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PE3IOME

3apoauBIIasics ¥ JOJITO Pa3BUBABIIASICS B KAJIMEBOH Cpezie *KU3Hb (IIPOTOIBOJIIONNS ), CTOJKHYBIIUCH C HATPHEBBIM
OKeaHOM, BHIPabOoTalIa ¥ MPEIKOB XUBOTHBIX IPH KPUTHUECKOI comeHocTr 5—8%0 (110—130 mM Na) adbdexrus-
HBIA KaJIuii/HaTpPUEBbIH Hacoc, oOecreYnBInnii 6rosornuecKuii mporpecc napersa Animalia. IIpexioxkena HoBas
CXeMa BOJIIOIMU COJIEHOCTHBIX OTHOIIEHUH KMBOTHBIX. OTMeYaeTcst ocobast PoJib PEaKIUil TOBEPXHOCTHBIX K-
TeJINEB 0-TIOMKIUIIOOCMOTHKOB B (PU3MOIOTMIECKUX U 9KOJIOTMIECKUX A/IAIITAIVSIX KUBOTHBIX.
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ABSTRACT

When the animal ancestors after the long life in the kalium media (protoevolution) had met with sodium ocean, they
formed the effective K/Na — pump under critical salinity about 5-8%o (110—130 mM NaCl). The new scheme of the
osmoregulation types related to salinity is demonstrated. Many physiological and ecological adaptations in animals
have emerged on the basis of the surface epithelium reactions during the a-poikiloosmotic stage of evolution.
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NPEAUCJIOBUE

Hacrosamag paboTa 3akiaiodaeT CepUio cTaTeid
astopa (Xne6osuu [Khlebovich] 2014a, b; 2015a, b),
B KOTOPBIX IIOJIOXKEHUS 06 9BOJIOLUU COJEHOCTHBIX
OTHOIIEHNH KUBOTHBIX IIPUBOJSATCI B COOTBETCTBUE
C COBPEMEHHBIMM MacCIITaOHBIMU 001Ie6roIOrnYe-
ckumu npencrasiaenusmu o mupe PHK, kanueBbim
Y HATPHUEBBIM IIEPHOE PAa3BUTHS XH3HU, POJIU Ha-
TPHEBOIO HACOCa B CTAaHOBJIEHUHM XUBOTHBIX. Ocoboe
BHUMaHUE B JAaHHOU CTAThe YAEJSETCS PEAKIIUSM I10-
KPOBHBIX SIIUTEJIMEB CAMbIX IPUMUTUBHBIX Metazoa,

0-TIOUKUJIOOCMOTHKOB, YTO ITO3BOJISIET TIOHSATD IIPO-
HUCXOXeHNE Psifla (PU3MOJIOTHYECKNX U DKOJIOTHYE-
CKHUX aJalTallui.

IIPOTO3BOJIIOIUS —
KI3Hb B KAJIMEBO# CPEJIE

Jlo TOCTIeqHEero MeCSTUIETHSI CYMTAIOCh OOIie-
IIPU3HAHHBIM, YTO KM3Hb 3apOAUTACh B MOpe, IIO-
XO)KeM T10 KOHIIeHTPAIlUU U COCTaBy PacTBOPEHHBIX
cojeil Ha coBpeMeHHBINI okeaH. OZHUM U3 apry-
MEHTOB B IIOJIb3y 3TOTO CYUTAJIOCh HCCIEAOBAHUE
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Maxkamayma (Macallum 1910), mokasasmiero, 4rto
JKUKOCTH BHYTPEHHEH Cpebl KUBOTHBIX (IIOJIOCT-
Hasl XKUAKOCTD, uMba, TeMoauMda, mirazmMa KpoBH)
10 COOTHOIIEHWIO MOHOB OJIM3KU COBPEMEHHON MOP-
ckoit Bozie. OTciofia ¥ TIONLTO 06pasHoe ONpeeieHre
BHYTPEHHEH Cpellbl KaK «MOpe BHYTpH Hac». Obmeit
YepTOil MOHHOTO COCTaBa MOPCKO# BOZIBI ¥ BHYTPEH-
Hell cpezbl KMBOTHBIX CYUTAETCS JOMUHUDOBAHWE
VOHOB HATPHUS M XJIOPA — BMECTE OHU COCTABJISIOT
0K0.10 90% MuHEpaTbHON KOMIOHEHTBL

ITosxe Tem xe asropoM (Macallum 1926) taxxe
Ha OCHOBAaHWH MPSIMBIX XUMUYECKUX aHATU30B OBLIO
IIOKAa3aHO, YTO BHYTPUKJETOYHAS Cpela KUBBIX
OpPraHU3MOB TPHUHIIUIUATIBHO OTJIUYAETCSI OT UX
BHYTPEHHEH CPeZibl JOMUHUPOBAHNEM MOHOB KaJIHsI.
Omucanve 9TOTO SIBJIEHWS WOHHOU aCHUMMETDPUHU
MeXIy BHYTPEHHell U BHYTPUKJIETOYHOU cpenoi
MPOYHO BONLIO B yYeOHHKH, OJHAKO OCHOBAHHOE
Ha 9TOM (hakTe mosoxkeHue Makaliayma O TOM, YTO
JKU3HD 3apOJIJIACh B KAJIMEBOU Cpefie, Ha JIECSTHIIe-
THS OBLIIO 3a6BITO.

B Hawase nymeBbix Harouwmn [Natochin] (2005,
2006, 2007, 2010; Hatouun u ap. [Natochin et al.]
2008), o6paTB BHUMaHHWe Ha TO, YTO HyKJIEUHOBbIE
KHCJIOTHI IPOSIBJISIIOT CBOW GUOJIOTMYECKHE CBOMCTBA
TOJIBKO B KaJIMEBOI Cpefie, MTPETIONI0KIII, YTO KU3Hb
B 3TOM cpefie ¥ 3apOAnIach.

