TexHOAOTIS BUPOOHHIITBA 1 ITepepoOKH IPOAyKLil TBapuHHuIrTa, Ne 12016

YK 591.3:597.55.2 (574.2:577.151)

BOJSIHIIBKHM O. M., acmipanT
fishfarmeralex@ukr.net

HOTPOXOB O. C., n1-p 6ion. HayK

ITnemumym ziopobionozcii HAH Ykpainu
alport@bigmir.net

I'PUHEBUY H. €., xauz. BeT. HayK

binoyepxiscokuii Hayionanvuuil azpapHuti yHigepcumem
gnatbc@mail.ru

3MIHA AKTUBHOCTI ®EPMEHTIB EHEPTETHYHOI'O OBMIHY
EMBPIOHIB KOPOIIA 3A JIi ABIOTHYHUX YAHHUKIB
BOJIHOI'O CEPEJJOBHUIIA

JlociTipKeHO BIUTMB KOJIMBAaHb TEMIIEPATypU Ta BMICTY PO3UHHEHOTO KUCHIO Y IPHPOAHHUX BOJOHMAX Ha MPOXOIXKE H-
Hs eMOpIOHAJBPHOTO PO3BHTKY KOpOIa Ta BUBUCHO 3aXMCHI peakuii eMOpioHiB puO Ha 3MiHM YMHHHUKIB HABKOJWIIHHOTO
CepeloBHIIa, BPaXoBYI0UH (i3i010T0-0i0XiMiIUHI TOKa3HUKM eMOpioHIB puO 3a 1ii abiOTHYHUX YHMHHUKIB BOJZHOTO Cepe-
noeuina. [IpoBeseHO aHai3 3aJ€KHOCTI MiXK MOKa3HUKAMHU CHEPTreTHYHOTO OOMiHY eMOpiOHIB KOpOIIa Ta TEMIIEPATyp OO
BOJIY 1 BMiCTOM PO3YMHEHOT0 KHCHIO, 1[0 JO3BOJISIE BU3HAYUTH ONTHMAIIBHI MEXI IMX YNHHHKIB 11 HOPMAJIBHOTO PO3BH-
TKy eMOpioHiB. BcTaHOBIIEHO, 110 ONTHMaNIBHI MEXi TeMIlepaTypy BOIH IJIsl IPOXOJPKEHHS PO3BUTKY KOPOIIa MOXKHA B H-
3HAYUTH 32 MOKAa3HUKAaMHU aKTHBHOCTI KIIOUOBHX (PEPMEHTIB €HEpreTHYHOro oOMiHy, a caMe JaKTaTACTiApOTreHa3H Ta
CYKIIMHATACTIAPOTeHa3H.

KiouoBi ciioBa: xopor, eMOpiOHaTBHAN PO3BUTOK, TEMIIEPATypa BOIHU, BMICT PO3YMHEHOTO KHCHIO, aKTUBHICTh CYK-
LOUHATACTIIPOTeHa3! Ta JaKTaTACeTiAPOreHa3H, CTPEC, alalTallis.

I[MocTanoBka mpodJieMu. 31aTHICTh PUO KUTH B MIEBHOMY TEMIIEPATYPHOMY 1HTEpPBaJi € SBOJIIO-
HIHHO C(hOPMOBAHOIO aJIAMITALIEI 0 TEMIIEPATYPHOTO PEKUMY OTOUYIOYOIO CEpEeIOBHUINA Ti€l UM iH-
moi rpynu pu6. [Ipote mopsan 3 aganTami€ero 10 MEBHUX TEPMIYHIX YMOB OKPEMOI BOJONME 0COOIIBE
3HA4YeHHsI Ma€ iX 3aTHICTh MPOTUAISATH Pi3KUM KOPOTKOYACHUM ab0 TPHBAIUM 3MiHAM TeMIepaTypH
[1, 2, 3]. ¥V 3B’s3Ky 3 UM IPOBOJATH EKCIIEPHUMEHTAIIBHI TOCIIPKEHHS CTIHKOCTI pUO 10 BUCOKUX Ta
HU3BKUX (TPaHUYHKX) TEMIIEpaTyp, a TAaKoXK akjiaManii pud A0 MiABHIICHUX a00 3HIKEHHX TeMIiepa-
Typ [4, 5, 6, 7].

