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V]IK 57.045

CBA3b TAPAMETPOB MEXIINIAHETHOI'O MATHUTHOT O I1OJISA
N COJIHEYHOTI'O BETPA B OBJIACTH INIOJIAPHOI'O KACIIA
C ICUXO®HU3NOJIOTHMYECKAM COCTOSHUEM KUTEJEN APX. INITAIBEPTEH

AHHOTauun

H. K. beaumena, A. A. MaprtsinoBa, C. B. IIpsaununnkos, H. JI. CosnoBbeBckas,

T. C. 3aBaackasn, B. B. Meropckuii

Hayuno-uccnenoBarenbCKkuii IIEHTP METUKO-OMOIOTMYECKIX IPOOIIEM aJanTalliy YeJT0OBEKa
B Apkruke KHI] PAH

[MpeactaBneHbl AaHHbIE UCCNeaoBaHWIN, NPOBEAEHHbIX Ha apX. LnuubepreH no BbiISABNEHMIO
CBA3KN MeXay napameTpaMmm MexnnaHeTHoro MariuTtHoro nonsa (MMIT) n conHeyHoro BeTpa (CB)
B 06nacTv NOMSAPHOro Kacna ¢ NCMxXopr3nonorMyeckum CoctosHmeM xutenen apx. LUnuudepreH.
MpoBeaeHHble UccreaoBaHUsi NO3BONUIM OOHaPYXUTb ABE rpynnbl FEOKOCMUYECKMX areHToB,
accouMnpoBaHHbIX C conHevHon aktuBHocTbio (CA), ¢ mapametpamu MMIT n CB, kotopble
MOOYNUPYIOT (DYHKLMOHANBHOE COCTOsIHME opraHu3ma. [epBas rpynna BKNOYaeT nokasatenu
CA, reoacpdektnBHble napametpbl MMM n CB, a Takke n MHAEKCbI FrEOMarHUTHON akTUBHOCTYU
(TMA). ®usnyeckne areHTbl 3TOW TPyNMnbl MOAYSIMPYHT MNCUXOSMOLMOHANbHOE COCTOSIHNE
N, BEpPOATHEE BCErO, BIMAIOT HA LIEHTParbHY0 HEPBHYIO CUCTEMY U (DYHKLIMM FOSTOBHOIO MO3ra.
BTopas rpynna guanyeckmx areHToB He cBdA3aHa ¢ TMA u npeacrtaBneHa napametpamvy MMIT,
napameTtpamm CB, xapaktepusyloWwumm MarHUTOrMApoOOUHAMNYECKME U  MarHUTO3BYKOBbIE
CBOWNCTBA Nria3Mbl, a Takke C NOTOKaMK MPOTOHOB C 3Heprusimn >10 MeV. 3Ta rpynna areHToB
accoumupoBaHa C MoAynsumMen comaTuydeckmx (PyHKUMIA opraHusma, perynupyembiX riaBHbIM
o6pa3om aBTOHOMHOW HEPBHOM cucTeMor. B obnactn nonspHOro kacna 3T areHTbl HaNpsIMyHo
UNn onocpegoBaHHO MOAYIMPYIOT MOLHOCTb M COOTHOLUEHME YacTOTHbIX COCTaBMSANLLNX
cepaoevHoro putma, apTepuanbHOe AMacTonuyeckoe [aBreHue, 4YacToTy cepaedHbiX
COKpaLleHuin, BpeMsi CBEPTbIBAEMOCTMN KPOBU. [lonyyeHHble pe3ynbTaTbl MMEOT NPUOPUTETHBIN
XapakTtep, MO3BOMSAIOWMIA NEePeOCMbICNIUTE LUMPOKO AUCKYTUPYEMYHO POfb FEeOMarHUTHbIX
BO3MYLLEHWUIA B MOAYNALMN PYHKLMOHANBHOMO COCTOSIHUSI OpraHvM3ma 4YeroBeka U pacCMOTPeTb
WHblEe MEXaHU3MbI, obnagaroLme BbICOKON 6103t HEKTUBHOCTBIO B 00NACTM MOMSIPHbIX LMPOT.

KnioueBble cnoBa:

apx. WnuuybepaeH, mexrinaHemHoe MagHUMHOE roJie, COJMIHEeYHbIU eemep, MOMspHbIU Kacr,
Mcuxoghu3U0Io02U4eCKOe COCMOSHUE.

LINKAGE OF PARAMETERS OF THE INTERPLANETARY MAGNETIC FIELD
AND THE SOLAR WIND IN THE POLAR CUSP WITH THE PSYCHOPHYSIOLOGICAL STATE
OF THE RESIDENTS OF SPITZBERGEN ARCHIPELAGO

Abstract

Natalia K. Belisheva, Alla A. Martynova, Sergey V. Pryanichnikov,

Natalia L. Solovievskaya, Tatyana S. Zavadskaya, Vladimir V. Megorsky

Research Center for Medical and Biological Problems of Human Adaptation in the Arctic
of KSC RAS

The paper presents the data of studies conducted on Spitsbergen Archipelago which deal with
the linkage of parameters of the interplanetary magnetic field and the solar wind in the polar cusp
with the psychophysiological state of the residents of Spitzbergen Archipelago. Monitoring of the
daily psychoemotional state of volunteers with assessment of health, activity, mood (SAN), as
well as situational and personal anxiety (CT and LT) showed that the decrease in the proton flux
density with energies > 10 MeV can increase situational anxiety and decrease mood. Using the
method of gas-discharge imaging (GDV) glow near the surface of the fingertips in parallel with
the methods of psychoemotional testing showed that the level of situational anxiety and mood is

BECTHHK Konvckoeo nayunozo yenmpa PAH 4/2018(10) 5



H. K. berummieBa, A. A. MaptsiHoBa, C. B. Ipsanunukos, H. JI. ConoBseBckast, T. C. 3aBaackas, B. B. Meropckuit

reflected in the characteristics of GDV-grammes. It has been shown that both the results of
psychoemotional testing and the results obtained using the GDV method find parallel reflection in
the nature of connection with cosmophysical agents. The obtained results indicate the high
degree of conjugation of psychoemotional state of human body with variations in the parameters
of interplanetary medium. Because of its proximity to outer space, Spitsbergen Archipelago can
serve as a kind of "testing ground" for analog experiments that allow us to come closer to
understanding the mechanisms of cosmophysical agents impact on psychoemotional state
of human beings under terrestrial and cosmic conditions.
Keywords:
Spitsbergen Archipelago, interplanetary magnetic field, solar wind, polar cusp, psychoemotional state.

BBenenue

Apxunenar HInuuGepren pacnosnoxen B CeBepHom JlenoButom okeane, mexay 76°26 ' 80°50'
cesepHOi mmpotel U 10° m 32° BocTouHOM Aonrotel. I'eodnsznyeckoil 0COOEHHOCTHIO apxuresnara
SIBJIIETCSI €T0 MECTOIOJIOXKEHHE B 00JacTH Kacra [1] — cBoeoOpa3HON BOPOHKH HA THEBHOW CTOPOHE
MarHuTocQepsl ¢ BEIMYMHON MAarHUTHOTO TOJIsA, OMM3KOM K HYJIO, Ky/a, IPH ONMPEICICHHBIX YCIOBHIX,
MOXET MPOPBIBATHCS MOIIHBIMU IIa3MEHHBIMU CTpysMU cosiHeuHbld Betep (CB) [2]. DTta obmactsb
JIOKAJIN30BaHa B palilOHE MECTHOIO MOTYIHS U POCTUPAETCS MIPUMEPHO Ha 2—3 yaca 110 Joirore u Ha 1°
mo mupote. OTKPBITHIE JWHUU MAarHUTHOTO TONIA 3eMJIM B OTOW 0OJacTH CBS3aHBI C JIMHUSIMU
MexriaaHeTHoro mMaruutoro mnoist (MMII), 9To mo3BoJsieT YCKOPEHHOW TMIa3Me COJHEYHOrO BETpa
BpBIBAThCSA B MarHUTOChEpy U MpOHUKATh B HoHOCPepy [2]. becipensTcTBEeHHOE BTOp)KEHNE COTHEUHBIX
gacTUIl B 00JacTH Kacma TMPUBOAUT K MHOKECTBEHHBIM TeO()HM3MUECKUM SIBJICHHSM, OTPaKAFOIIAMCS
B CTPYKTYPHO-IHEPT€TUYECKHUX XapaKTePUCTHKaX Bapuanuii reoMmarauTHOTO moiist ('MIT). B criokoiinsbrii
nepuoJ B 00JacTH MOJSPHOrO JHEBHOTO Kacma IMOCTOSHHO PETUCTPUPYIOTCS IOTOKH 3IIEKTPOHOB
¢ smeprueii 100-200 >B u mnoTHOCTHIO wactuil 10°-107° cM?, KOTOphIE IPOHHUKAIOT B MarHUTOChEPY
n3 CB u pacnpoctpansaioTcs: BILUIOTH 710 BbicoT nopsiaka 1000 kM. [ToToku 3THX 4YacTUIl r€HEpUPYIOT
oueHb HU3KowyacTOoTHBIM mym (OHY) B mmpokom mmamazone uactot [3—5]. BzaumopeiictBue CB
¢ MarHATOCQepoit 3eMin mopoXxaaeT u reomarauTHeie mysabcaruu (I'T1), yacrora kKoneGaHuit KOTOPBIX
JNeKAT B JMala3oHe HU3KOYACTOTHBIX Owomormyeckux putMmoB [6]. ITI xapakrtepusyrorcs
KBa3UIEPUOINYECKON CTPYKTYpPOH C IMANa3OHOM YacTOT OT THICSYHBIX AOJNEH repua 10 HECKOJIBKHX
repil. BepxHsis yacToTa mysbcanuii onpenesieTcss TApoYacTOTOW MPOTOHOB B MarHUTocepe, Ha 3eMHON
MTOBEPXHOCTH 3TO COOTBETCTBYET YACTOTHOMY JAMAIIa30HY mHopsiaka 3—5 ', KOTOpoMy COOTBETCTBYIOT
JMana3oHbl JebTa- M TETapUTMOB Mo3ra 4enoBeka. K JHEBHBIM MylbCcalUsM OTHOCSTCS Takke
IIMPOKOIOJIOCHBIC HPPETYIIApHbIC Myabcanuu auanasona Pc5 (f ~ 1,5-5,0 mI'11) ¢ amrumuTymoit mopsiaka
15-60 uTmn, ipcl [7-9]. YUacToTa TakuxX MyJbcaluii COOTBETCTBYET CBEPXMEICHHBIM pUTMaM Mo3ra [ 10—
12]. Ot xoneGaHUsS HOCAT YCTOWYHMBBIA XapakTep M MPOAODKAIOTCS B 3aBUCHMOCTH OT YPOBHS
reOMarHUTHOW BO3MYILIEHHOCTH 0T 2 110 10 yacoB. /[nMHHONEpHOIHbBIE KBa3UIIEPUOJMUYECKHE MATHUTHBIE
BO3MYyIIEHUs ¢ neprogamu 15—40 muH u amrumatynoi nmopsaka 60—400 v, HazBaHnHbIe VIp (Very long
period), BO3HHMKAIOT MPH BBICOKOW MArHUTHOW aKTUBHOCTH, OONBIION CKOPOCTH CONHEYHOTO BETpa
U OTpULIATENIbHBIX BZ MEXIIIaHETHOr0o MarHUTHOTO MOJISl Ha 3€MHOW MOBEPXHOCTH B THEBHOM CEKTOpE
[7-9]. CepxmeuieHHBIC PUTMBI MO3Ta BKIIOYAlOT mepuoasl 2—3, 4-6, 7-14, 15-30, 31-59 mun, T. €.
COOTBETCTBYIOT JJIMHHONEPHOAHBIM KonebaHusM ['MII. B BeuepHee M HOYHOE BpeMs BO3MOMKHO
MOSIBJICHHE UMITYJIbCHBIX BCIIECKOB I'€OMarHUTHBIX MyJbcalnii auana3ona Pi2-Pi3, a B ;HeBHOM cekTope
MOSIBJICHHE KBa3MMOHOXPOMATHYECKHUX IIIYMOBBIX KoseOaHuii B uanasone Pc3-4. Yactp n3 HaOIr01aeMbIX
KoJeOaHUN MOXKET OBITh PEe3yabTaTOM IMPSIMOTO NPOHUKHOBEHHUS THUAPOMArHUTHBIX BomH u3 CB.
[lIupoTHON OCOOCHHOCTHIO O00JIAJAIOT W YCTOWYMBBICE T'€OMAarHWTHBIE Tyibcaluu Tumna Pc2-PcS5,
aMIUTATY/Ia KOTOPBIX pacTeT ¢ mmpoToit [7-9, 13].

buosddexruBHOCTS (U3MUECKUX SABICHUH B OOJNACTH TMOJSPHOTO Kacla MPAaKTUYECKH He
M3y4€Ha, XOTS MX pPOJib B IIOOANBHOW MOAYNIALMH TMCUXMUYECKUX IPOLECCOB KOCBEHHBIM 00pazoM
nonreepxkaaercs [14]. B Hammx paborax Oblia BbISIBIIEHA CBSI3b MEKIY CTPYKTYPHO-3HEPT€TUUECKHUMHU
xapakrepuctukamu Bapuauuit 'MII u ¢pyHKuMOHANBHOM aKTUBHOCTBIO Mo3ra [15], XapakTepucTukamu
conHeyHo akTuBHOCTU (CA), BO3MYIIEHHOCTBIO MEKIUJIAHETHOM Cpellbl M ICHUXO0IMOLMOHAIBHBIM
COCTOSTHHEM 37I0pOBBIX BoJIOHTEpoB [16, 17], Bapuanusamu CA u I'MII u 3a0oneBaeMOCThIO KUTENEH
poccuiickux mnocenkoB Ha apx. Ilmuunbepren [18]. Kpome Toro, compsikeHHbE HCCIEIOBAHUS

6 http://www.naukaprint.ru/zhurnaly/vestnik/
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reoMarHuTHOW akTUBHOCTH ('MA) M aMIUIUTYIHO-4aCTOTHOTO JMana3oHa PUTMOB MO3ra, OICHEHHBIX
Ha OCHOBe 3JiekTpodHIedamorpamMm (331°) 3I0POBBIX UCIBITYEMBIX, OKA3aIH, YTO MPU BO3MYIIICHUSIX
F€OMarHUTHOTO TOJS  MPOUCXOAAT  aMIUIUTYIHO-YaCTOTHBIE M  IPOCTPAHCTBEHHO-BPEMEHHBIC
MEPECTPONKH OHMODIICKTPUUECKOM akTUBHOCTH Mo3ra yenoBeka [19, 20]. CrmemcTBueM BO3IEHCTBHUS
Bapuanuii I'MII Ha QyHKIMOHAIBHOE COCTOSHHME MO3ra MOT'YT ObITh KOMOWHUPOBAHHBIE PE30HAHCHI
Y JIECUHXPOHO3, MPOSIBJISIOMINECS B IIUPOKOM CIEKTPE MCUXUIECKUX (PEHOMEHOB: B TICUXOMATUYECKUX
Y UCTEPOUIHBIX PEAKIMSIX, B ICTIPECCUH M BO30Y)KICHUH, B COCTOSIHUM H3MEHCHHOTO CO3HaHus u 1p. [14,
21]. MounuTtopunr BapuabenbHocTH cepaedHoro putma (BCP) y BomoHTepoB B mepuof,
XapaKTePU3YIOIIHUICSI BBICOKOM F€OMarHUTHOM aKTUBHOCTBIO, BBISIBUJI CBSI3b Mexy uHAekcamu ['MA u
BOJIHOBOM CTPYKTYpOH CEpAE€YHOro puTMa. bBbUIO IMOKa3aHO, YTO MOIIHOCTh BBICOKOYACTOTHBIX
n Hm3kouacToTHeIX (HF, LF cooTBeTCTBEHHO) CHEKTPaIbHBIX COCTABIAIONIMX CEPACYHOTO PHUTMA,
a TaKKe CyMMapHas MOIIHOCTh BO BCEX CIEKTPAIbHBIX auama3zoHax dactor (TP) ymensimaercs
pu Bo3pactanuu 'MA [22].

Ilenp HacTOSIIIETO  MCCIENOBAHUS COCTOsUIa B BBISIBIEHHMM CTENEHH  3aBUCHUMOCTHU
NCUXO(U3MOTOTUIECKOr0 COCTOsIHUA skuTenei apx. llnmunbepreH or mapaMeTpoB MEKIUIAHETHOTO
marauTHoro nois u CB, acconnupoBanHbix ¢ CA, B 00J1aCTH MOJSPHOr0 Kacma.

Marepuajbl 4 METObI

B uccnenoBanny npuHUMaNM 100pOBOIbHOE ydacTre 43 4ell., MpoXKUBaBIINX B 1oc. bapeHnOypr
B niepuoz ¢ 30 uroinst mo 18 aBrycra 2018 r. Bee ncnbiTyeMblie ObUTH 03HAKOMIICHBI € IIETIO U YCIOBUSIMH
HKCIIEPUMEHTA U JTAJIM CBOE COITIacue Ha yJacTHe B HccnenoBaHusx. [Icuxodusmnonornueckoe COCTOSHIE
YYaCTHHKOB HCCIIEJIOBAaHUS €XECYTOYHO OIIEHMBAIOCh HA OCHOBE: 1) XapaKTEepUCTHKH CepIAeYHO-
COCYAMCTOM CHCTEMBI; 2) KOMIUIEKCHOW XapaKTePUCTUKUA ICUXO(U3NOIOTMYECKOTO COCTOSHHS
Ha OCHOBE PETUCTPAllMd KOXXHO-TAIbBAHWYECKOW pEaknuu; 3) T[oKazarened Tra3opa3psIHon
Bm3yam3anu (I'PB) cBedennst BOM3H MoBepXHOCTH NaNbIleB pyK; 4) onpocHukoB CAH (camouyBcTBHE,
aKTUBHOCTb, HacTpoeHne), Crnnnbdeprepa — XaHWHA, OTPAXKAIOIIETO CTENIEHb CUTYaTHBHOW M JIMYHOCTHOM
TPEBOXKHOCTH, LIBETOBOTO TecTa Jltomiepa; 5) INTeNbHOCTH WHANBUYaIbHOW MUHYTHI.