Panee 6110 OKa3aHo, 4To HekoTopbie PHK Mo-
TYT HE TOJBKO CAMOBOCIIPOU3BOAUTHCS MATPUYHBIM
CI10c060M, HO ¥ TIPOSBJIATH CIOCOOHOCTH (II0HO0OHO
6elKaM) KaTaJu3UpOBaTh PasHblE PEAKIHU, U TeM
CaMBIM IIEPBBIM IPOSIBJIEHHEM >KU3HU, OYEBUIHO,
6611 «Mup PHK»> (cm.: Cimpus [Spirin] 2001, 2003,
2005). C «mupa PHK» B KasmeBoii cpezme Havaaach
HETNpPEPbIBHAS  PA3BETBIISIONIASICS II€Mb  JKU3HHU,
SBOJIIOIMPOBaBIIAs OJarofapsi KPaTKOCTH WHIUBH-
NyaJIbHOMW JKU3HU U OTOOPY («CMEPTHIO CMEPTH MO-
npas» ). Hanee sosuukau JJHK u Genku, nossuimch
TepBble TPOTOMEMOPAHBI, OPTAaHU3YIOIIE TPAHMUIIBT
UHAUBHIYYMOB. I10CTOSIHHOM 3260TOM OBLIN MOUCKA
SHEPruM, HeoOXOoaUMOM it cuHTe30B. Ha ocHOBe
MUTaHUs (HArOIUTO30M PEATM30BAICA CUMOUOTEHES,
[PEBPATUBIIMA CUMOMOHTOB-IIPOKAPUOT B OpPraHeJ-
st aykapuot (Mapremuc [Margelis] 1983; Mapkos
u Kymkos [Markov and Kulikov] 2005). Koneuno,
KayeBass GE3KUCJIOPOIHAS CPeflla, B KOTOPOMl Bce
3TO 9BOJIIOIMOHUPOBAJTIO MHOTHE COTHU MUJITMOHOB
JIET, KpOME KaJiusl, IMeJa BeChb Habop HeoOXOMUMBIX
IUIS JKU3HU 3JIEMEHTOB. BeposiTHee Bcero, aTo ObLIM
MaTepPHKOBBIE TeOTePMAJbHBIE BOZBI, BO3HUKIIVE
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U3 JIOKJEBOM BOBI, IPOHUKIINEN A0 ropsyeir mar-
MBI, ¥ B BUJI€ HACHIIEHHBIX PAa3HBIMK BEIIECTBAMU
MapOB BHOBH TOSBUBIINECS B BHU/I€ UCTOYHUKOB HA
MMOBEPXHOCTH 3eMJM. B Harie BpeMms IpelcTaBiie-
HUSM O TaKMX KaJWEBBIX MCTOYHMKaX 0oJiee BCETO
COOTBETCTBYIOT TeoTepMajbHble BOABI KaMyaTku
(Mulkijanian et al. 2012).

BEJIMKUI HATPUEBBII KPU3UC
U ErO IPEO/IOJIEHUE

Bpsg n1m xammeBas cpema (KOIBIOEIb KU3HM)
ObLia TpeacTaBIeHa OOmMPHBIME BogoeMamu. CKo-
pee BCero, 3TO OBLIU CTOKH, TTOJI0OHbIE COBPEMEHHBIM
reorepMasibHbIM BogaM Kamuatku, Wcnanauu wam
Mennoycrona. OXHOBpEMEHHO, BEpOSTHO, Cylile-
CTBOBaJI OOIIMPHBI HATPUEBBIM OKeaH, OJIM3KMM
II0 XUMUYECKOMY COCTaBy coBpeMeHHOMY. HaTounn
[Natochin] (2005, 2006, 2007, 2010) cuurtaer Bejm-
YaiIel OacHOCTBIO IS CJIOJKUABIIENCSA B KAJIMEBOM
cpezie KM3HY yBeJIIYeHre KOHIIEHTPAIlUU HATPHSI BO-
KPYT HyKJIEMHOBBIX KMCJIOT IPOTOKJIETOK. [Ipu Heco-
BEPIIEHHBIX TPOTOMEMOPAHAX B CUJIY XMMHYECKOTO
Cpo/ICTBA HATPWH (TIPU BBICOKOM €T0 KOHIIEHTPAIIUHN )
GyIeT BBITECHSTH M3 MPOTOKJETKU aGCOMIOTHO He-
00X0IMMBIH 17151 Hee Kaanii. BceMy suBoMy rposuia
HemuHyemas rubensb. Ilo Hatounny mpeaxu Bomo-
POCJIEll CTIACANCh OT HATPUEBO YTPO3bI CO3MAHIEM
MOII[HBIX YTJIEBOAHO-OENTKOBBIX 060JI0YEK, MPEAKU
rpu60B — XUTUHOBHIX, U TOJIBKO IPEIKH KUBOTHBIX
BbIpaboTanu BbICOKO3((EKTUBHBINA HATPHEBHIH Ha-
coc (B BHUZle BCTPOEHHOTO B HAPY’KHYIO KJIETOUHYIO
meMmbpany Na'-K*-AT®asy), oTkaumBaiomuii Ha-
TpUi U3 KJIETKU B OOMEH Ha HyKHbIM KJIEeTKe KaJni.
C 3TOro MOMEeHTa KU3Hb B BHJE KUBOTHBIX CTaja
[IOKOPATh Ge3)XKM3HEHHbI HATPUEBHI OKeaH. Bce
SBOJIIOIIVIOHHEIE IIPOIIECCH IO IIOSIBIEHUSI HATPH-
€BOT0 HACcOCa JXKUBOTHOTO THUIIA W BHIXOZIA IIPENKOB
JKUBOTHBIX B HATPHEBHIN OKeaH, IPOUCXOJVBIINE B
KQJIMEBYIO 3TI0XY PAa3BUTHUS KU3HHU, IPEIIOXKEHO Pac-
CMaTpuUBaTh B paMKax mpoTtosBosrioriu (XiaeGoBuy
[Khlebovich] 2014b).

