YTO HY)KHO 3HATb
9KONIOTMU CEBEPHbIX O3EP

B Kapenun n MypmaHckon obnactu
HacuyuTbiBaeTcAa 6bonee 160 ThicAY
o3ep. OHU noaBep>XeHbl 3arpAa3He-
HUIO, B TOM YUC/Ie TAXEsIbIMU Me-
Tannamu. Hackonbko 3To onacHo?

C.8



E)XXEMECAYHBIV ECTECTBEHHOHAYYHbBIN
JKYPHAJI POCCUVICKOW AKAZLJEMUU HAYK

H3gaeTcs ¢ aHBapsa 1912 roaa

[naBHBINA peJaKTOp
AKaJEMHK, JOKTOp GU3HKO-MATEMATHYECKHX HayK A.P.AHApEeeB

3aMECTHUTEND [NTABHOTO PEAAKTOPA
JOKTOp (PH3UKO-MATEMATHYECKUX HaVK A.B.BaIKoO

JOKTOp BHONOTHYECKHX HayK A.C.ANIT, JOKTOP r€0JI0rO-MHHEPATOTHYECKUX HAaYK A.A.ApHC-
KHMH, YIeH-KOPPECIOHJEHT, JOKTOp PHU3UKO-MaTeMaTH4eCKUX Havk II.LH.Apcees, 0.0.AcTa-
X0Ba, JOKTOp 6HONOrH4YecKuX Hayk ®.H.ATay/UlaXaHOB, WICH-KOPPECMOHJAEHT, JOKTOD
opuaudeckux Hayk I0.M.BatypuH, 10KkTOp 6uonornyeckux Hayk JI.H.bepmMaH, 10KTOp 6HO-
norudeckux Havk II.M.BopoauH, M.B.Byp3uH, NOKTOp (HHU3HKO-MATEMATHUYECKHX HaYK
A.H.BacuibeB, 4ieH-KOPPECMOHAEHT, JOKTOP PUIOIOru4eCKUX Hayk B.H.BacHiabeB, KaHIH-
JaT 6uonoruueckux Havk M.H.BopoHIoBa, 1OKTOp HU3HKO-MaTEMaTUYECKUX HayK [1.3.Bu-
6e, KaHANAAT PU3MKO-MATEMATHYECKUX HAVK, JOKTOp GHOIOrHYecKuX Hayk M.C.Tenxsdang,
aKaJeMHK, TOKTOp (U3MKO-MaTeMaTHYecKuX Hayk C.C.TepmiteitH, npodeccop A.lmyxos
(A.Glukhov, CIIIA), akageMuK, ZOKTOp PHIUKO-MaTeMATHUECKUX HAVK I.C.TOJMHIBIH, JOKTOP
XUMHUYECKHX HaVK HM.C.IMHUTpPHEB, KaHAHIAT GHONOTHYECKUX HayK C.B.IpoOBIIIEBCKH,
aKaJEeMUK, TOKTOP (PU3UKO-MATEMATH4YeCKUX HayK JI.M.3eNeHBIi, aKaIe MUK, JOKTOp GHOJIO-
ruyeckux Havk H.A.3HHOBBEBA, AKAJEMHK, JOKTOp 6HOOrHYeCKHX Hayk AJI.HBaHOB, Npo-
deccop T.HoBanosuu (T.Jovanovic, Cepous), ZOKTOp Guonornyeckux Hayk CJI.Kucenes,
kaHauAaT reorpadpudeckux Hayk T.C.KIIOBHTKHMHA, Y4l€H-KOPPECMIOHAEHT, AOKTOP (HPHU3HUKO-
MaTeMaTudeckux Havk M.B.KoBaap4yk, JOKTOp Guonorndyeckux Hayk C.C.Ko1ecHHKOB,
E.A.Kyapamosa, npodeccop E.Kyuun (E.Koonin, CIIIA), ZOKTOp reosoro-MHHEpasoruye-
ckux Havk A.JO.JIeHH, 4IeH-KOPPECMOH/JEHT, TOKTOp 6HONOrnYeckux Hayk B.B.Maxaxos,
npodeccop MI.Muraxunos (Sh.Mitalipov, CIIIA), TOKTOp reon0ro-MHHEPATOTUIECKUX Ha-
vk T.K.IImHeruna, JOKTOp CENbCKOX03AMCTBEHHBIX HayK IO.B.IL1yraraps, JOKTOp pH3UKO-
MaTeMaTHYEeCKUX HavK M.B.POAKHH, aKaJeMHK, JOKTOp GHOMOrMYeckux Hayk JI.B.PoseH-
IMTPAyX, KaHAUAAT reorpadpuvyeckux Hayk ®.A.POMaHEHKO, 1Ka[eMHUK, HOKTOp (H3HKO-
MaTeMaTHYeCKUX HayK A.JO.PyMsHIEeB, YWICH-KOPPECMOHAEHT, JOKTOP GHOJNOTHYECKHX HayK
H.H.CaHXapoBa, T0KTOp PU3HKO-MaTeMaTHUeCKUX HayK JI./I.COKOJIOB, KaHAHAAT PUIHKO-
matematudyeckux Havk KJI.COpOKMHA, KaHIMIAT UCTOpHYECKUX HayK M.IO.CopoxkmHa,
H.B.VIBAHOBA, 1K3aJEMHUK, TOKTOP OHOJOTHYECKUX HAYK M.A.®@EeAOHKHH, aKaJIEMUK, JOKTOD
(pHU3UKO-MaTEMATHYECKHUX HAVK A.P.X0X/10B, aKale MUK, JOKTOP (PU3UKO-MATEMATHYECKUX HAVK
A.M.Yepenamyk, aKaJeMHK, JOKTOp PU3HKO-MATEMATHUECKUX HayK ®.JI.YepHOYCHKO, YI€H-
KOpPPECIOHAEHT, AOKTOp XUMHUYecKHX Havk B.IL.IIuGaes, O.H.IlyToBa, KaHAWAT 6uono-
rMYECKHX HaVK A.O.IKHMEHKO

© Poccuiickas akafieMHusi Hayk, )kypHan «[Ipupoaa», 2019
© ®TIVII «M3gatennscTBo «Hayka», 2019
© Cocrapnenue. Peakonnerus xypHana «[Ipupoga», 2019
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B HOMEPE:

K.A.ConHues, O.A.BaHHbix, 10.B.LigeTkoB,
B.M.ViesneB

MeTannbl 6yayT Hy>kHbl Bcerga!

MeTannb! kak 0CHOBa PaHO0BPa3HbIX KOHCTPYKLIMIA, HEOBXOMMbIX
[NA NPOU3BOACTBA MaTepuanoB [pyrix TUMOB, OCTAHYTCA He3ame-
HIMBIMIA. Pe4b MOXET ATH HE 0 3aMeHe METnANYecKuX Matepha-
1108, a 0 06ABNIEHUN K HIAM HOBBIX, KOTOPbIE GynyT 06nanars CBoii-
CTBAMY, KOPEHHbIM 06PA3OM OTAMYAIOLIMMIACA OT CBOVICTB, MPUCY-
WX MeTannam.

3.1.CnykoBckun

OnacHble ¢BA3U, UM YTO HY)XXHO 3HaATb

06 3Kkosiorum ceBepHbIX 03ep

Manble 03epa NoABEPXKEHbI 3arPA3HEHIAID, Kak CO CTOPOHbI NOKaNb-
HbIX MCTOYHIKOB, TaK W B pe3ynbTaTe AanbHero nepeHoca nonnio-
TAHTOB (B TOM YKCIIE, TAXEMbIX METANNOB) Yepe3 armoccepy. ToNb-
Ko onpenenue DopMbl HAXOXKAEHUA METaNnoB, Monasliux B BOAO-
EM, MOXHO C YBEDEHHOCTbIO TOBOPUTH O HACTOALIX SKOMOT NUECKMUX
pUCKaX, KOTOPbIE BO3HUKAIOT B 03epax cesepa Poccun.

18

A.M.lopTHOB

lamma-usnyuatennb *’Cs — akcnpeccHbIi
MHAUNKATOP 3KOoJIOrnyeckux KaTacho¢
[IMCTaHLMOHHaA a3poramma-CriekTpOMETPIUYECKan ChemKa Ha 6ase
0ECnNNOTHUKOB CMOCOGHA HA OrPOMHbIX TEDPUTOPUAX OOHAPYXUTb
aHOManuu B pacnpenenexiny panuoakTeHoro 'Cs, KoTopsilii BO3-
HukaeT npu aBapuAax A3C. BHyTpH BbIIENEHHbIX KOHTYPOB BO3MOX-
HO HakonneHwe 6eTa- 1 anbda-uanyyarenei.

25

M.A.Opnos
KopoTkue TaHAeMHble NOBTOPbI

TaHneMHbIe NOBTOPbI — KON ofHOro chparmenTa [IHK, pacnono-
KEHHbIE APYT 3a [PYrOM, — 3aHUMAIOT 3HAYUTENbHYIO YaCTb reHo-
Ma YenoBeKa. 3a4eM HyXHbl OHW HALEMY OPraHn3My, K KakUM NoC-
NeNcTBMAM NPUBOAAT MyTALIMN B HIAX U KaKIe NEPCMEKTMBbI OTKDbI-
BAET MONYYeHWE Taknx NOBTOPOB C MOMOLLbIO FEHHON MHXeHepniA?

32

B./N.Mpbiros, A.lO.Benakos

UcTtoku, passutue n pacuyset (pJIOpeHTUNCKON
mo3auku B 3anagHou EBpone

®nopeHTUiACKaA, UMK Mo3auka 13 TBepablx kamHeii (PietreDure),
ccopmuposanace K Hadany XVII B. OnHaK0 ee CTOKN BOCXOMAT
K aHTM4YHbIM paboTaMm ¢ MPamMopoM. [MaBHbIM HOBOBBEIEHNEM,
MPUBHECEHHbIM 3NOX0I PEHECCAHCA B TEXHUKY MO3aukL, CTano
NPUMEHEHE MUHEPANOB, TBEPOCTb KOTOPbIX CYLIECTBEHHO Bbille
TBEPOOCTY Mpamopa.

Ly

BPEMEHA U nioau
B.lM.Ynuaros

AnekcaHgp ¢oH [ym6onbar
K 250-neTuto co gHA poxaeHus
1 190-neTuio nytewecTBua no Poccun

02

NAYPEATbI HOBEIEBCKOW NMPEMUN
2019 rogA

A.B.Banko

Mo ¢m3uke — bxenmc NMuoénc, Muwenob
Mawnop u inabe Keno

Mo xumnn — HxoH lypenad,
Ctannu YuttuHrem, Akupa EcuHo

0.C.CapoHoBa

Mo ¢dmsmonorum unu meguunHe —
Yunoam Kanun, cap Nutep Patknud o,
[perr CemeH3a

62

HOBOCTUN HAYKHU

HeBuauman yepHan fbipa 06HapyxeHa MeTonom Hobenesckux nay-
pearos 2019 rona. A.B.Banko (62). Kopb ocnabnaet 3aumry ot
[pyrux nHdeKuwii (62). Pogunuch Nepeble B MAPE XUMEPbI CBIHbBN
1 06e3bAHbI (63). 3onoTobpioxan 606pOBan KpbiCa Hay4inack noe-
natb xat-ara (69).

PELEH3UN
C.B.HayronbHbIx
YTo HaM He HaZo 3HATb O NePMCKOM nepuopae

(Ha KHury: K.A.lo6paHckux. MepMckuii reonornyeckinii nepuon.
lepmb BENNKaA: BNEYATNEHNA Yepe3 Kpaif)

HOBbIE KHUI'

n

TEMATUYECKWUA N ABTOPCKUN
YKA3ATENU 3A 2019 rofl
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CONTENTS:

K.A.Solntsev, O.A.Bannykh, Yu.V.Tsvetkov,
V.M.levlev

Metals Will Always Be Needed!

Metals as the basis of the various constructions necessary for the
production of other types of materials will remain indispensable.
We can talk not about replacing metallic materials, but about addi-
tion of the new ones that will have properties fundamentally differ-
ent from those inherent in metals.

Z.1.Slukovskii

Dangerous Bonds or What We Need to Know
About the Ecology of the Northern Lakes

Small lakes are subject to pollution, both from local sources and as
a result of the long-range transport of pollutants (including heavy
metals) through the atmosphere. Only after Determination the forms
of metals that have fallen into the water body makes it possible to
estimate the real environmental risks that arise in the lakes of north-
ern Russia.

18

A.M.Portnov

Gamma Emitter *’Cs as an Express
Indicator of Environmental Disasters

Remote drone aero gammaspectrometry is necessary to establish
anomalies in ®Cs distribution in accidents with nuclear power
plants. In the frames of such anomalies, the accumulation of beta-
and alpha-emitters is possible.

25

M.A.Orlov
Short Sequence Repeats

Tandem repeats — the copies of one DNA fragment following one
directly after another — make up a significant part of the human
genome. Why does our body need them, what are the consequences
of mutations in them, and what are the prospects for obtaining such
repetitions using genetic engineering?

32

V.1.Prygov, A.Yu.Belyakov

The Origins, Development and Flourishing

of the Florentine Mosaic in Western Europe
Florentine or hard stone mosaic (Pietre Dure) was formed as an
independent artistic phenomenon by the beginning of the XVII cen-
tury. However, its roots go back to the ancient works with different
types of marble. The main innovation brought by the Renaissance to
the technique of stone mosaic was the use of minerals, whose hard-
ness significantly exceeded the hardness of marble.

a

TIMES AND PEOPLE
V.P.Chichagov

Alexander von Humboldt

To the 250th Anniversary

of the Birth and the 190th Anniversary
of the Expedition to Russia

92

2019 NOBEL PRIZE LAUREATES
A.V.Byalko

In Physics: James Peebles, Michel Mayor,
and Didier Queloz

In Chemistry: John B. Goodenough, M. Stanley
Whittingham, and Akira Yoshino

0.S.Safronova

In Physiology or Medicine: William G. Kaelin,
Sir Peter J. Ratcliffe, and Gregg L. Semenza

62

SCIENCE NEWS

An invisible black hole was discovered by the 2019 Nobel Laureate
method. A.V.Byalko (62). Measles weakens protection against
other infections (62). The world’s first pig-monkey hybrids (63).
Water rats in Australia learned to consume cane toads (69).

BOOK REVIEWS

S.V.Naugolnykh

What we don’t need to know about

the Permian period

(review of the book: K.A.Dobryanskikh. Perm Geological Period.
Great Perm: Too Much Impression)

NEW BOOK

n
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MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

CTATbI

MeTtannbi
OyaoyT HY>Hbl Bcergal

K.A.ConHues'?, 0.A.baHHbix?, 10.B.LiBeTkos?, B.M./eBnes'

'MoCKOBCKIIA rOCYnapcTBeHHbIA yHBepcuTeT menn M.B.JTomorocosa (Mockea, Poccua)
2NHcTuTyT MeTannyprim 1 Matepianoseneqna uvenn A.A.baiikosa PAH (Mockea, Poccia)

Llenb cTaTbyt akLEHTUPOBAT BHUMAHIE HA PONN METANNYECKIX MaTEPUAN0B B CTAHOBMEHUM 11 PA3BIATIM UMBIANM3ALIAM, 11 HA X MECTE B NOME OCHOBHbIX
CBOIACTB COBPEMEHHbIX KOHCTPYKLIMOHHbIX MaTepuanos. YHuKanbHoe CO4eTaHne CBOACTB (MNacT4HOCTM, MPOYHOCTI, U3HOCOCTOMKOCTH, TEDMIUYECKOIA
W XUMIYECKON YCTORYMBOCTM) METANIIOB 1 CO3MaBAEMbIX Ha WX OCHOBE KOHCTPYKLIMOHHbIX MaTepianos 006CTeunBaIoT X HE3aMEHUMOCTb B WMPOKOM
nepeyHe 0Tpacnel NPOMbILLNEHHOr0 NPOI3BOACTBA. HencyepnaxHbIi PECYPC B NOBBIWEHNI SKCMNYaTALMOHHBIX XapaKTEPUCTUK TPAMLIMOHHbIX MaTep-
anoB, Hanpumep CTaJ'IeVI, MOKa3bIBAET HGOGXOJ]VIMOCTb pasBuTnA (i)yHﬂaMBHTaJ'IbeIX N NpUKnagHbIX ICCNEN0BAHNIA B 3TOM HanpaBneHnu. OTJ]aBaFI
[IOMKHOE WMPOKOMY CMEKTPY APYriAX MaTepuanos (MNacTUKK, Kepaminka, KOMNO3TbI), aBTOPbI 060CHOBAHHO 3aKMIDHAIOT: METANNMYecKIe MaTepuansl
OynyT BOCTPEOOBaHbI BCErfa.

KnioueBblie cnoBa: MeTanibl, KOHCTPYKUMOHHbIE MATEpUANbI, METANTINYECKIE MATEPUANbI, POSTb B CTAHOBNEHIV 1 PA3BIATIAV LIMBIANN3ALIMA.

MPUPOMA /12 /2019

HomHa HoBonuneukoro MeTannypruyeckoro komouHara.

© ConHues K.A., Bannbix 0.A., Lisetkos 10.B., Wesnes B.M., 2019 D0I:10.7868/50032874%19120019
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METANTYPI A 1 MATEPUANOBELQEHUE

HIepPCIeKTHBaX 3aMeHbl Me-

TaJNIN4eCKUX MaTepuaaoB

(B yacTHOCTH, HOJIUMeD-
HBIMM) HAay4YHO-TIONYJISIPHbIE W3-
IaHus 00BABUIIM ellle B cepe/iiHe
XX B. Ho cnycrs mouru 70 jet na-
)Ke B IpeJCTaBJAOIIell HayuyHOe
coobmectBo razere «I[Touck» my6-
JIIKYeTCs CTaThs [OZ 3aT0JI0BKOM
«Mertael — B OTCTaBKy?». Takas
II0CTAHOBKA BONPOCA MOXeET OBITh
He TOJIbKO CJIeZICTBUEM 3a0:ysx/e-
Hus. Bce 3HatoT: «KaMeHHBI Bek
3aKOHYUJICS He IOTOMY, YTO KOH-
YUIUCh KaMHHU», a NOTOMY 4YTO,
HayaB LIeBeJUTb MO3TaMH, 3a7y-
Majicsa YesnoBexk.

Omnpezensomas pojb MeTasl-
JIOB B Pa3BUTHH YeJIOBEYECKOTO 00-
1leCTBa OTMeyeHa Ha3BaHUAMU ero
3MOX — «OPOH30BBIN BEK», <XKe-
JIe3HBIiA BeK», XOTs1 ObLIN U Ipyrue
Ba)XKHbIe J[peBHeliIre MaTeprabl
(npeBecHble, KepaMU4eCKue U Jip.).

B 3Tol1 cTaThe efiBa I BO3MOXHO C JOCTATOYHOMN
NOAPOOHOCTBIO PACCMOTPETh BCe MeTaJUIbI U CILIABHI,
KOTOpbIe ONpeziesIiI0T pa3BUTHeE Ye0oBedecTBa. MOx-
HO YIOMSIHYTb, 9TO 6e3 6J1aropoIHbIX MeTaIOB, 00-
JIa/IAI0IIKX KaTaTUTHYeCKON aKTUBHOCTBIO (IJIATHHBI,
nannajaus, poaus 1 Ap.), HeBO3MOXHO ObLIO ObI pa3-
BUBATh XMMUYECKHE TeXHOJIOTUH, YIy4IIaTh 3KOJIOTH-
JecKHe XapaKTepUCTUKYA aBTOMOOUIbHON TEXHUKY;
6e3 HUKeJssl HeJb3sl IOCTPOUTH Ta30Bble TYPOUHBI;
6e3 ypaHa ¥ LIUPKOHUS — CO3/]aTh aTOMHYIO 9HepreTH-
KY; B COBpeMeHHOH TeXHHKe COBepIIeHHO He3aMeHH-
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OTHOCUTENBbHOE YANWHEHKe &, %

Puc.1. CooTHOWEHME MeXAY NMPOYHOCTbIO 1 NAACTUHHOCTbIO ANA
NPOMBbILWIEHHBIX KOHCTPYKUWUOHHBIX MaTepunanos. 1 — kepamu-
Ka, 2 — Al-cnnasbl, 3 — Ti-cnnasbl, 4-5 — cranu: 4 — BbICO-
KOMPOYHbIe, 5 — HU3KOyrnepoancTble; 6 — nonumepsl. AnAa Ke-
pamMuKun npuBeaeHa NPOYHOCTb Npi M3rube.

Konctantun AnekcanppoBuy ConHueB, akagemuk PAH,
NHOCTPAHHbIA YneH AKanEMIM UHXXEHEPHbIX HayK Kintas, noK-
TOP XMMIYECKMX HayK, iekaH DakymnbTeTa Hayk 0 marepua-
nax MoCKOBCKOrO rocynapcTBeHHoro yHusepcuteta (MIY)
nmeHn M.B.JTomoHocoBa, 3aBenytoLmiA Nabopatopuei HoBbIX
TEXHONOT Wi METaNANYEeCKNX 1 KepamMmYecKXx MaTepuanos u
HayYHbliA pyKoBOAMTENb IHCTUTYTA METanaypritn 1 Matepuano-
BeneHud umenu A.A.baiikosa PAH. Jlaypear locynapcTBeHHOI
npemun P (1996), kasanep opaeHa «3a 3acnyru nepen Ote-
yecTBOM> |V cTeneHn (2010).

e-mail: solntsev@pran.ru

Oner AnekcanapoBu4 baHHbIx, akanemuk PAH, nokrop
TEXHWYECKIAX HayK, FNaBHbI Hay4Hbli COTPYAHWK nabopaTopum
KOHCTPYKLIMOHHbIX CTaneii v CnnaBoB TOro xe UHcTuTyTa. Cabe-
pa Hay4HON [eATeNbHOCT — MartepuanoseneHue. Jlaypear lo-
cynapcTeeHHblx npemuit GCCP (1989) n P (2000), npemun
Cosera Mutuctpos CCCP (1989) n nByx npemuii MpasuTenb-
crea P® (2000, 2007).

MBIMH OKa3aJIUCh TYTOIJIaBKKE MeTaUibl (MOJIUOIEH,
BoJib)paM, HUOGHIA); JierKie CIUTaBbl Ha OCHOBE aJio-
MHHUS, MarHus 1 TUTAaHa BHECJIU Ha OIpeJie/leHHOM
3Talle peIlaoNIui BKJIaJ B aBUALOHHYIO TeXHUKY.
ITpocToe nepeuncieHe BceX HallPaBJIeHUH UCIIOIb-
30BaHMs MeTaJlJIOB B COBPEMEHHO IPOMBILIEHHOCTU
3aHsA10 6bI orpoMHOe MecTo. O poJv 30710Ta U cepebpa
BOOGIIIe HET HeOOXOUMOCTH PACCKA3bIBAT.

MBI pemuiy CKOHLIEHTPUPOBATh BHUMAHKe YUTa-
TeJleli Ha POJIU CTajId, KOTOpasi 0CTaeTcs JOMUHUPYIO-
UM KOHCTPYKLMOHHBIM MaTepUajioM, B HECKOJIbKO
pas MpeBOCXOAAIMM 10 00beMy moTpebieHus Bce
Ipyrre MeTaJulbl, BMecTe B3SIThIE.

V3 mpuBenieHHOM Ha puc.l fuarpaMMbl BUZHO, 9TO
IUIL CO37IaHUs MKMPOKOTO CIIeKTpa IPUMeHeHUs ca-
Mble Jydllde MaTepuajbl — MeTaIM4ecKue: OHU
06ecreyrBaloT MPOYHOCTD, HAZIEXXHOCTD U I0JITOBpe-
MEHHOCTb KOHCTPYKIUH, He0OXOAUMBIX BO BCeX 00-
JIACTAX JKU3HEZesITeIbHOCTH YesI0BeKa.

He TpeGyeT noka3aTenbcTBa TOT GAKT, YTO MPAKTH-
YeCKH HY OJJVH HOBBIM HaYKOEMKHI MaTepuas He MO-
XeT ObITh PoM3BezieH 6e3 000PyA0BaHMS, H3TOTOB-
JIeHHOrOo U3 MeTa/u1oB. CrieflyeT 3aMeTHUTb, YTO TepMUH
«HAayKOeMKOCTb» CKOpee KOH'bIOHKTYPHBbIH, I0CKOJIbKY
paspaboTka Jiro60ro MaTepuasa, B TOM YUCIie U MeTal-
JIMYECKOTO, — Pe3yJIbTaT CUCTeMHbIX (pyH/aMeHTalb-
HBIX MCCIeZIOBaHuUit, 00eCrieYnBaIOIINX CO3aHue He-
06X0/IIMO¥ CTPYKTYpPBI MaTepyasa 1, COOTBeTCTBEHHO,
€ro CBOVCTB.

Tak, mporpecc B QU3NKOXUMHUU U TEXHOJOTMU
PeNIbCOBBIX CTaJIel 0becieur yBeueHre UxX pecypca
OoJee yeM B /1Ba pasa, YTo OTMedeHO ['0Ccy1apCTBeHHOM
npeMuei.
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Hpuii Bnagumuposuy LiBeTkoB, akanemuk PAH, noktop
TEXHUYECKMX HayK, Npocbeccop, 3aBemytowmii nabopatopueit
Na3MeHHbIX MPOLIECCOB B METaNypriv 1 06paboTke mMarepn-
anoB TOro e nHeTuTyTa. 06NacTb HayuHbIX MHTEDECOB — Me-
Tannypring, OU3XMMNA, TEXHONOTMA NNA3MEHHBIX NPOLECCOB
MONYYeHUA KOHCTPYKLMOHHBIX 11 (DYHKLMOHANbHBIX MaTepna-
N0B C 0COObIMY CBOCTBAMM, B TOM YMCAE HAHOCTPYKTYPHbIX.
NMaypear npemun Coseta Muructpos CCCP (1975) u npemun
Mpe3uanyma PAH nmenn M.M.AHocosa (1989).

Banentun MuxaiinoBu4 Wesnes, akanemuk PAH, goktop
(hU3NKO-MaTeMaTYECKIX HayK, Npodieccop, 3aBenyolmii ka-
(henpoi MexancUNNNMHAPHOro MatepuanoseaeHna MIY nme-
Hu M.B.JlomoHocoBa. OcHoBaTenb Hay4HOM WKOMbI B 06NnacTh
MatepuanoBeneHna MYHKLUNOHANbHbBIX 11 KOHCTPYKLIMOHHbIX
MaTtepuanos. HarpaxneH Menanbto opaeHa «3a 3acnyrin nepen
OteyectBom> |l cTeneHn (1999), 3acnyeHHbIA AEATENb HAyKIA

HBIX MaTepuasoB U ABIAIOTCA UX
HeoTheMJIeMOH 4acThio. OTCloza
cienyer HeOOXOAUMOCTD BBITOJ-
HeHUs QyH/aMeHTalbHbIX PaboT
II0 COBMEeCTUMOCTH MeTajindec-
KUX 1 HeMeTaJllIn4ecK1X MaTepua-
JIOB B pa3JIMYHbIX 3KCILIyaTal[OH-
HBIX YCIOBUAX.

PaccmoTpum Gosiee OAPOGHO
HanboJsiee MIMPOKO HKCIOJIb3YIO-
IMUNACA MeTaJUIM4eCKUd MaTepu-
an — cranb. B nocnennue 10-15 et
co3ziaeTcsl MHeHUe (KOTOpOro mpu-
ZepXUBAIOTCA JaXke HeKOTOpble
CreLuajiuCcThl-MaTepuagoBesibl),
YTO CIJIaBbI HA OCHOBe JXejle3a —
IJIaBHBIM 00pa3oM, 3TO KOHEYHO,
CTajllb — OT)KUBAIOUIMI CBOM Bek

PCOHCP (1991).

VI3 mrarpaMMBl ciefiyeT, YTo HauboJiee MIPOKUM
I1ana30HOM BO3MOXHOCTe! yIpaBIeHHs CBOWCTBA-
MU, HeOOXOIUMBIMHU /ISl KOHCTPYKIIMOHHBIX MaTepu-
aJIoB, 061a1a10T IMEHHO MeTaJUIn4ecKue CIiaBbl. [1a-
ryOHOCTb TOAJIEPKKYU MHEHHUS, COTJIACHO KOTOPOMY
MeTaJlIbl UCYepaad BO3MOXXHOCTH JJOCTIKeHHs 60-
Jiee BBICOKMX IIOKa3aTesieil o CBOMCTBAM HJIH IO UX
KOMILIEKCY, COCTOUT B TOM, YTO OHO [IOPO’K/aeT CHU-
KeHHe y MCCleZioBaTesiell, 1aleKuX 110 KPYTy Hay4HbIX
MHTEpecoB OT MaTepHajoBe/leHus, yBepeHHOCTH B Iie-
Jiec006pa3HOCTH POBeieHus paboT QyHAaMeHTab-
HOTO XapakTepa B 00J1acTH pU3NKOXMMHUHU U TEXHOJIO-
TUY MeTaJJInYecKHX CIJIaBoB. B To ke BpeMs 60J1b-
IIMHCTBY MaTephaloBefoB ICHO, YTO HeMaJible BO3-
MO>KHOCTH OCTAIOTCS ellle HepeaIn30BaHHbIMY B YaCTH
JIETWPOBAHMUS CIUIaBOB, B 00J1ACTH TEXHOJIOTUH YIIPAB-
JIeHUS UX CTPYKTYPOIi 1 cBOMcTBaMU (OT HAHO- /10 MO-
HOKPHCTAJUINIeCKOTO COCTOSHHUSA).

Ecnu 661 06cyxk/1aemMas IOCTaHOBKA BOIIPOCa 3a-
KaH4YMBaJIach Ha CTaIU MHEHUI, MOXHO ObLIO ObI He
pearnpoBaTh Ha BBICTYIUIEHUS aZIeNTOB «HOBBIX, Ha-
YKOEMKHUX» MaTepuaoB, HO, K COXaJleH!Io, GpaKTu-
4eCcKU HeZI0OLeHNBAeTCs, a CJIel0BaTeNIbHO, Helodu-
HaHcupyeTcsi paborta Mo GpyHAaMeHTaIbHBIM 1 QYH-
ZlaMeHTaIbHBIM-0PUEHTUPOBAHHBIM HCCIIeZIOBAHNU-
sIM, HaIlpaBJIeHHBIM Ha CO37ZaHKe HOBBIX MeTainye-
CKUX CIIJIAaBOB ¥ MaTepHayoB. DTO YPEBATO Cepbe3-
HBIMU OTPUIIATeIbHBIMY MOCTIe/ICTBUSMH B JJaJIbHEH -
IeM pa3BUTHM NPAKTHYeCKU BceX OTpacjeil coBpe-
MEHHOW TeXHUKHU.

Crnenyer 106aBUTh K CKa3aHHOMY, 4TO MeTaJIbI
U CILIaBBI BXOJAT B Ka4eCTBe KOMIIOHEHTa B COCTaB
MHOTHX, B TOM YHCJIe YHUKAJIbHBIX, KOMIIO3UINOH-

Marepua, poJib KOTOPOTo B pa3s-
BUTHY IMBUIM3aIMY OyIeT Herpe-
PBIBHO yMeHbIIAaThCA. ECTh HeKo-
TOpBIE IPOTHO3KCTBI, yTBEPKAAI0-
1Me, YTO Yepe3 HeCKOJIBKO JlecsT-
KOB JIeT CTaJv OyayT BTOPOCTEIeH-
HbIM MaTepuajioM, a UX MecTo Kak 6a30BOro MaTepua-
Jia B TeXHUKe 3aliMyT IJIaCTUKY, KepaMUKa U MO~
MepHble KOMITO3UIIOHHbIe MaTepUaJIbl HA X OCHOBE.
Oro, 6e3ycnoBHO, 3a6yxnenue. YKu3Hb onpoBepraer
TaKye IPOTHO3bI, ¥ UJUTIOCTPALMel TOMY CIIy>KaT JaH-
Hble, OIy6IMKOBaHHbIe BceMupHOW accornuanuei
cranu (The World Steel Association) u npuBezeHHbIE
B Tabune. Conepsxalyecs B Hel CBeZieHNs MO3BOJIA-
I0T 3aKJIIOYUTh, YTO TEH/IEHINS K <OTCTaBKe» CTaJH
He BBISIBJISETCA.
HexoTopoe yMeHbIIeHHe MPOM3BOJCTBA CTAIU
B 2016 r. B fAnonuu, CIIA, l'epmanuu onpezenseTca
TIpeXxzie BCero 5KOHOMUYeCKUMH IPUYMHAMU: 6oJee
BBICOKOH CTOMMOCTBIO IPOM3BO/CTBA HA TEPPUTO-
pYU YKa3aHHBIX CTPAaH U BBITOJJAMU OT BBO3a Goiee
JleleBoil cTany U3 ObICTPO Pa3BUBAIONIMXCA CTPAH
(meureBast paboyasi cujia U MeHee CTPOTHe 3KOJIOTHU-
yeckue TpeboBaHus). Hanpumep, mo ouneHke Bce-

Tabnnua
toru muposoro npoussonctea cranu 8 2015 1 2016 rr.
CtpaHa pon3BoacTBO CTanM, MIH T
2015 2016 npupocT, %
Kwrait 798.8 808.4 +1.2
Anoxma 105.1 104.8 —0.3
NHawa 89.0 95.6 +7.4
CLUA 78.8 78.6 -0.3
Poceua 70.9 70.8 0.1
Pecnybnuka Kopes 69.7 68.6 -1.6
[epmarna 427 421 -14
Typuua 3.5 B2 +5.2
Becb mup 16154 1628.5 +0.8
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METANTYPI A 1 MATEPUANOBELQEHUE

MUPHOMH acconanuu crtanu, IHAus CTaHOBUTCS Hau-
6oJee epCIeKTUBHBIM PHIHKOM U B GiiKaiiiiee Bpe-
Mst 06roHuT InoHuMI0, BhIiAs Ha BTOpoe nociie Kuras
MecTO 110 IPOU3BOJICTBY CTalu. BceMupHas acconua-
YA CTaJIM ONyOJIMKOBAajIa OTYET O MUPOBOM IIPOM3-
BozcTBe crtann B 2018 r. CorysacHO 3TUM [JaHHBIM,
MHUPOBOE NPOU3BOACTBO cTanu B 2018 r. yBenu4u-
noch Ha 4.6% no cpaBHeHuwo ¢ 2017 r., coctaBuB
1.809 mipa 1. CpenHsAs CTOMMOCTb TOHHBI CTaIU
pocrurna B 2017 r. 494 ponn. CIIA, a B 2018 r. BO3-
pocna no 498 nosn. CIIA. O Kakoi «OTCTaBKe» CTa-
JI MOTYT F'OBOPUTH 3TH LUPPHI?

OCHOBHBIM KOHKYDEHTOM MeTaJIJINYeCKUX MaTe-
pUaJIOB Ha3bIBAIOT YIJIEIIACTUKYU, PEXe — CTeKJIO-
IJIACTUKU. VIX TPOU3BO/ICTBO BBICTPO pacTeT, B OC-
HOBHOM /1711 IPUMEHeHNUs B aBUaKOCMUYeCKOH Npo-
MBILIVIEHHOCTH, U CYIeCTBEHHO IIPeBbIIIAaeT B IIPO-
LieHTaX IPUPOCT IPOU3BOACTBA CTAJIH.

Pacumpsromeecss npuMeHeHue YrielacTUKOB
00ecrednsio BO3MOXXHOCTb CO3/IaHUS JIeTaTelbHbIX
alnmnapaToB, KOTOPbIE CYLIECTBEHHO IIPEBOCXOAAT 110
9KCIIyaTallMOHHBIM Ka4yeCTBaM TPaAULMOHHBIe, U3-
TOTOBJIEHHBIE C IPUMeHeHNeM allOMUHUA U TUTaHa.
W3 yriennacTuKoB U3rOTaBIUBAIOTCS KPbUIbS, a B pe-
3yJIbTaTe MOCJAeAHNX Pa3paboTOK TaKXKe U OCHOBHAS
4acTh (ro3esska Nacca)XUPCKUX U BOEHHBIX CAMO-
netoB. [IpuMeHeHUe yriemIacTUKOB OIpesesaeTcs
IpeXXZie BCero UX NperMyIlecTBOM Iiepe]] MeTajlinye-
CKMMH CIIJIaBaMU B yJleJIbHOW IPOYHOCTU (OTHOIIe-
HUIO [TPOYHOCTH K IIJIOTHOCTH) U BBICOKOM y/leIbHOU
XKECTKOCTH.

WX HejocTaTKu B psAfe NPaKTUYeCKU Ba)KHbIX
CBOMCTB 3TO YYBCTBUTEIBHOCTb K TOUEYHBIM yZapam,
TPYJHOCTb pecTaBpalldX NPU CKOJAX U LlapanyHax,
a B MeCTax KOHTaKTa C MeTaJUIOM — KOPPO3Usl MeTaJ-
na (s TIpefoTBpalleHHs KOTOPOM 3aKpeIisioT
BCTaBKU U3 CTEKJIOBOJIOKHA), CJIOKHOCTb YTUINA3ALUN
Y IOBTOPHOT'O UCIIOJIb30BaHMUS.

Bbuto 661 6OJBIIMM ZONYIIeHNeM Ha3bIBaTh yT-
JIeNJIACTUKY U CTEKJIOIUIACTUKY JlellleBBIMU MaTepua-
namu. PeasibHasi X CTOMMOCTb MOXKET GBITh B IePBOM
npubmmkennn oteHeHa B 4000—-8500 /10171, 3a TOHHY.
HakoHel, MO)XHO OTMETUTb, YTO IIPY OLleHKe CTOU-
MOCTH pacCMaTpUBaeMbIX KOMIIO3ULIMOHHBIX MaTe-
pUaJIOB UMEIOT B BU/LY TOJIKO CTOMMOCTb IIPOU3BOJ-
CTBa HEMOCpe/ICTBeHHO KOMII03UTa, HO CTOMMOCTb 13-
TOTOBJIEHUSI KOMIIOHEHTOB KOMIIO3UTHBIX MaTepua-
JIOB OOBIYHO He YIIOMUHAETCS.

TpyzaHO NpencTaBUTh, YTO U3 ITUX KOMIIO3ULIMOH-
HBIX MaTepUaJyioB B epCHeKTHBe OYAyT U3rOTaBIIM-
BaTbCfl OCHOBHBbIE MaTepHUaJOeMKHUe KOHCTPYKIHUU,
r71aBHbIe 0COOEHHOCTH KOTOPBIX — MPOYHOCTh, )Kapo-
IPOYHOCTb, U3HOCOCTOUKOCTD. A Be/ib 3TO TOPHOZO-
ObIBalOIMe MAIINHBI, JKeJe3HOJOPOXKHbIE PeJbChl
Y KOJIECHBIE T1aphbl, TEIUIO3HEPreTu4ecKre KOHCTPYK-
1Y, MHCTPYMEHTSHI /171 06pabOTKY pe3aHueM WM
ZlaBJIeHHeM 1 MHOTHe JIpyrre 000HbIe U3/eNsl.

Ecnv TOBOpUTD O TAKOM Ba)KHelIIeM CBOWCTBe Ma-
TepHuayoB, KaK KapolIpOYHOCTh, TO CJeAyeT OTMe-
TUTb, YTO BCe 6e3 MCKIII0YeHNs] MaTepHasibl Ha OCHOBe
IJIACTUKOB MMEIOT IOBOJILHO HU3KWI TeMIlepaTyp-
HBII IIpe/iesl X UCII0JIb30BaHUA Ha Bo3zayxe (~450°C)
TOrZla KaK MeTaJlJindeckye CIiJlaBbl Ha BO3/lyXe Bblzlep-
)uBaoT ~1250°C (puc.2), a criaBbl 671aropoAHBIX
MeTaJljI0B MJIaTUHOBOM rpymnmnel — 1 1550°C.

ITpu nepexoze K TemnepaTypam 3KCIUTyaTalldy Bbl-
e 1250°C Ha BO3yxe MOSIBJISETCS HEOOXOAUMOCTh
UCIOJIb30BaHUA TeXHUYECKOM KepaMUKU ¥ KOMIIO3U-
TOB Ha ee OCHOBe, KOTOpble IPUMEHSAIOTCA U IIPY TeM-
nepatypax Bbime 2200°C. Ho cBOWCTBeHHasi 3TUM
KJIaCCaM MaTeprasioB XPyIKOCTb BO MHOTUX CIy4Yasax
OrpaHMYMBaeT 061aCTH UX UCIIOJIb30BaHKsA. 3aMeTUM,
YTO [IPEOI0NeTh ATOT HEJIOCTATOK B OOJBIINHCTBE CIIy-
yaeB B GyrkaiineM Oy/yieM He IPeJCTaBIAeTCs BO3-
MOXHBIM, TaK KaK OH 00yCJIOBJIEH 0COOEHHOCTBIO XU-
MHYeCKOU CBA3M KepaMU4eCKUX MaTepHasoB.

T © METanbl

Kepamuka

2200
2000
1700
1550
1450
1250 hexpanb

HUXPOM,
150 Xpomesb

Puc.2. MpenenbHan Temnepatypa aKcniyaTaliin Ha BO3Ayxe Harpesateneii U3 MeTanindeckx i KepaMuyecKix MaTepuanos.



EcTb OCHOBaHUSA MOJaraTh, YTO pa3BUTHeE UCCIIe-
ZIOBAHWIA CBOMCTB KepaMUYeCKMX MaTepuaioB B 06-
JIACTH BBICOKMX TeMIlepaTyp MO3BOJUT HAaWTH pellle-
He Mpo6JIeMbl, TTOCKOJIbKY HEKOTOpbIe TaKue Mare-
puazibl MPOABJIAIOT MPU BBICOKUX TeMIepaTypax
[IaCTUYHOCTh. HeoOX0AMMBI CHCTEMHBIE UCCIeZl0Ba-
HUA OJ1d BblJEJIeHUA rpynnbl KEpaMUIE€CKNX MATepu-
aJI0B, KOTOpBIe IIPY BBICOKUX TeMIlepaTypax codeTa-
IOT MJIACTUYHOCTHh U l'IpO‘{HOCTb, HO,Z[O6HI>I€ xapaKTep-
HbBIM [OJId MeTaJlJIMYeCKUX CIIJIaBOB l'[pI/I O6I>I‘IHI>IX
Y yMepeHO BbICOKUX TeMIlepaTypax.

Heo6x01MMO OTMETUTD, YTO U KepaMUyecKue Ma-
Tepuasbl, UMeolle HeKOTOpble IIPeuMyIlecTBa Ie-
pel MeTayiaMK, 0COGEHHO TPU BBICOKUX TeMIepaTy-
an BKCHJIyaTaL[I/II/I Ha Bos,uyxe, B 6OJIbLHI/IHCTBe CJIY'
JaeB BCe )Xe He MOTYT X 3aMeHUTb. [lomMepsl, Kepa-
MMKa ¥ KOMIIO3UThI Ha MX OCHOBE, KaK BUJHO Ha
puc.1, 3aHUMAIOT TOJILKO HeGOJIbIINe YIaCTKU U3 BCe-
IO [0JI MaTepPUaJIOB.

CrenyeT y4uTHIBaTh, YTO Ce6ECTOMMOCTH MTPOU3-
BOZICTBA HOBBIX HayKOEMKI/IX MaTepI/IaJIOB u PI3Z[E]IPIﬁ
U3 HUX, KaK TPaBuiio, bosiee BbICOKas. B oTinuume ot
MeTaJUIn4ecKIX MaTeprasoB PerUpKYIALIISa KOMIIO-
3UIMOHHBIX — O0Jiee CI0XKHAs PaKTUYecKas 3a/1a4a,
Y C yCKOpeHueM IIporpecca TeXHUKHU, OIIpeZiesIAI0Iero
HGO6XOZ[I/IMOCT]) nppmaHm{ MaTepHanaM HOBBIX Ka-
4eCTB, POJIb ee OyZIeT Pe3Ko BO3pacTaTh.

Henb3s, KOHEYHO, OTPULIATD, YTO 3HAYEHUE HO-
BBIX MaTepUaJIOB C TedyeHHeM BpeMeHH OyZeT yCuiu-
BaThCs1, B OCHOBHOM B CBI3U C pa3BUTHEM IIPUHININ-
dJIBHO z[pymx HaHpaBJIeHI/Iﬁ TE€XHHNKHU, POJIb 3KOHO-

MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

MHUYecKuX GaKTOpOB Il KOTOPBIX OyJieT He CTOJb
Ba)KHa. YTJIeIUIaCTUKH, CTEKJIOIIaCTUKY, METAJJIO-
IJIACTHKY, KepaMUKa, OJIUMePhl 3aKOHOMEPHO Oy ayT
3aHMMATh HOBBIE HUIIY B TeXHUKE, BLITECHASA MeTaJl-
JIMYecKre MaTepuaibl.

Ho 1 B 3TUX yCJI0BUSAX OTPEGHOCTb B MeTaJIU-
JeCKMX MaTepuasaXx Kak OCHOBE MO/aBJISION[Ero
GONBIIMHCTBA CaMbIX Pa3HOO6GPAa3HBIX KOHCTPYK-
Ui, HeOOXOMUMBIX JIJIsl TIPOM3BOZICTBA MaTePUaIOB
NPYTUX TUIIOB, COXpaHUTCA. Takoe MoJIoKeHue, eciu
MCXOIWUTb M3 PeasibHbIX OL[eHOK, MaJo U3MEeHHUTCS
elie He OZIHO CTOJIeTHe. BbIIo 6bI MPaBUILHBIM FOBO-
pUTH IIPEXie BCEro He 0 3aMeHe MeTalInyecKux Ma-
TepuasnoB (OHa, HECOMHEHHO, OyZeT UMeTb MeCTO
B HEKOTOPBIX 00beMax, B 0COG@HHOCTH, KOT/Ia TaKast
3aMeHa MPUBOJUT K y/ellieBIeHI0), a 0 J0baBJe-
HUY K HAUM HOBBIX THIIOB TIePCIIeKTUBHBIX MaTepua-
JIOB, KOTOPbIe 06J1ajal0T He0OXOJMMBIMK CBOWCTBA-
MU, PaCIIUPSIONIUMH MlepevdeHb CBONUCTB, MPUCYIIUX
MeTaJjllaM.

MbI OTHIOZIb HE TIPOTUBHUKYU IPOBEIEHUS Najlb-
HeMINX UCCIeJOBAHUH 110 CO3AHUI0 U PACIIMPEHUI0
UCIIOJIb30BAHUS YIJIEIJIaCTUKOB, CTEKJIOMIACTHKOB
Y MHOTHX ZIDYTUX KOMIIO3UIIMOHHBIX MaTepUasoB, HO,
KaK MaTepUasioBe/ibl, XOTUM, YTOOBI M3JIMIIHSISA [IPO-
MaraHAKMCTCKask MyMUXa BOKPYT 3TOM MPO6IeMbl He
HaHecJ1a YPOH JlaJibHeIeMy Pa3BUTHIO MeTalIndec-
KUX MaTepuasoB.

MO’XHO C yBEPEHHOCTBIO CKa3aTh, YTO <«XKeJIe3HbIN
BeK» 4eJI0BevYeCcTBa MPOJ0JDKAETCS U MOKa ajlbTepHa-
THBbI METaJ/IaM HeT ¥ He TIPeIBUAUTCS. m

Metals Will Always Be Needed!

K.A.Solntsev'?, 0.A.Bannykh?, Yu.V.Tsvetkov?, V.M.leviev'
Lomonosov Moscow State University (Moscow, Russia)

“Baikov Institute of Metallurgy and Materials Science, RAS (Moscow, Russia)

We are trying to pay particulate attention to the role of metallic materials in the formation and development of civilization, as well to their place in the field
of the basic properties of modern structural materials. A unique combination of properties (ductility, strength, wearing quality, thermal and chemical
resistance) of metals and of the structural materials on their basis ensure their indispensability in a wide range of industries. An inexhaustible resource
in improving the operational characteristics of traditional materials, for example, steels, shows the need for the further development of fundamental and
applied research. Considering a wide range of other materials (plastics, ceramics, and composites), the authors reasonably conclude: metallic materials

will always be in demand.

Keywords: metals, structural materials, metallic materials, the role in the formation and development of civilization.
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03epo AlipaHHe B r.CopTaBana
(Pecny6bnuka Kapenua). .
®0T0 aBTOPa

MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

(03epa — OHO W3 rNaBHbIX OOraTCTB U A0CTOAHMIA XNTENEA CeBEPHbIX PernoHoB Poccun. 310
TPAHCNOPTHbIE NYTI, PEKPEALIMOHHbIE BOSMOXHOCTM 1 100bI4A NONE3HOrO ChipbA B BUAE Canpone-
n4. 1o noacyeTam CneunaniucTos, B 0AHOM NuWb Kapenuu HacunTbIBaeTca 0kono 60 ThiC. 03€ep,
a B Mypmatckoit 06n. — okono 100 Tbic. K coxaneHuio, OHU NOBEPXEHbI 3arPA3HEHNIO KaK CO
CTOPOHbI NOKANbHbIX MCTOYHNKOB, TaK W B PE3yNbTaTe AanbHEro nepeHoca NonMiTaHTOB Yepes art-
mocchepy. bonbLyio 0NacHOCTb NPECTABAAIT TAXENble MeTanmbl. OHaKo Npu UCCneaoBaHnm reo-
XUMUYECKMX aHOMAMNIA aTIX 3arpA3HNTENeiA HEOOX0AMMO NOHMMATb, B KakoiA (DOpMe HaxomATCA
METannbl, Nonaslune B BOAOEM. B CTaTbe 1aeTcA pa3bop OCHOBHbIX TEHAEHLIMA NOBEAEHNA TAXENbIX
METaNNoB B IOHHbIX OTNOXEHUAX Manbix 03ep Kapenui n Mypmarckoid 06n. Tonbko nocne npose-
[IEHNA TaKIX PaboT MOXHO C YBEPEHHOCTbD FOBOPUTL O HACTOALLMX 3KOMOrMYECKIX PUCKaX, (hop-
MUPYIOLINXCA B 03epax cesepa Poccui.

KntoueBble cnoBa: [0HHbIE OTNIOXEHWA, Manble 03epa, (DOPMbI HAXOXAEHUA TAXKEMbIX METANOB,
OrouHankauna, Kapenua, Mypmatckaa oon.

3axap MBaHoBuY CnyKOBCKMM, KaHANAAT OMONOTNHECKIX
HayK, CTapliuii Hay4HbliA COTPYIHMK NabopaTopun BOMHbIX KO-
cicTem MHcTuTyTa npo6nem npoMbILneHHoi skonorim Cesepa
Konbckoro Hay4Horo LieHTpa PAH v nabopatopim reoxumin,
YETBEPTUYHOI FE0NOrN W re0akonornm VHCTUTyTa reonormm
Kapenbckoro HayyHoro LeHTpa PAH. Cneuwnanuct B 06nactu
3K0Or NYECKOIA FEOXUMIM, TE03KONOT MM, GOreoxuMuIA, 61ONH-
mKaLum.

e-mail: slukovsky87@gmail.com

He 4acTo BCTpevaroTcs JoAx (M MOJIO/Ible, U B BO3pacTe), KUBY-

e Ha CeBepe U He 3HAIOIIVE O TOYHOM WJIY JJaXKe TIPUOIM3H-

TeJIbHOM KOJIM4YeCTBe 03ep B HallleM perroHe. BoT nmpumep. Jletom
2017 r. s1 661 B HEOOJIBINOH IKCIIEIUITNK Ha 1oro-3anaze Kapesuu, BOm3n
rpaHunbl ¢ uHnaHArel. 3aHMMasACh TOUCKOM IOAXO0/AIIero BojoeMa
715 0T60pa NPO6 OHHBIX OTJIOXKEHHUH, Mbl 3aexaju B CopTaBay — ropo-
JIOK, PacIoJIoXeHHbIH Ha 6epery Jlanoxckoro o3epa. ['opojckue Bozo-
eMbl — O/]Ha M3 OCHOBHBIX TeM MOUX MCCJIe[JOBaHMH, TI03TOMY HaBUTaTOP
TIPUBEJT HAC K 03ePKy M0/ Ha3BaHueM AiipaHHe. YBU/ieB BOJIM3M HErO JKeH-
mH 40-45 5eT, yAsImuyX poiOy, 5 IOAOIIeN IOMHTEPeCcOBaThCs, TOT JIX 3TO
BOJIHBIN 06HEKT, 0 KOTOPOM HaM coobIu mpubop. U meso naxe He B TOM,
4TO {1 He NOBePAI0 NOCIeHeMY CJIOBY TeXHUKH, a B TOM, YTO Ha3BaHUs
o3ep (0cobeHHO HeGOBIIMX BOJOEMOB) Ha KapTaX MOTYT OTJIMYAThCS OT
TeX, KOTOpble eCTb Ha CaMOM JieJie, i, COOTBETCTBEHHO, MECTHbIE XKUTeN
[ODKHBI 06 3TOM 3HaTh. OJIHAKO OTBET OJJHOI M3 JKeHII|H, CTOSIBIINX Ha
Gepery o3epa ¢ yZIOUKO¥ B PyKax, BBeJl MeHs B CTYIIOP.

— Oro Jlajoxckoe 03epo, — 6e3 1011 COMHeHHS MoBefiaa OHa. X0-
TS Ha caMoM Jejie JIafoXCcKoe 03epo PacIoyiokKeHO B HeCKOJIBKUX KUJIO-
MeTpax OT TOTO MeCTa, I7le HaXO/JWJICh MBI, O 4eM s I10CJIe [ay3bl ocIe-
LM COOOLIUTS €, HO MOJIy4uJI ellle Ooslee HeOXXUAAHHOE ITPOZI0JDKEeHMe
pasroBopa.

— Taxk B Kapenuu Bcero g8a o3epa: Jlagoxckoe y Hac 1 OHeXCKoe
TaM, — MaXHyJa )XeHIMHA B CTOPOHY, NT0/ipa3yMeBasi BOCTOK PernoHa,
MIOCJIe Yero yCTaBUIACh Ha NIOIJIABOK, IIOKa3bIBasA BCEM BUIOM, 4TO JaJlb-
HeWIIWii 1uaor BecTh 6eCCMbICTIeHHO. S MO0 /1a Tapy MrHOBEHHUIA,
OTXO/Ifl OT ee HeOXKU/IAaHHOTO YTBeP KJieH!US 1, yCMeXHYBIIKCh He TO OT ee
HEBEXXeCTBa, He TO OT 0CO3HAHYA CBOEi 6eCIOMOIIHOCTH B CJIOKUBIIEHCS
CUTYyalluH, yies K MalliHe pa3rpy’Xarh Belld 1 HAYMHATh PaboTy.
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Kyna 6e3 reonorun?

CorysacHo OLeHKaM chenuanucToB u3 MHcTUTyTa
BoZHBIX mpobiem CeBepa Kapenbckoro Hay4HOro
nentpa PAH, Ha repputropun Kapenuy HacuuThIBaeT-
cs1 0KoJ10 61 Thic. 03ep [1]. B Mypmanckoi 061., pac-
IIOJIOXKEHHOW CceBepHee, UX ele 6oJblle — OKOJIO
100 TbIC. [2]. B cymMe 3TO TPUMEPHO COOTBETCTBYET
obmemy yuciy o3ep B PUHIAHANY, IUIOMIA/b TEPPUTO-
puu KoTopoit — Kak pa3 Kapenus u MypmaHckasi o6u1.,
B3ATble BMecTe. OJJHaKO BCe Y BCA Ha CBeTe 3HAIOT, 4TO
uMeHHO OUHIAHANSA — CTpaHa ThICAYU 03ep (3To cTa-
710 ee 6peHsioM), a BOT 0 Kapenuu nian MypMaHCKO#
00J1. TaKOe CJIBIIIHO pefiKo. Jlake MeCTHBIE XUTeJH,
KaK BBl y)Ke IIOHAJIM, 3TOTO He OCO3HAIOT, XOTA A yBe-
peH, Ta xe xeHIInHa u3 CopTaBajbl cOOOMmuIA ObI
MHe, 4yT0o B QUHIAHANN MHOTO 03ep. VIMeHHO 3Ta UH-
dopmarys pacKkpy4yrBaeTcs Py OMOIIY CPeZICTB Mac-
coBOM MHGOPMALUY U PeKIIaMBbl.

V3ydeHueM o3ep u B Poccun, u 3a pybexom 3a-
HUMAIOTCA CIelUaauCThI-IUMHOIOrU. Ecy y4ecTs,
9YTO 03€pO — CAMOCTOATEJIbHAsA CJIOKHAA 3KOCUCTe-
Ma ¢ MHOXeCTBOM (aKTOPOB, BIUAIIINX Ha ee 00-
pa3oBaHue U pa3sBUTHE, TO B JUMHOJIOTUIO JIOAU
NPUXOAAT U3 Pa3HbIX 00JacTell 3HAHUI: OHOIOrUY,
9K0JIOTUH, reorpaduu u p. 5 npuiien U3 reoJoru,
a BepHee — U3 TeOXUMMHU. «YTO e reoJIoruYecKkoro,
a TeM 60Jiee TeOXMMUYECKOTO, — CIIPOCUTE BbBI, —
MO’KHO HaWTHU B 03epax?» K cyacTpio, 04eHb MHOT'O
BCEro, HauMHas OT NPOUCXOXKIEHUsI 03ep, KOTJIOBH-
HBI KOTOPBIX MOTJIM 00pa30BaThCsA HA MeCTe TeKTO-
HUYeCKUX Pa3jOMOB WMJIM KapCTOBBLIX IPOBAJOB,
Y 3aKaHYMBas HaKOIJIeHWeM JOHHBIX OTJIOXeHUH,
HNPOUCXOAAMUM Oarosapsi 3po3uH, T.e. Pa3MbIBY
GeperoB ¥ mepeHOCy 4acTUI] OT JIUTOPAJH Ha IHO.
VIMeHHO 11 U3y4eHUs NOHHBIX OTJIOXEHUH, KOTO-
pble MOXHO TaK)Xe Ha3BaTb UIaMU UJIH OCaZKaMH,

[T W

HYXXHbl 3HaHMSA 110 TeOXUMUU. A eClu pedb ufeT
0 COBPEMEHHBIX OTJIOXEHUAX, CHOPMHUPOBABIINXCS
3a nocyaenHue 100-150 set, TO Hy>XHBI 3HaHUSA 110
JKOJIOTUYeCKOW reoXuMuu. B aToil Monofoi auc-
LUIJIMHE aKLeHT JelaeTcs Ha BellecTBa UJU dJie-
MEHTBI C IOMeTKOW «3arpsi3HUTeNN». 3a IocaeJH1e
MOJITOPA BeKa UX OBLIO MPUHECEHO B OKPYKAIOIIYIO
Cpeny, ¥ B TOM 4HCJIe B 03epa, CTOJIbKO, CKOJIbKO He
IIPAHOCUJIO YeJI0BeYeCTBO 3a BCIO TPeAlIecTBYIONIYIO
ucroputo. Hanpumep, B pe3ysibTaTe JaJbHero mepe-
HOCA 3arpsA3HAIMINX BelleCTB adPO30JIAMU €Xerof-
HOe IOCTyIUIeHne Ha TeppuTopuio Pecny6inku Ka-
penus TSKesbIX MeTalJIoB — O/JHUX U3 CaMbIX omac-
HBIX 3arpA3HUTeNel — cocTaBiasgeT okoyo 1.5 T [3].
U 5T0 pedb Mk 0 4eTbipex Metayuax — Pb, Cu, Ni
u Cd. [ToBbIlIeHHbIE COJIEPIKAHUS HE MeHee OMacHbIX
TI, Sb, Zn, Hg u ap. Takxke GUKCUPYIOTCS B 03epax,
PAaCIIOJIOKEeHHBIX Jla’ke B CaMbIX YUCTBIX palioHax ce-
Bepa Poccun [4-6]. OfHAKO 0 KOJMMYeCTBe UX exe-
rOZHOTO NMPUBHOCA HAa TeppuTopuio Kapennuu noka
HUYero He U3BeCTHO.

