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[emaToAOTHYECKHE TTOKA3ATEAH SBASAIOTCS HEOGXOZMMBIM DAEMEHTOM B GHOAOTHYECKHX MCCAEZO-
BaHUAX, MIOCKOAbKY OTPazKaloT pasAMYHble (U3HOAOTHYECKHE M MaTOAOTHYECKHE H3MEHEHHs 0p-
ranusma. FccaegoBanbl KAHHMUECKHME TeMaTOAOTHYECKHE MOKasaTeAn (ypoBeHb reMOTAOGHHA, CO-
ZepzKaHMe (POPMEHHBIX IAEMEHTOB KPOBH) MAaAOTBIMHHKOBOTO cura u3s o03ép Mypmancko# obaracTu,
PaBAHYAIOIINXCS 110 MOP(POMETPHYECKHUM TIPU3HAKAM H THAPOXUMHUECKOMY PEKHMY, B TOM YHCAE YPOBHIO
TeXHOreHHOro 3arpasHenusi. Ha npumepe nomyasmuu us 03. Mmanzapa ycranosaeno, urto ¢ Bospactom
coZlepaKaHHe TeMOTAOGHHA H KOAMYECTBa SPUTPOLIUTOB CHUKaeTcs. BbIsBAeHO BeceHHee yBeAHYeHHe 110~
KasaTeAell KPaCHOH KPOBH. BHAUMTEAbHbIE H3MEHEHHs CBS3aHbI C MOATOTOBKOH K Pa3MHOKEHHIO. Y He-
pectoBbix camuoB yposenb Hb u cozepaxanue apurpouuros B 1,4 pasa sbunue, yem y camok. B ycaos-
HO-()OHOBBIX BogoéMax cogep:kanue Hb B cpeanem cocraBasro 108 r/a. KoauuecTso spurponutos B
1 xy6. mm Bapbuposaro ot 1 z0 1,45 man. /ky6. mm. Obiee cozepzranme AefikouuTOB KoAebaroch oT 13
20 20 Tbic. /xy6. MM. AelikormTbt npeacTaBaenst auv@ormramu (85—95% ), mononuramu (0—5%), Heii-
tpopuramu (2—10%). Mnzexc o6uans aetikoruros usmensacs B npegerax ot 0.5 a0 1.2. B sarpssuse-
MBbIX BozoéMax cpezHee cogepaanrie Hb Bappuposaro or 80 70 120 r/ A., uncro apurpounros — ot 0,82
70 1,2 Man. /ky6. mm. Yposenb aputporoasa Bapbuposaa B 60ree mupokom auanasore: 1,60% — 10,3%
He3peAbIX KAeToK. J\edikouuTbl npeacraBaenbl Aumponutamu (92—94%), mononuramu (0,5—5,4%),
ueiitpopuramu (2—4,8%). Vnaexc o6urus aeiixouuros mensrcs ot 0,9 zo 1,7. 1 uromoppororuueckum
aHAaAM30M BbIABACHDI M3MEHEHHs (JOPMbI M PasMepOB SPUTPOLIUTOB, aTHIIMA CTPYKTYPbI U (OPMbI szpa
(muKHO3 1 XpomaTHHOAM3). XapaKTePHCTHKH, IIOAYYeHHbIE B YCAOBHSX IPUPOHOTO KA4ecTBa BOJ, MOTYT
6bITh IPHHATBI KaK PErMOHaAbHasi (PMBHOAOTHYecKas HopMa. | lokasaHa azianTalHOHHast 3HAYMMOCTD H3-
MEHEHHs YPOBHS FeMOII093a B YCAOBHAX MHOTO(AKTOPHOH aHTPONOreHHOH Harpysku. JlAs GHOMHANKAIHH
KauecTBa BOJ PEKOMEH0BAHO MPOBOAUTH LIMTOMOP(OAOTHYECKHH aHAAH3 KAETOK KPOBH B IIEASX BbIABAE-
HUS! [IATOAOTHIT MX CTPYKTYPBI.

Karouerbie caora: reMaTororus, IUTOMOP(OAOTHYECKHI aHAAUS, KAYECTBO BOJI, TSZKEABIE METAAADI,
spTpoduposanue, cur Coregonus lavaretus, Mypmanckas o6aactb, CybapkTuxka.

BBEAEHUE
[emaTorornueckue moxkasaTeAn o6beKTHBHO
OTPaKar0T (PUBHOAOTHYECKOE COCTOSTHHE OPTraHHU3 -
Ma H SIBASIIOTCS HEOOXOZHUMbIM dAEMEHTOM B OHO-
AOTHYECKHX HCCAeZoBaHMsAX. Bapbupys B yskux
npejeAax, OHH CIOCOOHBI OTPaKaTb PA3AMUYHbIE
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(PUBHONOTHYECKHE U IATOAOTHYECKHEe H3MeHe-
HUSI OPraHU3Ma, YTO HaXOAUT CBOE IIPUMEHEHHE
B MEJULMHCKUX U BeTePUHAPHBIX UCCAEOBAHHUSIX.
Onipezerenne nokasaTerel KPOBH pbI6 B IIPHPOJ -
HbIX YCAOBHAX IIO3BOASIET yCTaHAaBAHUBATb reMa-
TOAOTHYECKYI0 HOPMY ZAsI KazKZOro BHZA U Bbl-
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SBASITb XapaKTep IeéMaTOAOTHYECKUX ajanTallku
B [IepHOJ, aKTHBHOTO aHTPOIIOTeHHOTO BO3JEHCT-
BUs1 Ha BozoéMmbl [ Poikkos u ap., 1998].