CiemyeT OTMETUTH, YTO KCIIOJH30BAHUE TPAHC-
TIOPTa HATPHS B SHEPTETUYECKUX IIEJISTX HAYAIOC eIlle
y mpokapuot (Mulkijanian et al. 2008), u mmpoxoe
pacrpocTpaHeHue o, CyObeANHNI] HATPUEBOTO HACOCA
OTMEYAETCs B Pa3HbIX TPYIIAX 9YKAPHOT, BKIIOYAs
BOZIOpoCa ¥ Ipubsl. M ToabKO ¢ BBIpaGOTKOM Ha-
TPUEBOTo Hacoca ¢ ppakuusamu P (Gecrio3BOHOYHbIE
¥ X0aHO(DJIATeJIJISATHI ), @ TIOTOM | ¢ GpakIusamMu ¥ (OT
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Puc. 1. 3aucumocts aktuBHOCTH Na-K-AT®asw1 ot coorHomenus B cpezie K u Na [mo Skou (1957) us Boansipes [Boldyrev] (2008)].
Fig. 1. Activity of Na-K-ATPase related to Na/K ratio in medium [according to Skou (1957) from Boldyrev (2008)].

pbi6 W BBIIIE) HAYATIOCH IAPCTBO XKMBOTHBIX (Siez
et al. 2009). ViMeHHO ¢ HATPUEBBHIM HACOCOM JKUBOT-
Horo tuma cBsaseiBaer Hartoumn [Natochin](2005,
2006, 2007, 2010) Takue 4epTHI, KAaK 3JIEKTPOTEHES,
MpUBEANUA K 00pPa3OBaHWIO HEPBHOW CHUCTEMBI, U
TIOJISIPHOCTD KJIETOK, IIPUBEAIIYI0 K MHOTOKJIETOY-
HOCTH M KJIEeTOUHO# muddepenmnmposke. BeposTHo,
Ha OCHOBE WCXOJHOTO HATPHIl/KAJHUEeBOTO Hacoca
BO3HUKJIN JApYyTHe HAaTPUN-3aBUCHMBIE TPAaHCMEM-
OpaHHbIe TPAHCIIOPTHI, B YACTHOCTH, CTPOUTETBHBIX
3JIEMEHTOB KJIETKU — aMUHOKHCJIOT, MOHOCaXapoB U
HYKJIEOTUIOB, 1 HaTpUii U3 3JeliIIero Bpara KJIeTKu
[IPEBPATHIICS B aOCOMIOTHYIO HEOOXOOHUMOCTH ISt
Hee. Tak, CONPOTUBJISAACH BPEAHOMY KOTAA-TO KHC-
JIOPOIY, TIPOAYKTY HabpaBiero cumy (pOTOCHHTE3A,
JKVM3Hb II€Pella B OCHOBHOM Ha aspPOOHBIN OOMEH.
Posp HaTpus B opranu3Me CpaBHUMA C POJIBIO JI€HET
B obmiectBe (Xmebouu [Khlebovich] 2014a): onn
MIPUXOMSIT ¥ YXOIAT B OHOM U TOM Ke BUe KYIIIOp,
TIPUBOJISA B IBUJKEHUE MACCY TIOJIE3HBIX M HEOOXOIH-
MBIX ZIeMcTBUIL. B 9TOM OTBeT Ha 3arafiky, 3aJJaHHYIO
B.U. BepHanckum, — moyeMy HeOOXOAUMAs IS JKU3-

HU TIOBapEHHAsI COJIb BXOAWUT M BBIXOAWT M3 OPTaHU3-
Ma (Moua, TI0T) B HeM3MeHHOM Buze pacTBopa NaCl.
Bosnukaer Bompoc, IpM KaKoW KOHIIEHTPAIUU
BHYTPU KJIeTOK (M CHapy>Ku) HATPUH CTaHOBUTCS
HACTOJBKO BPEIHBIM, YTO MOSBIAETCA HEOOXOMH-
MOCTH B €ro oTkauke? OueBUAHO, YTO UCTOPUIECKU
Na'-K*-AT®asza (HaTpreBbIil HACOC) BO3HUKAIA TaM,
IIe Hecymlasl >KU3Hb KajneBasl cpelja BCTpevYasIach
C MepTBBIM TOTZla HAaTPHEBBIM OKeaHOM. llepBooT-
KpBIBaTeJIb HATPUEBOTO Hacoca, ctaBmuii 3a 3To Ho-
6eneBckum maypeatoM, Venc Kpuctuan Ckoy (Skou
1957), wuccmemoBan axtuBHOCTh Na'-K*-AT®dass
TPU Pa3HBIX KOHIEHTPAIUSIX HATPUs W Kamust (00-
Ias KOHLIEHTpaIMsl BO Bcex cMecax Obuia 150 mM).
AKTHBHOCTH (epMeHTa OblIa MAKCUMAJBHOM IIpu
130 mM Na 1 20 mM K (Puc. 1). Muoio (Xine6oBmy
[Khlebovich] 1974: 142—144) npu 060cHOBaHM KOH-
TEMNIUU KPUTUYECKON COJIEHOCTH ObLIIM PACCMOTPEHBI
VIMEBIINeECS K TOMY BPEMEHU IIPIMePHI COJIEHOCTHON
(HaTpVeBOI) 3aBUCUMOCTUA aKTUBHOCTU HATPUEBOTO
Hacoca. Besne, kak u nipu onucanuu npoiiecca Ckoy,
aKTUBHOCTh (hepMeHTa OblIa MAKCHMAJIBHOW TIpH
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130mM NaCl u mouru mpexparnaiach Hrxe 100 mM
NaCl (conenoctHbliit 3KkBUBaeHT 5—8%0). Torga aTo
paccMaTpyBaIoCh KaK YaCTHBIN CJIy4aid, TIOATBEPK-
JAIOIUI KOHIIEIIUI0 KPUTHYECKON COJIEHOCTH 00
M3MEHEHWH Pa3HBIX OUOJOTMYECKUX CBOMCTB TIPH
VM3MEHEeHUY BHENIHEN U BHYTPEHHEH COJIEHOCTH B y3-
KOM COJIEHOCTHOM [uamna3oHe 5—8%o. Celiuac daxty
COJIEHOCTHOW 3aBUCUMOCTM akTuBHOcTH Na'-K*-
AT®a3b1 Mol ipugaeM ocoboe 3HaueHue. Ero MoXHO
paccMaTpUBaTh KaK CBUIETETBCTBO BEIPAOOTKHY TIPE-
KaMU JKMBOTHBIX HATPHEBOTO HACOCA TIPU TIOBBIIIIE-
HUU KOHIIeHTparmu HaTpus B cpefie Boie 100—-130
mM (COOTBETCTBYET COJIEHOCTH COBPEMEHHOTO MOPST
5—8%0). C aTOr0 BpeMeHH 3aKOHYMJIACH KaJIheBast
9TI0Xa Pa3BUTHS JKU3HU, M HAYAJIACh COIPOBOJKIAE-
Masi GYpPHBIM Pa3BUTHEM I[aPCTBA KMBOTHBIX 3II0Xa
narpueBas (Xme6osuda [Khlebovich] 2014b, 2015a).

