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AHHOTaumA: WccnegoBann CyTOYHbIM  KapAuoputm pakoB Cherax
quadricarinatus, cogep»aBLINXCA B 1abOPaTOPHbIX YCAOBUAX B peXMme
ocseuweHHocTn 12C:12T. B TeyeHMe HECKONIbKUX MecAL,EeB HEMHBA3UBHO
pernctpuposann YCC B pexxkume peanbHOro BpeMeHu, UCNOAb3ysa Opu-
TMHA/IbHbIN BOJIOKOHHO-OMNTUYECKUI MeToh,. YCTaHOBAEHO, YTO Moc/e
HEKOTOPOro Nepnoaa akKAMMaLMKM Yy PaKOB YCTaHaBMBAETCA APKO Bbl-
Pa*KEHHbIN CYTOYHbIA PUTM, KOTOPbIA M3MEHSIETCA HA MNPea/IMHOYHOMN
CTaZMn IMHOYHOIO UMKAa M NponagaeT coBcem 3a 3-5 gHeln, Henocpea-
CTBEHHO MpeALecTBYOWMX ANHbKe. MoKa3zaHo, YTo 0OHapy*KeHHble B
YKA3aHHbIX 3KCMEPUMEHTA/IbHbIX YC0BUAX U3MEHEHMNA XPOHOTPOMHbIX
XapPaKTEPUCTUK KapANOAKTUBHOCTM, B TOM YMC/IE N KAapANOPUTMA, MO-
rYyT CAYKUTb HaAEXKHbIMU KPUTEPUAMMN ONA OLEHKM QYHKLMOHANbHOIO
COCTOSIHMA PAKOB, KOTOPblE MCMO/Ib3YIOTCA B Ka4eCcTBe TECT-OPraHM3MOB
ONA OLLEHKM 3KOI0MMYECKOTo COCTOAHMA NOBEPXHOCTHbIX BOA.
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BsegeHue

MpecHoBOAHbIE BbICWIME PAKM YACTO WC-
NoJIb3yOTCA B KayecTBe MHAMKATOPHbIX opra-
HM3MOB YCTOMYMBOro PYHKLUMOHMPOBAHUA BO-
AHOW 3KOCUCTEMbBI, B KOTOPOM OHWM 0buTatoT, u
B MOHMUTOpPMHre KadectBa Bogbl (Kholodkevich
et al., 2008; MenbHuK 1 ap. 2013; Cnagkosa
n ap., 2016; Kozadk, Kuklina, 2016). AscTpa-
JIMACKME KpaCHOKNewHeBble pakn Cherax
quadricarinatus (von Martens, 1868), nonyumns-
LMe LUMPOKYIO M3BECTHOCTb B MUPE KaK 0ObeKT
TENNOBOAHOM aKBaKY/bTypPbl, MOTYT CAYXWUTb B
KayecTBe MHAMKATOPHbIX OPraHM3MOB KayecTsa
BOAbI TEN/IbIX 3BTPOPHbIX Bogoemos (Reynolds,
Souty-Grosset, 2012). X ToIepaHTHOCTb K KO-
nebaHuam Kucnopoga u buoreHoB B BOAe
(Ghanawi and Saoud, 2012; Carrefio-Ledn et
al., 2014), a TakKe BbICOKas YyBCTBUTENbHOCTb
K 3arpA3HEeHUt0 BOAbl, HAaNpuUmep, TAXKeNbIMU
meTtannamm (Nakayama et al., 2010) aenaet nx
NPaKTUYECKM ONTUMANbHBIMU }KUBOTHBIMW AN1A
MCNoab30BaHMA B KayecTBe BMOMHANKATOPOB B
6MonorMyeckmx cuctemax paHHero npeaynpe-
*aeHua (BCPM). B HacToAwee Bpema buonorm-
YyecKkne MeTozbl OLEHKM KayecTBa BOApl, B KO-
TOPbIX MCNOb3YIOTCA Pa3Hble BUAbI *KUBOTHbIX
B KayecTBe TeCT-OpraHM3mMoB, a bomapKepamum
cnyxat dU3MoNormyeckne U noBedeHYecKue
noKasaTe/In UX XKM3HeaeATeNbHOCTU, NOMYyYM-
M AOCTAaTOYHO LMPOKOE pPacrnpoCTpPaHeHUe.
Cpegyu HUX fOCTaTOYHO 3PPEKTUBHBIMM ABNA-
IOTCA MeToAbl, OCHOBAHHble HA HEMHBA3NBHOWM
perncTpauum n aHaaunse B peasbHOM BpeMeHM
KapANOAKTUBHOCTU 6eCcno3BOHOYHbIX KMBOT-
HbIX C }KECTKMM Hapy*KHbIM MOKPOBOM (paKoB,
KpaboB, pakoBMHHbIX Mmoanatockos) (Depledge,
1984; Bamber, Depledge, 1997; XonoaKesuu,
2006, 2007; Kholodkevich et al., 2008). QOue-
BMAHO, YTO NPU OTOOpPE TECT-OPraHM3MOB, NPU-
roAHbIX 4NA UCNOMb30BaHWUA B CMCTeMax bGuo-
MHAMKAUMM, HEOBXOAMMO Yy4YnUTbIBaTb adanTa-
LMOHHbIE BO3MOMKHOCTM BMAA, CMOCOBHOCTb
npucnocabnmeBatbCa K 3KCNEPUMEHTANIbHOM
cpene W yCNoBUAM, 3a4acTyto BECbMa OT/IMYato-
LWMMCA OT eCcTecTBeHHbIX. B paae pabot (Pesgo-
TOoB U Ap., 2002; Chaakosa u ap., 2016) uccne-
[0BaNacb KapAMOaKTUBHOCTb MPECHOBOAHbIX
pakoB Buaa Astacus leptodactylus B pa3nnyHbIx
GYHKLMOHAIbHBIX COCTOAHMAX M NMOKa3aHa BO3-
MOHOCTb MCMO/Ib30BaHMA ee XapPaKTepPUCTUK
ANA OLLEHKWN KayecTBa BoAbl. B ogHOM U3 TaKmXx
pabot (Ynanosa u gp., 2009) no yacTtoTte cep-
AEYHbIX coKpaweHnii (YCC) 6binm onpeaeneHnol
KpUTEPUM BO3HWUKHOBEHUA U CTabuamsaumm
HOYHOM, aKTMBHOM (a3bl NoBeAeHUA y3KoMa-
NIbIX PAKOB M BbIABNEHbI CYLLECTBEHHblE W3-

MeHeHuAa guHamunkm YCC, npepgluecteylowme
Ha4yany /AMHbKWU, YTO MNO3BOSINIO KOPPEKTHO
MCNONb30BaTb 3TOT BMA, PaKOB B cuctemax buo-
IOrMYEeCKOro MOHMUTOPUHIA KavyecTBa BOAbl Ha
BOA03abopHbIx cTaHumax CaHkT-MNeTepbypra
(MBaHOB M Ap., 2012). HecmoTpAa Ha 6onbloe
KONMYecTBO paboT Mo BbIPaLMBAHUIO U KyNb-
TUBUPOBAHUIO aBCTPA/IMUCKMX KPACHOKeLWwHe-
BbIX PAaKOB, AaHHbIE O KApAMOaKTUBHOCTM 3TOTO
BMAOA B AIMTepaType NPaKTUYECKM OTCYTCTBYHOT.