B oreuecTBennoil remaTororum ycmemso
TIPUMEHSIIOTCA ZIBa HATIPaBAEHHS] — (DH3HOAOTH-
yeckoe M Mopdororuyeckoe. B mepsom mccae-
AYIOTCSl (DYHKIIMOHAAbHbIE OCOOEHHOCTH KAETOK
kpoBu pbi6 [[araktuonos, 1975; Aykbsauenxo,
1971; Muxpsixos, bara6anosa, 1979; fxuen-
ko, 1984; Bara6anosa u ap., 2009; Muxpsikos
u ap., 2014; 3a6orkuna u ap., 2015; 3anpya-
nosa, Kammmros u ap., 2015; Mukpsikos, Mu-
kpsakos, 2015; Curxkuna u ap., 2016]. Bo Bro-
POM — CTPYKTYpa KAETOYHbIX SAEMEHTOB KPOBH
Ha pasHbIx cragusx passutus |saunosa, [oro-
suna, 1984; [orosuna, 1996]. Pag pabot nocss-
IEH H3MEHEHHSM FéeMaTOAOTHIECKHX TToKasaTeAeH
B YCAOBHAX BAHSHHS TOKCHYHOTO 3arps3HEHHs
B npupoaubix Bogoemax [ tKurenesa u ap., 1978;
Ayracokosa, 1997; Cepnynun, 1997].

Mypmanckas 0o6AacTb OTHOCHTCS K apKTHYE-
CKMM TEPPUTOPHUSM C BHICOKOH KOHIIEHTpaluei
[PeANPUATHH FOPHOA0OBIBAIOIIEH [TPOMBIILIAEH-
HOCTH U LIBETHOH METAaAAYPrHH. -3HAYHUTeAbHOE
BO3/IEHCTBHE HCIIBITHIBAIOT BOZOEMbI, IPHHUMA-
IOIHe HeJOCTaTOYHO OYHIIEHHblE CTOKH KOMOH-
HaTOB, HACEAEHHBIX MYHKTOB H 3arps3HEHHbIE
a9POTEXHOTEHHDbIM ITyTEéM BOJbI C TEPPUTOPHH BO-
noc6opos. CaescTBHEM 3TOTO CTAHOBHTCS CMe-
Ha I'HAPOXHMHYECKOro pe:kuma o3ép. Ecau mo-
BbIIIEHHbIE KOHIIEHTPALHUH TAKEABIX METAAAOB
HabAI0JAl0TCA Ha OTPaHHYEHHOH TeppPUTOPHH
BOAMBH MecT c6pOca CTOKOB, TO MPOLIECC 3BTPO-
(PUPOBaHMs OXBATbIBAET MPAKTHYECKU BCIO aKBa-
toputo. K HacTosimemy momenty B kpymnHefiem
osepe obractH, Mmanapa, oaurorpodubrii cra-
Tyc umeeT ToAbko naéc Dabunckas Mmanapa,
ZlBa OCTaBLINXCS TIEPEIIAU B pa3psiZi ME3OTPO(d-
HbIX U 9acTH4yHO 3BTpodubix [Kamyaun u zp.,
2011]. B coBokymHoCcTH ¢ aHOMAAbHO BBICOKHMH
AETHUMH TeMIlepaTypaMH, COIPOBOZKAAIOIIMMH-
Csl BCTIBIIIKAMHU 1IBETEHHsS] CHHE-3eAEHbIX BOZO-
POCA€eH, 3TO MPUBOJMT K PETYyASIpHO HabAIOZae-
MbIM B MOCA€ZHHE TOJIbI CAyHasiM THOEAH MOAOZH
pb16. Emeé oanum nentpom «akoAormueckoro He-
6.AarornoAyunsi» sBAsercsa o3. Kystcbapsu, pac-
M0AOZKEHHOE Ha ceBepo-3anaze Koabckoro mo-
AYOCTpOBa M IPUHHUMAIOIee CTOKH KOMOHHATa
«I leyenranukeab», coneparainye TsEAble Me-
taarbl (Ni, Cu, Zn u ap.) [Dxororuyeckuit

kataror, 2009]. Ha roro-3anaze noayocrpona
Koszaopckuii ropao-o6oratureAbHbIH KOMOUHAT
MIOAHOCTbIO M3MEHHA THAPOXHMHYECKHH COCTaB
Boz 03. KoBzop [ AuTponorennbie usmenenus. . .,
2005]. Bmecre ¢ Tem coxpanuauch osepa, pac-
TIOAOKEHHDIE BJAAU OT HCTOYHHKOB 3arpsI3HEHHUS],
HCHDbIThIBAIONIHE a3POTEXHOTEHHYIO HarpysKy
U B OIPEJEAEHHbIA CTEIIEHH CIIOCOOHbIE CAY2KHTb
poHoBbiMH (KOHTpPOAbHbIMH ). B HacTosmieit pa-
60Te K TaKOBbIM OTHOCATCS 03. UyHO3epo, 03.
Oxrosepo, pacroro:kenuble B rpanunax JNa-
TAAHACKOTOo 6uocdepHoro sanosegnuka [ Aurpo-
norennble usmenenus..., 2007], os. Koueayp
[ Oxororuueckuii kataror, 2009] u nréc babun-
ckas Mmanzgpa (ry6a Kynuacr).