1. XapakTepucTiKa CepJIeqHO COCYAUCTON CHCTeMBI BKItodana onieHKy BCP u reomnaamMudeckue
nokasarenu coctossHusi kKpoBu. Ouenka BCP y BoioHTepoB mpoBoauiach ¢ MpUMEHEHHEM MPUOOPHO-
anmapatypHoro komrmuiekca «OMEI'A-M» B monokeHHH Jieka Ha OCHOBE S-MUHYTHOM 3ammcu R-R-
HWHTEPBAJIOB.

B pabote ObLIM HCITONTB30BaHEI cenyromue Xxapakrepuctuku BCP:

e HR-uacToTa cepaeunbix cokpamenuii, R-R — mmmrensnocte RR-unTepBanos (mc), moma R-R
(Mo), a Taxxke ee amIuTyaa Amo, craTucTudeckue rmokaszarenn SDSD — craHmapTHOEe OTKIOHEHHE
pasHocrelt cocenaux RR-uHTepBasioB, SDNN (Mc) — cpenHee S-MHUHYTHBIX CTaHIAPTHBIX OTKJIOHCHHMA
Bcex RR-unTepBaos;

e cmekTpanbHble nokazarenu BCP — ynprpanuskodactorasie (ULF, mc?) — 0,0033-0,0001 I'ng
(> 333 ¢), ouenp HuskouactoTHbie (VLF) — 0,0033-0,04 I'r (25-333 c¢), nuskouacrorubie (LF) — 0,04—
0,15 I'; (6,5-25 c¢), BeicokouacToTHbe (HF) — 0,15-0,4 I't (Mc?) (2,5-6,5 c);

e KOMIIOHEHTHI, o0umii crektp MouHoctH (TP, Mc?) BceX KOMIIOHEHT, OTHOCHTENbHBIE BKIAMIbI
OT/AETBbHBIX KOMITOHEHT B o0mmuii cnektp momuoctu (HF (%), LF (%), VLF (%)), oTHOmeHwus
cnekrpanbHbiX coctaBisitonmx (LF/HF, VLF/HF), orpaxatomuii 6ananc MexIy CUMIIATUYECKUMHU H
napacummnatiuueckumu BiussHusiMu Ha BCP (LF/HF), a Taioke npomsBogubie ot BCP mokazarenn

NCUXO(U3HOTIOTHIECKOTO0 COCTOSIHUSL OpraHu3Ma — YpOBEHb aganTanuu (A), MCHXO0IMOIUOHAIBHOE
coctosnue (I19C), unaekc nuentpansHoit perysun (UC) [23, 24].
Kpome TOro, y BOJNOHTEPOB U3MEpPSIM AapTEPUANTBHOE [JABIEHHE — CHUCTOIMYECKOE

u quacronnyeckoe (AJlc 1 AJlx cOOTBETCTBEHHO), HA OCHOBE MYJIb,COKCUMETPUH OLIEHHBAIIU HACHIILICHHE
KpoBH kuciopoaoM (0Oz), a Takxke OINpenesuid BpeMs CBEPTHIBAEMOCTH KpPOBM Ha OCHOBAHHUU
perucTpalMd BpEeMEHM Hayajla W KOHIAa oOpa3oBaHUs (UOPMIUIAPHOIO CrycTKa, YTO OTpa)kaer
KOaryJsliMOHHbIE 0COOeHHOCTH nepudepuueckoit kposu [25].

2. Perucrpanuro koxxHo-ranpBannueckor peakuuu (KI'P) mpoBonuim ¢ npumMeHeHneM KOMILIeKca
PEAKOP [26]. B ncuxopusmonorun KI'P mnpumensiercs kak TMokazareib <«3MOIHMOHAIBHOIO»
U «IeSTeIbHOCTHOT0» MOTOOTACNIEHUS U PETUCTPUPYETCsT OOBIYHO C KOHYMKOB MaJIbLEB WIH C JIAZJOHU
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ounonsapueiMu  Henoysipu3yomumMu  anektporamu. K. FOur u @. Ilerepcon (1907) Obutn omHumu
W3 MEepBbIX, KTO moka3an cBi3b Mexay KI'P u snekrpuueckumu cBoiictBamu koxku. KI'P ycmemno
WCIONB3YeTCs Ui KOHTPOJISL 32 COCTOSIHUEM 4eJIOBEKa MPHU BBHIOJTHEHUH Pa3HBIX BHUJIOB JEATEIbHOCTH
(mmarHocTuke (YHKIIMOHAJIBHOIO COCTOSHHS), B HCCIIEAOBAaHHUSAX AMOILMOHAIHLHO-BOJIEBOM chepbl U
WHTEJUICKTYaJIbHOU ESITebHOCTH; SIBJSIETCS OAHUM U3 MOKa3aTese B JeTeKUUU JKU [27].

3. 'PB-perucrpanuto ocymiecTBIIsIIN ¢ IPUMEHEHUEM UMITYIbCHOT0 ananu3atopa «I PB-kommakTy
EIOYH 941 0204 00 00TY (cepuiinbiii Boimyck, OOO «buorexmporpeccy», cepTudUKaT COOTBETCTBUS
NPOOC RU.MH05.H00725, N 0490215). ITpu ucnions3oBanuu Metoaa [ PB ocHOBoI aHann3a SBIsIeTCSI
«CHUMOK» CBEUEHHS, BOSHUKAIOIIETO BOJIM3H MOBEPXHOCTH MaJIbIEB PYK, TaK Ha3biBaeMbls [ PB-rpamma.
[MTony4yennsie ['PB-rpammbl  oOpabaTbiBanmuch C npumeHeHuem mporpammbel GDV  Energy Field
(http://www.ktispb.ru/en/gdvsoft.ntm), xoropas mpeobpasyer I'PB-rpammbl B Takue TmoOKa3aresin
CBeUeHUs, KaK 3HadeHus twiomanu (S), kodpdunuenta Gopmsr (Kf), surponuu (E) u cummerpun (C),
OpEICTaBICHHBIX B Tpex mpoekiwsx: mpasoir (r), ¢pouransHoii (f), nmesoit (l). Cwremxka I'PB
OCYILIECTBIISUIACH B pekiMax peructpaiu [ PB-rpamm nansiies pyk «6e3 ¢unstpay (Sr; Sf; Sl; S; Er; Ef;
El, E; Kr; Kf; KI; K; C) u «c dunsrpom» (Sr2; Sf2; SI2; S2; Er2; Ef2; EI2, E2; Kr2; Kf2; KI2; K2; C2).
IIpu 3TOM Ha pyke, IPOTUBONONIOKHONW OT pyKu co cHuMaemsiMu I'PB-rpammamu, peructpuposanun HR
nu O,. Ha I'PB-rpammax «0e3 ¢wmibTpay OTpaxkaeTcs HHTETpajbHas XapaKTEPUCTHUKA COCTOSHUS
OpraHu3Ma, OIpeAelseMas BKIAJOM B Hee ILEHTPAIBHOM W ABTOHOMHOM HEPBHOM CHCTEMaMH,
[Tpumenenne ¢unbTpa MO3BOISIET OTCEKATh BKJIAJ aBTOHOMHOW HEPBHOH CHCTEMBI B XapaKTEPHCTUKY
nokazareneir ['PB-rpamm, peructpupys Oa3ucHble XapaKTEepUCTUKH (DYHKIMOHAIBHOTO COCTOSHHS
opranusma [28, 29].

4. ITcuxo’MOIMOHAIBHBIE XapaKTEPUCTUKN OBUTH ITOTyYeHbl HA OCHOBAaHUH: OIIPOCHUKOB, BKIIIOYAS
CAH — nozBonsitoumii onenuBath camouyBctBue (CAM), aktuBHOcTh (AKT), nHactpoenue (HACT);
tecta Crimmbeprepa — XaHWHA, ONEHUBAOIIETO CTENIEHh CUTYaTUBHON M JIMYHOCTHOU TpeBokHOCTH (CT
u JIT cooTBeTcTBEHHO); IBETOBOrO TecTa JItomepa, OleHHBAIOIIETO IICHX0IMOIIMOHATIBHOE COCTOSIHUE U
YPOBEHb HEPBHO-TICHXHYECKOH YCTOMYMBOCTH, BHYTPHJIMYHOCTHBIE KOH(DIMKTHL, JETPECCHBHBIC
u apdexTuBHBIE peakuu. B maHHOM wHccienoBaHMHM ObUTH HCIIOJIB30BAHBI YHCIICHHBIE ITOKA3aTesln
[IBETOBBIX MPEIINOUTEHUI: CyMMapHOe OTKJIOHEHHe OT ayroreHHoM HopMmbl (CO) uU BereTaTuBHBIN
k03 durment (BK) [30-32].

5. JlononHeHWeM K BBIMICTIPUBEACHHBIM HHAWKATOPAM MCHUXO()HU3HOIOTHYECKOTO COCTOSHHS
CIIy’KWJIa OIEHKA IJIMTEILHOCTH WHIMBUAyabHOWM MuHYTHI ([IMIM), KoTopas mpencTaBisieT coOoit
CyOBEKTHBHYIO OLICHKY HHTEpBaia BpeMeHu B 60 ¢. B cimydae nenpeccuBHoro paccrporictsa JJUM gacto
«yKOpaymBaeTcs» J0 ypoBHsI, Oym3koro k 30 ¢, a B cirydae MaHUM — OOBIYHO 3aMeTHO IpeBbimaet 60 c.
Omnpenenenne JIUM mnpexacraBiseT TNCUXO(QU3MOIOTHYECKYI0 METOAMKY, KOTOpas OTpaxaer
COBOKYITHOCTH OMOJIOTMYECKUI pUTMOB, OpTaHU3aIUI0 OHOJIOrHYECKOro BpeMeHu [33, 34].

CaoiictBa CB, accounupoBaHHbIE C HUM XapaKTEPUCTHUKU MEKIUIAHETHOTO MAarHUTHOTO MO
(MMII), uHIEKChl FEOMAarHUTHOM aKTUBHOCTH OBLTM OTOOpaHBbI 3a UCCIIEYEMbI POMEKYTOK BPEMEHH,
Ha caiite http://nssdc.gsfc.nasa.gov/omniweb//. [laHHBIC MO BapHanusM WHTCHCHBHOCTH HEHTPOHHOM
KOMIOHEHThl BTOpuuHbIX KJI y mnoBepxHocTM 3emiaum M pacueTHble IUIOTHOCTHM moTokoB KIJI
B OKOJIO3EMHOM TPOCTPAHCTBE MO CTAaHIIUM HEHTPOHHOrO MOHUTOpPA B M. bapeHuOypr ObLIM MOITYy4eHBI
B JlabopaTtopuu KocMmuueckux Jyyded B [lomsapHom reodusmyeckom mHcTUTyTe PAH (T. AnaTuThl,
MypmaHCKoi 0071.).

B pabore ncnonb30BaHbI CPETHECYTOUHBIE MO BHIOOPKE HCIBITYEMBIX TMCUXO(MU3NOIOIHYECKHE
MOKA3aTeNN COCTOSHUSI OPTaHU3Ma, a TAKXKE CPETHECYTOUYHbIE 3HAYCHUSI KOCMOre0(hU3NIECKUX areHTOB,
orpaxkarouux cpoiictBa CB. Bce nanHble craTucTUdecku oOpabaThIBalMCh C NPUMEHEHUEM IaKeTa
nporpamMm STATISTICA 10. Koaddunuentsr koppensiuu cuntany 3Haunmbivu ipu p < 0,05.

Pe3yabTaThl n 00CyKIeHHE
1. Ocobennocmu nepuooa (30 urons — 18 aseycma 2018 2.) nposedenusi ucciedosanuil.
UccnenoBanust mpoBeneHbl Ha crmaae 24-ro mukina CA, KOTOpBIA XapaKTEpHU3yeTcsl CIieHapueM
HU3KHUX COJTHEUHBIX ITUKIIOB (ynciia Bonsda R, orobpaxkaromime konudectBo nsateH Ha CoHIIe), BIIEPBHIE

8 http://www.naukaprint.ru/zhurnaly/vestnik/
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¢ Havana XX B. (comueunsii nukn 14) (https://sites.google.com/site/sunactiv/24). 910 03HaYaET, YTO MBI
MOJIYYWIH YHUKAJIbHYI0 BO3MOXKHOCTb OLIEHUTH BKJIaJ Bapuauuil napamerpoB CB na munumyme CA
B MOJYJISILIMIO MICUXO(MU3UOIOMYECKOT0 COCTOSHUS YeJIOBEKa B pailoHe MOJsIpHOro kacna (puc. 1).
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Puc. 1. KonniectBo qHeil B rofly ¢ reOMarHUTHBIMH OYpsIMH Pa3IMYHON UHTEHCHBHOCTH
(https://maww.spaceweatherlive.com/ru/solnechnaya-aktivnost/solnechnyy-cikl)

Fig. 1. The number of days per year with geomagnetic storms of varying intensity
(https://mww.spaceweatherlive.com/ru/solnechnaya-aktivnost/solnechnyy-cikl)

Cratuctuueckne XapakTEepUCTHKH OTIenbHeIX Tmokaszateneii MMIIL, CB, CA, xoropsie
CBUJICTEIBCTBYIOT 00 04eHb HU3KOM [ MA B ncciemyemslii mepuos BpeMeHu (cM. Taoim. 1). Tak, meauana
R-unnekca, Hambonee xapakrepHoro nokasarens CA, paBaa 0. A cpenHECTaTHCTUYECKUE 3HAUYCHUS
R-ungekca (umcna comHeuHblx msTeH) 3a 20 mHed cocraBisiioT 4,20+£5,89 (M £ 6) To ke kacaeTcs
ckopocti CB mipu cpeanux 3nadenusx 382,10 + 52,45 (M + 6) u meauanoii 378,00 (km/c), 94TO HHXKE
cpenHecTaTHCTHUECKOi ckopoct CB (468 KM/C); MIOTHOCTH HPOTOHOB, ¢ MeamaHoil 7,65 n/cm 3
(mpu cpenHeii craTucTuueckoi mioTHocTH 8,8 N/eM 2); Kp- 1 ap-unmekcoB, xapakTepusyomux I MA
C MaKCHUMaJbHBIM 3HaueHHeM ap-uHaekca 13 HTn, 4To COOTBETCTBYEeT CIa00BO3MYIIEHHOMY
reomarautHoMy Tiomto (I'MIT).

Wzyuenne xapakTepa cBsizu Mexx 1y nHaekcamu CA BBISBHIIO, UTO B HCCIIEyEeMBbIH IEPUO] BpEMEHH
JIOCTATOYHO TUIHYHBIC MOJIOKHUTENbHBIC CBs3U Mexay R-unaekcom u f10,7-MHIEKCOM OTCYTCTBYIOT.
BeisiBniena orpunarenbuas koppensius Mexay f10,7-unnmexkcom m Bulk speed — ckopoctsio CB
(r = -0,51, p < 0,05), mexxny Kp-ungexcom (r = —0,45, p < 0,05) u mexay ap-ungexcom (r = —0,52,
p < 0,05). Bmecre ¢ TeMm, oOHapyKeHa 3HaUMMast TIOJIOKHUTENbHAs Koppesius mexay f10,7-unnexcom
u DST-unnexcom (r = 0,62, p <0,05), mexay PROT Flux > 60 M»sB (r = 0,51, p < 0,05) u atmocdepHbiM
nanenneM B bapennoypre (r = 0,44, p < 0,05). Takoit xapakTtep cBsi3u Mexay nokazarensimu CA
CBUJIETEIBbCTBYET, YTO CYIIECTBYET JIBE IPYIIIbI (PAaKTOPOB C AMAMETPATILHO MPOTHUBOMOIOKHBIMU MEXKIY
coboii 3Hakamu cBsi3u: 1) accormupoBanHbiME ¢ R-ungekcom u 2) ¢ f10,7-unnmexcom. BoszmoxkHo,
QIbTEPHATUBHBIA XapakTep CBS3U MEXIy STUMH mnokazareasiMu CA oO0ycioBiieH KpaiiHe HU3KOH
MATHOOOpa3yroliel akTuBHOCThIO COJHIIA, KOTOpasi B ONPEAETICHHbIE THU IPOCTO OTCYTCTBYET.
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Tabnuya 1
Table 1

CraTucTrueckue mokazaTeian mapameTpoB Mexiuianetnoi cpenst (MMII), conneunoro Berpa (CB)
Y UHAEKCOB reomMaruutHor aktuBHOCTU (I'MA) 3a nepuoz ¢ 30 utons mo 18 arycra 2018 1.
Statistical indicators of the parameters of interplanetary medium (IMP), solar wind (SW)
and geomagnetic activity indices (GMA) for the period from July 30 to August 18, 2018

ITapamerp n= 20.