Llenb HacTosiwen paboTbl cocToaNa B U3yye-
HUM anHamukn YCC pakos C. quadricarinatus
B Pa3/IMYHbIX PU3NONOTMYECKUX COCTOAHUAX,
BAXKHbIX C TOYKM 3PEHUA UX NPAKTUYECKOrO UC-
NONb30BaHMA B KayecTBe TeCT-OpPraHM3MoOB B
6MOoNOrMYecKMxX cUCTEMAx paHHero npeaynpe-
XAEHUA: B COCTOAHMM NOKOA, CMOHTAaHHOM HOY-
HOM aKTMBHOCTM, COCTOAHMWN CTPECCa, a TaKXKe
Ha Pa3HbIX CTaAMAX IMHOYHOTO LMKAA.

AHanutuueckuim o630p

Martepuanbl 1 meToabl

NccnepoBaHMe npoBeAeHO HA Ky/NbTUBU-
pyembix B NabopaToOpHbIX YCNOBUAX aABCTpa-
JIMACKMX KpPaCHOK/eLWHeBbIX pakax Cherax
quadricarinatus. Pakn copep»anucb B pbibo-
BOAYECKUX NOTKaX C NAACTUKOBbIMU yOexxuLua-
MK. OCHOBHble MapameTpbl coaepraHua: pH —
6.5-7.5, TemnepaTtypa Boapl —26—28 2C, cogep-
*KaHue Kucnopoga — He meHee 70 % Hacblwe-
HUsa (7 mr/n), pexkum ocseleHHocTn — 12/12.

B akcnepumeHT oTbMpanu 6 HegasHO nepe-
JNINHABLUMX MONI0BO3pPE/blX PaKoB-caMuoB bOes
npu3HakoB 3abonesaHmin obwen gamHon 10.0
+ 0.9 cm n gnnHou Kapanakca 4.5 + 0.4 cm.
06 yposnetBOpUTENBHOM (PYHKLMOHANBHOM
COCTOAHMM KUBOTHbIX CYAUIN MO UX NOABUNK-
HOCTM, NOeAAHMNIO KOPMA M XOPOLLO BblParKeH-
HOM peaKuum onuctoToHyca (obopoHUTenbHOE
npunoaHMmaHune knewwHen). OToO6PaHHbIM K-
BOTHbIM Ha Kapanakc NpUKAenBanm MMHUaTIOP-
HbIA AepyKaTenb ANA BONOKOHHO-ONTUYECKOTrO
AaTyMKa, HeobxoamMmoro pns perncrpauum
KapAnoaKTMBHOCTU (puc. 1), 1 no ogHOomy no-
MeLLLaIn B 6 aKBapUyMOB C NPOTOYHOM BOAOM,
B KOTOPbIX 0becneymnBanacb LMPKYNALMA BOAbI
Ha MNOCTOAHHOM YPOBHE C MOMOLLBIO MOMIbI,
HaxoasLWenca B cneunanbHON pe3epBHOM em-
KOCTM.

Kaxkabli akBapuym 6Obln CHabXKeH WCKyc-
CTBEHHbIM yHeXunLLLEM, B KOTOPOM pPaK Mor Nps-
TaTbCA B CBET/I0E BPeEMSA CYTOK. TonwmHa cnos
BOAbI B aKBapMyme NoALep’KMBanacb Ha ypoB-
He 10 cm. Micnonb3oBanacb OTCTOAHHAA BOAO-
npoBoAHanA Boga. KauecTBo Boabl obecneynBa-
NOCb UMpKynaunen ee yepes bnodpunbtp dup-
Mbl Eheim. TemnepaTtypy BoAbl B 3KCNepUMeH-
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Puc. 1. KpacHoknelwHeBol pak Cherax quadricarinatus ¢ npuKpenaeHHbIM AaTYMKOM AnA permctpaummn YCC
Fig. 1. Red-claw crayfish Cherax quadricarinatus with a fixed sensor

Ta/IbHOM YCTaHOBKE MOAAEPKMBAMN HA MOCTO-
AHHOM ypoBHe 27.0 £ 0.5 2C c nomoLbto Harpe-
BaTeNel, HaXOAALMXCA B PE3ePBHOM EMKOCTH.
Pexunm ocseuweHHoctn 12/12 obecneunsanca
Namnamun gHeBHoro cseta. CBET BKAKOYANCA C
8 yTpa fo0 8 Beyepa. KnBoTHbIX Kopmuan 1 pas
B 3 AHA IMYMHKAMM XMpPOHOMUA, (B nepecyeTe
Ha CYTOYHbIM paumoH — 2 % oT Beca Tena). Ha
cneayowmMn AeHb OCYLLECTBAANACL YaCTUYHANA
CMeHa BOAbl Yepe3 pe3epBHYH eMKOCTb. Exe-
AHEBHO KOHTpO/IMpoBanmcb pH Boabl 1 coaep-
YKaHMe HUTPATOB B Hel. BennumHa pH B Teve-
HMe BCero sKCnepumeHTa OCTaBasacb B Npeae-
nax 6.5-7.4. CopgeprkaHne HUTPATOB He NpeBbl-
wano 40 mr/n. AnvTenbHOCTb MccneaoBaHuA
coctaBuna 6 mecaues. [locne AMHBKK, NO mepe
3aTBEpPAEHMA Kapanakca (B cpeaHem yepes 5
CYTOK), paKy CHOBa MNPUKPENAAN OMNTOBOJIO-
KOHHbIN OATYMK U NPOAO/IKANU PErncTpaumto
KapAMOAKTUBHOCTM. [NA OUueHKM (YyHKLUMO-
HANbHOroO COCTOAHMA PAaKOB B NpoLecce uccne-
AOBAHMA NMPUMEHANN GUBUYECKUIA CTMMYA, B
KayecTBe KOTOPOro MCNOJb30Banu X3IHOJUHT
NP HaKNenKe AATYMKOB U meTod (PYHKLMO-
HaNbHOM (dU3MYECKOM) Harpy3KKn — cTpecc-Tect
Ha NoABecC: paka B TeyeHne Yaca pUKcnMposanm
B TO/ILLE BOAbI 3@ 3aKPENNEHHbIA Ha Kapanak-
Ce ONTOBOJIOKOHHbIN Kabenb. JINLEHHbIA KOH-
TaKTa C 4HOM aKBapuvyma pPaK COBEpLUAET Bbl-
HY)XAEHHbIe ABUXKEHUA XOAWNbHbIMW HOraMMm
N KNELWHAMM, NbITasCb HAUTM ONOpPY, U Nepuo-
AMYEeCKM coBepLuaeT yaapbl XBOCTOM, NbITAsACb
ocBoboauTbCA. ITOT TecT nposoaman yepes 20
AHeWN OT Hayana uccneaoBaHMAa U NOBTOPHO B
KOHUe Hero. B TeyeHue Bcero uccnepoBaHus,
32 UCK/IlOYEHMEM MOMEHTA JIMHBKN U NOCTIN-