Zlo HacTosiero Bpemenu cBezeHHs O rema-
TOAOTHYECKUX MoKasaTeasx pbi6 Mypmanckoit
06AaCTH KpalHe HEMHOTOYHMCAEHHBI U OTHOCSIT-
Csl IPEUMYIIIECTBEHHO K LIEHHbIM TIPOMbICAOBBIM
AococeBbiM pbibam (cémre, rop6ymie) [Yucrosa,
1967; Ksacosaposa, Anoxuna, 2011]. I'lo ma-
AOTbINMHKOBOMY cury umeercs ctatbsi 1.1.Mo-
HCeeHKO, MOCBANIEHHAs JUHAMHKe TOKasaTeAeH
KPOBH B YCAOBHSIX Pa3HOTHITHOTO 3arps3HEHHs
o03. Mmanapa [Mouceenxo, 1998]. Bospactnas,
I0AOBasi M Ce30HHAsh U3MEHYUBOCTb T€MaTOAO-
TMYECKHX MOKasaTeAed cHra MpoaHaAH3HPOBaHa
B pabore Koporesoii [2001] u o6061mena B mMo-
Horpaduu, nocesiménHor o3. Mmanzpa [ Anrpo-
noresHble Moaudukauy. .., 2002].

[leabto sanHO# PabOTHI IBUAOCH H3YUEHHE Te-
MaTOAOTHYECKUX MOKa3aTeAeH MaAOTbIYHHKOBOTO
cura Coregonus lavaretus (L., 1758), o6urato-
11IeT0 B PA3HOTHITHBIX BOZOEMAX C PA3AHYHOM CTe-
TIeHDbIO AaHTPOTIOTEHHOTO 3arpsI3HEHHs BOJ.

MATEPHAABI U METO/bI

C6op maTepuara npoussozaurcs ¢ 1996 no
2007 rr. B o3épax Koabckoro n-Ba, orauuaro-
IMUXCS TI0 THUMH3ALHMH H YPOBHIO 3arpsi3HEHHS
(puc. 1).

M xtuororuvyeckuii matepuar orbupancs
CTaBHbIMH :KabEPHBIMH CETSMH C pasMepaMH
agen ot 10 70 50 mm. Cernble nopsiaku BbI-
CTaBASIAMCh B AMTOPAAbHOH U MPOPYHAAABHOH
30Hax, Ha raybune ot 1 g0 14 m. Y ppi6 usme-
PAAMCh Macca M JIAMHA, TTIOCAE BCKPbITHS OTpe-
ZIeASIACS TIOA, CTaZUsi 3PEAOCTH TOHaJl, CTelleHb
HAINlOAHEHHUs KeAyaKa. B moaeBbIX ycAOBHAX
B35ITHE KPOBH NPOM3BOAUAOCDH Y 2KHBbBIX HAH
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Puc. 1. Kapra-cxema paiiona c6opa MaTeprara

TOABKO 4TO ycHyBIHX pbi6. KpoBb oT6uparu
KalUAASIDOM M3 IéMaAbHOTO KaHaAd XBOCTOBO-
ro crebasa. [lepsas mopuus KpoBu HcHOAB30-
BaAaCh JAS OIpeZieAeHHs1 OOIIero cozep:xaHue
remoraobuna c nomombio remomerpa Canw.
Creayromast (puKCHpoOBarach AASl ZaibHeHIIIe-
ro MoJCYéTa YUCAA SPUTPOLUTOB B Kamepe [o-
pseBa. /las pasb6aBaeHHs M PHKCALIMH KPOBH
HCIIOAB30BAaAH PACTBOP COZEP2KAIIUHA CyAbpaT
natpus (20 r), xropuctbiit narpuit (5 r), Au-
MOHHOKHCAbIH HaTpHui Tpéxsameniennbii (3 r),
AezasHas ykeycHas kucaota (100 ma), Boga au-
cruaruposanHas 20 1 A [Hendricks, 1954]. 3a-
TEM U3 KallAM KPOBH H3TOTOBASIACSI Ma30K, I10-
CAe BbICYIIIHBAHMs Ha BO3ZYXe OH (PUKCHPOBAACS
METHAOBBIM MAH STHAOBBIM CITHPTOM U B JaAb-
Heiiimem okpammBaics no Pomanosckomy. B no-
CAeZHIOIO OYepesb KPOBb HaOHPAAaCh B KaIlTHA-
Asip ot anmaparta | lanuenkosa aas onpeaerenus
CO3. Coaep:xanne reMorno6uHa B 3PUTPOLIH -
Te BbIMUCAAAM 10 popmyre [ureansona (obuee
coaepmanue Hb (r/a) / obee koauuectso
sputpouutoB B 1 mxa). Murencusnocts spu-
Tpomnossa (IPOLEHTHOE COOTHOILIEHHE 3PEAbIX
U He3peAbIX KAeTok) onpezersan o 500 spu-
tpouutam. | logcuér obuiero uncaa Aerikouu-
TOB BEACS HENPSMbIM METOZOM IO Ma3Ky Kpo-
BU, JIAsl OTIPEJEAEHUsST AeHKOLIUTaPHON (POPMYADI
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B YeThIPEX ydacTKax MasKa npocMatpusaru 200
AetikouuToB. I Ipu onpeaerennu gopm Aefiko-
IIUTOB MbI PYKOBOJCTBOBAAHCH KAQCCH(HKaLIHeH
H.T Wsanosoii [1983], ocnosaunoii na tun-
KTOPHAAbHbIX CBOHCTBAaX KAETOYHbIX OPTAHEAA,
uuTonAasmbl u sizpa. | latororuueckue usmene-
HUSL MOP(OAOTHH KAETOK KPOBH OIPEAEASAH Ha
OCHOBE COIOCTaBAEHHsI TIOAYYEHHbIX Pe3yAbTa-
TOB C AMTepaTypPHbIMH JAHHbBIMH JIPYTHX aBTOPOB
[Kyapssues, 1969; tRurenesa u ap., 1989].
Masku kpoBu IpocMaTPHUBaAK ¢ HCTIOAb30BAHH -
eM CBEeTOBOrO MHKpockomna npu yBeandenun 10
x100. /loctoBepHoCTb pasiuuuil onpeseAsAu
npu nomoinu t-kpurepuss Crbrosenta, pesyab-
TaThl TIPeACTaBACHbI B BU/IE CPEJHEr0 3HAYeHHUS]
(meamanbt) u omubku cpeaueit M+m.