AHaJi3 ocTaHHIX HOCHiIKeHb Ta MyOuaikamii. BiamoBigHO 10 KIACHYHOTO (GOPMYJIHOBAHHS
Cenne (1979, c. 27), «cTpec — 1ie HecnenudiyHa BiAMOBIAb OpraHizMy Ha Oy/b-SIKYy MPeA'IBICHY HOMY
BUMOT'Y». 3a Cy4YaCHUMH YSIBJIICHHSIMH, B OpraHi3Mi pud cTpecopy BHKJIMKAIOTh HecTIenU(iuHi BigmO-
BiJli, SIKi TOTIOMAraroTh puoOi miaTpuMaru roMeoctas. DizioNorivHi BiAMOBIAI Ha CTpeC MOXYTh OyTH
MOJTIIEH] Ha MepBHHHI (EHAOKPHHHI 3MiHM B PIBHSX KaTeXOJIaMiHIB 1 KOPTHKOCTEPOIAiB) i BTOPHHHI
(3MiHM, TIOB'A3aH1 3 METa0OI3MOM, TifpoMiHepanbHUM OanancoM Tomlo). TpeTunHi 3MiHK (200 3MiHH
Ha PiBHI IJIOTO OpTaHi3My), HaMPHUKIIAJ, B IIBHIKOCTI POCTY, OMOPi XBOPOOi Ta MOBEMiHIN, MOXYTh
BUIUIMBATH 3 MEPBUHHUX 1 BTOPHHHUX BiJINOBIJEH 1 MOKYTh MMO3HAYUTUCH HA BUKHBAHOCTI. 3a ciiad-
KO0 Ta HETPUBAJIOrO IMOJAPA3HEHHs CTPEC-BiNOBIAb NMPOXoauTh y (hopmi eyctpecy (diziosoriuHoro
CTpecy), IO CYMPOBOKYETHCS MOOLTI3AIE€0 EHEPreTHKY KIIITHH 1 OPraHi3My B IIJIOMY, €KCITPECI€I0
MIEBHHUX IeHiB, CHHTE30M OUIKiB (B TOMY 4KCHi (hepMeHTIB) i OpPMYBaHHSIM CTPYKTYPHOTO CIIiTy ajar-
tanii (Inmnos, 1984; Xuuuenko, Canponos, 2003; Yepnsies, 2007). [Ipu npomy nepeOyBaHHs OpraHi-
3MY B CTaHi ()i3i0JI0Ti9HOTO CTpeCcy MOTpeOye M0IaTKOBOI pOOOTH (BUTPATH HA ajanTallilo), sKa Ipu-
3BOJUTH J0 TIepeOyA0BH METa0OII3My i 32 paXyHOK TilepKOMIICHCAIlii eHEPreTUYHUX BUTPAT 3MIMIYE
foro y Oik anaOoi3my. Lle, B cBOIO 4epry, NpUBOAMTH 10 IMiJBUIICHHS CTIHKOCTI OpraHiaMy ao il
HECTIPUSITIMBUX YMHHHKIB, IPUCKOPEHHS pocTy Ta po3BuUTKy (bayep, 1935; Apmasckuii, 1982; 3a-
npyzHouM 2001, 2003). Came numu SIBUILIAMH, HAIIEBHO, 1 00yMOBIICHHIA TO3UTUBHUI eeKT mepio-
JMYHUX KOJIMBaHb (PaKTOPiB HEBEIHMKOT aMILTITY I Ha eMOPIOHAILHUI PO3BUTOK pHO. 3a 1ii Ha opra-
HI3MH CHUJIbHHMX a00 TPUBAIMX CTPECOPIB CTPEC-PEaKilis MPOSBIAETHCS Y (OPMI IATOIOTTUHOTO CTPECY
(cramis BucHaxkeHHs 3a 1. Ceinbe). [Ipu npoMy B pe3ynbpTaTi BUYEpPHaHHS €HEPreTHYHHUX PECypCiB i
HE3JaTHOCTI aJalTUBHUX CHUCTEM aJIeKBaTHO pearyBaTH Ha Taki MOJPa3HUKH, BOHHU CaMi MepeTBOPIO-
10ThCsl Ha unHHMK TaToreHe3y (Cemwe, 1979; Ilumos, 1984; Barton, 2002; Xunuenko, CamnpoHOB,
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2003). OmHak, po3rIAIal0ud CTpec-peakinii B eMOpioHAIBHUI Ta paHHIM MOCTEMOpPiOHATBLHUHN TIEPi0TH
PO3BUTKY, HEOOXiTHO BpaXOBYBaTH CIEIU(iKy I[LOTO €TaIry OHToreHe3y. [lepir 3a Bce, CInijl 3a3HaYH-
TH, 110 Ha BiAMIHY BiJ TOopociux pub mpouecu Mopgorenesy i craHoBieHHs GyHKUiK OaraTbox opra-
HiB y 3apOJIKiB HE 3aBepieHi. BaxxamBo0 0COONMBICTIO paHHIX €TaIiB OHTOT€HE3Y PHO € PeryIsiis
rOMeOCTa3y, TOJJOBHAM YHMHOM, Ha 0i0XiMIYHOMY piBHI, 1€ 0e3 yJacTi (pakTopiB KOHTPOIIO 3 OOKy
€HIOKPHUHHOI Ta HEPBOBOI cucTeM. TakuM YMHOM, B Ipoleci eMOpioHaJIbHOTO PO3BUTKY CIIOCTEpira-
€THCSI TIOCTYIIOBE MiAKITIOYEHHS 10 TPOIIECiB PEryIIsiii HOBUX MEXaHI3MIB i 3MiHa poJli BXKe ICHYIOUUX
(Barton, 2002; Heuaes Ta i., 2006; Uepuses, 2007) [12].

