTE NOTEPH
KAMHI, KOTOPAs CO BPEMEHEM MOMKET CIIYHHTH NOKA3ATCNCM HHARBHIYAnbHOH yeToftunnocTr. [lna
pitf ¢ BEICOKOH CTPECCOYCTORMHBOCTEIO XAPAKTEPHO MHIIHYECKDE npeobnananie abcopbimm
woron kanuy nag muddnyanci. KonuewTpanna noneoro Gananca Mo HATPHIO H KANHIO MERCTY
CTpeccoHeyCTORHBRIMH H BHICOROYCTONMMBEIMK K CTPecey phifaMu pasnuyanach B cpeaHes Ha
NOPALOK, & MEXAY CPCAHe- W BRICOKOY CTORMHELME — B 2-5 pas. Jlnn oraeneHus yCTOHYHBLIX K
cTpecey OT HeyCTORMHBEIX npeanaraemeiM cniocobom Tpefyerca we Gonee 0MHUX-ABYX CYTOK,

[lp# otieHKe CTpecCoyCTONYMBOCTH Phil HEbIA OPHEHTHPOBATLCA TONBKD HA AbCOMOTHBIC
THAMEHHA HOHHBIX OTEPS M KOHLEHTPALHH HOHHOTO GANAHCA, KOTOPEIE JABHCAT OT HOIHOM COCTaRA,
CONEHOCTH, TEMIEPATYPBI BOMBL, BOIPECcTa puil, HX TPEHHPOBAHHOCTH, CE3I0HA rofa H JAp. XoTs
nepeanciennsie (pAKTOPH He MOTYT CAY®HTH nosexoll ans pasaenenus peb no
CTPECeoyCTORMHBOCTH, BCE e HEOOXOTHMO NPHRHMATE BO BHUMAHME X BAMAHKE Ha HORHEH 00MER,
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ATIFYIHOBA PA.

Buusinue coresocmu u UoNKO2G cocmasa 800s. BEOKHEIM YCIOBHEM pasnencHus pub no
CTPECCOYCTONMHBOCTH NpeAnaraeMeiM cnocoboM ABAAETCA HCNONBIOBAHHE BOAK HHIKOH
MHHEPATHIALHK, N0 Kpaiinel Mepe, He Buillle, 4eM B OTKPRITHIX NPecHBIX bogoesax, [Ipumencnne
claboMHHEpaNH3IOBAHHOA BOAKI COIAAET YCAOBMA ANA YCHICHHA WoHMOH anddyinn,
HHTEHCHBHOCTE KOTOPOH H CIYENT OCHOBHEIM NOKasareseM cTpeccoycroitvupocti. B nacronuieit
paboTe TaK#e YCTaHORIEHD, YTO B cialoMHHEPAnH30BAHHOMN BOE (10 YPOBHA MHHEPANHIALIHH B
OTKPEITEIX NPECHBX BOAOEMAX) PA3IHYHA B CTPECCOYCTOHYNBOCTH BLIPAMCHBI CHILHEE W
BRABIAIOTCH DuICTpee, YeM B WIHAYANEHO AHCTHANHPOBAHHO.

¥ prifi, noMeLIeHHBIX B OrpaHideHnLIl o6kem Hepasbannesnodl sononporoaHol BOE! (K
KOTOpOR paibnl GRUTH NpeIBAPHTENLHO ATATTHPOBAHE B nafopaTopii), HaDMOAANOCE younenue
abcopbumm Harpis. [lpn srom sennynna abcopbiuun HATPHA W NOTeps KANHA caA3ana obparioli
JARHCHMOCTLIO €O CTpeccoycTofiunBocThio pail (3anpynnosa, 2007),

Heobxogumo yuntHBare ocofenHoCTH HoHHOrOo ofMeHa y pwl, colepalimxca 8
AHCTHANHPOBAHHOA BOAe ¢ AobasicHHeM HOHOB KANBIHA, COCTOALIME IPHMEPHO B ABYKPATHOM
CHIMEHNH BEHYHHE TIOTEPL HOHOB HATPHA H KATHA. D70 NOKAIAHO B HAIWX ONBMTAX Ha Aeme
(puc. 1) # panee apyrumu asTOpaMi Ha kapace, kapne, oxyie (Bunorpanos, 1987, 2000). Pons
IKIOMEHHOrD KANLIHA B OPTAHHIALKHE YILTPACTPYETYPH Kabp y npecHopoauuix pub, cummenin
NPOHHUACMOCTH KaOEPHOTO MHTENHA K NOBLIIECHHH €0 AITeIHBHLIX XAPAKTEPHCTHE noapobno
onucana g pabore B.E, Mareii (1996). I'A. Bunorpagos (1987) npeanoknn npsmMsHesHo
OUEHHBATH peakiiio peid Ha cTpeccopuoe BoageficTeHe no sBeauunHe obwell noTepr WOHOB
HATPHA B pacTBOpax Xnopuaa kanbius 50-150 mr/n. 31o eanncreensan pabota, oGuapymennas
HAMH, [e AN% AHATHOCTHKH COCTOAHMA pulb npi cTpecce NpeAnaraloTes NOKASaTeNn HOHHOMD
ofiMena, a He BHYTpeHHeR cpeanl oprannsmMa. OHAKO ABTOP, B OTAHYME OT HAC, HCCHENOBAT
JHIIL CAMBIE TIEPERIE (Ja3kl CTPECCOBONO BOISHCTRAS M HE NPHMEHAN B IHATHOCTHKE NOKAIaTENH
kanueporo obmena. Ha waw sarnan, npe onpeleneHuH crpeccoycToRunBocTd pub
NPeanouTHTEABHEE HCIOAb30BATE HE PACTBOP XA0PH/IA KANBIMA, & BOAY C CONEHOCTHIO W HOHHKIM
COCTAROM, COBMANAMMHMH HAH GNHIKHMH K TAKOBEIM B ecTeCTBeHHONR cpeme ofuTanus
Heeneayemsix pul. Kpome Toro, 910 yiobHo B 3KCNCAHIMOHHEY YCIOBHAX.

