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Annomayusn. B npocmpancmse Moppu paccmampusaemes unmezpanvhbviii onepamop Hy, s0po komopozco
umeem 6uo b(x,y)h(x —y), 20e h — cymmupyeman ynryus. @ynxyuio b(x,y) 6ydem nasvisamo xapakmepu-
cmukoul. [[ns maxkozo onepamopa nonyueno 00CmamoyHoe yCiogue 02PAHUYeHHOCHU, KOMopoe 3a8e00MO 6bIN0I-
Hslemcst 6 ciydae cyuwecmeenno oepanudennou @yuxyuu b(x,y). Iokaszano, umo ecau xapaxmepucmuxa b(x,y)
CYUecmeeHHO 02paHUYeHa u umeem 3a0anHoe nosedenue Ha beckoneunocmu, mo onepamop Hy xomnaxmen
npocmpancmee Moppu. B xauecmee ciedcmeus noayuen Kpumepuii Hemepogocmu onepamopa, AGIAI0ue20cs
CYMMOU modrcoecmeennozo onepamopa u onepamopa Hy,. A umenno noxasano, umo maxoii onepamop a61aemcsl
HemeposbiM Mo20d U MOIbKO M020d, K020a €20 CUMBO. He 00pawaemcs 8 Hyib, Npu IMOoM UHOEKC onepamopa
pasen Hymio.

Knrwouesvie cnosa: npocmpancmeo Moppu, onepamop céepmxu, 02paHu4eHHOCHb, KOMRAKMHOCMb, Hemepo-
80CHb, CUMBOJ

Brazooapuocmu: yuacmue nepeo2o agmopa noododepiicano PecuonanbHbM HayuHO-00pa308ameibHbIM Mame-
mamuueckum yeumpom FODY, coenawenue Munobpnayku Poccuu Ne 075-02-2022-893.
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BBeaenne

B Hacrosiiiee BpeMst UMeeTCsl HeMajlo padoT, MOCBSIIEHHBIX MPocTpaHcTBaM Moppu 1 ux 060011e-
HusM (ctateu B.U. Byperkosa [1, 2] 1 muTHpOBaHHBIE B HUX UCTOYHUKM). McciieqoBanns 3TUX TIpo-
CTpaHCTB HauaThl 3HaMeHUTOI paboToit U. Moppu [3] 1 ¢ Tex mop HHTEHCUBHO MPOIOJKAIOTCS 110 He-
CKOJIbKUM HanpasyieHHsIM. OJJHUM M3 HUX SIBIISIIOTCS] KJIACCHYECKUE ONEPaTOphl aHaNM3a B IIPOCTPaH-
ctBax Moppu [4—6]. B nocienHee necsatuierue 3HaYUTEILHOES BHUMaHUE OBLIO YACICHO OoIepaTopam
CBEPTKH B IpocTpaHcTBax Moppu. B 31011 ¢Bsi3u oTMeTHM padoTy [7], B KOTOPOI pacCMOTpPEHBI orepa-
TOPBI CBEPTKU B OOIIMX MPOCTPAHCTBAX THNa MoOppH M yCTaHOBJIEH aHayor HepaBeHCTBa HOHra ms
CBEPTOK B 3THX IpOCTpaHcTBax. B crarwe [8] Hali/ileHbI JOCTAaTOUHBIE YCIOBUS KOMIIAKTHOCTH B TIPO-
cTpaHcTBax MOppH KOMIIO3UIMH OIIEpaTOpa CBEPTKU M OIIEPaTOpPa YMHOKEHHS Ha CYIIECTBEHHO OTpa-
HUYCHHYIO QYHKIIHIO,

Jannas paboTta mpoaospKaeT ucciaeaoBaHus, Hauateie B padore [8]. B mpocTtpancTtBax Moppu pac-
CMaTPHUBAIOTCS OIIEPATOPHI BUAA

(Hpyp)(x) = [ b6, )h(x —)()dy, x €R™, (1)
rae h € Ly (R™). ®yukimio b(x, y) Oynem Ha3bIBaTh XapaKTepUCTUKOM. [TosydeHbl J0CTaTOUHbIE YCIIO-
BUSI OTPaHUYECHHOCTH oreparopa H;, B ciydae HeorpanndeHHoi Gynkuun b(x,y). Kpome Toro, noka-
3aHO, YTO ecyii QyHKIMs b (X, y) CTPEMHUTCS K HYJIIO Ha OECKOHEYHOCTH, TO oriepaTop Hy, KOMIakTeH B
npoctpancTse Moppu.

Hmxe wucmosnp3oBaHbl cieaymoomme o0o3HaueHus: R™ — n-mepHOe €BKIHMIOBO MPOCTPAHCTBO;
x = (X1, .., %) € R™ x| = /xZ + -+ + x2; B(x,7) — oTkpbITHI map B R™ paanycoM r ¢ HEHTPOM B
touke X; CB(x,r) = R™"\B(x,r); P, — oneparop yMHOXEHHsI HAa XapaKTEPUCTUIECKYIO DYHKIIHIO U3-
MepuMoro Mmuoxectsa D € R™.

HpenBapnTeﬂbHue CBEICHUSA

[Mycts 1 < p < 0, X © R™ — usmepumoe MHoxkecTBo. Toraa Ly, (X) — mpocTpaHCTBO (KIaccoB) Us-
MEPHMBIX KOMIUIEKCHO3HAYHBIX (DYHKIHIA C HOPMOM

1/p
IfllL,@) = (lf @)IPdx) 1 < p <005 |IfllL ) = ess Sbup|f(x)|-
XE€
B cnyuae X = R™ Gyzem ucnonb3osath obosHauenue ||-||, smecro ||| Ly(X)- Bynem roeoputs, 4To

f € LY(R™), ecnn f € L, (K) wist mroGoro kommakra K € R™.
Onpedenenue 1. Ilycts 1 < p < co u A € R. 'oBopAT, uto pynxuus f € Ly ; (R™), eciu
feLY(RM)n
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”f”L (B(xr))
Il ,&m = Ifllpa = sup —257—=< co. 2)

XERM,r>0
OTHOCUTENBHO OOBIYHBIX IMHEHHBIX OTIEpaIlnii U HOPMBI, onpeaessieMoit hopMyIroii (2), MHOKECTBO

L, 2(R™) o6pasyeT 6aHaxoBo IIPOCTPAHCTBO, KOTOPOE HA3BIBAIOT MPOCTPAHCTBOM MoppH.

Ipoctpanctsa Moppu Ly, 3 (R™) sBIAIOTCA HETPUBHATLHBIMH, T.€. COCTOAT HE TOIBKO U3 QyHKIHA,
9KBHBAJICHTHBIX HY/10 Ha R™, Torma u Toneko toraa, korma 0 < A < n/p.llpu A =0 u 1 = n/p npo-
cTpancTBa MOppH COBNAAIOT C Ly, -NPOCTPaHCTBAMH, & HIMEHHO

Lp,O(Rn) = Lp (R™), Lp,n/p(Rn) = Lo (R™). 3)

B npoctpancTse Ly 3 (R™) paccMoTpuM onepatop CBEpTKH

(Hp)(x) = [pnh(x = y)p()dy, x€RM, 4)
rae h € Ly (R™). B pabore [7] O6b110 HOKa3aHo, 4To oneparop H orpanuyen B npoctpanctse Ly ; (R™),
rae 1 < p < oo, npudem ||H| < [|hll;. 3necs u nanee ||| = Il cw, ,vm)-

Tak kak oneparopsl CBEPTKU B L,-TIPOCTPAHCTBAX XOPOIIO U3YYEHBI, TO, yIUTHIBAS PABEHCTBA (3),
crydan A = 0 u A = n/p B ganpHEHIIeM UCKITFOUYEHBI U3 PACCMOTPEHHUSL.

Teopema 00 orpaHu4YeHHOCTH

B npoctpanctse L, 3 (R™) paccmorpum onepatop Hy, Buaa (1). YcTaHOBUM OJHO JOCTATOUHOE yCIO-
BHE OIPAaHUYCHHOCTH B IPOCTpaHcTBe MoppH.
Teopema 1. Ilyctb 1 <p < 0,0 <A< n/p,heL;(R"),

B = ess sup JgnbCe, x = NIP Th()|dy < 0. )
x€ERN
Torna omepatop Hj, orpamuuen B mnpoctpanctBe Ly, ,(R"™), mpudem ans mo6oit yHKimm
@ € Ly ,(R™) cripaBeiiuBO HEPABEHCTBO

1Hy@llp2 < BY7 11 Pl (6)
Hoxazamenvcmeo. 3anuiem oneparop Hy, B Bune (Hy,@)(x) = fRn b(x,x —y)h(y)p(x — y)dy.

Vuursisast pasenctso |b(x, x — y)h(3)e(x = )| = (1b(x, x = MIRGIP ) (1RGP lo(x - ¥)])
U IpUMeHsis HepaBeHCTBO ['€nbepa, moayuum

|(Hp@) (O] < Janlb Gt x = IR @(x = 1Ay < (fgmlb(x, x — y)l”'lh(y)ldy)l/p

X (on IR 19 = MIPdY) " < B (fn IR0 (x = y) Py 7.
CnenoBartebHO,

1 1/p
Hp Pl e < BYP ([ 4t fgn RO @ (e = 0IPdy) =
1 1/p
= B (fn INODIAY fg |0 (E = W)IPAE) " =
I 1/p 1 1/p
= B ([ IRONNAY [y iyl 0@IPAZ) T = B ([ RGN, ey ryd¥) -

Hcnone3ys onpeneneHre HOpMbI B IpocTpaHCTBE MoppH, OITy4rM
1/p

-2 1/p' _
V@llps = sup_ 1 IHy @l @ < 6 E%gp P (Jen ROV ey @y) <
1/p’ -2 p 1/p’ 1/p
< sup (funl RO 10, mrym)) )" < B IR1 gl

Teopema nokaszana.
OtmeTuM, 4TO IS BbIMOJIHEHHUS ycioBus (5) ¢ynkuus b(x,y) He o0s3aHa OBITH OrpaHHMYECHHOM.
ITpuBeeM cooTBETCTBYONIMIA TpuMep. OnpenenuM Ha R? ¢pynximio b(x,y) dopmysioii

0, x] <1,y €R,
b(x,y) = (%)1/17’ X =1y€R, u mycts h(y) = e Y. Torna
f o e ey = eap o] ey <
< eslilglllp( Jpe™™dy + 5 fylyle” 'y'dy) < oo,
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!
Ecmn b € Lo, (R™ X R™), To ycrnosue (5) 3aBenomo Boinonueno, npudem B < ||b||%, ||All;. Y3 Hepa-
BEHCTBa (6) ciemyer, 9To

IHp@llpa < 11blleollll11I@llp,2- (7

TeopeMbl 0 KOMIIAKTHOCTH

B sToM pazzerne Bcroy mpeamnonaraetes, 9to b € Ly, (R™ X R™). Kak 6bU10 0TMEYEHO BBIIIIE, B ATOM
ciydae omneparop Hj orpanwdeH B mpocTpaHcTBe Moppu u BhITOIHEHO HepaBeHCTBO (7). Mccaemyem
KOMIIAKTHOCTh orneparopa Hy,.

Jlemma 1. I[lycth 1 < p < 00,0 <A< n/p, h € L;(R"), D — orpaHnueHHOE H3MEPUMOE MHOKE-
ctBo B R™. Torza oneparopsi PpHy, u H, P, KOMIakTHEI B POCTpaHCTBe Ly, 4 (R™).

Hokaszamenvscmeo. JlokaxkeM KOMIAKTHOCTh omepatopa PpHy,. Ilycte BHawane b(x,y) =
= by (x)by(y). Torna H, = My, HM,,,, tne H — oneparop suja (3); M}, — onepatop yMHOXCHHs Ha
dyuxumio by, j = 1,2. Cnenosarensuo, PpHy, = PpMy HMy,, = My, PL,HM,,.

Taxk kak oneparop PpH xomnakTeH B mpoctpancTse Ly, ; (R™) [8], To onepatop PpHj, Takke KOM-
nakteH. OueBUAHO, yTO oneparop PpHj, sBigeTCs KOMIAKTHBIM U B CiIydae, Korja

b(x,y) = XiL1 b1j(x)bs;(y), (3
I7Ie M — IPOU3BOJIEHOE HATYpabHOE YHUCIIO.

ITycts Teneps b(x,y) — npousBosbHas QYHKIHUS U3 Ly, (R™ X R™). Tak kak MHOXKECTBO S, COCTOSI-
mee U3 BcexX (QyHKIMi Buaa (8), BCIOLY IUIOTHO B MPOCTPAHCTBE Lo, (R™ X R™), To Haiimercs Takas
nociaenoBareabHocTs {by (x,y)} € S, uto ||b — by|le = 0 iput k — oo, B cuity (7)

1PoHy — PoHy, || < [|Hy-p, || < 15 = bl lIRll; = .

CrnenoarensHo, onepatop PpHj sBseTcss KOMIAKTHBIM, KaK PaBHOMEPHBIH MpeJiell Mocie 0Ba-
TEJIBHOCTH KOMITAKTHBIX ONEpaTopoB PpHy, .

KommaktHocTh onieparopa Hy, Pp ToKa3bIBacTCs aHAJIOTHYHO.

Onpeodenenue 2 [9, p. 41]. Bynem rooputh, uto ¢pyukims b(x,y) u3 npoctpanctsa Lo, (R™ X R™)
npuHamiexur kiaaccy BSUP(R™ X R™), ecnm cymiecTByer Takas IOCTOSHHAs Do, 9TO
lim esssup |b(x,y) — by| = 0.

N> |x|SN |ly|>N

Ecmu b, = 0, TO OyziemM roBopuTh, 4to b € Bgup (R™ x R™).

3aMeTuM, YTO KJIacc Bgup (R™ x R™) mpezcrasisieT co00il 3aMbIKaHKe TIO Lo,-HOPME MHOXECTBA
Bcex GyHKuuit u3 Ly, (R™ X R™), UMEIOIINX KOMITAKTHBIH HOCHTEIb.

Crienyromasi Teopema SIBISICTCSl OCHOBHBIM PE3yJIbTaTOM 3TOTO pasferia.

Teopema 2. Ilycth 1 < p < 00,0 <A <n/p, h € L;(R"). Toraa:

1. Ecu b € By P (R" X R™), To onepatop H}, KOMIaKTeH B IPOCTPAHCTBE Lpa(R™).

2. Eciu b € BS"P(R"™ x R™) u onepatop H), sIBIsIeTCs] KOMIIAKTHBIM, TO by, = 0.

Jloxazamenvcmeo 1. Paccmorpum miap B(0, N), rae N — npou3BoJibHOE HAaTypajibHOE YKcio. Torma

Hy, = PgonyHp + Pewo,nyHo Pron) + PeonyHbPeso,n)-

B cuny nemmsr 1 oneparop Ty = PyonyHp + Peo,n)Hp Pr(o,n) ABISETCS KOMIAKTHBIM. OLEHUM
HOpMY

lHy, — Tyl = ||PC[B(O,N)HbPC[B(0,N)||- 9)

3ametim, 410 (Pep(onyHy Pemon)®) () = fen xn (b, Y)xn () h(x — y)p(¥)dy, rae xy — xa-
paktepuctuueckas Gynkius maoxkectsa CB(0, N). U3 ycnosust b € BSUP (R™ x R™) ¢ yueTom Hepa-

BeHcTBa (7) CIeayeT, uTo ”PCIB(O,N)HbPC[B(O,N)“ < esssup |b(x,y)|I|lh|l; = 0 mpu N — oo, Tak kax
|x|>N,|y|>N

||[H, — Tyl| = 0 u Ty — KOMIaKkTHBIH onepaTop, To orneparop Hj Takxke SBISIETCS KOMIAKTHBIM.

2. Tak kak b € BSYP(R" X R™), 10 (b — by) € Bgup(]R{n x R™), noromy oneparop Hj,_p_ ABnS-
eTcsl KOMNakTHbIM. W3 paBencTBa b, H = Hy — Hp_p  CIEMyeT KOMIAKTHOCTH onepatopa Hy, . Tak
Kak orepatop H He KOMIaKTeH, TO by, = 0.

OTMETHM, Y4TO TEOPEMBI O KOMITAKTHOCTH ITPOU3BEIEHHS OIIEpaTOpa CBEPTKU U ONlEpaTopa yMHOXKe-
HUA Ha (QYHKIMIO, TOJyYeHHBIE B paboTe [§], SBISIOTCS YaCTHBIMU CITyJasiMH 9TOH TEOPEMBI.

OU3UKO-MATEMATUYECKHE HAYKU 7
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Teopema 2 mo3BoJIseT NOIYYUTh KpUTEpUN HeTepoBocTH onepatopa A = ¢l + Hy, rae ¢ € C. Cun-
tas, uto b € BSYP(R™ X R™), HazoBem cumBonoMm omepatopa A ¢yukmmio o(&) = ¢ + b h(§),
§ € RY, e h(§) = fRn h(x)e’*dx — nmpeobpazosanne Pypse GyHkmman h(x).

Cneocmeue 1. Tlycts 1 < p < 00,0 <A < n/p,h € L;(R"), b € BS"P(R™ x R™). [l71s1 TOr0 4T00OBI
onepartop A ObLI HETEPOBLIM B POCTpaHCTBE Ly, 1 (R™), HE0OX0AMMO 1 10CTATOYHO, 4TOOBI €10 CHMBOIT
YIIOBIETBOPSI YCIOBHIO

(&) # 0, € R, (10)
rae R™ — kommakTuukanms R oxHoi GeckoHeuHO ynaneHHo# Toukoil. Ecim yenosue (10) Bbimos-
HEHO, TO MHJIEKC orepaTopa A paBeH HYJIO.

Hoxasamenvcmeso. CripaBeainBo paBeHCTBO A = ¢l + booH + Hpy_p__ .

Tak kak (b — by, ) € Bgup (R™ x R™), To o teopeme 2 oneparop Hj,_p_ ABISETCH KOMIAKTHBIM.
CrnenmoBarenbHO, oniepatop A HETEpPOB TOTJIA ¥ TOJIBKO TOT/IA, KOT/ia HeTepoB onepatop ¢l + by, H, npu-
YeM MX MHJCKCHI paBHbI. CoryiacHo pesynbraTtaMm padots [10], yemosue (10) sBiuseTcss HE0OX0AUMBIM
U JIOCTATOYHBIM JUISI HETEPOBOCTH M 00paTtumocTu onepatopa ¢l + b, H. OTcroga BeITEKaeT CIpaBe/I-
JUBOCTD CIEJCTBHSL.

B 3axnrodeHune mpuBeaeM erie 0JHO JOCTATOYHOE YCIOBHAE KOMIIAKTHOCTH onepaTtopa Hy,.

Teopema 3. Ilycts 1 <p < oo, 0 <A< n/p, h €L (R"), byukuust b € Lo, (R™ X R™) u st

moboro € > 0 yIOBIETBOPSIET YCIOBUIO I\lIim mes {y: ly] > N, ess sup |b(x,y)| > e} =0.
-0 |x|>N

Torna onepatop Hj, KoMIaKkTeH B IpocTpancTse Ly, 3 (R™).

Hoxaszamenbcmeo pa3o0beM Ha J[Ba dTaIa.

1. Iycts cravana h € Cy° (R™). [ToBTOPSISE TOKA3aTEIBCTBO TEOPEMBI 2, TPUXOIUM K paBEHCTBY (9),
rae Ty — KOMIakTHBIN onepatop. JokaxkeM, 4To

Alli_l;r(}ol|PC1B%(0,N)HbPCIB(O,N)|| =0. (11)
Bosbpmem mpousBosibHOE € > 0. BBenem o603HaueHUS:

Uye = {y: |[y| > N,ess sup |b(x,y)| > e},
|x|>N

Ve = {y: [y] > N,esssup |b(x,y)| < s}.
|x|>N

Scno, uto Uy . U Vy = CB(0,N) u Uy . N Vy . = @. Kpowme Toro,
Jim mes(Uy ) = 0. (12)

3anuuiem oneparop Pepo,n)HpPer(o,n) B BULE
(PCIB(O,N)HchtB(o,N)fﬂ)(X) = f]Rn by (x, y)h(x — y)(y)dy, rae

by (x, ) = xn ()b (x, y)xn (¥), (13)
a Yy — xapakrepuctuueckas (ynkims maoxxectsa CB(0, N). CoriacHo HepaBeHCTBY (6),
”PCIB(O,N)HbPCIB(O,N)“ < .31}//13 ||h||i/p: (14)

rae By = esssup [p.|by (X, x — P’ |h(0)|dt.
x€ER™
Ilonarast y = x — t u yunrtsiBas (13), momydaem
B = ess sup feulby (2, )7 |A(x = y)ldy = ess sup Jyen!bCeVIP Th(x = Y)ldy <
XER™ > =

|x

<esssup [, [b(x,y)IP'|h(x = y)ldy +esssup [, b(x,y)IP'|h(x = y)ldy.
|x|=N € |x|=N €

OG603Ha4YNM cllaraeMble B 3Toii cymme uepes By u B cootBercTBenno. Torma By < B + Bi.
Onenum . Iycts = sup |h(x)|. Torma
xER™

By <wesssupf, |b(cy)IP'dy<p esssup |bx, )P mes(Uy) < ullbl%mes(Uy,e).
|x|=N Ne |x|zN,yEUY ¢

B cuny (12) 4 = 0 npu N - oo, Takum 06pa3omM, 1o BeiOpaHHOMy € > 0 HaiifieTcs Takoil HoMep
/
Ny, uto S < &P nna Bcex N > Nj,.
1 BTOpOTO cl1araeMoro UMeeM OLICHKY

8 OU3UKO-MATEMATUYECKHUE HAYKHU
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B < esssup |b(x, P [, [h(x=y)|dy <P [pulh()|dy = &P ||All;.
|x|ZN,yEVy ¢ N.e
Takum o6pa3zom, aist modoro N > N, cripaBeIuBO HEPABEHCTBO By < el + e’ [|]l;. B cumy (14)

HMeeT MeCTO HepaBeHCTBO ||Pepcon)HpPerom || < e(1 + ||h||1)1/p’||h||i/p, KOTOpOE 03HAYaeT, 4TO

BBITIOTHEHO ycioBue (11).

2. Ilyctb Teneps h(t) — npousBoabHas Gynkiws u3 Ly (R™). Tak kak kmacc Cp° (R™) Bcroay mioteH
B L, (R™), T0 HaiineTcs Takas nocneaoBareabHOCTh {hy} € Cg° (R™), uto ||h — hy||; = 0 npu k — oo.
PaccMoTpuM orepaTop (Hk,b (p)(x) = fRn b(x,y)hi(x —y)@(y)dy, KOTOpBIi [0 TOKa3aHHOMY BBIIIIE
SIBJISIETCS KOMIIAKTHBIM. Mcronb3yst HepaBeHCTBO (7), MOIydInmM ||Hb — Hyp || < ||bllollh = hgll; = 0
npu k — co. CreioatenbHo, onepatop Hj, komMmnakTeH B mpoctpancTse Ly, 3 (R™). Teopema nokasana.
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OCOBEHHOCTHU IPUMEHEHMUA METOJOB
CTATUCTUYECKOM MEXAHUKMH ITPU UCCJIEJOBAHUY OBOBIIIEHUI
KJIACCHYECKOM HEMMOYKH BOJBLTEPPA

HOpuit Bukmoposuu bubux

DedepanvHulii ucciedosamenvckuti yeump «Mugopmamura u ynpasnenuey» Poccutickoii akademuu Hayx,
Mockea, Poccus

yvbibik@ccas.ru

Annomayun. Bvinonneno ananumuyeckoe ucciedosanue 00HO20 U3 0000uleHUll KIACCUYeCKOU Yenouku
Bonvmeppa (cesaznou yenouku Borvmeppa). Ipumenenue npu ucciedo8anuu memooos u no0xo008 Crmamucmu-
YeCKOU MeXaHUKU NO360JUN0 GbIAGUMb PO BAJICHBIX OCOOEHHOCMEN MaKux Mooeniel, Komopule 8 HACMOosuee
8peMsl WUPOKO NPUMEHSIIOMCSL NPU UCCTIEO08AHUSX 8 XUMUU, IKOIOUU, OUOIOSUU, IKOHOMUKE, 2UOPOOUHAMUKE,
acmpogusuxe, guzuxe niazmul. JJoCMOUHCMBOM UCCIEO08AHHOU MOOENU ABNAENIC MO, YMO 88edeHue OONO.l-
HUMETbHBIX HePEMEHHbIX NO380JIslem Yuecmb Dobulee KOMUYeCmeo (haKmopos, GIusiouux Ha OUHAMUKY CUCTe-
Mbl, He UBMEHSIsl npu dmom ee aneebpaudeckou cmpykmypol. OOHAKO NONBIMKA CHAMUCTMUYECKO20 ONUCAHUS
MOOenu BbISIGNAENT CYUWEeCMBEHHbLL HeOOCMAMOK — CIAMUCTIUYECKAs. CYMMA CUCTEMbL CHIAHOGUMCSL PACX00S-
wetlcsi. B ceszu ¢ smum ucciedosana 803MONCHOCHb A0EKEAMHO20 CIAMUCIMUYECKO20 ONUCAHUSL CE3HOU Ye-
nouku Bonemeppa npu pacxooumocmu ee cmamucmuieckou cymmbl. Jist blOPAHHOU KOHKPEMHOU MOOeIU 6bl-
AGNEHbI UCMOYHUKU PACXOOUMOCTIU CMAMUCTIUYECKOU CYMMbl, NPednodicen memoo ux ycmpanenus. Cmamu-
CMUYecKasi CymMma GbIMUCTIEHA 6 SIBHOM U KOHEYHOM 6ude, Ymo NO360Jem YMEepicoamy, 4mo a0eK8amHoe
cmamucmuyeckoe Onucanue SGNeHUll, ONUCLIBAEMbIX OAHHOU MOOENbIo, B03MOJCHO. Yuumwvieas wupoKui
Ccnekmp NpumeHeHull CiA3HoU yenouku Bonvmeppa, noiyuenmvle pe3yibmamsl Npeocmaesisiiom unmepec Ois
MeopemuKo8 u NPAKMUKo8 Npu aHaIu3e U NPOSHOZUPOBAHUU PE3VAbMAMO8 CIMAMUCIMUYECKO20 UCCIe068aAHUS
PA3UYHBIX 0000UenUll MoOdeuU.

Knroueswvie cnoea: cesasnas yenouka Bom;meppa, cmamucmudecKkas cymmd, pacxoc)u/vzocmb, pezyiipuzayus

Jna yumuposanusn: budbux FO.B. OcOOEHHOCTH MPUMEHEHHUS METOJIOB CTATUCTUYECKONW MEXaHUKH MPH HC-
cieioBaHuK 00001eHNH Kilaccnieckoi 1ienodyku Bosbreppa // M3Bectust By3oB. CeBepo-KaBkasckuii peruoH.
EctectBennnie Hayku. 2022. Ne 3. C. 11-22.
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Abstract. An analytical study of one of the generalizations of the classical Volterra chain (coupled Volterra
chain) has been carried out. The use of methods and approaches of statistical mechanics in the study made it
possible to identify a number of important features of such models, which are currently widely used in research
in chemistry, ecology, biology, economics, hydrodynamics, astrophysics, plasma physics. The advantage of the
studied model is that the introduction of additional variables makes it possible to take into account a greater
number of factors influencing the dynamics of the system without changing its algebraic structure. However, an
attempt at a statistical description of the model reveals a significant drawback - the partition function of the sys-
tem becomes divergent. In this regard, the possibility of an adequate statistical description of the coupled
Volterra chain in the case of divergence of its partition function is investigated. For the selected specific model,
the sources of the divergence of the partition function are identified, and a method for their cancel out is pro-
posed. The partition function is calculated in an explicit and finite form, which allows us to state that an ade-
quate statistical description of the phenomena described by this model is possible. Given the wide range of ap-
plications of the coupled Volterra chain, the results obtained are of interest to theorists and practitioners when
analyzing and predicting the results of a statistical study of various generalizations of the model.

Keywords: coupled Volterra chain, partition function, divergence, regularization

For citation: Bibik Yu.V. Features of Application of the Methods Statistical Mechanics in Research of Gen-
eralizations of the Classical Volterra Chain. Bulletin of Higher Educational Institutions. North Caucasus Region.
Natural Science. 2022;(3):11-22. (in Russ.).

This is an open access article distributed under the terms of Creative Commons Attribution 4.0 International
License (CC-BY 4/0).

1. BBeaenue

B nacrosmee BpemMsi COBpEMEHHBIE TTOIXO/IbI M MPUHITUIIBI CTATUCTUYECKON MEXaHUKHU IIUPOKO U
YCTIETITHO MPUMEHSIOTCS B Pa3IMYHBIX HAIPABICHUAX HCCIEIOBaHNA. B 9KOHOMHKE — IPUHIIUTIBI MaK-
CHUMU3AIUHN DHTPOIINU IS MCCIEAOBaHUS BEPOSTHOCTHOTO pAacCIIpeielieHns (HMHAHCOB, MPOTHO3UPO-
BaHUs CTATHCTUYECKOTO PABHOBECHS Ha PhIHKE TPY/JIa, MCIIOJIb30BaHUS MOJIENel nora B popme oTpu-
LIATEJIbHBIX JICHET B 0AaHKOBCKOM JIeJie, MOJICTUPOBaHMS 1IEHBI aKTUBOB Ha (DMHAHCOBOM phIHKE [ 1-3].

OCHOBOIIOJIO’)KHUKOM HCTIONB30BaHUS METOJIOB CTATHCTUYECKONH MEXaHWKU B 3KOJOTHH M OWOIIO-
run Obu1 O. Kepuep [4-7]. Ilocne psina ero ycrneumHsix pad0OT HACTYHHII JUIMTEIBHBIN MEPHO 0TX0/a
OT CTAaTHCTUYECKOI'O UCCIICAOBAHUS SKOJOTHUCCKUX U Ononornueckux cucreM. OHAKO B MOCIEIHEES
JIECSATHIIETHE OTMEUYAETCSI HOBBIM BCIUIECK MHTEpeca K METOIaM CTaTHCTUYECKOW MEXaHUKH, HO YXKe Ha
JIPyTOM, COBpeMeHHOM ypoBHe. [Ipu 3TOM Bce OCHOBHBIE MHCTPYMEHTBI CTATUCTHYECKOW MEXaHUKH
a/IalITHPOBAHBI K YCIOBHUSIM SKOJIOTHH U OHooruu |8, 9].

NHCTpYMEHTHI CTaTUCTUICCKON MEXAHUKH MPUMEHSIOTCS ISl IPOTrHO3UPOBAHUS YUCICHHOCTH BHU-
JIOB B 3KOJIOTHYECKHX coobmecTBax [10], m3ydeHHs U MPOTHO3UPOBAHMS TAKUX MPOIECCOB, KaK OIMy-
cTeiHuBanue [11], uccnenoBanrs HEOOBIUHBIX (DAa30BBIX MEPEXOJOB, JUHAMUKA KOTOPBIX MOXO0Xa Ha
JUHAMUKY (Da30BBIX MEPEX010B GU3HUECKUX cHCTeM [12], B KauecTBe HHCTPYMEHTAPHS ISl U3yUCHUS
COIIMANIbHBIX MPOIIECCOB U siBNieHUH [13, 14].

B nanHO#1 paboTe METOABI U MOAXO/bl CTATUCTHYECKOW MEXaHUKU HCIIOJIBL30BAHbBI JIJIS aHAIUTHYE-
CKOT'0 MCCJIEJOBaHUS CTAaTUCTUUYECKUX CBOMCTB CBSI3HOW Lienouku BonbTeppa. cxoaHas cBs3Has 1ie-
nouka Bonbreppa sBisiercs 00001eHreM Kiaccuyecko 1ienodyku Bomsreppa. Kiaccuueckas nenodka
Bonbreppa xopomio u3yyeHa U UMeeT IMMUPOKUN crekTp mpuioxeHuit [15-21]. Cpean BO3MOKHBIX
BapUaHTOB €€ 000O0IICHMI 0COOYI0 POJIh MTpaeT KOMIUIEKCH(DHUKAIINS 3aBUCHUMBIX MEPEMEHHBIX Kak
HanboJiee €CTECTBEHHBIA CIIOCOO BBEJCHUS JOMOTHHUTENBLHBIX CTEMEHeW CBOOOJBI. DTOT CIOCOO He
HapylIaeT aaredpandeckyro CTpyKTypy nernodku Bombreppa. Mccnenyemas B pabote cBsi3Has 1enoy-
ka BonpTeppa Takke moiyyeHa KOMIDIEKCHU(pHUKAIIMEH KIIacCHYeCKON Iernodyku BompTeppa. 310 1mM03-
BOJIIET y4eCTh 00Jiee CIIOKHBIC B3aMMOCBS3U MEKAY 3aBUCHMBIMH MIEPEMEHHBIMU 0€3 M3MEHEHHUS aJl-
rebpandeckoil CTpPYKTYphI HCCIIEyeMON MOICITH.

Ces3Has nenouka Bosbreppa sBISETCS OJHUM M3 COBPEMEHHBIX OOOOIIEHUH KIIACCHYECKOH Iie-
mouku BoiwsTeppa [22-24], oHa mpeAcTaBiIsieT COO0M MHTETPUPYEMYIO JTUCKPETU3AIINIO0 CBA3HOU CH-
creMbl ypaBHeHudd KopteBera — e @pusza. ITH ypaBHEHHS U UX UHTETPUPYEMbIC TUCKPETU3ALNHU U~
POKO HCIIONIB3YIOTCS JJIsSi OTMHMCAHUS MPOIECCOB B XUMHH, OHMOJOTHUH, SKOHOMHUKE, THIPOJUHAMUKE,
acTpodusuke, puUnKe miasmsl [25-27].
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Opnako 0000IIEHNE KITACCHUECKUX MOJENel He Bcera MpeacTaBisieT co0oil 6e300uaHyI0 U Ipo-
CTYIO 3a1ady. JloOaBneHne NOMONHUTENbHBIX IEPEMEHHBIX B YPABHEHHE AUHAMUKH CHCTEMbI IIOPOXK-
JaeT pan MpoOJieM U CIIOKHOCTEH, KOTOPBIE YacTO HE3aMETHBI cpa3y. VIMEHHO Tak OOCTOMT ZEN0 CO
CBSI3HOU LIenoukoil BonbTeppa.

Ha nmepBomM 3Tane ee u3y4eHuUs! UCCIEAOBATEISIMA ObUIN TIOJIyYEHBI SIBHBIE COJIMTOHHBIC PEILICHUS
[28, 29]. OmHako MpH MOMBITKE BBECTH CTATUCTHYECKOE OMMCAHHME MCXOTHOW CHUCTEMBI C JTOTIONHH-
TEJIbHO BBEJCHHBIMU ITI€PEMEHHBIMH BO3HHKAIOT CIOKHOCTH. CTaTHCTHYECKOE OIMUCaHue TpedyeT
HaJIM4Ms B 3a/la4e TaMHJIbTOHOBOW CTPYKTYpHL. B Xoze nccienoBanus BBISICHAETCS, YTO FaMUIBTOHU-
aH CBA3HOM Lenouku BonpTeppa He orpaHUYeH CHU3Y. DTO MPUBOAUT K PACXOJUMOCTU CTaTUCTHYE-
CKOH CyMMBI U TPYTHOM 3ajjade 0 ee YCTpaHeHHIo, TpeOyrolIel CliennaIbHOro MoaX0/a.

[Tpobnema ycTpaHeHHs pacXOAMMOCTH HE HOBA, OHA MOSIBIISIETCS U PELIaeTCsl BO MHOTHX O0JIACTAX
¢usukn. Hambonee momHO 3Ta mpobiieMa mccienoBaHa B KBaHTOBOW Teopuu mois [30-35]. Cyme-
CTBYIOT IIOJIXO/bI, MCIIOJIb3yEMbI€ NPH BBIOJHEHUH HCCIEAOBAHUN B APYrux oOmactsix ¢usuxu. B
pabote [36] mpuMeHEHa METOIONOTHS Pa3MEPHON PETYISAPU3AINH K PALy 33734 CTaTUCTHIECKON Me-
XaHUKH, COJIEPKALINX PACXOJUMOCTb.

YuuThIBas MUPOKUHA CIEKTP MPUMEHEHUS HCCIEAYEeMON MOJENIH, a TAKKEe TO, YTO Jr00as MOAEIb
npezcTaBisieT co0oi TONBKO YINPOUICHHOE NPEACTaBICHHE NEHCTBUTENBFHOCTH, BO3HUKAET BOIIPOC
HaJIe)KHOCTH Pe3yIbTaTOB aHAIOTUYHBIX MOJENEH C pacXOIUMOCTh0. [IpHBOIMT T PacXxoquMOCTh K
HEBO3MOXKHOCTH CTaTHCTHYECKOIO OMMCaHMA uccnenyemMoi moaenu? EcTb nu crocod ycTpaHuts pac-
XOJMMOCTb B JaHHOU 3anaue? SIBisieTcs 1M CBA3HAs Lierovka BoabTeppa ¢ pacxoauMOCThIO aeKBaT-
HOM BO BCEX 06J'IaCT$IX HpI/IMCHeHI/I}I? OTBeTaM Ha 3TH BOIIPOCEHI IMMOCBANIICHA JaHHAasA CTAaTbA.

CraTbst OpraHu30BaHa CIeIYIOLIMM 00pa3oM:

— B pa3ziesie 2 JaHO ONMHMCaHHE MCCIIEAYeMOil MOAETIH U MPUBEACHO €€ MPEICTABICHNUE B FAMUIBTO-
HOBOM BHU]JIE;

— B pazzienie 3 mpeacTaBlieHbl OCHOBHBIE 0COOCHHOCTH MCCIIEeOBaHMsI CBSA3HOM LenovYKky Bonbreppa
METOaMH CTaTUCTUYECKON MEXaHMKH, BKJIIOYAsl BBISBICHUE PACXOAMMOCTH CTATUCTUYECKON CYMMBI,
€€ YCTpaHCHUC MCTOAOM ICPECHOPMUPOBKH, BHIYHUCIICHUC CTATUCTUYECKOMN CYMMEBI B IBHOM U KOHCY-
HOM BU/JIE;

— B IPWIOKEHUH A IIPUBEICHO UCCIEI0BAaHNE aCUMITOTUKH PACXOASIIErocs HHTerpana B, ;

— B 3aKJIIOYCHHUHN H3J10KCHBI OCHOBHBIC HpOGJ’IGMBI, BBISIBJICHHBIC B IMTPOLECCE UCCICAOBAHUSA, U J1a-
HBI O6H_II/I6 PEKOMEHAAINHU IO UCCICAOBAHNUIO U UCITIOJIb30BAHUIO AHAJIOTMYHBIX MOZ[CJ'Ieﬁ

2. Onucanue MCXOAHOM MOJeJIM U ee NpeAcTaB/ieHue B TaMHUJIbLTOHOBOM BHJIe

Kak u3BecTHO, Kilaccuyeckas 1ernouka Bonbreppa (00001IeHHEM KOTOPOI SBIISIETCS UCCIeTyeMast
MOJIeJIb) ABJISIETCS] MHTErpupyeMoi Auckperusanueil ypasaenus Kopresera — ne @pusza. OHa nmeet
CIEAYOLUNA BUT:

da;

[
o G (@41 = a; 1), (1)

TAC a; — 3aBUCUMaAs [ICPEMCHHAS; t — JUCKPETHAs HE3aBHCHUMas IICPEMECHHAs.

Ucxonnas cBs3Has nernouka BonbpTeppa mpeacraBiseT cOOOH HMHTETPUPYEMYIO TUCKPETH3ALUIO
CBsI3HOU cucTteMbl ypaBHeHuil KopTeBera — ne ®pusa. OHa npeacTaBieHa IByMs cleIyOomMu Gop-

MYyJIaMH:
db;
71 =b;(bi1 — b)) —ci(cipg — ¢, @
1
dc;
7; =b;(ciy1 — i)+ ¢ (b —biy)- ®)

B otnnume ot knaccuueckoi nenodku BonbTeppa cBsA3Has uenodka BonbTeppa UMEET B CBOEM CO-
CTaBe [[BE€ JACHCTBUTEJIbHBIE 3aBUCUMBIE IIEPEMEHHbIE b; U ¢; , YTO IIO3BOJIAET yUEeCTh O0JIee CIIOKHBIE
CBSI3U MEKAY 3aBUCHMBIMHU MEPEMEHHBIMH U HCIIONB30BAaTh MOZETb I UCCIeloBaHus Oolee CIoXK-
HBIX SIBJICHUU.

i Toro 4To0Obl NPUMEHNTh MaTEMaTHUECKUH annapaT CTaTUCTUYECKONH MEXaHUKH Ul aHAIUTH-
YEeCKOTo MCCIICA0BAaHH UCXOJHON MOIeNH, MpeodpasyeM ee K TaMIJIbTOHOBOMY BHY.
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Ha nmepBoM stane npeoOpa3oBaHus BMECTO ABYX ACHCTBUTEIBHBIX IEPEMEHHBIX b; U ¢; BBEAEM
OJIHY KOMIUIEKCHYIO IIEPEMEHHYIO 4; : a; = b; +ic;.

Hetpynno yoemutbes, uto popmyis (2) u (3) cBs3HOH nenouku Boibsreppa mpuHUMaOT BUI

% =a; (a4 — ;) C))

Llemouka (4) oTnuuaeTcs OT Kiaccuueckoi nernodku Bonbreppa (1) 3aMeHOl AeHCTBUTENBHOMN T1e-
PEMEHHOH Ha KOMIUIEKCHYIO, U B 9TOM CMBICTIE TaKasi KOMIUIEKCU(HKaLUs He MEHSIET alreOpandecKoi
CTpYKTypHI Tlenouku. KommekcHas (4) u cBsa3Has (2), (3) nenmouku Bonbpreppa mpencTaBisiioT co0oi
JBE pa3Hble (JOPMBI 3allMCH OJHOTO U TOTO K€ ypaBHEHHs. B crarbe mcnomnb3yroTcs 00a HAMMEHOBA-
HUS B 3aBUCHMOCTH OT KOHTEKCTa.

B nannoii pabote nccnenyercss KOMIUICKCHas 11erouka BosbTeppa ¢ mepruoandeckuMu rpaHUYHbI-
MM YCIOBUSAMH a; y = 4;.

[lasee BBINOIHNAM CIIEAYIONIYIO 3aMEHY NTEPEMEHHBIX:

z; =Ina;. (5)

[Tockonbky B opmyne (5) nepeMeHHast @; SIBISETCS KOMIUIEKCHOM, TO M INEPEMEHHAs z; TaKKe
SIBJISIETCS] KOMITJIEKCHOW U UIMEET BUJ

[Tocne 3amenHb! mepeMeHHBIX (5) ypaBHEHHE KOMIUIEKCHOH nernouku Bonbreppa (4) mpuHUMaeT BU
dZi — ezi+1 _ezi—l . (6)
dt

IIpencraBum cuctemy (6) B TepMHUHAX JEHCTBUTEIbHBIX IEPEMEHHBIX X; U V;
d(xid+ lyi) = elitl einl — it eiyi—l . (7)

t

YpaBHeHue (7) MO3BOJISIET NEPEHTH OT KOMIIEKCHOM crcTeMbl (6) K mape IeHCTBUTEIbHBIX YPaB-
HeHui (8), (9)
dx;

L ptin COS Y, | — eri-l COSY;_1> (8)
dt

dy; . .

_dtl =e""giny,, —e ' siny, ;. 9)

st Toro 4yTOOBI TIPE/ICTABUTH YpaBHEHUS CBS3HOU 1enovku Bombreppa (8), (9) B raMUIBTOHOBOM
BUJIE, UCIIONB3yeM crenyrone ckooku Ilyaccona:

i OX; Oy OX; Oy E@xm _a_yiaxi—l . (10)

®opmyna (10) mo3Bonsier mpexacraButh ypaBHeHus (8), (9) cBs3HOU memoukn BoibTreppa B ra-
MUIIETOHOBOM BHJIE

CZ" ={x;,H}, (11)
Dity,, ). (12)

l'amunbronnan ces3Hoi nenouku Bombreppa (11), (12) monyden ¢ MCONb30BaHUEM CTPYKTYPHI
cko0ok Ilyaccona (10) u umeer Buj

Xi o

H=3%e"smy, —Ax;. (13)
i

TlosiBaeHue HCONPCACICHHBIX MHOJKHTEIICH B BUAC Cllara€MbIX /le, B raMHJIbTOHHAHEC (13) 06yCJ‘IOB—

JICHO CTpyKTypoii ckobok Ilyaccona (10). JloOaBieHue 3THX cllaraeéMbIX B FaMHJIBTOHMAH HE MEHSET
JUHAMHKA cucTeMbl. KoHcTaHTa A MOXeT ObITh BeIOpaHa Mpou3BosibHO. Ee ompenencHue, UCXOas U3
CTaTUCTUYIECKUX CBOWCTB CHUCTEMBI, MPEIICTABISACT OTACIBHYIO 33/]ady U B JaHHOW paboTe HEe paccMmar-

puBaercs. Kommiekcupukanys 3aBUCHMON MEPEMEHHON (I, TIPMBENA K MOSBJICHUIO B TaMUJILTOHHAHE
MHOXUTENA sin y; . Kak noka3zaHo HUKe, €ro NnosBiIeHHE NPUBOAUT K PAaCXOAUMOCTH CTaTUCTUYECKOMN
CYMMBI.
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[Moctpoenune ramunbroHnana (13) mMo3BOIISET Aajee MEPEUTH K UCCIICA0OBAHUIO UCXOTHON MOICIH C
MTOMOIIIBIO METO/IOB ¥l HHCTPYMEHTOB CTaTUCTHUECKON MEXaHHKH.

3. OcHOBHbBIE 0CO0EHHOCTH MCCJIeT0BAHMS CBSA3HOI nenmouku BoabTeppa
METOIaMHU CTATUCTUYECKOI MeXaHUKH

B kadecTBe OCHOBHOTO MHCTPYMEHTA HCCJICIOBAHHS MCXOJHOW MOJEIM METOJIaMHU CTaTHCTHYEC-
CKOW MeXaHWKH OYJeT HMCIOJbh30BaHA CTATUCTHYECKAs CyMMa, MOCKOJBKY OHA IO3BOJUT MONYYHTh
HaunboJiee TOJHOE MPECTABICHUE O BAKHEUIIINX TEPMOJMHAMUYCCKUX XaPaKTEPUCTHKAX CUCTEMbI U
C/eNaTh BHIBOJBI O BO3MOXHOCTH €€ aJeKBATHOTO UCIIOIb30BAHUSI.

Hanmnume ramMuiapTOHMaHa CBA3HOM Ienodku Bombreppa (13) mMO3BOJISET MOCTPOUTH CTATHUCTHYC-
CKYIO CyMMY UCXOJTHOW MOJIETIH B BUJIC

—BY (e siny; —hx;)
Z= dexidyie_BH = dexidyie i = HZi = ZiN. (14)
1 1 1

AJIMTHBHOCTh TaMWJIPTOHHAHA MPUBOIUT K (PAKTOPH3AIMH CTATUCTHYECKON CyMMBI. THIMYHBII
COMHOXHTENb Z; = Z WMEeT BUJ

T

_ 2 00 X .
Z;=Z= [dy fdxe_Be siny+phx

T —00

2
IIpencraBuM CTaTUCTUYECKYIO CyMMy Z B BHUJIE ABYX claraeMelX Z\ U Z,: Z=7Z,+Z,, rIe
TC

Zl de dee Bsinye* +BAx, Z2 _ J' dy jdxe Bsinye” +BM

0 - —®

2
OTH ciaraeMble OTINYAOTCS Apyr OT Apyra 3HaKOM BXOI[HII.IGFI B IMOABIHTCTPAJIBHOC BBIPAKCHUC

¢yskmmnm siny. Jlna Z; BemonHsercs ycnosue siny >0, mua Z,: siny <0.

I/IHTCFpaJ'ILI, BXOIIUE B OIPCACIICHUC ClIaracMbIX le/I Z2 , MOTYT OBITh q)aKTOpI/BOBaHBI C II0-
MOIIBIO IBYX aHAJIOTHUYHBIX 3aMCH NEPEMCHHBIX.

3amMeHa nepeMeHHON st Z; @ T=Bsin ye'.

3amMeHa nepeMeHHON st Z, : T=—Psin ye”.
ITocre 3TUX 3aMEH HOIYYHUM CIIELYIOIHIE (POPMYIIBL:

Z = AB ? Ja’re TPl (15)
o my) ’
Zy=4,B, = | L jdrefrm—l. (16)
x (-Bsiny)*P

2
Jlerko BUJCTb, UTO UHTCIPAJIbL Al nu A2 COBITAJarOT 11O BECJIIMYHUHE

1l d -
ﬁ_ﬁt{,/l—q)zq)“”' )

31ech nepeMeHHas ¢ =siny — st MHTerpaia 4, u ¢ =—siny — aist uHTerpana A, .

Wnrerpan B, n3 popmyisl (15) npencrasnser coboit nnterpan Ditnepa. [loaroMy oH MOXeT OBITh
IpE/CTaBJIeH B BUE raMMa-QyHKIu B; = T(AP).

Wurerpan Diiepa cxomurcs mpu AP >0 u pacxomgurcs mpu AP <0 . TTosToMy AjIs €10 CXOIUMOCTH
mapamerp AP momkeH ObITh Oonbie Hyis. C Opyroil CTOpOHBI, TpeOOBaHHE CXOMUMOCTH HHTErpaia

OU3UKO-MATEMATUYECKHE HAYKHU 15
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A TaxKe MPUBOIMT K JOMOJHUATEIbHBIM OrpaHHYCHHUAM Ha mapameTp AP . OH 10/KeH ObITh MEHbIIE

eIMHHUIIBI. B UTOre MostyyaeM CIeayIOIIne yCIOBHS ISl BETHUUHBI TapameTpa AP :
0<HB <l. (18)
[Ipu BEIOTHEHNN 3TUX YCIOBUI Ul HHTErPaoB A4, U B (BXOAALINX B claraeMoe Z; CTaTUCTH-

YecKol CyMMbl Z ) cimaraemoe Z, cxonurcs. Ero BKiIagom B cTaTHCTHUECKYIO cymMMy Z Ha (oHe
PaCXOIAIIETOCs cIaraeMoro Z, MO)KHO npeHedpeds. [loaTomy nanee OyzeT paccMaTpuBaTHCS TOIBKO

IPUBOJAIIEE K PACXOJUMOCTH CTATUCTUYECKON CyMMBI Z pacxofsieecs ciaraemoe Z, .

Kak BuznHO 13 Gpopmyns (16), pacxoguMocTs cinaraeMoro Z, BbI3BaHA PACXOAUMOCTBIO HHTErpa-

o T
na B, , KOTOPBIM PacXOAUTCS U3-3a HaJIW4Ms SKCIIOHEHTHI € B INOJBIHTEIPAJILHOM BhIpaskeHUU. Ecnu
OBbI 3TOT MHTETpal HE 3aBUCE] OT OOpaTHOM TeMmeparypbl [3, €ro pacXoIMMOCTh MOXHO ObLIO ObI

KOMITIEHCHPOBATh MYJIbTHUILTUKATHBHONW NepeHOpMUpoBKoi (Z — CZ) CcTaTUCTUYECKOW CyMMBI Z ,

rae C — npousBonbHas kKoHcTanTa. OHAKO, MOCKOJIBKY OH 3aBUCHT OT [}, HEOOXOJAUMO MCKATh JpY-

Y€ MyTH KOMIIEHCALIMU €r0 pacXoJuMOCTU. EMMHCTBEHHON OCTaBIIECS BO3MOXKHOCTBIO KOMIIEHCA-
IIUU €T0 PACXOIUMOCTH SBISIETCS aUTHBHAS TIEPEHOPMHUPOBKA BXOAIIero B (hopmyny (14) ramuns-
tounana (H — H+K). Takas nepeHOpPMUPOBKAa BO3MOKHA MOTOMY, YTO OHA HE MEHSET JAUHAMUKH

o 2 -K]
cuctembl. OHa MPUBOAUT K IMOABJIICHHUIO Y CTATUCTUYECKOU CYMMBI / MHOXHTEIS € P

7= j'dxdyefﬁH - jdxdyefB(HJrK) = KP7 = eiKBABZ. (19)

s Toro utoObl M30€XKaTh HEKOPPEKTHBIX ONEpalii ¢ OECKOHEUHOCTAMH, uHTerpan B, u3 (16)

OyneT peryssipu3oBaH. BepxHuil mpe/esl MHTErpUpOBaHUsl, PaBHbIH OCCKOHEUYHOCTH, OYJIeT 3aMEHEH
OospiuM napaMeTpoM R . B npenene npu R — oo unterpan B,(R) Oyaer UMeTh BUJ

B,y(R)=e"R™ 11+ 0(%)) . (20)

[Momusrii BEIBOS popmydst (20) mpuBeieH B MPUIIOKEHUHT A.
R

e
®opmyna (20) conepKuT aBa pacXoAsIIuXcs COMHOXuUTeNs. ONUH U3 HUX 53 HE 3aBUCHT OT 3.

ITosTOMY OH MOXKET OBITH KOMIIEHCUPOBAH MYJIbTHIIIMKATUBHON NEPEHOPMHUPOBKOI CTATHCTHYECKOM
cymmbl Z — CZ , Tak Kak Takas NEpPEeHOPMUPOBKA HE MEHSET TEPMOAMHAMHUYECKHX XapPaKTEPHUCTHK
CHCTEMBI C TOYHOCTBIO J0 CBUIa HA KOHCTAHTY.

Bropoii comuoxkurens R mmrerpana B, mMeer Takylo xe 3aBHCUMOCTb OT 00paTHOHM TeMIepa-

Typbl [}, KaK ¥ MOSBHUBIIHUICS MOCIIE TIEPEHOPMUPOBKU CTATHCTHYECKOI CYMMBbI Z JIONONHHUTEIbHBIH
Kp

MHOXKUTEIb €
R _ ,(InR)P

B ¢opmyne (19). U3 (19) u (20) BumHO, YTO PACXOIAIIMICS MHOXHUTEIH
UHTETpana B, MOXeT ObITh KOMIIEHCHPOBAH JIONOIHUTEIbHBIM MHOXKHTEIIEM CTaTH-

CTUYECKON CyMMBI e kP [Ipu 5TOM BBIpaXeHHE ISl CTATUCTHYECKOI CyMMBI OYyI€T UMETh BUJ
7= A(? CYR™e kP,

3,I[CCB B CKOOKax CrpynmnrupoBaHbl B3aMMHO KOMIICHCUPYIOMIUCCA YJICHBI. BI)Ipa)KeHI/Ie B HCpBOﬁ

ckoOKe paBHO KOHEYHOH KoHcTaHTe C;, BO BTOPOH — €OUHMLE. DTH YCIOBHS BBIOJIHSIIOTCS, €CIIU
C\R _ .
C=—"- u K=—AInR. ITocne koMmeHcaU:u PACXOJUMOCTH CTATUCTUYECKAS CyMMa Z HCXOIHOU

R
e

MOJIC/IH CBA3HOM Lienodku BosbTeppa MOXKeT OBITH MPECTaBIEHa B SBHOM U KOHEYHOM BHJE C TOY-
HOCTBIO JIO TPOU3BOJIBHON KOHEYHON KOHCTaHThI (|

Z = C,A(). 21)

16 OU3UNKO-MATEMATUYECKHE HAYKU
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Koncranra Cl MOKET OBITh onpeacicHa, €Clin Kakasi-Immbo TEPMOAHAMHNYECCKas BEINYMHA U3BECTHA

= zZ
B o7tHO# Touke P, . ITycTh, Hampumep, B Touke 3, n3BecTHa sHTpomms S(B))=InZ —f; % . Torma

KOHCTaHTa C; OmpenersieTcs Mo ciexyromeil hopmyie:

nZ(p,)- B, d%an(Bl) “In Gy +In A, Py d%ln APy = SBy).

ITociie mpoBeneHHBIX TTPeoOpa30BaHUN PACXOAUMOCTh CTATUCTHYECKON CYMMBI Z YAAllOCh YCTpa-
HUTH. CTatuctudeckas cymma (21) ¢ yaetrom gopmynsl (17) npuHUMaeT OKOHYATETbHBIH BUA

Z=c - } @ _c 11 (22)
bl T Y ST
BMS 0 /1_¢2¢m B?»B 1-2
. L do 1
B dopmyne (22) ucrons30Bano npocreiiinee NpuOIMKEHHe HHTErpata B Buje | ¢TB = W -
0 —

KUM O6p330M, CTaTUCTUYCCKAasA CyMMa MOJCIIU BbIYHCIICHA B ABHOM M KOHCYHOM BUIAC, YTO IMMOATBEP-
KAAET BO3SMOXKXHOCTD aICKBATHOT'O IIPUMEHEHNA MOICIIN.

3akiIo4yeHne

Paznuunble 00001IeHnsT Knaccuueckol Lernoyku Bompreppa B mocienHee AecATHIETHE IIUPOKO
UCIOJB3YIOTCS B KA4€CTBE MOJICICH B XUMHH, SKOJIOTUU, OMOJIOTMH, YKOHOMHKE, THIAPOJAUHAMUKE,
actpodusuke, pusnke mia3mel. B nanHo# paboTe oHa M3 TaKUX MOJEJIEH HcCIeoBaHa ¢ MOMOIIBIO
METO/0B U MOAXOJOB CTaTHCTUYECKOM MeXaHMKHU. HyXHO OTMETHTB, YTO TakoW MOAXOA IOBOJIBHO
penko npumMensiercsi. OTMETUM OCHOBHBIE IPOOJIEMBI, BBISIBJICHHBIE B IIPOLIECCE UCCIIEIOBAHUS:

1. B pesynbrare uccienoBaHus 0003HAYEHBI JIBa CIEMYIONIMX BaXKHBIX MOMEHTa. BBeaenue no-
MIOJTHUTEJIBHBIX [IEPEMEHHBIX B YPAaBHEHHMS AMHAMHUKH MOJENU 3HAYUTEIHHO YCIIOKHSET CTaTUCTHYE-
CKO€ OIHMCAaHUE CUCTEMbI M MPUBOAMT K PACXOIUMOCTH €€ CTaTUCTHYEeCKOH cyMMbl. [Ipu 3TOM BO3HH-
KaeT BOMPOC, BO3MOKHO JIM B 3THX YCJIOBHUSAX aJJeKBaTHOE CTATUCTUYECKOE OMMCaHNe MOJIETH?

brnaromapss ypauHo momoOpaHHONM Mopaenu JUls AQHHOTO KOHKPETHOTO Cilydas CTaTHCTHYECKas
CyMMa BBIYHCIICHA B SIBHOM BHJIE€ M IPEAJIOKEH CIIOCOO KOMIICHCALUH €€ PacXoauMocTH. 13 pesyib-
TaTOB HUCCICAOBAHUA OYCBHUIHO, YTO B JAHHOM KOHKPETHOM CiIydac pacXOoAMMOCTb HE ABJISACTCA TIy-
OMHHBIM CBOMCTBOM PAaCCMOTPEHHON CUCTEMBI U MOXKET OBITh YCTPaHEHA COOTBETCTBYIOIIMMHM MPEO0-
pasoBaHMsIMU. TakuM 00pa3oM, MOXKHO YTBEPKIaTbh, YTO IIOCJIE YCTPAHEHHS PACXOJUMOCTU aJeKBaT-
HOE€ CTaTUCTUYECKOE ONMCAHUE JTAHHON MOJIEJIN BO3MOKHO.

2. MO3KHO JIM HUCIIOJIb30BaTh PE3YIbTAaThbl JAHHOT'O UCCJIICA0BAaHNA MJIA aHalIu3a U IMPOTrHO3UPOBAHUSA
IIPY pelIeHUH APYTHX 3a/1a4 TaKOro K€ THIIa?

B03MOXXHOCTB TIOJIOKUTENIEHOTO OTBETA 3aBUCHUT OT KOHKPETHOM cuTyaruu. B o0meM cirydae ucroins3o-
BaHHE Pe3yJIbTATOB JaHHOH PabOThl BO3MOXKHO B KQUECTBE MHCTPYMEHTAPUSI IS TIPEABAPHUTEILHON OIIEHKH
HaJIe)KHOCTU pe3yibTaToB. Ho B j1r000M citydae Hy>KHO 0OpaTUTh JOIOIHUTEIbHOE BHUMAHUE Ha pe3yJibTa-
TBI JAHHOT'O UCCIIEIOBAHMS, YTOOBI CENIaTh BHIBOJIBI AHAJIOTMYHBIX UCCIIEOBaHUI O0ee HaJIeKHBIMU.

3. Mojiens U3y4eHHOW B JIaHHOW paboTe CBI3HOU Iernouku BosbTeppa MoIyckaeT BO3MOXKHOCTh
OTpULATECIbHBIX 3HAYEHHUI 3aBUCUMBIX NEPEMCHHBIX. B IMPUMCHECHUHN K O9KOHOMUKE 3TO COOTBETCTBYET
HaJIMYUIO OTPULATEIBHBIX CUETOB, TO €CTh 33JI0JDKEHHOCTH MU KpeauToB. [103TOMYy BO3MOXKHO Aaiib-
Hellllee pacCMOTPEHUE MOJIENHM B KAueCTBE OJHOTO M3 IMOAXOJOB CTATUCTHYECKOM MEXaHUKU IS
OIICHKHU KPEAUTHBIX PUCKOB U 3aJOJDKCHHOCTH.

IIpniaoxenne A
(MccnenoBaHne aCHMITOTHKH Pacxoasilierocs MHTerpajga B, )

Pacxonsmmiics unterpan B, u3 dpopmyast (16) umeer Bua

B, = [dre"t"*, (AD)
0
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AHanu3 aCHMITOTUKH UHTETPAJa BHIIIOJIHAM B TP dTamna. Ha mepBoM mpoBeneM peryisipu3aliiio UH-
Terpana, yisi TOro 4To0bI paboTaTh ¢ KOHEYHBIMH BeTmIrHaMA. Ha BTopoM m30aBHMCS OT 3aTpyIHSIONIEH
aHAJIN3 CHHTYJISIPHOCTH, Ha TPETHEM BBIYUCIIAM TIOTIPABKY, TMO3BOJISIONIYIO IaTh OLIEHKY UHTErpaja.

[MpuctynumM K mepBOMY 3Tany — pEryJsipu3allii WHTErpaia. 3aMCHUM BEPXHUM Mpeiei HHTETPU-

R
poBaHus B popmyne Al, paBHbIi OECKOHEUHOCTH, Ha 60bII0M apameTp R : B, (R) = jerrm .
0

HccnenyeM acuMOTOTUKY MHTErpana B,(R) npu R —>co. IIpeacraBum unrerpan B,(R) B BUIE
B, (R) = " R™7IA(R, M3). Ne (A2)
®opmyna (A2) noayuaercs Hocie ClIeAyoIero npeodpa3oBanus UHTerpana B, (R):

R R
B,(R) = [®X IR —(R—1)P de =R [e77 (1~ %)”H dz. (A3)
0 0

31ech mpoBecHa 3aMeHa IEPEMEHHBIX Zz = R —T.
Kak BumHO n3 ¢opmynst (18), BenmuuuHa AP JEKUT B MHTEpBajie OT HYJNS JO €IUHHUIBI, TIO3TOMY

BBIPAXKEHUE (1—%)MS og dhopmyiie (A3) UMEET CHHTYJISPHOCTh B TOYKE R, KOTOpasl 3aTpyAHSIET

JMANpHEUIIHIA aHAIN3 nHTerpaia A u3 popmynsl (A2).
[TosTOMy majee, Ha BTOPOM 3Tare, Ajs U30aBJIEHHS OT CHHTYJISSPHOCTH BBIITOJHHM HUHTETPHPOBA-
Hue 1o JactsaM. [ aToro nepenuiieM BenuuuHy A u3 ¢hopmyiisl (A2) B ClIeAyIOIIEM BUE:

W d(- )Y

R
A:Idze_z(l—i) :-Ie‘zR—z_ie—Z(l_i)XB |(1)? +
0 R 0 A3 3 R
RE 2 R RE __ ™ p
+—[dEe )1 - == - = [dze " (1-2) =——(1-A,).
)\‘B 0 R }\B }\B 0 R }\,B
31ech UHTErpal A g uMeeT BUI

R AP

Mg , kAP
_ —zp1_ 2y 1R
_(j)dze (-2 1%

R z
Ay =[dze ?(1-=
0 (f) ( R)

z o
Bripaxenne (1——)%, Bxomsmee B mHTerpan A,, npeobpasyeM ¢ HCIONb30BAHHEM HM3BECTHOM
R

(GOpMyJIBI UIS SKCIIOHEHTHI ¢* = lim (1+1)N .
N - ©
z » Y z

Monyuum [(1-—)X1R =e R 4+ A(Z).

yuam [(1=-)7] %)
3nech

,)LBE
A(%) = (1_%)m —e R (A4)

WHTerpan A npumer Bux

R Z R
Ay =[dze e R +] dze*ZA(%) = Ag; + Agy. (A5)
0 0

I/IHTeraJ'I AOI JICTKO BBIYUCIACTCA
R —(1+)‘T§)z 1

AO] = J‘dZe e = m .
0

1+—
R

Wnrerpan A, MOXKeT ObITh IPEICTABIEH B BUJIE

Agr = R}dxe_RxA(x). (A6)
0
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Kak BunHO n3 Gpopmyisl (A6), aHATUTHYECKOE BBIPAKEHHE I HHTErpana A, MOIy4YHTh 3aTPyA-

HHTEINIBHO.
ITosToMy Ha TpeTheM STale aHaaKM3a MOJYyYHM OLEHKY HOPAAKA €r0 BEIWYUHBI, A7 ONPECICHNS
KOTOPOTO UCTIONB3YEeM CIEAyIOIIHe (bopmybL: A0)=A"(0)=0; A"(0)=-28;

A"'(0) =308)% - 228.

[IpencraBum nanee ¢pynknuo A(x) u3 Gopmynsl (A4) B Bune psaa Teitmopa (31ech BBeACHA Tie-

z
peMeHHast x = i )

2 2
A(x) = —%xz + B@p)” = 24p] 6_ 28] Xt = —xz[% _BOB)” ~248] 6_ 28] X+..]= —xzq(x). (A7)
U3 popmyiet (A7) BuaHO, 4T QyHKIMS A(x) YAOBIECTBOPSIET HEPABCHCTRY

0> A(x) = —x°M. (A8)
3n1ech KOHCTaHTa M OIpeneNnseTcs CICAYIONUM 00pa3oM:

M = sup —@.
xe[0,1] X

W3 HepaBeHcTBa (A8) ciedyeT OLEHKa NOPsIKa BEIUYUHBI HHTErpana A,

. M 1
0>Agy >-R[e ®x*M == +0(—). (A9)
0 R R

Tenepp ¢ ucnonb3oBanueM Gopmyia (AS) u (A9) MOXKHO MONYYHTh OKOHYATENHEHOE BBIPAKCHUE
JUI MHTErpana A

R R 1 1
A_E(l—/\o)_E(l—H—ﬁ—AOZ)_HO(?, (A10)
R

N3 popmyin (A10) u (A2) caenyeTr OKOHUATENIbHOE BBIpaXKEHHE Il HHTerpana B, (R):
B,(R)=e"R™ 1+ 0(%)). (A11)

Takum 00pa3zoM, MMory4eHa acCHMIITOTHKA UHTerpana B,(R), ctpemsmierocs K 06CKOHEYHOCTH.
®dopmyna (All) ucnonw3oBana B paszene 3 B Bujae Gopmyiibl (20) nmpu UCCIeTOBaHUN PACXOIMMO-
CTH CTATUCTHYECKON CyMMBI Z HMCXOJHOM MOJICNN CBSI3HOM 1enovku Bonbreppa.
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JOKAJBHO KOH®OPMHO-KEJEPOBBIX MHOT'OOBPA3HI
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Annomayusn. Topcoobpasyouue 6eKmopuvle NOJs, d MAKICe UX 4acmHule Cryyau (KOHYUpKyIapHvle, cney-
KOHYUPYIAPHbBLE U PEKYPPEHMHbIE) UCHONLIVIOMCS 60 MHO2UX 00NIACMAX OUPDepeHyuanrbHol 2eomempuu, Hanpu-
Mep 8 KOHPOPMHBIX, 2e00€3UUECKUX, NOUMU 2e00e3UHEeCKUX, 2010MOPPHO NPOEKMUBHBIX U OPY2UX OMOOPANCEHUSX
u npeobpazosanusx. Hanuuue mopcoobpasyouux 6eKmopHbix nOIEU HA PACCMAMPUBAeMoM NPOCMPancmee oe-
Jlaem 2eomempuio 3mo2o npocmpancmea 6oaee cooepoicamenvro. Ilpedcmasisem unmepec usyyenue 2eomen-
puu npocmpancme, OONYCKalowux peKyppenmusie gekmopuvie nois. B pabome paccmampugaiomcs 10KanbHO
KOHOpMHO-Keneposbl MHo2000pasus, sekmop Jlu komopuix pexyppenmen. Taxue mMno2oobpasus Hazvieaom pe-
KYPPEeHMHbIMU JIOKATLHO KOHPOPMHO-KENeposbiMU MHO2000pasusmu. B npedcmasnennoii pabome sviyucienslt 8
sa8nom suoe gpopma Jlu u sexkmop Jlu. Jloxasano, umo eexmop Jlu 10kanvHo KOHGOPMHO-KeNeposa MHO2000pa3us.
NOCMOAHHOU KPUBU3HYL ABNAEMCA KOHYUPKYIAPHLIM noiem. Tlonyyen kpumepuil peKyppenmuocmu KOHGOPMHO
RAOCK020 TOKATLHO KOHPOPMHO-Keneposa MHO2000pasusl. [JoKkazanvl HeKOmopble c80UCHea KOHGOPMHO NAOCKUX
JIOKAABHO KOHQOPMHO-KeAeposbix MHO2000pasuu. [Joka3ano, 4mo KoMnakmuoe MHo20006pasue noOCMosHHOU Kpu-
BU3HbL He QONYCKaem cOOCMEEHHOU peKypPEeHMHOU TOKATbHO KOHPOPMHO-KENEPOBOU CIMPYKIYPbI.

Knrwouegvie cnoea: noxkanvho konghopmno-xeaieposo mnozooopasue, popma Jlu, konghopmmnoe npeobpasosanue
CMPYKMYpbl, peKyPPEHMHOE JOKATbHO KOHPOPMHO-KeNepo8o MHO2000pa3sue

Jns yumuposanusn: Pycmanoe A.P., [lonvkuna E.A. HekoTopble BOIIPOCHI T€OMETPHH JIOKATLHO KOH(OPMHO-
KeJepoBbIX MHOrooOpasuii // N3Bectust By3oB. CeBepo-KaBkasckuii pernon. EcrectBennbie Hayku. 2022. Ne 3.
C. 23-28.
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Original article

SOME QUESTIONS OF GEOMETRY OF LOCALLY
CONFORMAL KAHLER MANIFOLDS
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Abstract. Torso-forming vector fields, as well as their special cases (concircular, special concircular and re-
current) are used in many areas of differential geometry, for example, in conformal, geodesic, almost geodesic,

OU3UKO-MATEMATUYECKHE HAYKHU 23


mailto:1%20aligadzhi@yandex.ru
mailto:Polkina.ea@mail.ru
mailto:1%20aligadzhi@yandex.ru
mailto:Polkina.ea@mail.ru

ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

holomorphically projective and other mappings and transformations. The presence of torso-forming vector fields
on the space under consideration makes the geometry of this space more meaningful. It is of interest to study the
geometry of spaces that admit recurrent vector fields. In this paper, the authors consider locally conformally
Kahler manifolds with a recurrent Lie vector. Such manifolds are called recurrent locally conformally Kahler
manifolds. The Lie form and the Lie vector are calculated explicitly. It is proved that the Lie vector of a locally
conformally Kahler manifold of constant curvature is a concircular field. A recurrence criterion for a conformally
flat locally conformally Kahler manifold is obtained. Some properties of conformally flat locally conformally
Kahler manifolds are proved. It is proved that a compact manifold of constant curvature does not admit its own
recurrent locally conformal Kahler structure.
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Cpenu pa3nn4HbIX BUJOB IOYTH 3PMUTOBBIX MHOT00Opa3Hii 3pMUTOBBI MHOT00Opa3Hsi OCTOSIHHON
roJioMop(HOM CEeKIIMOHHON KPUBH3HBI YacTO MPUBJICKAIOT BHUMaHUE UCCIenoBaTeseld. DTo Mpexe
BCETO OOBSICHACTCS BAYKHEHIIIEH POJIBbIO, KOTOPYIO HIPAIOT B TUPPepeHIINATLHON TEOMETPHH KEIIEPOBHI
MHOT000pa3usi MOCTOSHHON rojJoMop¢HON CEeKUMOHHOW KPHBM3HBI (MHAu€ Ha3bIBaeMbIe MPOCTPaH-
CTBeHHBIMHU (popMamu). M3yueHne 3Toro Kiiacca MHOrooopasuii Tem 0ojiee eCTECTBEHHO 1 MHTEPECHO B
cilydae, KOTJa OHM HaJelieHbI TOKaJdbHO KoH(popMmHO-KenepoBoit (JIKK) crpykrypoii.

JIKK-MHOTO0Opa3us BnepBele nosBuwimck B padote II. Jlmbepmana [1] B 1955 ., 3atem monroe
BpeMs HE SBISUICH 00BEKTOM IOCIIEAOBATENBHBIX T€OMETPHUYECKUX HCClleioBaHUNA. M TONbKO B KOHIIE
70-x tr. W. Baiicman o0Hapy»uJI, 4TO KJIacCHUeCKoe MHOroo0Opasue Xorda HeceT BHYTPEHHUM 00pa-
3oM onpeaenennyo JIKK-cTpykTypy, u npuHsics 3a cuctematuaeckoe uzydenue JIKK-muorooopasumid.
brnaromaps ycunmsm Baiicmana teopus JIKK-MHOT000pa3uii HeIHE 3aHIMAET TOCTOMHOE MECTO B II0-
TOKE TEOMETPUIECKUX HCCIeqoBaHmM [2—7].

XopoIIo U3BECTHHI JIBa TpUMepa COOCTBEHHBIX (T.€. HekenepoBbiX) JIKK-mHOT000pasuii. 3o kiac-
cuieckoe MHOrooopasue Xomnda u JIKK-mHOr000pasue, nocrpoeHnoe A. I'peem u JI. Banxekke Ha 0aze
MPOCTPAHCTBA TOCTOSIHHOM KPUBU3HEI [8].

B HacToseit paboTe BBOAATCS B paccMoTpenue pekyppentHbie JIKK-mHOroo0pasusi.

[Tycts M — pumanoBo MHOT00Opasue; X (M) — C* (M) - MOy/ib IIaIKUX BEKTOPHBIX MoJiel Ha M,
X*(M) — nyanbHbiii MOayIb quddepernmansabix 1-hopm Ha M; d — oneparop BHemHero aupdepeH-
upoBanus; g = (-,') — piMaHoOBa MeTpuKa Ha M; V — orneparop KoBapuaHTHOTO quddhepeHInpoBaHus
B prMaHOBOHW cBsi3HOCTH [9]. Bece MHOT00Opas3usi, TEH30pHBIE HOJSI U T.I. OOBEKTHI MPEIONAraloTCs
riuagKuMu kinacca C™.

Onpeoenenue 1 [9]. lloutn 3pMuToBoii (Kopoue, A H-) CTpyKTypoit Ha MHOT00Opa3nu M HazbIBaeTCA
napa (J, g), rae /] — no4tH KOMIUICKCHast CTpyKTypa Ha M; g = (-,) — (1ICeB/10) pUMaHOBa METPHKa Ha
M. Tlpu stom (JX,JY) = (X,Y); X,Y € X (M).

Dunomopdusm J? = —id HasbIBaeTCs CTPYKTYPHBIM 3HIOMOpP(H3MOM. MHOrooGpasue, Ha KOTOpOM
(MKCHpOBaHA IIOYTH SPMUTOBA CTPYKTYPA, HA3bIBAETCSI IIOYTH IPMUTOBBIM (KOpoue, A H-) MHOrOOOpazueM.

Iycrs S = {g,/} — 2n-mepHas AH-cTpykrypa Ha M.

Onpeoenenue 2 [9]. Toutn spmuToBa cTpykrypa (J, g) Ha3bIBa€TCS S3PMHUTOBOM CTPYKTYPOH, €CITH
MOYTH KOMIUIEKCHAS CTPYKTypa /| HHTerprpyeMa. IPMHTOBA CTPYKTYpa Ha3bIBaeTCs KEJIEPOBOU CTPYK-
Typoi, eciu ee pynnameHtanbHas popma Q(X,Y) = (X, JY) 3amkHyTa.

Xopomio U3BECTHO [4], YTO MOYTH 3PMHUTOBA CTPYKTYpa ABJSIETCS KEJIEPOBOM TOT/IA U TOJIBKO TOT/IA,
korga V] = 0.

Onpeodenenue 3. IpMUTOBA CTPYKTYPa, 3aJjaHHast Ha MHOToo0Opasuu M, HaspiBaetcs JIKK-ctpykry-
poii, ecmu cymectByloT OTKpbiToe mOKpeiTHe U = {Uy}aeq MHOTOOOpasuss M u cucrema
X ={0,:U, — R}yes Tnanakux (QyHKIUN TAKWX, 4TO {] lu, Ga = e?% glua} — KeJepoBa CTPYKTypa
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st moboro a € A. ['maakoe MHOTOOOpasue, Ha kotopoM ¢ukcuposana JIKK-ctpykrypa, Ha3biBaeTcs
JIKK-mHoroo6pasuem. Ilepexon ot MeTpukM g|y, K MeTpuKe J, = ez"“glua HA3BIBAETCS JIOKAJIBHO
KOH(QOPMHBIM Mpeodpa3oBaHreM CTPYKTYpbl. DYHKIHS 0 Ha3bIBACTCS ONpeeIstonei GyHKInel KoH-
dhopMHOTO TTpeoOpa30BaHUSL.

Teopema 1 [4]. Ha Bcsakom JIKK-mHOTOOOpa3uu BHyTpeHHHM 00Opa3om ompeneieHa auddepen-
uanpHas 1-gopma w, Takas, uto w|y = —2da, rae o — onpeaensonas GyHKIHSA COOTBETCTBYIOIIETO
JIOKaJIHHO KOH(POPMHOTO TIpeoOpa3oBaHwS.

Hoxazamenvcmeo. Ilycts U; u U, — ABe mepecekaromuecs OKpecTHOCTH, AOMYCKAIOIIUE JIOKATEHO
KOH(OpPMHBIE TPeoOpa3oBaHKs B KEICPOBY CTPYKTYPY, C ONPEACISIIOMMMU (QYHKIUSIMU 07 U 0, COOT-
BeTcTBeHHO. OUeBUAHO, PyHIaAMEHTAIbHBIE (POPMBI MPEOOPA30BAHHBIX CTPYKTYP UMEIOT BUJT

Q, = e?91(; O, = e?%2(), (1)
rae () — pyHaaMeHTanpHas popMa UCXOIHOM CTPYKTYpbL. [1oCKONBKY MpeoOpa3oBaHHBIC CTPYKTYPBI —
keneposbl, d{); = 0,i = 1,2. Iuddepenimpys BHemHENM 06pa3oM cooTHomenus (1), ¢ ydeToM To-
CJICJIHUX PABEHCTB MONy4YnM, uTo Ha U; N U, cripaBeaiiBoO TOXIECTBO

dQ = -2do; ANQ; i =1,2. 2)

00603HaYUM T = 07 — 0,. Torna ¢ yuetoM (2) mosrydaem, uto dt A £ = 0. 3anuiiem 3To TOXKAESCTBO
Ha MPOCTPaHCTBE MPUCOENNHEHHON G-CTPYKTYpHI [7], yIUTBIBast, YTO Ha 3TOM MPOCTPAHCTBE

0 = —2V—1w% A w,,

IJIe T — €CTECTBEHHAS MPOCKITUS MPOCTPAHCTBA MPUCOCAMHEHHON G-CTPYKTYphI Ha 0a3y (T.e. Ha MHO-
roobpasue M); w% w, = w*™ — xommonentsl (opmbl cMemenus; a,b,c¢ =1,..,n. Ionoxus
dt = 1;w", nepenuem cootsomenue dt A Q. = 0 B pa3BepHyTOM BHIE

TiaOpw® A w? Aw, + T[a6f]wa Awp Aw€ = 0.