HOYHOW CTaAuM NUHOYHOTO uUMKna (5 cyToK),
OCYLLECTBNANACL HENnpepbiBHAA perncrpauma
KapAMOAKTUBHOCTM PAKOB C MOMOLLbID OpU-
FTMHANbHOM BO/IOKOHHO-OMTUYECKOM CUCTEMDI
HEMHBA3UBHOM perncTpaunm ¢otonneTnsmo-
rpamm 6ecno3BOHOYHbIX C TBEPAbIM HAPYKHbIM
ckenetom (Kholodkevich et al., 2008). Ha puc. 2
npeacTaBaAeH UCMNO/b3yeMbl U3MEpPUTE/bHbIN
KOMMJIEKC, KOTOPbIN CHabKeH OpUrMHasibHbIM
nporpamMmmHbIM obecneyeHnem, MNO3BONSAIO-
WMM B peasbHOM BPEMEHU PEerncTtpupoBaTb
PAL, XapPaKTEPUCTUK KapAMOPUTMA KUBOTHbIX
(Xonoakeswuu, 2007; Kholodkevich et al., 2008).
Mpu matemaTtnyeckon obpaboTke poTonneTus-
MOrpaMm B peasbHOM BpPeEMEHU onpeaenanu
4acToOTy cepAeydHbIxX cokpaweHuii (HCC) B yaa-
pax B MUHYTY ¢ ycpeaHeHnem no 100 Kapgmo-
MHTEepBanam, cpeHee KBaApaTUYHOE OTKIOHEe-
HWe ANNTEeNbHOCTU KapamonHTepsanos (CKO) B
cekyHaax. Mporpamma obpaboTkM nossonsana
BbIBOAUTb M apXMBMPOBATb YNCNOBbIE AaHHbIE,
a TaKXe CTPOoUTb B peasbHOM BpeMeHu rpadum-
KM 33aBUCMMOCTM YKa3aHHbIX XapaKTepPUCTUK
Kap4MOaKTUBHOCTU OT BPEMEHM CYTOK. [pwm
AanbHenwemn obpaboTke maccmea AaHHbIx YCC
BblAENANN ABa BPEMEHHbIX NEPMOAA: HOYHOMN —
¢ 204 g0 8 4 yTpa M AHEBHOM — OCTa/IbHOE Bpe-
MA CYTOK. MMOoNy4YeHHbI YNCNOBOM MaTepuan
obpabaTbiBanM CTaTUCTUMECKMMW METOAAMM C
npMmeHeHnem napHoro Kputepma CtbtogeHTa t
ONA 3aBUCUMBbIX BbIDOPOK Npu OLLEHKE BANAHUA
Pa3NNYHbIX (GaKTOPOB Ha KapAMOaKTUBHOCTb
Ka*kAoro paKka u AByxBbIOOPOYHOro Kputepma t
ONA HE3aBUCMMbIX BEIMYUH. 3HAYMMbIMMU CYU-
TaN pPasnMuMA CPaBHMBAEMbBIX BEJIMYMH NMpPWU
p <0.05.
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Puc. 2. YcTaHOBKa A1 MHOTOKaHa/IbHOM PerncTpaLmMm KapanoakTMBHOCTU O4HOBPEMEHHO A0 7 KUBOTHbIX U
UHTepdelic opurmHaabHoW nporpammebl «VarPulse»

Fig. 2. Installation for multi-channel registration of cardiac activity of up to 7 animals simultaneously and the
interface of the original computer program «VarPulse»

Mcnonb3oBaHHbIM cnocob HenHBasUBHOM
perncTpaumm KapamoaKkTMBHOCTU He BANSET Ha
noseAeHMe PaKoB U He BbI3bIBAET Y HUX COCTOS-
HuA cTpecca (Kholodkevich et al., 2008). AnaunHa
BOJIOKOHHO-OMNTUYECKOro Kabena nossBonsna
MBOTHOMY cBO6OAHO nepenBuraTbCa Mo ak-
Bapuymy. [ns perncrpaumm KapamoaKTUBHO-
CTW NpPU HAXOXKAEHUM paKa B ybexuie Ha ero
BEpPXHEel MOBEPXHOCTM MMeNnacb NPOoAO/ibHanA
wenb. KapaMoaKTUBHOCTb pPerncTpupoBanm
OAHOBPEMEHHO Y LIECTM PAKOB.

PesynbTtaTbl UccnegoBaHunA

Ha puc. 3 Ha npumepe paka Neol
npeacTaBAeCoOKON0 BCe BO3PaCTaloLWero cpes-
Hero ypoBHA, @ B HOYHOE Bpemsa MOABAAKTCA
3HaYUTeNbHblE YYaCTKU CO CpeaHMM 3Haye-
Hnem CKO 7-10 mc, cBupaeTtenbcTsylowme o
BbICOKOM puTMMyHOCTM YCC B 3TO Bpemsa. Ha
puc. 3B nokasaH TUMNWUYHbIN NPUMEP CYTOYHOTO
KapguopuTma y pakoB Cherax quadricarinatus,
a[aNTUPOBAHHbLIX K YCNOBUAM COAEpPrKaHMA
(3anucb B TeueHue 5 cyToK), KOTOpbIN Yy BCeX
ocobelt ctabunmsmposanca Ha 10-11-e cyTku
nocse nomMeLeHMA PakoB B aKBapmnymbl. YeTKo
NPOCNEXKMBAKOTCA PEryiapHO NOBTOPAIOLMECA
(c 24-yacoBbiM NepnogoM) USMEHEHUS Kapau-
OaKTUBHOCTU — BbiCOKMe 3HavyeHnAa YCC B Tem-
Hoe BpemA K 6bonee HU3KKE — B CBET/IbIN NepU-
of. 3HadyeHnAa CKO KapanouHTepBanoB MMeroT