M A med min max 25 % 75 %
Field Magnitude Avg 4,82 1,50 4,60 2,50 7,30 3,65 6,15
Proton T° 57 283 34 338 45552 12272 | 134831 | 36424 | 70029
Proto density 8,17 3,17 7,65 3,80 14,80 5,60 10,55
Bulk speed 382,1 52,45 378,0 310,0 503,0 345,0 401,0
Flow Pressure 2,08 0,73 1,84 1,07 3,63 1,60 2,52
Kp*10" 14,10 6,77 11,50 7,00 27,00 10,00 | 23,00
R 4,20 5,89 0,00 0,00 13,00 0,00 11,50
DST Index* -1,35 9,43 1,00 -23,00 9,00 -5,00 5,50
PROT Flux > 10 MeV 0,27 0,01 0,27 0,26 0,28 0,26 0,27
PROT Flux > 30 MeV 0,17 0,00 0,17 0,16 0,18 0,17 0,17
PROT Flux > 60 MeV 0,12 0,00 0,12 0,12 0,13 0,12 0,12
Ap-index® 6,00 3,20 4,50 3,00 13,00 4,00 9,00
£10,7_index* 70,87 1,14 71,05 68,90 72,50 69,95 71,80

Tpumeuanue. M — cpennee apupMeTnyeckoe, A — CTaHIAPTHOE OTKIOHEHHE; 25-75 % — BXOXKICHHE 3HAYCHUI
B Habop 3HAaYCHWI B auanasoHe 25-75 mporeHTiiel Bcero Habopa. Field Magnitude Avg — cpenrme 3HaueHust
HanpspkerHoctn MMIT, Proton T° — Temrmiepatypa NpOTOHOB B COTHEYHOM BeTpe, rpaaychk Kenbauna; Proton density —
IWIOTHOCT YacTull B conHednoM Betpe, N/em®; Bulk speed — ckopocts CB, kw/c; Flow Pressure — nasnenue CB P
(ula) = (1,67/10°; R — umcna Bonbda; PROT Flux > 10 MsB, PROT Flux > 30 MsB, PROT Flux > 60 M>B
(n/em?-c-pan) > 10 MaB, > 30 MiB, > 60 MaB cooTseTcTBeHHO.

Note. M — average value; A — standard deviation; 25-75 % — the occurrence of values in the value set in the
range of 25-75 percentile of all set. Field Magnitude Avg — average values of interplanetary magnetic field (IMP)
intensity; Proton T° — proton temperature in the solar wind (SW) in degrees of Kelvin; Proton density — particle
density in the SW (N/cm3); Bulk speed — speed in SW (km/s); Flow Pressure — pressure of SW P (nPa) =
(1,67/10%); R — Wolf number; PROT Flux > 10 MeV, PROT Flux > 30, MeV, PROT Flux > 60MeV — proton
fluxes (number/cm? sec sr) with energy > 10 MeV, > 30 MeV, > 60 MeV, respectively.

T Kp*10 — nmanerapHblii uaaexc TMA, cootHocutcs ¢ Kp-unzexcoM, Kak, Hanpumep, 3+=133;4=40; 6 =57 uT. 1)
(http://nssdc.gsfc.nasa.gov/iomniweb//).

2 DST-unpekc (anrn. Disturbance Storm Time Index) — ommMchIBaeT MHTEHCHBHOCTH TeoMarHuTHON 6ypu. C pocroM
WHTEHCUBHOCTH OypH WHJEKC yMeHbliaercs. Tak, ymepeHHsle Oypu xapakrepusytorcst DST or —50 mo —100 HTn,
cmibHBIe — 0T —100 10 —200 HT1 1 3kcTpemanbabie — Bbime —200 HT L.

% Ap-index — paBen cpenHelf ammMTyne Bapualuii F€OMATHUTHOTO HOIA IO 3EMHOMY INApy 3a CYTKM, HTJL
ucnosbp3yercst Hapsiny ¢ Kp-uxnekcom. YpoBaio Kp = 4 npubnusutensHo coorBerctByer ap = 30, a ypoBuio Kp = 9
orBeuaer ap < 400.

4°£10,7_index — xapakTepu3yer IOTOKU pauoustydenus ConHua Ha aymHe Bonsbl 10,7 eM (f= 2800 MI'L, conHeuHble
eIMHMIBI IOTOKA (C. €. 1), 1 ¢. e. 1. = 1072 Br).

" Kp*10 — the planetary index of geomagnetic activity (GMA), associated with the Kp as, for example, 3+ = 33; 4 = 40,
6 =57 etc.) (http://nssdc.gsfc.nasa.gov/iomniweb//).

2" Dst-Index (Disturbance Storm Time Index), describes the intensity of a geomagnetic storm. With increasing storm
intensity, the Dst index decreases. Thus, moderate storms are characterized by Dst from -50 to -100 nT, strong — from -
100 to -200 nT and extreme — above -200 nT.

3 Ap-index — used along with the Kp index. The ap, equal to the average amplitude of geomagnetic field variations over
the globe per day, is measured in nTI. The level Kp = 4 approximately corresponds to ap, equal to 30, and the level Kp =9
corresponds to ap greater than 400.

#£10,7_index, (10??) — characterizes the radio emission of the Sun at a wavelength of 10,7 cm (f = 2800 MHz, solar flux
units (s.f.u.), 1 s.fu. = 102 Watt).
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Hapsiny ¢ unaexcamu CA, mpuBeneHHBIMHA B TaOi. 1, ObUTM MCIOJIB30BaHBI JIOMOJHUTEILHBIE
XapaKTEPUCTUKHU COCTOSHUS MEXKIUIaHETHOU cpeasbl u CB.

OTH UHJEKCHI BKIIFOUYAJIH:

e Magnitude of Average, Field vector, |<B>| cpennecyrounoe 3naueHus moayist MMIT (aTn);

® YIJIOBBIC LIMPOTHBIC M JOJTOTHBIC XapakTepucTHKU BekTopa monsi (Lat. Angle of avg. Deg
(GSE Coords) Field vector u Long. Angle of avg. Deg (GSE Coords), Field vector coorBeTcTBeHHO);

e 3HaueHus BeKTopoB MMII B reonieHTpu4ecKOil COMTHEYHO-IKIMIITUYECKON U T€OLIEHTPUYECKON
coiHeuyHO-MarHuTocdepHoit cucrtemax koopauHatr (GSE u GSM coorserctBenno) — BXGSE, ByGSE,
BzGSE, ByGSM, BzGSM,;

e BapuabenpHOCTH BekTopoB MMII (sigma-|B|, sigma-B, sigma-Bx, sigma-By, sigma-Bz);

¢ yriossie xapakrepuctuku CB (Bulk flow longitude, Bulk flow latitude, rpamycsr);

e coorHomenus: anbda-gactui; U npotoHoB B CB (Na/Np), BaprabespbHOCTH TeMIepaTyphl
IUTa3Mbl, KOHIIEHTPALUH YacTHll, ckopocTi CB u yrioBeix xapakrepuctuk CB, oTHOmeHus anbga 4acTuil
K poroHam (Sigma-T, sigma-n, sigma-V, sigma-phi-V, sigma-theta-V, sigma-ratio coorBeTcTBeHHO);
snextpudeckoe none (Electric field, —[V(km/c)-Bz (aTx; GSM)]-102 (MB/m));
masma B (Plasma beta = [(T-4,16/10°) + 5,34]-Np/B?);
anb(BeHoBcKoe uncio Maxa (Ma = (V-Np°®°)/20B);

e MarHuTo3ByKoBOe unciio Maxa (Makh, Magnetosonic mach number = VV/Magnetosonic_speed
Magnetosonic speed = [(sound speed)? + (Alfv speed)?]°°. The Alfven speed = 20B/N°°, the sound
speed = 0,12-[T + 1,28:10°]>°) — ckopocTs cueTa Ha3eMHOro HeliTponHoro MoruTopa (HM) B Bapennfypre
(counts/s), a Taxxe aTMocdepHoe aaBieHue (MOap).

Best COBOKYMHOCTH paccMaTpyBaeMbIX HMHIEKCOB B IOJHOW MeEpe OTpaXxaeT OCOOEHHOCTH
MEXIJIaHETHOU cpeibl U cBoiicTBa CB B ucciemyemMblil MpoMeXyTOK BpEMEHHU.

2. Oyenka c6A3U NCUXOIMOYUOHATILHOLO COCMOSIHUA C NAPAMEMPAMU MENCNIAHEMHOU Ccpeobl
u xapakmepucmuxamu CB.

JU71st BBISIBIIGHUS CBSI3U MEXKTy TICHXO09MOIMOHAIBHBIM COCTOSIHUEM BOJIOHTEPOB M Tokazaremsamu CA
obutn ipuBiiedeHbl faHable BCP (naaekc [T9C — nmenxosMonmoHabHOE COCTOSIHUE), TAHHBIE OIIPOCHIKOB
CAH wu Cmunbeprepa — XaHuWHa, TaHHBIE IBETOBOro Ttecta Jlromepa (CymMMapHOE OTKJIOHEHHE
or ayrorenHod Hopmbl (CO) m BereraruBHbId Kod(pdumment (BK)), xapakrepuctuku ['PB-rpamw,
nicuxocomarndeckue nmokazarenu: KI'P, ®III, 7°; miuTebHOCTh MHANBHAYIbHON MUHYTHI (JIIM).

Koaduumentsr koppensiuuu MexXAy MOKazaTeNsIMU IICHX03MONHOHATBHOrO coctosuus [19C,
CAM, AKT u xapakTepuCTUKaMHU COJHEUYHON aKTUBHOCTH, BHIDRXKEHHOW 4Yepe3 CBOMCTBA CONHEYHOTO
BETpPa M T€OMAarHUTHYIO aKTUBHOCTH MPEJICTABICHBI Ta0I. 2).

Bce ncrxoaMolroHaIbHbIe MToKa3zaTeny uMeroT 3Haunmble (P < 0,05) koppesimu ¢ Bulk speed u DST
uHIeKkcoM (cM. Tabn. 2). Jpyrue Kod(pQUIMEHTH KOPPEeISIUM IMOKa3aTeleld MCHXOIMOIMOHAIBHOTO
cocrostHusi, R-unnekca, Proton T°, Kp- u ap-MHIEKCOB CBUAETEIBCTBYIOT O TOM, YTO C BO3pacTaHUEM
CONTHEYHOU akTMBHOCTHU (R-MHJIEKC), MPOSBISIONICHCS B MOBBIIICHUHN TeMIlepaTyphl mia3mel (Proton T°),
yBenuuenuu ckopoctr CB (Bulk speed) u reomarauTHo# aktuBHOCTH (Kp-, ap-HHICKCHI), 3HaueHus [19C,
CAM, AKT cuuxatotcs, a ypoBenb CT — noBsimaercs. OiHaKo pu BO3pacTaHUK 3HaYeHH BeKTopa Bx,
Hu3koi ['MA (oTHOcHTENBLHO BBICOKME 3HaueHus DST-uHaekca), Npu BO3pacTaHHHM IOTOKA
pamuonsinydenust Connua 10,7 camouyBcTBHE, aKTHBHOCTD M HACTPOCHHUE YITYUIIAIOTCS, & CUTYaTUBHAS
TPEBOXKHOCTh CHMXkaercsi. Bmecre ¢ Tem, mexnay mokasaremsimua BX,GSE u f10,7 3naummas cBsi3b
orcyrctByet (I = —0,04!), xors mexnay DST-unnekcom u f10,7 koaddumment koppemsiuun = 0,62,
p < 0,05. Bo3MOXHO, TPHYMHOM MOTYJISLIUH TICUX0IMOIIMOHATBHOT'O COCTOSIHHUS SIBJISICTCS HA3EMHBIN areHT
(areHThI), CONPSHKEHHBIN uepe3 nononHuTenbHbii (akrop ¢ BX,GSE u 10,7, B cuny yero unaexcet BX,GSE
u 10,7 MoryT He UMeTh MEXy COOO0 3HAUYMMOM CBSI3H.

OneHka CBSI3W MEXKIYy CyMMapHbIM OTKJIOHEHHEM OT ayroreHHod Hopmbl (CO), BereraTuBHBIM
ko3 Punmenrom (BK) u xapakrepuctukamu CA BoisiBiIIa, 4yTo Mexay CO, DST-unnexcom, nporonamu
¢ sueprueir > 30 MaB (PROT Flux > 30 M»aB), unaekcom 10,7, cyeroM Ha3eMHOro HEHTPOHHOIO
moHuTopa B bapenidypre (counts/s), a Takxke arMmochepHbIM JaBieHHeM (MOap) CYIIECTBYIOT 3HAUUMBbIE
koppensuuu: I = —-0,56, r =-0,47, r = 0,55, r = 0,59, r = -0,58 coorBercTBeHHO, P < 0,05. DTH CBsA3M
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MOJTHOCTBIO OTPAXKAIOT XapaKTep 3aBUCHMOCTH MICUX03IMOLMOHATIBLHOTO cocTosiHus oT CA (tabm. 1), T. e.
npu Bo3pacTanuu 3HaueHud, DST, mmoTHOcTH mMOTOKAa MPOTOHOB ¢ 3Heprusimu Bbime 30 MboB,
paauonznydenust Connua (2,8 I'T'1) u nmoBeleHHH aTMOC(EPHOro NaBICHHUS CyMMapHOE OTKIIOHEHHE
OT ayTOreHHON HOpPMBI CHH)KAETCS, a IMPH YBEJIWYCHHH CKOPOCTH CYETa HEUTPOHHOTO MOHMTOPA,
HaIPOTHB, MOBBIIIACTCS.

Tabnuya 2
Table 2
KoaddurmenTs! Koppensuu Mex1y moKa3zaTelIsIMUA MICUX03MOIIMOHATILHOTO cocTostHUS 1 CA
The correlation coefficients among the indicators of psychoemotional state and solar activity (SA)

Haexc e CAM AKT HACT CT
Indices

MEm 51.3740.06 5.4610.33 5.0520.45 5.5320.39 34.2043.76
BX,GSE 0,06 0,49 0,44 0,47 0,54
Proton T° -0,54 -0,44 -0,37 -0,67 0,49
Bulk speed 20,49 20,58 20,52 20,55 0,58
Kp*10 20,48 20,45 0,36 20,48 021
R ~0.28 20,56 20,49 20,63 0,64
DST-index 0,56 0,47 0,48 0,55 20,57
Ap-index 20,49 20,49 0,40 20,51 0,29
f10.7_index 0,29 0,51 0,52 0,44 20,53

IHpumeuanue. II13C — ncuxo3MouMOHATIEHOE COCTOSIHUE, orleHeHHoe Ha ocHoBe BCP; CAM, AKT, HACT —
CaMOYYBCTBHE, aKTUBHOCTb, HacTpoeHue; CT — cuTyaTHBHAs TPEBOKHOCTD.

Wunekcel: M £ m — cpennee 3Hauenue U crangaptHas ommOka; BX,GSE — Bektop Bx-KoMroHeHTHI
MCXKIUIQHCTHOI'O MAarHMTHOI'O IIOJIA FCOHCHTpH‘ICCKOﬁ COJTHEYHO-IKINNTUYECCKON CHCTEMBI KOOp,Z[I/IHaT;
Proton 7° — TemMrmiepaTypa MPOTOHOB COTHEYHOM T1a3Mbl, rpaxychl Kenbeuna; Bulk speed — ckopocts comredHOro
Berpa; Kp*10-, DST-, ap-index — umnjekchl reoMarHuTHOl akTuBHOCTH; R — uncna Bombga, f10,7_index —
moTok paanomsnydeHus Conxna Ha juimHe BonHb! 10,7 cM (2,8 I'T).

KoahdunmenTtsl koppessinuy, BbleTIeHHbIE TOIYKHPHBIM, COOTBETCTBYIOT YpoBHIO 3HaunMocTH P < 0,05.
Note. II9C — psychoemotional state, estimated on the basis of heart rate variability (HRV); CAM, ACT,
NAST — well-being, activity, mood, respectively; CT — situational anxiety.

Indices: M + m — average value and standard error; Bx,GSE — vector Bx of interplanetary magnetic field
(IMF) in the geocentric solar — ecliptic coordinate system; Proton T° — proton temperature in the solar wind
(SW) in degrees of Kelvin; Bulk speed — velocity of solar wind (km/s); Kp*10-, DST IndeX, ap-index — indices
of geomagnetic activity (GMA); R — Wolf number; f10,7_index — radio emission of the Sun
at a wave length of 10,7 cm.

Correlation coefficients, highlighted in bold, correspond to significance level of p < 0,05.

BereratuBuplii k09()(PUIIMEHT HMMEET TOJBKO OIHY 3HAYMMYIO KOPPEISIHIO C WHACKCAMH,
xapaktepusytonmmu CA: ¢ sigma-By (r = 0,48, p < 0,05). Oanako 6BK (Bapuanuu BK B npemenax
cpenHecyTouHbIX 3HadueHWd BK 1o BBIOOpKE) WMeeT MHOKECTBEHHBIC 3HAYMMbIC KOPPEISAIUH
¢ mokaszareimsimu CA: By,GSE, By,GSM, ¢ Bz,GSM, Electric field, PROT Flux >10 M»B, PROT Flux
> 60 M»sB, Makh, ckopocThio cdyeTa Ha3eMHOrO0 HEHTPOHHOrO MOHHTOpa B bapenunOypre (counts/s),
a TaKke ¢ aTMOchepHBIM JaBiicHHueM (MOap), koddduruents! koppemsaiuu: I = 0,52, r = 0,50, r = -0,49,
r=047,r=-054,r=-0,45r=0,47,r =0,48, r =—0,48 coorBercTBeHHO, P < 0,05. DTO O3HAUaeT, 4TO
Bo3pacranue Bz,GSM, T1UIOTHOCTH TIOTOKOB TIPOTOHOB, aTMOC(EPHOrO JABJICHHUS TIPUBOIMUT
K CHHXPOHH3AaI[UU TICUXOCOMATHYECKOrO COCTOSHHUS BOJIOHTEPOB, YTO TPOSIBJISICTCS B CYXCHHH
OTKJIOHEHUH OT cpeaHecyTouHbIX 3HaueHuid BK mo BwiOopke. U, HampoTwB, BO3pacTaHue 3HAYCHUU
Bekropa BY, anekrpuueckoro nons (Electric field), uncna Maxa u cKopocTH HEHTPOHHOIO cHeTa
MPUBOAMT K BO3pacTaHuto pa3bpoca cpeaHecyTouHbix 3HadeHnit BK o BIOOpKe, UTO CBUICTENBCTBYET
0 CyILIECTBEHHON OM0d((PEKTUBHOCTH YKA3aHHBIX areHTOB.