AKTUBHICTD KJIIOUOBHX (PEPMEHTIB €HEPreTUYHOro 0OMiHy Ta MeTa0OJi3My BYIJIEBOIIB Y pub 3a
BIUIMBY Pi3HUX (PaKTOPIiB CEPEAOBUILA T03BOJISIE OLIHUTH IHTEHCHBHICTh 1 HAPSMOK LIISIXiB aepoOHO-
ro i anaepobHoro cuaTe’y AT®, CTyniHbP BUKOPHUCTAaHHSA BYTJIEBOIB ¥ €HEPreTUYHOMY Ta IUTACTHY-
HOMY OOMiHi, BUSIBUTH 3aKOHOMIPHOCTI 1 MEXaHi3MH MiATPHUMKH HEOOXiZHOTO PiBHS METaOOJIIYHOTO
TOMEOCTa3y 3a HECHPHUATIMBOrO BIUMBY [MemepskoBa u np., 2004; Hemoma, 2005; Konradt,
Braunbeck, 2001].

HaiiBaxumBimmM ¢axTopoM, 10 BH3HAYae HOpMalibHE (YHKIIIOHYBaHHS OpraHi3My i Horo 3mat-
HICTh a/IalTyBaTHCS /0 MOCTIHHO 3MiHHMX YMOB HAaBKOJMIIHBOTO CEPEIOBHIA, € PiBEHb CHEPreTHY-
HOTO 0OMiHy. Jlo Ynciia MOKITMBUX MPUYXH i MEXaHI3MiB 3aruerni pud BiJ BUCOKHX TeMIepaTyp Bil-
HOCSTH TpaHchopMalliifHi 3MIiHH CTPYKTYpH MeMOpaH, JeHaTypallito OiMKiB 1 iX KoaryImsiito B pe-
3yNbTaTi HArpiBaHHs, TEPMIUHY 1HAKTHBAILiI0 ()EPMEHTIB, HEIOCTATHICTh KUCHIO, & TAKOX BIIIMiHHICTh
y TeMmmeparypHoMmy koedimieHTi (Qio) IS B3aEMOIOB'SI3aHUX META0OJNIYHHMX Peakiliii 1 MopyIeHHS
BOJIHO-COJIbOBOTO OanmaHcy y pud (I'omoBanos, CmuproB, 2004; [Iminr-Huenscen, 1982). BoxHouac,
¢izionoro-0ioximMiuHi SBUINA Ta MPOLECH, SIKI MPOXOIATH Oe3MOocepeIHhO B 30HI CyOiIeTallbHUX 3HAa-
YeHb TeMIIeparyp, 3a3Buuail Bumie 30 °C, Ha MeXi KUTTENISUIBHOCTI TiAPOOIOHTIB, 0araTo B oMy 3a-
mumatTbes ManoBuBdeHnMHy (I'omoBanoBa, 2007; ['omocy Banis ta iH., 2002, 2005) [13]. KiiTuan
HOPMaJIbHOT 30POBOI TKAaHWHHU MTOKPUBAIOTH CBOI €HEPreTHYHI MOTpedu, mepu 3a Bce, B MPOLECi AH-
XaHHS 1 MOB'SI3aHUX 3 HUM IIpoIiecax KUCHEBOTo GpocOpUIIOBaHHS 1 JIMIe HEe3HAYHA YaCTUHA €HEepril
YTBOPIOEThCA B Tpolieci PocopHiIroBanHHs, sSIKE BiIOYBAE€THCS MiJ Yac TIIKOMNi3y. 30UIbIICHHS aKTHB-
HOCTI JIJAaKTaTAETiIPOTeHa3! MOXKE CBIIYUTH MPO MOCUICHHS TIIKOII3Y 1 BiIMOBITHO HAKOTIMYCHHS HO-
T'O IPOJAYKTY — MOJIOYHOI KHCJIOTH. B pe3ynbpTari 3MillleHHs peakiii B CTOpOHY MPOAYKTY, BiIOYBa€Th-
sl 3MEHIICHHS MiPOBUHOTPATHOI KUCIIOTH, SKa B MOJATBIIOMY MOIIa O BCTYIHTH B IUKJ TPUKapOO-
HOBHX KucOT. 3MiHa criBBigHOmeHHs C/AI/JI/I" B Oik 30UTbIIEHHS JTaKTaTAETiPOT€HA3HO1 1 3MEH-
IIEHHS CYKIMHATACTIAPOTeHa3HOI aKTUBHOCTI CBITYUTH PO BUTICHEHHS OKUCHO-BITHOBHUX TPOIIECIB
aHaepooHumu [11].