QHANOMMYHYI0 NEePUOANYHOCTb C MUHMMANbHbI-
MM 3HAYEHMAMM B HOYHOE BPEMA U BbICOKMMMU
— B AHEeBHOe. AKTUBMU3ALUMA KapLMOaKTUBHOCTH
HAaYMHAETCA C MOMEHTA BbIKNOYEHMA OCBeLLe-
HnAa, YCC pe3ko Bo3pacTaet, a CKO pe3ko na-
paet. YCC B HOYHOWM nepuoa HOCUAa UHAUBU-
AyanbHble YepTbl: NPOAOIKUTENBHOCTb CTagnN
cTabunbHO BbICOKOro 3HayeHmnsa YCC, Hannume
HecKo/ibKMx ¢a3 B nepuoge obLEeNn HOYHOWM
AKTUBHOCTU W, HAaKOHeL, NPOAOIKUTENbHOCTb
BCEro HOYHOro nNepuoaa akTMBHOCTU. OAHaKo
nmenncb obuwmne ana pasHbix ocoben 3aKOHO-
MepHOCTU. 3HaYeHmA YCC B TeueHMe NOYTH BCe-
ro TEeMHOro Nepmoaa COXPaHAKTCA Bbllle AHEB-
HbIX 3Ha4YeHUN. [ToUYTH BCe paKK AEMOHCTPUPO-
Ba/M CTabMNbHO BbICOKMeE 3HaYeHna YCC B npo-
MeXyTKe OoT 22 o 4-6 yacos yTpa. Ha BkAto-
YyeHue CBeTa Y BCeX MCCNef0BaAHHbIX XMBOTHbIX
HabntofaeTca KpaTKoBpeMeHHoe MNoBbieHue
YCC g0 MaKCMManbHbIX 3HAYEHUM, XapaKTep-
HbIX AN HOYHOTO BpemeHMu, 1 bbicTpbin (oT 10
80 30 MWHYT) cnag A0 HU3KUX OHEBHbIX 3Ha-
yeHur B nokoe. Mpu atom CKO anntenbHoCTH
KapOMOWHTEPBANOB pPe3Ko BO3pacTaeT cpasy
nocne AOCTUMKEHUA MaKCMMabHbIX 3HAa4YEeHUN
YCC 1 nagaet Ao 3HAaYEHUN, XapaKTePHbIX ANA
OHEBHOro ypoBHA. Takol MWK, Kak Npasuno,
CBUAETENLCTBYET O NPOLLECcCce CMEeHbl AOMUHU-
pYylOLLEro 3BeHa perynauuu, B 4actHoctu, ob
ocnabneHnn LLeHTPaNbHOM perynaumm Kapamo-
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Puc. 3. TunnyHas guHamumKa (pak Ne 1) YCC u CKO amMTenbHOCTM KapaMouHTEepBaioB PaKkoB B TedyeHue 14

CYTOK.

3A —3anuchb B NepBble CYyTKM aKcnepumeHTa, 3b —3anuck co 2-x no 9-e cyTtku, 2B —3anucek ¢ 10-x no 14-e
CYTKWU. BepxHAaa Kpueaa — YCC, HMxHAA — CKO gamtenbHOCTM KapanonHtepsanos. CTpeskaMum NoKasaHo
Bpems noaayn Kopma. BepTMKanbHbIMKU OTpe3Kammn 0603HaUYeHbI FpaHULLbl CYTOK. TEMHbIE YYacCTKM Ha

BPEMEHHOW LWKane — NPOAO0XKUTENbHOCTb TEMHOBOTO Nepuoaa

Fig. 3. Typical dynamics (crayfish Ne1) of heart rate and mean-square deviation of crayfish cardiac interval

duration for 14 days.

3A —record in the first day of the experiment, 36 — record from 2d to 9th day, 2B — record from 10th to 14th
day. The upper curve is the heart rate, the lower one is the mean-square deviation of the cardiac interval
duration. Arrows indicate the feed time. Vertical segments represent the bordelines between days. Dark

areas on the timeline are the duration of the dark period
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aKTUMBHOCTWU U BO3PACTAaHMUWN BAUAHNA aBTOHOM-
HOro KoHTypa (baeBckuii, bepceHeBa, 1997).
MNosbiweHne CKO [ANTENBHOCTU KapAWOWH-
TepBasiOB B AHEBHOE BpPemMA COMPOBOXKAAETCA
ero NocToAHHbIMK KonebaHnamm (pasbpocom)
OKO/10 cpeaHen NnHumn (puc. 3B), 4To, BO3MOXK-
HO, CBMAOETENbCTBYET O HENOCTOAHCTBE PUTMA
YCC B gHeBHOE Bpems, O BO3SMOXHbIX YyAbTpa-
AnaHHbIX putmax B YCC B cocToAHUM noKkoA. Ho
cnocob o6paboTKM curHana ¢ ycpegHeHWem
no 100 KapanouHTEpBanam He MNO3BOJAET UX
BblABNATb. ITO 3agauva TpebyeT npMmeHeHuA
BCEro apceHasia MeToAa BapuaLMOHHOM Nynb-
COMETPUM ONA aHaNM3a KapAumocurHanos. Ha
puc. 3 TakXe BMAHO, YTO NPOLLECC KOPMIEHUA
paKoB Bcerga Bbi3biBaeT nosbiweHne YCC ao
MaKCMManbHbIX 3HAYEHWI, XapaKTepHbIX ANA

COCTOAHMA CTPecca, HO KOoraa CYTOYHbIA pUTM
ewe He BblpaboTanca, ANUTENBHOCTb TAKOM
peakunn pasHasa 1 4acto NPUBOAUT K ANUTENb-
HOMY nepuoay akTUBALMU KapaMOaKTUBHOCTH.
Ha ctagmn cTabnabHOro CyTOYHOTo pUTMa Npo-
Lecc KOPMNEHUA, KaK npasBuao, NPpUBOAUT K
nosbiweHmto YCC Ha 30—-60 MUHYT, Nnpuyem 3TO
He OKa3blBaeT CyLWeCTBEHHOro BAMAHUA HA AU-
HamunKy YCC KMBOTHOro B nocseayrouime cyt-
KW. Taknm obpa3om, peakumsa Ha BKAKOYEHUE
cBeTa M Nogavy Kopma COCTOUT B NpeBbIEeHNM
YCC nokosa Ha 100 % n 6onee, KoTOpana B AHEB-
HOe Bpemsa B CpeHeM No BbIBOpKe cocTaBnaeT
52.8 + 2.160 ya./MuH. B HouHoM nepmoga YCC B
cpeaHem no BblbopKe Bo3pacTana Ha 130 % u
coctasnana 124.4 + 2.0 (tabn. 1).

Tabanua 1. AMNAUTYAHbIE XapaKTEPUCTUKM CYTOYHOTO PUTMA KapAMOaKTUBHOCTU PAKOB B PeXMUME
MCKYCCTBEHHOW OCBELLLEHHOCTH

YCC B gHeBHOM YCC B HOyHOM Peakumsa YCC AnvrenbHocts
Ne paka nepvoa, (ya./ nepwuog (22.00— Ha BKAOYEHUE gﬁﬁkrol-%ﬁ;g
MWH) 6.00) (ya./muH) ceeta (ya./muH) cBeTa (MuH)
1 55.9+4.8 127.2 +10.2 135.3 +10.5 17 £3
2 54.3+4.2 124.8 £9.3 148.3 + 15.7 19+4
3 50.8 £ 2.0 123.5+10.6 132.4+11.2 15+4
4 50.3+2.5 121.3+10.3 128.2+12.8 18+5
5 53.5+4.1 124.3+10.3 130.3+10.4 20+ 3
6 52.1+4.3 125.6 £ 9.8 126.2+11.7 215
CpegHee 52.8+2.1 124.4+£2.0 133.5+7.4 18+ 2