PE3YABTATBI M OBCY:HJIEHHE

Ilpupoanas BapuaberbHOCTb reMaToAro-
rHYeCcKHX NMoKasaTeAeH y cura. | [poseséunbie
B 1996—98 rr. uccaegoBanust mokasaru, 4To
c BospacToM y curoB o3. Mmanapa cozepaxa-
HHMe TeMOTAOGHHA U KOAMYeCTBa 3PUTPOLIUTOB
cumzkaetcsi. [IBeToBoli mokasaTeab u ckopocTb
OCe/laHUs] PUTPOLIUTOB SABASIOTCS TOCTOSIHHBI-
MU BEAHYMHAMH BO BCEX BO3PACTHbIX IpyIax
[Kopoaesa, 2001]. Drto xopomuio coraacyercs
C AUTepaTypPHBIMH ZJaHHbIMU, COFAACHO KOTOPbIM
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Puc. 2. Bospactubie usmenenus cozep:xanus remorrobuna y curos os. Mmanzpa

Y MOAOZH B CBSI3H C 6OA€e HHTEHCUBHbIM 06Me-
HOM HabAIOZAeTCs MIOBbIIIEHHOE M0 CPABHEHHUIO
C B3POCABIMH KOAHYECTBO TeMOTAOOUHA H AeHKO-
nutoB. PaccMoTpeHne ce30HHON AMHAMUKH Bbl-
SIBUAO yBEAMYEHHE IOKa3aTeAed KPAaCHOH KPO-
B 0 OKOHYaHHH 3UMOBAAbHOTO MEPHOJA, YTO
MO?KHO O6bSICHUTD TEePeX0A0M K 6OAee aKTHB-
HOMY 06pasy :KuU3HH. AHAAOTHYHOE MOAHSATHE
YPOBHSI TeMOIAOGHHA BECHOH OIMUCAHO AAS AO-
COCEBbIX PbI6 U CBA3BIBAAOCH C BECEHHHUM I1PO-
rpeBOM BOZbI M HayaAoM oTkopMa |Iharoaesa,
1981].

Boaee snaunmbiMu 6biAu U3MeHeHuMs1, CBS-
3aHHbIE C TIO/IFOTOBKOH K PasMHOKEHHIO. Y He-
PECTOBDbIX CaMIIOB CHI'a YPOBEHb reéMOTAOGHHA
u cozepzsanue sputpountoB B 1,4 pasa Bbine,
gyem y camok. ComocraBaeHHe Tex :ke MoKasa-
TeAel y HEPECTYIOIINX U MIPOIYCKAIOIIUX HEPECT
ocobell, MOKa3aA0, YTO y HEPECTOBbIX CaMIIOB
oun Ha 5—10% BbIIIE, a y HEPECTOBBIX CaMOK
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Puc. 3. Cozep:rnanue reMorano6uHa B 3aBUCHMOCTH OT
FOTOBHOCTH K HepecTy y curos 03. Mmaunzapa:
1 — camupl, 2 — camkuy, npornycKaroue HepecT; 3 —
HepecToBble camilbl, 4 — HepecToBbIe CaMKH

Ha 15% nu:zxe, yem y pbl6 HEOAOBO3PEABIX HAH
npornyckaromux Hepect (puc. 3).

B aarbHeiiimem, npu onpezeaeHHH reMaToAO-
THYECKHX XapaKTePHCTHK CHIOB M3 Pa3AHYHBIX
BOZIOEMOB, HEPECTOBbIE CaMKH, KaK HMeIOIIHe
ZIOCTOBEpHbIE Pa3AMYHSA C APYTHMH IPYIIIaMH,
U3 BbIGOPKH HCKAIOYAAHCD.

XAPAKTEPHCTHKA KPOBH CHUIOB
B YCAOBHO-®OHOBBIX BOJOEMAX
IlokasaTean kpacnon kposu. B ycrosHo-
(POHOBBIX BOZOEMAX, COXPAaHHBUIMX TPHPOJ -
HBbIA TUAPOXUMHYECKHH PEKHUM, COAEp:KaHUe
reMOrAOGHHA Y CUTOB B CPEJHEM COCTABASIAO
108 r/a. Koanuectso spurpouuros B 1 mm’
B cpeanem Bapbupoaro oT 1 70 1,45 man. /mm?
(taba. 1). Pasmepn! sputpouuTos coctaBasiru 9
MKM 60AbIIoH auameTp u 6 MM maabiit. Kpac-
Hasi KpoBb npesctaBAeHa Ha 95—97% speabivu
SPUTPOLIUTAMHU, OCTABIIASICS YaCTh PUXOAHAACD
Ha roauxpomartoduabuble kaetku (2,0—5,0%),
6asopurbubie aputpobracthr (0,8—1,0%)
u npoapurpobractl (0,3—1,0%).