Bauawue memnepamypoi. B wuinn peid kak noAKHIOTEPMHEX MHBOTHHIX PONb
TEMIEPATYPhl 0CODEHHO BENHKA. Bonkmoe BIHARNE OKA3LIBACT TEMNEPATYPA H HA NOKAIATENH
HoHHOTD oOMena (3anpynnosa, 199%9a, 2000, 2005). C nonKeHHEM TEMITEPATYPhLI TPOHCKOHT
3AMEICHHE HOHO-TPAHCNOPTHEX NPOLUECCOB H YMEHBLUICHHE NoTeps kanus, Tak ofuiee
KOAHHECTBO NOTEPAHHMX neped rubenblo HOHOB KANHA ¥ YCTOHYMBRIX K CTpeccy phil
YMEHBIIANOCK NPH HHIKHX CyOneTansHbx Temneparypax 8 1,3-1,7 pas no cpasnenuio co cpenyeli
00MaCTLIO TeMneparypHol TonepanTHocTH. [IpH HHIKHX TEMNEPATYPAX TAKKE HPOMCXOIHT
ocnatnenne abeopOunn HATPHA H NOBLIUICHHE KOHUEHTpaUuH HoHHoro Gananca. [Tostomy
MPH HHIKKHX TeMNepaTypax BO3PACcTAld AHArHOCTHYECKAS LCHHOCTh KanHeBoro ofMena o
CHH®ANack — HATPHEROro, oco0EHHO B nepeule ABoe cyTOK OnbiTa. [lpH noskimerHy
TeMneparypst HabNIOAAOTCR NPOTHBONONOKHO HANPABIEHHLIE MPOLECCHL: YCKOPEHHE HOHHOIO
obMeHa, NOBKIIEHAE NOTEPL KANHA H HATPHA U yeunerne abcopbumm narpus. Caman Gonbinas
AHGpYINA HOHOB HATPHA BRISBNCHA HA MPAHHLAX IHANAI0HA TeMOCpaTypHOH TONepaHTHOCT], 8
CAMAN BRICOKAA KOHUEHTpAaUHA woHHoTo Dananca (10 0,3 Mmone/n y yerolunenx k crpeccy) %
B HHIKHX NPeAneTanbHEX Temneparypax. Kpome 1oro, ¢ nosLimeninem TeMIepaTyphl afanTaimm
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YMEHLIIARACH CPEAHAR TPOAOIKHTENBHOCTE WH3HH pLib. HecMoTpa Ha To, ¥To Temneparypa
OKOILIBANE BAHAHHE HA HOHHLIA oOMeH pbib, OCHOBHEIC NPHHLMIOL HX PA3fENCHHS N0
CTPECCOYCTONMHBOCTH NMPH PATTHYMHEIX TEMIIEPATYPaX OIHHAKORLL 310 DoNee BRICOKAA CROPOCTE
NOTEPh HOHOB HATPHA M KLIHA Y HEYCTORYMBLIX B CPABHEHMM € YCTORUMBBIMHK, COcoBHOCTS
NECAEIHHX HOPMATHIORATT HET]]I-'I.EI]Hﬁ oOMEH HA YPOBRHE, EJ'II-IJII}H K TAKOBOMY ECTECTEEHHOH
Cpene, HO TAKKE JaBHCAILEMY OT TeMnepatyphl. Kpose Toro, aus ocobell, BRCOKOYCTORMHBLIX
K CTpECCY, XapakTepHo youacHue abcopbunn Honos kanus. OfHako ero Henkas obHApyAHTE PR
BEICOKMX TEMIEPATYPAX, KOTOPLIE B COYETAHNE ¢ HeDONLIIKM 00BEMOM BOJILL ABIAIOTCE CHALHOH
crpeccopofi narpyIkoil, XoTa IHariocTHEY CTPECCoyCTORYHBOCTH PRl o NoKazaTens M HOHHOM
ODMEHA MOKHO NPOBOAHTE HA MPOTAKEHHH BCErO AHANAIOHA TEMICPATYPHOR TONEPAHTHOCTH,
HO NMPEANOYTHTENBHEE HCMONLIOBATE AHanalon 10-20 *C. 3ror AManalon HAXOAMTCA B Npeaenax
CCTECTBEHHOTO KoachaHns TeMNCpaTyp B TedeHHE NOAYTOAa B ecTeCTBeHHONR cpejle o0HTaHKHA
(B neprom HABHTALLMK ), H KpY B rojl MOKeT noAlepKHBaThCS B naboparoprsix yenosuax Ge3
MCIONLIOBAHMA TEPMOPEryIHpVIOUHX yYeTpolicts. Oanako HeolXoaHMO YHHTHIBATE PAITHYHA B
CKOPOCTH HOHHLIX MOTOKOB ¥ Pril B Npeienax yKalaHHONo TEMICPATYPHOND JHANAI0HA: TAK 3TOT
NOK#3ATENL M, CAEAOBATENLHO, BpemMa JuarHocTHxn B 10 » 20 °C ornMuanices He MeHee YeMm B
1,5 pasa. 3a rpanunamu auanazona 10-20 °C s Gonee HHIKHX TeMnepaTypax npolecc
HCCNENOBAHMA PDACTAHBASTCA Ha JAnNMTensHblfl nepuoa, a Bucokue (npegieransHuie)
TEMOEPATYPE THAYHTENLHO OFPAHMYMBAIOT AHATHOCTHYECKHE BOIMOKHOCTH METOIA M3I-3a
nepen3buTka cTpeccoBoil Harpyiky. B sepXxunx npeaneTanbHeIX TEMOEpATYpax yeroliginsie K
cTpeccy ocobi pearupyioT H0 THITY HEYCTOHYHBRIX.