Takol xapaKTep KapANO0AKTUBHOCTM C Bblpa-
YKE€HHbIM CYTOYHbIM PUTMOM, nepuog n ¢asbl
KOTOPOro ecTKo onpeaenanucb pexmmom
OCBELEHHOCTH, pakM AEeMOHCTPUPOBAAN B Te-
yeHne 3—4 mecaues. 3a 9-10 aHen 4o HacTy-
NNEHNA NMHBbKM XapaKTep KapAMOAKTUBHOCTU
pakoB meHAnca. JIMHbKa BCEX pPaKkoB Mpouc-
Xo4una He O4HOMOMEHTHO, HO B npegenax 3
Hepenb. MepBbld pak NoAnMHAN Ha 115-1 geHb
OT Hayana perucTpaunum KapanmOaKTUBHOCTU,
a ABa nocneaHwux — Ha 134-i1. Kak BMAHO U3
puc. 4, 3a 10 gHen go momeHTa cbpacbiBaHuUA
CTaporo naHUMpA 3HayYeHUA XapaKTepPUCTUK
cytoyHoro putma YCC HayMHAOT U3MEHATbCA
B OCHOBHOM 3a cyeT nosbiweHmna YCC nokoAa B
OHeBHoe BpemsA. lMNosblweHne YCC B AHeBHOe
BpeMmsA B Aa/IbHENLLIEM NPOAO/IKAET HapacTaThb,
M 3a 5 aHelr 0o HenocpeacTBEHHOINO MOMEHTA
NIMHBbKKN 3Ha4veHua YCC aocTuratoT 3HAYEHUN,
XapaKTepHbIX 415 HOYHOM dasbl, YTO NPUBOANT
K NOJIHOMY HUBENMPOBAHUIO CYTOYHOIO PUTMA.
Mpu atom pazbpoc 3HauyeHuit CKO anntenbHo-
CTU KapAMOUHTEPBA/ZIOB MNOCTENEHHO YMeHb-
waeTca, U Ha 5-e cyTkM cpeaHuit yposeHb CKO
cooTBeTCcTBYeT 25 McC, a fganee CHUXaeTca A0

10 mc n B nocnegHue 3 AHA nepen MHbKON
A0 7 MC C MMHMMANbHbIM Pa3bpocom, 4To CBU-
AEeTEeNbCTBYET O HapacTaloWen PUTMUYHOCTU
HCC 1 HanpAXXeHHOCTU pPerynaTopHbIX CUCTEM.
Take BMAHO, YTO MO Mepe NpUbBAMNKEHUs K
MOMEHTY /IMHBbKM PaK nepectaeT afeKBaTHO
pearMpoBaTb Ha npegbABAAEMble CTUMYAbI,
a MMEHHO: nogayvy KoOpmMa, BKAKOYEHUE U Bbl-
KnoveHue cseta. B nocnegHue 3 aHA, Heno-
CpeacTBEHHO nepen SKAM3NCOM, cepale paka
paboTaeT Kak Yacbl, @ paKk cMauT B ybexuLle m
Bbl/Ie3aeT U3 Hero To/IbKO nepes, CaMon JIHb-
Ko. Ha puc. 4 BnaHo, yto B 16.00 umeetca
nnk CKO un ero nocneaytouwaa 6onbwan He-
perynapHan Bapuaumsa, 4to obbl4HO CBA3AHO C
OBUXKEHMEM XKMBOTHOrO. 3aMeHa NaHumMpA, Kak
NnpaBuao, 3aHUMAET BCEro okoao 5—30 MUHYT.
K coxaneHuto, metoamyeckme BO3MOXKHOCTU
He no3sonAtT pernctpmposatb YCC cpasy no-
Cne NVMHbKM U3-3a MATKOrO NaHuupsa, u nroboe
NPUKOCHOBEHMIO K PaKy B 3TO BPeMA MOXKeT Ha-
HeCTU emy HENOMNPaBUMbIN Bpes,. 3aTem pakK Ha
Bpems 3aTBepaeBaHMA NaHuMpsa 3abusaeTca B
ybexuuie. B 3T0 Bpems, Kak NOKa3blBaOT HaLLK
HabnoaeHuns, oH He nuTaetca. Yepes 5 aHen

45



Cnaaxosa C. B., Xonoakesuu C. B., CadpoHosa [. B., Bopucos P. P. KapanoaktmsHocTb pakos Cherax quadricarinatus (von
Martens 1868) B pa3inuHbIX PU3NONOTMUYECKUX COCTOAHMAX // MpnHUMNbI 3Kkonormn. 2017. Ne 3. C. 40-53. DOI: 10.15393/

jl.art.2017.6442

NaHUMPb CTAHOBUTCA [AOCTAaTOYHO MKECTKUM,
4YTO NO3BOJIAET B OYEepesHOW pa3 MPUKPenuUTb
OATYUK U NPOJ0IKUTL peructpaymio HYCC. Ha-
6nt0gaeTca aHANOrMYHAA NepBUYHAA peakuma

BaHWMA AaTyMKa, HO YXKe Ha Cneayolime CyTKK
PaKM AEMOHCTPUPYIOT XapaKTePHbIA ANA HUX
CBETO3aBMCUMbIA CYTOUHbIA PUTM KapAmoaK-
TUBHOCTHU (puc. 3B, Tabn. 1).
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Puc. 4. TunnyHan guHamumka (pak Ne 2) YCC n CKO KapamouHTepBaioB pakoB B TedeHne 10 cyToK A0 IMHBKU.
BepxHaa Kpueaa — YCC, HMKHAA — CKO. CBeTAbIMM CTPENKaMK MOKa3aHO Bpems nogayum Kopma. TemHas
CTpeska — MOMeHT cbpacbiBaHWA CTApOro NaHUmMpA. BepTuKanbHbIMM OTpe3Kamm 0603HaYeHbl FpaHULbl

CYTOK. TeMHble y4aCTKM Ha BPEMEHHOW LLKaie — NPOLOIKUTENbHOCTb TEMHOBOTO Nepuoaa

Fig. 4. Typical dynamics (crayfish No2) of heart rate and cardiac interval mean-square deviation of crayfish
within 10 days before molting. The upper curve is the heart rate, the lower one is the mean-square deviation.
The light arrows indicate the feed time. The dark arrow is the moment of dropping the old carapace. Vertical

segments denote the bordelines between days. Dark z(ajreas on the timeline are the duration of the dark
perio

Peakuua cepaeyHO-cOCyaUCTON  CUCTEMBI
pakoB B TeCcTe Ha noaBec NpeacTaBneHa Ha
puc. 5 Ha npumepe paka Ne3. 3ta peakuma 3a-
KntoyaeTtca B 6bicTpom nosbiweHun YCC npu-
MepHO B 3 pa3sa no cpaBHeHuto ¢ YCC nokoa un
noaAep»KaHum 3Toro yposHa B npegenax 10 %
pa3bpoca Bo Bpema noageca. Mpu aTom 3Ha-
yeHne CKO onnTenbHOCTU KapAMOUHTEPBAIOB
BO Bpemsa noaseca B 10 pa3 meHbwe CKO B
NnoKoe M B cpeAHem cocTasnfaeTr 8 mc NpPoTUB
80-100 mc, 4TO CBMAETENbLCTBYET O TOM, YTO
BapuabenbHOCTb CeEpAEYHOro pUTMa BO Bpems
nogseca 3Ha4YUTe/IbHO MeHblUe, YemM B MOKoe.