Ilokasareaun 6eroit kpou. Obmee co-
ZleprkaHue AeHKOLIMTOB y CUTOB B UCCAE/OBaH-
HbIX BogoéMax Koaebaroch ot 13 70 20 Thic./
mm. [To Haamumio 3epHHCTOCTH 6bIAM BbIZEAC-
HbI arpaHyAOUUTbI (AUMQOLMTBI, MOHOLIUTDI )
¥ TPAaHYAOLIUTBI, TIOCAEHHE ObIAM MPeACTaBAe-
HbI HEATPO(PHAAMH Ha BCEX CTaZHAX 3PEAOCTH.
DosuHOPUABI U 6a30(PUAbI B 06paslax KPOBU
cura oTcyTcTBoBaAH. J\eHKouuTapHas (Gopmy-
Aa (cooTHOIIEHHEe pa3sAHYHBIX POPM AEHKOLH-
toB) Ha 85—95% npeacraBrena AuM@oTaMH.
Monouutsi cocraBasau ot 0 7o 5%, neiirpo-
gurbt — ot 2 a0 10%. Cpeanss Beanuuna
unzexca o6uausi Aeiikouutos (MIOA) y curos
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Ta6auua 1. Xapakrepucrura KpacHOH KPOBU CHIOB B YCAOBHO-(DOHOBBIX BOJLOEMAX.

Hb, r/a DpUTPOLUTDI, MAH /MM
. Hespennte
Boaoémbr M=m M=+m Cr'a, spurpouutsl, %

min-max min-max
108=+27 1,45+0,07

o3. Kouesayp 62146 —1,40—1,50 0,75 1,1

I. KquaCT 107 = 3,3 1,02 + 0,09

(03, Wvanzpa) 76144 0.6_12 0,95 2,6
1102 1,0 £0,03

03. Uynosepo 90140 —0,7_1’35 0,90 3,0

Hpumeuauuﬂ. B YUCAHUTEAE CpeaHee U CPpeJHEKBaJPaTHYHOE OTKAOHEHHE, B 3BHaAME€HaTeA€ MUHHUMAaAbHOE U MaKCUMaAbHOE 3Ha4€HHs.

Ta6auna 2. XapakrepucTika 6eA0l KPOBH CHIOB B YCAOBHO-(OHOBBIX BOZOEMaxX

Boaoémbr HOA Numgouursi, % Heiitpoguani, % Monouursi, %
03. Kouesayp 1,19+004 94+0,82 5,6+0,73 0,4+0,09
r: Ryssact 0902 94,6215 23206 34214
(03. Mimanzgpa)
Oxro3sepo 0,46 = 0,08 88 +5,0 10 £ 6,0 20=x=0,7

B YCAOBHO-(DOHOBBIX 03épax KoAebarcsa B Ipe-
aeaax ot 0,5 70 1,2 (taba. 2).

XAPAKTEPHCTUKA KPOBU CHUIOB
B 3ATPA3HSIEMbIX BOJOEMAX

Ilokasarean kpacuoii kporu. B o3. Kyatcn-
apsu B 2005—2007 rr. coaepzxanue reMorno6u-
Ha y curoB BapbupoBao ot 78 a0 104 r/a., uu-
cao spurpouuroB — ot 0,90 a0 1,70 man. /mm2.
Cpeanee cozep:anue reMOrAn06uHa B 9PUTPOLIU-
te koaebaroch ot 0,67 nr g0 0,75 nr. Yposenn
3PUTPOII0D3a CPABHUTEABHO HEBBICOKHH — YH-
CAO HE3PEeAbIX SPUTPOLIUTOB B CPEZIHEM COCTABHAO
1,60% (Taba. 3).

B ry6e Monua (03. Mmanzgpa), B 1996 —
97 rr. conep:xanue reMorno6MHa y CUTOB paB-
usaroch 90 + 2 r/a. Koauuectso aputpouuton
H coziep2KaHHe TeMOTAOOMHA B HHX TaK:Ke COOT-
serctBoBaro Hopme — 0,97+0,02 man. /mm?
1 0,95 or (taba. 3). COD B cpeauem paBHsirOCh
2,2 MM/4, MaKcUMaAbHble 3HaYeHHsl He MPeBbl-
maru 3 mm/4. Kpacnas kposb na 93,2% 6bira
TnpescTaBAeHa 3peAbIMH (/1ePUHUTHBHBIMH ) 9PH-
TPOLMTaMH.