Bausnue gospacma. Onamy 13 paxHef My NpHHLNNOSE, KOTOp fomsed cobolarbes
MpH AHATHOCTHEE COCTOAHMA PRID N0 NOKAIATENAM HOHHOTO OOMEHA ABNASTCA CPARHEHHE MERTY
coboli Gamakux no poapacty ocobel, a Ha paHHUX Tanax oHToreHesa (ocobeHno ¥ ceroneTok) K
TOMY #e B Brnakkx no macce Tena. [loTepn HOHOB B BOITY YMEHBIIAKTCA N0 MEPE CTAPEHUA PrIb.
Ha pasuuix sujax pub yeranonineno, 9To ckopocts AuguyInye ¥ ceroneTok NpeprilasT TAKOBRYH
¥ Bapochslx ocobefi 8 gecaten pas (Bunorpagos, 1987, 2000; 3anpynsoea, 200 1a). Ogxaxo, kax
Orino nokaano paree (3anpyarnosa, 2001a) Ha MOITHKX CTAIMAX OHTONEHETA BOIPACTHEIE PATHIHA
B HOHHOM obOMeHe ﬂ}’ﬂlCETBEIIIEG YMEHLINAKITCA, aT0 NMOIBOIHET CPpapHABATE MO
crpeccoycToffunsocty ocobel, ormuyaowmxea #a 2-3 roga. CHMMEHHE NOTEPE HOHOB B XOMC
OHTOreHe3a (T.e. NpH YBEIHYEeHHH MACCH Tena), BEPOATHO, CBATAHO C YMEHLIICHHEM YIeabHOH
nopepxnocTi Tena u xabp (Apwomber u ap., 1986).

JuarHoCTHEa cTpeccoycTofiuusocTy peil no nokalarensM wonnoro obmena Tpebyer
NPHMEHEHNA docmamonne cursnon nazpysxu. B nacrosieR paborte sta npobnema petanacs
HcnonesloBanueM Hebonsmmux IZIELE.'HEIH BOARL OANH CONEpHAHWA PH'EH, rne riapHeiMH
CTPECCOBBIMM (PAKTOPAMIE ABIANHCH ONPAHKYCHHE NOJBHKHOCTH H YMEHLIICHHAN KOHUEHTPALUS
kucaopoaa. [lpn cootnowennn macce Tena u Boje 1:20 conepmanme xucioposa s soge (B
VCADBHAN MOCTORANNON aspalyun) B cpeaueM cHmeno ua 2 mr/n ot 100%-10ro HAckIERHS, 4TO
npi 17-20 °C opumepno cocrarasno 6 mr/n. [Toxasarenem HANPSXEHHOCTH ALIXATENBHBIX
Npolleccos ABRETCA Bricokoe (Gonee 100 MMonn/n) cogepxanne kanus 8 apuTpoumntax. MNoaGop
ONTHMATGHOTO COOTHOWEHHA MACCH! TENd H BOJAL JO/DKEH MPOBOAMTLCA € YHETOM BAMAHHA
APYIHX CTPECCOBRIX (laKTOpoR (HANpPHMED, BLICOKDH TEMNEPATYPE, AEMHHEPATHIAMNH BOAL H
ap.) yTobbl HE QONYVCTHTE HX nepegosnposk. Hepocrarok crpeccoporo poiichcrams,

BOMPOCH PRIBOMIOBCTHA oM Na3(35) 2008 703



JAMPYIHOBA PA.

ROEMOHKCHEI, HANPHMED, SHMOH NPH HHIKHX TEMNEPaTYPax WHIH B YCIORHAX 10CTATOMHO Bobimx
ofLeMOB MHHEPANHIOBAHHONH BOAL, MOEeT ObITH KOMIEHCHPORAH NONCAHHTENBHLIMMH
pOYIECTRHAME THIA MEXAHHYMECKOID, WIYMOBOIO H CBETOBOIO paiapawcHus. Hampumep, ans
Kapacd, peiOn myrmHBof, KHBYIICH B CTORYHX BOJIOEMAX, 09CHE CHIBHBIM CTRPECCOPOM CIYHHAA
BHCOKOH WHTEHCHBHOCTH NPHAYARTEILHAS aypauna soast. Boimoknoe npuvenente neytobuoi
(pOPME! AKBAPHYMA (YIKOIO H BRCOKOID}, B KOTOPOM PRIGA HAXOIHTCH B ITOJYCOTHY TOM COCTOAHMN:
IO NOIBOARCT YBCNHYHBATE ofheMbl BOIE B 7iBa # Donee pis B CPABHCHHH ¢ MPUMERASMEIM JUTH
Nena B HAmHX OnbLITax.