TaKyto peaKkumio BCce pakn 4eMOHCTPUPOBANU
KaK B Haya/sie 3KCNepMMeHTa A0 /IMHbKKU, TaK U
nocne IMHbKN B KOHLLE 3KcnepumeHTa (Tabn. 2).

O6cyKaeHue

MHoromeca4YyHasa perncrpauma XpoHOTpon-
HbIX XapPaKTEPUCTUK KapAMOaKTUBHOCTU aB-
CTPANUMACKUX KPACHOK/ELWHEBbIX PaKoB Mo-
3BOJIN/1IA NPOCNEANTb U3MEHEHUA B AMHAMMUKE
NX cepaeyHon aeaTenbHoCTM, 0bycn0BNEHHble
[0NroBpeMeHHbIM npebbiBaHMEM B 3KCNepwu-
MEHTA/IbHbIX YC/IOBUAX, OTIMYAIOLLMXCA MO pAay

$aKTOPOB OT eCcTeCTBEHHbIX CE30HHbIX, BAUALO-
LLMX Ha NPOLLeCCbl PENPOAYKLNM U NNHBKW. Ha-
b6ntogaemble  U3SMEHEHUS KapAMOaKTUBHOCTM
CBA3aHbl C Pa3IMYHbIMKU GU3NONOTNYECKMMMU
COCTOAHUAMM }KUBOTHBIX, MOCKO/IbKY CEpAEYHO-
COCYyAUCTaA cucTema C €e MHOroypOBHEBOWM
perynauuen npeacrtaBnaetr coboi cuctemy,
KOHEYHbIM pPe3yNbTaTOM AeATe/IbHOCTU KOTO-
poi asnsetca obecneyeHme 3a4aHHOrO YPOBHA
GYHKUMOHUPOBAHMA LENOCTHOrO OpraHM3ma.
B npouecce akKKAMMALMWN OPraHM3m NPoxXoauT
PAL CTaAWUM, HA KOTOPbIX MbITAETCA NPUCNOCO-
H6UTbCA K HOBbIM 151 HEFO yCN0BMAM cpeapl. o
N3MEHEHMAM XapaKTEPUCTUK KAapPAMOAKTUBHO-
cTn pakoB Cherax guadricarinatus B npouecce
X aKKIMMAUMK K IKCMEPUMEHTANIbHbIM YCNO-
BMAM, @ UMEHHO K CyLLeCTBEHHOMY OrpaHuye-
HUIO }KM3HEHHOMO NMPOCTPAHCTBA M OANHOYHOMY
COLEPKAHMIO, MOXKHO BbIIBUTb TPW 3Tana. Mep-
BMYHbIM CTPECCOBbIM BO3AENCTBMEM HA PAKOB
ABNAETCA X3HA/INHT. Peakuma Ha XSHOUHT — re-
Hepa/an30BaHHAA peakLmsa BO3byKAeHMA, Npo-
ABNAOWAACA B BO3HMKHOBEHUW OTYETIMBOrO
OBUraTeNbHO-000POHUTENBHOTO  MOBEAEHUA,
COMpOoBOXKAaloLeroca 6bICTPbIM NOBbILIEHNEM
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Puc. 5. AnHamumka YCC paka Ne 3 B poHe 1 B TecTe Ha nogsec. CTpeskamu yKkaszaHo Havyano noaseca. YepHbin
uBet — cpeaHee 3HavyeHue HCC, cepbin ugeT — CKO KapanonHTepBanos

Fig. 5. The dynamics of heart rate of crayfish Ne3 in the background mode and in the lifting test. The arrows
indicate the beginning of lifting. The mean value of heart rate is marked black, the mean-square deviation of
cardiac intervals is marked grey.

Tabnuma 2. XpoHOTPOIIHBIE XapaKTEPUCTHKH KapIUOAKTUBHOCTH PAKOB B TECTE HA IOJIBEC

AYCC = 4CC AYCC
4CCs (UCCrect-  nopgece (YCCrecT-
No paka  MOABEC 0 YCCnokoi) nocne YCCnokoWw)
MmHbKM (ya./ NvHbKK (ya./
MUH) [0 HBKY, MMH) nocne
% NIMHBKN, %
1 172.4+5.6 207 170.3+9.7 201
2 156.3+9.7 188 155.7+9.8 198
3 151.2+8.1 196 155.5+9.2 194
4 158.8 £9.3 216 169.3+8.4 218
5 160.7 £8.1 196 165.2+8.3 201
6 155.1 £ 8.8 198 157.2 +10.2 198
CpegHee 158.8+7.6 200.2+9.8 162.5+74 201.7+84

YCC o0 MaKCMManbHbIX 3HAYeHU, Nnpmubnnsun-
TeNbHO B 3 pasa 60nbLMX No cpaBHeHUto ¢ YCC
B NOKoe. B oTBeT Ha HOBbIE YCNOBMA Cpeabl Uau
CTpeccoBoe BO3aelcTeMe Habntoganmcb Bbipa-
YXEeHHble NnoBefeHYecKne peakumm U U3meHe-
HMUA XPOHOTPOMHbIX XapaKTEPUCTUK KapaMOaK-
TUBHOCTM C MNOCTENEeHHbIM BOCCTAHOBAEHUEM
NX 4,0 UCXOOHOMO COCTOAHUA B NPOLLeCcCe aKKAU-
Maumun. AHaNN3 KapANOAKTUBHOCTM PAKOB B Te-
YyeHue 9 gHel Noc/ie MOMELLEHNA B aKBapUyMbl
NnabopaTtopHOM YCTaHOBKM NOKasas, YTo nocse
NepBUYHOM PeaKLUM C MAaKCMMalbHO BO3MOXK-
HbIMK 3HaYeHnamum YCC cocTonaHMe BO3bYKae-
HUA CcOXpaHAaeTca ewe 2—3 CYTOK, O Yem CBU-
[EeTENbCTBYET, B YAaCTHOCTM, MOBbIWEHHbIA Ha
20-30 % yposeHb YCC onepaTMBHOro NOKoA B
AHeBHOe BpemA, no cpasHeHuto ¢ YCC, xapak-
TEPHOM A/1A PaKOB 3TOro BUAA, pa3mepa U BO3-
pacta. 3atem YCC nokoa cHuKaetca o 50-60