[IuTomMop@ororuueckum anaruzom 6GbIAH Bbi-
SIBAEHbl NATOAOTMH 3puTpouutoB. Ha maskax
BCTPEYaAHCh KAETKH C HapyIleHHeM (OPMbl —
MOHKHMAOIMTHI U aHU30UMTHI ( pasHOpasMepHbIe
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spurpoumtbl ). Koanuectso anusonuros y curos us
r. Monua aocturaro 0,5%. Koauuectro noii-
kurouutos 6b1r0 Bbime (0,95%), yem B 60ree
gucTbix paionax o3. Mimanapa (0,35%). Y spu-
TPOLIMTOB OTMEYeHa THIOXPOMasHsl — KAETKH
OKpaIlleHbl MEHEee HHTEHCHBHO, YTO CBA3aHO C He-
ZIOCTaTOYHbIM COJIeP:KaHHEM JbIXaTeAbHOTO IIHT-
menta. Habarozarach atunus crpykrypbt u gop-
mbl aapa. OHo MozBepraroch Kak MUKHO3Y, TaK
U XpoMaTHHOAU3Y (pacrazy XpoMaTHHa f7pa).
B He6oAbIIoM KoAMYecTBe BCTpedaAHCh JereHe-
PaTHBHO ZEASIIHECS dPUTPOLHTHI, B Pe3yAbTa-
Te Yero MOABASAMCb MHMKPOUMTbI U IIHCTOLMTDI
(6esbsizepHble (pparMeHTbl LIUTOMAA3MbI). Y OT-
ZIeAbHBIX PbI6 TPOM30IIAO HAPYIIEHHE OCMOPE3H-
CTEHTHOCTH KAETOK.

B o03. Mmanzpa, B ry6e Beras (1996—
1997 rr.) koHueHTpalus reMOrA06HHA y CHUTOB
pasusirace 80+3 r/a. O6iee koaudecTBO 2pH-
TpouuToB B cpeanem coctaBasro 0,82 mam./
mm?, CI'D — 92 nr. Yucro zepuuutupHbIX
sputpouuToB Haumenbiree — 89,7% (taba. 3).
[ Ipearemorusubie kaetku coctaBasiau 2,5%. M3
IUTONAaTOAOTHH OTMETHM HaAWYHe HIHPOKOH HEOo-
KpallleHHOH 30HbI BOKPYT 5ipa y MIOAMXPOMATO-
puroB. B orzaerpnbix spurponutax sizepHoe Be-
IIECTBO BBIXOJMAO B LIUTOMAA3MY 6€3 BHAHMOTO
HapyIIeHHs] KAETOYHOH 060AOUKH 5P, B APYTUX
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Ta6auna 3. Xapaxrepucruka KpacHOH KPOBH CHIOB B 3arpsi3HsIeMbIX BOZI0EMaxX

Booéunl Hb, 1/ Spmpogngm, CT3, mr Hespeabie ag)mpo-
MAH/ MM uutel, %
Bausinue megHo-HuKeae8020 npoussoscmsa
90+9 1,18+0,25
o03. Kysrcensapsu 78104 m 0,75 1,6
r. Momnue 90 + 2
(05. Vmartzpa) 54_126 0,97+0,02 0,95 6,8
Bausinue anamum-nedeaunosozo npoussoscmsa
r- Beaan 803 0,82 + 0,03 0,92 103
(03. Mimanapa) 56—110 e ’ ’
Bausnue 6agzescum-anamum-mazHemumogozo npoussoscmesa
120+3
03. Kopzaop 92156 0,96 +0,02 1,30 2,3

CAy4asix HabAIOZAAACh JieTeHepalusl ipa — OHO
YBEAHYHBAAOCH B pasMepax H BCAEJACTBHE Hapy-
IIIeHHUsl LIEAOCTHOCTH SIZIepHOH 0BOAOUKH COzep-
2KUMOE S17Ipa BBIXOZMAO B IIUTONAA3MY, 3allOAHSIs
cTpoMmy apuTpouuTa. PesHcTeHTHOCTD 9THUX DpH-
TPOUMTOB 6blAa pesko cHuzkeHa. | lolikurouuTos
¥ aHM301MTO3 GbIAM BblpazkeHbl caabo. Jlerene-
PaTUBHO JIEASAILIMECS] IPUTPOLIUTHI HAa Ma3Ke OTMe -
YaAHCh B €JMHHUYHDBIX CAYYasX, SPUTPOIAACTHZDI
TaKzse 6bIAM HEMHOTOYHCAEHHDI.

B 03. Kosaop (2001—2008 rr.) cozep:xanue
reMOrA0OMHa Y CUrOB ObIAO HaubOOAee BbICOKHUM
U3 BCEX HCCAeJOBABIIMXCS BOZOEMOB H B CPEJ-
Hem coctauro 120 r/a (taba. 3). Bmecre ¢ Tem
6AM3KH K HOPME KOAMYECTBO SPHTPOLMTOB —
0,95 man. /Mm® 1 ypoenb sputpomnoasa (2,3%
He3peAbIX 3PHTPOLMTOB).

Ilokasarean 6eroit kpoBu. B o3. Kystcn-
sipBU 6eAast KPOBb Y CHTOB MMeAA AUMQOUAHBIH
XapakTep, Ha [OAI0 AUMQOLHUTOB MPUXOAHAOCDH
95%. Cozep:xanre MOHOIIUTOB 6HIAO MUHHMAAb-
HBIM M3 BCEX HCCAEZI0BaHHBIX BbIGopok (Taba. 4).

Y curos us ry6nr Monua (03. Mmanzpa)
obiee cogep:kaHUEe AEHKOLUTOB PAaBHANOCH
24,6 tpic. /mMm®. Beaas kposb Ha 92% cocrosi-
Aa u3 Aumonutos (Taba. 4), npeumyinecTBeHHO
maabix. Hetirpoguant (2,5% ) 661 npeacTasae-
HbI 60AbIIIEH YaCTbIO CETMEHTOSIIEPHBIMU (POpMa-
mu. /loaa monouutos gocturara 3,4%.