Otcroa B crIly JIMHEHHON HE3aBUCUMOCTH 0a3MCHBIX (POPM IMOTydaeM T[a6g] = 0; T[a(Sf I=o.

PaccmoTpum cooTHOIIEHUE T[a6§] =0, r.e. 7,05 — 705 = 0. CBepHEM ero 1o uHAeKcaM a u b,
torna T,(n — 1) = 0, T.e. ¢ yuerom toro, uto dimM > 2, t, = 0. Anamoruuso 7% = 0.

Takum obpasom, 7; = 0, T.e. dT = 0, dt = d(0y — 0;) = do; — do, = 0, a 3HauwT,

dU1|U1nU2 = dUz|U1nU2-

SIcHO, YUTO 3TO COOTHOIIEHUE KOPPEKTHO OmpelelisieT riodansHyto auddepeHnpanpayo 1-hopmy
w, TaKyio, uTo Va € A = w|y, = —2dag. llpu sTom (2) mpunumaet Bua dQl = w A Q.

Bounee toro, Oymyun J0KaIbHO TOYHOH, (hopMa w 3aMKHYTA.

Onpeoenenue 4 [10]. Henynesoe BektopHoe mnoiie ¢ € X (M) Ha3piBaeTCs TOPCOOOPA3YIOLINM, ECITH

V¢ = pid + a®¢ 3)
11t HeKoTophix p € C®(M) u a € X *(M). duddepenimansHas 1-hopma a 1 GQYHKIUS P Ha3bIBAIOTCSI
xapaktepuctuueckumi [11]. TopcooOpa3zyroiiee BEKTOpHOE MOJI€ Ha3bIBAETCS KOHIUPKYJIISIPHBIM, €CIIN
da = 0, cienKOHIUPKYISAPHBIM, ecu a = 0, 1 peKyppeHTHBIM, ecin p = 0.

Onpeodenenue 5 [7]. 3amkrytas nuddepeniumansaas 1-popMa w Ha MHOrooOpasuu M Ha3bIBaeTCs
¢dopmoii JIu. BektopHoe nosne &, nyansHoe dpopme Jlu, Ha3piBaeTcs BekTopoM JIu. JIKK-mHOoroo0pasue,
BeKTOp JIu KoTOpOTO peKyppeHTeH, Ha3oBeM pekyppeHTHbIM JIKK-MHOr000paznem.

Berancnum ¢popmy Jlu u Bekrop Jlu B siBHoMm Buze. [lycts S = (J, g = (+,)) — JIKK-cTpykTypa Ha
mMHoroo0pasuu M; (J, §) — COOTBETCTBYIOIIAs KeJiepoBa CTPYKTYpa, JOKAIBHO OIpE/ICIICHHAs Ha 3TOM
MHOT000pasuy; V 1 V — puMaHOBBI CBA3HOCTH METPHK g ¥ § COOTBETCTBEHHO. XOPOIIO H3BECTHO [4],
yT0 TeH3op T apduaHOM nedopMaIu OT CBI3HOCTH V K CBA3HOCTH V umeer Bun
TX,Y) =9pX)Y + (X)X —(X,Y)],
rae Y|y = do; { — BekTop, dyanbHbIl KoBekTOpy 1. C ydeToMm 3TOro, mpexae Bcero, Vy(J)Y =
=Vx(UY) —J(VxY) = Vx(Y) + T(X,JY) = J(VxY) + T(X,Y) = Vx (DY + T(X,JY) —

—J(TX, 7)) = Vx(NDY = QX, V) + (X, )] () = p (V)] (X) + pUV)X.
VuuTeIBas, 4To dHA0MOPHU3M J TIapaIeseH B CBA3HOCTH V BBUIY KEIEPOBOCTH TIPeoOpa3oBaHHOIM

crpykrypsl, uveem Vy ()Y = Q(X,Y){ = (X, V)] ({) + p (V)] (X) = p(Y)X.
CBepHEM 3TO TOXKIECTBO IO apryMeHTam X u Y:

99V, (Nej = gY (e, ;)¢ — (er, e} () + ¥(e;)] (&) —w(Jey)e;).
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rze {ej, ..., €2} — MPOM3BONBHEIN Ga3Kc KacaTenbHOTo mpocTpancTsa T, (M) B IPOM3BOIBHON TOUKE
p € M. meem:

1) gijVei(])ej = (6Q)* no onpenenennio;

2) 970 (e;, ;)¢ = 0;

3) gY(ei e} () = 97 9:] () = 2nJ(();

4) gy (e;)](e) = ¢Y(e) =J(CPer) = J(Q);

5)gUy(Jej)e; = g (o)) je; = (o D,
e # — oneparop ayansHoctH [9]; (a¥, X) = a(X); X € X (M), a € X#(M).

Jlemma 1. B npunsareix o6o3nauennsx (Y o )* = —J(Q).

Jlokazamenscmeso. C oxnoii croponsl, {(Y o ¥, X) = (¥ o N (X).

C apyroit - (J¢, X) = —({,JX) = =@* JX) = =p(X) = = (@ D) X).

CpaBHHUBas JIEBbI€ YaCTH STHX PABEHCTB, C YYETOM HEBBIPOXKICHHOCTH METPHUKH IOJIYYHM YTBEP-
KIACHUC JICMMBI.

Jasee u3 coorHomenuii (3) ¢ yaeroM gemmsl 1 Haxomum, uto (6Q)* = 2(n — 1)J¢, otkyna:
y y

D= =5 @2 D% D= —7m5800 ).

Cornacuo teopeme 1, w|y = —2do. Kpome Toro, Mbl ipuHsuid, 9t0 Y|y = do. C y4eTom 3Tux 00-
CTOSITEJILCTB MOJTy4aeM OKOHYATEIbHO:

D=6 Dw =800,

[Mycts M — xoupopmHO Tockoe 2n-mepHoe JIKK-mHoroo6pasue. [IpumepomM takoro MHOroobpa-
3WsI CITY’KHT TPOCTPAHCTBO IMOCTOSIHHOW KpUBHU3HBI, cHaOkeHHoe JIKK-cTpykTypoii ['pes — Banxekke
[3]. Iyctb Q — dynaamenTanbHas popma CTPYKTYpHI; J— onepatop koauddepeHurpoBaHusl.

Teopema 2 [7]. Koupopmuo miockoe JIKK-mrOro00pasue seisercs JIKK-maOr0006pazuem mocto-
SIHHOW KPHMBU3HBI TOTIAa U TOJIBKO TOTa, KOTAa

VE = —w®¢ + - {lEII? + 2div(§)}id. )

CootHomenue (4) mokaseiBaet, uto BekTop Jlu JIKK-MHOroo0Opa3susi mocTossHHONH KPUBU3HBI SBJIS-

1
CTCA TOpCOO6paSYIOH.II/IM BEKTOPHBIM II0JIEM C XapaKTCPHUCTUYCCKUMHU DJIEMEHTAMU A = _E(l) nu

p= ﬁ{llf I + 2div(§)}. Bonee Toro, mockombky ¢opma JIn w 3aMKHYTa, XapakTepuCTHUYecKas

dopma a Tarxke 3aMKHYTa, a 3HAYUT, CIIPaBeUINBa

Teopema 3. Bekrop Jlu JIKK-MHOr000pasust moCTOSHHON KPUBU3HBI SBISETCS KOHIUPKYIISPHBIM
BEKTOPHBIM I10JIEM.

Hanee, mockonbky dopma JIu gyansna Bektopy JIn, cootTHoreHue (4) MOXKHO 3armicarh B IyalbHOH (hopme

1 1
V(@)Y = = w@aw(¥) + —{llwll* + 26 (@)X, Y),

WJIH, KOpOuEe,
Vo = —%w@w +ﬁ{||a)||2 + 28(w)}g. (5)
Teopema 4. Ilycts M — kondopmuo miockoe JIKK-maoroo6pasue. Torga cnpaBeaiauBbl claeayro-

1 1 .
mue uMimakanun: 1) Vo = — S 0Qw = 2) dw = —3 lw]|> = 3) M — MHOrOO6pa3He TMOCTOSHHOM

KpuBm3HBL. Eciim M peKyppeHTHO, TO CIIpaBeIIMBEI M O0PAaTHBIE UMILTHKAITIH.

Loxazamenvcmeo. CoOTHOILIEHHE 2 BHITEKAET U3 COOTHOIICHUS | myTeM CBepTKU. M3 3TUX ABYX CO-
OTHOIIICHUH BBITEKAET (5), a 3HAUUT, U (4), pAaBHOCWIIEHOE ITOCTOSTHCTBY KPUBU3HBI MHOT000pasus. O0-
paTHO, eciii M — peKyppeHTHOE MHOT000pa3ne MOCTOSHHON KPUBU3HEI, TO JUISI HETO B CHITY TEOPEMBI 4
BBITNIOJIHEHBI COOTHOIIEHUs 1 u 2.

Teopema 5. KommaktHoe MHOroo6pasue M MOCTOSIHHOW KPUBU3HBI HE JOMYCKAeT COOCTBEHHOM
pexyppenTHoit JIKK-cTpyKTyphI.

Llokazamenvcmeo. PaccMOTpUM HHTETpall fM divé dv. C ogHoii cTOpoHB, o Teopeme [ puHa oH pa-

. . 1
BeH Hymo. C Ipyroii — COrIacHo TeopeMe 4, BHIOJTHAETCS COOTHOIIEHHE |, y divé dv = — 3 ) u 1€ I?dv.
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B cuiy HEmpephIBHOCTH U 3HAKOTOCTOSHCTBA MOJABIHTETPAIbHON (YHKIIMH BTOPOTO MHTErpajia 3Ta
(yHKIHMS TOKIECTBEHHO paBHa HyIO, T.¢. ||€||? = 0, a 3nauut, { = 0u w = 0.

OcHOBHEIE pPe3yIbTaThI JaHHOU paboThI chopMyIHpoBaHHI B Teopemax 4, 5. Kpome atoro, gokazaHo,
yro BekTop JIu JIKK-MHOr000pa3us MOCTOSHHOW KPUBU3HBI SBISICTCS KOHIUPKYIISIPHBIM BEKTOPHBIM
nosem [10].

CIHCOK HCTOYHHKOB

1. Libermann P. Sur les structures presque complexes et autres structures infinitesimales regulieres // Bull.
Soc. Math. France. 1955. Vol. 83. P. 195-224.

2. Vaisman I. On locally and globally conformal Kahler manifolds // Trans. Amer. Math. Soc. 1980. Vol. 262.
P. 533-541.

3. Kupuuenxo B.®. JloxanbHO KOH(POPMHO-KEIEPOBEI MHOTO0Opa3usl MMOCTOSTHHONW TOJIOMOP(HOHN CEKITHOH-
HoOU KpuBH3HEI // Mart. c0. 1991. T. 182, Ne 3. C. 354-363.

4. Kupuuenrxo B.®. KordpopMHO IIIOCKHE TOKaTHHO KOHGOPMHO-KEIEPOBEI MHOT000pa3us // Mart. 3aMeTKH.
1992.T. 51, Bomm. 5. C. 57-66.

5. Yoshinobu Kamishima, Liviu Ornea. Geometric flow on compact locally conformally Kdhler manifolds //
Tohoku Math. J. 2005. Vol. 57, Ne 2. P. 201-221. https://doi.org/10.2748/tmj/1119888335.

6. Ornea L., Verbitsky M. Locally conformally Kdhler manifolds admitting a holomorphic conformal flow //
Mathematische Zeitschrift. 2013. Vol. 273. P. 605-611. https://doi.org/10.1007/s00209-012-1022-z.

7. Kupuuenxo B.®., Apcenvesa O.E., Pycmanog A.P. IlpuMmep KOHIIMPKYJISPHOTO BEKTOPHOTO MOJIS HA JIO-
KaJIbHO KOH(OPMHO-KeJIepoBOM MHOT000pa3uu // Mat. 3ametku. 2022. T. 111, B 4. C. 519-524.

8. Gray A., Vanhecke L. Almost Hermitian manifolds with constant holomorphic sectional curvature // Cas.
Pestov. Mat. 1979. Vol. 104, Ne 2. P. 170-179.

9. Kupuuenxo B.®. [lnddpepeHnmanpbHO-TeOMETPUIECKIE CTPYKTYPBI Ha MHOT00Opasusax. M.: MIIT'Y, 2003.
495 c.

10. Amunosa A.B. TIpoeKTHBHEIE IPeoOpa30BaHU IICEBIOPUMAHOBBIX MHOTOOOpasuit. M.: SAnyc-K, 2003. 619 c.

11. Kupuuenxo B.®., Kyzakous B.M. O TreomeTpun roIoMop(HBIX TOPCOOOPa3yONINX BEKTOPHBIX MOJCH Ha
MOYTH SPMUTOBBIX MHOT000pasusix // Ykp. mat. xkypH. 2013. T. 65, Ne 7. C. 1005-1008.

References

1. Libermann P. Sur les structures presque complexes et autres structures infinitesimales regulieres. Bull. Soc.
Math. France. 1955;83:195-224.

2. Vaisman L. On locally and globally conformal Kahler manifolds. Trans. Amer. Math. Soc. 1980;262:533-
541.

3. Kirichenko V.F. Locally conformally Kahlerian manifolds of constant holomorphic sectional curvature.
Math. Sb. = Sbornik: Mathematics. 1991;182(3):354-363. (In Russ.).

4. Kirichenko V.F. Conformally flat locally conformally Kahler manifolds. Mat. zametki = Mathematical
Notes. 1992;51(4):57-66. (In Russ.).

5. Yoshinobu Kamishima, Liviu Ornea. Geometric flow on compact locally conformally Kéhler manifolds.
Tohoku Math. J. 2005;57(2):201-221, https://doi.org/10.2748/tm;j/1119888335.

6. Ornea L., Verbitsky M. Locally conformally Kéhler manifolds admitting a holomorphic conformal flow.
Mathematische Zeitschrift. 2013;273:605-611, https://doi.org/10.1007/s00209-012-1022-z.

7. Kirichenko V.F., Arsenyeva O.E., Rustanov A.R. An example of a concircular vector field on a locally
conformally Kahler manifold. Mat. zametki = Mathematical Notes. 2022;111(4):519-524. (In Russ.).

8. Gray A., Vanhecke L. Almost Hermitian manifolds with constant holomorphic sectional curvature. Cas.
Pestov. Mat. 1979;104(2):170-179.

9. Kirichenko V.F. Differential geometric structures on manifolds. Moscow: Moscow Pedagogical State Uni-
versity Press; 2003. 495 p. (In Russ.).

10. Aminova A.V. Projective transformations of pseudo-Riemannian manifolds. Moscow: Yanus-K Publ.;
2003. 619 p. (In Russ.).

11. Kirichenko V.F., Kuzakon V.M. On the geometry of holomorphic torso-forming vector fields on almost
Hermitian manifolds. Ukr. mat. zhurn. = Ukrainian Mathematical Journal. 2013;65(7):1005-1008. (In Russ.).

OU3UKO-MATEMATUYECKHE HAYKHU 27


https://doi.org/10.2748/tmj/1119888335
https://link.springer.com/journal/209
https://doi.org/10.1007/s00209-012-1022-z

ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

Hugpopmayusn 06 asmopax

A.P. Pycmanoe — kaHouoam Qu3uxo-mamemamuyeckux HayKk, cmapuiull npenooasamend Kageopvl npukiaoHol
mamemamuxuy, Uncmumym ¢ynoamenmanoho2o oopazoeanus.

E.A. Ionvkuna — kanouoam Guzuxo-mamemamuyecKux HayK, 00yeHm Kagpeopvl meopemuieckoli Quauxku umeHu
3.B. lInonvckoeo, Hucmumym guzuru, mexHoro2uu u UHGOPMAYUOHHBIX CUCTIEM.

Information about the authors

A.R. Rustanov - Candidate of Science (Physics and Mathematics), Senior Lecturer, Department of Applied Math-
ematics, Institute of Fundamental Education.

E.A. Polkina - Candidate of Science (Physics and Mathematics), Associate Professor, Shpolsky Department of
Theoretical Physics, Institute of Physics, of Technology and Information Systems.

Cmamuws nocmynuna 6 peoaxyuro 25.05.2022; ooobpena nocie peyensuposarust 28.06.2022; npunama k nybauxayuu 30.08.2022.
The article was submitted 25.05.2022; approved afier reviewing 28.06.2022; accepted for publication 30.08.2022.

28 OU3UKO-MATEMATUYECKHE HAYKH



ISSN 1026-2237 HM3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETHMOH. ECTECTBEHHBIEHAYKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION.NATURAL SCIENCE. 2022. No 3

Hayunas crarbs
YK 532.5.031
doi: 10.18522/1026-2237-2022-3-29-37

BBICTPBIV AJITOPUTM MYJIbTHUIOJS B BECCETOYHOM METO/IE
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Annomayusn. Hznazaemcs memoo pacuema nomoKos UoeanrbHoll ICUOKOCHU ¢ UCHONb308aAHUeM ObICTNPO20
Memooa myabmunoas. Memoo ocnogan Ha Mom, Ymo 8bIHUCTUMENbHAS CLONCHOCTL MOJICem OblMb CHUINCEHA 00
yposuss O(Nlog N). Onucwisaemcs 08ymepnas 3a0aua meyeHus U0eaibHOU HeCHCUMAEMOU HCUOKOCIMU 8 MepMU-
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IIpusedensvl pe3ynbmamel YUCIEHHO20 MOOEAUPOBAHUS OBUINCEHUA OUNOs 8 Bblyuciumenvhvix cpedax C++ u
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FAST MULTIPOLE ALGORITHM IN THE MESHLESS DISCRETE VORTEX
METHOD FOR FLOWS OF NON-VISCOUS FLUID
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Abstract. In this paper, we present a method for calculating the flows of a non-viscous fluid using the fast
multipole method. The method is based on the fact that the computational complexity can be reduced to the level
of O(NlogN). A two-dimensional problem of the flow of a non-viscous incompressible fluid is formulated in
terms of vorticity and velocity. Further, the authors describe in detail the scheme, principles, as well as the posi-
tive and negative aspects of using the fast multipole method in the hydrodynamic problems. As a test of the
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algorithm, the authors consider an example of the Chaplygin-Lamb dipole. The results of numerical simulation
of the dipole motion are presented, being implemented on C++ and Python platforms. Some conclusions are
drawn about the motion of the vortex structure on the basis of the calculated results.
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BBenenue

OCHOBHBIC M3BECTHBIC UYHCICHHBIC METOJbI PEIICHHS 337au THAPOJUHAMUKU (METOJ KOHEYHBIX
pasHocrteii [1, 2], KOHEeUHBIX A11eMeHTOB [3], KOHEYHBIX 00BEMOB [4] U JIp.) OCHOBAaHBI Ha TUCKPETH3A-
IIUU PACCMATPUBAEMBIX 00JIACTEH U M0 CYTHU SABJSIOTCS CETOYHBIMU. C MX TOMOIIBIO PEIICHO 0OJIBIIOES
YHCIIO 33j1a4, He TPEOYIOIUX UCTIONB30BaHHS CETOK CBEPXOOIBINION Pa3MepHOCTH. J[JTUTENBHBIN OIBIT
WCCIICIOBAHUS B 9TOW 00JACTH MOKA3bIBAET, YTO BO MHOTHX 33Ja4aX pacuyeThl MOAOOHBIMUA METOAaMHU
KaK pa3 TpeOYIOT HACTOJBKO IIOTHBIX CETOK, YTO YMCICHHOE PEIICHHE BOOOIE HE MOXET OBITh IO-
CTPOCHO 3a Pa3yMHOE BpeMsl, JaKe Ha CaMbIX OBICTPBIX COBPEMEHHBIX KoMIlbloTepax. [logo0Has cu-
Tyals IMEEeT MECTO, HalpuMep, Npu pacyere TYpOYJICHTHBIX MOTOKOB MPSMBIMH YHCICHHBIMH CeE-
tounbiMu MeTogamu (DNS — Direct Numerical Simulation), rie npakTu4ecku peajbHbIe pacyeThl Ha

CEeTO/IHS YAAeTCs JOBECTH JIMIIb 10 3HaYeHn! uncia PeltHonbaca mopsaka Re =20—-30- 10°. Jns 60-
Jiee BBICOKMX 3HAUYEHHH HEOOXOJUMbIE KOMIIBIOTEPHBIE PACUEThl TPEOYIOT HECKOJIbKUX MECALEB MU
JaKe JIeT.

Mesx Tty TeM B MOCIEIHUE IECATHIETHS aKTUBHO Pa3BUBAETCA albTePHATHBHBIN METO AMCKPETHBIX
Buxpeit (M/IB), koTopslil o cBoeil cytu siBisieTcs: 6ecceTouHbM [5, 6]. OH OCHOBaH Ha TPAKTOBKE
YpaBHEHUI JBIKEHUS HE B ccTeMe Dinepa, a B cucteMe Jlarpanka. YpaBHeHus Onnepa i JBUKe-
HUS UJIeJIbHOM HEC)KMMAaeMOW KUJIKOCTH, 3allUCaHHble B cucTteMe Jlarpanxka B BUJIE MOJTHON Mpou3-
BOJIHOM IO BPEMEHH OT KHHEMAaTHUECKUX XapaKTePUCTHUK, (PaKTHUECKH O3Ha4aloT TeopeMy KenbBruHa
(Tomcona) 0 coxpaHEeHUH MHTEHCUBHOCTH BHXpel. [losToMy nBM)KEHHE MHIKOCTH MOXKHO CBECTH K
JIBUKEHHUIO JUCKPETHON CHUCTEMBI BUXpEH, KaXJblil M3 KOTOPHIX COXpaHAET CBOI0 WHTEHCHBHOCTH U
JIBUKETCA B JKHIKOCTH 3a CUET B3aUMOJEHCTBUS ¢ APyruMu BUXpsMH [7]. IIpu aToM TOYHOCTH MOIe-
JMPOBaHUS TEUCHUS TEM BBbIIIE, YeM Oosbliee yucao N AUCKPETHBIX BUXpEH Oepercsi B BUXPEBOH
CUCTEME.

C pocrom uucna N BerunciuTensHas cinoxHoctb MJIB Bo3pactaer kak O(N 2) , 4TO JOCTAaTOYHO

3aTpaTHO. B CBSI3U ¢ 3TUM IJIaBHOM 11€JIbIO JaHHOW pabOThI SBJSETCS IMPUBJICUYCHUE OBICTPOrO METOA
MYJIBTUIONS U1 ycKopeHus OeccetouHoro M/IB. TeopeTuuecku BHIYMCITUTENbHAS CIOXKHOCTh IPH
3TOM MOXET OBITh CHIbKeHa 110 ypoBHS O(Nlog N) ¢ mOoCTaTOYHO CIIOKHOH anropuTMUYECKOHN pea-
nu3anueit. BMecTto 3TOro Mbel paccMmarpuBaeM 0o0jiee IPOCTYIO peajH3allMio, IPU KOTOPOH YHUCIIO
apuMeTUYECKUX OIepamuii MOXKET ObITh YMEHBIIICHO B IIPOMU3BOJIBHOE YMCIIO pa3 MO CPABHEHHIO CO
CTaHIapTHON TPaKTOBKOM.

OcHOBHbBIC COOTHOIICHUSA

YpaBHEHUsI ABIKCHUS UACATBHON HEC)KUMAEMOH JKUIKOCTH MOKHO 3aIMCaTh B TEPMHUHAX «CKOPOCTB) —
«3aBUXPEHHOCTHY. J[JIs1 MPOCTOTHI OTpaHUYMMCS CIIy4aeM JBYMEPHOH 3ajaud, TAe MOJHAs CHCTeMa
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ypaBHEHUI MOXKET OBITh 3alKicaHa B BUJC OJHOTO YPaBHEHHUS IBMKCHHUS Diyiepa i 0OTHOTO ypaBHEHUS
HEPa3pPHIBHOCTH:

do 0o om om

—=—+v,—+v,—=0,

dt 0Ot ox Yoy

—X+—=0.

ox Oy (1)

PaccmarpuBaemsriit M/IB coctout B TOM, 4TO 00JIacTh HEHYJIEBOW 3aBHXPEHHOCTH aIMIPOKCUMHUPY-
€TCsl KOHEYHbIM HaO0OpOM IMCKPETHBIX TOYEYHBIX BUXPEH MHTEHCUBHOCTBIO  ; , CKOHLIEHTPUPOBAH-

HBIX B y371aX ¢ KoopauHatamu (x;,y;), j =12,....N . IlepBoe ypaBHenue (1) akTudecku o3HadaeT
u3BecTHbIH 3akoH KenbBuna (ToMcoHa) COXpaHEHHsI HHTCHCUBHOCTH BUXPEH NPH MX ABWKeHHH. [Ipn
3TOM KaX[Iblil BUXPb C HOMEPOM 7 B IPOLECCE B3aMMOICHCTBHS C APYTHMH BHXPSIMH HAXOJUTCS B
TIOCTOSIHHOM JIBIDKCHHH, COXPAHsIsi CBOI0 HHTEHCHBHOCTh ® ; . COOTBETCTBEHHO, H3MEHSICTCS U TOYKa

pacnonoxenus (x;,y ;) j-ro BUXpsi.
W3BecTHO [8], 4TO NMpH paccMOTPEHHH OJMHOYHOIO TUCKPETHOIO BUXPS  ; € LEHTPOM B TOUKE

(x,,y;) coorHomenus (1) Moryr ObITh OOpAIICHB OTHOCHTEILHO CKOPOCTH 10 opmynam bro —

Cagapa
v (x y)z—L (Dj(y_yj)
T e-x ) -yt
v, (o) = ) @)

b
2n (x_xj)2 +(y_yj)2
YTO MO3BOJISET BHIYUCIUTH KOMIIOHEHTBI CKOPOCTH (V,,V,) B NPOU3BOJILHOM TOUKE KHMAKOCTH (X, ).
IIpumenenue hopmyiel (2) B TOUKax pacHosioxKeHus BUXpel (x, ) =(x;,y;) NPUBOAUT K ClIeTyIOIIen

cucteMe OOBIKHOBEHHBIX UG depeHINaNbHBIX YPaBHEHUH:

g, 1 XY o;(y;=y;)

v, =—=58 ,
odt anii(xi_xj)er(yi_)’j)z

dy; 1N 0;0-x))
vy =L - - (3)
dt 2n J#i(x = x;)" + (Vi —y;)

rae i=1, 2, ... N; N — ducio auckpetHbix Buxpei. Cuctema (3) OTHOCUTEIIEHO HEU3BECTHBIX (PYHK-
uui x;(¢),y,;(t) nocie noOaBlIeHUS K HEHl HayalbHBIX YCIOBUH C 3aJlaHHMEM HCXOAHOM KOHuUrypa-
IIMM PACTIOJIOKEHUS TUCKPETHBIX BUXpel x;(0),;(0) M X MHTEHCUBHOCTEH , (IIOCIETHHUE COXPa-
HSIOT CBOW 3HAYEHHWA NPHU JABIKCHHHM BHUXpEH B MOTOKe) sBisgercsa 3amadedt Komm mis GyHKIni
x;(1),y;(¢). dna pemieHns qaHHOM 3anauu Koy MOXHO BOCHONIB30BaThCs Pa3IMYHBIMU METOAAMU
trmna mMetonoB Pynre — Kyrra, KoTOopsle 00ecreuynBaloT yCTOWYMBBIA aJrOPUTM HAa BPEMEHHOM HH-
TepBaJie MPOU3BOJIBHON AMMHBL. B citydae nccienoBanus TeueHUs] Ha HEOONBIIOM KOHEYHOM OTpE3-
K€ BPEMEHH JOCTAaTOYHO HCIIOJIL30BaTh MPOCTEHIINI MeTo | Diliepa, KOTOPHIH obecriednBaeT Tpe-
O0yeMyI0 TOYHOCTb U YCTOWYMBOCTH TPHU JOCTATOYHO MajioM BpeMmeHHoM miare Af. B mrore cxema
Ditepa s cUCTEMBI (3) ompenenseT Ha KaXJIOM Iare KOOPIWHATHI IEHTPOB BCEX IAMCKPETHBIX
BHUXPEN B CIEAYIOIEM BHJIE:
x;(t+ A =x;(t)+v,;At,

4

TJic KOMIIOHEHTBI BEKTOPA CKOPOCTH (V,;,V ;) ONpesesensl no popmynam (3).

ByaeM ycloBHO Ha3biBaTh BUXPH C HOMEPAMH j, IO KOTOPBIM MPOUCXOJUT CyMMHpOBaHue B (hop-
Mmyse (3), UICTOUHUKAMH, & BUXPh ¢ HOMEPOM i, B KOTOPOM BBIYHCIISIOTCS KOMIIOHEHTBI CKOPOCTH B
dopmyie (3), — IPUEMHUKOM.
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IMockonbky ans kaxmoro i =1,...,N B dpopmyrne
(3) HYXHO TpPOW3BOAWTh CYMMHPOBAHHE IIO
j=1..,N(j#i), TO OYEBUAHO, YTO BHIYHUCIIHU-

TespHas cnokHocTs M/IB paBaa O(N 2) , 4TO Tpe-

OyeT JOBOJILHO CEPhe3HBIX KOMIBIOTEPHBIX PECyp-
i coB. /{15 mpeoaoIeHns 3TOM CI0KHOCTH Mpeasiara-
- €TCsI UCTIONIb30BaTh OBICTPBII METOJ MYJIbTHIION.

MeTox My IbTHIIONSA

[IpumeHuTENBHO K paccMaTpUBAEMBIM MaTEMa-
THYECKUM COOTHOLICHUSAM METOJ MYJIBTHUIIONA
MO>XHO HMHTEPHIPETUPOBATH CIEIYIOIIHM 00pa3oMm
[9, 10]. IIpexne Bcero, MaTeMaTUYECKHE BBIpAXKE-
Puc. 1. CrangapTHBI METO MYJIBTUIIONS. HMS CHJILHO YIIPOLIAIOTCS, €CIIU B (popMyliax CyM-

Pa3buenue 001acT TeUCHUS Ha QJICMCHTAPHBIC MHPOBaHHUS (3) HepeﬁTH K KOMIUIEKCHBIM KOOPJH-
SYCUKU. ﬂI/ICerTHBIe BUXPH — HCTOYHUKH C HO-

MEpaMH j pacIioi0o)KeHbI B SUEHKe, yIaIeHHON

HataM z; =X; +iy;. Toraa (3) MOXxHO 3anucaTh B

OT A4YEHKHU, COAEPKAIIECH NUCKPETHBIM BUXPb — BUJIC
npueMHHK ¢ HomepoM [ / Fig. 1. A standard mul- 1 N o
tipole method. Splitting the flow region into el- v, =—Im Z—] R
ementary cells. Discrete vortices - sources with 2 jrizi—z;
numbers ; are located in a cell at a distancefrom 1 N .
the cell containing a discrete vortex - receiver Vi =5 Re Y —/—. (5)
with number i 2 juizi— zZj

[anee Bcs 00sacTh MOTOKA pa30MBACTCs HA MEJIKHE M000JIaCTH, HAIPUMEP Ha MEJIKHE KBajpa-
ThI. ITyCTh i-f TOYKA JISKUT B OJHOM KBaJpaTe, a KaKOe-TO YUCIO TOYEK C HOMEPAMHM j — B IPYTOM
KBajpaTe, yJaJCeHHOM OT IEPBOT0, KaK MMoKa3aHo Ha puc. 1. Toraa Kax/blii 4WieH CyMMBbI B (hopmyJie
(5) momyckaert cieayroliee pasa0KeHne ¢ pa3ae/icHHEM TEPEMEHHBIX.

k
® (z;—-c
1 1 j ’ ©)
zi—z; z;—¢ 1_Z]-—C Z;—Ck=0\ Zz; —C
z;—c¢

I7Ie B Ka4eCTBE KOMIUIEKCHOI'O YHCIIa ¢ MOXHO B3sITh, HAIPUMED, LIEHTP SYEHKH, COJepKalled BUXPU
C HOMEpaMH ;.

[TockoabKy 00U YJIeH TeOMETPHUYECKOM Mporpeccuu (6) Mo MOJyJII0 HAMHOTO MEHBIIIE eIMHH-
usl: [(z; —¢)/(z; —¢)[<1, To B GeckoHeuHOM psijie (6) MOKHO OCTABUTH HECKOJILKO TEPBBIX YIEHOB,

JIOITyCKasi TIPH 3TOM SKCIIOHEHIIMAIBHO MaJTYIO MTOTPENTHOCTH:
k
1 1 K(z;-c
= > | : (7
[oncranoBka cootHomenus (7) B hpopmyiny (5) naet

1 K 1 k

Voe—ImY —— Yo (z, —e) |,

Xt 275 k=0 (Zi_c)k+1 j J J

yi =5 Re > ] ij(zj_c)k : 3
PRI = YR

IIpu 3ToM Mt kaxaoro k& u3 HeOONbIIOrO uncia k=1,...,K BHyTpeHHee cyMMHUpOBaHue B (8) Mo-
JKeT OBITh MPOW3BEICHO OJMH pa3 JUId BCEX 3HAYCHWA { HA CTAaJUU Mpeanpoueccura. [lockoibky
BHXpPEH ¢ HOMEpOM i nMeeTcs N ITYK, TO 00Ias CIOKHOCTh anroputMa paBHa O(KN), T.e. muHelHa
o N. OHaKO TIPH 3TOM HYKHO ITPOUTH BCE AIEMEHTAPHBIC STYCHKH 110 MHJIEKCY j, @ HE TOJILKO BHYTPH
KBaJpara, MOKa3aHHoro Ha puc. 1. [lanpHe#mmii Xom aaropuTMa OCHOBAaH Ha TOM, YTO B KaXKIOM
sueiike BUXpEH CcTano MEHbIE, YeM B MCXOJHOW CHUCTeME. Y CTpauBasi UEPAPXHIO SUCCK C IMOCTEIICH-
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HBIM YMEHBIIEHHUEM HX Pa3MEPOB U OCHOBBIBASICH Ha MJee, POACTBEHHOH TOH, KOTOpasi UCTIONIB3YeTCs
MIpH BBIYUCIIEHUN ObICTporo mpeodpazoBanus Dypre [11], yaaercs cBecTH MOTHBINA aJrOPUTM BBIUKC-
neHui ans BelpakeHuid (5) xk (opMme, BEIUUCITUTENbHAS CIOKHOCTh KoTopoi paBHa O(N-logN). llpn
sTOM mpenacrasieHne (8) Hed(HEKTUBHO AT CYMMHPOBAHHS TI0 BCEM SUEHKaM 1O WHAEKCY j JH00
COBMAJIAIONINX C STUEHKOH, co/epiKameld BUXpb HOMeED i, JIN0O coceqHMX C mocineanei. OmHako cym-
MHUPOBAaHUE TIO MOJOOHBIM SYEHKaM OCYILIECTBIISIETCS HANPSAMYIO M C YMEHBLICHUEM pa3Mepa siueek
TpeOyeT JIMHEWHOTO 110 MapaMeTpy NN drcia onepaui.
ABTOpaM JaHHOW pabOThl HEU3BECTHBI MyOJIMKa-

1M, B KOTOPBIX KJIACCUYECKHHA METOJ MYJIbTHIIONS ¥

ObI1 OBl TIpEACTaBICH aJTOPUTMOM B BHIE OJIOK-
CXeM WM IICEBJOKOAA, IOIMYCKAIOIIEro IpsMoe
MIpYMEHEHUE TIPH HAITMCAHWHU TIPOTPAMMHOTO KOJia B
TOM WM UHOU Cpejie IporpaMMHUpoBaHus. B cBsi3u ¢
3TUM ITOPUTMHUYECKAs pean3alysi MeToa OCTaeT-
Csl CKOpee JIeJIOM HWCKYCCTBA, YeM TOTOBBIM K HC-
MOJIb30BAaHUIO PYKOBOJCTBOM K aeictBuio. [lo sToi
MpUYMHE HIDKE W3naraercs Ooliee MPOCTOW anro-

PUTM, BBIYHCIUTENbHAs  CIOXHOCTh  KOTOPOTO
MEHBIIIE, YeM CII0KHOCTh MPSMOTO CYMMHPOBAHUS
o (opmynam (5), B MPOU3BOILHOE YKCIO pa3. Ta-
KAM 00pa3oM, CIIOKHOCTb MPEJIaraeMoro ajaropHr- .
ma pasHa C/M, rie C=O(N°) — CIIOHOCTb HPSAMBIX
BBIYUCIICHHH HETMOCPEACTBEHHO o (opmynam (5);
M — IpOU3BOJIBHOE HATYPAIIBHOE YUCIIO.

3aKIFOuMM BCIO OOJAacTh TEYECHHS B HEKOTOPHIN
KpYT, KOTOPBIH pa3o0beM Ha KOHEYHOe 4uciio M Ko-
nert paguycoM Ry, (m=1, ...,M). JInst mpoCTOTHI Iar 1o
paguycy HObKeH oOecneduBaTh pPaBHBIC IUIOIIAIN
BCEX KoJlell, KaK M300pakeHo Ha puc. 2. IIpu 31oM Puc. 2. YopomeHHsIH MeTox MyabTHIIONS. TeueHue
CaMoe BHYTPEHHEE KOJIBLIO SBISIETCS. KPYTOM HEKOTO- 3aKIII0YEHO B KPYT, pa3OuTHI Ha dJIEMEHTapHbIE
poro payca. Eciu HaGop MCKPETHBIX BUXpEi BbI- KOJIbLIa PaBHOU IUIOIIAH. Upn BBIYUCIIEHUHU CYMMBI
OpaH JOCTaTOYHO IUIOTHO B paccMaTpuBaeMoi ob:a- S1 IPHEMHHK C HOMEPOM / PACIIONIOKEH B ORI

CHApYy’KU OT BCEX UCTOYHUKOB C HOMCpaMu j/

CTH TEUCHH, TO aCHMITOTHYCCKH B Ka}Kf[OM CeKTOpe | ig. 2. Simplified multipole method.The flow is en-
pacrionoxxeno N/M nuckpetHbIx Buxpeit. IIpu atom

closed in a circle, divided into elementary rings
BBIYHC/ICHHE CYMMBI B (5) BOSMOXKHO B BUJIC of equal area.When calculating the sum S;,

the receiver with number i is located in the ring out-
side of all sources with numbers j

N O
S=>—"L—=8,+5 +5,. )
J#iZi T2

3neck cymMMma Sy OTHOCUTCSA K CyMMHPOBAHHUIO T10 BCEM 3JIEMEHTAaM j, PACIIOIOKEHHBIM B TOM XKe
KOJIbIIe, 4TO W nmpueMHUK i. CymMma S; OTHOCUTCS KO BCEM DJIEMEHTaM j, PACIOJIOKEHHBIM B KOIIb-
1ax, BHYTPEHHUX MO OTHOIICHHWIO K KOJIbIly i-ro BUXps. HakoHem, cymma S> OTHOCHTCS KO BCEM
3JIEMEHTaM j, PaclioJIOKEHHBIM B KOJIbIIAX, BHEIIHHUX 10 OTHOIICHHUIO K KOJNbI i-ro Buxps. Ha puc.
2 moKa3aH JHIIb BApUAHT B3aHMHOTO PACIIONOKEHUSI BUXPEH C HOMEpPaMH i U j, COOTBETCTBYIOILUI
cymme S;.

Eciu npsiMmoe BhIuuciieHue cyMmbl S B (9) ans Bcex i u j Tpebyer A-N’apudpMeTHueckux ome-
panuii, rie A— HeKOTOpasl MOJOXKUTEIbHAsS KOHCTAHTA, TO MPHU BBIMIOJHEHUU MPSIMOTO CYMMHUPO-
BaHMA Sy 171 BCEX i M j U3 OJHOTO Kojblia Tpebyercs A-(N/M)’ apudmeTndeckux oneparuii.
CreioBaTeNbHO, 1J8 BCEX KONEI MpH BhIYMCIeHuu Sy notpedyerca A-M-(N/M)?= A-N°/M ome-
pauuii. [Ipy BeIUKMCIEHUN CYMMBI S; TPUMEHUM TIPE/ICTABIICHHE, OCHOBAHHOE Ha pa3/ieJICHUH Iie-
PEMEHHBIX:

-1 k

k
. - z. zZ. . K (Zz. K 1 X
S, =Y J =y Jl1-2L =Ly - = J 3 | = > k+1z(’3jzj' (10)

OU3UKO-MATEMATUYECKHE HAYKHU 33



ISSN 1026-2237 HM3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETHMOH. ECTECTBEHHBIEHAYKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION.NATURAL SCIENCE. 2022. No 3

B (10) GeckoHeunbld psiji MO MapaMeTpy k CXOMMTCS, MOCKONBKY |Z;/z; [<1. Bonee Toro, Bepx-

HUN OCCKOHEUYHBIM Mpejien B 3TOM psjic MOXHO 3aMEHUTHh Ha KOHCUHOE 3HaueHue K, JOMyCTHUB
IPY 3TOM SKCIOHEHIIMALHO MAIYIO MOTPEIIHOCTE. [loce nepecTaHOBKH MOPSIKa CYMMUPOBAHHUS
3aMedvaeM, YTO CYMMHPOBAHHE IO j MOXKET OBbITh BBIMIOJHEHO OJIMH pa3 JUIsl BCeX 3HAYCHUH i, T0-
3TOMY BBIYUCIIUTENIbHAS CIOXKHOCTh Mocyennero Boeipaxenus B (10) pasaa O(KN), T.e. JIuHEHHA
mo M.

K aHanmoruyHOMy BBIBOJY MPHUXOAMM M MPU BBIYMCICHUM CYMMBI S2, €CIIM K HEll MPUMEHHTH Clie-
Jyroinee npeoOpa3oBaHue:

-1 k P
Zj ®; &1z ke 9

o 2 RS IS Ut o [ D o7 ol (1)

JjZiTZ; Jj Zj Z; J Zjk=0\ Z; k=0 j Z

BecKOHEUHBIH PsiT 311€Ch CXOMTCS, OCKOMBKY | z; /2 [<1.

HOI[BOILH HUTOT, MPUXOJUM K BBIBOJY, UTO CyMMapHasA BbBIYUCIIUTCIIbHAA CJIOXHOCTH Ipcajiara-
emoro anroputMa pasHa 4-N/M + O(KN). Eciu npeHe6peds nuHeitHOM 10 N 4acThIo 3TOif OIeH-
KM, TO OKOHUYATeIbHAs CIOKHOCTh OKa3bIBAaeTCA paBHOH A-N°/M, uTo B M pa3 MEHbIIE, 4eM CyM-
MUPOBaHHE HANPAMYIO IO UCXOAHOH popmyne. Takum o6pa3zom, HECMOTPS Ha TO YTO OICHKA IIO -
NPEXHEMY OCTAaeTCs KBAAPAaTUYHOM, TEM HE MECHEE BBIYMCIICHHS IO MPEAJIOKEHHOMY aJrOpPUTMY
MOTYT OBITH YCTPOCHBI B MPOM3BOJIBHOE YUCIO pa3 ObIcTpee, 4eM MpPsIMbIE pacdeTsl B HCXOIHOM
Buje (5).

TecroBsblil npuMep

B kagecTBe TecTOBOTO TpEMepa Ui MPOBEepPKH d(HPEKTHBHOCTH aNTOPUTMa PACCMOTPHUM -
ok Yamneirnaa — JIom6a [12]. Ero monmens mpencraBinser coOOH MaTeMaTHYeCKOE OIHMCAaHUE
KOHKPETHOTO HEBS3KOI'0 YCTOWYMBOTO BUXPEBOI'O MMOTOKA B BUJE CTPYKTYPBI KPYIyioi GopMbI pa-
IUyCcOM R, KOTOpasi ABMKETCS BIPABO BIOJh TOPU3OHTAIBHOM OCH CO CKOPOCThIO U, coxpaHss
CBOIO KpyriIyro (opmy, U IpeacTaBisieT co00il TOYHOE pelieHe IBYMEpPHBIX ypaBHEHUN Diepa.
H3BecTHO, 4TO MEXAY 3aBUXPEHHOCTHIO W (QYHKIMEH Toka B aumnone YamisiruHa — JIamba cyme-
CTBYeT JMHEIHas 3aBUCUMOCTH [12]: (D:kz\y. [Ipu >TOM QYHKIHMS TOKa CBsi3aHA C 3aBUXPEHHO-

CTBIO POPMYIIOi
o’y o
2W + 2\11 = (12)
o°x 0%y
Hns munons Yamneirnaa — JIamOa pernennem ypaBHeHust [lyaccona (12) siisiercst GyHKIUS TOKa,
3aMicaHHasl B OJSIPHOH cucTeMe KoopAuHaT (7,0) :
_ 207, (kr) <in 0
kJy(kR)

3nece J,y,J— HKOuu beccenss HyneBoro m mepBoro mopsiika. Kpome Toro, 3HadeHue
0-v1

(13)

kR = 3,83171 sBnsercs mepBBIM IOJOXHUTEIbHBIM HyJeM ¢yHKUuMM beccens mepBoro mopsiaka
Ji(kR) .

PaspaOoTannblii anroputm peannszoBad B cpene C++. Busyanuzanus ocymecTtisiiach B O1O-
muoreke Matplotlib Ha s3p1ke mporpammupoBanus Python. Bxogubie mapamerpsl 3agaun: R=1 —
panuyc mumonsi; U=1 — CKOpOCTh IBWXKEHUS IUIONSA BIOJh ocu x; [=100 — 4mciio mrTepanuii;
A4t=0,01 — mar uTepanroHHOroO MpoIecca Mo BpeMeHH; L — 4uciio Kosel Ha puc. 2; R;=2,5 — pa-
JUyc 00JlacTH, 3aKJIIOYaoIlled B ce0s TeYeHUE KUAKOCTH Ha pHUC. 2 (COBIAgaeT ¢ paguycoM
BHeNTHeTo Koublia); K=20 — BepxHuil nipeaen cymmupoBanus B hpopmynax (10) u (11); N — mosHoe
YUCIIO TUCKPETHBIX BUXpEH.

Ha puc. 3 cieBa mokaszad Buxpb Yaruisiruaa — JIsmOa B MCXOJHOM COCTOSIHUH, a TakKe Mpel-
CTaBJICHBI PE3yIbTATHI pacyeTa jIsl HeOOIBIIOTO Yhcia BuXpei B MoMeHT =1, mocie 100 utepa-
nui ¢ marom no BpemeHu A¢=0,01. Xopomuio BUIHO, UTO cHUCTEMA BUXpEH CABHHYJIACh KakK €lIH-
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HBIA KpYTJIBIii 00BEKT BIpaBO Ha paccTosiHue, paBHoe UlAt= 1. B pe3ynbrarte sToro aunons Ya-
msiriHa — JIaM0a, KOTOpBIN pacroiaraics B UCXOAHBI MOMEHT BpeMeHH Ha umHTepBane (—1,1)
KaK 10 TOPU30HTAJIBHOM, TaK U IO BEPTHUKAJIbHOM KOOPIMHATE, B KOHIIE paccCMaTpPUBAeMOI0 Bpe-
MEHHOTO HWHTEpBajia CTal PAacloyiaraThCs BIOJb TOPHU30HTAJILHOW KOOPIMHATHI Ha HHTEpBaje
(0,2), a BOONP BEpPTUKAIBHOW KOOPAWHATHI — ToO-TpexxHeMy Ha mHTepBajie (—1,1). To ectp on
CIBUHYJICS BIIPABO KaK €AMHBIN KPYIiblii 0OBEKT Ha pacCTOSHHE, PaBHOE €IMHHULE, KaK U Ipel-
ckaszpiBaeT TeopHs. [Ipu 3TOM BHYTpH Kpyriol 00yiacTé BUXPU MOTYT IepeMenaThCsl, NepeMeru-
BaTbCs, BOOOIIE COBEpIIATH JOBOJBHO CIOKHBIE ABM)KCHHS, HO BCS BHXpEBas CHCTEMa B LEIOM
coxpansieT GopMy Kpyra, NepeMeIlanerocs BIpaBo co ckopocteio U = 1.

JanpHelimee yBeTM4eHE YHCIa BUXPEH MPUBOANT K 0oJee KOPPEKTHON YHWCIEHHON peann3a-
1Y, KaK MMoka3aHo Ha puc. 4. [Ipu 3TOM cyniecTBEeHHOE yBEIMUEHHUE YKCIIa TUCKPETHBIX BUXpel
COOTBETCTBYET MPEACTaBIEHUIO 0 qumoie Yammsirnaa — JIamba Kak CIuIomHO#M CTPYKType.
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Puc. 3. Pacnonoxxenne qUCKpeTHbIX BUXpeitl B aunone Yaruibiruaa — JIam0Oa: ciieBa — B Ha4aabHbIH MOMEHT =0
cmpaBa — B MoMeHT (=1: L=16, N=1976 /Fig. 3. Location of discrete vortices in the Chaplygin-Lamb dipole: on
the left — at the initial moment ¢=0; on the right — at the moment t=1: L=16, N=1976
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Puc. 4. PacnionoxxeHnne TUCKpETHBIX BUXpeil B qunone Yammsirinaa — JIsm6a B MoMeHT ¢=1: creBa — L=16,
N=7860; cnipaBa — L=16, N=31428 / Fig. 4. Location of discrete vortices in the Chaplygin-Lamb dipole at the
moment ¢=/: on the left — L=16, N=7860; on the right — L=16, N=31428
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3akiIoueHne

[Ipennoxxennas MoguuKaus CTAaHAAPTHOTO METOa MYJIBTHIIONS CYIIECTBEHHO CHIKAET BHI-
YUCIUTENbHBIE 3aTpaThl NpPU peanusaluu anroputma. Hampumep, ansa cayuas N=31428,
MPEACTaBIECHHOTO Ha MpaBoM puc. 4, pu mpsAMoil peannsanuu no Gopmynam (3) AeiCTBUTENHHO
Tpebyercsi mpuMmepHo B L=16 pa3 Ooisplie BpeMEHH, YeM IO METONy, ONMHCAaHHOMY B JTaHHOU
paboTte, B OIHOH M TOW >xe cpele Ha ogHOM siape mponeccopa Intel Core 15 mepcoHanbHOTO
KOMIIBIOTEpA.
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Annomauus. Paboma noceswena oyenke ocobeHHOCMElN pacnpeoeneHusi eCmecmeeHHbX PAOUOHYKIUOO08
(?*%Ra, **’Th, *’K) u uckyccmeennozo *’Cs 6 sepxnem cioe nous 0cobo 0xXpamsemvix NpupooHbIX meppumopuii
(OOIIT) Pocmosckoti obaacmu. YoenvHyro akmugHOCHb (KOHYEHMpayuro) paouoHyKIuoos 8 nouge usmepsiu
2amma-cnexmpomempuueckum memooom. Pacnpedenenue uckycemeennozo paduonyikiuoa 3’Cs e nousax Po-
cmogckoll obaacmu HepagHomepHo. MunumansHole yoenbHble akMUSHOCMU PAOUOYe3ust (PUKCUPYIOMCS 8 3aN0-
seonuke «Pocmosckuiiy. Ilokazano, umo cpeonee apugpmemuueckoe, MeOUAHHOE U MOOAIbHOE 3HAUEHUs YOelb-
noti axmusnocmu 3’Cs cocmasnsiiom 21,7, 14,2 u 7,5 bx/xe coomgemcemaento, a CpeOHsisl YOenbHAs aKMUBHOCHb
ecmecmeennvix paduonyknuooe 6 nousax OOIT Pocmosckoii obnacmu — 26,9 Br/ke onsa *?Ra u 27,0 bx/kz ons
22Th. [annvele 3nauenus MOJNCHO UCNONL306AMb 6 KA4ecmee (HOHOGLIX (IMANOHHBIX) NPU OYeHKe GIUSHUA NPO-
MbUUTEHHOCMU U YPOAHU3AYUU HA PAOUOAKMUBHOCMb NOYGYL.

Kniouegvie cnoea: ecmecmsennvle paouonyknuodst, paouoyesuti (°’Cs), 3azpaznenue, pachpedenenue, nousd,
0c060 oxpamsiemvle NPUPOOHbIe MEPPUMOPUL
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Abstract. The paper is devoted to the assessment of the features of the distribution of natural radionu-
clides (**Ra, **’Th, *°K) and artificial '3’ Cs in the upper soil layer of specially protected areas of the Rostov
region. The activity concentration of radionuclides in the soil was measured by the gamma spectrometric
method. The distribution of the artificial radionuclide '*’Cs in the soils of the Rostov region is uneven. The
minimum activity concentration of radiocesium is recorded in the Rostov nature reserve. It is shown that the
arithmetic mean, median and modal values of the activity concentration of 3’Cs are 21.7, 14.2 and 7.5 Bq/kg,
respectively, and the arithmetic mean activity concentration of natural radionuclides in the soils of the pro-
tected areas of the Rostov region are 26, 9 Bq/kg for *?Ra, 27.0 Bq/kg for *3°Th. These values can be used
as background (reference) values in assessing the degree of influence of industry and urbanization on soil
radioactivity.

Keywords: natural radionuclides, radiocesium (*’Cs), pollution, distribution, soil, specially protected natural
areas
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BBeaenne

Oco60 oxpansiemsble npuponssie Tepputopun (OOIIT) urparor BasKHEHIIYIO POJIb B COXPAaHEHHH U
BOCCTAaHOBJICHHHU PECYPCOB >KUBOM NpUpobl. OHU SBISIOTCS Hanboee 3 ek THBHBIM MEXaHW3MOM O~
JieprKaHus IKOJIOTHIECKOro OalaHca PerHoHOB, COXPAaHEHHsI UX eCTeCTBEHHOTO Onopa3sHoobpasus [1].

B nanHo#i paboTe npeacTaBieHbl pe3yIbTaThl ONPEACICHUS YACIbHON aKTUBHOCTH PaJANOHYKINIOB
B BepxHeM (0—10 cm) cioe moussl Ha OOIIT PoctoBckoii obnactu. Bepxuuii ciioit moussl Hanbosee
TIOJIBEPIKEH BIMSHHUIO KaK Pa3InYHbIX KIIMMATHYECKHUX (IPHUPOHBIX ) PAKTOPOB, TAK U AaHTPOIIOTCHHOMY
BIUSHUIO. B 5TOM MOYBEHHOM CJI0€ COCPEIOTOUYCHA OOJbIIAs YaCTh KOPHEBOM MAcChl pPacTEHHM (MOIII-
HOCTB JIPHOBOTO TOPHU30HTA B cTemsX POCTOBCKOI 00macTu yaie Bcero coctaBisieT 8—12 cm) [2—4].

MHoroJyieTHHE CBEJeHHsI 00 aKTUBHOCTH PaJUOHYKIIHIIOB B BEPXHEM CIJIO€ TIOUBHI (B TOM YHUCIE O
TUIOTHOCTH BBITIICHUI paAMOHYKIIUAOB MOCTIE aBapHii, YTO 0CO00 aKTyaIbHO JAJISl HCKYCCTBEHHOT'O pa-
JUOLE3MsT), O 3allacax paAHOHYKINIOB B AEPHOBOM FOPHU30HTE, O IOBEPXHOCTHOM paclpellelieHHH pa-
JUOHYKJIMJIOB B PaMKaxX Kak 00beKTa B LIEJIOM, TaK 1 KOHKPETHOH MOHUTOPHUHIOBOM TUIOIIA/IKH B 4acT-
HOCTH TTO3BOJISIFOT HE TOJILKO OIICHUBATh (POHOBBIC KOHIIEHTPAIMU PaIHOHYKIHJIOB B TIOYBE, HO U H3Y-
YaTh BIUSHUE YEIOBEYECKOMN NEATEIHPHOCTH HAa HA3€MHBIE 3KOCHCTEMBI.

O0BbeKTHI H METOABLI HCCJICAOBAHNUSA

HccnenoBanus NpoBOAMINCH Ha TEPPUTOPHX 3amoBefHMKa «PocToBckuity, boTannueckoro caga
HOsHoro (henepanbHOro yHUBEpCUTeTa, B ypouniax YepHas Oanka u KamenHas Oanka, Ha TEPPUTO-
pusix IlepcmanoBckoit 3anoBeaHoi crenu u IIpuasoBckoii crermn PoctoBckoil o0macTu. 3amoBeTHUK
«PocToBCcKMil» pacrnonokeH B KalITAHOBOM MOYBEHHON 30He, Ha ocTainbHbIX OOIIT pacnpocTpaHeHsl
YepHO3eMHBIE TIOYBHI [2, 3].

OO6pa31iel TOYB Ha KOHTPOJBHEIX mutomaakax (KY) Osutn oToOpaHsl METOA0M KOHBEpPTA (CO CTOPO-
Hoil kBaaparta 10 m) riryounoi 0—10 cm. Bce mouBeHHBIC MPOOBI BHICYIIMBANIM TIPU TEMIIEpaType
t =100 °C, u3menp4any, MPOCEUBAIH YEPE3 CUTO C pa3MePOM siuelku 1,0 MM ¥ FepMETHYHO YIaKOBBI-
BaJId B cUeTHBIC TeoMeTpur Mapuuemm 1 1, Mapuremm 0,5 11, yamky [lerpu, «/leata» 0,02 1 (guck
BBICOTOH 7 MM 1 JuiaMeTpoM 70 MM) B 3aBUCIMOCTH OT KOJIMYECTBa OTOOpaHHOI poOsI [5].
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Vaenbhyto aktuBHOCTh *’Cs u ecrectBennbix pamuonykinaos (EPH) B mousax ompenensim uH-
CTPYMEHTaJbHBIM raMMa-CIIeKTPOMETPUIECKIM METOAOM PaJAHOHYKIMIHOTO aHan3a. Vcmonp3oBanu
HU3KO(OHOBYIO CIIEKTPOMETPUIECKYIO YCTAHOBKY [6] Ha OCHOBE MOTYIIPOBOJHIHKOBOTO KOAKCHAITEHOTO
JeTexTopa u3 ocobo uncroro repmanus (GeHP) n ramma-ciekrpomMeTp CUMHTHIUIIOHHBIN «IIporpecc-
rammay Ha ocHoBe Nal(TI) merexropa. Bpems Habopa raMmma-CrieKTpOB COCTaBIsUIO OT 1 710 24 4 B 3aBH-
CHUMOCTH OT T€OMETpHUi cueTHOTro o0Opasma. [lorpenrHocTs M3MepeHns: yaenbHON aKTHBHOCTH PajIHo-
HYKIH0B He npesbimana 30 % (B ocaoBHOM 10-15 %) [5-7].

CratucTHuecKyto 00paboTKy pe3yIbTaTOB ONpEAEIICHUS yIeIbHOW aKTUBHOCTH PAaJHOHYKIHIOB B
mouBax OOIIT PocToBckoit 00macTy MpOBOIMIN TIPH TTOMOIIX IIPOTPaMMHOT0 obecrieueHus Statistica.

Pe3ysbTaThl M HX 00Cy:KAeHHE

B Tabn. 1 mpencraBiieHsl pe3ynbTaThl CTATHCTUYECKON 00pabOTKHM yhenbHOUW akTmBHOCTH EPH
(**%Ra, »*?Th u *°’K), a taxxke uckyccreennoro *’Cs B Bepxuem cnoe nous OOIIT PocToBckoii 061acTu.

Pacnipenenenue paguonykinnos B BepxaeM (0—10 cm) cioe noussl OOIIT cTporo He mogUMHACTCS
HOpMaJBHOMY 3aKoHY. [Ipu 3TOM cpeqHrie, MOJabHBIE M MEaHHbIe 3HAYSHHS yIeTbHONH aKTHBHOCTH
EPH coBmagaroT B mpezenax JOCTaTOYHO BBHICOKOTO CTaHJAPTHOTO OTKJIOHEHUs (HEONPEeNeICHHOCTH
u3Mmepenuii — nopsaaka 30 %). 1y OoleHKH pacripeneseHUus HCKyCCTBEHHOTO Paauole3us B MOYBax
OOIIT nenecoobpa3zHO UCTIONB30BATH METUAHHOE WIIH CPEeIHEE TEOMETPHUYECKOE 3HAYCHUSI.

Tabauya 1/ Table 1

Pe3yabTaThl cTaTHCTHYECKOH 00pa00TKHU JaHHBIX 110 yAeIbHONH AKTHBHOCTH PAAUOHYK/IMI0B B I0YBax
OOIIT Pocrosckoii ods1actu / Results of statistical processing of data on the activity concentration
of radionuclides in soils of protected areas of the Rostov region

Panunonyxnua
[TapameTtp

137Cg 226R, 22TH 40
Munumym, Br/kr 1,0 7,2 10,9 140,7
Makcumym, bx/kr 106,7 58,2 434 731,0
Cpennee apudmerrueckoe, Br/kr 21,7 26,9 27,0 403,7
Cpennee reomerpuueckoe, br/kr 13,0 253 25,8 382,3
Menuana, Bx/kr 14,2 24,4 26,0 414,0
Mopna, Bx/kr 7,5 20,9 33,1 448.0
CraHgapTHOE OTKIOHEHHUE, BK/KT 21,5 9,8 7,8 127,8
Koaddunment Bapuanuu, % 99 36 29 32
KommuectBo mpoO, miT. 111

B uenom manneiii paanonyxina pactpenener B nouBax OOIIT PocroBckoit o0nacti HepaBHO-
MEpPHO. ITO 00YCIIOBJIIEHO OCOOCHHOCTSIMU BBITIAJICHHS JJAHHOTO PaJHOHYKIIHIA [Tocje aBapuu Ha Yep-
HOOBTECKONT ADC [8]. HecmoTpst Ha TO 4TO Ha TeppuTOpuHd POCTOBCKOI 00NAaCTH NaHHBIA pajvo-
HYKJIMJ BBINAJal MATHAMH M Iojiocami, Bbimanenue ’Cs B cpeanem cocrasuiao 0,1-0,5 Ku/km?
(1-18 xkBk/M?) u He mpeBbINIaeT naxe B uueiihax sarpssuenus 0,9 Ku/km? (menee 33 kbx/m?) [8].

B tabn. 2 mpuBeneHsl pe3yiabTatsl pacupeaeicHuss EPH u uckyccTBeHHOTO 113U B BEpXHEM
cioe mouBkl B Kaxaou u3 ucciaenyemorx OOIIT. 3naunmele paznnaus (KO3QPUIUEHTH BapHaluu
38-79 %) B yIebHOM aKTHBHOCTH UCKYCCTBEHHOTO paauonykiuaa *’Cs B mousax OOIIT, kak yxe
TOBOPHIIOCH BBIIIE, 00YCIIOBJICHEI €T0 HEPABHOMEPHBIM BBIIIAICHUEM TT0CIIE aBapuu Ha YepHOOBLIb-
ckoit ADC. MuHHMaIbHBIE KOHIIEHTPAITNHU €0 GUKCHPYIOTCS B 3aIIOBETHUKE «POCTOBCKMINY.
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Tabruya 2 / Table 2

PesyabTaTsl cTaTHCTHYECKON 00pa0OTKH JAHHBIX 0 YeJIbHOH AKTHBHOCTH PAJAMOHYKJIHI0B
B nousax pa3inn4uHbix OOIIT / Results of statistical processing of data on the activity concentration
of radionuclides in soils of various protected areas

ITapameTp ‘ IcC ‘ 3P ‘ bC ‘ AC ‘ Kb ‘ 4b
1370
Munumym, Br/kr 1,7 0,5 42 1,1 2,7 12,2
Maxkcumym, Br/kr 106,7 20,0 59,1 70,6 323 56,0
Cpennee apudmernueckoe, Br/kr 58,6 6,3 17,6 15,9 17,6 34,2
CpenHee reoMeTpUIECKoe, BK/KT 43,1 5,0 15,1 11,3 12,7 31,7
CTaHJapTHOE OTKJIOHEHHUE, BK/KT 31,9 4,2 10,2 12,6 12,1 12,9
Kosdduument Bapuarmu, % 54 67 58 79 69 38
26R,
Munumym, Br/KT 19,3 20,0 13,6 7,2 20,2 32,1
Maxkcumym, Br/kr 28,0 34,3 31,7 33,1 37,5 63,9
Cpennee apudmernueckoe, BK/Kr 23,7 26,8 25,1 22,0 28,5 44,7
Cpennee reoMerpuueckoe, BK/Kr 23,6 26,5 24,8 21,3 27,8 44,2
CTaHJapTHOE OTKIOHEHHUE, BK/KT 3,1 3,9 3,7 5,4 6,9 7,4
KoaddurmenT Bapuaumu, % 13 15 15 25 24 17
23T
Munumym, Br/kr 19,1 20,2 20,0 10,9 19,2 11,6
Makcumym, Br/kr 40,7 434 39,2 37,6 27,2 33,8
Cpennee apudMeTuIeckoe, BK/kr 31,4 32,0 31,8 25,4 22,6 21,8
Cpennee reoMerpuueckoe, Br/Kr 30,8 31,5 31,4 24,5 22,4 20,9
CranapTHoe OTKIOHEHUE, BK/KT 5,7 5,8 4,7 6,7 3.4 6,6
KoaddummenT Bapuanmu, % 18 18 15 26 15 30
0K
Munumym, Br/kr 446 282 260 141 125 142
MakcumyMm, Bx/kr 535 731 775 486 345 469
Cpennee apudMeTuIeckoe, BK/kr 491 538 438 349 247 295
CpenHee reoMeTpuYIecKoe, BK/Kr 490 524 431 338 236 275
CranapTHoe OTKIOHEHHE, BK/KT 29,7 119,4 75,7 81,8 72,2 115,8
KosdppunpenT Bapuanuu, % 6 22 17 23 29 39
KonuyectBo mpo0, mir 12 27 75 57 6 12

IIpumeuanne. [ICC — IlepcuanoBckas cremns; 3P — 3anoBennuk «Pocrosckuiiy; BC — borannueckuit cax FOx-
Horo ¢enepansHOoro YHUBepcuteTa; AC — I[Ipuasosckas crens; Kb — Kamennas 6anka; Ub — Uepnas 6anka

CornacHo pa3IMYHBIM OLIEHKaM IUIOTHOCTH BBINAJCHUSI paAHOLE3Us HA TEPPUTOPUH EBpoIIbI, BKITIO-
yast Poccuiickyro @enepanmio, benopyccuto u Ykpauny [8], B PocToBckoi 061acT OCHOBHBIE TISITHA
3arpsA3HEHMs] paJluoLe3ueM IIPUILIUCH Ha CEBEPHYIO U 3anaHyto yacTu. FOro-socrok Pocrosckoil 00-
JIACTH OKa3ajicsl HAMMEHEE 3arpsI3HEHHBIM PaJIHOLIE3UEM.

HcKyCCTBEHHBIE PaJIMOHYKIIH]IBI, TaKue Kak '*/Cs, MOMajaloT Ha MOBEPXHOCTH MOYBBI C PaJIMOAKTHB-
HBIM BBITIAJICHUEM W MUTPHPYIOT 110 TIOYBEHHOMY TPO(MWIIIO B BHJIE COJIEH M C TOHKUMH HIMCTBIMHU Ya-
ctrnami. Bo3MoxxHa 1 MuTpanms paauones3ns mo npo@uiro B BUAE KOMIUIEKCHBIX COETMHEHUH C TYMU-
HOBBIMH BemecTBamu [9]. Tem He MeHee 0COOCHHOCTH BOIHOTO PeXHUMa B CTEMHBIX pernoHax Poctos-
CKOM 00J1acTH CIIOCOOCTBYIOT TOMY, UTO OOJIBbILIAs YaCTh PAJHOLIE3HUs COCPEA0TAUNBACTCS B TIOBEPXHOCT-
HBIX TOPU30HTAX KaK 3a C4eT HEOOMEHHOW COpOLIMHY ITTMHUCTHIMU MUHEpAJIaMH, TaK 1 ITyTeM 00pa30BaHuUs
MaJIOTIOABWKHBIX KOMIUIEKCHBIX COSIUHEHNUH ¢ TYMHHOBBIMH KUCJIOTaMH U COPOIIMH €T0 TYMHUHOM.
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VYnenbnas aktuBHOCcTh EPH B mouBax OOIIT PocroBckoii 001acTH COMOCTaBMMA B MPeIeiax CTaH-
JIAPTHOTO OTKJIOHEHHSL, TIPH 3TOM MakcuMasbHble 3Ha4eHus *'K hukcupyrorcs B 3anmoseauke «PocTos-
ckuii», a *Ra — B ypounie Yepnas Ganka. Mcrounnkamu *°K u 2*°Ra (a Taxke u 2*?Th) B mousax
ABJISIFOTCS OYBOOOPA3yIOLIHEe MOPOIbl, OITOMY 3TH M30TOIBI OTHOCUTEIILHO PABHOMEPHO pacipeze-
JIEHBI B IIPeAEax KOHTPOJIbHBIX YIaCTKOB.

IIpu 3TOM, 110 HekoTopbiM AaHHbM [10], “°K, Gy yun GHOreHHBIM JJIEMEHTOM, HAKATIUBAETCS B T10-
BEPXHOCTHBIX CJIOSIX C OTHOCHTEIBHO BBICOKOH OMONOTMYECKO aKTHBHOCTBIO. Taxke B 3alOBETHUKE
«PocTOBCKHIT» 4acTO BCTpeyaroTcs COJNIOHIIEBATHIE OYBHI U CONOHLEI [2]. Y1 HECMOTpst Ha TO YTO CO-
CTaBe coJIeil B OCHOBHOM COJIM HATPHsL, KAJIbIUS U MAarHUsI, HE CTOUT UCKJIIOYATh B YCIIOBHSX HOTYCYXHUX
U CyXHUX CTelel IpH Yepel0BaHNU OOMIIBHBIX OCAJAKOB U JUINTEIbHBIX 3aCyX MOJHITHE 110 IIOYBEHHBIM
KaIMJuIsipaM 1 cosiei kamusi, B Tom uuciie u “’K. Bee 3T0 MOXKeT 00BACHATH 3HAYUTENbHBIE KOOPDHIH-
enTsl Bapuanuu kanus B mouBax OOIIT naxke B mpeaemax KY (tabim. 2).

VYpounme YUepHas Oanmka, pacnonokeHHoe B mpenenax Bocrounoro Jlonbacca (JloHernkumii kKaMeHHO-
YIOJIbHBINA 0acCeiH), OTAMIACTCSI CIIOKHBIM pefibe()OM B PasHOOOPa3HBIM MMOYBEHHBIM MTOKpoBOM. Hanbo-
JIee pacIpOCTPAHEHbI MOYBBI HA INIOTHBIX TIOPOAX, OTIANYAOIIMXCS MEOHUCTOCTEIO, U 22’Ra MOKET ObITh
TIPUBHECEH B TIOYBY C 00JIOMKaMH TIOTHBIX MTOPOJ (CIIaHIIbL, U3BECTHSKH). B okpectHOCTX manrOi OOIIT
HaXOJISITCS YTOJIBHBIC IAaXThl, B YIIe0TBaIaX (TEPPUKOHAX) KOTOPBIX COAEPIKATCS TIOPOABI C MOBBIICHHON
aktuBHOCTBIO EPH. IIpu BeIBETpHBaHUM TaKUX MOPOJ PAAUOHYKIH/IBI C IIBIIBIO MOT'YT PaclpOCTPaHATHCS
Ha 3HaYMTEJIbHBIC PACCTOSHMS U OCENaTh IIPU CyXOM M MOKPOM BBINaACHUX Ha MOuBHI [11].

3HauuMbIe (BBIIIE MOTPEITHOCTH OTIpeieieHrs ) Bapuanuu B ipeaenax KV (tabum. 2) xapakTepHbI IS
MCKYCCTBEHHOTO0 paguonykauaa 2’Cs, 9ro uccenoBarenn oObACHIIOT BIMSHEEM MUKpoOpebeda Tep-
putopuu [12, 13]. CrenHble Oiro11a, TOTSDKUHBL, 323 TUHBI, OyTOPKH MOTYT JIaXKe B TIpeaenax HeOoIb-
IOTO y4acTKa CO3/1aBaTh 3HAUUTEIIbHbIE TPAJUCHTHI BJIard U TEMIIEPATYPbl, YTO MPUBOAUT K 3HAUUMbBIM
nepepacnpeaeneHusIM JaHHOT0 akTUBHOTO IiesioyHoro Metaima [12, 13].

Hns EPH Bapuanuu pangnonykianioB B mpenenax KY HuBenupyroTcs olryTHMO BBHICOKON HHCTPY-
MEHTAIbHOM MOrpeHOCThI0. [IpH 3TOM B ouBax, chOpMUPOBAHHBIX HA AJUTFOBHAIBHBIX OTIOXKEHHSIX
WIY B aJUTIOBHANIBHBIX MOYBaX (aJUTIOBHANBHO-ITYTOBBIX NOYBax ), Bapuaiuu EPH B npenenax kBampara
10x10 M MOTYT AOCTHraTh B OTACIBHBIX CIydasx JIO ABYX M Oosiee pa3. DTO MOXKHO OOBSICHUThH HEO/I-
HOPOJHOCTBIO MOYBEHHOT'O MOKPOBA, HAJIMUUEM I1€CUAHBIX MIPOCIIOEK, JINH3 B IOYBEHHBIX TOPU30HTAX,
pasinureM B IpaHyJIOMETPUYECKOM COCTaBE U COAepKaHUM ryMmyca. He cToUT ncKiIoyaTh U BIMSIHUE
OnoTypOanuu KaKk Ha repepacnpesie]ieHne HCKYCCTBEHHBIX PaJMOHYKIHI0B (B OCOOCHHOCTH pajIHoIie-
3usl), Tak ¥ Ha Bapuanuu EPH B mousax [14, 15].

B tabn. 3 npuBeaeH aHanu3 yIeNbHOW aKTUBHOCTH PAAMOHYKINIOB B pa3HbIX Tunax noussl OOIIT
PocToBckoit obnacTu.

Tabnuya 3 / Table 3

Cpenuss apudpmeruyeckas yaeabHasi akruBHocTb EPH B mousax OOIIT PocroBekoii o0actu, Br/kr /
Arithmetic means activities concentrations of natural radionuclides in soils of protected areas
in the Rostov Region, Bq/kg

Ty nouBsI Aya, br/xr
26Ra | 22Th a0
TemHO-KamTaHoBast KApOOHATHAS MOIIHAS CPEIHECYTTTMHICTAs 29,1 33,5 | 585,2
CoJ1oHel KallITAHOBBIN KOPKOBBIH TSKEJIOCYTITMHUCTBINA 27,8 38,0 | 647.5
KamrranoBas conoHIieBaTasi CpeJHeMOITHAS TSHKEIOCYTITNHICTAsS TTOYBa 25,7 32,7 | 531,0

UepHo3eM 10KHBIH KapOOHATHBIN CPEHEMOITHBIN CPEeTHECYTIIMHUCTHIA MeOHNCTHIN
Ha 3JIFOBUH IIOTHBIX MOPO/T

27,4 | 38,1 | 669,2

UepHo3eM 0OBIKHOBEHHBIH KapOOHATHBIN MOIIHBIN 24,7 32,4 | 500,3
YepHO3eM 0OBIKHOBEHHBIH KapOOHATHBIN CPETHEMOIIHBIN TSDKEIIOCYTIMHUCTHII 24,6 32,6 | 426,9
YepHO3eM 0OBIKHOBEHHBIH KapOOHATHBIN HENMOIHOPA3BUTHINA HA IIIOBUH M3BECTHAKOB | 21,3 24,2 | 3335
JlyroBo-6010THas IOYBa 25,2 32,5 | 461,9
JlyroBo-4epHo3eMHas TSHKEIOCYTITHHUCTAS 24,7 31,5 | 451,8
CoOJIOHYAK JIYTOBOI KOPKOBBINM TTMHUACTBINA 23,5 24,1 | 385,5
CoJIOHYaK KOPKOBBIH TSHKEIOCYTITUHUCTHIN 23,3 254 | 362,1
AJUTIOBHAIBHO-JIYTOBAs TIIeeBas TSKEIOCYTIIMHUACTAS 14,3 15,2 | 240,8
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Bce nccnenyemble MOUBBI MPEUMYLIECTBEHHO TSDKENO- U CPETHECYTVIMHUCTOIO TPaHyJIOMETpUYe-
CKOTO cocTaBa U c(hOPMHUPOBAHEI B OCHOBHOM Ha JIECCOBHIHBIX CYTTMHKaX (¢ rauHax) (Tadxa. 3). Uc-
KITFOUEHHE COCTABIISAIOT IMTOYBHI MOWMEHHBIX YYACTKOB (HA pa3IHYHBIX aJUTIOBHAIBHBIX OTIOKECHHAX) H
MOYBBI HA TUIOTHBIX MOpoJax (M3BECTHAKAX U MecYaHnKkax). MUHUManbHas yaenbHas aktuBHocTs EPH
(uKCcHpyeTCs B AJUTFOBHAILHO-TYTOBBIX ITOYBaX (C BEICOKUM CO/IEp)KaHHEM IeCKa, IECOK 00IagaeT Hu3-
KO COpPOITMOHHOM CITOCOOHOCTBIO | C1a00 YA KUBACT PAIHOHYKIIHIBI).

HHTpa3oHanbHbIe MOYBBI, CHOPMHUPOBAHHBIE HA aJUTIOBHAIBHBIX OTIOKEHUIX (IIPEUMYIIECTBEHHO
MIECYaHbIX), B TOM YHCJIE U COJIOHYAKU KOPKOBBIE, a TaK)KE HETOJIHOPA3BUThIE YEPHO3EMBI Ha 3IIOBUU
TUTOTHBIX OCAJIOYHBIX MOPOJ, HECMOTPS Ha TIIMHUCTBIN U TSHKEIOCYTIIMHUCTHIA TPaHyIOMETPUIECKHHA
COCTaB, Takke 00JIa1al0T IOHMKEHHOH yIenbHON akTHBHOCTRI0O EPH.

IIpu 3TOM CTpOro MOATBEPAUTH 3aBUCUMOCTH yaenbHoU akTuBHOCTH EPH ot tmna nmoussr OOIIT
PocToBcko 06macTw He yjaeTcs BCIEACTBHE KaK IOCTaTOYHO IMPOKKX Bapuarwii konneHTpanuu EPH
B ipenenax oxHoro KY (pasmepom 10x10 M), Tak ¥ OTHOTO U3 BaXKHBIX HETOCTATKOB METO/1a — BBICOKOM
MHCTPYMEHTAIBHON MOrPEIIHOCTH U3MEpPEHHs YAECIbHOW aKTHBHOCTH paJuoHyKINI0B (10 20—40 %)
[5—7]. X0Tst MHCTPYMEHTAIBHYIO MOTPEIIHOCTh MO’KHO YMEHbBIIIATh KOPPEKTUPOBAHHUEM METOIUKU H3-
MEpEHUs: yBETMYEHHUEM BpeMeHH Habopa raMMa-criekTpa (yBelTWYeHHE BPEMEHU HM3MEpPEHHs OJHOM
poOsI) [7]. Ho mpu MaccoBBIX U3MEPEHHUAX OOJIBIIIOr0 KOJIMUYESCTRA P00 YBEIIMYCHHE BPEMEHU Habopa
CIIEKTpa He MO3BOJIsIeT HAaOUPaTh JOCTATOYHOE KOJTMUYECTBO CTATHUCTHYECKOTO MaTepraa.

3aKkiIoueHne

Cpennss ynenbHas aktuBHocTh EPH B mousax OOIIT PoctoBckoii o6mactu cocraniser 26,9 u 27,0
Br/kr st 22°Ra u *?Th cooTBeTCTBEHHO. J[aHHbIE 3HAUEHHS MOYKHO HCIIOIb30BaTh B KAYECTBE (POHOBBIX
(3TaJIOHHBIX) TIPU OLIEHKE CTENEHHU BIMSHUS MPOMBIIIJICHHOCTH U ypOaHU3allMK HAa PaAHOaKTHBHOCTb
MIOYBBHI.