Mera i 3aBAaHHs A0CJTiAKeHb. 3aBIaHHAM JIOCIiIKEHb OyJIO JOCHIINTH 3aXUCHI peakii eMOpi-
OHIB pr0 Ha 3MiHM YMHHUKIB HABKOJHUIIHEOTO CEPEJIOBUINA Ta BHBUUTH (i310710r0-010XiMiUHI MTOKa3-
HUKU eMOpioHiB puO 3a Jii a0l0TUYHMUX YMHHHKIB BOJHOIO cepezoBuiiia. MeToro poboTu OyJio Bera-
HOBJICHHS 3aJISKHOCTI MK IMOKa3HUKAMH CHEPreTHYHOro OOMiHYy eMOpPiOHIB KOpoma Ta TeMIiepary-
POIO BOAM 1 BMICTOM PO3UYMHEHOr0 KHCHIO, IO JO3BOJISIE BU3HAUYNTH ONTHMAJIbHI MEX1 [IUX YHHHHKIB
JUTSI HOPMaJIbHOTO PO3BUTKY €MOPIOHIB.

Marepiaa i MmeToanka gociixkens. JlociipKeHHS TPOBOIMIN Ha binonepkiBehKiil ekcriepuMeH-
TaJbHiH rigpobionoriyniit cranuii IncrutyTy rigpoGionorii HAH Ykpainu.

BionorivanM MaTepiaaoM JociiKeHb Oyia ikpa Kopolia Ha Pi3HUX CTafisX eMOpiOHAIIEHOTO PO3-
BUTKY. Hamu Oysnm oOpaHi BOgOMH, SIKi XapaKTepU3YIOThCS PI3HUMHU TeMIEpaTypHUMH Ta KUCHEBH-
MU pekuMami. Lle 0coOMMBO BaKIIMBO, OCKUIBKM 3aBASKH KIIMaTHUYHUM 3MiHAM came Li MOKa3HUKU
OyxyTb HaiOinbm MiHMMBUMH. TemiepaTypy BOAM BUMIPIOBAIM PTYTHUM TEPMOMETPOM HPOTAIOM
001 0 4, 12 Ta 20 roj 1 B Mipy NPOXO/KEHHST eMOPiOHAIBHUX CTaJlill PO3BUTKY JIOCITITHUX BUIIIB pUO.
BMIiCT po3uMHEHOT0 KHCHIO BU3HAYAIM O YETBEPTiil rofnHi panky meroaom Binkiepa [8]. AKTUBHICTD
JAKTAaTAETiIPOreHa3y BU3HAYAIM 3a JOINOMOIOI0 CTaHIapTHOro Habopy peareHTiB «JIJAI» (Pimicit-
Hiarnoctrka, YKpaina). AKTHBHICTh CyKIIMHATACTiAporeHasu — 3a Bekcero [14].

OtpuMaHi JaHi 0OpoOJIeHI CTaTUCTHYHO 3a JIOIOMOror mporpamu Statistica 5.5, Epa probit
analysis program used for calculating LC/EC values (Version 1.5).

JocnipkeHHst TIPOBOAWIN MPOTATOM TPaBHS, B TOH 4ac KOJIM BiIOyBa€ThCS HEPECT KOPOIIA y MPH-
ponnux BojoiiMax. [lITydHo 3arutiHeHy iKpy Kopora po3MIIIyBalld Y CiTYACTUX KOHTEHHEpaxX y BO-
JIOWMI1 3 METOI0 MaKCHMaJIbHOTO HAOIMKEHHS 10 YMOB MPUPOTHOTO HEPECTOBHUIIIA.
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VYci gocmiaHi BOIOMME HAIOBHIOBAIH BOJOO 3 p. Pock. L Boma xapakTepru3y€eThCss HACTYITHUMH
rigpoximiuanmu nokaszuukamu: O, — 8,4-9,7 mr/am3; pH — 8,3; TBepaicts — 6,1 Mr-exB./am>; Ca* —
3,3 mr-exB./aM%, 66,13 mr Ca®"/mm®; Mg®* — 2,8 mr-exs./mv3, 34,02 mr Mg®/mv?; CI' — 0,85 mr-exs./mv?,
30,13 mr Cl/om3; NH," — 0,277 mr N/ov®; NO,” — 0,006 mr N/am3; NO3 — 0,080 mr N/mv3; PO, -
0,062 mr P/om3; T1IO — 8,0 mr O/om3; BO — 18,48 mr O/om>.

Pe3ysbTaTu AocaiaKeHb Ta iX 00roBopenHs. Binomo, o TeMnepaTypHuil YNHHUK PETYIIOE Me-
Tabomi3M, (hOPMOYTBOPEHHS, TEMI IHAWMBITYaIbHOTO PO3BUTKY, BU3HAYA€ TPUBANICTD €TaIliB B eMOpi-
orenesi pu6 [9]. [Iporecn meTabomizmy y pud BigOyBaroThCs B crienn(ivHIX TEMIIEPaTypHUX MeKax
Ta creunpivHOMY ONTHMYMi Uil KO>kKHOTO BuAy. Kpami pesynbraTu iHKyOauii ikpu BUXOAATH TOAI,
KOJIM B TIepIIii MOJIOBUHI eMOpioreHe3y Ail0Th HU3bKiI TeMIEpaTypH, a B IPYyTii OJIOBUHI — IiABHIIE-
Hi, aJle He BUXOISYH 332 MEXi ONTUMaIbHUX. HU3BKI TemIepaTypu ONTUMAIIBHOT 30HU CIPHUSIOTH 30i-
JILIICHHIO POCTY 3apOAKiB PUO, a MiJBUIICHI JEII0 3HUKYIOTh MMPOLIECH POCTY, aJie IPUCKOPIOIOTh PO-
3BUTOK 3apojKa. BiqmiueHo, 110 3 miIBUIIEHHSIM TeMIepaTypy BOIW paHille HACTAE MyNbCallisl ceprist
3aposka. [linBumIeHHsT TeMnepaTypH, OCOOIHBO i 9ac GopMyBaHHS 3aJ03 BIITYIUICHHS, O0yYMOBITIOE
BHUXi1 eMOpiOHIB 3 000JOHOK Ha OB paHHIX CTamisIX po3BUTKY [10].