B cBsi3u ¢ HOBBHIMM CHICTEMaMU HAJIIapCTBa 3Y-
KapuoT, KOTOPBIE BO3HUKJIU KaK CHUHTE3 IIPEKHUX
MOP(POPYHKITMOHAIBHBIX KPUTEPUEB C TIOCAETHUMU
MOJIEKYJISTPHO-TeHeTIecKuMu (cM. 0630p: Dposos
u Koctoiros [Frolov and Kostygov] 2013), oueBuz-
HO, OBIIO ObI TOJIE3HBIM TIPOBEPUTH BHIIEJISIEMBIE
TPYTIIBL HA HAJMMYKE Y XapaKTEPUCTUKU B HUX popm
HaTpueBoro Hacoca. IlokaszarespHO, YTO BXOISIINE
B omuH cymeprakcoH Opisthokonta xuBoTHBIE M
X0aHO(IATE/IIATE 00JIaal0T HATPUEBBHIM HACOCOM
ofHoro TUIa — ¢ B-dpaxumeii (Sez et al. 2009).

B cBs13u ¢ BOIPOCOM 0 TAKCOHOMUYECKOM KPHUTE-
pUM HAJIWYUS WM YCTPOMCTBA HATPHEBOTO HACOCa
oco6oe MeCTO 3aHUMAIOT MHUKDOCIOPUAMU. ITO —
BHYTPUKJIETOYHBIE MAPa3UThl, OOMTAIONINE HCKIIO-
YNTEJIbHO B XMBOTHBIX; BMECTE C HIMU OHU OCBOWJIH
BCe JOCTYIIHBIE UM Cpenbl, He MOKU/As B aKTUBHOM
COCTOSTHUM KalWeBOW BHYTPUKJIETOYHON Cpembl
cBoux x03s1eB (Mccu u Boponus [Issi and Voronin]
2007). OHu MOJHOCTBIO JIUIIIEHBI CJIEMOB HATPUEBOTO
Hacoca. ITo moeii Bepcun (Xuebosuu [Khlebovich]
2014a, b; 2015a) sTa OYeHb APEBHsAS TPYIINA MOTJIA
VM3HAYAJIBHO HE MMETh HATPUEBOTO HACOCA, UCHOJIb-
3ysI B Ka4eCTBE CBOEH KaJHMeBOIl CPeAbl BHYTPUKJIE-
TOYHYIO CPENY XO35I€EB.

IBOJIIOIU A COJTEHOCTHbBIX
OTHOIIEHUI JKUBOTHBIX

BrlmensnokeHHOE MO3BOJISIET BHECTH  CYIIe-
CTBEHHble W3MeHeHWsi B TpexHo (Xiae6oBruY
[Khlebovich] 1974) cxemy sBoioIuy COEHOCTHBIX
oTHOIIeHnH JkuBOTHBIX (Puc. 2). [Ipexme Bcero mpu-
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3HaeM, YTO OIMCAHHBIM paHee IIPOLIECCAM W CBSI3SIM
TIPEIIECTBOBAJ JJIUTENbHBINA NEPUO] SBOIONUU B
KaJIMEeBOU cpefie — MPOTOBOJIIOIIH.

[lanee OTMETHIM, 9TO CTPOTO IO OCMOTHYECKUMU
OTHONIEHUSIMU U OCMOPETYJISANNEN HyKHO IIOHUMATh
OTHOIIIEHUST MEKTy BHENTHEN CPeION U CPeNIoi BHY-
TpeHHell — I1a3Moil KpoBH, TUMbO, TeMoauMdoit,
HOJIOCTHO# KUIKOCTHI0. O6 OCMOTUYECKUX OTHOIIIE-
HUSX OPTaHMU3MOB, JIUIIEHHBIX BHYTPEHHEH CpeIbl
(B JaCTHOCTH HpOCTefIHIHX, KUIMICYHOIIOJIOCTHBIX "
MIapeHXUMATO3HBIX YePBeil), Hy>KHO TOBOPUTH C OT0-
BopkaMu. OTMETHUM TaKXe HEKOPPEKTHOCTD ITMPOKO
PACIIPOCTPAHEHHOTO TIOHSITUSL <OCMODETYJISIITUSS.
OcMmoTHnueckoe faBjieHHe eCTb (YHKIUS Kojuye-
CTBa PACTBOPEHHBIX YACTHUI[ GE3OTHOCUTENBHO K UX
npupozie. B Toxe BpeMs 11t opraHu3MoB He Ge3pas-
JINYHO, YTO MMEHHO PAcCTBOPEHO B UX BHyTpeHHe!
cperne. OOBIYHO OCHOBHBIMU KOMIIOHEHTAMHU BHY-
TPEHHEH Cpelbl OKa3bIBAIOTCS MOHBI, OJIM3KHE IO
COOTHOIIIEHHIO MOPCKOH BOJIE, UTO AA€T IIPABO B 3TUX
C/Ty4astx TOBOPUTH He 06 OCMOTHYECKOM JIABJIEHWH, A
o BHyTpeHHel comenoctu (Xmebosuu [Khlebovich]
1974, 2012).