Cpennee apupMeTHIECKOE, MEUAHHOE M MOJIAIBHOE 3HAUEHUS YIeIbHOM akTuBHOCTH *’Cs cocTas-
nstot 21,7, 14,2 u 7,5 Br/kr coorBercTBeHHO. [lonydennbie B paboTe pe3yabTaThl 1o 3arps3HeHnto Po-
CTOBCKOM 00JIaCTH pajliolie3UeM CYIIECTBEHHO PACIIUPSIOT, JOMONHSIOT U HE MPOTHBOPEYAT OHIIU-
AIBHBIM CBEJICHHSIM.
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METAH U CEPOBOAOPO/ B JOHHbBIX OTJIOXEHUAX
BOJOXPAHWJIHII U ITPYIOB BACCEHHA A30BCKOI'O MOPSI
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Annomanus. I[Iposedenvl 2azoceoxumuyeckue Ucciedo8anusi OOHHbIX omaodiceHuti u 600vl Coxonosckoeo, I pyuies-
cxo20, Apmemosckoeo, Becenoeckoeo, [lporemapckozo, Llumnanckozo 6000Xpanunuiy u Opy2ux 3anpysiceHHbix 6000e-
mos. Konyenmpayuu CHy u XH)S 6 omnooicenusx usmensaromes ¢ npeoenax om 0,02 oo 61,3 mxe/e u om <0,01 do
8,36 me/e enascnoeo ocaoka coomsemcmesenno. Haubonee gvicokue konyenmpayuu CHy Habmooaromes 8 omaodice-
HusAx Apmemosckoeo, Llumnsanckozo u Becenosckoeo sodoxpanununy, a 2H»>S — 6 omaoxcenusx [lponemapckoeo, Lium-
sanckoeo u I pywesckoeo eoooxpanumuwy. Pacnpedenenue CHyu XH)S no eepmuxanbHomy npo@uiro omiaoxcenuii xa-
PaKkmepusyemcs, KaxK npasuio, yeeaudeHuemM KOHYeHmpayuti om no8epXHOCIMHO20 Cl0s K NOONOBEPXHOCHIHbIM 20PU-
30HMAM, 8 KOMOpbIX UKCUPYEMCs MAKCUMATbHBILU UX NUK, NOCTe 4e20 KOHYeHmpayuu cHudcaomes. Omauuuem pac-
npedenenuss XH,>S om pacnpedenenus CHy sigisiemes 6onee wacmas ghuxcayusi MakCumMaibHuix Konyenmpayuti 2H»S 6
Menee 2nybokux crosix omaodxcenuti. Cooepacanue CHy 6 cymme uzyuennvix 60CCMAaHOBIEHHbIX 24308 (KO3 duyuenm
memanuzayuu Kcry) 6 omnoocenusix sapoupyem om 0,004 0o 11,1 %, umo ceudemenbcmsyem o CyujecmeeHHom 00Mu-
HUPOBAHUL Npoyecca cyibPampedykyuil Hao npoyeccom memanozenesa. [Ipoananusuposana mecnoma ceésseti KoH-
yenmpayuii CHy u XH>S medxncoy coboti u senuuunamu Kcny, pH u Eh omnooscenutl.

Knrouesnte cnosa: bacceiin A306ck020 MOpsi, B00OXPAHUTUWA U NPYObL, OOHHbLE ONIONCEHUS, OKUCTUMETbHO-BOC-
CMAHOBUMEIIbHbIE YCI08US, KUCTIOMHO-WENI0UHAS 00CIAHOBKA, MEMAH, cepo8000po0, CYIbPUOHAs cepa, pacnpeoeiieHue

Brazodapuocmu: asmopol 61a200apsm cmapuie2o HaAy4Ho20 COMPYOHUKA 1abopamopuu Memooos u mexHu-
yeckux cpedcme ananuza 600 Iuopoxumuuecxkozo uncmumyma H.C. Tambuesy 3a onpedenenue Konyenmpayuil
CH4 u ZH zS.

Hccneoosanue  svinonneno  no  epawmy  Poccutickoeo  nayunoco  ¢gonoa  Ne  22-27-00671,
https://rscf.ru/project/22-27-00671/ ¢ FOxcrnom pedepanvhom ynusepcumeme.

Jna yumuposanusn: Iapvxywa /].H., @éoopos FO.A. MeTaH u cepoBOIOPOJ B JOHHBIX OTIOXKEHHSIX BOJIO-
XpaHWIUII ¥ IPYAOB Oacceitna AzoBckoro Mops // Uzeectus By3oB. CeBepo-KaBkasckwuii perroH. EcrecTBeHHEIE
Hayku. 2022. Ne 3. C. 45-61.
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Abstract. Gas-geochemical studies of bottom sediments and water of Sokolovsky, Grushevsky, Artemovsky,
Veselovsky, Proletarsky, Tsimlyansky reservoirs and other dammed reservoirs were carried out. Concentrations of
CHy and XH>S in sediments vary from 0.02 to 61.3 ug/g and from <0.01 to 8.36 mg/g of wet sediment, respectively.
The highest concentrations of CHy are observed in the deposits of the Artemovsky, Tsimlyansky and Veselovsky
reservoirs, and XHS — in the deposits of the Proletarian, Tsimlyansky and Grushevsky reservoirs. The distribution
of CHy and XH,S along the vertical profile of sediments is characterized, as a rule, by an increase in concentra-
tions from the surface layer to the subsurface horizons, in which their maximum peak is recorded, after which the
concentrations decrease. The difference between the distribution of XH>S and the distribution of CHy is the more

frequent fixation of maximum concentrations of XHS in less deep layers of sediments. The percentage of CH 4 from

the sum of the studied reduced gases (the coefficient of methanization of Kcuy) in sediments varies from 0.004 to
11.1 %, which indicates a significant dominance of the process of sulfate reduction over the process of methano-
genesis. The closeness of the relationships of the concentrations of CH4 and XH)S between themselves and the
values of Kcrs, pH and Eh deposits is analyzed.

Keywords: Azov Sea basin, reservoirs and ponds, bottom sediments, redox conditions, acid-base environment,
methane, hydrogen sulfide, sulfide sulfur, distribution
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Beenenue

MertaH 1 cepOBOAOPOI SBJISIFOTCS. BOCCTAHOBIICHHBIMHU Ta3aMH, 00pa3yIOIIUMHKCS Ha KOHEYHBIX CTa-
JIUSIX Pa3jIokKESHHsI OPraHMUECKOro BEIIeCcTBa B ruapocdepe, neapocdepe U BepxHeH yacTu JUTochepsl.
OTH Ta3bl UTPAIOT BAXKHYIO POJIh B KPYTOBOPOTE YIIIepoaa u cephl B mipupoe [1, 2], a MeTaH sBuseTcst
TaKk)Ke OJIHAM M3 HanOoJiee 3HAaYMMBIX IMAPHUKOBBIX Ta30B, MMOTJIOMIAOIIAS CIIOCOOHOCTH KOTOPOTO BO
MHOTO pa3 MPEBbIIAET TAKOBYIO YIJIEKHUCIoro ras3a [3-5].

I'eneparust metana (CH4) B TOHHBIX OTJIOXKEHHSX OCYIIECTBIISETCSI B OCHOBHOM METaHOOPA3YHOIINMHU
apxesMu (METaHOT€HaMH), KOTOpbIe HACEISIFOT aHA3POOHBIE CJIOM W HCTIONB3YIOT OrPaHMYSHHOE KOJIMJe-
ctBO cyoctpatoB (Ha, CO», anerar, metanos, hopmuar, metriiamunbl) [6—8]. Cepoomopos (HoS) obpa3y-
€TCsl BCIIE/ICTBUE MPOTEKAaHMsI TIpoliecca Cyb(paTpeyKIMH, OCYIIECTBISIEMOTO CyIb(aTpeayupyOIUMU
OakTepusIMHU, KOTOPBIE HCIIOJIB3YIOT KUCIOPO/ CYIIb(ATOB [Isl aHa3POOHOT0 OKUCIICHUS HU3KOMOJIEKYJISP-
HBIX OPTaHUYECKUX BEIIECTB (aleTar, MpoIoHaT, OyTHpar, JakTaT, TMpyBaT, Majar, (ymapar, caxap, 3Ta-
HOJ, rIporianost, MeTaHou) 10 CO: U COMPSPKEHHOI0 BOCCTAHOBJICHUS Cepbl CYIb(aToB 0 Cy/bduaa (cepo-
Bogopoxn) [1, 2, 9, 10]. Haubosee GnaronpusiTHbIe YCIOBHS IJIsl IPOLIECCOB METAHOTEHE3a U CyJb(daTpenyK-
MM CKJIaAbIBAIOTCS B BEPXHUX FOPU30HTaX MEJIKOBOJHBIX MIIOBBIX OTJIIOKEHUH BOAHBIX OOBEKTOB, XapaK-
TEPU3YIOIIMXCS MOBBIIIEHHON KOHIIEHTPAIIMEH OPTraHNYECKOT0 BeIECTBA M HU3KUM OKHCIIUTENbHO-BOCCTa-
HOBUTEJILHBIM TTOTEHITHAIOM [2, 6, 11, 12].

CynbgaTpe1yKTOpbl 1 METaHOT'€HBI, 3aHUMasi OJTHH U Te )K€ dKoJoruueckue Huu [ 12—-14], Hepeako
UCIIOJIB3YIOT OJIHU U T€ K€ MUTaTellbHbIe CyOCTpaThl, B YaCTHOCTH aleTar, (JOpMHAT U MOJIEKYJISIPHBIN
Bostopo/1. [ToaTomMy Mex Ty HUMH 32 00ajaHne dTUMHU cyOCTpaTaMy BOZHUKAET KOHKYpeHTHast 0oproa,
MPEUMYIIECTBO B KOTOPOH MPUHAICKUT OakTepusM-CyabaTtpenykropam [ 15]. Uccnemoanwmsi [12, 16,
17] mokazanu, 4To B IpeAenax HeCKONBKUX JECSITKOB CAHTUMETPOB ISl OKEAHWYECKUX U MOPCKUX aK-
BaTOpHi 00BIMHO XapaKTepHO oOpaTHOe pactpenenenue conepxannit CHs 1 HoS u ckopocteit nx 00-
pa3oBaHus 10 BEPTUKAIH JOHHBIX OCAJIKOB, UYTO XOPOILO COTJIACYETCS C MPEACTABICHUSIMH 00 HHI'HOH-
pOBaHUM Ipolecca MeTaHOTeHe3a cylbdarpenykuneii. B To ke BpeMs B OTAENBHBIX CIIydyasx JaHHas
3aKOHOMEPHOCTD He TposiBisieTca. Hepenko, Hapsay ¢ 0OpaTHOW, HAOMIONAETCS U PsiMast CBSI3b MEXITY
koHneHnTparmsmu CHy m HoS [11, 13, 17, 18].
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B nHacrosiee Bpemsi B HAy4HOI JInTepaType padoThl, HANIPABJICHHBIC HA OJJTHOBPEMCHHOE U3yUCHHUE
3aKOHOMEPHOCTEH (hOpMHUpOBaHUS YPOBHS KOHIIEHTpaIuii u pacupenencans CHs u H,S B moHHBIX OT-
JIO)KCHHSIX, KACAIOTCS B OCHOBHOM MOPCKHX M 03€pHBIX 2KOocHCTeM [9, 12, 18-24], B TO BpeMs Kak pa-
0O0TEHI, MOCBAIIECHHBIC ITPOIIECCAM COMPSHKEHHOM reHepariy U paclpee/ICHHs] STHX Ta30B B JOHHBIX OT-
JIO’KEHUSIX BOJOTOKOB, BOJOXPAaHWIIHII M IPYAOB, eanHuYHEI [11, 13, 17, 25].

B HacTosIIei cTaTbe paccMaTpUBAIOTCS PE3yIBTAThI COMPSHKEHHOTO N3YIEeHUS pacpeielleHUs KOH-
ueHTpauii CHs u H>S B TOHHBIX OTJIOXKEHUSAX BOAOXPAHMIIUII U TIPYA0B OacceliHa A30BCKOTO MOPSI.

O0beKThl, MATEPHAJIBI U METOABI HCCIET0BAHUS

B nerne-oceHHwmii mepuo (MIOHL — OKTSIOPH) B OacceiiHe A30BCKOTO MOPSI TIPOBEICHBI UCCIIEI0BA-
Hust CokosioBckoro, ApremoBckoro, I'pymesckoro, [{umnsackoro, BecenoBckoro u Iponerapckoro
BOJIOXPaHWIINII U APYTUX 3aIlPYKEHHBIX BOgoeMoB (puc. 1, Tadnuma).
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Puc. 1. MecTomnonoxeHre CTaHIuid HaOJII0IEH!sT B UCCIIEJIOBAaHHBIX BOJAOXPaHWININAX U TIpyaax Oacceiina
AzoBckoro Mopst: 1 — CokonoBckoe BojoxpaHmwiuie; 2 — ['pymeBckoe Bogoxpanuiuiie; 3 — ApTeMOBCKOe
Bogoxpanuiuile; 4-1 u 4-2 — npya-orcToMHUK waxTthl «HOHasA»; 5 — npyn-a3paTop MAaXThl «AITHHCKAs;
6-1 u 6-2 — llumnsiHCKOE BOJOXpaHUuIE; 7 — BogoeM-oxyaauTess PoctoBckoit ADC; 8 — pucoBbIi UeK;
9-1 n 9-2 — Becenosckoe Bogoxpanunuine; 10-1 u 10-2 — ITponetapckoe Bogoxpanmiuie; 11 — npyn torocos
/ Fig. 1. Location of observation stations in the studied reservoirs and ponds of the Azov Sea basin:

1 - Sokolovskoye reservoir; 2 - Grushevskoye reservoir; 3 - Artemovskoye reservoir; 4-1 and 4-2 - sedimentation
pond of the Yuzhnaya mine; 5 - aerator pond of the Ayutinskaya mine; 6-1 and 6-2 - Tsimlyanskskoye reservoir;
7 - cooling reservoir of the Rostov NPP; 8 - rice check; 9-1 and 9-2 - Veselovskoye reservoir;

10-1 and 10-2 - Proletarskoye reservoir; 11 - Lotus pond

BopoxpaHmiHiaMu MPHHATO CYUTATh UCKYCCTBEHHO CO3JIAaHHBIC KOTJIOBHUHHBIC M €CTECTBEHHBIC
03€pHBIE BOJIOEMBI C 3aMeJTIEHHBIM BOI00OMEHOM, MOJHBIM 00beMOM Gosiee 1 MIIH M>, ypOBEHHBIH pe-
KM KOTOPBIX TIOCTOSTHHO PEryJmpyercs (KOHTPOJIMPYETCs) THAPOTEXHUUECKUMH COOPY>KEHUSIMH B 11e-
JISIX HAKOTUICHUSI U TIOCIIEIYFOIIETO UCTIOIb30BaHHSI 3a11aCOB BOJI JJIsl YIOBJIETBOPEHUS XO3SIMCTBEHHBIX
M COLMANBHBIX oTpeOHOoCTel [26]. Bogoxpanunuia — 3T0 aHTPONIOT€HHEIE, YIIPABISIEMbIE YEIIOBEKOM
00BEKTHI, HO UCTIBITHIBAIOLINE U CHUIIbHEHIIEe BO3/IeHiCTBHE PUPOIHBIX (HaKTOPOB, MTO3TOMY KaK 00b-
€KTBl U3YyUYCHHMsI, UCTIONB30BAHUS M YIPABJICHUS OHU 3aHMMAIOT IPOMEXKYTOUHOE MOJIOKECHUE MEXKIY
YHCTO NPUPOJHBIMU U YUCTO TEXHUYECKUMHU 00pa30BaHUSIMU. Y BOAOXPAHMIMIIL HET IPUPOJHBIX aHA-
JIOTOB, OCKOJIBKY MPOIIECCH TpaHC(HOPMAIMHK BEIECTBA U SHEPTUH B HUX UMEIOT MHBIE, YeM B 03epax
U peKax, MaclTadbl, HaPaBICHHOCTh, MHTEHCUBHOCTD U JUTUTEIBHOCTD, YTO BBIPAXKAETCS B ITOKa3aTe-
JISTX Ka4ECTBA BOJBI, B CTPYKTYPE U POIYKTUBHOCTH BOJIHBIX SKOCUCTEM [26].
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Coxkonosckoe (KuceneBckoe) BOIOXpaHUIIHINE, PACTIONOKEHHOE Ha TeppuTopuu PocToBCKOi 00-
nacTtH, coopyxeHo B 1930-1945 rr. Ha peke KyHApioubs U CIIyXKUT AJII TUTHEBOTO BOJOCHAOKECHUS
roponoB HoBomaxturack u Kpacuerii Cynua. BogoéM BHITSHYTHIH, AiHA — Oonlee 8 KM, IIHpUHA —
10 600 M, rUIoNIaak BOAHOTO 3epKajia — 3,2 kM?. [1yOuHa IJIaBHO YBENIMYMBAETCS OT 3 M B paiioHe
cena Kuceneso no 10 M B paifoHe MIOTHHEI, pacmonoxeHHoi B CokonoBo-KyHApIOUeHCKOM MUAKPO-
paitone r. HoBomaxTuHCKa.

Pe3yabTaThl SKCHeNIHOHHBIX HCCJIE0BAHUI BOAOXPAHHINI M MPYA0B 6acceifHa A30BCKOT0 Mopst /
Results of expedition studies of reservoirs and ponds of the Azov Sea basin

Bona JloHHBIE OTIOXKEHMS
R — Koopaunarst,
BoHslit ° cranit cam/B.z. (mecsn | Temmepa- Topwsont
OBBEKT W EeMECTO™ | peerms | TYPa, °C/ or6opa | Eh B | opy | CHé| 2H2S, | Ko, | Busyamsmoe onmcanme
TOJOKCHUC | e oBanus CHa, P ’ P ke o % JIOHHBIX OTJIOKEHUI
A ) pob, cM
MK/ ’
Coxosnosckoe |(Cranmust 1, 47°50'41.92" / 24.0 TeMHO-CepBIii, MECTAMH KO-
Bomoxpanu- B 10-15 M 39°55'06.19" 21,5 0-2 —138,5 |7,00| 097 | 0,96 | 0,10 [prraHEBbIA (3IEMEHTHI TOYBHI)
nuie Ha p.  |OT ypesa BOAB, BIIQKHBII AT
[KyHnproubst [rryOuHA 10 (aBrycr) TemHO-cepbIii mi1, Gosiee
(TipaBbIit 1 m. Pocros- 2-5 -174,5 |6,47| 0,84 | 047 | 0,18 [mIOTHBIA, C HEOOJBIION NPH-
TIPUTOK CKast 00JIacTh, MECBIO TIECYaHOr0 MaTepraa
p. Cenepcinii r. Hosornax- 510 | —1790 |7,29|3,97| 0,16 | 242 [Toxe, Gonee mioTHbL
Jlonerr, THHCK
To e, c MpUMeEChIo nlecya-
cacrema 0r0 Marepraia 1 00JIOMKOB
Ip- o) 10-15 | -117,0 |7,12] 0,53 | 0,01 | 5,03 N °p
[PAKOBHH MOJLTIOCKOB
imo 1015 %
CpyrieBckoe (Cranimsi2,B | 47°43'11.19"/ 25.0 Cepble ¥ TEMHO-CEpBIE TLIOT-
BosioXpaHu- (-2 motype3a| 40°1521.87" | 3,4-759 0-2 -230,0 |7,79| 0,16 | 3,88 {0,004 |Hble Wbl C pACTUTEIHLHBIMU
e Ha BOJIBI, TTyOHHA n=2) ocrarkamu 5—10 %
p. I'pymeBka [no 1 m. (aBrycr) Cepble 1 TeMHO-CEpbIE OUeHb
NeBbIii py- [PocTOBCKast ~ —174, , X , ,01 |[[IOTHBIE WITBI C IPUMECHIO
(. i P 2-5 174,6 |7,72| 022 3,60 | 0,01 mp!
ok p. Ty3-  |oGmacTs, nmecuaHoro Mareprama 5-10 %
HOIBi CP;cfeMa r. laxrer 510 | -1550 [7,36] 0,19 | 4,02 [0,005 To e
. HoH
P 10-15 | -137,5 [7,01] 0,18 | 0,74 | 0,02 [To xe
|ApremoBckoe|Cranims 3, B 5| 47°45'45.27"/ 12,0 TeMHO-Cepblii 1 YepHBIi
BOJIOXpaHU- M OT yp€3a 40°17'40.22" 1,05 02 750’0 7745 9733 1,08 0,86 BJIKHBINA TJIMHUCTBII I C
nuIe Ha BOJIBI, TITyOHHA [PACTHTEITBHBIMH OCTATKAMH
p. I'pymeBka |no 1 m. Po- (OKTSIOpB) _
(neBb1it croBCKast 06- 2-5 -113,0 |7,55]12,1| 0,77 | 1,55 |Toxe, Ho Golee IUIOTHBL
MPUTOK U1acTs, 5-10 50,0 (7,59 14,8 | 049 | 2,93 [Toxe, Ho Oonee MIOTHBIH
p- Tyanos, —r. Hlfaxrer 10-15 | —1350 |7.80[ 212 | 052 | 3,92 [Toxe, Ho Goee moTHerii
crucrema ’ i ’ > >
p- flow) 1520 | 1700 |7.58| 164 | 021 |[7.24| To xe, Ho Gosee moTHiif
[pyz-ot- Cranmms 4-1, B| 47°41125.83"/ 239 'TeMHO-CepBIii U YePHBIH TTIH-
CTOMHIK 2-3Morypesa| 40°08'05.06" |5,8-80,8| 0-2 —-114,0 |8,17|0,17| 1,86 | 0,01 |uucrerit wn
IAXTHI BOZIBL, TITyOHHA (cp. 38.1;
«Oxnass» o 1 m. (aBrycr) n=3) 2-5 ~155,0 |7,77/ 0,51 | 095 | 0,05 [Toxe
Pocrosckas 5-10 | —2290 (7411039 0,57 | 0,07 [Toxe
0071aCTh,
. IllaxTer 10-15 | —221,0 |7,80{ 049 | 1,35 | 0,04 [Toxe
Cranrms 4-2, B| 47°41'25.83"/ 10,0 UepHbIii MACIISTHUCTBIH TIHHH-
1-2morypesa | 40°08'05.06" 1,0 0-2 —116,0 |7,27| 044 | 2,03 | 0,02 [CTBIH WJI C PACTHTENBHBIMU
BOZIBL, TITyOHHA octarkamu. 3amax HzS
o I m. (oxraGpr) 25 | 2880 |7.37/025| 2.89 | 0,01 [Toxe
PocToBckas
o0JiacTs,
. ITlaxTe! 5-10 -315,0 (7,38{ 0,50 | 2,62 | 0,02 [Toxe
48 HAYKHU O 3EMIJIE



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH.

2022. Ne3

ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

TIpooonarcenue mabauyvl
Bona JloHHBIE OTIOXKEHMS
No Cramwum u Koopaunarsl,
Bombiii ee_Mcerc::)[Lono- c./B. 1. (Mecsl TeMHf;Pa' Topu3oHT
OBBEKT nposenerms | VP C/ ot6opa | Eh, B | pH CHs,| YHsS, | Kcha, BmsyanbHoe omycarue
JKCHUC HCCTIeNIOBAHNS) CHa, 06. oM MKI/T| Mr/T % JIOHHBIX OTJIOKECHHI
wio/me | PO
[pyn-asprop [Cranms 5,8 | 47°38'44.68"/ 6.0 YUepHBIif CHIIbHO MaXKyILICS
maxThl «Afo- 2-3 Mot ypesa| 40°10'42.37" 04 0-2 103,0 |7,68]| 0,10 | <0,01 |>0,99 [, cocTosIMiI U3 TOHKO3EP-
THHCKas»  [BOJIBI, [ITyOHHA HHCTBIX YaCTHI] YIS
no 0,5 m. Po- (OKTSI6pB) 2-5 201,0 |7,68| 0,16 | <0,01 |>1,57|Toxe
CTOBCKast 00- 5-10 2040 |7,32|0,15| <0,01 |>148|Toxe
Haﬁ’ 10-15 186,0 |7,6]0,15| <001 |>148[Toxe
- LaxTH 1520 | 1620 [737[022] <001 [>2,15[Toxe
20-25 146,7 (7,55 0,27 | <0,01 |>2,63[To xe
evumstckoe (Cranrmst 6-1, B| 47°31'51.85"/ 27.0 0-5 - — 1304 | 037 | 7,59 |Cepblii BIasKHBIHA W
BOJIOXpaHH- (3 M OT ype3a 42°10'11.07" 539 i -
> JIOXP: yp! - 510 _ ~Is12| 462 | 110 Cepblii UJI C YepHBIMU [IPH
HIIe Ha BOJIBL, TITyOHHA Ma3kaMu (THAPOTPOUIIHT)
p. Jlon 10 0,7 M. Pg— (ror) 10-15 — — [ 493| 414 | 118 [Toxe
CTOBCKas 00~ KOpIaHEeBO-CepHIii HII C 9ep-
lnacts, r. Bon- 1520 - - 364 248 |015 b pyMasKaMI
OIOHCK . .
2025 _ ~ | 244] 007 |337 KopeHHBIe CBETI0-KOpUYHE
BBIC CYTJIHKH
Cramms 6-2, B| 47°37'54.46" / - Cepo-KOpHYHEBBIi 3auIcH-
5 M OT ypesa 42°26'50.17" 0-5 B — | 012] 012 1010 ok
BOJIBL, TITyOHHA 510 B ~11s2] 030 | o044 TeMHO-CepbIii 3aIeHHBIN TTe-
imo 0,7 m. Po- (uromb) COK C PHMECHIO TPaBuUsl
cTOBCKast 00- TeMHO-cepbIii 3alICHHBII T1e-
nacT, K ce- 10-15 - - 1335 1,83 |0,18 o
BEPO-BOCTOKY TeMHO-CepbIii 3alICHHBII I1e-
ot . Bosro- 15-20 - — 2,14| 0,08 | 261 |coKCBKIFOYCHHSMI LIEIBIX
IMTOHCKa, B AQKOBHH MOJLTIOCKOB
1-2 kmoT (CBETII0-KOPUYHEBBIN 3aMIIeH-
. XopceeB 20-25 — - 1252 032 0,78 |HBIiA KPYITHO3EPHHUCTHIN NECOK
C BKJTFOUCHHUSIMH TPaBHsI
2530 B ~ 18] o9 |02 CB&iTJ'IO-KOpH‘IHeBLIH 3auJIeH-
HBII TTECOK
30-35 B ~ | og6| <001 |>6.19 CBfiTHO-KOpI/I‘IHGBBII/I riecya-
HBI 1T
3540 B “lo29] 023 |o013 Tel\fHO-KOpI/FIHeBBIH 3amJICH-
HbII TECOK
40-45 | = |016] <001 |>1,57[KoperHbIe CyrmHH C MpH-
Ma3KaMH CepOii TTIMHBI
IBomoem- Cranrms 7, B 47°352.65"/ 305 TeMHO-CcepbIii 3arIICHHBII T1e-
oxiamuTens |1-2 Mot ypesa| 42°21'44.82" 444 0-2 B - (022 040 0.05 COK
PocToBckoii  [BOIBI, IITyOHHA 2-11 — - 1059 0,10 | 0,59 [CepoBaTo-KOpUYHEBBIH MIECOK
ADC o 0,7 m. Po- (vronn) 11-16 - — 10,05| <0,01 [>0,50|Cepsiii necox
CTOBCKas 00- CBeT10-Cephblii ECOK C prKa-
TACTh, BOCTOU- 1620 - - 1006 | <0,01 [>0,60 SIMH BITIOHEHISMI
Hee 1. Bosro- "
oncxa 20-25 _ ~ 1005| <001 |>050 Cepblit TIECOK € TIPHMaSKaMH
KOPUYHCBOU I'JIMHBI
PricoBblii uek,|Craniys 8, 47°01'34.62" / 31.0 TeMHO-KaIlITaHOBBIE 3aTOI-
HaronHste- [B7MoTypesa | 41°212239" | 09-13 0-2 1686 1761007 <001 1>0,70 VICHHBIE TTOYBbI
IMBIiA 13 P. 3a- [BOIBI, TITyOHHA (n=2) 2-5 1082 |7,5]0,05| <0,01 |>0,50To xe
magueii Ma- |no 0,1 m. Po- (vroHB)
HBIY (JICBBII  [CTOBCKast 00-
[PHTOK pacts, B 1 kv 5-10 64 | 75]006| <001 [>0,60Toxe
p. Hon) oT X. Bamyii-
CKMI

HAYKH O 3EMIJIE

49



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH.

2022. Ne3

ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

Oxonuanue mabauybl
Bona JIoHHEBIE OTIOKEHHS
[N — Koopaunartsr, Tenmena
Bomsii €¢ MEeCTOIOJO- c:u/a.1, (Mecan ‘% / TopmsonT CHas,| YH2S, | K BusyasbHOE OnHcaHH
00BeKT N TPOBE/IeHHS Ty%aﬁ otéopa | Eh,MB | pH ;‘ j ’ f/m’ HBYATILHOC OTIHCAHHC
HICCIIE/IOBAHNS) 4 , | o6, e MKI/T|  MI/T 0 JIOHHBIX OTJIOXKEHHH
MKJI/IM
Becenosckoe [Cranims 9-1, B| 46°41'11.30"/ TeMHO-CepBIii TTIMHUCTBII HIT
Bomoxpanu- |l-2Mmotypesa| 41°39'49.50" 02 - - 1220 022 | 099 |cobmoMKkamu paKOBHH U pac-
UTMIe Ha p.  [BOJIBI, IUTyOMHA [TMTENBHBIMH OCTAaTKAMU
Bamanubiii o 1 M, Bepxo- (oKTAOpB) 2-5 - - 1253 | 034 | 693 [Toxe
MaHLI:J BbE BOJIOXpa- 5-10 - - 1203 | 043 | 451 [Toxe
(TIEBEIH IpY- HIVTHIILR, JTe- 10-15 — - |613] 049 | 11,1 [Toxe
roxp- flor) B"‘I‘;feie; - 1520 [ = [ —[154] 086 | 1,76 [Toxe
I(’J;GBL“HE - 2530 | — | — |129] 0,78 | 1,63 [Temno-cepsiii aummcToi ua
p. anazmbiit 30-35 — - 1430| 1,71 | 0,25 [Toxe
MaHbIu). 35-40 — - 1020 1,34 | 0,01 [Toxe
PocroBckas 40-45 - - 1024 1,55 | 0,02 [Toxe
0011aCTb, HIDKe 45-50 — - 1020 1,23 | 0,02 [Toxe
Z'Klspomap 5055 | - | —]035| 137 | 003 [Toxe
Cranmms 9-2, B|  46°38'46.00"/ TeMHO-CepBIii U YepPHBII
1-2morypeza| 41°37'31.40" BITQYKHBIH WJT C TIPUMECHIO
BOJIBL, TTTyOHHA 0-2 B — | 014 030 1005 an pacrmlgpijbm ocrar-
imo 1 M, Bepxo- (oKTA0pB) KOB
BEE BOJIOXpaA- 27 B _ o031 122 | 003 UepHbIit 1T ¢ 00IOMKaMH pa-
HUJIHIIA, > ? ’"” |KOBHH MOJLUTIOCKOB
iieBbIii Geper - 7-15 — — 1224 007 | 3,10 |Cepast rmma
- arabri 15-20 - — 1008 0,19 [ 0,04 [Temto-cepsiii w1 ¢ neckom
II\)/(I)TTH(’)I:C'KM 20-25 — - 10,08 033 | 002 Toxe
T — 25-30 — - 10,02| 026 |00l [Toxe
poc. Ma- 30-35 - - 1003| 003 |0,10 [Tosxe
HBIMCTPOH
[Tponerap- |Cranmms 10-1,| 46°24'24.53"/ UepHblii BIKHBIH WIT C BKITIO-
ckoe Boo- (B 15 Mmorype3a 42°42'6.90" 02 — - 1009 | 0,64 | 0,01 [yeHUSIMH PACTUTEIBHBIX
XpaHHITHILE  [BOABI, TITyOHHA OCTaTKOB
Ha p. 3aman- |mo 0,1 m, ce- (ceHT10pD) 150 UepHO-OypHbIit BIaKHBIH I C
HBIIT MaHbIY [BepHBIIA Oeper. - 2-5 - - 10,13 | 1,36 | 0,01 [BIrOUEHHUSIME TIIMHEI ¥ pac-
(;1eBbIii pu- [PocToBCKas [TUTENTBHBIX OCTATKOB
ToK p. JIon) |oOmacTb 5.10 B _loos! 002 1030 Bypasi I1oTHas1, IIacTUYHAS
’ ’ " |mHa
Cramms 10-2, | 46°20'53.31"/ UepHblii IUIOTHBIHN, MACIISTHU-
B3 Morypesa | 42°31'58.63" 0-2 - — 3,88 | 548 | 0,07 |cTbli, INIACTHYHBIN WII C CHITb-
BOZIBL, TITyOHHA HBIM 3amaxoM HoS
1m0 0,1 m, r0x- (ceHTs0pB) 2-5 - - 11,29| 836 | 0,02 [Toxe
HEIT Geper. - To sxe, HO ¢ GOJIBILIMM KOJIH-
PecryOimka 5-10 - - 10,69| 6,00 |0,0] juecTBOM pacTUTEIBHBIX
Kanmbikust OCTaTKOB
10-15 — — 1044 | 6,71 | 0,01 [Toxe
1520 — - 1050 583 | 001 Toxe
[Ipyn noto- |Cranmms 11,8 | 45°22'58.00"/ UepHBbIi TTIMHUCTBIH WJI C pac-
coB, 3aron- (0,5 MoTypesa | 38°26'14.04" 02 B _ 1660 087 | 075 [FATCTbHBIMHI OCTATKAMH, Jpe-
HEeHHBII BO-  [BOJIBI, ITTyOHUHA ’ ’ ’"” |cBSIHBIM U TPaBUIHBIM MaTe-
ot u3 Anre- o 0,6 M. Kpac- (aBrycr) 25.0 HaJIOM
ITHHCKOTO HOIIf.pCKI/Iﬁ 226,0— 2.5 _ ~_1390! 500 |008 UepHblii 60J1€€ TIIOTHBIN, Mac-
epyKa Kpaii, CTaH1La 286,0 ’ ’ *" [IAHUCTBIN, ITIMHUCTBIN W
(cucrema  |Crapommie- (n=2) 59 - - [410] 1,60 | 026 [Tosxe
p- KPIpl‘lPIJTI/I) cTeOnMeBCcKast 0-12 _ _ 5,80 0,56 1’03 To xe
12-16 _ ~|790]| 046 | 169 bonee ppIxiiblii ECUaHO-aJIeB-

HUTOTICITUTOBBINA HJT
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I'pymeBckoe BogoxpaHmIMIie (I CTaB XJIOMIATOOYMaKHOTO0 KOMOMHATA), PACIIOI0KEHHOE Ha
TeppuTopun PocToBCcKo# 001acTH, coopykeHo B 1985 r. myrem neperopaxxuBanus nam0oit pexu [ py-
HIEBKA C LEJbI0 CO3/IaHMs 30HBI OTAbIXA B palioHe nocenka TekcTuibuKoB I. [laxTel. IIpoTsxeH-
HOCTb BOJIOXPAaHHIIMINA COCTABIISIET OKOJIO 2 KM, mupuHa — 10 330 M U TUIoniags BOJHOTO 3epKaja —
351 TeIc. M2. C pacnagom CCCP 30Ha oTAbIXa OKa3anach 3a0poIIeHHON. B Xo/e peKOHCTPYKIMU 1
pemonTa mamOb1 B 2007 r. Boga u3 Bojmoema Obiia cirymeHa, a B 2008 1. BOTOXpaHWIJIHIIE BHOBH 3a-
MOJIHWJIN BOJOH.

ApTEMOBCKOE BOIOXPaHIIIMIIE, PACIIOIOKCHHOE Ha TePPUTOpUN POCTOBCKOI 001aCcTH, TOCTPOSHO B
1929 r. na peke ['pymeBka B 1oxHOM okpanHe T. LllaxTe mus oxnaxkaenus Typoud laxturckoit [POC
uM. Aptéma. BogoeM neperoposkeH mocepe e IIOTHHON co nurro3aMu. O0mmas ;yTiHa — OKOJIO 3 KM,
mupuHa — 10 300 M, II0maas BOHOTO 3epKaia — 545 Teic. M2, IIpaBblii Geper CKaluCThIH, OKPHIT B
OCHOBHOM TPaBSTHUCTOM PacTUTEILHOCTRIO U MPOpe3aH o Beel muHe OaakaMu 1 oBparamu. Ha Gomee
MOJIOTOM JIEBOM Oepery mpeobiiafaeT IeCHOW MacCHB. 3JIeCh pacloyiaraeTcs HeopraHM30BaHHAS 30HA
OT/bIXA.

[MuMistHCKOE BOAOXpaHWIMIIE, PACHIONI0XKEHHOE Ha TeppuTopuu PoctoBckoi n Bonrorpaackoi
obmacrei, obpazoano rotnHor Ilummsackoi I'DC Ha p. [JoH kak coctaBHas dacTh Bonro-J{oH-
CKOT'0 BOJTHOT'O IMYTH. 3aIIOJTHEHNUE BOOXPAaHMIIUIIA TPOUCXOAMIIO B TeueHue 1952—1955 rr. Ilnomans
BojloXpaHuInma cocrapiuseT 2700 kM2, 00beM — 23,8 km®, anmuHa — 280 kM, mUpHHA — 10 38 KM, IITy-
ouHa — 10 28 M [27]. Ha MecTe yCThEBBIX y9aCTKOB OCHOBHBIX IPHUTOKOB JloHa — pek Ilumia, Ywup,
AKkcaii 1 ap. — 00pa30BaIMCh 3aJIUBBI IUPUHOMN 10 5 kKM U myauHOM 15-30 kM. I[TomMmuMo opomeHus 1
PBIOHOTO X035IHCTBA, BOAOXPAHWIIHIIE OCYIIECTBISICT MHOTOJIETHEE peryaupoBanue ctoka p. Jlod. Ha
ero oeperax pacmnojokeHsl ropoaa Kamrau-na-Jlony, [{lumnsack, Bonrogonck. HammeHbmuii ypoBeHb
BoABl B L[MMIISTHCKOM BOIOXpaHHIIUINE OTMEUYAETCs C IeKaOps 1Mo MapT, HAaMOOIBIIHA — ¢ Mas Mo
HI0JIb, YTO O0YCIIOBJICHO PEKMMOM HAIOJHEHUS U CPa0OTKHU BOJIOXPAHUIIHIIA.

BecenoBckoe BoIOXpaHWIIUIIE, PACIIONIOKEHHOE Ha TEPPUTOPUU POCTOBCKOM 00J1acTH, SBIISETCS
HMCTOYHUKOM OpolIeHUsI MaHbIUCKON U A30BCKOM OPOCUTENBHBIX CUCTEM U BHECUCTEMHBIX YUaCTKOB.
Bonoxpanuuiie 00pa3oBaHO MyTeM 3aTOIUICHUS OWMEHHON M 4aCTHYHO HAJNIOWMEHHOHN Teppachl
nosuHbl p. 3anagasid Manera. CTpoutenbcTBo BecenoBckoro ruapoysia ¢ IIOTHHOM, NITI030M U
BOJOXpaHUIUIIEM 3aBepiieHo B 1933 r., a mosHoe ero HanmonHeHue npousouwio B 1942 r. [27]. Ilno-
ab 3epKajia BOJOXPaHMUIUINA cocTaBasgeT 279 km?, mHa — 100 kM, mupHrHa — 10 7 KM, T1yOuHa —
1o 7-8 M [27]. Ero muTaHue oCcyIiecTBIIETCS U3 3aMagHOro oTceka [IpoieTapckoro BogoXpaHUIHUIIA,
noHckoit Bonoi u3 JIMK no Cagkockomy copocy u u3 IIponerapckoro kanana no EnbMyTuHckomy
copocy. Taxke B BOJIOXpaHWIHINE MTOCTYIAIOT BO3BpaTHBIe BoAbI ¢ [Ipomerapckoit 1 MaHBIYCKOM
opocutenbHbIX cucteM. Ilpu BecenoBckol MIIOTHHE UMEETCS CyIOXOHbIN 1LII03, JOHHBIA BOJOBBI-
nyck U ['OC, kotopast B HacTosiee Bpemsi He paboraer. [loMrMo opoliieHus, BOJOXpaHMWIHIIE T10-
CTPOEHO JJISi MHOTOJIETHETO PEryJIUPOBaHUS CTOKA P. 3amagHbli MaHbId, Cy0X0/ACTBa (IILTF030Ba-
HHUS) H PHIOHOTO XO3SHCTBA.

[Iposierapckoe BOJOXpAaHUIIUIIE, PACIIOIOKEHHOE Ha Tepputopun PocroBckoii oOactu, Ctas-
ponosibekoro kpas u PecnyOnuku Kaambikuu, SBisIeTCS BEpXHUM U HAUOOJBIIUM CpeaH KacKajaa
BOJIOXPaHUJIMII B T0JIMHE p. 3anaadbeiii Manbiu. [InoTnHa Bogoxpanunuiia nocrpoeHa B 1938 r., a
TOJTHOE 3aBEPIICHUE CTPOUTENhCTBA [IpoeTapckoro ruapoysna ¢ IMIOTHHOW B CYA0XOHBIM IITIO-
30M mponsomwio B 1960 r. myTem 3aTOIIEHHS M COeAMHEHUSI MKy coO0M psaa o3ep MaHbIYCKON
BHAJWHBI, B TOM uuciie o3epa Manwiu-I'yauno [27]. HenmocpeacTBeHHO Bbile yCThs p. bounbioit
Eropneik pacnonoxxena HoBo-Manbruckast namba, pasaensromnias [Ipomerapckoe BOIOXpaHUIIHIIE
Ha 3amaJHbIi U BOCTOYHBIN OTCEKH. BOCTOUHBIN OTCEK MPEACTaBIsACT COO0M BOIOEM, COXPAHSIOTIHI
B OCHOBHOM MOpP(OMETpHUYECKHE XapaKTEPUCTHUKH o3epa MaHbd-I'yauno, koTopoe SBIseTCA
HamOoJee KPyIMHBIM BOAOEMOM Kackaja, IIuHoH — 175 kM, mupuHoi — 1o 10 KM 1 riomanpio Boj-
Horo 3epkana — 700 km?. 3anannbiii oTcex [IpoNeTapCcKOro BOJAOXPAHWIMINA IO CBOMM pa3Mepam
HauMEHbIIUHN B Kackaze. Ero nimuna — okono 19 kM, mupuHa — 10 2 KM 4 IUI0IIAAb BOJHOTO 3epKalia —
35 kM’ OH 3aHMMaeT KOMaHIHOE IOJOKEHHE HaJl BCEM KACKaJOM, YEPE3 STOT OTCEK MPOXOIUT
OoJthIIast 9acTh MPUTOYHBIX BOJ. [locTymieHne BOABI U3 3alaJHOTO0 OTCEKa B BOCTOYHBIN (03. Ma-
HbI4-] yIni0) B HacTOsIIIEee BpeMs MPEKPAIIeHO, XOTS TeXHUYECKHE BO3MOXHOCTH JJIsl 3TOTO NMe-
toTcs. U3 3anagHoro orceka B BecenoBckoe BOIOXpaHUIIUILE BOJIA OCTYMAET Yepe3 JOHHBINA BOJO-
BBIMTYCK ¥ CYJOXOJHBIN MUTI03. 3aIafHBIN OTCEK HUCTIOIB3YETCs ISl OPOIISHHUS, CyI0XO0ICTBA U PBIO-
HOI'0 XO35HCTBA.
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Bonoem-oxnanurens PoctoBckoit ADC, HamomHseMbil BojgaMu [{UMIISTHCKOTO BOJIOXPaHUIIHINA, —
3TO MOJIONOW BomoeM, oOpa3oBanHbId B 1980-2000 rr. myTem oTcedeHns JacTu L{HMIITHCKOTO BOZO-
XPaHMJINIIA 3eMIITHON nam0oii. Ilnomane 3epkana BogoeMa cocTapiseT 18 km?, mimHa — 8,3 KM, IIu-
puHa — 10 3 KM, MaKCUMaJlbHasl TTyOrHa — 10 6 M.

PucoBsrii uek, BXoAsAmui B coctaB prucoBoro Maccua npennpustas OO0 «Dueprusy» (mmoc. Bamyii-
ckwmit [Iponerapckoro paitona PoctoBckoii 0011acTH), HAMOTHASTCS BOAaMH p. 3amaaHbii MaHBIY B all-
pelie-Mae, a CIlycKaeTcsl B cepeliHe CeHTA0ps. Ero mmHa — okono 200 M, mupuna — 150 M u miommas
BOIHOTO 3epKana — 30,5 Teic. M2, 3aTaIIMBaEMBIE ITOUBBI PUCOBOIO MACCHBA IIPEACTABIIAIOT COOO0I CO-
JIOHIIEBATHIE PA3HOCTH TEMHO-KAIITAHOBBIX TOYB.

IIpyn motocoB, pacmonoxeHHBIH B ctanuie CrapoHmkecteOnneBckoil KpacHomapckoro kpas,
HAIOJIHACTCS BOAOW M3 AHIEIMHCKOTO €pUKa, BXOJAIIETO B CUCTEMY peku Kupmuinu, kotopas Ba-
naer B Kupnmibckuii muMan A30Bckoro mops. Ilmomans 3epkana mpyaa cocTaBiseT 14 Teic. M2,
nmuHa — 10 200 M u muprHa — 10 100 M.

[Ipyn-otcroitauk maxtel «HOHas» pacroyiokeH Ha I0ro-BocTOYHON okpauHe T. IllaxTsl PocToB-
ckoit o6nactu. Ero ammna — okosno 125 M, mupuHa — 68 M 1 III0Ia s BOJHOTO 3epKana — 7,1 Teic. M2,
Ha OGompmmeit mmomany mpuOpekHOH 30HBI OTCTOMHHKA KaMEHHCTOE THO. B Imepmonm mcciiemoBaHus
HA0JII0JAJIOCh aKTHBHOE IIBETEHUE PSACKHU, OKphIBaromieit 10 30-35 % miomaau Bogoema.

[Ipyn-aspaTop maxThl «AIOTHHCKAs PacloOKEH Ha 10KHOU okpaune r. [laxtel. Jnuna npyna-
aspaTopa — 0KoJ10 46 M, muprHa — 42 M M IUIOIAb BOAHOTO 3epKana — 1,6 Teic. M2, Ero Gonbmias 4acThb
B MIEPHOJ MICCIIETOBAHSI BHICOXJIA U 3apOciia TPOCTHUKOM. [[0BEpXHOCTHBIN CIIOH MIIOB, OTOJHBIIUXCS
B pe3yJIbTaTe OCYIICHHUS MPYyJa-adparopa, MPaKTHYSCKU MOBCEMECTHO MOKPBIT OSIBIM HAJIETOM COJICH
TonmKHOM OoT 1 1o 3 MM. Belcoxiue YyepHbIe Wibl, COCTOSAIIME U3 TOHKUX YaCTHULl YIJI, UMEIOT CIOU-
CTOE€ CTPOCHHE U JIETKO PACKAIBIBAIOTCS HA CIIOM.

B xone nccnenoBanuii BOJOXpaHWIHII U TPy 10B, momuMo MeTtaHa (CH4) u 00111ero comepxanus
cynbGuUIHON cephl (1ajiee — cyMMapHOTo cepoBogopona XH>S), B OTAeNbHBIX BOJHBIX 00BEKTaX B
Pa3NUYHBIX TOPU30HTAX (0 55 ¢M) MOHHBIX OTJIOXEHUU ompeneneHsl 3HaueHus: Eh u pH. I1po06sr
JIOHHBIX OTJIOXKEHUM OTOMPAJIX B OCHOBHOM B MPUOPEKHBIX yuyacTKax ¢ riyOMHaMH 10 1 M ¢ TIOMO-
IIBIO CIICIMAIBHO CKOHCTPYUPOBAHHOM TPYOKH C OCTPO 3aTOUYCHHBIMHU KpasMy U (PTOPOILIACTOBBIM
MOPIITHEM IJIsl BBIJJAaBIIMBAHUS KEpHA.

st xapakTepucTuky conpsbkeHHoro pacnpeneneHus CHa v ) HoS B TOHHBIX OTIIOKEHUSX BIIEPBHIE
MCIOJIb30BaH KOA(PQPHUIIMEHT MEeTaHU3AI|H, TPEACTABIISIONIMIA cO00H nporeHTHoe coaepkanne CH4 B
CyMMe KOHIEHTpalui (Mr/r) BoccTaHOBIEHHBIX razoB — y HaS u CHa.

OT10o0p, TpaHCHIOPTUPOBKA, XpaHeHHe Mpod u nocnexaytomee onpeneneane CHs n XH,S npoBoannu
COTJIaCHO aTTeCTOBAHHBIM METOJMKAM, OIMCAHHBIM B padorax [17, 18]. Onpenenenrue MeTaHa BBIIOJI-
HSUTM Ha ra3oBoM xpomartorpade «Xpomarak-Kpucramn 5000.2» ¢ 103aTOpOM paBHOBECHOTO Mapa Ha
IJIAMEHHO-MOHU3ALUOHHOM JIeTeKTope. BrinonHenue naMepenuit MmaccoBo noiau XH,S ocHOBaHO Ha
nepeBojie CyMb(OUI0B JOHHBIX OTIOKEHHN B CEPOBOJIOPO/T ICUCTBUEM COJISTHON KHCIIOTHI M ITOCIIETYIO-
IIeH OTJYBKE CEPOBOJOPOJIAa a30TOM OCO0O0M YUCTOTHI B PACTBOP T'MIPOKCHIA HATPHUS U ONPEICICHUN
cynb(hua-noHOB (poToMeTprueckuM MeTosioM ¢ N,N-qumeTui-n-peHmieHanaMuaomM. [Ipu 3Tom B 00-
1iee coJiepiKaHue Cylib(HUTHON Cephbl BXOIAT KaK PaCTBOPEHHBIC B IOPOBOH BOJIE CEPOBOAOPO U CYIIhb-
(buBI HIEIOYHBIX METAIIJIOB, TaK U CYJIb(HIBI, COAEPIKAIIMECS B TBEP/10H PpaKIMU, KOTOPHIC ITPEICTaB-
JISTIOT COOO0M KUCIIOTOPACTBOPUMBIE CYJIb(DH/IBI JKeJe3a U TSHKENBIX METAJJIOB, HEPAaCTBOPUMEBIE B BOJIC.
Omnpe/ieneHre ra3o0B MPOU3BOJAUIOCE B JJOHHBIX OTJIOKEHUSIX TPU UX €CTECTBEHHOW BJIIAYKHOCTHU U BBI-
paXkajoch B MKI/T U MI/T BJIQXKHOTO Ocajika (BJI. 0.) COOTBETCTBEHHO JIJIsl METaHa U cepoBogopoaa. Onpe-
nenenue Beauund Eh v pH BBIOIHEHO ¢ TOMOIIBIO 3JIEKTPOIOB IopTaTuBHOIr0 pH-MeTpa, noHomepa
«Qxotect-2000» cpasy mociie otdbopa npoo.

Pe?.y.]'leaTbI HCCJICA0BAHUA U UX 06cymz[elme

TeMmrmiepaTypa BOABl B BOJOXPAaHUIIUIIAX U MPYyJax B NEPHOJ HAOIIOICHUI (MIOHb — OKTSIOPH)
BapbHpOBajiach B quamna3one ot 6 10 31 °C, ¢ MUHUMaJIbHBIMU 3HAYCHUSAMH, 3aUKCHPOBAHHBIMHU B
OKTsI0pe, B MPYAy-OTCTOHHUKE MIaxThl «FOxHas» W MpyAy-a’dpaTope MaxThl «AKTHHCKas» (Tao-
nuna). Konuenrpauuu CHs B Bozie HCCII€JOBaHHBIX BOJOEMOB Baphupytorcs ot 0,4 10 80,8 Mxi/am?
(B cpennem 24,5 Mka/am3), ¢ MAKCHMAaIbHBIMH 3HAYEHHAMH, HAOIIOJa€MBIMU B JIETHHM IIEPHOJ, B
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npyny-oTcToiHuke maxThl «lOxHas», B I'pymeBckoM U [{TUMISHCKOM BOJIOXPAaHHMIIUIAX U MUHU-
MaJbHBIMH — B OCEHHUH NEpPHOJ — B APTEMOBCKOM BOJOXPAHIIIHINE U MPYIAy-a’paTope IIaxThl
«AIOTHHCKAN.

JloHHBIC OTJIOKEHHUS MCCIICIOBAHHBIX YYACTKOB BOJOXPAHHWIUI M MPYAOB MPEICTABICHBI TIpe-
UMYIIECTBEHHO TEMHO-CEPBIMH JI0 YEPHOTO WIMCTO-TIECYAHBIMH OTIOXEHUSIMH, I KOTOPBIX Xa-
paKTepHBI HeWTpanbHas WK ciadomenoynas cpeaa (pH — ot 6,47 no 8,17, B cpenuem 7,50) u Boc-
cranoButenbHbie yeinoBus (Eh — ot —315,0 1o —50,0 mMB, B cpennem —163,1 MB). HckimtoueHnuem
SIBJISIIOTCSI 3aTOTUICHHBIC ITOYBBI PUCOBOTO YeKa, a TAKXKE OTIOXKCHHUS Ipya-a3paropa IaxThl «Ao-
THHCKas, IPeJICTaBICHHbIE TOHKIMH 00JIOMKaMH YaCTHUIl yTIIs, B KOTOPBIX HAOIFOMATOTCS OKUCITH-
tenbHbIe yenoBus (Eh — ot +6,4 mo +204,0 MB, B cpegaem +142,9 mB) (Tabmuma). CneqyeT oTme-
THUTbh, YTO HAOJIFOJICHHUS Ha PHCOBBIX Y€KaX MPOBOJUIUCH CIIYCTsI MECSII] MTOCJIC UX 3alOJHCHHS BO-
no#t (B a3y moMHBIX BCXOAOB puca — 2—3 nucta). B To ke Bpewms, 10 JaHHBIM HE BOMIEAIINX B
HACTOSAIIYIO CTaThIO HAOMIOIEHUH B CEHTAOpE, epen yoopkoi prca (B (pa3y MOTHOH crienocTr) 3Hade-
Husi Eh B Bepxnem 0—15 cM cjoe 3aTOIUICHHBIX TOYB 3aMETHO CHU3WIMCh 1m0 —114,4...+13,1 MB
(B cpenneM —74,0 MB; konuuecTBO onpezencHuit n = 4).

Konnentparum CHs B TOHHBIX OTJIOXKEHUSX BOIOXPAHHIIHIN M PYAOB OacceitHa A30BCKOTO MOPS
n3Mensiores: B npeaenax ot 0,02 mo 61,3 MKI/T BiakHOro ocajka (cpeqHee 3HaueHHe — 5,26 MKI/T,
Mmeauana — 0,50 MKI/T), 4TO coryiacyeTcs C JaHHBIMU IO AUAaNa30oHy BapbUPOBAHMS M CPEAHUM KOHIICH-
tpammsim CH4 B Bogoxparnmumax Bonru, Kamer u Ky6anu [11]. Kornenrpanun £H,S Bapsupyrorcs B
npenenax ot <0,01 go 8,36 mr/r BmaxkHOro ocanka (cpemHee 3Hadenwe — 1,28 mr/r, MennaHa —
0,49 Mr/t). B 11€710M B OTJIIOKECHHSIX MCCICIOBAHHBIX BOJAOXPAHUIIUII HAOIIOJAIOTCS IOCTATOYHO BHICO-
KM€ KOHIIEHTPAIlMW JAaHHBIX Ta30B, CBHIACTENHCTBYIONME 00 MHTEHCHUBHBIX IMpOIleccax aHadpOOHOTO
pacmazia OpraHHYECKOTO BEIIECTBA W aKTHBHO MPOTEKAIOMINX MPOIleccax METaHOTeHe3a U CyibdaTpe-
nyknuu [11, 13, 17, 23].

HawubGonee Bricokue koHueHtpanuu CH4 HaOmonatores (tabnuna, puc. 2) B ApTeMOBCKOM (10
21,2 Mkr/r, B cpenaem 14,8 mkr/t), Humnsackom (1o 51,2 Mkr/t, B cpennaem 10,6 Mxr/t) u Becenos-
ckoM (10 61,3 Mkr/r, B cpeaneM 8,09 MKr/r) BomoxpaHwinmax. Heckoibko MEHbIIINE KOHIIEHTpPa-
MU 3apUKCUPOBAHBI B MPYAy J0TOCOB (10 7,90 MKI/T, B cpegHeM 5,66 MKr/T), COKOIIOBCKOM (10
3,97 mxr/t, B cpenaem 1,58 mxr/t) u llponerapckom (1o 3,88 Mkr/T, B cpegaem 0,89 MKr/T) Bogoxpa-
HuMImax. B ocranpHbIx Bogoemax konnentpanuu CH, He nmpesbimaroT 0,59 MKr/T, cocTaBisis B cpe-
HeM ot 0,06 10 0,39 MKI/T, ¢ MUHUMAaJIbHBIMU 3HAYSHUSIMU B 3aTOIUICHHBIX [T0YBaX PUCOBBIX YEKOB.

Haubonee Bricokue xoHneHTpanuu ~H,S Habmomarorcs B otnoxenusx [Ipomerapckoro (1o
8,36 mr/r, B cpennem 4,03 mr/t), Humnsackoro (o 4,62 mr/t, B cpenrem 1,11 mr/r) u I'pymies-
ckoro (10 4,02 mr/r, B cpeanemM 3,06 Mr/T) BOJOXPpaHMIINII, Ipyaa jJoTocoB (10 5,0 Mr/t, B cpea-
HeM 1,70 Mr/r) u npyaa-orcroiinuka maxthl «tOxHas» (1o 2,89 mr/r, B cpennem 1,75 mr/t). He-
CKOJIPKO MeHbIlne KoHIeHTpauu LH,>S ormedensr B oTinoxenusx Becenosckoro (o 1,71 mr/t,
B cpennem 0,71 mr/r), ApremoBckoro (1o 1,08 mr/t, B cpegnem 0,61 mr/r) u CoxoiaoBCKOTO (JI0
0,96 mr/r, B cpeanem 0,40 mr/r) Bomoxpanmnunl. MuHUManbHble KOHIEeHTpanuu XH».S (MeHee
0,01 mr/r) 3adukcupoBaHbl B 00€THEHHBIX OPTAHUKOW YEPHBIX MAXKYIIUXCS HIIaX Mpyaa-a3paropa
IaXThl KAIOTHHCKAN», CJI0KEHHBIX TOHKO3EPHUCTBIMU YIITUCTHIMU YaCTHI[AMH, a TAaK)KE B 3aTOII-
JICHHBIX BOJIOH MOYBAxX PHCOBBIX YeKOB. OTI0XKEHUS TaHHBIX BOJOEMOB XapaKTEPU3YIOTCS OKFHIC-
JUTEILHBIMHU YCIOBUSIMA CPEJIBI, 9TO O0YCIIOBINBAET HU3KHUE CKOPOCTH aHa3pOOHBIX MPOIECCOB,
B TOM YHCJIE CyIb(aTpeIyKIIMH U METaHOT€He3a, U, KaK CIEJCTBUE, CAMbl ¢ HU3KHE KOHIICHTPAIlHH
kak XH»S, tak u CHa.

Pacnpenenenne MeTaHa 1Mo BepTUKATLHOMY HPOMUITIO M3yUYCHHBIX OTIIOKEHUN XapaKTepU3yeTcs,
KaK MPaBUJIO, YBEIIMYCHHEM €r0 KOHIEHTPAIM OT MOBEpXHOCTHOTO 0—2 cM cios Kk Oojiee HUKHUM
CJIOSIM, B KOTOPBIX (PMKCHPYETCSI MAaKCUMAaJIbHBIN MUK (damie B ciosix 5—10 u 10—-15 cm) koHueHTpauuit
CHa, mocie 4ero oHU CHIDKAIOTCS, B TOM YHCJIe HEPEAKO U 10 MUHUMAaIbHBIX 3HaueHni (puc. 3). Ilo-
ClIeJTHEeE CBSI3bIBACTCS HAMU C YMEHBIIICHHEM JTa0UIBHOCTH OPTaHMYECKOTO BEIIECTBAa BHU3 10 pa3pe3y
JTOHHBIX OTJIOKEHHM.

[TomoOHOE pacnpeneieHHe 10 BEPTHKAINA H3YYSHHBIX OTIOXKCHHA XapaKTePHO U )1 KOHLIEHTPAIIUi
2H,S. HexoTopsiM oTiamamem ot pacupenencHus CHy sBisercs gyactas hukcaris MaKCUMaJIBHBIX TTH-
KOB KOHLEHTpauui XH,S B MeHee rimy0oKHX TOpU30HTAaX OTIOKEHUH — B 2—5 cM, a HEpEAKO U B cJI0e
0-2 cm.
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Taxoe pacnpeaenenue konnentpauuii CHs u ZH>S mo BepTHKanbHOMY TPO(QUIIO OTIIOKEHHUH 00Y-
CJIOBJIEHO, C OJTHOM CTOPOHBI, PACIpPENCICHUEM B HUX OKHCIMTEIBbHO-BOCCTAHOBUTEIBHBIX YCIOBHH,
3aBUCAIIMX TJIABHBIM 00pa30M OT KOHLIEHTPAIM{ B IPUJOHHOM I'OPHU30HTE BOJBI PACTBOPEHHOT'O KHC-
JIOpOJAa ¥ UHTEHCUBHOCTH IPOLIECCOB PACIIAla OPraHUYECKUX BELIECTB B OTJIOKEHUAX. B yci1oBusxX HOp-
MaJIbHOH a3paluy UCCIEN0BaHHBIX HAMU BOJOXPAHMIMIL U IPYAOB, XapAKTEPU3YIOIIUXCS B OCHOBHOM
OTCYTCTBHEM Je(HUIINTA KUCIOPOIa y AHA, B IOBEPXHOCTHOM CJIO€ OTJIOXKEHUH, KaK MPaBuJIo, IIpeolia-
JIal0T a9pOOHbIE MPOLECCHL, a B Ooee ITyOOKUX FOPU30HTaX — aHAIPOOHBIE.
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Puc. 2. IIpenensr n3mMenenus u cpeanne konnenrpaunn CHa, Y} HoS 1 mponentHoro conepxxanust CH4 B 1oH-
HBIX OTJIOXKECHUSIX UCCIICTOBaHHBIX BOJOXPAHWIIHIL U IPY0B OacceiiHa A3oBckoro Mopsi: 1 — CokoioBckoe
BoJOXpaHunuule; 2 — I'pymeBckoe Bogoxpanunuiie; 3 — ApreMoBckoe Bogoxpanunuie; 4 — Llumnaackoe

BoJlOXpaHmnine; 5 — BecenoBckoe Bopoxpanunuie; 6 — [Iponerapckoe BoJoXpaHUiIHIIE; 7 — MPYJ JIOTOCOB;
8 — npya-orcroiinuk maxrtel «fOxHas»; 9 — npyn-aspaTop mWaxThl «AIOTHHCKas»; 10 — BojoeM-oXxnaauTesb
PocroBckoit ADC; 11 — pucossrii uek / Fig. 2. Limits of change and average concentrations of CH4, Y H,S

and the percentage of CH4 in the sediments of the studied reservoirs and ponds of the Azov Sea basin:

1 - Sokolovskoye reservoir; 2 - Grushevskoye reservoir; 3 - Artemovskoye reservoir; 4 - Tsimlyanskoye reser-

voir; 5 - Veselovskoye reservoir; 6 - Proletarskoye reservoir; 7 - Lotus pond; 8 - pond-sump of the Yuzhnaya

mine; 9 - pond-aerator of the Ayutinskaya mine; 10 - reservoir-cooler of the Rostov NPP; 11 - rice check
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Puc. 3. Pacnpenenenne konnentpanuii CHa, Mxr/t (1), 1 ZH»S, Mr/t (2), a Taxoke nporieHTHOro copepxkanns CHy
(3) mo BepTHKATLHOMY MPOQUITIO TOHHBIX OTIOKEHHIA BOIOXPAHWIIUII U TIPYIOB OacceifHa A30BCKOTO MOPSI:
a—cT. 1, COKOJIOBCKOE BOJOXpaHUIUIIIE; O — CT. 2, ' pyIIeBckoe BOJOXPAHIIIHUIINE; B — CT. 3, APTEMOBCKOE BOJIO-
XpaHWIHUIIE; T — CT. 4-1, Ipyn-oTcToMHUK maxThl «HOxHas»; A — CT. 4-2, IPyA-OTCTORHUK maxThl «FOkHaDY;
€ — CT. 5, IpyA-a’paTop MaxThl «AIOTHHCKAs»; K — CT. 6-1, [luMistHCKOE BOJOXpaHMIHIIE; 3 — CT. 6-2, [luMsH-
CKO€ BOJIOXPAaHUJIMIIE; U — CT. 7, BoJoeM-oxJaanuTesb PoctoBekoit ADC; k — CT. 8, pUCOBBIN YeK; 1 — CT. 9-1,
Becenosckoe BogoxpaHuuine; M — cT. 9-2, BecenoBckoe Bogoxpanumuie; H — cT. 10-1, IIponetapckoe BOAOXpaHUIHILE;
o —crt. 10-2, [Iponerapckoe Bogoxpanwmmie; 1 — cT. 11, npyn notocos / Fig. 3. Distribution of concentrations
of CH4, ng/g (1), and £H,S, mg/g (2), as well as the percentage of CH4 (3) along the vertical profile of bottom
sediments of reservoirs and ponds of the Azov Sea basin: a - station 1, Sokolovskoye reservoir; b - station 2,
Grushevskoye reservoir; ¢ - station 3, Artemovskoye reservoir; d - station 4-1, pond-sump of the Southern mine;
e - station 4-2, pond-sump of the Southern mine; f - station 5, pond-aerator of the Ayutinskaya mine; g - station 6-1,
Tsimlyanskoye reservoir; h - station 6-2, Tsimlyanskoye reservoir; i - station 7, reservoir-Rostov NPP cooler;
j - station 8, rice receipt; k - station 9-1, Veselovskoye reservoir; I - station 9-2, Veselovskoye reservoir;
- station 10-1, Proletarskoye reservoir; n - station 10-2, Proletarskoye reservoir; o - station 11, Lotus Pond
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C npyroii CTOpOHBI, OMMMCAHHOE BHIIIE PACIpeeNieHUE M0 BePTUKATIBHOMY MPOMUIIO OTIOKECHUHN
KOHIIEHTPAI M3y4aeMBbIX Ta30B 00YCIOBIEHO OCO00W 30HATBHOCTHIO MPOTEKAaHUS OMOTEOXUMMYe-
CKHX TIPOIIECCOB B aHAYPOOHBIX YCIOBUAX. Tak, B OTIIOKEHUSIX BOJHBIX OOBEKTOB BHIIIE 30HBI METAHO-
00pa3oBaHMs HAXOAMTCS CIIOW, HA3bIBAEMBIH CYyJIb(aT-MEeTaHOBOW MEPEXOAHOH 30HOM, Iie BCTpeda-
I0TCS BOoCXosmue udQy3noHHbIE TOTOKA MeTaHa U HUucxoasame auddy3noHHbIe TOTOKU Cynmb(haT-
MOHA, KOHIICHTPAIINH KOTOPBIX B ATOH 30He yMeHbInatorces [ 14]. [myObrnHa npoHUKHOBEHHS CyTb(haToB
Y MOIIHOCTb CYJIb()aT-METaHOBOH MEPEXOAHON 30HBI BO MHOT'OM CBSI3aHBI C COEP)KAaHHEM B MPHUIOH-
HBIX BOJIaX Cylb(aToB M ¢ MHTEHCHBHOCTBHIO MX HMCIOIB30BaHMs B Tpouecce cynbparpenykuun. I1o-
3TOMY 3Ta 30Ha B OTJIOXKEHHSX MPECHBIX BOJOEMOB, Kak MpaBwiio, OymeT OJrKe K MOBEPXHOCTH H
MEHBIIIE TT0 MOIITHOCTH TI0 CPABHEHHIO C MOPCKUMH IKOCHCTEMAMH ¥, BEPOSITHO, BOOOIIIE OTCYTCTBOBATH
B YJIBTPaNpecHbIX BogoeMax. B cynbdar-meTaHOBOM epexoJHOi 30He MeTaH, TUPPY3MOHHO BOCXOAs-
i 13 0osee TITyOOKUX TOPU30HTOB OTIIOKEHUH, OKUCIISIETCS KOHCOPIIMYMOM aHa’pOOHBIX METaHO-
KHCIISIOMNX apxel u cynbhaTperyuupyommx oakrepuii [24], uro u 00ycIoBIMBaeT HU3KIE KOHIICH-
Tpaluu MeTaHa M, HA000POT, BEICOKHE KOHIICHTPAIIUU CEPOBOAOPOIa B 3TOU 30HE. [I0CKONBKY CyIib-
¢barpenyuupyromme 6akTepuu UMEIOT BRICOKOE CPOCTBO K METAHOTEHHBIM CyOCTpaTaM, Halpumep, Ta-
KHM KaK areTaT ¥ BOJOPO/, H TEPMOAMHAMUYIECKOE ITPEUMYIIIECTBO Tiepel MeTaHorenamu [ 15], To me-
TaHOTE€HE3 OOBIYHO MOJABISIETCS B 30HE CYIb(PAaT3aBUCHMOT0 aHA3POOHOT0 OKUCIICHHSI METaHa U aKTH-
BU3UpYETCs B OoJiee TITyOOKUX OTIIOKEHUSX (B HCCIIEOBAHHBIX BOJIOXPAHWINIIAX, CY/Is IO KOHIEHTPA-
UM METaHa, 3TO, KaK MPaBUIIO, TOPU3OHT 5—15 cM), rie nabuiibHbIe BEIIECTBA eIl MPUCYTCTBYIOT B
JIOCTaTOYHOM KOIIMYECTBE, HO OOJbINAsl YacTh CyIb(haT-HoOHA UCTOIIEHA, YTO OTPaHUYHMBAET IMPOTEKa-
HUE mpoiiecca CynbpaTpeayKIuu.

[IponientHOE coneprxanne CH, B cyMMe M3ydeHHBIX BOCCTAHOBJICHHBIX T'a30B (K03(h(DUIMEHT METaHH-
3ammu Kcus) Bapeupyet B muanazone 0,004-11,1 % (cpennee 3nadenue — 1,26 %, mequana — 0,30 %)
(Tabnwuia, puc. 2), 9TO CBUIETEIILCTBYET O CYIIECTBEHHOM JJOMHUHUPOBAHUH TIPU PA3JI0KEHUU OpPraHu-
YeCKHX BEIECTB Mpolecca Cyab(parpeyKIuu HaJl mpolieccoM MeTaHoreHe3a. Hanbomnee BricOkHe Be-
TUarHBL K03 dunmenTa MetaHu3anuu Kcus HaOMOOAI0TCS B OTIHOXKEHHIX COKOIIOBCKOTO, APTEMOB-
ckoro, L{lumistHckoro u BecenoBckoro BOJOXpaHUIIHIL, T€ €ro 3HAYeHUS B CPEIHEM COCTAaBIISIOT OT
1,70 no 3,30 %, nocturas B OTJENbHBIX TJIABHBIM 00pa30M HHUXKHHUX Topu3oHTax 5,03—11,1 % (puc. 3).
B oTnoxeHUsIX oCTaFHBIX BOJOXPAHIIUII U TIPYIoB conepkanne CHy, kKak mpaBuiio, He MPEBbIIaeT
1 % ot cymmsl koHueHTpaunit CHs 1 2HS.

B memom ans Bcex MCCIENOBaHHBIX BOJOEMOB B OOJBIIMHCTBE OTOOpPAHHBIX MPOO OTIIOKEHUH
HauboJiee BCTpeuaeMbIMU nuana3zoHamu kKoHreHtpanmii CHy sBisrores 0,11-1,0 (44 % oToOpaHHBIX
npo6) u 1,01-10,0 mxr/t (24 % oToOpanHbIX 1pob), a konueHTpauuidi CH4 menee 0,01 Mkr/r BooO1e He
3auxcupoBano (puc. 4). s XH,S nHaubonee yacteivu (73 %) sBisitorcest KoHneHTparuu ot 0,11 1o
10,0 Mr/T, c IpeobnasanueM B 5ToM auanazone KoHueHtpanuit ot 0,11 10 1,0 Mr/t (39 %). st ko duim-
eHTa MeTaHn3amu Kcus O0IBITMHCTBO 3HaUeHui HaxoaaTces B uHTepBaie ot 0,01 no 10,0 %, Ha KoTOpEIit
npuxoautcs 88 % Bcex mpo0O.

AHanu3 KOpPesIMOHHBIX 3aBUCUMOCTEN MEXIY HCCIeNyeMbIMH THAPOXUMHYECKUMHU IOKa3aTe-
JSIMM B JOHHBIX OTJIOKEHUSIX BOAOXPAHWIMII U MPYAOB (pUC. 5; 3aBUCHMOCTH ITOCTPOEHBI IJIsl BCETO
MaccrBa JaHHBIX ) BBIBUIJI HAJTMYKE TOCTATOYHO TECHOW 0OpaTHOM cBsi3u 3HaueHuid Eh ¢ koHueHTpamm-
smu Y HsS (r=-0,62) u MeHee BbIpakeHHOH 00paTHOH cBsi3u ¢ KoHIeHTpanusmu CHy (7= -0,16). Hanu-
YHe OTPHUIATEIbHBIX 3aBUCHMOCTEHN MEXy KOHIIEHTPAIIUSIMH BOCCTAHOBIIEHHBIX Ta30B M 3HAYEHUSIMHU
Eh B oTnoxxeHusix 00yCI0BIEHO TEM, YTO Pacial OpraHHIeCKUX U HEOPraHUIECKUX BEIECTB MPUBOAUT
K TIoTJIoneHuro kuciopoza. [locieqaee cmocoOCTBYET CHIDKEHUIO OKHUCIINTENbHO-BOCCTAHOBUTEIBHOTO
MOTEHIIAANA, YTO AKTUBU3UPYET aHadPOOHBIE MPOIIECCHI B IOHHBIX OTJIOXKEHHUSIX, B TOM YHCIIE METAHO-
reHes u cynbhaTpeayKuuo [6].

AHanm3 KOppeIsUOHHON cBA3M Kod(pduuueHta MeTanu3anuu Kcus ¢ KoHUeHTpauusamu CHi n
> H>S, Benmuriaamu pH 1 Eh B oTiI0XKEHMSIX 1TOKa3bIBAET HATTMYUE OTHOCUTEIHHO TECHOM TPSMOH 3aBH-
CHUMOCTH €ro 3HaueHui ¢ koHueHTpauusamu CHy (7 = 0,53) 1 0OpaTHO# 3aBUCUMOCTH € KOHLIEHTpALH-
amu Y H2S (r = -0,56). B To ke Bpems 4eTKHX KOPPENSLUOHHBIX CBS3eH MEXAY 3HaueHUAMHU Kcns U
BeanunHamu pH u Eh B 0T/I0)KEHHUSIX HE MPOCMAaTPUBAETCSI.

Mexny konnentpamusima CHg 1 ) HoS 115 Bcero MaccrBa JaHHBIX MPOSBIISETCS HE OYEHb BBICO-
Kasi, HO JOCTOBepHas mpsimas cBs3b (7 = 0,41, P <0,01), 4ro yka3piBaeT Ha CHHXPOHHOCTb MPOLIECCOB
TeHEepalny dTUX Ta30B B OTEIHHBIX TOPU30HTAX JOHHBIX OTJIOXKEHHH. JTO COTIIACYETCS C HAIIUMU
HCCIICIOBAHUSIMH, TIPOBEIACHHBIMU B YCTheBhIX oOnacTsax pek Jlou [13] u Cesepuas [Isuna [17], a
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takxke B PeiouHckoM Bomoxpanmwnuine [11]. Cuaxponnoe npoayuupoBanue CHs u HoS oO6bsicHseTcst
BO3MOXXHBIM TE€UCHHEM pPEeaKIMH METAaHOTeHEe3a M0 MyTH Kak (pepMeHTaInuu arerara, Tak U BOCCTa-
HOBJICHHSI TUOKCHA YTIIepOa MOJEKYISIPHBIM BOJopoaoM. Hamnume B GONBIINX KOJMYECTBAX TO-
CJIeTHETO OOYCIIOBIEGHO pacmagoM JIaOMJIBHOTO OPraHMYECKOTO BELIeCTBa B MECTax €ro cBajia Ha
y4acTKaXx 3arpsi3HEHUS BOJHBIX SKOCUCTEM X035HCTBEHHO-OBITOBBIMU CTOKAMU, YTO HUBEJIHUPYET KOH-
KYPEHITHIO MEXIY METaHOT€HaMH U CyIh(aTBOCCTAHABIMBAIOIINME OAKTEPHSIMHE 32 00JaaHie MO-
JeKyIspHBIM BogopoaoM. CuaxpoHHoe oopasoBanne CHy n HoS MoxeT ObITH CBA3aHO Takxke C pas-
BUTHEM Ha 3arpA3HEHHBIX y4acTKaX albTEpPHATUBHBIX MPOLECCOB MX reHepauuu [17]. DTo mpexae
Bcero oOpazoBanne HoS THHIIOCTHBRIMU OaKTEepUsSIMU W OAKTEPHUSIMH, YYACTBYIOMINMH B THIPOIH3E
JIPEBECUHBI, TTOCTYIAIOMIEH PAa3TMIHBIME IyTSIMH B BOJOTOKH M BOJOEMBI. B MecTax MOCTYyIUICHUS
3arps3HEHHBIX (PEKATHSIMUA CTOKOB M CTOKOB C CEJIbCKOXO03SHICTBEHHBIX MOJIEH, IIe MPUMEHSIOTCS Op-
TaHWYeCKHe yMOOpeHHsA, BO3MOXKEH IMPUBHOC CYIbOHUTPEAYIUPYIOMNX KIOCTPUOHNH, CHOCOOHBIX
taxoke reHepupoBaTh H,S [28]. [Ipu aTom o6pazoBanne CH4 Ha TakuX ydacTKax MOXKET IIPOTEKATh U
M0 PeakIny BOCCTAHOBJICHHS METHIMPOBAHHBIX aMHHOB, HE SIBIISIOLIUXCS MUTATENLHBIMU CyOCTpa-
TaMu 18 cynbdarpenykTopos [28].
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Puc. 4. Yactora BcTpeuaemoctH, %, konnentpaunii CHa, MK/, u ) HoS, MI/T, a Taxke NpOLEHTHOE COoJIepiKa-

aue CHy B JAOHHBIX OTJIOKCHUAX UCCIICAOBAHHBIX BOAOXPAHUIIUII U MTIPYA0B Oacceiina A30BCKOIO MOps

/ Fig. 4. Frequency of occurrence, %, of CH4 concentrations, pg/g, and Y H»S, mg/g, as well as the percentage

of CHy in the sediments of the studied reservoirs and ponds of the Azov Sea basin
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Puc. 5. 3aBHCMMOCTD MEXIy UCCIIEAYyEMBIMU THAPOXUMUYECKUMH ITOKAa3aTESIMH B JOHHBIX OTJIOXKEHUAX HCCIIe-
JIOBaHHBIX BOJOXPAaHWIHII U IpyIoB OacceiiHa AzoBckoro Mops / Fig. 5. Dependencies between the studied bio-
chemical parameters in the bottom sediments of the studied reservoirs and ponds of the Azov Sea basin

BriBoabI

1. JloHHBIE OTJIOKEHUS UCCIICIOBAHHBIX BOJIOXPAHWIIHII U IPYJIOB 0acceliHa A30BCKOTO MOPS Ipe/I-
CTaBJICHBI TIPEUMYIIIECTBEHHO TEMHO-CEPHIMU U YSPHBIMU HIIMCTO-TIECYAHBIME OTIOKCHUSIMH, JIJIS KO-
TOPBIX XapaKTepHBI HEUTpanbHas win cinadomenodnas cpena (pH — ot 6,47 no 8,17) u BoccTaHOBH-
tenpHbIe yernoBus (Eh — ot -315,0 no -50,0 MB), 3a uckimoueHreM 3aTOIIIEHHBIX [TOYB PHCOBBIX YEKOB,
a TaKk)Ke OTJIOKEHUH NpyIa-a3paTopa MIaxThl K AFOTHHCKAS», B KOTOPBIX HA0JII0IAI0TCSl OKUCIIUTEIBHBIC
ycnoBus (Eh — ot +6,4 mo +204,0 mB).