3a mepiol MPOBEACHHS OCTIKEHb TEMIEPaTypHUH PEeXHUM BOIOWM OyB y HACTYIHHX MeEXKaXx:
min — 18,7 °C, max — 32,6 °C, BMiCT pO3YMHEHOr0 KHCHIO Ha 4-y roj panKy: min — 4,2 Mr/am’, max —
8,6 mr/nm°®. Cepenrbo060Ba TeMIepaTypa BOAM Biapi3HsuIacs Mix BogoiiMamu Ha 0,5-0,8 °C. Ilpu
YOMY B PAHKOBI TOJIMHU Pi3HUILIA 3a TeMIeparyporo 30inbimysanacs qo 1,0-1,2 °C.

PiBeHb aKTHBHOCTI CYKIIMHATIETiAPOTEHA3H CBIUWTH MPO CTYIiHL HEoOXiHOTO eHepro3abesre-
YeHHS Mepediry MeTa0oiYHHUX MPOIIECiB 3aJIEKHO BiJI CTaii PO3BUTKY iKPH Ta EKOJIOTIYHUX YMOB.

Sk mokasaiy Hallli JTOCJI/PKeHHs, 0COOJIMBUI BILTMB Ha 3MiHu akTuBHOCTI C/II" Mae Temmneparypa
30BHIIIHBOTO cepenoBuina (puc. 1). I3 migBuiieHHsM Temieparypu aktuBHicTh pepmenty CHIT 3poc-
Tajia Ha BCIX CTaifAX eMOPiOHAIBLHOTO PO3BUTKY 110 NeBHOT Mexi (21,5-24,4 °C). Tlounnaroun 3 25 °C
AKTUBHICTH ()EPMEHTY Pi3KO IMajana, o MOSCHIOETHCS TOTIPIIEHHIM KUCHEBOT'O PEXKUMY Ta BUXOIOM
3a MEXi ONTUMAIBHHUX TEMIIEPaTyp B OTOUYIOUOMY cepenoBuli. [Ipy oMy BHTpayaeThCsl 3HAYHA
KUTBKICTh 3allaCHUX €HEPrOEMHHX PEYOBWH, IO MOYKE HETATHMBHO MO3HAYMUTHCS Ha (i3i0NoridvHOMY
cTaHi eMOpiOHIB Ta CYTTEBO 3HH3UTH €(PEKTUBHICTH HEPECTY PO y pa3i MepeBUILIEHHS HOPMH 33 TeM-
MepaTyporo BOIM ISl KOKHOTO OKPEMOTO BUIY PHO.

Kopon
eMdpiorexes

.9

X
*@ ? m21
= =23
5 6
Is 24
g4 m25
25
o m26,5
=2
9 m274
5
20 28,5
E BiAZiNEHHA XBOCTa  MirMeHTaLiA o4eld  pyxnuBuiA emBpioH 307
= Cranis pO3BHTKY

Puc. 1. AKTHBHiCTh CyKIIMHATAETIAPOreHa3n Ha Pi3HUX cTadiAX eMOpioreHe3y kopona.

Ha crazii eMOpioHaIbHOTO PO3BUTKY — BiJUTiICHHSI XBOCTa (puc. 2), 3a Temnepatypu Boau 30,7 °C,
aktuBHicTs C/II" B 2 pa3u MeHIIa, HiXK Ha CcTajlii pyXJIMBOTO eMOpioHY (Tiepe/i BUKIbOBOM) 32 aHAJIOTi-
4yHOT Temreparypu (puc. 3). lle Moxxe CBITUUTH TPO Kpally HACHYCHICTh BOJM KUCHEM, OCKIILKU BH-
KJIbOB BifiOyBaBcs B JIEHHI TOAWHU. TakoX, NPUUMHOI0 MOXKE OyTH HMOCHIECHHS OOMiHY PEUOBHH B
MPOLIECI OPraHOreHe3y Ha TJIi 3MIHU TEMIIEPATYPHOTO PEKHUMY.
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Kopon
BiggeaeHHs XBoCTa

o B N W R U N co
|

21 24,4 25,6 26,5 28 30,8
Temmeparypa BogH, °C

AxmpricTs C/II, HMoib/Mr Biika*xB.