JIOTIONMHUTENBHBIM ~ CBUJCTEITLCTBOM — «TICHXOTPOMHONY»  OMOd(PPEKTUBHOCTH TE€OKOCMHYECKUX
arecHToB, acconuupoBaHHBIX ¢ CA B 00IacTH TMONSPHOTO Kacma, SIBISIOTCS JaHHBIE IO OIICHKE
TICUXOAMOIIMOHAIGHOTO COCTOSIHUSI ¢ TIPUMEHEHHEM raszopaspsaHoi Buzyanusamuu (I'PB) cedenus,
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BO3HUKAIOIIEr0 BOJIM3H MOBEPXHOCTH MAJIBIIEB PYK U CBsi3u Nokazareneit [ PB-rpamm ¢ xapakrepuctukamu
CB u CA. B ¢deHomeH cBeueHUs MaIbLEB PYyK 3HAYUTENbHBIN BKJIAJl BHOCSIT OHOJIOTMYECKHE MOJIEKYIIbI,
SMaHaIys KOTOPBIX KOHTPOJIMPYETCS BETETATUBHOM (aBTOHOMHOM) HEPBHOH cucTeMol. MIHTEHCHBHOCTH
SMaHallMM TaKUX MOJIEKY] 3aBUCHT OT OOLIEr0o YpOBHS AaKTUBHOCTH M OajaHca MEXIY 3BEHbMU
aBTOHOMHOM HEpBHOW CHCTEMBI: MApacCUMIATHYECKMM M CHUMIIATHYECKHM 3BEHBSMH PpErysIsLuu
CEpAECYHOr0 PUTMA, ONPENESIAIOIMMY aJalTAllMOHHBIE PECYpChl OpraHu3Ma. KauecTBo 1 HHTEHCHUBHOCTb
CBEUCHHS MAaJbLIEB OTPaKaeT JUHAMMYECKHE ICHUXO3MOLMOHAIBHBIE M ICUXO(PH3HOIOrMYECKUe
II0Ka3aTeNn cocTosAHus opranusma. Perucrpanus I'PB rpamm B pexxume 6e3 puinbTpa naet nH(Gopmanuio
0 TICHX03MOLMOHAJIBHOM COCTOSIHHH, € IPe00IaJatoIM BKJIaI0M CUMIIATUYECKON HEPBHON CHCTEMBI.

B tabu. 3 oTpaskeHbI MOKa3aTeNy IUIOLIAAN CBEUCHHUS B pexnuMe peructpanuu 6e3 punbrpa (Sr, Sf)
u ¢ ¢dumprpom (Sr2, Sf2, SI2), 3HauyeHws, BBIACICHHBIC IMOJIYXHUPHBIM, COOTBETCTBYIOT YPOBHIO
3HaunMoctd P < 0,05. MOXXHO BHIETh, YTO NOKA3aTENIM IUIOLIAIU CBEYEHHUsS (YCIl. €l1.) B pEeKUME
peructpanuu Kak 0e3 QuiabTpa, Tak U ¢ GuIbTpoM uMmeroT 3Haunmbie (P < 0,05) koppensiuu
CO cpemHecyTOYHbIMU 3HaueHusimu Moxyiss MMIT (Magnitude of Average, Field vector, |[<B>|, uTn),
¢ yruoBoit xapakrepuctukoir CB (Bulk flow longitude, rpamgycer), ¢ MmIOTHOCTPIO MOTOKA MPOTOHOB
¢ sueprusimu >10 MaB (PROT Flux > 10 MeV), ¢ yuciom Maxa. 3uaurmeie (p < 0,05) koaddunmeHTsI
KOPPEJSIIMA  MEXJy CKOPOCTbIO HEWTPOHHOTO CuUeTa W aTMOC(HEpPHBIM JaBICHUEM BBISBICHBI
JUTS TIOKa3aTeNei MIo0ma u cBe4eHus Tuib npu peructpauuu ['PB B pexume ¢ punbtpom.

Tabauya 3
Table 3
KoappunmeHTs Koppensnun Mex 1y rokasarensiMu [ PB-rpamu 1utomiaay cBe4eHus B pexknMe
peructpanuu 6e3 puiprpa (Sr, Sf) u ¢ punsTpom (Sr2, Sf2, SI2) u reokoCMUYECKUX HHICKCOB
(pactmdpoBKa B TEKCTE)

Correlation coefficients among the GDV-gram values of the glow area in the registration mode without
a filter (Sr, Sf) and with a filter (Sr2, Sf2, SI2), and geocosmic indices

Nunexcet [PB

Indices GDV Sr Sf Sr2 Sf2 SI2
M=£o 28093,76+1193,14 | 27278,84+1165,09 | 31701,88+870,41 | 27278,84+1165,09 | 30614,30£948 85
Magnitude of

Average, nT, 0,46 0,52 0,68 -0,52 -0,63
Field vector,

|<B>|

Bulk flow 0,32 045 0,35 045 0.25
longitude

PROT Flux

> 10 MeV -0,15 -0,49 —-0,53 —-0,49 -0,50
Makh 0,44 0,45 0,51 0,45 0,48
NM 0,12 0,27 0,62 0,27 0,56
Atm -0,12 -0,27 -0,62 -0,27 -0,57

Tpumeuanue. KoappuImeHTH! KOPPEISIIH, BBIICICHHBIE TIOTYKHPHBIM, COOTBETCTBYFOT YPOBHIO 3HaumMocTH P < 0,05.

Note. Correlation coefficients, highlighted in bold, correspond to significance level of p < 0,05.

Indices of Gas Discharge Visualization (GDV); M + § — average value and standard deviation; Magnitude of
Average, nT, Field vector, |[<B>] — modulus value B of the interplanetary magnetic field (IMF); Bulk flow
longitude — angular longitude solar wind velocity, degree; PROT Flux > 10 MeV — proton flux with energy
> 10 MeV; Makh (Makh number) — ratio magneto hydrodynamic to magneto sound speeds in solar plasma;
NM — neutron count rate in the ground-based neutron monitor, counts/s; Atm — atmosphere pressure, mb.

Sr, Sf — indicators of the glow area in right and frontal projections, respectively, during GDV in the mode
registration without filter; Sr2, Sf2, SI2 — indicators of the glow area in right, frontal, left projections, respectively,
during GDV in the mode registration with filter.
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[IpencraBneHHble TaHHbBIE, OTPaXKAOLIME 3aBUCUMOCTD okaszareneil [ PB-rpamM, xapakrepusyromnmx
IUIOIIAY CBEYEHHs OT BapHALMK IUIOTHOCTM IOTOKAa MPOTOHOB C 3Heprue > 10 M»sB, monHOCThIO
COIJIaCyHOTCS C pe3yJabTaTaMHM aHAJOTHYHBIX MCCIIEOBaHUM, NpoBedeHHbIX Ha apx. Llnunbepren
B 2017 r. [35]. B paGore [35] Oblna BeISIBIICHA 3HAUUMasi 00paTHas CBSA3b MEXKTY ITOKa3aTEISIMH TLTOIIA N
CBEUEHMs] B pEXUME peructpanuu 6e3 ¢uiabTpa U ¢ (QUIBTPOM M IUIOTHOCTBIO IOTOKAa IPOTOHOB
¢ sHeprusmu >10 MpdB, a Takke mnpsMas KOppesiiUs MEXKAY IUIOTHOCTBIO IIOTOKOB IIPOTOHOB H
kodpduumentamu  Gopmel. B naHHON pabore Tarke OOHapy)XeH CXOIHBIM XapakTep CBSA3M MEXIY
kod(urenTamu Gpopmbl B pexxume peructparmu ¢ punbrpom (Kr2, Kf2) u mpororamu ¢ sueprueii > 10 MaB:
r=0,59, r = 0,46 coorBercTBeHHO, p < 0,05.

Ha puc. 2 BuaHa BbICOKas CTENEHb CONPSDKEHHOCTH IICHXOIMOLIMOHAIBHBIX IIOKa3aTelled
COCTOSIHMSI OpraHM3Ma W BapHualMil MokasaTenei, oTpaxaromux csoiictBa CB: ckopocTu CoIHEYHOro
BETpPa M IUIOTHOCTH NMPOTOHOB ¢ 3HeprusiMu >10 M»3B. [laxxe Ha ¢oHe oueHb Hu3koi CA Bo3pacTaHue
ckopocti CB npHUBOIUT K CHUYKEHHMIO CAMOYYBCTBHUS, aKTUBHOCTH, HACTPOEHHUS, K BO3PACTAHUIO UYBCTBA
TPEBOXKHOCTH, a YBEJIMYEHHE IUIOTHOCTH IIOTOKOB IIPOTOHOB CHOCOOCTBYET CHHXPOHHM3AlUU
NCUXO()HU3MOTOTHYECKOTO COCTOSIHUSI BOJIOHTEPOB, YTO TPOSBISAECTCS B CHIDKEHHM H3MEHYUBOCTH
MICUXO03MOLMOHATIbHBIX 10KA3aTENEH.
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Puc. 2. KpuBble mHAMUKH TICHX03MOLMOHAIEHOTO COCTOSTHUS 1 Bapranuii mokasateneii CA,
otpakaronux coiictBa CB (110 ocu abcuuycc — IHE rofa, o 0CH OpIUHAT — HOPMHPOBAaHHEIC 3HAUCHUS
MICUX OPU3HONIOTUIECKAX U TEOKOCMUIECKIAX WHIEKCOB).

A: 1 — camouysctBue (CAH); 2 — aktunHocts (AKT); 3 — cropocts comreunoro Berpa (Bulk speed).

b: 1 — nacrpoerne (HACT); 2 — curyarusnas tpeBoskHOCTE (CT); 3 — cropocTts conreuroro Berpa (Bulk speed).
B: 1 — BapnaGensHOCTE CyMMapHOTO OTKIIOHEHUS 0T ayroreHHoi HopMEI (6 CO); 2 — BapraOensHOCTb
BereratuBHOro K03 punmenta (6 BK); 3 — mporonsl ¢ sHeprusmu >10 MsB (PROT Flux > 10 MsB).

I': 1—Sr2; 2— Kr2; 3 — nporons! ¢ sueprusmMu > 10 MaB (PROT Flux >10 M»B)

Fig. 2. Curves of dynamics of psychoemotional state and variations of solar activity indicators which reflect
the properties of solar wind. The abscissa is days of the year; ordinate is normalized values
of psychophysiological and geocosmic indices.
A: 1 — well-being (CAH); 2 — activity (AKT); 3 — solar wind speed (Bulk speed).
B: 1 — mood (HACT); 2 — situational anxiety (CT); 3 — solar wind speed (Bulk speed).
B: 1 — variability of the total deviation from the autogenous norm (& CO); 2 — variability of the vegetative coefficient
(8 BK); 3 — proton flux with energies > 10 MeV (PROT Flux > 10 MeV).
I 1—Sr2; 2— Kr2; 3— proton flux with energies > 10 MeV (PROT Flux > 10 MeV)
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Xopoliee COOTBETCTBHE HaWJIEHO B JaHHOM HCCIIEOBaHUM MexAy mnokaszartensmu ['PB-rpamm,
KI'P, anutenbHOCThIO MHAMBUIYyAIHHOM MUHYTH U BapuanusiMu uajaekcoB CA u CB. B uactHOCTH,
BbisiBIIeHa Koppemsnus Mexay KIP u mokasarenmsmu I'PB-rpamm Sr, Sf, SI, Kr, Kf, Kl, Sf2;
k03 unmentsr koppensauun cocrasisor: I = —-0,64, r = 0,56, r = -0,60, r = 0,53, r = 0,58, r = 0,55,
r =-0,56 coorBercTBeHHO, P < 0,05.

BeisiBnennsie xoppemsiuun Mexay KI'P u mokaszarensmu I'PB BHOcAT onpeneneHHbI BKIIaf
B TIOHMMaHUE MEXAaHM3MOB, CBS3BIBAIOUIMX MEXIy COOOH TCUXO(PHU3UOIOTHIECKOE COCTOSHUE
opranusma, u ocobennoctu ['PB-rpamm. B wactnoctu, KI'P, wnu snextpuyeckas akTHBHOCTh KOXKU
(QAK), sBisercss OGMO3JIEKTPUUECKON peakiuel, perucTpupyeMoil ¢ IMOBEPXHOCTH KOXkH, Kak u I'PB.
IIpuuem, xak u ['PB, KI'P sBnsiercs nokasarenem BEereTaTUBHOM HEPBHOM CHCTEMBI, HO, B OTJIMYUE OT
I'PB, mmpoko npuMeHseMoii B ICUX0QHU3HUOIOTHH.

KI'P (it DAK) rimaBHbIM 00pa3oM CBSI3aHO ¢ AaKTHBHOCTBIO TMOTOBBIX JKEJIE3 KOXKH, OJHAKO, €€
¢du3nonornyeckas OCHOBa 710 KOHIIA HE U3yyeHa. B 4acTHOCTH, 10 CHX MOp OCTAETCsl 10 KOHIIA HE SICHOU
BO3MOXKHOCTh BJIMSIHHSI COCYIMCTOW CHCTEMBI Ha KOXKHBIM moTeHIMan. HecMmoTps Ha TO, dYTO
HEHPOMENMaToOpOM I TIOTOBBIX JKEJe3 SBIIACTCS AalleTHIXOJIMH, OHU HAaXOIATCS MO KOHTPOJIEM
CHUMITATHYECKOW HEPBHOHM cuCTeMbl. KpoMe TOro, K MOTOBBIM elle3aM TOCTYMAIOT BIHMSHHS OT KOPBI
OONBIIUX TONYIMIAPUA W TIYOMHHBIX CTPYKTYpP MO3ra: THUIOTajJamMyca W PETHUKYISApHOW (opMaiuu.
B skcriepumenTax ObLTO MTOKA3aHO, YTO aKTUBHOCTD ITOTOBBIX XKeJle3 OTPaXKaeT OmpeesieHHbIe COOBITHS,
MPOTEKAIONIFe B TOJOBHOM Mo3re. B pabore [36] Oblma mpoAeMOHCTpHpOBAaHA KIIOUEBAs POJIb
«TICHUXOJIOTHYECKON 3HAYUMOCTHY (PU3MUECKOT0 CTUMYJA ISl TPEICKa3aHUsl PEaKIMK TOTOBBIX XKelles.
IIpu 3TOM BenMUMHA peaKLUK TOTOBBIX JKEJIE3 3aKOHOMEPHO CBSI3aHA C UHTEHCUBHOCTBIO OCO3HABAEMBIX
nepexxuBanuid [37]. B cuiny nmukiIMueckoro xapakTtepa BBIJIEJICHHUS MOTa MOTOBBIMH Kene3amu [38],
3anucu DAK umerot konebarenbHblid xapakrep. [lokasano, yTo mMoToBbIe Kene3bl PYHKIMOHUPYIOT KaK
pAI mapallyiebHO BKJIIOYEHHBIX PE3UCTOpoB [39], MPOBOAMMOCTH KOTOPBIX PAaBHIETCS CYMME HX
IIPOBOJMMOCTEH, a YBEIMYEHUE IPOBOJUMOCTH IMPSIMO MPONOPLHMOHAIBHO YHUCIY BKIIOYAOIIMXCS
B paboTy MOTOBBIX kene3 Koku [40].

Otcroma crexyer, yto 4em Bbime mnokaszatenu KIP, Tem Oornee HecTaOMIBHBIM SBISETCS
NcuxodMoImoHanbHoe coctossaue. [lockonbky mexay mnokazarensimu JDAK (KI'P) u I'PB BrwisiBneHbI
3HAYUMBIE CBSI3U, TO 3TO MO3BOJIIET MHTEPIPETUPOBATh 3HaueHue nokasarenedl I'PB B coorBercTBUM
co 3HakoM cBs3u Mexay KI'P. Tak, orpunarensHas cBsa3p 3HaueHuil KI'P ¢ mokazarensmu miomaan
ceeuenus (Sr, Sf, Sl u Sf2) cBunmerenscTBYeT 0 TOM, 4TO BO3pacTaHHe MOKa3aTesel IUIOMAI CBEYCHUS
OTPaKaeT YIy4ILIEHUE ICUXOAIMOLNOHAILHOrO cocTOsIHUS. [lonokuTenbHAas CBA3h MEXKAY ITOKa3aTeIsIMU
KI'P u xosdpdurmentamu dopmser (Kr, Kf, Kl) mokassiBaet, 4To BO3pacTaHue MX 3HAYEHUH HMPUBOIHUT
K YXYALIEHUIO ICUX03MOIIMOHAIBHOIO COCTOSIHUS.