yA./MUH B 3aBUCUMOCTU OT MHAMBUAYANbHbIX
0CObBEeHHOCTEN PaAKOB, MPU 3TOM XapPaKTepPHbIi
ANA AAHHOTO BUAA CYTOYHbIM KAapAUOPUTM elLle
He BblaBnAeTca. [o-BMAMMOMY, 33 3TaNOM BO3-
by*KaeHuAa cnepyeT 3tan onNnTMMM3auMmM nose-
AEHYECKUX U PU3MONOTMYECKMX MPOLLECCOB U
COOTBETCTBYIOLMNX UM XapPaKTEPUCTUK Kapamo-
aKTUBHOCTM PAKOB M YCTAaHOBAEHUS ONTUMA/Ib-
HOro CyTO4YHOro putma (puc. 2b). AnnMtenbHoCTb
3TOro aTana B Hallem UccneaoBaHUU COCTaBU-
na 6-7 pgHen. Ctabunmsaumsa TUNUYHOU ANA
AAHHOro BMAa PaKoOB LUMPKaAUAHHON PUTMUKMK
C yepeaoBaHMEM AHEBHOrO Nepuoaa NokosA U
HOYHOW aKTUBHOCTU ABNAETCA MNOKasaTenem
TOPMOXKEHUss 06OPOHUTENIbHOTO NOBEAEHUS U
3aKpenneHnss ecTecTBEHHOro CYTOYHOro LMK-
Na, T. €. aKKAMMAUMW K HOBbIM ON1A KUBOT-
HOro ycnosuAmM cpeapl. MI3BECTHO, YTO paKw,
afanTUpPOBAHHbIE K YC/IOBMAM 00OUTaHMA, KaK
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B €CTECTBEHHbIX YC/I0BUAX, TaK U NpU AJUTENb-
HOM CcOoAepKaHMM B N1abOpPaTOPHbIX YCNAOBUAX,
AEMOHCTPUPYIOT XapaKTepHbIA ANA KaXAaoro
BMAA LMPKALMAHHDBIN KapaMOPUTM, SaXKe ecn
BCE NapameTpbl, KOTopble MOrAK Bbl NOBAUATD
Ha YaCTOTYy CEpPAEYHbIX COKPALLEHWI, CTaHAap-
TM3npoBaHbI (Styrishave et al., 1995; Bojsen et
al., 1998; Styrishave et al., 2007; YoanoBa u gp.,
2009). Hamu BnepBble NOKAa3aHO, YTO Yy aKKAU-
MMWPOBaHHbIX pakoB Buaa C. quadricarinatus
YCTAHAB/INBAETCA OTYETIMBO BbIParKEHHbIN Cy-
TOYHbIA PUTM KapAMOAKTMBHOCTM, XapaKkTep-
HbIW AN1A BbICLUMX PAKOB, 3aK/O4YaloWwmMinica B
yepenoBaHUM BbICOKMX 3HauyeHu YCC B HOu-
HOoe BPeMA U HU3KUX — B AiHEBHOeE. YKa3aHHble
CABUTM KONIMYECTBEHHbIX XapaKTEPUCTUK Kap-
ANOAKTUBHOCTM OTPaXKatoT MU3MEHEHUA B NoBe-
AEHUU PAKOB, COOTBETCTBYIOLLLME Nepexoay npu
HACTyNAeHUM TEMHOTbI M3 COCTOAHWUA MOKOS B
aKTMBHOE cocTosAHMe. TaKol nepexos oTparKa-
eT 0CO6EeHHOCTM NoBeAEHUA PAKOB, CBA3AHHbIE
C UX CYMEepPEeYHOI aKTUBHOCTbIO, 0COBEeHHOCTA-
MW OpraHusauum ux nuwenobbiBateNlbHOro
nosegeHua. CytouHbin putm YCC, Habnogae-
MbIA HaMM Y TPOMUYECKUX KPACHOK/IELIHEBbIX
paKoB, 6e3 coMmHeHuA, ABNAETCA NPOABAEHUEM
XapaktepHoro anAa Decapoda uyupkagnaHHo-
ro pUTMa, CUHXPOHU3UPOBAHHOIO C PEXUMOM
MCKYCCTBEHHOIO OCBELLEHUA «AeHb — HOYb»
(12C:12T). YeTko npocnexxkunsaetca ero bumo-
AANbHBIN XapaKTep, 3aK/NOYAOWNINCA B HANU-
4YnK ABYX NMUKOB aKTUBHOCTU. Bnepsble Moaanb-
HOCTb CyTOYHOIO PUTMA KapANOaKTUBHOCTM pa-
KoB Oblfla 06Hapy*KeHa U OnMcaHa y KpacHbIX
60n0THbIX pakoB Procambarus clarkii (Pollard,
Larimer, 1977). KpatkoBpemeHHbI nuk YCC,
BO3HMKAIOLWMIN Cpa3y MOCNe BKAOYEHUA CBe-
Ta, ABNAeTcA pedNeKTOPHbIM OTBETOM Ha CBET,
KaK M MHAYUMPOBaHHAA TOKOMOTOPHAA aKTUB-
HOCTb, CBfI3aHHAA C MOMbITKOW CNPATaTbCA B
ybexxkuwe (Fingerman, Lago, 1957). MNMuk Ha BblI-
KNHOYEeHWe CBeTa CYMTAETCA UMPKAAMaAHHbIM,
TaK Kak OH Habnoaaetcs 1 npu ceoboaHo be-
rywiem putme ¢ nNepmogom, OTAUYHbIM OT 24
yacos (Pollard, Larimer, 1977). TakoW CyTOUHbI
PUTM PaKWU AEMOHCTPUPOBAZIN HA MENKIMHOY-
HOM CTaAMM IMHOYHOTO UMKAA. CHAcTynaeHMem
npeasIMHOYHOM CTaauM aMNAUTYyAHble NOKasa-
Te/IN CYTOYHOTO PUTMA HaYMHANWN U3MEHATLCA,
YCC noKos, HeYKNOHHO BO3pacTas, AOCTUrana
3HAYEHUM, XapaKTEPHbIX 417 COCTOAHMA aKTUB-
HOCTM WM CTPECCa, U CYTOUHbIN PUTM HUBENU-
poBanca noaHocTbto. Mpu atom Bapuabenob-
HocTb puTma YCC cyLecTBeHHO yMeHbLUANach.
MpumeHeHWe ANA aHanM3a NoKasaTena MetToaa
BapuaymoHHon nynbcometpumn CKO anuteno-
HOCTM KapAWOWHTEPBANOB NOBbLIWANO HAAEXK-