2. B TOHKO3epHUCTHIX OTJIOKEHUAX (HMJIaxX) BOJOXPAHIIIHUII U TPY/IOB UAET aKTUBHEIN IpoIiecc 00-
pasoBanust CHs 1 Y H>S. B nenom konuentparuu CHs 1 ZH,S B TOHHBIX OTJIOKEHUSX U3MEHSIOTCS B
npenenax or 0,02 mo 61,3 MKI/T BIaxHOTO ocajka (cpeiHee 3HadeHue — 5,26 MKI/T, MeAuaHa —
0,50 mkr/r) u ot <0,01 mo 8,36 Mr/r BiaxHOTO Ocanka (cpeaHee 3HaueHue — 1,28 Mr/r, Meanana —
0,49 Mr/r) cooTBeTcTBeHHO. TakuM 00pa3oM, qrarna3zoH KojeOaHuss KOHIIEHTPAIUH U3yUeHHBIX BOCCTa-
HOBJICHHBIX T'a30B cocTaBisieT 3—4 nopsiaka. Haubonee Bricokune koHnenTpanun CH4 HabmronatoTes B
oTIokeHUsIX ApTreMoBckoro, Llumnsackoro u BecenoBckoro Bogoxpanumnuil, a XH>S — B 0TI03KeHUAX
IIponerapckoro, Llumnsackoro u I'pymeBckoro Bogoxpanunuil. Cambie HU3KkHe KoHUeHTpauu CHau
>H,S 3adukcupoBaHbl B 3aTOIUICHHBIX II0YBaX PUCOBBIX YEKOB U OTIIOKECHUSX MPYaa-adpaTopa MaxThl
«AIOTUHCKAs», XapaKTePU3YIOLIUXCS OKUCIUTEIbHBIMU YCIOBUSIMHU.

3. Pacnpenenenne CHs 1 ZH>S no BepTHKanbHOMY NPOQUIIO M3YYEHHBIX OTJIOKEHUH OTIMYAeTCs,
KaK MPaBWJIO, YBEIHMUYEHUEM KOHIIEHTPALIUI OT MOBEPXHOCTHOTO CJIOS K MOIMTOBEPXHOCTHBIM TOPHU30H-
TaM, B KOTOPBIX (PUKCHPYyeTCs X MaKCHMaJIbHBIN MUK, TIOCIIE YeT0 KOHIIEHTPALlU! JaHHBIX Ta30B CHU-
JKaIOTCsI, HEPEAKO 10 MUHUMAIBHBIX 3HaueHud. OtnuuueM pacnpenenenus XH>S oT pacnpeaeneHus
CHs sBnsietcst 6onee vactas pukcanusi MakcuMalbHBIX KOHIeHTpanuii XH,S B Menee riybokux ropu-
30HTax OTJIOKECHUU — B 2—5 M, a Hepeako U B ciioe 0—2 cM.
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4. Copepxxanne CHs B cyMMe M3y4EHHBIX BOCCTAHOBJICHHBIX T'a30B (KOX(QQHUIMEHT MeTaHU3ANN
Kch4) B OTIIOKEHUSX UCCIIEAOBAHHBIX BOJOXPAaHWIIHII U TIPYIOB BapbupyeT B quanazone 0,004-11,1 %
(cpennee 3nauenue — 1,26 %, meamana — 0,30 %), 9TO CBUIAETENBCTBYET O CYIIECTBEHHOM JOMUHHUPO-
BaHUH Ipoliecca cyibdaTpeAyKuun Haj npoueccoM meranorenesa. [Ipu stom B CoxonoBckoM, Apre-
MOBcKOM, [{umistHcKOM 1 BecenoBckoM BOAOXpaHMIIMIIAX OIS TPOO OTIIOKEHUH C TIPOIICHTHBIM CO-
nepxanueMm Metana 6ornee 1 % ot cymmsr koHueHTparmii CHy m XHoS moBbImaercsi, mocturast B 0T-
JIETBHBIX, KaK MPaBUJIO, HUKHUX ropuszoHTax 5,03—11,1 %. B oTioxkeHusIX 0CTaIbHBIX BOIOXPAHMIIHIILL
U pyoB cojiepkanue CHy B OTIOXKEHHSX, KaK TPABHIIO, HE TpeBhImaeT 1 % OT cyMMbl KOHIIEHTpaIUit
CH4 nu ZH2S.

5. B TOHHBIX OTJIOKEHHUAX BOAOXPAHWIUII U IIPYIOB YCTAHOBIEHO HAIMYHE JOCTATOYHO TECHOU 00-
patHoii cBsizu 3HaueHW Eh ¢ konnentpamumsimu ) HoS (# = —0,62) u MeHee BBIpaXeHHOW 00OpaTHON
cBs13u ¢ KoHTeHTpamussMu CHy (# = —0,16). BeIsBIIeHAa OTHOCUTENBHO TECHAS TIpsIMasi 3aBHCHMOCTD KO-
s pummenTa Mmerannzanun Kcns ¢ KoHteHTpamusamu CHy ( = 0,53) u oOpaTtHas 3aBUCUMOCTH ¢ KOH-
ueHTpausamu Y HoS (r = —0,56). Mexnay xonuentpanusmu CHs u Y HoS juis Bcero MaccuBa TaHHBIX
MIPOSIBIISIETCSI HE OYEHB BBICOKAsI, HO JOCTOBEpHas mpsimMast cBs3b (7 = 0,41, P <0,01), uto yka3pIBaeT Ha
COTIPSKEHHBIE MTPOLIECCH TEHEPAINN 3THX Ta30B B OTAETHHBIX TOPU30HTAX IOHHBIX OTIIOKEHHUH.

CHHCOK HCTOYHHKOB

1. Boaxose U.1. I'eoxumusi cepbl B ocaakax okeana. M.: Hayka, 1984. 272 c.

2. Kysneyos C.U., Capanos A.E., Hazuna T.H. MukpoOHoorudeckue npouecchl Kpyropopora yriepoja u
aszoTa B o3epax. M.: Hayka, 1985. 213 c.

3. @edopos FO.A., Cyxopyxos B.B., Tpy6nux P.I'. AHamuTHYECKHIA 0030p: IMUCCHS U MOTJIOIICHHE TAPHHKO-
BBIX Ta30B MOYBaMHU. DKOJIOTMYCCKHE MPOOIeMbl / AHTpONOTeHHas TpaHchopManus Ipupoanoi cpeasl. 2021,
T.7,Ne 1. C. 6-35.

4. Conrad R. The global methane cycle: recent advances in understanding the microbial processes involved //
Environ. Microbiol. 2009. Rep. 1. P. 285-292.

5. Ciais P., Sabine C., Bala G., Bopp L., Brovkin V., Canadell J. [et al.]. Carbon and other biogeochemical
cycles // Proceedings of the Contribution of Working Group I to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge, MA: Cambridge University Press, 2013. P. 465-570.

6. Iapvrywa /[.H., @edopos FO.A. ®akTopsl pOPMHPOBaHUS KOHIICHTPAIIMA METaHa B BOJHBIX YKOCHCTEMAX.
Poctos #//1.; Taraapor: Uza-so FODY, 2021. 366 c.

7. Reeburgh W.S. Oceanic methane biogeochemistry / Chem. Rev. 2007. Vol. 107. P. 486-513.

8. Kirschke S., Bousquet P., Ciais P., Saunois M., Canadell J.G., Dlugokencky E.J. [et al.]. Three decades of
global methane sources and sinks // Nat. Geosci. 2013. Vol. 6. P. 813-823.

9. Hamcapaes B.b., Camapxun B.A., Henvcon K., Knamn B., bByxeonvy JI., Pemcen K., Maiiep 4. Mukpobuo-
JIOTHYECKHUEe TPOLECCHl KPyroBOPOTa yriiepoja U cepbl B JOHHBIX Ocajikax o3epa Muuurad // MukpoOuonorus.
1994. T. 63, Ne 4. C. 730-839.

10. Jorgensen B., Findlay A.J., Pellerin A. The Biogeochemical Sulfur Cycle of Marine Sediments // Front
Microbiol. 2019. Vol. 10. Article 849.

11. @eoopos FO.A., Tambuesa H.C., 'apvrywa JI.H., Xopowesckas B.O. MeTaH B BOIHBIX 3KOcHCTeMaxX. PocToB
w/J1.; M.: Poctuznat, 2007. 330 c.

12. Jleun A.1O., Heanos M.B. buoreoxummuueckuii LUK MeTaHa B okeane. M.: Hayka, 2009. 576 c.

13. Iapvxywa JI.H., @eoopos FO.A. Metan B yctheBoit obmactu pexu Jlon. Poctos H/1.; M.: Poctuzmar, 2010.
181 c.

14. Wallenius A.J., Martins P.D., Slomp C.P., Jetten M.S.M. Anthropogenic and Environmental Constraints on
the Microbial Methane Cycle in Coastal Sediments // Front. Microbiol. 2021. Vol. 12. Article 631621.

15. Schénheit P., Kristjansson J.K., Thauer R.K. Kinetic mechanism for the ability of sulfate reducers to out-
compete methanogens for acetate // Arch. Microbiol. 1982. Vol. 132. P. 285-288.

16. I'anumos 3.M. MeraHooOpa3oBaHHEe B MOPCKHX OcaJlkax B 30HE cynbparpenykuuu // Joxi. PAH. 1995.
T.342, Ne 2. C. 219-221.

17. I'apvkywa /.H., ®edopos FO.A. Metan B BoJe M JOHHBIX OTJIOKEHUSX YCTbeBOW obOnactu CeBepHOM
JBunbl B 3uMHNi nepuon // Oxeanonorus. 2014, T. 54, Ne 2. C. 178-188.

18. I'apvxkywa /. H., ®edopos F0O.A., Anopees I0.A., Tambuesa H.C., Muxaiinenko O.A. Mertan u cynbhunHas
cepa B IOHHBIX OTJIOKEHUAX o3epa batikan / ['eoxumus. 2019. T. 64, Ne 4. C. 427-439.

19. IMumenos H.B., Cassuues A.C., Pycanos U.U., Jleun A.1O., Heanos M.B. MUKpOOHOIOTHIESCKUE MTPOIIECCHI
IIMKJIa YTIIepoJia M CEPhl Ha XOJIOIHBIX METaHOBbIX cuniax CeBepHO#t ATnantuku // Mukpoouonorus. 2000. T. 69,
Ne 6. C. 831-843.

HAYKH O 3EMIJIE 59



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

20. /f3w06an A.H., Ky3neyosa H.A., [lumenose H.B. MUKpOOMOTIOTHYECKHE TIPOLIECCHl AECTPYKIIUHM OpraHmde-
CKOT'O BELIECTBA B IOHHBIX ocajkax bantuiickoro mops / Oxeanonorust. 2001. T. 41, Ne 2. C. 217-223.

21. Hsanos M.B., Pycanoe U.U., [lumenos H.B., batipamos U.T., FOcynos C.K., Cageuues A.C., Jleun A.10.,
Canooicnuxos B.B. MukpoOHbIe POLIECCHI IIMKIIA yriiepoa u cepbl B 03epe MorumibHoM // Mukpobuomnorus. 2001.
T. 70, Ne 5. C. 675-686.

22. Cassuueg A.C., Pycanos U.U., 3axaposa E.E., Becnononosa E.@., Muyxeeuu HU.H., Kpasuuwuna M./,
Jleun A.1O., Hsanos M.B. MukpoOHble TIpoliecchl LIMKIIOB yriiepoja u cepbl B beixom mope // MukpoOHoorus.
2008. T. 77, Ne 6. C. 823-838.

23. @eodopos FO.A., I'apvrywa J].H., [Joyenko U.B., Apanacves K.A. MeTan u cepoBOIOpOI B ICUEOHBIX CYIIb-
¢upHbIX Tpa3ax (Ha mpumepe o3epa bompmoit TamOykan) // 13B. By3oB. Ces. Kak. pernon. EcrectB. Haykw.
2014. Ne 3. C. 102-109.

24. Knittel K., Wegener G., Boetius A. Anaerobic methane oxidizers // Microbial Communities Utilizing Hy-
drocarbons and Lipids: Members, Metagenomics and Ecophysiology. Ed. T.J. McGenity. Cham: Springer, 2018.
P. 1-21.

25. 3ioban A.H. MeTtaHoreHe3 U JECTPYKIIUS OPTaHUYECKOTO BEIIeCTBAa B JIOHHBIX OCAJKaX TEXHOTECHHBIX
BOJHBIX 00beKkTOB // Bonaubie pecypesl. 2014. T. 41, Ne 3. C. 330-338.

26. Asaxan A.b., Canmanxun B.I1., llapanos B.A. Bonoxpanunua (IIpupoaa mupa). M.: Meicns, 1987. 325 c.

27. Jlypve II.M., Ilanos B./]. Pexu Gacceiina A30BCKOro Mopsi: ruaporpadus u pexum cToka. Poctos w//l.:
Jonckoii uznatenbekuii qom, 2021. 670 c.

28. Fedorov Y. A., Gar’kusha D.N., Trubnik R.G., Morozova M.A. Sulfite-Reducing Clostridia and their Partic-
ipation in Methane and Hydrogen Sulfide Formation in the Bottom Sediments of Water Objects and Streams of
the ETR South // Water Resources. 2019. Vol. 46, No. 1. P. S85-S93.

References

1. Volkov LI. Geochemistry of sulfur in ocean sediments. Moscow: Nauka Publ.; 1984. 272 p. (In Russ.).

2. Kuznetsov S.1., Saralov A.E., Nazina E.N. Microbiological processes of carbon and nitrogen circulation
in lakes. Moscow: Nauka Publ.; 1985. 213 p. (In Russ.).

3. Fedorov Yu.A., Sukhorukov V.V., Trubnik R.G. Analytical review: emission and absorption of greenhouse
gases by soils. Ecological problems. Antropogennaya transformatsiya prirodnoi sredy = Anthropogenic Transfor-
mation of Environment. 2021;7(1):6-35. (In Russ.).

4. Conrad R. The global methane cycle: recent advances in understanding the microbial processes involved.
Environ. Microbiol. 2009;(1):285-292.

5. Ciais P., Sabine C., Bala G., Bopp L., Brovkin V., Canadell J., et al. Carbon and other biogeochemical
cycles. Proceedings pf the Contribution of Working Group I to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge, MA: Cambridge University Press; 2013:465-570.

6. Gar’kusha D.N., Fedorov Yu.A. Factors of formation of methane concentrations in aquatic ecosystems.
Rostov-on-Don; Taganrog: Southern Federal University Press; 2021. 366 p. (In Russ.).

7. Reeburgh W.S. Oceanic methane biogeochemistry. Chem. Rev. 2007;107:486-513.

8. Kirschke S., Bousquet P., Ciais P., Saunois M., Canadell J.G., Dlugokencky E.J., et al. Three decades of
global methane sources and sinks. Nat. Geosci. 2013;6:813-823.

9. Namsaraev B.B., Samarkin V.A., Nelson K., Klamp V., Buchholz L., Remsen K., Mayer Ch. Microbiolog-
ical processes of carbon and sulfur cycling in bottom sediments of Lake Michigan. Mikrobiologiya = Microbiol-
ogy. 1994;63(4):730-839. (In Russ.).

10. Jorgensen B., Findlay A.J., Pellerin A. The Biogeochemical Sulfur Cycle of Marine Sediments. Front. Mi-
crobiol. 2019;10:849.

11. Fedorov Yu.A., Tambieva N.S., Gar’kusha D.N., Khoroshevskaya V.O. Methane in aquatic ecosystems.
2nd ed., reprint. and add. Rostov-on-Don; Moscow: Rostizdat Publ.; 2007. 330 p. (In Russ.).

12. Lein A.Yu., Ivanov M.V. Biogeochemical cycle of methane in the ocean. Moscow: Nauka Publ.; 2009. 576 p.
(In Russ.).

13. Gar’kusha D.N., Fedorov Yu.A. Methane in the estuary region of the Don River. Rostov-on-Don; Moscow:
Rostizdat Publ.; 2010. 181 p. (In Russ.).

14. Wallenius A.J., Martins P.D., Slomp C.P., Jetten M.S.M. Anthropogenic and Environmental Constraints
on the Microbial Methane Cycle in Coastal Sediments. Front. Microbiol. 2021;12:631621.

15. Schonheit P., Kristjansson J.K., Thauer R.K. Kinetic mechanism for the ability of sulfate reducers to out-
compete methanogens for acetate. Arch. Microbiol. 1982;132:285-288.

16. Galimov E.M. Methane formation in marine sediments in the sulfate reduction zone. Doklady Rossiiskoi
akademii nauk = Reports of the Russian Academy of Sciences. 1995;342(2):219-221. (In Russ.).

17. Gar’kusha D.N., Fedorov Yu.A. Methane in water and bottom sediments of the estuary region of the North-
ern Dvina in winter. Okeanologiya = Oceanology. 2014;54(2):178-188. (In Russ.).

60 HAYKH O 3EMIJIE



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

18. Gar’kusha D.N., Fedorov Yu.A., Andreev Yu.A., Tambieva N.S., Mikhailenko O.A. Methane and sulfide
sulfur in bottom sediments of Lake Baikal. Geohimiya = Geochemistry. 2019;64(4):427-439. (In Russ.).

19. Pimenov N.V., Savvichev A.S., Rusanov I.I., Lein A.Yu., Ivanov M.V. Microbiological processes of the
carbon and sulfur cycle on cold methane sips of the North Atlantic. Mikrobiologiya = Microbiology.
2000;69(6):831-843. (In Russ.).

20. Dzyuban A.N., Kuznetsova [.A., Pimenov N.V. Microbiological processes of organic matter destruction in
bottom sediments of the Baltic Sea. Okeanologiya = Oceanology. 2001;41(2):217-223. (In Russ.).

21. Ivanov M.V., Rusanov LI., Pimenov N.V., Bayramov [.T., Yusupov S.K., Savvichev A.S., Lein A.Yu.,
Sapozhnikov V.V. Microbial processes of the carbon and sulfur cycle in Lake Mogilny. Mikrobiologiya = Micro-
biology. 2001;70(5):675-686. (In Russ.).

22. Savvichev A.S., Rusanov LI., Zakharova E.E., Veslopolova E.F., Mickiewicz I.N., Kravchishina M.D.,
Lein A.Yu., Ivanov M.V. Microbial processes of carbon and sulfur cycles in the White Sea. Mikrobiologiya =
Microbiology. 2008;77(6):823-838. (In Russ.).

23. Fedorov Yu.A., Gar’kusha D.N., Dotsenko 1.V., Afanasyev K.A. Methane and hydrogen sulfide in thera-
peutic sulfide mud (on the example of Lake Bolshoy Tambukan). Izvestiya vuzov. Severo-Kavkazskii region.
Estestvennye nauki = Bulletin of Higher Educational Institutions. North Caucasus Region. Natural Science.
2014;(3):102-109. (In Russ.).

24. Knittel K., Wegener G., Boetius A. Anaerobic methane oxidizers. Microbial Communities Utilizing Hy-
drocarbons and Lipids: Members, Metagenomics and Ecophysiology. T.J. McGenity, ed. Cham: Springer Press;
2018:1-21.

25. Dzyuban A.N. Methanogenesis and destruction of organic matter in bottom sediments of technogenic water
bodies. Vodnye resursy = Water Resources. 2014;41(3):330-338. (In Russ.).

26. Avakyan A.B., Saltankin V.P., Sharapov V.A. Reservoirs (Nature of the world). Moscow: Mysl' Publ.;
1987. 325 p. (In Russ.).

27. Lurie P.M., Panov V.D. Rivers of the Azov Sea basin: Hydrography and flow regime. Rostov-on-Don: Don
Publishing House; 2021. 670 p. (In Russ.).

28. Fedorov Yu.A., Gar’kusha D.N., Trubnik R.G., Morozova M.A. Sulfite-Reducing Clostridia and their Par-
ticipation in Methane and Hydrogen Sulfide Formation in the Bottom Sediments of Water Objects and Streams of
the ETR South. Water Resources. 2019;46(1):S85-S93.

Hugopmayus 06 asmopax

JI.H. I'apvrywia — kanouoam zeozpagpuueckux Hayk, ooyeum, Uncmumym nayx o 3emze.

I0.A. ®edopos — dokmop eeoepagpuueckux nayk, npogeccop, 3agedyouuil Kagedpoii usuueckoii eeoepadui,
9KONI02UU U OXPAlbL NPUPoObl, Mncmumym nayx o 3emie.

Information about the authors

D.N. Garkusha - Candidate of Science (Geography), Associate Professor, Institute of Earth Sciences.

Yu.A. Fedorov - Doctor of Science (Geography), Professor, Head of Departament of Physical Geography, Ecology
and Environment Protection, Institute of Earth Sciences.

Cmamuws nocmynuna 6 peoaxyuto 04.05.2022; ooobpena nocie peyensuposanust 16.05.2022; npunsma k nybauxayuu 30.08.2022.
The article was submitted 04.05.2022; approved after reviewing 16.05.2022; accepted for publication 30.08.2022.

HAYKH O 3EMIJIE 61



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

Hayunas crarbs
YK 551.583+556
doi: 10.18522/1026-2237-2022-3-62-69

POJIb KIINMMATHYECKUX ®AKTOPOB B ®POPMUPOBAHUU CTOKA
PEKHU BEJIOM B COBPEMEHHBIN NEPHUO/I
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Annomauusn. Paboma nocesiwena cmoky pexu benoil, npomexaioweti no meppumopuu Pecnybnuxu Advieeu.
Ananusupyromes pakmopbl, grusioujue Ha e2o hopmMuposanue: memnepamypa 6030yxa u ammocgepHvie 0caoKu
8 20PHOU U NPed2opHOll yacmsax pecnyoauku. Paboma ocnosvieaemcs na dannwvix Memeocmanyutl 8 noceaxe Iy-
3epunis u 2opode Maiikone. Bviasnena Ounamuka memnepamypsl 8030yxa 6 2oprot yacmu om 7 0o 11,2 °C, 6
npedzopuoti —om 9 0o 15,3 °C. Ocaoku usmensaromes om 482 0o 1136 mm 6 npedzoproii u om 825 0o 1594 mm 6
eopHoti wacmu. IIpoananusuposarvl usmeHeHUs: KOIUYeCmed 0Caokos U memnepamypsl 8030yXa no nAmuiemusm.
Paccmampusaemca pacxoo 600vi 6 eepxnem u cpeonem meuvenuu pexu benoi, komopwiil umeem menOeHyur K
coxpawenuio u usmensiemcs 6 npedenax om 42,11 00 26,9 u om 83,56 00 52,46 m’/c 6 sepxnem u cpeonem meuenuu
COOMBEMCMEEHHO. AHATUZUPYEMCS KOPPETAYUOHHAS 3A8UCUMOCTb OAHHBIX (PAKMOPO8 Om pacxood peKu, Gbisig-
JIeHa HU3KAS NAPHASL CEA3b.

Knrouesolie cnosa: cmok, pacxoo 600bi, ammocpephvie ocadku, memnepamypa 6030yxa, Pecnybnuxa Advices,
pexa benas

Jna yumuposanusn: Osuapenxo JI.A., Kopomkosa E.A. Ponp knmuMmatudecknx (GaktopoB B HOpMUPOBAHUA
cToka peku bernoit B coBpemeHHbI mepuon // M3Bectus By3oB. CeBepo-KaBkasckuit pernon. EcrecTBeHHBIC
Hayku. 2022. Ne 3. C. 62-69.
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THE ROLE OF CLIMATIC FACTORS IN THE FORMATION OF THE FLOW
OF THE BELAYA RIVER IN THE MODERN PERIOD

Ludmila A. Ovcharenko'®, Ekaterina A. Korotkova®
1.2 Southern Federal University, Rostov-on-Don, Russia
"ludmila25.11@yandex.ru®™
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Abstract. The paper is devoted to the runoff of the Belaya River flowing on the territory of the Adygea Republic.
Factors influencing its formation: air temperature and atmospheric precipitation in a mountainous and piedmont part
of the republic are analyzed. The work is based on data from weather stations in the village of Guzerip! and Maikop.
The dynamics of air temperature in the mountainous part from 7 to 11.2 °C, in the foothill from 9 to 15.3 °C. Precipi-
tation varies from 482 to 1136 mm in the foothill and from 825 to 1594 mm in the mountainous part. Changes in
precipitation and air temperature over five years are analyzed. The water consumption in the upper and middle
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reaches of the Belaya River is considered, which tends to decrease and varies from 42.11 to 26.9 m*/s and from
83.56 to 52.46 m’/s in the upper and middle reaches, respectively. The correlation of these factors with the flow
rate of the river is analyzed and a low pair relationship is revealed.

Keywords: runoff, water discharge, precipitation, air temperature, Adygea Republic, Belaya river

For citation: Ovcharenko L.A., Korotkova E.A. The Role of Climatic Factors in the Formation of the Flow of
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BBeaenue

Boanblil moTeHIna OKa3bIBaeT 3HAYUTEIBHOE BIUAHNE Ha 3KOHOMHYECKOE U COLIMAIbHOE pa3BUTHE
oOmecTBa. Pecypchl mOBepXHOCTHBIX BOJ SIBJISIFOTCS [VIABHBIM HCTOYHUKOM YJOBJIETBOPEHHMS IOTPEO-
HOCTH B IIPECHOW BOJIE M 3a4aCTYIO OLICHUBAIOTCS BETUUNHON CPETHETO TOJIOBOTO CTOKA PEK.

I'maBHas BoaHas apTepus ropHoi Ajnbiren — peka benas, koTopas Mo COBMECTUTENBCTBY SBISETCS
BTOPBIM 110 AuHE NpuTokoM KyOanu. E€ Boibl aKTHBHO MCIIONIB3YIOTCA IJ1s1 OPOILIEHUS, IPOMBIILIICH-
HOT'0, KOMMYHAJIBHOTO U CEJIbCKOXO03AHCTBEHHOIO BOJIOCHAOXKEHNS, @ TOPHBII XapaKTep PeKu MpUBIIe-
KaeT BHHUMaHUE JIIOOUTENe sKCTpeMalbHBIX BUAOB OTAbIXa. [[09TOMY M3MEHEHHe CTOKAa PEKH MOXKET
MOBJIMATH HA MHOTHE aCIEKTHI )KU3HU HaceleH!s . MHOroneTHue N3MEHEHHsI pEUHOT0 CTOKA SIBJISIIOTCS
aKTyaJbHOU TEMOH, KOTOPOU MOCBSLIEHB MHOTOYUCIICHHBIE UCCIIe0BaHusA. B HacTosiee BpeMs X0-
POIIIO U3yYeH BOJHBIN pexkuM pek Boctouno-EBporietickoii paBuuHbI 1 Poccuu B nienom [1-12].

Bonbiras gacts pek KaBkasa sBIsSIFOTCS IPUTOKaMK 00jiee KPYIHBIX PeK, YTO M BBI3BIBAET OONBIION
MHTEpeC NpHU UX u3ydeHuu. Tak, B [12] nuzydanu ocCHOBHBIE THIPOIOTMUECKUE XaPAKTEPUCTUKH ITPUTO-
KoB peku KybaHb, cpesii KOTOpBIX 3HAYUTEIILHOE MECTO OTBOAMIIOCH peke bernoit n e€ mpurokam. bonb-
muHCTBO padoT T.H. MenbHuKoBOM moCBsiieHb! pekaM Pecnyosnku Axapireu [13—15], rae paccMmor-
PEHO H3MEHEHUE THAPOIOTHIECKUX 0COOCHHOCTEH 0] BIMSHUEM ITPUPOAHBIX U aHTPOIIOT€HHBIX (hak-
TOPOB, OJJHAKO B OOJBIIMHCTBE pabOT OTMEUYAETCs HEAOCTATOUHOE KOJIMYECTBO HCTOYHUKOB (THAPOIIO-
TMYECKUX ITOCTOB) ISl MOJTyueHus 0oJiee o poOHOI nH(OpMAaIMU 00 STUX PeKax.

B nanHo# paboTe n3yveHa TMHAMUKA BETMYMHBI CTOKA peKU beroii B mpeiropHoii ¥ TOPHOH YacTsIxX
PecrryOmku Anpiren 3a iepuo ¢ 2008 o 2018 1. u mpoaHaIn3upoBaHa e€ B3aUMOCBS3b C H3MEHEHHEM
TEMIIEPATyphl BO3yXa U KOJIMYECTBA OCA/IKOB.

Junst jocTrkeHus 1einu ObUTM TOCTABJICHBI TaKUe 3a]aud, KaK M3y4eHHe JUHAMHKHA MHOTOJETHUX
JAHHBIX TEMIIEPaTypbl BO3/1yXa U KOJIMYECTBA OCAIKOB (110 apXUBHBIM HCTOYHUKAM, 3JIEKTPOHHBIM JaH-
HBIM); aHaJU3 U3MEHEHUs CTOKA PEKH U OIpEETICHNE OCHOBHBIX IIPUYHH, BIMAIOLIMX HA W3MEHEHUE;
BBISIBIIEHHE B3aWMOCBSI3U MEKy CTOKOM PEKH U OCaZKaMH C TEMIEpaTypou.

OO0BEeKTHI ¥ METOAbI HCCJICI0BAHUSA

HUcrok pexn benoit naxonutces Ha I'maBHOM KaBkasckom xpedte Ha BeicoTe 2300 M. Ilpu nBmxenun
OT UCTOKa K yCcThI0 benas nepecekaer boxosoi, [lepenosoii, Cranmctsiii, [lacTOuminbIi u JlecucTsrii
xpeOThl, a Tarke KybaHCcKyto HakIOHHYIO paBHUHY. CpenHss BeicoTa BojgocOopa — 770 M, a ero mio-
maan cocraBnseT 5590 km?. Bacceiin pexn Benoii BHITAHYT B MEPHIMOHATHLHOM HATIPABICHUH M CyKa-
etcs K ycTbio. OcHoBHBIE TpuToKK — Knma u J{ax (mpassie), [Timexa n Kypmpkurnc (JeBbie), cocTaBmsio-
mue 64,5 % BogocOopa. Y peku ecth 15 mpUTOKOB, AIMHA KOTOPBIX Bapsupyercs ot 10 go 150 xm, a
takke 3439 pex anuHoi meHee 10 kM. B 11emom npoTskEHHOCTH BCEX MPUTOKOB pekn — 7527 km [12].

AHanu3 U3MEHEeHUs TEMITepaTyphl BO3ayXa M KoinndecTBa atMochepHbx ocaakos ¢ 2008 mo 2018 .
OCHOBBIBAETCS HA UCCIICIOBAHUU ONEPATUBHBIX METEOPOJIOTHUECKUX NaHHBIX [16—19]. JlanHbIe o pac-
X0Jie BOJBI B BEpXHEM U cpenHeM TeueHun peku bemoit ¢ 2008 mo 2018 r. Ha THAPOIOTHYECKUX MOCTaX
B paiioHe r. Maiikomna u 1. ['y3epuIiib SBISIOTCS OCHOBOH u3yueHus TpaHcopmanuu ctoka [17]. B
MPOIIECCE MCCIIEIOBAHMSI HCITOb30BAMCH HCTOPUIECKUN U CTATUCTHYECKUNA METOBI, 00paboTKa JTaH-
HBIX TPOBOJIMITACh B iporpamme Excel.
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Pe3yabTaThl M 00CyKIeHTE

Ha ocHoBe HabmroaeHni, MPOBOUMBIX Ha MeTeocTaHu B océnke ['yzepurmis ¢ 1929 mo 2020 r.,
ObLTa BRISIBIICHA CPEAHSsI TeMIlepaTypa Bo3Lyxa, kotopas coctaBuna 8,7 °C. 3a mepuoa ¢ 2010 mo 2020 r.
HaOII0JaeTcs MOBBIIIIEHNE CpeqHer TeMnepaTypsl Bo3ayxa 1o 9,8 °C, 4To mpeBbIaeT MHOTOJIETHEE
3radenue Ha 1,1 °C. MakcumainbHbIe 3Ha49eHUs TemnepaTypsl orMedanuch B 2010 1. (11,2 °C), takxke
K aHOMAaJILHO KapKUM TofaM MokHO oTHecTd 2014 u 2018 rr. (puc. 1).
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Puc. 1. lunamuka TemnepaTypsl Bo3nyxa, m/c I'yzepumis (1929-2020) /
Fig. 1. Dinamics of air temperature, Guzeripl (1929-2020)

Ha meteocranimu B Matikone HaOmoieHus npoucxoamy ¢ 1901 r., u cpemHsis TeMeparypa Bo3ayxa
3nech cocraBmia 11,3 °C. 3a mepuog ¢ 2000 mo 2020 r. mpoM30LUIO YBEIHMUYEHHE TEMIIEPATyphl JI0
12,6 °C, npeBbicuB cpenHeMHoroneTHee 3HaueHue Ha 1,3 °C. [1o MHOroYMCIIEHHBIM TaHHBIM, ¢ 70-X IT.
XX B. HaONrOaETCS MOHOTOHHOE TOJHATHE TeMIIepaTyphl Bo3ayxa M orMedaercs, uro 2007, 2002,
2005 u 2004 TT. cTanM caMbIMH TETUILIMU T'OJlaMU HE TOJIBKO /st Poccun, HO u st CeBepHOTO MOTy-
mapus 1 3eMHoro mapa B uenom [8]. [Toatomy Maiikon mOJHOCTBIO COOTBETCTBYET AAHHBIM TEHJICH-
IIUSIM; CaMBbIMU JkapKuMu Obii Toa ¢ 2007 o 2010 r., Tae cpeaHerooBas TeMiepaTrypa Bo3ayxa Ko-
nebanack ot 14,3 no 15,3 °C (puc. 2).
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Puc. 2. [lunamuka TemmepaTypbl Bo3ayxa, m/c Maiikom (1901-2020) /
Fig. 2. Dinamics of air temperature, Maikop (1901-2020)

HabmoeHus 32 KOTMYECTBOM OCaIKOB Ha MeTeoCcTaHImsIX B Matikone u ['y3epuruie Bemuch ¢ 1936 .
Ha mepBoif MeTeocTaHIIMK U3MEHEHHUSI POUCXOIMIN CIEAYIONINM 00pa3oM: B KoHIe 30-X cOCTaBMIO
757 mm, B 40-x IT. — 766 MM, B 50-X IT. yBemdeHne ocaakos A0 803 mm, 3aTteM B 60-X IT. COKpaIIeHHE 10
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747 mm, ¢ 70-x TT. 10 KoHIIA 80-X I'T. IPOUCXOIUT YBEIMUCHUE KOJIMUECTBA OCAAKOB OT 749 1m0 765 MM, K
Havay 2000-X I'T. KOTUYECTBO OCAIKOB YBEIHYMIOCH 10 868 MM, a 3a mocienuue 20 JIeT CHU3UIIOCH 110
820 MM — ¥ 3TO BHIIIIE CPETHEMHOTOJIETHETO KOJIMYECTBA 0CAIKOB (786 MM). DTO TaKke COOTBETCTBYET
TPEH/aM, BBISBICHHBIM Ha IOTe eBpOINercKoil yactu PD, rie oTMeuaeTcst ONOKUTEIILHBIN TPSHT B YBE-
JUICHUN KOJTMIECTBA BBINMABIINX 0caakoB [20]. MUHNMAIbHOE KOJTHIECTBO ocankoB — 482 mm (1986 1.),
a makcumanbaoe — 1136 mm (2004 r.). Cambivu 3acynnmuBeiMu Obut 1949, 1969, 1986, 1990 1T., a
HaunOonee noxuBbiME — 1988, 1997, 2004 u 2016 1T. (puc. 3). Takke MOKHO 3aMETHTh, YTO MPOHC-
XOJTUT YBEIIMUCHUE aMIUTUTY bl KOJIeOaHUsT OCAIKOB.
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Puc. 3. /lunamuika koJuuecTBa ocaakoB, M/c Maiikom (1936-2020) /
Fig. 3. Dinamics of precipitation, Maikop (1936-2020)

OObparHyto KapTuHy Mbl HaOmogaeM B 1. I'yzepuruib. B 1930-e rr. cpennee rogoBoe KOJMYECTBO
ocagkoB cocrtaBisio 1259 mm, B 1940-¢ rr. — 1171 MM, a 3a nmocnegaue 10 neT KOJIMYECTBO OCAKOB
cokpatminock A0 1067 MM, 9TO HUXKE CpeTHEMHOTOJIETHETO KomrmdecTBa 0caakoB (1139 mm). MunnMab-
HOE KOJIMIECTBO OCAIKOB cocTaBmIIO 825 MM (1949 1.), a MakcuManbHOE — 1594 MM (1941 r.). AHOMaBEHO
cyxumu okazanuch 1949 u 2012 r., a B 1939, 1941, 1947 1 2016 rr. Obu10 3ahUKCHPOBAHO HAUOOJIBIIICE
KOJIMYECTBO OCAAKOB (puc. 4).
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Puc. 4. lunamuka konmdectBa ocaakos, M/c ['yzepuruis (1936-2020) /
Fig. 4. Dinamics of precipitation, Guzeripl (1936-2020)

M3menenne TeMIiepaTypsl Bo3MyXa B KoJie0aHHue KOIMIECTBA 0CAIKOB Ha METEOCTAHIIMSIX T10 TISATH-
JIETUSM TIPUBOJIUTCS B CBOJTHOM TaOJIHIIE.
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Cpennuii pacxof BOABI Ha THAPOIOCTE B 1. I'y3epuruib coctasuser 32,5 m*/c. Haubonbluee cpennee
3HaueHUE pacxoaa BoApl B peke Habmromanoch B 2010 ., a HamMeHbmee 3Hadenue — B 2012 r. Hanboms-
IIMH pacxoj BOJBI IPUXOIUTCS HA Maid, 2 HAUMEHBINNH oTMedaeTcs B ssHBape. CaMoe HU3KOe 3HAUCHHE
pacxozna 6bu10 3adukcuposano B despane 2008 1. (3,13 M%/c), a camoe BbIcokoe — B HOsOpe 2010 T.
(471 M*/c). 3a mepros HAONMOAEHUS OBLITH OTMEYEHBI IIMKJINYECKHE YBEINYCHHS M COKPALIEHUs PacXo/ia
BOJIBI HA THJIPOTIOCTE, OJTHAKO MOXKHO 3aMETHTh OOIIYI0 TEHIEHIIMIO K COKPALICHUIO PacXoja BOJIbBI

(puc. 5).

H3menenne mereonokasareneii Ha Meteoctannusax / Change of meteorological indicators

M/c I'y3epuriuib M/c Maiikon
Hepuon Temneparypa Komnuectso Temneparypa Konnaectso
BO3ayXa, °C 0CaJIKOB, MM BO3ayXa, °C 0CaJKOB, MM
1936-1940 8,7 1250 11,3 753
1941-1945 8 1227 - -
1946-1950 7,8 1117 10,1 714
2001-2005 - - 11,9 883
2011-2015 10 995 12 777
2016-2020 9,7 1126 12,5 825
Cpennee 8,7 1139 11,3 786
45,0
L
&
- 40,0
2
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S
=
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2=1,0288
20,0
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Puc. 5. Cpennuit pacxon Bogsl, peka benas, r/m ['yzepuruis (2008-2018) /
Fig. 5. Average water discharge, river Belaya, Guzeripl (2008-2018)
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Puc. 6. Cpennwmii pacxoxa Bojsl, peka bemas, r/m Maiikon (2008-2018) /
Fig. 6. Average water discharge, river Belaya, Maikop (2008-2018)
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Cpennuii pacxo/] BObI Ha THAPOIIOCTE B T. Maiikomne coctauseT 67,2 M*/c. Tak e, Kak ¥ Ha IIpeibl-
IyIIEM TI0CTe, HanOoJIbIlIee CpeHee 3HaueHne pacxoaa Haomoaanock B 2010 r., ogHako HauMeHbIee
3HadeHue 6p110 oTMedeHo B 2015 r. HanOonmpimmii pacxoz BOAbI, KaK M Ha MPEIbIIYIIEM ITOCTe, IPUXO0-
JIUTCSI HA Mal, 2 HAMMEHBINNH — Ha sTHBapb. CaMoe HU3KOE 3HAUEHUE pacxo/1a ObUIo 3a(hUKCHUPOBAHO B
despane 2017 r. (14 m*/c), a camoe Bbicokoe — B Mae 2011 r. (737 m3/c). Ha nannoM rpaduke Haubonee
YETKO MPOCIICIKUBACTCS 00IIast TEHACHIMS COKPANICHUS PacXoja BOJbI, HECMOTPS Ha HEOOJBIITHE KO-
nebanus (puc. 6).

Jlnst BBISIBIICHUSI B3aUMOCBSI3CH MEXKIY MOKAa3aTeNIsIMU ObLTa MPOAaHAIM3UPOBaHA KOPPEIAIMOHHASL
3aBHCUMOCTh MEKIY TEMIIEPATypPOH, OCAJKaMH H PAacX0JIOM BOJBI B peke. B pe3ybrarte BhISIBIICHA HU3-
Kasl TapHast KOPPEJSIUS MEXTy UCCIIETyeMbIMU TTapaMeTpamu. J{Jisl moydYeHuns MOJTHOW KapTHUHBI I1a-
HUPYETCS B JAJILHEHIIIEM PACUTUPUTh UCCICTYyEeMbIH MepHo,| HaOIF0ICHUH.

BriBoabI

B teuenne neproma HaOIIOAEHNS HA UCCIIEAYEMBIX METEOCTAHIIUAX OTMEUAIHICH ITUKINYHBIE U3Me-
HeHUs Temnepatyp. Ilpu 3ToM HauOOJBIIME OTKJIOHEHUS OT CPEIHEH MHOTOJIETHEH TeMIepaTyphl OT-
Mevanuch B nocienuaue 20 net. Ho B menoM HaOmogaeTcs TEHACHIUSA K YBEIMYCHUIO TEMIIEPATYPhI
BO3/yXa B JaHHOM paiioHe. Taxke B MepHOJ WCCIEOBAaHNN HAa METEOCTAHIUAX OTMEYAINCh ITHKIIBI
CMEHBI MaKCHMyMa U MUHIUMyMa ocafakoB. [Ipu 3ToMm B ropax oTMedaeTcst 3aMeTHAS TEHISHIIHUS K CO-
KpAIICHHUIO KOJIMYECTBA 0CAKOB, 00paTHas CUTyalus — B Maiikorie, rjie HaOaroAaeTcs yBeInueHUe KO-
JTUYECTBA OCAJKOB [0 CPABHEHHIO CO CPEAHEMHOTOJIETHIM 3HAYEHHEM.

MakcrManbHBIHN MTOKa3aTellb CPEIHET0JOBOTO pacxo/ia Ha BceX ImyHKTax Obut otmedeH B 2010 r. He-
CMOTPS Ha TO YTO JAHHBIN T0J] OBUT aHOMAJILHO JKaPKUM, KOJUYECTBO OCaKOB BBINAJIO BBIIIC HOPMEI.
Oco0eHHO MHOT'O OCaJIKOB BBINAJIO B BECCHHHH Mepuoja (MapT, amnpelib), a TAKKe B OCCHHHUM MEPHOJ
(ceHTS0OpH, OKTAOPH). B TOpHOI YacTh 3HAYMTENFHOE KOJWYECTBO OCAIKOB OTMEUAIOCh W JIETOM, B
utoHe. MUHUMAaJbHBIE TOKa3aTeNn pacxoAa BoJsl B peke B ['y3epurwie cBsizansl ¢ TeM, uto B 2012 1. co
CKJIOHOB ropbl ['y3epuIiib cOlENn ono3eHb, KOTOPbIA MEPEeKpbU pyciio peku MyTHbii Terisdk, Beae-
CTBHUE YEro M MPOMU30ILIO COKPAIEHIE KOTUIECTBA BOJBI, KOTOpas MOCTymnana B peky. Kpome Toro, B
TOPHOW YaCTH BBIMAIO 3HAYUTEIHHO MEHBIIE OCAKOB, YTO CIIOCOOCTBOBAJIO COKPAIICHUIO Pacxoja.
MuHHMaILHEBIN MTOKa3aTelb B Maiikome Obur otMedued B 2015 T. M CBSI3aH ¢ TEM, YTO 3TOT T'OJ OLLI
OTHOCHUTEJILHO CYXUM U TEIUIBIM, TaK KaK OTMEYAJIUCh 00Jiee BHICOKHE TEMIICPATYPhI [0 CPABHEHHIO CO
CpeIHEMHOTOJIETHUMHU, TPH STOM KOJIMYECTBO OCAJIKOB OBLIO HKE CPEITHEMHOTOJIETHUX 3HAUEHHM.
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OCOBEHHOCTH HAKOILIEHUS TSKEJBIX METAJLJIOB B 3EJIEHOM
MACCE KYCTAPHUKOB BUJIA BETULA NANA (BEPE3A KAPJIMUKOBASI)
B YCJIOBUAX NOBBIIIEHHON AHTPOIIOTEHHOM HATPY3KHA
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Annomayusn. Paccmampusatomes ocobenHocmu pacnpeoenenus U HAKONJIeHUs MANXCeblX Memanilos 8 3eie-
HOU Macce Kycmapuukog Betula nana (6epesa kapauxosas) Ha meppumopusx Amano-Heneykoeo aemonomnozo
OKpYy2d, NOOBEPIHCEHHBIX AHMPONO2eHHOU Hacpy3ke. Onpeodensanucs omHocumenbuble KOHYEHMpayuu 1emMeHmos
Ni, Cu, Cd, Mn, Zn, Pb 6 3enenou macce kycmapnukos. Boisienenvt anemenmot (Cd, Ni, Mn) ¢ anomanoHbimMu Koh-
YEHMPayusmMuy 6 UCCIe008aHHOU 3€/IeHOU MACce YCI08HO (POHOBOU MePPUMOPUU OMHOCUMETbHO KIAPKOBO2O CO-
depotcanus 8 pacmeHuax cywu. [na ecex paccmompenHuix paiioHo8 ¢ nosblueHHOU aHMPONO2EeHHOU HA2PY3KOU
Xapaxmepno aHOMaibHOE OMHOCUMENbHO YCI08HO POHOBO20 YUACMKA COOEPIHCAHUE KAOMUSL, YUHKA U MAP2AHYA
6 senenoll macce Betula nana, maxoice 8 patione epynmosoii asmooopozu y Ap-Cane oOHApydcetsl 8bICOKUE KOH-
yenmpayuu meou u ceunya. Haubonvwum xodpduyuenmom Konyenmpayuu 6 patione spyHmogol agmooopou
obnadaem Pb (11,81), ons yenononynayuii Betula nana y swcenesnoui 0opoeu Obckas — bosanenxogo 6 naubonvuel
cmenenu xapakmepno naxonnenue Cd (2,4), 6 paiione asmoodopoeu Canexapo — Axcapka u I'TOC-3 sviasnen
Haubobwull Ko3gh@uyuenm xonyenmpayuu oas Zn (14,24). Takoce ucciedosan xapakmep pacnpocmpaHerus
MANCENbIX MEMANN08 OM UCTNOYHUKOS, CPEeOU U3YYEHHBIX DIIeMEHMO08 Hauboee OaNbHUL NepeHoc XapakmepeH 0
Mapeanya, a Kaomuti u Medb, HANPOMUS, 0Cancoaiomcs Ha npuiezaroueri K ucmounuxam meppumopuu. Coenamvi
86160061 06 OCHOBHBIX NYMAX NONAOAHUA MANHCENLIX MEMAINILO8 8 OKPYHCAIOWYIO Cpedy 8 pecuoHe.

Knrouesvle cnosa: msocenvie memaiiivl, Betula nana, aLHmponoceHHas Hazpy3Kka

na yumupoeanusn: Ilnomnuxoe U.B. OcCOOCHHOCTH HAKOIUICHHS TSDKENBIX METAIIOB B 3€JICHOM Macce Ky-
CTapHUKOB BHMa Betula nana (bepe3a KapiauKoBas) B YCIOBHUSIX MOBHIIIICHHOH aHTPOIIOreHHON Harpy3ku // 13Be-
ctus By30B. CeBepo-KaBkasckuil peruos. EcrectBennsie Hayku. 2022. Ne 3. C. 70-78.
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FEATURES OF ACCUMULATION OF HEAVY METALS IN THE GREEN MASS
OF BETULA NANA SHRUBS UNDER CONDITIONS
OF INCREASED ANTHROPOGENIC IMPACT

Ilya V. Plotnikov
Southern Federal University, Rostov-on-Don, Russia

iplotnikov@sfedu.ru

Abstract. The features of the distribution and accumulation of heavy metals in the green mass of Betula nana
(dwarf birch) shrubs in the territories of the Yamalo-Nenets Autonomous District exposed to anthropogenic load
are considered. The relative concentrations of the elements Ni, Cu, Cd, Mn, Zn, Pb in the green mass of shrubs
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were determined. Elements (Cd, Ni, Mn) with abnormal concentrations in the studied green mass of the condition-
ally background territory, relative to the clark content in land plants, were identified. The anomalous content of
cadmium, zinc and manganese in the Betula nana green mass is characteristic of all the considered areas with

increased anthropogenic load, and high concentrations of copper and lead were also found in the area of the

unpaved highway near Yar-Sale. Pb has the highest concentration coefficient in the area of a dirt road (11.81),

Cd accumulation is most characteristic for the Betula nana cenopopulations near the Obskaya-Bovanenkovo rail-
way (2.4), the highest concentration coefficient for Zn (14.24) was found in the area of the Salekhard-Aksarka
highway and GTPP-3. The nature of the distribution of heavy metals from sources is also investigated, among the
studied elements, the most distant transfer is characteristic of manganese, and cadmium and copper, on the con-
trary, are deposited on the territory adjacent to the sources. Conclusions are drawn about the main ways of heavy
metals getting into the environment in the region.

Keywords: heavy metals, Betula nana, anthropogenic impact

For citation: Plotnikov 1.V. Features of Accumulation of Heavy Metals in the Green Mass of Betula Nana
Shrubs under Conditions of Increased Anthropogenic Impact. Bulletin of Higher Educational Institutions. North
Caucasus Region. Natural Science. 2022;(3):70-78. (In Russ.).
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BBeaenne

OcBoeHME TYHIIPOBBIX TEPPUTOPUN APKTHUKH CITIOCOOCTBYET YBEITHUCHUIO aHTPOTIOTEHHOM HArpy3KU
Ha KOMIIOHEHTBI IPUPOAHON Cpelbl. YS3BUMOCTh TYHAPOBON pacTUTENBHOCTU ONPEHEISIETCS HU3KOM
CKOpOCTBIO e€ caMmoBoccTaHOBIeHHS. [Ipr 3TOM B HacTosIee BpeMsl TyHApa SBIIsIeTCsl Haubosee coxpa-
HUBILIENCS B IEPBO3JIAHHOM BUJIE€ IPUPOIHOM 30HOM, YTO BbI3bIBAET IIOBBIILIEHHBIN MHTEPEC K U3YUECHHIO
TYHAPOBBIX PACTUTEIBHBIX COOOIIECTB, B TOM YMCIIE HEITOCPEICTBEHHO K LICHONOMYJISLMIM BUaa Betula
nana, KOTOPBIH MpeodiafaeT B KyCTApHUKOBBIX COOOIECTBAX I0KHOU TYHAPHI [ 1-4].

OnHUM 13 PaKTOPOB TEXHOTCHHOTO BO3JICHCTBHUS HA pAaCTUTENBHBIE COOOIIECTBA, CBSI3aHHBIX C IIPO-
MBILUICHHBIM X UHPPACTPYKTYPHBIM OCBOCHHUEM TEPPUTOPHM, SBISIETCS TOKCHUECKOE JCHCTBHUE TSKE-
neix MeTayuioB (TM). [loctynienue B pacturenbHble OpraHu3Mbl TM U3 OKpyKarolel CpejIbl IPOC-
XOJIUT IIPH MOTJIOIIEHUH UX KOPHEBOM CUCTEMOMN M JINCThIMU. Bricokast koHLeHTpauus TM B pacTeHusX
NPUBOJUT K OTPaHUUEHHIO POcTa 1 (POTOCHHTE3a, Pa3BUTHIO XJIOPO3a, HAPYIIEHUIO PACTUTEIBHOTO M0~
KpoBa [5—8].

Lenbpro TaHHOTO UCCIICAOBAHUS SIBJIIETCS YCTAHOBJIEHUE 0COOCHHOCTEH HakoruieHus: TM B 3ej1eHOM
Macce KyCTapHUKOB Betula nana B yCIOBUAX TOBBIIICHHOW aHTPOIIOTEHHOW Harpy3ku. [jis mocTuke-
HUSI LieJId ObUTH BBITIOJIHEHBI 3a/1a4H:

1. Onpenenenue creneHu HakorwieHuss TM B 3erneHoil macce Betula nana Ha ycioBHO ()OHOBBIX
HEHAapYIIEHHBIX TEPPUTOPHUSAX FOXKHOM TyHAPHI SMarna.

2. Beigenenue anomanbHO copepxkamuxcs TM B 3eneHol Mmacce Betula nana ans repputopuit, pac-
MOJIOKEHHBIX B HEMOCPEACTBEHHOM OJIN30CTU OT OOBEKTOB aHTPOIIOTEHHOTO BO3ACHUCTBHS PAa3HOTO
pona.

3. BrIsBneHHE XapaKTEepUCTHKH pactpeaeneHus TM B 3eneHol Macce KyCTapHUKOB Betula nana o
Mepe yAaJeHHs: OT 0OBbEKTOB aHTPOIIOTCHHOTO 3arpsI3HEHUSI.

OO0BeKTHI ¥ METOAbI HCCJICI0BAHUSA

OT100p mpob pacTHTENLHOIO MaTepuaia KyCTapHUKOB Betula nana nnst uccieloBaHUsS MPOU3BO-
Jquica Bo BTopoi mosnosuue uionst 2021 1. Ha Teppuropun SIMano-HeHenkoro aBTOHOMHOTO OKpyTa.
Bcero 6bu10 3a105keHO 20 MCCIEI0BAaTENBECKUX IDIOMIAA0K pazMepoM 20x20 M, pacrpelielieHHbIX 1o 4
yuacTkaM. Ha Bcex ucciiefoBaHHBIX TEppUTOPHAX Oepe3a KapIruKoBas SIBISETCS JOMUHUPYIOLUIUM BH-
JIOM KyCTapHHUKOBOTO Apyca C MPOEKTHBHBIM MOKphITHEM Oonee 50 %. Ha puc. 1 nmpencrasiena kapTa-
CX€Ma C YKa3aHUEM HCCIICI0OBAHHBIX TEPPUTOPUIL.
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o = NCCIETOBAHHEEIE YHIACTKIL

Puc. 1. Kapra-cxema pacnosioxeHus: y4acTKOB, BKIFOUCHHBIX B HCCIIEZOBaHHUE (32 OCHOBY B3SIT
cmyTHUKOBEIM cHUMOK TerraMetrics) / Fig. 1. Map-layout of the sites included in the study
(based on the TerraMetrics satellite image)

1. Yuactok k ceBepy ot fAp-Cane. B kadecTBe 00beKTa aHTPONIOr€HHON HArPY3KH 37IeCh BBICTYIIAET
TPYHTOBasl TYHAPOBAs 0pora — OAHA M3 MHOKECTBA AOPOr 0e3 MOKPBITHS B IOKHOM TyHape Smana.
Omna npeacTaBisieT COO0H Xa0TUYHO PACIIOIOKECHHBIE KOJIEH, C HAPYLLIEHUEM TOYBEHHOT'O ¥ PACTUTEINb-
HOTO MTOKPOBa 00IIeH ITUPHUHON MeXaHu4eckoro BozaeicTeus ot 20 1o 140 M. Ha MoMeHT nipoBeaeHUst
TMOJIEBBIX HccienoBannii B uroie 2021 r. Ha JaHHOM TMHIY puKcHupoBaics Tpaduk 0,5—4 TpaHCIIOPTHBIX
CpeICTBa B Yac, NOAABIISIONLYIO YaCTh MPEICTABISUIN CHETOXO/IBI.

2. Paiion 03. FOHTO, y )ene3noii qoporu Obckas — boBaHeHKOBO, KOTOpas SIBISETCS KPYTHEHIINM
JIMHEHHBIM MCTOYHUKOM aHTPOIIOI€HHOIO 3arpsA3HEHMS U €IMHCTBEHHON KEJIE3HOIOPOXKHON JINHUEH
Ha nonyoctpose Sman. Jlopora He 3neKTpuHIrpoBaHa.

3. Yuactok k ceBepy ot r. Canexapna. OObeKTaMi TEXHOTEHHOTO 3arpsA3HEHUs Ha Yy4acTKe SBJIs-
totcs aBrogopora Canexapn — Akcapka u ['TOC-3. Cogepxxanne TM B BeIOpOcax ra3oBOM 3JEKTPO-
CTaHLUM HE3HAYNTENIbHOE, OJHAKO MOCTYIAIOIINE OKCHABI YIIepoaa, Cephl, a30Ta YBEIWYUBAIOT TO-
IBIKHOCTHE TM B OKpy’Karoliei cpejie ¥ OMOJIOTrHIecKoe MOTJIOIeHHe pacTeHus M [6, 9—12].

4. YcioBHO (hOHOBBIHN yYacTOK, YAaJICHHBINA OT OOBEKTOB JIOKAJIbHOM aHTPOTIOT€HHOMN Harpy3Ku, KO-
opAuHaThI neHTpa: 67°3723"C, 68°24'33"B.

OT00paHHyI0 ¢ UCCIe0BaTENbCKUX TUIOMIAI0K 3€IeHYI0 Maccy KyCTapHUKOB Betula nana cymminm,
M3MeJbYaIH, TPOU3BOAMIN CYX0€ 030JIEHHE C MOCIEAYIONM PACTBOPEHHEM OCTAaTKa B CMECH KHCJIOT.
3areM B MOJyYEHHOM PaCcTBOPE C IIOMOIIBIO0 PEHTTEHO(ITYOPECIICHTHOTO criekTpoMeTpa «CIIEKTpOCKaH
MAKC — GV» onpenensum kornentpanun TM (Ni, Cu, Cd, Mn, Zn, Pb).

Pe3y.]'ILTaTI)I u oﬁcym]elme

CornacHo MOJXY4YeHHBIM pe3ybTaTaM, psij abCOMOTHRIX 3HaAUSHUH HaKOTUIeHHBIX TM B cyxoii 3ere-
HOM Macce KycTapHUKOB Betula nana ycaoBHO (OHOBBIX TEPPUTOPUI BBITJISIUT CIICAYIONIAM 00pa3oMm:
Mn (265,4 mr/kr) > Zn (21,41 mr/kr) > Ni (9,88 mr/kr) > Cu (4,26 mr/kr) > Pb (0,369 mr/kr) > Cd
(0,168 mr/xkr).

IIpu cpaBHEHUH KOHIICHTpAIMH 3JIECMEHTOB B 3€JCHOH Macce KyCTapHHKOB YCJIOBHO (hDOHOBOTO
ydacTKa C KJIIAPKOBBIM COAEP KaHUEM, XapaKTePHBIM JIJIs1 OMOMAacChl HA3eMHBIX pacTeHu# B eioM [13],
0oOHapyXeHBl aHOMAJIBHO BBICOKHE OTHOCUTENbHBIC 3HaueHus coaepxkanuit Cd, Ni, Mn. OOmiuit psin
OTHOCHUTEIILHOW KOHIICHTPAIIMH 3JICMEHTOB B 3elieHOM Macce Betula nana Ha ycnoBHO ()OHOBOM y4acTKe
npejicTaBieH B BUje (B CKOOKaxX ykazaH KOA(QQHUIMEHT KOHIICHTPAI[MH OTHOCHUTENHHO KJapKa s
Ha3eMHBIX pacTenuil): Ni (4,94) > Cd (4,8) > Mn (1,29) > Zn (0,71) > Cu (0,53) > Pb (0,30). B paborax
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JIPYTHX aBTOPOB OTMEYAIOTCS XapaKTEPHBIC NIl KYCTAPHUKOB TYHJPHI BEICOKHE KOA((OUIIMEHTHI OHO-
norudeckoro nornomeHus Cd, Mn, Zn [1, 14], a moctymienue Ni B MPUPOAHYIO CpEAY PETHOHA MOXKET
OBITH CBSI3aHO C TAJTFHUM aTMOC(EepHBIM TIepeHOCOM [4].

UToOb! BEISIBUTH OCOOCHHOCTH HAKOILICHHUSI 3JICMEHTOB JJIsI YYaCTKOB C MOBBIIIICHHOW aHTPOITOTCH-
HOW Harpy3Koi, ObUTH BeIZIENIeHB TM ¢ aHOMaTbHBIMH KOHIICHTPAIMSIMHA B 3€JIeHOM Macce Betula nana
B HEIMOCPEACTBEHHOU OJHM30CTH OT WCTOYHUKOB aHTPOIIOTEHHOW HArpy3KH, MOJCYUTAHBI K0d(hdHIu-
€HTBI KOHIICHTPAI[UK OTHOCUTEIILHO YCIOBHO (DOHOBBIX 3HaueHwMiA. [oirydeHHbIC pe3yIbTaThl MPEICTaB-
JICHBI B TaONHIIE.

Psaabl anomanbHoii koHuenTpanuu TM B 3esieHoit macce Betula nana B0JM3u MICTOYHUKOB TEXHOT€HHOT 0
Bo3jeiicTBus / Series of anomalous concentrations of heavy metals in the green mass of Betula nana near
sources of technogenic impact

Psizi BBISIBJIEHHBIX aHOMAJIBHO HAKAIUTUBAIOLIMXCS
VcTouHKMK aHTPOMOTEHHOM HATPY3KH JJIEMEHTOB Ha OJrkaiiieit kK 00beKTy Touke 0TOopa
(B ckOOKax yka3aH K03 pHUIHeHT KOHIICHTPAITIH)
Tynnposas rpyaToBas gopora y Ap-Came | Pb (11,81) > Mn (7,53) > Cd (7,53) > Zn (1,90) > Cu (1,72)
K/n O6ckast — BoBaHEHKOBO Cd (2,4) > Mn (2,33) > Zn (1,66)

Astopnopora Canexapn — Akcapka, ['TOC-3 | Zn (14,24) > Mn (6,66) Cd > (3,88)

TakuMm 00pa3oM, BBLIEISIFOTCS JIEMEHTBI ¢ aHOMaJIbHON KOHIICHTpAIel (IIMHK, KaJMHi U Mapra-
HEIl), XapaKTEePHOH TSl BCeX pAaCCMOTPEHHBIX 30H BO3/eicTBHs. [loMIMO TaHHBIX 3JIEMEHTOB, Ha TUIO-
aJike, IpUiIeTaroliei K rpyHToBo# nopore y SIp-Cane, oTMedaroTcs BRICOKHE KO3 PUIMEHTHI HAaKOT-
JIEHUs CBUHLIA 1 ME[TH.

J1st HUKeIst He BBISIBJICHO aHOMAaJIbHBIX KOHIICHTPAIINA B 30HAX aHTPOTIOT€HHOM HATPYy3KH, UTO 00b-
SICHACTCSI OTHOCUTEIHHO BBICOKMMH (DOHOBBIMH 3HAYCHHSMH COJAEPIKaHUS BO BCEX KOMIIOHEHTaX
Cpellbl, CBSI3aHHBIMHU C PETHOHAILHBIM 3arpsi3HEHUEM, BCIIEJICTBHE JallbHETO aTMOC(EPHOro nepeHoca
[4].

OtnenpHO paccMoTpuM pactipeneierne TM B 3eneHoii Macce Oepe3bl KapIUKOBOW B 30HAX BIIMSHHUS
Ka0ro uctounuka. Ha puc. 2 npexncrasiensl rpaguku pactpenenenus TM Ha npoduiie rpu yaase-
HUU OT TpyHTOBOM noporu y Sp-Caie.
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Puc. 2. Kosddunments! konnenTrpannun TM (opauHaTta) B 3€JICHOM Macce pacTeHUH BUAa B. nana TpHu yAaJIeHUH
OT TYHAPOBO#1 oporu B parione Sp-Cane / Fig. 2. Coefficients of heavy metals concentration in the green mass
of plants of the B. nana species at a distance from the tundra road in the Yar-Sale area

1 mATH McCcIeTOBaHHBIX AJIEMEHTOB HAOIIOaeTCA BRIPAKEHHBIM TPEH]| CHIDKEHHS KOHIICHTPALWI
0 Mepe yAaJIeHUs OT TyHIpOBOH noporu. KoHIeHTpanus Meu B 3eeHoi Macce Betula nana Ha npute-
rarolei K Jopore TeppUTOpUN COCTaBMIIA 7,3 MI/KT, Ha OTAaJicHUd B 25 M 3HaueHus B 1,4 pa3a Huxke

HAYKH O 3EMIJIE 73



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No.3

(moctHraroT OKOJIO(GOHOBOTO YPOBHS). AHOMANbHBIC 3HAYCHHS AJIsI [MHKA XapaKTePHBI ISl IBYX OJIH-
JKammx K gopore touek — 40,7 u 43,6 MI/Kr, 9TO 1OYTH B 2 pasa BeIlle yciaoBHOTO (poHa. KoHmeHTparus
KaJ MU B 3eeHor Macce B. nana nocturaet makcumyma (0,456 Mr/kr) B IpuAOpOKHON 30HE TIPH KOI(h-
¢uumente konuenTpauuu 2,71. Ha paccrosnmiu 25 M nocturaer okoso(oHOBBIX 3HaueHUH. B nienom mm-
puHa 30851 HakoruteHus1 Cd, Cu, Zn B 3elIeHON Macce BIOJb TOPOTH He MpeBbImacT 25—50 M.

ConeprkaHne Maprafiia JOCTUTaeT MaKCUMAITbHBIX 3HadYeHHH (1999,2 MI/KT) Ha pacCTOSHHH 5 M OT
JIOPOTH, Ha yIaleHuH 25 M cHmxKaeTcs 6onee ueM B 2 pasa, Ha ynaneHun B 400 M — B 3,9 paza. Takum
00pa3om, cpeau uccieI0OBaHHBIX JIEMEHTOB Uil Mn HabmoaaeTcst Hanbosee yaaleHHbIH epeHoc.

Hakoruienne cBuHIA B IPUIOPOKHON 30HE UMEeT HanOoJee BRIpaKeHHBIN XapakTep. OTHOCHTENBHO
BBICOKOE 3HAUYCHIE KOHIICHTPAITMH Ha IDIOMIAIKEe PSIIOM ¢ moporoi — 4,36 Mr/kr, uto B 11,4 pa3a Beime
3HAYEHUH, XapaKTepHBIX JJIsl HEHapYIIEHHBIX YCIOBHO (JOHOBBIX Tepputopuid. [lo Mepe ynanenus ot
JIOpOTH KOHIIeHTpaIws Pb 3HaUnTEI-HO CHUKAETCSA: Ha pacCTOSHUH B 25 M B 3,3 pa3a HIKE, 4eM y Kpast
nmoporu, Ha paccrossaun 50 M — B 10 pa3.

[Monmaganue cBUHIIA B IPUPOIHYIO CPEAY Y AOPOTH CBSI3aHO C BHIOPOCAMU Maciia ¥ BBIXJIONAMHU TIPU
CrOpaHNH TOIUIMBA C COAEPKAaHHEM TETPadTHIICBUHIA, YTO OCOOEHHO OBLTO BHIPAXKEHO JO BBEACHUS
OTpaHMYEHUH Ha MCIIONIb30BaHue 1mo100H0ro Torumea B 2002 r. LIMHK 1 Meap TakKe MOCTYIaroT BMECTe
C MacJIOM U [P U3HOCE, KOPPO3UH JeTalleil MOTOPH30BaHHBIX TPAHCTIOPTHBIX CPEICTB. Mapranen, Kaj-
MU U IUHK [0NIaJA0T B IPUAOPOKHOE IIPOCTPAHCTBO B IIEPBYIO OYEPEb IIPU UCTUPAHUU PE3UHOBBIX
e [15-18].

CrieIyIoIymM THIIOM PaCCMOTPEHHBIX HHPPACTPYKTYPHBIX 00BEKTOB B TYHAPE SIBISIOTCS KEJIE3HBIE
Jopord, B yactTHocTH tuHust O0ckas — boBaHeHkoBO. Pe3ynbraTel aHain3a Ha BBISIBJICHHUE KOHIEHTPA-
uuit TM B pacCMOTPEHHOM 30HE Y KENE3HOU TOpOru NMPEeACTABICHbI Ha puUcC. 3.

T T
10 100 1000
Paccrosnniie ot :xene3Hoil Jopori, M

-6-Cd -%*-Zn —-0—Mn

Puc. 3. Koaddunuents! konnenTpannn TM B 3e5eHON Macce pacTeHuil Buaa B. nana Ha pa3IudHOM yIAaJICHUN
ot /1 O6ckas — bosanenkono / Fig. 4. Coefficients of heavy metals concentration in the green mass of plants of
the species B. nana at different distances from the railway Obskaya-Bovanenkovo

MakcumalibHOe cojiepKaHre MapraHiia Habmoaercst Ha pacctostaun 50 M ot goporu — 2157 Mr/kr, 94to
OoJsiee yeM B 8 pa3 IpeBbIIIACT YCIOBHO (DOHOBBIM ypoBeHb. Ha mocienyromux mwiomaakax Ha0Jmoia-
10TCs KO3 (UIUEHTHI KOHIICHTpaluu OT 1,5 70 3 BIJIOTH 10 TOYKU 0TOOpa, yaaneHHoi Ha 2850 M ot
JKeJIe3HOUM 10poru. MOoXKHO 3aMETUTh, UTO Y JKEJIE3HOU JOPOTU CO3JAI0TCS YCIOBUS JIJIs1 OTHOCUTEIBHO
JTaJTFHETO TIEPEHOCa JAHHOTO JIEMEHTA ¢ MTMKOM HAKOIUICHIS Ha PACCTOSIHUH 0K0JI0 50 M.

Haubonbmme 3naveHust ko3 GUIMEHTa KOHIICHTPAIIUY [IMHKA JOCTHTATCS Ha paccTostHun 130 M —
59,2 mr/kr, B 2,2 pasa Beiie ycioBHoro ¢ona. Ha mromankax ¢ yaanenuem 300 M 1 anbiie Ha0Iro 1a-
I0TCSl OKOJIO(DOHOBBIE 3HAUCHHUS COJCpPIKaHUs dJeMeHTa. PacnpeaencHue Zn B mpoduiie TOBOPUT O
MEHBIIIeH CTEeTIeH! TOCTYIIeHns, 4eM Mn, Ho 6oJee JampHel TouKe MaKCHUMaIbHOTO OCaXKICHUS.
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AHOManus KOHIEHTPALUH KaJMHs BBISBICHA TOJBKO Ha caMOl OJIM3KOM TUIOMIAIKe K JKEIe3HOH 10-
pore — B 2,4 pa3a BbIlIe yCIOBHO ()OHOBOTO 3Ha4YeHHA. J[aHHBIH AIIEMEHT, B OTiAW4YuE OT Mn u Zn, B
WICCIIETOBAHHOM 30HE Y ’KEJIE3HOU TOPOTH HE NMEET IHUPOKOH MOJIOCHI paCIPOCTPAaHEHHS, OCe/Iasi B TIPH-
Jieraroleil K ICTOYHUKY 30HE.

[TomrydeHHbIe pe3ynbTaThl YaCTHYHO COTIIACYIOTCA ¢ paboTamu APyrux aBTopoB [19-21] mo uzyde-
HUIO HaKoIUuIeHNs: TM B IPUPOIHBIX KOMITIOHEHTAaX 30H BJIOJIb JKEJIE3HBIX IOPOT IPYTHX PETHOHOB. Map-
raHel siBisieTcs cocTaBHbIM KoMmoHeHToM (0,5—1,7 %) xene3H0OpOKHBIX PEIbCOB, KOJECHBIX Map,
MOJIINTTHUKOB ¥ TOPMO3HBIX KOOAOK. CO cTUpaHHeM MOAIINITHUKOB CKOJIBKEHHUS CBA3aHO MOCTYILIe-
HUE IMHKA B TIPUPOAHYIO CPEAY 30HBI BIIOJB JKeJIe3HBIX Jopor. [lomamanme kagmMust Ipu pacCMOTPEHUH
HERNIEKTPUPUIIMPOBAHHON JKEIe3HOH AOPOTrH OOYCIIOBICHO B MIEPBYIO OdYepeas MBUICHHEM Tpy30B. B
OTIMYHME OT IPYTUX PETMOHOB M MPUPOAHBIX KOMIIOHEHTOB B MCCIIEJIOBAaHUHU 3€ICeHOW Macchl Betula
nana He ObUIO 0OHAPYKEHO aHOMABHBIX KOHIIEHTPAIMH HUKEIs, Mear U cBUHIA. OOBSICHIETCS STO B
MEPBYIO OUYEpeNlb OTCYTCTBUEM JJIEKTPU(PHUKAINH, TaK KaK OTMEUYEHHBIE 3JIEMEHTHI SBISIOTCS KOMIIO-
HEHTaMHU JKEJIe3HOI0OPOKHBIX aKKYMYJISITOPHBIX OaTapeil, KOHASHCATOPOB, TOKOCHEMHUKOB M TIPOBOIOB
[19-21]. Kak u B cny4ae ¢ yyactkoMm y Sp-Caie, mpucyTCTBYeT HU3HAYaIbHO BBICOKasi OHOBas KOH-
[EHTpaIUs HAKeIs, 00yCIOBJICHHAS B TOM YHCIIE TaTHbHUM BO3AYIIIHBIM TepeHOCOoM [4].

Crenyromast ucclieIoBaHHAsI TEPPUTOPHS PACIIONOKEHA K ceBepy oT ropoaa Canexapna, B CEKTope
Mpeo0JIaAaoIIero BO3AYIIHOTO nepeHoca ot aekrpoctanimu [ ' TOC-3 u aprogoporu Canexapa — Ak-
capka. [lomyuennsie pe3ynbTarhl pactupeneneHus koddunrenToB HakorieHHss TM B 3eneHoi macce
B. nana npeacrasnensl Ha puc. 4.

9
3
7
6
5
4
3
2
1
0 ‘ ‘ ‘ ‘ Ex . > ‘
0 500 1000 1500 2000 2500 3000

PaccrosiHHE OT aBToaAoporu CﬂJ’leXﬂp,[l—AAKCﬂpKﬂ, M

-o-Cd -*-Zn --Mn

Puc. 4. Pacupenenenne koaddunuenros konuenrpanuii TM B 3eneHoi Macce B. nana 0THOCUTENILHO
aBTomoporu Canexapxa — Akcapka / Fig. 5. Distribution of heavy metals concentration coefficients
in the B. nana green mass relative to the Salekhard-Aksarka highway

HawnGonbimme ko3 PUIHEeHTH KOHIIEHTPAIIUH OTMEYAI0TCS [T [IMHKA, OoJiee 4eM B 14 pa3 mpeBbI-
HIarouire yCIoBHbIN GoH Ha Onmkaiiei k aBTogopore Canexapn — Akcapka rromaake. Ha ynanenun
750 M xoHIIEHTpalus IuHKa nagaeT B 10 pa3, mocturas 0KoJ0(QOHOBBIX 3HAUCHHIA.

Mapranen B 3e1eHOi Macce B. nana B nepBoii Touke oTO0opa uMeeT Ko3(pPUINEeHT KOHIEHTpaLH
6,66, 0IHAKO MAKCUMYM JOCTUTAaeTCs Ha ynajaeHuu 750 M OT 1OpOry, e KOHLIEHTpalus Mo4YTH B 9 pas
BbIme (hoHOBOTO YpoBHS. Ha pacctosanu 1150 M KOHIIEHTpaIUs 3HAYUTENHHO CHIKAETCS, HO B TOUKE
otoopa B 2700 M OT JOpOTM CHOBA MMOKAa3bIBAET AHOMAITbHBIC 3HAUCHUS KO3()(OUIMEHTa KOHIICHTPAIUH —
2,63. Takum oOpazoM, Jutst Mn, Kak ¥ B ClTydae ¢ )KeJIS3HOU U IPYHTOBOM JOPOTroi, Ha0onaeTcst Oosee
JIalIbHUI TIEpeHoc.

KoadduiueHT KoHLIEHTpaluu Kaamus Ha paccrosiHum 130 M coctariser 3,88 oT poHOBOrO 3Haue-
HUSI, COXPaHSAETCS aHOMaJIbHAsI KOHIIEHTpAIUs U Ha yjaaneHuu 750 M ko3 puimeHToM KOHIIEHTpaIH
1,88. Ha 6onpiiem yaajieHu 3Ha4€HUS IPUONMKEHBI K YCIOBHO (POHOBOMY YPOBHIO.
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B otnmrume oT TpyHTOBOW JOPOTHM aHOMaNIbHBIX 3HaYeHud Pb u Cu He HaOMIOANOCh, YTO MOXKET
OBITH CBSI3aHO C HCIOJB30BAaHHEM 00JIee KaueCTBEHHOTO, HEATHIIMPOBAHHOTO TOILIMBA M MEHBIITHM
YpOBHEM TIOTIa/TaHNS MOTOPHOTO Maciia — MICTOYHHUKA MEU — B OKPYKAIOIIYIO Cpefy, a TaKkKe HeOOITb-
MM PacCTOSHUEM MEPEHOCA JaHHBIX JIEMEHTOB OT UCTOYHUKOB BBIOpoca [16, 17].

3akiaouenue

1. Ha HeHapylIEeHHBIX TEPPUTOPHAX FOXKHOU TYHAPHI SIMana MpUCYTCTBYIOT aHOMAaJIbHBIE JIs pac-
TEHUI Cylr KOHIIEHTpanuy (B CKOOKaxX yKazaH KOA((HUIMEHT KOHIIEHTPAIUH OTHOCHUTENBHO KIIapKa
mutst pactennit cymm) Cd (6,62), Ni (4,32), Mn (3,33). OcHoBBIBasich Ha paboTax Ipyrux aBTopos [1, 4,
14], MOHO clienaTh BEIBOJ O TOM, YTO BBICOKOE conepxkanne Cd u Mn cBsi3aHO ¢ BRICOKUMH K03 du-
LUEHTaMH OMOJIOTHYECKOr0 MOTIOIIEHHS KYyCTapHUKOB AAaHHBIX 3JIEMEHTOB, a mocTyruieHne Ni o0y-
CJIOBJICHO JaJIbHUM aTMOC(HEPHBIM IIEPEHOCOM C OOLIMM PErHOHATIBHBIM 3arPs3HEHUEM.

2. Bo Bcex 30Hax, MpUIIeTaroIIuX K aHTPOIIOTeHHBIM 00bEeKTaM (TYHIPOBasi IPYHTOBAs IOpOra, JKe-
Je3Has Jopora, acaabTHPOBaHHAs aBTOJOPOTa W Tra30Basl TEIUIOAIEKTPOCTAHINS), ObLIH BBISBICHBI
o011e aHOMaJIbHO HaKaIIMBAIOLIMECS YJIEMEHTHI — Maprasen, kaaMui, uuHk. Ha rmuiomanke, pacmosno-
JKEHHOW B HETIOCPEICTBEHHON OJIM30CTH OT TYHAPOBOM IPYHTOBOH JOPOTH, aHOMAJIbHbIEC 3HAYCHUS KOH-
LUEHTPALUU OTHOCHTEIILHO YCIOBHOTO (pOHA HAOIIONANNCH TaKXKe y CBUHIIA M ME/IH.