C npyroyt CTOPOHBI, MBI XOPOLIO 3HAaeM UCTOYHU-
KU MOCTYIUIeHUs1 OOJIbIIMHCTBA METaNIOB U (aKThI
UX HeraTUBHOTO BO3/IeMCTBYSA Ha JKUBble OPraHU3-
MBI, HaceJsifomue o3epa. B camoit Peciy6iuke Ka-
penus, rje S NPOBOXY JMMHOJIOTUYeCKUe Uccaeso-
Banuda ¢ 2013 r., rmaBHasA OMAaCHOCTb UCXOJUT OT
KpyIHeHIero roposia B peruone — IleTpo3aBozcka
¢ HacesieHueM 0KoJio 300 ThbIC. YeJIOBeK — U IIpef-
NPUATHA N0 J00bIYe 1 lepepaboTKe jKee3HO! Py/Ab,
pacrnosoxeHHoro B6JM3U ropojka Kocromykiu
(oxono 30 Teic. )xuTenei) [1, 5, 7]. Kpome Toro, me-
TaJUIbl MOTYT HaKaIlJIMBaThCSl B pe3yJibTaTe BHIOPO-
COB XeJIe3HOZOPOXKHOTO TPAHCIIOPTA, HOCKOJIbKY de-
pes3 BCio peciy6IIMKY, € Iora Ha CeBep, IPOXOJAT My TH
OKTAOPBHCKOH XKeJe3HOH AOpPOrd. DTOT MapIIpyT,

Puc.1. MenHo-Hukenesblii kombuHart B .MoH4eropcke (Mypmanckaa 06n.).
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IIPOJIOKEHHBIN elle B Hauase XX B., IPUBOJUT HAC
B MypMaHCKyI0 00J1., paiy OCBOEHUs HeZip KOTOPOH
ero 1 3aZiyMbIBaiu. 3ech ¢ 1930-X ro/ioB u 1o cei
IleHb aKTUBHO pabOTal0T MHOTOYKCIIEHHbIE TOPHO-
nobpIBatomye ¥ MeTaJIyprudeckue npeanpusTus,
KOTODBIe TaK)Xe BBIOPAChIBAIOT B OKPYKAIOLIYIO Cpe-
1y 3arpsAsHApmue BemecTsa [8]. B nepByro odepess
3T0 KacaeTcs BbIopocoB Ni u Cu OT mpeAnpHUATHIA 110
nob6biue U mepepaboTKe MeIHO-HUKEJIEBOU PyIbl
(puc.1). B o03epax, pacmnoyioxeHHbIX BOJIM3H I.MOH-
4yeropcka, KOHIIeHTPAallUU 3TUX MeTaJlJIOB MHOrO-
KPaTHO NpeBbIIA0T GOHOBBIN ypoBeHb [9]. [Toxa-
JIy#, B JaHHOM CJly4yae HeT GOJIbIIOro CMbIC/Ia 06BAC-
HATH, KaK B TAKUX BOZOEMaXx XUBETCSA UX oOUTaTe-
asiM. Crierinanuctsl U3 MHCTUTYTA IPOGIEM TPOMBbI-
mieHHOU akosorun CeBepa Kojbckoro HayuyHOro
nentpa PAH rosopsrt, 4TO B palioHe ecTb 03epa, Ize
Kakasi-100 XK13Hb yOUTa BEIOPOCAMU MeTajlTypru-
4eCKOro NPOMU3BOACTBA HAa KOPHIO. OfHaXJbl UM
IPUIIIOCh KOHCTATUPOBATDH 3TOT (AKT EMOHCTpa-
[uel NycThiX ceTell. IIpeacTaBbTe yauBIeHNE MeCT-
HBIX JKUTeJell, HabIAaBIUX 3a 6eCroe3HbIMU CTa-
PaHUAMHU y4eHbIX BO BpeMs YCTaHOBKU CHACTH U efiBa
CKPBIBABIIUX YCMEIIKY. [l 6OJIBIIMHCTBA MOHYe-
rOpIieB OTCYTCTBHE PHIOBI B OT/JENbHBIX BOJOEMax
PAZOM C KOMOMHATOM — JIaBHO He CeKper.

pA3b ¢ TYXNATUHOM
Ho u Hanu4ue puiObI U [PYTUX KUBBIX OPraHM3MOB
B 03epax MPOMBIIUIEHHbIX PAlOHOB 1 YPOaHU3UPO-
BaHHBIX TEPPUTOPUN — HEe MOKa3aTelb YUCTOTHI.
JIuIb TOCTUTHYB KPUTHIECKUX 3HAYeHUI KOHI[eHTpa-
IUH, TSDKeJble MeTaJlIbl MOTYT IIPUBECTH K rubesu OT-
IebHbIX BUJIOB, BO BCEX OCTAJIbHBIX CIydasix MeTas-
JIbI, MUTPHUPYSI [0 LENsM MUTaHusl OT GeHTOCa WUJIN
TUTAHKTOHA K phibe, 06BIYHO HaKar-
JIMBAIOTCSI B JKM3HEHHO BaXKHBIX
opraHax: reJeHH, MovKax, xabpax
u koctsix [10]. IIpoBoasi pabo-
ThI 0 UCCIIEIOBAHUIO HKOCHCTEMbI
03.Jlamba, pacronoxeHHoro B Ile-
Tpo3aBojicke psnom ¢ THII, Mbl 06-
Hapy)XUJIM aHOMaJIbHbIe KOHIIeHT-
pauuu V u Ni Kak B JOHHBIX OT-
JIO)KeHHSIX BOZI0eMa, TaK U B Opra-
HHM3Max OOUTAIONIMX B HEM OKYHS
u wioTBbI*. Oba Mmeranma — pe-
3yJIbTAaT BLIOPOCOB TIPEANIPUSATHS,
MPUMEHSIIONIEr0 B KayecTBe TOT-
JIMBa Ma3yT, B KOTOPOM €CTeCTBEH-

* CM.: Cyxosckuti 3.1. CaHTUMETpBI UCTO-
pun, v Kak TsoKesible MeTasIbl MapKupy-

MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

Hble mpumecd — V u Ni. Ucnonb3oBanue 03.Jlamba
¥ OJ0OHBIX eMy BOJIOEMOB B PEKPeallMOHHbIX LeIfX,
B TOM YHCJIe [JIsE PHIOHO¥ JIOBJIH, YTO PETYJISIPHO MPO-
HCXOZUT Ha OPOJICKUX BojoeMax (puc.2), 4peBaTo
MUTpaLyei 3TUX TSKeNbIX MeTaJUIOB IPSAMO Ha obe-
JIeHHBII CTOJI JIIOOUTeJIeN JIeTHel UIu 3UMHeH JIOBJIU.
Kcrartu, fuanoru ¢ pribakamMu He 0 pribajike, a 06 Ux
yJI0Be, HUKOI/]a He ITPUBOZIMJIU K YCIIeXy B BU7ie OTKa3a
OT JIOBJIY B 3arpsAI3HEHHOM BozioeMe. Lludpbl, Ha3bIBae-
Mble MHOH ¥ KOJuIeraMu, 06bI9HO BOCHPHHMMAJKCh
¢ GONBIIMM COMHEHHEM W ToZ03peHueM. J[oBepus
K YYEHBIM U pe3ysibTaTaM UX paboT B COBpeMeHHOM 00-
1IeCTBe, YBBI, 04€Hb MaJo, TeM OoJiee eciiv pPbiOa BbI-
IJIAZIAT KaK pbI0a, BOZIa — KaK BOJA, a IOHHbIE OTJIOXKe-
HUsI — KaK OObIYHbIE IOHHbIe OTJI0XeHus. Ha ocaz-
Kax, KOrfa ZI0CcTaelllb UX U3 03epa, He HAaIlUCaHo, YTO
OHY 4eM-TO 3arpsi3HeHbl. Mbl 1 camu y3HaeM (U4 He
y3HaeM) 00 3TOM JIMIIb MOCJIe ONyYeHUsT XUMIIeCKO-
ro aHajm3a. UTo 5xe TOBOPUTbH O IPOCTHIX CMEPTHBIX?
BHellHe JOHHBIE OTJIOXEHUS 03ep, AelCTBUTENb-
HO, MaJIO YTO MOTYT MOBeZaTh 00 UX reOXMMUIECKHUX
0C0OEHHOCTSX, 0COGEHHO eC/Ii Pedb O COIePXKAHUK
MUKPO3JIeMeHTOB, K KOTOPbIM OTHOCATCS U TsDKeJlble
MeTaJljbl. BOJBIIMHCTBO 0CaZIKOB, C KOTOPBIMU HaM
€ KoJuleraMu mnpuxoautcsi paboratb B Kapenuu
¥ MypMaHCKo#t 00J1., IMEIOT TeMHO-OYPBIi, 3eJ1eHO-
BaTO-OyphIi MM YepHbIN BeT. OJHAXK/IbI, YBUEB
MeHs1 3a pabOTOM, MO¥ CTApIINi CbIH BOCKJIMKHYJI:
«Yt0 3a rpA3b ThI U3yvaelns!». Y npasza, nepsas ac-
colMalysa Npy BUJe HalllUX OTJIOXKEeHUN — C IpA3bIo,
KOTOPYIO MbI MOXXeM HabJII0/1aTh B JIy)KaX, B CTOYHbIX
KaHaBax UM y OPOr [I0Cje pa3MblBa MOYBEL. 3anax
0CanKoB — GOJIOTHBIN, MHOT/IA OTAAOMININ TYXJIATH-
HO, YTO CBSI3aHO C BBIXO/IOM cepoBojiopoza [11].
OCHOBHBIMU TPUOOPaMH, KOTOPbIE MbI UCIIOJIb3Y-
eM IIpY U3y4eHUH 03ePHBIX WJIOB, CIyKaT AHOYepma-

10T COOBITHA POMBIIUIEHHOTO BeKa B OT-
ZleIbHO B35TOM BofioeMe // Ipupozpa. 2018.
Ne7.C.23-29.

Puc.2. Puibak Ha 03./lTam6a (MeTpo3asonck, Pecnybnuka Kapenus).
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Puc.3. Mpo6oot6opHIK Limnos ¢ KONOHKOI OTNOXEHNIA.
®ot0 A.TuxoHEHKO

TeJb DKMaHa—Bepmku u npo6ooTbopHUK Limnos.
Bropoii 6oee 1ieHeH, TOCKOJIbKY M03BOJIsIET OTOM-
paTh BepTHKAJbHbIE CTOJIOUKY (JIMMHOJIOTH Ha3bIBa-
10T X KOJIOHKaMH) OTJIOKeHUH C HeHapyIIeHHOH 10~
CJIeZI0BAaTEILHOCTBIO 3ajIeraHus cioes (puc.3). Yame
BCero 3Ty cjiou (0T 1 cM u ToJIIe) YCIOBHBI, 8 UX BbI-
IesieHre IPOANKTOBAHO OFHUM JIMIIb JXeJlaHHeM yC-
TaHOBUTDb BpeMs Hayajla aHTPOIIOTeHHOT'O BO3ZIeHCT-
BHsI Ha 9KOCHCTEMY BoZoeMa. BusyasbHble MeTO/IbI,
KaK BbI OHSIM, TYT He paboTatot. IIpoime rosops,
¢oHOBEIe cT0M OcaziKa, 06pa3oBaBIINeECS B JOUH/YCT-
puanbHOe BpeMs, OyayT TaKue e 110 [BeTY, 3amaxy
Y KOHCHCTEHI[UH, KaK ¥ CJIOU, Ybe MPOUCXOK/eHHe
CBSI3aHO C 3MI0XO0# paclBeTa U pa3BUTHs IPOMBIIUIEH-
HOCTH ¥ TpaHcrnopTa. OfHAKO COfepKaHus TSIKebIX
METaJIJIOB B HUX GYAYT CHJIBHO OTINYAThCsA. YTOOHI He
IIPUBHECTU MeTaJUIbl B 06PasLibl OTJIOKEHHIA, BCe I0-
CJIefiyIoI1e IPOLiefyPhl BHITOIHAIOTCS C UCIIOJIB30-

BaHUEM ITIPHUCIOCOOIEeHNI U3 TIACTHKA, KepaMUKH,
CTeKJIa ¥ IPyTUX MaTepraoB, He 3arpsA3HAIOIINX IPO-
Oy. [ogyac KOJIOHKU OTJIOXKEHUH JOOBITHI B OY€Hb
TPYAHOZOCTYIHBIX paiioHax (Taiire, 6010Tax, TOPHBIX
MacCHBax), ¥ K BBIOOPY METOZIOB MCC/IeZI0OBaHUs TPO0
Heo6X0IMMO MOJXOAUTD C 3aTpesieIbHON OCTOPOXK-
HOCTBIO. L]eHa OmMOKY 04eHb BBICOKA.

B nabopatopuu o6pasiibl TOHHBIX OTJIOXEHUN
pa3buparoTcs Ha caMble pa3Hble BUIbI aHAJM30B —
rpaHyJI0MeTpUYeCcKUH, IMaTOMOBBIH, TPOKAIMBAHKe,
oLleHKa Bo3pacra o uzotonam Pb u Cs u, KoHedHoO,
xuMmuueckuil. CozepxaHue TAXeblX MeTaJJIOB Mbl
BBITIOJIHSIEM Ha Macc-CIeKTpoMeTpe C MHAYKTUBHO
CBA3aHHOU IIa3Mou B MIHcTUTYyTe reosiorun Kapeis-
ckoro HayuyHoro nentpa PAH. ®Drot npu6op no3BoJisi-
eT OLIeHUTb KOHLIeHTPaL1K 0K0J10 50 pa3InyHbIX 3J1e-
MeHTOB — OT Li 1o U. Ho ¢ Touku 3peHus sKoiorude-
CKOY Te0XMMUHU U IMMHOJIOTMY HaC UHTepecyIoT 3Jie-
MEeHTBHI, IpeAiCTaBAIINe YTPO3Y KUBbIM OpPraHU3-
MaM. O6BIYHO 3TOT HabOp 13 7—16 MeTaIOB 3aBUCHUT
OT 03epa ¥ aHTPOIIOTeHHOI Harpy3Ky Ha Hero.

Mo cnepam Aupp3 Tacbe

CaMble pacrpocTpaHeHHble 3arpsA3HUTENN 03€ep Ha ce-
Bepe Poccun — Pb, Zn, Cd, Tl, Sb, Sn, Tl u Bi. IIpen-
CTaBUTENISIMUA 3TON OMep3UTeIbHON BOCbMEPKHU B TOM
WJIA WHOU CTelleHW OTPaBJIeHbl BCe U3y4eHHble HaMU
03epa, 4TO TOBOPHUT O JjaJIbHeM PaclpOCTPaHEeHU! 3a-
rpsasHuTeneil. CorjaacHo JaTUPOBKaM, IOJTyYeHHBIM
Hamy ¥ Kojuteramy u3 HopBeruu 1 @UHIAHAUY U U3
IPyrux yupexzaeHuil Poccuu, pocT KOHIIeHTpanuu
YKa3aHHBIX 3JIeMEHTOB HavaJscs ¢ cepenunnl XIX B.,
YTO XOPOILIO COIJIaCyeTcs ¢ Ha4yaJloM [esATeJbHOCTH
MHOTMX KpYNHBIX 3aBojioB U ¢abpuk B EBporme
u CIIA. Ecu Bac yauBisier 310 GpakT, MOKHO 0bpa-
TUTBHCA K MCCIeJOBaHUAM KepHOB JIeZIHUKOB ['peH-
naHzanu [12], rae nosydeHsl aHAJTOTUYHBIE 3aKOHO-
MEepHOCTH, TOJIBKO B Ka4eCTBe JeIIOHUPYIOLIel cpeibl
BBIOPAHBI He 0CAZIKU 03ep, a JIefl.

BesAku#, KTO U3ydas 3arpsA3HeHre 104YB WU JJOH-
HBIX OTJIOKEHUU BOAHBIX 00BEKTOB TXKETbIMU Me-
TaJJIaMU, 3HaeT, YTO UX TOBbILIeHHbIe BaJIOBble KOH-
IIeHTPALINY He BCETZia CBU/IETENILCTBYIOT 00 HKOJIOTH-
4ecKOM Hebiaromnony4yuu cpeabl. KoHeuHo, MOAKIIIO-
YKB MeTOZbI OMOJOTHYECKOH NHINKALUY K TeOXH-
MUYeCKUM HCCIeOBAaHUAM, MOXHO OTBETUTb Ha
6ONBIIMHCTBO 9KOJOTUYeCKUX BompocoB. Ho, Bo-
HepBBIX, 3TO He BCerza IoiyvaeTcs o GrHAHCOBBIM
Y Ka/[pOBbIM IPUYMHAM, @ BO-BTOPBIX, KaK NPaBuUJIo,
yZaeTcs OTBeTUTb Ha MHOTHe BOTIPOCHL, HO He Ha BCe.
W rnaBHOe, reoxuMHUYecKasd KapTHHA COCTOSHUA
JIOHHBIX OTJIOKEHUI OKa)KeTCs HelOJIHOW, 4YTO BOM-
ZeT B AUCCOHAHC C TEM TPYJOM, KOTOPBIHA ObLI BJIO-
)K€H B 9KCIEJUIMI0 WM HOATOTOBKY 00pa3loB.
BaxHO mpoBoAUTH aHANMU3 GOPM HAXOXKZAEHUS TSKe-
JIBIX MeTaJlIoB. IMeHHO Takasi paboTa MOXXeT MOKa-



3aTh BCIO INIyOHMHY IIPOG6JIeMBbI 3arpsi3HeHNs, C KOTO-
PO CTOJIKHYJICA TUMHOJIOT.

40 ner Ha3aj B XypHase «Analytical Chemistry»
BBINJIA CTaTbhsI TPEX YIEHBIX BO IJIaBe ¢ podeccopoM
A.Tacbe 13 HanlmoHaIBLHOTO MHCTUTYTA HAYYHBIX UC-
cnenoBanuii (National Institute of Scientific Research)
YuuBepcurera KBeGeka B Kanaze [13]. B my6ikauuu
NIPUBOJWJIOCH ONMCAHUe NPOLleAyphl OCIe0BaTeNb-
HOH 9KCTPAaKLUK TSKeJIbIX MeTaJJIOB B PEYHBIX OTJIO-
’KeHUAX C UCM0JIb30BaHNEM pa3IMYHbIX peareHTOB.
YdeHble B35J1 32 OCHOBY IIpeJiCTaBJIeHNe, YTo Tsxe-
JIble MeTaJlfbl, [I0M1a/iasl B Cpefly IOHHBIX OTJI0XKeHU
WJIY NOYBBI, CBA3BIBAIOTCA B KOMIJIEKChI, OCHOBY KO-
TOPBIX COCTABJIAIOT MO0 KapOOHATEI, TUO0 TUAPOOK-
CHIBI JKesle3a ¥ MapraHia, Jinb0 opraHivecKoe Belie-
CTBO [14]. YacTb MeTanI0B OCTaeTCsl B MUHepalIbHON
daze, T.e. CBA3aHO ¢ IEPBUYHBIMU MHUHepalaMH, € KO-
TOPBIMU OHU U MOCTYNIUJIN B IEIIOHUPYIOIIYIO Cpefy.
Eure yacTh HaX0AUTCA B HECTAOMIIBHOM IOJIOXEHUU
(B MOABMXXHBIX GOPMax) U MOXKET C JIETKOCTHIO BbI-
CBOGOAUTHCsT 06paTHO. B cilydae JOHHBIX OTIOXKEHUIA
MeTaJUIbI IepeiziyT 06paTHO B BOAY, MHHULIMKPYS PO-
11ecC IOBTOPHOTO 3arpsi3HeHNs BoJjoeMa.

[Tpo6ieme BbiziesieHNsI TOZOOHBIX POPM TSKEIIBIX
MeTaJlIOB [IOCBALIEHO OTPOMHOEe KOJIM4eCTBO Hay4d-
HOU nuTepaTypbl. CylecTBYIOT IONBITKY BUOU3Me-
HUTb UJIU OLIPOBEPTHYTh BbIBOABI TAcke U ero KoJuIer.
OpHako 710 cux mop ux pabora 1979 r. ocraercs Boc-
TpeGOBaHHOM Y HKONOTNYeCKUX Fe0OXMMHUKOB IO BCe-
My mupy. Tosbko B ofHo¥ 6a3e nanHbix Web of Sci-
ence CChbIJIOK Ha Hee HAa MOMEHT HalMCaHUSA 3TUX
CTPOK HacYUThIBaeTcA 6653, a B TOMCKOBOM CUCTEMe
Google Scholar eme 60sbime — 12 253. DTO 3HAYHUT,
4TO C MOMEHTA BbIXOZIa CTaTbU KaHA/ICKUX YYeHbIX Ha
Hee eXeroZIHO B Pa3sHbIX YroJIKaXx MUpa CChLIAIOTCA
B cpenreM 6osee 300 pa3. U Henb3s 3a0bIBATh, YTO
3TO JIMIIb Te CChIJIKU, KOTOPbIe MOXHO y4ecTb. B pe-
QJIIBHOCTH IIMTUPYEMOCTDb JAHHOW MyOJIMKAIUK BbILIe.

[lBa 03epa — aBe cyabObI

W3yyasa no Metozuke Tacbe JOHHbIE OTIOXKEHUSA 03€p
Kapenuu 1 MypmMaHcKoii 06.1., MbI 60JIbIIIe BCETO XOTe-
JI1 TOHATb, KAKOBA POJIb OPraHWYeCKOrO BellecTBa
B aKKYMYJIALIMY TSDKEIbIX MeTaJUI0B? [ KaXK/10T0 Me-
TaJl/1a B OTJIEIbHOCTH 3Ta POJIb MOXKET ObITH COBEPIIIeH-
HO Pa3HOM, ecJIv IIPUHATh BO BHUMaHUe WX pa3ndyHble
cBoiictBa. [Toyemy nMeHHO opraHukar» Bce mpocto: oT-
JIOKeHWsI OOJBIIMHCTBA 03€P CeBEPHOH TaeXXHOH 30-
HbI — 3TO WJIbI C OOJIBIINM U JlaXke OYeHb OOJIBIIIM CO-
Jiep>)kaHreM OpraHuyeckoro Berectsa [11]. [Iig oTio-
’KeHU, B KOTOPBIX COJiep>KaHKe OPraHUKH IpeBblIlaeT
30% cyxo¥ Maccel, CylecTByeT CIelraJbHbII Tep-
MHH — carnpornesb. Tak BOT, BCTpeyaroTcs o3epa ¢ ca-
mporesieM, e A0yd opranuku gocruraetr 80%, oc-
TaJlbHOE NPUXOAUTCA Ha KpeMHe3eM, COeJMHeHNs
AIFOMUHUS, XKeJjie3a U HeKoTopbie apyrue. OcobeHHO
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3TO PACIPOCTPAHEHO B GOJIOTHCTOM MECTHOCTH, T7ie CO-
BepLIEHHO HeT UCTOYHUKOB TOCTYIJIEHUSI MUHEPaJIb-
HOI1 ppakiuy B OTIOXKeHus: 03ep. U cliejoBaTesbHO,
OCHOBHYIO Maccy UJIOB 37ecb GOPMUPYeT OpraHuKa.

Eme onHa mpuuunHa, 1o KOTOpou MeToauka Tacke
Ba)KHA B JIMMHOJIOTMYECKUX paboTax, CBsi3aHa C OLieH-
KO MO/IBM)KHOCTY METaJIJIOB ¥ PUCKOB TIOBTOPHOTO
3arps3HeHNs 03€ep. MeTabl, KOTOPbIE B IOHHBIX OT-
JIOXKEeHUSIX He CBs3aHbI HUKaKiMK (azamu, Hauboee
OTaCHBI /ISl )KUBBIX OPTaHU3MOB, 71a ¥ 11 QYHKIHO-
HHUPOBaHUsA BCeH SKOCUCTEMBI B 11eI0M. IMeHHO Ta-
KHe MeTaJUIbl TIOCTYIAl0T B OPraHU3MbI PbIO ¥ B BOJ-
HYIO PaCTUTEJIbHOCTb, IOTOMY BTOPO€ Ha3BaHUe 3TOH
dopMbl HaxoXeHus1 — 6uonoctynHas. OpraHudec-
Kas dasza Toxe 6HOOCTYIIHA, HO JIMIIb B CIIyYae He-
IIOCPeZICTBEHHOTO MOTJIOMeHNs JOHHBIX OTIOXEeHHI,
HampuMep, BO BpeMs IUTAaHKUA, YTO C YCIIEXOM JIeIaloT
GeHTOCHbIe OPTaHU3MBI 1 PHIObI-OeHTOaru (II0TBa,
Jienr). DTU fiBe GOPMbI HaXOXKIEHUS METAJIJIOB B JIOH-
HBIX OTJIOKEHUSX IOJDKHBI ObITh IPOAHATM3UPOBAHbI
B [IEPBYIO OYepesib, YTOOBI MOJy4MIach MOJHAS Kap-
THHA COCTOSTHUS BOJHOH CpeZbl 03epa.

B 2017 r. Poccuiickuii poHA GyHIaMeHTaTbHBIX
WCCIIeJOBAaHUI MO//iepyKaJl Halll TIPOEKT IO U3y4YeHUIO
(bOopM HaXOXX/IeHUS TSKENbIX MEeTAJIJIOB B IOHHBIX OT-
JIOXEeHUAX MaJbIX 03ep ceBepo-3anazna Poccum. K To-
My MOMEHTY y Hac yke Oblia co3aHa xopoiasi 6asa
JaHHBIX /7 03ep, KOTOPbIe Ba)XHO MCCIIeZI0BATh, ¥C-
T0JIb3y#1 CPeZCTBa HOBOTO rpaHTa. C OJJHOH CTOPOHBI,
pelieHo 6BUIO MPOAOIIKATH U3YYaTh 03epa FOPOICKOM
CpeZibl, C APYroil — B3ATh KYPC Ha aHAJIU3 BOJIOEMOB,
paHee BbIZIEJIEHHBIX B KaUeCTBe IPUTOHBIX /IS 110~
Obruu campornesis [15], T.e. B 060MX CIy4asix ecTh KaKk
dyHIaMeHTaNbHBIE IIeJb U 33/1a4H, TaK U PaKTHIec-
KW CMBICJI IMMHOJIOTUYEeCKUX HUCCIeoBaHuu. ITon-
rOTOBKY P06 10 MeTO/IMKe MOCIe[0BAaTeIbHOM JKC-
TPaKIUU METaJJIOB MPOBOWIN B IHCTUTYTEe XUMUU
Y TeXHOJIOTUH PeJKHX 3JIeMEeHTOB U MUHEPaJIbHOTO
ceipba Konbckoro HayyHoro nenrpa PAH, y cnenna-
JIMCTOB, KOTOPBIE YK€ NMeJIH ONBIT PAGOThI C CUJILHO
3arpsi3HeHHbIMU IPYHTaMH, OTOOPaHHBIMU Ha TeppU-
TOpuu MypMaHCKo# 061

Pe3ybTaToB MOJy4YMI0Ch MHOTO, M OHHM HAaCTOJIb-
KO Pa3HOOOpa3Hbl, YTO MPUBECTU UX BCe B OJJHOY Ha-
YYHO-TOMYJISIPHO# CTaThe He TMpeACTaBIseTCS BO3-
MOHBIM. JIa B 3TOM U HeT He0OXOAUMOCTH, Befib 06-
IIyI0 CYTh MOKHO M3JI0XWTh ¥ BKpaTle. B mepByio
oYepeib CTOUT OTMETHTh, YTO MOYTH BO BCEX U3y4eH-
HbIX 03epax Kapenuu u MypMaHCKO# 06J1. JOMUHH-
pytomue GOpMbI HAXOXK/IEHHUS TSKEJbIX MeTaJlJIOB —
MuHepasibHast ¢pa3a v Gpopma, CBsI3aHHAs C OpraHuve-
CKUM BeIeCTBOM ZIOHHBIX OTJIOXeHUi. COOTHOIIeH e
3TUX GOPM 3aBUCHUT OT OOIIIEro KOJIMIeCcTBa OPraHUKH
B CAMHX OCaZIKax: 4yeM OoJiblile B HUX OPraHU4ecKoro
BelleCcTBa, TeM OOJIbIIYI0 3HAYMMOCTb TPUOOpeTaeT
naHHas Gopma HaxOX/eHus1 MeTanaoB. Hanpumep,
MBI [IOJIyYXJIU COBEPIIEHHO pa3Hble KAPTUHBI TOBeIe-

[=2)
=
o
N
~
o
—
~
T
=
o
(B
=
E
=

—_
w




=)
=
(=]
N
~
o
S
~
<
=3
o
o
=
o
=

—_
aN

BUOTEOXUMIA. TEO3KOOr A

100 Cu d
30 60
o 60 40 -
g 404
3 20-
§ 20+
g 0t . . | 0 : : : , p—
5 0-5 5710 10-15 1520 2025 25-30 0-5 5710 10-15 1520 2025 25730
8 60 Pb Zn
=] 60 -
=
3
=
g % 40
g
20 20 -
0+—= 0

0-5 5-10 10-15

rnybuHa cnos, cm

- | - || = |l

1520 2025 2530

0-5 5-10 10-15 1520 2025 25-30
rnybuHa cnos, cm

=V -V -V

Puc.4. Tpachukn pasnuyHbix opm TAXKenbix metannos (Cu, Zn, Cd, Pb) B otnoxeHuax 03.JluyHkyHnamnu (Pecnybnuka Kapenua).
dopwmbl: | — BogopacTBopumble, || — 06MeHHbIE KaTiOHbI (MOABIKHEIE), |1l — cBA3aHHbIe ¢ ruapookucnamu Fe n Mn, IV — cBa3aH-
Hble C OPraHYecKNM BEWeECTBOM, V — KCnoTopacTBopuMble (0CTaTouHbIe), VI — MuHepanbHble.

HUS MeTalJI0B B 0CafiKaxX MPU U3yYeHUU [IBYX MaJbIX
o3ep Ha toro-3anaze Kapemu. B onqaom u3 vux (Paii-
BaTTaJaHJIaMIIM) COZlepXKaHue OpraHU4ecKoro Bele-
CTBa cocTaBJseT Bcero 26%, a B ipyrom (JInyHKyH-
namnu) — 88%. B JInyHKyHIaMIu 60JIbIIUHCTBO Me-
TaJUIOB COPOUpYeTCcs OpraHukoi, ocobenno Cu, Zn,
Cd, Sb u Pb (puc.4), a B PaiiBaTTasaHIaMIT! TECHYIO
CBAI3b C OpPraHukoy umerotr auub Cu u Zn. Taxxe
B 060MX BOZI0OEMAaX BeJIKa POJIb MOABMXHBIX GOpM
Zn, Cu, Tl u Pb. Tax, B ocagkax JINyHKyHJIaMII4 T10-
nerxHOCTE Cd mocturaer 40%, a Pb — 50%. Bee usy-

1.298 24101
0% 3%

215.478
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56%
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v
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YeHHble MeTaljbl B 3TUX 03epaxX — pe3yJbTarT Jalb-
Hero rnepeHoca 3arpsi3HuTesiell. B OCHOBHOM 3TO BBI-
6pocbl CaHkT-ITetepbypra, pacrooeHHOro B 150 km
OT paiioHa uccienoBanus [16].

CoBceM MHYIO CUTyaLMI0 MOXXHO HabII0aTh B 03e-
pax ropojckoii cpenbl. ITomaute po V u Ni B ocazikax
u poibe B 03.JlJamb6a? O6a MeTtasiia 06J1aJal0T BHICOKH-
MU KOHIIEHTPAL[sIMK B OPraHUYecKo# 1 GuofocTym-
Hoii popmax (puc.5). PbIObI MOJTy4atOT B CBOW PaIivoH
3TH MeTaJUIbl IMEHHO [I0TOMY, YTO 3arpsI3HUTENN CO3-
JAI0T COOTBETCTBYIOIIME 9KOJOTUYeCcKue PUCKU AJIS

5541 62.254
0%\ 3%

525.497
21%

875.162
35%

963.921
39%

Puc.5. PacnpeneneHne pa3nnyHbix popm BaHaaua (Mr/kr, %) B 0TnoxeHuax 03.Jlam6a (Metpo3asoack, Pecnybnuka Kapenus).
Cnesa — ropuaoHT 0-5 cMm, cnpaBa — 5—10 cm. PacmcpoBka 0603Ha4YeHWid npuBeneHa Ha puc.4.



Pa3sBUTHUA SKOCUCTEMBI, HAXOAACh B MOTEHIMAILHO
onacHbIXx popmax. Popmel pemaroT Bce. [ToBenenue
npyrux metanios (Pb, Bi, Mo, Zn, Cu, Co) 31ech Takxe
HaNpsMYIO 3aBUCUT OT OPraHUYeCcKOro BellecTBa, KO-
Toporo B uwiax JJam6bl okosio 50%. B aTOM 3Ke o3epe
BBISIBJIEHO CHJIbHOE BJIMSIHUE COeJlMHeHUH xee3a (co-
CTaBJIAOIMX 10 16% OT 061Iell Macchl UIOB) Ha aKKY-
MYJIALMIO TAKUX MeTasuIoB, Kak V, Ni, Zn u Cd. ITo-
CJIe[IHUY B OTJIOKEHUAX MHOTUX U3y4eHHBIX 03ep UMe-
eT BBICOKYe KOHLIeHTpaluy B GUOLOCTYIHOI popMme,
YTO C y4ETOM ero pacrpoCTPaHEHHOCTH KaK Ir106ab-
HOTO 3arpsA3HUTeJIsA KpaliHe HeraTUBHO CKa3bIBaeTCs Ha
Pa3BUTHH NOJJOOHBIX BOZIOEMOB.

Kutaii rotos!

OpraHuKa UrpaeT 3Ha4UTeJbHYI0 POJib B GOpPMUPOBa-
HUY TIOBBIIEHHOTO (OHA TSHKEJbIX MEeTaJUIOB M B Ma-
JIBIX 03epax TOPOACKOW cpeibl MypmaHCKOH 061
B Hebosbmom o03epe KoMCOMOIBCKOM, PacIoONOXeH-
HOM B IleHTpe I.MOHYeropcka, BbISBJIEHbl BHICOKHE
koHuenTpaiuu Ni, Cu, Co, Pb, Sb 1 Sn B coBpeMeHHbIX
ocazgkax (puc.6). B Hux ycranossnens! 12—-50-KpaTHble
IPEBBINIEHUsI COJIEPXKAHUN MeTaJIoB Has (pOHOM.
OcobeHHO mevyasibHasi KapTHHA CKJIA/IbIBAETCS, ecTe-
CTBeHHO, 110 Ni u Cu, BeJjb pAZOM C TOPOZAOM, KaK yxe
OTMeYaJsioCh, IBIMUT MeJIHO-HHUKeJIeBbIi KOMOMHAT.
OpHaxo cyznp6a 3THX /IByX MeTaJlJIOB, OHOBPEMEHHO
MOCTYNAIOIUX B OKPYKAOIIYIO CPe/ly TOPOZa U ero
OKPEeCTHOCTeH, pa3inyHa. Mezib B 60JIbIeli cTereHn
TSATOTEeT K OpraHnyeckoii ¢ase, HapaBHe ¢ Mo u Sb,
a Ni cocpenoToyeH B MUHepaJbHON U NOJBUXHOU
dopmax. Bropoii pakT nenaer Ni 60iee omacHbIM 3a-
rpsizHuTenieM, yeM Cu, BBUAY 3P PpeKTa BTOPUUHOTO
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J05A OpraHM4eckomr hpakummn
3NEMEHTOB OT Banoson, %

0 10 20 30 40

Cu | 35
Sb | 35

n | 17

Co | 15

m | 13
Pb | n

d | 7
6 6
Sn |1

Puc.6. [ona opraHnyeckux oopm MeTanjioB OTHOCUTENbHO Ba-
NOBOr0 COMepPXaHnA B AOHHLIX OTI0XEHNAX 03.KOMCOMONbCKO-
ro (MoHuyeropck, MypmaHckas 0611.).

3arpssHeHusi. Kpome Toro, B ciyyae ¢ Ni, B JOHHBIX
OTJIOXKeHUsAX MOHYeropcka MuHepasnbHas gpa3a — He
TOJIbKO IPUPOZHbIe MUHEPAJbl U3 IePBUYHBIX I1O-
poZ, HO U HepacTBOpPUMBbIe TeXHOT'eHHble 4aCTHUIbI,
BbLIETaIONIMe U3 TPy6bl KoMOuHaTa (puc.7). OHu
MpeICTaBISI0T cO60i MPOAYKT IJIaBJIeHUs WU 00-

Puc.7. TexHoreHHble YacTuubl 13 0cagkoB 03.Komcomonbekoro (MoHueropek, Mypmanckaa 06n.). Cnesa — okcug Ni (¢ npumecsto Fe,
Cr u Co), cnpasa — okcup Fe (¢ npumechto Ni).
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BUOTEOXUMIA. TEO3KOOr A

)KUTa PyZbl, epepabaThiBaeMO Ha TPOMBIIIIEHHOM
npeanpuATuy. VX ynanoch BeIABUTH Oyarofaps uc-
M0JIb30BAaHUIO CKAHUPYIOIIero 371eKTPOHHOTO MUK-
pockora [9]. B ocHOBHOM 3Tu 06pa30BaHKs UMEIOT
cdeprdeckyro UM KIAKCOBUAHYIO GOopMy U pa3Mepsl
OT HeCKOJIbKUX /10 COTeH MUKpoMeTpoB. PaHee 1o-
noOHbIe BbIJieIeHUs ObITM 0OHAPYKEHBI B CHEXHOM
NIOKpOBe BOKPYT MoH4Yeropcka. HalieHHble B nnax
YaCTHUIIBI — TOXeE Hacje/ie ICTOPUYeCKUX BHIGPOCOB
MeJHO-HUKeJIeBOTO MPOu3BOACTBA [17]. A ele 3TO
3HA4UT (TaK KaK MpeanpusaTHe IPO0JDKaeT paboTy),
4TO MOAOOHBIE 0OPa30BaHMUS MOTYT COJePKaThCS
B BO3/lyxe MoHYeropcka, faxe npsmo ceidac, Ioka
BBI YMTAeTe JaHHBIN TeKCT. COOCTBEHHO, 3TO e OT-
HOCHUTCS U K [pyruM parioHam CeBepa, [10JBepKeH-
HBIM aHTPOIIOTeHHOM Harpyske.

3HaueHHe MPOBeJIeHHbIX W NPOBOAUMBIX paboT
Ba)XHO C Pa3JMYHbIX No3uluil. B Texymem roay B Pe-
cny6vike Kapenusi BHOBb MOSIBUJICS MHTEPeC K 03ep-
HBIM CalpoIesisiM CO CTOPOHBI GusHeca. Emie B coBet-
CKYe ¥ paHHKe POCCHICKYIe TOZbI B perroHe IPOBOJH-
JIMCh MacinTabHbIe reoJioro-pa3BeiodHbie PabOThHI MO
OILleHKe IOTeHIMasa A00bIYM 3TOrO MOJIE3HOTO MCKO-
naemoro. Bbuto usyueHo 6osiee 200 nepcreKTUBHBIX
o3ep [15]. Onnaxo moka 106619a OTJIOKEHHUH HU B O/1-
HOM U3 HUX He BefleTCsl, XOTs U3BeCTHO, YTO O3ePHbIN
campomesb MOXeT NPUMEHATbCS O4YeHb IMIHPOKO:
B CeJIbCKOM XO3SIICTBe, MeIUllHe, TIPOMBIIIIeHHOC-

TH, IPUPOAOOXPAHHBIX MeponpuATuax. [Ipuyuem no
nH}OpManyy, KOTOPYIO COOOLIMIIA B PAMKaX MEXZY-
HapOJHOU Hay4HO KoHepeHy «O3epa EBpasun»,
npouezmei B Mae 3Toro roga B Kazanu, Hamum ca-
IpoliesieM 3aUHTePeCcOBAINCh U 3a rpaHuteil. Kurai
TOTOB IIOKYIIaTh ¥ UCI0JIb30BaTh OCA/KU POCCUICKUX
03ep AJI PUCOBBIX IIAaHTALUU. I He MpoBepsi, CBS-
3aHbI JIM YKa3aHHbIe GaKThl (MHTEpeC K pOCCUHCKOMY
Camporeso CO CTOPOHBI OTeYyeCTBEHHOTro Gu3Heca
u co cropoHbl Kuras), HO ZoIycKao, 4TO 3TO TaK.
Ho paxe ecnu He Tak, TO 3TOH CBSA3M Oy/eT Jierko 06-
pa3oBaThCs B CJIyyae HACTONYMBOCTH 0OEUX CTOPOH.
A y B HACTONYMBOCTY OJJHOM U3 HUX (CaMu Ziorasai-
Tecb, KaKOM) COMHeBaTbCA He puxoautcs. Kcrary,
ceitgac yueHble u3 [lonHe6ecHON — OHU U3 JIU/IEPOB
T10 KOJIMYEeCTBY MCCIIe/IOBAHUI U TTyOIMKAIIUiA, TIOCBS-
IeHHbIX TsXeJbIM MeTaljlaM B IOHHbIX OTJIOKEeHUAX
BOZHBIX 00beKkTOB. [Toxanyi, aTo OyzeT xopomas
BO3MOXHOCTb 711 HaJlaXXMBaHUSI MeXyHapOAHbIX
CBA3€l 10 HayYHOU JIMHUM.

Astop 6iarozaput cBoux Kosuter A.C.MezBezeBa,
E.B.Coipoexko, /I.I " HoBuukoro u M.A.MeznBeznesa 3a
noMoIb B 0T60pe Npob JOHHBIX OTJIOXEHWH 03ep,
O.Il.KopeiTHywo, A.C.ITapamonoBa, C.B.Bypamwxa,
M.B.Ox0By u B.JL.YTunuHy 3a Ka4eCTBeHHOe [IPOBe-
ZleHre aHaJUTUYeCKUX UCCIeJOBaHU, a TaKXe Ipo-
deccopa B.A.JlayBanbTepa 3a HOMOLIb B 00CYKIeHUN
Pe3y/IbTaTOB U MOPAJIbHYIO IIOJJIEPXKKY.m

PaGoTa BbInoJIHeHa nNpu GUHAHCOBOI noajepkke Poccuiickoro ¢poHa GpyHaaMeHTaIbHBIX HCCIe0OBaHUi (MpoeKT 18-05-

00897 «a»).

Jlurepatypa / References

1. Qunamos H.H., Tumeunenxo A.B., Opeiindnunez B.A. u np. Katanor o3ep u pexk Kapemuu. ITerposaBozck, 2001. [Filatov N.N.,
Litvinenko A.V., Freyndling V. A. et al. Catalog of Lakes and Rivers of Karelia. Petrozavodsk, 2001. (In Russ.).]
2. AHHOTHPOBaHHBIN 3KOJIOTHYECKUEI KaTasor 03ep MypMaHCKOii 06J1aCTH: IIeHTpaIbHbIN 1 I0r0-3aMa/iHbIi paiioHbl MypMaHCKOi

obnacru (bacceitn Bapeniiesa Mopst, Besoro Mopst u BorHudeckoro 3anuBa Banruiickoro Mops). 4.1. Anatutsr, 2013.

[An Annotated Ecological Catalog of Lakes in the Murmansk Region: the Central and Southwestern Regions of the Murmansk Region
(Basin of the Barents Sea, the White Sea and the Gulf of Bothnia of the Baltic Sea). Part 1. Apatity, 2013. (In Russ.).]

3. Vinogradova A.A., Kotova E.L, Topchaya V.Yu. Atmospheric transport of heavy metals to regions of the North of the European territory
of Russia. Geography and Natural Resources. 2017; 38(1): 78—-85. Doi.org/10.1134,/51875372817010103

4. Jlaysansmep B.A. XanbkoduibHbie siieMenTs! (Hg, Cd, Pb, As) B IOHHBIX OTJIOXEHHUSIX BOJHBIX 00BEKTOB Bozioc60pa Besoro mopst
B npenenax Konbckoro nomyocrposa. T'eoxumust. 2006; (2): 237-240. [Dauvalter V.A. Chalcophilic elements (Hg, Cd, Pb, As)
in the bottom sediments of the White Sea watershed within the Kola Peninsula. Geochemistry. 2006; (2): 237-240. (In Russ.).]

Doi.org,/10.1134/50097807810040093

5. Cnyxoscxuii 3.F. MUKPO3JIeMeHTBIH COCTaB IOHHBIX OTJIOKEHNH MaJbIX 03ep KaK HHAMKATOpP BO3HMKHOBEHHS SKOJIOTNYeCKIX PUCKOB

B yCJI0BUSIX ypOaHU3UPOBAaHHOI cpesibl Pecniy6iky Kapenuu. BoxHoe xo3siiictBo Poccun. 2018; (6): 70-82. [Slukovskii Z.1.

Microelement composition of bottom sediments of small lakes as an indicator of environmental risks in the urban environment
of the Republic of Karelia. Water Sector of Russia. 2018; (6): 70-82. (In Russ.).]
6. Cmapodsimosa .11, Illesuenxo B.IL., Kokpsamckas H.M. u dp. TeoXuMust JOHHBIX OCaZIKOB MaJioro o3epa (Bozoc6op OHexXCKOro 03epa,

Apxanresbckasi 0671acTh). Ycrexu CoBpeMeHHOro ecrectBo3Hanust. 2016; (9): 172—-177. [Starodymova D.P., Shevchenko V.P.,
Kokryatskaya N.M. et al. Geochemistry of bottom sediments of a small lake (catchment of Lake Onega, Arkhangelsk region).
Advances in Modern Natural Sciences 2016; (9): 172-177. (In Russ.).]

7. Jlosoeux ILA., Tanaxuna H.E. VI3MeHeHMs XMMUYECKOTr0 COCTaBa peku KeHTu B pesy/ibTare TeXHOT€HHOIO BIUAHUA. Tpy/bl

Kapenbckoro HayuHoro tentpa PAH. 2017; (3): 21-35. [Lozovik P.A., Galakhina N.E. Changes in the chemical composition

of the Kenti River as a result of anthropogenic impact. Proceedings of the Karelian Scientific Center of the Russian Academy

of Sciences. 2017; (3): 21-35. (In Russ.).|



MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

8. Dauvalter V., Kashulin V., Sandimirov S. et al. Chemical composition of lake sediments along a pollution gradient in a Subarctic
watercourse. J. Environ. Sci. Health A Tox. Hazard. Subst. Environ. 2011; 46: 1020-1033.

9. Cayxosckuii 3.1., laysansmep B.A. MOpQOJIOTHS 1 COCTAaB TEXHOTEHHBIX YaCTHI] JOHHBIX OTJIOXeH!H 03.HionbaBp, MypMaHckas
ob6macte. 3anucku PMO. 2019; (3): 102-117. [Slukovsky Z.1., Dauvalter V.A. Morphology and composition of technogenic particles
of bottom sediments of Lake Nyudyavr, Murmansk region. Zapisky RMO. 2019; (3): 102-117. (In Russ.).].
DOI:10.30695/2zrmo,/2019.1483.102-117

10. Mouceenko T.H. BiusHue reoxuMudeckux GpaKTopoB BOAHOI cpezbl Ha GHOaKKyMyJIALMIO METAJIOB B OpraHu3Me pui6. [eoxumus.
2015; 3: 222-233. [ Moiseenko T.I. The influence of geochemical factors of the aquatic environment on the bioaccumulation of metals in
the fish organism. Geochemistry International. 2015; 53(3): 213-223.]

11. Cunsxesuu E.H., Dkmar F.M. [JOHHBIE OTJIOXEHUS 03ep BOCTOYHON YacTy PeHHOCKaHAMHABCKOI'0 KPUCTAJUITIECKOTrO IIVITa.
ITerpo3aBoxcK, 1995. [Sinkevich E.I, Ekman I.M. Bottom Sediments of Lakes in the Eastern Part of the Fennoscandinavian Crystalline
Shield. Petrozavodsk, 1995. (In Russ.).]

12. McConnell J.R., Edwards R. Coal burning leaves toxic heavy metal legacy in the Arctic. Proceedings of the National Academy
of Sciences. 2008; 34: 12140-12144.

13. Tessier A., Campbell P.G., Bisson M. Sequential extraction procedure for the speciation of particulate trace metals. Analytical Chemistry.
1979; 51(7): 844-851.

14. Jlaysansmep B.A. @axtopsl pOpPMUPOBAHUS XMMUAYECKOTO COCTaBA AOHHBIX OTIOXeHUi. MypmaHnck, 2002. [Dauvalter V.A.

Factors of Formation of the Chemical Composition of Bottom Sediments. Murmansk, 2002. (In Russ.).]

15. MunepasbHO-chipbeBast 6a3a Pecy6iuku Kapenns. Ku.2. HeMetamindeckue [oje3Hble UCKoIaeMble. Ion3eMHble BOAbI U JedeGHbIE
rpssu. [TerposaBozck, 2006. [Mineral Resources Base of the Republic of Karelia. Book 2. Non-metallic minerals. Groundwater
and healing mud. Petrozavodsk, 2006. (In Russ.).]

16. Onexynos A.IO., Manyiinos C.Q., Illaxeepdos B.A. u dp. CocTaB v CBOKCTBA JOHHBIX OTJIOKeHHUiA p.Moiiku 1 OGBOAHOTO KaHa
(Cankr-Ilerep6ypr). Bectruk Cankt-IletrepGyprckoro yuusepcurera. 2012; 7(2): 65-80. [Opekunov A.Yu., Manuylov S.F.,
Shakhverdov V.A. et al. Composition and properties of bottom sediments of the river. Sinks and the Bypass channel (St. Petersburg).
Bulletin of St. Petersburg University. 2012; 7(2): 65-80. (In Russ.).]

17. Gregurek D., Melcher E., Paviov V.A. et al. Mineralogy and mineral chemistry of snow filter residues in the vicinity of the nickel-copper
processing industry, Kola Peninsula, NW Russia. Mineralogy and Petrology. 1999; 65: 87-111.

Dangerous Bonds or What We Need to Know About the Ecology of the Northern Lakes

Z.1.Slukovskii'?
"Institute of North Industrial Ecology Problems, Kola Science Center, RAS (Apatity, Russia)
ZInstitute of Geology, Karelian Research Centre, RAS (Petrozavodsk, Russia)

Lakes are some of the natural assets of the inhabitants of the north territories of Russia. The lakes provide transport, recreational opportunities and the
mining of sapropel. According to specialists, there are about 60 000 lakes in Karelia and 100 000 lakes in the Murmansk region. Unfortunately, despite
the significance of the lakes, they are contaminated from local sources and as a result of the long-range transport of pollutants. Heavy metals are espe-
cially dangerous. However, researching geochemistry anomalies of these elements, we need to understand what the crucial forms of heavy metals are.
In this article, we will review the main tendency of the behavior of heavy metals in the lake sediments of Karelia and Murmansk oblast. Only after such
a study we can confidently talk about the real environmental risks for the lakes of North Russia.

Keywords: sediments, small lakes, forms of pollutants, bioindication, Republic of Karelia, Murmansk oblast.
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FEO3KONOrnA. FEOXMMUA

lfamma-nanyuartenno *'Cs —
SKCMPECCHbIVN MHONKATOP
9KONOrMYEeCKMX KaTacTpod

A.M.TopTHOB

Poccuiickuii rocynapCTBeHHbIN reonoropassenoyHbli yHusepeutet umern Cepro OpmxoHnkuase (Mockea, Poccna)

Mpu aBapuax A3C HeobxomMma ANCTAHLMOHHAA a3poraMMa-CriekTPOMETPIUYECKAA CheMKA Ha 6a3e BECTMNOTHNKOB C LIEMbIO YCTAHOBNEHNA aHOMannu
B pacnpeneneHiu "*'Cs. B KOHTypax Takix aHoManuid BO3MOXHO Hannume 6eTa- v anba-uany4areneid. HoiHelHne 6eCNUAOTHIKK CNOCOOHbBI HECTH CO-
BPEMEHHYI0 NOPTATUBHYIO re0thn3NYECKyI0 annapaTypy 1 BbINOMHATL Ha OrPOMHbIX TEDPUTOPUAX ANCTAHLIMOHHbIE 3KCMPECCHbIE MOMCKOBbIE FE0MOr0-
Pa3BENOYHbIE 11 3KONOrN4ecKme paboThl ObICTPEE, a FMaBHOE — 3HAYUTENbHO AelieBNe. 3HaHNe NPUEMOB NONCKA PA3NUYHbIX TUNOB 3aDAXEHNA N03BO-
NAET YMEHbLINTL ONACHOCTb NOCNEACTBUA HEN3OEXKHBIX TEXHOTEHHbIX KaTacTpod.

KnioueBbie cnoBa: a3poravmma-criekTpomeTpua, asapun A3C, aHomanun **'Cs, GeCIMOTHIKY.

KOHIe anpensa 1986 r. npo-

M30IIe B3pbHIB Ha YepHO-

6pu1bcKoil ADC  (4ADC).
VHTeHCHBHBIN BbIOPOC paanoaK-
TUBHBIX BellleCTB U3 ropsiiero pe-
aKTopa IpofoJiKajca A0 6 Mmas.
B pesynbrare 6bLIO BBIOPOIIEHO
50 mnH Ku* pasHBIX paguoHyKIU-
noB 1 50 muiH Ky paziroakTHBHBIX
ra3oB. Ilo olLeHKaM 3KCIepTOB,
B HUX COZlepKanoch 1o 2.5 MiH Ku
¥Csu no 14 mau Ku 1. Ha Teppu-
topuu CCCP nocrpazgano 11 06-
JIaCTel, TAe NPOXUBano 17 MH 4eloBeK, U3 HUX —
2.5 miH fereii B Bo3pacre 1o 5 nieT. Paguanms taxxe
3anesna 6osee 20 rocymapcTB (puc.l), B TOM ducie
@unnauputo, lIBenuto u pan crpad LleHTpanbHOR
Esponsi [1, 2].

Macmitab katacTpodbl B mepBbie 4achl GbLI He-
sCeH, HO, K CYacThIO, Ha aspozipoMe I.Kuesa cros ca-
mosier AH-26 Tunpomereocnyx6st CCCP, npeznHas-
HauyeHHBIH /711 IpoBeJleHNs aaporaMma-ClieKTpoMer-
pudeckoit (AT'C) cbeMKH, T.e. 000PyIOBaHHBINA CIIeK-
TPOMETPOM, KOTOPBIN O3B0 € BbICOTHI 100-150 M
KOJINIeCTBEHHO OLIEHUTb YPOBHH I'AMMa-HU3J1ydeHus
Pa3IMYHBIX PaJUOU30TOINOB C IIOBEPXHOCTU 3€MIIN.
CamoJieT HeMe/IJIeHHO Hadasl paboTy ¥ mpoies 60Jib-
IIe ZlecATKa Mapajule/bHbIX MapLUIpyTOB B HaIlpaBJe-

* Ku, Klopy — BHeCHCTeMHasl eIMHUIIa MU3MepeHUs aKTUBHOCTH pa-
auonykmuaa (1 Ku = 3.7-10 Bk). AKTUBHOCTb BellleCTBa paBHa
1 Ky, ecii B HeM KakZylo CeKyHZy Ipoucxofut 3.7-10" paguoak-
THBHBIX Pacrazios.

Anekcanap Muxaiinosuy MopTHOB, 0KTOP reonoro-
MIHEPANOTrMYECKIX HayK, NPodIeccop Kachenpbl M1Hepano-
WK 11 TeOXUMIN POCCUIACKOr0 rocynapCTBEHHOMO reonoro-
Pa3BeNoYyHOro yHueepcuTeta umeHn Cepro OpmKoHMKNa3e.
06nacTb Hay4HbIX NHTEPECOB — MUHEPANOTUA, FEOXUMMA,
TE0XMMUYECKME METOMbI MOUCKOB MECTOPOXMEHWUIA NONE3-
HbIX Uckonaemblx. M0CTOAHHbIA aBTOP «[1prpofbl>.

e-mail: a.m.portnov@mail.ru

HUM 10T —CeBep. 3a OAUH JieHb ObliIa yCTaHOBJIEHa 06-
IMPHAA MJOMAaAb PaAOaKTUBHOTO 3apakeHus, [10-
crurias Kuesa. YpoBeHb pasnanuy 0Ka3asucs O4eHb
BBICOKHM.

ITepBple cXeMaTUYeCKUE KapThl 3apayKeHUsA He-
MeJJIeHHO Tepezanyd B MockBy 1 Kues. YTBepxzaror,
4TO MX cpasy mokasanu audHo M.C.TopbadeBy. Tem
He MeHee OMACHOCTh CUTyaluu OblIa 3aceKpedeHa,
paaMoCTaHIIMKM HEBHSITHO CoO0OMman 06 aBapuu Ha
YepHoObUIbCKOIM ADC. DBakyarus Hacesienus r.11pu-
IIITY B TIepBble IHU He [TPOBOZAMTIACh. YPOBeHb pajiua-
WY 3alIKaJuBaJl, a B IepBOMaliCKUe Pa3fHUKU feTU
Kuesa fipImasny BO3AyXOM C JIeTy4uM raMma-6era-us-
JydateseM — pagrousoTonom Y1 Bractu 6buty B ma-
HUKe, pacTepsHbl, UCKAJIH CIeLUaINCTOB U BMeCTO
MacCOBOW 3alUThl — <«HOJUPOBAHUA» HaCeJleHUs
¥ 3a1peTta ynoTpebyaTh MeCTHbIe IPOAYKThI — JieJia-
JIY1 BC€, YTOOBI CKPBITh MacIITabbl Ge/ICTBUS.

J7ne feTanbHOTO U3y4eHUs JIeMCTBUTEeNbHBIX pas-
MepOB pPa/IH0aKTUBHOTO 3apakeHus Oblia MpuBJede-

© MoprHos A.M., 2019
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Puc.1. Kapta 3apaxeHua 3ananHoii EBponsi pannonotonom *’Cs (Bbi6pockl YepHobbinAa) [3].

Ha MockoBckasi reodpusndeckast skcnenunus MuHuc-
tepctBa reojiorun CCCP, KoTopas B TO BpeMsi 00Jia-
nana HanboJiee COBepPIIEHHBIM raMMa-CIeKTPOMeT-
poMm KaHa/ckoi GupmMbl «Makdap» ¢ 4yBCTBUTEIb-
HBbIMM IaTYrKaMu — Kpucramiamu Nal (TI). B Teue-
Hle HeCKOJIbKUX JIeT 51 IPUHUMaJl yyacTue B 3TUX pa-
6orax, obpabaTbiBasi JaHHbIE U YYaCTBYs B COCTaBIIe-
HUU KapT 3apakeHHOCTU PaJJUOHYKJINAAMU. DTH 3a-
KpBIThIe TOTZId KOMIUIEKCHbIE MCCTIeZJloBaHUs BKIIOYa-
JIY TaK)Xe JaHHble MHOTOYMCJIEHHBIX CIeLUalNCTOB,
U3y4aBLINX KOHIIEHTpaluio anbda- 1 Gera-usmydare-
Jiell Ha 3Ha4uTesIbHBIX M1omazsax. [TocrpoeHre OKOH-
YyaTeJbHbIX KapT MPOXOJUJIO IO0J, PYKOBOACTBOM
A W.Ilepenbmana (MIHCTUTYT reoJIoTUX U MUAHepao-
TAu pynHBIX MecTopoxzaeHuit PAH, Mocksa) u aka-
nemuka PAH 10.A.W3pasnsa [3].

B Hauasie Hamux paboT aKTUBHOCTbH raMMa-H3Jy-
4yeHUs 0CTaBaJlaCh OUeHb BBICOKOH 3a CYeT IPUCYTCT-
BUS TaKUX KOPOTKOKUBYIIUX U30TOIOB, Kak “‘Ce, 1
U JIp., @ TaK)Xe IPUPOZHBIX raMMa-u3nydareneil — K,
Th, U. B 3T0i1 cTaTbe Mbl OTPAHUYMMCS TaHHBIMU
0 IUIOLIAZIHOM PACTIPOCTPAHEHUH OTHOCUTEIBHO [0~

ro JXMBYyIIero raMma-usnaydarens *’Cs c nepuozom
nosypacnaga T%2 = 30 sier, IOCTOSTHHO NPUCYTCTBYIO-
urero B BeiGpocax ADC (*Cs — Takke u beta-u3iy4a-
TeJib, HO POGer 3JIEKTPOHOB B BO3/[yXe COCTABJISIET
BCETO JIeCATKU CAaHTUMETPOB).

CbeMKa yCTaHOBUJIA, YTO 3TOT PaZAMOU30TOIl, UMe-
IOIUIA SHEepruio raMMa-usiydyenus 0.66 MaB, no3so-
JISIeT JUCTAaHIMOHHO BBIZEATE € BBICOTHI 100-150 M
Ha3eMHbIe OpeoJibl KaTacTpopUIecKUx BbIGPOCOB
BCeX MOJTOXUBYIIUX raMMa-u3jydaTesed, Ipudem
13Ul — CcaMblil TO/IBUKHBIN U3 JUCIIEPCHO paccesiH-
HBIX, HO <«Hera3oBbIX» PalOU30TONOB. Bo3aymHas
murpanusi ¥’Cs 06ycoBieHa BbICOKOW JIETY49eCThIO
B MUKP0a3p030JbHOI popme (puc.2). B mepsbie xe
IHU PaJMOaKTUBHBIE BHIOPOCHI YepHOOBLIA JOCTUTIIN
Ounnaunuu u IBenuu. B mocnenHei, Hanpumep,
00 MCTOYHMKE pafualuK Y3HAJIU OT aMepUKaHIIeB,
yKe HabJI0JaBIINX CO CIyTHUKOB ropenue YADC.
Kak nokasanu Haly aHajau3bl, 11e3Uil Jerko yiaBiu-
BaJICs1 OyMa)kKHBIMU QUIIBTPAMH € camoJieTa. MUKpo-
30HIOBBIN aHANM3 cOCTaBa QUIbTPATa OIpeesu
B HeM IIPUCYTCTBUeE L|e3Us B BUZle YaCTHL U TOHYau el
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MOWHOCTS JO36] TAMMA-HIAYYEHMA LEIXA-13] NOCNE KATACTROOL
HA HEPHOBHNLCKOR A3C (MO COCTORMIND A 1995 FOm)

", KaK IIOKa3aJu aHaJUu3bl, BIIOC-

YPOBHH MOWHOCTH 030 [AMMA-
MIAVSEHIA LUERIIT {usP v na esicane 1 o)

| I [ BTl
B oocozoo o seo 0
Bl osnim [Coims |
| | ECECFTECI i

=5 aaamne Homscts 200

Jle[CTBUU MUT'PUPOBAJ B pa3pese
o I‘JIy6I/IHbI 1.5-2 m*. M3y4eHue
a3poOTOCHNMKOB M KOHTYPOB
aHOMaJIMii Ha ITOBTOPHBIX 3ajleTax
C MHTepBaJIOM IBAa—TPH T0/ia OIl-
peZnennio MaJoOIOABM)XHOCTD BbI-
NaBIIMX HAa 3eMJI0 PaZiloOu30TO-
noB. 1{e3uit pu 3TOM COpOUPO-
BAJICSI TYMyCOM U TJIMHUCTBIMU
muHepanamu [4]. KouTyps! 3a-
rPSA3HEHHBIX YYaCTKOB HM3MeHs-
JIMCh TOJIBKO TIPU pa3MbIBe Oepe-
TOB PeK U Py4beB, a TaK)Ke pu 00-
pa30BaHUM ONOJI3HEH Ha CKJIOHAX
OBpAroB U pekK.

Panuonyxnuznsl Cs 1 Sr akTUB-
HO HaKaIUIMBAIOTCS B JIECHOH pac-
THUTEJbHOCTH, TPaBe, AroJax 1 0co-
GeHHO B rprbax, BKIIHOYAsCh B 9KO-
Joruyeckue nuumesble nenu. Ha-
npuMep, B MOCKBe KJIFOKBa, KOTO-
PyI0 B TO JieTo cobpasiu Ha 6010Tax
noz 'omenem (Benopyccus), nasa-
na 400 MKP (MUKpPOpeHTreH) B 4ac,
a KOCTH COMOB, XXHBYIIUX OKOJIO
YABC, — no 40 teic. MKP B yac!
HeoxuaHHBIM CTAJIO CUIIBHOE Ha-
KOIJIeHHe 11315 U CTPOHIIUA B Jiec-
HOi1 npeBecuHe. O6 3TOM y3HaIH
TOJIBKO TIPY MOMBITKE CKeYb «Pbl-
XUH Jiec», KaK Ha3bIBAJIUCh 3aCOX-
mye OT paguauuu jepesbs. OHU
obpa3oBajiv 30HY, BBITSAHYTYIO
B 3aIlaITHOM HaINpaBJeHUH, — CO-

Matmrad 30 000 000

Puc.2. 063opHasa menkomaclutadHaa (1:10 000 000) kapta 3apaxeHua 'Cs Tepputopuii
YkpauHbl, benopyccun n Poccun. Mnowanb cbemkin — 6onee 4 MiH kMm% Ha ocHoBe
nposeneHHoi ArC-chemkin macwTaba 1:500 000 Ha nccnenoBaHHOI Nnowani BbigeneHsi
yyacTku gna getanbHoro (1:100 000) kapTupOoBaHIA Y4aCTKOB 3apXKEHNA Pagon30TONOM

LIe31A 3HAYNTENBHOI YacTn YKpamHbl.

nbuA pasmepoM 1-10 MKM, KOTOpas epeHOCUIach
BeTPOM Ha THICSYM KUJIOMETPOB, BIUIOTh [0 AJIACKU.
ITocTpoeHue KapT HO3BOJMJIO YCTAaHOBUTb, UTO
B aHOMaJIUAX C MAaKCUMaJIbHOM KOHIIeHTpaLuell 1e3us
0OBbIYHO MPHCYTCTBYIOT PAAHMOM30TONBI *°ST, »** 2Py,
2Am 1 **Cm. B aTom Habope Haubosee MOABIKEH
(mocne ne3us) *°Sr. «I'opsAYne 4acTULBI», TaKUe Kak
TUTyTOHWA, aMepULIViA U KIODUH, BBIXOJWJIA 32 IIPefieJibl
30HbI 30 kM BOoKpyr YADC, nperMyIeCTBEHHO B 3anaj-
HOM HallpaBJleHUH, YTO OTPa)kajo HalpasJieHue BeT-
POBOrO pa3Hoca B eproJi ropeHus peaktopa (puc.3).
Bce paaron30TOIIbl B IepBbIi IO/l HAKaIJIMBaIUCh
B [IOYBEHHOM CJI0€e Ha riy6uHe 5-60 cM, IpudeM iie-
3Wii ¥ 371ech 00J1a1aJ1 MAaKCUMAaJIbHO# TTOZIBIKHOCTBIO

OTBETCTBEHHO BeTpy, KOTOPBIH Ay
B IIepHO/] TOPeHuUs peakTopa. J[biM
OT TOpSIIIEro «pbUKEro Jjieca» co-
3[1aJ1 HOBBIM OpeoJl pafuou30TO-
noB Le3us U cTpoHuusa. Okasa-
JIOCh, YTO JieC BOKPYT YepHOOBLIA
HeoOXO0MMO 3aXOPaHMUBATh IO
3emJieii. Ero Hesb3s1 CKUTraTh.