HOCTb onpeaeneHna USMeHeEHUN B cepaeYHOM
putme (puc. 3). /IMHbKA Y PaKoB, KakK U y BCeX
pakoobpasHbIX, — AOMUHUPYIOLWMIA NpoLecc B
TeYEeHMe BCeM UX }KU3HU, NPSMO NN KOCBEHHO
BAMAOLWNIM Ha 0OMeH, NnoBeaeHMe, Ppa3MHOKe-
HUe n ceHcopHoe BocnpusaTue (Passano, 1960).
Mpoueccy cbpacbiBaHUA CTaporo naHumpA
npegwecTtsyer AnuTenbHas  ¢usnonorunye-
CKan NOAroTOBKA, KOTOPas OCYLLECTBAAETCA Ha
npeaMHOYHOM CTaAUN IMHOYHOTO UnKNa. Kak
nssectHo (Drach, 1939), naHHadA cTagua aenut-
€A Ha 4 3Tana, Ha KOTOPbIX NOC/AeA0BaTe/IbHO
NPOMCXOAUT YaCcTUYHaAA Aerpajauma 3K30CKe-
neta n GopmmpoBaHME HOBOM KyTUKyAbl1l2.
toTCA ABYMA OCHOBHbIMW 3KOJOMMYECKMMMU
dbaKTopamu, Neralmmm B OCHOBE Nepuoamy-
HOCTU PEenpPoOAYKTUBHbLIX M NMHOYHbIX LMKIOB
Yy pakoobpasHbix. BauvsHue 3TuXx dakTopos
Ha NIMHbKKW, BOCMPOM3BOACTBO U CBA3aHHbIE C
HMMM Npoueccbl 0bMeHa BELECTB Y PeYHbIX
PaKOB XOPOLLIO M3YYEHbl, @ TaKXKe NOKa3aHo, YTo
M3MeHeHWe TemnepaTypbl U CBETOBOrO Nepuo-
na asnarTcs GakTopamu, CTUMYANPYIOLWUMU
NnHbKY (Armitage et al., 1973; Rice, Armitage,
1974; Westin, Gydemo, 1986; Aiken, Waddy,
1990; Dube, Portelance, 1992). B HacTosLEM
nccnepgoBaHUM M TemnepaTtypa, U potonepu-
oA 6b1nK cTabmansmpoBaHbl. JIMHOUYHbLIA LKA,
No-BMAMMOMY, KOHTPO/IMPOBA/ICA B OCHOBHOM
sHAoreHHbIMKN pakTopamu. MNoCKONbKY NMHbBKA
Habntoganacb y BCeX PakoB B OTHOCUTE/IbHO
O61M3KUIA BPEMEHHOW MHTEPBAJ, MOXHO Npea-
NONOXUTb Ha/IMUME BHYTPEHHEM Mporpammbl
POCTa 1 Pa3BUTUA }KUBOTHbIX, BbIpaboTaHHOM B
npoLecce 3BonOUNK. B ecTtecTBEHHbIX YCNOBU-
AX 3Ta NPOrpaMmma CUMHXPOHU3NPYETCA C CE30H-
HbIMW M3MEHEHMAMM abNOTUYECKMX PaKTOPOB
N UMeeT BaXKHOe afanTauMoHHOe 3HayeHume. B
iMTepaType MMEeTCA AaHHble O nepuoauye-
CKUX NIMHbKaX KPaCHOK/IELWHEBbIX PAaKOB KakK B
YCNOBUSX €CTECTBEHHOM OCBELLEHHOCTU, TaK U
B YCNOBUAX NOCTOAHCTBA TemnepaTtypbl U ¢poTo-
nepuoaa (Barki et al., 1997).

3aknoueHue

MpoBogMMbIv B Ha4ane nccnenosanHus (cpa-
3y Mocne akKAMMaLMM) U B KOHLE ero TecT Ha
noAgec nokasasn, Yto GpyHKUMOHANbHOE COCTO-
AHME PaKOB HEe M3MEHWNOCb B npoLuecce ANu-
TE/IbHOTO 3KCMEPMMEHTA, @ XapPaKTepPUCTUKMK
KapAMOAKTMBHOCTU B TecTe Ha NojBec cBuze-
TENIbCTBYIOT O HOPMAJIbHOM 3HEepPreTMYecKom
cTaTyce XuBoTHoro (Bamber, Depledge, 1997).
M03TOMY MOXKHO CYMTaTb, YTO BCE NOJIyYEHHblE
3aKOHOMEPHOCTM B KAPAMOAKTUBHOCTU KPAaCHO-
KNeWHEeBbIX PakoB MMeT GU3IMONOrNYECKUN
XapaKTtep. B ecTecTBeHHbIX YCNOBUAX 0OUTAHUA

48



Cnagkosa C. B., Xonoakeswuu C. B., CadpoHoBsa 1. B., bopucos P. P. KapanoaktueHocTb pakoB Cherax quadricarinatus (von
Martens 1868) B pa3inuHbIX PU3NONOTMUYECKUX COCTOAHMAX // MpnHUMNbI 3Kkonormn. 2017. Ne 3. C. 40-53. DOI: 10.15393/

jl.art.2017.6442

CYTOYHAA PUTMUKA C BbIPAXKEHHbIM YCUNEHNEM
KapANOAKTUBHOCTU N IOKOMOUMI B KHOYHOE»
Bpemsa y BCex M3yyeHHbIXx BuAoB Decapoda
ABnAeTcA BblpaboTaHHOM B Xo4e 3BONOLUM
ajanTaumen K LMKANYECKMM WM3MEHEHMAM B
TeYeHne CYTOK OCBELLEHHOCTU M TemMnepaTypbl
OKpy»Katowen cpeapl, cnocobcTytolen nsbe-
raHUIO AHEBHbIX XULLHUKOB U CHUMKEHUIO MEXK-
BMO0BOM KOHKYPEeHUMWN. Ha Haw B3rnag, Kak u
Ansa pakos Buaa Astacus leptodactylus (Yaano-
Ba n ap., 2009; KysHeuyosa u ap., 2010; Usa-
HOB M Ap., 2012), HanM4YMe CYTOYHOro pUTMma
KapguoaktnsHoctn C. guadricarinatus moxxet

aBTOMATMYECKOro CaMOKOHTpona paboTocno-
cobHocTn BCPI1, B KOTOPbIX OHM MCNONbL3YHOTCA
B KayecTBe TeCcT-OopraHuM3moB. B 3akntouveHue
OTMEeTUM, 4YTO aBTOMATMYeCKaa WHAMKaumA
3TOro MNoKasaTena B peasibHOM BpemMeHW AN
Bcex pakoB C. guadricarinatus ABNAeTCA NPUH-
LMNNANbHO BAXXHOM, TaK KaK B KayecTBe TecT-
opraHmamoB BO Bcex cuctemax BCPIl, B Tom
yncne cuctemax OMOMOHMTOPMHIA KayecTBa
H6MONOrMYECKM OUYMLLEHHBIX CTOYHbIX BOA, Lie-
necoobpasHo MCNo/b30BaTb TOLKO 340PO0BbIX
KUBOTHbIX.

PaboTa 6blna BbINO/IHEHA C UCMO/b30BaAHU-

CNYXNTb BaXXKHbIM MHOWUKATOPOM HOPMAJIbHO-
ro ¢)M3MOJ'IOI'VI‘-IECKOI'O COCTOAHNA, 3400pOBbA
3TUX XKUBOTHbLIX N NCMNO/1b30BATbLCA B KayecCTBe

em obopyposaHuAa PecypcHoro ueHTtpa «O6-
cepBaTopua 3Konormyeckor 6esonacHOCTU»
HayuyHoro napka CIoery.
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Key words: Summary: Diurnal cardiac rhythm of crayfish Cherax quadricarinatus
crayfish Cherax quadricarinatus was studied. Crayfish were contained in laboratory conditions with the
cardiac activity following illumination mode: 12 hours of light, 12 hours of darkness.
circadian rhythm Real-time heart rate was recorded non-invasively for several months
molting using the original fiber-optic method. It was stated that after a certain

period of acclimation a pronounced diurnal rhythm was established in
crayfish. It changes during the pre-molting stage of the molting cycle and
disappears completely within 3-5 days immediately preceding molting.
It was shown that changes in the chronotropic characteristics of cardiac
activity such as cardiac rhythm found in these experimental conditions
could serve as reliable criteria for the assessment of the functional state
of the crayfish, which is used as a test-organism for the assessment of
surface waters ecological state.
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