3. B 30HE BO3IEHCTBUS TYHIPOBOU IPYHTOBOM AOPOTH K ceBepy oT SAp-Cane npoucxoauT HaKoIuie-
HUE B 3e1eHoi Macce anemeHToB Pb, Mn, Cd, Cu, Zn, HanGoipmme K03QPUIUeHTs KOHIECHTPAIHH
umeroT Pb u Mn. [Ipu 5TOM cBHHel pacnpocTpaHsieTcs B y3koii monoce 1o 100 M ot goporu, Maprasery
uMmeeT Oonee manpHee pacrnpoctpanenue (6omee 1000 m). OcHoBHBIMU HMcTOYHHKamMu TM B paiioHe
TPYHTOBOI IOPOTH SIBIISIIOTCS MIPOAYKTHI CTOPaHMs TOIUIMBA, IONaJaHue Macia, UCTUPAHUE LIUH U Je-
TaJIed TPaHCIIOPTHBIX CPELCTB.

B patione xene3Hol noporu O0ckas — boBaHeHKOBO mpoucxoaut Hakorienue Mn, Cd, Zn, oOHa-
pyxeHbl HanOompire KodgduirenTsl KonneHTpanuu Mn u Cd, 31ech Takke HaONOIaeTCsl OTHOCH-
TeJbHOE JlaNibHee pacrnpoctpanenue Mn (6osee 1000 M), Cd, HanpoTHB, pacpocTpaHseTcs He Ooliee
yeM Ha 50 M OT XeJe3HOH 1opord. Mn U Zn MOTYT HOCTYINaTh B OKPY>KAIOIIYI0 CpEAY MPU UCTHPAHUH
Y pa3pyLlIeHUH JeTajlei MOABMKHOTO COCTaBa M 4acTel ’KeJe3HOAOPOXKHOT0 NOI0THA, a Cd B okpyxa-
IOLIYIO Cpelly B IEPBYIO OYepeab MOCTYNAaeT IPH MbUICHUH NIEPEBO3UMOT0 Ipy3a.

B paiione aBronoporu Canexapn — Akcapka u ' TOC-3, kak u B citydae ¢ KeJne3Hoi Joporoi, Hab:ro-
JIAI0TCA MOBBILIEHHBIE aHOMaJIbHbIE KOHIeHTpauuu Mn, Cd, Zn, oJHaKO NepBOCTEIIEHHOE 3HAYCHUE B
JAaHHOM Cllyyae MMeeT LIMHK, 3aTeM Maprasen. MapraHen uMmeeT Oojiee AajbHEE paclpoCTpaHEHUE ¢
HajgumaneMm anomanui Ha yaanenuu 2700 M. [Toctymienne TM B OKpyKarollyro cpeay B JaHHOM CIIydae
00yCJIOBJIEHO TEMH K€ CaMbIMHU (haKTOpaMu, YTO U B cllydae ¢ TPyHTOBOMU aoporoit. Ho Habmromatorcs
pas3yinyuus, CBSI3aHHBIE C XapaKTEePOM TPAHCIIOPTHBIX CPEACTB U TpapHUKOM, B pe3yibTaTe Gpukcupyercs
npeoOnaganue Zn, IOCTYNAIOLIETO B IIEPBYIO OUEPeb KaK NPOIYKT UCTHPaHUA IHH. Taxke CTOUT yuu-
THIBaTh HAJIMYHUE MOCTYMAIOMINX B Cpely KUCIOTHBIX OKCHJIOB MpH BbIOpocax ¢ ['TOC-3: kucinoTHbe
YCIIOBHS TIOBBILIAIOT NOABMKHOCTD U YCHIIMBAIOT OHosioruueckoe noraouienne TM KycTapHUKaMu.
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Annomayusn. Paccmampusaemcs ynpoujeHHasi aspomepmMoOunamuieckas Mooeinb, ONUCbl8arouds pasHoee-
cue HeOSPaHUYEHHO20 C8epXy CMOAOA CoHCUMAeMoti ammocepol. B pamrax 3moil modenu yoaemcs noiyuums
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nepeoe — Mo KIACCULecKoe Ycaiogue 2uOpOoCmamuKil; 6mopoe — OMCYCMeEUe 0GUNCEHUsL CIEOCMEUe UBMEHEHULL
RIOMHOCIU amMmocghepbl 80 epemenu. /s onpedeneHust AHATUMUYecK020 peueHust 6blOUPAIUCh 084 2PAHUYHBIX
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cmampusames cmoibd 6e3 02panuyumenbHbIX YCA06Ull Ha epxhel epanuye. Pewenue ons memnepamypol moscem
O0EMOHCMPUPOBAMb OCMPbLIL MUHUMYM HA HEKOMOPOIL 8bICOME, GblUle KOMOPO20 MEMNepamypa pacmem ¢ 8blCo-
motl. Ilpu smom npoguns memnepamypul 3a8Ucum om 6bICOMbl NOUMU JUHEUHO 80au3U nogepxrnocmu. Qocyrc-
oaemcsi QpuzuvecKkas UHMEPRPemayus peueHuti ¢ UCROIb308AHUEM IKCHEPUMEHMANLHBIX USMEPEHUT 8 AmMOo-
cghepe. Ananumuuecxoe peuwienue 01 a0UAOAMUYECKOU MeMNEPAmypbl GANCHO 0Nl HEKOMOPLIX NPUTLONCEHUI.
Pesynomamol ucciedosanus ynyuuaiom noHuManue npoOmeKarumux 8 ammocgepe npoyeccos u Mo2ym Ucnoib3o-
8aMbCsl 8 HAYYHBIX U 0OPA306AMENLHBIX YEIsIX.
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Abstract. An analytical model of mathematical physics, which is implemented for an unbounded column of
compressible atmosphere, is discussed. For the column, there are two equilibrium conditions, which are written
in the form of a system of aerodynamic equations. The first condition is the classical condition of hydrostatic,
which is derived from the equations of motion. The second one is derived from the con tinuity equation and arises
due to temporal variations of air density. Two boundary conditions are selected near the solid surface: one is the
magnitude of temperature and second condition is the magnitude of its vertical gradient. This allows us to consid er
the column without any restrictive conditions at some upper boundary. The analytical solution for adiabatic tem-
perature can contain a sharp minimum at some height, above which the temperature rises with altitude. Herewith
the temperature profile depends on the altitude linearly near the surface. The physical interpretation of the solu-
tions based on the data of experimental measurements in the Earth's atmosphere is discussed. The analytical
solution can be used to describe adiabatic atmospheric column, which is important for some applications. The
research results improve understanding of processes in atmosphere and can be used for scientific and educational
purposes.

Keywords: mathematical model, column of compressible fluid, equilibrium of the fluid column, nonlinear dif-
ferential equations, climatic model.

For citation: Radionoff A.A. Mathematical Model of Equilibrium of the Column of Compressible Atmos-
phere. Part 1: Stationary Solution for Temperature. Bulletin of Higher Educational Institutions. North Caucasus
Region. Natural Science. 2022;(3):79-90. (In Russ.).
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BBenenue

3agaua 0 paBHOBECHH CTOJI0A aTMOC(EPHI B MOJIE CHITBI TSHKECTH SIBISICTCS OJTHOW M3 CaMbIX U3BECT-
HBIX B Qu3nke atMochepsl. [loutn Bce MoHOrpaduu B 3TOM 006IacTh cofepKaT UMEIOIIeecs: peleHne
9ToM 3a7auu [1-6]. MaremaTuueckas MOJIe)Ib PAaBHOBECHS CTOJI0a aTMOC(hepbl BBIBOAUTCS C YIIPOIIAI0-
[IMM YCIIOBHEM — OTCYTCTBUEM CKOPOCTEH JBHXKECHUH B cTONIOE. B 3TOM ciydyae ypaBHEHUS IBUKCHUS
YIPOIIAOTCS JI0 THIICOMETPUIECKOTO ypaBHeHus dp/dz = —pg, KOTOPOE UHTETPUPYETCS C TPaHUY-
HbIM ycioBueM p(z = 0) = pp, C y4eToM ypaBHEHUs COCTOSHHS MMOJIydaeTcsi bapomeTpuueckas Ghop-

z
MyJla p = ppexp (— ﬁz) = ppexp (— E)’ TJIe P — JABJICHUE; P — IUIOTHOCTD; Z — BEPTUKAIbHAS KO-

OpJIMHAaTa, OTCYMTHIBaeMasi BBepX oT nosepxuHoct; H = R,0,/g = 8,4 KM — BbICOTa CpeHEN aTMO-
cdepsl; 8y — HEKOTOpas CpedHss 1Mo CToyI0y Temneparypa; R, — yHUBepcabHas ra3oBasi IOCTOSIHHAs
aTMOC(EepHOro BO3[yXa; g — YCKOPEHHE CBOOOAHOrO MajeHHs, MPUHUMAaEMOe KOHCTaHTOW. 3aBUCH-
MOCTb g ¥ TEMIIEPATyphl OT BBICOTHI HECTIOXKHO yuecTb. DTa ()opMyJia YIOBIETBOPUTEIHHO OIIMCHIBAET
pacripeneneHue AaBJIeHUs Uil HHTEpBajia BEICOT, IPEICTABISIOMINX IPAKTHUYECKUI HHTEpEC.

3aMeTHbIe OTIINYHA OT OapoMeTpruecKor GopMyssl HabIIOAAIOTCS B aTMOc(epe yKe BBIIIE 8 KM.
C yBenmueHHeM BBICOTHI 3TH OTIMYHNS BO3pacTaroT. HeqocraTku pemeHuil THIICOMETPHYECKOTO ypaB-
HeHHs 00cyx)natoTcs B padoTax [4—7]. [Ipu BBISICHEHUH MPUYUH HEYIOBIECTBOPUTEILHOCTH THIPOCTA-
THYECKOTO NPUOJIMKEHHSI Ha BRICOTE OoJiee 8 KM 0TMeYaeTcsl HEOOXOIUMOCTh yueTa CTpaTu(huKaI|K aT-
Mocdepsl [4, 5]. AHAIU3 IPOIIECCOB BBIZICTICHUS TETUIA HA BBICOTE CTpAaTOC(ephbl MOXKHO HalTH B [3, 6, §].

PasmpInieHus o npuarHaX HEKOPPEKTHOCTH PEMIEHUI THTICOMETPHYECKOTO YPABHEHHUS TSI BBICOTHI
BBIIIE 8 KM MPHUBOAST K BBIBOIY, YTO TOJBKO 3TOTO YPaBHEHHs HEJJOCTATOYHO, YTOOB! JEHCTBUTEIHHO
HE BO3HUKAJIO BEPTUKAIBHOTO ABIXEHUS. DTO JHIIb OTHO U3 HEOOXOAUMBIX YCIOBUI pPaBHOBECHS, KO-
TOpOE HESIBHO MPEATOJIATaeT, YTO INIOTHOCTh BO3/lyXa HE MEHIETCSl BO BpEMEHH, T.€. aTMocdepa mpu-
HUMaeTCs HeckuMaeMmoil. [Ipy 3ToM 04eBHIHO, YTO HEOOXOIUMBIM YCIIOBHEM PABHOBECHOTO COCTOSIHUS
aTMocQepsl ABJSIETCS YCIOBUE, CBA3aHHOE C 3aBUCMMOCTBIO IUIOTHOCTH OT BpeMeHH. JleficTBuTensHo,
€CIM TUIOTHOCTh CTOJI0a MEHSETCS BO BPEMEHH, W3 ypaBHEHHUS HEPa3pBIBHOCTH MOXHO 3aIucaTh
ow/dz ~ dp/dt, rme p — MIOTHOCTD;, W — BEPTUKAIbHAS KOMIIOHEHTa CKOPOCTH; t — BpeMs. CrenoBa-
TEJIBHO, IIPY U3MEHEHUH IIOTHOCTH BO BPEMEHHU IOSIBIISIETCS JBI)KEHUE BO3/yXa U PAaBHOBECHE Hapy-
11aeTCs.
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N3noxxeHHbIe apryMEHTHI MOKA3bIBAIOT aKTYAJIBHOCTh PA3BUTHS MOJIEIBHBIX IPEICTABICHUN O
cronbe atmocdepsl. B Hacrosmel paboTe mpeacTaBieHa YIpOIIeHHas MaTeMaTHIecKas MOAETh paB-
HOBECHOT'O COCTOSIHUS CTOJ0a CoxuMaeMoi atMochepbl. [Ipy TOMONMHUTENBHBIX TOMYNICHUAX YIAaeTCs
MOJTYYUTh aHAJTUTHYCCKUE PEIICHUS IS TEMIIEPaTyphl CTOJI0A CKMMaeMoi aTMochepbl 6e3 orpaHrYu-
TEJNbHBIX YCIIOBUH Ha BepxHeil rpanuiie. OTMETHM, YTO UCTIOIb30BaHUE TPAHUYHBIX YCIIOBHH, 3aj1aBae-
MBIX Ha OINpPEJeNICHHOM BBICOTE BHYTPH CTOJI0A aTMOC(hEphI, SBISCTCS OJJHAM H3 HEJIOCTATKOB COBpE-
MEHHBIX KJIMMAaTUYECKUX Mojienei [8]. B nmpuokeHusx aquadbaTnyeckue pelieHus IpeCTaBIIsoOT ca-
MOCTOSITEIILHBIN HHTEPEC ¥ BAXKHBI KaK JUIS PUKJIAIHBIX 3a/1a4, Tak U JuTsl QyHIaMEHTAIbHOW HAYKH 00
atMocaepe.

MartemaTHn4eckast MOJeJb

BBeieM HEMOBIKHYIO CHCTEMY MPSMOYTOJIBHBIX KOOpAUHAT (X, Y, Z), Ha4aIo KOTOPOH Ha TIOBEPX-
HocTy 3emiu. Och Z HallpaBUM BEPTHKAIBHO BBEPX, X, Y — FTOPU3OHTAIIbHBIE KOOPAUHATHL. Y paBHEHHUE
HEpa3pBIBHOCTH UMEET BUJT

]
rae D = du/dx + dv/dy + 0w /0z — nuBepreuiys BeKTOpa CKOpocT v = (U, U, W); p — IUIOTHOCTb;
d/0t — ontepatop CToKca.

VpaBHenue HepaspelBHOCTH (1) MOKa3bIBAET, YTO U3MEHEHHE BO BPEMEHH IUIOTHOCTH 3JIEMEHTAp-
HOrO 00bEMa BO3/lyXa ONMpPEENIeTCs JUBEPTEHIUEN €r0 CKOPOCTH.

VpaBHEHHE COXPAHEHHS UMITYJIbCa ISl TOPU30HTAIBHON KOMIIOHEHTBI CKOPOCTH U, HATIPABJIEHHON

BIOJb ocH Ox,
o= —setpfv VRt T, @)
rae p — nasjienue; f — mapamerp Kopuonuca; @y — TypOysIeHTHAs BA3KOCTh BO3ayXa; Uy, = G+ 1y /3,
rae G — Bropast BA3KOCTb. [yt omucanus TypOyJISHTHOCTH HCIONb3yeTcst moaxon DkMana [9]. O6e Be-
JIMYUHBL (i ¥ [, CUUTAIOTCS Jajiee He 3aBUCSALIMMHU OT KoopauHat (x,Y,z) (B Ka4yecTBe HEKOTOPOro
MPUOITKEHHUS).
YpaBHeHHE COXpPaHEHUSI UMITYJIbCa JIJIsl TOPU30HTAIbHOW KOMITOHEHTHI CKOPOCTH U, HalpaBJIeHHOMN
B110J1b ocu Oy,

v ap aD
pg=—5—pfu+ylvzv+u2$. 3)
YpaBHEHHE U1l BEpPTUKAIBHON KOMIIOHEHTBI CKOPOCTH W
ow _ 0p 2 oD
Py =3, Pt VWt pp 4

[Ipeobpazyem ypaBHeHUs (2)—(4) ¢ 1eNbIO MOMYYeHUsT YpaBHEHUS IS AUBepreHiuu. Jns storo
ypaBHeHue (2) yacTHO npoaudGhepeHInpyeM 1Mo KkoopauHare x, (3) — mo koopauHare y, (4) — Mo Koop-
nuHare z. [TonydueHHble ypaBHEHUS CIOXKUM. B pe3yibrare umeem

Z_:+ D2 —2 o(u,v) . a(u,w) _ ovw) 12

Vp'Vp dg M1t
) " 2oGa)  2omm - p Pt o THEHTVD )
rae f nmpuHUMaeTcs KOHCTaHToM, § = du/dy — 0v/0dx. Vicnionb30BaHO TOXKIECTBO
(6_u)2 + (6_v)2 + (6_w)2 =2 pudv_poudw ,owow
dx ay 0z dx 0y 0x 0z dy 0z

SIxoOnaHs! onpeieieHb! GOPMyITaMHU:

o(wv) _o0udv Odudv d(ww) _dudw Judw d(v,w) _ dvdw OJvow

a(xy) 09xdy dyodx’d(xz) 0xodz 0zox’'d(yz) 9dydz 0zoy

YpaBHeHue (5) HCIOB3YETCs B HEKOTOPBIX AITOPUTMAax BIYUCIUTENbHON ruapoanHaMuky [ 10] ans
oInpezeNeHUs oI JaBJICHUS M Ha3bIBaeTcs ypaBHeHueM [lyaccona.

IIpu onmcanny paBHOBECHS! BEPTHKAIBHOTO CTOJI0A aTMOC(EpPhl CINTAEM, YTO BCE HICKOMBIE BENH-
YUHBI 3aBUCAT TOJIBKO OT BEPTUKAILHOW KOOPAWHATHI U BpeMeHH. BOIM3u paBHOBECHS CKOPOCTH TeYe-
HUSI IPEHEOPEKUMO MaJibl, U X MOXKHO CUMTAaTh PaBHBIMHU HYJIO. B aTOM ciydae ypaBuenue (5) ynpo-
nraercs. JlelictBue oneparopa CTOKca CBOIUTCS K YaCTHOMY MU PEepeHIINPOBAHUIO IO BPEMEHH, OTIe-
paropa V — k yacTHOMY udhepeHIMpoBaHHIO 0 BEpPTHKAIBHOH KoopauHate. Oneparop Jlamaca V2
9KBUBAJICHTEH BTOPOH YaCTHOW MPOU3BOIHON M0 BEPTUKAIBHOW KOOpAUHATE, IKOOMaHBI B (5) paBHs-

10Tcs Hymo, ¢ = 0. YpaBuenue (5) mpuHUMaeT BUI
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6_D+D2=_l@ 12p0p _ 09 | patis 92D (6)
at p0z%2  p20zoz Oz p 0z2
C yuerom (1) ypaBHeHHE (6) MOXKHO 3aIucaTh B BUJIE
a%p 2 (3p\* _ 92 a a 92 (10
(G0 =EHastesi+ ttm3z(55) ™)

Ecnu motHOCTH TpeacTaBuMa B Bujie npoussenenus p(t, z) = F(t)G(z), rae F(t) — Gynkuus Bpe-
MeHH; G (z) — GyHKIMSA BEPTHKAIBLHON KOOPAWHATHI, TO BA3KHUE cllaraeMble B ypaBHeHUH (7) HCUE3AIOT.
DTo  mpoBepseTcs  TPOCTOH  TOACTAaHOBKOH: p~ldp/dt = F~19F/dt. B  pesynsTare
d(p~tap/0t)/0z = 0. B paboTe paccMaTpUBaeTCs STOT CIIyHaii.

Jns cronba atmocdepbl ypaBHEHHE COXPAaHCHUS MOJHOM SHEPTrHH € = Cy 0 ¢ y4eToM ypaBHCHUS
Hepa3pbeiBHOCTH (1) MOKHO 3amucats B Bue [1]

M el (o)t ©

v p? 0t  pcy 0z 0z pcy

e 6, ¢y, ¢g, Q —abcomoTHas TeMnepaTypa, TemI0eMKOCTb, TEMIONPOBOAHOCTh, MOLIHOCTh HCTOYHH-
KOB/CTOKOB TeIUIa CT0J10a aTMOC(EPHOTO BO3/IyXa COOTBETCTBEHHO. Y paBHEHUE COCTOSHUS

p = pPRyH. )

PaBrOBecue cronba atMochepsl TOTHOCTBHIO OMMUCHIBAETCS CUCTEMOH TpexX ypaBHeHui (7)—(9) ¢ 3a-
JAHHBIMY TPAHUYHBIMU M HAYAIbHBIMU YCIIOBHSMHU.

Aouabamuueckue npoyeccel. YpaBHeHue cocTosHUS (9) i annadaTUYECKUX MPOIIECCOB 3aIKChI-
BaeTCs B BUJIE

p = Ap?, (10)

rae A — koHcTaHTa; ¥ = 1,4 — nmokasareib aquadaThl.

st anmabaTndecknx aTMocepHBIX MPOIECCOB ypaBHEHHUE (7) MPUHUMAET BUJT

2T vy 1 (ar)z _ of9*T | 11 (ar)z oT ag

a2 y-1T\at) ¢ \oz ™ y—1T \dz t95, 7 o -Dr 8z’ (11)
rae c“ = YR, T — xBagpar CKOPOCTH 3BYKa, BEIYUCICHHBIN C UCIIOJIH30BAHUEM a/ITHa0aTHIECKON TeMITe-
parypsl T. YpaBuenue (11) BopaxkaeT JBa ycIOBHSI PaBHOBECHS CTOJI0A CKMMAaEeMOH aJinabaTuiecKon

aTMocQephl.
I'pannunsie ycnoBus it ypaBHeHus (11) umeroT By
oT
5, @=0,t) =T, (), T(z=0,t) = Ty(2), (12)

rae T,y (t), T (t) — u3BecTHBIC QYHKIMK BpeMeHH. B KauecTBe HAYaIbHOI'O YCIOBHUS IPUMEM HEKOTO-
potii ipoduite Tg(z), U3BECTHBIN U3 JAHHBIX IKCIICPHUMEHTA.

YpaBHeHue (8) MOXKHO TIEPENHCATh B BUJIE
a0 aT 1 0 a0
=+ 2] +-Z. (13)
ot ot pcy 0z 0z pcy

I'paHNYHBIME 1 HaYATBHBIME YCIOBUAMHE TSI (13) SIBISIIOTCS COOTHOIICHHS

E2=0,6) =0,4(),0(z = 0,1) = 6,(1),0(z,t = 0) = 6,(2).

DOyukiwmu 6, (1), 0, (t), O5(2) onpenenstorcs 3 TaHHBIX HAOIIOICHHIA.

Anmnabarndeckas Temnepatypa T Bxoqut B ypaBHenue (13) amnst abcoroTHON TemriepaTypsl 8 B Ka-
YeCcTBE HCTOYHUKA/CTOKA TEIJIa, MOIIHOCTh KOTOPOT'O 3aBUCUT OT BEPTHKAJILHON KOOPIUHATHI M OT Bpe-
MeHH. CKOPOCTh 3BYKa, BBIYMCIEHHYIO C UCIIOJIb30BaHNEM a0COIIOTHOM TeMIeparypsl, KOTopasi COOT-
BETCTBYET M3MEPEHHON CKOPOCTH 3BYKa, 0603HaUMM C4 = YR 6.

CpaBHeHUeE C JaHHBIMHU HaOJIIOJCHUH SBJISIETCS] BYKHOM YacThIO JIFOOOT0 MCCIIEI0BaHUS U IO3BOJISET
WHTEPIPETUPOBATh NOJTy4YeHHbIe pemenus. [[poduim temmneparypsl ¥ JaBlieHHs IO CE30HY, reorpadu-
YeCKOH IMPOTE WK 110 Bceld aTMocdepe Ha3bIBAIOTCS CTAHJAPTHBIMY HITH CITPABOYHBIMU aTMOchepamu
1 00CYXIarTCS BO MHOXKECTBE MOHOTpadwuii [2, 3, 5, 6, 11, 12].

IIpedsapumenvhule oyenku. PaccMOTPUM YCIIOBHSL, IPH KOTOPBIX CKUMAEMOCTh aTMOC(EPHOTO BO3-
Jlyxa He0OOXOJMMO YUHUTHIBaTh. 3allMIIeM ypaBHEeHHE (5) B TapaMeTpru30BaHHOM BH/IE. 11 3TOT0 BhIIE-
JIMM MaciTabHble MHOKHUTENH (Ui npuMepa auBeprerius D = MpD') u 0603Ha4uM mITpUXoM Oe3-
pa3MepHbIe BEITMUYHHbL, BEJIMYHHOM |’ — caraemele, cosiepikarine sskoonanel. Beenem maciutadbr: Mp —
nuBeprenimu; M, — ckopoctu; M, — koopaunatel, M, — miotHocty; My — Bpemenu. 13 (5) momyunm

! 2 2 ! I ! ! IZ ! 2 IZ !
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B cranmonapHbIx ciydasx mpu MaJbIX CKOPOCTSIX JABHKEHUS JIEBasl 4aCTh 3TOT0 YPABHEHUS MaJia, ya-
CTO MpeHeOperaeTcs U BSI3KUMHE cllaraeMbIMu. [Ipu ycmoBun M,, — ¢ /1Ba TIEpBBIX ClIaraeéMbIX B MPaBOit
YaCTH UMEIOT OJIMHAKOBBIA MACIITAOHBIA MHOXHTEND C/M,. VI3BecTHO, uTO TpH ycinoBuu My, — ¢ 3¢-
(hEKTHI CKUMAEMOCTH HEOOXOIUMO YUUTHIBATh, IPYTHMU CJIOBAMH, B 3TOM CITy4ae BAYKHO YUUTHIBATH JIe-
BYIO 4aCTh 3TOr0 ypaBHEHUs. B ciydae OOJBIIMX MPOCTPAHCTBEHHBIX pa3MepoB 3aaun M, — oo mpaBas
YacTh CTPEMHUTCA K HyNI0. DTO O3HAYaeT, 9To 3PQEKThl CKIMAEMOCTH BaXKHO YUUTHIBATH HA OOJBIINX
MPOCTPAHCTBEHHBIX MacmTabax. [yt armocepbl paccTosHUE, Ha KOTOPOM TPOSIBIISIOTCS AP PEKTHI CKH-
MaeMOCTH, MOKHO OIEHHTB U3 TPABOM 4acTH 3TOT0 ypaBHeHHs M,~cg ~ 12 k.

CranuonapHble pelieHuUs /sl TEMIIEPATyPbI

[Ipodwmie agunabatrdeckoil TemiepaTypsl cToja0a HEC)KUMAeMOM aTMoc(epsb! BbIpa)kaeTcs U3 THIl-

coMeTpuyeckoro ypasaenus [4, 5] ¢ yuetom (12) B Buze

T(z2) =Ty, + 7,2 (14)
rie ¥, = 0,0098 K/m — cyxoaanabaTtudeckuii TpalueHT TeMneparypsl. 3aBUcuMocTh (14) anexBaTHO
OIKCHIBACT HAOJIOAaeMble TPOQUIN TEMIEPATyphl OT IOBEPXHOCTHU A0 BBICOTHI HOpsAKa 8§ KM. Belie
8 kM BeIpakeHue (14) 3aHIKaeT HAOIIOMAOIYIOCS TeMIIEpaTypy, a Boimie 30 KM oKa3siBaeT HepU3H-
YHBIC OTPULATCIIBHBIC 3HAYCHU .

Pemrenue ypaBHenus (11) i cTanmoHapHOM C)KMMaeMoi aTMOc(epbl OKa3bIBaeT Npoduib agua-
OaTHUYeCKOi TeMITepaTyphl IPH TPAaHUYHBIX ycIoBHX (12). OTMETHM, YTO OHUM U3 YaCTHBIX PEIICHUHA
ypaBHeHus (11) sBnsieTcst Nporu3BoJIbHAS KOHCTAHTA.

st Hax 0k IeHUS aHAIMTUYECKOT 0 peIIeHUs IPUMEM YIIPOLIAatoIINe IPEANoNoKeH s : 1) He3aBUCH-
MOCTB OT BBICOTBI YCKOPEHHSI CBOOOTHOTO MaJieHUs: g = const u rpaauenTa: dg/0z = g, = const,
YTO OrPaHUYMBAET NPUMEHUMOCTD PEIICHHUS K OTHOCUTENIFHO TOHKMM CJI0SIM aTMocdeps! (nanee pac-
cMaTpuBaeTcs aTMochepa BbICoToi 10 100 kM); 2) MOCTOSHCTBO CKOPOCTH 3BYKa €2 = 3, CIipaBeuIn-
BOCTb U TPaHUIIBl IPUMEHUMOCTH 3TOTO MPHONMKeHus: 00cyxnatoTcst Hke. YpaBHenue (11) npuHu-
MaeT BUJ

d?T 1 1 (dT\2 dr
cs (ﬁ-i_]:F(E) >+HE+(V_1)92T:0- (15)
Pemenune ypaBuenus (15)
y-1
_ . 9=D+VE [y3cd 2V8 ) _ ]7
T(z) = exp( 28 )[ : (Clexp ((y_l)cg) cz) , (16)
e § = (y — 1)(4vg.cs +vg* — g°),
7 (T, 90r=D+/E % T | 9y—-1)-V8
— TYy-1(’zb — Bl e A
€= Tb (Tb + 2ycd )’CZ Tb (TlJ + 2ycd ) a7

Koncrantsi (17) ¢ mpOTHBOIOIOKHBIM 3HAKOM TaKke yIoBieTBopAaroT (15).

Pemenue (16) moyioKUTEIBHO M HEPEPHIBHO AJIS JIFOOOH BBICOTHI U CYLIECTBEHHO 3aBHCHUT OT I'pa-
HUYHBIX ycnoBuid. Ha HexoTopoii BeicoTe pemenne (16) MokeT moKa3bIBaTh OCTPBI MUHUMYM, B KO-
TOpPOM 3HaYCHHE TeMIIepaTypsl OIM3K0 K HyI0. [ paduk Takoro ciydas npuBeieH Ha puc. | crutomHon
KPHBOHM, KOTOpasi MOKAa3bIBAET, YTO HUKE HEKOTOPOW TOUKHU pellleHHe YOBIBAaeT C BHICOTOM, a BhIIIE —
BO3pPACTaeT U Ha OOJIBIIMX BBICOTAX CTPEMHUTCA K NOCTOSHHOMY 3HaueHuIo. Mcrnonb3oBanuch rpaHuy-
Heie yciosus T, = —0,0098 K/m u T, =297,15K.

s cpaBHeHMs Ha puc. 1 ToUeUHOI IMHAUEH TTOKa3aHa JIMHEeWHAst 3aBUCUMOCTH (14) ¢ TeMu xe Tpa-
HUYHBIMH yCIIOBUSAMH. W3 cpaBHEHHUS 3TUX KPHUBBIX BUIHO, 4TO pemieHue (16) mpakTudecku coBIaiaeT
C JTMHEHHBIM Ha BBICOTaX HIDKE § KM. Brllie 8 KM pacxoxkJIeHne ¢ JIMHEHHBIM MPO(QUIEM CTAaHOBHUTCS
Bce Oosee 3aMeTHBIM. Kpy»KamMu oTMeUeHbl 3HAYCHUS TEMITEPATyphI IS ClIpaBOYHOM aTMochepst 30-i
LIMPOTHI B HIOJIE.

BricoTa, Ha KOTOPOW HAXOAUTCSI OCTPBI MUHUMYM TEMIIepaTyphbl, cocTaBiseT ~15 km. 3neck dT/dz
MEHSIET 3HaK C —00 Ha +00 U UMeeT 0co0yIo TOuKy. Ha BbicoTe HKe 0c000ii TOUKH TemrepaTypa yObl-
BAET C BBICOTOM, a BhILIE 0cO00 TOYKH — Bo3pacTaet (puc. 1).
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BeicoTa, Ha KOTOpO# BO3HUKaeT 0COOEHHOCTH pe-
merns (16), 3aBUCHT OT BETMUYMHBI TIOBEPXHOCTHOM
TeMnepaTypsl Tj,. DTa 3aBUCHMOCTh JIEMOHCTPHUPY-
eTcsl Ha puc. | MyHKTHPHOW M IITPUXITyHKTUPHOH

30

mmausMA. C poctom Ty, tipu 775 = Y, BBICOTA 0CO-
00ii Toukm yBenmuuBaeTcs. [IyHKTHUpHON KpUBOW
rokazano pemenne (16) mpu T = 307,15 49T0 Ha
10 K BbIIIe pru3eMHONM TeMIlepaTyphl CIIPaBOYHOM

20

atMocepsl. C ymensmenuem Ty, ipu 1,5= Y, BBI-
coTa 0co00ii Toukn ymeHbmaetcst. L tpuxmyHkTHp-
HOW KpuWBOW moKa3zaHo pemenue (16) mpu

Z, KM

Tp=287,15 K, uto Ha 10 K HIKE, YeM npuzeMHast
TeMIepaTypa cripaBodHoi aTMochepsl. Bee moka-
3aHHBIC Ha pUC. | KpUBBIE NPUOIU3UTEIHHO COB-
MaJat0T HA BBICOTE HUXKE 7 KM C JIMHEHHBIM IIPO-
¢unem (14), TOCTPOEHHBIM C TEMH K€ TpaHHWY-
HBIMHU YCIIOBHSAMH.

Beime 7 xm pemienue (16) mokassiBaeT Oojee
gg HH3KHE 3HAUCHHS, UeM (14), a BeimIe 15 kM — poct
TEMIIEPATYpPBhl, YTO HE COOTBETCTBYET JTMHEHHOMY
npodumo. Kpussle Ha puc. | orpaHHyYeHBI BBICO-
toif 30 kM, BhIlIe KOoTOpo# (14) moka3bIBaeT OTpHU-

10

N\

50 100 150 200 250 3

K

Puc. 1. IIpodmmu ananutrdaeckoro pemreHus (16)
NPH PA3IMYHBIX 3HAYCHUSX IPU3EMHOM TeMIepa-
Typbl Tj,. 1o ocu abeuce oTIIOKEHa TeMIIeparypa,
110 OCH OpAMHAT — BbICOTA. J{J1s1 BCeX KpUBBIX
HCIIONB30BAIOCH OJTHO TPaHIYHOE yciaoBue Ty = Y,
/ Fig. 1. Profiles of the analytical solution (16) at dif-
ferent values of the surface temperature 73 The tem-

narenbHble 3HaueHus. [Ipu HeusmennoM T,y = ¥,
YBEJIMYEHHE IIOBEPXHOCTHONW TeMIepaTypsl Ha
27K (c 273 no 300 K) mpuBOIUT K yBETHMUCHHIO
BBICOTBI OCO0OH TOUYKM TNPHONM3HUTENBHO Ha
1400 m: ¢ 13,8 mo 15,2 k™.

OTMeTHM, 9TO BBICOTA, Ha KOTOPOU PaCTIONI0XKEH
MUHHMYM TEMIIEpaTypsl B H3MepeHusx (puc. 1),

perature is deposited along the abscissa axis, and the
height is deposited along the ordinate axis. One
boundary condition T,, =y, was used for all curves

COOTBETCTBYET BBICOTE, Ha KOTOPOH PaCHOIOKEH
MUHUMYM perieHus (16), mpu 3ToM BeTHUMHA U3
(16) HmXe TemmepaTypsl 3KCIIEPUMEHTAIBHBIX 3HA-
YeHWH cIripaBovHON atMocdeps! (puc. 1).

BericoTa, Ha KOTOPOH pacIoaokeHa Touka 0co0eHHOCTH perieHust (16), 3aBUCUT OT IPUIIOBEPXHOCT-
HOTO TpajJiMeHTa TeMIepaTypsl Ty, a BenuuuHa Ty, uMeet Oosiee ciaadoe BiusHUe Ha perieHue (16), yem
3Ha4YeHHE I'PaJreHTa.

[Tpu HemzmenHow Temmneparype Tj, ¢ ymenbiieHneM T, BbIcOTa 0c000ii ToukH perienus (16) nmoHu-
xaetcsa. Ha puc. 2 crmonHoi KpuBO# npuBeieH MPohuiib TeMIIepaTyphl, OIy4eHHBIN 13 pemenus (16)

npu Izp =y,
HBIM TIPH TeX K€ TPaHUYHBIX YCIOBUAX. JIMHMEH ¢ AMHHBIM IMyHKTHpOM — perieHue (16) ¢ rpaHuIHBIM

, TAKOH ke, Kak Ha puc. 1. ToueuHoii muHUeH Noka3aH JMHEHHbIN mpoduits (14), BeraucieH-

yenoueM 1z, = —0,012 K/m. [lynkruproii kpuBoii — pemenne (16) anst rpaguenta Tzp = —0,00705 K/m,
COOTBETCTBYIOIIETO BIAXKHO-211a0aTHYECKOMY I'PaJIueHTY, IPU 3TOM BbICOTa 0c000# ToukH B (16) co-
CTaBJISIET = 52 KM.

[pu 7Tzp = —0,007 K/m u3meHeHne TeMmnepaTypbl noBepxHoctd Ty Ha 27 K npuBOIUT K N3MEHEHHUIO
BBICOTEI 0CO00# TOUKM Ha =~ 6 KM: ¢ 65,1 1o 71,4 kM.

[pu Tp = —0,006 K/M (BenmmuuHA cpeTHETO MHOTOJIETHETO TPaJEeHTa CIPABOYHOW aTMOC(ephl)
ocobast Touka pemenus (16) ncueszaer, Takke HCUE3aeT M POCT TEMIIEPATYpPHI BBIIIE Hee (IITPUXITYHK-
TUpPHAs KpHBasi, puc. 2). OTa KpHuBas MOJOXKHUTENIbHA AJIs1 BCEX BBICOT, JIMHEHHO YMEHBIIAETCS C BBICO-
TOH, BBIIIE 11 KM cTpeMuTCs K mocTossHHON BenmduHe ~169 K. Ha puc. 2 kpyxkamu npuBeAEH Mpo-
¢bup TemmepaTypsl cpaBouHoi atMochepbl 30-ii mupoTsl B urone [12]. KpuBble Ha puc. 2 orpaHu-
4yeHBI BBICOTOM 80 KM.

U3 puc. 2 BUAHO, YTO yBETHUYCHNE 3HAYCHUS IPU3EMHOTO TPaIMeHTa MPUBOAUT HE TOJIBKO K YMEHb-
IICHHUIO BBICOTHI, HA KOTOPOW BO3HHUKAET 0c00ast TOUKa, HO TaK)Ke M K YBEITMYEHHIO MAaKCHMAIBHOM TeM-
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NepaTypel, KOTOPOM OCTUraeT pelieHue

. 80 I . v
BbIIIE 0C000H Touku. JpyruMu cioBamy, K |
Oosee HU3KOE IOJIOKEHHE OCO00I TOUKH " : " I
COOTBETCTBYET OOJNBIINM TeMIIEpaTypam 70 f i T |
Ha BeIcoTe Oomee 20 kM. Heckombko mpy- / ! ., |
roii BBIBOJI MOXKHO CAEIaTh OTHOCUTEIBHO 60 / ; ” i
BJIMSHUSL TPaHUYHOTO YCIoBUS Tj, UTO // f .
BUJHO Ha KPHUBBIX, HM300paKEHHBIX Ha 50-—=" \ 1'_
puc. 1, roe Oompimast TeMmieparypa Io- \\ \ ,.'
BEPXHOCTH MPHUBOAUT K BO3PACTAHUIO BbI- \| i .I
COTEI 0COOOM TOYKH W OONBIIMM 3HAYE- 7. kM 40 ‘\ \ ..- /
HUSIM TEMIIEPATypPhl BbIIIE 0COO0H TOUKH. N\ A .

CKOpOCTh 3BYKa Cq SIBISAETCS OTHUM 30— \\ '\.—— .‘. /

U3 BXXHBIX MAPaMETPOB aHATUTHYECKOTO AN /‘ s/
pelIeHus], Kak U TeMieparypa 6y 11 ru- 20 el i \\ \._‘l/
pocraTtuueckoit popmynsl. Ha puc. 3 mo- i | / N
kazauel npodunu (16) mo BeicoT 80 KM, IRy :"‘__.‘:--< NN
BBIYMCIIEHHBIE TPU pA3IUYHBIX 3Haye- 10 T —] N "\‘F,
HUSX napamerpa Cy. CIUTOMIHOW KpHUBOM "“‘-.§:§,
ToKa3aHo pemenue npu ¢, = (YR, Tp)Y?, 0
nysKTHpHOE € = 1,1(YR,T,)Y2, myHk- 50 100 150 200 250
Hp ¢ Toukoit co = 0,9(YR,Tp)Y/?, To- TR
weuHoit ¢y = 0,8(yR,T,)'/?. 3nauenus, ’
B3ATblE HA JIETHEH CyOTPONUYECKOM crpa- Puc. 2. Ipo¢um remneparypsi (16) npu T, = 297,15K
BOYHOM aTrMoc(epsl, H300paKeHbl KPyIl- 1 pa3INuHbIX 3HaueHUAX T;. [1o ocn abemuce oTiioxkeHa
HBIMHA TOYKaMH. TeMIIEpaTypa, 1o OCu OpAUHAT — BbICOTA / Flg 2. Temperature

profiles (16) at 7, =297.15 K and various values of 7.
The temperature is deposited along the abscissa axis,
the height is deposited along the ordinate axis

YBenuueHue napameTpa o IPUBOIUT K
Oosee HM3KOM 0OCOOOI TOYKE B pEIICHUHU
(16) u bonee BBICOKOH TeMIiepaType BbILIE
0c000i1 TOUKH. Y MEHBIIEHHE TapaMeTpa €y — K Ooiee BEICOKOH 0c000ii Touke B peteHuH (16) 1 ymeHb-
HIeHUI0 pocTa Temneparypsl Beime 30 kM. [Ipu goctarouHo Manom napamerpe ¢p ocodast Touka B pe-
mennu (16) ucuesaer.

MunumyMm temnepatypsl (16), mossisromuiics Ha rpadukax puc. 1-3 B Buje 0co00W TOUKH perire-
HUSI, U JAIBbHEHIINI POCT TeMIIepaTypsl C BHICOTOM MOXKHO COIOCTaBUTh C HAOIIOAAIOUIMMUCS B aTMO-
cdepe SBICHUSIMH TPOIIONAyY3bl M CTPATOCHEPHOTO pocTa TeMIepaTyphl. BricoTa 0co0oii ToukH pelie-

Hus (16) pu T, = Y, Onu3Ka U3MEpeHHOI BeICOTE Tporonayskl [3, 5, 12], npu T =-0,00705 K/m —
Ha0rogaroIIeiicst BeIcoTe crpaTomnaysbl. Kpome Toro, pemenue (16) 1eMOHCTpUPYET MOCTOSIHHBINA Tpa-
JIUEHT BOJIM3W MTOBEPXHOCTH Ha BhICOTE HUXKE 7 KM [3, 12]. BricoTa, Ha KOTOPOI HAYMHAETCSI POCT TEM-
nepatypsl (T, = ¥,), COOTBETCTBYET BBICOTE €€ CTPaToc(hepHoro pocTa.

[Ipu Manbix 3HaYCHUSIX TpaaueHTa T, WM €y 0c000# Touku B peuieHun (16) u crparochepHoro
pocta Temrieparypsl He Habrogaercs. Takoe siBieHue ObIBaeT B OJSPHBIX perHoHaXx (CliabOBBIpaXKeH-
Hasl TPOIonay3a Uil €€ OTCYTCTBHE).

Pewenus npu nenocmosnuoti ckopocmu 36yka. AHATUTHYECKOTO PEIIEHHUs CTAIMOHAPHOTO YpaBHE-
Hus (11) Ipy HEMOCTOSAHHOW CKOPOCTH 3BYKa € HaWTH HE ynaeTcs. Ero MOXHO MOIYYHUTh MPH MTOMOIIIH
YHCJICHHOT0 MHTETPUPOBAaHMA cTalloHapHOro ypasHeHus (11), u pesynbrat otiauyaercs ot (16). Hc-
M0JIb30BaHUE BEJTMYUHBI € OTpaXkaeT He BIIOJHE (PU3NYECKYIO CHTYaIHIO, KOTrJa CKOPOCTh 3ByKa OIpe-
nensieTcs: annabaTHIeckoi TemiepaTypoil. Takoi ciydait MOKET pealn30BaThCs B IIPUPOJIC, €CIIH T'pa-
HUYHBIE yCIIoBUS (12) HE MEHSIOTCS B T€UEHHUE JUTUTEIHHOTO BPEMEHH.

B mporecce uncieHHOTro pemeHus cTallMoHapHoro ypaBHeHus (11) BO3HMKaeT pacXOoIUMOCTh Ha
BBICOTE 0C000M TOUKHU. Takast e pacXoJAUMOCTh HAOIFOIAETCS | ISl YUCIICHHOTO PEICHUS ypaBHEHUS
(15) c mocTosTHHOM CKOPOCTHIO 3BYKa. UTOOBI YCTPaHUTH €€, IS aJlTOPUTMa YHCIICHHOTO PEIICHUS HC-
MOJIB3YETCS TOBEJICHNE AHAIMTHYECKOT 0 PEIICHNUS IPU € = Co. B 3TOM yacTHOM ciyuae yrcieHHOeE pe-
IICHHUE JOJKHO coBnaaath ¢ (16).
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I Anamutnyeckoe pemrenue (16) B ocoboit
l TOYKE MEHSIET 3HAK MPOU3BOJIHOMN IO BBICOTE.
| DTO CBOMCTBO MO3BOJISIET yCTPAHUTD PACXOIH-

. | MOCTh B aJTOPUTME YHUCICHHOTO PEIICHHS
|

80

70

ypaBHenuit (11), (15), xoropsii MoanduIm-
pyeTcs cieayronmmM oopa3oM: Ha TOH BEICOTE,
: IZie TEMIEpaTypa YMEHBIIAETCS JO 3HAYCHUSA
50 : < 0,1 K, MensieTcs 3HaK NepBoOil MPON3BOJHOM

r TEMIIepaTypsl Ha IMPOTUBOMNOIOKHBIA. Yuc-
ik B JICHHBIN pacueT ¢ Takoi Momu(HUKameii aaro-
40 i ,,J pUTMa pEIIeHHsI CTAlHOHAPHOTO YPaBHEHHS
(11), B KOTOPOM MPHUHATO €2 = &, MOKa3bI-
BaeT XOpOIIEE COBMAJCHHE YHCICHHOTO H
AQHATUTHYECKOTO PeIIeHNH (IIpY NPOYHX OIHU-
HAKOBBIX ITapaMeTpax).

Ha puc. 4 nokazaHbl YUCIEHHBIE PEILLICHUS
cranoHapHoro  ypaBHenus (11) mpm
T»=297,15 K 11 pa3HbIX 3HaUEHUSIX TpaiieHTa
Typ» 97 = —3,086x10° ¢ 2. Crutomminas Kpusast
MIOCTPOEHA JUISl TeX )K€ TPAHWYHBIX YCIIOBHIM,
50 100 150 200 250 YTO W CIUIOLIHBIC KPUBBIC Ha pUC. 1-3. U3
CPaBHEHHMS KPHUBBIX HAa 9THX PUCYHKaX BUIHO,
YTO CIUIOIIHAs KpHBas Ha pHC. 4 Topasno
Puc. 3. Hpodum pemenns (16) npu pasHoii cKOPOCTH 3ByKa o JOJIBIIE COXPAHACT JIHMHEHHBIH HpOQHIbL €

ITo ocu abcermuce oTnoxeHa Temrepatypas KenmsBuHax, mo YBEJIMYECHHEM BBICOTHL. Touka OCOOCHHOCTH
ocu opauHatr — Beicota B 1= 297,15 K, T2, = —0,0098K/M  pacnonaraercs Bblllle, Ha BBICOTE =~ 28 KM,
/ Fig. 3. Solution profiles (16) at different sound speeds ¢o.  mpoTuB = 15 KM I aHAJUTHYECKOTO pellIe-
On the abscissa axis the temperature in Kelvins is deposited,  ppg (16). Kpome Toro, yBeIMUeHHE TeMIepa-
on the ordinate axis — the height in 7, =297.15 K, Typbl BbILIE TOYKH OCOOEHHOCTH 3aMETHO ClIa-
T»=-0.0098 K/m Oee, ueM 1151 aHATUTUIECKOTO PEIICHHS, C BbI-
cotoii majio MeHsiercs 1 coctanigeT =~ 10 K. Kak B 4nciIeHHBIX peIIeHusIX, TaK U B aHATUTHUYECKOM pellie-
H1H (16) He BOBHUKAET HEPU3UYHBIX OTPUIATENBHBIX TEMITEPaTyp Ha OOJBIINX BHICOTAX.

60

7, KM

30

20

10

T, K

CaepxaanabaTHUECKUM 3HaUYEHHUSAM MpU3eMHOro rpaguenta Izp =—0,011 K/m cooTBercTBYeT KpH-
Basi, U300paKeHHas Ha pHC. 4 MyHKTUPHOU JinHUEH. BrIcOTa TOUKM 0COOCHHOCTH 3TOM KPUBOH HHKE U
NpUOTU3UTETHHO COOTBETCTBYET BHICOTE TOUKH 0COOEHHOCTH aHATUTHYECKOTO PEeIIeHHs, N300paxeH-
HOT'O CIUIOIIHOW JTMHHUEH Ha puc. 1-3, XOTS NpU3eMHbIe TPAJUECHTHl Pa3IuvaloTcs cyuiecTBeHHO. 1lpu
3TOM POCT TEMIEpaTyphl Ha OOJBIIMX BBICOTAX rOpasfo ciadee MO0 CPaBHEHHIO C aHAJTMTUYECKUM pe-
menueM (16). s rpanuunoro ycious 1z >—0,0096 K/M Touka 0COOCHHOCTH YUCIEHHOTO PEIICHUS
ypaBHenus (11) orcyrcTByer. MakcuManbHasi BHICOTa, HA KOTOPOW MOMKET PacIoyiaraTthCsi TOUKa 0Co-

oennocTH, gocturaercs npu 1z = —0,0097 K/m u cocraBiser = 30 kM.

HTpuxmyHKTUpHAS U TOYeUHasi KpuBble ocTpoeHsl mist 1zp = —0,009 K/m u Tz = —0,00705 K/m
COOTBETCTBEHHO. [10X0XHe KpUBBIE, HE UMEIOIINE TOUKA 0COOEHHOCTH, MOTY4alOTCs AJIsl BCEX 3HaUe-

auit Tz >—0,0096 K/M. [Inst 5THX KPUBBIX OTCYTCTBYIOT 0COObIE TOUKH B YHCIICHHOM PEIICHUH, H KPH-
BbIE [TOYTH JIMHEWHO MEHSIOTCS HAa BBICOTaX HIKE 15 KM, a BbImie 30 KM Majio OTJIMYAIOTCS OT ITOCTOSH-
HOro 3HaueHus. {71t cpaBHEeHHs Ha pHC. 4 MpUBEICHBI JaHHbIE H3MEpEeHHH cripaBoYHON atMocdepbl 30-i
UPOTHI B mroite [12].

Ha puc. 5 ToukaMu npefcTaBiaeHsl JAHHBIE O BBICOTAX TPOIONAY3bl B 3aBUCHMOCTH OT LIHUPOTHI IS
CPEIHHUX MHOTOJIETHUX TEMIIEpaTyp CIIPaBOYHOMN JIeTHEH (MIOHB-UIONIB-aBrycT) aTtMocdepsr [12]. Kax-
Jlast TOYKa pUC. 5 Ompeaensiach M0 MUHUMAIbHBIM 3HAUEHUSIM TEMIIEPATypPhl B CTOJIOE.

CronrHO# KpUBOHM Ha pUC. 5 MpeCTaBleHa 3aBUCHMOCTh BBICOTHI 0c000i1 Touku pemrenus (16) B
3aBHCUMOCTH OT TEMIIEpaTyphl MOBEPXHOCTH B CHPaBOYHOH aTMocdepe MmpHu HEM3MEHHOM T,p = V.
BrusiHre u3MeHeHus mapaMeTpa ¢ IoKa3bIBacT TOUeUHasi KpuBasi, moctpoeHHas npu ¢ = 0,91yR.Tp u
TeX K€ IPaHUYHBIX YCIIOoBHAX. Takoe 3HaueHHe mapaMeTpa €, MO3BOJISIET TOYHEE ONUCATh HAaOIIOICHHS.
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BOnu3u sxBaTOpa M HAa CPEAHUX LIMPOTaX TO- 30 : :
YeyHas KpuBas pacmojaraercsi ONmke K ! | P
HaOJII01a€MBIM BBICOTaM TPOIIONAY3HI. ! ! .

JleroM B IOXKHBIX BBICOKHMX IIHPOTAX 70 ! | : *)
(¢ > 50° 10.111.), XapaKTepH3YIONIUXCS Maoit ' : *,
COJIHEYHOH paaManuei, BHICOTa TPOMOMay3bl 60 i .
BBIIIIE, YeM MOXKHO OKHIATh W3 aHaJIUTHYe- b : '-‘
ckoro pemenusi (16) (puc. 5). B aror ce3on 50 : : .
JIOJITO€ BpeMsI COXPaHSIOTCSI HU3KUE TeMIIepa- Pl : o
TYpBl TIOBEPXHOCTH M CYTOYHBIE M3MEHEHUS Z, kM 40} —1 : ;
TPaHUYHBIX YCIOBHM Majibl. B 3TUX ycnoBusix v .-'
IPEINOJIOKEHHE O MOCTOSHCTBE CKOPOCTH 30 \ ! .
3BYKa MOXeET Hapymarbcs. s Takux mupot Iy \I’ by
npuemiieMo pemienue ypasHenus (11) ¢ Hero- \ N .
CTOSIHHOM CKOPOCTHIO 3ByKa. OHO MMOKa3bIBAET 20
Ooyiee BBICOKOE MOJOXKECHUE OCOOOH TOUKH.
JIist ONMCaHUs 3TOTO CIlydas TAKKe MOKHO 10
WCTIONB30BaTh perierne (16) mpu mocTOSHHOM
CKOpOCTH 3ByKa, HO Tpud TpagucHTE 0

50 100 150 200 250 300

T.p = 0,007 K/m (myHKTHpHAs KpuBas, K

puc. 2). Ilpu TakoM TrpaJueHTe peUICHHE

(16) ne conepxkut ocobyio Touky (puc. 2), Puc. 4. YucnenHoe penieHyre CTaiUOHAPHOIO ypaBHE-

ncuesaeT u cTparochepHbBI POCT TeMIiepa- was (11), Ty =297,15 K, 2 = yR,T. To ocu abermce
Typbl. OCBEIEHHBIC COIHIIEM TOUKH BOIH3H OTJIOKEHA TeMIIEPATypa, 10 OCH OPJMHAT — BBICOTA
nonoca (puc. 5) MOKas3hlBAIOT HU3KHE 3HA- / Fig. 4. Numerical solution of the stationary equation
YeHUs Tporomnayssl npu ¢ > 70° c.m1., KOTo- (11), T, =297.15 K, ¢*=yR,T. The temperature
pble MOTYT COOTBETCTBOBATH perieHuto (16) is deposited along the abscissa axis, the height
IpH CBEPXannabaTHIeCKOM IPAJHUEHTE TEM- is deposited along the ordinate axis
nepaTypbl BOJIU3H MOBEPXHOCTH.
Z, KM
* 30
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L] .
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e e----8"" D N R R R
L]
-80 -60 -40 -20 0 20 40 60 80
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Puc. 5. 3aBucuMoCTb BBICOTHI 0c000¥ ToukH penieHus (16) ot mmpoTsl. lllupoTHOE U3MEHEHNE BBICOTHI
TpOIIONay3bl JJETOM OTMEUYEHO KpyKkamu. OTpHuIaTesibHble 3HaU€HHsI Ha OCH a0CIICC COOTBETCTBYIOT I0KHBIM,
MOJIOKUTENbHBIE — ceBepHBIM mmpoTaM / Fig. 5. The dependence of the height of the singular point of solution
(16) on latitude. The latitudinal change in the height of the tropopause in summer is marked by circles. Negative

values on the abscissa axis correspond to southern, positive values correspond to northern latitudes
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O0cy:xneHue pe3yjbTATOB

W3 (13) ouesuano, uro npu ¢, = 0 u Q = 0 pemennem ypasuenus (13) OyaeT mpocToe paBeHCTBO
0(t,z) = T(t,z). B aTom ciydae abcomoTHast U agnabaTuveckas TeMIepaTypsl coBnaaaroT. [Ipu ma-
JIOW TEIUIONPOBOAHOCTH CTONIO BO3AyXa OyIeT UMEeTh MPOQIITh a0COMIOTHON TeMIepaTypbl, OIM3KHN K
pewennto (16), 3a UCKIIIOYEHUEM, BEPOSITHO, OOJIACTH BBICOT BOJIM3H 0COOO0M TOUKH.

[Ipodwunm, n3o0paxkenusie Ha puc. 1, 2, maroT BKiIan B peuierne ypaBHeHus (13) u ¢popMupyroT
Habronaromuics npoduis 8, 3aBUCAMINN OT TOTO, KaK I0JTO COOTBETCTBYIONINE TPAHUYHBIE YCIOBUS
CYIIECTBYIOT. DTH npoduuu (puc. 1-3) MOACTUPYIOT CYTOYHBIC U3MEHEHHMSI aJinadaThl Kak OTKIIMK Ha
M3MEHCHUS IPAaHUYHBIX YCIOBHUi. [Ipy M3MEHEHHH TPaHUYHBIX YCIoBuil Benuuuna 0T /dt sBisieTcs Cy-
MIECTBEHHBIM (haKTOpoM (opMupoBaHus mpoduiis 8, ocoOCHHO Ha BRICOTE TOpsaKa 14 KM U BBIIIE, U
3aBUCHUT OT TOYHOCTH 3aJIaHHs TPAHUYHBIX YCIOBHH.

Pemenue (16) HenuueitHoro ypaBHeHus (15) MOIOXKHUTENEHO U HEMPEPBIBHO O BbICOTE. OHO MOXKET
COJepKaTh MOJBIXKHYIO 0COOYIO TOUKY, BOSHUKAIOLIYI0 HA HEKOTOPOW BBICOTE M 3aBUCSILYIO OT Ipa-
HUYHBIX ycIOBHUHA. B Takoi 0coboit Touke He ompeselieHa MPOU3BOIHAS TEMIIEpaTyphl IO BBICOTE, a
caMo pelleHre COACPKUT OCTPBIH MUHUMYM TEMIIEpaTyphl, JocTUraroimuii Hyns. [Ipu noMmomm ymc-
JICHHOT'O PEIICHHS CTallMOHAPHOT0 ypaBHEeHMS (1 1) moka3aHo, 4TO yueT HEIIOCTOSIHCTBA CKOPOCTH 3BYyKa
M3MEHSIET CBOIMCTBA PEIICHHM, IPH 3TOM COXPAaHAETCSI BO3SMOKHOCTh BOSHUKHOBEHUS OCOOBIX TOYEK.

Ananutnyeckoe BbipaxeHue (16) s anuadbaThl MOKET OBITH MOJIC3HO JUISI OCMBICIICHUS MTPUYUH
BO3HMKHOBEHHsI HEKOTOPBIX SIBJICHWI B aTMocdepe, HampuMep TPOIONay3bl W CTpaTomays3bl, IS
OLIEHKM MOIIHOCTH MCTOYHHKOB TEIUIa, JEHCTBYIOIIMX Ha pa3HbIX BbICOTaX. B Monmenu He 3amaHbl uc-
touHukH Tera (T.e. Q = 0 B (13)), neficTByIOMINE BbIIIE TOBEPXHOCTH U CBSI3aHHBIE C Pa3HOOOPa3HBIMU
MpoleccaMHu, MPOTEKAIUME B atMocdepe. AauadaTuueckoe pereHue (16) SBaseTcs A0MOJTHUTEIb-
HBIM UCTOYHUKOM/CTOKOM Teruia B (13), 00yCIIOBICHHBIM C)KUMAEMOCTHIO aTMOC(EPHI.

ITpu cpaBHEHHH € SKCHIEPUMEHTATBHBIMH JaHHBIMH BUJHO, YTO IOCTPOEHHBIE KpuBBIE petieHus (16)
3aHWKAIOT 3HAYCHHUS TEMIIEPaTypbl, OCOOCHHO B 00JIACTH OCTPOr0 MHHUMYMa pemienus. [Ipsmoe cpas-
HeHue (16) ¢ HaOIroIeHUSIMU HEKOPPEKTHO, IIOCKOJIBKY TeMIlepaTypa cToyioa 8 moJuuHseTcs: ypaBHe-
HUIO TeronpoBoaHocTH (13), a (16) sBAsSeTCA TOABKO OJHUM W3 MCTOYHUKOB/CTOKOB TerJa. Taxke
pemienue (16) 3aBUCUT OT TPaHUYHBIX YCIIOBHH (12), KOTOpBIE MPAKTUYECKH BCETAa HE COOTBETCTBYIOT
CBOMM MHOTOJICTHUM cpeanuM. HaOmrogaemblit nmpoduins Temieparypbl 8 hopMupyeTcst HanboJee ya-
CTO BO3HHUKAIOIIMMU pacnpeneneHusamu (16).

BOnm3u noBepxHOCTH HAOIIOAAIOTCS PAa3IMUHbIE TPAJANEHTHl TEMIIEpaTyphl BO3AyXa, HO Hanboee
YacTo — Cyx0a[abaTHIecKuil Y, WK BIaXHOAANA0aTHYECKHH Y, . [ pauenT y, y4acTtByeT B pOpMHpOBa-
HMY MHHUMYMa TeMIIEpaTyphl Ha BBICOTE MOpsiAKa 15 KM, COOTBETCTBYIOIIEH Tpononayse (puc. 1, 2), u siB-
JSIeTCSl CTOKOM Terlia Ha 3Toi Beicote. Poct Temmeparypsl pemenus (16) Ha Beicote 20-30 kM (puc. 1, 2)
SIBIISICTCSI ICTOYHUKOM TeIlIa Ha BBICOTAX CTPATOCEPHOrO POCTa TeMIIEpaTyphl. Y MEHBILICHUE TeMIlepa-
TYpbl, Ha0JII0JaeMOe B CTpPATOIay3e Ha BBICOTE mopsiika 60 kM, 00bicHseTCs: cTOKOM Teruia (16), cooT-
BETCTBYIOIIUM ¥,,, (puc. 2).

[ockonbky ypaBaenus (7), (11) onuceiBaroT mponeccsl, IpOTEKAIOUINE CO CKOPOCTHIO 3BYKa, ISl UX
MOTyYeHHs anrabaTHyecKoe MPUOIIKEHNE SBIsIeTCA IPHUEeMIIEMBIM U paboTocrocoOHbIM. M3mepenust
CKOpOCTH 3ByKa Ha BeicoTe 10 100 KM OKa3bIBaIOT, YTO CKOPOCTD 3BYKa YIOBIETBOPSIET PopMyJie, Xa-
paKkTepu3yIoleld UMEHHO aanabaTHYecKuil mponecc. Anuadarudyeckoe MpUONMKEeHHe B atMocdepe
MPUMEHMMO Ha BPEMEHHBIX NMPOMEXYTKaX MOpsAAKa Tpex cyTok [6]. OmpernensemMbie CKIMAaEMOCTHIO
WCTOYHUKH MITM CTOKH Teria B ypaBHeHHH (13) MoryT GopMUpOBATh CIIOKHOE pacrpe/ielieHue TeMIie-
patypsl 1o cTos0y arMocdepsl ObIcTpee, YeM AEHCTBYET TeIIONPOBOHOCTD. [Ipy noayyeHun ypaBHe-
Hus (13) u3 (8) Taxke rcmonp30Bangock ypaBHeHHe aanadatst (10).

[eiictBue MmuOXecTBa npodueit (16) npu nHaTErpUpoBaHnU ypaBHeHU (13) MOXHO paccMaTpUBaTh
KaK HEKOTOPYIO MPEIBICTOPHIO, IPUBOISILYIO K TEKyLIeMy npoduiio Temnepatypsl 6. Mcnonb3oBaHnHOE
npu pemieHny ypasHenus (11) ynpoliienue ¢ = ¢y 1Mo KpaifHeil Mepe YaCTUYHO YYHUTBIBAET 3Ty MpEeAbIC-
TOPHIO ¥ €€ BIMSHHE Ha HAOJFOIaroIeecs pacipeielieHue TeMIlepaTypbl aTMOC(ephl Mo BHICOTE.

JelicTBuTenpHO, UnCICHHOE penieHne ypaBHeHUs (11), n300pakeHHOE CIUTONIHOW KPUBOH Ha puc. 4,
MOKA3bIBACT BBICOTY TOYKH MUHMMYMa 3aMETHO BBIIIE, YeM HaOIroaeMasl BbICOTa MUHUMYMa TeMIlepa-
TypHl. Bblie Touku 0COGEHHOCTH POCT TeMIIepaTyphl OYeHb MaJl, YTO HE COOTBETCTBYET HAOIIOCHHSM.
IIpu Tex e rpaHUIHBIX YCIOBHSIX aHATUTHUIECKOE perreHue (16) ¢ MOCTOSHHON CKOPOCTHIO 3ByKa, H300-
PaKEHHOE CIUIOLIHOM KPUBOM Ha puc. 1, TOUHEe MOKa3bIBaeT BHICOTY TOUKM MUHUMYMa IPH CPaBHEHHH C
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n3mepenusiMu. CreZoBaTeNnbHO, A1l BEIYUCICHHS CKOPOCTH 3BYKa JIy4llle UCTIONB30BaTh KOHCTAHTY T},
(vnn u3mepennyio 0(z)), a He aanabarudeckyro Temepatypy T (Kpome BBICOKUX IIHPOT).

Anamutrdeckoe perierne (16) ¢ TOCTOSIHHOM CKOPOCTHIO 3ByKa MOKa3bIBa€T BOSHUKHOBEHNE MHHH-
MyMa Ha BBICOTE mopsiika 60 KM MpH ¥,, BOJU3U MOBEPXHOCTH (ATHMHHBIA TyHKTHP Ha puc. 2). [Ipu Tex
K€ TPAHUYHBIX YCIOBUSIX 3TOT MUHHUMYM HE BOCIIPOM3BOAUTCS YUCIICHHBIM pelieHrneM ypaBHenus (11).

KpuBbie, mpuBeneHHBIE HA PUC. 5, TIOKA3BIBAIOT, YTO B CPEAHUX U YMEPEHHBIX IIMPOTaX aHATUTHYIE-
ckoe pemreHue (16) yaoBiIeTBOPUTEIBHO BOCIIPOU3BOUT BBHICOTHI TPOMOMNAy3bl. TOUHOCTH MpeAcKasa-
HUSI BBICOTHI TPOIIOTAay3bl CTAHOBUTCS XOPOILEH, €CIIH IPH BEIYUCICHUN CKOPOCTH 3BYKa HCIIOIb30BaTh
HE TIOBEPXHOCTHYIO TEMIIEpPaTypy, a HEKOTOpPOe CpeHee 3HadeHHe, XapaKTepHu3ykoliee BeCh CTONO B
nesnoM, Ha 10 % Huke MOBEPXHOCTHOM Temmepatypsl (c2 = 0,91yR,Ty).

3akioueHne

B npenioskeHHOM MOIeNi HCIIOB3YIOTCS IBA YCIIOBHS AJIS1 ONIMCAHUs PaBHOBECHS CTOJI0A CXKUMae-
Moii atMocdepsl. [lepBoe ciaenyer u3 ypaBHEeHUH IBUKCHUS, KAK H B KJIACCHUECKOM Cllydae 'HJIpocTa-
THYecKor (GopmMynbl. BTOpeIM sBIIsieTcs cienyroliee U3 ypaBHEHUSI HEPa3PHIBHOCTH YCIOBHE OTCYT-
CTBHSI BEPTUKAJIBHOIO IBMXKEHUS BO34YyXd, BOSHHUKAIOLIETO NP M3MEHEHUH BO BPEMEHH IJIOTHOCTH.
CoBMeCTHBIN y4eT ABYX YCIOBHM MpHUBOAUT K cucteMe ypaBHeHMH (7)—(9). Ilpum nomonHuTENbHOM
MIPEJIOI0KEHNH O TIOCTOSIHCTBE CKOPOCTH 3BYKa 3alMCHIBAETCs aHAIUTHYecKoe perieHue (16).

AHanuTr4eckasi MOAENb CTOJI0A CKUMAaeMON aTMoc(epbl MOXKET SBISTHCS IOJIE3HBIM HHCTPYMEHTOM
Ut olleHKH Tipodrsa aanabatel. B cronbe cxxumaemolr atMocdepsl W3MeHEeHHs aanabaThl BO BPEMEHH
OTIPENIEISIIOT UCTOUHHUKH TEIUIa, He CBSI3aHHBIC C BBIIEIICHUEM/TIOTJIOIIEHUEM TeTlla KaKUMU-TTOO TIprMe-
CsIMU TUOO IPYrUMH (PU3NYECKUMH IIPOLIECCaMU. DTa MOJENb T0JIE3HA TakKe U1l IOHUMAHHS BO3MOKHBIX
NPUYMH, IPUBOISIIMX K BOSHUKHOBEHHIO Ha HEKOTOPBIX BBICOTAX MMUHHUMYMOB U MakCUMYyMOB TeMIIepa-
TYpBI cTOI0a aTMOC(eEpPB], YTO TPYAHO 3apaHee OXKUAATh, OCHOBBIBASICH TOJBKO Ha M3BECTHOM INPUHIIUIIE
MaKkCHUMyMa U MHHHUMYMa ISl pellieHni ypaBHEHHs TeIIONPOBOTHOCTH. AHAJIMTHUECKOE MCCIIEI0BaHNE
YpaBHEHHUI a3pOAMHAMUKY yJIydlllaeT HOHUMAaHHE CIIOKHBIX IPOLIECCOB, NPOTEKAIONIMX B aTMocdepe, 1mo3-
BOJISIET Cy3UTh MHTEPBAJIBI TAPAMETPOB, B KOTOPBIX HEOOXOIMMO CTPOUTH MOAPOOHOE YHCIIEHHOE PEIICHNE
B T€X CITy4asiX, KOrJa HeAOCTaTOYHO TOYHOCTH aHAJMTHYECKOTO PEIIECHHS.
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Annomauus. Paccmompensl 0COOeHHOCIU XUMUYECKO20 COCMABA U YPOBHSL 3A2PAZHEHHOCU 600 U OOHHbIX ONl-
nooicenutl pex bacceina Cesepckozo [onwya. Cmenens 3a2psizHeHHOCTU NOGEPXHOCIHBIX 800 OYEHEHA C NPUMeHe-
HUEeM YOelbH020 KOMOUHAMOPHO20 UHOCKCA 3AZPS3HEHUs. 600bl, 4 YPOBEHb 3AZPSA3HEHHOCIU OOHHBIX OMIONCEHUN
PEK — C UCNONL30BAHUEM 0OUENPUHIMO20 CYMMAPHO20 NOKA3AMEIIsl 3a2ps3HeHss Zo U npeodiazaemozo asmopamu
UHMESPAILHO2O NOKA3AMENS 3A2PAZHEHHOCU OOHHBIX OMJIOJCeHUl. [JIsl CONOCMABIeHUsT XUMUYECKUX COCMABO8
UBYHAEMBIX CPeO UCNONb306AHbL KOIPDUYUESHMbI KOHYESHMPAYUU INEMEHMO8 8 600€ U OOHHLIX OMIONCCHUSIX, PAC-
CUUMAHHbIE HA OCHOBE COOMBEMCMBYIOUUX Kiapkos. I100pobHo npoananuzuposanvl QuuKo-xumuieckue ocoben-
HOCIU DNIEMEHIMO8, COOEPAHCAHUE KOMOPBIX 3HAYUMENLHO OMIUYAENCSL 8 U3YUAEMbIX Cpedax. Mapeaneyy, mMeob, Hu-
Kenw u ceuney. Taxace paccmompenst pusuko-2eocpaguueckiue u unvle Gakmopul, KOMopwle GIUsIOm Ha pacnpede-
JIeHUe INEMEHMO8 8 CUCEME 800d — OOHHbLE OMIOICEHUS 8 UCCLeOYEMOM PALIOHE.

Buviseneno, umo yposens 3azpsiznennocmu 0oHHbIX omaodicenui pex baccetina Cesepcroeo [Jonya onpedens-
emcst NOBLUUECHHBIM COOEPIICAHUEM HUKENs U CeUHYA. [l dmux 21eMeHmo8 XapaKmepen NepeHoc npeumyuje-
CMeeHHO 60 638euteHnoll (opme. TIokaszano, Umo ypoeeHsb 3a2psi3HEHHOCHU PEUHbIX 600 ONPedeisiemcsi psiooMm
MAKpO- U MUKPOKOMHOHEHMO8, CPedu KOMOPLIX COCOUHEHUS. MAPSaAHYA U MeOU 6HOCIM 3HAYUMETbHbIL 6KLAO.
Coenan 661600 0 MOM, YMO HECOOMBEMCMBUE YPOBHS 3A2PAZHEHHOCIU OOHHBIX OMAONACEHUL U BOOHOU MOAUU PEK
baccetina Cegepckozo Jlonya b136ano npoyeccamu camoovuyeruss OOHHbIX OMA0NCCHUU.

Knioueesvie cnosa: oonnvie omnodicenus pex, peynvle 600, baccetin Cegepcrozo JJonya, Xumuieckuti cocmas,
msiiceble MEmaiivl, 6MOPUYHOE 3a2PSI3HEHUe 600, UHMEe2PAlbHbIIL NOKA3AMENb 302PA3HEHHOCIU OOHHBIX OMIO-
JHCeHUTl, YPOBEHb 3A2PSIZHEHHOCMU
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Abstract. The article considers the chemical composition features and pollution levels of river waters and
sediments in the Seversky Donets River basin. The river waters pollution degree has been assessed using the
specific combinatorial index of water pollution, and the river sediments pollution level has been evaluated
using the conventional total pollution index and the integral contamination index of river sediments proposed
by the authors. In order to compare the chemical compositions of the studied media we have used the con-
centration coefficients of elements in river waters and sediments based on the corresponding clarks. The
physical and chemical features of the elements which contents differ significantly in the studied media have
been analyzed in detail: namely manganese, copper, nickel, and lead. Physical and geographical and other
factors that influence the distribution of elements within the river water — river sediments system in the study
area have also been considered.

It has been revealed that the level river sediments pollution in the Seversky Donets River basin is determined
by elevated contents of nickel and lead. These elements are transferred mainly in a suspended form. It is demon-
strated that the river waters pollution level depends on a number of macro- and microcomponents, and manganese
and copper compounds make a significant contribution. It is concluded that the discrepancy between the levels of
river sediments contamination and the river water pollution in the Seversky Donets River basin is mainly caused
by the self-purification processes in river sediments.

Keywords: river sediments, river waters, Seversky Donets River basin, chemical composition, heavy metals,
secondary water pollution, integral contamination index of river sediments, pollution level
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BBenenne

Peunas Boja u JJOHHBIE OTJIOKEHUS TIPEACTABIAIOT COOON B3aMMOCBSI3aHHBIE KOMITOHEHTHI OJHOMN
cuctemsl. 1o cocTosHmio JOHHBIX OTHO)KGHHﬁ, KaK U3BCCTHO, MOXXHO CYyAUTH O CTCTICHU 3arpA3HCHHO-
CTHU BOJOTOKOB B IICJIOM, TaK KaK JOHHBIC OCAAKH ABJIAIOTCA XPAaHWJIHNIIEM MHOI'MX 3JICMCHTOB, IIOCTY-
MAIOINX B peyHyIo ceTh. Ho, ¢ Ipyroit cTOpoHbI, COCTaB PEUHBIX BOJ (JOPMHUPYETCS PU yUaCTHHU JOH-
HBIX OTJIOKEHUH 32 CYET MPOIIECCOB BTOPUYHOTO 3arpsA3HEHUS — IEPEHOCa SJIEMEHTOB U3 PEYHBIX 0Ca/I-
KOB B BOAHYIO TOJIINY NPH ONPCACIICHHLIX YCIIOBUAX.

Bce 310 yka3wsiBaeT Ha TO, YTO M XUMHUYECKUN COCTaB, U YPOBEHb 3arpsI3HEHHOCTH PEYHBIX BOJ U
JIOHHBIX OTJIOKEHUH JOJDKHBI HAXOJUTHhCA B HEKOTOPOM COOTBeTCTBUU. OHAKO TTOI0OHOTO 3a4aCTyHO
He HaOIro1aeTCs.

Oco0eHHO SIBHO TaKOE€ HECOOTBETCTBHE Mbl HAOIIOIaJIH TIPU N3YyUSHHUH JIOHHBIX OTIIOXEHUH pek Bo-
crounoro [lonbacca — ogHOro U3 HanboJee KPYMHBIX YIIIEIPOMBIIUIEHHBIX paiioHoB Poccun. 3aeck, B
YaCTHOCTH, PEYHBIC BOJbI OLCHCHBLI MPEUMYUICCTBEHHO KaK I'PA3HBIC, OYC€Hb I'PA3HBIC HJIU OKCTPE-
MaJILHO TPSI3HBIE, B TO BPEMSsI KaK JIsl IOHHBIX OTIIOXKEHUH PEeK XapaKTepeH MPEUMYIIECCTBEHHO CITa0bIi
YPOBEHb 3arpsi3HeHHOCTH [1].

HecoBnanenue ypoBHel 3arps3HEHHOCTH BOA M JIOHHBIX OTJIOKEHHUH peK BBIABISIETCS M B padoTax
JIpyTux aBTOpOB [2, 3].

B cBs31 ¢ 3TUM 1ETBIO JAHHOTO HUCCIIEIOBAHMUS SBISAETCS N3YUYE€HHE B3aUMOCBS3H XUMUYECKOTO CO-
CTaBa ¥ YPOBHS 3arps3HEHHOCTH PEYHBIX BOJ U IOHHBIX OTJIOXKEHUH pek Oaccelina CeBepckoro [lonna
(B mpenenax PoctoBckoit obmacTw). i1 moCcTKeHNS TOCTABICHHOM 1M MJIAaHUPOBAJIOCh:

1) conocTaBUTh YPOBHH 3arPS3HEHHOCTH BOJBI U JIOHHBIX OTJIOXKCHHH PEK;

2) BBISIBUTH OTACIIBHBIE 3JIEMEHTHI, KOTOPBIE BHOCST HAUOOBIINHI BKJIa]] B UTOTOBYIO OLICHKY YPOBHSI
3arpsI3HEHHOCTH M3YYaeMbIX CPe/l;

3) mpoaHaNMM3UPOBATH (PAKTOPHI, KOTOPHIE OOYCIOBJIMBAIOT PAa3jHYds B IOJYYCHHBIX OIICHKAaX
YPOBHS 3arpsI3HEHHOCTH BOZABI M JOHHBIX OCA/IKOB.
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MaTepna.mﬂ H METOAbI HCCJICAOBAHUA

HccnmenoBanne peyHBIX BOA M TOHHBIX oTiIOKeHHA Bocrounoro [Jorbacca (PoctoBckas 0671acTh)
npoBoauiock B nepuo 2014-2019 rr. B kauecTBe 00beKTOB HCCIIeAOBAaHHUS BEIOpAaHbI pekH OacceliHa
Cesepckoro Jlonna (Kanmutea, Kynaprouss, beictpas, Jluxas, bonpmas 'aunymia, Bonpiras u Manas
Kamenka, Ceepckuit Jlonerr).

OT100p mpoO peyHbIX BOA U JOHHBIX OTJIOKCHUH MIPOBOAMIN B CTBOPAX, PACIIONOKEHHBIX B BEPXO-
BbAX PEK WM Ha y4yacTKaX, HaXOJSAIIMXCS BHE 30HBI BIUSHUS KPYIHBIX UCTOUHUKOB 3arpsA3HEHUs, B
HHU30BBAX PEK (I OLEHKH CYMMAapHOTO BIMSHUS TEXHOTCHHBIX HCTOYHUKOB 3arpsiI3HEHUS Ha BOJIOCOO-
pax), a TaKXKe BBIIIE U HIDKE MPEAIOIaraeMoro BIMsHUSA 00bEKTOB yIiIeq00bIBatOIIEH TPOMBIIITIEHHO-
ctu. Cxema pacrhojoXeHHs CTBOPOB MpeACTaBIeHa Ha puc. 1.