B redenne 1991-1993 rr. ¢ Bo3fyxa MOCKOBCKOU
asporeopu3nYecKoi FKcIeauIe ¢ nomomibio AT'C-
cveMku Macintaba 1:200 000 6bia cocTaBiieHa KapTa
pacnpe/iesileHUs pafilOM30TONA 11e31sI Ha OTPOMHOMI
IJIOMAI — OKOJIO 4 MITH KM? (cM. puc.l). ['1aBHBIM
MHIUKATOPOM 3apakeHus cran *’Cs. Pacnpezenenue
Y OCaXZIeHVe PaZiiOU30TONOB 0Ka3aJ0Ch Helpe/cKa-
3yeMbIM U CBSI3aHHBIM C TJI06aJbHBIM JIBIKEHHEM
BO3ZIyLIHBIX IOTOKOB. 30HbI pajiiallul 0OHaPyKKBa-
ych Ha tore ['epmanuu (B BaBapum), B [Tonbute, Typ-

* CM.: Ilapamonosa T.A., Komuccaposa O.JL., Typoixun ILA. u dp.
Cren YepHoObutst B arponanmadTax YepHO3eMbsi: He3aBUCHMAsT
ouenka 30 net cniycrs // ITpupoza. 2019. N27. C.40-51.
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Puc.3. Kapta 3apaxeHua Tepputopun YkpanHbl BOKpyr YepHo6bina [3]. Ha Heii oTpaxeHa koHUeHTpauua B noyse '’Cs. 30Ha nopaxe-
HWA CABIHYTA Ha 3anaj 3a CYeT HanpaBmeHnA BETPa BO BPeMA BbIOPOCOB 113 ropALero peaktopa. Lleauii (ramma-usnyyarens) nonoxm-
TENbHO KoppenupyeT ¢ *Sr (6eTa-u3nyyatens) 1 2°Pu (anbga-nusnyyarens), a Takke ¢ NPoAyKTamu ero pacnaga — #Cm un #'Am (anb-

ta- n ramma-u3nyyarens). ArC-cbemka macwraba 1:100 000.

iy, @panuuy, [IBenyu U B psAne Apyrux cTpaH. Bol-
COKOe COfiep)KaHue PaZiiOaKTUBHBIX 3JIEMEHTOB B BO3-
ZiyXe BBI3BAJIO UCIYT MECTHOTO HAaCeJIeHUs ¥ IPUYHU-
JI0 3HAUNTeENbHbIN Bpen pepmepam. B yactHocTy, Typ-
s npeabasunaa CCCP cuer 3a 3apakeHue YalHbIX
IJTaHTauui nesueM. [opbaydes, Bo n3bexaHNe CKaHza-
J1a, 3aKynui 3T7oT 4ail. B xonne 1980-x roxos B CCCP
IIMPOKO PACNpo/iaBajcsa HU3KOKa4eCTBeHHBIN Typer-
KMH 4yaid. Mao KTo 3HaJ, 4TO pajuanus OT MeUKOB
¢ HuM poxozauina 110 400 MkP B yac. D1o B 20 pa3 BblLIe
HOpMaJbHOro $oHa (Jail OKa3aucs XOpomuM copbeH-
TOM I1e30s).

MenkomacuirabHast ChbeMKa [oKa3aJja, YTo Teppy-
Topusi PO noxpbITa KPyIHBIMU ATHAMU 3arps3He-

HUH Lie31eM, IOCTUraloIMU Ha BocToKe ITeH3sl 1 Ca-
paHcka. O603HaumIach NpoTAHyBmasAcs Ha 300 KM
mypoTHas Cs-aHomanuA 1o uHuy KnnHiel—MIeHcK,
KoTOpasi 3axBarwJia for Kamyxckoit u Tymbckoii o6ac-
Teil. OHa BO3HUKJIA UCKYCCTBEHHO — IIPU ONbLIEHUU
C CaMOJIETOB PAIMOAKTUBHBIX 00JIaKOB, KOTOPBIE I
13 YepHOOBL/IS HA CeBEPO-BOCTOK, B CTOPOHY MOCKBBL.
Ha xapTe BBIPUCOBBIBAJIACH /iBe [JIaBHbIE CUJIbHO
3apakeHHble 06J1aCcTU: COOGCTBEHHO yKpaMHCKas —
K ceBepo-3anazy ot Kuesa, ¢ YepHOObLIEM B LIEHTPe,
U Jipyras — K CeBepo-BOCTOKy OT I'omend, ¢ JByMs
oyaraMiy KOHIleHTpalluM paZioM30TONOB, Pacloso-
JKeHHBIMM Ha TeppuTopuu Benopyccuum u ordactu
B Poccuu (B HOBO3bIOKOBCKOM p-He BpsiHCKO#t 0671.).
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3ATPAZHEHWE MECTHOCTW #924°Py
(no coctostHMio Ha aHBapb 1993 1.)

MnotHoCTb 3arpasHeHns MecTHoCTn
239,240p) (KVI/KMZ)

MeHee 0.05 0.1 05 1 5,

/ VI30NMHWM NIIOTHOCTY 3arpsi3HeHns
/\ MeCTHOCTI 2% 29Py (Ku /km?)

[ ] npomnnoLlaaka YASC 1 npuneraiotme
K Hell TeppuTopun B paguyce 5 km

3AMPA3HEHME MECTHOCTW *Am
(no coctosiHMio Ha siHBapb 1993 T.)

TNOTHOCTb 3arPA3HEHHA MECTHOCTU
2Am (Kn/km?)

01 0.2 05 6onee

fi—

/ VI30MMHWM NNOTHOCTY 3arpA3HeHmns
/0- MecTHoCTW 'Am (Kun/km?)

npomnsowaaka YA3C v npuneraiouvie
K HeVi TeppuTopuv B paavyce 5 km

rpaHuLbl 30H Bokpyr HASC ¢ pagnycom:
\ 5Kkm

AY
. 30km
\

Puc.4. Kapta pacnpenenenua »%2°Py (BBepxy) 1 CBA3AHHOTO C HUM amepuuuna *'Am [3], noka3biBatowan ux BbICOKYIO KOPPENALMIo
¢ opeonom '¥’Cs (cM. puc.2).
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Ot 0671acTH, BHISIBIEHHBIE [TPU MEJIKOMaCIITaOHOH
CbeMKe, TOCIIY)KUAM OCHOBOH /7151 leTaau3aluy Ipu
NpoBezieHNH KpynHoMacitabuoii (1:250 000) AT'C-
CbeMKHY C anmnaparypoi «Makdap» 1 ¢ UCIOIb30BaHU -
eM Beprosiera MU -8. KapTbl I03BOJINIIN OLIEHUTDH Be-
JIMYUHY [I0Tepb 3a CYeT BbIBO/IA 3apaXKeHHBIX Teppu-
TOpUit U3 X0351HCTBEHHOr0 060poTa. Hampumep, 1io-
1ab ¢ KoHneHTtparweit *’Cs 6osee 40 Ku/km? coctas-
asina B BpsiHCKo# 06:1. 350 KM, a ¢ KOHI[eHTpalueil
15-40 Ku/xm? — 6osbiine 2200 kM2, Takue 3eMIH He
roAATCS [UIS BBIAca CKOTA, a KapTodesb WU 3epHO
C HUX MOXXHO TIPUMEHATD TOJIbKO /IJI TPOM3BO/ICTBA
cnupra. CusnbHO nocrpagamy Kanyxckas, Tyinbckas,
OpnoBckasi, Jumnerkas o6actu. O61iast TIonaab 3a-
pakeHHBIX yrozuii coctaBuia 6osee 1500 km?.

Hazo yuuThIBaTh, 4TO KapThl — KaK pPeruoHajb-
Hble, TaK U JleTaJIM31pOBaHHble — OTPaXal0T yPOBEHb
3apa)KeHHOCTH Lle3ueM Ha uHTepBaa 1991-1995 rr.
I[Tpomio 6osee YeTBepPTH BeKa, M YPOBHY pafuallviu
TI0 I1e3MI0 ¥ CTPOHIIMIO C T€X IOP YMEHBIIWINCh 0Y-
v BBoe. Ho He ciiefiyeT 0601bIIATHCS: MO MIYTOHUIO
¢ T% = 25 ThbIC. JIeT pagrallioHHass 06CTaHOBKA He 13-
MEeHWJIach U JjaXke yXy/LIUIach 3a CYeT [0sABJIeHUs U3
Hero amepuuys u kropus (puc.4). CMmepresbHas o3a
IUTyTOHUA [/ 4eloBeKa HUYTOXXHA — Bcero 1 mr [5].
Pacnaz n1yToHUA NOpPOXaeT TaKkKe ONacHble Pafuo-
M30TOIBI — KIOPUA 1 aMepuLuii (anbda-usmyyaresb
24Cm ¢ T% = 18 neT u anbda- ¥ raMMa-u3JydaTesb
“Amc T = 458 net). Co BpeMeHeM 3TH 3JIeMeHThbI
HakonATcs, u yepe3 10-15 et oHu OYZAYT TpescTaB-
JIATD [JIaBHYIO YTPO3y [JIA BCETO XUBOTO0. DTO CJIefyeT
[IOMHUTB, B YaCTHOCTHY, MHOTOYMCIIEHHBIM TYPUCTaM,
OXOTHO MOCEIAIIAM MepTBBIA ropop IlpunArsk.
OHM [0JDKHBI 3HATh, YTO B YepHO-
OBITIbCKOW 30HE pajuauys CTOJb

occe EAINCTAR

MEXXOYHAPOAHbIV OO NEPYOOMYECKOI TABMLILI SNEMEHTOB

POMHas1 ONIACHOCTb Il TAKAX KPYIIHBIX TOPOZIOB, KaK
Yensabunck, Koimreim, Kacu [6]. TTocsie cHATHS cek-
PeTHOCTH Hally paboThl MO3BOIUIN OKOHTYPUTS 3a-
paxeHHyto *’Cs moiazib, KOTopasi cCocTaBiia 6osee
7 ThIC. KM?. B 3TOM KOHTYpe 3aKJI0UeHO MHOXeCTBO
PaZroM30TOIIOB CTPOHIUA, ypaHa, INIyTOHUS, aMepu-
114, kiopu. I1o moacyeram crenyaancToB, KOJINYeCT-
BO pPaCCesiHHBIX PaZiMOU30TOIOB 37iech B 4-5 pa3 npe-
BBIIIAET CYMMapHYI0 PaIu0aKTUBHOCTb YepHOOBLIA.

L

B 3akiio4eHue ofYepKHEM, YTO Hanboiee JIerko
JIUCTAaHIMOHHO ONI03HABaeMbIi TaMMa-CIeKTPOMeT-
puell pauoU30TOll Le3Usl HeM3MEeHHO yKa3blBaeT Ha
BO3MOXXHOE KOMIUIEKCHOe 3apaxkeHue GoJiee omnac-
HbIMU OeTa- 1 anbda-usnydarenasimMu. Ux obHapyxe-
HMe HeM3MepUMO CJIOXHee ¥ TpeOyeT npoBe/ieHus
ClelMaJbHBIX Ha3eMHBIX paboT ¢ 0oT6OpOM mpob
rpyHTa |7, 8].

T'amMma- 1 6eta-u3iy4aTesb “’Cs BbI3bIBAeT B Opra-
HU3Me paK KpoBu. BeTa-usnyyenue (06BIYHO CTPOH-
uii-90 ¢ TY, = 27.7 rofa) HaKamJIMBaeTCsA B KOCTAX
U BbI3bIBAeT CapKoMy. AnbQa-u3iyyaTenu OYeHb
TPYJHO OOHApYXXMBAIOTCSA BCJIE/CTBUE KOPOTKOTO
npobera yacTuil (IPUMEPHO 2 CM B BO3ZyXe), U MOTO-
My OHH HauboJee ONACHBI U KOBapHbI. K HUM OTHO-
CATCA YPe3BbIYANHO JONTOXUBYIINN IITyTOHUH, a TaK-
JKe IopoXJaeMble UM Kiopuid u amepunuid. K onac-
HBIM ZI0JITOKUBYIIUM asbga-u3aydaTensiy, Nonajan-
I[MM B 9KOCHCTEeMbI, OTHOCATCA TaKXe pyTeHui-106
u -103 u nononuii-210 (T2 = 120 nueit). ITocnenHuit
UCIIOJIb3YIOT TePPOPUCTHI B KaueCTBe NMPAKTUIeCKU
He3aMeTHOT0, MCYe3a0Iero yepe3 TpY roa saa. Ajlb-

S 41§ AEAREHHCE)

BBICOKA, YTO TPYIbI JKUBOTHBIX
37eCb He THHUIOT: MUKPOOOB HeT,
OHU yOUTHI usnydeHrem. Tpymibt
BBICBIXAIOT 1 MyMUQHUIUPYIOTCA.
CMepTesIbHO OTacHbIe 30HbI pajiu-
allMOHHOTO 3apakeHus, pa3dbpo-
caHHble B Gecriopsinke 1o Poccuw,
B KOPOTKHUH CPOK ObUIM 0OHApY-
KeHbI, OKOHTYPEHBI 1 AUCTAHIIN-
OHHO u3ydeHbl. Takyio pabory
MO’KHO BBITIOJITHUTH TOJIKO METO-
nom AT'C-cbeMku [6].
AHaJIOTUYHOE WCCIIeZIOBaHIe
MBI IpOBeJu B UenAOUHCKOM 0611,
Ha lOxHoM Yparne (puc.5). 3nech
Ha p.Teue, mputoke O6HU, pacroso-
KeH KoMOMHAT «Masik», rzie J0J-
roe Bpemsi IPOU3BOAUIUCH ATOM-
Hble 60MOBI. PeXXUM CeKpeTHOCTH
IpUBeJ K MHOTOJIETHUM Hapyiie-
HUSIM BCeX 3KOJIOTUYECKUX 3aK0-
HOB. B pe3sysibTare BO3HMKIA Or-

Puc.5. 3oHa «Mask», YenabuHckaa o6n., F0xHbliA Ypan. [ocToAHHbIA CANB paguon3oTo-
nos B p.Tevy (Nputok p.06u) 1 B3pbIB NEPErPEBLINXCA LMCTEPH C XNOKMMI PAAN0aKTIB-
HbIMI OTXO[aMKN BOEHHOro npoussoactsa 1957 r. npespatunn YenabuHckyio 067.
B OAUH M3 CaMbIX 3KOMOTYECKI OnacHbIX pailoHoB Poccuu. ArC-cbemka macuwTaba
1:100 000. BHyTpu KoHTypa '*Cs comepxxaTca pagmon3oTonbl Le3nd, CTPOHUIA, ypaHa,
NAYTOHWUA, aMepPULIAA, KIOPUA.
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FEO3KONOrmA. TEOXMMKA

¢a-n3nyyeHne BBI3bIBAET Y YeJIOBeKA PaK CIM3UCTHIX
Y IOpa)kaeT IJ1a3a, MUILEeBO, KeayJoK, JeTKue.

I[TpocTbie u fenieBble cueTynky [eiirepa, 0GbIYHO
WCIIOJIb3yeMble /I BhISBJIEHUS raMMa-u3JydeHus,
He4yBCTBUTEJbHBI K 6eTa- U anbda-usiydenuio. Ta-
KuUM 00pa30oM, TUCTAHIIMOHHO OOHAPY)KUBaeMble raM-
Ma-aHoMajuu ¥Cs cTaHOBATCS BaXKHBIMU MHIUKATO-
pamu mpucyTcTBUs 60Jiee OMaCHOTO 3apaXKeHUs Tsi-
KeJIBIMU PaInOU30TOAMH.

B Haile BpeMs Ha CMeHY TSKeJIbIM BO3JYIIHBIM
CyZlaM MPUXO/AT JIerKre aBTOMAaThi-0eCUIOTHUKHY.
OHM CIOCOOHBI HECTH COBPEMEHHYIO TIOPTATUBHYIO
reopU3MYECKYIO aNNapaTypy U BBIIOJIHATH Ha OTPOM-
HBIX TEPPUTOPUSAX JUCTAHIIMOHHBIE SKCIPECCHBIE TI0-
VICKOBBIE Te0JIOT0-pa3Be/I0YHbIe U IKOJIOTYeCKHe pa-

llutepartypa / References
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Gamma Emitter *’Cs as an Express Indicator of Environmental Disasters

A.M.Portnov

Sergo Ordzhonikidze Russian State Geological Prospecting University (Moscow, Russia)

Remote drone aero gammaspectrometry is necessary to establish anomalies in *¥’Cs distribution in accidents with nuclear power plants. In the frames of
such anomalies, the presence of beta- and alpha-emitters is possible. Current drones are able to carry modern portable geophysical equipment and per-
form remote express prospecting geological exploration in vast territories, faster and, most importantly, much cheaper than the previous ones. Different
methods of searching for various types of contamination can reduce the risk of the consequences of ingvitable technological disasters.

Keywords: aero gammaspectrometry, nuclear power plant accidents, **'Cs anomalies, drones.




Kopotkue

MOJEKYJTAPHAA BUONOr A

TaHOEeMHblE MNMOBTOpPbI

M.A.Opnos

NHeTuTyT Grnodonankm knetkm PAH (MywmHo, Poccua)

B onHoii 1 Toid xe monexyne [IHK yxxuBatoTcA 18a pasHblx TvMa NOCNeN0BaTeNbHOCTe — YHINKaNbHbIE («HENnOBTOPUMbIE») ¥ TAHIEMHbIE (MOBTOPAKOLLIMECH
[pyr 3a apyrom konun ogHoro coparmenTa IHK). TaHnemHble NOBTOPbI BO3HUKAIOT, CYLLIECTBYIOT W M3MEHAIOTCA N0 3aKOHaM, BO MHOTOM OTANYAIOLIMMCA OT
Tex, KOTOPbIE MACTBYIOT B MUpe yHuKanbHbIx yyactkos [AHK. CtaTbaA nocsAlieHa cBoeo0pasuio MoBTOPAIOWMXCA y4acTkoB [HK, ux 3Ha4eHuIo ana reHoma
B LIENIOM, a TAKXKE NEPCEKTVBAM, KOTOPbIE OTKPbIBAET MOMYUEHIE UCKYCCTBEHHbIX NMOBTOPAIOWIMXCA MOCNENOBATENbHOCTEN C NOMOLLBO FEHHON UHXEHEPIK.

Kniouesbie cnoBa: [1HK, KOpOTKIe TaHOEMHbIE MOBTOPbI, FEHETIKA, OMOUHXEHEPHA.

aK B Hay4YHOH, TaK U B IO-

NyJISpHOX JUTepaType [aB-

HO 3aKpenuiack Meradopa
«JIHK — 3TO0 TeKcT», HO JIUIIb CO
BpeMeHeM BBIACHUIIOCh, CKOJIb TOY-
HOM U I/Iy6OKOM MOJTyYrsIach aHa-
siorusi. TeHeTHIecKre TeKCThI 61Oo-
MOJIEKYJI COCTOAT U3 3JIeMeHTap-
HBIX eIMHUL — «OYKB» (a30THUCTBIX
OCHOBAaHMN) U WX eCTeCTBEHHBIX
00beinHeHni — «CJI0B» (HyKJIeO-
™70B). O6heM UHPOPMAIIUH, KO-
TOpas B HAX COLEPXKUTCS, MOXKHO TOUHO PACCUUTATh
C IOMOIIBI0 MaTeMaTHYecKUX GOpMyJI, ¥ TOPO¥ BBIAC-
HfIeTCsl, YTO B HEKOTOphIX ¢parmentax JHK, kak
Y B HEKOTOPBIX KHUT'AX, e COBCEM MaJlo UM BOBCE HeT.
ITepeHOC TepMUHOB U3 JTUHIBUCTUKY B MOJIEKYJIAPHYIO
GHOJIOTHIO IOTIOJIHUTETIBLHO YTBEPAMIIH aHaoruio JTHK
U TeKcTa. Tak, TeHeTUYeCKUH TeKCT, KaK U JIUTepaTyp-
HBIA, MOXHO [1epeNKChIBaTh U 1ePeBOJUTb Ha IPYrOi
A3bIK (Bocrpou3sBozctBo JTHK u cunre3 PHK, unu mar-
puuHbIi cuHTe3). [IpoucxoauT 310 ¢ GOJblIeld WK
MeHblIIell TOYHOCTBIO, I03TOMY TEKCT HY)XAAeTCs B pe-
JaKTUPOBAHWY, IPUYEM KaK CaMOCTOATEIbHOM — 3TOT
nporiecc Ha3bIBalOT NpydpuanHrom (aHri. proofread-
ing — mowcK 1 ucrpaBieHye OMUOOK), TaK U C IPHBJIe-
YyeHHeM CTOPOHHUX CIIelUaNiCTOB (HalpumMep, FeHOM-
HOe pefjakTrpoBaHue ¢ nomorisio CRISPR-cucrem*).

* Tloppobuee cM.: ['oznesa A.A., Apmamorosa U.1. CRISPR-cucre-
mbl // IIpupopa. 2019. N26. C.16-21; N27. C.3-9, a Takxke cTaTbu Ha
caiire «bromonekyna» — Kopomaes A., Bonxosa O. IIpocTo 0 cox-
HoM: CRISPR/Cas. 24.11.2016; Kpomos A. OT C/0B K JieJy: TeXHOJIO-
ruto CRISPR-Cas BriepBble IPMMEeHIIIH /s JIedeHKs1 OHK03aboJ1eBa-
Huil. 26.11.2016; Bop3os H. Butsa Beka: CRISPR vs BY. 11.10.2016;
Ilempenxo A. Belnednts MUOAUCTPOOUIO JJIOIIEHHA: KOHKYPEeHLHs
TPYIII, eMHCTBO MeToauK. 16.02.2016. — 3decs u danee npumeu. peo.

Muxaun AnatonbeBu4 OpioB, acnvpaHT 1 Mnanuwnii co-
TPYAHNK NabopaTopun MexaHn3mMoB (DYHKLIMOHMPOBAHNA Kie-
TO4HOrO reHoma ViHcTuTyTa 6uocomankm knetku PAH. O6nactb
Hay4HbIX MHTEDECOB — FEHETMKA NPOKAPIOT, OMOUH(OPMATKKA,
HenpodK3nonorna 1 3KoNOrM4eckoe MoaenupoBanne. Homu-
HaHT KOHKypca «buo/mon/TexkcT—2018>.

e-mail: orlovmikhailanat@gmail.com

[ToapoGHee OCTAHOBMMCS €lile Ha OJHOM OOIIEM IJisi Te-
HETHYECKUX U A3BIKOBBIX TEKCTOB ABJICHUY, 4 IMEHHO
Ha [OBTOPAX, KOTOPbIE [aJIeKO He Bcera ObIBatoT U3-
OBITOYHBIMH.

MoBTOpEHUE — maThb y4eHua

B 0OBIZIeHHON XKU3HA IIpU OIpeieJIeHHbIX CUTYalusIX
MBI CUCTeMaTn4eCKU CJIIbIINIUM WUJIN YNUTAEM OJIHU U Te
e (pasbl: HapUMep, 0ObSIBIEHNE B caMOJIeTe pU
B3JjieTeé U MocajgkKe — «HpI/ICTeI‘HI/ITe PeEMHU» HUJIU
B METPO IIpU OTIIpaBJyieHnN noesga — «OCTOPOXKHO,
[BEPU 3aKPBIBAIOTCA...», BOIIPOC B o4epenu — «Kto
MOCJIeJHUM?» WY 3aMedaHue B 6anke — «BOT BbI re
KapTy OTKpPbIBaJH, TyJa U UAUTe» U T.A. Ilono6HbIe
peryjasipHblie IIOBTOPbI MOTYT 6bITb 9MOIIMOHAJIbHO
OKpaleHbl X COAEPXKATb BCET0O OJHO CJIOBO UJIN dXKe
MexzoMeTre (no6poXkenaTelbHble — B KauecTBe
IPUBETCTBUS PUATEJIO; TPy6Oble, HO OYeHb BhIPa3u-
TeJbHbIEe — B CJydae OBITOBOrO TpaBMaTu3Ma). Ha-
KOHell, 9eJIOBEK MOXET IMOBTOPATHCA OAHOCTIOKHO
[JI1 yCUJIEHUA YK€ CKa3dHHOTO — «...[ld-Jd-Aaziazia»,
lITO6])I BbIPA3UTh COMHEHUE — «HY-HY, HYy-HY>», WA
IPOCTO 3aMOJTHUTL TATOCTHOE MOJIYaHUE — JIIO6bIe
3BYKH 110 BHIGODY.

© Opnos M.A., 2019

D0I:10.7868/50032874X19120044
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MOJEKYJTAPHAA BLUONOr A

AHanoruuHble TOBTOPBI <IO CJIy4al» MOXHO
BCTPETUTB U B TEKCTaX OMOIornyeckux. B Mupe pacre-
HUI ¥ HEKOTOPBIX JKUBOTHBIX PAaCIIPOCTPaHEeHa, IPeX-
Tle BCero, CUTyalus <A Tellepb fiaBaiiTe IOBTOPUM Bce
CHauaJa ellie pa3», KOIzia KpaTHO yBeJudeH (yIBOeH,
YTPO€H | T.J1.) HabOp XPOMOCOM (3TO SIBJIEHUE Ha3bI-
BaeTrcs noyuniaouaus). K apyrum npumepam nosTo-
POB «II0 CJIy4ar» MOXHO OTHECTH CTON-KOZOHBI —
TpUILIeT (TPU HyKJIEOTUAHBIX OCTAaTKa), OCTAHABJIMBA-
IOLIUiA B HY)KHOM MecTe CUHTe3 (TPaHCISNNI0) Geska;
CUTHAJ 7IePHOM JIOKAINU3alUy — Y4acTOK MOJIEKYJIbI
GeJka, He0OXOIMMBIH /IS €70 LieJIeHanpaBIeHHOH J10-
cTaBKU B A7po [1]*; koH1eBble noBTOphl JHK, KOTO-
pbIe BUPYChI UCIIOJIB3YIOT /1151 BCTPAUBAHUSA COOCTBEH-
HOT'O r'eHOMa B FeHOM XO035IMHa, U T.J.

Hauunate Bcerza Ipolie C 3JeMeHTapHOro,
a MIMEeHHO C OIHOCJIOXHBIX (TaHZeMHBIX) TIOBTOPOB —
PacIoJI0XeHHbIX HelloCPeJCTBEHHO APYT 3a APYroM
COBIAZAOMIUX OC/Ie/I0BaTeIbHOCTE!, KOTOPble MOTYT
obITh ipsAMbIME (HanpuMep, ACTG-ACTG) unu 06-
patHbIME (ACTG-GTCA)**. AMIHOKHCIIOTHAS MO-
CJ1eZJoBaTeIbHOCTh HEKOTOPBIX OEIKOB TaKXke cojep-
JKUT T07100HbIe y9aCTKH: HAlIPHMeD, B HUX MOTYT IIpU-
CYTCTBOBATh IIOBTOPSAIOLINECS N10CIeA0BaTeIbHOCTH
JJIMHOU 0KOJI0 40 aMUHOKUCJIOTHBIX OCTAaTKOB, HA3bl-
BaeMble Arm-1ioBTOpHI (0T aHri. armadillo — G6powe-
Hocell). OZHaKO B 3TOM CJly4yae ujeanbHble (T.e. He OT-
KJIOHSAIOIIMECS OT NOCIeZI0BaTeIbHOCTU-06pa3ia) mo-
BTOPbI B 0eJKOBBIX IIeMOYKax HecTabWibHBI [2].
O 7pyroM MHTepecHOM IpuMepe NOBTOPAIIINXCA
3JIEMEHTOB CTPYKTYPBI B OeJIKax peyb MOKIeT I03XKe.

Kakue 6biBaloT NOBTOPbI

Ot Tangemubix nosropos JJHK cienyer oTinyars 11o-
BTOPAIOLINECS [T0CJIeI0BATEIbHOCTH APYroro TAIA —
JMCIePIrUpOBaHHbIe, T.e. pacipeie/ieHHbIe 110 TeHOMY
noBTOPBL. Takue nocaes0BaTeIbHOCTYA He IIPUMBIKA-
0T IPYT K APYTY HEMOCPe[CTBeHHO, a pa3ZieJIeHbl He-
KOTOPBIMU OT/IMYaromumucs ygyactkamu JHK.

B 3aBUCHMOCTH OT pasmepa TaH/eMHbIe IOBTOPEI
paszesIAIoT Ha TPU TUIA — CATeJUIMTHbIE, MUHU- U MU-
KpocaTeJIuTHble. CaTe/IUThl — caMble OOJIbIINe KaK
[0 pa3Mepy HNOBTOPAIOLIENCS IOCAe0BaTeIbHOCTH,
TaK 1 1o o01meit npoTshkeHHocTH yaacTku JTHK; Ha ux
ZI0JTI0 TIPUXOAUTCSA CYyIeCTBeHHAasA 4aCTh TeHOMA B Lie-
JoM. [InuHa MuHucaTesnuToB — 10-60 map Hyk1eoTu-
710B (T1.H.), @ MUKPOCATeJUIUTOB — 1—6 I.H.; U Te U AIpy-
rve rpynIpoBaHsl Mo 5-50 mTyk.

CrnoBo «catemnut» (aHri. satellite — crmyTHUK)
B Ha3BaHUAX 9TUX CXOAHBIX IPYII NOCJIeZJ0BATEIbHO-

* TlomynspHBI Mepecka3 3TOi cTaThby ONyOJMKOBAH Ha caiiTe
«DnemeHTsl»: Bawmaxosa B. [Ins sijepHOTO MUMIIOpTa MeMbpaH-
HBIX GeJIKOB Hy’KHa JIMHKepHast [0CyIef0BaTeIbHOCTD. 05.07.2011.
** [TogpoGHee cM.: Ilanuun A.FO. BOJIOCAaTUKY U CTeIIeHU CBOGOBI
B 3BoJtonuu 6enkoB // Ilpupoza. 2019. N28. C.68-73.

CTell BO3HUKJIO B CBSI3M C TeM, UTO IIPY IPaZiieHTHOM
yAbTpaLeHTpuyrupoBaHuy (MeTOLUKE, O3BOJISIO-
1Ieil pa3aenaTh MOJIEKYJIbI C Pa3HbIMU pU3NIECKIMU
cBoiictBamu) caresnnutHas JJHK o6pasyer oTneb-
Hylo ¢ppaknuio. [IppunHa KPoeTcs B TOM, YTO TaKue
H0CJIeZI0BaTeIbHOCTY OTJIMYAIOTCSA OT OCHOBHOM vac-
T reHoMa 1o GC-cocrasy, T.e. 10 fjojie ryaHuHa (G)
u nurosuHa (C). BnocnencTsuu 6111 06HAPYKEHBI
«CKPBITBIe» CaTeJINThl — UCTUHHBIEe 10 GC-cocTaBy
CaTeJIJIUThI, KOTOPble HeBO3MOXXHO OTZENUTb OT OC-
HoBHO# Macchl JHK. TakiuM 06pa3oM, MOITUIECKUit
TepPMUH ONUChIBaeT TeXHUYEeCKYI0 CTOPOHY MoJyye-
HUS [epBBIX 00pa3I0B JaHHBIX OCJIEe0BATEIbHOC-
Tell ¥ He MMeeT OUOIOTUYECKOTO CMBICIIA.

Bce Tpu pa3HOBHIHOCTY TaHAEMHBIX IIOBTOPOB Xa-
paKTepHbI JJI FeHoMa 3yKapuoT U HaXxo/ATCs, I71aB-
HbIM 00pa30M, B KOHIIEBBIX (T€JIOMEPHBIX) U CPETHUX
(LeHTpOMepHBIX) 4acTAX XpoMmocoM. CaTejIUTHAs
AHK oTimyaeTca OT MUHU- U MUKPOCATEJIUTHBIX 110~
BTOPOB He TOJIBKO OOJIBIIMM YHCIIOM TIOC/Ie/I0BATENb-
HOCTel, HO U JIOKajnu3alueld B reTepOXpoMaTuHe —
IJIOTHO yIIaKOBAHHOM 1 €J1ab0 TPaHCKPHOUpPyeMOii Ya-
cry reHoMa. ITocesjoBaTeIbHOCTH e IBYX APYTUX TU-
TI0B COZIeP>KaTcs B 3yXpoMaTuHe (aKTUBHOM XpOMaTu-
He) — JIeCIIMPaT30BaHHOM 06J1aCTH XPOMOCOM.

Jlong MOBTOPOB B 9yKapUOTHYECKUX TeHOMax
BIIeYaTJIseT: Ha IOBTOPSIONINECS NI0CIe/[0BaTeIbHO-
CTH Pa3HOTO TUIIA IPUXOAUTCS MTOYTU [OJIOBUHA re-
HOoMa yesioBeka [3]. Obiiee UX KOJIMYeCTBO (B mepe-
cyeTe Ha yHUKaJbHbIe [I0C/e/]0BaTeIbHOCTU) MPeBbI-
maeT 1 MJIH, 1 MHOTHe U3 UX YUCJIA K TOMY e O4eHb
M3MeHUYUBbl. IIpeBbllieHNe oNpefieleHHOTO 4Yucia
TaHZIEeMHBIMU TOBTOPOB (9KCHAHCHUS) MOXET BBbI-
3BaTh TaKue TsKesble 3a00/IeBaHuUsA, KaK CHHAPOM
XpYNKOH X-XpOMOCOMBI, pa3ln4yHOI0 pofia aTaKCHH,
MHOrue GOopMbl aMUOTPOPUUECKOT0 JIaTePaJbHOro
CKJIepo3a 1 60J1e3Hb XaHTHHITOHA.

TepMuHonoruyeckuii xaoc

XorTs TaH/IeMHbIe TOBTOPBI OTKPBITHI YXe GoJiee Mo-
JIyBeKa Ha3aj, 0 CUX MOpP IPOUCXOJUT MyTaHUIA
B TEpMUHOJIOTUUA. MUHU- 1 MUKpPOCATeIIUTHBIE [I0-
BTOPBI MOTYT COBMECTHO 0603HAYaThCs KaK JIOKYChI
C BAPbUPYIOIMM YKCJIOM TaH/IeMHbBIX IOBTOPOB (Vvari-
able number of tandem repeat locus, VNTR). Onnako
VNTR 1 MyH#CaTeIIMTHBIE IOBTOPBI MOTYT UCIIOJIb-
30BaThC KaK CHHOHUMBI, IIPY 3TOM MUKPOCATEJJIUTbI
Ha3bIBAIOT U KOPOTKMMU TaHJIeMHBIMU TIOBTOPAMHU
(short tandem repeats, STRS), 1 IPOCTHIMU TOBTOPSI-
IONIMMHUCS TIOCTIeZIoBaTeIbHOCTSIME (Simple sequence
repeats, SSRs) [4]. Ho u 370 eme He Bce...

Hecmotps Ha To yT0 Bce VNTR MoryT paccmarpu-
BAThCSl KAK MUHUCATEJUIATHI, He BCce U3 HUX OyIyT OT-
HocuThest K VNTR. C 0f1HO# CTOPOHBI, KOJIMYECTBO MO-
BTOpOB B VNTR MOXeT BapbupOBaTh Y pa3HbIX UHAN-
BUJIOB, C IPYTOM — HEKOTOpble, OTINYHbIe 0T VNTR,



MUHUCATeJIIUTHI HEeCyT IOBTOPHI, Npe/icCTaBleHHbIe
OJHUM U TeM Xe KOJIUIeCTBOM KOIWH y BCeX IpeJicTa-
BUTeJIell BUJa, UMEIOIINX TaKOU TaHAeMHBIN TOBTOP
B IeHOMe.

JlononHuTeIbHble TPYAHOCTY BbI3BaHbI CO3BYYHO-
CTBIO BCEX 3THX Ha3BAHUI C COBEPIIEHHO JPyruM de-
HOMEHOM — CaTeJUIMTHBIMU (CIYTHUKOBBIMH) paiio-
HaMH aKpOLIeHTPUYIeCKUX XPOMOCOM, Yy KOTOPBIX LieH-
TPOMepbI PACIIOJIOXKeHbI 6IU3K0 K OJHOMY 13 KOHIIOB,
HI03TOMY IUIeYH Y TaKUX XPOMOCOM Pe3KO OTJINYaloT-
¢4 110 pa3Mepy. OueBUIHO, YTO TaKOe MCII0JIb30BaHNe
OZIHOTO Y TOTO Ke TepMHUHA /sl 0003HaYeHHUsT Pa3HbIX
ABJIeHUN — KpaliHe HeyaauyHoe coBnazenue [5]. ITo-
CJle[HUH IITPUX B TEPMUHOJIOTUYECKUN Xa0C BHOCAT
UCCIIeI0BaTeNIN PAa3HbIX CllelMaabHOCTe! (KpUMUHA-
JIMCTHI, TeHETUKH PacTeHU, MUKPOOUOJIOTY 1 T.1.),
KOT/Ia O/IVH ¥ TOT Ke THII [I0CTIeZloBaTeIbHOCTel 060-
3HAYaloT Pa3HbIMU TepMUHAMU [6].

3ayem noBTOPATLCA?

Jlyis1 9ero e Hy>HbI IIOBTOPBL, CKakeM, Te )xe VNTR,
HalleMy (U141 KaKOMy-TO JPYTOMY 3yKapUOTH4ecKo-
My) LieJIecoo6pa3Ho yCTPOeHHOMY opraHu3my? U kak
VX MOXHO KCII0JIb30BaTh?

Nsyyars VNTR HeTpyznHO. C IOMOIIBIO JOCTYII-
HBIX MOJIEKYJIAPHBIX METO/I0B MOXKHO BBIABUTD YK CJIO
TaHZeMHBIX TIOBTOPOB B OIIpeZieJIeHHOM TeHe JIIo60ro
U3 HaC — IpHUYeM MX MOXeET OKa3aThbcs U 3, u 15 6e3
3aMeTHBIX OTJIMYHMA B PYHKIMOHMPOBAHUH COOTBET-
CTBYIOLIEro reHa. VI3BecTHAa 3HAUNUTE/IbHAS U3MEHYU -
BOCTb KPaTHOCTH ITIOBTOPOB, T.e. KOJIUYeCTBA KON
NOBTOPSAIOMIENCS eAWHULBl I0CJHe[l0BAaTeNbHOCTH.
DTO CBA3aHO C TeM, YTO TaHZAEMHbIE IOBTOPBI CBOETO
pola «ropsuue TOYKM» MyTareHesa. BepoATHOCTB
BO3HMKHOBEHHS «OMHUOOK» B TAKMX TEKCTaX MPEBOC-
xogut npuMepHo B 100 ThIC. pa3 BePOATHOCTb CTaH-
NapTHBIX «ONe4aTOK» (TOYeYHBIX MyTallUil <«HEIO-
BTOpuMOii» [THK).
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ITpuurHa 3TOro CBfi3aHa C TaK Ha3bIBaeMbIMU
ommrbKaMy perIMKaluy pu peakTupoBanuu (slip-
ped strand mispairing). [TOCKONbKY TaHAEMHBIE 10-
BTOPBI NIPE/ICTABIAIOT COOO0i PacioioKeHHbIe O/[HA
3a Jpyrod uleHTUYHbIe I10C/Ie/0BaTeIbHOCTHU, /iBe
KOMILJIeMeHTapHble Lelodky Aymuiekca JTHK moryt
NIPUHATH HeNIPaBUJIbHOE PACIOJIoXKeHue JPYT OTHOCH-
TeJNbHO Jipyra. [Ipu 5TOM NPOUCXOAUT KaK Obl Mpo-
CKaJb3bIBAaHME OJHOW LleNM OTHOCUTEJIBbHO APYrou
(oT aHrI. to slip — MPOCKOJIb3HYTh, CABUHYTHCS).

B xojie penyMKanuy nepBblii HOBTOP OAHOH Lieny,
ckaxxeM, GTAC, MoXeT 0Ka3aTbCs CIapeHHBIM C Iep-
BbIM T0BTOpPOM CATG fipyroii 1ienu, HO MOeT Takxe
OBbITH CBA3aH U CO BTOPBIM, TPETbUM U T.A. HekoTo-
pble [OCJ/IeZI0BaTebHOCTU-TIOBTOPBI MOTYT OBITH BbI-
TeCHeHbl B CTOPOHY U B pe3yJibTaTe 3TOr0 0Ka3aTbCs
«BHE UTpbl», B IaHHOM CJly4ae — TPaHCKPUIILUU.
B cBA3U € 3TUM HapylleHUeM KOMILJIEeMeHTapHOCTU
bepMeHTBI perIuKay MOTYT JJOMYCKaTh OMUOKY
npu cuHTe3e konuu JHK — a uMeHHO «II0TepATb»
WM 106aBUTh [JOMONHUTEIbHbIe KOIUHU TIOBTOPOB.
B aTOM ciyyae BO3HMKAIOT crenuduyeckue MyTa-
[ — YCJIOBHBIE «CJIOBA» OCTAIOTCS MPABUJIbHBIMH,
a BOT UX 4ucI0 MeHseTcs. [IoCKOJIbKY 3aTPOHYTON
OKa3bIBaeTCs 3HaUMTeIbHas YacTh I10CTIeJ0BaTeNbHO-
ctu (He enMHUYHBINA HyKIeotun), JHK npuobperaer
ZIOBOJIBHO CyIleCTBeHHbIe U3MeHeHMs. IMeHHO no-
3TOMY OHH U36MpPaTeIbHO BO3HUKAIOT TOJIBKO B TeX
y4acTKax TeHOB, KOTOpble MeHee 4yBCTBUTEJbHEI
K 3aMeHaM U CIIOCOOHBI «CTepIieTh» Takoe rpyboe us-
MeHeHHe [0CJe/J0BaTebHOCTH.

JIt060MBITHO, YTO OIIMOKAM PeIIMKALIMU [IPH Pe-
NAKTUPOBAHUU MOTYT NPOTUBOZEMCTBOBATh TOUEYHbIE
MyTali¥ BHYTPH I0CJIe[JOBAaTeJbHOCTH OT/eJIbHOI0
IIOBTOpA. DTO CIIPaBeyIuBO Jlake B TOM CJIy4ae, eciu
IPOU30ILJIa 3aMeHa HAa CUHOHVMUYHBIN (T.e. KOAUPY-
0L Ty )K€ aMUHOKHCIIOTY) KOZIOH. DTH OJJHOOYK-
BeHHbIe 3aMeHbl IPUBOAAT K BOSHUKHOBEHUIO U3Me-
HEHNs, 3aMeTHOTO Ha OZHOPOAHOM (QOHE TOYHBIX I10-
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MOJEKYJTAPHAA BLUONOr A

BTOpOB. Biiarogaps Takoii MeTKe BBINOJHAOMIASA pel-
JIMKALMUIO KJIeTOYHAS MaIIMHePHs OKaKeTCs CIoCoOHa
pa3IuYuTh DaHHOEe TOJIOKeHWe U u36exarbh mpo-
CKasb3bIBaHKs. B pe3ysbTaTe obe 1enu aymiekca 6y-
IyT COPUEHTHUPOBAHBI IPyra OTHOCUTEJIBHO IpyTra Hal-
nexamum o6pazoM. C TeyeHHeM BpeMeHH U HOBBIX
peIuUIMKaLMil B TAKOM CTaOMIbHOM TaHEMHOM IIOBTO-
pe HaKaIUIMBAIOTCA HeOOIbIIe U3MeHeHNUs, B CBA3H
C 4eM OH Bce 60JIbIIIe OTKJIOHSIETCS OT HCXOZHOTO.

Takum 06pa3oM, MOC/IeJOBaTeNbHOCTh TAHZEM-
HBIX [IOBTOPOB MOJKeT IIOCTeIIeHHO 1cye3aTb. Bozmo-
’KeH ¥ IPOTUBOIIOJIOXHBIN CJIydai, Korja yaajleHue
(memewys) MOBTOPA MPUBOJUT K MCUE3HOBEHHIO UMe-
I0Ierocsi ONHOOYKBEHHOTO OTINYHUA-MYyTalUy, a MO-
crenyolas HempaBUibHas rUOpUAM3alus — NpHBe-
CTU K CHTe3y TOYHOT'O TI0BTOPA.

DTo npenocTaBisgeT BO3MOXHOCTb UCIIOIb30BaTh
ypOBeHb «6e30muO0YHOCTH» TaHJeMHOTO MMOBTOPA
IJIS TOTO, YTOOBI yCTAHOBUTH, HACKOJILKO MHTEHCHB-
HOMY OTOOpY OH HojBeprascs B npouuioM. Eciu He-
TOYHOCTEH OKaXXeTCSI HEMHOTO, 3TO CBU/IETEIbCTBYET
0 MHOTOYHMCJIEHHBIX BCTaBKaX (Ha3bIBaeMbIX B 3TOM
cllyyae KCIAHCUAMH) U BBIMAZIeHUAX ([eNenusx).
Ecnu e B TaH/IeMHOM IIOBTOpPe HAKOMUJIOCh MHOXe-
CTBO OIIKMOOK, TO OTOOP, MO-BUAUMOMY, He yAels
0c060ro BHIMAHHSA TaKOM MOCJIe[0BaTeIbHOCTH [7].

TBepﬂble TKaHU MArKoTenoro XuiHnKa

Bceren 3a omucaHueM Kakoro-ianbo MoJeKyJIsipHO-Te-
HeTH4YecKoro ¢peHoMeHa BCeria BO3HUKAeT BOMPOC
0 €ro BOCIIPOM3BE/IEHNH B UCKYCCTBEHHBIX YCIOBUSIX,
a TaK)xe 0 BO3MOXXHOCTHU MpuMeHeHUsl. UUTak, KaKyo
T0J1b3y MOKHO OKHM/IATh OT TOJIyYeHUs UCKYCCTBEH-
HBIX TaHJIEMHBIX TOBTOPOB?

Vmesi mpejcTaBiieHHe O MaTPUYHOM CHHTe3e,
HEeTPY/HO Z0Ta/iaThCsl, YTO TaHZAEMHbIE TOBTOPBI B KO-
mupytomeit JTHK MOTyT COOTBETCTBOBATh TaHZIEMHBIM
MOBTOpaM B OCJIe[oBaTeIbHOCTH Gesika. [Tofo6HbIe
UHTepecHble OeJku ObUTH 0OHAPYKEHbI y KaJbMapoB,
KOTOpBIE BIOXHOBJISIIOT MHOTUX MCCJIe/IOBATesIel CBO-
UMM «CyTIepPCIoCOOHOCTSIMIT» — CJIOXKHO YCTPOEHHOM
HEPBHOU CHCTeMO, ClIOCOGHOCTHI0 MaCKMPOBAThCS
3a CYeT OTPaXKAIOIINX TKaHel 1 BUZIeTb B KPOMeITHOU
ThMe Ha OOJIBIIKX TIyOUHAX U T.1. B 1aHHOM ciyvae
pedb UeT O TBePAbIX TKAHAX ITHX JIOBKUX U TIPH
3TOM MSTKOTENbIX XUIHUKOB, KOTOPbIE TPUBJIEKIIH
BHUMaH¥e MaTepUaioBe/[OB.

KiioB KasibMapoB, BHellTHe HATOMUHAIOIMIUN ITH-
YW1 ¥ BBITJIAAAIINN 3710Bele, — GUONIOTHYecKuil KOM-
TI03WT, COZIEPXKAMINIA GOraThIi TUCTUANHOM GeIOK-Ma-
TPUILy U XUTUHOBBIE BOJIOKHA. [[pyroe omacHoe opy-
KUe KaJbMapa — OCTPble 3yOIbl POTOBBIX KOJIEll, KO-
TOpBIE PACIIOIOKEHbI BHYTPU MPUCOCOK HA IIyTMaib-
ax. Takue 3y6Lbl COCTOST 13 TBEPAOTO GHOTEHHOTO
MaTepuasa, IMeIOIIero 31acTHIHbIe MOAyIu. B ocHoO-
Be Matepuaja — 6eJIOK C CerMeHTUPOBAHHOM CTPYKTY-

PO¥, KOTOPBII BKJIFOYAeT Yepe/ytoIiecs: KpUCTAILIH-
Jeckue 1 aMopHbIe JOMeHH! [8].

MeHsist cTpyKTYypy Gesika 3y6110B POrOBBIX KOJIeI,
MOXHO MOJIyYUTh MaTepual ¢ 3alaHHOH PacTsHKIMO-
CTBIO, )KECTKOCTbIO, TPOYHOCTHIO, 3JIEKTPOIIPOBOIHOC-
ThI0, IPO3PAYHOCTHIO U JIaXKe CIIOCOOHOCTBIO 3aJIedH-
Bath JiepexThl. O61aCTH IPUMEHEHHUS TaKUX MaTepua-
JIOB MOTYT OBITh CAMBIMU Pa3HBIMU — OT XUPyprudec-
KUX HUATeH 10 CEeHCOPOB.

OTH yAUBUTeNbHbIe GEKM MOXKHO MONy4aThb U3
JKUBOTHOTO CBIPbS, HO JIy4llle, pa3yMeeTcs, UCIIOJIb-
30BaTh METO/IbI reHeTH4YeCcKOoi nHxeHepru. C TOUKH
3pEeHHsI CO3/JaHNsI HOBBIX MaTepHUaJioB 3TO IPeOCTaB-
JISieT PSL MPerMYIIeCTB PU MONyIeHU! CTPYKTYp-
HbIX GpUOPUIIAPHBIX GenkoB. IIpex e Bcero, cocras
¥ pa3Mepbl aMUHOKHCJIOTHOM T10C/Ie/I0BATeIbHOCTH
TaKoro 0OeJKa MOXHO CTPOro KOHTPOJHPOBATh.
B 3TOM cily4ae BO3MOXXHO MOJTydeHUe UAEHTUIHBIX
MOJIEKYJI I OJHOPOZHOTO MaTepuana. Jlajiee CTpyKTy-
Py MoOJeKynbl GeslKa MOXHO H3MEHATb, 3aMeHss
006bI4HbIe GYHKIHOHAIbHBIE IPYIIIbI (THONOBbIE, (e-
HOJIbHbIe ¥ aMUHOTPYIIbI) Ha 60Jiee 9K30THYECKHUe
(HanpuMep, rajoreHus, a3us, oJepuH, OKCUM, TUIpa-
30H, 60pOHOBBIH 3¢up). HakoHell, B COCTaB TaKUX pe-
KOMOMHAHTHBIX 6eJIKOB MOTYT OBITH BBe/IeHbBI MO~
MeNTU/BI CO CrenupUIecCKUMI CBOUCTBAME (aHTH-
GaKTepUanbHbBIMHU, aAT€3UBHBIMU, CO CKIOHHOCTHIO
K IepexofiaM «CIupab — KIyOOK»), YTO OTKPbIBAET
VICKJTIOUUTENIbHO 60JIblIne BO3MOXHOCTH IO CO3/ia-
HUIO HOBBIX MaTepHajoB C IIEHHBIMH 3alaHHBIMU
CBOWCTBaMH, KOTODPbIE K TOMY e MOXXHO COYeTaThb
Mexay co60i. OTeNbHBIM Ba)XHBIM IUIIOCOM JIJIS
NPUMEHEeHHs TAKUX COeNHeHHUil B Me/IULIHe CTaHO-
BUTCS MX 6OCOBMECTUMOCTb 1 GMOPa3/1araeMocTb.

I[TocnenoBaTeIbHOCTH OeJiKa KajbMapa COJePKUT
7IBa CHJIbHO pa3inyaroIuxcsa Moayus. ['naBHas no-
BTOPAIOIAsACA eAVHUIIAa-MOHOMEP COCTOUT U3 4Yepe-
AYIOIUXCSA APYT 33 APYTOM 00JacTell — KPUCTAJIU-
3YIOMIEeNCs, KOTOPasi COIEPXKUT OeTa-TUCThI, CTaOUIIHU-
3MpOBaHHbIE BOZOPOAHBIMYU CBA3AMHU, 1 aMOPQHOIA.
Kpucramnmmyeckas 4acTh KaXxJoro nopropa 6orara
OCTaTKaMH aJaHMHA ¥ TUCTUMHA, a aMopdHas — TH-
po3uHa U ruiuHa. I1ocie[0BaTeIbHOCTb, COeANHS -
IOIIas ZIBa Pa3JIMYHBIX yYacTKa MOBTOPA, 0OBIYHO CO-
IepxuT mpojuH. Takas cucTeMa mojpas3yMeBaet or-
paHMYeHHOE YKCJIO TUIIOB aMUHOKHUCIIOT, TIOCKOJIBKY
JlaJIeKo He BCe OCTaTKU MOTYT B Hee <BIIHCAThCSH».
B cBf13U ¢ 3TUM 11epe6Gop BO3MOKHBIX T10CII/I0BATEIb-
HOCTe# TaK)Ke CPaBHUTEJIbLHO HeBeJIHK.

Hacrynienue cBetsioro 6yzyiero, B KOTOPOM JIO-
Y UCTIOJIb3YIOT JIeTKHe, IPOYHbIe U «CaMO03aJIeurBa-
IOII1ecsi» MaTepHasbl Ha OCHOBe GeJka KajbMmapa 3a-
IepXKMBAIOT HEKOTOpble TeXHWYecKue TPYAHOCTH,
BO3HMKAIOIIMe MPU KOHCTPYMPOBAHUU MOBTOPSIO-
IIMXCS OC/IeZI0BATEIbHOCTEH.

ITpo6nembl Ha ypoBHe KoHCTpyupoBanus JJHK 3a-
KJII0YaloTCs B ciefiytonieM. [Ipesx/e Bcero, pa3pabor-
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Ka MCKYCCTBEHHBIX TeHOB, KOTOphIe
KOZIMPYIOT MHTepecytolue Hac Ge-
KM, MOXeT OKa3aTbCA HeyAavYHOU rnapmnyc
WJIY IPUBOJUTH K NOJIy4eHHUIO He-
crieqpUIecKux MPOAyKTOB. B Ha-
crosiee BpeMs 10CTYITHbI TPU MO oTpaaloLas TkaHb
XOZia K IIOJIy4EHUIO [eHOB TaH/IeM- 7
HBIX TIOBTOPOB.

B mponuioM aKTUBHO PUMeHS-
JIM CTaHAApTHOe KJIOHHPOBaHUe,
IIPY KOTOPOM MOHOMeDpBI [TooYe-
peHo, OJUH 3a JPYTUM, COeVHS-
IOTCS B ZJIMHHBIE 11eMT0YKH-KOHKa-
TeMepbl. OZIHAKO JaHHBIN MeTOZ, —
TPYAOEMKUI U 3aHMMaeT MHOTO
BpeMeHu [9]. HoBble MeToguKM OC-
HOBaHbI Ha «0eCIIOBHOM» KJIOHU-
poBanuu (seamless cloning) u pe-
KYPCUBHOM HalPAaBJICHHOM JIU-
rupoBaHuu (recursive directional
ligation, RDL) [10-12]. OxHako
Y OHU BKJIIOYAIOT PAJ ATANOB, KO-
TOpBIe CJIOKHO NMPOBOAXTH Hapa-
JIeJIBHO, U He TIPe/IOCTaBIIAI0T BO3-
MO>XXHOCTb KOHTPOJIMPOBATh MPO-
[[ecC B CJly4ae MOJIEKYJI C pa3inyg-
HBIM MOJIEKYJISIPHBIM BeCoM. [11d
IIpeo/ioJieHusl 3TUX 3aTPyJHEHUH  ApceHan o6blkHOBEHHOro kanbmapa (Loligo vulgaris) [8]. Y aToro ronoBoHororo mor-
pa3paboTasu MeTOZ Ha OCHOBE  NioCcKa BCE AECATH WyNanbLes (BOCEMb KOPOTKMX 1 ABA MINHHbIX) BbICTNAHb! MHOTOUMC-
amrutndurkanuy JTHK 1o MexaHU3-  NeHHbIMI NPUCOCKaMi, OCHAWEHHbIMIA 3y6Lami poroBeIx konell. Teno kanbmapa nop-
MY KaTsILIerocs Kojblia C yAJUHe-  [AepXUBAETCA MMafNycoM — XeCTKOA NNacTuHO, COCTOALE 3 XUTIHA. 3peHie Y Kamb-
HUeM I[IepeKphIBAIOLINXCA KOHIIOB  MapoB TOXe O0TMEHHOE — CeTyatka ux rnas CopepXuT ¢hoTopeLentop POJONCIH, no3-
(overlap extension rolling circle  Bonawowuii ¢ BLICOKOI YyBCTBUTENLHOCTbIO PEArpOBaTh Ha NONAPM30BAHHbIN CBET U X0-
amplification, OERCA). OH 103BO-  powo BuneTs Ha Gonblinx rnybuHax. Knios, 3y6uUbl poroBbIx KoneLl 11 raguyc, o6nagato-
JISeT IPOM3BO/INTD [TApPAJUIeIbHBIA  LMe NPEBOCXONHOI MeXaHYeCcKoil MPOYHOCTbIO, BOOXHOBAAIOT MaTepuanoBenos, pa3pa-
CUHTe3 reHOB, KOAUPYIOIUX II0-  6aTbiBalowX COBPEMEHHbIE MaTepuanbl.

3ybupl koneLy

npVpoaHbIA Genok
noviMKa Kanbmapa BblAeneHve berka C TaHOEMHbIMV MOBTOPaMM

3KCTparnmpoBaHmne
npupogHoro Genka
C TaHAEMHBIMY NOBTOPaMM

Guononumep
ceKBeHupoBaHue
1 6enkoBbIN An3aiH aKcnpeccus B Gaktepumsx MOPOLLOK NCKYCCTBEHHO
: nony4eHHoro 6erka
PAAASVSTVHHP
Kpuctannuyeckasa
(egvHuua nosTopa n = x) JacTh ’/@'

aKkcnpeccus benka ’ P X @
C TaHOEMHbIMM MOBTOPaMW Bem’p

MonyyeHune GENKOB C TaHAEMHbIMI NOBTOPAMK 13 NPUPOAHOr0 UCTO4HIKA (Kanbmapa) [8].
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a
CTpaTernm nony4eHusa TaH4eMHbIX MOBTOPOB,
OCHOBaHHble Ha
v
nonMMepPasHoON LienHOW peakLmm amnandrKaumn
( INrMpoBanmny ) ( (TLLP) ) (no TUNy KaTawlerocs konbua (RCA)
— nosyyeHve —+ ObeclioBHoe — amMnAndUKaLMs Mo TUMY KaTALLerocs
KOHKaTeMepoB KIIOHMPOBaHMe KOJblia C HapalyMBaHneM
nepeKpbIBalOLLMXCSA YHaCTKOB
— peKypCMBHOE HanpasfieHHoe — MeTOfibl KOHTPOSIMPYEMOTO
NUTMpoBaHue KNOHMPOBaHWA — aMnAIndVIKaLMs Mo TUMY KaTaLLerocs
KOMbLA C 3aLLMLLIEHHBIM
— peKypcvBHOE HamnpaeneHHoe paciiennenmem
NUTMpoBaHue Npwu
PEKOHCTPYKUMN Ma3Muabl = 5
T—_———5
5 EXY
. 3
' S 5. 35
] k[a
Acc65l Apal 50 '
Kpuctannm4eckasn 4actb
1 1 5 10 15 20 25 30 35
- 40 -
30

(egmHvua nostopa n = 1) (KonbleBas eaMHMLA)

pacuenneHue
—_—

KNOHMPYEMbI BEKTOP

"
LMpKynspusaumns

(eavHuUa noBTOpPa N = X) BbIGOP

I~ aKcnpeccus pasmepa
7 —
noavnenTug
C TaHAeMHbIMW NOBTOPaMn

BEKTOP A5 3KCnpeccmn

nonunentuaa

cnyyanHble npoaykTsl RCA

l pacuwenneHne

om0 =1
— S =2

= n=3

. : .
4 NpOAYKTbI C pacnpeseneHem
no pasmepam

[n3aiiH 6enKoB C TaHOEMHbIMI NOBTOPaMI [8]: @ — Tpu CTpaTerun CUHTe3a reHa ¢ TaHAeMHbIMI NOBTOpPaMu; 6 — cxeMa MeToaa
PD-RCA, pa3pabotaHHOro anA co3naHna 6enkoB ¢ TaHAEMHbIMI NOBTOPaMi, HanoMUHaWUx 6enok 3y6L0oB POroBbIX KoneL kanbma-
pa. Ha BCTaBKe BHU3y — pe3ynbTarthl anekTpodopesa B nonuakpunamuaHom rene (SDS-Page) 6uocuHteTnyeckmx 6enkos 3y6LoB po-

roBbIX Koneu ¢ 4, 7 n 11 nosropamu.

BTOPSAIOLINECS [0C/IeZI0BaTeIbHOCTH TOA0OHBIX 371ac-
TUHY MOMMepoB-6esikoB [13]. HeaBHO mpeioxuii
ellle OZUH METOJ, NO3BOJIAIIIUI KOHCTPYUPOBATb
MPOTSKeHHbIe 110CJIeI0BaTeIbHOCTY IOBTOPOB — 3a-
IUIIeHHOe PaclienyeHre Py aMIUTMUKaLUK KaTs-
merocsi kosbia(protected digestion of rolling circle
amplification, PD-RCA) [14].

Bnarosaps PD-RCA oThenbHbIN IOBTOP, UMEIO-
I 3aMKHYTYI0 GOPMY, MOXeT HellpepbIBHO Hapa-
6aThIBaTHCS pEPMEHTOM MOJIMMePa30ii B IPUCYTCT-
BuM Hykseotuza fe3okcu-LIIT® (dCTP), a Takxe ero
MeTUJIMPOBaHHON (opMel. IIpu 3TOM cozepxamue
[IUTO3KH CAiThI peCTPUKIUK (Ha KOTOPbIE CIOCOOHDI
M30HMpaTesbHO [efCTBOBATh COOTBETCTBYOMIME dep-
MEeHTbI HyKJlea3bl) OKaXyTcs pacllellJleHHbIMY, a 3a-
MKIeHHble, T.e. CoflepKallie 5-MeTUIIUTO31H, OC-
TaHYTCS HETPOHYTBIMU. B CBA3M € 3TUM CTAaHOBUTCS
BO3MOJXXHBIM IT0JIy4eHKe TI0C/Iefl0BaTebHOCTeH, COo-
Zlep>KallyX TaH/eMHbIe IOBTOPHI C BAPbUPYIOINIMU

pa3mepamu. IIpenmymectso PD-RCA 3aknrougaercsa
B TOM, YTO JJAHHBII MeTOJ N103BOJIAeT B X0/ie OJJHON
peaxiy CUHTe3UPOBATh TaKue OJUTrOMepHbIe MPo-
AYKThI Pa3INyaionieics AJauHbl. DTO feiaeT JOCTyII-
HBIM CO3/]aHue 6oJbIIoro Habopa (6ubianorekn) re-
HOB, KOMPYIOIUX OEJIKK C Pa3/IUYHbIM KOJIECTBOM
MIOBTOPSIOLIEHCS MOCIeI0BaTeTbHOCTH.

HezaBHO Ha OCHOBe 3TOTO MOJAX0/la CUHTE3UPOBa-
JIM coZiepIKalllie TaHJeMHbIe TIOBTOPBI GeKU, OCHO-
BOUW /IS KOTOPBIX MOCHYKUJI YIOMSIHYTHIH GeoK
KasbMapa. Llesib mpu aToM Gbia mocTaBieHa GpyHzaa-
MeHTaJbHas: BBISIBUTDH CBsA3b aMUHOKUCIOTHOM TO-
CJIeZI0BaTeJbHOCTU U CTPYKTYPHBIX CBOWCTB, B TOM
YHUCJIe PAcIO3HATh YYaCTKHU TOC/IeZI0BaTeIbHOCTH, OTI-
pezensolue CriocOOHOCTh Gesika K caMo3aieqnBa-
HUIO TIPY TIOBPEXeHUAX [8].