Koppenauus nokazareneit KI'P ¢ unaekcamu CA u CB BblsiBuia 3HaunMble cBsizu Mexay KI'P
u 10, 7-unnexcom (r = —0,48), Field Magnitude Avg (r = 0,56) (puc. 3, A), sigma-Bz (r = 0,53), Proton
temperature (r = 0,48), Plasma beta (r = —-0,55), Alfven mach number (r = -0,56), R-ungexcom (r = 0,52),
DST- (r = -0,48) u ap-ungekcom (r = 0,53). Bce mnpuBencHHbIE KOI(PPHUIIMEHTHI KOPPEISAIUN
COOTBETCTBYIOT ypoBHIO 3HaunMocTH P < 0,05. Ha ocHOBaHMUM 3THX CBS3el MOXXHO 3aKJIHOUUTh, YTO
Bo3zpactanue CA (R-unHzmekc), accouumupoBaHHOe ¢ Bo3pacTanueM [I'MA, TO ecTb BO3pacTaHue
HanpsbkenHoctd MMIT (Field Magnitude Avg), orpuriarensHas cBsi3b ¢ DST-uHaeKCOM, MONOKUTETBHAS
CBS3b C ap-UHAEKCOM IMPHUBOIUT K TOBBIMICHUIO 3JeKTpuueckoil aktuBHocTH koxku (KI'P). D10
CBUJETEIBCTBYET O CIEAYIOUIEM: B JJAHHBIA MEPHOJ CHUKAETCS MCUXOIMOLMOHATIBHAS YCTOMUNBOCTb,
YTO MOXKET CTaTh MPUYMHON HEKENaTeIbHBIX IICUX0IMOLMOHABHBIX COCTOSHUM.
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Puc. 3. Conpsoxennocts KI'P u JIUM c nokazarensimu UMII (1o ocu abciuce — JHU rojia; Mo OCH OpAMHAT —
HOPMHUPOBAHHbIE 3HAUYEHHUS TICUXO(PU3NOIOTUUECKIX H TEOKOCMUYECKHX HH/IEKCOB).
A: 1 — koxHo-ranmbBanmdeckas peakuus (KI'P); 2 — motok paauousnyderus: Connna (F10.7);
3 — HampsHKEHHOCTh MEKIUTAHETHOTrO MaruutHoro nosst (MMFav).
b: | — muTensHOCTh MHMBHAYATLHON MUHYTHI, 2 — MaBieHue conreunoro Berpa (Flow Pressure); 3 — Kp-umrnekc

Fig. 3. Conjugation of galvanic skin response and individual minute duration with indicators
of interplanetarym agnetic field strength (the abscissa is days of the year; ordinate is normalized
values of psychophysiological and geocosmic indices).
A: 1 — galvanic skin response (KI'P); 2 — Sun radio flux (F10.7); 3 — interplanetary magnetic field strength (MMFav).
B: 1 — duration of individual minute (JIIM), 2 — solar wind pressure (Flow Pressure); 3 — Kp-index

B nanHOM HccnemoBaHWEM MBI JOMOMHUTENBHO [33] ampoOupoBanu cTeneHb WH(OOPMATHBHOCTH
TAaKoOro IoKa3aTelsd, KaK JUINTEIbHOCTh WHAWBHYaJbHOW MHHYTBI, U €r0 MPUTOJHOCTh U OLEHKU
NCUXO(U3MOTOTHIECKOTO COCTOSIHNUS, a TAKXKE OIICHHUIIN 3aBUCHMOCTH OIIYIIEHHUS BPEMEHH B TOISPHOM
Kacrie OT BO3ACHCTBHsI (PU3NIECKUX areHToB, accoruupoBanubix ¢ CA (puc. 3, b).

WnauBuayanbHass MUHYTa OTpPaXkaeT IICUXO(PHU3UOIOTMYECKOe COCTOSIHHE OpraHu3Ma, U ee
BEJIMYMHA MPOMOPLUOHATIbHA CTEIEHH 3MOLMOHAIBHOIO HANPSDKEHUA. Y B3pOCIBIX 3J0POBBIX JIIOAEH
WHAWBUIyaIbHAs MUHYTA — JOCTATOYHO CTOMKHUH MOKA3aTelNb, B TO BPEMS KaK y JIOJIEH C MOHMKEHHON
ajanTanueil OHa 3HAYMUTENBHO YMEHBIIAeTCa. JTO OOBSCHAETCS TeM, YTO JJIMTEIbHOCTh
WHIUBUAYAJIBHOW MUHYTBI KOPPEIUPYET C U3MEHEHUSIMU COMAaTOBEr€TaTUBHBIX IT0OKA3aTeJIed U IOITOMY
MOJXKET MCTIOIH30BaAThCA MPHU OIIEHKE BO3MOXKHOCTEN afmanTaiuu opraausma [41].

[IpoBenenHOE MccaeqOBaHKE MTOKA3aI0, YTO, BO-NIEPBBIX, 3HaUeHUE JJVIM MoxynupyeTcss BHEITHUM
BO3JICHCTBHEM, aCCOLIMUPOBAHHBIM C AaBiicHueM conHeunoro Berpa (Flow Pressure, r =-0,49, p <0,05),
¢ Kp-unaekcom (r =-0,55, p < 0,05), ¢ ap-ungekcom (r =—0,51, p < 0,05), BO-BTOPBIX, UMEET 3HAYUMBIC
(p < 0,05) koppensyu ¢ NCUXOPHU3UOIOTHICCKUMH TTOKA3aTeNIIMH, TAKUMU KaK IUIOMIAb CBEYCHUS
B pexuMe AeTekimu ¢ pribtpoM (Sr2, r = —0,65), ¢ momoit R-R-unteppana (r = —0,61), ¢ mokazarenem LF
(%) (r = 0,50) — Briagom (%) HU3KOYACTOTHON CIIEKTPAITLHON KOMIIOHEHTOH B MOJHYIO CIIEKTPATBHYIO
MOIIIHOCTh. BEIsSIBIIEHHBIE CBSI3M MOKa3bIBaloT, uTo JIIM Momynupyertcs Bapuanusimu [ MA u ajfekBaTHO
OTpaXkaeT TCUXOCOMATHYECKUE PEaKIMM Ha BHEIIHee BO3JeicTBHE: mpH Bo3pacTanuu ['MA JIUM
CHMDKAETCSl, €r0 YMEHbILIEHUE CONMPSKEHO ¢ BO3PACTAHUEM ILUIOLIaAN CBEUeHMs NpH peructpauuu ['PB
B pexxume 0e3 guibTpa, ¢ yanuHeHueM R-R-uHTepBana M co CHIKEHHMEM BKJIaJa HU3KOYACTOTHOM
KOMIOHEHTHl LF B MONHBIA ceKkTp MOIIHOCTH CepIeYHOro putMma. PU3NOIOrMYECKH CMBICT TaKMX
B3auMMOOTHOIEeHUN Mexay MM u ncuxocoMaTMYeCKMMM IOKa3aTeNs MU COCTOUT B TOM, YTO IpHU
Bozpactranun ['MA (B paMKax HCCIEAyeMOro Iepuoja BpPEMEHH) OpraHu3M NEepexXoquT B Ooiee
sHeprocOeperammuil pesxuM GyHKIIMOHUPOBAHUSI.

3. Oyenka ces3u mMenHcoy COCMOAHUEM CePOUHO-COCYOUCMOU CUCTNEMb, NAPAMEMPAMU MEHCNIAHEMHOLL
cpeowt u xapakmepucmuxamu CB.

W3ydyeHue creneHW 3aBUCHMOCTH Te€MOJUHAMHYECKHX XapaKTEPUCTUK CEepAECYHO-COCYIUCTON
(CCC) cucrembl OT Bapuanuil MapaMeTpoOB MEXKIJIAHETHOM Cpeabl BBIBHIIO, UYTO apTepuaibHOE
cuctonuieckoe nasinenue (AJ[) umeer 3HaYMMBIE CBSI3M C MOKasaTeieM BapuabenbHocti CB (Sigma-
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theta-V, r = —0,51, p < 0,05). Kpome Toro, nokazauust A1 MOT'YT MOIYJIMPOBATHCS HHTCHCHBHOCTHIO
HEHUTPOHOB y MOBepXHOCTU 3emiiu (counts/s) u aTMochepHbIM JaBieHueM (AT, Mm6ap), Kod(hHULHEHTHI
koppensiuu F — 0,49 u —0,49 coorBercTBeHHO, P < 0,05.

JanHble 1o oueHke 4YacToThl cepaeuyHbix cokpanieHnit (HCC) u HachlIIeHHIO reMoriioOnHa
aprepuainbHON KpoBHU KuciopogoM (Oz), MolydeHHbIE ¢ MPUMEHEHHEM ITyJIbCOKCUMETPUH, TTO3BOIMIN
obHapyxuth cBsi3b Mexxay UCC, nmokasarenem BapuabensHoct CB u unciom Maxa (Sigma-theta-V,
r=-0,45 MAKH r =0,45, p < 0,05), 1. e. u Aln, u YCC moxynmupyroTcs pakropamu, aCCOLMUPOBAHHBIMU
¢ BapuabenbHOCTHIO CB.

ITokazarens O, oka3ajncs cBA3aH ¢ Apyrod rpynmnoi ¢akTopoB, acconuupoBaHHbIX ¢ I'MA:
¢ sigma-Bz (r =-0,46, p < 0,05), ¢ Flow Pressure (r =-0,44, p < 0,05), ¢ Kp- (r =-0,49, p < 0,05) u ap-
ungekcamu (r = -0,49, p < 0,05).

Takum o00pa3zoM, MOXHO cyMTaTh, 4TO cuctonnyeckoe pgasineHne u UCC mopynupyroTcs
Ha3eMHBIMH (haKTOpaMH, aCCOIIMMPOBAHHBIMU C YTIIOBBIMH XapakTepuctukamu CB (B o0meM cmbicie —
BapuabenpHOCcThI0 CB). OTuacTu onpeneneHHbi BKiIan B A1 MOKET BHOCUTD JIOKAJIbHOE aTMOC(hEpHOe
JIaBJICHWE W, BO3MOXHO, HHTEHCUBHOCTh HEMTPOHOB Yy MOBepxHOCTH 3eMin. Hacelenne reMoriao0nHa
KHCJIOPOJIOM 3aBHCHUT OT IPYTUX (PU3NYECKUX areHTOB, acCormupoBaHHbIX ¢ [ MA: yem Boitie M A, Tem
HUKe conepkanne O, B apTepuanbHON KPOBH.

JonomauTenbHbIM mokasareneM remoguHaMuku CCC SBISIFOTCS peoIOTHYeCKHe CBOMCTBA KPOBH,
B YaCTHOCTH, €€ CBEPTHIBAIOIINE OCOOEHHOCTH, B ONPEICIIEHHOW Mepe, aCCOIMUPOBAHHBIC C BA3KOCTHIO
KpoBH. [loBbIIIEeHHAs BSI3KOCTh KPOBH CO3/Ia€T JOMOJHUTEIHHOE COMMPOTUBIICHHE KPOBOTOKY U TTOITOMY
CONpsKEHA ¢ M30BITOYHOM OCTHATPY3KOW Cep/lia, MUKPOIMPKYISTOPHBIMU PACCTPOHCTBAMH, TKAHEB OM
rurnokcuei. PaccrpoiicTBa B cucTeMe reMopeosioruy PECTaBIISIOT OO0 YHUBEPCATBHBIN MEXaHU3M
MaToreHe3a KPUTUYECKUX COCTOSHUH. YMEHBIICHHE BS3KOCTH KPOBH, HANpPOTUB, CHOCOOCTBYET
YCKOPEHHIO KPOBOTOKA, YBEIMUYCHMIO JOCTYNa KHUCIOpOJa K TKaHIM, OOJIET4eHHIO PaboOTHl cepla.
B nanHOM wMccienoBaHMM MBI OLEHHJIM CTENEHb 3aBUCHMOCTH BPEMEHH CBEPTHIBAHUS KpPOBH
OT BO3JICHCTBUS (PU3NYECKUX areHTOB, acCONUpoBaHHBIX ¢ CA B 00J1aCTH MOJISPHOTO Kacma.

Okazanock, uTto Bpems cBepThiBaecmocTu kKpoBu (BCK) Moaynupyercs Ha3eMHBIMH areHTaMu,
conpsbkeHHbIMU ¢ sigma-theta-V (r = 0,68, p < 0,05), xak u B cay4dae ¢ A/lnx u ¢ UCC. Kpome Toro,
BbisiBiIeHa CBsi3b BCK ¢ IIOTHOCTBIO MTOTOKOB coiHeuHoro paauousinyuenus 10,7 (r = 0,54, p < 0,05),
C TeMOJMHAMHYECKAMU TTOKa3aTeasaiMu KpoBu: A/ln 1 MuHyTHBIM 00beMoM kpoBH (I = —0,62, r = 0,45
COOTBETCTBEHHO, P < 0,05), ¢ ncuxosamonmonanbHbMu okaszaressimu: CAM, AKT, CT (r = 0,48, r = 0,49,

= —0,50 cootBerctBeHHO, P < 0,05). DTO O3HA4aeT, YTO MPH BO3PACTAHUH YIIIOBOH ckopoctu CB
u paguomsnydenus Comuna BCK ymmunHsiercs, T. €. KOCBEHHBIM 00pa3oM BSI3KOCTh KPOBU CHHIKAETCSI.
C napyroil CTOpOHBI, BEPOSTHO, OT CBOMCTB KpoBH, BhIpakeHHBIX uepe3 BCK, moxer 3aBucerb
U TICUX09MOLMOHANBbHOE cocTosiHKe: noBbieHrne BCK (cHMkeHue BA3KOCTH) CONPSDKEHO C yy4IIeHHEeM
CaMOYyBCTBHS, aKTUBHOCTH M CHI)KEHHEM CHUTYaTUBHOW TPEBOKHOCTH.

Onenka BapuabenbHOCTH cepaevynoro putMa (BCP) u crenenn 3aBucumoct BCP ot Bapuaruit
(U3NYeCKUX areHToB, acCoUnnpoBaHHbIX ¢ CA, BBISIBUIIA MEKAY HUMH ONpeAeICHHbIC CBSI3U (pHC. 4).

JmrenpHOCTh R-R mHTEepBana acconuupoBana ¢ temneparypoi wiasmel CB (Proton T°, r = 0,50,
p < 0,05), ¢ mokazarenem DST (r = —0,46, p < 0,05), ¢ f10,7_index (r = -0,57, p < 0,05), HO He
¢ unaekcamu 'MA (puc. 4, A). C apyroii cTopoHsl, Bo3pacTaHue Temreparypsl miasmsl CB cBsizano
co ckopocteio CB (r = 0,77, p < 0,05), ¢ BapuabensHocteto CB (sigma-V, r = 0,67, p < 0,05),
¢ anexkrpuueckum nosiem (Electric field, r = 0,52, p < 0,05), ¢ Kp- u ap-ungexcom (r = 0,72, r = 0,77
COOTBETCTBEHHO, P < 0,05). 3HauuT, npuunHON Moaymsiuuu R-R-uHTEpBana Moryr ObITh UHBIE areHThI,
yem 'MA, HO acconrpoBaHHble co cBoiicTBamu CB. Brie Mbl nokazanu, uro IMIM comnpsixkena ¢ R-R-
nHTEepBaoM u uHAekcamu [ MA, Bo3moxHo, uTo u JIMM, n R-R-uHTEpBan MomymupyrOTCs HA3eMHBIMU
OMOTPOMHBIMU areHTaMHU, aCCOLIMUPOBAHHBIM cO cBoiicTBamu CB u I'MA. He uckitodeHo, 4To TakuMu
areHTaMM MOryT ObITh JHEBHBbIE NyJibcalMu Pc5, xapaktepHble [uisi 00JacTH MOJSPHOrO Kacrma.
['eomarnuTHBIe Mynbcanuu auanazoHa PCS (mepuopbl mopsiika HECKOJIbKUX MUH), SIBJSSCH Hambosee
MOIIHBIM 3JIEKTPOMAarHUTHBIM BOJIHOBBIM INPOLIECCOM B OKOJIO3€MHOMW Cpejie, BHOCAT 3aMETHBIN BKJaja
B 0aJlaHC PHEPTUU CUCTEMBI COHEYHbLI 8emep — MazHumocgepa — uoHocgepa, 0COOEHHO BO BpeMs
F€OMarHUTHBIX BO3MyILIeHUH. BbisiBneHsl 3¢ @dexkTsl KOHTpOds MarHuTochepHbIX Mybcalui
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HecTanroHapHbIMH nipouieccamMu B CB: Bo30yxnenue Pc4-6 mynbcanuii uMnyabcaMu IUHAMUYECKOTO
JABJICHUS U MEKIIJIAHETHOMW yJapHOW BOJHOM, BHE3AITHOE IIPEeKpalleHue renepanuu Pc5-6 npu nogxozne
K 3emiie BEAYIIETO Kpasi MeXKIUIAHETHOTO MarHUTHOTO 00J1aKa, TpUTTepHAs CTUMYJISIUS TI100anbHbIX PCS
BOJIH Bcruieckamu (aykryaruii miotHoctd CB [42]. Bo3MoOXHO, MylbCcalliyd 3TOr0 THUMA 00JaAaroT
BBICOKOH 0103()(heKTUBHOCTBIO ISl CEPIEUHOI0 pUTMA, KOTOPYIO €lIe MPEACTOUT BBIACHUTD.
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Puc. 4. ConpsokeHHocTh noka3areneit BCP u xapakTepuCTHK COCTOSHUS MEKIUIAHETHOM cpejibl (110 OcH adciuce —
JIHU TO7Ia, TI0 OCH OpJJMHAT — HOPMHPOBAHHBIC 3HAYCHUSI ICUXO(PU3NOIOTMIECKUX U TEOKOCMUYECKHX HH/IEKCOB).
A: 1 — gacrora cepaeunsix cokparienuii (HR); 2 — temneparypa mwia3msr CB (Proton T°);

3 — anbdBeHoBckoe yncno Maxa (Alfven mach number).

B: 1 — cranmapTHOe OTKIIOHEHHE pa3HocTel cocennanx RR-uuTepBaios (SDSD); 2 — Bz-koMmrmoHeHTa
MEKITAHETHOTO MATHUTHOTO ITOJISI B TEOIEHTPHYECKOM COTHETHO-MaruuTocepHoii cucreme koopausat (BzGSM);
3 — BapuabeNBHOCTD IIOTHOCTH COJTHEYHOTO BeTpa (Sigma n).

B: 1 — BBICOKOYACTOTHAS KOMITOHEHTa cepaednoro purMa (HF); 2 — Bz-koMImoHeHTa MEXIUIAHETHOrO MarHUTHOTO
TIOJTS B TEOI[CHTPUIECKOMN COTHEYHO-3KIMIITHIECKOM crcTeMe KoopauHat (BzGSE);

3 — norok paanounsnydenunst Conia Ha amuHe Bonabl 10,7 oM (F10,7).

I': 1 — unpeke amanraiuu (A); 2 — temmeparypa miasmsl CB (Proton 7°), 3 — ckopocts CB (Bulk speed).