OT100p Mpob TOHHBIX OTIOKEHUI POBOAMIICS COTTIACHO HOPMAaTHBHBIM IOKyMeHTaM [4, 5]. B cBsizu
C HEOTHOPOAHOCTHIO TOHHBIX OCaJIKOB B KaXKIOM CTBOPE IPOU3BOAMIN OTOOP HECKONBKUX, OOBIYHO OT
3 1o 5, gacTHBIX TP06. OTOOP MPOO TOHHBIX OTIOKEHUHN OCYIIIECTBIISIICS U3 BEPXHETO CJI0S MOIITHOCTHIO
10 cm. IIpeanonaraercs, 4TO IMEHHO B 3TOM JMAaIla30He COJIEPKAIINECS B PEUHBIX OTIIOKEHUX 3arps3-
HSIOIIKE BeulecTBa OyayT Hanboee aKTUBHO B3aMMO/IEHCTBOBATD C TOBEPXHOCTHBIMU Bogamu. Ha He-
0ONBIIMX ¥ HErTyOOKUX BOJOTOKAX OTOMPAH IIPOOBKI MO MTOTIEPEYHOMY MTPODUITIO PEKH, HA CPETHUX H
OOJBIINX peKax — y ype3a BOJbI B MECTaX BUANMOW aKKyMYJISIIIHA HAHOCOB.
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Puc. 1. Cxema pacronoxxeHnus MyHKTOB 0TOOpa Mpod BOABI M JOHHBIX OTIOKEHUH pek OacceiiHa CeBepcKoro
Jonma / Fig. 1. Layout of sampling sites for river water and sediments of the Seversky Donets River basin

OT060p TpoO A1 MPOBEICHUS] TECOXUMHYECKUX UCCIIEIOBaHUHN MMPOBOAMIIN THOUepIaTeseM. Macca
0TOMpaeMbIX TOHHBIX OTIOXKEHUH ¢ Kaxoro crBopa coctapisuia ot 1000 mo 1500 r. ITocne mopdoo-
THYECKOTO OMIMCAHNS OTOOpaHHbBIE IPOOBI JIOHHBIX 0CAIKOB OBIITH BBICYIICHBI JI0 BO3AYIIIHO-CYXOTO CO-
CTOSIHUS U TIEPEIaHbI B Ta00PATOPUIO JIJIsi MHHEPAIOTHYECKOTO U XUMUYECKOTO aHaJTN3a.

Kak u3BecTHO, T1aBHBIM (PaKTOPOM, OIPEACIISIONINM aICOPOIIMOHHYIO CIOCOOHOCTh JJOHHBIX TPYH-
TOB, SIBIISIETCS COJICPKaHHE OPTaHUIECKOTO BEIECTBA M YacTHI] pazMepoM MeHbIe 0,01 MM, BXOZSIIUX
B COCTaB MEIUTOBOM (pakimu. [ToaToMy a1 TOTO, YTOOBI OXapaKTepU30BaTh YPOBEHD 3arpsI3HEHHOCTH
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JIOHHBIX OTJIIOKEHUH pek Oacceitna CeBepckoro JloHIa, OblI MPOBEACH aHANN3 PacIpeAeICHUs MUKPO-
AJIEMEHTOB B CIEIMAIFHO BBICTICHHOHN METUTOBOH (ppakiny.

Brixon menuToBO# (pakiMu HaMW OMPEAETsUICS IMyTEM MHOTOKPATHOTO B3MYYHMBaHHUS BaJOBOM
npoObl. Tak Kak 4acTHILBI Pa3HOH Pa3MEPHOCTH UMEIOT Pa3InYHYI0 CKOPOCTh OCKACHUS, MOTydaeMast
B MIPOIIECCE B3MYYMBAHMUS JOHHBIX OCAJIKOB CYCIICH3HS COAEPIKHUT B ce0e MPEUMYIIECTBEHHO YaCTHIIBI
pasmepom <0,01 Mmm. 3aTeM B3BeCh ¢ METbYANTIIIMI YaCTHIIAMH OTIEISIIACH OT OCTATHLHOM POOHI, TIPO-
cymmBaiachk U, npu Haaumuuu 30 T Takoil mpoOkl, oTnpasisiack B 1adopatoputo AO «HOxreonorus».

s onpeneneHus KOHIGHTPAIMKA IEMEHTOB B MEIUTOBOM (ppakiuy ObUIM UCTIONB30BaHBI METOBI
KOJTMYeCTBEHHOT0 XuMIdeckoro aHanm3a (KXA) — atoMH0-a0copOIMOHHas CIIEKTPOMETPHS C UCTIOIb-
30BaHHEM aTOMHO-a0copOIroHHOTO criekTpoMeTpa «KBaHT-2ATH».

OT100p Npo0 MOBEPXHOCTHBIX BOJ AJsl THAPOXUMHUYECKUX MCCIIENOBAHUI MPOU3BEAECH B COOTBET-
creun ¢ [OCT 17.1.3.07-82 u I'OCT 17.1.5.01-80 [4, 6]. Ha MabIX B CpeTHUX peKax MPH OTHOPOTHOM
XUMHYECKOM COCTaBe BOABI OTOOP MPOO MPOBOIMIICS Ha CTPEKHE BOJOTOKA, B MOBEPXHOCTHOM CIIOE
BOJIbI Ha T1youHe 10 50 cM. Ha ctBopax p. CeBepckuii JloHer oTOMpaiach HHTErpajibHasl Ipoda BOIbI,
COCTaBIJIEHHAsI M3 YACTHBIX MTPOO OT OOPTOB PEKH U HA CTPEIKHE.

Bce ananuTryeckue pabOTHI, IPEyCMaTPHUBAOIINE OINPENEICHNEe XHMUYECKOTO COCTaBa IMOBEPX-
HOCTHBIX BOJI, TPOBOJIMIIMCH B COBPEMEHHOM MMPOMBIIITICHHO-3K0J0rHYeckoi tabopatopun OO0 «Dxo-
JIOTUYECKHE TEXHOIOornum» B T. I11axThI.

OrneHKa ypoBHS 3arpsA3HEHHOCTH JOHHBIX OTIOXKEHUH pek OacceitHa CeBepckoro JloHIa nmponsse-
JIeHa C WCIIOJIb30BaHHEM OOIIENPHUHATOTO CyMMapHOTo mokasarens 3arpsisHenust Z¢ (CII3) [7, 8] u
MpeaiaracMoro HaMy HHTETPAILHOTO TTOKA3aTeNsl 3arpsi3HeHHOCTH NOHHBIX oTinoxkenuit (UI13y0). s
pacuéra moka3zaTeniell ypOoBHS 3arpsA3HEHHOCTH JOHHBIX OTJIOKEHHUH MCIIONB30BaHO COJIepKaHue 8 Me-
tayuioB: Fe, Mn, Cr, Ni, Cu, Co, Zn, Pb.

Pacuer CII3 npoBoautcs B 1Ba Tana. Ha nepBoM pacCUMTHIBAIOTCS KOAPPHUINEHTH KOHLIEHTPpAUi
K¢, npeacTaBnsionux co00il OTHOIIIEHUE BaJOBBIX COACPKAHUN JIEMEHTOB B JIOHHBIX OTJIOKCHHUSAX K
uX (P)OHOBOMY WM KJIIAPKOBOMY COJIEPKAHUIO. BEISBISIOTCS 3IIEMEHTHI ¢ aHOMAIBHBIM COJIEPKaHUEM

n
(s xoropbix Kc > 1,5). Jlns atux snemeHToB paccunteiBaercs CII3: Z - = Z K. - (n-1.
i=1
YpoBeHb 3arps3HEHUs TOHHBIX OTJIOXKEHHUM OIpenesnsercs B coOTBeTCTBUU ¢ BenuunHoi CII3 mo
cnenyromed mkane: 0—10 — cmabw1it ypoBeHb 3arpsizHenusi; 10-30 — cpenqnawmii yposenb; 30—100 — cub-
HBI ypoBeHb; 60s1ee 100 — 04eHb CHIIBHBIN YPOBEHB 3arpsI3HEHUSL.
IIpennaraemsrii Hamu UI1350 paccunteiBaercs 1o cieayromei popmyie:

n
> Kp-Ke
WIB i = log o (PF) - E— - ,

rae Kr — ko3 GUIMeHT, 3aBUCSIIUN OT KJIacca OMAacCHOCTHU 3JIeMeHTa; K¢ — KOA((UIIMEHT KOHIIEHTpa-
WU DJIEMEHTA, MPEACTaBJISIOIIUNA CO00# OTHONIEHUE COJCPKAHMS JIEMEHTA B MEIUTOBOM (pakiuu
JIOHHBIX OTJIOKEHUH K ero (QOHOBOMY (KJIAPKOBOMY) COJIEPIKAHUIO; 71 — UUCIIO UCCIIEAYEMBIX IIEMEHTOB,
TSt KOTOpBIX K> 1,5; PF — BBIXOJ IEeNUTOBOM (hpakimu, %.

B cooTBeTcTBHM C HOpMAaTHBaMH KaueCTBa BOJI BOJHBIX OOBEKTOB PHIOOXO3IMCTBEHHOTO 3HAUCHIS
[9] s sIeMEeHTOB YeTHIPEX KIIACCOB OMACHOCTH OBUIM MPHUCBOCHBI ClEAyIoNe Kodphuiuentsl: Fe,
Mn - 0,5; Cr, Ni, Cu, Co, Zn — 1,0; Pb — 1,2. DnemMeHTHI IepBOro Kjacca ONacHOCTH B JIOHHBIX OTJIO-
KEHHSIX HE aHAITM3UPOBAIINCH, OJHAKO JIJI HUX YCTaHOBJICH Koddduiuexr 1,5.

CreneHb 3arps3HEHHOCTU JOHHBIX OTJIOXKEHUH ONpeaensaack B cooTBeTcTBUU ¢ BeanunHoit UI13 0
0 CIIEAYIONICH OIeHOYHOH IKane: <3,5 — cnabas crenenp; 3,5—7,0 — ymepenHas cremnens; 7,0-14,0 —
BBICOKasl CTeNeHb; 0ojiee 14,0 — 3KCTpeMalibHO BBICOKAsI CTEIICHD 3arpsi3HEHHOCTH.

Hcnonb3oBanue npu pacuere U130 koahGuUIiMeHToB Kiiacca OracHOCTH TUIIOMOP(MHBIX 3JIEMEHTOB
Y TIPOIICHTHOTO COJAEPIKAHUS MEIUTOBON (YPAKIUK B MPOOE MO3BOJISIET HE TOIBKO OTPAa3HTh YPOBEHb
HaKOIIJICHUS DJIEMEHTOB B JOHHBIX OTJIOXKEHUSIX, HO M OIEHUTh PUCK BTOPUIHOTO 3arPsI3HEHIS BOTHOM
TOJIIIY MaTE€PUAJIOM JIOHHBIX OTJIOKEHHUM.

OrneHka kadecTBa pedHbIXx Boa Bocrounoro /lonbacca mpoBeieHa Ha OCHOBE YACITBHOTO KOMOHHATOP-
HOro mHjIeKca 3arpssHeHHocTy Bojbl (YKIM3B) [10], npuHATOro U MMPOKO UCTIOIB3YEMOTO B CHCTEME TO-
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CYZIapCTBCHHOI'O MOHHTOPUHTA. 3HAYCHHUE MTOKA3aTEIIsI MOYKET U3MEHSATHCS B 3aBUCHMOCTH OT CTCIICHHU 3a-
TPSA3HEHHOCTH BOJIBI OT 1 70 16, /1€ GosbIeMy 3HAUE€HHIO HHIEKCA COOTBETCTBYET XY/IIIIee KaueCTBO BOJIBL.

Kiaccudukarus kauecTBa BOJBI 110 CTETICHN 3arPSI3HEHHOCTH OCYIIECTBIIIETCS C YI€TOM YHCIIa KPH-
TUYECKHUX MOKa3arene 3arps3aeHHOCTH Bobl (KI13), KpaTHOCTH M 4acTOTHI TOBTOPSIEMOCTH CITy4acB
npesbienns [1/IK. Knaccudukanms kagecTBa Bojbl, TpoBeneHHas Ha ocHOBe 3HaueHnit YKU3B ¢ yue-
oM gucna KII3, mo3Bosser pa3nenuTh MOBEPXHOCTHBIE BOJBI HA TISITHh KIIACCOB B 3aBHCHMOCTH OT CTe-
MeHU uX 3arps3HeHHoctu [10].

OreHKa KayecTBa BOJBI MMPOBOJUTCS IO MEPEUHI0 MHIPEJAMCHTOB UM MOKa3aTesel KauecTBa BOJIBI,
KOTOpBIE MOTYT OBITH OTIOJTHEHBI CHEIU(PUIESCKIMHI 3arpsA3HSIONIME BEIIECTBAMH, XapaKTEPHBIMHU
JUTSL OT/ICBHBIX BOJHBIX 00BEKTOB W UMEIOIIMMH JIOKATHHOE PACIIPOCTPaHEHHE.

[TosToMYy B HaImei paboTe MPH OLIEHKE KaYeCTBA PEUYHBIX BOJ U ONPEACICHUU CTCIICHN UX 3arps3HEH-
HOCTH C(DOPMHUPOBAH CIIEAYIONININ TIepeueHb THIPOXUMHUECKIX TIOKa3aTelNei ¢ yu4eToM crieru(pukn Bo3-
JIEHCTBUS yTiiefOOBIBAOIIEH MPOMBIIIIIEHHOCTH Ha TIOBEPXHOCTHBIE BOJIBI PETHOHA: XJIOPHIBI, CYIIb(aTH,
cymma (Na* + K*), Munepanusanus Bozibl, sxese30 oomee, meas (Cu??), munk (Zn?"), mukens (Ni*), map-
ranen (Mn?"), kaaqmuii (Cd*"), amomunnii (AI*"), crponumii (Sr*"), 6epwumit (Be?") u marnii (Li*).

Pe3y.]'leaTBI H UX oﬁcymenne

B Tabmn. 1 npencrasieHsl pe3yIbTaThl OLEHKH YPOBHS 3arPSA3HEHHOCTH BOABI M IOHHBIX OTJIOKEHHUH PEK
Oaccetina Cesepckoro Jlonma. Cremnens 3arps3aeHHOCTH Bombl o YKU3B Bapeupyer ot kimacca 4 «A»
(rpsi3HAsT) 10 5-TO (IKCTPEMAIILHO T'PsI3HAS), B TO BPEMS KaK YPOBEHb 3arpsI3HEHHOCTHU JIOHHBIX OTJIOKECHHH
NPEUMYILECTBEHHO CIa0blil MIIM yMEpEeHHbIH 10 ABYM nokaszatessiM. Hanbosee GmarononyyHsIMU ¢ TOUKH
3pEHMUsI 3arPSIZHEHHOCTH KAaK BOJIBL, TaK U TIOHHBIX OTJIOXKEHUH sBIstoTCs peku Kanutsa, beictpas u Cesep-
ckuii JloHer — peuHble OCaaKy B IIEJIOM OLICHEHBI KaK cl1a003arps3HEHHBIE, a BO/IA KJIaCCHU(HLIMPOBAHA KaK
rps3Has (4 «A» unu 4 «by). Beicokuit ypoBeHb 3arpsi3HeHUS JOHHBIX OTJI0KEHUH OTMEUEH TOJIBKO B YCTh-
eBoM ctBope peku bonbmas ['Hunyma. C TOUKM 3peHHs CTENEHH 3arpsI3HEHHOCTH BOJIBI IS 3TOrO Y4acTKa
PEKM OHA MakCUMallbHa — 5-M KJ1acC KaueCTBa, SKCTPEMAIILHO TpsA3HAs BOJA.

Tabnuya 1/ Table 1

XapakrepucTuka ypoBHe 3arpsi3HeHHOCTH JOHHBIX OTJIOKeHMIl U peuyHbIX BoJd Bocrounoro lon6acca
/ Characteristics of the river waters and sediments pollution levels in the Eastern Donbass

JIOHHBIE OTJIOKEHUS Peunas Bona
P No YposeHs 3a- Yposens 3a- | YKU3B cpen- | Kmacc kauecTBa u cre-
eka
creopa | CII3 rps3Henus | UII3po | rpsasHeHus HEMHOI'0- | [IEHb 3arpsI3HEHHOCTH 110
no CII3 no UI3y0 JIETHUHA YKIN3B
Bompmas 15.1 5,35 Cna0Osrit 5,49 | YMmepeHHsblit 5,09 4 «B», oueHb rpsizHas
Kamenka 15.2 7,52 Cna0p1it 4,57 | YMepeHHbII 5,77 5, OKCTpEeMAaIILHO TPsI3HAS
Maas 16.1 5,22 Cnabprit 3,01 Cna0sr1it 5,38 4 «B», oueHb rpsi3Has
Kamenka 17.1 2,93 Crna0prii 5,12 | YmepeHHsIit 5,71 5, BKCTPEeMaJIbHO I'ps3HAS
17.2 11,91 |Ymepenssii | 6,33 | YMmepeHHSbIH 5,72 5, 9KCTpEMAJIBHO I'psi3Hast
18.1 2,86 Cnabprit 3,48 Cna0sr1it 5,85 5, OKCTpEMaIILHO TPsI3HAS
Jluxas 19.1 10,85 | Ymepennsii | 4,77 | YMepeHHSbIH 5,55 5, 9KCTpEMAJIBHO I'psi3Hast
19.2 15,33 | Ymepenssnii | 4,92 | YMmepeHHSbIH 5,20 4 «B», oueHb rps3HAs
20.1 4,07 CnaOprit 3,75 | YMepeHHsbIiI 4,47 4 «by, Tps3Has
Kanutsa 21.1 1,96 CnaOprit 0,00 Crna0brit 421 4«by, rpszHAs
21.2 1,00 CnaOprit 2,32 Crna0brit 4,25 4 «Ay, Tpsi3Has
Bhictpas 22.1 6,13 Cnabprit 2,06 Cna0sr1it 5,58 4«By, o4eHs rps3Has
23.1 1,00 Cnabprit 1,56 Cna0sr1it 4,32 4 «Ay, Tpsi3Has
Bonpmras 25.1 28,38 | Ymepennsni | 7,27 Bricokuit 6,52 5, BKCTPEeMaJIbHO I'psi3HAS
anmyma 25.3 7,54 Crna0prii 3,92 | YmepeHHsIi 6,59 5, BKCTPEeMaJIbHO Ips3HAS
24.2 6,90 Cnabmrit 4,10 | YMepeHHbIH 5,35 4 «I'», oueHb TpsA3HAS
Kynnprousst | 26.1 4,09 Crna0OpIit 4,59 | YMepeHHbIH 5,92 5, DKCTPEMAITLHO Tpsi3HAs
27.1 4,68 Cnabmrit 6,41 | YMepeHHbII 6,36 5, DKCTPEMAITLHO Tpsi3HAs
Cesepckmii | 28.2 1,00 CnaOprit 0,00 Crna0pbrit 4,61 4 «by, rpsa3Has
Jloner 29.1 1,00 Cnabmrit 2,68 Cna0sr1it 4,51 4 «by, rpsa3Has
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[t Toro 4To0BI O0JIee KOPPEKTHO CPABHUBATH YPOBHU 3arPsS3HEHHOCTU BOBI U JIOHHBIX OTJIOKCHHH,
a TaKke Hanbolee aJICKBATHO BBISIBUTH B3aMMOCBSI3b XHMHUECKOTO COCTAaBA M3YYaeMbIX Cpejl, ObIITH pac-
CYHTAHBI KO PHUIMEHTHI TMHEHHON KOPPEIINY IS YKa3aHHBIX paHee rmokaszarenei (tadai. 2).

Tabnuya 2 / Table 2

KoadpunmenTs! koppeasiuuu 1Jisi HoKa3aTeJsieii ypoBHeii 3arpsi3HEeHHOCTH BOJBI M IOHHBIX OTJI0KeHMit /
Correlation coefficients for indicators of river water and sediments pollution levels

ITokazarens CII3 U130 YKU3B
CII3 1
Ull350 0,66 1
YKU3B 0,55 0,71 |

Kak BuaHO W3 naHHOW TaOmuIbl, 3HaUeHUs Ko3ddunmenta koppensaiuu mexay ¥ KU3B u nokaza-
TEJSIMU 3aTPA3HEHHOCTH IOHHBIX OTJIONKEHUH ABIAIOTCS MOJI0KUTENbHbIMU; Mexkny Y KU3B u CII3 BbI-
SIBJICHHAsI B3aMOCBSI3b SIBJISIETCS 3aMETHOM, a B ciyyae ¢ UlI350 — naxe Boicokoil. OTCr0a cleayer,
4TO JajbHEHIIee COMOCTaBICHUE 1iesieco00pa3Ho mpoBoauTh Mexay YKNU3B u UTl3 .

J1s BBISIBIICHHS OTIENBHBIX CTBOPOB, B KOTOPBIX OyayT HaOnr0naThcs Hanbolee CHIIbHBIE HECOOT-
BETCTBUS B YPOBHAX 3arPSA3HEHHOCTH JBYX Cpell, HAMH TOCTPOEHBI TEOXUMHUYECKHE CIIEKTPHI MO ITOKa-
zatensim YKU3B u U130 (puc. 2).

Kak BumHO U3 pricyHKa, HanboJee CyliecTBEHHAs pa3HUIIA MY YPOBHSIMH 3arps3HEHHOCTH BOBI
Y JOHHBIX OTJIOKEHHUH HAOI0aeTcs B ciuenyromux ctBopax: 15.2 (p. bonsmas Kamenka), 16.1 u 17.1
(p. Manas Kamenka), 18.1 (p. Jluxas), 22.1 (p. beictpas) u 25.3 (p. bonpmras ['amnymia). Ctopsr 21.1
Ha peke Kanmutsa u 28.2 Ha peke CeBepckuii JloHel paccMaTpuBaThes MoApoOHO HE OYIOYT B CBSI3H C
HYJIEBBIM 3HAUYEHUEM TI0Ka3aTellsl 3arpsi3HeHHS IOHHBIX OTJIOKEHUH U OTCYTCTBHEM aHOMAJILHBIX 3HA-
YEHHH COJIEPIKaHUs IIEMEHTOB.
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Puc. 2. T'eoxumuueckue crekTpsl ypoBHEH 3arps3HeHHOCTH Boakl (o YKI3B)
u noHHBIX oTioxeHui (o UI130) B 6acceitne Cesepckoro Jlorna / Fig. 2. Geochemical spectra
of river water and sediments pollution levels in the Seversky Donets River basin
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[ BBIIETICHHBIX CTBOPOB PEK C HAMOOJIBIIIMM HECOOTBETCTBHEM YPOBHEH 3arpsI3HEHHOCTH BOJBI U
JIOHHBIX OTJIOKEHHH MPOAaHATM3UPOBAHBI ACCONMALNH METAIUIOB B IOHHBIX OTJIOKECHUSAX PEK U KPUTHU-
YeCKHe IMOKa3aTelId 3arpsI3HEHHOCTH BOIHI (TadI. 3).

Obpamaer Ha ceOsi BHUMaHUeE, YTO JUI TIOHHBIX OTJIOKeHHH pek Oacceitna CeBepckoro JloHma xa-
pakTepHa mpeodIagaomas posib CBUHIA B CTPYKType T€OXHMMUYECKON acCONMALNN; TIPAKTHIECKH BO
BCEX CTBOpAxX OH 3aHMMAET TIaBEHCTBYIOIIEe MoIokeHne. Kpome Hero, B TeOXMMHYECKYIO aCCOIHAIHIO
BXOJST TaKK€ HUKENb, MapraHel ¥ IUHK.

Tabnuya 3 / Table 3

OcHOBHBIE 3arpsI3HSIOLINE YJIEMEHTHI PeYHBIX BOJ H IOHHBIX OTJIO:KeHHi pek dacceiina CeBepckoro
Jonna / The main contaminants of river waters and sediments in the Seversky Donets River basin

Pexa Howmep U3 3HaueHne Acconuanust KII3 Boxpr

CTBOpa A0 YKH3B MeTa/uioB B /IO | MaKpOKOMIOHEHTHI | MHKPOKOMIOHEHTHI
bombmaz 15.2 4,57 577 | Pbss> Nizo> Mnys SOy, Fe Al, Be, Mn, Cu, Sr
Kamenka
Manas 16.1 3,01 5,38 Pbys> Zn; 9> Nij 5 SOy4, Fe Al, Mn, Cu, Sr
Kawenxa 17.1 5,12 5,71 Pbs;> Nijg SO4 Al, Mn, Cu, Sr
JInxas 18.1 3,48 5,85 Pbis SO4, Fe Al, Mn, Sr
Brictpas 22.1 2,06 5,58 Pbis SO4 Al, Mn, Sr
bombmaz 25.3 3,92 6,59  |Pbso>Mny;>Nijs| Na+K, SOs, Fe | Al Be, Mn, Cu, Sr
T'annyma

MakpOoKOMIOHEHTHBIH COCTAaB PEYHBIX BOJI Ha OOJIBIIMHCTBE HCCIIEAYEMBIX YUAaCTKOB PEK XapaKTe-
pu3yeTcss BBICOKMM COZAEpKaHHEeM CYIb(paToB M coeluHEeHHH xeneza. Cpeau MHUKPOKOMIIOHEHTOB
HanOoJBIIUM coniepkanueM oTHocuTenbHO 111K xapakrepusyrores Al, Be, Mn, Cu, Sr (tabm. 3).

Jiist Toro 4ToObl MOMY4YHTH OOJiee COMOCTaBUMBIE AaHHBIE JUIS CPAaBHEHUSI MEXIy COOOW ypoBHeEU
COJIep’KaHUsl METAJUIOB B BOJI€ U JOHHBIX OTJIOKEHHUSAX, HAMU TIOCTPOEHBI CHEKTPhl KOHLEHTPALUU U
paccesiHHs PIEMEHTOB B U3ydaeMbIx cpefax (puc. 3). Ilpu mocTpoeHnn UCTIOIR30BaHbI JaHHKIE 110 CO-
JIepKaHUIO METAJUIOB B BaJOBOW Mpo0e M METUTOBOH (PpaKiiK JOHHBIX OTJIOKEHHH, a TAK)KE B PEUHON
BoJie. KoadpunmeHThl KOHIIEHTpAIMH JJIsl BAJIOBBIX COJIEP)KaHUM pacCYMTaHbl OTHOCHTENBHO KIIApPKOB
ocastouHbIxX opox [11], s coiepkaHuii B IETUTOBOM (hpaKIui — OTHOCUTEIHHO KJIapKOB TJIHH U TITH-
HUCTBIX ciaHueB [11], a A5 peuHoi BOABI — OTHOCUTEIBHO KJIAPKOB PEUHBIX BOJ [12].

Haubonbiee HecooTBeTcTBUE HaOMOAaeTcst i K0d()(UIMEHTOB KOHIEHTPAIMU MapraHia — B
BOJIE €r0 CO/Iep)KaHue Ha TOPSIOK BbIre. KoapUIMeHTh KOHIIEHTPAIIUN MEIU B BOJIE U JIOHHBIX OT-
JIOXKEHUSAX OTIINYar0TCs He3HaunTenbHO (0,9—1,2). UTo kxacaeTcs HUKEIsl U CBHHIIA, TO UX KOIMYECTBO
YMEHBIIIAETCs B PsIly TIENUTOBAs Ppakiys — BaJoBas mpoda — pedHasi BOjia, 4TO YKa3bIBaeT Ha TECHYIO
B3aMMOCBS3b COJICPIKAHUI ITHUX DIIEMEHTOB C JIOJIeH TIEIMTOBON (DpaKIMK JOHHBIX OTJIOKEHUH.

PaccmoTpum noapoOHee 0OCHOBHBIE (DaKTOPBI HAKOIJICHHUS U paclipeesieHHs 3TUX 3JIEMEHTOB B ped-
HBIX BOJaX U JOHHBIX OTJIOKEHUSIX PEK.

Mapezaney B TOBEpXHOCTHBIX BOJaX BEJET ce€0sl COBEPIIEHHO MO-Pa3HOMY B 3aBHCHMOCTH OT COYe-
TaHUA (UIUKO-XUMHUECKHX (PAKTOPOB, CPElU KOTOPBIX OKHUCIUTENBLHO-BOCCTAHOBUTENbHAs 00CTa-
HoBka (Eh), pH BonHO# cpenpl, HaTMuue JIMTaHAOB WM APYTHX KOMILIEKCOOOpazoBartenei, coaepixa-
HUE B3BEIIEHHBIX BerecTs u J1p. [Ipu camkenun Eh 1 pH Mapranen ciocoOeH HakarinBaThCs B BOTHON
touie. CriocoOHocTh Maprauiia (I1) kK okuciIeHHI0, a TaK)Ke MPOLIECCHI aZCOPOIIMH CIIOCOOCTBYIOT €ro
HAKOIUICHUIO B IOHHBIX OTJIOKEHUSX.

CoracHo paHHUM HcclenoBanvsiM [13], muist pedHbIX BOJ FOKHBIX paiioHOB Poccnu 1o1s B3BEIICH-
HOU (popMBI MUTpAIMK MapraHIiia B peuHbIX Bojax gocturaet 90 % u Oonee. 3HaUUTETHHOE KOTHMUECTBO
Maprasuia copOupyeTcsi Ha PEYHOH B3BECH NPH BBICOKOM COJEpPKaHUM METUTOBOM (pakuuu U mpeod-
JaJaHUM B COCTaBE MOCIEIHEH TIUHUCTHIX MUHEpasioB. OJTHAKO B MaJbIX peKax, 3aperyIupOBaHHBIX
0OJBIIMM KOJNMYECTBOM IUIOTHH M BOAOXPAHWIUII U UMEIOMHUX OONBIIYI0 M3BUIMCTOCTH, MPOIEHT
B3BEUICHHBIX ()OpM MapraHiia OyIeT CHHXKATbCS 3a CUET MX OCAXIEHHS B YCIOBUSIX 3aMeJIEHHOTO
CTOKa.
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Puc. 3. CriekTpbl KOHIIGHTPALUU U PAcCesSHHS JIEMEHTOB B BOJIC U IOHHBIX OTJIOKEHHUSIX pek OacceifHa
Cesepckoro Jlonna / Fig.3. Spectra of elements concentration and dispersion in river waters and sediments
in the Seversky Donets River Basin

Kax mokaspIBaloT HallK UcciienoBanus [ 1], aHoMallbHOE coepkKaHue MapraHiia B JOHHBIX OTJIOXKE-
HUSIX B OCHOBHOM IIPHYPOUYEHO K CTBOPaM, B KOTOPBIX COEpKaHKe neauToBoi (ppaxmuu 6onee 80 %.

HecmoTtpst Ha TO 4TO Mapraser crocoOeH HaKaIIMBAaThCS B JOHHBIX OTJIOXKEHHUSX M B pekax Oac-
ceitna CeBepckoro JloHIIa, CyIIecTBYIOT YCIOBHUS, CIOCOOCTBYIOIINE €0 aJCOPOLIUH 1 OCAXKICHHIO, CO-
Jiep>KaHue TOTO 3JIeMEHTa Ha MOPSIOK BHIIIE B BOJE. DTO yKa3bIBaeT Ha MOCTOSHHBIN HCTOYHHK T1O-
CTYIUICHHS MapraHia B PEYHYIO CETh U 0COObIE OKHCIUTEIEHO-BOCCTAHOBUTENBHBIE YCIOBUS, IPH KO-
TOPBIX Maprasel croco0eH HAKaIUIMBAaThCS B BOJAHOM TOJIIIE.

Bricokoe conepanre Maprania B peuHbIx Bojiax 6acceiina CeBepckoro J{oH1a B Gosnblieii cTenenn
00yCJIOBJIEHO BIUSHUEM IAXTHBIX BOJ. Kak M3BECTHO, C HUMH B PEUHYIO CETh IIOCTYNAET 3HAYNTEIILHOE
KOJINYECTBO JKeJIe3a, Mapraiua, cyjib(aToB, MEAH U IPYTUX MUKPO3JIEMEHTOB.

Kak nokazano B pabore [ 14], monzeMHbie Bojibl ['yKOBCKOTo paiioHa oboraiieHsl Mn 10 cpaBHEHUIO
¢ ()OHOBBIMH aHAJIOraMHu MPUMEPHO B 6 pa3. [Ipu 3TOM B caMHX MIAXTHBIX BOJAxX Yriiel00BbIBalONIHX
npennpusatuii Boctounoro /lonbacca kKoHIEHTpanuu Maprania MoryT npessimarh [1JIK Gonee uem B
100 pas.

Jis Maprasiia xapakTepHa BEICOKasi CKOPOCTh MOJIEKYJISIPHO# () dy3un B IpaHUYHBIN CIIOH MEXKITY
JIOHHBIMH OTJOXEHHUSAMH M NPUIAOHHON BOAOH, UTO YKa3bIBAET HA BHICOKYIO BEPOSTHOCTh BTOPUYHOTO
3arps3HEHUsI BOJIbI COSAMHEHUAMHU Mapradia. CorjlacHO JaHHBIM JIa00PaTOPHBIX 3KCIIEPUMEHTOB [15],
TIOCBSIIIIEHHBIX U3YYCHHUIO MTPOIIECCOB JISCOPOIIUHN METAIIIOB M3 JOHHBIX OTJIOXKEHUH B PEUHYIO BOJY PEK
Bocrounoro [lonbacca, B cucreme pedHass BojAa — JOHHBIE OTJIOXKEHHs IOCHE IepeMeIIUBaHUs
HauOOJbIINE U3MEHEHHS B COJEPKAHUU OTMEUEHBI U1 Mapranua. Tak, B 3aBUCUMOCTH OT MUHEPaJIH-
3aIMy PEYHOM BOJBI KOHIIGHTpAIMA MapraHIia B Hell MOXeT yBennanBathes B 16—20 pa3 B TeueHue gaca
B3aMMOICWCTBUS, TOT/Ia KaK JJI OCTAIbHBIX METAJIIOB yBEITMYEHHE IPONCXoauT B 1,5-2,5 pa3za.

BrIimonHeHHbI HaMH paHee pacueT Macchl 3JIEMEHTOB, MOTEHIMAILHO CIIOCOOHOW BOBIEKATHCS B
MPOIIeCC BTOPUYHOTO 3arpsi3HEHUS PEUHBIX BOJ [16], mokaszai, 9To MMEHHO IS MapraHila OTMEUYeHa
HauOoNbIIas Macca 3eMEHTa, KOTOpasi MOTEHIMANBHO IOCTYIIHA TSI TIEpexo/ia B PEYHYIO BOIY, He-
CMOTpS Ha TO YTO U 10 BAJIOBBIM KOHIEHTPALUAIM, U 0 OOILEH HAKOIJICHHOM Macce )eJe30 MpeBal-
PYET B pALYy METaJUIOB. 3HAYEHHUSI COCTABIISIIOT MOPSIIKA AECATKA U COTEH MI/KM PEKH, B TO BpeMs Kak
JUTSE JKeJle3a U IIMHKA XapaKTePHBI BEIMYNHBI HAa MOPSAJOK MEHBIIIE.

Takum 006pa3oM, OCHOBHBIMHU (pakTOpamH, ONPeNeIISIONINMU COJepKaHue MapraHia B JOHHBIX OT-
JIO’KEHUSIX, SIBIISIFOTCS BBICOKOE COJIEpYKaHHE 3TOTO IEMEHTA B IIAXTHBIX BOJIaX, BEICOKOE COAEP KaHUE
NEeTUTOBOH (PpaKIUK B TOHHBIX OCaIKaxX M HU3Kas CKOPOCTh TEUCHUs peuHbIX BoJ B Oacceitne Cesep-
ckoro Jlonma. I[Ipu sTOM, Ha HamI B3I, 00JIee BRICOKOE COACpIKAHUE COSAMHCHIM MapraHIia B BOJIE
YKa3bIBAaET Ha MPOILECCH CAMOOYMILEHHS JOHHBIX OTJIOXKEHUH M MPOLECChl BTOPUYHOTO 3arps3HEHUS
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BOJHOW TOJIIHM, a TaKKe Ha HaJIW4He IMOCTOSHHOTO MCTOYHHMKA TOCTYIUICHHs (HampuMmep, HIaXTHBIC
BOJBI WK Jip.) Jr00 Ha (HOPMHUpPOBAHHE YCIOBUH, MPEMATCTBYIOMNX OCAXKICHUIO COCTUHEHUA Map-
ranta (carmkenne Eh Boser).

Meodsb B IOBEpXHOCTHBIX BoJax Oacceitna CeBepckoro JloHIa XapaKTepu3yeTcst aHOMaIbHBIM COEep-
JKaHHUEM JIHIh SIU30ANYECKH (B TPEX CTBOpax), MprudeM Kodh(OHUIIMESHT KOHIICHTPAITHH MEIH B IICIIOM
komnebsercs B peaenax ot 1,0 mo 1,6. Ognako npu pacuere YKN3B mMenp Bo MHOTHX CTBOpaxX OTHO-
CHUTCS K KPUTHUECKUM IOKA3aTeNsIM 3arpsI3HEHHOCTH BOJIBL.

Pa3nuna BexnunH k03 duirenTa KOHIEHTPAMK U KpaTHOCTH npeBbimiennit [1JIK Mean B JoHHBIX
OTJIO’KEHUSX M BOJIE BhI3BaHA HE KOHKPETHBIMU YPOBHSIMH COJIEP)KaHUS, a PA3HBIMU KPUTEPUSIMH IS
OIIEHKH, CYIECTBEHHO OTIMYAIOIIUMUCS APYT OT APYTa.

Tak, B 4aCTHOCTH, KJIapK MEIHU Mo peunbiM BogaM [12] cocrasuser 0,005 mr/am®, B To Bpems Kak
T IK pu6xos — 0,001 mr/am’. Hcnonbsyembie pu pacaere YKWU3B 3nauenus [1JIK coenunenuii Mmenu B
5 pa3 MeHbIIe KIapKOBBIX COIEPKaHUN MEAH B PEUHBIX BOJAAX, IOITOMY M PE3yJIbTaT, MOIyYaeMbIN C
MIOMOIIBIO TaKOH OLIEHKH, OYAET Cephe3HO 3aBBIIICH.

B nenom sipko BeIpayK€HHas! CIIOCOOHOCTH MEI COPOMPOBATHCS B3BELICHHBIMHU BEIIECTBAMH ITyTEM
MOHHOTO O0OMEHa C TITMHUCTHIMA MUHEPaJIaMH B B3aHMOICUCTBHUS C TYMYCOBBIMHU COSAMHEHUSMU B CO-
BOKYITHOCTH C paHee YMOMSIHYTOH HHU3KOM CKOPOCTBIO TEUEHHUS peK HMCCIelyeMOoro paiioHa co3iaer
MPEANOCHUIKH TSl OCaXICHHS MEJIU U3 PEYHBIX BOJ| B IOHHBIC OTIIOKEHU. B TO ke Bpems, Kak yKa3bl-
BalOT aBTOPHI paboTHI [13], BTOpryHOE 3arpsA3HeHNe PEYHBIX BOJI MEIBIO ABIISIETCS MAIOBEPOSATHBIM. [1o
JTAHHBIM YIIOMSHYTOTO JIa0OpaTOPHOTO dKCIiepuMeHTa [15], U3 ucciaeayeMpIx MeTalioB UMEHHO Meb
o0agaeT HaMMEHBIIEH CTIOCOOHOCTBIO K MEPEXOAY B PEUHYIO BOJY, YTO OOYCIOBIUBAECT HU3KUH ypoO-
BEHb 3arPsS3HEHHOCTH COCIMHEHUSMH MEIN UCCIIEAYEMBIX YIaCTKOB PEK.

HecMmotps Ha nmepeuncieHabie PakTOpbl, B JOHHBIX OTIOXKEHHIX pek Oacceitna Ceepckoro JloHma
aHOMAJIbHOE COJIepXaHHe MeJX OTMEUEHO JIMIIbL B TpeX cTBopax. [103ToMy MOXHO KOHCTaTHpOBAaTh,
4ro B Oacceline CeBepckoro JloHIa ypoBeHb 3arpsI3HEHHOCTH COSAMHEHUSMU ME/IU PEUHBIX BOJI U JIOH-
HBIX OTJIOKCHUI HU3KHM.

Csuney B TOBEPXHOCTHBIX NPECHBIX BOJIAX MUTPHPYET MPEUMYIIIECTBEHHO BO B3BEIIEHHBIX (popMax.
Kak ykaswiBaeTcs B pabote [13], ms pexk UepHOoMOpckoro OacceiiHa J1oiisi B3BEIIEHHBIX (JOPM CBHHIIA
MoxeT gocturatb 90-98 %. OtoMy crocoOcTBYeT BbICOKOE cpoacTBO noHOB cBUHIA (II) K mpuponHbIM
azcopOeHTaM (THAPOKCUIBI METAJUIOB, TIIMHUCTBIE YacTuIlpl). CormacHo naHHBIM [ 17], cBUHEI] criocoOeH
MPAKTHYECKH TIOJTHOCTHIO COPOUPOBATHCS M OCAXKAATHCS MpH 3HaueHus1x pH Beite 6,0 U 0OTCYTCTBHH pac-
TBOPUMBIX KOMILTIEKCO0Opa3yronmx (Gopm. Kpome Toro, GONbIIyI0 pojib B MpoIieccax COpOIMH CBUHIA
W3 BOJHO# TOMNIIM OYIyT UTPaTh MPOIECCHl KOMILIEKCO00Pa30BaHUs C TYMHHOBBIMU KHUCIIOTAMH.

ITosTomy B uccieyeMoM palioHe, Tlie PeYHbIC BOJbI XapaKTEPU3YIOTCS CJIa00IIeIOUHON peaKIuei
cpenst 8,0-8,5, cBUHEI OyIeT HAKAIUIMBATLCS MIPEUMYIIECTBEHHO B JIOHHBIX OTJIOXKCHHUSAX 3a CUET BbI-
COKOTO COJIEp)KaHUS TIIMHUCTBHIX MUHEPAJOB MEIUTOBOH (PpaKIHMU, a TaKkKe COPOIMH W OCaKIECHUS
CBUHIIA C TYMUHOBBIMU KHUCIIOTAMH.

Hukens B pexax HUCCIEIYyEMOr0 paiioHa B aHOMAaJIbHOM COJIEP)KaHWU OTMEYaeTCs B IOHHBIX OTJIO-
JKEHMSX MPAKTUUECKHU B MTOJIOBUHE CTBOPOB, B TO BPEMS Kak JUI BOJHOMN TOJIIIM aHOMAJIbHOE COJlepkKa-
HHUE HUKeIs HaOmoaaeTcs Iuib B 2 cTBopax. Kak yka3eiBatoT aBTopsl paboTsl [13], Hukens 61arogaps
aZIcCOpPOIIMOHHBIM TIpOIleccaM CIIOCOOEH HAKaIUTMBATHCS B JOHHBIX OTIOKEHHUSX PEK, IPU 3TOM OH Xa-
pakTepu3yeTcs CpeqHel MOABIKHOCTHIO (HIKE, YeM Yy MapraHIia U )KeJie3a, HO BEIIIe, YeM Y MEJH) U,
COOTBETCTBEHHO, CPEIHEH BEPOSTHOCTHIO BTOPUYHOTO 3arpsi3HEHHS BOJ COCTUHEHUSIMH HHUKeENs. AB-
TOPBI TAK)KE YKA3bIBAIOT HA CYIIECTBEHHYIO POJIb MIIMHUCTHIX YACTHIl B CBSA3BIBAHUU HUKEIIS U €T0 TIe-
penoce. [Ipu 5ToM B3BeleHHas popMa MUTpAIIMK HUKENS TpeolIajaeT Hajl pacTBOpeHHOW. TakuM 00-
pa3oM, 0COOEHHOCTH HAKOTIJICHHUS] HUKEJISl M CBUHIIA IPEJCTABIISIFOTCS CXOXKUMU: HAKOIUIEHUE B JOHHBIX
OTJIOKEHUSIX 33 CUET CBSI3BIBAHMSA U OCAXKICHMS C TIIMHUCTHIM BEIIECTBOM HETUTOBON (pakuu U mpe-
o0Jafanue mepeHoca 3TUX IEMEHTOB BO B3BEIIEHHON (OpMeE B PEUHOI BOE.

BriBoabI

Pe3ynbTathl IpoBeIEHHBIX UCCIIEI0BAHUH [TO3BOJISIIOT CIENATh CIIEIYIOIINE BBIBOBIL:

1. YpoBeHb 3arpsA3HEHHOCTH JOHHBIX OTIOKeHHH pek Oacceiina CeBepckoro [loHIa omnpeaensercs
HOBBILIEHHBIM COJIEP>KaHUEM HUKEIS U CBUHLIA — IEMEHTOB, [UI KOTOPBIX XapaKTePEH IepEeHOC IIPeUMy-
IIIECTBEHHO BO B3BELIEHHOM COCTOSHHHU, B aficOpOMpPOBAHHOM Ha IJIMHUCTBIX MMHEpajax IEIUTOBON
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¢dpakuun Gopme. B cumy rugponoruueckux ocodeHHocTel pek (O6obiias H3BUINCTOCTD, MEAHIPUPO-
BAaHHOCTb PEK, HU3Kasi CKOPOCTh TEUEHUsI) YKa3aHHbIE (PAKTOPHI CTIOCOOCTBYIOT HAKOIUIEHHUIO 3THX 3JIe-
MEHTOB B JJOHHBIX OTJIO)KCHHUSX.

2. YpoBeHb 3arpsi3HEHHOCTH PEYHBIX BOJ| ONpENENsIeTCs PsSAOM Makpo- U MHUKPOKOMIIOHEHTOB,
Cpelr KOTOPBIX COEAVMHEHUS MAPraHIla ¥ MEAH BHOCST 3HAYUTEIbHBIN BKJIAJ. Tak Kak IIPH KOPPEIALH-
OHHOM aHaJIu3€ BhISBIIEHA 3HAUMMast B3auMOCBsI3b Mexay U130 n YKU3B, MoxHO cienats BEIBOX O
CYLIECTBEHHOM BKJIa/Ie MUKPOKOMIIOHEHTOB B OOIINH YPOBEHb 3arpsA3HEHHOCTH PEYHBIX BOJ (YPOBEHb
3arpsi3HEHHOCTH JIOHHBIX OTJIOXKEHHH pacCUUTHIBAETCS OTHOCUTENBHO COAEPIKaHUSI MUKPO3JIEMEHTOB,
3a UCKJIIOUCHHEM JKeTe3a).

C Hawiel TOUYKH 3peHHs], pa3Hble YPOBHU 3arps3HEHHOCTH JOHHBIX OTJIIOKEHUI U BOIHON TOJIIN PEK
Oacceitna CeBepckoro J{oHIa BI3BaHbI MPOIIECCAaMH CAaMOOUHNIIICHHUS JOHHBIX OTJIOKEHH, KOTja OTpe-
JICJIEHHOE KOJIMYECTBO METAIUIOB IIEPEXOIAUT U3 JOHHBIX OTJIOKEHUIN B BOJHYIO TOJIILY.

3. Takum 00pa3oM, OCHOBHBIC Pa3In4Ms B YPOBHAX 3aIPA3HEHHOCTH JOHHBIX OTJIOKEHHUN U PEUHBIX
BoJ Oacceiina CeBepckoro JloHma oOycIOBIEHBI MPOIIECCAMH BTOPUYHOTO 3arpsI3HEHUS] PEUHBIX BOJ,
KOTOpBIE, C OJHOW CTOPOHBI, SBIAIOTCS (PAKTOPOM CaMOOYHILICHHS IOHHBIX OTJIOKEHHMH, a ¢ JPyron —
CITy’KaT MOCTOSHHBIM MCTOYHUKOM MOCTYIIIIEHHS psAJa JIEMEHTOB B peuHyro Boay. Kpome yka3aHHBIX
IMpoueccCCOB, HEMAJIOBAXKHBIM HCTOYHUKOM IOCTYIVICHUA COCI[I/IHCHI/Iﬁ Maprania 1 Apyrux 3JIEMCHTOB B
PEKH UCCIIEAYEMOTr0 pailoHa SIBJISIOTCS MIAXTHBIE BOBI.

4. BrisBiIeHHBIE pa3IMyusl B YPOBHSX 3arpsA3HEHHOCTH BOJBI M JJOHHBIX OTJIOKEHUH pek OacceitHa
Cesepckoro [loHma TaKke MOTYT OBITh BBI3BaHBI (PU3UKO-XUMHUECKUMH OCOOEHHOCTSIMU 3JIEMEHTOB U
YCIIOBUSIMH CPEJIbI, CIOCOOCTBYIOIIUMU JIN0O WX HAKOIUICHUIO B JJOHHBIX OTJIOXCHHSX (HUKEIb, CBU-
Hel), 100 TIepeXoy U3 TOHHBIX OTIIOKEHUH B BOAHYIO Tonmty (Mapranen). Kpome sToro, cymecrseH-
HYI0 pa3HHILy JaeT MpPUMEHEHUE Pa3HbIX KPUTEPHUEB IS OLEHKH ypoBHew 3arpssHeHHocTH (IIJIK m
KJIAPKOBBIE BEIMYMHBI), B PE3yJIbTAaTEe YETO OLIEHKA YPOBHS 3arpsA3HEHHOCTH pedHoi Boasl no YKHU3B
4aCTO OKa3bIBAETCS 3aBBIILIEHHOM.
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PU3NKO-XUMHUNYECKHE YCJIIOBHUA B BOAOPOCJIEBBIX MATAX
N UX BIIMAHUE HA HEKOTOPBIE I'PYIIIIBI THIPOBMOHTOB
B TMIIEPCOJIEHBIX BOJIOEMAX (HA IIPUMEPE 3AJIMUBA CUBALIIL, KPBIM)

O.B. Conosvésa', I0.B. lopouwenxo’™, E.A. Tuxonosa’, H.B. Bypdu}m", T.B. Bumep®

12343 @egepanvusiii uccredosamenvcruii yenmp "Hucmumym 6uonozuu iodcnvix mopeii umenu A.O. Kosanes-
ckoz2o PAH", Cesacmononw, Poccus

Tkozl ya oly@mail.ru

2julia_doroshenko@mail. ru®™
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3 tatjana-viter@rambler.ru

Annomayusn. Hccnedosanvl usuxo-xumuueckue yciosus (conénocms, memnepamypa, pH) 6 6odopocneswix
mamax, opmupyemvix 8 npudPeNcHoll nonoce eunepconénoeo saruea Cusaut (Kpoim), u ux eiusnue Ha HeKOMO-
pbie epynnwl 2udpobuonmos. Ommeuena docmosephas menoenyus k pocmy pH ¢ nanpaenenuu om bepeza k om-
KpbIMOil 600¢e, YUMo s6IsLemcst OMOOPANCEHUEM YIYYUEeHUsl KUCTOPOOHBIX YCI08UIL 8 YKA3AHHOM Hanpagnenuu. I e-
mepompogusie u denumpupuyupyrowue baxmepuu gvidenenvl nogcemecmuo. OmmeueHo Haruyue 00CMOBePHOU
ompuyamenvroil kKoppensyuu pH 600vl ¢ uuciennocmoio 2emepompohos u ciabol ompuyamenbHol — ¢ OeHum-
puchuxamopamu. Taxum ob6pazom, npociexicusaemcs: meHOeHYus K UHSUOUPOBAHUIO NOBLIULEHHbIMU NOKA3Ame-
aamu pH pocma oanneix epynn 6axmepuii. Conénocms 6 ouanasone eé€ usmenenus (60,8—94,5 %oq) ne oxasvisana
BHAYUMO20 GIUSHUS HA YUCIEHHOCMb UCCIe0yeMblX 2pynn 6akmepuil. B 3aghuxcuposannom ouanazone usmeHeHus.
memnepamyput (23-32 °C) ymeepoaicoams 0 HAIUUUU MeCHOU C813U OAHHBIX NAPAMempo8 He803MONCHO. B npede-
J1ax 8000POCIEBbIX MAMOE CYUECMBOBALO CKYOHOE NO PA3HOOOPA3UIO COOOWECTNBO, MAKPOKOMIOHEHMbL KOMO-
poeo bvlu npedcmasnenvt Artemia salina (Linnaeus, 1758) u auuunxkamu Chironomidae sp. Conénocme 6 uccie-
O0yeMoM OUana3oHe 3HA4eHUll He OKA3bIBALA 3HAYUMO20 GIUAHUSL HA YUCIEHHOCMb U OUOMACCY KOMHOHEHMO8 MAK-
po3oocoobwecmaa. Ilpu smom ommeyeno nosodcumenvHoe gausHue usmenenus pH 600l na uuciennocms u 6uo-
maccy apmemuu. [10006H020 sienenus ons wuuunox Chironomidae sp. ne saguxcuposano.

Knrouegvie cnosa: 6000pociesvie Mamol, Qu3uUKo-XumuiecKue napamempsl, 2aiopuivhvle baxmepuu, 2uopo-
Ouonmol, eunepconéuviili 6000ém, sanus Cusau

bnazooapnocmu: asémopul svipasicaiom 61a200apHOCHb 6e0yUjeMy UHIICEHePY OmOena aK8axyibmypsl U MOp-
ckoul papmaronoeuu ULl UnbIOM T.A. Bozoanosotui 3a onpedenenue cONEHOCMU 8 UCCAeOYeMbIX NPobax, 6edy-
wemy HayuHomy compyouuxy nabopamopuu xemosxkonoeuu OPXE ©OUI] UubFOM C.B. Anémoey u cmapuiemy
HayuHOMY compyonuKy nabopamopuu xemoaxonozuu OPXE OUL] UnBIOM O.A. Muponogy 3a nomows 6 ombope
npoo.
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PHYSICAL AND CHEMICAL CONDITIONS IN ALGAE MATS AND THEIR IN-
FLUENCE ON SOME GROUPS OF HYDROBIONTS IN HYPERSALT WATER
BODIES (A CASE OF SIVASH BAY, CRIMEA)

O.V. Soloveva', Yu.V. Doroshenko®®, E.A. Tikhonova’, N.V. Burdiyan", 1.V. Viter’
L2343 4.0. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol, Russia
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3 tihonoval@mail.ru

* burdiyan@mail.ru
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Abstract. The physical and chemical characteristics (salinity, temperature, pH) in algae mats of hypersaline
Sivash Bay (Crimea) were studied. They were formed in the coastal waters of the bay and influence alive com-
munity condition. A significant tendence of the pH increase in the direction of shore-clear water was noted.
This represents an improvement of oxygen conditions in the said direction. Heterotrophic and denitrifying bac-
teria had been isolated ubiquitously. The presence of a significant negative correlation between pH of th e water
and the number of heterotrophic bacteria was noted. A slight negative correlation between pH of the water and
the number of denitrifying bacteria was determined. Thus, there was a tendency for the inhibition of these
bacteria groups’ growth by high pH. Salinity, in the range of its change (60.8—94.5 %o), hadn’t a significant
effect on the abundance of the studied groups of bacteria. In the detected range of temperature (23 -32 °C), it
was impossible to assert the presence of a close relationship between these parameters. In algal mats, there
was a community of poor diversity. The macrocomponents were represented by Artemia salina (Linnaeus, 1758)
and larvae of Chironomidae sp. Salinity in the studied range of values hadn’t affected the abundance and bio-
mass of the components of the macrozoocommunity significantly. At the same time, a positive effect of changes
in water pH on the abundance and biomass of A. salina was noted. This phenomenon for the larvae of Chiron-
omidae sp. not fixed.

Keywords: algae mats, physical and chemical parameters, halophilic bacteria, hydrobionts, hypersaline res-
ervoir, Sivash Bay
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BBeaenue

B nacrosmee Bpems, BBy TpaHchopMamuu sKocucTeMbl CHBaliia B pe3yabTaTe pocTa ero CoJIEHo-
CTH, Ha IIOBEPXHOCTHU MPHOPEKHBIX YIACTKOB BOZOEMA (POPMHUPYIOTCS TIIaByYUe MaThl, KOTOPBIE TIPEH-
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MYIIECTBEHHO chopmupoBansl [ 1] 3enéHoit HuTuartoii Bonopocisto Cladophora sivashensis (C. Meyer,
1922). IIpuuém yBennueHrne MaToB Kiaaohopsl HaOI0AaIOCh IO Mepe ocosioHeHus 3anuBa [1]. Ilma-
By4HE MaThl JOCTHTaIN 6HOMAacchl 22,5 Kr/M? [2—4], pacnipoCTpaHeHsI, 110 HAIIMM HaOJII0ICHHAM, Tpe-
MMYIIECTBEHHO BJIOJIb OEPEroBoil JMHWUU M HA MEIKOBOABSX, SBISIOTCA CyOCTPaToM IUIsl TTOCEICHUS
Pa3IMYHBIX TPy OPTraHU3MOB. B 4acTHOCTH, TOAPOOHO ONIMCAHBI IWIHATHI, OOUTAOIINE HA HUX [2], B
2014-2015 rr. B MaTax oTMeuaaach BEICOKas YnciaeHHOCTh Herpacticoda. B miemoM B 3TOT mepron cpen-
HSIS YUCIIEHHOCTh KMBOTHBIX B MaTax cocTasisiaa 210-613 Teic. 5x3/M2. B cocraBe coobmiecTsa mpu-
cyrcrBoBasm Ostracoda, Bivalvia, Gastropoda, Amphipoda, Chironomidae u Policheta, a Takxe Monoas
owruka Knipowitchia caucasica (Berg, 1916), monoas Atherina pontica (Eichwald, 1831). B atoT me-
puox conénocts Cupama He npepsimana 40 r/m [1].

3a MuHYBIIHE TOBI cONEHOCTh CHBalia Mpoa0sIKala HEYKIIOHHO PACTH [5], YTO HEMHUHYEMO BBI3bI-
BaJIO TpaHC(HOPMAIIHIO BCEH ero SKocucTeMsl [1, 6]. OTMedeHO coKpallieHHue BHIOBOTO pa3HOOOpa3us B
BO/IOEME, BIIOTH JIO TIOJTHOTO BBIMIAJICHHUS OT/IEBHBIX 3BE€HBEB DKOJIOTHYEeCKO! 1ier [6]. B pesynbraTe
Ppa3BUTHUA BOAOPOCICBBIX MAaTOB NPOUCXOAUT JOIMMOJIHUTCIBHOC MMOCTYIIJICHUC 6I/IOF€HHBIX JJIEMCHTOB B
OeperoByIo 30Hy, 32 3THM CJIEAYeT aKKyMYJIALUS OPraHMYEeCKHX BEIIECTB, BhI3BIBAIOIIAS 00pa3oBaHue
OeckucmoponHeix ycioBuil [7]. [lpu rHueHNE BOIOPOCIEBHIX MAaTOB TaKXKe CO3IAIOTCS aHAadPOOHEIE
YCIIOBUS1, U3MEHSIONINE MPOTEKaHNE OKHUCIUTENbHO-BOCCTAHOBUTENBHBIX MpolieccoB [§]. MoxxHO mpe-
IMOJIOXKUTH, UTO B HAIIEM CIy4ac€ pa3jIndIHOMY COCTOAHHUIO MAaTOB COOTBECTCTBOBAJIN WU PA3JIMYHLIC KUC-
JIOPOAHBIE YCIOBHSI, a CIEI0BATENbHO, U PAa3IMYHBIM BONOPOIHBIN MOKa3aTelb. B 3TOH CBSI3U 3aKOHO-
MEpPHO OXKHJIATh H3MEHEHHE B TeTepOTPO(HHOM COOOIIIECTBE, PETyIUpyeMOoe ONOTEOXUMUIECKIMH ITHK-
namu [7].

l'anodunpHBIE U TaIOTONEPAHTHBIE MUKPOOPTAHU3MBI CTIOCOOHBI K aKTUBHOM KH3HEIEATEIIEHOCTH
B IIMPOKOM JHAINa3oHe KOHIEHTparuii coieit [9]. OHM 0OHapyKMBalOTCA B Pa3IMYHBIX OMOTOIAX H
AHTPOIIOTCHHBIX IKOCUCTEMAX C MOBHIIIIEHHBIM YpoBHeM Munepanu3zaiuu [ 10, 11]. CymectByer TecHast
3aBUCHMOCTb MEXJy DJIEMEHTaMU OKpY)Kalollel cpelbl U JesITeIbHOCTHI0 MUKpOOpraHu3mMoB. Oco-
OEHHO YETKO 3TH B3aWMOOTHOIICHHS BEIPAKAIOTCS B IUKIIE KPYTOBOPOTA a30Ta, Te OOINBIION HHTEpeC
NPEJICTABIISIOT UCTHHHBIC JIEHUTPU(DUKATOPHI, BOCCTAHABIMBAIONINE HUTPATHI O CBOOOJHOTO a30Ta
[12, 13].

Con€HOCTh SBISETCS OJTHAM M3 BAKHBIX (PAKTOPOB OKPYKAIOIIEH Cpelibl, BIUSIOIINX HA COCTAB KH-
BOTO, B TOM YHCIIE ¥ OaKTepHUaIbHOTO, coolIIecTBa. Mi3sMeHeHrne CONEHOCTH TakKe BBI3BAIIO ITOCTETICH-
HO€ YMEHbIIIEHHE OCHTOCHBIX ()OPM M HACEISIONIUX BOAHYIO TOJINY ruapoouonToB [14]. K Hactos-
[eMy BPEMEHH CYIIECTBEHHO CHH3MIIMCH MTOKA3aTeNd OMOpa3HO00pasns TOHHBIX COOOIIECTB, UX TaK-
COHOMUYECKas CTPYKTypa U3MEHMIIACH [6], X0Ts paHee Makpo30obeHToc Bocrounoro CuBariia sBIsICs
KOPMOBBIM 00BEeKTOM mepenéTHbix nrtull [15]. [Tomumo cosiéHocTH, 0OJIbIIOE BIMSHUE HA Pa3BUTHE
MHUKPOOHOJIOTHYECKUX MPOIIECCOB U KA4eCTBO CPelibl OOMTaHMsI JJIsi OEHTOCHOTO COOOIIEeCTBA OKa3bl-
BaeT TaKke akTUBHas peaxius cpenbl (pH). Ciieqyer oTMETHTD U 3HAUMTENEHOE BIUSHIE TEMIIEpaTyp-
HOTO (paKTOpa Ha CKOPOCTH OAKTEPHAIIEHOTO POCTA.

Lenbio paboTHI CTANIO U3yYEHUE U3MEHEHHUsT (PU3UKO-XUMUYECKUX MMOKa3aTesield BOABI U IOHHBIX
OTJIOXKEHUW TPU Pa3BUTHH BOJOPOCIEBBIX MAaTOB, a TaKXKe BIUSHUS KOMIUIEKCA SKOJOTHYECKUX
(akTOpOB (cTETEeHb pa3BUTHUSA MaTOB, pH, CONEHOCTH BOJIBI, TEMITEpATypa) Ha COCTOSTHUE OTACITBHBIX
KOMITOHEHTOB HBOTO COOOIIECTBA, OOUTAIOIIETO B IIpeJieiaxX BOJAOPOCIEBbIX MATOB (YUCIICHHOCTh
reTepoTpodHBIX U JeHUTPUDHIUPYIOMUX TPy OaKTEPHid, COCTAB U IMOKa3aTen OOWIHS MaKpo-
cooO1ecTna).

MarepuaJ 1 MeTOABI UCCIEA0BAHNS

Martepwuasnom Jyuist paboThI MOCTYKUJIH TPOOBI BOJIBI, MATOB U MPUOPEKHBIX HAHOCOB, OTOOPaHHEIE B
aKBaTOPHM BOCTOYHOM yacTH 3anuBa Cusauu (puc. 1) B utosne 2021 r. va 10 craniusax (cT.).

B cBexeoToOpaHHbBIX po0ax BOABI M JOHHBIX OTJIOKEHHUSX in Situ MPOBOAMIN H3MEPEHUE BETUUNHBI
BOZIOPOAHOTO TOKazaTens pH-merpoM-tepmomerpom «Heirpor-pH». B mpobax Boasl ompemensiu
yuciieHHoCTh rerepotpodubx (I'B) u aenurpuduimpyomux (JAHB) rpynn 0akrepuii. OnpeneneHue
YHCJICHHOCTH OaKTepHid MPOBOIMIN METOJIOM MPEIEIbHBIX AECATUKPATHBIX Pa3BeICHUI C UCTIONb30Ba-
HHUEM 3JICKTUBHBIX TUTATENBHBIX cpef [16] ¢ yuérom conénoctu Boabl. COIEHOCT BOJBI ONPEeNsuiach
apreHTOMETPUIECKIM METOJIOM.
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Puc. 1. Cxema pacmonoxeHuns CTaHIui mpoboordopa, Bocrounsrii Cusam, 2021 T.
/ Fig. 1. Study area and sampling sites, Eastern Sivash, 2021

JJisl OLIEHKH TaKCOHOMHMYECKOTO COCTaBa M KOJMYECTBEHHBIX MOKa3aTeliel MaKkpo300neprupuTOHa
BOJIOPOCJIEBEIE MAaThl OTOMPAIHM BPYYHYIO B 00BbEME | J1 M MOMENIadH B MPUTOTOBJICHHBIE COCYBI.
[TpoOs1 puTormankToHa 1 epupuTOHa GUKCHUPOBaK pacTBopoM Jltorons u odpadaTsiBanu B 1adbopa-
TOPHBIX YCIOBHSX 110/1 OMHOKYIsIpoM MBC-9. O6HapyKeHHBIX THIPOONOHTOB OMPEIENSIIH C TOMOIIBIO
[17, 18]. Ilpu ommcaHMu KOJMUYECTBEHHOTI'O PAa3BHTHS MAaKpO300MepH(UTOHA HCIOIb30BAaHBI ITOKa3a-
TEJIN YMCICHHOCTH (3K3/Kr) 1 Omomaccsl (T/kr). OnpeneneHue cblpoil MacChl THAPOOHOHTOB BHIIIOJHEHO
Ha 3nekTpoHHbIX Becax MJI 0,11-11 B12KA (0,01; D=83) «HproTon» ¢ Tounoctsio 10 0,001 r. st ompe-
JIeJIEHHUsI Macchl OTOOpPaHHBIX (PparMeHTOB BOAOPOCIIEBBIX MAaTOB UX MPEABAPUTEIHLHO BHICYIIIMBAIH 10
BO3/1yIIHO-CYXOr0 cOCTOSIHHUA. OTHOCHTEJIbHYIO YUCIEHHOCTh THAPOOHOHTOB B MaTaxX yCTaHABIIMBAIIN
MyTEM JIEJICHHUS YHCIIa MOJICUUTAHHBIX 0co0el Ha Maccy (parmMeHTa MaTa, OTHOCUTENBHYIO OHoMaccy
JKUBOTHBIX — JISJICHUEM MacChl OOHApYKEHHBIX 0coOeli Ha maccy (parmeHTa Mara. O0paboTKa MOIy-
YEHHBIX KOJIMYECTBEHHBIX JJaHHBIX IPOMU3BOAMIACE B Tporpamme Excel.

s cratuctiueckoit 06pabOTKU MOJyYEHHBIX JaHHBIX, BBUAY MAJoro o0béMa BEIOOPOK U OTCYT-
CTBHA MOATBEPKACHNA HOPMAJILHOCTU paCIIp€ACJICHNA UCCICAYEMbBIX BEJIMUMWH, UCITIOJIE30BaJIUCh HEIIA-
paMeTpHUUecKre CTaTUCTHYECKHE METObI. B KauecTBe KpuTepust pa3nyusi MEXIy BHIOOpKaMH ObLI HC-
1oJIb30BaH Kpurtepuil 3HakoB (p<0,05). B xauecTBe KpuTEpHs 3aBUCUMOCTH MEXIy NEPEMEHHBIMHU B
ClTy4ae OLIEHKH CBSI3H NCEBIOKOINIECTBEHHOM (CTETIeHb Pa3BUTHS MaTOB) M KOJIMYECTBEHHOM BETMUNH
(pH, conénoctp) ncronsizoBanca ramma-kpurepuii (Y, p<0,05). it uccrenoBanust TeCHOTHI B3aMMO-
CBSI3M [JIBYX KOJIMUECTBEHHBIX IIOKa3aTeleld MCIOJIb30BAICA KOPPEIUUOHHBIN aHamu3 CrnupMeHa
(R, p<0,05).

PesyabTaThl

BusyansHO 00HapyXeHHBIE BOJOPOCIIEBBIE MaThl MOXKHO OBIJIO Pa3AeNUTh HA TPH YCIOBHBIE YACTH.
Y camoii KPOMKH BOJIbl HAXOAMJIMCH ITOJTypa3I0KUBIINECS BOJIOPOCIIH, 3acTolHas Boja. B cpenneii ua-
CTH MaTOB BOAOPOCIIHN OBLIH IPENMYILIECTBEHHO XHBBIMHU, 00pPa30BbIBAIIH IJIOTHBIE CKOTLIeHHs. Ha rpa-
HUIIE MaTa U OTKPBITON BOABI OH OBLT Pa3pekEHHBIM, BOJA JOCTATOYHO MOABHKHOM, MakpO(QUTHl HE
MMEN TPU3HAKOB pasiokeHus. i ycIoBHON mapaMeTpu3aliy XapakTep pasBUTUSL BOJOPOCIEBBIX
MaToB OBUT OMHCAH MO TPEXOATBHOMN mKaje: | — He3HaYNTeIbHbIe; 2 — JOCTAaTOYHO Pa3BUTHIE, IUIOT-
Hble; 3 — oOmbHBIE (puc. 2B). YciaoBus, Mpr KOTOPHIX pa3BUBAIUCH BOJAOPOCIEBBIE MAThI, OMTUCAHHBIE
B HACTOSIILIEM HCCICAOBAHHH, OBUTH CIEIYIONMMH: TEMIIEpaTypa BOABI B MOMEHT 0TOOpa Mpod Bapbh-
posana ot 23 no 32 °C, con€noctb konebdanack ot 60,8 10 94,5 %o (puc. 2A).
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Puc. 2. Conénocts, Temneparypa BoJs! (A) U paHXHPOBAHNUE MATOB [0 HHTEHCUBHOCTH UX pa3Butus (b):
1 — He3HAYMTEINIBbHBIC; 2 — TOCTATOYHO Pa3BHUTHIC, IUTOTHBIC; 3 — oOmbHbIe / Fig. 2. Salinity, temperature
of the water (A) and ranking mats according to the intensity of their development (B): 1 - small;

2 - enough developed, dense; 3 - large

B npenenax maroB pH u3MeHsUICs B LIUPOKOM

Jarnas3oHe (puc. 3): 0COOCHHO BEJIMK ObLT pa3Max 8,21

ero konebaHuil y Oepera, B 30He HAJTMUIHS MaKCH- i

MAJILHOTO KOJIMYECTBA Pa3JIaraoIeiicss OpraHuKH ' R =095 =
(6,8—8,5). BomopomHblii ToKa3zaTelnb BOJBI, IO 7.8 7
HalIUM HaOMIOCHHSM, CYIIIECTBEHHO 3aBHCEN OT

IUIOTHOCTU MaTOB. B LIEHTpaJIbHON YacTu MaToB, B 76 1

rIe npeodiafany KuBble Bogopociu, pH koie- 741

Oanicst B jauamazoHe 6,7—8,2, omHako Ooblast

4yacTh 3a()MKCUPOBAaHHBIX 3HAYSHHWH ObLIa CMe- 7,21

IIeHa B LIEJIOYHYIO 00iacTh. Ha rpanume mar — 76

OTKpBITasl BoJa AWana3oH koneOanuidi pH Obit Beper Mar Bora

HIMKC, a 3HAUCHUA HAXOJWJIHMChb B JdHWAIIa30HC

7,2—8,4, uto B Oobliei Mepe cooTBeTCTBYeT pH
npupoHBIX BoA [13].

Ha puc. 4A npencraBiieHsl 3Ha4€HUST BOJIO-
POIHOTO MMOKa3aTess B IEHTPAILHON 4acTH Ma-

Puc. 3. Cpennee 3Hauenue pH (¢ ykazanuem ommoOku
CpPE/THET0) B Pa3IMYHBIX YacTAX BOJOPOCIEBBIX MATOB
3anBa Cupain / Fig. 3. The mean value pH (with error
of mean) in different parts of the algae mats of the Si-

TOB U B JOHHBIX OTJIOKEHHUSAX II0J HUMHU. vash Bay

BuaHo, 9TO B OONBIIMHCTBE CITydaeB 3HAUCHHE
pH B Bozie ObIIO HMKE, YeM B JOHHBIX OTIIOXKEHUSAX. TOJIBKO B OTAECNBHBIX CiTydasx (cT. 4, 5, 6) Kucio-
POZHBIE YCIOBUS B JOHHBIX OTJIOKEHUIX OBbUIH OIaronpusiTHee, Y4eM HEOCPEACTBEHHO B TOJIIIE MATOB.

I'G u JIHB BeineneHsl moscemectHo. Ynciaennocts I'B B uceneqyeMbix npobax Bapsuposaina ot 10 1o
108 kon./mi. B 67 % npo6 uncino I'b cocrapmsno 108 kin./mn. Bakrepuu, 0CylIECTBISIONNE B aHAPOOHBIX
YCIIOBHAX MPOLIECC AEHUTPUDHUKALMH, BBIETIEHBI U3 BCEX IPO0 BObI — B quanasone ot 10* 1o 10° kierok
B 1 M Bogpl. HanGomsmmii nokasarens (10° kin./min) BeicestH B 42 % 1po6. BBICOKME OKa3aTes Iy YUCIIeH-
noctu I'B (107108 ki1./mur) ormMedens! ipu quanasone pH ot 6,7 no 8,1. Ipu pH Beimte 8,1 HaGmoganocs
camwxkenne uncia I'b na 1-2 nopsiaka (puc. 5). Ucxons u3 konumdyecTBeHHbIX okaszatenet JIHB, nanbomnee
MHTEHCUBHO IPOLIECCH AEHUTPU(PHUKALMK TPOTeKaay IpH nokasatessx pH 6,7 u 8,0. B o xe Bpems mu-
aumanbHble 3HaueHus JIHB Beigenens! mpu mokazatensx pH 8,0 u 8,1. [Ipu yBenmuenun mokazarenst pH
110 8,2 1 8,5 YUCIIEHHOCTH JIAHHOM TPyIIbI 6akTepuii coctasisia 10° KiL./mit.

B mrone 2021 r. B cocraBe Makpo300coo01iecTBa ObUTH 0OHApYKeHbI TONBKO Artemia salina (Linnaeus,
1758) u nmuuunku Chironomidae sp., YACIEHHOCTh KOTOPBIX KojIe0aIach B IIMPOKKX Mpezeiax (puc. 6A).
CpenHsist YKCIIeHHOCTh apTeMuu cocTapiisiia 46 904 sk3/kr ¢ uanazonoM 3HaueHui ot 0 10 390 898 sk3/kr.
YucaeHHOCTh JTMYMHOK XUPOHOMU/ OblIa BBHIIIE U B CpemHeM cocTaBisiia 558 957 skz/kr (ot 4836 nmo
3 588 369 sK3/k).

bromacca oOHapy>KEHHBIX OpraHm3MoB (puc. 6b) M3MEHUIaCh MPOTIOPIIMOHAIBHO YHMCICHHOCTH U CO-
cTaBIsUIa Uis apreMuil B cpeaneM 19 r/kr (pazopoc 3nauenuii ot 0 no 162 r/kr), mist Chironomidae sp. —
128 (ot 1 no 812 1/kT).
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in the algae mats and bottom sediments (A): pH range diagram, median, quarterly range (25 %, 75 % percen-
tiles), range (minimum, maximum) (B) of Sivash Bay
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Puc. 5. UncnenHocTs rereporpodHbX (A) u neaurpudunupyromux (b) 6akTepuit (ki1./Mi1) B BOJIe MaTOB
npu paznuuHbix ypoBHsax pH / Fig. 5. The abundance of the heterotrophic (A)
and denitrifying (B) bacteria (cells/ml) at the water mats in different pH
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B Artemia salina (Linnaeus, 1758)  OChironomidae larvae g. sp.  BBcero

Puc. 6. KonnuecTBeHHBIE TTOKa3aTeIH Makpo300nepr(pUTOHa BOJOPOCIEBBIX MAaTOB 3aiBa CuBar:
A — 4HCIeHHOCTB, 9K3/KT; b — 6momacca, r/kr / Fig. 6. Quantitative parameters macrozooperiphyton
of algal mats of Sivash Bay: A - number, ind/kg; B - biomass, g/kg

108 HAYKH O 3EMIJIE



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

O6cy:xnenune

[lo pesynpraTam NpOBEAEHHOIO KCIEIULIMOHHOIO HCCIENOBAaHUA HoOepexps 3aiuBa Cusamn B
utoHe 2021 r. ycTaHOBJIEHO, UTO MPUOPEXKHAs 1M0JI0ca BOJOEMA MTOKPHITA BOAOPOCIEBBIMU MaTaMu, 00-
pa3oBaHHBIMH, CyAs MO JuTepaTypHbM gaHHbM [1], Cladophora sivashensis (C. Meyer, 1922). B nmu-
teparype [19] yka3piBaeTcs, 4TO NMPH HAIWYMHA OOIMMPHBIX MAaTOB B MPUOPEKHON 30HE M3MEHSIOTCS
KHCIIOPOJHBIE YCIOBUS KaK BHYTPH CAaMHUX MAaTOB, TaK M BOJBI M0 HUMH. ONHCaHO HAJTM4KE YEPHOTO
3JI0BOHHOTO MJIa B JOHHBIX OTJIOKEHHSX, KOTOPBI TOBCEMECTHO MPHUCYTCTBOBAN M B IPUOPEKHBIX TOH-
HBIX oTHOXeHusAx Cupaiua.

[TockonbKy XapakTep MaToB IPH YAAIEHUH OT Oepera N3MEHsUICS, BEPOSITHO, U KMUCIOPOAHBIE YCIIO-
BUS IMeIU pa3Hble 3HayeHus. CpaBHeHue BeIOOpoK (pH), monydeHHbIX y Oepera, B IEHTPE U Y KPOMKH
BOJIBI, YKa3aJI0 Ha JOCTOBEPHOE pa3Inyie 3HAUEHUH BOLOPOJHOIO MOKA3aTeNs B UCCIAEAYEMbIX YacTAX
MmatoB (pv=0,51; 0,75; 1,0).

Ha rpaduke (puc. 3) Taxke Buana tengenmus (R>=0,95) x pocry pH B Hanpasnenuu ot Gepera K
OTKPBITOW BOJE, YTO SBISICTCS OTOOpaKEHHUEM YIYUIIEHHS KHCIOPOAHBIX YCIOBHH B YKa3aHHOM
HanpasyieHHH. [ OLIeHKH B3aMMOCBSI3H YPOBHSI Pa3BUTHUSI MAaTOB (BBIPAKEHHOTO B YCIIOBHBIX 0ajuiax),
pH BoxbI (B LIeHTpaIbHOM YacTh MaTa) U e€ CONEHOCTH ObUT MPOBENEH CTATHCTHUECKHIA TECT C TIPUME-
HEHHeM ramMma-Kputepus. Hannuus 1octoBepHO#l B3aMMOCBS3U MCCIEAYEMBIX MOKa3zaTenel Ha mpes-
JI0’)KEHHOM MAacCHUBE JaHHBIX ycTaHOBUTH HE yaanoch (Y=—-0,44 u Y=-0,12 cootBeTcTBeHHO). Takum
00pa3oM, U3 UCCIIEIOBAHHBIX 3KOJIOTUYECKUX (AKTOPOB OT CTEIIEHU PA3BUTHUSI MAaTOB 3aBHCEI TOJIBKO
BOJIOPOJHBIHN TIOKa3aTellb, K3MEHYMBOCTh KOTOPOTO YAAIOCH IPOCIEAUTh B HAlIPaBIeHUH OT Oepera K
OTKpPBITOH BOJIE.