OcraeTcst HaZIeSITbCS, YTO HEKOTOPbIE TeXHUYeC-
K¥e TPYAHOCTH Ha IyTH CO3MaHUs MaTepHaoB Ha OC-
HOBE TaKUX OMOHMYECKUX OesKOB (BKJII0OYast Hes0-



CTaTOYHYIO YUCTOTY MPOAYKTA, a TAKXKe HEKOTOPYIO
ZOpOTrOBU3HY) OyAyT npeonoseHsl. Torza, HOIb3YACh
HOXOM HJIM CBEPXNPOYHON TKAHBIO, Mbl CMOXeM
MeyTaTeJbHO BCTIOMUHATH, KaK BBITJIAAUT CTPEMHU-
TeJIbHO IIBIBYIIMN B OKEaHCKUX TJIyOMHAX Kajb-
Map — u3obperarenb 3TUX MaTepuaoB. bosee Toro,
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1esas 06J1aCTh CAaMOOBITHBIX IIOCJIE/{0BATEIbHOCTEH
MTHK, KoTOpBIe IpeSiCTaBIAI0T COO0M TOBTOPSIOIIN-
ecs HeGOJIbIIIMe YIACTKY, BO3HUKAIOIIYE 1 9BOJIIOLH-
OHHPYIOIIME 110 CBOUM 0COOBIM 3aKOHAM, IPUHeCeT
HaM MHOTO MHTEpeCHBIX OTKPBITUM U BO3MOXHOCTEN
WX IPUJIOKEHNS . |
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Short Sequence Repeats

M.A.Orlov
Institute of Cell Biophysics, RAS (Pushchino, Russia)

The very same DNA molecule comprises sequences of two kinds that are quite different. The first are unique in terms of nucleotide composition and the
second represents tandem repeats following one directly after another. Tandem repeats originate, exist, and evolve according to principles deviating from
the ones of unique DNA regions. Here we address the peculiarities of short tandem repeats, their genomic roles, and perspectives that stems from their

artificial development by means of gene engineering.

Keywords: DNA, short sequence repeats, genetics, bioengineering.
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dnopeHTuiicKan, unu Mo3anka 113 TBepfblx kamHeit (Pietre Dure), cchopMnpoBanach Kak camocTOATENbHOE XyOXEeCTBEHHOE ABMeHNe K Havany XVII B. [cTo-
KW 3TOr0 BUMA MCKYCCTBA BOCXOAAT K aHTUYHOM Tpaamumu paboTbl ¢ pasHbIMI BUdAMI MPamopa. [MaBHbIM HOBOBBEEHNEM, MPUBHECEHHbIM 3MOX0i PeHec-
CaHCa B TEXHIKY KAMEHHOI MO3avKK, CTanin (ouryparveHble M300PKEHINA 1 NPUMEHEHIE MUHEDANOB, TBEPHOCTL KOTOPbIX CYUIECTBEHHO NPEBbIWANa TBEp-
[0cTb Mpamopa. B Mo3anyHoit MacTepckoii Galleria dei Lavori, ocHoBaHHOR ®epanHaHno Meauyn 8o PnopeHumi B 1588 T., 0CHOBHbIE XaHPbl «KMBOMK-
CI B KaMHE» CNIOXMIIACH YKe B NepBble AECATUNETUA ee NeATENbHOCTY. B AanbHeidlieM 3Ta MacTepckan cTana CBOe0OPa3HbIM 3KCMOPTEPOM Waeii 11 TeXHO-
NOTWA, @ TAKXKe MCMONHUTENEM 3aKa30B KOPONEBCKIX IOMOB EBPOMbI. POCKOLLIHbIE MO3an4HbIE MaHHO, Ha CO3MaHIe KOTOPbIX HEPEAKO TPEOOBANOCH HECKOMb-
KO MeT, MagansHo NOAXOMMNN ANA BO3BENNYMBAHWA TOHKOO NPOCBELIEHHOrO BKyCa, 0raTcTea v NONMTYECKOr0 MOryUIecTBa rocynaped. IMeHHo noaro-
My MPOU3BeaEeHNA PNOPEHTUIACKOV Mo3anku ykpalianu B XVI-XVIII 8. 1BOPLOBbIE UHTEPLEPHI MOYTI BCEX EBPOMEICKIAX CTOMAL, @ BMOCTEACTBIM CTanu
npeaMeTaMm1 ropaoCTY KPYMHEMLWNX MAPOBLIX My3eiiHbIx cOOpaHmiA: focymapcTBerHoro dpmutaxa, Jlyspa, Mpano, MetpononuTera, XodOypra, Mysea Bik-
Topum 11 Anb6epTa. OCHOBHbIE aTanbl uctopun Pietre Dure paccMOTpeHb! B AaHHOM CTaTbe Ha NpuMepax Hanbomnee 3Ha4MMbIX MaMATHUKOB U3 3TUX My36eB.

KnioueBble cnoBa: (hiopeHTuiickas Mo3anka, Pietre Dure, MO3anyHble NaHHO, TBEPAbIE KAMHMK, ararT, AluMa, Meauyn.

Xe ¢ AHTUYHOCTUA MO3auKu

CTAHOBSATCS Ba)XHBIM 3Jie-

MEHTOM MOHYMeHTaJIbHOH
apXUTEeKTypHOU fieKopauuu. Ma-
TepuasIoM AJS HUAX CIYXUJIH He-
Gosnble OAWHAKOBBIE KYCOUKH
(Teccepbl) KyOuUeckoi GpopMbI U3
CTeKJa, Mpamopa uiu nacrel. Co-
OpaHHBIE C UX OMOIIIbIO U306pa-
’KeHUs1 Ha3bIBAJIUCh PUMJIISTHAMU
opus tessallatum — Habop u3 Ky-
COYKOB™. [l Apyroro BHUAa aH-
TUYHBIX MO3aUK, IperMyILIecTBeH-
HO TeOMeTpUYeCcKOro XxapakTepa,
0OBIYHO HMCITOJIb30BAJIUCH MOJIUTO-
HaJIbHble MPAMOPHBIe IJIaCTUHBI
Pa3HOI OKPAcKy U BeJNYUHBL. Ta-
KO¥ MO3aWYHBIN HAOOP TMONYIHII
Ha3BaHMe opus sectile — pe3Has
pabora uiM pavimentum — TOJI.

B smoxy Bo3poxzeHus naH-
HBI{ BHJ| MO3aWYHOTO MCKYCCTBA
OBLT 10BeZIeH 110 BUPTYO3HOTO ap-
THCTU3MA. MCcIIonb3ys pasinyHble
IJIaCTHHBI U3 MpaMopa U TBepAblX KaMHell, MacTe-
pa cranu co3zaBath GUrypaTUBHbIE U300paKeHu,
comepHUYABINNE C )XMBOMMUCHBIMU. Takasg TeXHUKA
(commesso — MHKpYCTalyA) XyA0KeCTBeHHON Mo3a-
VKU U3 TIOZleJIOUHBIX KaMHell ckyazibiBasack Bo diio-
penuuy Ha npotspkeHun XVII-XVIII BB. u nony4yuna
Ha3BaHue Pietre Dure, unu (B 0Te4yeCTBeHHOU JnTe-
parype) ¢uopeHTHiicKasg Mo3auKa. IIpousBeseHU
«KUBOIIMCU B KaMHe» 0Opesu CTaHKOBYI0 $opMmy
B BU/Ie CTOJIENTHUI], IAHHO-BCTaBOK B MebeJu, sJe-
MEHTOB ZIeKOpallui B 30HaX MHTephepa. Tpynoem-
KOCTb M3TOTOBJIEHUs GOMBIION0 KONUYeCTBA MIACTUH
U3 TBepZIOro KaMHsA (Ha co3/laHue MO3au4yHOH CTO-
JIENIHUIIBI, HAIPUMep, YXO/UJIX Io/ibl), TOTPeGHOCTD
B 3aI1acax MCXOAHBIX MAaTE€PUAJIOB C IIUPOKON raMMOM

* Qepcman A.E. Ouepku 1o ucropuu kamus. T.1. M., 1954; T.2.
M., 1961.
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11BeTOB U $aKTyp 00YCIOBIMBAIM eIUHUYHBIN XapaK-
Tep U BBICOKYIO CTOUMOCTh I'OTOBBIX paboT. IMeHHO
[I03TOMY OCHOBHOW KpYT 3aKa34MKOB COCTaBUJIU
Ipe/iCTaBUTeIN eBPOIeMCKUX KOPOJIeBCKUX /JOMOB
Y BBICIIEN apUCTOKPATHH.

ITpou3ssenenus B TexHuke Pietre Dure HbIHe BXO-
IST B KPyIHe#re MUPOBbIe My3eiiHbie COOpaHusl.
Onu ectp B I'ocynapcTBeHHOM Bpmuraxe, JIyspe,
Bepcare, IIpago, MetpononuteHn-my3ee, Xopoypre,
My3ee Buktopuu u Anbbepra. MicTopusi UCKycCTBa
dopeHTHIICKON MO3auKH He 3aBepiiniach B XX B.,
U B Hallle BPeMs MOSIBJISIOTCS SIPKUe CaMOOBITHBIE
IIPOM3Be/IeHN s, BbIIIOJIHEHHbIe yKe Ha HOBOM TeXHO-
JIOTM4eCKOM ypoBHe. OCHOBHBIE CHOeThbl 3TOU yBJIe-
KaTeJIbHOW UCTOPHHU OyZAYT MOCJIeZI0BAaTEIbHO paccKa-
3aHbl HAMU B TeMaTU4YeCKOM LIMKJIe cTaTell. 37iecb Mbl
paccMOTpPUM BO3HUKHOBeHHUe U pacuget Pietre Dure
B 3anazgHoi EBpomne.
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MVHEPATOTA. NCTOPWA NCKYCCTBA

NcTokn
B aHTUYHOY TpPaAULIMK UCIOJIb30BaHUeE 1eKOPATUB-
HOTO KaMHs /1151 OGJIMI[OBKY 3/[aHUI MMeJIO0 0COBYI0
3HAUYUMOCTb. Y3Ke B 310Xy PaHHel UMIIepUy pUMJIHe
IIMPOKO NPUMEHSJIM MPaMop, Ui KOTOPOIo Xapak-
TepHO 60JIbIIOe pa3HOOOpa3ue [IBETOBBIX OTTEHKOB
Y TEKCTyp. DTOT MaTepuaJl CTaJl OULeTBOPeHrneM 60-
raTCTBa, POCKOIIN U BJIACTU. B MHOTOYMCIIEHHBIX UC-
TOYHUKAX, B YaCTHOCTH B counHeHuM I'ag CBeTOHUSA
TpankBuIa «boXeCcTBeHHbIN ABryCT», CKa3aHO: «OH
TaK OTCTPOMJI FOPOJ, YTO II0 IIpaBy FOPAUIICS TeM, 4TO
NpUHAN PUM KUpPNIMYHBIM, @ OCTaBJIAET ero MpaMop-
HbIM» *, TIOMIUTHYECKU acTIeKT MOMIe3HOU UMIIep-
CKOU apXWUTeKTypbl KaK II0Ka3aTess 9KOHOMUYeCKOon
MOILY METPOIIOINY MMeJ Ajisi Puma nepBocTenieHHy 0
Ba)XHOCTb. MHOTOUNCJIEHHbIe IPOBUHIINY UMIIEPUU
IBITANUCh NOAPAXKAaTh JYYLIMM CTOJIWYHBIM 06pa3-
jaM, OT/aBas [OJDKHOe [eKOpPaTUBHOMY KaMHIO.
B 3moxy panHero CpelHeBeKOBbA B PuMe U pyrux
WUTAJIUICKUAX TOPOZiaX IIPU CTPOUTEIbCTBE XPUCTHAH-
CKUX 0Ga3UJIMK U Pa3IMIHBIX OOIIECTBEHHBIX COOPY-
’KeHMH 4aCcTo MCII0JIb30BaIUCh KOJIOHHBI, KallUTeJH,
00JTMI[OBOYHBIE IIUTHI U3 aHTUYHBIX IIOCTPOEK.

@rnopeHTHiickasg Mo3auKa — OJIHA U3 I'paHel yHU-
KaJpbHOro ¢(eHOMeHa peHEecCaHCHON MpPUIBOPHOMN
KyJbTYpblL. B niepuoz nosauero Bospoxaenus B Mra-
JIVIY CJIOXKUJIUCH IIPeZICTaBJIeHNs O «TOCYAAPCTBe 3CTe-
TUYeCKOIo CUsHWSA», OCHOBaHHbIe HA aHTUYHBIX Hfle-
anax. B Takom rocyzapctse orpoMHasi poJjib OTBOAU-
JIaCh He TOJIBKO «OOJIBIINM MCKYCCTBAM» (apXUTEKTY-
pe, CKyJIBIIType, )XMBOIKCH), HO U IeKOPaTUBHO-TIPU-
KJIafHbIM. MacTepa-KaMHepe3bl, I0BeTUPHI, Mebellb-
VKU CTPEMUJIACh B CBOMX IIPOM3Be/IeHUsAX COBMeC-
TUTb QYHKIIMOHAIBHOCTD C TADMOHMYHOCTHIO U U3bIC-
KaHHOCTbI0 GpOpPM U IPONOPLKH, a TaKXKe C HeBUaH-
HOH POCKOIIBIO UCNOMHeHUs1. XyA0XKeCTBeHHOe Beslu-
KOJIeIMe YTHJINTAPHBIX Belllell, caMo 1o cebe LieHu-
MOe BO BCe BpeMeHa, Torzia 00peJIo 3CTeTHIecKy:o ca-
MOCTOAATEJIbHOCTD, He CBA3aHHYIO C peJIirueil Ui Ma-
rveid. 3HaTh peHeCcCaHCHOU MTanuu nocnenoBaresb-
HO CTPeMMUJIACh K OJIMLIETBOPEHUIO B OKPYKAIOIIUX UX
npefMeTax «pas Ha 3emje». Kpome Toro, npuasop-
Has POCKOMIb CJIY>KUJIA U IIPeJICTABUTEIbCKUM LeJIsAM:
Xy/I0)KeCTBeHHbIe, a Tak)Xe HeoOpaboTaHHbIe paro-
[IeHHOCTH CIeNHaIbHO eMOHCTPUPOBAJIA HHOCTPAH-
HBIM II0CJIaM U IPaBUTeNAM B KadeCcTBe CMBOJIOB
BJIACTH U NpolBeTaHNs. KosleKIMOHUpOBaHNe aH-
TUYHBIX apTedaKTOB, IPUPOJHBIX JUKOBUH 1 MUHE-
PaJIOB TOXe PaclieHNBAJIOCh KaK HeOOXOMMBIi aTpu-
OyT, 106aBIABLINIA BeJINYHA.

PeHeccaHCHOe UCKYCCTBO CTapajioch B IEPMaHEeHT-
HOM COCTf13aHUH C JIy4IIMMU aHTUYHBIMU 06pasnaMu
He TOJIbKO NPUOIU3UTHCSA K HUM, HO U IPEB30MTH UX.

* Tpanxeunn I'aii Ceemonuii. YKu3Hb iBeHaAUATH Le3apeil. Kuu-
ra Bropas: BoxectBenHslit ABryct / Ilepeson M.JL.TacrapoBa.
M., 1993.

B KOJUIeKIMAX UTaNbSHCKHX IIpaBUTesell OYeHb Jac-
TO COCEJICTBOBAIM PabOThI COBPEMEHHBIX U IPEBHUX
mactepoB. CTOJIb e 0ObIYHbI ObUTH aHTUYHBIE TeM-
MBI, KaMeHHbIe Yallli ¥ COCY/Ibl, BCTABJIEHHbIE B HO-
BBl JIparoleHHble onpaBbl. COnepHUYecTBO Pacipo-
CTPAHSJIOCh ¥ Ha BUPTYO3HOCTh B MOZAPAKaHHUHU MPH-
poZie, B CTpeMJIEHHH CO37aTh 6e3yNpevHyI0 <UJIII0-
30pHYIO peanbHOCTh». VIMEHHO TaKue 3a[a4ul CTaBu-
JIUCh ¥ TIepe]i MO3anuCTaMK-KaMHepe3aMH M03/JHero
Bospoxnenns.

lleneBpbl MO3aU4yHOro UCKYCCTBA

B 1588 r. Benukwuii repuor TockaHckuii PepauHano I
Menwuu (1549-1609) yupenusn KaMHepe3HYIO Mac-
tepckyto Galleria dei Lavori, pacnonaraBmyrocs Bo
®rnopennuu, B nanamnuo Yoouiu. B Heii oH cobpan
JIyYIIUX MacTepoB, TPeMMyIlecTBeHHO u3 MusaHa —
Ba)kKHeMIIero [eHTpa 3TOro BU/ja UCKYCCTBA B TO Bpe-
Ms. Bckope neATebHOCTb MacTepPCKOY B 3HAYUTEIIb-
HOM CTeleHU 0Ka3anach COCPeJOTOYeHHON Ha KOM-
ieKce paboT Mo 1eKOpaTUBHOMY 0(pOpPMIIEHHIO ce-
MeiHO¥ ychimanbHUIbI Meauyu B cobope Can-Jlo-
peHll0 — Kamesubl IIpuHnes (apxutekTop MarTeo
HumxerTH), CTPOUTENIHCTBO KOTOPOU OBLIO HAYATO
B 1604 r. (puc.1). OnHako reprorckue MacTepckue
Havyanau paboTy Haj ybpaHCTBOM HHTephbepa elle
B 1589 r. 1o 3aMbICITy co3/1aTeNIel, B [IeHTpe KameJuibl
IOJDKeH OBLI pacroJiaraTbCs aaTapb, 1eKOPUPOBaH-
HBII MO3aMYHBIMU NTAHHO Y PE3HBIMU CKYJIbIITYPHBI-
mu purypamu. PockoIHas eKopaTiBHasA 00IMIOBKA
CTeH pPa3sHbIMM BUJAMHM MpaMopa COOTBETCTBOBAsa
JIy4IIAM peHecCaHCHbIM 06pa3siam.

[IpumMepom 6oJjiee paHHUX JOCTHIKEHUI PUMCKOMN
KaMHepe3HOM IIKOJbI c1yxuT cros OapHese (1565-
1573) u3 Metpononuren-my3ses B Hpio-opke (puc.2).
Mo3auyHas CTOJIeIIHULIA PACIIoIaraeTcs Ha Tpex Mpa-
MOPHBIX OIIOpPax, NeKOPUPOBAHHBIX CKYJBITYPaMU
cpUHKCOB, TPOTECKOBBIMU MY)XCKHUMU TOJTydurypa-
MU, JIUCTHSIMU aKaHTA U BJaJleIb4eCKUMU repbamu
KapzauHana Aneccanzipo @apHese (1520-1589). 13-
TOTOBJIEHHBIH 110 ITpoekTy [I)xakomo na Bunbvona ans
crposierocs nananuo PapHese, CTOJ IepBOHAYATIBHO
OBLJ yCTAaHOBJIEH B IJIaBHOM 3aJle, CPe/iil IIPOM3Besie-
HUI QaHTHYHBIX ¥ pEHEeCCAHCHBIX XyZ0XHUKOB.

W3 puMCKUX IaMATHUKOB, IIpexze Bcero tepm Ka-
paxaJuibl, ObLT UCTIONB30BAH U MaTepHan — pas3jiny-
HbIe BU/IbI [IBETHOTO MpaMopa U ajebacTpoBble KPyI-
Hble MapHble MJIACTUHBI eTUNETCKOT0 IPOUCXOXKe-
HUA. B 3TOM Obl1a BIOJIHE OIpesiesIeHHasl CUMBOJIMKA
Y [7151 KapAvHaja, U U apXUTeKTopa: HOBBIN Masall-
110 Hac/eZlyeT BeJln4ue U pOCKOLIb BeuHoro ropozpa —
CTOJIMLIBI MCUe3HyBLIeH numnepun. Takxe CUMBOJINY-
HO, YTO MO3aW4HyI0 CTOJIeIIHUIy BbInonaHua KaH
Menap, ypoxxeHer; @panuuy, mpo3BaHHbIi B UTanuu
J»xoBaHHM MUHap/0, — OAWH U3 JYYLINX MacTepoB-
KaMHepe30B, paboTaBiuix B Pume B 1560-€ rofibi.
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Puc.1. Kanenna MpuHues (Cappella dei Principi; Havata B 1604 r.). Apxutektop Matteo Hupxettn. Cob6op CaH-/TopeHuo, dnopeHuna.

I'naBHBIMU HOBOBBE€JEHUAMU, NNPUBHECEHHBIMU
anoxoii PeHeccaHca B 00pa3HbIi psizi KAMEHHOM MO3a-
UKW, CTaJI pUTYPATUBHBIE U300PaXKEHNUS U TPUMEHe-
He MUHepasoB (TJIaBHBIM 00pa3oM SIIIMBI, arata
¥ JIa3ypUTa), TBEPJOCTb KOTOPBIX CyIeCTBEHHO IIpe-
BBIIIaJIa TBEPAOCTb Mpamopa. OTciofia U IPOMCXOXK-

JeHue TepMuHa Pietre Dure — TBepAble KaMHHU, KOTO-
PbIii UCHIOIB3YeTCsl BO BCeM MUpe A1 0003HaYeH s
(bIOpEHTUICKOI MO3AUKY.

B 3anagnoii EBpone B 3moxy Bo3poxaenus oco-
6yI0 3HAYUMOCTb MOJTYIUINA U300paXKeH!sT POIOBBIX
(unu rocynapcTBeHHBbIX) repboB. BecbMa xapakTep-

Puc.2. Ctonewnnua dapHese (Pum, 1565-1573). MpoekT [xakomo Aa BuHbonsl, Mo3anka XXaHa MeHapaa. MeTpononuteH-my3eii,

Hbto-Mopk (uhB. N°58.57a—d).

CTATbI
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MVHEPATOTA. NCTOPWA NCKYCCTBA

Puc.3. MapbaxHbiii rep6 Menuyn — repuyoros JI0TapuHrcKux
(okono 1589 r.). Mo3auka n3 mpamopa. MacTepckue Benmko-
ro repuora TockaHckoro. Myseii (pnopeHTUCKO Mo3ankn,
dnopeHuna.

HO, YTO OJJHUM W3 [epPBbIX 3aKa30B, BHINOJHEHHbBIX
NPUIBOPHOI KaMHepe3HOU mMacTepckoit Galleria dei
Lavori, ctan MapbsikHBIN Tepb6 Meaudu 1 repiioros
Jlorapunrckux (puc.3). Mo3sauka co3jaBajach Mo
cnydato cBanbObl @epaunango I Menuyu u Kpucru-

3

Puc.4. [letanb nekopa 0CHOBaHWA NUAACTPLI B Kanenne MpuHues.
lep6 ropona MoHTenynb4aHo, BXOAALIEro B Benukoe repuorcteo
TockaHckoe. Co6op CaH-TlopeHuo, PnopeHums.

Hbl JIoTapunrckoi (1565-1637), kotopas cocTosi-
nach B 1589 r. MaTepuaiom A1 MO3aUKU HOCITYXUIN
pasinu4Hble BUbl MpaMOpa U3 aHTUYHBIX ITOCTPOEK,
a TaK)xe JIa3ypHUT, HEOOXOJUMBIN [ APKO-CUHUX
a71eMeHTOB repba. B BIGope MaTepuaa 1 1o CTUJIKC-
THKe HCIIOJIHEHUS 3Ta MO3arKa OYeHb OJIM3Ka MaHe-
7M€ repbaMu TOPOZIOB BesIMKoro reprorcrsa Toc-
KaHCKOT0, KOTOpble U3rOTaBJMBaINCh B TO Xe CaMoe
BpeMs ISl IeKOPAaTUBHOTO 0QOpPMIIeHHS UHTepbepa
(B ocHOBaHMU MUIACTP) Kamesuibl [IpuHLeB (puc.4).

B konne XVI B. 10 vHULIMATUBE Y IIPY HEIIOCPEZCT-
BEHHOM TIOKPOBUTEJbCTBE UMIlepaTopa CBsAlleHHON
Pumckoit umnepun Pynonbda II B Ilpare Takxe co-
37aeTcs IPU/IBOPHAA KaMHepe3Has MacTepckas. Bos-
rJ1aBuiI ee QpuiopeHTHiickui roBenp Kosumo Kactpyu-
4, a BIIOCJIEZICTBUY €ro CMeHUJI CbIH /IxoBaHHU. OHU
umernu JienoBele cBsizu ¢ Galleria dei Lavori. B mpax-
CKMX MO3auKax Hapsay ¢ MpaMOpPOM CTaJI¥ UCIIOJIb30-
BaThCSA pa3JnWyHble BUABI fIIM U araToB U3 37I€IIHUX
MeCTOpOK/ieH!iA. B oTiurie oT GpopeHTUiHCKON Mac-
TEPCKOIA, 371eCh CTaIM 00paIaThCs K Mei3aKHbIM U30-
6paxkeHusiM. Mo3anuHble repObl ObUIN OYeHb IOy~
JIIPHBI U BOCTPeOOBAHHBI B Ka4eCTBe JUIJIOMAaTHIeC-
KOTO NoziapKa. SIpkuii 06paser TaKoro AparoleHHOro
Zlapa — IlaKeTa, IIOJJHeCeHHas uMIepatopoM Pyzons-
¢dom II kypdropery Cakconun Kpucruany II Bo Bpems
nocemenust uM Iparu B 1607 t. (puc.5). ITog6op ma-
Tepuaa OTJIMYaeTcsi Pa3HOOOPA3HOIA 1IBETOBOM raM-
MO KaMHA. B coBoKynHOCTH ¢ GUTypaTUBHBIMU Te-
pajbAndYecKUMHU JleTaJAMU 0Ka3ajoCh BIIOJHe BO3-
MO>XHBIM pacmiuppoBaTh CJIOKHbIA KOHTTIOMEpar rep-
00B, acCOLMMPOBAHHBIX B KypdropuIecTBe CyObeKTOB
(CakcoHckoro repuorcTsa, Jaarpadpcrsa TopuHrys,
MapkrpadcrBa MeficeH u 7p.).

BoTuBHBIN (3aKa3aHHbIH 110 00eTy mociie yypec-
HOro ucleneHus) pensed ¢ momsmumces Kozumo 11
Meau4u — He TOJIBKO OZHO M3 HanboJIee 3HAYMMBIX
npou3Be/ieHni (pIOPEeHTUICKUX KaMHEePe3HbIX Mac-
TepPCKUX, HO U SIPKUi 06paser| JaJbHeNIIero copep-
IIEHCTBOBAHUSA U YCJIOKHEHUS MO3aU4IHON TeXHUKHU™.
Ha nanenu uzo6paxen Kozumo II, mpexIoOHUBIIUI
KOJIeHa U JKeCTOM PYKH YKa3bIBaIOI[UH Ha IpUHeCceH-
Hble B ZIap KOPOHY U CKUIIETP — CMMBOJIbI BJIACTH Be-
JIMKOTO repuora. Anrapb ¢ KpacHOW ApamupoBKOU
cliesIaH U3 SIIMBI C 30JI0TOM, [IAPCTBEHHBIE OZleX bl
BBINOJIHEHBI U3 30J10Ta TOHKON YeKaHKU C 3MaJIbI0
U aJiMa3aMu, a TOPHOCTaeBbIid 000N — U3 CBETJIOH
AMMBIL. B OTKPBITOM OKHe BUZIHA KOJIOKOJIBHS U (JI0-
penTuiickuii cobop Canra Mapus gens @vope. [ny-
6uHa 1306paxaeMoro MpoOCTPAHCTBA UCKYCHO Ilepe-
ZlaHa C IOMOIIBIO [IepPCIeKTUBHOTO COKpALleHUs TIJIH-
TOK M0J1a, HaOpaHHBIX M3 PA3JIUYHBIX 110 OKpacke

* CokposumHuIia Meandu. Katanor BeictaBku: Mysen MockoBs-
ckoro Kpemis, 20 mas — 1 aBrycra 2011 roga / ABT. BeTyn. K. Aun-
nuny, P.[xennHaiionu, K.MIHHOYeHTH U 1p.; nep. ¢ utan. O.My-
pomuesa, M.Tapacosa. M., 2011.



Y TeKCType BUZIOB MpaMopa 1 TBepZAbIX KaMHell. OHU
00pa3yioT cBoeoOpa3Hy0 MUHEPAJIOTHYecKyI0 KOJ-
JIEKIIMIO, KOTOPAs OTPaXkaeT coOMpaTeNbCcKue IPUCT-
pacTus mpeZcTaBuTeNell HeCKONIbKUX [TOKOJIEHUH ce-
MencTtBa Menuuu. Biarogaps BUPTYO3HOMY UCIOJIb-
30BaHHMI0 MacTepaMu M306pa3UTeIbHBIX BO3ZMOKHOC-
Tell I10BeJIMPHBIX MaTepraioB U Pa3HbIX BUJOB KaMHs
napajHblid TOPTpeT IPeBPaTUJICS B HEIIOBTOPUMYIO
M3BICKaHHYIO IPAaroLleHHOCTD, CTOJIb BBICOKO IIeHU-
MYIO B 310Xy 6apOKKO.

Hauunasn ¢ XVII B. oTAeIbHbIE MO3aUYHbIE IAHHO
C CIOKeTHBIMM (QUTYPATUBHBIMHU M300pakeHUSAMU
CTaJIM UCI0JIb30BAThCA B IeKOpe TOMIIe3HbIX Mpeji-
MeTOB MeOesnu, KOTOpble NpeAHa3HAYaJuCh s
ZIBOPLIOBBIX MHTEPbePOB BhICIIel 3HaTh. OVH U3 Ha-
uboJsiee paHHUX TaKMX 06pa3ioB — KabuHet Bapbe-
pUHU U3 MeTpomnoanuTeH-My3es™, CO3laHHbIA MeX1y
1606 1 1623 rr. (puc.6).

T'ep6 Maddeo Bapbepunu (1568-1644), B 1623 r.
CTaBIIero pUMCKUM Ao noJ uMeHeMm Yp6aH VIII,
pacrosiaraeTcsl B CaHAPUKe HaJl T1aBHBIM OTZeJIeHreM
cekperepa. LleHTpasnbHas yacTb KabuHeTa 1eKOpUpo-
BaHa MO3aWYHON MaHeJblo, Ha KOTOPO# n306paxeH
Opdoeit, urparoinuii Ha Jupe fa 6payyo (paHHUI TUII
CKPMIIKK**) 11 04apOBBIBAIOLINI CBOEH My3bIKOM U Ie-
HUeM JIUKUX XUBOTHBbIX U ntul. PacagHble naHe-
JIY LIeCTH JPYTUX OTZeJIeHUH BBINOJIHEeHBI 10 IPaBIo-
pam @panuecko Tynmo Ha MOpPaIU3aTOPCKUE CIOKeThI
bacen D3oma, KoTopble 6bLIM M3naHbl B Heamose
B 1485 r. CreBa OT I[eHTpaJIbHOM MaHe Iy pacioJsiara-

* Art of the Royal Court: Treasures in Pietre Dure from the Palaces
of Europe. Catalogue of the Exhibition at Metropolitan Museum of
Art. Ed. A.Giusti. N.Y., 2008.

** Ha TaKOM ke HHCTPYMeHTe UrpaeT ATOJUIOH, PaCIOJI0XeHHbIN
B 1ieHTpe ppecku Padaasns «ITapHac» (1511) B BatukaHcKoM ABOpIIe.

MWUHEPATIOTUA. NCTOPUA UCKYCCTBA

Puc.5. MnakeTa ¢ n3obpaxeHnem repba Kypgopuectsa Cakco-
HuA. Mopapok kypdiopcty CakcoHun Kpuctuany Il o1 nmneparo-
pa Pynonbda Il. My3eii «3eneHble cBOAbI», [pe3neH.

eTcsi MO3auKa ¢ M306paXkeHeM canaMaH/pbl, Heysi3-
BHMO}, KaK IPeAIoaragoch, B OrHe. DTOT CIOXKeT ac-
couuupyercst ¢ 3M061eMOi GPaHIy3CKOro KOpOJs
®panuucka I — MOKPOBUTENA UCKYCCTBA U [O33UU.
Bap6epuHu CTPEMUIICS BCSIECKH [OAPAXKaTh Melle-
HATCKO# JIeSITeIbHOCTH MOHapxa. CIMMETPUYHO pac-
nosiaraetcsi am6iema mamnbl Knumenra VIII — u3o6pa-
xeHue nTuibl PeHUKC B OrHe, CIOCOGHO# BO3POK-

Puc.6. Wkad bap6epnHn — obwwii Bua v aetans (1606—1623). Mactepckue Bennkoro repuora TockaHckoro, PnopeHuua. MeTtpononu-

TeH-Mya3eii, Hbto-Mopk (unB. N°1988.19).
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MVHEPATOTA. NCTOPWA NCKYCCTBA

IaThCs U3 Heria. VIMeHHO BO BpeMsl ero OHTUHKATa
Maddeo 6bU1 Ha3HAUEH Ha AOKHOCTD MTANICKOTO HYH-
1¥st mpu GppaHITy3cKOM KOPOJIeBCKOM JiBope. [[Be 60-
KOBble acajHble MaHeIU HIKHEro psifia Copepxkar
M3006pakeHNsI CIIeH OXOThI Ha KabaHa U OJIeHs, a LieHT-
pasibHasi IaHeJsb — JIBYX IIeTyXO0B, HECYIIUX JIUCY B Ka-
JecTBe OXOTHUYbEro Tpodes. DTO, BO3MOXHO, aJe-
ropysi epeMeHYUBOCTU CyAbOBI, 0 KOTOPO# Bceraa
cieziyeT TOMHATH. KpynHble MO3anydHble IAHHO C ITH-
IlaMH{ U [[BeTaMK Ha GOKOBBIX CTOPOHAX U B BepXHeHl
4acTy KabUHeTa BBINOJIHEHBI, 110 BCell BEPOATHOCTH,
no scku3aM fAkono Jluronuu (1547-1626) — npu-
ZIBOPHOTO XYZI0’KHUKA Me/iiun.

C KaMHepe3HBIMU MaCTepCKUMHU BEJIMKOr0 reprio-
ra TOCKaHCKOTO TeCHO COTPYAHNYAIIN MeOebIIuKI —
BBIXO/IIIbI U3 I0KHOU YacT ['epmanuu. Takumu npu-
IJ1alleHHBIMU MacTepaMy OOBIYHO BBITIOJHAJCS BeCh
KOMILJIEKC CJIOJKHBIX CTOJISIPHBIX PaboOT C UCII0JIb30Ba-
HIEM DeJIKUX U 9K30TUYECKUX OPOJ lepeBa.

Co BTopoii nonoBuHbl XVII u B Hauane XVIII B.
@opeHIN [IOCTEIIEHHO YyTPAYMBaEeT [IOJUTHIECKOe
BJIMsIHUE, UHAHCOBBIA U 9KOHOMUYECKUI TIOTEHIIU-
a1, DTo CcrocobCTByeT CBOe0OPa3HOMY IKCIIOPTY TeX-
HOJIOTUH GJIOPeHTUHCKON MO3aKH, a TaKXKe pa3Me-
menuto B Galleria dei Lavori 3aKa30B 0T KOPOJIEBCKUX
noMOB EBporbL.

IBop JlrogoBuka XIV (1643-1715) oraudasncs
0COOBbIM BeJIMKOJIENUeM U POCKOIbIO. JIist co3aHus
KaMHepe3HbIX [TPOU3Be/IeHNH B TeXHUKe QIOpeHTH -
CKo¥t Mo3auKu B 1668 1. ipu KopoJsieBckoit robesieHo-
BOY MaHy(aKType, AesATeIbHOCTHI0 KOTOPOI PyKOBO-
IWJ epBbIi KOpoJeBcKuil xusonucer [apib JIe6-
peH, 6blIa OpraHM30BaHa MacTepcKkas mo ob6paboTke

IparoreHHbIX KaMHel. JIs paboThbl HaJi MHOTOYHC-
JIEHHBIMY TIPU/IBOPHBIMY 3aKa3aMH ObUIH PUTJIALIe-
HbI UTaNbSAHCKIE MacTepa: 6paTbs O. u ®.Menbopu-
Hu, ®.Bpanuu, X.-A.T'amepTtn u ap. 113 BecbMma He-
MHOTOYUCJIEHHBIX COXPAHUBIIUXCS NPOU3BEACHUN
YHUKaJIbHON UKOHOTpadueld OTINYaeTcs CTOJENHHU -
11a B Buzie KapThl @panuuu. BeinonHenHas B 1684 r.
U3 Pa3IM4YHbIX BUJ0OB MpaMopa U TBepAbIX IOPOZA
KaMHs (BeposiTHO, Ha KopoJsieBckoii roGesieHoBO# Ma-
HydakType), OHa OTpa)KaeT MaKCHMaJIbHbIE TEPPUTO-
puanbHble mpuobperenus Jlogosuka XIV (Jlrokcem-
6ypr, CrpacOypr u ip.) B BoiiHe ¢ McmaHue# u co
CsamenHo Pumckoit umnepueit (puc.7). Tema npo-
CJ1aBJieHNS BHEIIHeNOoJIUTAYeCKUX AOCTUXeHUH KO-
pOJIA yCUJIeHA LUTATOW «3TO TBOM HCKYCCTBAa» M3
«DHeuzpl» Beprunus, 4To NoApa3ymMeBasno ApeBHe-
PUMCKOe TIOHVMaHue 3aBOeBaHNUs U YIPaBIeHUA KaK
MCKYCCTB. 3a IIUTATOU cleZioBaja apCTBeHHas Hafl-
nuch Kopotio oT K.-A.Kyme, mpodeccopa matemaru-
ku B KoposieBckoii akaieMuu Hayk. M1306pakeHue Ha
CTOJIEIIHHI[e KAPTHI «C IPHOOPeTeHNsIMU> KaK Hellb-
35 60JIee OTBeYAJIO IeNAM MOJUTUIECKOH MpornaraH-
IBl, X IOTOMY CTOJI paclojarajics B IpUeMHBIX 3a-
nax — cHavana Bepcans, a Bnocnenctsuu bosbuioro
TpuaHoHa.

B 1737 r. co cmepThio XKaHa 'acToHa Ipecekach
BeTBb Mezninuy, ¥ HOBLIM CyBepeHOM TOCKaHCKOro rep-
norcrea cran ®pan I, KOHCOPT aBCTPUIICKON UMITepa-
TpuLibl Mapun-Tepe3un. Pockoub IpUABOPHOM KU3-
HU Telepb 0Ka3ajach [TOJHOCTbIO COCPeZOTOYEHHOM
B Bene, a ®yopeHnuusa npespaTuach B IPOBUHIINIO
6obroii nmnepuu. OHAKO 3TU MepeMeHbI He TTOBJIH-
SIA Ha JIesITeJIbHOCTh KAMHepe3HOU MacTepCKOH, KO-
TOPYIO € 1748 r. BO3r1aBUII I0BEJIUP
U pe3uyrK KaMeW, BBIXOJell W3
@panuuu Jlyu Cepue. B cnenyio-
IeM rofly OH IPUIJIACUI /ISl COB-
MECTHOH pabOTbI M3BECTHOTO XaH-
POBOr0 XyAOKHUKA ¥ OPTPETUCTA
Ixy3senmne [3oxkku (1711-1767).
C nMeHaMM 3TUX MacTepoB CBs3a-
Hbl TpOU3Be/leHNs], YKpacUBIIUe
«BocbMmoe 4yzio cBeta» — fAHTap-
HyI0 KOMHaTy EKaTepMHUHCKOro
gsopua B Ilapckom Cene mnox
Caukr-Ilerepbyprom*. Ipkum 10-
TIOJIHEHVEM ee STHTapHOTO yOpaHCT-
Ba cTav (QJIOPEHTHIICKIe MO3aUKU
C aJUIerOpuYecKUMHU U300paskeH -
SIMU JKaHPOBBIX CIleH Ha poHe ap-
XUTeKTYPHBIX PYVH IATH YeJoBe-
YeCKUX 4yBCTB: 3pPeHus, ClIyXa, BKy-
ca, 0CsI3aHUSA 1 OOOHSHHS.

Puc.7. CtonewHnua B Buae kapTsl ®paHunn. Koponesckaa robeneHoBana MmaHydaktypa
(Mapux, 1684). 3ckn3 Knopa-AHTyaHa Kynne, kamHepesHble pabotel Opaca u depau-
HaHpa MenbopuHu u ap. TBepable MOpPoabl KAMHA, Mpamop, anebactp. Jlysp, Mapux
(nHB. N°6632).

* fuTapHad KOMHaTa. B3ran yepes crose-
tud. Karanor BeictaBkyu, M3 «Llapckoe
Ceno». CII6., 2003.



SHTapHBIC NaHENIN, CO3aHHbIe
B KoHLle XVII — Hayasne XVIII B.
Y COCTABJIABIINE OCHOBY 3TOM Jie-
reH/IapHOI KOMHATBI, ObLIN M0o/ja-
pensl B 1716 r. ITetpy I npycckum
koposeMm @pugpuxom Busbresnb-
MOM I B 3HaK yKpeIleHUs COM03-
HUYeCKUX OTHOILIEHUH JIBYX rocy-
napcTB. OHAKO MO3auyHbIe Kap-
TUHBI TOSIBUJINCh B YyOpaHCTBe
KOMHATBbI HECKOJIbKAMU JleCsATUIIe-
TUAMMU 1103XKe, IPU UMIlepaTpule
Ennsasere IletpoBsHe. I1o ee nose-
JIEHUIO B BOJBIIOM LIapCKOCesb-
ckoM (ExaTepuHUHCKOM) ZBOpIie
®.B.PacTtpesuii [0/DKeH GbLI CO-
371aTh SIHTapHyI0 KOMHATY.

MWUHEPATIOTUA. NCTOPUA UCKYCCTBA

PacTpesi rapMOHHYHO BITHCAT
YyeThbIpe MO3auyuHble KapTUHBI (KO-
TOpBIe, 110 BCell BUAUMOCTH, ObLIN
IWTIOMAaTHYeCKUM IT0ZIaPKOM aBCT-
PUIACKOTrO IBOpA PyCCKOW MMIIepar-
pulie) B O'pOMHble SHTapHble pa-
MBI ¥ [TPYZIajl U3bICKAHHOMY MHTe-
pbepy ocoboe Benukosnemnue. Ceii-
4ac B 9KCIO3ULUY NIPeZCTaBIeHa TOJIbKO OZHA MOJ-
JIMHHAsE Mo3anka — «Ocsi3aHue u 06oHsIHKe»> (pHC.8).

BoJbIMM OKJIOHHUKOM (JIOPEHTHIACKON MacTep-
ckoit O6buT Koposnb Heamons um Cunwmiuu (1734-
1759) Kapn u3 punactuu Byp6oHoB (¢ 1759 1. —
Kopoub Mcnanuu nox umenem Kapa III)*. B 1737 1.,
cpa3sy IocJie CMepTH IOoC/IeHero reprora TocKaHCKOro
n3 poga Menwun, on npuriacuin B Heanosne 10 macre-
poB u3 Galleria dei Lavori, KoTopble ¥ COCTaBUIIM KOC-
TSIK HOBOY TIPU/IBOPHOY MacTepckor Real laboratorio.
ITocne BCTyIIeHUs HA UCIAHCKU mpecTos B 1759 .
Kapa III opranusyer B Majpuze Takyo xe Macrep-
cKylo — Buen Retiro. B 1761 r. B MUCIIAHCKYIO CTOJIMLY
npubbUIM BeZyiire MacTepa [Jome-
Huko Crexkku u ®panyecko [oj-
*eTTu. VIMeHHO ¢ UX UMeHaMu CBS-
3aH Harbostee APKUH mepros pabo-
ThI MACTEPCKON: CO3/laHue CePUHU U3
ZIeBATY MO3au4HBIX CTOJIEIIHUI]
715 KOHCOJIbHBIX CTOJIOB Ha GPOH-
30BBIX IIO/ICTOJIbSIX. Bce mpoekT-
Hble 3CKM3bl /11 HUX HaIllUCaHbI
dpaniysckum xynoxxHukoM JKa-
HoM-Kozepom @mnapom (1721-
1797). Kaptous! (puc.9) anda ce-
pU{ CTOJIEIIHWI, BBIIOJHEHHbIE
B xaHpe trompe l'oeil (o6MaHKM),
He UMeJIY aHaJIOT0B 110 XapaKkTepy

* Giusti A. Pietre Dure. The art of semipre-
cious stonework. Getty Trust Publications.
Oxford, 2006.

Puc.8. Mo3san4yHoe naHHo «OcA3aHne 1 000HAHNE». DROPEHTNICKAA KAMHepe3Haa Mac-
Tepckan. KamHepes J1.Cepue, acku3 [DK.[A30kk. OHUKC, NasypuT, AliMa, CEPNEHTIH, Ka-
XOMOHT, Mpamop, KpeMeHb, cnaHell. focynapcTBeHHblii My3eii-3anoBenHuk «Lapckoe Ce-
no» (uuB. N2 El — 133-VIII).

M300pa)XeHUi cpesi MPOU3BeZIeHUI OCTAIbHBIX KDPYII-
HBIX IIEHTPOB (JIOPEHTHICKOI Mo3auku. Tem 6oJee
YAUBUTEJIbHBIM CTaJI0 BUPTYO3HOE BOIJIOIEHNe 3TUX
IIPOEKTOB B MaTepuase. Ha 04HON U3 TaKUX CTOJIeN-
HUL (puc.10) ¢ WI03MOHUCTUYEeCKON J0CTOBEPHOC-
ThIO BOCITPOU3BE/IeHbI HeCIIOPS/IOUHO CII0XKeHHbIe Ha
CTOJIe KaPTUHBI, IapMaHKa, KHUTY U IpyTUe Npeame-
Tbl. DIOpeHTUIiICKas MO3auKa 371eCb CTOJIb COBEpILeH-
Ha I10 TeXHUKe UCIIOJIHeHW s, 9TO B I0JIHOM Mepe CTaHO-
BUTCS «KaMEHHOU KMBOIIUCHIO».

Co BTOpOI1 n0s10BUHBI XIX B. KpyNHbIe 3aKa3bl Bce
pexxe MOCTYNAIOT BO (JIOPEHTUICKYI0 MACTepCKylo,
U ee JIeATeIbHOCTb OPHEHTUPYeTCsl Ha y4eOHO-pecTaB-

Puc.9. KapToH ¢ n3obpaxeHinem 6ecnopanoyHo CNOXeHHbIX Ha cTone npeamertos (Map-
pua, okono 1779 r.). XynoxHuk XKau-Xo3ed Pnunap (xonct, Macno). HaunoHanbHblii
my3eii [Mpapno, Mappua (1HB. N© P-007823).
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MVHEPATOTA. NCTOPWA NCKYCCTBA

Puc.10. Mo3anyHaa cTonewHnuya KOHCOnN N3 AWMbI ¢ 1300paxeHneM 6ecnopAnoYHO
CNOXEHHbIX Ha cTone npeametos (Maapun, okono 1775-1783 rr.). KamHepessl JomeHu-
Ko CTekku, dpaHyecko lMomketTn; 6poH30BLMK YKaH-batncto deppoHu. Koponesckan
macTepckan byeH Petupo. HaunoHanbHbIii my3eii Mpano, Maapua (148.N2 0-000214).

paLOHHBIe 3a/1a4y. 3a JOJIIUii epruos paboThl HaKO-
TIUAJICS OTPOMHBI 06'beM MaTepuasa, CTaBIIHid, 110 Cy-
TH, YHUKAJIbHOM KOJUIeKLel 1eKOPaTUBHOTO KaMH.
B 1858 r. BbIIIeN B CBET KPaTKUH TEKCT O IIOYTU Tpex-
cornerHeit ucropuu Galleria dei Lavori ¢ mpunoxenu-
eM CITICKa COOPaHHO KOJIIeKIIUK TIOPOJ] ¥ MUHepa-
JIOB, KOTOpbIe UCII0JIb30BaJIUCh B MO3aUKax. 3a CpaB-
HUTeJbHO KOPOTKMM CIMCKOM CKpbIBaeTCsl 3Hauu-
TeJIbHOe KOJIM4eCTBO Pa3HOBUJHOCTeH AlIM, araToB
¥ MPaMODOB, OTJIMYAI0LINXCS MIUPOKOY BApUaTUBHOC-
ThIO IIBETOBBIX OTTEHKOB U TEKCTYPHBIX 0COOEHHOC-
Teil. CBU/IETEILCTBOM TOMY CITYKUT cobpanHas Dayc-
tuHO Kopcu B Hauase XIX B. BHymuTesbHasA (0KOJIO

1 ThIC. 06pA3II0B) KOJUIEKLUS T10-
JIMPOBAHHBIX IUVIUTOK [JeKOPaTUB-
HOTO KaMHf, CUCTeMaTU3UpOBaH-
Hasl ¥IM 110 Teorpad4ecKoMy U reo-
JorudeckoMy npuHnunam. CToib
GosibIye 3amackl KAMEHHOTO Ma-
Tepuasa B COYeTaHUM C MHOTOBe-
KOBBIMM XyJI0’)KeCTBeHHBIMU Tpa-
IVLHAAMYA MacTepCKOM COCTaBUIU
Heo6XOMMBIN 6a3ucC MOC/Iey0-
1Iel yCIIeIHoi yueGHO-pecTaBpa-
LIOHHOM JeATeabHOCTA B XX B.

* %k %k

CdopmupoBaBmiasics Kak ca-
MOCTOATeJIbHOE XY/10)KeCTBEHHOe
sABieHue K Havyany XVII B. ¢io-
peHTHUIicKas MO3auKa 3aHsiJIa 0Co-
6oe MeCTO B psAAy AparoleHHbIX
npeJMeTOB POCKOWIN. B mepBble
necstunerusi pabots Galleria dei
Lavori CI0XWJINCh OCHOBHBIE XXAHPBl JKUBONKCU
B KaMHe, IpeJHa3Ha4YeHHOU [JA JeKOPaTUBHOIO
odopmieHus mMebenu, 371leMeHTOB 06IIeCTBEHHOTO
U IIepKOBHOTO MHTepbepa. POCKOLIHBIe MO3aUYHbIe
IIaHHO, Ha CO3ZlaHKe KOTOPBIX HepelKo TpeOoBanioch
HECKOJIbKO JIeT, U/leaIbHO MOJXOAUIN AJI BO3BeJH-
YMBAaHMSA TOHKOTO MPOCBEIeHHOT0 BKyca, 6oraTcraa
Y NOJIMTUYECKOTO MOryIlecTBa npaBuTesei. FiMeH-
HO NI03TOMY Ipou3BefieHns GIOpeHTUNCKOM Mo3au-
Ku ykpacuiy B XVII—XVIII BB. ABOPLIOBbIE UHTEPb-
epbl IOYTH BCeX eBPOIENCKUX CTOJNUL, a BIIOCJIE/CT-
BUU CTaJi¥ TIpeIMeTaMU FOPJIOCTH KPYIHENIINX My-
3€MHBIX ¥ YaCTHBIX COOpaHUil. m

The Origins, Development and Flourishing of the Florentine Mosaic in Western Europe

V.I.Prygov'?, A.Yu.Belyakov®*

'Sergo Ordzhonikidze Russian State Geological Prospecting University (Moscow, Russia)

2Vernadsky State Geological Museum (Moscow, Russia)
$Creative Workshop of the Florenting Mosaic (Moscow, Russia)

“Florentine” or hard stone mosaic (Pietre Dure), was formed as an independent artistic phenomenon by the beginning of the XVII century. The roots of this
kind of art go back to the ancient tradition of working with different types of marble. The main innovation brought by the Renaissance to the technique of
stone mosaic was figurative images and the use of minerals, whose hardness significantly exceeded the hardness of marble. The main “genres of painting
in stone” were developed in the first decades of activities of the mosaic workshop (Galleria dei Lavori) which was founded by Ferdinando Medici in 1588
in Florence. Later it became a “worldwide provider” of ideas and technologies, as well as the contractor of orders of royal houses of Europe. Luxurious
mosaic panels, often taking several years to create, were ideally suited for the purpose of glorifying the refined enlightened taste, wealth and political power
of the sovereign. That is why the Florentine mosaics had decorated palace interiors of almost all European capitals in the XVII-XVIII centuries, and sub-
sequently became objects of pride of the largest world museum collections: Hermitage, Louvre, Prado, Metropolitan, Hofburg, Victoria and Albert. In this
article the Pietre Dure history milestones are based on the most significant objects from the mentioned above museums.

Keywords: Florentine mosaic, Pietre Dure, mosaic panels, solid stones, agate, jasper, Medici.
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AnexkcaHgap ¢oH ITyméonnarT

K 250-neTuio co AHA poXaeHuA
n 190-neTunio nytewecTtsmnAa no Poccun

[IOKTOP reorpacpuyeckux Hayk B.I1.4Ynyaros
WHctutyT reorpacpum PAH (Mockea, Poccua)
e-mail: chichagov@mail.ru

Benukuii ecTeCTBOMCTIbITATENb, NYTEWECTBEHHMK 1 reorpadd Anekcarap dhoH fymoonsar (1769—1859) BHeC OrpomHbIiA BKNaf B MUPOBYHO HayKy. OH cofpan
00WMPHBIIA MaTepian Bo Bpema [Byx akcneanuunii — no KxHoii Amepuke B 1799-1804 rr. n no Poccim B 1829 1., ony6nukosan 636 Hay4HbIX padoT, B 4iC-
ne koTopbIx 30-TOMHbII «KocMOC» 1 TPeXTOMHUK «LigHTpanbHas A3ua». HayuHble WHTEpeCh [ymBonbaTta 6bInin MHOrorparHbl. OH cocTaBun oporpacnye-
CKyt0 cxemy LIeHTpanbHOi A3, BLIYUCTNN CPEAHIOI BbICOTY MaTepUKOB, 0Ka3an acuMMETPUYHOCTb 3emni. B 06nacTv knumaronorui [ym6onbaT Been no-
HATIE U30TEPM, 3ANOXIN OCHOBbI TEOPETYECKOI KNUMATONOrK, 06OCHOBAN CYLIECTBOBAHNUE BYX KNMMATOB — CONAPHOIO W peanbHoro. OH 0CHOBAN reo-
rpachuto PaCTEHWIA, BbINENI TPY 30HbI — TDOMMYECKYI0, YMEPEHHYHO W XONOMHYI0, 0GbEANHUN BCe PacTeHIA B 17 dhopmaLii, Bnepeble paccMOTPEN BOMPOC
0 NPOMYKTMBHOCTI HI3LLIMX 0praHi3MoB. Onucan WnPOTHYK 30HaNBHOCTb W BBICOTHYHO MOACHOCTL. OIHOBPEMEHHO M3y4an BOMPOCHI 3EMHOI0 MarHeTU3Ma,
neTporpachiy, MHepanorm 1 ropHoro aena. B 1829 r. fymbonbAT 6bin 130paH NOYETHbIM akaneMukoM Mnepatopckoii POCCIIACKO akaneminm Hayk.

KnioueBble cnosa: [0xHaa Amepuka, Poceua, Kacnuiickoe Mope, reomopdonorua, reorpacua pacTeHnin, KNMMaronorua, WpoTHAA 30HaNbHOCTb,
BbICOTHAA MOACHOCTb.

2019 r. otmevaetcsa 250-eTre BeJIUKOTO ecTe-

CTBOHUCIIBITATENS, YU4eHOTO-3HIUKJIONeNCTa,

reorpada mupokoro npoduis Anekcanapa GpoH
T'ymbonbaTa. [leBU3aMH ero Hay4HOTO TBOPYECTBA
MOJKHO CYUTaTh CJIe/yIONIMe BbICKa3bIBaHUS: S cmpe-
MUnCs npedcmasume KapmuHy npupoost 8 YesoM u no-
kaszame e3aumodeicmeue ee cun. 5 cobuparo gaxmeot
U He 008epsI0 CBOUM COOCMBEHHbIM eunome3am. Bydem
Habnrodams, cobupame HecoMHeHHbvle Paxmol — Monb-
K0 maxum 06pasom Qusuueckue meopuu MoxcHo 6ydem
ymeepoums Ha NPOUHBIX OCHOBAHUSAX.

Ponuics Anexcauzp 14 centsiops 1769 r. B 'epma-
HUY, B BepiiHe, B ceMbe IIPUABOPHOTO CAKCOHCKOTO
Kypdiopcra Anekcanzapa 'eopra ¢on I'ymbGonbara.
C meTcTBa MaJb4MKa yBJIeKalu KHUTY O 3aMOPCKUX
CTpaHax € 9K30TUYeCKOM NPUPOJOI, OH C yIoeHHeM
cyman pacckasel I.Popcrepa — y4acTHHKA BTOPOTO
KpyrocetHoro mytentectBus [xeiimca Kyka (1772-
1775) — o TpomukKax, UX OpUPOJie ¥ HaCeJeHUHU.
O nuuHOM )u3HM ['yMOOJIbATA MBI, K COXaJIeHUIO,
MOYTH HIYero He 3HaeM. OH JIFOOUJI CBOEro CTapIiero
6paTa BusbresbMa u ¢ G0JIBIION TEIJIOTOW ¥ IPHUBS-
3aHHOCTBIO OTHOCHJICSA K ero cynpyre Kaponuse. ITo-
cJle CMepTH MaTepu OHAa OKPYXHJIa MaJeHbKOTO
Anekcanzipa 1o6pom 1 3a60Toi. B oTinume oT crap-
mero 6para, AjeKcaHap ObUT HECUTBHOTO 37I0POBbS,
eMy TPY/JHO ZaBaJMCh HavyajbHble 3HaHUS. [T0B3poC-
JIeB, OH OKpeIl, KpoMe yueOHbIX 3aHATHH CTaJl yAeJATh

BpeMsA CBETCKHUM pa3BJIEYEHUAM, IIOCEIIAT CAJIOHBI,
Y4YuJICA TaHLl€BaThb, 3aHMMAJICA 'paBUpPOBAHNEM, Ha-

AnekcaHap [ym6onbat B Monofsle rofabl. MopTpet pabotsl Kapna
LTeiibeHa (1812).

© Yuyaros B.I1., 2019
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DUSNHECKAA FECTPADIA. NCTOPUA HAYKN

JaJl pPUCOBATh U JJOCTUT B 3TOM OOJIBIIOTO COBEPILIEH-
CTBa, 4TO €My OYeHb IPUTOAUIOCH BO BpeMs Oy ayIux
nyTenrecTBiid. IHTepecHO, 4To eMy ObLiIa COBepIeH-
HO 4yXZa My3bIKa, OH Ha3bIBaJ ee 00IieCTBeHHBIM
GencTBreM, B ueM ObLI TOX0X Ha Kopois IIpyccun
@puspuxa Bunsrensma III, KOTOpBIM TOXe HAXOUI
3TO UCKYCCTBO HEBBIHOCUMBIM. B TO BpeMms clioxuics
xapakTtep I'ym60baTa — Becesblil, OOMUTETbHBIN,
COeNVHSABIINI IPUBETINBOCTb U CHUCXOJAUTENBHOCTD
K JIFOZISIM C HACMELJIMBOCTBIO U CKeNITULIU3MOM.

T'yMO0JIbAT MONy4YKIT BhicIee o6pa3oBaHue B 1787
1792 rr. Bo ®pankdyprckom U TETTUHIEHCKOM YHHU-
BepcuteTax M Ppailbeprckoil rOpHOH aKaJeMHH.
B 1790 r. B7MecTe ¢ DopcTepoM OH COBEPLIWII TyTellle-
CTBUe 10 fonuHe Peiina B T'oyananio u fanee B AHT-
yro 1 PpaHuuio. ODTa Hay4yHAs AKCIeJUNs CTaua s
MOJIOZIOTO YYeHOTO XOpollel mKooi. ITo pe3ynbTa-
TaM cOOCTBeHHBIX HaboAeHui ['yMO0IbAT OMy6ITH-
KOBaJI CBOIO MIEPBYIO Hay4HYI0 paboty «MuHepanoru-
Jeckre HabmofeHus Hax Ga3zanbTaMu Ha Peiines.
Bckope T'yM601bAT cTas mpodeccnoHanbHbIM reosio-
roM 1 6OTaHUKOM, MOJYYMIT 3aCITyKeHHOe IIPU3HaHe
CBOMX CTapUIMX eBpOINeicKux KoJjuer. ObmeHue
¢ ®opcrepoM, NIPUMBIKABIINM [I0 CBOUM HOJUTHYEC-
KUM yOeX/IeHUSIM K JIeBbIM IKOOMHIIAM, a TaK)Ke IPYK-
6a ¢ @.1Tuuepom u U.B.Tére crioco6erBoBau Gop-
MUpOBaHuI0 y I'yM60OIBATa TPOrpeCcCUBHBIX MaTepya-
JIMCTUYECKUX B3IJIAZI0B, BEPHOCTb KOTOPBIM OH IPOHEC
gepe3 BCIO XU3Hb.

T'ym60sbAT 06J1a1aJ1 OTPOMHBIMY HAayYHBIMH 3Ha-
HUSIMU U MOT CYUTAThCsl HACTOSAIINM YYeHbIM-DHIIUK-
nonenuctoM. OH ObLT Gorat 1 3HaTeH, eMy OKa3bIBaJIH
BHUMaHHMe MHOTHe BJIUATeJIbHBIE JIIOAU U laXe /1B
Kopoua IIpyccuu. Bee My)XYMHBI B €r0 ceMbe — OTell,
cTapuuii 6paT BuibreabM 1 OH caM, B 3BaHUM Kamep-
repa, — cyxunu kopoio @punpuxy Bunsrensmy I11.
Hecmotpsi Ha 3T0, ['yMOOJIBAT Bceraa OTIMYANCA
CKPOMHOCTBIO ¥ OOIIUTENIbHOCTBIO, YMEJI 110 IOCTOMH-
CTBY OLIEHUTb BKJIAJ] B HAYKY CBOMX KOJUIEr He3aBUCH-
MO OT UX BO3pacTa U MOJIOXeHHUsA, ObI HeU3MEeHHO
BEXXJIMIB U BeJl ce0s1 KOPPEKTHO ¥ IOCTOMHO. IIpu 3TOM
Bcerzia ObLT IPUHIMINAJIEH ¥ )KeCTKO pearnpoBas Ha
MICKa)XeHNS T1epeBOJIOB CBOMX PaboT.

B XM3HU M Hay4HOM TBOpYecTBe ['ymboibaTa
TJIaBHYIO POJIb CBITPAJIU /IBe 3aMedaTesbHble JKCIe-
sunuu. Opgna u3 Hux — B IOxHYyI0 AMepuky u Mexcu-
Ky — Anunach nath et (1799-1804) u 3aBepiuiach
B CeBepHoit AMmepuke. Bropas — B Poccuio u Ha
KpaliHuii ceBepo-3amnaz LleHTpaabHON A3UU — COCTO-
Anacob B 1829 .