HepBI)Ie JKUBOTHbBIC, BO3HUKIIME B HATPHUEBOM
OKeaHe IIPU BHEMIHEH COJIEHOCTH Bbiie 5—8%o, McC-
TI0JIb3Y$I HATPHEBBIN HACOC BCKOPE OCBOMJIU COJIEHO-
CTH TIPUMEPHO 110 45%0 1 GoJIee, MMest BO BCEM 3TOM
IUana3oHe OCMOTUYECKOe JlaBjieHNe U BHYTPEHHIOO
COJIEHOCTH TaKylo Ke, Kak BO BHellIHell cpezie. Takue
JKUBOTHBIE HA3BAaHbI (O-MOMKIUIOOCMOTHYECKVMU B
OTJINYME OT [-TIOUKUIOOCMOTHYECKUX, Y KOTOPBIX
BHYTPEHHSISI COJIEHOCTh MHOTO HYKe BHEIITHET, a BbI-
paBHUBAaHUE OCMOTHYECKOTO /IaBJIEHUS C BHEIIHEN
cpezmoil co3maeTcss HU3KOMOJIEKYJISIPHBIMU OPTaHH-
4eCKHMHU BelecTBaMu (0OBIYHO MOYEBHHOI). B mpe-
CHOI1 Bo/ie IIOMKUIOOCMOTUKY KUTh He MOIJIH, II0TO-
MY YTO HATP¥ B UX BHYTPEHHEH Cpefie 0Ka3bIBAIOCh
HEZIOCTaTOYHO Ajis paboThl HATpHMEBOro Hacoca. B
IIPeCHBIE BOJBI IIPOHUKIIY TUTIEPOCMOTHYECKIE OPTa-
HU3MBI, BHYTPEHHSIS Cpefla KOTOPBIX TUIIEPOCMOTHY-
Ha 32 CYEeT BHYTPEHHEN COJIEHOCTH C KOHI[EHTpaIen
Hatpusi He Menbiie 100 mM — okoso 5%o (ucKIO-
YeHUsI U MX mpuunHa cM. XiaeboBud u KomeHaaHTOB
[Khlebovich and Komendantov] (1986)).

OT IIPECHOBOAHBIX TUIIEPOCMOTHYECKUX KUBOT-
HBIX MPOM3OULIA TPU 3DKOJIOT0-QU3NOIOTHIECKHEe
TPYIITIBL:

1. HazemHbIe (CTPOTO TOBOPs, HE UMEIOIIHAE OC-
MOTUYECKUX OTHOIIEHWH CO CPeNoH, T.K. Cpela 3Ta
6e3BOMHASI, HO MOYHO T'OBOPUTH 00 OCMOTHYECKOM
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Obo3HaueHusn:

CB = coneHocTb BHYTpH (internal salinity)

CH = coneHocTb cHapyxu (external salinity)

0[] = ocMoTUYeckoe AaBneHmne(osmotic pressure)

Puc. 2. IBOMOIMSA COMEHOCTHBIX OTHONIEHUH JKMBOTHBIX, 110 Xsebouuy [Khlebovich] (2014a), c usmenennsmu.

Fig. 2. Animal evolution related to salinity. After Khlebovich (2014a), with changes. O/lu — osmotic pressure of sea water and blood

plasma; O/I moueBuHbI — osmotic pressure of urea.

NABJIEHUU U COJIEHOCTH BHYTpeHHeH cpenbi). OHu
COXPaHSITCS Ha YPOBHE UX IIPEIKOB — THIIEPOC-
MOTHYECKMX MPECHOBOAHBIX, OOBIYHO OCTaBasICh
HEMHOTMM BBIIIE KPUTHYECKOH COJIEHOCTH 5—8%o
(coJIeHOCTD T1a3MbI KPOBH 4eioBeka — 9.5 T/11.).

2. BropuuHO-MOpckue rumoocMotuyeckue. Ix
BHYTPEHHSSI COJIEHOCTb M OCMOTHYECKOE JaBJeHUe
TO>Ke OKa3bIBaeTCsl Ha YPOBHE, XapaKTEePHOM IS TIpe-
CHOBOJHBIX ITPEAKOB, X ITIO3TOMY OHU HUIKE TAKOBBIX
y MOPCKOH BOABL. DTO 00€CIIEYNBAETCS] MEXAHM3Ma-

MM, 00€eCIIeUurBaIONIMMK CYIIECTBEHHOE OIIPECHEHNEe
BHyTpeHHe# cpexsl (Y MOPCKMX KOCTHBIX Pbib B 2—3
pasa). EcrecTBeHHO, THMIIOOCMOTHYECKAsT DeTYJIsI-
Iust, KaKk ¥ TUIEPOCMOTHYECKAS, OCYIIECTBIISIONINE
TPAHCIOPT MOHOB IIPOTHUB IPAIUEHTa KOHIIEHTPAIUH,
TPeOYIOT IOMOHUTENLHOM TPATHI DHEPTHUM.

3. BropuuHo-MOpCKue B-IIOMKUIOOCMOTHYECKIE
OpraHW3MBbI MMEIOT BeJINYHWHY BHYTPEHHEH COJIEHO-
CTH, KaK y TUIIep- WIN THUIIOOCMOTHYECKUX OPTaHU3-
MOB, HO <«I0OMPAIOT» 0 OCMOTHYECKOTO JABIEHUS
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BHEITHEH cpesbl (MOPCKOM BOIBI) COOTBETCTBYIOIIU-
MH J00aBKaMy HU3KOMOJIEKYJISIPHBIX OPraHUYeCKHX
BelecTB (0OBIYHO MOYEBHHBI).