HeofxoguMo TAKKE YUHTRIBATE PVHKHUOHAABKOE COCMORNUE HCCNEAYCMBIX Phib.
Hanpusmep, ceexenofiManniie peibu obnanaor Sonsimedi 9yRCTRHTENLHOCTRIO K moboro poja
cTpeccoBhiM BO3ACHCTBHAM, H B HAYANBHLE NEpHOA HATPYIKH AKTHBHEIE H NACCHBHLE
HOHOTPAHCHOPTHEIE NPOLECCH Y HHX BLIPAKEHL! IHAYHTENBHO CHIBHES, YEM Y ANANTHPOBAHHLLX
(Mapremeauos, 1985). [ A. Bunorpagoswim (1987, 2000) ycranonneno, uto obMeH Kanua B
sHauuTensHoll CTEMEHN JABHCHT OT (PMIHONOrHYECKOro cOCTOAHMA peil, ABTop paznennn
AANTHPORAHHEDK B nabopaTopHiix yenosusx pub no obMeny kamua Ha 3 rpynnel. Y ocobefl nepaoi
FPYINE DOTEPH KAMKS IHAMHTENLHO HIPEBRINMOT MOTNoWenne, ¥ puld BTOpOil rpynns noTepH
NPHMEPHO PABHE TOTNOMIERHIO, B TPETREH TPYINE NOMOMIEHHE CYIECTBEHHO BRIIE MOTEPS.
OBuapyxRensl TAKe H NPOMEAYTONHEEC BapuanTet. Ha nam parnag, pesynsrarsl necnefosanui
ITOCD ABTOPAE, BRNONHEHHBE B €IHHBIX METONHYECKHX YCIOBHAX, MOWHO PACCMATPHBATE H KAK
PEIYALTATE THATHOCTHEN CTPeCcCOyCTORYHROCTH Piil N0 NoKasarenaM Kammesoro obmeHa,

Yeran ORNEHEKE TAKHC OTIHYHN B EHGPEETH NnoTeph HOHOR, ME*H}' flpﬂﬂ.ﬂTﬂBHTﬂ.ﬂTﬂ MH
painuunbx sudoe peil. Kax npasuno, audupysus HOHOB BelTE ¥ MeRee YCTOHUMBRIX K cTpecey B/
WAH Y sBomoLHonRO Gonee gpesnnx auaos pulh (ne-1"apabaseit, 1986; Bunorpagos, 1987, 2000).
Onnaxo OCHOBHEIE TPHHLMIE paifeieHna pril no cTpeccoycTORMHBOCTH OJHHAKOBE B NpeJenax
KEHL0M0 BHAA. 370 MOATBEPIHAN NPOBEICHHBIE HAMH HCCAENOBAHHA HA TONOBOIPENLIX ocobax
nnotebl (Rurilus rutilus) » myen (Esox lucius) PubHHCKOTO BOZOXpaHHANILE W ABYXNCTKaX
HCKYCCTBEHHO pajpoguMoro kapacs (Carassius auraius) no aHanorHYHON CxXeMe, 4To ¥ neima,
Ho B Tedenne 1-2 cyr. B ator nepuoa y yorofiunssix k crpeccy ocobeit poex sraos peib bananc
HATPHA B BOJE TAKOID e COCTaBa, YTO B BOAOKPAHHAKIE, NPAKTHYECKH HE MeHANCH,

O cesonnsix OCOBEHHOCTAX HOMHOrO o6MeHa HapecTHO Mano. OTMeYaeTca, B YACTHOCTH,
YT0 IMMOA OTEPH HOHOR B OIRHAKOBBIN YCHORHAK HHKE, YEM JETOM, & B PeIHEpecTOBLI nepuon
ycuaneaerca abcopOuna Harpis w3 Boasl (3anpyanosa, 2003; Pomanenxo, 1994). Ha naw parnan,
onpeieneHHe CTPECCOYCTOMMHBOCTH N0 HOHHOMY ODMEHY MOMHO NPOBOAHTE B moboe Bpems
rofa. OaHake B NepHoi pasMHomeHHA (korna puba HAXOAMTCA B COCTOSHME CCTECTBEHHOID
HANPAKEHHA) B KAYECTBE OCHOBHOMO JHArHOCTHYECKDID NOKAIATENA AOMKHE! CAYAHTL NOTEPH
HOHOB KEANTHA, T.E. HETIP-D.II_DJ'E}EI-'!'['EJIM-IH.“ NepHOL BPCMCHE AXTHRHEIM TPAHCITOPT WOHOB HETFIHH H3
BOAB MOKET ObITh BHIPAKEH CHAbHEe ¥ ocobell ¢ Menbuiel yCTORMHBOCTRIO K CTPECCY, YeM ¥
bonee YeTORMHBRIX.

Takum obpazom, nposciaeHHbI AHANKS BRIXEHA JABHCHMOCTE abCOMIOTHLIX IHAYEHHRA
nokasatened nonnoro ofiMeHa y pub or uenoro pana GakTopos: CONEHOCTH, HOHHOTO COCTARA,

TeMneparypsl, obbeMa Boasl, Bospacta puif, cesona roga u ap. [TonywHTs NpeacTaBneHnuHe o
BOIMOMHOM AHanalone koneOanuil noxasareneit HOHHOrO oOMeEHA B KOHKPETHEIX YCIOBHIX B Ha