ITepBy0 HKCIEMIUIO OH COBEPIIII Ha COOCTBEH-
HbIe CPeZICTBA U MCTPATUJI Ha Hee II0YTH BCe CBOe CO-
crosHue. B Ty anoxy FOxHas Amepurka 6bUIa OZ By1a-
CThIO0 MOTYIeCTBeHHOM VcnaHuy, U myTellecTBUe B ee
TpeZiesibl «HeUCIaHLeB»> ObIIO CONMPSIKEHO CO MHOTHU-
mu TpyzAHOCTSAME. B Mapte 1799 r. Tym6onbaT nobui-
cs1 ayaueHiu y koposist Mcnannu Kapaa IV, moapo6-
HO M3JI0KWJI €My CBOU IIJIaHBI, IOJTy4iJI 0pUIIHaIbHOE

paspelleHne U Bce JOKYMeHTBI, He-

LLnnnep, 6patba Bunbrensm 1 AnekcaHap [ymbonbathl, [€Te. [paBiopa Bunsrensma Ap-
naHpa no pucyHky Anapeaca Mionnepa. Ony6nunkosaHo B rasete «becenka» (Jleiinuwr,
1860. N°15).

06x0aMMBbIe [ TPOBeZleHNs Ha-
yYHBIX HcclefoBaHMi Ha Kyoe,
B Mekcuke, HoBoii I'panaze (Be-
Hecyare), lepy, Yunu, Aprentune
u Ha QununnuHax. Bmecre ¢ T'ym-
60JIBATOM B SKCIEJUIMIO OTIPa-
BUJICS €T0 JIPYT U KoJulera 60TaHuK
O.Bonmian. Bpemsi Torna 6b10
TPYZAHBIM: IIJIa BOMHA MexAy Mc-
naHued U AHIJIMeW, aHTJIMICKUe
Kopab.im 6JI0KMPOBau MOpThI Mc-
nanuu. OzfHako 5 uioHa 1799 r.,
BOCIIOJIb30BABIIICH TYMaHOM, y4a-
CTHUKHU KCIIeAULNN 61aromnosuyd-
HO BpIILIX 13 nopTa Jla-KopyHbsa
B OKeaH Ha KopseTe «[Tucappo».
I[TyTb KOpBeTa NPUOIU3UTENb-
HO [IOBTOPHJI MapuIpyT Kopabei
Konymb6a. ITocetus octposa I'pa-
cro3a u TeHepude, sKCIEUITIST
nepecexJia OKeaH, ¥ Ha COPOK Iep-
BBIi JleHb IJIaBaHbsl CyZIHO BOLILJIO
B raBaHb r.KymaHna (Ha Teppuro-
puu coBpeMeHHON BeHecyasbl).
Otcrofia vcciejoBaTeNy HapaBy-
much B Kapakac, mopHAMUCh Ha
ByJKaH Cuiy, 3aTeM IOZAOLLIN



DU3NHECKAA FEQTPADIA. UCTOPUA HAYKK

K GeperaM ropHoro osepa Taka-
purya (Banencus). Ha camozenb-
HOM IJIOTY OHH CITyCTHJIMCh IO pe-
KaM I'yapuko u Anype k OpuHOKO
Y OJHSAJIMCE I10 3TOY peKe Jjo rpa-
Hulbl ¢ Bpasunueil. 3xech oHU
TPOILIH Y3KOU IPOTOKOH ATabaHa
1o p.Puy-Herpy (camoro kpynHo-
ro IPUTOKa AMa30HKHM) U JJOKa3a-
U COeJVHEHHe BEepXOBbeB peK
Opunoxo 1 AMasoHku. CnycTus-
mych 10 OpUHOKO, OHU OCTaHOBU-
Juch B r.AHroctype. IlepBrlii ne-
PUOJ UX JJUTEJIbHOTO MyTelecT-
Bus 3akoHumica. [Janee I'ym-
60nbAT U BoHMIaH HANPaBUIUCh
B 'aBany, a 3areM cHoBa B I0xHYy10
Awmepuky. Ot r.KapTaxeHsl BBepx
1o p.MarzgaseHse Jouun 0 TOPoO-
noB borotel 1 Kuto. ITocie Boc-
xoxeHus Ha ropy Yumbopaco (6310 M) oTmpaBu-
JINCh B IPEBHIOI0 CTpaHy MHKOB — Ilepy. ITo pekam
¥ TPOIIaM, TIEIIKOM ¥ Ha JIomasax nobpanuck o Jlu-
MBI, I/le U 3aKOHYUJICA BTOPOH 3Tall IyTellecTBUS.
Ero 3akmo4uTesnbHas, TPeThs, 4aCTh IPOXOAUIIA 10
TeppUTOpPUM MeKCUKH, a Hadalach OHa B AKaIlyJbKo.

Mn0T, Ha KOTOPOM 3KCMeanLuA Nnbina no p.OpuHOKO (Mo pucyHKy fymbonbaTa).

Y4eHble epecekiy CTPaHy MHOTMMU MapLIpyTaMu
B pa3HbIX HampasieHUAX. OHU OCMOTpeJU TOpHbIe
PYJOHUKU U OJHANUCH HA BBICOKUe ByJKaHbI ITomno-
katenernb 1 Opucaba. OcoOblii MHTEpeC BbI3BAIH
y HAX OCMOTP NIaMATHHUKOB ZIpeBHe KyJIbTypbl Hapo-
10B MeKCHKU 1 3HAKOMCTBO C apXMBHBIMU [JOKyMeH-

T .

P o (S

v - :
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AnexcaHap coH [ym6onbaT 1 3Me boHnnaH y nogHOXMA BynkaHa Yum6bopaco. XynoxHuk dpuapux feopr Beiiu (1806).
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ITocne sToro I'paH03HOrO I1y-

Vil-1X 1801

T R N
_:5 ] eTwean wons 1802
——IYumGopaco
PuoBamba
I-15 11 1803
Tyanunne J 2
Hyauna

OManofSamba

“npwbuTHe_na_Honan
16-V1I1799

temectBUs ['YMOOIBAT MOCETNIICA
B [Tapmxe. Tam oH nposen 20 zer,
NPUBOZA B MOPSAZOK COGpaHHBIE
MaTepHainbl. ITapymxckuil nepuon
B )KM3HU YYEHOTO OKa3aJcsl Hanbo-
Jiee IJIONOTBOPHBIM. HayuHble nTo-
v ObUTM CBeZIeHbI B KOJIOCCATIbHBII
TPUALATUTOMHBIN TPyA <«IlyTerme-
CTBHE B PaBHOZIEHCTBEHHbIE 061ac-
i HoBoro Csera B 1799-1804 ro-
nax», KOTOPBI MyOJIMKOBAJICS HA
npoTspkeHun noutu 30 set. B 06-
paborke MatepuanoB I'ym60bATY
NIOMOTa/IX pa3Hble CHelNaauCThl:
JK.JL.Teit-Moccak u @.Aparo B me-
teopoiioruy, X.JI.Kiosre, I1.A.JIa-
Tpeiinb, JK.B.Jlamapk u D.7K.CeHr-
Wnep B 300so0ruu, JI.H.Bokenen
u M.I''KnanpoTr B MuHepasioruu,
K.C.KyHr B 60TanvKe, 51.0J1bTMaHC
n I1.C.Jlannac B acTpoHOMUH. DTO
KOJIOCCaTIbHOE COYMHEHNEe COCTOUT
U3 IIecTu paszesoB. Ilepsblii no-
cBAmeH reorpaduu U 3aHUMaeT
TpU TOMa. Bo BTOpOM IIPUBOJATCSA
NaHHbIe W3 300JIOTUM U CPaBHU-

eofag-Bonmesap
10 Vil 1800

\
'$/luma 23 X - B XI1 1802

TeJIbHO-aHaTOMUYEeCKUX HCCIe/[0-
BaHui. Tperuii cofep KUt reorpa-

Cxema nytewectsua [ymbonbara no KXHoii AMepuke.

TaMU. 3aKOHYMB UCCIIeI0OBAHMUS, SKCIIeIUIINS HAIpa-
Busach B CeBepoaMepUKaHCKYe IITAThI U 110 MTPUTJIa-
meHuIo npe3uzneHTa xepdpepcona npubeiia B Ba-
MIAHITOH. Y4YeHble NOKUHYIU CeBepHYI0 AMepUKY
9 utona 1804 r. u otmibuiy Bo @panuuio, B bopro.
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Cxema nyTewectsua [ymbonbaTa no Mekcuke.

¢duueckoe onucanue McnaHckoi
MMIIepuy, B HeM pacCcKa3bIBaeTcs
0 ee reorpaduu, HaceJeHUH, MPo-
MBIIIJIEHHOCTH U CeJIbCKOM X031~
CTBe, TOpProsiyie 1 ¢puHaHcax. B yeTBepToM paszerne
NpuBeZieHbl pe3yIbTaTbl aCTPOHOMUYECKUX UCCIIeflo-
BaHMI ['yM0O0Ib/ITa, B IATOM, IOMEIEHHOM B OT/IeJIb-
HBII1 TOM, — ero paboTsl 10 reorpaduu pacTeHUd —
HOBO, CO3/JaHHOU UM CaMUM, OTpacau 3HaHuH. I1o-
CJIeJHAM, CaMBbIi KPYIIHBIN paszies COCTOMT u3 18 To-
MOB U BKJIFOYaeT ONUcaHue COOPaHHbIX paCTeHH.

U3 sxcneauuuy [yMOOJIBAT Ipuexan CoBceM Jpy-
TUM: OKpell, TI0I0JIHeJI, CTajl CUJIbHBIM U KPaCUBBIM
4esioBeKOM. Ero riasa uckpuiauch 106poToii U Heyc-
TaHHBIM MHTEPEeCOM K CaMbIM Pa3HOO6pPAa3HbIM Hay4-
HbIM TeMaM. OH [0o-TpeXxHeMy ObLT IPOHUIIATeTIeH,
HAacMelIVB U KPUTHUYeH, HO IIpU 3TOM BHUMAaTeJIbHO
¥ 106pOXKeIaTeNbHO OTHOCUIICS KO BCEM KOJUIeram,
HeB3Upas Ha 3aHMMaeMoe UMM I10JI0KeHUe, 3BaHUs
M HaLMOHaNIbHOCTD. JKuBs B [Tapmxe, 'ymMO0ONbAT He
pas nocewan Wranuio, AHrauio, Mcnanuro, ITonbury
U Ipyrue eBponelickue cTpaHbl. HayyHas medaTenn-
HOCTb y4eHOro NpOXo/iiia BO BpeMeHa, 110C/e/J0BaB-
IIMe 3a 310X0¥ Beskux reorpaguyecKux OTKPBITHH,
OH 6B COBPEMEHHUKOM Besnkoit ¢paHiy3ckoii 6yp-
’ya3Hol peBostonuu 1789-1794 rr., 3noxu 3aBoeBa-
Huii Hanosieona 1 6ypiyasHbIX peBostonuii B EBporne
1848-1849 rr. Bce 3Tt cOObITHS YKpenuiu GopMUpo-



BaHUe ero IporpecCUBHOTO CBOOOZOMIOOUBOTO U Ty-
MaHHCTHYeCKOro MUpOBO33peHusi. OH ObLI yOex/ieH-
HBIM CTOPOHHMKOM MOHOQWJINM — CYMTAJ, YTO Ha
3emie HeT BBICIIMX M HU3IIUX pac, HeT IIJleMeH U Ha-
pozioB, 6oJiee Garopa3yMHbIX, 4eM APyTHe; Bce HApO-
bl ¥ TI7IeMeHa — 3T0 pOpPMbI OZHOT'O BU/IA, BETBU OfI-
HOTO KOpHA. ['yMOOJIBAT He pa3 peluTeIbHO BBICTY-
majg 3a OTMeHy pabCTBa B HCIAHCKUX KOJIOHUAX
u B CeBepHoil Amepuke. C Takoii e CMeJIOCTbI0 OH
BBICKA3bIBaJICS 3a 9MaHcunanuio espees. Ero Mupo-
BO33peHUe He MOTJIO He CKa3aThCs Ha 0COOEHHOCTAX
ero Hay4HOr'o TBOPYeCTBa.

YuyeHOMY NpPHHAIEXUT 636 Hay4YHBIX paboT, U3-
DaHHBIX IPEMMYIeCTBEHHO Ha HEMEIKOM S3BIKe.
WuTrepecHo, 4To 28 TPyA0B ONMyGIMKOBAHBI Ha PycC-
ckoM sa3bike. Cpenm Hux Baiienswrca <«Kocmoc.
OnbIT pusudeckoro mupoonucanusi» (1848-1863),
«IlyremectBue 6apoHa Anekcanapa ['ymbonbzara mo
AMepuKe ¢ reoJIOTM4eCKUMU U KIUMAaTOJIOIN4eCKUMU
uccnefoBaHuAMU Asun» (1835), «KapTuHsl pupozbl
C Hay4YHbIMK 00BbsICHeHUsIME Astekcanapa ['yMO0ba-
Ta» (1855), «LlenrpanpHas A3us» (1915) u «Ilyreme-
crBue 6apoHa Anekcanzapa ['ymbonbara, Dpenbepra
1 Pose B 1829 rozny no Cubupu u x Kacnuiickomy mMo-
pio» (1837).

Ha ckyoHe siet, B 1829 r., ['yMOOJIBAT OTIIPAaBUIICS
B Poccuro. O Tpyziax y4eHOro u 0 ero BKJiajie B HayKy
Ha IPOTSKEHUH JIBYX C II0JIOBUHOM BEKOB IKCANH efi-
Ba JIM He BCe KPYIIHbIe OTe4ecTBeHHbIE U 3apy0eXHble
ydeHble 1 ¥ccenioBaTeny. IloaBisioniee 60bIIMH-
CTBO M3 HUX NPUBOAWIIN Pe3yJIbTaThl UCCIEA0BAHUIN
B TPaKTHYeCKU He M3y4eHHOW B TO BpeMs HOxHOM
u LlentpanbHoit AMepuke. PacckasbiBaiu 06 oporpa-
¢un, 3eMHOM MarHeTu3Me, re0JIOTUH, TOPHOPYTHOM
nene, 6OTaHWKe, KJIMMATONOTUH U Ap. [IyTemecTBre
e 'ymbombaTa o Poccyuu 1 ceBepo-3amafiHoOi OKpa-
uHe LleHTpanbHOU A31K B 3apybexHbIX paboTax oc-
BEIeHO KPaTKO, MOXeT ObITb, Za)ke M3JIMIIHE CXATo.
DTOT mpobes MBITaIUCh BOCIIOJIHUTD U3BECTHBIE POC-
CUIICKMe yueHble: O pe3ysbTaTaX yAUBUTeIbHO HefloI-
roro (10 CpaBHEHUIO C MPeZbIAYIINM) MyTellecTBUA
T'ymbonbara no Poccuu nucamu [I.H.Any4uH (1915),
A A Tpuropses (1959), B.A.Ecakos (1960), 11.M.3a-
Genut (1969), K.K.Mapkos (1969) *. Cerozissi, B 4ecTb
250-netus yueroro u 190-netus sxkcneauuu no Poc-
CUH, ee UTOTU 3aCTyKUBAIOT HAIOMUHAHUSA O HUX.

T'yMOOJIbAT MIaHUPOBAJ SKCIeAUIHIO B LleHTpasib-
Hyto Asuio HaynHas ¢ 1807-ro, naxe ¢ 1804 r. Ognako
OCYILIeCTBUTD 33lyMaHHOE OH CMOT JIUIIb CITyCTsI MHOTO
JIeT, KOTZia MOJIy4YuJI IPUTJIalleHre OT POCCUICKOTO
nMnepartopa Hukonas I npuexats B Poccuto.

7 mast 1829 r. axcrienuiiusi ['ym06071b/1Ta BhieXasa u3
ITetepbypra B MockBy. I1o mpocb6e y4eHOro B myTelire-
CTBUH NPUHSLM ydactre X.I.DpeHbepr — 6uosior, usy-

* prﬂbl 9THX dBTOPOB UCIIOJIb30BAJIUCh IIPU MOATOTOBKE IIpeasa-
raeMoU YMTaTeIo CTaTbH.

DUNYECKAA TEOTPADKA. NCTOPUA HAYKIA

XpucTunan lotdopua pendepr (1795-1876). Nutorpacdma Py-
nonba fodomana no gotorpacpun (1857).

yaBmuil Hy6uto, ITanectuny u Abuccunuio, u I'.Po-
3¢ — HM3BeCTHBII MMHepasor. ConpoBoxzaaTtb I'ym-
6osbaTa 66110 TOpy4eHo 1.C.MeHblIeHIHY — TaJIaHT-
JIMBOMY TOPHOMY MH3KEHEePY, BIIOCJIeZICTBAN TOPHOMY
WHCIIEKTOPY Y PajibCKOT0 OKPYTra, XOPOLLO BJIafieBLIeMy
HeMeLKUM U PPaHLy3CKUM A3bIKaMU. MeHbIIeHUH X0-

[yctas Pose (1798-1873). llutorpacpua Pynonba lodpmana no
thotorpadoum (1857).
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POLIIO 3HAJ TOPHOE 7IeJI0, B 0COOEHHOCTU TOPHO3aBO/I-
CKYIO TPOMBINIJIEHHOCTh U Te0JIOTUI0 Ypasna, OH ObL
OJJHOBPEMEHHO [1€PeBOAYMKOM U HayYHbIM KOHCYJIb-
TaHTOM ['yM6O0/IBATA. DKCIIEANIIUS OTINYAJIach BbICO-
KIM YPOBHEM OpraHM3alyH, INIaHUPOBasach v IPOX0-
JWJIa TI07] TaTPOHAXKeM LlapCKOro IpaBUTeIbCTBA, Ca-
Moro ummneparopa Hukonas I u MuHucTpa $uHAHCOB
rpada E.H.Kaukpuna. B Poccun x T'yMO07IbATY OTHO-
CHJIICh € 0COOHHBIM BHIMAHKEM ¥ IIOYTeHHeM, KaK
K BCEMUDHO M3BeCTHOMY Y4€HOMY U IIOCJIaHHUKY He-
Merkoro koposs @puznpuxa Bunbsrenbma I11. Tyrerme-
CcTBUE OBLJIO TIOATOTOBJIEHO U TIPOXO/IMJIO HA CPe/CTBA
npaBuTesnbCcTBa Poccuiickoit umnepun. I'ybepHaTOphI
U BHIle-Ty6epHaTopsl ropozioB Ypasa u Cubupu 3a67a-
TOBPeMeHHO IOJIy4UIIN Jiellellly C BbICOYaUIINM MOBe-
JIeHUEM <HCIIOJHATH U pe/yNpexaaTb» TpeboBaHUsA
T'ymb6ombaTa. B pacropsikeHye SKCIeAULH TPefocTa-
BUJIY /IBA SKUIIaXKa: KOJISCKY C OTKMHBIM BEPXOM Ha
YeThIpe 4YeJI0BeKa U IOJbCKYI0 PECCOPHYIO KOJACKY
[ TOPHOTO YNHOBHYKA U €T0 CJIYTH, & TAKKE I [IPU-
60poB U Beleil. B 5kunaxu 0JHOBPeMeHHO BIpsra-
JIOCH 110 15 TIOYTOBBIX JIOMIAZIEH.

ITyremecTBue Ha4agoch B MOCKBe, 3aTeM depe3
Brnagumup yueHble oTrnpaBunvch B Huxuuit Hosro-
poz, nanee o Bonre B Kasans, B peBHuii ropog byi-
rap, depe3 Ilepmb B EkaTepuHOypr, a OTTyza Ha Mec-
TOPOXZAeHus U 3aBozbl CpenHero u HOxuOro Ypana:
HeBbsiHCK, BepxHeTypbUHCKUHI, BOrocioBck u ap.
37ech y4acTHUKAM 3KCIIeIUIMY ObLIH TIOKa3aHbI Mec-
TOPOKZEHUsA XeJe3a, 30J10Ta, IIJIaTUHbI, MaJTaXUTOB
Y IPYI'UX IO0JIe3HBIX MCKONaeMbIX. Jlasee MapmpyT
npoxozaun yepe3 Kampininos u TiomeHs 10 To60b-
CcKa, myTb Jiexxan depe3 Tapy, BapaGUHCKyIO cTelb,
Kanck n bapHayn. OTcroza axcnenunys HalpaBuiach
B PynHblii AnTai, e ocMaTpyBaa pyaHUKA U MeCTO-
pOX/leHus, BKJII04as palioH ropel 3meeBoit (T.3men-
HOTOPCK), janee yepe3 Byxrapmy, kpenocTtb Ycrb-Ka-
MEeHOTOPCK BIUIOTh [I0 'paHuLibl ¢ KutaeM, 0 Kurtaii-
CKOTO IIOTPaHUYHOrO [IOCTa, PaclojaraBIerocs ce-
BepHee 03.3ailicaH. Bo3Bpamanucs nyreniecTBeHHUKA
yepe3 CemurmanatuHck, OMcK, Ilerponasiosck u Tpo-

ulK Ha IOxHblii Ypan — B Muacc u 3naroyct. M3 aByx
MOCJIeJHUX MYHKTOB ObLIN OPraHU30BaHbI 3KCKYPCUM
Ha pyAHUKHY U 3aBoAbl I0xHOrO Ypana. lanee mapii-
pyT mpoxozaui Ha BepxHeypaibck, Opck, OpeHbypr
u 3ateM Ha bysynyk, Camapy, Cei3pansb, Bonbck, Ca-
paros, LlapuieH 1 03.971bT0H. OTCIOZa yYeHble clie-
ZI0BaJIA 10 ACTpaxaHu, OTKy/ia COBEPLINIIA HECKOJIb-
KO MapupyToB o KacnuiickoMmy MOpIO, IPOBeJIU Ha-
6J1I0/1eHUs 32 er0 YPOBHEM U IIybrHAME. 9 ceHTAODs
1929 r. Beiexanu u3 Actpaxany; yepe3 Capenty, Bo-
poHex u Tyny Bo3Bpatunuch B Mocksy u 1 (13) Hos-
6ps npubbLTH B [TeTepOypr.

DKcneAunys mpeozioiesa No4Ty 15 Thic. KM 110 Cy-
e, 6osee 700 kM 1o pekam u 100 kM o Kacmuto,
IyTHUKY OCTaHABJIMBAIUCh Ha 568 cTaHLUAX, 53 pasa
[epenpasiAanch 4yepe3 peku, u3 Hux 10 pas gepes
Bouary, BoceMb pa3 yepe3 MpThI ¥ TP pasa dyepes
O6b. Cyxue nuQpHI TOBOPAT O MHOTOM, U Hpex/e
BCETO O TOM, 4TO IyTeIlecTBUe ObIJIO HeBePOSTHO ObI-
CTPBIM, HAIIPSKEHHBIM U HACBIIIEHHbIM COOBITUSIMA.

B 1831 r. ['yM6O/IBAT M371aJ CEPHIO CTATeH [0 UTO-
ram nyremrectsusi. Cpeau HUX Obiia pabora «@Dpar-
MEHTBI 110 Te0JIOTMY U KIMMaTOJIOrnu A3un». B 3HaK
yBa)XKeHUs U 6J1aroJapHOCTH OH IOCBATH ee Iletep-
Oyprckoil akafieMUM HayK, pacuiupueuiel npedens
ONUCAMeNbHOU eCecmeeHHOl UCMOPUL U PU3UHECKOL
2eoepauu OnunHbIM padom nymeuwecmsuil nod ee py-
K0800cmaom, 1 WieHaM [opHOro Koprmyca, codedcm-
gue u 61a20p0dHOe 20CMENPUUMCINEO KOUX NOMOZTIO...
pabomanm 8 Ypansckux u Anmaiickux zopax [1, c.17].

Breimenmas B cseT B 1837 r. kaura «Ilyremecrsue
bapona Anekcauapa ['ymbonbara, Dpenbepra u Pose
B 1829 rozy no Cubupu u k Kacriiickomy Mopro» Ha-
nrcaHa cBoeoOpa3HO, KPaTKO, B Heil yepesyoTcs 1y-
TeBble OYePKU U ONMCAHUA AOPOXKHBIX IyTel, epe-
ME3KaIOTCs JaHHble COOCTBEHHbIX HAaOMIOeHUI 1 Ma-
Tepra’bl, IOYePIHYThIe U3 OIIPOCHBIX [IAHHBIX, A TaK-
e U3 apabCKUX, KUTAUCKUX U ATNOHCKUX UCTOYHU-
KOB. KHUra COCTOUT M3 CepUM pasziesioB WM IJaB:
0 TOPHBIX CTeNAX U BYJKaHaX BHyTpeHHell A3umu,
0 rOpHBIX cucTeMax A3uu (Anraiickoit, Taup-1laHb-

ckoit, Kynbnynbckoit u ['mmanaii-

CKOi1), 06 03.ANaKysb U Telepe
Vaiibe, o canbcax (Tpsi3eBbIX BYJI-
KaHax) 1 oruax (rope fAuap [lar
C BBIXOZIaMH T'OPSAIIET0 TPUPOTHO-
ro raza) 6;u3 Baky. Tymbombar
TIIaTeNbHO onucan goporu: ot Ce-
MHIIAJIATHHCKA K 1ory 70 Kamrapa,
ot Kamrapa no fpkenza, ot fAp-
KeHza 1o Tubera, ot Cemumana-
TUHCKa 10 TamkeHrTa, ot TamkeHnTa
1o Kokanga, ot CemunanaTuHCKa

1o Kynbmxu, ot p.vnu no r.Ym-

Typdana, ot Yur-Typdana 1o Ax-

Cxema nyTewectsua [ymbonbata no Poccuu.

cy, oT Akcy no Kamrapa, or Cemu-
najaTUHCKa 1o Yyryyaxa.



3akaHuMBaeTCs] MOHOrpadus IPUMEYaHUAMH U JI0-
NOJIHeHUAMY, caenanHbiMu FOmmycom Knanporom, orn
BKJIIOYAIOT ONHUCaHue AJTast U BYJIKAHUYECKUX sIBJIeHUN
B Kutae, inoHun u apyrux yactax BayTpeHHeid A3uu.

ITo oKOHYaHUM MyTemecTBUSA ['yMOOIBAT mucal,
4TO paHee eMy He yJaBaJoCh 3a IOJIrozia coOpaTh Ta-
KOe OTPOMHO€ KOJIM4eCTBO Hay4HOro MaTepuana. OH
TIOJIy4Y/JT HOBBIE IaHHbIe B reoMopdooruu, pusndec-
Koii reorpaduu, reorpaduu pacteHui, KIMMaTONO-
TUH, Fe0JIOrry. YUeHbli 3HaYUTeIbHO Pacliupul CBOU
B3IJIAZIbI HA YCTPOMCTBO 3eMHOI [TOBEPXHOCTU A3UH,
[I0-HOBOMY TIpeJIJIOXKUJI pacCMaTpUBaTh OPUEHTUPOB-
Ky FOPHBIX XpeOTOB, B3aMOOTHOLIEHHE CTeleld 1 Mmyc-
ThIHb, reorpaduyecKoe pacpocTpaHeHe pacTeHU.
B pasnuuHbIX pailoHax Ypaia, 3amagHoit Cubupu
U Antast OH co6pas YHUKaIbHYIO KOJUIEKLMIO TOPHbIX
HIOPOJl U MUHEPaJIOB.

OZHOBpEMEeHHO ITy6JIMKOBAJN Pe3yIbTaThl CBOUX
UCCle/IOBaHMil U criyTHUKY ['ymM60mbaTa. DpeHbepr
U37aJl CepuIo cTaTel, a B 1854 I. — KHUTY 0 )XUBYLIUX
Y MCKOMAaeMbIX MUKPOOPraHM3MaX U MOHOTpaduio
«Mukporeonorusi». Po3ze moAroToBu IByXTOMHBIN
Tpy.: epBbiii ToM (1837) GbUT MOCBSAIIEH MyTelecT-
BHIO Ha CeBepHbIN 1 LeHTpasbHbIA Ypan u ony6iu-
KoBaH B bepsune, BTopoii (1842) comeprxan onuca-
Hue nyremecTsus Ha IOxHbIi Ypan u k Kacnuiickomy
MOPI0, a TaK)Xe 0630p MUHEPAJIOB U TOPHBIX OPOJ
IOxHoro Ypana. I[Tpu pabore Haj kauroit Po3e Heon-
HOKpaTHO npuberain k nomomu I'ymbombara, KOTo-
pbIii Ilepesiall eMy BCe KapThbl, KHUTHU, PYKOIIUCH, CO-
OpaHHbIe BO BpeMs myTemecTBus. O makaice npocmo-
mpes co MHOU 8eCt C80U OHEBHUK... U COOOU4UT MHE OMm -
myda MHOMceCMBO 3aMemoK 0N CAMOCTMOSMENLHO20 UX
UCNONB30BAHUS; U 8000U4€ OH HUK020a He 0CIMABIIS Me-
HA 6e3 c80e20 cogema u OpyiHecKozo y4acmusl, Hemy s
¢ uckpenneil 61az00aprHocmeio dar 30ecs ny6au4Hoe
seipascerue, — mcan Poze o I'ymboinbare.

Knura T'ymbonbara 1837 r. cTana cBoeoOpa3HbIM
3azieioM 71st 6oJiee IO3AHEro HayYHOro 0600IeHus,
ClleJlaHHOTO B ero ¢yH/JaMeHTalbHON MOHOTpaduu
o LlenTpanbHO# A3un.

BbIpaskasch COBpeMeHHBIM Hay4YHbIM SI3bIKOM, OC-
HOBHBIE Pe3yJIbTaThbl reorpaduuecKux MCciae0BaHuN
T'ym6osibaTa GBLTN TOCBAIIEHBI TPEM pa3zesaM reo-
rpaduyeckoit HayKu: reoMopOJIOTHH, KIMMATOJIOTHN
u reorpaduu pacTeHuil. PaccMOTPHIM KPaTKO OCHOBHbIE
Hay4Hble IPe/ICTaBJIeHNs] YYeHOTO B 3TUX 061aCTAX.

Teomopdonorus. B TpeXTOMHOM COYMHEHUU
«LlenTpanbHasi Asusi» ['ymMO0JIBAT paccMaTpUBa
TJIaBHBIM 00pa30M yCTpPOMCTBO MoBepXHOCTH LleHT-
pasibHOI A3uH, 0/ KOTOPOM OH NOHUMAJ IPOCTPaH-
CTBO, 3aKJIl04eHHOe Mexay 39°30’c.m. u 49°30’c.11.,
Mexy Kacnvem Ha 3anazie 1 XMHIaHOM Ha BOCTOKe.
LleHTpasbHYIO A3MIO YUeHBI! CYUTajl OTPOMHBIM BbI-
COKUM IIOCKOropbeM. OHO IPOCTUPAjOCh, IO €ro
MHEeH¥I0, 6e3 TepepbiBa B HAMIPABJIEHHUH C IOTO-I0T0-
3aIazia Ha ceBepo-CceBepo-BOCTOK OT Manon byxapun

DU3NHECKAA FEQTPADIA. UCTOPUA HAYKK

1o Bocrounoit Xanxu u 1o ropHoi 1enu Xaurait. Ec-
JIY1 K TIOBepXHOCTY ['061 MPrOABUTh BHICOKOE TIIIOCKO-
ropbe Tubera, oTHeeHHOE GOJBIION TOPHOIA LIeNbI0
KyHbiyHA, TO pacCTOsiHUE OT CeBEePHBIX CKJIOHOB I'n-
masaeB 0 XaHras B Kuraiickoit MoHrosuu 6yzner
paBHO 520 MUJIAAM, WJIA BCS BO3BBILIEHHOCTb COCTABUT
oT 60 fo 62 Tbic. Munb®. CpejHAA BbICOTA IJIATO,
1o naHHbIM ['yM60/bATa, He TpeBbImaeT 4 ThiC. Qy-
TOB, UK 0K0JI0 660 Tyas3oB (1 Tya3 = 1.95 m). Llenr-
panbHas 4acTh 00U efjBa JOCTUTAeT HAUMOOJIbIIETO
nofHATHA B 2.4 ThIC. pyTOB. CaMble BBICOKKE CTAHIIMU
pacroyioxeHbl K ceBepy oT Ypru (Yman-Baropa),
a K 1ory Bo3sie Kutaiickoil cTeHbl HAUMHaeTCsA CIyCK
B Besnkyto KuTaiickyro paBHUHY, IOKPBITYIO 60raToi
PaCTUTENLHOCTBIO.

B o6miem 0630pe paBHMH 1 TOPHBIX CUCTEM A3UU
T'ym607baT cuuTan EBpony MosyoCTpOBHBIM y4YacT-
KoM Asuu. Obpaiasich K A3MaTCKOMY MaTepyKy, OH
yKas3bIBaJl, 4TO K BOCTOKY OT JINHUU, IPOBeZIeHHOM ue-
pes3 KykyHop, crpany Opgoc, ayry XyaHxd 0 XaHras
(T.e. ¢ I0ro-10ro-3amazia Ha ceBepo-ceBepo-BOCTOK)
II0BEPXHOCTb MPeZCTaBIsAeTCs HEOOBIKHOBEHHO Iepe-
ceueHHOH. K 3amazy ot 3T0# TuHUY penbed XapakTe-
pu3yetcsi 60JIbIIIel TPaBUIILHOCTBIO. 371eCh MTPOZO0JIh-
Hble TOHATHUSA OPUEHTUPOBAHbI B OJHOM U TOM Xe
HampaBJIeHUH Ha OTPOMHBIX paccrosiHusAX. Haubornee
KpYIHBIe TOPHBIE WY BbIAIONINECH, IO CJIOBAM y4e-
HOTO, HEPOBHOCTH peJsibedha PacIIoIoKeHb! B ZIBYX Ha-
npaBjeHusAX. ['aBHble Lenu rop — Anrai, TAHb-
[Tane, Kynenyss, Funaykym, Tasp, ['umanan — opu-
eHTUPOBaHbl B/I0JIb Napajeseid. [lpyrue cucremsl
cknagok — Ypan, Kysnenkuii Anaray, bonop* u Cy-
JefiMaHOBBI rOpbl B UHAUN — 06pa3yloT Mepuano-
HaJIbHBIE I1eNIY, BBITAHYTBIE IOYTH IIPAMO C I0ra Ha ce-
Bep. B cOOTBeTCTBUHM € FOCIIOACTBOBABLIAMU B TO Bpe-
M# TIpe/iCTaBIeHUAMH, ['yMOOIBAT CUNTAN IPUYMHOM
ropoo6pa3oBaHusA BYJIKaHU3M: ...Brusnue, npousso-
Jdumoe 8HYMpPeHHOCMbIO NNAHEMbL HA ee HAPYHCHYIO
0007104KY, USMEHSEMCS COOMBEMCIMEEHHO CIAOUAM ee
NOCMeneHH0z0 0XNax0eHuUs 6credcmsue He0OUHAK080-
20 cocmoanus (#udxozo u meepdozo), 6 KOMOPOM Ha-
X00AMCA cocmasnaouue ee seuyecmsd. dma desmens-
HOCMb USHYMPU HAPYIHCY... 8 HACMOAU4EE BPEMA O4EHb
ocnabnena [2, c.78]. TyMOONbAT yKa3bIBaj, YTO BO
MHOTUX 006sacTsX 3eMiIu 0OHApyKMBaeTcs TecHas
CBA3b MEXX/ly HallpaBJIeHeM KW U IPUPOZION MeTal-
JIOB, Kakxue amu ycunst codepycam. Ypan u Ky3Herkuit
Anaray oKa3aJuch Ype3BblYaiiHO H0raThIMU 30JI0TOM,
0CcOOEHHO B 30JIOTOHOCHBIX HAHOCAX BOCTOYHBIX
CKJIOHOB. ['yMOOJIBAT CYMTAT, UTO 3TO CBA3AHO C 6O-
Jiee WIM MeHee IapajleIbHBIMU OCSIMU 3TUX IOZHSA-
TUH U MeTaJlJIOTeHHBIMU U3BePXXeHUAMU CKBO3b Tpe-

* Taxk I'yMOONBAT Ha3Bal OJMH U3 IJaBHBIX MePUMOHANbHBIX
xpe6ToB LleHTpaibHON A3¥u, HAaHECEHHBIH BIIOCJIe/ICTBUM Ha BCe
reorpadudeckrie KapTbl TOro BpeMeHu. CIIyCTs FOABI PYCCKUE reo-
rpadsl 0Ka3aJy, YTO TaKUX IOp He CyIecTByeT. — IIpumed. peo.
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DUSNHECKAA FECTPADIA. NCTOPUA HAYKN

IMHBI 6JIM3KOTO BO3pacTa. YYeHbIid MOKa3asl, 4To 30-
JIOTOHOCHBIE TIeCKH OTKJIa/IbIBAJIUCH B HEGOJIBIINX J10-
JIMHAX U Ha IIJIOCKOTOPbAX TOPHBIMU [IOTOKAMY, a He
MOPCKVMHU Te4eHUsIMH, KaK IIPeZiCTaBIATIOCh PaHee.

He MeHee nHTepeCHBIMH ObLIN BHIYKCIIEHUS CPell-
Hell BLICOTbI MaTEPUKOB, KOTOPasi UMeeT GOJIbIIOoe Te-
opeTHyecKoe 3HaueHHe — B YACTHOCTH, /7 J0Ka3a-
TeJbCTBA ACUMMETPUYHOCTH 3eMJU. BoiBoAbl I'yM-
60JIb/ITa OCHOBBIBAJIMCh KaK Ha JAHHBIX BHIYMCIIEHHH,
TaK Y Ha TeopeTHYeCcKUX IpezcTaBieHusax. OH Hano-
MMUHaJI, 4TO, 110 JaHHbIM Jlaniaca, 3eMHOM 3JIJIUIICOUTL
MMeeT MOYTH U/leaJbHyI0 MaTeMaTu4ecKyio Gopmy
C OTKJIOHeHHUAMY OT Hee Bcero Ha 1000 M Ha cy1ue 1 Ha
500 M Ha iHe okeaHa. Cam ['yMOOIBAT IPUHUAMAT JJIS
CyIIY MeHblllee 3HaYeHKe OTKJIOHeHus — Bcero 300 M.
Ero oreHky 0OKa3ajuchb IOYTHU B TPU pas3a HUXKe HOJy-
YeHHBIX B Hallle BpeMs. TeM He MeHee He CTOWT 3a0bI-
BaTh, 4YTO ['yMOOJIBAT CTaJ POZOHAYATILHUKOM OlLle-
HOK TaKOTO pPOJia, Ype3BbIYaitHO HEOOXOAUMBIX JIJIS
omnpeseseHst pOPMbI 3eMITH.

Knumartonorus. BeiBobl B 0671aCTH KJIMMATOJIO-
THU U MeTeopoJioruu I'yMOOJIbAT IPaKTHIecKy Beerza
OCHOBBIBAJI HA pe3yJbTaTaX U3MepeHuil. YnucaeHHbIX
XapaKTepUCTHK B €ro TpyZax MHOXecTBO. Oco6eHHO
MHOT'0 KJINMaTH4YecKuX aHHBIX B MOHOTrpaduu o 1eH-
TpajJibHOM A3uu, B paszene «Pa3MblluieHns o mpuyu-
HaX M3BWINH JIMHUIA U30TepM». ['yMOOJIbAT BBEJ Tep-
MUHBI «A30TepMa» (JIMHUA PaBHBIX TEMIIEPATyp JieTa)
U «M30XKMMeHa» (JIMHUSA PaBHBIX TeMIlepaTyp 3UMbl),
a Tak)Ke IIpeZiCTaBjIeHNe O HyJeBbIX u3oTepmax. OH
0060CHOBAJI HOHATHE TEOPETUIECKOW KIMMAaTOIOT 1Y,
OIycaJ iBa TUIA KJIUMaTa — COJNAPHBIN U pPeanbHbIN.
T'yMOOIBAT OTKPBLT 3aKOH YMEHbIIEHUS TeIUIa C BbICO-
TOW, IOJICYNTAJ BePTUKAJIbHBIN IPa/IieHT TeMIlepary-
pbl. CocTaBiieHHast UM KapTa U30TepM Oblia BriepBble
ony6iukoBaHa B 1817 r. Ha ee ocHoBaHuu ¢pusuk Broc-
Tep B 1820 r. mpuILes K BbIBOZY O CYLIeCTBOBAHUH JIBYX
TIOJIIOCOB X0JIOZida — CUOMPCKOTO ¥ KaHazcKoro. I'ym-
GOMBAT UHTEPeCOBAICS BOIIPOCAMU UCTOPUU KIIMMATH-
JeCKUX fIBJIEHUH, 3a[yMbIBAJICS O NIPUYMHAX U3MeHe-
HMSA KJIMMaTa Bo BpeMeHU. ONupasch Ha NPUHATYIO
B Ty 310Xy KOHLIEIIIUIO OCThIBAOIel 3eMJIu, yueHbI!
paccMmaTpuBal iBe hasbl TEPMIYECKOIN UCTOPUU I11a-
HeTbl: ¢pa3y 3eMyu Kak pacKaJeHHOTo IIapa, Korja
MEeXIIMPOTHbIE Pa3IAYXs TeMIlepaTyphl ¥ KIMMara He
BBIPaXKeHBI, 1 (pa3y OCThIBIIEN 3eMJIM C CYIIeCTBYIONIH-
MM MeXIIUPOTHBIMU Pa3IAdUAMU.

T'eorpadus pacrenmii. Bo Bpems cBoero amepu-
KaHCKOro nyTenectBus ['yMOOJIbAT 0COOEHHO MHOTO
czenan B obactu 6uonoruu. OH cobGpa 6oraThli Tep-
Gapuii 1 co3mas reorpaduio pacTeHi KaKk OTpac/b Ha-
VKU, a TaK)Ke OTKPbUI PSAZL HOBBIX JIJIS1 €BPOIEMCKOM Ha-
VKM )XUBOTHBIX. Ero MHTepecs! Jiexasu B 06J1acTi 13y-
4eHMs reorpadpuueckoil 060JI0YKHY, a PaCTUTEIBHOCTD
Y )KUBOTHBII MUp pacCMaTpUBAIUCh KaK ee KOMIIOHEH-
Tbl. OH €O31aJ1 ¥ IPUMEHSUT HOBbIE OHATHUS: «00IIecT-
BeHHbIe PacTeHus» U «reorpadus pacreHuit». ITocien-

HAA M3y4Yasa pacTeHus B CBA3U C KJIMMAaTOM U BBICOTOU
MecTHOCTU. ['yMOOJIBAT MHCal, YTO pacTeHus, coedu-
HeHHbvie 00uyecmeeHHo, n000OHO MypaBbAM U NUENAM, No-
Kpbl8arom zpomadHsie npocmparcmea v 00pasyioT Bce-
ro 17 rnaBHBIX GpOpPMALIViA, MJIM OCHOBHBIX GpopM. Yye-
HBII OTMeyas He0OXOAUMOCTb U3y4eHHUsI NCTOpUYec-
KOT'O Pa3BUTHS PaCTeHU 1 BIUAHNS YeI0BeYeCKOou fie-
ATeNbHOCTH Ha HUX, TaK KaK nu3ate, dviHHoe 0epeso, Ko-
K0C08As NATIbMA, MAHUOK U MAUC Huzde He HatldeHbl 8 Ou-
Kom cocmosnuy. OH ONUCHIBAJ, IO CyTH, COBPEMEHHOE
cozepxaHue TepMuHa «buocdepar. He monvko Hu-
HCHASL HACMb AMMOCPepbl, HACLIUEHHAS C2YUjeHHBIMU
napamu, Ho u BbICUUE CLOU HUCTNO20 dPUPA — NOJIHbL
HU3HBIO. <...> Mot 8udenu 6abouex u Jpyzux KpoLIaAmvix
Hacexomvix Ha umbopaso, komopoe npesviuiaenm DmHy
Ha 2440 M. <...> ...Bouue 8cex sepuiun yenu AHO uacmo
napun HAad Hamu KOHOOP, eUKAH U3 KOPULYHO8. <...> U3
BLICLIXAIOUUX 600 BeMPbl YHOCAM 66epX POMAMOPUL,
KOJI08pAMOK U MOMY N000OHbIX MUKPOCKONUUECKUX C)-
wecmsa [2, ¢.91-95]. B pacnpezneneHuu pacTeHUd OH
BBIJIeJIAITT TPU 30HBL: TPOIIMYECKYI0, YMEPEHHYIO U X0-
sioauyto. TyMO0JIbAT MozicuMTat, 9yTo GromMacca pacre-
Hui Ha 0°, 45° u 68°c.11. cooTHOCUTCA Kak 12:4:1. OH
BIIepBble PacCMOTPeJ BOIPOC O MPOAYKTUBHOCTY HU3-
KX OpraHu3MoB: Ceoerl Maccou pacmumenvHble 0pea-
HU3MbL 8 00u4eM 0aneK0 NPedocx00Am HUBOMHBIX HA
3emne. <...> ...FIMEHHO HCU3HD, HA3LIBAEMAS MENBUALIULEN
8 npocmparcmee, ecmo ma, KOMopas ceoei CnocobHoc-
Mmoo deneHus u Gbicmpozo paA3MHONCEHUS NPeOCMABSAem
yousumenvHeuiee OMHOULEHUE CEOUX MACC K NPOCMPAH-
cmey |2, ¢.95].

Kpome ocHOBHBIX reorpadpuyeckux HanpaBieHUN
T'yMBO/IBAT BecbMa YCIIIHO U3y4dasl BOIPOChI 3eMHOTO
MarHeTusMa, netporpaduu, MUHepaJoruy U TOPHOTO
nena. brarozaps crapaHusAM U HACTOWYMBOCTH y4eHOTO
ITerepOyprckas akajieMust HayK CTaja LeHTPOM, KOop-
IVHUPYIOLINM KCCTIeZI0OBaHKSA B 00J1aCTH reOMarHeTus-
Ma u Mereoposoruu. HauuHas ¢ 1841 r. co3naBanuch
obcepatopuu B Exatepun6bypre, Bapuayne u Hepuus-
cke. B 1849 . B [TysnkoBe 6bu1a OTKpbITA ['1aBHAsS HH3HU-
Jeckast 06cepBaToOpHs, ee AUPEKTOPOM CTaJl CTaphli
KoJutera u ipyr I'ymb6onbara akagemuk A.S.Kyndep.
OH pykoBozauI 0OcepBaTOpUel HoJrue roabl — ¢ 1849
o 1865 r. HeiHe 06cepBaTOpyUs HOCUT MMS BbIJAOLIIE-
rocs pycckoro kiaumaronora A.J.Boeiikosa.

T'yM6OJIbAT UHTEPECOBAJICS TaKXKe 0BIeCTBEHHON
U JIATepaTypHOH xu3HbI0 Poccun (BCOMHUM Apy3eit
ero oHoctu Iunnepa u T'ére). OH BcTpevancs
¢ A.C.IlymkuneiM, A.M.T'epuenom, B.I'.Bennnckum.
B uucre ero 3HaKoMbIX ObUTH fekabpuct H.U.Typre-
HeB u ero Opar A.W.Typrenes, II.[.Yaanaes,
H.U.T'pey u ap. Iymkun mucan o I'ym6oabaTe TaK:
He npasda nu, umo ['ym60160m noxox Ha mex mpa-
MOPHBIX 116608, 4MO 0b18at0M HA PoHmarnax? Yenexa-
menbHble peuu max u 661om y Hezo U30 pma.

OfHUM W3 TJIaBHBIX JOCTHKeHHMH ['ymGoibaTa
B reorpaduu cTanu pa3paboTaHHbIE UM TIpe/iCTaBIIe-



HUS 0 reorpaduyecKoi 30HaIbHOCTH. VX OH BIpa3ui
Ha TpeX OPUTMHAJIbHBIX KapTax MApa U Ha OZTHOM JIUC-
Te NPUPOAHBIX npoduieit. Ha mepBoit kapTe u306pa-
KeHbI MIUPOTHBIE OKeaHW4YeCKHe TeYeHUs U UX OTKJIO-
HeHUs 107 ielicTBreM cuibl Kopuosuca u u3-3a 0co-
GeHHOCTel pacronoxeHus MaTepuKoB. Ha kapre Kiu-
MaTH4ecKux noscoB ['ymb60bAT Moka3an armocdep-
HYI0 LUPKYJIALMIO B BU/le IIMPOTHOIO IPOSABIEHUAA
TJIaBHBIX BO3JYLIHBIX TOTOKOB. Ha OTAeIbHOM pUCYH-
Ke OH M300pa3usi Tpy Mpoduis rop B Tpex reorpadu-
4ecKUX 30Hax. I1o 3TUM NpodUIAM MOXHO CYyAUTDH
0 B3aMMOCBA3U BBICOTHOM U FOPU30HTAIbHOM reorpa-
¢dudeckoit nosicHocty. Takum obpasom, I'ym6obaTy
NIPUHAZJIEXUT YeCcTb OTKPBITUSA 3aKOHA MUPOBOH reo-
rpaduuecKoii 30HaJILHOCTH, HECMOTPS Ha TO YTO OH He
yIOTpe6sl TepMUH «30Ha». CHpaBe/yIMBOCTH Pajiut
Ha/I0 CKa3aTh, 4TO Y YY€HOTO B 3TOM OTHOIIEHUH ObLIH
npe/llecTBeHHUKNU (HampuMmep, Bappenuyc, TBOpuB-
Ui B 3110Xy Bo3posk/ieHns) u mocnesjoBaTeny, U3 Ko-
TOPBIX TJ1aBHBIM cTan B.B.JloKky4aeB, OTKpBIBIIMI 3a-
KOH MUPOBO# reorpaduueckoii 30HaJIbHOCTY B €r0 CO-
BPEMEHHOM BH/€.

ITocne sxcnenvimy no Poccun I'ym601bT HEORHO-
KpaTHO BBICTyIIAJI B Ile4aTy. TeMaMy TaKUX BBICTYILIe-
HUH Yalle BCero ObLIM BOIPOCHI BYJIKAHM3Ma, 36MHOTO
MarHeTu3Mma U Kiaccupukanuu 3emuerpsiceHuil. OH
pacckaspiBajl O KIMMATOJIOTUHY, O IIPUYMHAX, BbI3bIBA-
IOIUX U3MEeHeHNs N30TepM, HaMedas SMIUPUYecKue
3aKOHBI pacIlpesieleHns Tella Ha 3eMHOM Iuape, Ipu-
BOJIWJI HOBBIE [IAHHBIE O MOJIOXEHUU aCTPOHOMHUYEC-
KUX [IYHKTOB HA rpaHuIie Ajras u [)xyHrapuu, coo0-
IaJI 0 MeCTOPOK/IeHHAX 30JI0Ta 1 aJIMAa30B Ha YpaJe
1 0 MHOTOM ApyroM. Co3ziaBast HOBYIO MOJieJIb CUCTEMbI
TOPHBIX COOPY)KeHU! A31H, yIeHbIN CUUTAN IPUIUHOU
ux GOPMUPOBAHUS BYIKAHIIECKYIO [eSTeJbHOCTD, OH
HaMeTHJI CBA3b JUHAMUYECKUX U XMMHUYECKUX fBJIe-
HUI, TPOUCXO/IVBIINX Ha TOBEPXHOCTH 3eMJIH.

CrxaTble CPOKHY IyTEIIeCTBUA 4aCTO He II03BOJIANN
MPOBECTH JieTajbHble HAOMI0IeHUS U UCCIIeI0BAHUS.
Tax, npezncraBjaeHNs O 3aKOHOMEPHOM PacIIoyIoxe-
HMU XpeOTOB A3MM B/IOJIb MEPUMaHOB U Hapauie-
Jieid, 0 IIMPOKOM IIPOsIBJIeHUHU ByJKaHu3Ma B LleHT-
pasnbHOI A3un no3/Hee ObLIM ONPOBeprHyThl. O/HA-
KO BCe y4aCTHUKY dKcnenuuuu ['yM60abATa eANHO-
[JIACHO IOJIAraly, YTO JONYIIeHHbIe UMU HETOYHOCTU
MOTYT U ZOJDKHBI ObITh UCIPABJIEHBI U JOMOJTHEHbI
B OyZyIIeMm.

MHeHNA yYeHBIX O Hay4YHBIX pe3ysbTaTax dKCIe-
IUIUK OBUTH TIOJIOXUTETbHBIMU U TOPOW BOCTOPIKEH-
HbIMU. Boiaromuecs pycckue ydensle I1.I1.CeMeHOB,
[.H.Anyuun, U.B.MymuikeroB, B.A.O6py4eB u apyrue
ZlaJIi BBICOKYIO OLIEHKY UTOTaM McCiefoBaHuil I'ym-
6osbaTa B A3ui [3, ¢.79-80]. Haubosiee KpymHble eB-
porneiickue yyensle ®@.Puxtroden u 3.310cc TaKxe
C MIOXBAJIOM OTO3BAJMUCh O HUX. PuxTroden B cBoeit
3HAMEHUTOW MHOTOTOMHO# paboTe, MOCBAIIEHHOM
Kurato, mcasn, uto usydenre ['ym6onbaTOM pesbeda

DU3NHECKAA FEQTPADIA. UCTOPUA HAYKK

A3uM COCTaBUIIO 8adcHOe cobbimue 8 UCMOpul 2e02pa-
Quu 6nazodaps memody, komopsim [ymbonsom obpabo-
man ezo pe3ynvmami... B cyuypocmu I'ymbonsom 6 ceo-
eti noesdxe edea KOCHYICA 3anadHO OKPAUHbL UeHM -
panvHvix obnacmei A3uu, mem He MeHee OH ObLIL NEPEbiM
uccnedosamenem, n00Bep2UUUM CPABHUMENILHOMY PAC-
CMOMpPEHUI0 COOPAHHBLIL OpyeUMU MAMEPUAN U HAOPO-
CasuuM KapmuHy <paseopodku mamepuxa» [I10-BUAH-
MOMY, OCHOBHBIX uepT penbeda. — B.Y.], kxomopas xo-
MA U HY#OAemcs 0 MHOZUX NONPABKAX, HO N0 OMHOULe-
HUI0 K OCHOBHBIM Hepmam Bbina cxeaueHa ¢ 3ameua-
mensHoU 8epHocmeio. Uepes noscroseTus 310CC B CBO-
€M 3HaMeHUTOM <«JInKe 3emMin» Takxe COrjamancs
¢ TeM, uT0 I'yMGOJIBAT MepBbIM ajl cxeMy reorpaduu
BuyTpeHHeli A3uy, T.e. ee CTPYKTypbl. MylIKeTOB Ha-
3biBajl [ymM60ib/iTa BeTMKKMM crucTeMatikom XIX B.,
KOTOPOMY YZAQJIOCh 1aTh IOJIHBIN CBOA BCeX JJaHHBIX
Toro BpeMeHy o CpezniHeii A3uy, CO34aTh CTPOroO Hay4d-
HYIO CUCTeMY 3HAHUH 110 Te0JIOrrH U reorpaduu A3um.
V3noxeHre MaTepuaa yueHblH, 10 cJl0BaM Mymike-
TOBa, JjaJI B CTPOroy Hay4HoH cucteme. OH nucas, 9To
T'yMOOJIBAT 3aJ10%KUJT OCHOBBI /1715t TI03HaHUsI CTaporo
u Hosoro CBeta He monsko 0cmpoymMHou KpUmuxo,
HO U HENoCpedCcmeeHHbIMU HABTIIOOEHUAMU.

IToTok MOXBaJ CO CTOPOHBI Pa3HbIX YYEHbIX U MO-
JUTUYeCKUAX JieATesell NOJNro CONpoBOXAal I'ym-
60JbATa. B pa3Hble ro/ibl ero Ha3bIBaIK yIeHbIM apu-
croteneBckoro tuna ([I.H.AHy4WH) UM HOBBIM OT-
kpbiBatesieM AMepuku (K.Purrep). Butdaroujuecs nro-
Ju XVIII u XIX es. camu 6611u axademusmu — nodo6Ho
Tymbonsdmy 6 nawe 8pems, — ckaszan ['ére. Hukomnaii I
BBICKA3aJICA O TOM, 4YTO KaXk[oe IOosABJIeHUA I'ym-
60JIb/ITa COMPOBOK/AAIOCH BCIIBIIKAMY Pa3BUTHS Ha-
yku. HarosieoH, oT/iaBIinii ofHa/ibl IpUKa3 06 yza-
nexuu [ym60sbaTa 13 @panuuu B 24 yaca, moj BIUs-
HYeM ero OTKPBITUH 3asABUJI, YTO MOCJIeJHUE T'Ofbl
CBOel XM3HU OH IOCBATUT Hayke. ITo3e akageMuk
C.B.KanecHuk mucai, 4to uneu ['ymbosnbara craau
dyHnaMeHTOM, HAa KOTOPOM BO3BOZAUTCS 3aHKeE CO-
BpeMeHHO#t 061ieit reorpaduu. CoBeTckuii reorpad
10.T'.Cayimkus oT™Medal, 4YTO B CBOUX IyTeLIeCTBUAX
T'yMOO0JIBAT yAensn BHUMaHKe U IPUPOJie, U YesoBe-
Ky, ¥ BUZIeJ, 4TO «YUCTOW» IPUPOABI He CyIecTBYeT,
YTO OHA U3MEHEeHa YeJI0BedeCKOH [IeATeIbHOCTBIO.

Bo Bpemsi mpeGbiBaHust B Poccui 1 MyTelecTBUs 1o
Heit ['yMO0IbAT 00MIAJICS CO MHOTMMK POCCHICKIMU
y4eHBbIMU U MHXeHepaMH, 3HAKOMUJICA C pe3yJibTaTa-
MU UX pabor. IIepBbIM PyCCKUM, KOTOPOTO OH BCTpe-
TUJ B CBOEH XU3HU, cTal cTyAeHT B.}O.ColiMOHOB.
OHY TO3HAKOMUJIKCh B 1792 I, BO BpeMs 00y4eHus BO
®paiiGeprckoii ropHoii akagemu. IToce 6ecen ¢ Coii-
MOHOBBIM y I'yMOOJIb/ITa BO3HUKIIO M YKPEITUIIHCh XKe-
JIaHUe [IOCeTUTh Poccrio — orpoMHOe, OpMeHTUPOBaH-
Hoe II0 mupoTe rocyaapcrso B CesepHoil EBpasuu.
Ve B Poccun 6o71b110e BHUMaHKe ['yMOOIBATY OKa3a-
1 M.M.Cnepasackuii 1 H.IT.PymsHIIeB, y4eHbI BCTpe-
qasnca ¢ npodeccopom KazaHCKOro yHHBepCUTeTa
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DUSNHECKAA FECTPADIA. NCTOPUA HAYKN

1.M.CHMOHOBBIM, CO CBOUM APYTOM U3 MOCKOBCKO-
ro yHusepcutera .M. @umepom. OH UCIOJIB30Ba
Mmatepuadsl [I.M.ITepesomukosa, M.®.Cnacckoro,
A.W.Ipenka, K.M.Bapa, P.®.T'enca, H.B.Xansbiko-
Ba, A.N.JleBunHa, B.10.CoiimonoBa, ®.1.111BeroBa
u 1p. T'yMO0/IbAT BHUMATEIbHO U3yYal TPY/bI PyC-
CKUX HucclefioBaTesneil A3uuM U MUPOBOro OKeaHa
®.I1.JTutke, A.J1.Kyndepa, B.J.Ctpyse, I'.I.Tenb-
mepcena, H.M.KokmapoBa, B.®.®enoposa.

Pasymeercs, BcTped u 3HaKOMCTB y ['ymMO0Jb1Ta
661710 ropaszio 6onbure. Hanpumep, nocetus Ha Pyx-
HOM Astae KosibiBaHO-BOCKpeceHCKue 3aBOZbl, OH
Bcrpetuiica ¢ I1.K.®posioBbIM, TaTaHTIUBBIM pOC-
CUIICKUM MH)XeHepOM-u300peTaTesieM, CO34aBIINM
TPaHJMO3HYI0 MeXaHU3UPOBAHHYIO CUCTEMY OTpa-
6OTKM MeCTOPOXZIEeHHs, a TaK)Xe NepBYyI0 B MUpe
HaZI3eMHYIO JKeJIe3HYI0 I0POry U MePBbIN XeJle3H0-
ZIOPOXHBIN MOCT.

T'yMOOJIBAT OXOTHO 0OINACS He TOJBKO C MHXe-
HepaMU U reojioraMy, HO U C NMPOCTBIMU JIIOAbMU.
U 3Tu BCTpedH TaKXkKe MOPOil ObIINA WHTePeCHbIMHU.
Tax, 6ynyun B OpcKe, OH MO3HAKOMUJICS C ZIBA/IIIATH-
JIETHUM CofaToM SIHoM BUTKeBuYeM, KOTOPBIX CBO-
OOZHO TOBOPHJI HA JleCATKe eBPOIEHCKUX SA3bIKOB,
a Takxe Ha ¢papcy ¥ MECTHBIX TIOPKCKUX JIMaJIeKTaX.
T'yM60bATY OBbLT HyKeH TepeBOIYKK, HO BAPYT BbISC-
HUJIOCh, YTO BUTKeBUY — JIUTOBCKUM LIIIAXTUY —
B Opcke OTOBIBAJ MIOXKM3HEHHOE HAKa3aHHe 3a ydJac-
THe B aHTHpOCcuiickux 6yHrax 1823 r. B Jlutse. ['ym-
607BAT GBICTPO BBIXJIONOTAI /I HETO IIOMUJIOBAHME,
BuTkeBnya npou3Benu B yHTep-oduLepsl U paspe-
UMM yYacTBOBAaTh B paboTe akcmeauuuu. O ero
nanbHeiinieii cyab6e ['yMOOIBAT BPsAZ U 3HAJ, a OHA
OblTa BecbMa HeoObIuHOM. TTocie axcmeauiuu Burtke-
BUY MIPUHSI 0BJIMK MyCyJIbMaHCKOTO IIeixa, 0JIro
pabortan B AdraHucrase, ciyxa HelocpeJCTBEHHO
MPaBUTEJIIO CTPaHBI, yOeIuI1 ero MPUHATD MO/JAHCTBO
pyccKoro naps u czienatb AQraHucTaH IPOBUHIMEN
Poccwuiickoii umnepun. Ho Hukonaii I oTkI0HAT 3TO
IpeJioKeHre, U aHTINYaHe GBICTPO MepexBaTHIIN
uHULMATUBY. TeM He MeHee BUTKeBUY GbLT Ype3BbI-
YalHO YCIeIIHbIM POCCUNCKAM Pa3BeluuKOM.

Csoe 60-netrie T'ym60baT BeTpetit B OpeHOypre.
B 3HaK yBa)xeHVA U IPU3HAHUSA €r0 3aCJIyT eMy I10/a-
PUJIM BLIKOBAaHHYIO MECTHBIMU MeTaJllypraMu Jjlamac-
CKyI0 cabJiio 13 pyccKou cranu. B ects Tymbosibara
B IleTepOypre ycTpanBaay TOPKeCTBEHHbIE ITPHEMBI
¥ 6asibl. EMy naymi IIiioM oyeTHoOro aka/ieMMKa B ce-
pebpsinoM dyTisipe. B Hosi6pe 1829 r. B yecTh 3HaMe-
HUTOTO IyTelleCTBeHHNKA AKaJleMUs HayK NpoBesa
Ype3BbIYANHYIO CeCCHI0, Ha KOTOPOi ['yMOOBATY ObI-
J1a Bpy4eHa 30JI0Tas MeZlajlb eKaTePUHUHCKUX BpeMeH,
BBIOWTAS 10 pacmnopsbkeHWio Akagemuu B 1827 T.
Openbepr 1 Po3e nOJIy4YnIN JUIIOMbI WIEHOB-KOppe-
CIIOH/IeHTOB akazemui. IlyremectBue I'ym60baTa IO
Poccun OKOHuATeNbHO 3aBepiInioch 15 gekabps
1829 r., xoraa o nokuny [letepOypr.