Fig. 4. Conjugation of heart rate variability indicators and state of interplanetary medium (the abscissa is days
of the year; ordinate is normalized values of psychophysiological and geocosmic indices).
A: 1 — heart rate (HR); 2 — plasma temperature of solar wind (Proton T°); 3 — Alfven Mach number.

b: 1 — standard deviation of differences of neighboring RR-intervals (SDSD); 2 — Bz-component of the interplanetary
magnetic field in geocentric solar-magnetospheric coordinate system (BzGSM); 3 — variability of solar wind density (sigma n).
B: 1 — high-frequency component of the heart rate (HF); 2 — Bz-component of the interplanetary magnetic field
in the geocentric solar-ecliptic coordinate system (BzGSE); 3 — solar radio emission flux at a wave length of 10,7 cm (F10,7).
I': 1 — adaptation index (A); 2 — plasma temperature of solar wind (Proton 7' °); 3 — solar wind speed (Bulk speed)

MHOXEeCTBEHHbIE KOppeNsSMU C (U3NYECKUMH areHTaMmu, accouuupoBaHHbiMH ¢ CA, Obuin
BBISIBJICHBl Ul CTATUCTHYECKOW XapakrepucTukn BCP — cTaHIapTHOro OTKIOHEHHS pa3HOCTEH
cocequux RR-unTepBano (SDSD). OOHapyxeHbl 3HauuMble koppersiuun Mmexnay SDSD u Bz-
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koMrnoneHnToir MMII (Bz,GSM, r = 0,55, p < 0,05), mnotHocTthio yactuil B CB (Proton density, r = 0,57,
p < 0,05), cooTHomeHueM anbda-yactull u mporoHoB B CB (Na/Np, r = -0,46, p < 0,05), Bapuanusimu
wiotHocty vactuil B CB (sigma-n (r = 0,64, p < 0,05), snexkrpuueckum mosiem CB (Electric field,
r =-0,56, p <0,05), DST-unnexkcom (r = 0,54), MIOTHOCTHIO IIOTOKOB MMPOTOHOB C YHEPTHSAMH CBBIIIE
30 u 60 MaB (PROT Flux > 30 MsB, PROT Flux > 60 MsB, r = 0,46, r = 0,68 COOTBETCTBEHHO,
p < 0,05), cueTom Ha3eMHOr0 HEWTPOHHOro MoHHTOpa (counts/s, r = 0,49 p < 0,05), armocdepHbIM
nasiienueM (I = —-0,49 p < 0,05). O1u cBsA3K, B OCHOBHOM OTpaXKaroIle 0COOCHHOCTH KOPITYCKYJISIPHOM
cocrasistoneit miaasMel CB, cBUIETENBCTBYIOT O TOM, UTO areHThl, Moayaupytoue BCP, Mmoriau 65Tk
aCCOLIMMPOBAHBI € MpolleccaMy B3auMoeicTBus mpoToHoB CB ¢ MarauTocdepoii 3emin.

Ceenennss o0 KOX(pQUIMEHTaX KOPpESLMU MEXIy 4YacTOTHBIMU cocTaBisonmmu  BCP
¥ ITapaMeTpaMy MEKIUIAHETHOH CpeJibl IIPE/ICTaBICHBI B Ta0. 4.

Tabnuya 4
Table 4
KoaddunmeHTsr KOppemnsiiuu mokasareyiei ClieKTpabHbIX KOMIIOHEHT CEPACYHOr0 pUTMA

Correlation coefficients among the indices of spectral components of heart rhythm

Kommonenta Electric PROT Flux | PROT Flux | f10.7_index
Component M=o Bz,GSM field >30MeV | >60MeV (103
HF 376,55+206,57 0,57 -0,58 0,50 0,41 0,45
HF (%) 24,15+4,70 0,57 0,57 0,57 0,29 0,41
VLF (%) 45,0145,27 0,50 0,50 0,48 0,33 0,40
LF/HF 2,32+0,49 -0,59 0,60 -0,51 -0,50 -0,34
VLF/HF 3,03+0,88 -0,47 0,47 -0,45 -0,45 -0,38
IC 1,50+0,35 0,58 -0,57 0,56 0,28 0,33
THpumeuanue. M £ § — cpemHee apuMeTHyecKoe W CTaHOAPTHOE OTKIOHeHWe. HF — BeIicOKo4acToTHAs

komnonenta, 0,15-0,4 Ty (mc?). HF (%) — BKJIaJ BHICOKOYACTOTHON KOMIIOHEHTHI B MOJHYIO CHEKTPAIbHYIO
morHocth, VLF (%) — Bkian ouens HuskouactoTHOM kommoneHTsl (0,0033-0,04 I'm) VLF (%) B monayio
criekTpanbHyo MomHocTh; |C — wuHmeke nentpanuzannn; LF/HF, VLF/HF — cooTHOmEHus CIeKTpalIbHbIX
COCTaBJIIOIIUX CEPACUYHOTO pUTMaA.

Bz,GSM — Bekrop Bz-KOMIOHEHTBI MEKIUIAHETHOIO MATHATHOTO MOJISI B TEOLIEHTPHYECKOW CONHEYHO-
MmaruautocepHoit crucremax koopauuat; Electric field — asmexTpudeckoe mone rmmasMbl COMHEYHOTO BETPA;
PROT Flux > 30 MsB, PROT Flux > 60 MsB — motoku mpoToHoB ¢ sueprusmu > 30 u > 60 Mas; f10,7_index,
(10%) — paguonsnydenue ConHua Ha jmuHe Boasel 10,7 cM (2,8 I'T).

Koaddunmentsl Koppessiiuy, BbleTIeHHbIE TONYKHPHBIM, COOTBETCTBYIOT YpoBHIO 3HaunMocTH P < 0,05.
Note. M+ 6 — average value and standard deviation. HF — high-frequency component in the heart rate, 0,15-0,4
Hz (ms?); HF (%) — contribution of high-frequency component to the total spectral power; VLF (%) —
contribution of very low-frequency component (0,0033-0,04 Hz) to the total spectral power; IC — index of
centralization of heart rate regulation; LF/F — the ratio of low frequency (LF) to high frequency (HF) components
in heart rate; VLF/HF — the ratio of very low frequency (VLF) to high frequency (HF) components in heart rate.

Bz,GSM — Bz-component of interplanetary magnetic field in geocentric solar-magnetospheric coordinate
system; PROT Flux > 30 MeV, PROT Flux > 60 MeV — Proton fluxes with energy with > 30 and > 60 MeV,
respectively; f10,7_index (1022) — the radio emission of the Sun at wave length of 10,7 cm (2,8 GHz).

The correlation coefficients, highlighted in bold, correspond to a significance level of p < 0,05.

MOXHO BHJIETh, YTO YACTOTHBIE COCTABISIIOIIME CEPJICYHOrO0 PUTMA, MX COOTHOLICHHS, HHJIECKC
ueHtpansHoi perymsimuu (MC) 3naunmo (p < 0,05) cesizansl ¢ Bz-xkommnonenroit MMII (Bz,GSM),
c anektpuuyeckuM noineM CB (Electric field), ¢ morokamu nporoHos ¢ sneprusimu 6onee 30 u 60 M»>B
(PROT Flux >30 M»sB, PROT Flux > 60 M»sB). Takoii xapakTep CBSI3U MOXET CBUICTEIHCTBOBAThH
0 MOAYJSIUH BapuaOEIbHOCTH CEPJAEYHOrO0 PUTMA HA3EMHBIMH areHTaMH, AacCOLUUUPOBAHHBIMU
C KOPIYCKYJISIPHOM cocTapistoniei mia3mbl CB 1 ocoOeHHOCTSIME ee B3aUMOACHCTBUS ¢ MarHUTOCQepoi
B o0nactu monsipHOro Kacma. Bo3moxHo, Moxaymsiuss BCP  morma Obl  OCyHIECTBISITHCS

BECTHHK Konvcrozo nayunozo yenmpa PAH 4/2018 (10) 19



H. K. berummieBa, A. A. MaptsiHoBa, C. B. Ipsanunukos, H. JI. ConoBseBckast, T. C. 3aBaackas, B. B. Meropckuit

HU3KOYACTOTHBIMU KOJICOAQHHUSIMH, BO3HHKAIOIIMMH B pe3yibTare MPOHUKHOBeHUS Tu1asmbl CB
B Maruutocepy B 06JacTu MOJISPHOro Kacma. B skcriepumMenTe no U3y4eHHIo MOJSPHOr0 MarHUTHOTO
roJtst [5] OBLIO MTOKa3aHo, YTO BOJHEI B Y3KOM Juarnazone 4acTotT oT 0,2 no 3 ' SBAstoTCS MOCTOSHHBIM
3JIEMEHTOM B 00JacTH MOJSPHOrO Kacra. BO3HMKHOBEHHE BOJH CBSA3aHO C BXOXKICHHEM IUIa3Mbl
U3 epexoIHoN 00JacTH MarHUToc(eps! B MOJISPHBII KacI.

Mmuoroo6pa3ubsie eHOMEHBI B BBHICOKMX T'€OMarHUTHBIX HIMPOTaxX MPHUBJIEKATEIbHBI HE TOJIBKO
JUIL KOCMUYECKON re0(H3UKHU, HO U JUIs remoonosoruu. B ciiry ocobeHHOCTEl TOIOIOrul OKOJI03EMHOTO
MarHUTHOTO TOJII WMEHHO J3TH IIUPOTHI T€OMAarHUTHO CONPSDKEHBI C MOTPAHUYHBIMU OOJACTSIMU
MarHuTocgepsl, e IPOUCXOAIT OCHOBHBIE Mpouecch B3aumoaencTeus CB ¢ marnutocdepoit 3emiu.
DTO B3aMMOJCHCTBHE WMEET HECTAllMOHAPHBIH M TYpOYJEHTHBIM XapakTep, 4YTO OO0YyCJIOBIMBAET
MOSIBJICHHE CHEIU(PUIECKUX HUPPETYISPHBIX BO3MYIICHHI Ha BBICOKMX ImHporax. [lma3meHHBIC
MEXaHMU3Mbl B3aUMOJICHCTBUSI BOJH W YaCTHI[ NPUBOAAT K BO3MOXHOCTH B OKOJO3EMHOH ILIa3Me
B3aMMHOT'0 BJIMSIHUS JPYT Ha APYra BOJH, Pa3JIMYAIOLINXCS HA HECKOJIBKO MOPSIKOB 10 yacrore, Y HU-
u OHY-guamnasonos [4, 7-9, 42].

Ha Bpicoknx mmportax (@ > 70°), coorBercTByrOmMX MecTomonokeHno apx. llmmubeprew,
B OJIHOM M TOM JK€ CIeKTpasibHOM amamnaszoHe (1-5 ml'm) HabmromaroTcs xonebGaHus C pa3TMYIHBIMH
MOP(OIOrMYECKUMH CBOWCTBAMH M, COOTBETCTBEHHO, pa3HoW (usmueckoit mpuponsi: Ipcl (Irregular
Pulsations at Cusp Latitudes) ¢ T ~ 3-30 m, np-BeicokouactotHas yacTb IpCl ¢ T ~ 3-8 mun, Pi3 u Pc5,
vip (Very Long Period) ¢ T~ 15-30 mu=.

B monsipHo# manke, B 001aCTH OTKPBHITHIX CHJIOBBIX JIMHUH, B 3aBUCHUMOCTH OT mapamerpo CB
u MMII MoryT BO3HHKATh BHICOKOIIMPOTHBIE KBa3UMOHOXpoMaTraeckue mynbcannu Pe3 (2050 mI') —
Pc4 (820 mI'm). Ilpu ocBemieHHOM HOHOC(hEpe BOJHOBAs dHEprus auamnasonHa Pc3-4 momymupyercs
ckopocthio CB u momsipHocThi0 MMII, a osisipHOi HOUBI0 — BapHaIUsIMH HOHOC(HEPHOI TPOBOIMMOCTH,
BBI3BAaHHBIMH, TPEANOIOKHUTENbHO, TNIAHETAPHBIMUA BOJTHAMU. /|1 IIMPOT MOJSPHON IIANKH BBISBIECHA
3aBUCUMOCTh 4acToThl Pc3 u Pc4 or momymss MMIIL. Hcrounukom mynwscanuii Pc3 Ha mmporax
OT aBPOPAIBHBIX BIUIOTH 1O MOJSIPHOW MIANKU SIBJSIETCS IMKJIOTPOHHAs HEYCTOWYMBOCTH MPOTOHOB,
OTpaKEHHBIX OT (ppoHTa ymapHO# BONHBI. [I0CKOMBEKY HHTEHCHBHOCTh Pc3—4 BONH B MOJISIPHOM IIAIke
3aBHUCHUT OT HOHOC(EPHOI MPOBOIUMOCTH, TO B IEPUOJ] MOJSIPHON HOUM MPOUCXOAUT PE3KOE OCIabIeHue
BouH [7-9, 13, 42].

Hammum wuccnenoBanust ObUTM BBINONHEHBI B TEPHOA TOJISPHOTO JHS TPH KPYTIOCYTOYHOM
OCBeIeHNH HoHOC(hepbl. MOXKHO TPEANION0KHUTh, YTO ONpPEIeIeHHBIN BKJIaJ B MOIYJISIMIO OTACTBHBIX
MapaMeTpPOB COCTOSHHSI OpTaHU3Ma MOTJIM Obl BHOCUTH MYNbCAIIUH, XapaKTepHble Jis mmpoT @ > 70°,
B TOM umcie myiabcauuu Pc3—Pc4. KocBeHHBIM CBUIETENECTBOM TOMY SIBISIOTCS 3HAYMMBIE KOPPEIISALIHH
Mex Iy mokasarensmu I PB-rpamm (roiomaau ceeuenus) u moayaem MMIT (Magnitude of Average, Field
vector, [<B>|), yrmoBeimMu xapaktepuctukamu CB (Bulk flow longitude), moroxamu mporoHoB
¢ sHeprusimu 6osee 10 MaB, unciiom Maxa (ta6:1. 3), To ectb ¢ Temu mapamerpamu MMIT u CB, koTopsie
00yCIIOBIIMBAIOT BOSHUKHOBEHHUE mmynbcanuii Pc3 u Pc4 B obnactu kacna v B MOJSIPHON IIATKe.

JIOMOIHUTENFHOE TIOATBEP)KACHUE BO3MOXXHOCTH MOIYJISIIUU  (YHKIMOHAIBHOTO COCTOSHUS
OpraHu3Ma IyJbCallUsSMH, XapakTEepPHbIMU IS TONAPHOTO Kacma, COJCpKUTCS B  padoTte
o H. A. Kypaxxkosckoii ¢ coaBropamu [43].

Oco0eHHOCTBIO HAcTOSALICH PAOOTHI SBJISETCS IPOBEICHUE UCCIIEOBAHNIN B YCIOBUSIX CIIOKOMHOM
MarHuTOCQeppl, YTO COMOCTABUMO C YCJIOBUSMH IPOBEACHUS HaIMX HccienoBanuid. MccnenoBanue,
BBIMIOJIHEHHOE B pabore [43], BKIIOYAIO OJHOBPEMEHHOE HAOIIOJCHUE BBICOKOIIMPOTHBIX
JUTAHHOTICPUOAHBIX HUPPETYIAPHBIX MyNbcaluii B quanazone yactot 2,0-6,0 mI'i (ipcl) u Bo3smytneHwmit
MarautHoro nonst B miaazmMe CB npu cnaboit TMA (Kp ~ 0). AHanu3 3aBUCHUMOCTH YacTOTHI
BO3HUKHOBEHHSI JHEBHBIX mynbcanuii ipcl or mepeopuenrtanuu Bz-kxommonentst MMII ¢ ceBepHOro
HaIpaBJIEHUS Ha F0KHOE (TMIPU OTHOCUTENILHOM CTaOMIIBHOCTH JIpYTUX napameTpoB miasmbel CB u MMII,
TaKUX Kak CKOpOCTb V, KOHUEHTpauus N, AMHAMUYECKOE JaBJIEHHUE COJIHEYHOIO BETpa, IUIOTHOCTD
[UIa3Mbl, MOJYJIb HAMPSKEHHOCTH) MOKA3aJl, YTO B JOMUHHUPYIOIIEM YKCJIE CIy4aeB CIEKTpalbHas
IUIOTHOCTH MyJnbcanuit ipcl qocturaer makcumyma npumepHo depe3 10-20 MuH mociie cMeHbI 3Haka Bz-
KoMITIoHEHTEI MMII.
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ITony4yeHHble pe3yabTaThl HO3BOIUIN IPEANION0KUTH, YTO B YCIIOBUSX CIIOKOMHON MarHUTocheps
(Kp ~ 0) renepanus Habaromaemoro crekrpa ipcl, csi3ana ¢ nepeopuentanueii Bz-xommonentst MMIT,
oOycioBineHHOW TypOyneHTHocThI0 mmia3Mbl CB, cmocoOcTByromel pa3BUTHIO HEYCTOWYMBOCTH
TOKOBOI'O CJIOSI M YCWJICHUIO IIOBEPXHOCTHBIX BOJH HA MarHuTonayse. BbIsfBIeHHBIE B HAaILIMX
HCCIICIOBAHUAX CBSI3U MEXIY INCUXO(U3NOIOIMUECKMMU XapaKTepUCTUKAMHU COCTOSHHUS OpraHu3Ma
(tabm. 4), curmoii AKT (aktuBHOCTH), curMoit BK, moka3zaTensiMu SHTPOITUH, MTOKA3aTeISIMU TUIOIIAIN
CBEUEHMSI B PEKUME PETUCTpAlUU ¢ GHIBTPOM U BZ-KOMIIOHEHTON CBHIETENBCTBYET O CYIIECTBEHHOM
pONM TIOCTEAHEH B MOMYNALMU (DYHKIIMOHAJIBHOM aKTUBHOCTH opraHu3ma. OTCyTCTBHE SIBHOW CBS3H
Mmexay nokaszaressimu BCP u unnekcamu 'MA, HO mpucyTCTBHE 3HaYMMON CBs3U ¢ BZ-koMnoHEeHTOM
MIO3BOJISAIOT 3aKJIFOYUTh, YTO OJJHOM U3 BOZMOXHBIX MpU4nH Moaynsauuu BCP B obiactu nossipHOro kacna
Moriu Obl OBITH (BO3MOXKHO, Hapsay C APYrUMM KoJeOaHHSIMU) JUIMHHONEPUOIHBIC HPPETYISpHBIC
nynbcanuu B quanasode gactot 2,0—6,0 mI'm (ipcl).