OG6paimaer Ha ceOst BHUMaHUE CIeLYIONee 06CTo-
STEJIbCTBO: TO, YTO MBI Ha3bIBA€M BHYTPEHHEN CoJIe-
HOCTBIO, OKa3bIBaeTCs OJIM3KUM II0 BeJIMYUHE Y Ipe-
CHOBOZHBIX THUIIEPOCMOTHYECKUX ¥ IIPOU3OLIEIIINX
OT HUX BTOPUYHO-MOPCKHMX THIIOOCMOTHYECKHX U
B-IMOMKMIOOCMOTHYECKUX, OKA3hIBASICh OOBIYHO 4y Th
BBIIllE 3HAYEHWN KPUTUYECKON CONEHOCTH S5—8%o.
ITO HECMOTPS Ha TO, YTO IIPX BO3BPAIEHUN B MOpPE
SHEPTEeTUYECKU BHITOAHBIM OBLIO ObI BEPHYTHCS K
0-TIOMKUI00CMOTHYECKOMY COCTOSTHII0. O4eBUIHO,
BHYTDPEHHSSI Cpefja COJIEHOCTBIO HEMHOTUM BBIIIE
KPUTUYECKON uMeeT GOJIbIINE MPEerMYINecTBa JIJIs
6MOJIOTMYECKUX IIPOLIECCOB, YeM BCAKAs MHAsd. JTO
MIOATBEPKIAET IIOJIOKEHHUE O IIPEUMYIIECTBAX YIIPaB-
JIEHUS TIPOIECCaMy BOIU3U MX KPUTUYECKUX TOYEK
(Xne6osuu [Khlebovich] 2005, 2007).

B monosiHeHVEe K TpUBEEHHOW CXe€Me BOJIOIUN
COJIEHOCHBIX OTHOLIEHHH >KMBOTHBIX MOKHO OILY-
CTUTh BO3MOKHOCTb BHIXOZA HA CYIILY XEJIMIEPOBBIX
HAIIPSMYIO 3 MODsI, HO, OYEBHUIHO, 3TO MOIJIO IIPOKC-
XOIUTD B IPAJIE€HTE CONEHOCTEM, CTOIb XapaKTEPHOM
IJ1S1 YCJIOBUH y ype3a BOJIBL

VICTOKH MHOTUX AZTATITAIIA
JKNBOTHDBIX 1 YEJIOBEKA - B PEAKTIUAX
MOKPOBOB o-TIOMKUJIOOCMOTUKOB

HepBbIMI/I JKUBOTHBIMHI 6bIJII/I TOJIBKO 4YTO IIpH-
o0peTine HATPUEBBI HACOC «KUBOTHOTO THIa» (C
B-dbpakiusamu) — o-moiikumoocMoTukn. O6s3aTesb-
HBIM YCJIOBMEM WX BHENIHeW Cpe/bl OB HATPUEBbIH
OKeaH C COJIEHOCTHIO He HIKe KPUTUYECKUX 5—8%o.
ITO HAIOXKILIO OTIIEYATOK HA MOCIEAYIONIYIO 9BOJIIO-
nuio MHOTMX PyHKIMit Metazoa. MiMeHHO Ha oCcHOBe
MeXaHN3Ma HATPUEBOTO HACOCA, BCTPOEHHOTO B Ha-
PYKHYI0 MeMOpaHy, BO3HUKJIA HEPBHAS CHCTEMA. DTO
OTpasKAETCS ¥ B BMOPUOTEHE3€e — HEPBHASI CHCTEMA 3a-
KJI/IBIBAETCS B 9KTOZIEpME. JTO YKe IIOTOM (¥ B OHTO-
reHese, ¥ B (puyioreHe3e) HepBHASI CUCTEMA TTOTPYKa-
€TCsI CBOEH IIEHTPAIbHOM YaCThi0 BHYTPb OPTAHU3MA,
3AIUIIASICh XUTUHOM, UM KOCTHBIM YeperioM. [Ipen-
TIOJIATAETCSI, YTO TEPBBIMU HEPBHBIMHU 3JIEMEHTAMU
6b1m Hetipocekperophblie kiaetku (HCK), Beimensio-
III1e BHYTPh OPTaHN3Ma CUTHAJIbHbBIE BBICOKOMOJIEKY-
JISIPHBIE BEIeCTBA, BKJIoYas mentuzbl. [Ipousonuiu
e HelPOCEKPETOPHBIE KJIETKM W3 IIOBEPXHOCTHBIX
smutenues ([Tomenos u Kymnakosckuii [Polenov and
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Kulakovsky] 1993; Tapzos u ap.[Garlov et al.] 2005),
no6aBuM — 0OpallleHHbIX K MOPCKOI BOZIe SIIUTEINeM
O-TIOMHKNIIOCMOTUYECKIX OPTaHU3MOB.