VIMs BeJIMKOTO y4eHOr0 yBeKOBeueHO Ha reorpadu-
4eCcKHUX KapTax, B yueOHMKAX 300JI0TUH 1 OOTaHUKH.
Ha Jlyne ects Mope I'ymbonbaTa. B CeepHoit Amepu-
Ke ecTb ropbl ['ymGosbaTa u peka l'ymbonbar, B Kanu-
¢dopuuM ectb ['yMOOJILATOB 3a/IMB, @ BOKPYT HEro Iie-
nast MectHOCTh CrpaHa I'ym6ombaT ¢ roponkom 'ym-
6onbar. Ecte nepuuk I'ym6onbara, TymM601b4TOBO
(eme ero Ha3bIBaOT IlepyaHCKUM) TeyeHHe B/OJIb 3a-
najiHou okpauHsel OxHO# AMepuku, I'yM6OTBATOBEI
ropsl B ABctpamu, HoBoli I'Bunee, HoBo#l 3enanguu.
Ha LeiinoHe pacrer aepeBo Humboldia laurifloria,
B YeCTb YYEHOTO Ha3BaHbl MHOTHe /IpyTue pacTeHus,
¥l laKe LieJIbIH T0SIC PACTUTENBHOCTH B AHIIaX HOCUT
HazBaHue ['yM6071b1TOBO 1IapcTBO. ECTh MUHEpas rym-
6ombATUT U XKypHAT «['yMOOJIBAT>, B €T0 II06IMOM ro-
pone IMapuxe ums ['ymOoibATa HOCUT MajieHbKast
yJI0uKa Mexzy Habepe)xxHoi MapHbI 1 yi1. Konbmap.

Heo6xoa1M0 yIOMAHYTH elie 06 0HOM BaXKHON
YepTe Y4eHOro — O CTPeMJIEHHHU K XY/0XeCTBeHHOMH
06paboTKe HAYYHBIX Pe3yIbTaToOB. ETo U3BecTHbIE
«KapTunsl npupozs» (1808), nmybaudHbIe JTeKIUN
(1827-1828) w 3HAMEHUTBHIM TPUALATUTOMHBIH
«Kocmoc» 1mosb30Banuch NOMYJASPHOCTIO BO MHO-
TUX CTpaHax — Be3je, I/ie XUJIU JII0/iU, HHTepecylo-
myecs HayKow.

BriBasio, [yMOOIBAT BICKa3bIBaJI MHOXECTBO 00-
IIUX U7eH, KOTOPBIe PyTue y4eHble MOAXBaThIBAIN
U pa3BUBaJIM. ['éTe CPaBHUBAJ €Tr0 C UCNOUHUKOM
¢ moicauamu mpy6: nodcmas il moavko 6eopa, u u3o
8CeX NOTYHUL HCUBUMENLHYIO 671a2y. BCIo U3Hb I'yM-
0OJBAT MOCBATUI HayKe. Mow Guozpaguro uwume
8 Moux pabomax, — roBOpU OH. TOJIBKO B 0671aCTH
HAyKH OH 3aHMMaJl aKTUBHYIO IIO3HLHIO, a KO BCEMY
IPYTrOMY OTHOCHJICS CTIOKOWHO. OH BO3/1epXKUBAJIC
OT aKTUBHOH MOJIUTHYECKOH /1eSITeIbHOCTH, OJJHAKO
IIOJIHOCTBIO YCTPAHUTBCA OT NMOJUTUKY He cMor. By-
Iy4d APYTOM ABYX HPYCCKUX KOpOJed (BTOPOH —
@punpux Bunsrensm IV, cMeHUBIINY NpefbIAyILe-
ro), ['ym60bAT NOPOii IPUHUMAT yYacTHe B [eax
rocymapcTa. ObasiTesbHbIH, JH06E3HbIN, OCTPOYM-
HBI}, KpacHOpeuyuBbIH (BCIOMHUM cioBa IlymkuHa
0 HeM), YIUBUTEJILHO JIETKO U OBICTPO CXOAMBIIMICSA
C CaMbIMU Pa3HBIMHU JIIOIbMU, OH KaK HeJlb3s JIydlle
TOAWIICA AJIS 3TOH POJY, XOTs U He IPOLIIeJ AUMIOMa-
THYeCKOW MKoJbl. OH BCerza 0CTaBaiCs CTOPOHHU-
KOM JiiOepasibHbIX Uiei ¥ ObLI ZajieK OT PeBOJIHOIIH-
OHHOT'0 ¥ peakIMOHHOro paHaTU3Ma.

3akaHuMBas OYepK, BCIOMHUM OJIHO U3 3aMeda-
TeJIbHBIX JIMYHBIX KadecTB I'ymb071b/Ta — €ro o6po-
Ty, KOTOPYIO OH IIPOHeC Yepe3 BCIO XU3Hb. [IpuBeny
HeCKOJIbKO NpuMepoB. Korzia 3HaMeHUTBII ecTecTBO-
ucneiTatens Jlyn Araccuc u3-3a OTCYTCTBUSA CPeLCTB
BBIHYXXZIeH ObLJI ITpeKpaTuTh 3aHATUA B [Tapuxe, I'ym-
OOJIBAT CaMbIM [JIeJIMKATHBIM CIIOCOOOM IIPeIOKIUI
eMy $MHAHCOBYIO noMolb. ITocie TOro Kak MoJIoA0MH
HauMHaomuil ydensiii I0ctyc ¢poH JInbux mpoden
B [Tapuxe OffHY U3 CBOMX TepBbIX paboT, [yMOOIBAT



Cpa3y MO3HAKOMMJICA C HUM U OKa3aJl eHeXHYIO MO/
nepxKy. biarogaps eil epezi MOJIOABIM XUMHUKOM OT-
KPBUIH IBePH BCe TaO0PaTOPUU 1 MHCTUTYTHL. MHOXe-
CTBO JIPYTUX y4eHBIX, IyTeIleCTBeHHUKOB U JINTepaTo-
poB Haxouu y I'yM6071b/Ta IOAZIEPXKKY, @ B CIIydae
Ha/l06HOCTH ¥ MaTepHaIbHYI0 HOMOIIb U TPOTEKIIHUIO.

ITocnenuue roabl I'ymM60baTa OB HEBECETLIMH.
OnvH 3a IpyruM YMUPAJI ero COPaTHUKY U APY3bs.
OH ocTazca OfMH, B OpeoJie CBOeH CJaBbl, CTapbli
 ycraBinuii. B koie anpesisi 1859 r. TyMG0JbAT po-
CTYOWJICS U CJler, CMepTh IMpUbIMKazach OBICTPO,
HO CO3HaHUe He IOKU/AJIO0 ero /0 IOoCIe[Hero AHs.
Ckonuaicsi 'ym6osbaT 6 Mast 1859 1.

B Hauase cTaThU IPUBe/ieHbl 3aMevaTesIbHbIe CJI0-
Ba ['ym6onbzTa 0 posiu GaKTOB B MOJIy4eHUH HAy4-
HBIX BBIBOZIOB. MBI MOXeM CYUTATh UX 3aBelljaHreM
y4eHOro, Mar"HyBIIero Aajeko 3a Ipefesbl CBOEro
TBOPYeCTBA U cBoell xu3HU. He 3ps Bcio xusHb ['ym-
00MBAT OB YBEPEH, UTO 4es08eK JONHCEH CIMpeMums-
CA K 8ENIUKOMY U XOpouiemy!

Axanemuk K.K.MapkoB cuntan I'ym60/bATa CBOUM
coorevyecTBeHHUKOM: IIpocmpancmea Poccuu I'ym-
6010m 0XBAMUT BMOPLIM U3 0BYX CBOUX NYMEULECTNEUL.
Ioamomy moxcro no npagy Hasvieamos I'ymbons0ma we
MONIbKO MUPOBBIM, HE MONLKO HEMEUKUM, HO U PYCCKUM
2eozpagom [2, ¢.85]. TyMOOJBAT U caM XOTeJ CTaTh
pycckum. OH nucan: Moe senarue — umo6st 6oNbUUH-
CMB0 yuenvix 8 IKcneduyuu OvLIu pycckue, oHu 6ydym
60dpee neperHocume TUMEHUS U He CIAHYM MAK CUTLHO

DU3NHECKAA FEQTPADIA. UCTOPUA HAYKK

Tym6onbAr B crapoctu. Moptpet pabotsl KOnuyca LLipanepa (1859).

CMpemMumsca 06pamH0. A He 3Har0 HU cno8a no-pyccku,
HO 5 cOenarcsy PYCCKUM, KaK 4 coenancs UCNIAHUEM. Bce,
3a 4mo A 6€py6b, A UCNOJIHAN C IHM)3UASMOM. U stn
CJI0Ba OKa3aJIMCh UCTUHHOMN HpaBﬂOﬁ.l
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Alexander von Humboldt
To the 250th Anniversary of the Birth and the 190th Anniversary of the Expedition to Russia

\.P.Chichagov
Institute of Geography, RAS (Moscow, Russia)

The immense contribution of Alexander von Humboldt, the great natural scientist of the 17th19th centuries, into the world science cannot be overesti-
mated. During his expeditions to South America in 1799-1804 and Russia in 1829 he gathered a vast amount of materials later summarized in 636 pub-
lished works including 30-volume Kosmos and three-volume Asie Centrale. His scholarly interests were varied. He created the orographic scheme of
Central Asia, calculated the average heights of the continents, demonstrated the asymmetry of the Earth. He enriched climatology with the conception of
isotherms; he substantiated the existence of two climates—solar and real. He gave ground to the phytogeography as a part of biogeography and identi-
fied three zones—tropical, temperate, and cold; he classified all plants by 17 formations and was the first to discuss the subject of productivity of the
lower organisms. He described latitudinal zoning and altitudinal zonation. At the same time he also studied the phenomenon of terrestrial magnetism,
petrography, mineralogy, and mining. In 1829, Humboldt was elected Honorary Member of the Imperial Russian Academy of Sciences.

Keywords: South America, Russia, Caspian Sea, geomorphology, geography of plants, climatology, latitudinal zonation, altitudinal zonation.
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ACTPO®U3IKA 1 3BESOHAA ACTPOHOMUA

JlaypeaTtbl HoGenesckon
npemuu 2019 ropa

[To dunsunke — [xenmc [nbnc,
Munwenbe Manop n Anabe Keno

Hobenesckan npemna no couanke 2019 rona npucyxaeHa kaxaauy [hxeiimcy Mubncy — 3a «TeopeTnyeckine CCnenoBaHna B 06nacTie KOCMONOrum»,
1 weeiuapuam Muwento Maopy u [uase Keno — 3a «0TKpbITHE 3K30NMaHETbI HA 0POUTE CONHUENOAOOHOI 3B€3Mb1>.

KnioueBble cnoBa: coctas BeeneHHON, pennkToBoe 13nyyenue, sk3onnaneTsl, 51 Meraca b.

aToM rony HoGeneBckasi nmpemus mno ¢pusuxe

OKa3aJiach aCTPOHOMUYECKON: OHA OblyIa paszie-

JleHa MOIOJIaM MeXJy KaHa/CKOo-aMepHUKaH-
cKkuM uccienoarenem Jxeiimcom [ubicom, pabora-
IOIMM B 06J1aCTH KOCMOJIOTHY, U IIBEHI[aPCKUMU aCT-
podusukamu Muinenem Maiiopom u dunwe Keno,
06HapYXMBIIMMH [EPBYIO 5K30IUIaHeTy (OHHU TOJIy-
yuu 1o 1/4 npemun). Pacckas o Gusndeckoii cytu
OTKPBITUH, 3acayXuBmunx HobeneBcKyl0 IpeMuio,
Ha4yHeM C KOCMOJIOTHYeCKO! JaCTH.

H:xeiimc In6nc (James Peebles) poauics 25 an-
penst 1935 r. B r.Cen-bBonudace (Kanana), okoH-
uu YHuBepcuTeT ManuTo6b! (T.BunHumer). B 1958 r.
CTaJl COTPYAHUKOM IIPHMHCTOHCKOTO YHHBEpCHUTeTa
(CIIIA). Tam xe B 1962 r. mox pykoBozacTtBoM PobepTa
JlviKe 3aIUTUT AUCCEPTALIMIO 10 ACTPOHOMUH, 3aTeM

cran npodeccopoM 3Toro yHuBepcutera. HblHe moyer-
HbIV SNHIITEHHOBCKUI TPOpeccop — AOKHOCTD ObLia
ydpexzeHa B mamMaTh Anbbepra DiiHmreiiHa (Albert
Einstein Professor of Science Emeritus).

Korza ITu6:ic HauMHaM CBOIO HAYYHYIO €SITeNb-
HOCTb, Hallll IIpeficTaBieHUus 0 BceneHHO! BecbMa
OTJIMYAJIUCh OT COBPeMeHHBIX. Br1jio fAcHO, UuTO OHA
pacuMpseTcs, Ho BBIOOP MeX/y ee 3aMKHYTO! U OT-
KPBITOU MozienAMU DitHmTeliHa—PpupmaHa ObLT He
ompeziesieH. Kpome 3TUX IPOCTHIX BAPUAHTOB CYIIeCT-
BOBaJa TaKXe Mozenb JleMeTpa, yYUTHIBAIOIIAS
asiMb/1a-4ieH KOCMOJIOTMYeCKUX ypaBHEeHW DUH-
mreiiHa. FIMeHHO 3Ta Mozieslb 6eCKOHeYHO paciiupsi-
fomelicsi BcesieHHOM cerofiHs cTaja o0NenpUHATON,
OZIHaKO BMeCTO TePMUHA «JIIMOZa-YIeH» CTaju yIo-
TPe6IATh TEDMHUH «Te€MHAs SHEePTHs», YTO TOJIBKO

[Dxeiimc Mubnc. Muwenb Maiiop.

[Onnbe Keno.

D0I:10.7868/50032874X1912007X



BHOCUT IYTaHULY C «TeMHOM MaTepHel», KOTOpas
uMeeT Apyryio QU3NYEecKy0 IPUPOZY.

MHorue ydeHble BHeCHIW CyILleCTBEHHBIM BKJaj
B M3MeHeHUe HallluX IpeJCcTaByleHud 0 BceneHHOM.
Ha3zoBeM Tex, yeil Hay4HbI BKJIaJl CDaBHUM C paboTa-
mu [TubJica, HO 3T UcCIIe[0BaTeNu He ok 10 Ho-
Genesckoro novera. 3to Pobept [luke (Robert Dicke,
1916-1997) u OaBun Yunkuucon (David Wilkinson,
1935-2002), ofHu U3 MePBOOTKPbIBATENIEN peJuK-
TOBOT'O YePHOTEJIBLHOTO U3JIy4yeHNs C TeMIlepaTypou
2.7 K. CripaBeyiiBO 661710 ObI 06ABUTH K 3TUM HMe-
HaMm Teoprua AHroHoBuya I'amoBa (1904-1968),
Ipe/cKa3aBIIero 3To sBJieHUe TeOpeTUdecKy, U SIkosa
Bopucosuua 3enbaosuua (1914-1987), coznasiiero
POCCHICKYI0 MIKOJy acTpodu3ukoB. HobeneBCKyio
npeMuro B 1978 r. 32 OTKpBITHE PEIMKTOBOTO U3Jy4e-
HUS [OJyYWJIM MHXeHepbl KoMnaHuu «Bell» ApHo
[TeH3usik u Pobept BuiibcoH, 0JHAKO OCO3HAJIM €T
pOJib B 3BOJIIOLIMYU BcesneHHON He OHU, a TEOPETUKU-
acTpou3UKH.

BaxxHeimuM (axToM CTajo OCO3HAHHE [BYX
BOXXHEUIINX CJIeJICTBUIA YOBIBAHUS TeMIlepaTypbl
3TOr0 U3JIy4yeHUs NIpU pacuupeHun BeenenHoi. Ha
PaHHUX CTaZUAX TeMIlepaTypa aziaeT 06paTHO Ipo-
NOPLUOHAIBHO KpacHOMY cMeleHuto z. I[Tpu z > 10°
CpenHsd IJIOTHOCTb BceseHHOM MpeBbIaeT MJI0T-
HOCTb B A/IpaxX HEUTPOHHBIX 3Be3/]], a BellleCTBO Ipe-
cTaBisieT c0O0¥ HEMTPOHHYIO KUAKOCTh C TeMIepa-
Typo# Beie T = 0.1 MaB = 10° K. ITpu ganbHeimem
pacuIMpeHry HeHTPOHBI pacnasfaloTcsl Ha MPOTOHBI
¥ 3JIEKTPOHBI, @ HECKOJIBKO IPOTOHOB MOTYT 06pa3o-
BBIBATh A/pa JleiiTepus u renus. [Iubic paccaurann,
KaK IPOXOZIUT CUHTe3 fifiep Teslns, B UTOre UX OKa3a-
sock 25% 1o Macce, a geiitepus — okoino 1% [1].
OcrasnbHas Macca OcTanach B BUjie IPOTOHOB U 3JIeK-
TPOHOB, a JI0JIS1 CJIelyIOIero 3jieMeHTa, JUTUsA, OKa-
3aj1ach HUYTOXHO MaJsa. OcTasbHble 31eMeHTb Tab-
nuiel MeHzieneeBa 06pa3oBajIich MHOTO MO37HEe,
IIPY B3PbIBAX CBEPXHOBBIX WU NIPU CIUSAHUU HeEM-
TPOHHBIX 3Be3/].

Bropoe anoxaibHOe cOObITHE B UCTOPHU BeeneH-
HOM npousouwto npu z = 1000, korga Temmeparypa
cHM3uIach npumMepHo o T = 0.2—0.3 3B = 3000 K.
Hauanacb peKoMOMHALWS, T.e. COeHEeHNe TIPOTOHOB
Y 3JIeKTPOHOB B aTOMBbI Boziopoza [2, 3]. C aToro Mo-
MeHTa BceseHHasA cTana Npo3pavHON, ITOCKOJIBKY U3~
Jly4eHue OT/IeJINI0Ch OT BellecTBa.

ITn6ic TakXe BHEC 3aMeTHbIN BKJIaJl B TOHUMaHUe
TOTr0, Kakyto HH$OpMaLHIo 0 paHHell BceneHHOI He-
cyT QAyKTyaluu pelruKTOBOrO u3iydyeHus [4]. Dra
pabora cTMMynuMpoOBasia JajbHeWInue W3MepeHHS
CIIeKTPAJIbHBIX XapaKTePUCTUK Y€PHOTO U3JTyYeHHUs,
a UMeHHO co3zanue 1 3anyck NASA B 2001 r. kocmu-
yeckoro anmapata WMAP (Wilkinson Microwave
Anisotropy Probe). Ero uamepeHust o3BOJIVIIA YTOY-
HUTb COBPEMEeHHbI! COCTaB BceslleHHON U TO4YHee yc-
TaHOBUTB ee Bo3pacT: 13.772+0.059 mipx ner.

ACTPO®N3NKA 1 3BE3HAA ACTPOHOMWA

OGpaTiMCcs K OIMCAHUIO 3aCIIyT J1aypeaToB BTO-
poi#t monoBuHbl HobeneBcKo# mpeMuu 1o ¢Qusuke
2019 ropa.

Mumens Matiop (Michel Mayor) poauncs 12 sH-
Bapd 1942 r. B Jlo3anHe (IlIBeiinapus). B 1966 r. no-
JIy4uJI CTelleHb MarucTpa B 061actu Gu3uku B YHU-
BepcuteTe JIo3aHHbL, B 1971 — NOKTOPCKYIO CTeleHb
B o6sactu acrpoHomuH B JKeHeBcko# 06cepBaTOpHY.
Paboran takxe B MHcTUTyTe acTpoHOMUU KeMmb-
PHUDKCKOTO yHUBepcuTeTa, B EBpomeiickoit o6cepBa-
TopuM B Yuim u B IHCcTUTYTE acTpoHOMUM ['aBaiCcKo-
r0O YHUBEPCHUTETA.

Aunbe Keno (Didier Queloz) ponuncs 23 despa-
5151 1966 1. B JIozanHe. OkoH4n YKeHeBCKUii YHUBEP-
CUTeT. 3alIUTUJ AUCCePTalUI0 MO0J, PYKOBOACTBOM
Maiiopa. BMecTe OHM OTKDBUIX NEPBYIO 3K30IITaHe-
Ty — IUIaHeTy, 00paIaoNIy0Ccs BOKPYT UHOM 3Be3/Ibl.

Maiiop u Keso paspaboranu v CO3/1aju OITHYEC-
KUii CIEKTPOMETP HOBOTO THUIIA, CIOCOOHBIN U3MEPATD
ZIOTIIIEPOBCKOe cMeleHue TMHUN. CrieKTpoMeTp ObLT
ycranoByieH B O6cepBatopuu BepxHero IIpoBaHca
(®pannus). C ero momonibio B 1994 r. Hayanoch pery-
JIIPHOe U3MepeHue Jy4eBbIX CKopocTel y 142 3Be3n
T'alakTUKK, OTHOCUTEJIbHO 671M3KuX K ComHiy. OnHOM
U3 3THX 3Be37 Obl1a 51 Ileraca, HaXoAAImAsACA Ha pac-
crosinuu 14.5 nik unu 50 cB. et oT Hac. Ee ceKTpasb-
HbIX K1acc — 5GV — 10T ke, 4o y CoNHIa, ee CBETU-

YyacTok He6a BOKpyr 3Be3fbl 51 Meraca. VI3o6paxeHne nonyye-
Ho EBponeiickoii xHoil o6cepsaropueii (ESQ) B 2015 1.
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da3zoBan kpueaa ckopocTi 38e3abl 51 Meraca. EquHnyHbIin haso-
BbIll Yron COOTBETCTBYET Nepuofy 06palieHInA niaHeTbl, paBHOMY
4.2293 =+ 0.0011 cyt. 06beanHeHb! faHHbIe, MOMYYeHHbIE C CEHTA-
0pA 1994 no centAbpb1995 r. CNnowHaA Kpueasa — WHTEPNONA-
U1A JaHHbIX [5].

MOCTB TOXKe BJIM3Ka K COJTHeYHOM, BIU3KK 1 TTIePHOIbI
cOOCTBEHHOTO BpaleHus 3Be37l — 0KoJo 30 cyT.

Yke B stHBape 1995 r. y 9101 3Be371bI ObLIM 0OHAPY-
KeHbI ZIONIUIEPOBCKHE CMEIeHUS CIeKTPaJIbHbIX JIU-
HUI, U3MeHsBIINecs ¢ nepuoznoM 4.2293 + 0.0011 cyT.
OHU BBI3BaHbI IPaBUTALIMOHHBIM BIMAHNEM Ha 3Be3-
ny obpamaronieiicst BOKPYT Hee IaHeThl. HakioH
OpOUTBHI i K JIy4y HaOJIIOZeHNS HeU3BeCTeH, I03TOMY
Maccy NIaHeTsl M, TOYHO BBIYMCIUTh HEBO3MOJKHO.

Jlurepatypa / References

ITo aMnauTyle Bapually CKOPOCTel aBTOPHI MOJy-
YUJIU COOTHOIIeHue M, sini= 0.47 + 0.02 M.

W3 Hero ciefyeT, YTO Macca 3TOM 3K30IJIaHeThl
Gotbiie TOJIOBMHBI Macchl FOmmTepa (M;). A ee cpen-
Hee pacCTOsIHUe 110 3Be3zibl (60IbIuast OJIyoCh ee op-
OUTHI) 0Ka3aJ0Ch OYeHb HEOOJBIINM, CPABHUMbBIM
¢ paccrossHreM oT ConHIa 1o Mepkypus.

Ha MOMeHT my6IMKauy OTKPBITUS 3TOT Pe3yJib-
TaT Ka3aJics MapafloKCcalbHbIM, TEOPeTUKY [0Bepra-
JI COMHEHHUSIM BO3MOXXHOCTb 00pa30BaHHUA CTOJb
MAaCCHBHOY IIJIaHETHI HA TAKOM MaJIOM PacCTOSIHAU OT
3Be3abl. OfHAKO Teopusi obpa3oBanusi CONHEYHOM
CHCTeMBI, K COXaJIeHUIO, He MOXeT 00BACHUTH, KaK
COBMECTUTb MeZJIeHHOEe BpalleHHe 3Be3/bl ¢ H0JIb-
MM YTJIOBBIM MOMEHTOM IJIaHeT-TUraHToB. [1oaro-
My OTKPbITHE BJIU3KO# K 3Be3/ie IIaHeThI C IepUo/ioM
obpaleHus, MEHbIINM [IepUOZa BpalleHus 3Be3/bl,
TpebyeT cepbe3HOro nepecMoTpa CJIOKHBIINXCSA TeO-
puii 3Be31000pa3oBaHusl.

OrxkpsiTue Maiiopa u Keno ctumynuposaio co-
3/jlaHKe KOCMHUYecKoro rejeckona «Kemnuep», paspa-
6OTaHHOTO CIeNUaIbHO [JIs MOMCKA IK30IIaHeT*.
3a Bpems cBoeit pa6oTei ¢ 2009 mo 2015 r. «Kemnep»
o6Hapyxui 6ojiee 4 ThIC. IAHETHBIX CHCTEM, B 60-
Jee yeMm 600 13 HUX — I10 HECKOJIbKY IUIaHeT. Cylie-
CTBEHHYIO [I0JII0 3TUX 3K30IJIaHeT COCTaBJAIOT Ta-
30Bble TMTaHThI, TOX0XHKe Ha IOnuTep, HO ecTh cpe-
I HUX ¥ HEeCKOJIbKO IIJIaHeT, Ha TOBePXHOCTHU KOTO-
PBIX MOXeT CyIeCTBOBATh XUAKUM WU MOKPBITHIN
JIbIOM OKeaH.

© noxtop PpuaMKo-MaTeMaTHYeCKuX HayK A.B.Bsiko
WHCTUTYT TeopeTHdecKoi GpU3nKU
umenu JI.J1.JTannay PAH (Mocksa, Poccus)

* Tloxpo6Hee 0 MeTOZax IOKCKA K30IIaHeT cM.: Mapos M.A.,
IIleguenxo U.1. Dx3omnanersl // Ipupoza. 2014. N26. C.3.
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2019 Nobel Prize Laureates In Physics: James Peebles, Michel Mayor, and Didier Queloz

A.VByalko
Landau Institute for Theoretical Physics, RAS (Moscow, Russia)

The 2019 Nobel Prize in Physics was awarded to Canadian James Peebles “for theoretical discoveries in physical cosmology”, and to the Swiss Michel
Mayor and Didier Queloz “for the discovery of an exoplanet orbiting a solar-type star”.

Keywords: Nobel Prize, composition of the Universe, cosmic microwave background radiation, exoplanets, 51 Pegasi b.




HEOPTAHWYECKAA XVMWA

[To xumnn — [>xoH lygeHad,
CtaHMM YUTTuHrem n Akmnpa EcuHo

obeneBckast mpemus o xumuu 2019 r. mpucyx-

JieHa 3a pa3paboTKy JUTHUii-HOHHBIX OaTapeil.

OHa pasziesieHa IOPOBHY MeXy aMepUKaHIieM
IxoHoM I'ynenadom, 6puraniiem CTOHIN YUTTHHTE-
MoM, paboraroium B CIITA, u sioHiem Akupoi Ecuno.
J>xoH I'yaenad (John Bannister Goodenough)
poaucs 25 utons 1922 r. B Vene (I'epmanus); ero po-
nuTeny ObLIM aMepuKaHIbL. Bo Bpems Bropoit Mupo-
BOU BOMHBI OH ciyxu B apmuu CIITA B kadecTBe Me-
Teoponora. B 1944 r. okonuus Menbckuil yausepcu-
TeT, B 1947 r. 3amuTUN AKccepTaLyio no ¢pusuke B Uu-
KarcKOM yHMBepCUTeTe II07 pyKoBoAcTBoM KiapeHca
3enepa. 3areM B Tedenwe 24 et paboTan B 1abopaTo-
puu JINHKOJIbHAa MaccadyceTCKOro TeXHOJI0rn4eCKoro
VMHCTUTYTA, PyKOBOAWJI IPYIIION HCCieoBaTeNel 1o
pa3paboTKe OIEpaTHBHLIX 3alMOMMHAIONIUX YCT-
poiicts. B 1970-x — nauasne 1980-x I'ynenad 3aseno-
BaJl TabopaTopueil HeopraHudeckoit xuMun B OKc-
bopzCcKOM yHIBEpCHTETE, I7ie 3aHSNICS JTIUTUI-UOHHBI-
MU aKKyMyJISATOPHbIME GaTapesiMu. Omupasich Ha pa-
6oty Cranm YUTTHHTEMA, OH CMOT YIBOUTb eMKOCTb
JIUTUNA-VMOHHBIX aKKYMYJIATOPOB. (3aTeM ANoHel AKU-
pa ECHHO BHeC I0MOJHUTE IbHBIE YIIydIIeHus] B KOHCT-
pyKLuo 6aTapeu, U3rOTOBUJI MEPBBIN MPOTOTHII CO-
BpPeMEeHHOT0 JIMTUH-NOHHOTO aKKyMyJIATOpa U 3ama-
TeHTOBaJ ero B 1985 r.; B 1991 r. mateHT npuobpena
KoMraHus «Sony».) C 1986 r. I'ynenad — npodeccop
Texacckoro yHuBepcurera B Octude. OH IPOAOJDKaeT
VICCIIeIOBAHUSA MaTepPHasIoB AJs aKKyMYyJIATOPOB, Ha-
IesiCh CO3/IaTh «TBepJoe TOIUIMBO», CIIOCOOCTBYIOIee
pasBuTHiO 3neKTpoMobueit. [xon I'ynenad cran ca-

[xoH lynenad. CTaHnn YnTTuHrem.

MBIM cTapbIM HobeseBckuM J1aypeaToM — Ha MOMEHT
IIPUCYXKIeHNs IPeMUU eMy ObLIo 97 JieT.

Maiikn Crannm YurtudreMm (Michael Stanley
Whittingham) poauncs 22 nekabpst 1941 r. B HoTtus-
xoMe (AHrims). OxoHunn OkcHOpACKMIA YHUBEPCH-
TeT, TaM e B 1968 I. 3a1uTII AUCCepTaLuIo 110 XU-
muun. C 1968 o 1972 r. npenogasain B CTaHPOPACKOM
yausepcurere (CIIIA), 3aTem pabortan B HeQTAHOI
KommaHuu «DKcoH» (Exxon) B JInHzmeHe (mTat Hbio-
Ixepen) u «Ilmombepske» (Schlumberger) — kpym-
Helillel aMepUKaHCKOW HeTecepBICHOM KOMITAaHHH.
C 1994 r. — B BUHreMTOHCKOM yHUBepcHUTeTe (IITaT
Heio-Mopk), B HacTosmee BpeMs — 3aclyKeHHbIii
npodeccop XUMuUM U MaTepuasoBenenus. Mccnenosa-
HUS YUTTUHIeMa, HauaThle UM BO BpeMsi paboTsl B Hed-
TAHBIX KOMIIAHUSAX, 3aJI03KUJU OCHOBY ISl [IOCTIe/yto-
KX pa3paboToK JUTHeBbIX Gatapei. Ero MOXHO Ha-
3BaTh OTLIOM-OCHOBATeJIeM JIMTUEeBbIX aKKYMYJIATOPOB.

Axwupa Ecuno (Akira Yoshino) poauscs 30 suBa-
ps 1948 r. B Ocake (Anonus). B 1972 r. okonuun Ku-
OTCKHU# yHUBepcuTeT. 3aTeM paboTas B 06J1aCTH Xu-
MUYeCKOM MPOMBIIITIEHHOCTH — B KOMIAHUAX «Asahi
Kasei Corporation» u «A & T Battery Corporation»
(coBmectHoe npeanpusTe «Asahi Kaseis u «Toshi-
ba»). B HacTosIee BpeMs Tpodeccop YHUBepCUTETa
Meiixo (Meijo University) B Haroe.

[Toapo6HbIit paccKas O TUTUI-UOHHBIX AKKYMYJIsi-
TOpax, LIXPOKO PacIpOCTPaHEHHBIX B COBPeMeHHO!
OBITOBOH TeXHUKe, ¥ O CYyTU UCCIIeZI0OBAaHUH, YIOCTO-
eHHbIX HobesIeBCKOU peMuu, YUTaNTe B CIIeAYIOIEM
HOMepe xXypHaia «IIpupona».

Axupa EcuHo.
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dU3nonormAa

[lo dusnonorum nnu meguumnHe —
Y.KanuH, cop N.Patknudd, I'.J1.CemeH3a

HoGenesckaa npemua 2019 1. N0 hu3nonorun U MeamUUHe NpUCYKOeHa «3a OTKPbITIE MEXaHU3MOB, NOCPEACTBOM KOTOPbIX KNETKW BOCMPUHUMAIOT
NOCTYNHOCTb KMCNOPOAa 11 ananTUpytoTCA K Held». [peMua pasaeneHa B pasHbIx HONAX MeXMy amepukaHuamu Yunbamom KanuHom 1 [perrom CemeH-
301, a Takxe bpuTaHLem Mutepom Patknndbchom. B 3aasnexim HobeneBckoro koM1TeTa 0TMEYAeTCA, YTO UCCNBNOBAHIA NPONMUBAIOT CBET HA MEXaHN3M
OMIHOTO 13 CaMbIX HEOOXOAUMbIX [ANA XXM3HU ananTuBHbIX NPOLIECCOB — NMPUCTIOCOBNEHME KNETKI K MOCTOAHHO U3MEHAIOLIEMYCA YPOBHIO KICNOPODA.
HecMOTpA Ha TO YTO y4eHble NPOBOAWNI UCCNIEA0BAHIA HE3ABUCMO [PYT OT ApYra, B COBOKYMHOCTM MX POOTbI OTKPHIBAIOT WIPOKME BOIMOXHOCTY ANA
Pa3padoTKy HOBLIX MHOTO0DELAILNX CNOCOOOB GOPLObLI C aHEMMEN, PaKOM 1 ApYriMi 3a00neBaHNAMM.

KnioueBbie cnoBa: HoOenesckan npemna, runokcus, KUenopof, dhaktop, MHayumMpyemblin runokcieid (HIF), aputponoatw, pak, aHemua.

OJIOTUU WA MeJUIMHBl YAOCTOeHbl YUJbAM

KanuH, cap [Turep Patknudd u I'perr CemeHsa.
VX paboThl MOMOTI 0GHAPYKUTH MOJIEKYJIbI, KOTO-
pble CIIyKaT KJII04eBbIMY UTPOKAMU B OTBeTe KJIeTOK
Ha M3MeHeHMs KOHIeHTpalluu KUCJI0poZa B cpefe,
Y BBICTPOUTb MOJIEKYJIAPHBIA MeXaHU3M aflalTaluu
K TUIIOKCUU (HeocTaTKy Kuciopoza). B 2016 r. pabo-
ThI 3TUX Y4€HbIX ObIJIM OTMEYEHbI APYTOM MPeCTIK-
HOI1 Harpazoil — npemueii Anb6epra Jlackepa (Albert
Lasker Basic Medical Research Award), kotopas exe-
rogHo npucyxjaercs B CIIIA 3a ¢pyHaaMeHTaNbHbIE
MeJUIMHCKUe KCCIe/0BaHNU.

Yunbsam Kanun mmaaumii (William George Kaelin)
pozmicst B 1957 r. B Heto-Hopke. TTomyunn MeauumH-
ckoe obpasoBanue B Yausepcurete JIpioka (Duke Uni-
versity, Durham) B 1982 r. [TIpoien TepaneBTUIecKyro
[IOArOTOBKY B YHuBepcurere JIKoHca XOIKHHCA
B Bantumope (Johns Hopkins University, Baltimore),
T7le CIelaa3upoBasIcsa Ha OHKOJIOTYY, U TT03/IHee —
B WHcTuTyTe OHKOJNOrMM uMMeHH [leitHbl-®Papbepa
(Dana-Farber Cancer Institute, Boston). Tam e, 6yzy-

B 2019 r. HobeneBckoii mpemuu B obactu Gpusu-

Yy aCIIMPaHTOM B J1labopaTopuu J[3Buza JIMBUHICTOHA
(David Livingston), Hauan uccieoBaHus GeIKOB-UH-
r6UTOPOB pocTa omyxoseil. B 1992 r. ocHOBaJ CBOIO
Hay4YHO-HCCJIeJOBATeNIbCKYIO TabopaToputo B HCTH-
TyTe paka Jeiitbi-dapbepa u B 2002 r. cras mpodecco-
POM MeaMIMHBI B MeIMIMHCKO mKoste ['apBapacKoro
yuuBepcurera (Harvard Medical School). C 1998 r. —
HAy4HBIN COTPYIHUK MeauHCcKoro HHCTUTyTa L'o-
Bapza Xnto3a (Howard Hughes Medical Institute).

Cop ITutep Patknudd (Sir Peter John Ratcliffe)
poauscs B 1954 r. B Jlankamupe, BenrukoOGpuranus
(Lancashire, United Kingdom). W3yuan Meguuuny
B OJTHOM U3 KoJlemxelt KaMOpUIKCKOro yHUBepCHTe-
ta (Gonville and Clais College, Cambridge University).
ITpomres1 KJIMHIYECKYIO IIOATOTOBKY B OHOH U3 CTa-
peitmux GosbHuil JIoHzoHA — rocrurane CBATOrO
Bapdonomes, a 3aTem nepeexan B Okchopi, r/ie momy-
YW CTlelraau3anuio no Hegposuoruu. B 1990 r. kak
crapumii crunenauat ponna Wellcome Trust ocHoBan
B VHuBepcutere Oxcdopza (Oxford University) Hesa-
BHUCHMYIO JJa0PaTOPHIO 110 UCCIIeZI0BAHUIO TUTIOKCHUH.
C 1996 1. — mpodeccop, a ¢ 2003 r. — mpodeccop ume-

Yunbam KanuH.

Cap Mutep Patknudpc.

lperr CemeH3a.

D0I:10.7868/50032874X19120081



1 Happunna (Nuffield Professor) u pykoBoautennb
oT/leNa Mo KJIMHUIeCcKo MeiutinHe nMenu Hapduna
Yuusepcurera Oxchopaa (Nuffield Department of
Clinical Medicine, Oxford University). DTy JO/KHOCTD
oH 3aHuMan jio 2016 r. HeiHe cap Patkmudd — unen
Kopousnesckoro oburectsa (Royal Society) n Akasemun
MeaunuHCKUX Hayk (Academy of Medical Sciences),
a Tak)Xe IIOYEeTHBIN 4JleH AMepUKaHCKOHN aKaJjeMUuu
UCKyccTBa M Hayku (American Academy of Arts and
Sciences). OH 3aHUMaeT MOCThI AUPEKTOPA 110 KINHU-
4ecKuM uccnefioBaHuAM B MHctutyTe @pancuca Kpu-
ka B JIonnone (Francis Crick Institute, London), au-
pexTopa MHCTUTYTA LleseBbIX UcciaeoBaHUN B OKc-
dopze (Target Discovery Institute, Oxford) u corpyz-
Hu4aeT ¢ VIHCTUTYTOM MCCIeLOBAaHUA paKa UMeHHU
JMopsura (Ludwig Institute for Cancer Research).
B 2014 r. 6bL1 yIOCTOEH MTOYETHO GPUTAHCKOIA Harpa-
Ibl — TMOCBSIIEH B pblljapu-6akanaspsl (auri. Knight
Bachelor) 1 umeer npaBo Ha TUTYJIOBaHHE C3P.

I'perr Cemensa (Gregg L.Semenza) poauics
B 1956 1. B Hplo-lopKe. YBeueHre HayKOii MOSABHU-
JIOCh Y Hero 6Jiarofiaps MKOJILHOMY YUUTeNH0 6HOJI0-
THH, a POXZIeHYe Y Ipyra ero ceMbH peOeHKa ¢ CUH/PO-
MoM JlayHa NOATOJIKHYJIO K U3y4eHUIO MeIULIUHCKON
reHeTuku. B 1978 r. mosny4yun cremeHb GakanaBpa
B l'apBapackom ynuBepcurere (Harvard Universty),
r7ie IPUHUMAaJ y4acTyie B KAPTUPOBAaHUHY 'eHOB 21 Xpo-
MOCOMBI. MeZMIMHCKOe 06pa30BaHe U CTeneHb JJ0K-
topa ¢unocodpuu monyuun B 1984 r. B IleHCHIIb-
BaHckoM yHuBepcutere (University of Pennsylvania,
School of Medicine, Philadelphia). Bnocnezctsuu npo-
XOZIUJI MHTEePHATYPY CO Cllelraau3anuei o nejuar-
puu B rociurtane npu YHusepcurere [Ipioka (Duke
University Hospital, Durham), a ¢ 1986 r. 6611 ToCTI0-
KOM B YHuBepcuTeTe JI)KxoHca XONKUHCA, I7Ie OCHOBAJ
He3aBUCUMYIO UCCle[loBaTelbCKyIo rpymnny. CeMeH3a
crain npodeccopom B YHuBepcuteTe J)oHca XOIKIH-
caB 1999, a c 2003-r0 — AUPEKTOPOM-OCHOBATEJIEM
[TporpaMMbl MO cocyaucToit 6uonoruu MHcTHTYyTA
KJIETOYHOU MH)XeHeprH TOro e yHuBepcureTa (Vascu-
lar Research Program, Johns Hopkins Institute for Cell
Engineering). B HacTosiee BpeMsi — UMEHHOU IIpO-
¢eccop (C.Michael Armstrong Professor), mpodeccop
Ha Kadenpax neauaTpuy, paJualioHHON OHKOJIOTHY,
6MOXUMUK, MeIULIMHBI ¥ OHKOJoruu B [IIKoJe Meziu-
LyHbl YHHBepcuTeTa JIoHca XONKuHCA, 4jeH Mucru-
TyTa MeIMLIMHCKOM TeHeTHKY, a Takxe apduaupoBaH-
HBI COTPYAHUK FIHCTHTYTa HAHOOMOTEXHOJIOTUH.

HoGeneBckasi uctopus MCCIeA0BaHUN YyBCTBU-
TeJIbHOCTU OPraHu3Ma 4ejioBeKa K KMCI0poJy Hada-
nack B 1931 1., korna HoGeneBcko# mpemuu o Gpusno-
JIOTMY WJIA MeJUIiHe ObLT YI0CTOeH HeMelKuii 61o-
xuMuK 1 pusuosnor Orro T'enpux Bapbypr (Otto
Heinrich Warburg; 1883-1970) 3a oTKpbITHe IPUPO-
OBl M MeXaHU3Ma JIeHCTBUSA AblXaTeNbHbIX (pepMeH-
ToB. OH BIepBble 10Ka3aJj, YTO KJIeTOYHOe JbIXaHue
KaTaJu3upyeTcss 0COObIMU OelKaMu, W JeTajbHO
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omucal [UTOXPOMOKCH/A3y — TepMUHANbHBIN ep-
MEHT a3pO6OHOM JbIXaTebHOM [[ed MUTOXOHIPHUH,
KOTOpasi KaTaJu3UpyeT IepeHOC 3JIeKTPOHOB C LIUTO-
XpOMa Ha KUCIOPOZ ¢ 06pa30BaHKeM BOJbL.

B Tom xe necsituneruu, B 1938 r., HoGeseBckyio
npeMuio 1o GU3MONOrUK WU MeAUIMHe MOJNy4u
Genbrurickuit pusnonor Kopreit Xeitmanc (Corneille
Heymans; 1892-1968) 3a OTKpbITHE POIU KaPOTHUA-
HOTO CMHYCa COHHOY apTePUU B PeTyJIALNN JbIXaHUA.
B KapoTUAHOM CHHYCe HaXO[ATCS XeMOpeLelTOpPEl,
KOTOpbIe N10ChUIAIOT HePBHbIE UMIIYJIbChI K COCYZO-
IBUATATeJIbHOMY U [bIXaTeJbHOMY LieHTpaM B IIPOJ0JI-
rOBaTOM MO3Te U YBeJIMYMBAIOT UHTEHCUBHOCTD b~
XaTeJNbHbBIX [IBWKEHUH, obecrednBas ObICTpBINA pe-
brexTOpHBIA OTBET HA NOHWXXEHHOE COZep)KaHue
KHCJIOpOZia B opraHu3Me (TUIoKCHi0). I103ToMy Mbl
HauMHaeM dallle 1 I1y63Ke AbINIATh, KOTZa, HApUMeD,
3aHMMaeMcsl CTIOPTOM UJIX IOJHUMaeMcs B ropy.

B fonosnHeHye K GBICTPOit aianTalvy K IOHKEH-
HOMY YPOBHIO KHCJIOPOJA, KOTOPYI0 KOHTPOJIUPYIOT
KapOTHU/IHbIe CUHYCBI, CYIIeCTBYeT elle oauH QyH/a-
MeHTaJbHbII MeXaHu3M. IIpu IuTebHOM BO3/eHCT-
BUM TUIIOKCUM (HallpuMep, B yCJIOBUSAX BbICOKOTOPbS
WM BO BpeMs MHTEHCUBHbIX QU3NYeCKUX TPeHUpo-
BOK) V JIIOflell yBeJIMUMBaeTCA CoZiepKaHue KpPacHbIX
KPOBSIHBIX KJIETOK (9PUTPOLIUTOB) B KpoBU. OTBevaeT
3a 3TOT eHOMEH FOPMOH 3PUTPONOITUH (aHr. Ery-
thropoietin, EPO), KOTOpbIii BbIpabaThiBaeTCs CIeIu-
QJIM3MPOBaHHBIMU KJIeTKAMU N10YeK, a TaKKe IIepUcu-
HyCOM/aJIbHbIMU KJIeTKaMHU IIe4eHU. DPUTPOIO3TUH
ynpasisiet JieJieHreM U auddepeHINPOBKOH KIIeTOK-
Tpe/iiecTBeHHUKOB 3PUTPOOIIACTOB B KOCTHOM MO3Te
¥l IPUBOJIUT K BEIOPOCY B KPOBEHOCHOE PYCJIO IPUTPO-
IIUTOB, OCHOBHAS QYHKIMSA KOTOPLIX — Z0CTaBKa KHC-
JIOpOZla K OpraHaM U TKaHsM IIyTeM CBSI3bIBAaHHUA C re-
MOIJIOOMHOM. ['eH 3pUTPONO3THHA ObLT KJIOHMPOBAH
U oxapaktepu3oBaH B 1985 r. [1]. B HacTosiee Bpems
pexoMbuHaHTHBIN EPO ncnonbs3yercs Ais JedeHus
HEKOTODBIX BU/IOB aHEMUH, CBA3aHHBIX C XPOHUYEC-
KOH [T0YeYHOHU HeJJ0CTaTOYHOCTBIO, BOCTIAUTEIbHBIX
IPOLIeCCOB, MUEJIOMCIIIA3UK (HapylleHus: KpOBeTBO-
peHus), a TaKXKe B OHKOJIOTMY IIPY XMMHUOTepaInuu.

OPUTPONOITUH TAKXKe NMPOCJIABUICA KaK HeJle-
rajbHbIN JONVHI-IIpenapar B COPTe BHICOKUX AOCTH-
KeHWH. DTOT FOPMOH YBeJIMYMBaeT KUCIOPOAHYIO
BMeCTHMMOCTb KPOBH, TeM CaMbIM yBeJIMYMBasi BHIHOC-
JIMBOCTb CIIOPTCMEHOB B TaKMX BU/IAX CIOPTA Kak Be-
socnopr, 6er, 6uatioH, 6eroBbie JIbDKK. B pe3ynbTaTe
npumeHennst EPO, Hanpumep, B 2012 1. GbLI T0XKU3-
HEeHHO JMCKBaJU(PUIIMPOBAH U3BECTHBIA aMepUKaH-
CKWI BeJIOTOHIIUK JISHC ADMCTpOHT.

YcTaHOBJIEHO, YTO TaJieHre [TaplyalbHOrO JjaBiie-
HUSA KUCI0POZa IPUBOAUT K U3MEeHeHUSAM B TpPaHC-
Kpunuuu 6osiee yeM 300 reHOB. DTU TeHbI OTBEYAIOT
3a caMble pa3HOOOpa3Hble GYHKIUKM — OT PeryJsAluu
KJIETOYHOTO MeTabonu3Ma, pereHepaTUBHBIX U UM-
MYHHBIX IIPOIIECCOB /10 KOHTPOJISI BHYTPHUYTPOOHOTO
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pasBUTHUA OpraHM3Ma U aHruoresesa. Tem He MeHee,
HeCMOTPS Ha MHTEHCUBHBIE UCCIIeZIOBAHNA, ellle 60JIb-
1Iyio 4acTb XX B. 4eJIOBEYEeCTBY He OBbLIO M3BECTHO,
KaK1M 00pa30oM MOCTOSHHO MeHSIoIeecs: KOJIM4ecT-
BO KMCJIOPOZa IPUBOJUT K M3MeHeHHIo GyHIaMeH-
TaJIbHOTO YPOBHSA 3KCIIpeccuy reHoB. Tpu HoGeeB-
CKHIX JIaypeaTa 3TOro rozia, paboTast He3aBICHUMO ApYT
OT Apyra, pasrafjajiv TaiiHy, KoTopas Oyfopaxuia
yMBI yueHbIX ¢ XIX B.

HVicTopus OTKPBITUA MeXaHU3Ma KJI€TOYHOTO KUC-
JIOPOZHOTO ceHcopa — GaKTopa, MHAYLUPYEMOTO I'1-
nokcueit (Hypoxia Inducible Factor, HIF), — npen-
CcTaBJIseT COOOM 3JIeraHTHYIO JIOTMYEeCKYIO TOCIei0Ba-
TeJbHOCTD. IIpesicTaBuM cebe 3azauy, KOTOpas CTosANa
nepez; OyZymuMy HOOeJIeBCKUMY JlaypeaTaMu. 3Be-
CTHO: 06pa3oBaHKe 3PUTPOLIUTOB (IPUTPOIIOI3) KOH-
Tponupyetcsi ropMoHoM EPO u ero BbipaboTKa 3aBU-
CUT OT KOJINYeCTBa KUCJIOPOZa B OKPYyKalollel cpefe.
Hy’>XHO BBIACHUTB: KaK OCYLIECTBJAETCA 3TOT KOH-
TpoJib? C 4ero Ha4YMHaTh NOUCKU? TyT HYXHO MOAC-
HUTB CaM MeXaHU3M PeryJIALUY TPAHCKPUIILAY eHOB,
T.e. cuHTe3a PHK Ha ocHOBe nociej0BaTeIbHOCTY Ma-
tpuiel THK. Ha ocHOBe MHGOPMaIIOHHON (MaTpuy-
Hoit) PHK BrocyiezicTBiy GyzieT OCyIIeCTBIAThCS CHH-
Te3 6eJIKOB, KOTOPbIe ¥ OTBEYAIOT 32 MeTab0IM4eCKyI0
aZlanTalyo ¥ XKU3He[eATeIbHOCTb KJIETKU B YCIOBUAX
runokcuy. JIro6oii reH COCTOUT U3 KOAMPYIOLIel U pe-
TyIATOPHOM o6acteil. TobKO HeGOIbINAS YacTh re-
Ha Ipe/iCTaBJIeHa KOAUPYIOLIel 0CIeA0BaTeIbHOC-
ThIO, T.e. HeceT MHPOPMaIUI0 06 aMUHOKUCIOTHOH
nocyesoBaTeabHOCTH Genka. Kpome kopupylommumx
y4aCTKOB Ha 5’-KOHIie FeHa PacIoaraeTcs peryiasarop-
Has o6acTb (IPOMOTOP), C KOTOPOH CBSA3BIBAIOTCS
dakrops! TpaHckpunyy. OHK B CBOIO OYepe/ib B3au-
MOJEHCTBYIOT C CAUTaMM CBA3BIBAHUSA U BBIIIOIHAIOT
QyHKIMIO fUpMXepa, KOTOPBIN yIpaBjseT TPaHC-
KPUMIYEHN 1 ClocoOeH CTUMYJIMPOBATh WM MO/aB-
JIAITh 9KCIPECCHIO TeHOB.

Takum 006pa3oM, BaXKHBIM MIarOM K pasrazike ¢e-
HOMeHa DPeryJIsLUU PUTPOII033a KUCIOPOZOM MOLJIO
CTaTh OIpeJiesIeHre PeryJIaTOPHOro y4acTKa B reHe
EPO, xoTOpbIil 0TBe4aeT 3a YyBCTBUTEIBLHOCTD K -
NOKcHU. DTUM U 3aH:Ancsa CeMeH3a, pa3pe3aB TPaHC-
KPUILMOHHBIN PeTyIATOPHBIN 3eMeHT reHa EPO Ha
MaJIeHbKHe KyCOYKN.

Vcronb3ysa reHeTHYecKM MOAMQUIMPOBAHHBIX
MBIIIIeli, OH BBIBII clieriudryecKue ocjies0BaTeb-
Hoctu [JHK, oTBevarommue 3a CUHTE3 3pUTPONIOSTUHA
TIPY TMIIOKCHY, a TaK)Ke IT0Ka3aJjl UX CIOCOOHOCTD CBS-
3bIBaThCS C HEKOTOPBIMU KJIETOUYHBIMU GaKTOpaMHy,
7BA U3 KOTOPBIX WMHAYLMPOBAIUCb NPU aHEMUU
U B leYeHH, ¥ B o4YKax [2, 3]. K 1992 r. 6b11 BbiziesieH
MUHMMAJIbHBIH y4acTOK 3’-KOHLIeBOro ¢pparMeHTa re-
Ha EPO pnuHo# B 50 HYK71€0TH/I0B, KOTOPBINA MOXXHO
OBIJIO MCIIOJIB30BATh B KJIETOYHBIX JMHUAX KaK 3H-
xaHcep (YCUJIUTeNb KJIeTOYHOTO OTBeTa) A U3yde-
HUA (GAKTOPOB TPAHCKPUIILIMU NIPU THIIOKCUH [4].

JroT ydactok CeMeH3a Ha3BaJjl 3JIeMEHTOM OTBETa Ha
runokcuto (Hypoxia Response Element, HRE). Ycu-
JIUS IO U30JTMPOBAHUIO GEKOBOTO KOMILTIEKca, KOTO-
PBIii CBAI3BIBAETCA C 3TOU IOCJIeJOBATEIbHOCTHIO
IHK, yBenuanuch ycrexoM K 1995 r. CemeHsa Bbijie-
JIAT ¥ KJIOHUPOBaJ GaKTOp TPaHCKPUIILMU, KOTOPBIN
IIPACYTCTBOBAJI B 3KCTPAKTAX A/l KJIETOK, BbIPALIEeH-
HBIX B yCJIOBUAX TMIOKCUM, Ha3BaB ero HIF-1 [5].
AHanu3 aMMHOKHCJIOTHOM TOCJIef0BaTelbHOCTH
U NOCJefyoliee KIOHUPOBAaHUE COOTBETCTBYIOMIEH
JOHK nokasany, 4To OH — rerepoiuMep, T.e. COCTOUT
U3 IAByX cyObenuHun [6]. OfHa U3 HUX, OTKPBITAS
B naboparopun Cemenssl, Obia HazBana HIF-1a,
Bropas — HIF-1B, XxoTa MOTOM 0Ka3anoch, 4YTO OHA
yKe ObUIA OMKCAaHa KaK siIePHBIi TepeHOCYHK pelierl-
TOpa apoMaTHYecKux yrieBozopoznos (Aryl hydro-
carbon Receptor Nuclear Translocator, ARNT). Tak
BBISICHUJIOCH, 4TO ¢akTop HIF-1 crocobeH K mepeHo-
Cy B Apo U cBA3bIBaHUI0 ¢ [JHK-nocaenoBaTensHOC-
ThIO SHXAHCEPA UMEHHO B BUJie IBOMHOTO OEIKOBOTO
kommiekca HIF-1o,/HIF-1.

Benok ARNT o6pa3syeT retepofiumMepbl ¢ HEKOTO-
PBIMU IpyTUMH G€JIKaMy, a TIOCKOJIbKY UX aKTHBHOCTD
He 3aBUCUT OT KHUCJIOPOZa, BCKOpe CTaJo ACHO, YTO
HIF-1ot — MMeHHO TOT KOMIIOHEHT, KOTODPBIM U OTBe-
YaeT 3a YyBCTBUTEIbHOCTb K TUIOKCUU. IIpy BBICOKOM
KOHIIEHTPAIINK KUCI0poa KonudectBo Genka HIF-1o
B KJIeTKe HUYTOXHO Maso. Korga e KoHIeHTpauus
KHUCJIOpO/ia Ta/iaeT, KOJIUYeCTBO 3TOr0 OesiKa yBeJu-
YUBAeTCs M OH MOXeT 0Opa30BbIBATH KOMIIJIEKC
¢ HIF-1p u cBsizpiBathes ¢ JHK renos, obecrednsaro-
IUX a/laNTallkIo K HeZIoCTaTKy Kucyopoza. Ceilyac oT-
KPBITO yXe IieJioe ceMeiicTBO 3Tux 6enkos (HIF-1a,
HIF-20 u HIF-301), 4be coziepxanue 1 GpyHKIMY 3aBU-
CAT OT TUIA KJIETOK.

OnHOBpeMeHHO peryidluuell aKTMBHOCTU TeHa
3PUTPONOITUHA 3aHUMAICA U €3p Patkmudd. Obe uc-
CJIeZlOBaTeNbCKUE TPYIIIbI [T0KA3aJlu, 4YTO YyBCTBU-
TeJbHbIN K TUIIOKCUY GAKTOP TPAHCKPUIIIUK He TOJb-
KO paboTaet B OT/IeJIbHBIX KJIETKAX [OYeK, HO U yIIPaB-
JISIeT PAZOM MeTaboJINYeCcKUX POLIeCCOB BO MHOXECT-
Be KJIETOYHBIX JIUHUIA [7]. Takum o6pa3om, ObLia mpo-
ZIeMOHCTPHPOBAHA YHHUBEPCATbHOCTb M (YHKIMO-
HaJIbHAsA 3HAYUMOCTb KUCJIOPOAHOTO CEHCOPA.

B xonue 1990-x rof0B pe3ynbTaThl, IOJy4eHHbIE
B HECKOJIbKUX JJab0paTOpHsX, BKJII0Yasi 1abopaTopuio
Patknudda, mokasanu, uro ypoenb HIF-1o B KJieTKe
peryJmpyercst U3MeHeHreM B CTabIIbHOCTH OeJIKa, a He
B TPAHCKPUIILMM TeHa WM CuHTe3a Oejka. Boisic-
HWIOCB, 4TO B ferpagauuy HIF-1o npunnmaer yuactue
yOUKBUTHH-IIPOTEACOMHAs CUCTeMa: LIeM0YKH YOUK-
BUTHHA, 100aBJIeHHbIE K O€JIKY, TOMEYaloT ero u npu-
roBapuBalT K YHUYTOXEHMIO IpoTeacoMoi [8, 9].
Brocnencrsuu B G6esnke HIF-1o ObLT aXke BbiZeseH
OTBETCTBEHHbIH 3a ero ZierpaZialiuio y4acToK — KUCJIO0-
POZ-3aBUCUMBIN JierpaflaliMoHHbIA foMeH (Oxygen-
Dependent degradation Domain, ODD) [9]. UuTepec-



HO, YTO OTKPBITHE POJIU YOUKBU-
THHA B IIPOT€ACOMHOM Zierpaziaiiu
Genka Toxe Obl7I0 oTMedeHO Ho-
GeneBckoii mpemueii: B 2004 r. ee
NPUCYAUTA JIBYM H3PaUIbCKUM
6uonoram — Aapony IuxaHoBe-
py (Aaron Ciechanover), ABpamy
Xepmko (Avram Hershko) u ox-
HOMY aMepuKaHCKOoMy — MpBuHy
Poysy (Irwin Rose)*.

IIpuMepHO B TO e Bpemd,
B 1995 1., TpeTuii HOOeIeBCKMIA J1ay-
pear Yunbam KanuH uccienoBan
ZIOBOJIBHO PeJIKOe reHeTHYecKoe 3a-
GoneBaHue — Gose3Hb I'unmensa—
Jlanpay. OHO IPOABIIATCA B OCHOB-
HOM B BBICOKOM Hpeapacroso-
’KeHHOCTH K BO3HUKHOBEHHIO paKa
(cunbHO BaCKyJISPU3MPOBAHHBIX
OIyX0Jieii, KaK NIPaBUio, B rOJI0OB-
HOM MO3Te 1 ceT4aTKe Iasa). Bui-
SICHIJIOCh, 4TO 3TO 3aboseBaHue
NPOSIBIISIETCS B pe3ysbTaTe c60s B
pabote rena VHL (von Hippel-Lin-
dau tumor suppressor gene). B na-
6oparopuu KanuHa U301UpOBaIU
¥ KJIOHUPOBAJIU KOIPYEMBIi 3TUM
reHom Gesiok (pVHL), a 3ateMm BBO-
ZWJIY €TO B PAKOBbIE KJIETKH C My-
TaHTHBIM reHoM VHL, 4TO yrHeTa-
JI0 pa3BuTHe omyxonu [10].

Bo Bpemsi mpecc-KoHepeH-
1iuu B Jleiina-Pap6ep Kamus mpo-
KOMMEHTHPOBaJ nosydenue Ho-
GeneBckoii mpemun: Josser npu-
3HAMbCA, UMO A, KAK U OONbUUH-
CMeo yueHsIX, paspewan cebe no-
Meumamo, 4mo 00Ha# bl MO CIY-
yumca. Kozda s 6vin monod, mou
omey oueHs 1H0OUN poIOATKY, CeK-
pem ycnexa KOmopou Kpoemcs
8 3HAHUU NPABUNLHOZ0 Mecma, 20e
6ydem xopowuii ynos. B ceoe ape-

M5, 5 NPABUTLHO NOHA, 4mo 601e3Hb [unnens-Jlanday
U ObLIa MEM CAMBIM YOAUHBIM MECTOM PLOANKU.

B 1996 r. rpynna Kanuna nokasasna, 4To B KJIETOY-
HBIX JIMHUAX C fedekTHbIM reHOM VHL HabmomaeTcs
M30bITOYHAS TIPOAYKIHMSA 1IeJIOT0 Psifia GeJTKOB TUIIO-
Kcudeckoro oteeta [11]. Bce 3T0 moABOAMIO K MbIC-
iy, 4To KucjaopogHas perynauusa HIF-1 u pVHL-3a-
BHCHMOe 06pa3oBaHUe OMyX0Jiell MOrJIH ObITh Ka-
KAM-TO 00pa30M B3aMMOCBSI3aHbI, HO KaK UMEHHO,

0OCTaBaJIOCh HEACHO.
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HOPMOKCKA TMNoKCKA

PHDs = o

agantauus /

meTabonnama anonTos
aHIMOreHes, meTabonuam
nporeocoma 3pUTPONO33 rIOKO3bI
npoTeonMTUYEcKas nponudepauus
aerpagauwa W BbIXKMBaHWE KNeTOK
ymtonnasma AApO

MexaHusm perynauna pakropa TpaHckpunuun HIF-1oc B ycrnoBuax HOPMansHoOro (Hop-
MOKCIA) 1 OpaHYeHHOrO (runokeua) cHabxeHna kucnoponom [18]. Mpu Hopmokcun Ge-
nok HIF-1o: ruapokcunupyetca nponunrigpokcunasami (PHDS). 31a peakuua npoucxo-
[UT TOMbKO B MPUCYTCTBUM KICAIOPOAA M CAIY)XUT CUrHANOM K B3auMOLEACTBII0 C OENKOM
pVHL. O6pa3oBaHue 6enkoBoro komnnekca pVHL ¢ HIF-1o. npusomut Kk nonuy6uksuTIpo-
BaHWI0 NMOCMEHEro 1 HanpaBAET ero Ha ferpafaHuio 26s npoteacomoii. fnapokenunnpo-
BaHue 6enka HIF-1o dhaktopom, nHrnbupytowmm HIF (FIH), 6noknpyet o6pasoBaHue Kom-
nnekca HIF-1 ¢ koakTBatopamu TpaHckpunuuu GBP/p300 1 TeM cambiM CHIDKAET 3KC-
npeccuto reHo-muwerein HIF-1. B ycnosuax runokcun depmentsl PHD HeakTnBHbI. be-
nok HIF-1o n36eraeT aerpapauni n HakannmBaeTca B Ape, re CBA3bIBAETCA CO CBOUM
naptHepom HIF-1B n 06pa3syeT koakTBaTOPHbIi kOMNAeEKC ¢ yyacTuem CBP/p300. dakTop
TpaHckpunumn HIF cBA3bIBaETCA C reHami, perynAaTopHaA 06nacTb KOTOPbIX COAEPXUT No-
cnegosarensHocTi HRE (3nemeHTbl 0TBETA HA TUNOKCUI0) 1 aKTUBMPYET X IKCMPECCHIO.