B ry6e Benoit (03. Mmanapa) obmee co-
Jlep:aHHe AeHKOLHUTOB y CHFOB pPaBHAAOCH
29,1 toic. /MM, AMMQOLIMTBI SIBASIAMCD JJOMHHH-
PYIOIIEH TPYIIIOH, UX JOAS B AEHKO(OPMYAE Z0-

crurara 94%. Koauuectso monouuTOB 1 HElTpO-
Pur0B 6b1r0 paBHO cooTBercTBenHo 3,7 u 2,0%
(Taba. 4).

[emoran06uH KPOBH SIBASIETCS TAABHBIM 3BEHOM
B o6ecredeHHH OpraHu3Ma KHCAOPOJIOM, C y4a-
CTHEM KOTOPOTO MOJJEeP:KHBAETCS Ta HAH HHas
MHTEHCHBHOCTb O6MeHa BeIlecTB, 06yCAaBAMBa-
10I1asi POCT opraHusMa. Bbicokoe cozepzkanue
reMoraobuHa criocobHo obecrieyuTb 6oaee BbICO-
KYI0O MHTEHCHBHOCTb 06MeHa, C O/IHOH CTOPOHBI,
1 60Aee NIHPOKHE BOBMOKHOCTHU A BbIZKHBAHUS
B HEGAATONPUATHBIX YCAOBHSAX — C ZPYTOH. DTOT
TOKa3aTeAb HaubOAee YCTOHYHB, B BOZI0EMAX, OT-
HOCHMbIX HaMH K YCAOBHO-()OHOBBIM, CpejHee
coJep:KkaHHe TeMOTAOGHHA He3HAYHTEABHO Bapb-
upoBaro otHocuTeAbHO 3Hauenus 110 r/a. B za-
rpsA3HAEMbIX BOZOEMaxX HABAIOZAAOCH KaK ero
noum:xennoe 3Havenre 80—90 r/a, tak u nosbr-
menHoe 70 116 r/A. Pribbl ¢ coaepacanuem re-
moraobuna 6oaee 150 r/ A BeTpeuaruch kak B um-
CTDIX, TaK U B 3aTPA3HAEMbIX 03¢pax.

HMurencusrocTb sputponossa yacto sBAgeTcs
TI0Ka3aTeAeM aKTUBH3ALMM 3aIUTHBIX CHA Opra-
uusMma. | lomumo ecrectBennbIx usHororimueckux
TIPUYHH, TIOBOZOM JASl YCUAEHHS! TIPOLIECCOB KPO-
BETBOPEHHUS] MOKET ObITh HHTEHCH(PUKALMS Me-
Tab0AM3Ma, HAallpABAEHHAsl Ha yAAAeHHE U3 Opra-
HH3Ma TOKCHYHbIX coeaunenui. /lannoe sBAeHMe
OTMe4aAOCh HaMH B pailOHe BAMSIHMS CTOYHBIX BOJL
NPOMbBIIIAeHHbIX TpeanpusaTuil. Koauuectso He-
3pEAbIX SPUTPOLIUTOB Y cUroB us T. Deras (ama-
THTO-He(PeAHHOBOE TpousBoAcTBo) H T. Monua
(MeaHO-HHKeAeBOE TIPOU3BBOJACTBO) B HECKOABKO
pas MPeBbIMIAAO OKAa3aTeAH, YCTAHOBACHHDIE ZAS
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Ta6auna 4. Xapaxrepuctura 6eA0il KDOBU CUIOB B 3arps3HAEMbIX BOJOEMAX

Boaoémb HMOA Aumgouurni, % Heiirpoguani, % Monouursi, %
o03. Kyatcbspsu 1,0+0,07 94,7+0,74 4,8+0,60 0,5+0,16
r. Monue (03.Mmanzpa) 0,92 +0,2 92.1+1,2 2,5+0,3 5,4+0,7
r. Beaas (03.Mmangpa) 1,7+0,4 94,0+1,6 2,0+1,6 37+1,3

apyrux o03ép. Murencupukauus spurponossa
CAY2KHT OOIIeH 3aIllUTHOH peaKklHed opraHusMa
Ha ZeHCTBHE KaKOro-AH6GO TOKCHYECKOTO (aK-
TOpa U UMeeT a/IAlITHBHOE 3HAYEHHE, TIOCKOABKY
MOAOZIbIE (DOPMBI IPUTPOLIUTOB HOAEE YCTONYUBDI
K ZIEMCTBHIO [TOBPE?K/IAIOIIUX areHTOB.

[oBopst 0 LMTONATOAOTHAX OTMETHM, YTO ZO-
CTaTOYHO 4YacTO HAOAIOZAIOTCS MUKHO3 sZep
¥ KapPHOPEKCHC, HO B YCAOBHO-YHCTBIX BOZOEMaX
STH U3MEHEHHUs 3aTPArMBalOT HEGOADBIIOE KOAH-
9EeCTBO 3PUTPOLIUTOB U SBASACS PE3YABTATOM
HOPMaAbHbIX (PU3HOAOTHIECKHX TPOLIECCOB CTa-
peHust KAeTKU. B ycaoBHsiX 3arpsisHeHust Takzke
Ha MasKaX KPOBH TIPUCYTCTBOBAAH 3PHUTPOLMTbI
C 1APOM, ZIET€HEPHPOBABILHUM BCAEACTBHE XPOMa-
TuHOAM3a. B nutoniasme obHapy:xuBaAKCh ey~
HUYHbIE KPYIIHbIE BAKYOAH HAH MHOTOYHCAEHHbIE
meakue. Bakyoausanus yacto couerarach c Au-
3HMCOM, TMKHO30M siZiep U runoxpomasuei. Bakyo-
AMBALMIO LIUTOIIAA3MbI MbI OTMEYAAH H B 3PUTPO-
UMTaX, U B AEHKOLMTAaX, a BAKYOAHU3ALMIO s7pa
06Hapy?KUBAAH TOABKO Y HEUTPO(PHUAOB.