Puc. 2. AKTHBHICTb CYKIMHAT/EriiporeHasu eMOpioHiB kopona
Ha cTajii BiAiJIeHHs XBOCTOBOrO cTe01a.

3a aktuBHicTio JI/II' y eMOpioHaNbHUX TKAHUHAX MOXKHA CYIUTH PO MOTIPIICHHS KUCHEBUX YMOB
y BozmoiiMi. Tak, B ONTUManbHUX MeKaX €KOJOITYHUX YMOB aKTHBHICTh (DEPMEHTY 3aBKIH HIDKYA, HIK
3a MiIBHIICHOI TeMIIepaTypHt BOJHOTO cepefoBHIIa Ta nedinuTy KucHIo (puc. 4). Ctazii po3BUTKY, sIKi
CYIIPOBOJKYBAJIUCS HIYHUM 3HIDKEHHSM PiBHS KHCHIO Y BOJI, XapaKTepU3yBaIHCs 3aralbHUM ITiIBH-
meHHsM aktuBHocTi JIII' B ikpi Kopona, HaBiTh, SIKIIO TEMIIEpaTypa OTOUYI4Oro cepeaoBuIna Oyna B
MEXKax ONTUMYMY. 3 TiJBUIICHHSIM TEMIIEpaTypy BOJIHM, SIKE CYHNPOBOIKYBAJIOCS 3HHKEHHSM BMICTY
PO3YMHEHOTO KUCHIO Y BOJIi, HA eMOPIOHAIBHHUX CTaisX aKTUBHO 3aCTOCOBYETHCS TIIKOIII3.

Kopon
PYX.JIHBHI eMOpion

.6

m
bg

= 5

=
=
a4
=

g3

[=]
i
=
1

5
E 0

E 25,5 26,5 27,3 28,3 30,7
- Temmepatypa Bogu, °C

Puc. 3. AKTUBHICTb CYKIMHAT/EriIporeHasu B eMOpioHax kopomna
Ha cTajii pyxJiMBoro eMopiony.
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TeMmeparypa BoaH, °C

Kopon
Embpiorenes

o 8 7

*E 7 A

o

" 6 -

= s

= .

i)

B 5 37

2 52

L]

5 ]

= 0 -

E KiHeupb OyHi bokanu  MuUrmeHTauia PyxanBuiA
E racTpyasauii o4eld embpioH
=

m21
22
m24
|25
m26
m28
m30

Puc. 4. AKTUBHICTD JIAKTAT/eTiIPOreHa3u Ha Pi3HUX CTaxisIX
eMOpiorene3y kopomna.

Ha crazii pyxnmBoro eMOpioHy (miepe/ BUKiIboBOM) akTuBHICTh JIIT" pi3ko 30imbiiyeThes (puc. 5),
MPOTE aKTHBHICTh CYKLIMHATACTIAPOreHasu pi3ko manae (puc. 3). MoxkHa CTBepIKyBaTH, 10 eMOpio-
HHU aKTHBHO CHPSMOBYIOTb €HEpreTH4HUI 0OMiH 3 aepoOHOro Ha aHaepoOHuil. [Ipote edexTuBHICTH
aHaepoOHOro LUIAXY B pa3K MeHIIA 3a aepoOHuil. ToMy 1ie MOXKe CYyTTE€BO MO3HAUUTUCH HA JKUTTE3/1a-
THOCTI JIMYMHOK B MaiOyTHHOMY, 30KpeMa depe3 30UIbIIeHHS YUCETbHOCTI aHOMAILHO PO3BHHEHHX

OpraHi3MiB, 1[0 MOXe€ CYTTE€BO BIUIMHYTH Ha MPOAYKTHBHICTh IPUPOJHUX HEPECTOBUILL.

Hamu BigmiueHa icTOTHa pi3HHUIS 3a JOBXHHOKIO Ta MAacol MEPEIMYMHOK 3 OCTIUKEHUX BO-
noiim. Tak, 3a HAHBUILIOTO TEMIIEPATYPHOTO PEKUMY CEpE/IHS JOBKUHA MEPEIITMIMHOK Oyna 7,4 MM, a
Mmaca 1,1 mr. /[ nux TUUUHOK XapakTepHUM € OUIBII MIBUAKE MPOXOMKEHHS eMOPIOHANBHUX CTaliil
PO3BUTKY. 3a HaWOINIBII HHU3BKOI TEeMIIEPAaTypH NOBXHHA NEPEUIMYMHOK jaocsrana 9,4 mm, a maca
1,3 mr. Be3nepeyHo Taki CyTTEBI BiIMIHHOCTI MK TMYMHKAMH HE MOXKYTh HE TTO3HAYMTHUCS HA 1X KHUT-

T€3AaTHOCTI HAa HACTYIHHUX CTa/IisIX PO3BUTKY.