Pasragka npumua B 1999 r., korza Patknudd
C KOJUIeraMyl HalllJId HeIOCTAIOIMI KOMIIOHEHT MeX-
oy pVHL u HIF-1a [12]. IM oka3aycs KOMILJIEKC
youkBuTHH-Mraza E3, a 6enox pVHL, 6yayuu yac-
ThIO 3TOTO KOMILJIEKCA, BBIIOJIHAET POJIb KOS U Ha-
npasidger HIF-1o Ha mpoTeosus.

Terneps 0CTaBaIOCh TOJILKO NOHATH, KAKMM 06pa-
3oM pVHL pacniosnaer HIF-1o u npuroBapusaer ero
K CMepTH TOJIbKO B IPHCYTCTBMY Kucnopoza. Hax aToii
npobemoii paborasnu tabopatopuu Kanuna u PaTk-
nmudda 0IHOBPEMEHHO, a pe3yIbTaThl ObUIH OMy0IHu-

* [ToppobHee cM.: Bensrnosa JLII Jlaypeatst HobeseBckast ipeMu
2004 roza mo xumuu — A.Iluxanosep, A.Xepuiko, 1.Poys // ITpu-

poza. 2005. Ne1. C.74-76.

KoBaHsl B 2001 r. B 3xypHase Science GyKBaJIbHO Ha CO-
cegHux cTpaHunax [13, 14]. Oxkasanock, uto pVHL
pacniozHaer HIF-1o TOJIBKO ITpY TUAPOKCUINPOBAHUYI
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OCTaTKOB ITPOJIMHA B €0 KACJIOPO/-3aBUCUMOM JJOMe-
He (ODD) koBaseHTHO!N MoAu(UKaLUK, KOTOpas 3a-
BHCHUT OT HaJIMYKSA AOCTYIIHOTO KUcIopoza. Takum 06-
Pa30M BCe YacTH Na3ja COeJMHWINCh B KPACUBYIO Kap-
TUHKY. [Ipy TUIIOKCUH, B OTCYTCTBHE KUCIOPOZQ, T/ -
POKCUMIIMPOBaHKe He TPOUCXOAUT, a 3HauuT pVHL He
Moxer y3HaTb HIF-1o. B cBor odepens HIF-1a He
yOUKBUTHHUPYeTCS U n3beraet pa3pyLieHus mporea-
comoit. ITpoucxomur HakomeHwe 6Gemka HIF-lo
B KJIETKe, OH CBSI3bIBA€TCS C HaPTHEPCKOi CybeuHu-
et HIF-1P 1 akTUBUpYyeT reHbl, KOTOPbIe OTBEYAIOT 33
a/lanTalyio K TUIIOKCHH.

Bckope ObL BbiZiesieH G€JIOK M ONKCaH TeH Mpo-
nunrugpokcunassl (Prolyl Hydroxylase, PHD), ote-
Jaomui 3a rugpokcunuposanue HIF-1o [15, 16].
Onpenenenue ponn PHD B KayecTBe OJHOIO U3 KOM-
[IOHEHTOB CEHCOPHOT0 MeXaHU3Ma KUCJI0po/a Aajio
BO3MOJXHOCTb Pa3paboTKu crieliupryecKux NHrubu-
topoB PHD pnna yBenuyenusa aktusHoctu HIF-1
B KJIETKaX, HallpUMep, [JIsl YBeJIN4eHNs IPOU3BOJICT-
Ba 9PUTPOINOITHHA y NALIIEHTOB C aHEMUEH.

B 2001 r. CemeH3a ¢ KOJjIeraMmu OIMCaJl eme OfuH
KHACJIOPO/I-3aBUCUMBIM MEXaHU3M, OIpe/ieIAIINN Ha
3TOT pa3 He perpaznanuio 6enka HIF-1a, a ero akTus-
HOCTb B KayecTBe paKTOpa TPaHCKPUIIMK — (QaKTOp,
unrubupyromuii HIF (Factor Inhibiting HIF, FIH) [17].
FIH TOXe OTHOCHTCA K KACIOPOA-3aBUCUMBIM TUAPO-
KCHJIa3aM, HO MOIQUIIPYeT acllapariHOBbIe OCTaTKU
B N-KOHI1eBOM akTHBanoHHOM fiomeHe HIF-1o. Takoe
TU/IPOKCUIMPOBaHUe IPerATCTBYeT B3auMO/eliCTBUIO
HIF-1o c KoaKTUBaTOpaMu TPaHCKPUIILIMK.

Dmo omkpvimue HeCOMHEHHO 80tidem 8 Y4eOHUKU.
DOmo mo, umo yuenuxu 12, 13 nem, a 603MOHCHO
u mnaduwe, 6yoym usyuame 6 Kypce obujeii 6uosozuu.
Dmo HeCOMHEHHO O1eHb-04eHb 3axeamuiéarouje! — Tak
OTO3BAJICA B [IeHb IPUCYKA€HUSA IIPEMUN KOJLIera Jia-
ypearos, mpodeccop KeMOpHIKCKOTO yHUBEpCUTETaA
1 wieH HobesneBckoro komuteta Panzamt JIKOHCOH.

Kax BUIHO U3 UCTOPUM OTKPBITHA MeXaHU3Ma pe-
ryasinuu HIF, GONBIIMHCTBO KUCCIeA0BAHUI OBLIO
nposezieHo B 1990-x — navazne 2000-x rozos. IToyve-
My xe HobGeseBckas mpemMus 3a MCC/eZIOBaHYe MexXa-
HM3Ma BOCIPHUUMYMBOCTH K CHaOXKEHUIO KJIETOK KHC-
JIOPOJOM IIPUCYX/eHa ciycTs novru 20 jer?

OTKpBITBIN TeposIMU 3TOU CTATbU MeXaHWU3M KHC-
JIOPOJHOTO CeHCOpa XapaKTepeH MPaKTU4eCKU AJs
BCeX MHOTOKJIETOYHBIX )KABOTHBIX. Takas KOHCepBa-
TUBHOCTb cZesana HIF KOMIIOHeHTOM Cpa3y HeCKOJIb-
KUX PperyJsaTOPHBIX KacKa/l0B, BOBJIEYEHHBIX KaK
B pyHIaMeHTaNbHbIE GPU3NONIOTUYECKIE, TAK U B M-
MYHHBIe U BOCIIaJIUTe IbHbIe IPOLeCCHI.

Llenplil pAA NATONOTUH CBSA3aH C HApYLIEHUSIMU
cHab)XeHNsl TKaHel KUCIOPOZIOM WJIM OTBETOM Ha 3TO
cocrosiHue. Takoe OZIHOBpeMeHHO QyH/laMeHTaIbHOe
Y NOTeHLUAaJbHO NIPUKIaHOe 3Ha4eHre OTKPBITUSA
CTaJI0 OYeBU/IHBIM UMEHHO B IIOCJIe[JHee [ieCATUIIeTHE,
U He B IOCJIEe[HIOK O4Yepe/ib CBA3aHO C INPOPLIBOM

B pa3paboTKe XUMUYECKHX UHTUOUTOPOB Pa3jIMnuHbIX
KOMIIOHEHTOB KUCJIOPO/-3aBUCUMON peryisaiyy ak-
TUBHOCTU KUCJIOPOAHOrO ceHcopa. HexkoTopele u3
3TUX UHIMOUTOPOB B HACTOAIee BpeMs yXKe IIPOX0-
IAT KIMHUYeCKHe UCTIbITaHuA. He BbI3pIBaeT cOMHe-
HUH, 4TO B GirKaiiinee BpeMs 3TO IIPUBeJeT K MOII-
HOMY TIPOPBIBY B MeJMLIMHCKOM NMpaKTUKe. OTO U 3a-
craBusio HoGeneBCKuii KOMUTET c/ielaTh CBOY BBIGOD
B nosib3y Kanuna, Patknudda u CemeH3sl.

Camble 60JIbIINe HaZleXK/Ibl, HECOMHEHHO, CBSI3aHbI
¢ pa3paboTKOil MPOTUBOOIYXOJIEBBIX MpPeIapaTos.
Be3yzep:kHbII POCT PAKOBBIX KJIETOK IPUBOJMUT K fle-
bumuty KuCI0poaa, IMIOKCUS CTUMYJIMPYeT IIpopac-
TaHUe B OIIyXOJIb HOBBIX KPOBEHOCHBIX COCYZOB, U3~
MeHsIeT MeTab0JIM3M PAKOBBIX KJIETOK U UX BbDKHBae-
MOCTb. /IaBHO U3BECTHO, YTO OIIYyXOJIU C IPU3HAKAMHU
TUNOKCUY MMEIOT OYeHb IJIOXOW IPOTHO3 U IIJIOXO
noajamTcsa xumuorepanuy. C ofHON CTOPOHBI, 110~
JlaBJieHUe OTBeTa Ha MMIIOKCHUIO C UCIIOJb30BaHUEM
uHru6utopoB HIF MoKeT MOMOYb OCTaHOBUTD He-
KOHTPOJIMPYeMBIN pOCT onyXosu. C Apyroi CTOPOHBI,
akTuBanuio HIF B paKOBbIX KJIeTKaX MOXHO MCIIOJIb-
30BaTh JJIs1 TAPTeTHOM J0CTaBKU LIUTOTOKCUYECKUX
TIpenaparoB, KOTOpbIe OyAyT aKTUBUPOBAThCSHA TOJIBLKO
B OIIyXOJISIX, YTO NOTEHIMaJbHO YCUJIUT UX JIeliCTBUE
Y CHU3UT MPOsIBJIEHHE MOOOYHBIX 3P PEKTOB.

VIHr1GUTOPBI IPOJIMITHAPOKCIIA3, KOTOPBIE Ipe-
oTBpamaoT Aerpagauuio HIF B ycioBusiX HOpMOKCUM
(HOpMaJIbHOTO CHabXeHUs KUCTIOPOJIOM), TIPeJIIOIo-
KUTeJIbHO MOTI'YT HAalTU [IPUMeHeHMe B JleYeHU! aHe-
MUH ¥ TIOYEYHO HEZI0CTaTOYHOCTY U OBITh aJibTepHa-
THUBOW PeKOMOMHAHTHOMY 9PUTPONOATUHY. [I0TeHIu-
aJbHOE IIPYMEHEHHE TAK)Ke CBA3aHO C BOCIAIUTEIIb-
HBIMH TIPOL[eCCaMU, Cep/iedHO-COCYAUCTHIMU 3aboIte-
BAHWSAMM, BKJIIOYasl MHCYJIbT, UHGAPKT MUOKapAa, TH-
IIEPTOHMIO, ¥ 320071eBaHUAMY JIbIXaTeIbHBIX IyTeH.

ITenb pa3pabOTKU JIeKapCTBEHHBIX NPeNapaToB
BBIXOJIUT JlaJIeKO 3a IpeJebl JiedeHHs] COOCTBEHHO
TANOKCUYeCcKUX coctogHui. [Tockonsky HIF perynm-
pyet aHruoreHe3 (PoCT HOBBIX KPOBEHOCHBIX COCY-
II0B) ¥ cIIOCOGCTBYeT BhIpaboTKe haKTopa pocTa SH-
notenus cocyznos (Vascular Endothelial Growth Fac-
tor, VEGF), 3Tu nccienoBanus pacliupsioT HHCTPY-
MeHTapuil K pAAy NaTOJOTUH, CBA3aHHBIX C Hapylle-
HHMeM KPOBOOOpalleHus, TAKUX KaK aTepOCKIepos,
pPEeBMATOUHBIN apTPUT, SHAOMETPHUO3 U afleHOMUO03
B TMHEKOJIOTWH, [TOPa)KeHre CeTYaTKU riiasa [IpU BO3-
pacTHOM MaKyJIoAUCTPOPUH.

Taxum 06pa3oM, MHTEHCUBHbIE Pa3pabOTKY aKazie-
MHYeCKUX J]abopaTopuii 1 papMaKOIOrIecKUX KOMIIa-
HWY BeJlyTCs1 ONHOBPEMEHHO B [IBYX HalpaBJIeHUAX: 110~
MCK MHTMOUTOPOB Pa3HbIX KOMIIOHEHTOB MeXaHW3Ma
YyBCTBUTEILHOCTH K TUIIOKCHY U CTIOCOOOB €ro aKTHBa-
LMY B YCTIOBUAX HOPMAJIBHOTO CHAOXEHHS KUCIIOPOIOM.

© 0.C.Cadponosa, PhD
Mendeleev — Tokyo International Science Labs
(Tokuo, AnoHus)
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2019 Nobel Prize Laureates In Physiology or Medicine: William G. Kaelin, Sir Peter J. Ratcliffe,
and Gregg L. Semenza

0.S.Safronova
Mendeleev — Tokyo International Science Labs (Tokyo, Japan)

The Nobel Prize in Physiology or Medicine 2019 was “for the discoveries of how cells sense and adapt to oxygen availability.” The prize is divided equal-
ly between the Americans William G. Kaelin and Gregg L. Semenza, as well as the British Sir Peter J. Ratcliffe. The statement of the Nobel Committee
notes that the research sheds light on the mechanism of one of the most necessary adaptive processes for life, the adaptation of cells to constantly
changing oxygen levels. Despite the fact that scientists conducted research independently of each other, in the aggregate, their work opens up great
opportunities for the development of new promising ways to combat anemia, cancer and other diseases.

Keywords: Nobel Prize, hypoxia, oxygen, hypoxia inducible factor (HIF), erythropoietin, cancer, anemia.
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Hesupuman yepHaa abipa 06HapyXeHa MeToaom
Ho6enesckux naypeatos 2019 ropa

Cpasy nocie o6bsiBnenusi HobeseBCKHX JlaypeaToB
3TOTO rojia B xypHase «Nature» BbIIIIa CTaTbA*, B KO-
TOPOii 610 06HAPOJOBAHO OTKPHITHE Y€PHOM AbIPhI
MeTozoM Mumensa Maiiopa u Juase Keno. I'pynna
KUTANCKUX, aBCTPAJIMICKUX U aMePUKAHCKUX YIeHbIX
0OHapy)XuIa HEBUAUMYIO YePHYIO AbIPY, BOKPYT KOTO-
poii obparnaeTcst JOBOJILHO KpynHas 3Be3zia. Ee macca
cocrasiset 8.2 Maccol CosHIla, @ pafinyc — OKOJIO 9
ero paauycos. JIByxyieTHue HabII0IeHIs BapUaLuii
pajranbHOM CKOPOCTH 3Be3ZIbI C eproZoM obpaiie-
HUA 78.9 CyT I03BOJIWIINA YCTAHOBUTH MACCy HEBUZU-
MOTO TeJia, BOKPYT KOTOPOro obpaliasiachk 3Be3zia: OHa
OKa3ajach paBHOU okoJo 70 macc CosHIa.

Taxue mMacchl 3Be3JHOH Mapbl 03HAYaloT, YTO pac-
CTOsIHME MeXly HIMU He 04eHb BEJIUKO: OHO COCTaBJIA-
eT npuMepHO 1.3-1.4 acTPOHOMMYECKUX €NVHUIIbI
(paccrosamii ot Connua g0 3emin). Ha mepBbiit
B3IJISI/] KAXKETCS YAMBUTEIIbHBIM, YTO He yAaIoCh OOHA-
PYXXUTb PEHTTeHOBCKOE U3JIy4eHre OT 3Be37IHOTO BeT-
pa, KOTOPBIH J0JKeH ObUT ObI MaZlaTh HA YEPHYIO IBIPY
¥ TIOIyTHO U3JTy4aTh GOTOHBI BHICOKOH 3Hepruu. Of-
HaKO aCTPOHOMBI, coOpaBmInecs 6 nexadbps B Focyzmap-
CTBEHHOM AaCTPOHOMMYECKOM WHCTUTYTe HMeHU
I[1.K.IITepHGepra Ha cemuHape uMeHu 51.B.3eb10BY-
Ya, IPUIUIY K BBIBOJY, YTO 3TO BIIOJIHE BO3MOXXHO.

3aMeTuM, YTO OTKPBITHE Naphl «3Be3/la—depHas
IbIpas OJDKHO MPUBOAUTSD ellle K ofHOMY 3 dexTy.
YepHas fbipa GpOKycHpYeT uydeHne 0ObIYHOI 3Be3-
Jbl, IOCHLIAS B OKpYXKalolee MPOCTPAHCTBO TOHKUE
JIy4u, KOTOpBIe 7Sl HabirojaTesisi, OKa3aBIIerocs Ha
MPSIMOM, COeIMHSIONIEN [IeHTPhI Macc 3TOi maphl, 6y-
IyT BBITJIAZIETh KaK O4eHb KOPOTKMeE BCIIBIIIKY CBeTa
CO CIIEKTPOM 3Be3/ibl. 3eMHBIM aCTPOHOMAM He [0Be3-
JI0: TJIOCKOCTh, B KOTOPO! PacxXoAuTcs cHOKyCcHpo-
BaHHOe U3JIydeHue, He IPOXOAUT Yepe3 Hally IIaHe-
Ty. OJHAKO ecyiv 3Ta apa He UCKJII4YNTesbHA B ['a-
JIaKTHKe, BO3HUKAET IIaHC 0OHAPYXUTh IPaBUTALIHU-
OHHYI0 (OKYCHUPOBKY (MUKPOJMH3UPOBAHE) JPYTH-
MU YEePHBIMU AbIPAMHU.

© noxTop PU3MKO-MaTeMaTHYeCKUX HayK A.B.Bsiko
VIHCTUTYT TeOpeTuydeckoit GU3nku
nmenu JI.JI.JTaunay (MockBa)

* Liu J., Zhang H., Howard A.W. et al. A wide star-black-hole bina-
ry system from radial-velocity measurements. Nature. 2019;
575: 618—621. DOI:10.1038 /s41586-019-1766-2.

ImmyHonorus

Kopb ocnabnaet 3awuTy 0T Apyrux nHchexkumi
Bupyc kopu (Measles morbillivirus), Kak BBIPaXalOTCS
CIIeUaNUCTBI, TMMQPOTPOITHBIN BUPYC, KOTOPHIH BbI-
3bIBA€T OCTPOE BBHICOKO KOHTAarno3Hoe 3abojieBaHue
C JJIATeIbHBIM NepHO/IOM UMMYHOCYIIPECCAU MOCTIe
BUpeMHHU. DTO O3HAYAeT, YTO MHPEKIH Ipe3BbIyaii-
HO 3apa3Ha (pacrnpocTpaHseTcsl BO3AYIIHO-Kaleb-
HBIM IIyTeM U nopaxkaeT 4yThb i1 He B 100% ciyyaes),
ee BO30yAUTeNIb PAa3MHOXXAeTCS B TMMPATUIECKUX y3-
J1aX, Hopa)kaeT KJIeTKU UMMYHHOI CHCTeMbl, KOTOpas
ellie Z10Jroe BpeMs He MOKeT BOCCTAHOBUTBCS T1OCTIe
LUPKYJIALWUY BUPYCa B KPOBU.

3apa3uThbCsi MOTYT He TOJIbKO HeBaKIIMHUPOBAH-
HbI€ JIeTH, HO 1 B3POCJIble, KOTOPbIe He 60Jie KOPbIo
B IETCTBe WJIY He ObUIM MPUBUTHL. OTHAKO CMEpPTellb-
HO OlacHa OHa MMeHHO /s Jleteid. Kaszasnock 6bl, co-
3nanHas 6osee 50 net Hasan GesomacHas v 3P Pek-
THBHAs BaKIMHA JO/DKHA Obla 06y31aTh pacipocT-
paHeHue kopu. OHAKO MacCOBBII OTKA3 OT UMMYHU-
3alMy IpYBeJI K TOMY, UTO B IIOCJIeZIHMe IIapy JieT Yuc-
JIO 3aperucTpUpPOBaHHBIX B MUpe CJlydaeB BO3POCIIO
Ha 30%. ITo nauHbIM BceMupHOIl opranusanuu 3apa-
BooxpaHeHus (BO3), B 2018 r. ot Kopu ymepJio 6oee
140 ThIC. YeI0BEK B MUpe, TprUYeM OOJIBIIHHCTBO CIIy-
4yaeB C JIeTaJIbHBIM UCXO/I0OM IIPUXOJUTCA Ha JleTeil
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IneKTpOHHAA MuKpodoTorpadua Bupyca kopu. [Juamerp supu-
oHa — 100-200 Hm.



Miazme naty jeT. Ceifyac y Bcex Ha CJIyXy MaccoBast
BCIIBIIIKA KOPH B HEGOJIBIIOM OCTPOBHOM TOCYapCT-
Be Camoa c naceneHueM Bcero 200 ThIC. YesOBeK.
OmuaemMus Havauach B cepefinHe OKTAOPS TeKyIero
roja, a 4 nexabps yxe 6110 3apuKcrpoBaHo 6oJee
4 ThIC. CyYaeB 3ab0seBaHuUs1, U3 HUX 60 — C JieTasb-
HBIM UCX0Z[0M. [IpUYMHON CI0XKUBIIeNCA CUTyallun
3kcnepThl BO3 cuuTalOT pe3koe CHU)XKeHUe B CTpaHe
YPOBHS IMMYHHU3aL1U POTUB Kopu (B 2014 . 6bLI0
BaKIMHUPOBaHO 84% pnerei, a B 2018 r. — 30%), BbI-
3BaHHOTO MacCOBBIM OTKa30M OT IIPUBUBOK W3-3a I'M-
Genut IBYX /ieTeld, KOTOPBIM IO MPECTYIMHOM XaJaTHO-
CTH MeJicecTep BaKIMHa OblIa BBeJleHa C HapyLIeHueM
MHCTPYKLUH.

Hazo cxa3aTb, 4TO cpeil CTOPOHHUKOB aHTUIIPU-
BMBOYHOTO /IBIDKEHUS eCTh COBCeM Ge3yMHbIe pOsiui-
TeJIY, KOTOphIe CllelaIbHO 3apakaloT CBOUX JieTel,
CYUTas, 9TO PUCK OCJIOKHEHUH OT OO0JIe3HU MeHblIle,
4eM OT BakuuHauuu. Ha camom zese Bce HA060pOT.
K ToMy 3Xe, y KOpH, KaK 0Ka3a10Ch, €CTb OT/laJIeHHbIE
HeraTusHble nocnenctsus. Eme B 2015 r. M.MuHa
C KOJUIeTaMH, IPOAHAIN3UPOBAB JaHHbIE O CMEPTHOC-
TH, cOGpaHHbIe ¢ Hayala MacCOBOY BaKIMHALIUY B I1e-
PUO/IBI BCIIBIIIEK KOPY, TIPE/TIONIOXIIIM, YTO 3Ta 60-
JIe3Hb MOJET BBbI3bIBATh HE BPEMEHHYIO, a [JIUTEJIb-
HYIO (B Te4eHUeE JBYX—TpeX JIeT) IMMyHOCYIIPeCCUI0 ™.
VIHBIMU CTI0BaMHU, BUPYC KOPY MOXeT IPUBECTU K UM-
MYHHO# aMHe3u# (KOTZla IMMYHHas cucTeMa repe6o-
JIeBIIero «3abblBaeT» O PYTUX INepeHeCeHHbIX UH-
dexuuAx u He 3alIUIIAeT OT HUX), U3 Yero cleayer,
YTO CMEpPTHOCTb OT IPYTUX TaTOreHOB YBeJIMYNBAeTCs
10CJI€ BCIBIIKY KOPU.

[l IPOBepKU 3TOH IMIOTe3bl UMMYHOJIOTH HUC-
cJiej0Ba 06pa3ibl KPOBU JleTeld, YbH POJIUTENN U3
PeNUTHO3HBIX CO06PaXkeHNI 0TKa3bIBaJIUCh OT JIIO-
ObIX TPUBMBOK**. Jlesio 6bu10 B 2013 . B Huznepiau-
JlaX BO BpeMs 3MUAJIeMUU KOPY, U HeYAUBUTEJILHO, YTO
77 u3 82 peteii 3a6osenu. [IsTepo yieeBIInx, a TaK-
e 37[0pOBble IPUBUTBIE IeTH BOLLIN B KOHTPOJIbHYIO
rpynny. [Isi o6Hapy)eHus B 06pa3iiax KpoBH ciie-
nrduYecKUX aHTUTeN K HanboJiee paclpoCcTpaHeH-
HBIM T1aTOTeHaM y4eHble pa3paboTan TeXHOJIOTHUIO
VirScan. KpoBb zieTeii 13 3KCrepuMeHTaIbHON IpyI-
TbI 10 60JIE3HU COZIeprKasia aHTUTeIa KO MHOTUM pac-
IIPOCTPAaHEHHBIM [TATOreHaM, a Iocie — Tepsaa ot 11
10 73% oT penepTyapa aHTUTeJ. B KOHTpOJIbHOU
IpyIie X KOJIM4YecTBO coxpananocs Ha 90%. Mccie-
ZI0BATeJIN MIPeAOJIOXKWIIH, YTO [TOTePsI aHTUTEJI IIPO-

* Mina M.J., Metcalf C.J.E., Swart R.L. de et al. Long-term measles-
induced immunomodulation increases overall childhood infectious dis-
ease mortality. Science. 2015; 348(6235): 694-699. DOI:10.1126 /sci-
ence.aaa3662.

** Mina M.J., Kula T., Leng Y. et al. Measles virus infection dimin-
ishes preexisting antibodies that offer protection from other
pathogens. Science. 2019; 366(6465): 599-606. DOI:10.1126/sci-
ence.aay6485.

WCXOZUT U3-3a CHI)KEeHUA KOJIN4ecTBa B-kieTok um-
MYHHOU CHUCTEMBI.

IToncKOM NPUYMHBI CHIDKeHNsI UMMYHHOTO OTBETa
3aHAJach MeX/lyHapoAHas I'pylIa ucciefoBarenei,
KOTOpble 0OPaTHJIMCh HETIOCPEICTBEHHO K IIPOAYLIMPY-
IOLIMM aHTUTeJIa B-kjeTkaM — OCHOBHOU MUILIEHU BU-
pyca Kopu***. Y4yeHble MpoaHaIU3UPOBAIU 0OPa3LIbI
KPOBHU 26 JieTell U3 TOM 3Ke IPYIIIbI 10 U TT0cJie 60JIe3H:
¥l BBISICHUJIY, YTO MHQEKIUS CHIDKaeT pa3Hoobpasue
He TOJIbKO KJIETOK [IaMATHU, HO U HaUBHBIX B-KieTok
KOCTHOTO MO3ra, KOTOPbIE IOJKHBI BCTYHaTh B 60PBOY
C ellle He3HAKOMBIMU OpPraHU3My IaToreHaMu. Takum
00pa3oM, HelPUBHTHIE OT KOPH JIeTH He TOJIbKO OyayT
3apaxxeHbl Bupycom M.morbillivirus B 9 cnydasx u3 10,
HO U CTaHyT 6oJiee YSI3BUMBIMH /1751 HOBBIX BO30y/uTe-
JIell U /1714 Tex, ¢ KOTOPBIMHU YiKe BcTpeyanucs. [Tomy-
YeHHble pe3yJIbTaThl — ellle OZIHA BecKasi IPUYMHA s
BAaKUMHALWHY JIeTel, 0COOeHHO B CJIOXKUBIIEICA Snuze-
MUOJIOTUYeCKOW CUTYaLUH.

ITo marepuanam «Science»

[eHeTnKa. ImbpmronoruAa

Popunuch nepebie B MUPE XUMeEpbl
CBUHbU 1 00€e3bAHDI
B coBpemMeHHOM Mupe Bce 4Yalie rOBOPSAT O KCeHOTeH-
HOM OpraHoreHe3e — BBIPAIMBAaHUY OPTaHOB U TKa-
Hell OZIHOTO BU/A XXUBOTHBIX B TeJle APYTOro — JJIf
MOCJIeIYIOMIEr0 U3bATHS U TPAHCIUIAHTAIUK. MeXBu-
ZIOBbIE XUMePHhI (OPraHU3MBI, COCTOSIIIE 13 FeHeTHYe-
CKY Pa3HBIX KJIETOK, KOTOPbIe He MOTJIH ObI CyIIeCTBO-
BaTh B IPUPOZie) HanboIee YCIemHo MOIy4aoT B 0C-
HOBHOM /111 IPBI3YHOB. Ho /171 TpaHCITaHTAUUK de-
JIOBeKy OpraHbl I'PHI3YHOB He NMOJAXOAAT. B kauecTBe
MOTEHIMANbHBIX IOHOPOB OPraHOB PacCMaTPUBAIOT
CBUHEH, OPraH13M KOTOPBIX MOX0X Ha YeJI0BEYECKHI.
B 2017 r. 6b11a omy6mKoBaHa paboTa** **, B KOTOPOi
I0Ka3aHa BO3MOXHOCTb CYILIeCTBOBAHKS IMOPHUOHOB
CBUHEH C KJIeTKaMu 4esioBeka. OfHaKO /1071 YesoBe-
YeCKUX KJIETOK B OpraHu3Me CBMHbY ObLIa OYeHb Ma-
nenbkoi (1:100 000). Kpome Toro, npu BHeZpeHUU
YeJIOBeYeCKUX KJIETOK B SMOPHOH Ha PaHHUX CTa/IMAX
aMOpHoreHe3a mpesicKa3aTh, B KAKUX KOHKPETHO Op-
raHax OHM OKaXXyTCs B JjaJibHeHIIeM, HEBO3MOKHO.
Bce nostyyeHHble SMOPHOHBI IPHUIIIOCH YHUYTOXUTD
3 3TUYECKUX COOOPaXKeHHH.

B 1eHTpasbHOM 1a60PaTOPUK CTBOJIOBBIX KJIETOK
Y PenpoAyKTUBHOM Guosoruu VIHCTUTYTA 300JI0TUH

*%*% Petrova V.N., Sawatsky B., Han A.X. et al. Incomplete genetic
reconstitution of B cell pools contributes to prolonged immunosup-
pression after measles. Science Immunol. 2019; 4(41): eaay6125.
DOI:10.1126 /sciimmunol.aay6125.

**%% Wiy ., Platero-Luengo A., Sakurai M. et al. Interspecies chime-
rism with mammalian pluripotent stem cells. Cell. 2017; 168: 473—
486.D0I:10.1016/j.cell.2016.12.036.
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KuTaiickoii akazieMuy Hayk co3zia-
JI XUMEpHBIX TOPOCAT C BHEZIPeH-
HBIMU KJIETKaMHU MaKaka-Kpaboe-
na (Macaca fascicularis)y — no-
BOJIbHO GJIM3KOTO [JIsi YesoBeKa
BU/Ia, YaCTO MUCIHOJIb3yeMOro JJid
MeULIMHCKUX MaHUNYJIALNNA.
ITocne anuTeNbHBIX NpeaBapU-
TeJIbHBbIX MCCJIeJOBAaHUN U MOJU-
¢dbukanuu cpensl A BhIpalIMBa-
HUSl CTBOJIOBBIX KIJIETOK Yy4eHble
BBEJIM MOJIyYeHHbIe KJIeTKU MaKa-
KOB B 61acronucThbl cBUHeH. (CTBO-
JIOBble KJIETKU IIpe/iBapUTeIbHO
ObLT MOAUPUIIMPOBAHBI, YTOOBI
B JlaJIbHEMIIIEM MOXHO OBLIO OT-
CleUTh UX M0 (GII00pecleHInn
[MGpPUbI CBHbBY 1 MaKaka. 6enka GFP). 3 4359 6nacrouuc-
TOB MOJIYYWIN 59 SMOPHOHOB, TPH
U3 KOTOPBIX OBLIM XUMEpHBIMH.
CTBOMNOBbIE KNETKM Taxkum 06pa3oM, y4eHble TOKa3an
MRARRAGIpaGk IPUHLUNNAAIBHYI0O BO3MOXHOCTh
BBIpAIIMBAHUS SMOPUOHOB CBHHEN
C BBeJIeHHbIMU KJIETKaMU MaKaKOB.
[ns fanbHENIINX HcCcaejoBaHUMN
TpU GepeMeHHOCTH peleHo ObUIo
ZIOBECTH /IO POJIOB, OZIHAKO Gepe-
MEHHOCTb OJJHOM U3 CBUHOMAaTOK
Bnactoumct XUMEpPHBIA IMBPUOH 25-30-nHesHbIA NOpPOCEHOK 110 HEM3BECTHBIM IIPUIMHAM IIpe-
dpoHEI pBajnack. Y ABYX APYTUX POAUIOCH
10 nmopocAt, BOe U3 KOTOPBIX OKa-
MpuHUMNIMANbHaA CXeMa 3KCMEPUMEHTA. 3aJMUCh XMMepHbIMU. OJHaKO Bce
OHU yMepJIU B TeueHue OHOH He-
JieJIv TI0CJIe POXKIeHUs.
CMepTHOCTb IIOPOCAT y4eHble
CBA3BIBAIOT HE C reHeTUYeCcKUMHU
BMeIlaTeJbCTBAMU B OPTaHU3MBI
’KVBOTHBIX, a C IIJIOXO OTJIaXKeH-
HBIM 711 CBUHEH IPOLIecCOM 3KC-
TPAKOPIOPAJIBbHOTO OIJIOJOTBOpe-
Husa (DKO), Benp mopocAra u3
KOHTPOJILHOH TPyIIibl, 6€3 UCKyC-
CTBEHHBIX reHeTHYeCKUX M3MeHe-
HUM, TaKXXe yMepJIu.
Wccnenosanus opraHos Xumep-
HbIX CBHMHEH MOKAa3aJo, 4TO KJeT-
KM MakKaka-KpaboeJa BCTpevaroT-
€l y HUX B Pa3HbIX OpraHax, BKJIIO-
yasg cepAle, MevyeHb, Cesle3eHKY,
JIeTKMe ¥ KOXY, HO He B OpraHax
pPenpoayKTUBHOU cucTeMbl. Kpo-
Me TOTr0, KJIeTK! He OCTaJIUCh ILJII0-
PUIIOTEHTHBIMU: 10 KpaliHel Me-
pe B IleYeHU U MOYKAX OHU AUP-
(depeHIPOBAJINCH B TeNaTOLUCTHI
IMOPNOHBI CBUHBIA: OUKWA 1 XUMEPHBIA TUMbI. ProopecleHuna Genka GFP B kneTkax ¥ peHaJbHbIE KJIETKU COOTBETCT-
Makaka B 3MOpUOHe CBUHbY. MacwTab — 2 Mm. BeHHO. OZIHAKO Z0JI KJIETOK Ma-
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KaKOB B OpraHM3Me CBMHEH 0Ka3aiach HEBBICOKA —
ot 1:1000 go 1:10 000 Ky1eTOK B 3aBUCUMOCTH OT TKa-
HU (BIpodYeM, 3TO GOJiblle, YeM B HKCIEPUMEHTax
C YeJIOBEYECKUMU KJIETKaMH).

HecMmoTps Ha TO YTO 110 BBIPAIIMBAHNUSA IOHOPCKUX
OpPraHOB I0KA elle 04YeHb JaJeKo, OJTyIeHre XUMep-
HBIX TUOPHU/IOB, HECOMHEHHO, GOJIBIION 1Iar B 3TOM
HaIlpaBJIeHUN.

Protein & Cell. 2019.
DOI: 10.1007/513238-019-00676-8.

3oonorud. Konorng

3onoto6pioxan 606poBan Kpbica

Hay4mnacb noepartb Xab-ara

Tax CJI05KUII0Ch, YTO SHAEMUYHbIEe HKOCHUCTeMbI ABCT-
pasnuu, reorpaduuecky U30JUPOBAHHBIE OT OCTAJIb-
HOTO MMPa, OKa3aJIUCh MOJBEPXKEHBI CYIIeCTBEHHBIM
M3MeHeHUM 13-3a OOJIBIIOro KOJIMYeCcTBa NHBA3UB-
HBIX BUJIOB, 3aBe3eHHBIX 4YejioBekoM. B 30-x rogax
MPOIJIOTO BeKa /Jist GOPbObBI C BpeUTeIsIMK TIJIaHTa-
IMI caXapHOTO TPOCTHUKA B ABCTPAJIMIO 3aBe3JIH Xa-
oy-ara (Rhinella marina). K coxaneHuto, xabbl He
cTanu 60pOTHCS C BPeAUTeNAMHU, HAIIU cebe Apyryro
106BIYY U JOBOJBHO GBICTPO PACIpPOCTPAHIIKUCH MO
KOHTHHEHTY.

Kak npaBuiio, K1Bble OPraHU3MbI MOTYT IIPUCIIO-
cabIMBaTHCS K HOBBIM 06OCTOSATEIbCTBAM, MO0 00Y-
4asACh CyLIeCTBOBATh M B3aUMO/IeICTBOBATh C HUMHY,
1160 3BoMONUOHUPYSI. CKOPOCTh ¥ YCIIEX TaKOTO
poJia azanTanyii OKa3bIBAIOT CYLIECTBEHHOE BIUSHIE
Ha BBDKMBAEMOCTb U MPUCIOCOOIeMOCTb KaK KOH-
KPeTHOTO MHJMBU/YyMa, TaK U BCel TOMYJIALNY B Lie-
soM. Ho MpOHUKHOBeHHe ara 0Ka3auoch /s MHOTUX
MEeCTHBIX XMBOTHBIX HEOXXU/JAHHBIM — K OOBIYHBIM
npo6JyieMaM C BbITeCHEHHEM U TTOeZlaHleM MHBAa3UB-
HBIMU BHJaMU abOPUTeHHBIX 106aBUIACh BHICOKAS
TOKCUYHOCTb BCeJleHI[eB. FIMEHHO C SIZI0BUTOCTHIO
3TUX Kab CBA3BIBAIOT NajieHUe YUCIeHHOCTH CeBep-
HOH CyMYaTO# KyHUIIbI, a TAK)Xe HeCKOJIbKUX BUZIOB
BapaHOB U 3MeH.

Cpenu XUITHUKOB, IPE/ICTABIIAIONINX OMaCHOCTD
A5t ara, 6bUTH OTMeYeHbl HEKOTOPbIe MTHULIbI, HAaTlPH-
Mep aBCTPANUICKHI BOPOH, a TaK)Xe OpaMUHCKUIL
Y YepHBIN KOPIIYHbI U KOPIIYH-CBUCTYH. 13 MieKo-
MUTAIONIUX CTIOPAANYecKH U C IepeMeHHBIM YCIIeXOM
Ha ka0 OXOTATCA I'PBI3YHBI Pa3HbIX BUAOB. VI BOT
B JXypHaJie «Australian Mammalogy» aBcTpanuiickie
y4eHble ONyOIMKOBAIH CTAaThIO, OKA3bIBAIONIYIO, YTO
B TedeHMe BCero [BYX JieT 31aTobproxas 606poBas
Kpbica Hydromys chrysogaster, u3BecTHasi TaK)Ke KaK
pakanu, Haydunach ynoTpeGJiATh AZOBUTHIX Xkab
B Uty 6e3 Bpesia 1l CBOEro 3710poBbs. BriepBble Ha
TEPPUTOPHHU HCCIIeZIOBAHUN ara MOsSIBUJIKCH BO BJIAXK-
HbIi epuoz 2011-2012 rr., a yxxe B 2014-M ucciezo-

OcTaHKm >xabbl-ara, BCKPbITOI 30110T06pI0X0ii 606POBOIA KPLICOIA.
X0poLwo BUAHbI pa3pe3 rpyaHoii KNETKI 11 BbIHYTbINA XENYHbIi ny-
3bIpb. Gepaue, NeyveHb, a TakKe 3aaHAA Hora Xabbl ObiN ChbeAeHbl.

BATeJIM HaYali HAXOAUTh AaKKYPaTHO BCKPBITHIE TPY-
UKY Xab ¢ U3BJIedeHHbIMU Cep/ilieM U MeveHbio. MH-
¢dpakpacHble Kamepbl, pa3HOOOpa3Hble JIOBYLIKH
¥l MICCJIeZIOBaHKe OCTaHKOB ’Xab MO3BOJIMIIY C YBEpeH-
HOCTBIO CKa3aTb, YTO 3TO CAeNanu pakanu. Kpbichl
C YAUBUTENBHON TOYHOCTHIO BCKPBIBAIU TPYAHYIO
KJIETKY ka0 U Ioesiajiu cepie U medeHb, 0TOPachIBast
IIPY 3TOM AZJOBUTBIN JKeJTYHBIN y3bIpb. U ecsu B npe-
ABIAYIINX UCCIIeIOBAHUAX OBLIO II0OKA3aHO, YTO IPhI-
3yHBI IOeJjalil IPenMyIeCTBEHHO MeJKUX Xab,
TO 37leChb PaKajy NUTAJIUCh B OCHOBHOM KPYIHBIMU
0c06sIMH, a Y CPeJIHUX B IOTIOJIHEHVE K CepALY U Tie-
YeHU 0OTPHI3aH ellle 1 3aiHIe HOTH, OCTaBIISS S10-
BUTYIO KOXY.

Ha repputopun o6uTaHus 31aTOOPIOXUX KPbIC
’Kabbl-ara MOSBUJINCH OTHOCUTEJILHO HeJlaBHO, T10-
3TOMy HpHCcrocobieHune K 6e30macHOMy UX yrnoTpeo-
JIHUIO B MHIIy TOBOPUT He 06 3BOJIOIIIOHHOM Xapak-
Tepe 3TOro mpotecca, a 06 00ydeHUn pakaiu. A Tak
KaK MocJie OKOHYAHUS JIAKTALlUK IeTeHBIIIN PaKaIu
OCTAIOTCS B THE3/Ie ellle 10 YeThIpex HeZlelib, ecTh Ha-
Iexna, 4To Bce OyZyIive OKOJIeHHs TaKXKe HaydaTcs
00palaThCs ¢ IAOBUTOM M OTACHO# JKePTBOIA.

Australian Mammalogy. 2019.
DOIL: 10.1071/AM19016

=
>
<
I
=
—
(&)
o
(e
o
I

MPUPOMA /12 /2019

(@p]
Ol




PELIEH3II

[=2)
==
=
N
—~
[N
—
~
T
=
o
o
=
o
=

(op)
(op)

YTo HaM He Haao 3HaThb
O NMepMCKOM nepunojae

[IOKTOP reonoro-MuHepanoruyeckix Hayk G.B.HayronbHbIx
Teonoruyeckiii uhcTutyt PAH (Mocksa, Poccua)
e-mail: naugolnykh@list.ru

PeACTaBUTh MUPOKON 06IIeCTBEHHOCT! KaPTUHY HayYHBIX JOCTH-

KEHWH B MONYJIAPHOM U OOIIEIOCTYITHOM U3JI0XKeHNN — 3a7iadya

61aropo/iHasi, HO HeImpocTasi. DTO KacaeTcsi U MOMyJIsIpU3aLiy 1a-
neoHTosorny. Ceifyac Hay4HO-TIOMYJIAPHBIX U3aHUH IO MaJIEOHTOJIO-
TUHY JIOBOJIHO MHOTO, HO OOJIBIIMHCTBO U3 HUX, YBBI, TPYAHO NPU3HATD
yZIAYHBIMH ¥ HAYYHO JJOCTOBEPHBIMY B IIOJTHON Mepe.

TTepMCKUii TYpPUCTCKUIN MHOOPMALIIOHHBIH IIeHTP* BBIMYCTUI KapTy-
6ykner, noarotosieHHyio K.A. JIo6psiHCKUX (OH yKa3aH KakK aBTOP-CO-
cTaBUTeNb). KapTa u3naHa B paMKax peann3aliiy MOANPOrpaMmbl «Pas-
BHUTHeE TYPH3Ma» rOCyapCTBeHHO! POrpaMMbl «DKOHOMUYeCcKas MOJIU-
THKA ¥ NHHOBAlIMOHHOE Pa3BUTHE>.

Her comMHenu#t, yto ITepMcKuii Kpail 1 ero NCKoNaeMble COKPOBHIIA 3a-
CJIy’KMBAIOT CAMOTO NIPHCTAIBHOTO BHUMAHMUA JTro0uTertell npupozsl. Hau-
GoJIbIINIA UHTEepeC BbI3BIBAIOT OTJIOXKEHNUS IIEPMCKOI CHCTeMBI, CaMOe Ha-
3BaHKe KOTOPOW 00s3bIBaeT MepMsKOB (a 3HAYUT, U PYKOBOZCTBO [TepMm-
ckoro kpas ¥ r.Ilepmu) o6paTuth 0c060e BHUMAHUe Ha Pa3BUTHe [aeOH-
TOJIOTUYECKOW TeMAaTUKY B PETMOHAIBHOM KYJIbTYPHOM U HAyYHOM IIPOCT-
paHcTBe. ViMeHHO B ITepMCKOM Kpae HaiifieHbl CTpOMaTosuThl Alebastro-
phyton sylvensis yHUKaJIbHOW COXPAHHOCTH (€ pOCCHIN3MPOBAHHBIMY OaK-
TepUaNbHBIMU IJIEHKAMU W HECKOIBKUMH MOPGOTHIIAaMU KOKKOUIHBIX
6akrepromopd)**, GoraTeiilne KOMIIEKChl OKAMEHEeIOCTel MOPCKHX
6ecrio3BOHOYHBIX B YMKaIMHCKMX MIIAHKOBO-BOJIOPOCIEBBIX prdax, uc-
KOTlaeMble OCTaTKH HaCeKOMBIX 1 PAaCTeHHUii B 3HAMEHUTOM UeKap/IMHCKOM
MEeCTOHAXO0X/IeH!H, TPEXMePHO COXPaHUBIINECS CTBOJIBI IPEBOBUAHBIX
IJIayHOBUIHBIX Viatcheslavia vorcutensis B 0OHaXKeHUSX B IIPHYCThEBOI a-
ctu p.CouiBbl y Crapeix JIA0B, a TAKKE BCEMUPHO U3BECTHBIE CKeJIeThI J1a-
GUPUHTOIOHTOB U iuHOIIedanoB U3 pa3pe3a ExxoBo y r.04epa.

KoHeuHo, Takue naneoHTOIOr4ecKye 60raTcTBa 00sI3bIBAIOT OTIIOB
roposia ¥ Kpast KaKUM-TO 00pa3oM NpeACTaBUTh UX HA TYPUCTUYECKHX
WJIM KyJIbTYPHBIX MIomazaKax ITepmu. Ho Kak yaanochk peaan3oBarh 3Ty,
B 0611eM-TO, 6J1aryIo MbICJIb B KapTe-Oykiere?

ITpu nmepBOM B3IJIfifie U3/JaHUe BBI3bIBAET BIIOJIHE IO3UTUBHOE BIle-
JaTseHre. Ha oJiHO¥ cTOpOHe GOJIBIIOTO JIUCTA, Pa3BOPAYUBAOIIETOCH
10 pa3Mepa 4yTh MeHbIIe popmaTa Al (04eBUIHO, U1 TOTO YTOOBI Kap-
Ty MOXXHO ObIJIO MCIIOJIb30BaTh B Ka4ecTBe HACTEHHOTO 1OCTepa), Ipes-
cTaByieHa KapTa ITepMcKOro Kpas, Ha KOTOPOI OTMeYeHO PacrojIoxKeHue

* TIepMCKHIi TYPUCTCKUI MHPOPMAIIMOHHBIH LeHTP — OPraHU3aL¥s, CO3/[aHHas 110 MHH-
nmatiBe MuHMCTepcTBa QU3NIeCKOH KyIbTYPBI, CIOPTa U Typu3Ma IlepMcKOro Kpas C Ie-
JIbIO Pa3BUTHSA U TONYISAPU3ALUN BHYTPEHHETO 1 Bhe3ZHOTO TypHU3Ma B PeTHOoHe, KaK yKa-
3aHO Ha caiiTe 1jeHTpa (visitperm.ru).

** Hayzononvix C.B., Jlumeurosa T.B. CTPOMAaTONUTBI U3 IEDMCKUX OTJIOXeHHI [TepMCcKoro
TTpuypanbs: HOBbIA GopM-pox Alebastrophyton Naug. et Litvinova, gen. nov. // Ilaneonro-
Jiorus B My3eiHo# npakTtuke. Mocksa, 2014. C.33-43.

K.A.[loGpAHCKuX.

MEPMCKUWIA TEONOTAYECKIAIA NEPKON.
MEPMb BEJIKAA: BMEYATIIEHUA
YEPE3 KPAIA.

epmb: Actep, 2019. KapTa-6ykner.
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Hanbosee MHTEPECHBIX OOBEKTOB, MOCBAMIEHHBIX
IepMCKOMY Ilepuofly. B KadecTBe JeKOpPaTUBHBIX
3JIEMEHTOB HCII0JIb30BaHbI rpaduyeckue n3obpaxe-
HUSl Pa3JWYHBbIX XUBOTHBIX U PACTEeHUH, )XMBIIUX
B IePMCKOM I1eprozie. DT N300paXkeHust — PEKOHCT-
PYKLUK 06JIMKa BBIMEPIIMX OPraHU3MOB — OYeHb
3pPeKTHO pacnosnoxeHbl Ha KapTe, OHU IPUMepPHO
MIOKAa3bIBAIOT, I7ie B npezienax [lepMcKoro Kkpas ncKo-
raeMble OCTAaTKY TOT'O WJIM MHOTO JPEBHEro CyLlecTBa
MepPMCKOTo Bo3pacra ObUTH 06HapyKeHbl. BbimosiHe-
Ha KapTa, HaZio OTMETUTD, C OOJIbIIMM XY/I0KeCTBeH-
HBIM BKYCOM.

Ha 060pOoTHO# CTOpOHE JIKCTa pa3MelleHbl CBeie-
HUA O TeX BbIMEPUINX XUBOTHBIX U PAaCTEHUAX, KOTO-
pble 1306pakeHbl Ha KapTe. TeKCThI COPOBOX/AAIOT-
cs1 TeMH e rpapuuecKuMU M306paXKeHUSIMH, YTO UC-
NI0JIb30BaHbI HA KapTe. BHellIHe Bce BBIIVIAAUT OYeHb
aKKypaTHO W BIIOJIHEe GJaronpuCcTONHO, HO BHUMA-
TeJIbHOe 3HAKOMCTBO C TeKCTaMH, COIPOBOXK/JAIOLIN-
MU U300pakeHus, pe3K0 MeHseT BIleyaTIeHue.

ABTODP-COCTaBUTeJb B BLIXOHBIX NAHHBIX U3/~
HUsA yKazam: IIpu nodzomoeke ucnons308ast padomot
C.B.Hayzonwnvix, B.IL.Oxceubecosa, U.1.Tepewenxo...
U feliCTBUTEJIBHO, [IBé TPETHU TEKCTOB IPAKTUYECKU
ZIOCJIOBHO 3aMIMCTBOBAHBI U3 HAO0pa OTKPBITOK «Per-
mian period»*. K Hay4HO# JOCTOBEPHOCTH 3aUMCTBO-
BaHHBIX TeKCTOB IIPETEH3UH HeT. Y IUBJIACT JIUIIb OT-
CYTCTBUE CCBUIOK Ha IEPBOMCTOYHMK IPU NPAMOM
BOCIIPOM3Be/IeHNH OOJIbIINX TeKCTOBBIX 610K0B. Ko-
HEeYHO, KaXk/Iblil MUIIYIUH YeJ0BeK He 3aCTpaXx0BaH
OT KPUITOMHE3UU™**, C KOTOPOU MOXXHO BCTPETUTLCS
U B IIPOU3BEJIeHNAX BbIJAIOIIMUXCA IuTepaTopoB. Ho
371eCh MMeeT MeCTO sIBHO YMBIIIJIEHHOe KONMPOBaHue
/WM HEKOPPeKTHOe IMTHPOBaHue. B obiiem, aToT
He/[0YeT MOKHO ObLI0 OBl U TPOCTUTH aBTOPY-COCTA-
BUTEJIIO, CIIFCAaB HAa HEONBITHOCTD, CJIM Obl He OCTaB-
Iasicst TpeTh TEKCTOB, HANMCAHHAsA, OY€BUJHO, YXKe
CaMMM aBTOPOM KapThl. PaccMOTpUM 4acTb UX IO-
npo6Hee.

Bor, HanpuMep, U306paXkeHNe XOPOIIO U3BECTHO-
O TpeACTaBUTeNA XBOWHBIX IEPMCKOTO Nepuoaa —

* Permian period. [TepMcKuii lepro/: MeCTOHAXOXAeHus, popa
u dayHa. Ha6op oTkpbiTok / ABTOp TekcToB C.B.HayroibHbIX.
ITepmb: Apr-n3aiiy, 2013. 15 OTKPBITOK.

** KpunromHe3ust (OT rp. kpvrtol — CKpPBITHIA, pvnun — ma-
MSTb) — HCKa)XeHHUs [aMATH, BbIPaXKalolinecs B 0cIabieHny pas-
4y (BILIOTH /10 TIOJIHOTO €To MCYe3HOBEHUA) MeX/y AeiCTBU-
TeJIbHO MPOUCXO/MBIIMMYU COOBITUSIMY MJIH YBUIEHHBIMH BO CHe,
[POYUTAHHBIMHY, YC/IbILIAaHHBIMU. Jel0BeK He MOXeT BCTIOMHUTD,
Korzia 6bUI0 TO MJIM MHOE COObITHE, BO CHE WIIM HAsIBY, HATIUCAJ JIK
OH CTUXOTBOPEeHHe WM IPOCTO 3alIOMHIJI KOT/Ja-TO IPOYUTAHHOE,
GBI JIV OH Ha KOHIIepTe N3BeCTHOTO MY3bIKaHTa UK TOJBKO CJIbI-
IIaJ pasroBop 06 3ToM. VIHBIMK CI0BaMH, 3a0bIBA€TCsT MCTOUHUK
Toi unyu nHOW nHGopManuu. YyKue uzen U dyxxoe TBOPYECTBO,
KOT/ZIa-TO BOCIIPUHATHIE YeJI0BEKOM, Yepe3 HeKOTOpoe BpeMsl 0CO-
3HAIOTCS UM KaK CBOM.

Basnbxun (Walchia). B moanucy K WITIOCTPALUU YK-
TaTesb BIIPaBe OXU/AaTh CBeZleHUH O [PeBHUX XBOM-
HBIX, HO BMECTO 3TOrO I0YeMy-TO ero BCTpedaer Iac-
cax o xBomax. JIump 3aTeM ciesyeT HHGOpMaIus
0 XBOMHBIX. TaK 4TO U3 TeKCTa CKJIaZIbIBaeTCs Blevyar-
JIeHYe, 4TO JUI aBTOPa-COCTaBUTeJIsl XBOIIU U XBOI-
Hble — 3TO OJJHA I'PYIIa PaCTeHUH.

YuTaeM fajee U C yOUBJIEHUEM y3HaeM, 4TO, OKa-
3bIBaeTcs, yriau Ku3enoBcKoro yroipHoro 6acceitHa
OTHOCSTCS He K HIDKHeMY KapOoHy (3To obIien3BecT-
HbIi PakT!), a kK mepMcKoii cucreme. Ha yeM ocHOBaH
TaKOW HeOXU/JAHHBIN BBIBOJI, OCTAETCS 3ara/iKou.

B TexcTax, HAMMCAaHHBIX CAMUM aBTOPOM-COCTaBU-
TejieM, MHOTO CTHUJINCTAYeCKUX orpexoB. Yero, Ha-
npuMep, CTouT Takas ¢pasa: Hauano komniexmosa-
HUI0 U NANIEOHMON02U1ecK020 cobparnus Kyneypckozo
My3es-3anosednuxa w110 nonoxcero I.T.Mayapom —
00HUM U3 cambix APKUX Quzyp 6 kpaesedueckom 08u-
acenuu ITpuxamoes.

B o61ieM, 0T KapThi-OyKJieTa IeiiCTBUTebHO «BIIe-
JaTyeHus Yepe3 Kpait». Kak u 6b110 oberiaHo ee moj-
3ar0JIOBKOM.

YecTHO roBops, 5 ObI He CTaJl TPATUTh BpeMs Ha
HalucaHue Mo/J00HOM perieH3uy, ecu ObI He Helpy-
ATHBIH [IPeIle/IeHT, KOTOPBIH y)Ke MMeJl MeCTO C <Ia-
JIEOHTOJIOTUYECKUMI» MyOaUKauusimMu JJOOPSHCKUX.
B nepmckoii razere «TpubyHa» *** GbUT ONy6INKOBaH
Marepuas O NepMCKOM Iepuozie, HOATOTOBIEHHbIH
UM Xe. B oflHOM 13 maccaxeil pedb Iu1a 0 HeKoei
«OKaMeHeJIOCTH» UM «OTIeyaTkes. Bbuio HanmcaHo:
..oMOM KAMEHb HA3bI8AEMCS 80THONPUOOUHBLI 3HAK.
Ha ¢oto psimom meiictBuTenbHO U306paxkeH obpasent
MecyaHMKa ¢ BOJHOMPHUOONHBIMY 3HAKAMH, HO 3TO
HUKAaK He OKaMeHeJIOCTh, a TEKCTypa 0Ca/[09HOH rop-
HOI1 opozbl. [lajiee puBesieHO OYeHb CTPAHHOE CyXkK-
TIeHHE: ...p00M C 8000U 8Ce COXPAHAEMCS 20pA300 NyHu-
ute. TyT ¥ TaM MeJIbKaeT CJIOBO «apTedakt»****, co-
BepIIeHHO HeyMeCTHOe B IaHHOM KOHTeKcTe. Jlomo-
HseT KOJUIeKIIMIO HOHCEHCOB YTBepKIeHue, YTO KpHC-
TaJUThl KaJIbIIUTa C HeGOJIbINON HATSKKON MOYKHO Ha-
3BaTh STHTapeM IepMCKOro Ieprozia. B pejakinon-
HOM KOMMeHTapuu (cyieBa OT CTaTbU) BecbMa CHMII-
TOMAaTHYHO yKa3aHo: Jupexmop my3es Koncmanmun
Jlo6psnckux ¢ upoHueil 3amenaem, 4mo Ucnvimviéaem
CEPLE3HYI0 KOHKYPEHUUIO CO COPOHDL ULOY-OU3HeCd.

S TMYHO 3HAKOM C aBTOPOM 3THX NTPOU3BeZeHUN
¥ mocJie cTaTby B «TpubyHe» B 04eHb J0Oposxena-
TeJbHOU 1 KOPPeKTHO! GpopMe MCKPeHHe 0COBeTOo-
BaJ eMy Iepe/| y6iuKareil HayYHO- IOy IS PHBIX

*** To6panckux K.A. Kusub 1o nepmckoro Boimupanust // Tpu-
Gyna. 20 ampesst 2015 r. N215(130). C.14.

*% %% ApredakT — 060 HCKYCCTBEHHO CO3/JaHHbII 06HEKT, IPo-
AYKT 4eJIOBEeYeCKO ZeATeNbHOCTU. B 1a60paTOPHBIX HCCIIe0Ba-
HUAX apTedaKTaMy Ha3bIBAIOT 3¢ deKThI, BEI3BAHHBIE CIyYaHbIM
WIM IIpefiHaMepeHHbIM BIIMSHUEM SKCIIePUMEHTaTopa Ha XOZ 3KC-
nepuMeHTa.
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PELIEH3II

TEKCTOB BCe-TaKM COBETOBATHCS CO CIELUAINCTAMU
BO n30exaHue MOJ0OHBIX HecypasHocTeit. KisTBeH-
Hble 3aBepeHUs ObLIM MoyYeHbl. HO HOBBIH mepi,
YBBI, He 3aCTaBUJI Ce0S JI0JITO K/ATh.

A BeJib He MOMNACTh B CTOJIb HEYAOOHYIO CUTYa-
LMK COBCEM He CJIOXHO. JloCTaTOYHO 06paTUTHCS,
HampyMep, Ha reoJiorudeckuii paxysprer [lepmcko-
IO rOCyZapCTBEHHOTO YHUBEPCUTETa K JII06OMY reo-
JIOTY IMPOKOTO MPOQuUIsi, YTOOBI TOT MPOBEPHI

3TOMY noMmenrano? VI3IUIIHAS caMOHaZesHHOCTD?
He 6epych cynuTsb.

B 3aKJti0ueH¥e X0y BbIPa3UTh HAaZIeXy Ha TO, YTO
HOBbIe MyG/MKanuu JJOOPSHCKUX O TEPMCKOM T1epHO-
zie, a TeM GoJiee Te, KOTOPbIE BBIMAYT [IPY MOJIEPIKKe
npaBuTebCTBA IlepMcKOro Kpasi, 6yAyT TIIATeNbHO
BBIYMTAHbI, OTPeJAKTUPOBAHBI KBATMHUIIMPOBAHHbI-

MU CIeNUAINCTaMU — T'e0JI0TaMH ¥ NTaJIeOHTOJIOTaMy
¥l B pe3yJIbTaTe OCTaBAT O cebe He CTONIb yApydarolee

BIIe4YaTJIeHVE. m

¥ OTpe/IJaKTHPOBAJI O/ATOTOBJIEHHYIO PYKONHUCh. YTO

opunA Hayku. Meagu

N.B.Onumax. MEJIMITMTHA KAK ICKYCCTBO. M.: Hayka, 2018. 175 c. (Cep.: HayuHo-nonynsipHas JIUTepaTypa).

B BCTOpUH MeAUIUHBI ObIIN OTKPBITHS, ONpeeNHBIIIe ee Pa3BUTHE.
Be3 Hux oHa GBI He CTajia TOW COBPEMEHHOM CHCTEeMOM 37I0POBBS, YTO
crioco6Ha TBOPUTH 4y/leca, BbUIEYNBATH TsKeneinie 60Je3HU U IIpo-
ZJIeBaTh XU3Hb. I'epOM KHUTY — BBIAAIONIMeECS yieHble, OTaBIIxe CBOIO
XKU3HB CIIy)KeHUIO HayKe. DTO He TOJIbKO Bpady, HO U QU3UKYU, XUMUKH,
6uosory, Gpapmarosorn. OHU pa3pabaThiBaIu HOBbIE METO/IbI JIEIEHNUS,
M300peTany HOBBbIE JIeKapCTBa, CO3ZaBajId HOBbIe HHCTPYMEHTHI UCCIe-
noBauusi. Cpenu Hux: V.TapBeil, OTKPBIBIINIA CHCTEMY KPOBOOOparie-
Hust; D.J[)KeHHep, KOTOPbIA pa3dpaboTas BaKIIUHALIKIO ¥ CIIAC JIO/EN OT
ocnbl; N.®.3emMmenbBeiic u JIx.Jluctep, epBbIMU IPUMEHUBIINE aHTH-
CeNTUKU /IS CIIaceHus JIofiell; Bpaul, UCIOIb30BaBINNe pa3Hble Belle-
CTBA JJIsL HAPKO3a AJIf TOTO, YTO6EI JeunTh Oe3 6onu; [.MeHzenp —
OTell FeHeTHKY; A.AXeHIPIOH, 0/ YbMM PYKOBOJCTBOM ObLI CHHTE3U-
posaH actupus; @.I.Bantunr, I.0x.P.Makneox, Y.I.becr u Ix.Koz-
JIUI, OTKPBIBIINE UHCYNUH; I1.DpanX, co3/jaBIINi Lieioe HanpaBIeHue
B Me/IMLIMHe — XUMUOTepanuio; A.DIeMHUHT, ¢ KOTOPOro Hadajach 3pa
aHTUOMOTUKOB; B.PeHTreH, OTKPHIBIINIA H3JTydeHne, KOTOPOe HbIHEe HO-
cut ero ums; I Puxtep — papmakosior u Gu3HeCMeH, CO3aBLINI KPYyII-
HYI0 MHTePHAIXOHAIbHYI0 GupMy; P.DpaHKINH, BHeCIIAs OTPOMHBIN
BKJIaZl B noHuMaHue crpykTypsl THK; K.H.bapHapz, nepBbIM 0OCyIecT-
BUBIINI Nepecazky cepaua denosexa; @.T'abep, ero Tpysamu JIou 110-
JIy9UITH He TOJIbKO yA0OpeHNs U 1eKapCTBa, HO U OTPABJISIONIVe ra3bl
Y B3pPbIBYAThIE BEIeCTBa.
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I1.A.O6pasuoB. BLICOKUE IIIMUPOTHIL. M.: Hayka, 2018. 192 c. (Cep.: Hay4Ho-mony isipHast IuTeparypa).