Kak yka3zaHo BbIlI€, HAIMYKME BOAOPOCIEBBIX MAaTOB CYILECTBEHHO BJIMSCT HA OEHTOCHBIE YCIOBUS
[19]. CpaBuenue pH BobI ¥ TOHHBIX OTJIOKEHUHN 110 KPUTEPHUIO 3HAKOB MIOKA3aJI0 CTATUCTUYECKYIO 3Ha-
YUMOCTh HaOMoaaeMbIx oTianunii (puc. 4b). [IpoBenénnas oneHKa B3anMOCBsI31 BOAOPOIHOTO TIOKa3a-
TEJI B BEPXHEM CJIO€ TIOHHBIX OTJIOXKEHUH, 0TOOpPaHHBIX O] LIEHTPAJILHON YacThIO MaTa, CO CTENEHbIO
pa3BuTHs MaToB ¥ pH B HUX HE MMO3BOJIMIIA BBIIBUTH JIOCTOBEPHOI CBSI3M MEXKAY HCCIEAYEMBIMU BEJIN-
yuHamu (Y= —0,44).

N3meneHus: pU3NKO-XMMHYECKHX MTOKa3aTelel Cpebl B pailoHEe pa3BUTHS BOJIOPOCIIEBBIX MATOB HE
MOTYT HE CKa3aThCsl HA COCTOSIHUM MUKPOOHOTro cooOmecTBa. [IpoBenéHHBIN KOPPENISIMOHHBIN aHATN3
3apucuMocTu yucieHHOCTH ['b u JIHB oT ¢u3nko-xuMUUeCcKux XapakTepUCTHK CPeibl MOKa3all, u4To
JUIS BOZOPOIHOTO IOKAa3aTelsl yaaJloch MPOCIEANTh HAINYHNE TOCTOBEPHOM OTPHULIATEIbHON KOppens-
1y ¢ yucieHHocTeio I'b (R=-0,75).

Ilo Bcelt BUAMMOCTH, ONITUMAJIbHOE 3HAYEHUE NIl aKTUBHOTO pocTa I'b B 3ayiBe HaxoAMTCs B Mara-
3oHe pH ot 6,7 no 8,1. Cnabast koppensairoHHas cBsi3b onpenencHa mexay JJHbB u snauenusmu pH. Ko-
s ¢unment koppessinuu y rpymst JJHB coctaBun R=—0,58. Takum oO6pa3oM, pocIieKuBaeTcs TEHICH-
Ul K FHTUOMPOBAHUIO MTOBHIIIEHHBIMY TIOKa3aTensiMu pH pocTa nanHbIx rpymmn Oakrepuii. B padore [11]
MIOKa3aHo, 4To mramMbl TastodunbHbix JIHB, BeIeieHHbIe U3 cONEHBIX 03Ep 1 colonYakoB Tepcko-Kym-
ckoil n Tepcko-Cymnakckoit HU3MEHHOCTEH, pociu nipu pH 6-8 ¢ ontumymom 7,2—7,4. lns cipaBku: pH
BOJI A30BCKOTO MOpSi, C KOTOPBIM coo0Inaercs 3amB CuBaiil, cocrasisieT ot 7,8 1o 8,1 [20].

Conénocts B muamnazone e€ m3menenus (60,8—94,5 %o) He oka3pIBaia 3HAUUMOTO BIIFSIHHAS Ha YHCIICH-
HOCTh HccraenyeMbix Tpymnn 6akrepuit (R=0,08 (I'b) m R=—-0,46 (IHB)). AkTuBHBII OaKTepHaIBHBIN POCT
NP BBICOKUX TOKa3aTeisiX COIEHOCTH OTMEYEH MHOTUMH aBTOpaMu. Tak, CpeaHssl YUCIeHHOCTh OaKTe-
puii B Bonbimom Conénom ozepe (CIIIA) B Teuenune roga coctasisuia 7-107 ki./mit. Tanobakrepuu, sis-
ACh HanOoJIee PacpoCTpaHEHHBIMU B Bosie MEPTBOro MOpsi, BCTPEYAINCh B MEHBILIUX KOJIMYECTBAX, YEM
B Bosbimom Conénom o3epe. Camble BHICOKHE 3HAYEHHUs YMCIEHHOCTH cocTapisiid 7-10% xm./mo [21].
CxojHbIe JaHHBIE OBUIH TTOJTyYeHBI B padote [22], ryie 0TMEUeHO aKTHBHOE Pa3BUTHE TeTEPOTPOPHOTO
0aKTepHOIIIaHKTOHA, BRIJIEIIEHHOTO U3 COJIEHOTO 03€pa, Ha CpeAax ¢ pa3INIHbIM JHAIa30HOM COJIEHO-
ct. Cnoco6HocTh IHDB K pocTy B 3KCTpeMaibHO ranoankano(uibHEIX YCIOBHAX MTOKa3aHa B [23].

BrusBiieHa cnabasi MONMOXKHUTENbHAS KOPPEISLUS MEXKIy TeMIIepaTypod M YHCIeHHOCThio ['b
(R=0,58). Cropocts pocta I'b B 3HaunTENbHOI Mepe 3aBUCHUT OT TEMIIEPATypPhl BOABI M HAJMYHNS yCBO-
seMBIX (JJaOMIIBHBIX) OpraHnyueckux BemecTs [24]. Emé Gonee cinabast monoKuTeabHas KOPPEISHOH-
Has CBsI3b ONpeeNieHa MexX Iy Temneparypoii U uncienHocTsio JJHB (R=0,38). Takum obpa3om, B 3a-
(HUKCHPOBaHHOM AMAIa30HE N3MEHEHHS TEMIIEPATYpP XOTh U IMPOCICKUBACTCSA HEKasi TCHICHIHA K yBe-
JIMYCHUIO YUCIEHHOCTH MUKPOOPTraHU3MOB IIPH YBEJIUUEHUN TEMIIEPATYPhl BOAbI, OJHAKO YTBEPXkKAATh
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0 HAIMYMHU TECHOH CBSI3M JAHHBIX NTAPaMETPOB HE MPECTaBISIETCS] BO3MOKHBIM. JlaHHBIN (aKT MOXKHO
00BSACHUTH KaKk HEOOMBIINM pa30pOCOM TEMITEPATYPHBIX YCIIOBHUH, TaK U 0oJiee 3HAYMMBIM BIUSHHEM
JIPYTHX 3KOJOTHYECKUX (PaKTOPOB.

ITo narnabM 2014—2015 1T., KOraa conéHocts CuBaina He npesbimana 40 /11, cpeHss YNCICHHOCTD
’KUBOTHBIX B MaTax cocTapisia 210—613 Teic. 5x3/M%. B 510T nepuoz [1] B MaTax oTMedanach BHICOKAs
YUCIIEHHOCTh PaKOOOPAa3HBIX, a TAK)Ke MPHUCYTCTBOBAINA HEKOTOPbHIE MOJUTFOCKH, MOJIONIb Obruka Knip-
owitschia caucasica (Berg, 1916) u monons Atherina pontica (Eichhwald, 1931). B nacrosiee Bpems
npu conéHoctu 60,8-94,5 %o B cocTaBe MakpooOuTaTeNeii BOAOPOCIEBBIX MAaTOB OBUIM OOHAPYKEHBI
TobKO Artemia salina (Linnaeus, 1758) u nuaunaku Chironomidae sp. Takum 00pa3oM, MOKHO KOH-
CTaTHPOBATH COKpaIlleHne Onopa3HooOpa3us BOJOEMA B CBSI3U C POCTOM €ro conéHocTH. JlanHoe sBite-
HHE YK€ OMHUCHIBAJIOCH B MPEIIECTBYIOMINX UCCIEN0BaHUsX [6].

IIpoBenena craTucTuyeckas OleHKa BIMSHASA (PU3UKO-XUMUYIECKIX TapaMeTPOB BOJIBI, TAKUX KaK
CONEHOCTH W BOJIOPOIHBIN MTOKA3aTeNb, HA YACICHHOCTh U OMOMAacCcy KOMIIOHEHTOB MaKp0300c0001IIe-
ctBa. [Ipn o4eBUAHOM BIMSIHUU COJNEHOCTH Ha THAPOOMOHTHI BOJOEMA yCTAaHOBJIEHO, YTO OHA B 3a(pHK-
CHUPOBAHHOM JIMAIIa30HC 3HAUCHUI HE OKa3bIBaja 3HAYMMOI'O BIIMSHHUS Ha YHUCIECHHOCTH U 6HOMaccy
oOHapyx)eHHbIX THAPoOoroHTOB (R=0,13-0,44). BeposATHO, 3TO CBSA3aHO C TEM, YTO B HACTOSIIINX YCIIO-
BUAX OCTAJIMCH TOJIBKO I'aJIOTOJICPAHTHBIC OpTraHNU3Mbl, YUCJICHHOCTH KOTOPBIX B JAHHOM AHUAIIa30HE CO-
NEHOCTU HE MEHsUIAch. [Ipu 3TOM yCTaHOBJIEHO TIOJI0KUTENBHOE BIMSIHAE M3MEHEHUS BOJIOPOTHOTO T10-
Kazarensi Boael Ha yncieHHOcTh (R=0,66) u 6uomaccy (R=0,66) apremun. [logobHOTO SIBICHUS I
manHoK Chironomidae sp. He 3adukcupoBano (R=-0,04-0,12). BoamoxxHO, 3T0 00ycI0BIEHO 00ITb-
e YYBCTBUTCIIbBHOCTBIO apTCMPIfI K KUCJIOPOJHBIM YCIIOBHAM.

3aka0ueHne

OyHKIIMOHUPOBAHUE BOJOPOCIIEBBIX MaTOB U3MEHSACT DKOJIOTMUYECKHE YCIOBUS B MPUOPEKHOM TO-
noce 3anuBa CuBam. B 3adukcupoBaHHOM nuamna3zoHe (QU3uKo-XxMMHUYecKux ycioBuid (pH=6,8-8,5,
T=23-32 °C, S=60,8-94,5 %o) Benymum (HpakTopom, U3MEHSIIOIIIUMCS B pe3yJIbTaTe (yHKIIMOHUPOBAHHSI
BOJIOPOCJIEBBIX MaTOB U BIIUSIOIINM Ha KUBOE COOOIIECTBO, CYAS MO MOJTYYEeHHBIM JJAaHHBIM, SBIISIETCS
noka3zarens pH. [Tox MmaTamu npuOpexHoii oI0Ck (OpMUpPYETCS XapaKTepHOE IS TAaHHBIX aHadPOO-
HBIX YCIIOBHI COOOIIECTBO THAPOOUOHTOB.
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KOMILITEKCHBIN TOAXO0/I B TAJIEOPEKOHCTPYKIHMSIX
XA3APCKHUX TPAHCTPECCHI KACITAA

Mapuna Braoumupoena Xnonkosea'=, Enena Bnaoumupoena Tynviueea’
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Annomayusn. Hapsoy c manrakopaynucmuyeckum memooom, Aeusioumumcst OCHOGHbIM OJisl UVHUEHUsL 2IAGHbIX
naneocoOblmutl nACUCMoYyeHa, Ha KOMOPOM OCHOBAHA CUCHEMA OUASHOCIMUKI MPAHCZPECCUll, UX KOppPeIsyus Ha
pasnvix nobepexcvsix Kacnus, ¢ pabome npumensiiuce 2eomophonoudeckuii u Mophomempuieckui. Memoobi.
Manvle pexu ouenb uygcmeumenbhvl K HeOOIbUWUM U KDAMKOBPEMEHHbIM USMEHEHUSIM YPOBHS MOPSL, YMO HO360-
Jislem nPUMeHAms 2eomMopdonocuyeckull Memoo 01 naieopekoncmpykyuu. Komniexcrulii nooxoo nossoasem ou-
AZHOCMUPOBAMb D510 NANE02E0SPAPYUUECKUX USMEHEHUL: (DIYKMYAYULU YPOGHS MOPSI, NPOXOJCOEHUE XOTOOHBIX UIU
MENIbIX MeueHUll, NPOIUBOE, USMEHEHUEe MeMNepamypbl MOPCKOU 600bl. 110 uzyueHHoMY ucKonaemomy KOMNIeKcy
MOJICHO NOIYYUMb C8eOCHUsL 0 NAPAMempax cpedvl 0bumanusi OUOAKH, NPU CPABHEHUU €20 C NPeOblOYWUMU U
HOCTEOVIOUUMU MOJICHO CYOUMb O HANPAGIEHUU naeozeozpaguieckux cobvimuil. Yepedosanue pasnuinvix Kom-
NIEKCO8 08YCMBOPOK, NPUMEHEHUE MOPPOMEMPULECKUX XAPAKMEPUCMUK PAKOBUH MOLIIOCKO8 8 KAUecmee UHOU-
KAmopa sK0102U4ecKol 00CMaHOBKY 8 YemeepmuiHOM nepuooe NoMo2arom noopobHo CMpamupuyuposams om-
nooicenust. 06 usmMeHenuy memMnepamypuvl U COAEHOCMU NANEOKACNUUCKUX 800 CBUOEMENbCTNEY e GCMPeYaemMoChlb
8 NIelCMOYEHOBbIX OMIONCEHUSAX Npedcmasumenell OudaKr oOHoU uz mpex epynn (catillus, crassa, trigonoides).
Hamu npoeedenvt koppensyuu paspe3os XazapcKux OMmI0NCeHUIl 0d2eCmancKo20 pationa.

Knrwouegvle cnosa: osycmeopuamoie MOLMOCKU, NANCOPEKOHCMPYKYuY, mpancepeccuu, Kacnuili, peunvie u
MOpCKUe meppacsl

Jna yumuposanusn: Xnonkoeéa M.B., Tynviuesa E.B. KoMITIeKCHBIN NOAX0/] B TAJIEOPEKOHCTPYKLMAX Xa3apCKUX
tpancrpeccuii Kacnms // 3Bectns By3zoB. CeBepo-KaBkasckuii perroH. EcrectBennbie Hayku. 2022. Ne 3. C. 114-119.
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AN INTEGRATED APPROACH TO THE PALEORECONSTRUCTIONS
OF THE KHAZAR TRANSGRESSIONS OF THE CASPIAN SEA
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Abstract. Along with the malacofaunistic method, which is the main one for studying the paleo events of the
Pleistocene, on which the system for diagnosing transgressions and their correlation on different coasts of the
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Caspian Sea is based, geomorphological and allometric methods were used in the work. Small rivers are very
sensitive to small and short-term changes in sea level, which makes it possible to apply the geomorphological
method for paleoreconstruction. An integrated approach makes it possible to diagnose a number of paleogeo-
graphic changes: fluctuations in sea level, passage of cold or warm currents, straits, changes in sea water tem-
perature. According to the studied fossil complex, it is possible to obtain information about the parameters of the
habitat of didacn, when comparing it with previous and subsequent ones, it is possible to judge the direction of
paleogeographic events. The alternation of different complexes of bivalves, the use of morphometric characteris-
tics of mollusk shells as an indicator of the ecological situation in the Quaternary period help to stratify the de-
posits in detail. The change in temperature and salinity of Paleocaspian waters is evidenced by the occurrence in
Pleistocene sediments of representatives of didacnas of one of three groups (catillus, crassa, trigonoides). We
have correlated the sections of the Khazar deposits of the Dagestan region.

Key words: Bivalves, paleoreconstructions, transgressions, the Caspian Sea, river and sea terraces

For citation: Khlopkova M.V., Tulysheva E.V. An Integrated Approach to the Paleoreconstructions of the
Khazar Transgressions of the Caspian Sea. Bulletin of Higher Educational Institutions. North Caucasus Region.
Natural Science. 2022;(3):114-119. (In Russ.).

This is an open access article distributed under the terms of Creative Commons Attribution 4.0 International
License (CC-BY 4.0).

MeteHHbIe TIOMHATHS TIepeoBeIX XpeOToB KaBkasza B mieiicTolieHe MPUBOIIIIA K 00pa30BaHHIO
a0pa3snoOHHO-aKKYMYJISITUBHBIX MOPCKUX Teppac MpH TPAHCTPECCHUSX y UX MOJHOXHH. Kpome ueTkoit
BBIP2XKCHHOCTH TUICHCTOIIEHOBEIX Teppac B penbede Ha arecTaHcKoM mobepexne Kacmus, oTMeueHa
HACBIIIICHHOCTh 3TUX OTJIOXKEHHWH IMajJeoHTOJorndeckuM MatepuaioMm [1-5]. Llempro uccnemoBanumit
OBLIO MCTIOIB30BaHIE KOMIUIEKCHOTO MOAX0/Ia K BOCCO3/IaHUI0 YCIIOBHI Xa3apcKoro najneobacceliHa.

MeToasbl uccie0BaHMi

Martepuan cooupacs Ha pa3pe3ax Xa3apcKux oTioxeHwui Jlarecrana B jojuHax pek Yepkec-03eHb,
ypa-o3enb, Manac-ozeHb. Hanbonee ncrnonb3yemble ManakoayHUCTHYECKHE AHHBIE MBI JOTION-
HWIM B pabote reomopdonorunueckuM 1 Mmopdomerpuueckum mMerogamu. [lpu ncenepoBannu auaakH
(6onee 600 pakoBun) uzMmepsuich anuHa (J1), Beicota (B), BRIMYKIOCTH (BBIIL.), TOJOBBIC MPUPOCTHI
(ipup.), koapunment npupocta (Krp), TOACUUTHIBATINCH ATTIOMETPHUECKHE KOAPDHUIMEHTHI YITUHE-
aus (Kyy), Boimykinoctd (Kewm), pocta (k, rox ') u cpennuit Bospact MomnockoB (Toos) COrIacHo pac-
MPOCTPAaHEHHBIM METOAMKaM [3, 5, 6].

Pe3y.]'leaTbI u oﬁcym}leﬂne

HccnenoBanus MOMWH peK, BIAJAIONINX B MOPE, TIOMOTIJIH PacCCMOTPETH Tajieoreorpaduieckue co-
onrTust Kacrimst B ycmoBusx kosebaHusi ypoBHS 1Mo HOBEIM yriioM. .M. PeraaroBeim ObIT pa3paboran
HOBBI METOJI pEellIeHHs 3a/1a4, CBSI3aHHBIX C MAJIOAMILUIUTYIHBIMU KoJeOaHussMU ypoBHs Kacrus, oc-
HOBaHHBIN Ha IETaIbHOM M3yY€HHH CTPOEHHSI IPUYCTHEBBIX YUYACTKOB JIOJUH MAJIBIX PEK, BIAJAIOUINX
B Kacnmii [1]. OcoOeHHOCTBIO MaJIbIX PEK SIBIISIETCS TO, YTO MX TBEPABI CTOK HEOONBIION, MOIIHOCTh
COBPEMEHHOT'0 aJUTIOBUAIILHOTO CJIOSl He3HAUMTeNbHAsA. Takue pekd O4eHb YyBCTBHUTENBHBI K HEOOIb-
[IMM U KPaTKOBPEMEHHBIM U3MEHEHUSIM YPOBHS MOPS: IIPH €T'0 MIOHKESHUH JIOJIMHBI PEK yTITyOIIsFoTCS,
NIpY TOAHATUH YPOBHA — B UX JOJIHMHAX MPOUCXOAUT (POPMHUPOBAHHE HHIPECCHOHHBIX TEPpPac, B CTPOe-
HUH KOTOPBIX IPUHUMAIOT YH4aCTHE aJUTFOBUAIBLHBIE U MOPCKHE OTIIOKEHHS. AOCOIIOTHBIE BBICOTBI ATHX
Teppac COOTBETCTBYIOT a0COIIOTHON BBICOTE MOPSI BO BPEMS TPAHCTPECCHH.

®opmupoBanue aonuHbl peku lypa-03eHp Ha MPUMOPCKOW HU3MEHHOCTH MPOUCXOJUIIO B yCIO-
BUSIX OIlycKaHus. Peka mpopesasia KOpeHHbIE TIOPO/bl, Bpe3ajach B CApMaTCKUE TJIMHBI M 10 HUM Ha
NPUMOPCKON HU3MEHHOCTH NIEPEHOCHIIA AJLTFOBHAILHBIC OTIIOKEHHSI, OTJIarasi uX B YCThEBOH 4acTH, 00-
pasys aK4arbUIbCKue, armepoHckue, 6aknHckue Tommu (puc. 1.1). Ha coBpemenHom nobepexne Kac-
sl OOHAYKAIOTCS CapMaTCKHE M3BECTHSIKU-PAKyIIEYHUKH. B meproa mogbemMa MOpCKOTo ypoBHS (Xa-
3apcKas TpaHcrpeccus) GopMupoBaIach MOPCKas TOJIIA, COCTABIIIIONIAS Xa3apcKyro Teppacy (puc. 1.2,
puc. 2). B aTot meprox Mope moaxoawmio k ckinony Hapar-TrobuHckoro XpedTa, 9To CIIOCOOCTBOBAJIO
00pa30BaHMIO YCThS PEKH, BIAJAIOLIEH B Xa3apckoe Mope [7]. 3aTeM MpOUCXOAWI crial MOPCKHX BOJ
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(puc. 1.3). Xa3zapckue OTJIOKEHUS BBIXOAT U3-TI0J] UX YPOBHS, 00pa3ys IOBEPXHOCTh Xa3apCKO MOp-
ckoit Teppacsl. OTIOXKEHHS TPEICTABICHBI B BUAE XOPOIIO BRIPOBHEHHBIX TEPPAC — BBICOTOH 110 3—5 M,
CJIOKEHHBIX TOHKOJIMCIIEPCHBIM MaTepHaIOM IeCYaHO-MITUCTO-CYTIIMHICTOTO cOcTaBa. Takas ke Kap-
THHA OTMEYAETCS B YCTHEBOU YaCTH TOJMHBI p.UepKec-03eHb, HO TaM MOIITHOCTh Xa3apCKUX OTIIOKECHUM
3HAYUTENHFHO COKpamaeTcs 10 1-2 M. B mocneayromiuii meproxa B pe3yibTaTe MOPCKUX TPAaHCTPECCHI-
perpeccuii GOpMUPYIOTCSI TEpPACHI XBAIBIHCKAs, HOBOKACHMICKasi. B roJorieHe B pe3ysbraTe CII0KHB-
IIUXCS TE€0JIOr0-TeoMOP(OIOTHICCKHUX, KIIMMATHUECKUX YCIIOBHIA (apUIHOCTD, BETPOBOM PEIKUM), 30-
JIOBBIX TIPOIIECCOB, MPU yYaCTHH (PyMapOTBHO-TEH3EPHO A TEIHLHOCTH TOJIOIICHOBOTO ByJIKaHU3MA [ 8]
dbopmupyeTcs kpymHelnas qoHa EBpoasnarckoro koatruHeHTa — CapeikyMm (puc. 1.4).
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YcnoBHBIE 0003HAYEHHS:
tch — gokpak; kg — kaparan; sm — capmar; ak — aK4arsul; ap — anmepoH; BK — GaKMHCKUIH spyc;
hz — xazapckue oToxenus; hv — xBasbiHCKUe 0TI0KeHus; Q'4 — HOBOKacMiicKue OTIIOkKEHHs, JroHa CapbIKyM

Puc. 1. Cxema TpaHcrpeccuBHOTO pa3BuTHs Mpudpexss Kaciua (nonuna pexu Llypa-o3eHs)
/ Fig. 1. Scheme of transgressive development of the Caspian littoral (valley of the Shura-Ozen river)

B ycrbeBoii wactu gonuHsl p. [lypa-o3eHb Xa3zapckie OTIIOKEHHUS, YTO MOJTBEPKICHO HAXOKAMH
xazapckoii payHsl (puc. 2), 3aJeratoT Ha KOHTAKTe PHIXJIBIX MOPCKUX OTIIOKEHUH 1 KOPEHHBIX TIIMHUCTHIX
MIOPOJI BEPXHET'0 capMarta, ¢ YIJIOBBIM HECOTJIacHeM, UTO IOKa3bIBAaET OTCYTCTBUE 34€Ch OAKMHCKHUX OTJIO-
eHuid. CyIecTBeHHBIM Pa3IHIreM MEXTy OPOTeHHBIMU W HU3MEHHBIMU TeppacaMu SBISIETCS TO, YTO
(bopMHUpOBaHHE MEPBBIX MPOUCXOIUT B KOPSHHBIX MOPOIaX (TIIMHUCTBIE CIIAHIIBI, U3BECTHSKH), a TEPPACh
NPUKACITUICKON HU3MEHHOCTU 00pa3ylOTCs B PHIXJIBIX MOPCKUX OTJIOKEHUAX (ECYAHUKH, TaTCUHUKH).
B paspese yctbs p. Lllypa-03eHp JOMUHHPYIOT MOPCKHE OTJIOKEHHS C HE3HAUUTEILHON IPUMECHIO Ped-
HBIX AJUTIOBUAJIbHBIX OTIIOKEHHH. B mepro)1 moybeMa MopCKoro YpoBHs (Xazapckas TpaHerpeccusi) Gop-
MHPYETCSl MOPCKas TOJIIIA TPEUMYILECTBEHHO IIECYaHOTO COCTaBa, COCTABIIAIONIAs Xa3apCKyIO Teppacy.

Ha mo6epexne Jlarecrana abpa3sHoOHHO-aKKyMYJIATUBHBIE Teppachl ¢ otMeTkamu 8085, 100-105,
120—130 M abCOTFOTHOM BBICOTHI COJICPIKAT PAKOBUHBI KPACCOMIHBIX JUJIaKH. bruoctparurpadudecknit
aHaNM3 JIMJIaKH yKa3bIBaeT Ha BOZMOXKHOCTH BBIZICTICHUSI TPEX CTaJMii paHHETo Xa3apa M JIByX CTaJui
TPaHCTPECCUU MTO3/IHETO Xa3apa.

Hccnenopanus koHxmwmodayHsl paHHeXa3apckoi Tpancrpeccuu (Hz)) mokazanm, 9To B MO3MHUAX
CJIOSIX HaOJroaicsa pacuBeT TPUTOHOMIHOW I'PYMIIBl TUAAKH C KPYIHBIMH, BBICOKMMHU PaKOBUHAMHU.
[Ipeobmanaer D. paleotrigonoides ¢ exXeroHbIMA MPUPOCTAMU 3,5 MM JI0 MOJIOBOM 3PEIOCTH B KO3(h-
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¢unuentom npupocta 0,11 mocne monoBo# 3penoctu (Tadauna). boibiue mpupoCcTHl U KPYITHBIE pa3-
MEpbI PAKOBHUH CBHIETEIbCTBYIOT 00 ONTHUMAIIBHBIX AJIS1 9TOM I'PYIIBI TUAAKH YCIOBUAX, TEIIOM BOJO-
eMe, XOpOLIeH aspaluy U COICHOCTH BOAbI 0KOJI0 10 %o, 4TO MOATBEPKAAETCS TAKIKE UCCIIEAOBAHUAMUI
psiaa aBTopoB [1-6].

B otnoxennsax no3gHexaszapckoit Tpancrpeccuu (Hz,) mpeobmagaroT KpacCOUIHbIC TUIAKHEI D. su-
rachanica, ¢ MACCUBHBIMHU TOJICTBIMH PAaKOBHHAMU, CpeIHUM BO3pacT 14 neT (ceiiuac TuAaKHBI KUBYT
JI0 7—8 JeT), exXeroIHbIe MPUPOCTHI Y MOJIOABIX — 2,9 MM, y B3pocibix kKoadduuent npupocta — 0,12,
YTO TOBOPHUT O TIOBBILICHHOW TemmepaType u coieHocTd (15—17 %o) Bogoema, apuau3aluy KiuMaTa,
KCcepopUTU3aNK PACTUTENBHOCTH, YTO MOATBEP)KAACTCS] JaHHBIMU CIIOPOBO-TIBUIBLIEBOIO METOIA aHa-
mm3a [8—10].
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YcnoBHBIE 0003HAYEHNS:
JIutonorus u crparurpadus: 1 — rimHa; 2 — MECTOIIOJIOKEHIE PAKOBHH MOJITIOCKOB; 3 — CYTIIMHOK; 4 — IepecilanBaHue CyTech
M TIeCKa; 5 — KOHTTIOMEPaThl;, 6 — INTHOIEH: 7 — HIKHEXa3apCKHUe OTIIOXKEHHUST; 8 — CPeIHHII TIIeHCTOIEH; OTHOCHTEIILHOE
KOJIMYECTBO PAKOBHH BUJIA B clioe: 9 — mpeobianarot; 10 — penkue; 11 — HedeTKne TpaHuIIbI

Puc. 2. Pa3pes xazapckux oTyiokeHu B monmHe pexu Lllypa-o3eHp
/ Fig. 2. Section of Khazar deposits in Shura-ozen river valley

Haru nccnenoanus 1o payHucTHYECKOMY aHaau3y (Ta0JIuIia) HOATBEPKAA0TCS Ororeorpaguye-
CKHMH, MUHEPAJIOTHUYECKUMH JAHHBIMH, CITOPOBO-IIBIIIBIIEBBIM METOIOM aHAJIN3a Psijia uccienoBaTeneit
[1-4, 9]. Ilony4eHHbIe JaHHBIE IO BapHA0EILHOCTH TEMIIEPATYPhI U COJICHOCTH B U3YUYEHHOM MEPUO/IE,
Ha OCHOBAaHWH MCCJIEIOBAHUS U3MEHEHUS] BUAOBOTO COCTABA, MOP(OIOTHUECKUX U aJUIOMETPUIECKUX
XapaKTePUCTUK PAKOBUH Pa3HBIX BUAOB, XOPOIIO COTJIACYIOTCS C TMAJHMHOJOTWYECKUMH JTaHHBIMH
T.A. AGpamoBoii [9], yka3piBatomnmu, 4To B pa3pese 1o peke Lllypa-o3eHb B Hauaie BEpXHEXa3apCcKoro
BpPEMEHH HaMETHJICS MEPEXOA OT JICCHOM K TPaBSHUCTOH KCEPO(PHUTU3MPOBAHHOW PACTUTEIBHOCTH.
[lo3nHee, K KOHIY BEpXHEXa3apCKON TpaHCTPECCUH, IIPOU30IILIA pe3Kasi apuan3alys KIuMara 1 Hada-
JIOCh IIOBCEMECTHOE Pa3BUTHE PaCTUTEIHHOIO IIOKPOBA IIyCTHIHHO-CTENHOro Tuna. B panHexaszapckoit
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tparcrpeccuu (Hzi) cymecTBoBana npooinKUTebHas TpaHCrpeccuBHast craaus (puc. 2, Tabnumna). OT1-
Me4aeTcs BRIPAKEHHOE N3MEHEHHME COOTHOIIEHHS MbUTBIIBI TPABSIHUCTHIX U APEBECHBIX TIOPOJI, TIPOXO-
JiSIIIIee TI0 TPaHWIIe BEPXHEXa3apCKUX OTIONKECHUH, — 9TO CBUJICTENILCTBO BO3ICHCTBUS Pa3HBIX KIIMMa-
TUYECKHUX YCIIOBUH B Mepro1 (POPMUPOBAHUS Pa3INUHBIX YpOoBHEH Teppac. CIIOpOBO-TIBLIBIICBHIC CIICK-
TPBI U3 OCAJIKOB, 00pasyrommx teppacy 80—85 M, coctaB n MOpdoIOTHs KOHXIIHO(AYHBI TOBOPAT O
(hopMHPOBAHUN 0CAIKOB B MOPCKOM OacceiHe MPpH TEIION BoJie B MEXJICTHUKOBOM Tiepuone [1, 4, 9].

ITaneopexoHcTpyKIMA Xa3apcKuX Tpancrpeccnii Kacnus Ha ocHOBe Ma1aK0JI0THY€CKOI0
U Mopdoaoruyeckoro anayumsa / Paleoreconstruction of the Khazar transgressions the Caspian Sea

based on malacological and morphological analyses

IInetictonen Q
Onoxa

Pannexaszapckas Tpancrpeccust Hz; [Toznnexazapckas Hz,
AOc. BO3pacT, THIC. JIET 250(yp.n.) 144 91-130
Cnomn, Pannue Cpennue TTo3naue Pannue TTo3naue
BBICOTA, M 140-150 125-130 100-105 80-85 1o 50
Daya, D. subpyrami- D. schuraosenica D.p al?otrlgo— D. nalivkini | D. surachanica
JOMUHHPYIOIIas B 0caJKax data noides
E)IfeFO,I[HLIe MIPUPOCTHI 1.9 20 3.5 2.6 2.9
1-# cTaguu pocTta, MM
*AnnoMeTpuueckue  mapa-
METpBI Ha 2-# cTajuu pocTta
Kip 0,07 0,10 0,11 0,11 0,12
Kyx 0,88 0,78 0,86 0,80 0,79
Kesin 0,48 0,37 0,39 0,42 0,40
k, rox! 0,34 0,21 0,36 0,34 0,21
Tos 9 14 8 9 14
PyxoBomsimias rpymma aumaky  Trigonoides Crassa Trigonoides Crassa Crassa
CoiteHOCTh BOAIBI S, /oo 5-8 12—-14 10 15—-16 15-17
Knumar, duopa o .

Mesodmmaas | Jlecocremmas HpOXJ’IaJIHLII:I, Tenmnbrit, Apunuzanms,
3aCyNUIMBBIN | BIa)KHbIE Jieca |KcepoduTuzaiust

Mpumeuanne. Ky, — ko3pdunuent npupocta; Ky, — koapduipent yanunenns; Ky — k03 umeHT BoITyKIo-
cru; k, rox! — koadpunment pocra; Toos — CPEAHMIA BO3PACT MOJUTIOCKA.

3akiIouyenne

B paspesax MOPCKHX OTJIOKEHHUH COCTaB KOHXMIHO(ayHbl MEHSETCS B 3aBUCHMOCTH OT SKOJIOTHYe-
CKHX YCIJIOBUI, 4TO 1a€T BO3MOKHOCTb HCIIOJIB30BaTh UX JUISl IEPHOAU3ALMH OTIOXKEHUH U CMEHBI pas-
HO(araIbHBIX KOMIUIEKCOB.

Hamm BBIBOJIBI IO OCHOBHBIM IMAJIEOCOOBITHSIM B Xa3aPCKHX TPAHCTPECCHUSIX, ClIeNIaHHBIC HA OCHOBA-
HUH HCCIIEA0BAaHHUS BUJOBOTO COCTAaBa Majlako(ayHbl, reoMOp(oIOrHiecKux u OnocTparurpaguyeckux
UCCIIEIOBAaHUH pa3pe3oB JIOJIHMH PEK, B KOTOPHIX ObUTH OOHApy>KEHBbl PAaKOBHHBI MOJIIIOCKOB, XOPOLIO
COTJIACYIOTCS C MATMHOJIOTMYECKUMH JaHHBIMH. KITMMaT U3MeHsICs OT BIaXKHOTO K CyXOMY, CIIeI0Ba-
TEJIHO, B HaYaJle TPAHCTPECCUH MIOJTHOBOAHBIE PEKH BHOCHIIM B MOPE OOJIBIIOE KOJINYECTBO MUHEPAIIb-
HBIX BEIIECTB, a K KOHILy TPAHCTPECCHI C MOBBIIIEHUEM TEMIIEPATYPhl YBEINYUBAIACH UCIIAPSIEMOCTD
1, COOTBETCTBEHHO, IIPOUCXOINI POCT COJIEHOCTH M KOHIIEHTPAIIUH MHUHEPAJIbHBIX BEIIECTB, YTO OTpa-
’aercs B 00IeM rabuTyce pakoOBHH JUJIAKH ¥ TTOITBEPKIAETCS ATIOMETPHUECKUMU U MOpQOIoTrndie-
CKHMH XapaKTEpUCTUKAMHU.

CHHCOK UCTOYHHUKOB

1. Puiuaeos I /. K meromuke reoMopdosiorndeckux uccieioBanuii (reomopdornorunyeckne ypoxu Kacrms)
/I Teomopdomorus. 2019. Ne 4. C. 27-39.

2. Tynvuuesa E.B., Xnonkosa M.B., Mayanynun B.Y. COOTHOIIEHHE PEYHBIX U MOPCKHX OTJIOXECHUH B TpH-
Opexxnoit papaune Jlarectana // Tp. n-Ta reonoruu Jlarectanckoro Hayd. mentpa PAH. 2013. Ne 62. C. 158-161.

118 HAYKH O 3EMIJIE



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

3. Yanina T.A. Ponto-Caspian and Mediterranean basins under conditions of the last glacial epoch // Limnol-
ogy and Freshwater Biology. 2020. Ne 4. P. 536-537. Doi: 10.31951/2658-3518-2020-A-4-536.

4. Svitoch A.A., Markova A.K., Yanina T.A. Stratigraphy and the small mammal fauna of the Late Pleistocene
sections in the south of the middle reches of the Volga River // Quaternary Int. 2020. Ne 540. P. 1-15.

5. Puyaeos I'U., Anuna T.A. K Bonpocy o xazapckux teppacax Jlarecrana // ['eosorus u nosnesnsie nckora-
emble KaBkasza. 2011. Ne 57. C. 98-100.

6. A6oypaxmanos I'M., Xnonxosa M.B. PekoHCTpyKIUs cpelibl 0OUTaHUS B IUICHCTOIICHE HA OCHOBE (hayHU-
CTHYECKOTO M MOP(POMETPHUIECKOTO aHATM30B AUJAKH KaK COCTABILIIONIAs B MiccienoBannu yposas Kacoms // FOr
Poccun. Oxonorus, pazsurue. 2007. Ne 3. C. 32-39.

7. Tynvuwesa E.B. K puckyccuu o Ipupoe oporuaporpaduaeckoro mapagokca 0ceBoi 30H6 BocTouHOTo
Kagkaza // T'eomopdomorus. 1996. Ne 4. C. 19-24.

8. Matsapulin V.U., Tulysheva E.V., Khlopkova M.V. Geological Conditions of Sandy Sarykum Barkhan For-
mation and Geochemical Features of its Carbonate Deposits / Arid Ecosistems. 2013. Vol. 3, Ne 1. P. 10-15.

9. Abpamosa T.A. Meroau4yeckue BONPOCH! MATHHOJOIMYECKOTO U3y4YEHHs YETBEPTHYHBIX OTJIOXKEHUH 3a-
nagHoro [Ipukacnus u qua Kacnmiickoro mopst // Komruiekcuble uccienoBanust Kacnuiickoro mopst. M.: Uza-Bo
Mock. yH-Ta, 1976. Bem. 5. C. 8§7-98.

10. Xnonkoea M.B., I'acanosa A.IlLL, I'ycetinoe K.M. KouxunnodayHa Xxa3apCKuX KOMIUIEKCOB Tar€CTAHCKOTO
nobepexbs Kacrus // U3B. By3oB. CeB.-KaBk. pernon. Ecrects. Hayku. 2022. Ne 1. C. 8§9-94.

References

1. Rychagov G.I. To the methodology of geomorphological research (geomorphological lessons of the Cas-
pian Sea). Geomorfologiya = Geomorphology. 2019;(4):27-39. (In Russ.).

2. Tulysheva E.V., Khlopkova M.V., Matsapulin V.U. The ratio of river and marine sediments in the coastal
plain of Dagestan. 7r. In-ta geologii Dagestanskogo nauch. tsentra RAN = Proceedings of the Institute of Geology
of the Dagestan Scientific Center of the Russian Academy of Sciences. 2013;(62):158-161. (In Russ.).

3. Yanina T. A. Ponto-Caspian and Mediterranean basins under conditions of the last glacial epoch. Limnology
and Freshwater Biology. 2020;(4):536-537, doi: 10.31951/2658-3518-2020-A-4-536.

4. Svitoch A.A., Markova A.K., Yanina T. A. Stratigraphy and the small mammal fauna of the Late Pleisto-
cene sections in the south of the middle reches of the Volga River. Quaternary International. 2020;(540):1-15.

5. Rychagov G.I., Yanina T.A. On the question of the Khazar terraces of Dagestan. Geologiya i poleznye
iskopaemye Kavkaza = Geology and minerals of the Caucasus. 2011;(57):98-100. (In Russ.).

6. Abdurakhmanov G. M., Khlopkova M. V. Reconstruction of the habitat in the Pleistocene on the basis of
faunal and morphometric analyses of didacn, as a component in the study of the Caspian Sea level. Yug Rossii.
Ekologiya, razvitiye = South of Russia. Ecology, Development. 2007;(3):32-39. (In Russ.).

7. Tulysheva E.V. On the discussion of the nature of the orohydrographic paradox of the axial zone of the
Eastern Caucasus. Geomorfologiya = Geomorphology. 1996;(4):19-24. (In Russ.).

8. Matsapulin V.U., Tulysheva E.V., Khlopkova M.V. Geological Conditions of Sandy Sarykum Barkhan
Formation and Geochemical Features of its Carbonate Deposits. Arid Ecosistems. 2013;3(1):10-15.

9. Abramova T.A. Methodological issues of palynological study of quaternary deposits of the Western Cas-
pian Sea and the bottom of the Caspian Sea. Complex studies of the Caspian Sea. Moscow: Moscow University
Press; 1976;(5):87-98. (In Russ.).

10. Khlopkova M. V., Gasanova A.Sh., Guseynov K.M. Conchyliofauna of Khazar Complexes of the Dagestan
Coast of the Caspian Sea. Izv. vuzov. Sev.-Kavk. region. Estestv. nauki = Bulletin of Higher Educational Institu-
tions. North Caucasus Region. Natural Science. 2022;(1):89-94. (In Russ.).

Hugpopmayus 06 asmopax

M.B. Xnonkoga — kanouoam OUOI0SUHECKUX HAYK, HAYYHbII COMPYOHUK, 1A00PAmMopus MOPCKOU OUOIOUU.

E.B. Tynviuesa — kanoudam eeozcpaguueckux HayK, OOYeHm, Cmapuull HaAy4Hvlll COmpPYOHUK, 1ab0opamopus pe-
CUOHATLHOUL 2€07102UU U MUHEPATLHO20 CbIPbA.

Information about the authors

M.V. Khlopkova - Candidate of Science (Biology), Researcher, Marine Biology Laboratory.

E.V. Tulysheva - Candidate of Science (Geography), Associate Professor, Senior Researcher, Laboratory of Re-
gional Geology and Mineral Raw Materials.

Cmamus nocmynuna 6 peoaxyuro 13.05.2022; ooobpena nocie peyensuposanus 23.06.2022; npunama k nyoauxayuu 30.08.2022.
The article was submitted 13.05.2022; approved after reviewing 23.06.2022; accepted for publication 30.08.2022.

HAYKH O 3EMIJIE 119



ISSN 1026-2237 M3BECTHA BY30B. CEBEPO-KABKA3CKHUH PETMOH. ECTECTBEHHBIE HAVKH. 2022. MNe3
ISSN 1026-2237 BULLETIN OF HIGHER EDUCATIONAL INSTITUTIONS. NORTH CAUCASUS REGION. NATURAL SCIENCE. 2022. No. 3

BUOJJIOTUYECKHUE HAYKHA

BIOLOGICAL SCIENCES

Hayunas ctates
VK 631.46;57.044
doi: 10.18522/1026-2237-2022-3-120-128

CPABHUTEJIbBHASA OHEHKA TOKCUYHOCTU XUMHNYECKUX 3JIEMEHTOB
IO YACJIEHHOCTHU BAKTEPUI B CEPOIIECKAX
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Annomanyus. Ilpeocmasnenvl pe3yibmamsl UCCIe008AHUL OYEHKU IKOMOKCUUHOCTIU 28 MAdCENbIX MEemAlos,
Memanioud08 u HeMemasio8 N0 CIMeneHu GIUsHUAL Ha 0OWYI0 YUCTIeHHOCHb bakmepull 8 ceponeckax. 3azpszHeHue
HOY6bl MOOEIUPOBATY 8 1AOOPAMOPHbIX YCA06UsX. Tsdicenvie Memanivl u MEMaiioudbl GHOCUIU 8 Popme OKCUIO8 6
xonyenmpayusix 10 u 100 me anemenma na 1 ke nousol. Oduyyio YUCIeHHOCb baKxmeputl onpeoensiiu Memooom npsi-
MOt IIoMUHecyenmHoll Mukpockonuu. 1o chudcenuro uucnennocmu baxmepuii 6 ceponeckax npu enecenuu 10 me/ie
NOYBbL UCCIEO0BAHHBIE XUMUYECKUEe dNeMenmbl 00pa3yiom ciedyrowyro nociedosamenviocms: Te > Se > Ag >
>Cr>Ge>Hg>Bi>Yb>TI>Sn>Ni=Cd>W=Cu=8>S8h>Nb=Co>Y>B=Ga>Sr>Pb>
>V> Mo > Zn > F > Mn. P10 mokcuunocmu masjicenvix Memaios, Memaiioudo8 u Hememaunios 0jisi CepOnecKos
npu eneceruu nemenmos 8 konyenmpayuu 100 me/ke nouswl gviensioum creoyouwum obpazom: Ag > Cr > Hg >
>Se>Te>Ge>Bi>Yb=TI>W>Sn=Cd>Cu=Sc>Sb=Ni>Co>B>Nb>Y>Sr=Ga>V>2Zn>
> Mo > Pb > F > Mn. Haubonbuiyto mokcuuHoCcms o OMHOUIEHUIO K 00ujeli YUCIeHHOCMU NOYBEHHbIX baKmepull
6 ceponeckax npoaeunu Ag, Cr, Hg, Se u Te.

Knrouesuie cnosa: nodea, msotcejovle memallibl, Mema/l]l()u()bl, Hememasibl, XuMu4ecKkoe 3a2ps3HeHue, ouome-
cmuposarue, buonocuuecKkas akmueHoOCb

bnazooapnocmu: uccneoosanue geinoaneHo 3a cuem epanma Poccutickozo nayunoeo ¢onoa Ne 22-24-01041
6 FOsicnom ghedepanvrom ynusepcumeme.
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COMPARATIVE ASSESSMENT OF THE TOXICITY OF CHEMICAL ELEMENTS
BY THE NUMBER OF BACTERIA IN SIEROSANDS

N.A. Evstegneeva’, S.1. Kolesnikov’, T.V. Minnikova®®, A.N. Timoshenko®, N.I. Tsepina’,
K.Sh. Kazeev*
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Abstract. The results of studies on the assessment of the ecotoxicity of 28 heavy metals, metalloids and non-
metals by the degree of influence on the total number of bacteria in sulfur sands are presented. Soil pollution was
modeled in laboratory conditions. Heavy metals and metalloids were introduced in the form of oxides at concen-
trations of 10 and 100 mg of the element per 1 kg of soil. The total number of bacteria was determined by direct
luminescence microscopy. According to the decrease in the number of bacteria in sulfur sands with the addition of
10 mg/kg of soil, the studied chemical elements form the following sequence: Te > Se > Ag > Cr > Ge > Hg > Bi >
>Yb>TI>Sn>Ni=Cd>W=Cu=8c>8Sb>Nb=Co>Y>B=Ga>Sr>Pb>V>Mo>27Zn>F>Mn.
The toxicity series of heavy metals, metalloids and non-metals for sulfur sands when elements are introduced at a
concentration of 100 mg/kg of soil is as follows: Ag > Cr> Hg > Se>Te > Ge>Bi>Yb=T|> W > Sn=Cd >
>Cu=8c>Sh=Ni>Co>B>Nb>Y>Sr=Ga>V>7Zn>Mo>Pb>F>Mn. Ag, Cr, Hg, Se, and Te
showed the highest toxicity in relation to the total number of soil bacteria in sierosands.

Keywords: soils, heavy metals, metalloids, non-metals, chemical pollution, biotesting, biological activity
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Beenenue

IlouBHI B ocneiHEE BpeMs BCE CHIIbHEE MOJIBEPratOTCsl aHTPOIIOI€HHOM Harpy3Ke U 3arps3HEHUIO.
Bonpiioii Bkiaj B 3arpsi3HEHHE BHOCST TSKENbIe METAJIbl, METAJUIOHIBI, @ TAK)Ke HEKOTOPHIE HEMe-
tamtel [1-3]. OHU COXpaHSIOTCS B IIOYBE B TEUEHWE MHOTHX JIET, TAK KaK MPAKTHIECKHU HE MOJBEpra-
I0TCS1 OMOJIOTMYECKOMY M XUMUYECKOMY Pa3JIOKEHHUIO, U OKa3bIBAIOT MIOCTOSIHHOE HEraTUBHOE BO3EH-
CTBHE Ha TTOYBEHHYIO dKOcucTemy [4, 5].

YenoBek KOHTAaKTUPYET C TIOYBOW OOBIYHO OTIOCPEA0BAHHO, UE€PE3 CETBCKOXO3IHCTBEHHYIO ITPOIYK-
IUI0. B cBSI3M ¢ 3TMM cUMTaETCs, YTO ONACHOCTh TSKEJIBIX METAJUIOB, METAINIONIOB U HEMETAJJIOB B
NO0YBE HEOOXOAUMO OLIEHHBATh HA OCHOBE YKOTOKCHKOJIOTHYECKOro MPUHIIMIIA, CPABHUBAS JIEHCTBHE
pa3HBIX TOKCHKAHTOB Ha OMOTYy U pacTeHus [6]. K ToMy ke B mpeapIaylnx MCcCaeI0BaHUIX YIaIOCh
YCTaHOBUTb, YTO TSKENbIE METAJIIIBI M METAJITIOWBI 110 BIMSHUIO HA COCTOSTHUE TOYBBI HE COBIAAAIOT C
KJIaCCaMM OIMACHOCTH, MCIIOJIb3YIOLIUMHUCS B HACTOSALINH MOMEHT AJI1 MOHUTOPHUHIA U HOPMHUPOBAHUS
MMOYBEHHOTO MOKpoBa B Poccum [7-9].
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DKOJIOTH4ecKoe COCTOSHUE MOYBHI LIEIeCO00Pa3HO ONPEAETSATh [0 e ONOTOTHYECKIM U OMOXUMH-
YECKUM CBOWCTBaM, KOTOPBIE CUHTAIOTCA MHAWKATOpAaMHU KadecTBa W 3740poBbs mouBH [10]. Cymie-
CTBEHHBIM NPEUMYIIECTBOM OMOJIOTMYECKUX IMMOKa3aTeNlel SBISIETCS MX OBICTPHIN OTBET Ha aHTPOIIO-
rexnHoe 3arpsizaenue [11, 12].

UncneHHOCTh MUKPOOPTaHIN3MOB — BKHEHIITNI OObEKTUBHBIN M JOCTYITHBIN SKOJIOTHIECKUI WHIN-
KaTop COCTOSHUS MOYBEHHOTO OmoreHo3a [13]. )Ku3HenesaTembHOCTh TTOYBEHHBIX MUKPOOPTAaHH3MOB
ABJISICTCSl TUArHOCTHYECKUM TIOKa3aTelleM H3MEHEHHUS COCTOSIHUS TT0UB B pe3yJIbTaTe BO3ACHCTBHA pa3-
HBIX aHTPOTIOTCHHBIX ()aKTOPOB, ¥ B TOM YHCIIC JaeT NOHATh, KaK U3MCHSIIOTCS COCTaB U YHCICHHOCTD
MMOYBEHHOTO MUKPOOHOIIEHO3a IO/ BIUSHIEM Pa3IMYHBIX XHMAYECKUX JIEMEHTOB. MHOTHE UCCIeno-
BaHUS TIOKA3bIBAIOT, YTO 3arPsA3HEHHE TSDKEIBIMU METaJUlaMH yMEHBIaeT pa3HooOpa3ue MOYBEHHBIX
MUKpoOOpranu3MoB [ 14, 15]. Tspkenble MeTauTbl TOKCHYHBI IOUTH IS BceX OakTepuil. OHU BIHSIIOT Ha
pocT, MOPQOIOTHIO U METa0OJIN3M H TOJABIISIIOT BaXHBIE KJIETOYHBIC (DYHKIIMH, TaKWe KaK CHHTE3
OeIka 1 eTTOCTHOCTh KIETOYHBIX MeMOpaH. HanpruMep, MOBBIIIeHHAs KOHIIEHTPAITUS TSHKEIBIX METall-
JIOB OTPHIIATEIFHO CKa3bIBACTCS HA OOILEH MOMyJIAIUU OaKTepUi U aKTHHOMUIIECTOB, a Takxke Ha (dep-
MEHTAaTUBHON aKTUBHOCTH MOYBEHHBIX AKOCUCTEM [16]. 3arps3HeHHe MOYBHI TSHKEIBIMU METAIJIaMHU
MIPUBOINT K COKpaIeHnio konuaectBa Bacillus spp., Clostridium spp. JnurensHoe 3arps3uaenue Cd,
Pb, Zn u Hg oka3piBaeT HeraTUBHBIN 3 deKT Ha pocT Ralstonia, Gemmatimonas, Rhodanobacter n
Mizugakiibacter [17, 18].

Lenp wccnenoBaHusl — CpaBHUTEIbHAS OLEHKA SKOTOKCHYHOCTH XUMHUYECKHX JJIEMEHTOB IO CTe-
TIEHU BIMSHUS HA YUCIEHHOCTh OAKTEepHid B CEPOTECKaXx.

O0BbeKT U MEeTOAbI HCCJIEeT0BAHUSA

O0mwexT nuccnenoBanus — ceporecku. [1o kmaccuduranun World Reference Base for Soil Resources
(WRB) [19] cepomecku — 3To Haplic Arenosols Eutric. YHukanbsHble necuanbie mo4Bbl PocToBcKol 00-
nacTH (TOXKeE CEPOTECKH) OTHOCST K CAMOCTOSTEIFHOMY THITY TIOYB BHE 30HAIEHOCTH ITOYBOOOPa30Ba-
Hus [20]. s ceporieckoB XapakTepeH JISTKUA TPaHyIOMETPHUIECKUI COCTaB, M3-3a Yer0 TOKCUIHOCTh
MIOJUTIOTAHTOB B 9TOM MOYBE MPOSBISETCS O0Ojee APKO, YeM Y MOYB € TSHKEIIBIM TPaHyJIOMETPUIECKUM
coctaBoM [21].

OO0pa3iubl OYBEI OTOMPAITH HA FOXKHOM Bhe3Jle B CTaHUIy BepXHeKyHApIOUeHCKYI0, Y cTh-/oHeKmit
paiioH, PocToBckast 001acTh. MecTo 0TOOpa: pa3HOTpaBHO-371aKOBasl CTelb. [1Ji1 MOJCIILHOTO SKCIIEPH-
MEHTa MM0YBY O0TOMpany u3 BepxHero ropusonta (0—10 cm). 3arps3HeHne MOJEINPOBAIH B T1abopaTop-
HBIX ycIoBHsX B TedeHue 10 cyt. [Ipu onleHKe XUMUIeCKOTO BO3IEHCTBYSI HA IOYBY 3TOT CPOK SIBIISIETCS
HanOonee nHGpopMaTrBHEIM [22]. MHKyOarmio NpoBOAMIN IPU KOMHATHOM Temiiepatype 20-22 °C u ¢
MoJIIepKaHueM BIIAXKHOCTH MOYBHI Ha ypoBHe 40 % oT moneBoit Bnaroemkoctu. KoHTponem ciyxumna
He3arps3HEeHHas T0YBa.

HUccnenoBanu 3arps3HeHne 28 XUMHUUECKUMH dIIEMEHTaMHU (TsDKEITbIe METaJUTbI, METAION/IBI U HeMe-
TEUIJH)I)Z Agzo, B203, Bi203, CdO, COO, CI‘203, CuO, Ga203, Ge203, HgO, Ml’lOz, MOO3, Nb02, Ni203,
PbO, Sb,0s, Sc,03, SeOa, SnO, SrO, TeO,, Tl,03, V205, WO,, Y203, Yb203, ZnO. 115 3arpsa3HeHus uc-
TMOJIH30BaIM OKCHJIBI DJIIEMEHTOB, TaK KaK 3arpsi3HEHUE MOYBBI TSHKEIBIMU METAJUIAMU U METAJUIONIAMHU
00BIYHO MTPOUCXOIUT B (hopMe OKCHUIOB [23], a TakKe I UCKITFOUCHHUS TOKCHUECKOrO BO3JCHCTBHS Ha
OHMONIOTMYECKHE TOKA3aTEIH TIOUBBI COIMYTCTBYIOIIUX aHHOHOB, KaK 3TO OBIBACT ITPU BHECEHUH PACTBOPH-
MBIX COJIEH XMMHUYEeCKUMHU dteMeHTamu [24]. VckirodeHne npeacTasisut (Top, BHOCHUMEIHA B opme GTo-
puma Hatpus — NaF, Tak kak 3Ta ¢opma gare BCero MpuCcyTCTBYET B 3arps3HEHHON cpene [25].

Jnst cpaBHEHHS SKOTOKCHYHOCTH TSKENBIX METAJUIOB, METAJUIONIOB U HEMETAJUIOB MEXTy co00it
OBLITH B3ATHI OJTUHAKOBBIE J03bI JIst BceX AneMeHToB — 10 u 100 mr Ha 1 kr mouBkl. Mcmonb30Banu Takue
KOHIICHTPAIINH, TaK KaK M3-3a Pa3HBIX (POHOBBIX KOHIIEHTPAIMH Ha MEHBIIHX a03ax (MeHee 10 mr are-
MeHTa Ha 1 KT 1OYBbI) OOJIBIIMHCTBO UCCIIEAYEMbIX XMMUYSCKUX JIEMEHTOB HE NPOSBUIIA Obl TOKCHY-
HOCTh (HampuMep, Mapraselr), a Ha OOJBIINX — CIMIIKOM BBICOKYIO (HallpuMep, KaaMHid).

OOI11y 0 YUCIIEHHOCTh OaKTEPUN ONIPEIEIISIITH TOYHBIM H JIETKOBBITTOIHSAEMBIM METOIOM ITPSIMOH JTFO-
MHUHECIICHTHOM MHKPOCKONHMU B TajarwoiieM csere. Meron moauduimposan J[.I'. 3BAruHIEBBIM U
I1.A. KoxeBunbiM [26-28]. OnpeeneHne 4UCIEHHOCTH OaKTePHit OCHOBAHO Ha ONTHYECKOM HCCIICI0-
BaHWU OaKTEPHi, OKPAIICHHBIX aKPUJIMHOBBIM OpaHXeBbIM. [Ipu HCIIOIB30BaHUH TAaHHOTO METO/1a J0-
CTHUTAETCsl TOYHBIA MOJCYET KOJM4IecTBa OakTepuil B mouBe. MUKPOCKOITMPOBAHNE OCYIIIECTBIISUIA Ha
mukpockorie HBO 100 Microscope Illuminating System (Zeiss).
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Pe3ynbraThl aHAIM3a YUCICHHOCTH MMOYBEHHBIX OaKTEPHI MOABEPTaIl CTATUCTUYCCKON 00padoTKe:
BapUAIIOHHOMY U JIHCIIEPCHOHHOMY aHann3y. CTatuctuyeckas o0paboTka TaHHBIX MPOBOIMIIACH C FC-
TTOJIb30BaHUEM TIporpaMMEbl Statistica 12.0.

Pe3yabTaThl M 00CyxKIEHHE

3arpsi3HEHHE CEPOIECKOB TSKEIBIMUA METAJIaMH, METAJUIOMAAMH U HEMETAJIaMH MIPUBEJIO K CHHU-
JKEHUIO YMCIICHHOCTH TIOYBCHHBIX OaKTEePHi BO BCEX BapHaHTaX onbita. CTENeHb CHIDKEHUS TTOKa3aTels
HaXOAWTCS B IPSAMOIl 3aBUCHMOCTH OT KOJIMYECTBA 3arPA3HSIONIETO BEIECTBA.

PamxupoBaHne XUMUYECKIX SJIEMEHTOB 10 CTETICHN CHIDKEHUS YHCICHHOCTH TOYBEHHBIX OaKTepHil
MOKa3aHO Ha PUCYHKE.
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W3meHeHne o0IIel YUCIIEHHOCTH OaKTEePHiA B CEPOINECKax MPH 3arPs3HCHUN XUMAYECKUMU 3JICMEHTaAMH
B KOHIIeHTpauu: a — 10 Mr/kr mouBsl, % OT KOHTpoIIst; 0 — 100 Mr/Kr mouYBkL, % OT KOHTPOJIS
/ Change in number of soil bacteria induced in sierosands by pollution by chemical elements in concentration:
a - 10 mg/kg soils, % of control; b - 100 mg/kg soils, % of control
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Ps TOKCHYHOCTH TSDKENBIX METAIIOB, METAJUIOMIOB M HEMETAJUIOB IPH BHECEHUH 3JIEMEHTOB B pa3-
Mepe 10 MI/KT MOYBBI BRITISIAUT cienytommm oopazom: Te > Se > Ag > Cr> Ge > Hg>Bi> Yb > Tl >
>Sn>Ni=Cd>W=Cu=Sc>Sb>Nb=Co>Y>B=Ga>Sr>Pb>V>Mo>Zn>F>Mn.

[Tpu BHecennu 10 MI XUMHYECKHUX 3IEMEHTOB Ha | KT IOYBBI HAMOONBIINK HETaTUBHBIN 3¢ (deKT Ha
YyHCcIeHHOCTh OakTepuil okazanu Te, Se u Ag — Ha 48—54 % Hmxe koHTposs. Hanbonee ycToiunBeiMu
0 YMCIIEHHOCTH OakTepwii oka3zanuchk Mn (Ha 4 % Hmxe koHTposs) U F (Ha 6 % HIDKE KOHTPOIIS).

[Tpu noBBIIIEHUHN A03BI 3arps3HSIOMNX BetlecTB A0 100 MI/KT MOYBBI YUCIEHHOCTh OaKTEpUil CHU-
JKallach CUIIbHEE, YeM MpH BHeceHUH 10 Mr.

Psn TOKCHYHOCTH TSDKEINBIX METAJUIOB, METAJUIOMIOB M HEMETAJUIOB IIPH BHECEHUH 3JIEMEHTOB B pas-
mepe 100 mr/kr mouBsl: Ag > Cr>Hg>Se>Te>Ge>Bi>Yb=TI>W>Sn=Cd>Cu=Sc>Sb=
=Ni>Co>B>Nb>Y>Sr=Ga>V>Zn>Mo>Pb>F>Mn.

HawubGonpuryro Tokcnunocts npossuwin Ag, Cr u Hg. Uncnennocts Oaktepuii cHusuiack Ha 71-78 %
10 CPaBHEHUIO C He3arpsi3sHEHHOH mouBoiil. Hanboiee ycTOWYHBBIMY 110 YUCIIEHHOCTH OaKTepHil OKa3a-
mch Mapraden U ¢Top. Ilpu BHecennu 100 MI/KT MOYBBI 3TH AJIEMEHTHI CHU3UJIM YUCIEHHOCTD TI0Y-
BEHHBIX MUKPOOPraHU3MOB Ha 22—24 % OTHOCHUTENBHO KOHTpOJIA. HauMeHbIIyI0 TOKCUYHOCTh, KaK U
npu BHeceHHH 10 mr/kr, nposBuian Mn u F (1a 21-26 % Huke KOHTPOJISI COOTBETCTBEHHO).

Takum 00pa3om, K HanboJIee TOKCHYHBIM XUMHUECKHM DJIEMEHTAM 10 CTECIICHH CHHYKEHHUST YHCIICH-
HOCTH NOYBEHHBIX OakTepuii MoxkHO oTHecTH Ag, Cr, Hg, Se u Te. DTu 311eMeHTBI OTHOCATCS K pa3HbIM
XUMHYECKHAM TPyIIaM: Tspkembie Metautbl (Ag, Cr), metammounasl (Te) u mHemeTamist (Se).

Xpom, SIBJISISICH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIM METAJIOM, JIETKO HEPEXOIUT U3 OJHOM CTe-
nenu okucienus (1) B apyryro (VI), 6onee Tokcuunyro [29]. Xpowm (I1I) sBisieTcss BBICOKOTOKCUYHBIM,
OMOJOCTYIHBIM U KaHIIEPOT€HHBIM TS BCEX KUBBIX OpraHu3zMoB [30].

TokcumunocTh Ag nokaszaHa mpeapaymuMu uccienoBanmsmu [31]. Cepebpo, cBA3BIBasCH ¢ Oen-
KaMH, CIIOCOOHO UHTMOMPOBATh (DEPMEHTHI M CHHXKATh MTPOHUIIAEMOCTh OHOJIOTHYECKUX MeMOpaH [32].

[TpuuuHBI HEraTUBHOTO BIUSAHMS Te Ha OMOJIOrMYSCKUE CBOMCTBA MOYB, TAKXKE KaK U Se, BhIpaKa-
IOTCSI B YTHETEHUH MOYBEHHBIX ()EPMEHTOB M CHWKCHUHU IMPOHUIIAEMOCTH OMOJIOTHYECKUX MEMOpaH C
MOCIEAYIOINM HapylleHneM oOMeHa BemiecTs [33].

[MToxoxkwue psiibl OBUIH MOMYUYCHBI paHee MPU N3yUYSeHHH OHOJIOTUYECKUX U OMOXUMHUYECKUX MOKa3a-
TeJel YepHo3eMa OOBIKHOBEHHOTO TSDKENOCYTIIMHUCTOTO [34-37].

Hcnonb3yemas A1l OLEHKH TUIOA0POIUSl © MOHUTOPHHTA 3KOJIOTMIECKOH 0e3011acCHOCTH TI0YB HOP-
MaTHBHas 0a3a TpeOyeT mopaborku. HeoOxomuma najibHelmas padoTa 1o U3yueHUIO BIIMSHHS JICH-
CTBHS TSDKEJIBIX METAJJIOB, METAUIOMIOB U HEMETAJUIOB Ha 3KOJIOT0-OMOJIOTHYECKUE MMOKa3aTeIn CO-
CTOSIHUS T10YB, TaK KaK KPUTEPUU OLIEHKHM MOYB JIOJDKHBI YUUTHIBATh HAYYHO 00OCHOBAaHHBIN Oe3omac-
HBIH YPOBEHb KOHIIEHTPAIIUN XUMHUECKHX 371eMeHTOB [38].

3aKkiIoueHne

UuncieHHOCTh MOYBEHHBIX OaKTepuii B ceporieckax CHHUXaeTcs rpu BHeceHuH B mouBy 10 u 100 mr
TSDKEJTBIX METAJLIOB, METAJUIONIOB U HeMeTau10B. CpaBHUTENbHAS OIICHKA IKOTOKCUYHOCTH 28 TsKe-
JIBIX METAJUIOB, METAJJIOU/IOB ¥ HEMETAJNIOB MO3BOJIMIIA YCTAHOBUTH, YTO TI0 CTEIICHH CHIDKEHUS YHC-
JICHHOCTH OaKTepuil B cepoIiecKax Mmpy BHeCeHUH 10 MI/KT MOYBBI HCCIICIOBAaHHbBIC 3JIEMEHTBI paciofia-
raroTcs cieayromum oopasom: Te > Se> Ag>Cr>Ge>Hg>Bi>Yb>TI>Sn>Ni=Cd>W=Cu=
=Sc>Sb>Nb=Co>Y>B=Ga>Sr>Pb>V>Mo>Z7Zn>F>Mn. P41 TOKCHUHOCTH TSDKEJIBIX
METaJUIOB, METAJUIONAOB U HEMETAJUIOB ISl CEPOIIECKOB IIPH BHECEHUH DJIEMCHTOB B KOHIICHTPAITIH
100 MI/KT TIOYBBI BBITISIIUT clienytonmM oopazom: Ag > Cr>Hg>Se>Te>Ge >Bi>Yb=TI> W >
>Sn=Cd>Cu=Sc>Sb=Ni>Co>B>Nb>Y>Sr=Ga>V>Zn>Mo >Pb>F>Mn. K
HauboJIee TOKCHYHBIM XHUMUYECKUM 3JICMEHTaM, BJIMSIONIUM Ha YUCIECHHOCTh TIOYBEHHBIX OaKTepuH,
otHocsates Cr, Hg, Se u Te. HeoOxoammp! qamsHEUIITNE UCCIEAOBAHMS BIUSHUS ACHCTBUS XUMUIECKAX
AJIEMEHTOB Ha 3KOJIOTO-OMOJIOTMUECKUE TIOKA3aTEIH COCTOSHUS ITOYB.
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HEKOTOPBIE BHOXUMHWYECKHAE 1 MOP®OJIOT'MYECKHAE CBOMCTBA
JIPOXKKEN SACCHAROMYCES CEREVISIAE B YCJIOBUSIX CTPECCA (OB30P)
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123 [Tpukacnuiickuti uncmumym 6uono2udeckux pecypcos Jlazecmanckozo (hedepaibho2o ucciedo8ameibeko2o
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Annomayus. B 0630pe npoananuzuposansl npoyeccol adanmayuu Opodicxcell Saccharomyces k skcmpemaob-
HbIM Ycrosusm. Mumepec K u3yueHuio cmpeccosblx 8030etiCmeuil Ha Memaboau3m OPOANCIHCELL CESI3aH C UCTONb30~
BAHUEM IKCMPEMODULLHBIX ULMAMMOS 8 PA3IULHBIX Ouomexnonousx. Paccmompenvt ochognble buoxumuueckue
npoyeccwl, PyHOAMEHMANbHbLE NO C80CU NPUPOOE U NPOUCXOOAUIUE 8 KILEKAX OPOIICIHCEL NPU KPUMULECKUX 3HA-
yenusx memnepamypul, smanona, pH, NaCl u emokosvl. TIpugodsimest mopghonocudeckue XapaKmepucmuki Kie-
MOK U 2ULAHMCKUX KOTOHULL OPOACIHCEl, 3aKOHOMEPHOCMU 00PA308AHUSL KOTMOPBIX OMPAICAIOM USMEHEHUs 8 Kile-
mouHoM Memabonuzme 8 IKCMPeManbHblx ycaogusx. O600ujeHbl UCCIe008aHUsL NPOMBIULEHHBIX WMAMMO8, NPO-
800UMbLE OISl YIVHULEHUSL KUHEMUKU (epMeHmayuy, 6b1xo0d npooyKma u YCmouyugocmu Kiemok 6 YCI0GUSIX
cmpecca. Hecmomps na 6onvuwoe konuuecmso nyoauxayuii 8 9mou 001acmu, 04e8uona nepcnekmueHoCcmy 0aib-
Heliule2o u3y4eHust PU3UOIOSULECK020 COCMOANUS KNemOoK S. cerevisiae 8 IKCMPEeMAIbHbIX YCL0BUSIX, YMO 8ANCHO
07151 ROHUMAHUSL PE2YIAYUYU MeMAOOIUMA OPOACIHCEU U PEUEHUs] MEeXHOIOSUYECKUX 3a0al.

Knrwouesvie cnosa: opooicoicu, skcmpemopuibHble wmammyl, KIemKuy, 2UAHMCKUe KOLOHUU, OUOXUMUSL, MOD-
gonocus, buomexronozus
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Abstract. This review analyzes the processes of adaptation of yeast Saccharomyces to extreme conditions.
Interest in the study of stress effects on yeast metabolism is associated with the use of extremophilic strains in
various biotechnologies. The main biochemical processes that are fundamental in nature and occur in yeast cells
at critical temperatures, ethanol, pH, NaCl and glucose are considered. The morphological characteristics of cells
and giant colonies of yeast are given, the patterns of formation of which reflect changes in cellular metabolism
under extreme conditions. The studies of industrial strains conducted to improve the fermentation kinetics, product
yield and cell resistance under stress are summarized. Despite the large number of publications in this field, it is
obvious that further study of the physiological state of S. cerevisiae cells under extreme conditions is promising,
which is important for understanding the regulation of yeast metabolism and solving technological problems.

Keywords: yeast, extremophilic strains, cells, giant colonies, biochemistry, morphology, biotechnology

For citation: Islammagomedova E.A., Khalilova E.A., Abakarova A.A. Some Biochemical and Morphological
Properties of Yeast Saccharomyces Cerevisiae under Stress Conditions (Review). Bulletin of Higher Educational
Institutions. North Caucasus Region. Natural Science. 2022;(3):129-138. (In Russ.).

This is an open access article distributed under the terms of Creative Commons Attribution 4.0 International
License (CC-BY 4.0).

BBenenue

Nzydenne cTpeccoBBIX BO3ACUCTBUI HAa METAOOIH3M APOIOKEH NIMEET BaXKHOE 3HAUSHHE /IS ITOMCKA
AKCTPEMO(MIBHBIX IITAMMOB — IIEPCIIEKTHBHBIX OOBEKTOB pPazMUYHBIX OmortexHomoruit [1, 2]. Us-
BECTHO, YTO B OINpPEENICHHBIX SKOJOTHUECKMX HHUIIAX MHKPOOPTaHU3MBI PACIIONATAIOT KOMILIEKCOM
aJlanTallMOHHBIX MeXaHU3MOB. Tak, ompeaeneHHON MOMYJISIUed APoxKe Saccharomyces cerevisiae
nproOpeTeHa pe3UCTEHTHOCTh K KPAaTKOBPEMEHHOMY MaKCUMyMy Temneparypsl [3]. B ecTecTBeHHBIX
YCIOBUSX IpOXKU Debaryomyces hansenii cCHOCOOHBI HAXOAUTHCS B THIIEPCOJICHBIX BOJIAX; B CHIBHO
3aCOJICHHBIX MTOYBAX JOMUHHPYIOT IaJIOTOJIEPAHTHBIE U SKCTPEMAITbHBIE Ta0(WIIBL, TTOIJICPKUBAIOIINE
AKTUBHOCTbH U CTPYKTYPHYIO LIEIOCTHOCTH (hepPMEHTa B YCIOBHUIX BBICOKON KOHLEHTPALUH conu [4, 5],
YTO MO3BOJISIET KJIETKAM COXPAHSTh BHICOKYIO CKOPOCTh PA3MHOKEHHSI.

Ha ocHOBe TeHHOTO TPaHCKPHUIIIMOHHOTO U (YHKIIMOHATILHOTO aHaIn3a HAKOTIJICHBl HOBBIC 3HAHUS
0 OMOXMMHYECKUX U MOJICKYJISIPHBIX MEXaHU3Max TOJIEPaHTHOCTHU APOXKei Kk cTpeccy. M3BecTHO, UTO
OJITHUM M3 MEXaHMU3MOB aJaNTallud IPOXOKEH SBJISETCS MOJIMIUIONANS, 00ecIeurBaroas B yCIOBHIX
CTpecca MPEeUMYILECTBO OMpeAeNeHHoro ¢peHoTrna. ['eHeTnyeckre pa3nuyuus MTaMMOB S. cerevisiae
NPEIONPEAEISIIOT X )KU3HECHIOCOOHOCTD U CIIeU(PHUIECKYIO aalTalllio B SKCTPEMAIIBHBIX YCIIOBHIX
[6, 71.

buoxuMuuyecKkre MeXaHU3MBbI aJanTalun )IpO)R)Keﬁ K CTpeccy

OcCHOBHBIE OMOXUMHYECKHE MTPOIIECCHI, IPOUCXOISIINE B SKCTPEMAILHBIX YCIOBHUAX B KJIETKE, (PyH-
JIAMEHTAIILHBI TI0 CBOEH TpHpoJie. ITO MHIYKIIUS CTpecc-0eKOB, HAKOIUIEHHE MOTU(OCHATHBIX H JIH-
MUIHBIX TPaHyJl, MOSBJICHUE B COCTABE JUMUAOB )KUPHBIX KUCIIOT C ATMHHOW LENbIO, OMHOTHITHBIE U3-
MEHEHUS YIBTPACTPYKTYPHI KJIIETOK IPOXIKeH (yBeTUUEeHHE pa3MEepOB MUTOXOHPUH, TIOBBILIICHUE YHC-
JICHHOCTH U pa3MepoB mnepokcucom) [ 1, 8]. OnHum u3 HanboJjiee BaKHBIX (AaKTOPOB, BIMSIOIINX HA aK-
TUBHOCTH JIPOXOKEH, sIBIsieTCsl TeMmrieparypa. TemreparypHasi alanTaiusi COPOBOXKIAETCs, TOMUMO
00MmKX 3aKOHOMEPHBIX OMOXMMHMYECKHX IPOLECCOB, MOAYISLUSIMH B M30MEPHOM COCTaBE >KUPHBIX
KHCJIOT Y JITIMHE UX IIeTIeH, pa3IuausiMi B MUKPOBSI3KOCTH TIOJIIPHBIX U HEUTPATLHBIX JIMITUIO0B M KOP-
persiell CTereH! X HEHACHIIICHHOCTH; MOBBIIIEHHEM YPOBHS TPETrajlo3bl CPEN YIIIEBOJOB IIUTO-
3oms. Tperasioza cTaOMIIM3UpPYET CTPYKTYPY MeMOpaH, MpeAoXpaHss X OT 00€3BOKUBAHUS ITPH TIOBBI-
nieHun Temrepatypbl. ConepaHue Tperajos3bl B KIETKE ONPENeseTcsl JTUTEIbHOCTHIO TEIUIOBOTO
I0Ka ¥ 0COOEHHOCTSAMU MTaMMa apoxokedt [1, 8, 9]. YauBepcaibHbIM OMOXHMHUYECKIM MEXaHU3MOM
aJanTalnry K HI3KOTEMIIEPaTYpPHOMY CTPECCY SIBIISIETCS TOPMOKEHHE )KU3HEHHOM aKTHUBHOCTH, CBSI3aH-
HOE CO CHIDKCHUEM YPOBHS METa00IMYECKHX MPOLIECCOB. B KileTkax n3MeHseTcs coaepkanue cyocrpa-
TOB JHEPreTUYECKOro O0OMEHa, MPOMCXOJUT 3aMEHa OCHOBHBIX OEJIKOB BEreTaTWBHOW KJIIETOYHOMN
CTEHKH Ha MaHHOTpoTeuHsI [ 1, 8, 10].
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[Tpu ocMOTHYECKOM CTpecce MPOUCXOAST OJHOTUITHBIE OMOXMMUYECKHE MPOLECCHl U M3MEHEHUS
YIABTPACTPYKTYPHI KJIETOK (CHHTE3 O€JIKOB U TPErajao3bl, U3MEHEHUs B KUPHOKHUCIOTHOM COCTaBE JIH-
MU/IOB, YBEJIIMYCHUE pa3MepPOB MUTOXOHAPHUH U mepokcrucoMm) [1, 8, 11]. B mporiecce BoccTaHOBIEHUS
MHAYLUPOBAaHHBIX KJIETOYHBIX MTOBPEXKACHUN B pE3ysIbTaTe OCMOCTpecca BakKHAs POJib NMPUHAICKUT
MYJIbTUIPOTENHOBBIM KOMIUIEKCAM MJIM MEMOpPaHHBIM O€JIKaM, IIPH 3TOM PEaKLUsl Ha MTOBBIILIEHHOE CO-
JepKaHue IIIIOKO3bl 3aBUCUT OT KOHKPETHBIX OenKkoB. BocnmpuuMYMBOCTD APOXOKEH K BBICOKMM KOH-
LEHTPALUsIM TIIOKO3BI B Cpefie onpeaessiercs: (PepMEHTaTUBHON CUCTEMON M SIBIISICTCS MHIUBHYalb-
HOW XapaKTepHUCTUKON MITaMMa. 3allluTHAsI POJIb PE3EPBHBIX YITIEBOIOB 3aKII0UAETCS B BBIpaBHUBAHUH
OCMOTHYECKOT0 JaBJICHHUS BHYTPU U BHE KIIETOK U NMOAJEP)KaHUH Typropa LHUTOILUIa3Mbl; OHA 00yCIIOB-
JIeHa B3aUMOJEHCTBUEM MEXIY PEAKLUSIMH aKKyMYJISALUU U YTUIM3ALUN TPETrano3bl U TIUKoreHa [12,
13]. OBomronMOHHAas afanTanys APoxKKeH S. cerevisiae K COIEBOMY CTpecCy CBA3aHA C YBETUYECHUEM
pasMepa reHoMa U YMEPEHHbIMH U3MEHEHUSIMH IKCIIPECCUU HEKOTOPBIX T€HOB. Y CTOWYMBOCTB K COJIe-
BOMY CTPECCY Pa3BHBAETCS IPHU IIOMOIIH HOHHOI'O FOMEOCTa3a U OCMOTUYIECKOM peryIupOBKH, JOCTH-
raeMoi 3a cueT HaKOIJIGHHS PAaCTBOPEHHBIX BELIECTB BHYTPH KIETKU. B ycrmoBHsX coseBoro crpecca
cHIDKaetcsi 00beM Kkinetok. OOHapyKeHa KOPPEIsIHsS MEXIy COJIEeTOJIePAaHTHOCThIO ()epMEHTOB U J0-
JIel KUCIIBIX aMMHOKHCIIOT B O0IIEM KJIETOYHOM O€JIKe; YBEIHIMBACTCS COACP)KaHUE TITMKOIUTHUECKUX
COCIIMHEHMIA; B IUTO30JIM HAKATLTMBACTCS TIMLEPUH, CHHTE3 KOTOPOTO SBJISIETCS KIFOUEBBIM (PAKTOPOM,
o0ecTeyrBalonIM POCT MOMYJISIIAN IPOXIKEH MPH BHICOKUX YPOBHSX COJIM; M3MEHSIETCS MOTEHIMAT
TUTa3MaTHYeCKo MeMOpaHbl 1 BHyTpukieTouHoro pH [11, 14, 15].