KOHKpeTHOM o0hexTe MOKHO HENoCpe/ICTREHHO B Npouecce auarnocTHki. OnHaKo myvine caenars
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3T0 IpaANee, H 3apanee NPOH3BEcTH Noabop OIMIMANBHOR HArpy3kH IR MpQeKTHRHOTO pasieneHn
poif no crpeccoycroitunsocti. B nankneliem, MOKHO OIPaHHMHTECH HCCHEI0BAHMEM MANOID
KoH4eCTEA Npob Bk, HanpuMep, 1-2 B cyTii. Birsnne pasniaunx (aKkTopon Ke npensTcrayer
PAIENCHHIO Puil M0 CTPECCOYCTORYKBOCTH, T.X. OCHOBHLIC IPHHIIMIIL JHAHOCTHEN OJHHAKORE
BO BCEX YCNOBHAX: BRUIENEHHE CTPECCOVCTOHYMHBRIX pub NPOBOAHTCH NO ¢NocobHOCTH
HOPMATHIOBATH HATPHEBLI OOMEN Ha YPORHE KOHUEHTPALLMH 3TOMD HOHA B NPHPOANOI Bojge (|
HHOKE) H 10 MEHBUIHM NIOTEPAM HETPHA W KATHA B HAMANE ONLITA, 4 AaTbHellles onpeieicHue
HHIHBHAYANLHOR YCTOHYHBOCTH CPElH YCTOHUMMBLIX K CTpECCY NPOBOJAHTCA 1O XApaxTepy
KanHeporo obMena. Youncrue abDcopDuH HOHOBR KANHA, MPEATAracMOc HAMH KAk OOHH W3
nokasareneH BHCOKOH CTPeCCOYCTORYHBOCTH, JABMCHT OT MCXOAHOINO (YHKIHOHANLHOID
COCTOAHMA (YCTORYMBOCTH) B OT CHIM CTPECCOBOro BosgcilicTeua. B menee wecTEHX
IKCTIEPHMENTAILHBIX YCNOBHAX YCHICHHE aKTHRHOMD TPAHCTIOPTAE HOHOB KANHA BLUBANCTCH ¥
Gonbinedl wacTy cpeaneycToiianBEIX ocobell, HO HEKOrma — vy HeycroiunewX. [lpn cuneHmx
Harpy3xax cnocodHOCT K abcopbumn Monmo obHAPYRHTE THIUE ¥ BRICOKOYCTORYHBEIX K CTPecCy
oCoDEH Yepes NOCTATOYHO NPOAOIKHTENLHEH CPOK ATANTALMH.

KorTponeisifl noxasatens — NpoioTKHTEABHOCTE MHIHH PG — NPAMO CBA3AH C
YCTOHHHBOCTBIO K cTpeccy. Ilo mMepe CHRMEHHA CTPECCOYCTORYMMBOCTH CHMKANACEH
NPOAOTKHTENLHOCTE KHIHH H YBEAHUHBAICH HouHsA qucGananc. [lo pennyunHe napywenus s
CHCTEME BOAHO-CONCBONO PABHOBECHA W NPOJOMAMTENBHOCTH #HIHK COCTOAHHE HCCIEyeMBIX
pLIf — BLICOKOYCTORYMBEIX, CPEAHCYCTORYHBRX 1 HE}'CT'E}H‘IHHHH K CTPECCY — MOMHO OTHECTH,
COOTBETCTECHHO, K XPONHYECKOMY, NMOJOCTPOMY M OCTPOMY CTPECCY © NETANLHEM HCXOA0M
(3anpyauncea, 20016, 2003).

MomHo yKasaTh THILL HA SIHHHYHOS YHCIO MHTEPATYPHLIX HCTOMHHKOB, IIe HOHHLIE
napamMeTpil A8 AHArHOCTHEH COCTORHMA Phil npHMensioTcea He cryaaino H He ogxokpario. Oxxako
H OHK He COIepREr QyHAaMeHTANBHEIN METOIHYECKHX pazpaboToK OUEHKH CTPECCOVCTONYHBOCTH
peifl, a, MaBHLM 00pa3oM, NHIIL YKA3LIBAIOT HA CYIIECTROBAHHE CHATH MY COCTORHHEM PRI
H HIMCHEHHAMH HOHHBIX NnapaMeTpos. K ToMy e Bce OHA 38 HCKMIOYEHHEM BBILE YKasaHHOH
paborst A, Bunorpagosa (1987) opuenTHpoBaHs HA Nokasarenw suyTpenmedi cpemw. Tak
COCTORHHE PRIl NPEIAracTea ONPEASIATE NOCAE CONEBLIX HAIPYIOK M0 AHHAMMKE KOHLCHTPALHN
Hatpus B naasme xposl (Clarke, Blackburn, 1977; Reading et al., 1987), no ypoRHIO XnopHaos
kanua (Wedemeyer, McLeady, 1981; Schreck, 1990), no maMeHeHuI0 copepaanus KanLims p
TIAIME KPOBH B PA3IHYHBIX CTpeccosbiX yenosusx (Honau, 1990; Mapremsanos, 1998). Kpome
TOMO, YCTAHOBACHO BAHAHME HA AKTHRHBIE H NACCHBHLE HOHHEE TIOTOKH B 3PHTPOLMTE B ONLITAX in
VIlro pasniYHEIX TOKCHYECKHX COSJMHEHHH B JKCIEPHMEHTANLHEIX H MPHPOANKX YCAOBHAX
(Korenesuen u gp., 1991). BorpeuasoTes HEMHOIOMHCIEHHEIE HCCASNOBAHNA HOHHOMD COCTABEA
TraneH poif B NONEBLIX YCIOBHAX, INABILM o0pasomM, GomsHEX Muonarieii ocerpons (KyisMuna
W ap., 1992; Mapremsanos, 1994; Harouus u ap., 1995).