3akio4enue

[IpoBenennble HccaeI0BaHMS 1O BBISIBICHHUIO CBSA3H MEXy TapaMeTpaMy MEKITJIAHETHOW CPE/Ibl U
COJTHEYHOTO BETpa W TICHXO(PHU3UOJOTHYECKUMHU TOKA3aTEeNIIMA COCTOSHHUS OpraHM3Ma IKUTeNei
apx. [numbepreH MO3BONMIN TOKa3aTh, YTO (DYHKIIMOHATHHOE COCTOSHHUE OpraHW3Ma dYellOBEeKa
B 00JacTH TMOJSPHOTO Kacla MOIYJUPYETCS pa3HBIMH TPYNIaMH TEOKOCMUYECKHUX areHTOB,
accouuupoBaHHbelx ¢ CA, MMII u CB. DTO CBHIETENBCTBYET O TOM, YTO 3HAYUMOCTH OTAEIBHBIX
MapaMeTpoB, XapaKTEPU3YIOIINX COCTOSTHUE MEKIUTAHETHOW CPEeIbl, ISl Pa3IMYHBIX CHCTEM OpraHu3Ma
HMeEET pazHylo 0M0d(PPEKTUBHOCTS.

BrIsiBIeHO, dYTO TICHXOAMOIMOHAILHOE COCTOSIHWE, XapakTepuzyemoe mokazatenem [19C
(mcuxosmMonmoHabHOEe cocTosiHue), camouyBcTBUeM (CAM), aktmBHOCTRIO (AKT), HactpoeHmem
(HACT), nuuHOCTHOW TPEBOXHOCTBIO, JTUTEILHOCTRIO MHIWBUAYATbHOH MUHYTH (M), KOXKHO-
ranmpBanndeckor peaknuer (KI'P), a Taxyke Takoil BakKHBIN IMOKa3aTeNb, KaK HACBIIICHUE TeMOTIIOONHA
aprepuanbHO KpoBH KucioponoMm (O2), MOIyIHUPYIOTCS TPYIIOH (GaKTOPOB, aCCOIUUPOBAHHBIX
C COJTHEYHOM akTUBHOCTHIO (R — umcia Bonbda), reorddhexrnBapiMu napamerpamu CB 1 HazeMHBIMU
areHTaMu, OTPaKCHHBIMU B MHJEKCAaX T'€OMAarHUTHOW akTUBHOCTH. I'eodddexTuBHBIE mapamerpsl CB
BKJTIIOYAIOT: TeMIeparypy mia3msl (Proton T° — temnepaTypa IpOTOHOB B COJTHEYHOM BETpPE B rpaycax
KensBuHa), Bapuanmu Bx- u By-kommonenT MMIT 11st OTACBHBIX TOKa3aTesIei ICHX03MOIIMOHATHLHOTO
COCTOSIHMSI, CKOpPOCTh coHeyHoro Betpa (Bulk speed, km/c), Bapuabensnocts CB (sigma-V), uHaekcs
I'MA (Kp- DST-, ap-unzaekcel), a Taxke pamuonsnydenue ConHma Ha amuHe BoimHBI 10,7 oM
(f10,7_index). B o0miem Buie MOXHO C/eIaTh BBIBOJ, YTO MPHU Bo3pacTaHuu | MA CHIIKAIOTCS 3HAUCHHS
nokazarenerr [19C, CAM, AKT, HACT, IUM, O, u Bo3pactaeT nokazatenb CT, To ecTb B pamkax
MIPOBEICHHOI'0 UCCIIEIOBAHUS B IONSIpHOM Kacrie, ¢ 30 utoinis mo 18 aBrycra 2018 ., Ha ciage 24-To nukia
CA, ymepenHoe Bo3pactanne I'MA NpHUBOOUT K YXYIUICHHIO I[CHXO3MOLMOHATIBHOTO COCTOSHUS
xuteneit apx. [nunoepreH.

Bropast rpynna reokOCMHYECKHX areHTOB, HE UMEIOIAsi 3HAYMMBIX KOPPEJSIHA ¢ MOKa3aTeIsIMH
I'MA, kpome otTaenbHBIX cBs3eir ¢ uHaekcom f10,7 Brmouana BzGSM-kommonenty MMII,
anexrpuueckoe mone CB ((Electric field, [V (km/c)-Bz (aTm; GSM)]-10° (MB/m)), HacTONBKO TeCHO
accoruupoBanHoe ¢ BZGSM, uto ko3 dunueHT Koppensunu Mexay HuMu paBasuics —1,00, a Taxke
npotonsl ¢ sHeprusimu 6osee 10 MaB (PROT Flux > 10 MsB, PROT Flux > 30 MsB, PROT Flux
> 60 M»sB (number/cm? sec sr). DTa rpymma (GU3MYECKMX areHTOB AaCCONMMPOBAHA C MOMYJSIMeit
BapuabenbHOCTH cepaeuHoro purMa (BCP), koTopast ymydiaeTcs mpH MoJIOKUTEIbHBIX 3HaYeHusX Bz-
KOMITOHEHTHI (CEBEpHOE HAIpaBJICHHE), IPH BO3PACTAHUH MOTOKOB MPOTOHOB ¢ dHeprusimu >30 Mo B,
1, HA00OPOT, YXYy/IIIAeTCs IPU CMEHE CEBEPHOI0 HarpaBieHus BzZ-koMnoHeHThI Ha 10kHOoe. [TocKonbKy
3Hauumble (P < 0,05) xoppensuun Mexny nokasatrensmu BCP, Bz-koMnoHeHTOH, MOTOKaMu MPOTOHOB
u uHaekcaMu I'MA B 1aHHOM HCCIIEJOBAHUM HE BBISBIEHBI, Mbl MPEANOIOKHMIN, YTO (HU3MUECKUMHU
areHTaMu, MOIYJIMPYIOIMMU B YCIOBUAX MOJSIPHOTO Kacma COCTOSTHUE CEPIe€YHO-COCYUCTON CUCTEMBI,
MOIJIM Obl OBITH MYJbCALIMM, XapaKTepHbIE A 00JIacTH mojsipHoro kacma [3-5, 7-9, 13, 42] u, uyto
0COOEHHO Ba)KHO, 3apETUCTPUPOBAHHBIE B CXOIHBIX T€OPHU3NYECKUX YCIOBHX Mpu HU3KoH ['MA [43].
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Kpome Toro, BbIsiBIIeHa CBS3b MEXK Iy Mokazatensamu [ PB-rpamm (rutomanu cBeueHus) ¢ MoysieM
MMIT (Magnitude of Average, nT, Field vector, |[<B>|), yrnoBoii xapakrepuctukoii ckopoctu CB (Bulk
flow longitude), ¢ mporonamu ¢ sHeprusmu 6oiee 10 MaB (PROT Flux >10 M»B), ¢ unciom MAXA kak
COOTHOIIICHHE aTh()BEHOBCKOW CKOPOCTH K MarHMTO3BYKOBOW B mmiiasme CB. OctaibHbIC TIOKa3aTenu
I'PB-rpamm uMeroT 3HauuMble Koppensiuuu ¢ pasnuuaeiMy nmapamerpamu MMIT u CB. [lannas rpymnmna
6r1o3(exTUBHBIX areHToB s xapakTepuctuk I'PB-rpamm o6wvemunsier mapamerpst MMII, CB
Y IIOTOKOB ITPOTOHOB.

B uccrnenoBanuu Haiinen Takxe napamerp CB (sigma-theta-V, rpamycsr), KoTopslit accormupoBan
C IMACTOJIMYECKUM apTepHalbHbIM JaBieHueM kposu (AJlx), wacroroit cepaeunsix cokpamenuii (HR),
BpeMmeHeM cBepTbiBaeMocTH KpoBH (BCK). ITockonbky y aToro napamerpa CB 3HaunMmblie CBSA3M HallIEHBI
TOJIBKO C aJIb()BEHOBCKUM YHCIIOM Maxa 1 ¢ caMUM 4nciIoM Maxa, MO>KHO CUMTaTh, YTO ITOT [TOKA3aTelb
OTpa)kaeT MarHUTOIUIPOAMHAMUYECKHE XapaKTePUCTUKH I1a3Mbl CB, KoTopble reHepupyIoT KonebaHus
B UIMPOKOM JIMAlla30HE YacTOT, B TOM YHCIE PErHCTPUPYEMBIX M Ha ToBepxHOCTH 3emuu [4, 42].
He wuckmoyeno, uro B mnapamerpax CB MBI HalIM WHAMKATOP, KOTOPBIA MOXKET CIIY>KHUTb
MIPOTHOCTHYECKUM MPU3HAKOM 003 (HEKTUBHOCTH COTHEYHOT O BETPA.

Takum 00Opa3om, MPOBENECHHBIE HCCIIEOBAHUS TO3BOJIIMIM OOHAPYKUTH JIBE OOJBIINE TPYIIIBI
F€OKOCMHYECKHX areHToB, acconuupoBanibix ¢ CA, ¢ mapamerpamu MMII u CB, koTopbie MOIyIUPYIOT
oT/AeNbHbIE (YHKIMOHAIbHBIE CHUCTeMBbl opranu3ma. IlepBas rpymma Bkmouaer mokazatenu CA,
reodddexruBHbie mapamerpsl MMIT u CB, a Taxoke n nanexcel T MA. @usndeckue areHThl STOW TPYIIIBI
MOJYJINPYIOT IICUX03MOLMOHAIBHOE COCTOSIHUE U, BEPOSTHEE BCETO, BIUSIOT HA LIECHTPAIbHYIO HEPBHYIO
cucTteMy ¥ (pyHKIIMM TOJIOBHOTO MO3Ta.

Bropas rpynma ¢pusmdeckux arentoB He cBszaHa ¢ [[MA u mpencraBiena nmapamerpamu MMII,
aCCOLMUPOBAHHBIMY, 10 JUTEPATYPHBIM JIAHHBIM, C NYJIbCALIUSIMH B AMAINIa30HE KpailHE HU3KUX YacTOT
B 00JacTH MOJSIPHOTO Kacma, ¢ napaMmerpamu CB, xapakTepu3ylonMMyA MarHATOTHIPOANHAMUYECKHE
Y MarHUTO3BYKOBBIE CBOIMCTBA IJIa3MBbl, a TAKXKE C TTOTOKaMH IMPOTOHOB ¢ dHeprusimu 6onee 10 MaB. Ota
rpyIa areHTOB aCCOIMMPOBAaHA C MOIYJISIMENH COMAaTHYECKUX (PYHKIMH OpraHu3Ma, PeryInpyeMbIX,
TJIaBHBIM 00pa30M, aBTOHOMHOW HEPBHOW CHCTEMOM. B 001acTi mosIpHOT0 Kacta 3TH areHThl HAIPsSIMYTO
WM ONOCPEJOBAHHO MOAYJIHPYIOT MOIIHOCTh U COOTHOIIEHUE YAaCTOTHBIX COCTABIISIFOIIMX CEPACYHOIO
pUTMa, apTEepHATBHOE AMACTOIMYECKOE JaBJIE€HUE, 4YacTOTy CEpACYHBIX COKpAIIeHHWH, BpeMs
CBEPTHIBAEMOCTH KPOBH.

JlaHHBIE TIPOBENEHHOrO0 WCCICAOBAaHHUS HMMEIOT TMPUOPUTETHBIA XapakTep, MO3BOJAIONIUAN
[IEPECMOTPETh  IIUPOKO AMCKYTUPYEMYIO pOJIb T[EOMAarHUTHBIX BO3MYIIEHMH B MOAYJISALUU
(YHKIMOHAIBHOTO COCTOSIHUSI OPraHW3Ma YellOBeKa W pacCMOTPETh MHBIE MEXaHH3MbI, 00Jalaronme
BBICOKOH OHOP((PEKTHUBHOCTEIO B O0JACTH MONSPHBIX MIHMPOT. llomydeHHBIE pe3yabTaThl HOCST
MpeBapUTEIbHBIA XapaKTep U MPEANoNaratoT JajbHEHIINE UCCIeI0BaHMsI B 001acTH MOJIIPHOTO Kacma
JUISL BBISIBJIGHUSI MHAWKATOPOB OMOd(PPEKTUBHOCTH «KOCMHYECKOW IMOTOMbI», pa3pabOTKU ajJropuTMOB
NporHo3a (YHKIHMOHAJIHHOTO COCTOSIHMS OpraHu3Ma B MOJSIPHBIX INHPOTaX, a TaKKe IIOHCKa
(U3MOTOrMYECKUX METO/IOB MOBHIILICHHS PE3EPBHBIX BO3MOKHOCTEH KHUTENEH apKTUIECKUX IIHPOT.

WNHTeHcuBHOE OCBOGHHME ApKTHKM JTUKTYeT HEOO0XOAMMOCTh 3((EKTUBHBIX MPOrHO30B
MICUXOIMOIIMOHAIBHOTO ~ COCTOSIHUSL ~ TOJIIPHUKOB  JUISl  CHH)KGHHS  PUCKOB,  OOYCIIOBJICHHBIX
«4genoBeyeckuM  Qaktopom». JlaHHOE WCCIENOBAaHME MOXKET BHECTH BKJIaJ B  pa3paboTKy
JIOJITOBPEMEHHBIX POrHO30B ICUX03MOLMOHATBHOI0 U IICUXO(PHU3UOJIOTHYECKOr0 COCTOSHUS OpraHu3Ma
YeJI0OBEKa B YCIOBUAX apKTUYECKUX LIUPOT.

baarogapuocTu
ABTOpBI cepIedHO MPU3HATENBLHBI BCEM TI00POBOJIbIIAM, MPUHUMABIIINM Y9aCcTHE B UCCIICIOBAHUSIX,
a Tarke komeram w3 IlomsipHoro reodusmueckoro wHcTUTyTa PAH — 3aBemyromeMy CEKTOpoOM

KOCMMUYECKUX Jyded, KaHauaaTty ¢usnko-maremarnueckux Hayk lO. B. bamabuny u HayuHOMYy
COTPYIHUKY, KaHAUaTy pu3nko-maremarnueckux Hayk b. b. 'Bo3ieBckoMy 3a ydacTue B MCCIEIOBAHUSIX
Y MPEI0CTaBICHNE BO3MOXKHOCTH HCIIOIB30BAHMUS IaHHBIX HEUTPOHHOI'O MOHUTOpA Ha CT. bapeHoypr.
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IMPOLHECCHI KPUCTAJVIM3AIINA B MOAEJIBHBIX PACTBOPAX
BUOJIOT'MYECKHUX ) KUJIKOCTEN YEJIOBEKA

O. A.T'o;10BanoBa
OI'BOY BO «Omckuii rocyaapcTBeHHbIN yHuBepcuTeT M. @. M. JloCTOEBCKOro»

AHHOTauun
Ha ocHoBe akcneprvMeHTanbHoOro MoAeNMpPoBaHMs yCTaHOBNEHLI 0COOEHHOCTM KpucTannmsaumm
oKcanaToB KanbLusi B NPUCYTCTBUM aMUHOKUCNOT. MiccneaoBaHo BrIMSIHUE aMUHOKUCIOT pasHoro
CTPOEHUs Ha hopMUpoBaHUE TBEPAOW (hasbl OKcanara KanbLmsa B NpoToTMne M3nonornyeckoro
pactBopa. OnpefeneHbl KUHETUYECKME NapameTpbl KpuUcTannu3auun: nepuos  UHAYKUUW,
KOHCTaHTa CKOPOCTU N 3aKOHOMEPHOCTU poCTa KpUCTannMToB.

KnioueBble crnoBa:
Kpucmannusayusi, okcanamel Kanbyusi, MooenuposaHue, aMUHOKUCIOMbI, HyKrieayus, pocm,
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CRYSTALLIZATION PROCESSES IN MODEL SOLUTIONS OF HUMAN BIOLOGICAL FLUIDS

Olga A. Golovanova
Omsk Dostoevsky State University

Abstract
The paper researches a range of problems related to the peculiarities of calcium oxalate crystallization
in the presence of amino acids on the bases of experimental data. The regularities of phase
formation in the system Ca?* — C204%> — H20-amino acid in a widely variable interval of component
concentrations and pH are theoretically researched. The kinetic parameters of crystallization are
determined (induction period, rate constant, order of crystals’ growth), and the influence of amino
acids on the kinetics of crystallization of calcium oxalate is established.

Keywords:

crystallization, calcium oxalate, modeling, amino acids, nucleation, growth, adsorption.

Beenenne

Ha  cerommsammuumit  geHp  mpoOiiemMa  oOpa3oBaHHMsI  TMATOTEHHBIX
opraHoMuHepanbHbIX arperatoB (OMA) B opraHu3Me 4YeloBeKa COXPAHSET CBOIO
aKTYaJIbHOCTh BO BCEM MHPE B CBSI3H C HEYKIIOHHBIM POCTOM YHUCIIa 3a00I€Ba€MOCTH,
KOTOpBIi exxeroano cocrasisier 0,5-5,5 % [1-5].

MouekaMmeHHas 0ose3Hb (YpoauTHa3), MpUBOmAIIas K odpazoBanuio OMA
B OpraHax MOUYENOJOBOW CHCTEMBI, SBJISIETCS OJHUM H3 PaCIpOCTPaHEHHBIX
ypOJIOrHUYEeCKHX 3a00JeBaHUN M BCTpeuaeTcs He MeHee 4eM Yy 3 % HaceleHHS.
MouekameHHast 00JIe3Hb BBISBISIETCS B JIFOOOM Bo3pacte, oaHako y 70 % nmanueHToB
OHA IMAarHOCTHpYeTcsl B Haubosee TpyaocnocoObHoM Bo3pacte — OT 30 1o 50 neT, npeuMyIecTBeHHO
y MyxuuH [1, 2, 5-11], npu 3TOoM pocT 3a00JIeBa€MOCTH CBSI3aH KaK C IOBBIIICHUEM BIIMSHUS Psijia
HeOIaronpuaTHEIX (HakTOPOB OKpYKAIOIIEH Cpelbl Ha OPraHU3M YEIIOBEKa, TaK M C OCOOCHHOCTSMH
COBPEMEHHOM JKU3HHU (THUITOAMHAMUS, PAIlMOH MUTaHus U 1p.) [6, 10-12].