3AKAIOUEHUE

[emaTororuyeckue mokasaTeAu rnpesCTaBASIOT
€060 YaCTHBIH CAyYai THCTOAOTHYECKHX JaHHDIX
M MOTYT CAY?KMTb HH/IMKaTOPOM COCTOSIHHsI Opra-
HU3Ma U YCAOBHUH ero cymiecTsoBanus [ fxuenko,
1984, nockoAbKy KpOBb PbI6 YyBCTBHTEABHO pe-
arupyeT Ha HHTOKCHKALIHIO Pa3HOOOPa3HbIMH Be-
ILIeCTBaMH.

B neasix Monutopunra 11eAecoobpasHo yUHTbI-
BaTb MAaTOAOTHYECKHE U3MEHEHHsS B CTPYKTYPHbIX
eaununax kaetku. Caegyer obpaiatb BHUMaHUe
Ha pasMep, POPMy KAETOK KPOBH, COCTOSTHHE 060~
AOYKH, LIUTOIIAA3MbI H SIZIpa.

Takum obpasom, coraamasch ¢ gpyrumu aB-
topamu [Byraes u ap., 2006], mb1 cuuraem, uto
AHAAM3 TeMaTOAOTMYECKHX MOKas3aTeAeH B LIEAAX
OLIEHKH COCTOSIHUSI KaK OTZEAbHOTO OpraHu3Ma,
TaK U HOMYASIIMU B LIEAOM, HEOHXOZHMO IpezBa-
PSATb U3Y4YEHHEM YCAOBHH KOHKPETHOTO BOZOEMA.
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[locae c6opa cBeaenuit o ruzpoAOrHUECKUX, TH-
ZAPOXUMHUYECKUX U FHZAPOOHOAOTHUYECKHUX 0COOEH-
HOCTSIX PEKH UAHM 03€pa U OIPEJEANB [TOKAa3aTEAH
«HOPMbI» HAH 3TaAOHA, MO2KHO MEPEXOAUTD K I10-
HHUMaHHIO MeXaHH3MOB ajanTauuu pbi6. B measx
MOAYUYEHUsT OO bEKTUBHON KapTHHbI CAELYET COYe-
TaTb KaK KOAMYECTBEHHbIE, TaK U KayeCTBEHHbIE
METOZbl HCCAEZOBaHMs [TI0OKA3aTeAEH KPOBH.
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Hematological indices of whitefish Coregonus
Lavaretus in the waters of the Kola North

I.M.Koroleva

Institute of the North Industrial Eccology Problems of Kola Science Centre

Hematological parameters are an essential element in biological research, as they reflect a variety of
physiological and pathological changes in the body. Differential haemotological characteristics (haemoglobin
content, RBC, mean corpuscular haemoglobin and lymphocytes, neutrophilic granulocytes and monocytes
count) were measured in whitefish, Coregonus lavaretus, collected from contaminated and uncontaminated
lakes of the Murmansk region. The example of the population of the lake Imandra found that with age,
hemoglobin and red blood cell count decreases. Spring revealed an increase in the red blood parameters.
Significant changes are connected with the preparation for reproduction. At levels of spawning males
haemoglobin content and RBC1,4 times higher than in females. The haemoglobin content in fish in
uncontaminated lakes were still 108 g / 1, RBC on the average ranged from 1 to 1,45 million / cu. mm.
Total white blood cell count ranged from 13 to 20 thousand. on the average ranged from 1 to 1,45 million /
cu. mm. Total white blood cell count ranged from 13 to 20 thousand. Whc represented lymphocytes
(85—95%), monocytes (0—5%), neutrophils (10,2%). leukocyte abundance index varied from 0,5 to
1,2. Whc represented lymphocytes (85—95%), monocytes (0—5%), neutrophils (10,2%). leukocyte
abundance index varied from 0,5 to 1,2. The haemoglobin content in fish in contaminated lakes ranged
from 80 to 120 g / 1, the number of red blood cells — from 0,82 to 1,2 million. The level of erythropoiesis
varied over a wide range: from 1,60% to 10,3% of immature cells. Whc represented lymphocytes (92—
94%), monocytes (0,5—5,4%), neutrophils (2—4,8%). Leukocyte abundance index varied from 0,9
to 1,7. Cytomorphological analysis revealed changes in the shape and size of red blood cells, atypia of the
structure and shape of the nucleus (and pycnosis hromatinoliz). The characteristics obtained in a natural
uncontaminated lakes, can be recommended as a regional physiological norm for the species. In order to
monitor advisable except for the definition of quantitative indicators, to take into account the pathological
changes in the structural units of cells.

Key words: hematology, cytomorphological analysis, water quality, heavy metals, eutrophication, whitefish
Coregonus lavaretus, Murmansk region, Subarctic.
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