JuarnocTika cTpeccoycTORYHBOCTH prif ¢ HCnoMLIoBAHKEM NOKaaTeneii Honoro ofMena
MPEEOCXOAHT HHPOPMAETHEHOCTEIO B NIPOCTOTONR METOIM OLEHKH COCTORHMA Puif 10 napaMeTpam
sHyTpentedl cpensl. [nanasons koneSanns conepxania HOHOB KATHA W HATPHA B I1AIME KPOBH ¥
BIPOCNOTO NIeld, COBMECTHMBIE C KHIHBIO, COCTABNAIOT cooTReTcTaenno 0,5(0,2)-6(8) n 90-
142(151) mmonn/a. [Tp# 37oM cambie Donsmme (OTHOCAIINECS K KPARHHM IHIMCHUAM YKAIEHHEIX
AHANAIOHOR), HO HETIPOJOKHTENLHEE BO BPEMEHH HIMEHCHHA B CHCTEME BOAHO-CONCBOMD
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PABHOBECHA OTMEMAIOTCH NMPH CHABHOM OCTpoM ofparumom crpecce. Onnako rubent puth npa
XPOHHUECKOM CTPEcCe HAOMOMAETCA NPH SHAMHTENRHO Donee YIKOM JIHENAIOHE KOHUCHTPALRR
HOHOB KATHA W HATPHA B TUIAIME KPORM, cooTaeTeTerno: 2-5 1 115-128 mmons/n (Mapremsanos,
Zanpynuora, 1982; 3anpynsosa, 1991,19996, 2000, 2001a, 20016). IoaTomy npH ARATHOCTHKE
COCTOAHMA PLID NO noKazaTensM BRYTpenHel cpeibl HeODXOAHMO YIHTLIBATEL HE TONLKD BEAIHYHHY
OTKAOHEHNA HOHHEIX NOKAIATENEH OT HOPMBI, HO B YCTOHUHBOCTE BO BPEMEHH JTHX HIMEHEHHA.
IMpwxnanennoe s3aTie npod kposn orT pelb Tpebyer OT HCCAEAOBATENA BLHICOKOID YPOBRHA
npohecCHOMANNIMA, K TOMY K¢ BCCTIA COXPAHAETCA REPOATHOCTE TpasMaTHHecknX dipexTon i
HIMEHEHHS COCTORHMA FHBOTHEIX BO BpeMa 3Tofl npoueaypel. Kpose toro, npobst Tkaneii pub s
OTIHYHME OT BOAL MEpejl AHANHIOM HX Ha HOHHBI COCTAB Ha npubope HyXaaOTCR B
npeasapuTentHofl obpabiorke. lopMoHAnbHBE H HMMYHOIOTHHECKHE NOKAIATCNN BHYTPeHHEN
cpeibl y peil TAKHE HE ABAOTCH AOCTATOMHO HATEKHEIMH NOKAMITENAMH CTPECCOYCTORYHBOCTH
(Pottinger et al., 1994; 3anpynuosa, [lposoporckas, 1999).

B ceasu ¢ npobaemoil BHYTPHEHAOBRIX PAIHYHA B CTPECCOYCTOHUHBOCTH BCErIA Gyaer
norpefrocTs B npocTeix i 3QPEKTHBAKN NPHAHINEHAKX cnocobax ee onpeleneHHd.
HMceneiopanis pacipocTpaHeHHEIM METOIOM «OTKPRITOS NOAEH TPH BHIYAIEHOM HADNIOACHHH
CONPOBOMAROTCA HEMANLIMH (DHIHYCCKHMH M BPEMEHHEIMH 33TPaTaMu, NHDO HYMIMOTCH B
cRoXAO (Hepeako rpoMoankoil) annaparype, HENPHMEHHMOR B IKCOCINLHOHHLIX YCIOBHAX.
Opuako HamMuue cragnoHaproro npubopa (naadennoro (oTomerpa) B8 naboparopHl peiaet
npobneny HecneNoBaHHA HOHHOM ODMeHa PhiD B IKCIIEAHUHAX, T.E. KOHUEHTPAIHA HATPHA H KATHA
B Npobax BoALl COXPAHACTCH HENIMEHHON NPAKTHYECKH HEOrPANHYCHHOE BPEMA M HE 3ABHCHT OT
TeMneparypsl. Kpome TOT0, OOHOBPEMEHHOE HIYMEHHE HOHHOIO OOMEHA W NOBEIEHRA PWO 7
nebonemom obneme Bogsl obuapymino ¥ Heycrolunssix K crpeccy pub (T.e. obfnagaomnmx
GONBIIMMH NOTEPAMH HOHOB) KaK NOBLITEHHYIO, TAK H NOHHKEHHYIO ABHTETENbHYIO AKTHREHOCTE
(3anpynnoea, 1999G). Bee ckasaHHOE N03BOAKET CHHTATE METO/ AWATHOCTHEH 110 HOHHOMY 00MEHY
NPHOPHTETHLIM B OTHOWEHHH BOIHLIX KHBOTHLIX,