MOKHO JOITyCTUTD, YTO 3Ta KJIETKA, €Ille He CTaB-
IIas CIelUaIM3MPOBAHHOM HEPBHOM, HO yKe CIoco06-
Hasl BBIIEJISATh CUTHAJIBHBIN CEKPET, CTaja BBIIEIATD
€T0 He BHYTPb, 2 HAPYKY, T.€. CTajIa HEHPOIKCKPETOP-
Hoii. [Toucku B tuTepaType 06HAPYKuau oguH BaKT,
KOTOpHIH s TpakTylo TakuM o6Gpasom (Loeb 1974;
Loeb and Hayes 1981): ciudomenysa Chrisaora
quinquicirrha Ha TOJMIIOWAHON CTaguM CIU(HUCTO-
MBI TIEPEKUBAET TOJOHYIO 3UMY TIPUKPEILIEHHON K
cyOCcTpary Ha pPasHBIX IVTyOMHAX; IEPBBIMU CUTHAJ O
IpuOIMKeHnK 60raToro MUINeil Ieproge U, TeM ca-
MBbIM, 0 CTPObHIAIIK (06Pa30BaHIIO MELY30K-3¢up)
MTOJTy4atoT (B BUJIE TTOTEILJIEHS BEPXHETO CJIOSI BOIBI)
06I/ITaIOH.II/Ie B BEPXHHUX CJIOAX BO/IbI ITIOJIUIIBI; 3THU
BEPXHUE IIOJUIIBI, CAMU IIPUCTYIIAst K CTPOOUJIALIMM,
BBIZIEJISTIOT CTIEIMAIN3UPOBAHHBIMU KJIETKAMHU, Pac-
IOJIOKEHHBIMU TI0]] IIyTIaJIbLIaMK, OEJIKOBBIN CEKPET,
KOTOPBIH CJIY’KUT CUTHAJIOM Hadaja CTPOOWJIAIMU
0c06sM, OOUTAIOIUM B €Ille He HArPeToi Boje. ITOT,
Ka3aJ0Ch, 3a0bITEIN (aKT B HALIM JHY IIOATBEPKIA-
ercs Ha ApyroM Buze crudomenyssl, Aurelia aurita
(Fuchs et al. 2014). ABTOpHI IIOKa3aJ1, YTO CTPOOH-
JIANNST CTUMYJIPYETCS TENTUIHBIMU BBIIEJIEHUSIMUA
npyrux ocobeit, a B.B. CrapyHoB (kadenpa 300m0ruu
6ecrozBoHouHbIX CaHKT-IleTepOyprckoro rocymaap-
CTBEHHOTO YHMBEpPCHMTETa) 0OpaTHJ MOe BHUMAaHUe
Ha TO 06CTOSTEIBCTBO, UTO Ha IIPUBEIEHHOI B paboTe
dotorpadun rubpuUAKM3aIUY in Siti BUAHO, YTO STH
MENTUAB UMEIOT JOMEHBI SKCIIPECCUU Y OCHOBAHUS
Iy TaJtel CiiuuCTOM.

ITOT, Kaszajoch ObI, YACTHBIA (PAKT HOKa3bIBAET
TIPUHIUMUATBHYI0O BO3MOXHOCTH SIBJIEHUSI DETY-
JISSTIUY  SKM3HEHHBIX IIUKJIOB BBIIEJIEHWEM CIIEll-
UPUIECKNX TENTUIHBIX CEKPETOB. JTa IKOJOTHYE-
CKasl TIOIYJISIIMOHHAS ajanTanusi o0pa3oBajiach y
0-TTOMKUIOOCMOTUKOB Ha OCHOBE TEX XK€ MEXaHU3-
MOB, U3 KOTOPBIX 00pPa30BaIUCh (PU3MOJIOTHYECKHE
MeXaHM3Mbl HEPBHOU cucCTeMbl. MOXHO TOJararb,
YTO SIBJIEHVE PETYJISAIUU TOMYJISIUOHHBIX OTHOIIIE-
HU CUTHAJbHBIMYU TIENITU/IAMY BCTPEYAETCS B MOPSIX
3HAYMTENBHO Yallle, HO 0OHAPYKUTH €r0 CIOKHO 3a
CUeT YPEe3BbIYAMHO MaJIBIX KOHIIEHTPAIIUM CUTHAJb-
HBIX G€KOB. B 10/Ib3y MCIIONB30BAHUS IIENTUIHBIX
CUTHAJIOB UMEHHO B MOPCKOI1 BOJie TOBOPUT (PaKT KO-
aryJIsIUy MHOTUX TKAHEBBIX OEJIKOB IIPH COJEHOCTH
HILKE KpuTuaeckux 5—8%o (Xmebosmy [Khlebovich]
2005, 2007).
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HyxHO oTMeTHTh, YTO WCIOJIb30BaHUE O€l-
KOBBIX CHTHAJIOB [Jisi KOHCOJHUIAIUU TOMYJISIHiT
OpraHM3MOB He €CTh HMPUOOPETEHNE TOMBKO Oecmos-
BOHOYHBIX 0-TIOWKUIIOOCMOTHKOB. B maboparopuu
Bonnu Bacciep (Bonnie Bassler) IIpuHcToHCKOTO
yHuBepcuTeTa Gojiee MATHAAIATH JIET TIyOOKO MC-
CTIEYIOTCS TIPOIECCHI, CBS3aHHBIE C XUMHUYECKOU
KoOMMyHUuKaruei 6akrepuii. Ha mepeoM (4 r1aBHOM)
MOZIETIbHOM 00BbeKTe (MOPCKOH JTIOMUHECIIUPYIOIIEH
Gaxrepun Vibrio harveyi) Oblo moKaszaH (akT ce-
Kpeluu HapyKy BUAOCIEIHN(UYHOTO CUTHATIBHOTO
Gelka ¥ HaJMuWe Ha TOBEPXHOCTU 0co0eil ero pe-
rerrropoB. Korzma mioTHOCTs 0co6eit U, TeM caMbiM,
KOHIIEHTPAIUS CUTHAJIBHOTO O€JIKa TOCTUTAeT OIpe-
JIeJIEHHBIX BEJIUYUH, 9TO SIBJISIETCS CUTHAIOM [IJIsSI
OJTHOBPEMEHHOTO BKJIIOUEHNUST CBEYEHUSI BO BCEM CO-
obuiecTse. ITU UCCAEIOBAHNS OEJKOBON Pery sy
«4yBCTBa KBOpyMa» (quorum sensing) [cm: (Bassler
1999; Ng and Bassler 2009; Ke et al. 2014; u ap.)]
MOTYT MIMETh GOJIBIIOE METOMIECKOe 3HAUEHHUE JIJIST
MTMOHEPOB U3YYEHUS STOTO SIBJIEHUS U €0 MEXaHU3-
MOB y 6ecrio3BOHOYHBIX. OTMETUM, YTO OGBEKTAMU
MHUKPOOUOJIOTHYECKMX HUCCIENOBAHUI TaKOTO poja
cmyxar GaKTepuu WM MOPCKME OPTaHU3MBbl, WJIN
MIATOTEHBI YeJI0BEKA, CBSI3aHHBIE C COJIEHOW BHYTPEH-
Hell cpefoii, ABJISIONTNECS 9KOJOTUIECKUM aHATIOTOM
0-TIOIIKUTOOCMOTHKOB.