B HeKoTOpBIX 3KOCHCTEMAax BBICOKHE KOHLEHTPALUHU COJEeH JOCTATOYHO YacTO COYETAIOTCS C KPH-
TUYeCKUMH 3HaueHus MU pH. B MaHHBIX YHUKANbHBIX MPUPOTHBIX YCIOBUSAX IMPOLECC aJanTaluy 3a-
KJIIOYaeTCs B HAKOIUICHUH 3apSHKEHHBIX HOHOB U3 OKPYKAIOLIECH Cpebl WM CUHTE3€ UTOIIa3MaTHye-
CKUX OCMOPETYJIATOPOB; CTAOMIN3ALNH JUIMIHOIO COCTaBa MUTOXOHAPHAIBHBIX MEMOpaH; HaKoIUIe-
HUM WOHOB HATPHUsS, CBOOOIHBIX JKUPHBIX KHCIOT M aMHHOKHCIIOT, YTO JaeT BO3MOXKHOCTH KIIETKE
HEUTpaIN30BaTh MOBHIIIICHHOE COICPKaHIE COIHM B CpeJie KyIbTuBupoBanus [1, 16].

N3BecTHO, uTo pH cpenbl siBisieTCst BaXXKHBIM (PaKTOPOM, BIUSIOIIUM Ha CTETIICHb TUCCOLMALIIN KOM-
TIOHEHTOB CPEJIbl, CHCTEMY TPAHCIIOPTA MUTATEIbHBIX BEMIECTB, CTPECCOYCTOMYMBOCTD M ()ePMEHTATHB-
HYI0 aKTHBHOCTB Jiposokedt [ 16—19]. Kaxxaplit epMeHT NposBiIsieT MaKCUMallbHOE JASUCTBHE IIPH OIpe-
JIeJIEHHOH /17151 Hero KOHLIEHTPAIMU BOJIOPOJHBIX HOHOB, OAHAKO pH-0NTHMYM 111 HEKOTOPBIX (hepMeH-
TOB MOXXET BapbUpPOBATh B LIMPOKHX Npenenax. V3MeHeHue 3IeKTpUuecKoro 3apsiaa ¢pepMeHTa moj
BIMsiHMEM pH BiedeT M3MeHEHHEe CTPYKTYPHI M MPOCTPAHCTBEHHOT'O PACTIONIOKEHHUS OIHUIETITHAHOM
LENH U, COOTBETCTBEHHO, CKOPOCTH (PEepMEHTHOIo AEHCTBUSA. B momaep:kaHMM MOHHOTO roMeocTasa
JPOKKEBOH KJIETKU BaXKHYIO POJIb UTPAIOT KIIIOUEBbIE PEPMEHTHI SHEPreTHUECKOro 0OMeHa, TeHepHpY-
IOIIHE JEKTPOXHUMUYECKUI TpaJineHT MPOTOHOB Ha IUIa3MaTHUECKOW MeMOpaHe, a Takke dPPeKTHB-
Hble Oy(epHbIe cucTeMbl, BKItouatonme Gocdarel, OrkapooHaT 1 aMuHOKUCIOTHE [19, 20]. M3BecTHa
3aBHCUMOCTb aKTHBALlMH TPAHCKPHUIILIUU CTPECCOBBIX I€HOB OT U3MEHEHHMS MOJISIPU3aLlIY BHYTPEHHEN
MeMOpaHbl MUTOXOHApU. Criennpuieckue pasinuus ITaMMOB JPOXIKEN S. cerevisiae, TOIEPAHTHBIX
K pa3inuHbeIM pH, reHeTndecku npenonpeaeneHsl. B oTBeT Ha cTpecc Mpu HU3KHUX 3HadeHuax pH mpo-
MCXOJIUT U3MEHEHHE KJIETOUHOTO METa00IM3Ma JAPOOKEH S. cerevisiae: nmeperpynnupoBKa JUIUA0B U
yMeHblIeHue GochaTHINIX0INHA, OAHOTO U3 OCHOBHBIX KOMIIOHEHTOB KJIETOYHON MeMOpaHBbI; mepe-
pacnpezneneHie yraeBo0B B KJIETOYHOM CTEHKE; 3HAYNTEIbHOE U3MEHEHHE OEIKOB arperamnuy, OTBET-
CTBEHHBIX 3a CHIDKEHHE TeMIoB pocTa KieTok [20, 21]. OnHuM U3 MEXaHU3MOB aaNTaIlil HEKOTOPBIX
KyJbTyp MUKPOOPTraHU3MOB, CYIIECTBYIOIIMX B MIPUPOJE NPU HU3KUX pH, sIBIIAIOTCA U3MEHEHUS B T1O-
CJIeTOBATEILHOCTH HYKJIeOTHI0B B XxpomocomHuoi JIHK [8, 22]. B menouHoii cpene KyaIbTHBHPOBAHUS
BaXHYIO pOJIb B aianTanuu K pH-cTpeccy UrparoT MUTOXOHAPUH: MPOUCXOIUT yBEITUIECHNE COIEepIKa-
HUSI X OEJTKOB OTHOCHUTENHFHO OEJIKOB LIMTOIIIa3Mbl, aIaNTalus IPOXKKEeH COPOBOKAAETCS MOBBIIIECH-
HOH 3KCIIpeccuell TeHa MUTOXOHIPUAIBHOTO pepMeHTa anbdakeroriyraparaeruaporenassl. [Ipossis-
eTcs CIOCOOHOCTh (epMEHTOB (PYHKIIMOHMPOBATh MPH BBICOKKMX 3HaueHusx pH. Tak, ontumymsr pH
OonpIMHCTBA (PEPMEHTOB TaI0ATKATO(QUIBHBIX MUKPOOPTaHU3MOB HAXOASTCS B OOJACTH MIETOYHBIX
3HavyeHuil. [1pu 3Hauenusx pH, yrueraromie AeCTBYIOMIMX HA POCT APOXIKEH, HAOIIOAAETCS CHIKCHUE
JUTIOTeHHOHN aKTHBHOCTH Jipoxokedt [1, 8, 11].

B ycnoBusX 3TaHONBHOTO CTpecca OPOXOKHM Pa3sBUBAIOT PAa3/IMUHbIC aJalTallMOHHBIC MEXaHU3MBI,
BKJIIOYAIOIINE CUHTE3 TPErajao3bl U OEJIKOB TEIUIOBOTO IIOKA; M3MEHEHHUS JIMITUAHOTO COCTaBa Imia3ma-
THYECKOH MeMOpaHbI, 00yCIOBICHHBIE OoJiee HU3KOW TEKY4eCThI0O MEMOpaHbI, BBI3BIBAIONICH MOBBI-
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IICHHYIO TOJICPAHTHOCTH K 3TaHOoJy [23]. BhICOKHE KOHIICHTpAIMH ATAHOJIAa HHTHOUPYIOT aKTUBHOE T10-
TJIOICHHE MUATATEIBHBIX BEIIECTB, YTO TOPMO3HUT POCT KJIETOK; IPOUCXOUT YBEIMUCHHE MPOHUIIAEMO-
CTH Y TIOPUCTOCTH KIIETOYHOW MeMOpaHbI; HaOIr0MaeTcs AeQUIUT JOCTYHOM nuToIuiazMe Bo bl du-
3MOJIOTHYECKUE U3MECHEHUS BBIPAXKAIOTCS B YBEIMUEHUH TTIOTPEOICHNUS aMMOHHUITHOTO a30Ta, METa0OJTu-
YeCcKHe — B BBICOKON aKTHBHOCTH MaJIaT/ICTHJIPOTeHA3bl, B 230THOM OOMEHE — B BO3PACTaHHU aKTHBHO-
CTH peakiuii mepeamMuHupoBaHus [24-26]. [losTomy rccnenoBaHie MEXaHU3MOB a/IaIITAITIH JPOXOKEH
Ha OMOXMMHUYECKOM U MOJICKYJIIPHOM YPOBHSIX, HCIIOJIb30BaHUE TEHHOW HHXCeHEpHH [27] MoryT obec-
MIEYUTh OCHOBY JJISI CEJICKIIUU IITAMMOB C MOBBIIIICHHOM TOJIEPAHTHOCTHIO K ATAHOIY.

Mopddosiorudeckne 0COOEHHOCTH KJIETOK U THTAHTCKUX KOJIOHUH Apoxikeid S. cerevisiae
B 3KCTPEMAJILHBIX YCIOBHAX

broxumuyeckre MEXaHU3MbI aJalTallid K 3KCTPEMAIbHBIM YCIOBHSM OKAa3bIBAaIOT BIMSHUE U Ha
MOP(}OJIOTUYECKUE CBOWCTBA APOsoKeit 28, 29], B TOM YuCIie Ha XapaKTEPUCTUKUA TMTaHTCKUX KOJIOHUH,
3aKOHOMEpPHOCTH 00pa30BaHUs KOTOPBIX OTPaKalOT M3MEHEHHUS B KJIETOYHOM MeTaboiM3Me U cpefie
kyneruBupoBanus [30]. OnpeneneHHoe BIMsHUE HA pa3Mep M (HOpMYy KIETOK THTAHTCKUX KOJOHHUI
Ipoxokert Saccharomyces oka3bIBaeT TeMIlepaTypHbId crpece [8, 29]. 'unepocMoTHYECKHUI TIOK CIIO-
COOCTBYeET IPeoOpaKCHUIO MMOBEPXHOCTH IPOXKIKEBBIX KJIETOK M BIIOCIECTBUH BBI3BIBAET OBICTPOE CO-
KpallleHHe UX pa3Mepa, BOCCTaHABIMBACMOE BO BPEeMs aJalTally, 3aMeJICHHE KIETOUHBIX auddy3u-
OHHBIX TIPOIecCOB U Aedopmanmio MeMOpaH [9, 11]. UnauBuyansHbIe CBOWCTBA KJIETOK BIUSIOT Ha
CIOCOOHOCTh KOJIOHMH aIaliTUPOBATh CBOIO BHYTPEHHIOI OPTaHU3AIMI0 K OCMOTHUYECKOMY CTPECCy.
Tak, yBeInueHHEe KOHLCHTPALMH TIFOKO3bI CIIOCOOCTBYET pocTy KosoHuu. [Ipu aTom skcmpeccus re-
HOB, YYaCTBYIOIIUX B METa00IN3ME YIIIEBOAOB, 3aBUCUT OT UCTOYHMKA U KOHIICHTPALINH TITFOKO3bI [31].
B pesynbrare Bo3zaelicTBus BbicokoH KoHneHTpauuu NaCl u kputnaeckux 3HadeHuit pH kietku npuoo-
perarot Oosiee OKpyTiIyto hopmy [32], IpU STOM MPOUCXOIUT PErYIUPYyEMOe U3MEHEHHE UX 00beMa, KOp-
PEKTHUPOBKA IIOBEPXHOCTH, MOp(oreHe3a u pocTa Aposxxkeit [29]. B ycaoBHAX 3TaHONBHOTO CTpecca A
KJIETOK XapaKTepPHO HaJMUUe SIPKO BBIPAKEHHBIX TITYOOKWX MHBAarMHAIMK [TUTOIIA3MATHIECKO MeM-
Opansl [1].

TosnepaHTHOCTb OTAEIBHBIX IITAMMOB K Pa3IMYHbIM BHIAM CTPECCa 3aBUCHUT OT MX (DYHKLIHNOHAIb-
HOT'O COCTOSIHHSA W TUIOUTHOCTH [6, 33, 34]. Ilpu nossimennoit (37 °C) u auskoii (4 °C) temrieparype,
sHaueHusx pH 3,0-11,0, kputrueckux konnentpanusx NaCl u sTaHona B cpefie KyJTbTHBUPOBAHUS U3-
MensieTcs hopma KIeTOK NOJIMIUIONIHOTO TaMMa S. cerevisiae Y-503 u XxapakTepHO COXpaHEHHUE cde-
pudeckoit (hopMbl TarongHOro mTamma S. cerevisiae DAW-3a. Pa3mepsl kieTok 000HX IITaAMMOB
YMEHBIIAIOTCS, IPU 3TOM B TomyJsiuu Y-503 cpeanuii pazmep KieTok B 1,5 pa3a Oosbliie o cpaBHe-
Huto ¢ DAW-3a npu Bcex pexumax KylIbTHBHPOBaHHA. B KieTkax HakalUIMBalOTCS METaXxpOMAaTHH,
TJIMKOTEH, JIMIUIHBIE TPaHyJIbl, T03BOJISIOIINE APOXOKAM JIETde IEPEHOCUTh OCIEACTBUS cTpecca. ['u-
TaHTCKUE KOJIOHUU 000MX IITaMMOB B IJaHHBIX 3KCTPEMAJIBHBIX YCIOBUSX PearupyroT HASHTHYHO — U3-
MEHSIFOTCSl UX (POPMBI, pazMepsl U CTPYKTYpHI [35, 36]. [Ipu paznuunbix pH 1 onTuManbHOM Temiepa-
type 30 °C kosnonuu nonumonaa Y-503 otnuuarorcs 6oiee KpyIHBIMU pa3MepamH.

B pesynbrate BIHUsSHUS BRICOKHX KOHIIGHTparuii Titoko3bl (20 %) oOHapyxkeHa crioCOOHOCTB HCCIle-
JIyeMBIX IPOXCKEH alanTHPOBAThCS K JaHHOMY CTpeccy. B yCIOBHSX OZHOBPEMEHHOTO BIIMSHUS TITIO-
k0356 (20 %) u stanoma (18 %) HaOMrOMaeTCs yTONIICHIE BHEITHEH 000J0YKHM W HAIMYNE 3aITacHBIX
MUTATENILHBIX BELIECTB B KJIETKaX, HEOOIbILIOE YMEHBIIICHNE Pa3Mepa U N3MEHEHHUE 1IBETA, IOBEPXHOCTH
u npodwitst kojoHui [37]. Pesynbrars! uccienoBanust MOpPOPU3NOIOTHIECKHX CBOWCTB JPOXKIKEH B
YCIIOBHSIX CTpecca MOTYT OBITh HCITOJIB30BAHBI TSI UX AAJbHEHIIEro IpruMeHeH!s] B ONOTEXHOJIOTHYe-
CKHX Ipoleccax.

Hcnoab3oBanue CTpeccoyCTOﬁ'{I/IBIﬂX mTramMmmMoB }IpO)K?I(eﬁ B OMOTEXHOJIOTHYECKHX nmpoieccax

WzyueHne cTpeccoBBIX BO3IEHCTBUN M MEXaHM3MOB PETYJISIIMK MeTabosin3Ma KIETOK B Mpolecce
a/IaTTalyy, yHUKILHBIX OCOOCHHOCTEH, CBSI3aHHBIX € DKCTPEMOQIITEHBIM XapaKTePOM JPOIIKEH, CHH-
Te3a OMOJIOTMYECKH aKTUBHBIX BTOPUYHBIX META00IUTOB, BAYKHO /IS IOMCKA IITAMMOB — II€PCIEKTHB-
HBIX O0BEKTOB PA3IMYHBIX OMOTEXHOJIOTHIA, TJ€ JPOKIKH YacTO MOABEPTAIOTCS OTHOBPEMEHHOMY Jeii-
CTBHIO HECKOJIBKHX CTpecc-(pakTopoB. B 3aBHCHMOCTH OT BpEeMEHU U YCIOBMH KyJIbTUBUPOBAHUS
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JIPOMOKU PACTYT C Pa3IMYHON CKOPOCTHIO U UMEIOT CIICIIU(UKY, XapaKTep KOTOPOH OTpakaeT onpejie-
neHHble usnonornieckne n3MeHeHus [8, 9]. HaydHbele n MpOMBINIUIEHHBIE UCCIETOBAHUS IPOXOKEH
HEOOXOIMMEBI [T YIy4IIeH!s] KHHeTUKN (pepMEeHTaNNH, BEIX0/1a TIPOIyKTa U YCTOMYNBOCTH KJIETOK B
ycnoBusix ctpecca [38, 39]. B ciupToBOM MPOMBIIIIICHHOCTH B HACTOSIIIIEE BPEMS aKTyallbHBIM SIBIISIECTCS
MPUMEHEHUE TEXHOJOTUN COpPaKMBAaHUS BHICOKOKOHIIEHTPHPOBAHHOTO CYCJIa, OJHAKO MPH STOM
JIPOMCOKU MCTIBITHIBAIOT MOBBIIIEHHBIE YPOBHI OCMOTHYECKOTO U 3TaHOIBHOTO cTpecco [25, 40]. [lomy-
YEHHE TOJICPAHTHBIX K CTPECCOBBIM COCTOSHUSM IIITAMMOB JPOXIKEH S. cerevisiae MOXeT ObITh JIOCTHT -
HYTO C TIOMOIIBIO T€HHOW WHXCHEPUH IyTEM PEryJIHPOBAHMS SHSPTETUUCCKOTO OajlaHCca U MPOIIECCOB
JIETOKCHUKAITMH, UMMOOWIH3alMA JPOXOKEBBIX KIETOK [41, 42], MOBBIMICHHWS TEPMOCTAOHIHBHOCTH
nmposokei. Kietkn, epekuBIe BO3IeCTBIE BBICOKIX TEMIIEPATyp, MPHOOPETAIOT HE TOIBKO TEPMO-,
HO TaKXe CIIUPTO- U OCMOYCTOWYUBOCTH [43, 44]. Ha ocHOBE MOJICKYJIIPHOU UACHTU(DUKAIUN U (HUITO-
TeHEeTHYECKOTO aHAIIM3a BBIJIEICHBI ITAMMBI IPOXIKEH, CITOCOOHBIE MTPOAYIIMPOBATEH OOIBIIIOE KOTHYe-
CTBO 3TaHOIIA MPH BBICOKHX TEMIIEpaTypax C MCIIOJIb30BaHUEM TIIIOKO3BI B KadecTBe cyoctpara. [lpu-
MEHEHHE TEPMOTOJICPAHTHBIX APOXOKEH HE TOJBKO YBEIMYMBACT CKOPOCTh MPEBPAICHHS TIIFOKO3HI B
9TaHOJI, HO M CHIDKAET JKCIUTyaTallMOHHBIE pacxofsl [44—47]. B mpoiecce MpUTOTOBICHUS IIaMITaH-
CKOTO B YCJIOBUSIX BTOPUYHON (PePMEHTAINH TUPAXKHONH CMECH KIIETKH JTOJDKHBI OBITh aJalrTUPOBaHbI K
3TaHOJY, KUCIOTHOCTH, JABJICHUIO U TEMIIepaType, 03TOMY B HACTOSIIEE BPEMs aKTyaabHbI UCCIIEH0-
BaHUS 10 CEJICKIIMM TOJCPAHTHBIX IITAMMOB BUHHBIX JIPOXIKEH JIJIsl TPOM3BOICTBA HTPUCTHIX BUH [48].
B paznuuHBIX TPOMBIIIIEHHBIX OMOTEXHOIOTHUAX BOCTPEOOBAHEI COJIEYCTONYHBEIE MITAMMBI IPOAOKEH.
MeTo/1p1 SBONIOIIMOHHON WH)KEHEPUH, KOMILIEKCHBIE M CUCTEMAaTH3NPOBAaHHBIC 3HAHUS O MEXaHHU3MaX,
HCIOJB3YEMBIX OCMO- M TaJIOTOJICPAHTHBIMH JIPOAOKAMHU JJIs MPOTHBOJACHCTBHS CTpeccaM, CIIOco0-
CTBYIOT pa3pabOTKe U MOIYyYSHHIO BHICOKOKAUYECTBEHHBIX SKCTPEMOMIBHBIX mTamMmmoB [49, 50].

3akiIoueHne

[Iporeccsl aganranmum Ipoxckent Saccharomyces K 3KCTpEeMabHBIM 3HAYEHUSM TEMITEPaTyphI, 3Ta-
Hona, pH, NaCl u T110K036I TPOAaHATU3UPOBAHBI B IAHHOM 0030pe ¢ TOUKH 3peHuUs (pyHIaMEHTAILHOTO
Y TIPUKJIATHOTO 3HaUYeHHsI. HecMOoTps Ha 60IbII0e KOTUYECTBO IMyOIMKAIUiA B 3TOM 001acTH, OUEBUTHA
MIEPCIIEKTUBHOCTD JTATBHEUIIIETO N3yUueHHs (PU3NOIOTHIECKOTO COCTOSTHUS KIETOK S. cerevisiae B HKC-
TPEeMalIbHBIX YCIIOBUSAX. Pe3ynbTaThl MaHHBIX HCCIEIOBAHHNA IMOCITYXKAT OCHOBAHHUEM I U3yUEHUS
aJlanTalyu JpoXOKei K pasinyHbIM (PaKTOpaM CTPeCca, YTO BXKHO JIJIsl IOHUMAaHUS PETYIISIUN KIeTOY-
HOTO MeTaboIM3Ma U PENICHHS TEXHOJIOTHUECKUX 33]1ad.
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Annomayus. Ycemanogienvl pasnuyusi 8 COOEPACAHUL 2YMYcd, MUKPODIOpe U KAMANA3HOU aKMUGHOCHU de-
POMEMHO2YMYCOBbIX NOOOEN0G C PAZTUYHBIM YPOGHEM A2POMEXHUECKO20 8030€liCMEUSs] U NPUMEHEHUEM IKOL02U-
YeCKU YUCTBIX ((DUMOMENUOPAMUBHBIX) NPUEMOS8 NOSbLULEHUsL RI000POOUsl. B nousax 3anesceil ycmanosneno 60-
Jlee 8bICOKOe COOepIICanue 2ymyca, nokazameinell buoeenHocmu u obozawennocms kamanasou (Ka). B cocmase
MUKPOGIOPLL OOMUHUPOSANU BaKmMepuu, UCNOLb3VIOWUE MUHEPATbHbLIL d30M U OIUSOHUMPOPUILILL. 3anacel 2y-
MyCa 6 MEMPOBOM CIO€ XapAKMePU308aIUCh KaK Hu3Kue. B yciosusx gumomenuopamusnozo onvima 6 cocmage
MUKPOGIOpYLL coxpansnacy ma sice 3akoHomeprocms. Codepoicanue U 3anacol 2ymyca CHUNICAIUCH NO CPAGHEHUTO
¢ noueoti 3anexcu. B ceasu ¢ npoyeccom obpazosanus opmuwmerinos ¢ copuzonme ELnn 3aghuxcuposan gvicoxuti
yposenv kamanasnoti akmusuocmu (00 9,9 cm® Os/3a 1 mun 1 2 nouswvt). Imo npuseno K yeenudeHuo cpeonux
nokazameineti 6Hympunpo@QUIbHO20 pacnpedeienus KamaiasHou axmugnocmu u 3anacoe Ka. B sapuanme ¢ onu-
MENbHBIM NPUMEHEHUEM OP2AHUYECKUX YOOOPeHUll 3AUKCUPOBAHbL HU3KUE NOKA3AMENU COOePIUCAHUSL 2YMYCA.
Ipu smom 3anacel 2ymyca 8 MEMPOBOM Cl0e B03PACNALU OMHOCUMENbHO OCHAIbHbIX 6APUAHMOE Onbima. B co-
cmage MUKpogaopvl QOMUHUPOSANU ONULOHUMPOPUNbL U AMMOHUDUKAMOPSL, a 00JIsL AKMUHOMUYEMO8 PE3KO CO-
kpawanace. 3nauenue Ka u ee 3anacvl ymMeHouanuce. /s 6apuanmos ¢ 6HeCeHUueM MUHEPALbHbIX YOOOpeHull
xapaxmepno npeobnadanue 6 cocmase MUKpo@dIopbl baxmepuil, UCNOAb3YIOUUX MUHEPATIbHBIL A30M, U OU20-
HUMpoun08. Ycunenue MUKpoOUOL02UHEeCKOU OesTMelbHOCIU 8bI36AI0 03pACmManue obozawennocmu nous Ka
u nosvlenue ee 3anacos. Omcymemeue HOCMYNIEHUs. C8ENHCe20 OPLAHULECKO20 8eWeCmEad NPUBENO K YCULEHUIO
npoYecco8 MUHepAIU3ayuUu CHeyuQUUEcKUX Opeanudeckux coeouHenul nouevl. s 3mo2o eapuanma ceoti-
CMBEHHO HAUMEHbUIEe COOePIHCAHUE 2YMYCA U HUSKUE €20 3ANACHI.
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Abstract. Differences in the content of humus, microflora and catalase activity in agro-dark-humus podbels
soils with different levels of agrotechnical impact and the use of environmentally friendly (phytomeliorative) meth-
ods of increasing soil fertility were established. The higher content of humus, indicators of biogenicity and enrich-
ment in catalase were established in the soils of abandoned field. Bacteria using mineral nitrogen and oligonitro-
phils was dominated in composition of microflora. The reserves of humus in the meter layer of soils have been
characterized as low. The composition of the microflora showed the same regularity under the conditions of the
phytomeliorative experiment. The content and reserves of humus decreased in comparison with the soil of aban-
doned field. Due to the process of nodule formation in the ELnn horizon, a high level of catalase activity was
recorded (up to 9.9 cm? Ox/1 min 1 g of soil). This led to an increase in the average intraprofile distribution of
catalase activity (Ka) and Ka reserves. Low levels of humus content were recorded in the variant with long-term
use of organic fertilizers. At the same time, the humus reserves in the meter layer increased relative to the other
variants of the experiment. Oligonitrophils and ammonifiers was dominated in the composition of the microflora,
by while the proportion of actinomycetes sharply decreased. The value of Ka and its reserves decreased. Bacteria
using mineral nitrogen and oligonitrophils are predominance in variants with with long -term use of mineral fer-
tilizers. The intensification of microbiological activity caused an increase enrichment catalase and an increase in
its reserves in soil. The lack of fresh organic matter input led to increased mineralization processes of specific soil
organic compounds. This variant is characterized by the lowest humus content.

Keywords: soil, humus content, humus reserves, microflora, catalase activity
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BBenenne

OreHka OMOJOrMYECKOI aKTHBHOCTH TIOYB NPU W3yYEHHUH MPHUPOJIHBIX U aHTPOIIOTEHHO HAapyIIeH-
HBIX 3KOCHUCTEM B HACTOAIIECC BpEMA npno6peTaeT BCC 6OHI)IIIYIO AKTYaJIbHOCTD. Hpe)lJIO)KeHLI HUHTC-
rpajibHbIC TIOKA3aTelNH, TO3BOJIAIOLINE HA OCHOBE KOMILJIEKCa OMOTHYECKUX U (PU3UKO-XUMHUECKHUX T1a-
paMeTpoB OIIEHUBATH SKOJIOTHYECKOe cocTosiHKe 1MouB [1]. U3 mapaMeTpoB OHOIOTHYECKOW aKTUBHO-
CTH, Hapsiy € MccieJOBaHuEeM MUKPOQIIOPHI TTOYB, HANOO0JIee IMUPOKO MCTIONB3YIOTCS OMOXUMUYIECKHE
noKaszareny — pepMeHTaTUBHAS aKTUBHOCTH [2, 3]. AKTUBHOCTh MOYBEHHBIX ()EPMEHTOB 3aTparuBacT
LUKJIBI IPeBpalleHus yriepoaa, Gocdopa, cepbl, OKUCIUTEIBHO-BOCCTAHOBUTEbHBIE Tiponecchl. K oa-
HOMY M3 TakMX ()epMEHTOB, YUaCTBYIOIINX B 3THX Ipoleccax, oTHocuTes katanasa (Ka). Karanasznas
AKTUBHOCTb IIMPOKO UCIOJIb3YETCs B Ka4eCTBE JUArHOCTUYECKOr0 II0Ka3aTelIs P OLEHKE IKOIOIUde-
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CKOT'O COCTOSIHUS TIOYB U YETKO OTPaKaeT CTENeHb Bo3leiicTBUs anTponorenesa. Ka — ¢pepment, oTHo-
CAIIMICA K KJIacCy OKCHAOpeAyKTa3. OTH ()epMEHTHI KaTalu3uPyeT OKHCIUTEIHFHO-BOCCTAHOBUTEIh-
HBIE PEaKINH U UTPAIOT BEAYIIYIO POJIb B OMOXUMHYECKHX MPOIIecCax KaK B KIETKaX )KUBBIX OpPraHU3-
MOB, TaK 1 B mouBe. Karanasa pa3naraet sqoBUTYIO A7 KJIETOK MEPEKUCH BOAOPO/Ia, 00pas3yrollyrocs B
TMpoIIecCce ABIXaHUS )KUBBIX OPTAHU3MOB U B PE3yJIbTATE PA3NIAIHBIX OMOXIMHYECKUX PEAKIIHA OKHCIIe-
HUS OPTaHUYECKHX BEIIECTB, HA BOAY M MOJIEKYISIPHBINA Kuciaopoy [4].

AKTHBHOCTH (PEpPMEHTOB CBsi3aHa ¢ (PU3MKO-XMMUYCCKUMHU MapaMeTpamu 1mous — pH, conepxkanuem
rymyca. Bonpocam nccnenoBanus karajaa3Hoi aKTHBHOCTH TIOYB IMTOCBSIICH JJOBOJIBHO OOIIMPHBIN Psif
myOmmkanwii [5—10]. MeToamdeckne BOIPOCH onpeiesieH s MoKa3aTesei KaTaaa3Hoi akTHBHOCTH H3-
JIO’KEHHI B psie cTtaThsax [1, 7, 11]. 3HaunTeNbHOE KOMMIECTBO pabOT IMOCBSIIEHO BoIpocaM hopMHUpPO-
BaHUs (PepPMEHTATUBHON aKTUBHOCTH U (pakTopaM, Ha He€ Biustomum [ 12—15].

B reorpadudeckom 1rane karajga3zHas akTUBHOCTH HCCIIEIOBaHA B JJOBOJIBHO IIMPOKOM CITEKTpE: B
nmouBax CeBepHoro Kagkasa [16], B yepHO3€eMe BBIIIETIOUYEHHOM B JIECOCTEITHOM 30HE 3aypanbs [17], B
yepHo3eMax Pycckoil paBHUHBI [5], B MOA30IUCTHIX TEKCTYPHO-TU((EPSHIIMPOBAHHBIX MTOYBAX CPE/I-
HeTaexHbIX jJecoB Komu [18]. JanHpiME MO KaTalla3HONW aKTUBHOCTH MOYB JaibHEBOCcTOUHOTO (/IB)
pETHOHa YCTaHOBJIEHO, YTO WX OCOOEHHOCTBIO SIBISIETCS HU3Kas M CPENHSAS OOOTalleHHOCTh IMOBEPX-
HOCTHBIX Topu30HTOB Ka [19-21].

Mesxay TeM He yIeNsI0Ch AOJDKHOTO BHUMaHUS N3yUCHUIO aKTUBHOCTH KaTanasbl Ka ¢ yuetom Mop-
(hOTOTHIECKIX XapaKTEPUCTHK TTOYBEHHBIX TOPHU30HTOB M (DYHKIIMOHUPOBAHUS MUKPODIOPHI TIPH pas-
JUYHBIX BUJAX arpOTEXHUYECKOTO BO3JEHCTBUSI, BIMSIONINX HA WHTEHCUBHOCTH M HAIPaBIEHHOCTh
MPOLIECCOB Pa3IoKEeHUs] MUKPOQIOPOH OPraHNYecKOro BEIIECTBa MMOYB M MPOTEKAHHS MPOLIECCOB Ty-
MYCOHAKOTIIEHHUS. DTO BEChMa 3aTPYAHAET OObEKTUBHYIO OIIEHKY YPOBHS ILIOIOPOIUS U OTITUMHU3AIIH
TYMYCHOTO M 9KOJIOTHYECKOTO COCTOSTHUS MTAaXOTHBIX TOYB pernoHa. Ha teppuropun rora Jlansrero Bo-
CTOKa TI000HBIE PAOOTHI HE TIPOBOIMIIHCE.

Llens paboThI — UCCTIEIOBaHUE H3MEHEHHI COJIEPKAHUS TyMyca, COCTaBa MUKPOQIIOPHI U KaTaas-
HOW aKTHBHOCTH arpOTEMHOTYMYCOBBIX TOJIOEIIOB TPH PA3IMYHON CHUCTEME arpOTEXHHYECKOW oOpa-
6oTku. B 3amaun nccnegoBaHuil BXOANIH:

1. W3ydeHue copepkaHus U 3a1acoB rymyca.

2. HUccnenoBanre MUKPO]IOPHI TTOYB.

3. OmpeneneHre KaTalla3HOI aKTHBHOCTH, 3aI1aCOB U CPEeTHENPOPUILHOTO pactpeaeneHus Ka.

O0BeKT ¥ MeTOAbI NCCJIeT0BAHMIT

OOBEKTOM HCCIIEIOBAHUHN CITY>KWIIA arpOTEMHOTYMYCOBBIE MOA0EIbI, CPOPMHUPOBAHHBIC HA IMAlIHE
crarronaproro onsita ®HI] arpoouorexunonoruii Jansuero Bocroka um. A.K. Yaiiku, . Tumupsizes-
ckuil ¥Yccypuiickoro paiiona Ilpumopckoro kpas. B pabote ncnonb30BaHbl Ha3BaHUS 110YB COTJIACHO
[22]. Hmxe mpuBeneHBI MECTOTIONOKEHNE U (POPMYITBI CTPOSHUS TPOQUIIS UCCIEAYEMBIX TTOYB.

Paspe3 Ne 1 pacronoxeH Ha 1oJie B yCIOBUSIX JUTMTEIBHOTO (PUTOMEITMOPATUBHOIO OIIBITA B TCUCHHUE
15-neTHero nepuoza ¢ moceBoM Koctpena 0ezocroro (Bromus inermis). [louBa xapakTepu3oBasiach clie-
JyrolM Habopom rererudeckux ropusontos: PU (0—11 cm) — PUel,nn (11-27 cm) — ELnn (2749 cm) —
BTnn,g (49-83 cm) — BTg (83112 cm) — Cg (112 cm u Hmxke). [TouBa — arpoTeMHOTYMYCOBBIH 1T010€m
TJ1€eBaThIN.

Pazpes Ne 2 3anoxxeH Ha 3anexu (Bo3pact 85 net, Beaercs nokoc Tpas). [lousa chopmupoBana mox
TPaBSHHUCTON PACTUTEIHLHOCTHIO, MPEICTABICHHOW MPEUMYIIECTBEHHO ThIpeeM mnoisyuanm (Elytrigia
répens) ¢ IPUMECHIO TTOJBIHA, OAyBaH4MKa. [louBa xapakrepu3oBanacs cienyromuM crpoeauem: PU,
(04 cm), PU (4-11cm) — PU-ELnn (11-35 cm) — ELnn (35-55 cm) — BTnn (55-111) — BT (111-153 cm) —
C (153 cm u Huxe). [louBa — arpoTEeMHOTYMYCOBBIN TOAOEI THITUYHBIN.

Paspe3 Ne 3 3ajokeH Ha 1oJie MMocie BCIAIIKY C JUTUTENLHBIM TPUMEHEHUEM OpPraHHYECKHUX yI00-
penuii (B TeueHue 62 jet yaoopsieTcs HaBo3oM). Mopdonornueckuii mpouiib XapakTepru3oBacs cie-
JIyIIUM HabopoM reHetndeckux ropuzoHToB: PU (0-27 cm) — ELnn,g (27-42) — BTnn,g (42-91) —
G (91-132) — CG (132 c™ u Hmxe). [TouBa — arpoOTeMHOTYMYCOBBIH 1TOA0€I IJICEBbIM THITUYHBIMH.

Paspes Ne 4 3a05keH Ha MaliHe ¢ IPUMEHEHHEM MUHEPAIbHBIX yI00peHHH Ha npoTsokeHun 80 JIeT,
BHOCUMBIX B (hopMe cymnepdocdara, XJIOpUCTOTo Kadusd U aMMUadHON cenuTphl. [louBeHHBIH TpodHiIb
muddepennrpoBan Ha ropu3ontsl: PU (0-30 cm) — ELnn,g (30—46) — BTnn,g (46-83) — G (83-119 cMm
u HIKe). [TouBa — arpOTEMHOTYMYCOBBIH ITO0EIT TJICEBBIN TUITMIHBIH.
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[TouBbI UMeENH pa3TUYXs B MOIIHOCTH TEHETHYECKUX TOPU30HTOB M XaPaKTEPU30BAIHUCH PA3TUIHBIM
COJICP)KaHUEM TIOYBEHHBIX JKEIEe30MapTaHIIeBBIX HOBOOOPA30BAHUN — OPTINTEHHOB. YUET KOJINYECTBA
OPTIITEHHOB OBUT MPOBENEH MO TCHETHYECKHM TOPHU30HTAM IOYB BCEX HMCCIICJOBAHHBIX BapHUAHTOB
OTIBITa METOJIOM MOKPOTO IMPOCEHBAHUS ¢ YYETOM MAacChl M 00beMa MOYBEHHOTO MOHOJIMTA, OTOOpaH-
HOTO JJIS BBIZCIICHUS OpTINTEHHOB [21].

[pu uccnaenoBanuy HU3NKO-XUMHUECKUX CBOMCTB TOYB MCIIOJL30BAIU OOIICTIPUHATHIE METO/BI B
nousoBejieHnd. Kucnornocts (pHnu,o, pHkcr) ompenensnu noreHnuoMerpudecku Ha pH-merpe

OP-264, conepxanue yriaepoja ucciieqoBanu no metoay Tropuna [23]. KaTtanasnyioo akTHUBHOCTH OYB
olLieHUBaM razoMeTpuyecku [4]. OueHka cogepkaHus U 3a11acoB T'yMyca MPOBEACHA B COOTBETCTBUH C
pexomeHmanusamu B [24]. 3anacel aktuBHOCTH Ka 1Mo mpod o MoYB pacCUUTHIBAIN C YIETOM aKTHB-
Hoctu Ka (a), MomHOCTH TOpPH30HTA (8), INIOTHOCTH CIIOXKEHHUS UCCIIEAYEMOTO TOPH30HTA (d) TI0 METO-
nmuke u3 [7] mo gopmysne 3anacel Ka=a xgxd.

JlaHHBIN METOJ pacyueTa Mo3BOJISIET MOIYIUTh OoJiee KOPPEKTHOE TIPeCTaBIeHne 00 0OoTaleHHO-
ctu ouB (hepmeHTamMu Ka B miccimeayeMoM TOPH30HTE (CJI0€) ITOYB C YYETOM ero MOP(OIOTHUECKUX
XapakTepucTUK. [ITOTHOCTE CIOXKEHUS TTOYB OMPEIEIach BECOBBIM METOIOM [25].

YucneHHOCTh MUKPOOPTaHU3MOB Pa3IMYHBIX SKOJIOTO-TPOGUIECKUX TPYII ONpEAesTH KilaccHye-
CKHM METOJIOM ITOCEeBa IMOYBEHHOW CYCIIEH3WHU Ha arapu30BaHHBIC TUTATEIBHBIE CPEJIBI PA3IIMIHOTO CO-
cTaBa: Maco-nentoHHbd arap (MITA) — MUKpoOOpraHu3MbI-aMMOHH(DHUKATOPHI, Pa3ararollue OpraHu-
YecKHe COeMHEHUs a30Ta (OeNKu), UCTIONB3YIOIINEe OPraHMYECKHd a30T; KpaxMallo-aMMHAYHBIN arap
(KAA) — aMrionuTudecKiue MEKPOOPTaHU3MBI (aKTHHOMHMIICTHI H OaKTEPHH), IECTPYKTOPHI 0€3a30TH-
CTBIX OPTaHWYECKHX COCTUHEHHUU, WCIOJB3YIOIINE I CBOECH JKHU3HENESTENFHOCTH MUHEpaTbHBIC
(hopMbI a30Ta; cpeaa DIdU — OTUrOHUTPO(UIBLHBIE MUKPOOPTAaHU3MBI — CIIOCOOHBI PAaCTU B YCIOBHUSX
HE3HAYUTEIHHOTO KOJIMYECTBA JOCTYITHOTO a30Ta B TIOYBEHHOM PAaCTBOPE M pasiaraTh TyMYCOBBIE CO-
eIMHEHNUS TI0YBHIL; cpefa Yaneka — MEKPOCKOIMYeCKHe TPpUObl. UNCIEHHOCTh MUKPOOPTaHU3MOB BhIpa-
JKanu B KosioHueoOpasyrommx enunuiiax (KOE) Ha 1 r o6pasia.

Matematndeckyto 00pabOTKy JaHHBIX IPOBOJIMIM MO OOUIETIPUHATHIM METOANKAM C IPUMEHEHHEM
nporpamm Statistica (Bepcus 13.3) u Microsoft Excel 2007.

Pe3syabTaThl 1 00CyxKI€HUE

CornacHo cxeme reorpadu4eckoro pailoHUpOBaHUS, HUCCIIEAyeMasi TEPPUTOPUsSI IPUYpOUYEHa K Jieco-
CTEMHOI1 30He [26]. Pe3k0 KOHTHHEHTAIBHBIN C MYCCOHHBIMU YepPTaMH KJIMMAT XapaKTepu3yeTcs BIaKHBIM
Y TEIUIBIM JIETOM U JJOBOJIBHO CYPOBOW M MaJOCHEXHOW 3UMOM, YTO ONpeAenseT ry0oKoe IpoMep3aHue
nouB. FOro-BocTouHbIe BeTpa, rOCIOCTBYIONIUE JIETOM, O0YCIOBIHBAIOT MAKCUMYM OCAJIKOB, KOTOpBIE
TIPUXOJISITCS Ha MIONIb-aBrycT [27]. HepaBHOMEpHOE BBINaIeHNE OCAIKOB B TEYEHHUE I'0/1a BBI3BIBAET CHIILHOE
nepeyBIaXHEHHE TI0YB JIETOM, CO3[aBasi B HUX OOJbLINE KOHTPACTHI OKUCIUTENbHO-BOCCTAHOBUTEIILHBIX
nporeccoB [28]. Mccnenyemble mMoYBbl NpUypoueHsl K [IpuMopckoit roro-3anaiHoil rUApOTEPMUUECKON
MPOBUHIMY [29], U151 KOTOPOii XapaKTepHbI BEICOKHE TTOKa3aTelH BbInaaeHus ocaakos (1o 800 Mm), paau-
aroHHoro Gananca (52,2 Kkan/cM® B TOI) M 3aTpaTr SHEPIUU Ha MouBooOpasosanue (44,9 kkaj/cm? B Toj)
[30]. OcHoBHOI 00BEM OcaaKOB BHINIAJAET B MepHo Beretauuy pactenui (315—780 Mm), 4To HEPEAKO BbI-
3bIBaeT NepEyBIKHEHNE TI0YB M HAKIIAJIBIBAET OTIIEYATOK HA MX OMOJIOTHYECKYIO aKTUBHOCTD U TIPOTEKa-
HEE Tpoliecca TyMycooOpa30BaHHsl.

Hannune KOHTpacTHON CMEHBI OKHCIHMTEEHO-BOCCTAHOBHUTENIBHBIX PEXKHMOB B MOYBAaX CIOCO0-
CTBYET aKTHBHOMY OOpa30BaHHUIO OpTILTEHHOB (Tabi. 1). BeprukanbHoe pacnpeneneHne OpTIITEHHOB
10 TPO(MITIO TIOYB BCEX BAPHAHTOB OIBITA XapAKTEPU3YETCs YBEITMUESHUEM UX COJIEPKAHUS OT BEpXHEH
yactu npoduis (ropu3oHt PU) k cpenneit (ropuzont ELnn/Elnn,g) ¢ mocneayomumM pe3kuM CHUXKe-
HUEM B HI)KEJICKAIIUX TOPH30HTAX, YTO CBA3AHO C 0oJiee KOHTPACTHON CMEHOM OKHCIHMTENLHO-BOC-
CTaHOBUTENBHBIX YCIOBHH B IBYX BEpXHHX Topu3oHTax. OOuane opTIITEHHOB B MOYBAaX B 3HAYUTEIb-
HOW CTETIEHU OTpE/eNsieT MPOSIBIIEHNE KaTala3HOW aKTHBHOCTH TIOYB B IEJIOM U, KaK CIIEZICTBHE, OKa-
3bIBAET BIMSHHUE HA OOLIMA X0 MPOTEKAaHHs MPOLECCOB T'yMycooOpazoBanus [21].

I'ymycooOpa3oBanue B BapuaHTe GUTOMEITHOPATHBHOTO ONBITA, Cy/s 1O JaHHBIM pH, mporekano
B YCIOBUSAX OJNIM3KOW K HEUTpambHOU peaknwmu cpenbl (Tabdn. 1). Beicokme 3uHauenus pH, Ha Ham
B3IJIs1]], CBS3aHBI C TIPOBEJCHHBIM paHee N3BECTKOBAHMEM NTOYB IIPH MoceBe TpaB. Kak mokazanu pe-
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3yJBTaThl UCCIICIOBAHUH, COJICpIKAHUE TYMyCa B arpOTEMHOTYMYCOBOM MOJ0eIe TiieeBaToM, cqop-
MUPOBAaHHOM B YCIOBHSX JUIUTEIHHOTO (UTOMEITHOPATUBHOIO OIBITA C IOCEBOM KocTpema 0e3-
0CTOTO0, HHU3KOE B Topn30HTEe PU 1 04eHL HU3KOE — B HIDKEISKAITUX TOpu30HTaX (Tabm. 2).

Tabnuya 1

IToxa3aTenu KMCJIOTHOCTH U cOiep:KaHHE OPTIITEHHOB B arPOTEMHOIYMYCOBBIX IoAde1axX
/ The indicators acidity and content nodules of agro-dark-humus podbel

Oprtireitasl, % ot
TopusoHT [ny0OuHa, cM pHs,0 pHxkai pMaCCbI TOMBLL
P. 1. ®uToMennMopaTUBHBIN ONBIT
PU 0-11 7,14+0,16" 6,27+0,15 12,30+0,59
PU-ELnn 11-27 7,81+0,22 6,80+0,18 17,82+0,86
ELnn 2749 7,97+0,23 6,79+0,18 21,83+1,03
BTnn,g 49-83 8,02+0,27 6,04+0,11 5,49+0,23
BTg 83-112 7,94+0,26 5,87+0,12 1,85+0,09
C 112-122 u Hmke 7,68+0,20 5,38+0,09 —
P. 2. 3anexsb
PU 4-11 5,86+0,12 5,08+0,10 16,83+0,71
PU-ELnn 11-35 6,13+0,13 5,10+0,11 27,52+1,08
ELnn 35-55 6,20+0,11 4,72+0,07 34,40+1,39
BTnn 55-111 6,16+0,11 4,46+0,08 6,08+0,28
BT 111-153 6,62+0,14 4,65+0,09 2,96+0,10
Cg 153—-192 u HmKE 7,02+0,15 4,80+0,09 —
P. 3. OmpIT ¢ BHeCEHHEM OpTaHUYECKUX yI0OpeHui
PU 0-27 5,79+0,12 4,66+0,08 6,83+0,24
ELnn,g 2742 5,62+0,10 4,71+0,08 9,09+0,41
BTnn,g 42-91 5,94+0,11 4,51+0,06 3,27+0,13
G 91-132 6,28+0,13 4,42+0,05 0,84+0,03
CG 132—170u HmKE 6,94+0,15 4,72+0,07 —
P. 4. OmpIT ¢ BHECEHHEM MUHEPANBHBIX YA0OpeHHUN
PU 0-30 6,16+0,08 5,34+0,07 16,54+0,70
ELnn,g 3046 6,60+0,11 5,18+0,09 17,82+0,88
BTnn,g 46-83 6,32+0,10 4,81+0,07 4,17+0,017
G 83—119 u Hmxe 6,39+0,12 4,67+0,06 -

* CpenHee apudMeTHIeCKOe 3HaUeHUE + 3HAYCHUE CPEHEro KBaAPaTHUECKOTr0 OTKJIOHEHHUSL.

B mouBax guromMennopaTHBHOTO BapHaHTa OIbITa HANOOJIee Pa3BUTa aMUJIOIUTHIECKAs YacTh MOY-
BEHHOT'O0 MUKPOOOIIEHO32a (MHTEHCHBHO MPOTEKAIOT MPOIIECCHl MMMOOMIHM3auu a3oTa) (pucyHok). Ilo-
JIo0Has 3aKOHOMEPHOCTh OTMEYallaCh HaMH B paHee MpoBeeHHOH padore [31]. D10 crocoOCcTBOBAIO
YCHJICHHIO MTPOIECCOB MUHEPATU3AIMK OPTaHUYECKOI'0 BEIIeCTBa MUKPO(IIOPO, YTO BBIPA3HUIIOCH B
CHI)KEHUU COJIEpKaHus TyMmyca. B 11e5om cTeneHb 000raieHHOCTH TTOYBBI MUKPOQIIOPOi OIIEHUBAETCS
Kak Ooratas mo mkaie u3 [32]. O6oramernHocts mouB Ka Hu3kas, ogHako B ropm3onte ELnn otmeua-
JIOCh pe3Koe yBemudeHue (10 cpeaHuX moka3areneii) aktuBHOCTH Ka. CBsi3aHO 3TO, Ha HAII B3TJIAI, C
HAJIMYUEM OPTIITEHHOB, CIOCOOCTBYIOIINX YCUIICHHUIO nporiecca kKatanuzanud H,O» 1 BEIETICHHTO KUC-
JopoJia ipu onpesenennn Ka.

I'ymycooOpa3oBaHue B arpOTEMHOTYMYCOBOM IM010€)Ie TUITMYHOM (IT0YBA HAXOAUIACh UTUTEIBHOE
BpeMs B 3aJIe)KH) NMPOTEKAIO B YCIOBUAX CIIA0OKHCION peakiuu cpepl. CoaepikaHne ryMmyca Bo3pac-
Tano 7o 5,48 %, 94TO COOTBETCTBOBAJIO YPOBHIO HKE CPEAHHUX 3HAYCHHN. DTOMY BO MHOTOM CIIOCO0-
CTBOBAJIO 3HAYMTEIBHOE MOCTYIJICHHE OPTaHUYECKOI0 yriIepoia PACTUTEIBHOIO IPOUCXOXKICHHUS KaK
TIPY TIOKOCE TPaB, TaK ¥ ¢ OTMHPAHHEM KOPHEBOI Macchl pacTeHHA. DTO MOBJICKIIO 32 c000i Bo3pacTa-
HUE aKTHBHOCTH MUKPO]IOPHI U BRIPA3UWIIOCHh B YBEITMYCHUN YMCICHHOCTH aMMOHU()UKATOPOB, TIPHBO-
Jsatee K 60bIIei 006ecIeueHHOCTH TTOYB aMMHAYHBIM a30TOM (PHUCYHOK). B pe3ynbrare pe3ko Bo3pac-
Taja YUCICHHOCTh OAKTEPHHA, NCITONB3YIOMIX MUHEPATBHBIN a30T (cpema KAA). Ciemyer oTMETUTD U
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poct onuroHuTpoduIoB (cpena DIOH), y4aCTBYIONIUX B MPEBPAIICHUN a30Ta. buoreHHOCTh (cymmap-
HO€ KOJIMYECTBO MUKPOOPTAaHU3MOB, KyJIbTUBUPYeMBbIX Ha cpenax MIIA, KAA, Dmbu, Yaneka) mous
3anexeii cymectBeHHO BbIe (108044 teic. KOE/I r mo4uBsI) IO CpaBHEHHUIO C OCTATbHBIMU BapHAHTAMHU
ombITa ((PUTOMETUOPATUBHEIN ONBIT — 36785, BHeCEHHE MUHEPAIbHBIX ynoOpeHuii — 35741, BHeceHue
oprannueckux ynoopenuit — 30980 teic. KOE/1 r mouBsr).

Tabnuya 2

Coaep:kaHue, 3anacbl TyMyca U KaTaja3Has aKTHBHOCTb B arPOTEMHOT'YMYCOBBIX Mofi0e1ax
/ Content, stocks of humus and catalase activity in agro-dark-humus podbel

3amacsI rymyca, T/ra | Ka, eM*0y/1 r | 3amacer Ka

No paspesa, mousa T'opusonrt, cM I'ymyc, % MIOYBHI 32 OzcMm? 3a

20 c™m 100 cm 1 MuH 1 MuH

PU (0-11) 3,52+0,15 2,00+0,1 19,8+1,00

P 1 PUelnn (11-27) | 2,69+0,10 2,5040,11 | 41,6+2,10
OduromenuopatusHeiii |Elnn (27-49) 1,45+0,07 (60,2+3,01|116,3+5,81| 9,90+0,50 | 299,4+15,0
OIIBIT BTnn,g (49-83) 0,01+0,00 8,00+0,40 | 310,0+15,5
BTg (83-112) 0,01+0,00 1,90+0,10 41,9+42,10

PU (4-11) 5,48+0,27 5,60+0,28 38,8+1,94

PU-Elnn (11-35) | 4,14+0.21 4,104021 | 93,5+4,67

géuimb ELnn (35-55) 0,10+0,01 |73,4+3,70{145,8+7,29| 1,1040,05 | 24,.2+1,21
BTnn (55-111) | 0,21+0,01 0,90+0,03 | 59,9+2,90

BT (111-153) 0,01+0,00 1,90+0,09 95,6+4,80

PU (0-27) 3,83+0,19 |67,4+3,50/183,8+9,20| 1,10+0,05 26,1+1,31

P.3. Elnn,g (27-42) 3,72+0,18 0,70+0,03 | 12,4+0,60
OnbIT € BHECCHHEM [T "ap 77T 0,41+0,02 0,40+0,01 | 18,6+0,95

OpraHHYECKUX

yroGperuii G (91-132) 1,03+0,05 0,30+0,01 13,5+0,67

CG (132-170) 0,93+0,04 0,1040,00 | 4,6+0,23

P. 4. PU (0-30) 1,20+0,05 |25,2+1,30|118,1+5,90| 2,00+0,10 63,0+3,10
OIIBIT C BHECCHUEM Elnn,g (30-46) 0,93+0,04 0,70+0,03 15,2+0,80
MHHEPAJIbHBIX BTnn,g (46-83) 1,55+0,08 0,50+0,01 23,3+1,16
yA0OpeHuit G (83 u Hike) 0,7240,03 0,50+0,02 | 21,6+1,08

3adukcupoBaHo pe3Koe BO3pacTaHUE KaTalna3HOM akTHBHOCTH B TIOUBAX 3aJ€XKeH 10 CPEIHUX MOKa-
3ateneii B ropu3onTe PU 1Mo cpaBHEHHIO C arpoTeMHOI'YMYCOBBIM TOAOEIIOM TiieeBaThiM (PUTOMETHO-
paTtuBHOTrO omnbITa. CBA3aHO 3TO ¢ OONIbIIEH TyMyCHPOBaHHOCTHIO Topu3oHTa PU 1 akTHBH3a1Mei mpo-
necca TpanchopMaluy OPraHnIecKoro BeIecTBa MUKPOGIIOpOi OYB.

Buus no npoduitto cogepikaHue rymyca CHIKAJIOCh 10 OUYeHb MaJIbIX 3Ha4eHUH. XapakTep BHyTpH-
npoduIbHOTO pachpezneneHust 0p1 pe3ko yosBatommmM. Oboramennocts Ka ropmsonta Elnn uz-3a
CHIDKEHHS coAep)kaHusl rymyca OenHasi, a BTnn — ouens O6ennas (tabi. 2). 3anacel rymyca Kak B arpo-
TEMHOTYMYCOBOM II0JI0€JIE TJIeeBATOM, TaK M B arpOTEMHOIYMYCOBOM IOJAO€Ne TUITUYHOM B CJIO€
0-20 cM u MeTpOBO# TOJIIIE, COTJIACHO OIICHOYHBIM TpajamnusaM [24], Hu3Kue. Y CTaHOBJICHO BO3pacTa-
Hue 3anacoB rymyca B cioax 0—20 u 0—100 cm mo4B arpoTeMHOTYMYCOBOTO TOA0OEa, HAXOASAIINXCS B
3aJIe)KHOM COCTOSIHUM, [0 CPABHEHHIO C arpOTEMHOTI'YMYCOBBIM IT0JI0€JIOM TJieeBaThiM, ChOPMUPOBaH-
HBIM B YCJIOBUAX (puroMennopaTuBHOro ombita (¢ 60,2 no 73,4 t/ra; ¢ 116,3 no 145,8 1/ra). Ha nHam
B3TJIS11, 3TO 00YCIIOBJIEHO OOJBIINM MOCTYIUIEHUEM OPTaHWYECKOTO YIIIepo/ia C OCTaTKaMU PacTUTEINb-
HOT'O TIPOUCXOXKICHHUS C KOPHEBOW M Ha/I3eMHON (PUTOMACCOH.

B arporemHorymycoBom mojoese rieeBoM (BapHaHT OIBITA C JUINTEbHBIM BHECEHUEM OpraHuye-
CKUX yoOpeHuil) coliepaHue TyMyca HU3Koe. XapakTep BHyTPHIIPOGUILHOTO pacipeieNieHns — He-
paBHOMepHBIH. HeOomnbioe Bo3pactanue coaepskanus rymyca (¢ 0,41 1o 1,03 %) ycTaHOBIEHO B TOpH-
30HTe G M3-32 MUTpaLUU TYMYCOBBIX COCOUHEHUH 13 ropuzoHTa BTg B pesynpTare BOSHUKHOBEHUS
NEPUOJUUYECKOr0 IepeyBIaKHEHU [10UB. BHECeHHEe OpraHMYecKoro BelecTBa JKUBOTHOI'O IIPOUCXOK-
JICHUSI BBI3BAJIO YBEITMUCHNE YHCICHHOCTH OJIMTOHUTPO(DHIIOB 1 aMMOHH(HUKATOPOB, aKTHBHO y4acTBY-
IOIIMX B TpaHc(opManuy OpraHUYECKUX a30TCOACPKALIMX COeAWHEHUH (PUCYHOK). IHTEHCHBHOCTH
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MPOIIECCOB MMMOOMIIM3AIMK a30Ta B 3TOM BapHaHTE OMbITa CHUXKANACh, YTO OTPA3UIIOCh B CHIKCHUHU
koapdunuenta munepanuzamun (KM).

B arporemMHOryMycoBOM 1o10ee TIeeBOM, HCIOIb3YEMOM B OIIBITE C [UTUTEIBHBIM IIPIMEHEHHEM
MUHEpaIbHBIX yI0OpEeHH, OTMeUueHa SBHO BhlpakeHHas auddepeHnranuss npoduis no BeIUYHHE
pHkcr (Tabm. 1). KucnoTHOCTh MOYB M3MEHSIIACh CO CIIA0OKHCION B MOBEPXHOCTHBIX TOPU30HTAX O
Kucnoi B Hkenexannx. Comepkanue rymyca B ropu3onte PU nocturano mansix 3Hadenuii. B ropu-
3oHTe ELNn,g u3-3a BEIHOCA TYMYCOBBIX COETMHEHUI B CBSI3U C MPOTEKAaHHEM IIpoliecca OTOEIMBaHUs
[33] xonuyecTBO rymyca CHUXAJIOCh 10 OUY€Hb MajbIX ITOKa3aTeNel ¢ MoCIeay oM BO3pACTaHUEM (C
0,93 no 1,55 %) B ropuzonte BTnn,g.

BHecenne MuHepanbHBIX yI0OpEHNH IPUBENIO K 3aMETHOMY YBEINYEHHIO YHCIEHHOCTH aMMOHU(H-
KaTopOB 1 OaKTepUH, NCTIONB3YIOIINX MUHEPAIBbHBIN a30T. HeocTaTok opraHuueckoro BeuecTsa mpu-
BOJWJI K YPE3MEPHON aKTHBU3ALMH PA3JIOKEHUS CIEHUPUUECKUX OPraHUYECKUX COCAMHEHHH IMOYBbI
AKTHHOMHIIETAMH ¥ OJMTOHUTpO(dMIaMH. DTO BBIPA3HIOCh B PE3KOM CHIKEHHH COJEpKaHMs IyMyca
M0 CPAaBHEHHUIO C IPYTUMH BapUaHTaMH OIBITA.

Ob6oramenHocTs ropuzonta PU Ka — 6emnast. Bans mo npodunio katanazHas akTHBHOCTb YMEHBIIIA-
Jach 10 oueHb OexHoM. Xapakrep pacnpenenenus Ka nmo npoduio — pe3ko yObIBaromuil.

OUTOMETHOPATHBHBIA OIBIT

Vv

15780

OmBbIT ¢ BHECEHNEM OpraHmiecKnX yao0peHnii  ONbIT ¢ BHECEHHEM MUHEPAIBHBIX YI00peHHIH

YHCIIEHHOCTH U TPYIIOBOI COCTaB MUKPOOPTaHU3MOB B arpOTEMHOTYMYCOBBIX 1010€1aX
(teic. KOE/ 1 r nouBsl): I — ammonundukaropst; 11 — rpudsr; 111 — 6akrepun, HCHOIb3YIONUE
MUHEpabHbIH a30T; [V — akruHoMuneTsl; V — onuronntpoduiisl / The number and group
composition of microorganisms in agro-dark-humus podbel (thousand CFU / 1 g of soil):

I - ammonifiers; II - mushrooms; I1I - bacteria, that use mineral nitrogen;

IV - actinomycetes; V - oligonitrophils
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Koaddumnuent koppensiuu (r) ans napsl Ka — rymyc B mousax 3anexxu coctasui +0,99, B mouBax
OTIBITA C MCTIONh30BAHUEM MUHEPAIHHBIX yaoOpenuit — 0,96. C nmpruMeHeHneM opraHndecKux yaoope-
HUH KOOQPUIIEHT Koppersanuu cHikancs 10 +0,86. Bricokuii ypOBEHb MONIOKHATENBHON KOPPEISIIH-
OHHOI CBSI3M BBISIBIIEH MEXIy mokasaTensmu Ka u Bennunnoi oOMeHHO#H kucinotHoctu ( ot 0,80 1o
0,91) B mouBax, xapaKkTepHu3yIOIUXCcs CTAO0KHCIION peaKIiel cpeabl MoYBEeHHOTro pacTBopa. [logooHas
3aKOHOMEPHOCTH OTpa)keHa B psze padoT Mo M3YYeHHIO (epMEHTATHBHON aKTHBHOCTH YE€PHO3EMOB,
JIEPHOBO-TIO30JUCTHIX, TEMHO-CEPBIX M CEPBIX JIECHBIX TIOYB pa3auyHbIX pernoHoB PD [17, 34]. [Ipu
9TOM MHEHHsI Pa3lMYHbIX aBTOPOB pacxoAmiauch. OIHN yTBEpKIald, YTO ONTUMAILHBIM 3HAUYCHHEM
I mevictBus Ka siBIsteTcst peakius cpeasl TOYBEHHOTO pacTBoOpa, Om3kas K HelTpansHoit [12]. Pe-
3yJIbTATHI HCCIIETOBAaHUM PYTUX aBTOPOB CBHIETEIHCTBOBAIHN O CHIDKCHUH KaTalla3HOM aKTHBHOCTH B
MOYBax MPH NOALIENaYMBaHUN IOYBEHHOT0 pacTBopa [17]. Mexay TeM HanOombIasi akTUBHOCTH KaTa-
7a3el ObDIa 3aUKCHpOBaHA B TMOYBAX 3aJIEKH, XAPAKTEPU3YIOIIMXCS MEHee MIEJIOYHOW peakmueit
cpensl. BeposiTHOM pUYHHOI 3TOMY SBIISIETCS CMENIEHNE KATHOHHO-aHHOHHOTO PABHOBECHS TTOYBEH-
HOT'O PacTBOPa MPH MOAKHCICHUH CPEbl, YTO MPUBOAUT K IMOBBIIICHUIO aKTUBHOCTH (hepMEHTA.

Pacnpenenenue Ka ¢ yueToM MIIOTHOCTH CJIOKEHHSI M MOLITHOCTH TOPU30HTOB BO BCEX HMCCIEAYe-
MBIX ITOYBaX HOCHJIO HepaBHOMEPHEI xapakrep. OboramenHocts Ka ropuzonra PU, coriacHo orre-
HOYHBIM TpajaiusamM [7], Obliia oueHb OSTHON BO BCEX HCCIENyeMbIX mouBax (Tadi. 2). Bospacranue
3amacoB Ka 3adukcupoBano B ropu3ontax ELnn u BTnng arporemHorymycoBsix nomoenos. Oco-
OEHHO sApKOE MPOSBICHUE 3TO HANIO B arpOTEMHOTYMYCOBOM IOI0EINe TiieeBaToM, ChOpMHUPOBaH-
HOM B YCIIOBHUSIX JUINTEIHHOTO (huToMennopatuBHOro ombita (P. 1). DT0, Ha Ham B3rIsa, CBA3AHO C
obunueM opTiITeitHOB B ropuzoHTax ELnn u BTnng. B arporemHorymycoBoM nojdesne TUTUYHOM
(P. 2) ycranoBneno Bo3pactanue 3amacoB Ka 70 CpelHUX BENMYUH C MOCIEAYIOIUM CHIKCHHEM B
ELnn u Bo3pacranuem B BTnn. [Ipu sTom oboramennocts Ka ocraBamace 6emnoii. B arporemHuory-
MYCOBBIX MOJ0eNaxX IJIeeBbIX C JIUTEIbHBIM NpuMeHeHneM opraHudeckux (P. 3) m MuHepanbHBIX
(P. 4) ynoOpenuiit HanGonbIe BeaMunHBI 3anacoB Ka cBoiicTBeHHsl ropusonty PU. Baus mo npo-
G0 e€ 3amacel H3MEHSUTHCH OT OSTHBIX JJ0 04eHb OeHbIX. COrJacHO MOTyYeHHBIM JaHHBIM O Cpell-
HUX TIOKa3aTelsiX BHYTPUIPOPHUIBLHOTO pacipe/iesieHus u 3amnacos Ka, mouBsl, chopMupoBaHHbBIE B
YCIIOBHSX JUIUTEIBHOTO (PUTOMEIHOPATUBHOTO OMbITa U Haxoxsmuecs B 3anexu (P. 1, P. 2), sBHO
OTJIMYAIIACH TI0 CPEAHETIPOQPIIBHBIM MTOKa3aTeNsaM oborameHHocTH Ka oT mo4B ¢ mpuMeHeHHeM op-
TaHUYECKUX U MUHEPAIBHBIX yaoOpenuii (Tabi. 3).

Tabauya 3
CpeaHenpoduiabHble XapaKTePUCTHKH KaTAJIA3HOH AKTHUBHOCTH U ee 3amachl
/ The average profile characteristics of catalase activity and its reserve
Ne paspesa, mousa Ka cM*0, /11 mouss 3a 1 mun|3anace: Ka O, cv?® 3a 1 Mun
P. 1. ArpoTeMHOTYMYCOBBII TIOJ0EI TIICeBATHIH 4,86+0,24 140,9+7,0
P. 2. ArpoTeMHOTYMYCOBBIH TIOI0€IT TUITHYHBIH 2,7240,15 62,4432
P. 3. ArpoTeMHOTYMYCOBBII TO10€IT TTIEEBbIN TUTTHIHBIHI 0,52+0,03 15,0+0,8
P. 4. ArpoTeMHOTYMYCOBBII MO10€ TJIEEBbIN TUTTHIHBIHI 0,92+0,04 30,8+1,5

o cpennmM nokazatensM BHyTpunpohmiIsHOro pactipeaenenus Ka B nccieayempix mouBax ObuT ycTa-
HOBJICH PSJI: (PUTOMEITMOPATHBHBIN OITBIT > 3aJI€Kb > OIIBIT C BHECEHHEM MUHEPATbHBIX YIOOPEHUI > OTIBIT
C BHECEHHEM opraHuueckux ynoopenuil. Ilo cpenuum nmapamerpam m3MeHeHus 3anacoB Ka mo mpo-
¢wmtto mogoOHas 3aKOHOMEPHOCTh COXPAHSIACK.

3akiIoueHne

Hccnenyemble OYBBI C pa3THYHBIM YPOBHEM arpOTEXHUUECKOTO BO3ACHCTBHSI K IPUMEHEHHEM KO-
JIOTUYECKH YUCTHIX ((PUTOMEIMOPATHBHBIX) PUEMOB ITOBBIIICHUS TUIOJOPOIHS pa3INIalIuCh 110 CONep-
JKaHMIO | 3amacaM rymyca, GyHKIHOHHUPOBAHUIO MUKPOGIIOpHl 1 oboramieHHocTd hepmentamu (Ka).
B mouBax 3anexxeil ycTaHOBIICHBI 00Jiee BHICOKHE MOKA3aTeIN COJCpKaHus ryMmyca (13-3a 3HAUYUTeIb-
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HOT'O TMOCTYTIJICHUS] OPTaHUYEeCKOr0 BEIIECTBA C KOPHEBOM Maccoil paCTHTENILHBIX OCTATKOB), O0JIee BbI-
cokas (10 CpemHUX 3Ha4YeHHI) oborameHHocTh Ka 1 OmoreHHOCTh. B cocTaBe Mukpodhaopsl mpeobdiia-
JIAJTA aMIUTONTUTHYECKast ¥ OIMTOHUTPOMIIbHAS YacTH. Y Bennamicss KM yrieBooB moYBEl 1 HMMOOH-
TU3alru a30Ta.

B mouBax, chopMHpPOBaHHBIX B YCIOBHUSX IIUTEIHFHOTO (PUTOMETHOPATHBHOTO OIBITA, B CBS3H C
YCHIJIEHHEM TPOIIECCOB MUHEPATTHU3AIIUH CBEKETO OPTaHNIECKOTO BEIIECTBA COJCPKAHUE TYMyCa U ero
3amachl CHIKanuck. [Ipotekanue npouecca 00pa3oBaHus OPTIITEHHOB B STHX [TOYBAaX CIIOCOOCTBOBAIO
BO3PACTaHMIO YPOBHS KaTana3Hoi akTHBHOCTH (10 9,9 ¢cM® O2/3a 1 MuH 1 r mouskl). DTO HALLIO OTpa-
JKEHHe B BO3pPACTaHWHU KakK CPEeJHUX MoKa3aTelel BHyTpurpoduipHOTro pactpenenenus Ka, tak u eé
3amacoB. B mouBax mJaHHOTO BapHaHTa OIBITa HAMOOJIEe PA3BUTON SIBIISETCS aMHUJIOIUTHYECKAs JYacTh
MOYBEHHOT0 MUKpoboueHo3a. [Ipu stom KM Haxonuiicst Ha ypoBHE BHICOKMX 3HAUEHHH.

[Ipu rTenbHOM MPUMEHEHUH OPTaHIMYECKUX yIOOPEHNH B ITOYBaX 3aUKCHPOBAHO HU3KOE COJEP-
JKaHUe TyMyca, OJTHAKO €T0 3aIllackl B METPOBOM CJIO€ TI0 CPABHEHHUIO C IPYTHMMH BapruaHTaMH BO3pac-
Tand. ITo 00YCIOBICHO MEPEXOIOM CUCTEMbI TYMYCOBBIX BEIIIECTB B Oosiee CTaOMIILHOE COCTOSIHUE B
CBSI3U C IPUMEHEHUEM OPTraHWYecKuX yaoOpeHuil. B coctaBe MUKpOdIOpHI IPOU30NLIA U3MEHEHHS —
JIOMHHUPYIOITIMH SIBIISUTHCH OJTUTOHUTPO(IILITBE 1 aMMOHUA(DAKATOPEI, PE3KO CHIKANIACh YUCIIEHHOCTh
aKTUHOMHMIICTOB. IHTEHCHMBHOCTH MPOIIECCOB MMMOOMIIN3AIIMY a30Ta yMeHbInanack, KM < 1. Cpenne-
npoduisHbIe 3HaYeHUs Ka 1 ee 3amachl yMEHBIIMIIMCH 110 CPABHEHUIO C TIOYBAMU 3aJICKEH.

[Ipu muTenpHOM MpPUMEHEHHH MUHEPaIbHBIX YAOOpEHWH copepikaHre TymMyca B TOYBaX CHIKA-
JIOCh JTO MaJTbIX 3HaYeHNH. HemocTaTok opraHndeckoro BemecTBa MpUBOINI K AKTHBH3AIHH ITPOIIECCOB
pas3yioKeHHs TyMyca aKTHHOMUIIETAMH U OJTMTOHUTpoduiIaMu. YcuiaeHne MUKpOOHOTIOTHYECKOH esi-
TETHHOCTH BBI3BAJIO Bo3pacTaHue oborameHHoctr mouB Ka. CpempnenpodunbsHble 3HaueHns Ka u ee
3a1macoB YBEITNYHUBAJINCh.

Takum 00pazoMm, B 3aBHCUMOCTH OT YPOBHS arpOTEXHHYECKOTO BO3ACHCTBHS Ha OYBBI H3MEHSUIHChH
WHTEHCHBHOCTDH U HAIPABJICHHOCTD MIPOLECCOB PA3IOKEHHUsI OPraHMYECKOTO BEIIECTBa MUKPOQIIOPOiA,
YTO HAILUIO CBOE OTPaXEHHE B U3MEHEHHUH COICPKaHHS M 3aIacoB TyMyca M KaTala3HON aKTHBHOCTH.
JJis onTUMH3AIMK TIOYBEHHBIX MPOIECCOB TPaHCPOPMAIH OPraHUYECKOTO BEIECTBA M AKTUBH3AIINI
rymMycoo0Opa3oBaHHs HEOOXOJMMO KOMIUIEKCHOE arpOTEXHUYECKOE BO3JICHCTBUE C MIPUMEHEHHEM Kak
MUHEPAJIbHBIX, TAK U OPTaHHYECKUX YIOOPEHUIA.
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Hughopmayun 06 asmopax

JIroomuna Huxonaesna I[lypmosa — 0okmop 6uonocuyeckux HayK, 6e0yujull HAyuHsill COMpPYOHUK, CEKMOP opaa-
HUYeCKo20 geujecmad noye.

Hpuna Braoumuposna Kucenesa — kanouoam 6U0L02UYECKUX HAVK, CMAPWUL HAYYHbBII COMPYOHUK.

Ana Onezosna Tumogeesa — kanoudam O6uUOsOSUYECKUX HAYK, CIMAPUWUL HAYYHBIL COMPYOHUK.

Anexceit Huxonaesuu Emenvsanos — KaHOUOAm celbCKOXO03UCMBEHHbIX HAYK, OUPEKMOp.

Poman Bumanvesuu Tumouwiunog — KaHOUOAM CelbCKOXO3AUCMEECHHbIX HAYK, 3A8e0VIOUULl OMOeIoM 3eMACOenUs.
U azpoXUMUU.
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HAYYHBIN ’KYPHAJI
«A3BECTHUS BBICIIUX YUEBHBIX 3ABEIEHUM.
CEBEPO-KABKA3CKHWI PETUOH. ECTECTBEHHBIE HAYKW»

Peuensupyemsbrit xypnan «M3Bectusi By30B. CeBepo-KaBkasckmii permoH. EcrecTBeHHBIE HayKn»
npojosrkaer npuéM pador. OH UMeEeT CTaTyC IEHTPATBHOTO M3JaHus U BKIIOYEH B nepedeHb BAK mo
CJICAYIOIIMM OTPACIISIM:

— (m3EKO-MaTeMaTHYECKHE HAyKH (MaTeMaTHKa, MEXaHHUKA);

— HayKH 0 3emiie.
[TpunuMmaroTcs paboThl M MO APYrMM OTpacisM Hayku. Taioke IedaTaroTcsi MaTepHuaibl B pasjenax
«3ameTku 0 kHurax», «Hayunas xxu3upy, «LITpuxu K OPTPETY».

XKypnan uznaercs ¢ nepuoAUYHOCTHIO 4 HoMepa B rofl. C 3JeKTPOHHOM BEPCUEN MOKHO O3HAKOMUTHCS Ha
caifre Hayunoii snextpoHHoi Oubnmotexu http://elibrary.ru/title_about.asp?id=7362. OnyGiukoBaHHbIE
CTaThbH MH/AECKCUPYIOTCSI B POCCUHCKHX M MEXIYHAPOIHBIX 3JIEKTPOHHBIX OMOIMOTEKAaX M HAyKOMETPHU-
gyecknx 0a3ax qanneix: PUHLL (RSCI), PYKOHT, «Kubepnennnkay, DbC «YHuBepcuTeTckas OndImoTeKa
onnaiiny, UBUC, Ulrich, EBSCO, Chemical Abstracts. )Kypnan BxmtoueH B Russian Science Citation Index
Ha iatdopme Web of Science.

ABTOpBI, cOXpaHsis 3a cO00 aBTOpCKHUE MpaBa Ha padoTy U nepenanas xypHaiy «3Bectus By30B. CeBepo-
KaBkasckuil pernon» 1mpaBo nepBoii myOIMKaIy, aBTOMaTHYECKU IPUHUMAIOT Ha ce0st 00513aTeNbCTBO HE
reyaTaTh €€ HU IMOJTHOCTBIO, HM YACTUYHO B KAKOM-JIN0O0 M3/1aHNU 0€3 yKa3aHUsI CChUIKU HAa OPUTMHAIBHYIO
MyOJIMKALIMIO B 9TOM JKypHaJle.

W3narenbckue yciyru OIUIAYMBAIOTCS OpraHM3alMeil WM aBTOPOM IIOCE€ YTBEP)KICHHS CTaThbU Ha
PENKOIIIETHH.

Odopmienne pabOT OCYIIECTBIISETCS COTJIACHO MTPABHIIAM:

1. TlpencraBnsiercs cTaThs B 3JeKTpoHHOM BHjie. [lepen 3aronoBkom ykazath nnaekc Y JIK.

2. Tekct momken ObITh HaOpaH B penakrope MicroSoft Office Word 2000, 2003, 2007, 2010, 2016
gepe3 1,5 wunTepBama, mpudrtom Times New Roman, pasmepom 14 nr, crpaHHIbI
MIPOHYMEPOBAHEI.

3. Csenmenus 00 aBTOpax C yKa3aHHEM aBTOpa, OTBETCTBEHHOTO 3a TEPENHUCKY, Ha PYCCKOM W
AHTIIMICKOM SI3BIKAaX. DKCIEPTHOE 3aKITFOUCHUE.

4. TlonHoe Ha3BaHUE OpPraHU3aLUMU Ha PYCCKOM M aHIJIMHCKOM SI3bIKaX.

5. Ha3panue ctaTby U (haMUIMK aBTOPOB HA PYCCKOM M aHTJIMHCKOM SI3bIKaX.

6. AHHOTauus Ha pycckoM U aHrauiickoM a3bikax (1000—1500 3nakos / 150200 cnoB).

7. KiroueBble c0Ba Ha pyCCKOM U aHTIMcKoM si3bikax (8—10 cioB).

Kypnan pacrpocTpansercsi 1Mo MmoAmnucke depe3 oObennHEHHBINH KaTtanmor «lIpecca Poccum», mHTEpHET-
karasor «lIpecca o nmoamuckey». [loanucHoi maaekc — 70415 (moxmucka Ha mosyroane). B HenoanucHon
NEPUO/J] OT/EIbHBIC HOMepa KypHaia 3a HBIHEUTHUI U MPOLUIbIE TO/IbI MOKHO PHOOPECTH B PEIAKIIUH.
Anpec mis nepeniucku: 344006, r. PoctoB-Ha-/lony, yi. b. Cagosas, 105/42, OOV,

penaknust xypHana «M3Bectus By3oB. CeBepo-KaBkasckuii pernoH. EcTecTBEHHBIE HAYKN.

Ten./pakc rnaBHo# penakuun (863) 218-40-00, nobaBounstit 11-093, 11-094.
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