Ha ocuoBaHun NpoBEACHHBX HCCNEefOBAHHHA NMpeanaraeTcs CACAYIOMAd CXeMa
HecneaoBaHuA pui Ha cTpeccoycToHYMBOCTE nNpn Temneparype 16-19 °C (15-20 °C) »
naboparopuix yenosrax. B nauane pabovero fua kaknas peiba nomentaerca B Hebonkimoi obnem
BOJE (COOTHOUIEHHE MACCH TeNa W BOJLL IR BIPOCALX phIb paymwunmx sigos 1:20-1:50) ¢
NpUUYARTENEROA sopanueil. Jlyaine Henone3oBaTe BOLY M3 MecT ObMTAHMA PR B OTKPETHIX
npecHux Bogoemax. Ho BoIMoXkHO NpUMEeHERHe 10 COOTRETCTRYIONWIErD YposHa pasbasneHHol
rpyHToROH (BOfOTNpOBOAHOH) BOAK. B JTHX yenoBax y HeycTOHMHBRIX K cTpeccy ocobeil
BEIARIAKOTCE HENPEPRIBHBE NOTEPH HOHOB HATPHA B BOHY. Y }"E'I"D“"IHBI:IH K CTpECCY pl:lﬁ Ha
nporasen 7-9 u. (r.e. pabodero qua) ¥ B janbHeliem KOHIEHTPAIHA HATPHA B OKpYRalomeh
HX BOAE NOLICPRHBACTCA HewMeHHOH, THOO ROIMOMHE! peikne, HEDONILIIHE B KPATKOBPEMENHEIE
MOTEPH HTHX HOHOR, BCKOPE CMEHRIONIHECS YounenneM ux abcopbunn. Benmanna audsdysnm nonos
KA, CBR3aHHan oOparHof 3aBHCHMOCTRIO CO CTPECCOYCTORYHBOCTLIO, CAYKNT JONONHHTENLHEIM
HHIHKATOPOM COCTORHHS paib. Ecan cymecTayeT noTpebHOCTE B oNpeacieHHH HHIHBHIYAnLHOR
YCTOHYHBOCTH CPEAM CTpeccoyCTofMHBRMX 0cobefl, TO HCCAeNOBAHKA ¢ HHMH [IPOACTKAOTCH #
AHATHOCTHKE OCYWECTBAAETCH, rnasueM ofpasom, no xanmesomy obmeny. B Teyenne
nocaenyiommux 1,5-3 cyt. u Bonee y pulcokoyCTORYMBLIN prill BEMHYHHA NOTEPE HOHOB KANHH
COXPAHACTCA HA KpPafHe HHIKOM, NOYTH HEHIMEHHOM YposHe., ONHAKO B 3TO BPeMA YCHIHBAETCR
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auddry3us HOHOB ¥ CPEAHEYCTONYHBLIX K cTpeccy puih, npe 3ToM HaHDonee IHAYNTENRHO — ¥
HAHMEHEE YCTOHYHBBLIX CPeAN HHX. B pesynstare [nanaion HOHHBIX NOTEPE ¥ OHHX B TEX He
ocobeit 3a nepron nabmonenns ¢ 1,5 ao 3 cyT. ysenwunpaerca Gonee yem s 1,5 pasa, uto
CYWECTREHHO PACIIHPACT BOIMOMHOCTH AHAIHOCTHEH. Tak ecnu B nepeme 1,5 cyt Morau
BOIHHKATL JATPYAHEHHA C ONMPENENEeHHEM HHANBHAYANEHOH cTpeccoycToHYHBOCTH ¥ 20-30%
ocobell U3 BeeX HCCHEAYEMBIX CTpeccoyCcTORMHBRX phib, To vepes 3 cyT AHATHOCTHPYIOTCH
NpaKTHYeckH Bce peIDbL JlonosHHTENRHEIM NOKA3aTENEM BHICOKOR CTpeccoycTolMHBOCTH
MOXET cny®uTs npecbnaganne abcopbuny HOHOB KanHs HAJ MOTEPAMH, BHABASCMOC B
KECTRHX IKCTICPHMEHTANLHBX YCIOBHAX He panee qem vepes 10 cyT. Xora ocHoBHAas pons B
onpejeneHny HHAMBHAYANLHONH CTPeccOYCTORYHBOCTH CpPeaM YCTOHYHBHX K CcTpeccy
NPHHAANERNT KATHEBOMY 0DMEHY, HATPHEBLIT OOMEH CTYKHT AOMONHATEALHBIM HHIHKATOPOM
cocToAHHA prib. TNokasaresem HeBIaAronONY YA MOKET CTYKHTE He TONRKO YCHACHAE NOTEPh
Harpua. Yeenuyenwe abcopbUMH ITRX HOHOR, CONPOROMAAKOMIEECH ocoBeHHO CHILHEIMH
NOTEPAMH KATHA YKa3uBaeT Ha Ganikyo rubens pub,

Prifibt, HeceRyeMsle cpasy nocie OTNOB: W3 ECTECTBEHHON Cpejibl ODHTAHHS, KaK yie
YKA3uBanock, Goee MYBCTBATEALHE K CTPECCOBRIM BOIASHCTBHAM, NoOTOMY B HeBombmoMm
ofbeMe BoaL! fawe ¥ yCTol4HBLIX K cTpeccy pwb GyayT nafmomarscs noteps Honos HATPHA B
poy. Oamaxo wepes 1-3 u. oun cMenmoTes npeobaagannem abcopbunn HTHX HOHOB W B
nansuefimenm (depes 4-7 4.) yerananaupaeTca panHosecie TrddyInn 1 aKTHBHONO TpaHCTOpTa
HOHOB HATPHA (KOHIERTPALINA HOHHOTO Gananca) Ha Sonee HHIKOM YPORHE, MeM B IpHPOIHOH cpene.
Jansuefiiupe 3Tans HCCASAOBANKA PEIG HA CTPECCOYCTORMHBOCTE B IKCTIEAHITHOHHBIX YCAOBHAX
BHANOTHYHL ONMHCAHHWM Bellle 08 naboparopumx wueoTHex. B cayvyae neobxommmocty
KOMTHYECTRO BIATHIX HA AHATHI NPOD BOJLI MOKHO COKPATHTE A0 1-2 B CYTKH.