Kopon
Pyxausuii eMopion

O P N W R Oy N Do
|

22 25,5 26,5 27,5 30,5
Temmeparypa soan, °C

Axmusticts JUJIU MMons HA JIH/ xB. *mr
Ginka

Puc. 5. AkTHBHiCTB JIAKTaTAeTiIporenasu B eMopioHax kopona
Ha cTajii pyXJuBoro eMopiony.

BucHoOBKH i mepcnmeKTHBH MOJANBIIMX AOCHimKeHb. 1. OTpuMaHi pe3ynbTaTd IO3BOJSIIOTH
CTBEP/KYBaTH, IO 32 MMOKAa3HWKAMH AKTUBHOCTI JIAKTATAETiAPOTEHAa3u Ta CYKIUHATIETiIpPOreHa3n
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MO’KHA BCTAQHOBIIIOBATH PiBHI ONTHUMAIBHUX Ta HECHPHSATIMBUX YMHHUKIB OTOYYIOYOTO CEPEIOBHIIA
MiJ] 9ac MPOXOJHKCHHS eMOPIOHAILHUX Ta JIUYMHKOBUX CTaJIii PO3BUTKY pHO.

2. Cranii po3BUTKY, SIKi CYNPOBOIKYBAJINCS HIYHUM 3HIKCHHSM PIBHSI KHCHIO Y BOJIi, XapaKTepH-
3yBaJIFICS 3arallbHAM MiIBUIIEHHAM akTUBHOCTI JIJII' B ikpi KOpora, HaBiTh, SIKIIO TEMIIEpAaTypa OTO-
YyI0UOTr0 CepeloBHIIa Oya B MEXKax ONTHMYMY. 3 MiJABHUIIEHHAM TEMIIEPAaTypH BOJIH, SIKE CYIPOBO-
JOKYBaJIOCSL 3HIDKEHHSIM BMICTY PO3YMHEHOTO KHCHIO y BOJi, HAa eMOpIOHANBHUX CTalisgX aKTHBHO 3a-
CTOCOBY€THCS TIIKOII3.

3. Y pa3si HaIMIIKOBOTO 32 KJIIMATHYHOK HOPMOIO, OCOOJIMBO B TEpioj IX HEPECTY, MeperpiBy BOJH
MOXKE CYTTEBO 3HMKYBATUCS eEKTHBHICTH BinTBOpeHHA pub. OcTaHHIM YacoM came Iie BiaOyBaeTbes y
BOZIOMMAax YKpaiHu, KOJIM MiCIIsl MPOXOIOJHOI BECHH MPOTAToM Oepe3Hs Ta KBITHS y TPpaBHi-UEpBHI MOYH-
HA€ThCS 3HAYHE 3POCTAHHS TEMIIEpaTypH IOBITPS 1 BOAHM, SIKE MEPEBHIIYE iICHYIOUY KIIIMATHIHY HOPMY.
Cawme B 11e#i Iepiof] BiIOYBa€THCA HEPECT MEPEBAKHOT KIIBKOCTI MPOMHUCIIOBO LIIHHUX BHIIB pUO.

4. AKTUBHE BHKOPHCTaHHA eMOpiOHaMH KOpOMa TJIIKOMi3y 3YMOBIIOE 3aTPUMKY MPOXOKEHHS
eMOpIOHAFHUX CTa/Iii PO3BUTKY, 3MIHIOE MACO-PO3MIpPHI XapaKTEPUCTHKHU JIHIYUHOK, 3HIKYE e(eKTH-
BHICTH BIATBOPEHHS PHO.
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H3meHeHue akTHBHOCTH (hepMEHTOB IHEPreTHYECKOro 00MeHa SMOPHOHOB Kapma 1o Bo3aeiicTBHeM a0HoTHYeC-
KHX (aKTOpOB BOJAHOM Cpeabl

A. M. Boasnuukuii, A. C. [lorpoxos, H. E. 'puneBuu

HccnenoBano BAMSHUE KOJICOAHUI TEMIIEPATYPHI M COJICPKAHUS PACTBOPSHHOTO KUCIIOPOJia B MIPUPOIHBIX BOJOCMaX Ha
MPOXO’KACHUE IMOPHUOHATILHOTO PA3BUTHS Kapiia M M3Y4CHBI 3al[UTHBIC PEAKIUK SMOPUOHOB PHIO HA M3MEHEHUs (HaKTOPOB
OKpYIKAIOIIEH Cpesibl, YUUThIBasS (PU3HOIOT0-OMOXMMHUUCCKHE MOKA3aTeNl SMOPHOHOB PhIO MPH ICHCTBHUH aOMOTHYCCKUX
(axTopoB BoAHOI cpensl. [IpoBeeH aHann3 3aBUCHMOCTH MEXKAY ITOKa3aTeIIMU YHEPTeTHIECKOT0 0OMeHa YMOPHOHOB Kap-
Ia ¥ TEMIIEpaTypoil BOJBI U COAEPKAHUEM PACTBOPEHHOTO KUCIOPOa, YTO MO3BOJIAET ONPEACIHTH ONTUMAIBHBIC TPAHHUIIBI
9THX (PaKTOPOB IJIS1 HOPMATBHOTO Pa3BUTUS SIMOPHOHOB. Y CTAHOBIICHO, YTO ONTUMAJIbHBIC TPAHUIIBI TEMIIEPATYPHI BOJIBI IS
MIPOXO’KACHUS Pa3BUTUS Kaplla MOXKHO ONPENENTUTh MO MOKA3aTeNsIM aKTUBHOCTH KIFOUEBBIX (DEPMEHTOB 3HEPIETHUECKOTO
00MeHa, a IMECHHO JIaKTATACTHPOTeHAa3bl U CYKIIMHATICTUAPOTCHA3HI.