[TormomenHas }KUBOTHBIMY THUII[A CHAYAJIA Pa3Jia-
raeTcsi 0 MOHOMEPOB, AaMUHOKHCJIOT, MOHOCAXapOB,
HYKJIEOTH/IOB ¥ TOJHKO B TAKOM BHUJIE MPOHUKAET B
KyieTkd. MeXy TeM 3T MOHOMEPHI YacTO BCTpeya-
I0TCS B PACTBOPEHHOM BUJIE B MOPCKOM BOJIE, TeM 60-
Jiee B UJIOBBIX pacTBopax. Ho Bompoc 0 BO3MOXKHOCTH
BHEKUIIEYHOTO MUTAHUS JKUBOTHBIX CTaJ HA IECSITHU-
JIETHS TIPEAIMETOM CIIOPA MEXKAY CTOPOHHUKAMU AB-
rycra [TioTTepa, IpU3HAIOIETO TAaKyI0 BOSMOXKHOCT,
u Asrycta Kpora, ee orpuriaBurero. B Hamux akcie-
PUMEHTAaX Ha 3BPUTAJIMHHBIX MOJIJIIOCKaX C MCIIOJIb-
30BaHMEM MEYEHOTO TJIMI[MHA OBLIO MOKa3aHO, 4TO
TIOTJIOIEHNE 9TOM AMUHOKHUCJIOTHI €CTh COJIEHOCTHO-
3aBHCHUMBIH IIPOIlECC, KOTOPBIMA, OYEBUIHO, HE WET
TIPU COJIEHOCTU HIKe Kputmdeckoit (KoMmeHmaHTOB
u Xne6osuu [Komendantov and Khlebovich] 1989).
OueBUIHO, TIOTJIONIEHNE MOHOMEPOB MAJIOBEPOSITHO
Y IIPECHOBOAHBIX JXUBOTHBIX N MOXKET 6I)ITI) aKTy-
AJIbHBIM B TIMTAHUU MOPCKHUX (-TIOMKHAIOOCMOTHKOB
(kJaccuyecKuii IpuMep — yBeJIMYeHre MacChl MeTa-
tpoxodopsr Nereis arenaceodentata B necsTku pas
elle 710 TOro, Kak y Hee OTKpoeTcs poT). BeposiTHo,
IIPOIIECC TIOTJIONIEHUSI MOHOMEPOB ITOKPOBAMH MOT

B.B. Xie6oBuu

BO3HUKHYTh y IEPBBIX O-TMOMNKMIOOCMOTHKOB €IIle
10 00pa3oBaHUS VMU IHUIIEBAPUTENbHOIO TPaKTa.
OTMeTHM, 4TO BOIPOC O BHEKMIIEYHOM IHUTaHHU
MOHOMEDPAMH €CTh BOIIPOC ¥ (PU3MOJOTUYECKUH, W
3KOJIOTUYECKUH.

KoHe4HBIM BPeIHBIM IIPOAYKTOM aspOOHBIX MPO-
11eCCOB 0OMeHa OOBIYHO OKa3hIBAIOTCS MEPEKUCH, T10-
STOMY, KOI/Z]a CHaYa/Ia Ha GEeJbIX KPOBSHBIX KJIETKaX,
a II0TOM Ha SIUTEJIMAX MOJIOBBIX IIyTEH MJIEKOIMTA-
IOmMX OBLIO MOKA3aHO, YTO B CIy4asgX MUKPOOHOM
UHMEKIUY 3TU KJIETKM MOTYT CKUraTh GaKTepuil
MEPEKUCHIO, 9TOT (akT ObLI BOCIPHHAT KAaK ITO3/I-
Hee MproOpeTeHNe BBHICIINX II03BOHOYHBIX. OIHAKO
nozxe (Jlabac u np. [Labas et al.] 2006a, b) 6bu10
[IOKa3aHO, YTO CAMSUCTBIE SIINTEINH IIOKPOBOB BCEX
MOPCKHX GECII03BOHOYHBIX (MCKJII0Yast IIOKPHITHIX
XUTHHOM) OYKBaJbHO OZEBAIOT OPraHu3M 0OJaKOM
MepeKuceii, samumaniqmx or 6akrepuii. TakuM 06-
Pa3oM, HIMMYHUTET, Oa3MPYIOIUICA Ha BBIIEICHIN
HepeKucell, OYEBMIHO, BO3HHMK CHAYala B KJIETKaxX
IIOKPOBOB 0-TIOLIKIIOOCMOTHKOB M JIMIIb IIOTOM OBLT
OCBOEH JeikolrutaMu BHyTpeHHell cpenbl. Iloguep-
KMBas 3HAYEHME CBOETO OTKPBITHS /15 (PU3HNOJIOTHN
MMMYHHUTETA, aBTOPBI OTMEYAIOT M €0 9KOJOTHYe-
CKYI0 CyITHOCTb — IIPEKDAll€HME BhBIJEJIEHUS aK-
THBHBIX (DOPM KHCJIOPOZA CO CMEPTBIO KHBOTHOIO
[IOYTH MTHOBEHHO BKJIIOYAET PA3/IOKEHUE €r0 Teja
MHUKPOOAMHU ¥ TEM CaMBIM CIIOCOOCTBYET KPyTOBOPO-
Ty BEIIECTB B 9KOCUCTEME.

B saxmo4eHre OTMETHM II€PCIIEKTUBHOCTD MCCJIE-
JIOBaHUS MHOTHX IIPOLECCOB (PU3MOJIOTUM U KOJIO-
I'MU XUBOTHBIX, HAYMHAS C MX HUCTOKOB — aJjalTaIliii
TEPBUYHBIX JKUBOTHBIX, (-TIOMKUJIOOCMOTHKOB, W,
KOHEYHO, 0COOYIO POJIb B 9TOM MIPAIOT BO3MOXKHOCTH
MODCKHMX OMOJIOTUYECKUX CTAHIMI U MOPCKHX aKBa-
PUAIBHBIX.
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