llpeanaraemeifi Meton pasgencuus pub no CTpeccoyCcTORMHBOCTH MOXeT DHITH
PEKOMEHAORAH K HCNOABIOBAHHIO ANA KOPPEKTHOH NOCTAHOBKH ONBTOB B nabopaTopHBIX
yenosuax. Misectno, RANpHMED, 410 ¥ NPECHOBOIHEIX PRI PH OCTPOM K XPOHHYECKDM cTpecce,
BLIIRIBACMOM PA3HBIME (PakTopaMi, kosdduunenT BAPHANKH M0 MHOTHM HOHHBIM NapaMeTpam
Bospactan g 2-3 u Donee pas (Maprembanos, 3anpyanosa, 1982; Sanpyamosa, 1991, 1999a,
19996; 3anpynnosa, INposoposckas, 1999). CyumecTByeT Takke HaCTOATENEHAR norpefHOCTE
B ONpcAcneHHn cTpeccoycToliunBocTH peib B puiboroauwx xolaficTeax, ocobenno 1o
OTHOCHTCA K LCHHLIM NPOHIBOAMTENAM W OCOOAM, NOJABEPraEMBIM CHILHEM CTPECCOBBIM
BOIACHCTEHAM THIIA TPAHCTIOPTHPOBKH, IHMOBKH B HeONArONPHSTHEX YCTOBHAX. Paspaborka
HOBLIX crnocofoB IHATHOCTHKH COCTOAHHA PO B NPHPONE AKTYANRHA B CBAIH € POCTOM
AHTPOMOTEHHOR HATPYIKH HA BOJOSME! M BOIHHKHOBEHHEM B HHX HANDPAMEHHEIX CTPECCOBBIX
cuTyauni. Kax npasuno, HHAMBHAYANBHAS BapHabenbHOCTh PAsTHYHBIX NoKasaTeneil ¥ peif B
MECTAX NOBLINEHHOID JATPASHEHHA cHawana noswwaerca (Mxomos, 3anpynnosa, 1982:
Janpyanosa, 20018; Bacunees u ap., 2004), a arem cummaercs (Cuerannn, lnxora, 2000),
BEPORTHO, B CBAIN C dnUMHHaumel cTpecconeycTolivuseax ocobeli. M3-3a otcyTerens
fenoTHIHYECKDI afanTalul K KcenoGHOTHEaM (Daepon, 1989) peapnenne reHOTHNIHYECKH
YCTOHYHBBIX puib ocobenno BmEHO B TEX CAywany, korna npuMcHAEMEIE MeToak Gopubm ¢
3ArPAIHEHHAMH OKASRIBAIOTCK MAT0S(QEKTHBHEIMK, THGO BOOGILE He JelicTREHHBIMY.
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FATTFYIIHOBA PA

BBIBOJEI
1. [Mpeanaraerca MeTO] pajfeleHHi NPecCHOBOJHBIX pwb (Ha npuMepe acuma) no
VCTOIYHMBOCTH K CTPECCY B CCTECTBCHHOM ¥ WCKYCCTREHHOH cpese ODHTAHMA MO NOKAIATENAM
noHnoro obMena B HebonsmoM obbeMe BOE CHURCHHON MUHEPANHIAIWK, NPEANOYTHTEILHEE
TAKOID e HOHHOM COCTARA, YTO B NPHPOIHOM BOAOEME.

2. Inasssy oTAHYHeM peib YCTORYHBEIX OT HEYCTOIMHBRIX K CTPECCY SRIACTCA COCo0HOCTS
MepRbIX NOUIERKHBATE HATPHEBLIT Hananc Ha YPORHe DABHOM HITH DONCE HISKOM, HeM KOHLCHTPAIHA
HATPHA B OTKPAITRIX NPECHBIX BO0eMax. ¥ yeToifuHBrIX k cTpeccy ocobell Takike MEHLIIE CKOPOCT:
M BETHYHHA MOTEPH HOHOB HATPHA W Kanui. Bpess IHarsocTHKH B NPHPOAHOR Bofge (MK Boe
TAKOID Xe HOHHOTO COCTABA) HE NPEBRIIAET MOAYCYTOK.

3. Onpefencsue HHANBHAYANLHON YCTOHYHBOCTH CpeaM crpeccoycTofqaupmx pub
NPOBOAHTEA 10 KanuepoMy obmeny. Bpema anarnoctaxs o1 1,5 Ao 3 cyt. Cropocts andepyann
HOHOE KANHA H KOHIIEHTPpAaNHA HOHHOTO EHRHHGH CRAIAHKI DEPHTTIDH JARHCHMOCTRRY &0
CTPECCOYCTORMMBOCTRE, K NOKAIATENAM BRCOKDH YCTOIMHBOCTH OTHOCHTCA Take npeoliiananie
abcophuHH ITHX HOHOR HAJ OTEPAME.

4, ToUROCTE MHArHOCTHEH N0 NOKAIATCAAM HOHHOTO obMena, B 0CobBEHHOCTH KATHEBOTD,
BOIPACTAST CO BPCMEHEM.

5. TToxasaH0 YMEHBLIEHHE HOHHEDX TOTEPE: B IHCTHITHPOBAHION BOJIE, COMSPHAIIe MOHLL KaThils.
6. Yeranosnexa o0parHan 3JaBHCHMOCTE MERTY BENHYHHONR HONHOMD Auchananca npM crpecce
H NPONIBKHTENBHOCTHI0 XK prib.

Pafioma awnoanena npu neddepacwe Poccutickozo gronda dvndamenmaivmsx
uccredosanuti (npoexm Ne 06-04-45282).
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APPRAISE OF STRESSSTABILITY OF BREAM BY EXCHANGE OF 50DIUM

AND POTASSIUM I0ONS BETWEEN AN ORGANISM AND WATER
i© 2008 v. R.A. Zaprudnova
Institute of biology of inland waters of the Russian Academy of Science
(TBIW RAS), Borok of Yaroslavl range
The method of lifetime diagnostics of fish stress resistance (for example bream) in artificial and
natural habitats by ion exchange in the limited volume of low mineralized water is suggested. For
the first time the separation of fish resistant and not resistant to stress is recommended to make
by sodium and potassium exchange, to determine individual resistance between fish resistent -
by potassium exchange.
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