KiroueBsble cioBa: Kapi, SMOPHOHATBHOE pa3BUTHE, TEMIICPATypa BOJBI, COJICPKAHUE PACTBOPEHHOTO KUCIOPOa, aK-
TUBHOCTbH CYKIIMHATAECTUAPOTreHa3bl U JIAKTATACTUIPOreHas3bl, CTpece, alanTalus.

Change of activity of enzymes of energy metabolism of carp’s embryos at the actions of abiotic factors of water
environment

0. Vodyanitskyi, O. Potrohov, N. Grynevych

It is investigated the effect of temperature fluctuations and content of soluble oxygen in natural waters on embryonic
development of carp. It was found that the optimal water temperature limits for the development of carp can be defined in
terms of the activity of key enzymes of energy metabolism, such as lactate dehydrogenase and succinate dehydrogenase.

According to the classical formulation Selye (1979, p. 27), "Stress is a nonspecific response to any request against it."
According to modern concepts, stressors in the body of fish cause nonspecific responses that helps the fish to maintain
homeostasis. Physiological responses to stress can be divided into primary (endocrine changes in the levels of catecholamines
and corticosteroids) and secondary (changes related to metabolism, hydro balance, etc.). Tertiary changes (or changes at the
level of the whole organism), such as growth rate, disease resistance and behavior can result from primary and secondary
responses and may affect the survival rate.

Considering the development of a stress reaction in embryonic and early postembryonic periods of development it is
necessary to take into account the specifics of this stage of ontogenesis. First of all, it should be noted that unlike adult fish
morphogenesis processes and formation function of many organs in embryos is not completed. An important feature of the
early stages of fish ontogenesis is the regulation of homeostasis, mainly at the biochemical level, even without control of the
factors of the endocrine and nervous systems. Thus, during embryonic development there is a gradual process to connect to
new regulation mechanisms and the changing role of existing (Barton, 2002; Nechayev et al., 2006; Chernyaev, 2007).

It is known that the temperature factor regulates metabolism, shaping, rate of individual development, determines the
duration of stages in fish embryogenesis. Metabolism in fish occurs in specific temperature ranges and specific optimum
for each species. Best results of eggs incubating appear when in the first half of embryogenesis low temperatures act, and
in the second half — raise, but not going beyond the optimum. Low temperatures of optimal zone help to increase the
growth of fish germs, and increased slightly reduce the growth but accelerate the development of the embryo. It is noted
that with the increase in water temperature heartbeat of the embryo appears earlier. Increasing temperatures, especially
during the formation of the hatching gland, causes the embryo out of the shells in the earlier stages of development.
During the period of research was water temperature regime was in the following limits: min — 18.7 °C, max — 32.6 °C,
the content of soluble oxygen: min — 4.2 mg / dm?, max — 8.6 mg / dm>. The daily average temperature of water differed
between reservoirs on 0.5-0.8 °C. At what time in the morning the difference in temperature increased to 1.0-1.2 °C.
Succinate dehydrogenase activity level indicates the degree of flow required energy metabolism depending on the stage of
caviar and environmental conditions.

As the temperature increased enzyme activity SDG grows at all stages of embryonic development to a certain limit
(21.5-24.4 °C). Since 25 °C enzyme activity fell sharply, due to deterioration of oxygen conditions and going beyond the
limits of optimal temperatures in the environment. This consumes a significant amount of spare energy consuming substances
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that may affect the physiological state of embryos and significantly reduce the effectiveness of spawning fish in excess of the
standards for the water temperature for each type of fish.

Changing the correlation of SDG / LDH upward to lactate dehydrogenase and reduce succinate dehydrogenase activity
demonstrates the displacement of oxidation restoration processes to anaerobic. LDH activity in embryonic tissues proves the
deterioration of oxygen conditions in the reservoir. Thus, the optimal environmental conditions enzyme activity is always
lower than at elevated temperature of water environment and lack of oxygen.

So, at the highest temperature range larvae average length was 7.4 mm and weight 1.1 mg. These larvae are
characterized by a more rapid period of the embryonic stages of development. At the lowest temperature the length of the
larvae reached 9.4 mm and weight 1.3 mg. Certainly such significant differences among the larvae can not affect their
viability in the next stages of development.

Key words: carp, embryonic development, water temperature, soluble oxygen, lactate dehydrogenase and succinate de-
hydrogenase activity, stress, adaptation.
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