=
T
2
=
ra
[oa)
o
T

YeJioBeK MCIIOKOH BeKOB CTPEMUJICS y3HATh, 4TO TaM — Ha Kpaiinem CeBepe
u KpaitHem IOre. TpyaHOCTH IPOABWXEHNS Ha ceBep MPUBENU K MOSB-
S seHuio MIUGOB 06 YIUBUTETLHOM CTpaHe, Jie)alei Bo Mpake HOUM. JIIib
BbICOKUE 100 sieT Ha3az yz1aI0Ch BBIACHUTD, YTO HUKAKOM 3eMJIM BOKPYT reorpadude-
WUPOTHI ckoro CeBepHOTO IIOJIIOCA HET, a /10 3TOT0 B T€UEHIE IBYX BEKOB Ha MIOUCKH
TpeznoJIaraeMoi 3eMJIM OTIPABJISJINCH THICAYX SHTY3UACTOB. VX BIIeKIa He
TOJIbKO CJIaBa TIePBOOTKpPHIBaTeNIel 1 Kax/a M03HaHKSA, HO U TAUHCTBEH-
HbIi, HeoObsicHuMbIi 308 CeBepa. Ha Kpaitnem Ceepe 1 Ha Kpaiinem FOre
OYeHb XOJIOZHO, BCE MTOKPBITO CHEI'OM U JIbZIOM — TPYZHO TIPEZACTABHUTD cebe
Gornee HebmaronpuATHLIe yenoBust. Ho ceityac APKTHKA U AHTapKTHKA CTa-
JI1 paliloHaMU COTlepHUYeCTBa KpyNnHemux fepxas. Ha opranu3sanuio mo-
JIIPHBIX SKCIeIVIVIA U CTAHIMH TPATATCS OTPOMHBIE IEHBTH, B PsiZie CTPaH
CO37aI0TCA CIeliaIbHbIe IT0ZIpa3/ieIeH s BOOpYKeHHbIX cuil. [TepBas 4acTb
KHUTY («ApKTHKA. TeppuUTOpUS MeUThI») TOCBSANIeHa HCTOPHU OCBOEHHUS
CeBepa, nouckoB CeBepo-BocTOYHOTr0 NpoXoza, OTKPBITHSA OCTPOBOB B Ce-
BepHOM JlenoBuTOM OKeaHe 1 CeBepHOro Mosoca. Bo Bropoit yactu («AH-
TapkTHza. Munyc 90 rpazycoB Ha 90-ii mupoTe») pacckasbiBaeTcs 06 OT-
KpbITUK AHTapKTU/BI ¥ FOXKHOTO TMOJTI0Ca, O MOMAPHBIX CTAHIUSX, 00 03epe
BocToK, 06 030HOBO¥ /IbIPE Hajl AHTAPKTHKOM, O TYPHUCTAX ¥ O KM3HH Ha ca-
MOM I0)XHOM KOHTHHeHTe. B KHure yzienieHo BHUIMaHKe OTBaYKHBIM TeposiM,
61aroziapsi KOTOPbIM Y€JI0BEYECTBO Y3HAMIO O MUPE BBICOKHX IITHUPOT.

duanonorua. MeauunHa

O.A.Kykos. CTPECC, KOTOPBIV BCETIA C TOBOM. M. Hayxka, 2018. 247 c.
(Cep.: HayuHo-nonyisipHas IuTepaTypa).

JKu3Hb moieit COMPOBOXKIAETCST CAMBIMU Pa3HBIMU CTPECCAMH, 06YCII0B-
JIeHHBIMY Pa3MYHBIMA IPUYNHAMIE: TYT U HOBast paboTa, ¥ HecuyacTHast J—
7M060Bb, U CMePTh OJIM3KKX, U TTepee3sl B IPYTOil TOPOJ, U elile MHOXKeCT- CTPECC,

BO ZIpyrux cutyanuil. [I03ToMy KaxJ0My MOJIe3HO 3HATb, YTO TaKOe KOTOPbBIA BCErAA
C TOBOU

CTpecc U KaK OH BJIMsET Ha Halle 310POBbe, AyLIeBHOE U Ppr3nudecKoe.
[Ipu 5TOM HEOGXOIMMO MOMHHUTD, YTO CTPECC — ITO He BCErIa II0XO0, KaK
YBEPSIIOT MHOTHE. Y HEro GhIBAIOT U TTOJIOKUTEIbHBIE CTOPOHBL: OH CII0CO-
GeH c/ieaTh HAaC He TOJbKO CHIIbHEE, HO M MyZpee — HyXXHO TOJbKO Ha-
YUUTHCS C HUM XUTh. B KHUTe OnMCcaHbI POCThIe Coc06bl GOPLOBI € TII10-
XUM HacTpoeHueM. Haim peakiuu BO MHOTOM HOCSIT BPOX/IEHHBI Xa-
paKTep, I03TOMY [JIABHOE, YTOOBI [IEPBUYHAS PEAKIIUS [IPU CTPECCe He Be-
J1a K He0OPAaTHMBIM MOCIeCTBUSIM. UeTOBEK Pa3yMHBII, IPEOZIOJIEB Iep-
BOE MOTPSICeHUE, CIIOCOOEH MOAYMaTh: a eCTh JIX OCHOBAHMSI JIJIsI TOTO,
9ITOOBI UCIIBITHIBATE CTPECC, ¥ YIOBJIETBOPEHMIO KaKMX MMEHHO MOTPe6-
HOCTell MPensiTCTBYeT CIOXKMUBINAsICS cuTyanusi? Pabora nHTepecHa 61o-
JIOTUYECKMM MOAXOAOM K SIBJIEHUSIM Halledl MOBCEAHEBHOU JKM3HHU.
Crpecc paccMaTpUBAETCsi aBTOPOM He KaK IICMXO0JIOTMYecKast TPaBMa, Bbl-
3BAHHAsI TEM WJIM UHBIM COOBITHEM; B [IEHTPE er0 BHUMAHUs GU3HOJIOTH-
YecKue TPOIIECChl, MPOUCXO/SIINE B OPraHU3Me TIPU BCTPEYE C IeM-TO
HEe3HAKOMBIM, [yTalOIIAM WM TPEBOKHBIM. KHUra CO3/1aHa Ha OCHOBE
HayJHO-TIOMyJISPHBIX CTaTel aBTOPa, OMyOJIMKOBAHHBIX GOJIbINEN Yac-
TBIO B KypHaJle «XUMHus U ku3Hb» B 2014-2018 rr.
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Bepman [I.W., Jleiipux A.H. 3IMOBKA 1 XO0JIOOOYCTOMYMBOCTD BECIIO3BOHOYHBIX
HA CEBEPO-BOCTOKE A3U1N. M.: ToBapuiecTBo HayuHbix u3ganuii KMK, 2019. 314 c.

B.M. Bepman, A.H. Nledpux

3NMOBKA
N XONOAO0YCTONYNBOCTD
BECTIO3BOHO4HbIX
HA CEBEPO-BOCTORE A3KN

MOCKBA
2019

ITo Mepe yznaneHus OT JaHAMA(PTOB C MUPOKOIUCTBEHHBIMY JiecaM 3a-
nagHoi EBpombl K perioHaM ¢ BeUHOU Mep3JI0TOM Ha CeBepPO-BOCTOKe
Asnu pazHooGpa3ue dayHbl 6eClI03BOHOYHBIX KUBOTHBIX KPATHO COKpa-
maercst. KoHedHo, OHa He TO 4T06BI H0OraTa, HO M He aHTAPKTUYeCKHU Oef-
Ha. B Mep310THOII 061aCTH M3BECTeH JIUIIb OZIUH BUJ JOXKIEBBIX YepBeit
(8 EBpore ux 6oiee 60), of1H — /ByIIapHOHOTMX MHOTOHOXeK (B bac-
ceifHe SIHBI), OIUH — CEHOKOCILEB, HO MypaBbeB HACYUTHIBAETCS MOYTH
20, a *KyKOB-1IIeJIKyHOB — 45 BuzioB. Kak e yMy/psIOTCA ceBepHBIe M0-
Hy/AUUK 6eClI03BOHOYHBIX HE TOJILKO XUTh, HO U, CYZS 0 YMCTIEHHOCTH,
6J1aroleHCTBOBATh B 3TOM JKYTKO XOJIOZHOM perroHe CyOapKTHKM Ha
BEYHOI Mep3JIoTe C BeCbMa YMepeHHBIM CHE)XXHbIM IOKPOBOM? 06 3TOM
TPy ABYX IOKTOPOB Guosiornyeckux Hayk — J.1.Bepmana u A.H.Jleii-
pux. B KHHre onucaHa MOZICHEXXHasA )KU3Hb 65 MaCCOBBIX BU/IOB: )KYKOB-
I[eJIKYHOB, CApaHYOBBIX, UepBellOB, MypaBbeB, MHOTOHOeK, Ha3eMHBIX
MOJITIOCKOB, JOKZEBBIX YepBeii, 60KOMmnIaBoB. PaccMOTpeHbI TeMmepa-
TYpHBIe YCJIOBHS 3UMOBKY Pa3HBbIX BUJOB, OIPeZesIeHbl X 3UMYyIOIe
CTa/IM¥ U XOJIOZOYCTONYMBOCTD, MOMYIALNOHHbIE U NHANBU/yaIbHbIE
TIpezieNibl ee MPOSIBJIEHNs], 0XapaKTepU30BaHbl XUMUYECKHe MeXaHU3Mbl
X0J107103alUThI. OCHOBHBIE UTOTH [IPOBEZIEHHOTO UCCJIeZIOBAHUSA aBTOPBI
KpaTKo (GOpMYJIUPYIOT CileAyomuM 06pa3oM. X0J0[0YCTOHYHUBOCTD
OOUTAONINX B TT0YBe 6eCII03BOHOYHBIX B CPE/IHEM BapbHpYeT B Ipe/enax
-30...-25 °C. OHa cou3MeprMa CO CpeJHUM yPOBHEM MUHUMAJIbHBIX TeM-
nepaTyp B MeCTaX 3MMOBKHU, KOTOPBII 3HaUUTENIBLHO BbILIE ¥ TeMIIepaTyp
BO37lyXa, ¥ CPE/IHETO YPOBHS X0JIOZ0YCTONYMBOCTH HACEKOMBIX, 3UMYIO-
LIMX HaJl CHEeXXHbIM ITIOKpoBoM. Hanboiee pe3rcTeHTHbIE K XOJIOZY BU/bI
U3 Pa3HbIX TAKCOHOMUYECKUX I'PYIII UCIOJIb3YIOT BCE TP U3BECTHBIX Me-
XaHM3Ma: YCTONYMBOCTD K 3aMepP3aHuI0, CIOCOBGHOCTh 3MMOBATh B Tepe-
OXJIaX/IeHHOM COCTOSIHUY, 3aLIUTHYIO AeTUApaTauio (T.e. IOTepIo ae-
CATKOB MIPOLIEHTOB BOZbI). XMMHUYECKOe 00ecriedeHne X0I040yCTONYH-
BOCTU Pa3HOOOPA3HO U B HEKOTOPBIX MpeZiesiaX He 3aBUCHT HU OT TaKCO-
HOMHYECKOTO TI0JIOKEeHNsI BU/A, HU OT MeXaHU3Ma X0JI00yCTONYUBOCTH:
OJIHYI U Te )e BellleCTBa MOTYT CLIOCOOCTBOBATD U [IePe0XJIaK/IeHHIO, U yC-
TOMYMBOCTY K 3aMep3aHUIO, 1 3allIUTHOH flernzipaTalliy, BBIIOIHAS pa3-
Hble pyHKIK. HanGosee X000y CTOMYNBLIE MePeOXIaKAatoIrecs Ha-
CeKoMble, KaK IIMPOKO U3BeCTHO, HAKAIUIMBAIOT K 3MMeé MHOTOaTOMHBbIE
CIMPTBI, UTPAIOLINE POJIb AHTU(PPU3OB. [l BBIIEP)KUBAIOLINX 3aMep3a-
HYe ZI0K/IeBBIX YepBeH TaKKe XapaKTepHBbI OJIMOJIBI M CaXapa, HO OHU CIIy-
XaT KPHOIIPOTEKTOPAMH, 3aIHUINAONIMMU TKAaHH OT IIOBPeX/eHus. Y psi-
Zia 6ecro3BOHOYHBIX KaK B 3aMep31ieM, TaK K B lepeoXIaXaeHHOM COCTO-
SIHUH He 0OHAPYKeHO HU3KOMOJIEKYISIPHBIX X0JIO/I03aIUTHBIX BEIIIECTB.

IToMuMO aKaZieMUuecKoro UHTepeca, KHUTa IleHHa KaK OCHOBA [/
IIPOTHO3a U3MeHEHHsI CeBePHBIX TPAHMUI] apeaioB 0OUTAIONINX B IOYBE
JXMBOTHBIX B HbIHEITHEM MEHAIOIeMCsl KIUMaTe.
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MEXAHUKA Ananutnyeckas xumua
MupoToyaiye UKOHBL: YTO TOBOPUT HayKar
MexaHuka XWAKOCTKU, ra3a u nna3mbl Tomun H.B., Byros U.C., Anekcunckuii B.C.,
KumbepiuroBbie TPyOKM MockoBckwuii A.B., ®ioperckuii ILB.,
u ¢ronHbIN BykaHu3M. Yymos C.B. 3 66 [leGenbrit M.A. 10 9
PasBuTas KaBUTALMS I'PeOHBIX BUHTOB.
Kanesckuii I.U., KnyGuuakun A.M., Hedrexumus
Ca3zonoB K.E. 11 32 Upeu [I.1.MeHzeneeBa u POUCXOK/eHe He(TH.
Ponxun M.B., IlynanoBa C.A. 10 35
ACTPOHOMMUA
Paanoxumua
AcTpothn3uka u 3Be3HasA acTpOHOMMUA Crnen YepHoObuts B arponanzmadTax YepHO3eMbsi:
BeuHoe monuanue Beenennoii? EppemoB IO.H. 7 3 He3aBHMcuMast oueHKa 30 JieT crycTs.
Kaxk 3anonssiiach Tabauna Meneneesa. ITapamonosa T.A., Komuccaposa O.J1.,
BuGe [1.3. 4 3 TypeikuH JI.A., Ky3bmenkosa H.B.,
Jlaypeatst HoGeneBckoit mpemun 2019 rozia Arankuna I'M1., MamuxuH C.B. 7 40
o pusuke — JIxerimc [Tubic, Mutmens Maitop
u Tuznwe Keno. Bsinko A.B. 12 52 OUSNKO-XUMUYECKAA BUOJIOTUA
HeBupumasi 1epHast fbIpa 0GHApY)KeHa METOAOM
HoGenesckux naypearos 2019 rona*. Banko A.B. 12 62  MonekynapHas ouonorua
IlepBas ¢pororpadust YepHO#t AbIPHI* 4 93  3MeuHoe Macjo» HEUTPODUIIOB, UITH
Kak oce4ka nmomeruana OTKPBITHIO.
MnaneTHbIE UcCNeaoBaHuA JInnre U.A. 4 23
Marnas nianera Xanat. Kps4ko T.B. 9 35  KopoTkue TaHJeMHbIe HOBTOPHI.
VYnuBuTenbHble acTepousisl Prory u benny: Opios M.A. 12 25
TUANOTE3bl IPOUCXOXAeHus ™. banko A.B. 9 72  OnroreHeTHdecKye MHCTPYMEHTHI Oyay1iero,
unu Kak ynpasifaTh MO3TOM C HOMOIIBIO CBeTa.
GU3NKA IlleBuenxo B.A. 5 3
[Tar Kk TOHUMAHHIO MOJIEKYJIIPHBIX OCHOB
TeopeTuyeckaa husuka TICHXMYECKUX PacCTPOCTB* 9 73
JI.J0.JJaugay u A.J1.Kuraiiropoackuit
KaK IIPOCBETUTEIIN U MOIYJISPU3aTOPhI HAYKH. dusuonorua u Guoxumua pacTeHuii
IllepGakos P.H. 10 62  HoBoe 0 HUTpaTe: CUTHAJIUHT Y pACTEHUH B ZIeHICTBUU.
Huxutus A.B., U3maiinos C.D. 10 43
du3nKa aToMHOr0 Aapa 1 ANeMeHTapHbIX YacTul
Jluse MetiTHep — «Magam Kiopu» buoTtexHonorus
HeMmelKoii Hayku. Illep6akos P.H. 5 77 (B TOM uYncne GOHAHOTEXHONOIUK)
KapmanHas 1a60paTopus 111 HOBBIX JIeKapCTB.
AKycTuKa Pozendennbn A.B. 10 3
KTo cBuCTUT IO710 THIOM?
AradonoB A.B., YepHenxuii A.JI. 5 35 MonekynapHaa reHeTuka
BoJstocaTuku u cTeneHu CBOGOBI
XUMUA B 9BoMmonmu 6enkoB. ITanuun A.JO. 8 68
Heoprannyeckasa xumua Martematuyeckaa 6uonorua, 6uonHchopmatmka -
JKenesomapraHiieBble OTJIOXEHNS B OKeaHe: CIS-6es10K — HOBast MUIIIEHb B IMMYHOTEpaIum S
OT HaHOYACTHII 10 MakpoobbekToB. HoBukoB I.B. 11 39  paxa, unu Ciescraue BefyT 6MOMHGOPMATHKH. S
ITan K.M., ITopo3os 10.B. 2 49 ;_c[
3HaKoM * OTMeuYeHbl Marepualbl, 01'Iy6]'II/IKOBaHHLIe B paszene Bonocatuku u cTeneHu CBO6OI[bI (DS:-)
«HOBOCTH HayKW». B 3BOIIOLIMHY Oenkos. [lanuuH A.JO. 8 68 =




N
 —
L
<
g
=
=
=
o
(&)
L
J
=
<
=
L
|_

MPUPOMA /12 /2019

~
N

OBbLUIAA buonoruAa

Mukpobuonorua

JlaBaiiTe 11eJI0BaThCA, 3TO HE TOILKO IPHUATHO.
Cysopos A.H.

MuKpOOHUOM X0ZI0B KOPOE/IOB:

HOBbIe MeTareHoMHble faHHble. KysHenosa T.A.,
Beuepckmuii M.B., CTenaHbKoB A.A.

3oonorus

BenrocHble cipoHODOPLI MOABOAHOTO ByJIKaHA
IMuiina. Bunorpapos I'.'M., T'ankux C.B.
I'panuua Ha 3aMope, Uiy 9To He IMycKaeT
TpaBsHYIO JATYLIKY U3 EBponsl B A3uto.
Bepman /I.1., Bynaxosa H.A.

3aboTa 0 IOTOMCTBE U KOPMJIEHHE MOJIOKOM...
y IayKoB™*

3os0THCTas pKaHKa Ha BumepckoM Ypaie.
KonGus B.A.

3osnoTobproxas 606poBast Kpbica HayYHIaCh
noezaTh xab-ara*

VccnenoBaHus 4€pHOMOPCKUX JieTbGUHOB
npoposkatorcsi. Ara¢poHoB A.B., [Tanosa E.M.,
JloromuHoBa U.B.

KTo cBUCTUT 1IOJ0 JIbAOM?

Aradonos A.B., YepHenkuii A /1.

Tpyxa nenaeT BOPOHOB CYaCTIUBLIMU™

Y3Hall MeHs1, ecI CMOXelllb: BO3MOXXHOCTH
unentTudukanun Mop:xeil. Kprokosa H.B.

JuTomonorua

MuKpoGHOM X0O/I0B KOPOE/IOB:

HOBbIe MeTareHoMHble fanHble. Ky3Henosa T.A.,
Beuepckuii M.B., CTenaHbKoB A.A.

CTpeKo3bl — MOCT MeXXZly BOZAHbIMU

1 Ha3eMHbIMU 3KocucTeMamu. K 70-7etuto

co nHA poxzaenus A.JO.XapuroHosa.

IMomnosa O.H.

WxTnonorua

BONBHBIN JI0COCH: TPYJHOCTH IPOTHO3UPOBAHUSA
yJI0BOB TUXOOKeaHCKUX Jococeil. Fopaees U.H.,
Knosauy H.B.

leHeTuka

BekoBas ucropus nepsoii B Poccun
kadenpsl resetiky. UHre-Beuromos C.T.
MyTanus, Mo3BOJIAIONIAA CIaTh MeHbIIe™
Popunuce nepsble B MUpe XUMepbl CBUHbU
1 06e3bsHbI*

Jkonorua

I'pannna Ha 3amope, iy YTo He IycKaer
sArymky us Espons! B Asuio. Bepman /I.H.,
Bynaxosa H.A.

3osnoTobproxas 606poBast Kpbica HayYHIaCh
noezath xab-ara*
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76
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Crnen YepHoGbu1s B arponaHzmadTax

qepHOBeMBﬂI He3aBucUMas oeHka 30 jieT CITyCT.

ITapamonosa T.A., Komuccaposa 0O.J1.,
TypeikuH JI.A., Ky3bmenkosa H.B.,
Arankuna I''A., MamuxuH C.B.

CTpeKOSbI — MOCT MeX1y BOAHbIMHN 1 Ha3€MHbIMU

skocrcreMamu. K 70-71eTvio co 1HA poOK/IeHns
A.10.XapuroHosa. Ilonosa O.H.

@uToLeHO3bl A30BCKOTO MOPA U KIUMaTU4YecKre
u3Mmenenus. Unbudves B.I'., lamkeBu4 JI.B.,
Kyabirus B.B.

bnoreoxumus

Jlanexo neTur: MuUrpanysi 1 akKyMyJsanus CBUHIA.

CnykoBckwuii 3.1.

Onacuble cBA3Y, WM UTO HY)KHO 3HATh
06 3KOJIOTHH CEBEPHBIX 03€p.
CnyxoBckuii 3.1.

Y IbTPaCTPYKTYPhI B UCKOIIAEMBIX YIJISAX.
Kusunpmreiis JI.A.

Mukonorua
T'puGsi cranu crapme?* Ky3Heunosa T.A.

MouyBoBeneHue
Cren YepHoObLns B arponanamadTax

YepHOo3eMbs: He3aBUCHMasA OLleHKa 30 JIeT CIyCTs.

ITapamonosa T.A., Komuccaposa O.J1.,
TypeikuH JI.A., Ky3bmenkosa H.B.,
ArankuHa I''M., Mamuxus C.B.

au3nonoruna

®usnonorua
Jlaypeatst HobeseBckoii mpemun 2019 roma

10 pU3MOIIOTUY UM MeIuLiHe — Yuibsam KanuH,

cap Iutep Patknudd, [perr Cemensa.
Cadponona 0.C.
MyTanus, Mo3BoyALIas CNaTh MeHbIIe™*

AnTpononorus
HoBblii MeTo/| 1715 OIIpe/iesIeHus oJia
IpeBHUX mofieit*. Cymapukosa E.B.

WmmyHonorua

CIS-6enok — HOBasi MUIIEHD

B IMMYHOTepaIuy paka,

win CrezcTBre BelyT GHOMHPOPMATHKH.

ITau K.M., ITopo3os 10.B.

3MenHOe MacjI0» HEUTPODHIIOB,

i Kak oceuka rmomernasa OTKPBITHIO.

JIunre U.A.

Kopb ocnabiisier 3auTy OT APYTUX MHEKIuit*

buonorusa pa3BuTuA, 3M6p|l|0]'l0rlllﬂ
Poaunuch mepBbie B MUPe XUMePhl CBUHBH
1 00e3bsAHbI*
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WHDOPMATUKA, BbIYNCITUTENIbHAA TEXHUKA

W YNPABJIEHUE

Maremaruyeckoe mogenupoBaHue,

YUCNeHHblie MeToaAbl U KOMMJIeKCbI nporpamm

@urorieH03bI A30BCKOT'O MOPS U KJIMMaTHUYeCK1e
n3meHenusi. Anbudes B.I'., lamkeBuy J1.B.,
Kyabirus B.B.

METAJUTYPTUA N MATEPWANTOBEOEHUE
MeTtannyprua 4epHbiX, UBETHbIX

1 peaknx MeTtannos

Merannsl 6ynyT HyHbI Bcerna! Connues K.A.,
Bbannbix O.A., lIBeTkoB 10.B., HeBneB B.M.
NCTOPUA N APXEONOrnA

Apxeonorua

100 neT poccuiicKoy akaseMiuueckoil apXxeoIoruu.

Makapos H.A.

AKTyasnbHBIe BOIIPOCHI apxeosoruu Kam4atku.
Kpenke H.A.

AMyJIeT [peBHUX MOPCKHX 3Bepo60oeB

¢ no6epesxbss OXOTCKOTO MOPAI.

JleGepuunes A.U.

Apucrokparus kKo4eBHUKOB IOxHoro ITpuypanbs:

@ununmnosckue Kypraubl. Cupotus C.B.,
Macnos B.E., Borauyk /1.C.

H30TOMHBIE MApPKePbI 06pa3a XKU3HU
IpeBHUX Jioziei. lodpoBoabckas M.B.,
PemeToBa U.K.

Kpartkas ucTopus «Iapajjle/bHbIX 4eJI0BedecTBs.

MeanukoBa M.B.
Kynbrypsl Homo B O1leHKaX MAPO3/jaHUsA
1 apxeTurbl MeHTaabHOCTH. YepHbix E.H.

JTanamadTHas apxeonorus

Kucnosopckoii kotnosutbl. Kopo6os I.C.
Ha crapoii nfopore: pa6otst 2015 roga B 3apsizibe.
Bensen JI.A.

HoBelit apeBHUIt ApociaBib.

DHrosaTtosa A.B.

[TaMATHUKY NONAPHOTO MOpeIllaBaHusA:
[nun6epren u HoBast 3emiist.

Jep:xaBuH B.JI.

IToxBozHbBIE apXeooruyecKye UCCIe0BAHNUSA
B ®anaropuu. Kysnenos B.JI.,
OnbxoBckuii C.B., 3aBoiKHUH A.A.

Crosnka Myxkaii I1a: aKkcTpaopAHapHble
HaxOZIKM 3TI0XU OJiIoBaHa. AMUpPXaHOB X.A.,
Oxepenses /I.B., Ycnenckas O.H1.

Teopus ONTUMaJIbHOTO KPU3KCA: IKOJIOTUSA

u agantauus. Mumoxop P.A.

Y xonbibesn CeBepo-Bocrouroii Pycu.
Makapos H.A.
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WcTopna HayKu u TeXHUKK
Anexcauznp dou I'ymbonpat. K 250-1eTH0 co AHA
poxzaenus u 190-netuto nyrewmecrsus 1o Poccun.
Yuyaros B.II.
Buocrparurpadus Kak mpeadyBCcTBUe.
K 250-netuto co fus poxaeHus Bunbama CMura.
Komapos B.H., AxyHoB @.D.,
Epemenko P.Y.
Bonee nonyseka c «IIpuponoii». Popkun M.B.
BekoBas ucropus nepsoii B Poccuun
kadenpsl reretiku. UHre-Beuromos C.T.
Bo3spauienue nuMeHu: 3000r bopuc Cykaués.
I'onvapenko H.B.
Januun ['paHuH ¥ HayKa: OTKpbITHE
A.AJlo6uniesa u H.B.Tumodeesa-PecoBckoro.
K 100-netuto [1.A.I'panuna. Fomy6oBckuiit M./,
JKOPEC MEJIBEITEB
W ETO «ITPOBJIEMBI IOJITOJIETU S »

Jlpama B UCTOpUM OUOJIOTHH.

Tony6oBckuii M.JI.

[Ipo6nems fosroserus. Mensenes JK.A.
U3 nokosenusi nobeauresneii. Yepupimes A.K.
K 150-netuto pomana JKtons1 BepHa «/IBaguaThb
TBICSY JIbE 1107 BOOI». CMoauukui C.B.
JI.A.Tanpay u A.V1.Kutaiuropozckui
KaK IIPOCBETUTEJIU U NONYJIAPU3aTOPbl HAYKU.
Illep6akos P.H.
Juze MeiitTHep — «Mazam Kiopus»
HeMerkoii Hayku. Illep6akos P.H.
Mapus BacunbeBHa KineHoBa: Hayka v KU3Hb.
Bapam M.C.
OTKpBbITHE IepUOANYECKOT0 3aKOHA:
TPU 3arajxu u ogHa jeresza. Jimurpues M.C.
Poub ciiyyas B pa3BUTUU MeXAYHAPOAHBIX
KOHTaKTOB. XaJaTHMKOB .M.

12 41
4 o7
2 87
1 3
6 79
2 77
4 72
4 80
9 20
5 57
10 62
5 77
7 80
2 34
9 70

COTPYIHUKU MHCTUTYTA TEOPETUYECKON

OV3UKU UMEHU JI.A.JIAHIAY —
Ob .M. XAJIATHHUKOBE
Pa6otas u nyTerrectsys ¢ .M.
IToxposckmii B.JL.
1.M.XanaTHUKOB B Moel )xu3Hu. Cunai S.I.
Yuurens u gupektop. bBsanko A.B.
OckoJiky naMsATy. VI3 cJIOB U fien
N.M.XanarHukosa. Munees B.II.
Ypoxku Xanara. @eiirenbmas M.B.
ITpocBeennbIit MoHapx. Hukonaes H.H.
B opbute Xanata. Bsanko A.A.
@unnopopHoe nose 3epHosa: k 110-etuio
YHHUKaJIbHOTO OTKPBITUA B YepHOM Mope.
CrenanbsaH O.B.
Dpa pOMaHTHKY ITy6OKOBO/HBIX IOTPYXEHMU.
K 40-netuto 1a6opaTopuy HAYYHOU SKCILTyaTaLUK
r1y6OKOBOJHBIX OGUTaeMBIX AMapaToB.
Caranesu4 A.M.
«51 BaM ceifuac pacckaxy...». IHTepBbIO
¢ XanaTHukoBbIM M.M., npoBesieHHOE
17 mapra 1993 roga I'.E.T'opesiukom

9 38
9 44
9 45
9 54
9 58
9 60
9 64
6 62
6 3
9 5
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KNMUHUYECKAA MEAWULIUHA

lepoHTOonorua u repuartpus

JKOPEC MEJIBEJIEB

W ET'O «ITPOBJIEMBI JOJITOJIETHS»
Jlpama B UCTOPHH GHOJIOTHH.
Tony6oBckuii M.JI.
[Ipo6nemsl fonronerus. Mensenes JK.A.

NMPODUNAKTUMECKAA MEAULIMHA

Jnupemmnonorna
Krnemesbie nHQexnum*

NCKYCCTBOBEEHWE

10

N306pa3sutensHoe U ieKopaTUBHO-NPUKNaaHoe

NCKYCCTBO W apXuTeKkTypa

VicToku, pa3BUTHE U pacLBeT GpJIOPEHTUIICKOM
Mo3auku B 3anaznHoi Espore. IIpeiros B.U.,
Bensxos A.IO.

ncuxonoruA

Mcuxochusmnonorua
Tpyxn nenaer BODOHOB CYaCTIMBBIMU™

HAYKW 0 3EMIIE

06waAa u pernoHanbHaA reosorua
VIBTPaCTPYKTYPhI B UCKOIIAE€MBIX YIJISAX.
Kusunabmreits JI.4.

ManeoHTtonorua u crparurpadua
AMGONTEPUKC — HOBBIH JMHO3ABP

C IeperoHYaThIMU KpbUlbsiMu*. JlomaTuH A.B.
Buocrparurpadus Kak peadyBCcTBUE.

K 250-netuto co nHA poxxzaeHus Bunbsima CMuTa.
Komapos B.H., AxyHoB ®@.®., Epemenko P.V.
T'puGsi cramnu crapme?* Kysnenosa T.A.
3arepssHHBINA MUp TaBpUABL: JpeBHeMIIasn
uckornaeMas remiepHas ¢payna B Kpeimy.
JlonaTtuH A.B.

Vickomnaemble 3H/IEMUKH U3 acpaibTOBOTO

o3epa Ha Ky6e. JlonatuH A.B., 3eenkoB H.B.
Mopckue penTuINg Me303051 KaK HHAUKATOPEI

KimMarar* ApxaHrenbckuii M.C., 3BepbkoB H.T.

O Murpanusax MOPCKUX Me3030MCKUX PenTHINi*.
3BepbkoB H.T'., Apxanrennckuii M.C.

ITepBble cobaku: Koraa u rae? Ceprus B.A1.
PaciBer 1 3aKaT reTepoOCIOPOBBIX MJIaYHOBUHBIX.
Hayroasnsix C.B.

Turano3aspel Poccun. ABepbsHoB A.O.
TiaTenbHOe NepexeBbIBaHIe MUY KaK paKTop
3BOJIIOLIMY MyleKonuTaomux*. Jlomatul A.B.
SAHTapHBINA Kpaii: CTPaHUIIbI HCKOTIaeMOM
Jeronucu. MbI4ko 3.B.
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[e0TEeKTOHWUKA 1 reoiMHamMuKa
«Topsimas ropas SIHranrtay B Pecnybike
BamkoprocraH. @apxyTauHoB A.M.,
®apxyraunoB U.M., Ucmarunos P.A.

MeTtponorua, BynkaHonorua
BynikaHbl-cKynbnTOpLL BbiKacos B.E.

Munepanoruna, kpuctannorpadma

VcToku, pa3BuTHe 1 paciBeT GpJIOPeHTUICKOM
Mo3auku B 3anagHoi Espore. IIpeiros B.H.,
Bensxos A.IO.

MarremMur, pok/ieHHbIH B OTHe

ITomnuraiickoii actpo6nembl. IIopTHOB A.M.
Crpana Terpaszapus. MuHepanoruueckas ckaska.
PacuBertaeBa P.K.

Yo B UMeHU TBOeM? XMMHUYECKHUE 3JIEMEHTHI,
OTKpBITBIE GJ1arofapst MUHepaiam.
PacuBeraeBa P.K., AkcenoB C.M.

OBauanuty — 200 JieT: UCTOPUS OTKPBITHS

n usydenus. Pacuperaesa P.K., Akcenos C.M.

laporeonorua

«Topsimas ropas SIuranray B Pecny6iuke
Bamkoprocrad. @apxyTauHoB A.M.,
®apxyraunos .M., Ucmarunos P.A.

WHXeHepHaa reonorua, Mep3noToBeieHune
W rpyHToBefeHue

IToxpoBHas TOJIIA KAPCTOBBIX MACCUBOB:
U3y4eHue B LeJIAX KapCTOJOrM4eCcKOoro IporHosa.
Jpo6ununa E.B., Kataes B.H.

®opMupoBaHue OI0JI3He-IOTOKOB Ha OTBaIax
yrienobeiBatoniux npeanpustiii. Bepxosos K.B.,
Poi6anbyenko C.B.

feoxumua, reoxumuyeckue MeTofbl NOUCKOB

NMoJsie3HbIX UCKOMAaeMbIX

Bonee nonyseka ¢ «IIpupozoii». Pogkun M.B.
T'amma-usnyyarenpb *’Cs — 3KCIPeCCHbIN
MHJIUKATOP HKOJIOTUYECKUX KaTacTpod.
ITopTHOB A.M.

JKenezomapraHiieBble OTJIOKEHHUs B OKeaHe:

OT HaHOYACTHI] 10 MAKPOOOBEKTOB.

Hosukos I'.B.

Vneu [1.11.MeHzienieeBa u IPOUCXO3K/ieHe He(TH.
Popxun M.B., ITlynanoBa C.A.

MarreMur, poXX/JieHHbI} B OTHe

TMomuraiickoii actpobiembl. IIopTHOB A.M.
MertaH B YepHoMm mope. JIenH A.IO.
MupoToyalyie HKOHBL: 4TO TOBOPUT HayKa?
Tomus H.B., Byros U.C., Anekcunckuii B.C.,
MockoBckuii A.B., ®nopenckuii I1.B.,
JNleGenbiit M.A.

OsefieHeHUs1 B UCTOPUU 3eMJIH,

Guocdepa u Hu3Kas cBetuMocTh COJIHIIA.
ranumos D.M.
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leonorua, noucku n pa3BefKa TBepabiX
none3HbIX UCKONaemMbiX, MUHepareHusa
VicuepriaHue XUMUYeCKHX 371eMEeHTOB

B 3eMHO#1 KOpe: 000CHOBaHa JI TPeBOra?
Mupaus E.T'., OranecsH JI.B.

SIperckuii THTaHOBBIN eHOMEH.
Kosokoabuesn B.T'.

dusnyeckaa reorpathua v 6uoreorpadua,
reorpathua noyB U reoxMmua naHawadgros
Anekcanzp don ['ymbonbar. K 250-1etuio co fHs

poxzaenus u 190-neturo nyremectsus 1no Poccuu.

Yuyaros B.II.

OT cyGTPOMKKOB 0 TAIU ¥ TYHAPOCTEMeNt:
nyTellecTBYe 10 ropam LInHbIuH

1 BocTouHOU OKpaune Tubera. MaxpoB A.A.,
Apramonosa B.C., BoGpos B.B.,

Ko6auk E.A., JIe6enes B.C., ITasnosa C.B.,
IlledTens B.U.

®unodopHoe nose 3epHoBa:

K 110-71€THIO YHUKAIBHOI'O OTKPBITUA

B YepHom mope. CrenanbsaH 0.B.
YepHoMopckasi kedasb.

Kak Bo3pozauts Gbinyio ciiaBy? damyk J1.5.

leomopdonorua
¥ 3BOJIIOUNOHHAA reorpadua

BivisiHVe 30H pa3phIBHBIX HAapYLIEHHUI Ha CTPOeHNe

¥ pa3BUTHE KOPEHHbIX Geperos

3aymBa Ilerpa Benukoro. T'aBpuios A.A.
Kyza yBo3sr cter? JlookuHa B.A.,
My3br4eHKo A.A.

Omnos3enb U nyHaMu Ha peke Bypee

11 nekabpst 2018 rona. MaxunoB A.H.
IIpumopckas Iopryranus.
DKoJsoro-reorpaduyeckue u3MeHeHu
naunmadros. Jlykamos A.A.,
CmoxTyHosuu T.JL.

IceBnokapcT Ha JIECCOBOM IJIaTO: aHOMaJIbHbIe
nposisnenus. Jlykamos A.A.

fuaponorua cywu, BOOHbIE PEcypcbl,
rmapoxumua

JlepsaHOM OKpOB AMypa. MaxuHoB A.H.
Omnos3enb U nyHaMu Ha peke Bypee

11 nekabps 2018 rona. MaxunoB A.H.

Okeanonorua

Buzum auo! F'ankus C.B., Bunorpaaos I'.M.
BoNBHBIN 10COCH: TPYJHOCTH IPOTHO3UPOBAHUSA
yJIOBOB TUXOOKeaHCKUX jococeil. Foppees U.H.,
Knosau H.B.

['1yGOKOBOJIHBIE CKJIEPAKTHHIEBbIE KOPAJIITbI —
oburarenu raitoros. Kemnep H.B.,

3apaiickas I0.A.

Mapus BacunbeBHa KiieHoBa: HayKa U XKU3Hb.
Bapam M.C.
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11

11

13

27

41

70

62

20

16

39

12

50

60

28

12

16

22

63

80

OTKPLITHI CAMBIE CEBEPHBIE
METAHOBBIE ITOJIA AV OUKU

HoBBIil peroH BOCCTaHOBHUTEIBHBIX COOOLIECTB

Muposoro okeana. Kpbuiosa E.M.,
I'ankun C.B., Mopayxosuu B.B.,
JenucoB B.A., MantotuH A.H.,
Muxaiinuk ILE., Tononux H.C.,
Canamsax HL.II., IllnnoB B.A.,
Appuanos A.B.

JKvBbIe MHAMKATOPHI METAHOBBIX BBIXO/IOB

n ruzporepM. Kpopuiosa E.M., Konnakos E.B.

Wcroynnku MeTaHa Ha KOpAKCKOM CKJI0He
bepunrosa mops. ITononuxk H.C.
YepHoMopckas Kedalb:
KaK BO3pOAUTh ObLIyI0 ciaBy? @amyk JI.51.

METEDDDHDI’MH, Knumaronorua,
arpomerteoponaorua

Ornenenenus B uctropuu 3emiu, 6rocdepa

1 HU3Kas ceeTuMocTh CosHia. FaaumoB B.M.

MmAunonorua v kpuonorua 3emnn

Beunas Mep30Ta TyocTaxCKo¥ BIIaJUHBI.
Myp3un I0.A.

OnacHble «HeJIaBUHOOIACHbIe» CKJIOHBI.
Bo6posa [I.A., Kazakosa E.H., Kazakos H.A.

leoakonorna

T'amma-usnyyaresnpb *’Cs — 3KCIpPeCcCHbIN
MHZIUKATOP HKOJIOTUYECKUX KaTacTpod.
ITopTHOB A.M.

Jlanexo neTur: MuUrpanysi 1 akKyMyJasanus CBUHLA.

CnykoBckuii 3.1.

Kyna yBossr cuer? JlIoGkuna B.A.,
My3bI4yeHKo A.A.

OmnacHsle cBA3Y, U1K YTO HY)KHO 3HATh

00 9KOJIOTHH ceBepHbIX 03ep. CykoBckuii 3.1.
ITpumopckas ITopTyranms.
Dxosoro-reorpaduyeckue U3MeHeHNs

nauamadTos. Jiykamos A.A., CMokTyHOBHY T.JI.

®opmMupoBaHKe OIOJI3HEH-TI0TOKOB Ha OTBasIax

yrieno0ObIBaoMUX npeanpusTuii. Bepxosos K.B.,

PoiGanbuenxo C.B.
DIIbTOHCKO-BacKyHUaKCKUI peroH — KaHAuat
B crivcoK BcemupHoro Hacaneauss FOHECKO.
Bpsiiés B.A., Kua3es [0.11., Monukos C.H.

ANPENbCKUiA dAKYNILTATUB

JlaBaiiTe 11eJ10BaThCs, 3TO He TONBKO IPUATHO.
Cysopos A.H.

Crpana Terpaszapus. MuHepanoruyeckas ckaska.
PacnBertaeBa P.K.

BECTM U3 3KCMEAMLINNA

ViccrneoBaHUS Y4epPHOMOPCKUX /ielIbGUHOB
npozomkatorcs. AragpoHos A.B., [Tanosa E.M.,
JloromuHosa H.B.
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OT cyGTPOMKKOB 0 TAIU U TYHAPOCTEIeNt:

IHyTelecTBye 1o ropaM LIMHbIINH U BOCTOYHOH

okpauHe Tubera. Maxpos A.A.,

Apramonosa B.C., BoGpos B.B., Ko6iuk E.A.,
JleGenes B.C., [1aBnoBa C.B., lle¢rens B.U. 3 70

B KOHLIE HOMEPA
Boitna mupos. Komapos B.H. 10 79

BPEMEHA ¥ 10K

Anekcanzp don ['ymbonbar. K 250-1etuio co fHs
poxaenus u 190-neturo nyremectsus 1no Poccuu.
Yuyaros B.II. 12 41
Buocrparurpadus Kak peadyBCcTBUe.

K 250-netuto co nHA poxzaeHus Bunbsima CMmuTa.
Komapos B.H., AxyHoB ®.®., Epemenko P.Y. 4 67

Bonee nonysexa ¢ «IIpupozoii». Pogkun M.B. 2 87
Bosspaienne nmenu: 3oo510r bopuc Cykaués.
T'onyapenxo H.B. 6 79

JI..JIanpay u A.J1.Kuraiiropozckuit Kak
MPOCBETHUTENH U TIOYJISIPU3aTOPh! HAYKH.

Illep6axos P.H. 10 62
JIuze MeliTHep — «Mazam Kropu»

Hemerkoit Hayku. Illep6akos P.H. 5 77
Mapus BacunbeBHa KiieHoBa: HayKa M XU3Hb.

Bapam M.C. 7 80

3AMETKW W HABJTIOAEHNA

Bynkanbl-ckyabnTopsl. Beikacos B.E. 5 69
3onorucTas p>kaHka Ha Bumepckom Ypaie.

Konoun B.A. 10 56
WHTEPBbLIO

Bek Hayku 0 mosMMepax’.

WHurepBbio X0X10BbIM A.P. 3 3

JIronu, co3zparolye HoBble MaTepuabl: OT IIOKOJIEHUs

X po nokosienus Z. Miurepssto ¢ l'ynumuasiM EAA. 8 3
«MpbI IPUOIM3UITUCE K TPAaHUIIAM TPUMEHUMOCTH
[IepUOANYeCKOro 3aKOHa» .

Wurepsoio ¢ Oranecsnom F0.11. 2 4
Co3supianye «JIeCTHULILI» XMMUYECKOIo
ob6pazoBanusi. UuTepebio ¢ JlyHuHbiM B.B. 2 12

Tabuiia MeHzeneeBa — yHUBepCaIbHOE 3BEHO
KyZbTypHOro Koza'. FinTepsblio ¢ TapacoBoit HII. 3 8
Xumuku o [eproaudeckoit Tabiuiie:

npodeccHoHaIbHbI NHCTPYMEHT, Hay4Hast NKOHa,
OTKphbITas kHurar' VinTepsbio ¢ AHTHIOBBIM E.B.,
BaGaesbiM E.B., 31omanoBbiM B.I1.,

HBanosbiM A.B., Kapsakuabim A.A.,

IleBenbkoBbIM A.B., SInenko A.B. 2 17

HAYKA U OBLLECTBO

HManuun I'paHuH 1 HayKa: OTKPBITHE

A.A.JTrobumresa u H.B.Tumodeesa-PecoBckoro.

K 100-netuto [I.A.I'panuna. Fonmy6oBckuit MJI. 2 77

! utepBsio noarotosuia E.B.Cuzoposa.

JKOPEC MEJIBE[TEB
N ETO «I[TPOBJIEMBI OOJTOJIETUA»
[lpama B MCTOpUH GHOJIOTHH.

Tony6oBckuit M.JI. 4 72
[po6emsl nonronerrs. Mensenes JK.A. 4 80
K 150-netuto pomana JKions BepHa «/IBaanatsb
TBICSY JIb€ 1107 BooI». CMoaunkuii C.B. 5 57
HAYYHbIE COOBLUEHUA

AwmyrneT peBHUX MOPCKUX 3Bep060eB
¢ no6epesxbst OXOTCKOTO MOPSI.

Jle6enuuunes A.U. 8 74
BoJ10caTHKK U CTENIeHN CBOOOIbI
B 3Bojronuu 6esnkos. llanuun A.JO. 8 68

['11y6OKOBO/HBIE CKJIEPAKTHHHEBbIE KOPAJIIbI —
oburarenu raitoros. Kemnep H.B.,

3apaiickas 10.A. 8 63
KumbepiutoBbie TPyOKM
u ¢ronHbIN BynkaHu3M. Yymos C.B. 3 66
PacIiBeT 1 3aKaT reTepOCIOPOBLIX JIaYHOBUAHBIX.
Hayroabnbix C.B. 7 72
YIBTPacTPyKTyphI B MCKONAEMBIX YIJIAX.
Kusunsmreiin J1.A. 5 67
HEKPOJNoOr
Ipenen Kappawmeésa. Jiumynos B.M. 8 77
HOBbIE KHUT W

194,292,394,495,593,694,7 94,

1077,11 78,12 68

PELIEH31K

Kaxk HaiiTu cBOero fuH03aBpa

(na xH.: I.B.I'puropres. Kak oTkonaTb cBoero

nurHo3aBpa. Cepus «3HAKOMUMCS C IPUPOJIOI» ).
Komapos B.H. 11 77
Meso3oiickue uynosuia [T0BOIKbS

(#a kH.: A.E.HenmxoB, M.C.ApxaHreIbCKuil,

A.B.MBanoB. Koraa Bosra 6b11a MOpeM.

JleBuacdansel 1 muurpumMsel). Komapos B.H. 5 88
O pakoHax, 060POTHAX

1 )KUBOTHBIX-3KCTPACeHCax ¢ TOYKU 3peHus HayKu

(Ha xH.: O.ApHonba. JItoau U 3Bepu:

MubBbI ¥ peanbHOCTh). MapkuHa H.B. 6 91
O enuHcTBe 1 pa3Ho0Opasuu reocdep 3emnu

(#a kH.: U.A.Crapony6uesa u np. [IyTeBoauTeN b

110 3aj1aM ['oCy1lapCTBeHHOTO Ie0IOrMYeCcKOro Mysest

uM. B.1.BepHazckoro PAH). Komapos B.H. 3 9
OT reonoruy 3eM K IO3HAHUIO YeJIOBeKa.
Pa3zmbliieHus 1CTopruorpados 1o MoBOAy

MoHorpaduu akagemuka M.J1.Ky3pMuHa

(Ha xkH.: M.M1.Ky3pMuH. Moe no3HaHue

reosiorny 3emnn). Bazapos B.B., Kypac JI.B. 7 89
Yo HaM He Hazlo 3HATh O IIEPMCKOM IIepHuoze

(na kH.: K.A.Jlo6psiHckux. [lepMcKuii

reojioruyeckuit nepuon. [lepMb BesuKas:

BIevaTIeHus dyepes kpail). Hayroapnbix C.B. 12 66



ABTOPCKUN yKa3aTersb

3a 2019 ron

Agepranos A.O.

Arankuza I'1. (ITapamoHoBa T.A., Komuccaposa O.JL.,
Typeixkun JI.A., Ky3pmenkosa H.B., Mamuxus C.B.)*
AradoHnoB A.B. (ITaHoBa E.M., JToromuHoBa 11.B.)
AradoHoB A.B. (YepHeukuit A.JI.)

AnpuanoB A.B. (Kpeinosa E.M., l'ankus C.B.,
Mopayxosuu B.B., [lenucos B.A., Mantotun A.H.,
Muxaitnuk ILE., ITonoxuk H.C., Canamsas H.IL.,
[Iunos B.A.)

AxcenoB C.M. (PacuBeraesa P.K.)

Anexcunckuii B.C. (Tomus H.B., Byros U.C.,
MockoBckuii A.B., ®nopenckuii IT.B., Jle6enblit M.A.)
Amupxanos X.A. (Oxepenbes [I.B., Ycnenckas 0.11.)

Awnrunos E.B. (Ba6aes E.B., 3nomaHos B.I1., iBaHOB A.B.,

Kapsikun A.A., IlleBenbkoB A.B., Sienko A.B.)
Apramonosa B.C. (Maxpos A.A., Bo6pos B.B.,
KobGsuk E.A., Jle6enes B.C., TTaBnosa C.B.,
[Mledrens B.I1.)

Apxanrenbsckuii M.C. (3BeppkoB H.T'.)

Axynos @.0. (Komapos B.H., Epemenko P.V.)

Ba6aes E.B. (AuTunos E.B., 3nomanos B.IL.,
VBanos A.B., Kapakun A A., IllesenbkoB A.B.,
Auenko A.B.)

Ba3zapos B.B. (Kypac JL.B.)

Bannbix O.A. (Connues K.A., IBetkos 10.B.,
Hesnes B.M.)

Bapam M.C.

Benses JI.A.

Benskos A.1O. (IIpsiros B.1.)

Bepman I.11. (Bynaxosa H.A.)

Bo6pos B.B. (Maxpos A.A., Apramonosa B.C.,
Ko6iuk E.A., JleGezes B.C., ITasnosa C.B.,
Mledrens B.1.)

Bo6posa /I.A. (Kasakosa E.H., Kasakos H.A.)
Borauyk [I.C. (CuporuH C.B., Macinos B.E.)
Bpouiés B.A. (Kuases 0.I1., Monuxos C.H.)
Bynaxosa H.A. (bepmaun [I.11.)

Byros U.C. (Tomun H.B., Anekcunckuii B.C.,
MockoBckuit A.B., @nopenckwuii I1.B., [leGenbrit M.A.)
Boikacos B.E.

Bsanko A.A.
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40
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24
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17

70
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12
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* 3n1ech u anee B CKOOKax YKa3daHbl COaBTOPBI.

Bsnko A.B.

Bepxosop K.B. (PriGanbuenko C.B.)

Beuepckuiit M.B. (Ky3HzeroBa T.A., CTenaHbKoB A.A.)
Bub6e 11.3.

Bunorpazos I''M. (Tankun C.B.)

laBpuios A.A.
T'anumos B.M.
T'ankun C.B. (Bunorpazos I'.M.)

Tanxun C.B. (Kpsutosa E.M., Mopayxosud B.B.,
Ilenncos B.A., Mamotun A.H., Muxaiinuk I1E.,
Iononuk H.C., Canaman H.II., IIunos B.A.,
AnpuanoB A.B.)

Tomy6osckuit M.JI.

T'onvapenko H.B.
T'opnees 1.U. (Knosauy H.B.)
T'ymunun E.A.

Hamkesuy JI.B. (Mnbuyes B.T., Kynsirus B.B.)
TleGenbrit M.A. (Tomun H.B., Byros 11.C.,
Anexcunckuii B.C., MockoBckuii A.B.,
®rnopenckuii I1.B.)

Henncos B.A. (Kpouiosa E.M., l'ankun C.B.,
Mopayxosuu B.B., Mamorun A.H., Muxainuk ILE.,
IMononuxk H.C., Canamsan H.IL., [Ilunos B.A.,
Appuazos A.B.)

HepxasuH B.JIL.

Hmutpues 1.C.

To6poBoinbckas M.B. (Pemerosa 1.K.)
Jpo6uuuna E.B. (Kataes B.H.)

Epemenko P.V. (Komapos B.H., AxyHos ®.®.)
Edpemos 0.H.

3agoiikun A.A. (Kysreros B.JI., OnbxoBckuii C.B.)
3apatickas I0.A. (Kennep H.B.)

3BepbkoB H.T'. (ApxaHrenbckuii M.C.)

3enenkoB H.B. (JIomarun A.B.)
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3nomanos B.I1. (Aurumnos E.B., Ba6aes E.B.,
VBanoB A.B., Kapakun A.A., [llesenbkoB A.B.,
Anenko A.B.)

Wganos A.B. (Autumos E.B., Ba6aes E.B.,
3nomaHoB B.II., Kapsakun A.A., IlleBenbkoB A.B.,
SAuenko A.B.)

Hesnes B.M. (Conuxues K.A., Bannbix O.A.,
IIBerkoB 10.B.)

U3maitnos C.®. (Hukutun A.B.)

Vneuyes B.T. (Jamkesud JI.B., Kynbirus B.B.)
HWure-Beuromos C.I'.

Vcmarunos P.A. (Qapxytausos AM.,
®apxyrauHos 1.M.)

Kasakos H.A. (BoGposa JI.A., Kasakosa E.H.)
Kaszaxosa E.H. (Bo6posa [I.A., Kasakos H.A.)
Kanesckuit [W. (KnyGuuukuH A.M., Cazonos K.E.)
Kapskus A.A. (AnTunos E.B., Bab6aes E.B.,
3nomanos B.II., MiBaHoB A.B., IlleBenbkoB A.B.,
SAnenko A.B.)

Karaes B.H. (IIpo6uxuna E.B.)

Kesep H.B. (3apaiickas [0.A.)

Kuszunbmreiin JI.4.

Knosau H.B. (Topzaees 1.11.)

Kny6uuukuH A.M. (Kanesckuii I'11., CazonoB K.E.)
Kuszes 0.I1. (Bpbuiés B.A., Monukos C.H.)
Ko6muk E.A. (Maxpos A.A., Apramonosa B.C.,
Bo6pos B.B., Jle6enes B.C., ITaBnosa C.B.,
[ledrens B.I1.)

KosbuH B.A.

Komnoxkonbues B.T.

Konmnaxkos E.B. (Kpbuiosa E.M.)

Komapos B.H. (AxyHoB ©.®., Epemenxo P.V.)
Komapos B.H.

Komuccaposa O.JI. (ITapamonosa T.A., Typbikun JLA.,
Kysbmenkosa H.B., Arankuna I'.11., Mamuxun C.B.)
Kopo6os JI.C.

Kpenke H.A.

Kpeinosa E.M. (Tanxus C.B., Mopayxosud B.B.,
Ienucos B.A., Mantorun A.H., Muxaiinuk ILE.,
ITonmonuk H.C., Canamsu H.II., IITunoB B.A.,
Anpuanos A.B.)

Kpeinosa E.M. (Konmakos E.B.)

Kprokosa H.B.

Kpsuxo T.B.

Kysnewnos B.JI. (OnbxoBckuii C.B., 3aBoiikuH A.A.)
Kysnenosa T.A.

Kysnerosa T.A. (Beyepckuit M.B., CTenanbkoB A.A.)
KysbsmenkoBa H.B. (ITapamonoBa T.A.,

Komuccaposa O.JI., Typbixun JI.A., Arankuna I'.11.,
MamuxuH C.B.)

Kysnbirud B.B. (Mnbuyes B.T'., Tamkesuy JI.B.)
Kypac JI.B. (Bazapos B.B.)
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JNle6enen B.C. (Maxpos A.A., Apramonosa B.C.,
Bo6pos B.B., Kobnuk E.A., ITaBnosa C.B.,
ledrens B.I.)

JleGenuHies A.U.

Jlenn A 1O.

Jlunre N.A.

JlunyHos B.M.

Jlo6kuHa B.A. (My3brueHko A.A.)

JloromuHoBa 1.B. (AradoHnos A.B., ITaHoBa E.M.)
JlonaTun A.B.

JlonmatuH A.B. (3enenxos H.B.)
Jlykamos A.A.

JlykamoB A.A. (CmokTyHOBMY T.JL.)
Jlynun B.B.

Maxapos H.A.

Mamotun A.H. (Kpeinosa E.M., l'ankus C.B.,
Mopnayxosuu B.B., Jlenncos B.A., Muxaiinuk ILE.,
ITononuk H.C., Canamsan H.II., [ITunos B.A.,
AnpuanoB A.B.)

MamuxuH C.B. (ITapamonosa T.A., Komuccaposa O.JI.,

Typsikus JI.A., Ky3pmenkosa H.B., Arankusa I'.11.)
Mapkuna H.B.

Macnos B.E. (Cuporun C.B., Borauyk [I.C.)
Maxunos A.H.

Maxpos A.A. (ApramonoBa B.C., Bo6pos B.B.,
Ko6nuik E.A., Jle6ezes B.C., ITasnosa C.B.,
IIeprens B.I1.)

Mensenes JK.A.

MepnukoBa M.b.

Mumoxon P.A.

Musees B.I1.

MupiuH E.I'. (OranecsH JI.B.)

Muxaiinuk ILE. (KpsutoBa E.M., T'ankun C.B.,
Mopayxosud B.B., [lenucos B.A., Mamotun A.H.,
ITononuk H.C., Canamsan H.II., [ITunos B.A.,
Anpuanos A.B.)

Monuxkos C.H. (Bpbuiés B.A., Kusases [0.11.)
Mopayxosud B.B. (Kpeinosa E.M., 'ankus C.B.,
HenucoB B.A., Mamotun A.H., Muxaiinuk ILE.,
ITononuk H.C., Canamsu H.II., IITunoB B.A.,
AnpuaHoB A.B.)

Mockosckuii A.B. (Tomun H.B., Byros U.C.,

Anexcuuckuii B.C., ®@nopenckuii I1.B., leGenblii M.A.)

Mys3brdenko A.A. (JIookuHa B.A.)
MypsuH [0.A.
Mbruko D.B.

Hayromeueix C.B.
Huxurun A.B. (M3maiinos C.®.)

Hukonaes H.H.
Hosukos I'.B.
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Oranecsn JI.B. (Mupmus E.T')

Oranecsan 10.11.

Oxepenbes [I.B. (Amupxanos X.A., Ycnenckas O.1.)
Ounbxosckuii C.B. (Ky3Heros B.[I., 3aBoiikuH A.A.)
Opsos M.A.

Masnosa C.B. (Maxpos A.A., ApramonoBa B.C.,

== N 00

BoGpos B.B., Ko6iuk E.A., JleGenes B.C., lleprens B.1.) 3

ITaHoBa E.M. (Ara¢oHoB A.B., Jloromurosa 1.B.)
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HAVYHO-ITONVJIAPHBIE JKVYPHAJIbI
TEIIEPH NOCTYVIIHbI BCEM

YBaxaembie konneru!

OTKpbITa NoagnNMcKa ana pusnyeckux nuy

Ha Homepa 2019 . HAy4YHO-NONYNAPHbIX XXYPHANOB
«3emnsa n BceneHHaa», «[lpupoaa,

«IHepruf: S3KOHOMUKA, TeXHUKa, IKonorna»

JKypHan «3envid 1 BcenneHHasi>»

CTouMMOCTb rogosoro KomnnekTa (6 Homepos) 1200 py6.
Pepakuus )XxypHana

Ten.: +7(495)276-77-35 (no6. 42-31)

E-mail: zevs@naukaran.com

yn. Npodcot3Hasg, 90, K. 423

Kypuan «Ilpupoga>

CTouMocTb ronosoro KomrnekTta (12 HoMepos) 3000 py6.
Penakuusa XypHana

Ten.: +7(495)276-77-35 (no6. 41-71)

E-mail: priroda@naukaran.com
yn. NMpodcotosHasg, 90, K. 417

KypHan «JHeprus: 3KOHOMHKA, TeXHHUKA, 3IKO/IOrHUd >
CToMMOCTb NOAYroaoBoro KomnnekTa (6 Homepos) 1500 py6.
Pepakuus )xypHana

Ten.: +7(495) 362-07-82

E-mail: energy@iht.mpei.ac.ru

yn. KpacHokasapMeHHas, 17a

YKypHanbl Tak)Xe MOXXHO NpuobpecTu B pO3HULLY B CETU
Mara3mHoB “AkageMKHura” rno cnefyroumnMm LeHaMm:

«3emuis 4 BceneHHasi» — 220 pyo.

«IIpupoga> — 270 py6.

«JHeprus: IKOHOMHKa, TEXHUKA, IKOTIOTHA>» — 270 pyo.

Peknama

MoanucaTbCa MOXHO B PEAAKLUAX YKAa3aHHbIX XYpPHanoBs. B cnyyae BO3HMKHOBEHMUS BOMPOCOB MOXHO TaKxe obpawarsca
Y6eautenbHas npocbba CBA3ATbCA C pefaKkuMaMu nepej BUSUTOM. B YnpasneHue no BbiNycKy )XypHanos OIYM «U3aatenbctso «Hayka»:
Ten.: +7(495)276-77-35 (0,06. 42-91 unu 43-01)
E-mail: journals@naukaran.com
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