W3BecTHO, uyTO Hanbosee pacpoOCTPAaHEHHBIMU CPEM MOUYEBBIX KaMHEH SIBJISIOTCS OKCAlaTHBIE,
cioxkeHHbie MuHepaiamu yaBemmutoM CaC,04-H,0 u yspnenmurom CaC,04:-2H,0, ¢ npeobnaganuem
CaC,04-H,0 [1-4, 8, 9, 13-16]. MHor#e uccaeIoBaTeId OTMEYA0T, YTO CIIEU(PHIHOCTh OPraHUUECKOM

KOMIIOHEHTBI KOHTPOJIUPYET B 3HAYUTEIHHON CTENEHU Ipoliecc pazo00pa3oBaHus B OpraHu3Me YeJIoBeKa
[1, 2, 8, 13-21 u ap.]. Ha naHHBIii MOMEHT HaKOIJIEH 00BEM CBEJICHHI O BIMSHHM COCTaBa pacTBOpa
Ha ($a30BBII COCTAB OCAJIKOB U KHHETHKY KpUCTAJUIM3alMU oKcajaaToB Kanblus [22—-30]. HoBble nanHbIe
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10 U3YYECHUIO KPUCTA/UIM3AalUU OKCajgaTa KalblLUus U3 PACTBOPOB B NPUCYTCTBUM aMHHOKHCIIOT
HEOOXOJMMBl KaK C TOYKHM 3peHus (QyHIAMEHTaJbHON IEpCHEeKTUBBI IMOHUMAaHUS IIPOLECCOB
OMOMHUHEpaau3aluy, Tak U ¢ MEAULMHCKON TOYKHU 3peHUss — U IpeaynpexaeHus o0pa3oBaHus
naroreHHsIXx OMA B opranusme 4enoBeKa.

[enbto maHHOW pPabOTHI SIBISETCS M3Y4eHHE KHHETHMUYECKMX 3aKOHOMEpPHOCTEeH oOpa3oBaHMs
OKCaJIaTOB KaJIbIIMs U YCTAHOBJIEHHE POJIN PsAJla aMUHOKHUCIIOT Ha Mpolecch! (pa3000pa3oBaHMsL.

Matepuana 1 MeTOANKA MCCJIe0BAHUN

W3ydyenune mnporecca KpUCTAIM3ALMU OKcajaTa KalblMs B HEPaBHOBECTHBIX YCIOBHSX
JUIsL YCTAaHOBJIEHUSI KHHETUUYECKUX 3aKOHOMEpHOCTeH nposoauiock npu temneparype 37 °C u Tpex
OCHOBHBIX 3HauCHUsX nepechinienuit pactBopoB ¥ = Co/Cs = 5; 7 u 10. BeiOop 0OCHOBHBIX 3HAUYCHHH Y
000CHOBAaH HAJIMYMUEM TaKUX MEPECHIICHUN B OMOIOTHYECKUX CpeAax, a MUMEHHO B MOYE 3/J0pOBOTO
B3pOCJIOrO CPEJHECTATUCTUYECKOrO uenoseka [1, 7).

[lepechllenne nmo oOKcaylaTy KaJbIUs CO3/1aBANOCh 33 CYET XMMHUYECKOW peakIMH, KOoTopas
peanu30BbIBAIaCh MPH  CMEUIEHWH HCXOAHBIX  PAacTBOPOB  JIETKOPACTBOPUMBIX  COEAMHEHHI
CTEXHOMETPHUYECKOTO COCTaBa — XJIOPHU/Ia KabIMs U okcanara ammonus: Ca?* + C,0,2 — CaC,0,.

Jlns KXol cepur AKCIIEPUMEHTOB ObUIM MPUTOTOBJIEHBI PACTBOPBI, COJEpIKAIHEe KaTHOHBI U
aHMOHBI, TIPU COBMECTHOM NPUCYTCTBHM KOTOPBIX B JAaHHBIX YCIOBUSAX HE o00pa3yrorcs
MaJIOpaCTBOPUMBIE COSAMHEHHSI. 3aTEM PACTBOPHI CMEIIMBAIUCH B YKBUBAIEHTHBIX 00bEMax.

Jlns ompeseneHust mapaMeTpoB HYKJIEAlMU HMCIOIb30BAJICSI METOJ, OCHOBAHHBIN Ha M3MEPEHUU
NEPUOJOB UHAYKIHHU (Tyyy). JJI HICCIIEIOBAHHS POCTa KPUCTAIUIOB MPUMEHSIIN KOHTYKTOMETPHYECKHHA
METOJ M3MEpEeHHs] KOHILIEHTpPAI[MM pPACTBOPOB B XxoAe HX Kpuctamumsauuu [25]. Ilo maHHBIM
KOHJIYKTOMETPHUYECKOTO  aHAJIM3a ONpEeAesIach  CTENeHb IOJHOTHI  MPOTEKaHHWsl — Ipolecca
KPUCTAJUTH3AINH 0. B 3aBHCUMOCTH OT BPEMEHH, JITOPUTM PacueToB mpezacTaBieH padote [30].

Hykneannss m KMHETHKAa KPUCTALIM3AIMK HCCIEIOBAIUCH KaK B PACTBOPAX OKCayaTa KaJbIUs
0e3 OpraHMYecKHX KOMITOHCHTOB, TaK M C J00aBKaMH aMHUHOKHCIOT B KoHIeHTparuu 0,004 Momb/i,
COOTBETCTBYIOIICH X HAXOKICHHUIO B (PU3NOJIOTHIECKOM pacTBope [7].

Pe3yabTaThl M 00Cy:KIeHUE
Ha mepBom »sTame ObUIO HM3Y4EHO BIMSHUE MEPECHIIICHUS HA 3HAYCHUS TEPHOAOB WHIYKIUH
MOHOTH/IpaTa OKcajaTa Kalblis B OTCYTCTBHE IOCTOPOHHMX M00aBOK. bbina momydeHa JTHMHEWHas

-2
3apucumocts INt=f ((lny) ) DTa HecTaHJapTHAas 3aBUCHMOCTh, KaK OBUIO IOKa3aHO, SIBISICTCS

KOMITO3UIIMEH JBYX SKCIOHEHIMAIbHBIX 3aBHCUMOCTEH C Ppa3HBIMU MOKa3aTeIsIMA HSKCIOHEHTHI.
Omnpenenenue MOBEPXHOCTHON SHEPTUH G, BXOJAIICH B KOHCTAHTY B, 11 IBYX y4acTKOB KHHETUYECKOM
KpuBOil nmaeT 3Hauenms 15,3 u 36,0 MJDk/M% 4TO OTBEUAET TeTEpO- M T'OMOTEHHOMY 3apOKICHHIO
COOTBETCTBEHHO.

Bnusinue opraHudeckux J0OABOK aMHHOKHCIOT Ha TMEPHOJA WHAYKIMH OIHOBOJHOTO OKcajaTa
KaJblIMs OKa3aJIOCh BEChbMa PAa3HOOOPA3HBIM M 3aBUCSIIUM OT THUMNA KUCIOTHL. [lomyueHHBIE NaHHBIE
NpeJCTaBJICHbI Ha Auarpamme (puc. 1), WUTIOCTpUpYyolIei 3HaYeHNs TIEPHUOA0B HHIYKIIMU MOHOTHUApATa
OKcayiata KaJIbI[Us B IPUCYTCTBUH UCCIICIOBAHHBIX aMHUHOKHCIIOT.

N3 puc. 1 BUAHO, YTO aMHHOKHCJIOTHI MOTYT KaK WHTHOMpPOBATH MPOIECC KPUCTALIU3AIUN
OJTHOBOJHOTO OKcasara Kanbius (DL-rmyraMrHOBast KUCI0Ta, TIUIKH, L-TH3WH), Tak 1 TPOMOTHPOBATH
ero (DL-sanun). Ilpemnonaraercsi, 4TO WHTHOMpYIOIlee ICHCTBHE AMHWHOKHCIOT CBS3aHO C HX
afcopOIMel Ha aKTUBHBIX IIEHTPAaxX T[OBEPXHOCTH OOpa3yIIUXCS KPHUCTAIOB.  AjcopOrus
OCYIIECTBIISIETCS. 32 CUET B3aWMOJCUCTBUS MEXKIY TIOJOKUTEIHLHO 3apsSiKEHHOW TOBEPXHOCTHIO
KPUCTAJUIOB OKCalaTa KaJbIMs U aMUHOKHCIIOTOM, KOTOpast HAXOAUTCS B HanOoJjiee BEPOSTHOM B TAHHBIX
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ycnoBusix KoHpopmainuu. B atom ciydae
MOXXHO MPEANOI0XKUTh, YTO C POCTOM
Val UHTHOUpYIOIIero JAedcTBus OyaeT pacTu
COJIep’)KaHUE AMUHOKHUCIOTHI B TOYEYHBIX
Ca0x 1 kaMHsSX. W JgelcTBHTEIbHO, IS OCHOBHEIX
aMUHOKHUCJIOT, [0 KpailHel wMepe, 3To

cripaBeuiuBo [ 16, 24, 27].

Lys 1

jit

Gly - | CpaBHUTENBHBI  aHAJIN3  JCHCTBHSA
M3YYEHHBIX HAMHU aMHHOKHCIOT Ha TEPUOX

Glu 1 WHAYKIIMKA TIOKAa3bIBa€T, YTO 3TOT 3(DdeKT,
BEpPOSTHO, CBSI3aH C WX OCHOBHBIMH

0 o 5'0 - '1(')0' - '15;0' - '2(')0 XapaKTePUCTUKAMHU, OINPEACISIONMMHA  UX
Ieproa HHAYKLMH 7, C aJIcOpOIMI0 HAa TOBEPXHOCTH KPHUCTAIIIOB

Puc. 1. BiusiHue aMUHOKHUCIOT HA KHHETUKY HYKJIEAIUK OKCallaTa Kajipuus, — CO CTPOCHHEM
OKcaJlaTa KaJlbLys: (B 4YacTHOCTH, C YHCIOM KapOOKCHIIBHBIX

CaOyx — okcanar kanbius 0e3 nodasky; Val — DL-Banums; IpyMM) U C IPOTOIUTHUYECKUMU CBOMCTBAMU,

Lys — L-muzun; Gly — nmnys; Glu — riryramMuHOBast KUCIoTa ONPEICISIOMIMA  COCTOSIHHE W (pOPMBI
Fig. 1. Effect of amino acids on the calcium oxalate
nucleation kinetics:
CaOy, — calcium oxalate without additives; Val — DL-valineg; .
Lys — L-lysine; Gly — glycine; Glu — glutamic acid HPOTHUBOIIOJIOKHOC ACUCTBUE CXOXKHUX

10 CTPOCHHI0O W CBOMCTBaM aMHHOKHCIIOT
Ha 3apOXJICHHE OKcaaTa KallbIHs MOKHO OOBSICHUTH TE€M, YTO U WHTUOWPOBAHUE, H TIPOMOTHPOBAHUE
HYKJICAIIHY PEaN3yeTcsl 3a CUET OJJHOrO MEXaHU3Ma — IIPOYHOTO CBSA3BIBAHUS aMUHOKHCIIOTHI C MOHAMHA
KaJIBITUS Ha TIOBEPXHOCTH 3apoIbliia (HHTHOMpOBaHKE) WITH B pacTBOpe (IIPOMOTHPOBAHUE).

Jlanee ObUTM TMOJTYYEHBI KHHETHYECKHE XapaKTEPHCTHKH Mpollecca KPHCTAJUIM3AIMK OKcajlara
KaJIbLHS. AHAJIM3 ITOTYYEHHBIX KHHETHYECKUX KPUBBIX (PUC. 2, @ U 6) TOKA3aJl, 9TO CTEICHB IIPEBPAILCHUS 0
MOHOTOHHO YBEJIHYHBACTCS CO BpPEMEHEM, IPH 3TOM IPOIECC IOCTEIICHHO 3aMeUIseTCs, BIUIOTH
70 TIOJTHOTO TOPMOYKCHUS KPUCTAIITA3AIIHH.

HaXOXKJICHUS aMHUHOKHCIIOT B PacTBOpE IpH
pa3nuuHbix 3HaueHusx PH. Takum oOpazowm,
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Puc. 2. Kunernyeckue KpuBble KpUCTAIM3AINH OKCAIaTa KaJIbIIHs:

a — 6e3 100aBOK aMHHOKHCIIOT [IPH Pa3HbIX mepechiieHnsx (¢ —y =5, @ —y =7, B —vy =10);
6 — (y = 7) B npucyrcTBud aMuHOKHCIOT (@ — 6e3 100aBok; A — L-im3uH; € — DL-BanuH)
Fig. 2. Kinetic curves of calcium oxalate crystallization:

a — without addition of amino acids at different supersaturations (¢ —y=5; @ —y=7; B —v = 10);
6 — (y="7) in the presence of amino acids (® — without additives; A — L-lysine; ¢ — DL-valine)
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[I0 MOJYYEHHBIM KHHETUYECKHM KPUBBIM OBUIM  IIOCTPOEHBI  3aBUCHMMOCTH  BHJA
lg(da/dr)—2/31ga = f (Ig(C, —C,)), Ha KOTOPEIX MOKHO BHLIEAHTS HECKONBKO JTHHEHHBIX yHACTKOB

C pa3HbIMU HaKJIOoHaMH (pHcC. 3). YUacTOK A COOTBETCTBYET YBEJIMUEHHUIO OOIIEro Ynciia YacTHUIl 3a CYET
oOpa3zoBaHUsl 3apoAbllleld KpUCTAUIM3AIMKM, Y4acToOKk B — pocty 00pa3oBaBIIMXCS 4YaCTHIL
0e3 yBenMYEHHUs WX OOIIEro KOJIM4YecTBa, ydacTok C OTBeYaeT BTOPUYHBIM MPOIECCAM: YMEHbBIIEHUIO
obmiero umcia OOpa3yIOMIMXCS YacTHI[ 3a CYET DPACTBOPEHUS MEIKHUX M pocTa Oonee KpyHHbBIX
KpUCTAJUIOB, a Takxke arperaiuu 4vactui [25]. [nsi BbISIBIEHUSI KUHETHUYECKUX 3aKOHOMEpPHOCTEH
HauOOJNBIIUN HHTEpPEC MPEACTaBISIET Y4acTOK B, MmodToMy MMEHHO OH HCIONB3YEeTCS UIsl pacdera
OCHOBHBIX KHHETHMUYECKHX XapaKTEPUCTHK KpUCTaUIM3alMU OKcanara kaibius. [lepecedyenue 3toro
OTpPE3Ka C OCBI0 OPAMHAT AAET KOHCTAHTY CKOPOCTH PEAKLUU OCAXKIECHHUs, @ HAKIIOH OTpE3Ka ONpeaeIIsieT
MOPSIIOK PEAKLIUH.

da 2
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Puc. 3. OnpeeneHre KHHETHYECKUX TTAPAMETPOB KPUCTAIUTM3AIINN OKCAIaTa KAbIwst (Y = 7)
B MPUCYTCTBUM AMHHOKHCIIOT 6e3 106aBoK (a), B MPUCYTCTBUH TIUIKHA (6)

Fig. 3. Determination of the kinetic parameters of calcium oxalate crystallization (y = 7)
in the presence of amino acids without additives (a) and in the presence of glycine (6)

OmpenencHHbIe B pe3yibTare 00paOOTKM SKCIEPHMEHTAIBHBIX JAHHBIX KOHCTaHTHI Ig K’ m n
MIPUBEJCHBI B TaOJIHIIE.

Kunernueckue XapaKTCPUCTUKU IIPOLCCCAa KPUCTAIUIM3AUMU OKCAJIaTa KAJIbIIUA B IIPUCYTCTBUH daMHUHOKHUCIIOT
Kinetic characteristics of the process of calcium oxalate crystallization in the presence of amino acids

Jlo6aka | Ileproa MHAYKLMH, Ty, © Y=5 y=7 v=10

Additive Induction period, Ting, S n Ig K’ n lg K n lgk'
CaOx 45 7,9 26,5 10,1 33,1 12,0 38,6
Glu 186 54 16,3 7,5 23,9 9,1 28,6
Gly 68 7,1 23,5 10,0 32,8 9,9 31,0
Lys 52 53 16,9 7,5 23,6 9,3 28,4
Val 35 8,0 27,0 10,2 34,1 11,6 36,9

Hpexq:[e BCCTO, CJICAYCT OTMCTUTD OOoJNbIIINE 3HAYCHUS nopsiiKa HyKJIeallMu N Ipy KpUCTAIIM3aluHu
OKCaJjiaTa KaJIbIIH:. HO-BI/I,ZLI/IMOMy, 9TO ABJIACTCA CICACTBHEM HpI/I6J'II/I)I(eHI/I$[ CTEIIEHHOM 3aBUCHUMOCTBIO
OKCIIOHCHIHAJIBHOI'O 3aKOHA, OIMUCBIBAIOMICTO KHUHCTHUKY POCTa KPUCTAJJIOB IO MEXAaHHU3MY ABYMCPHOI'O
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3apoxkaeHus. i1 UCIIOJB30BaBILIMXCS BBICOKHUX MEPECHIILIEHUI TaKOi MEXaHW3M pOCTa BIIOJIHE peajieH.
Bunno, 4Tto ¢ yBelIMYEHHMEM HMCXOJHOI'O MEPECHIIEHUs CKOPOCTh KPUCTAIM3AallMK BO3pacTaer. IJTo
MOXHO OOBSICHUTb YBEJIMYEHUEM KaK OOILEro yKcia HEeHTPOB KpUCTAJUIM3ALUHY, TaK U CPEIHEH CKOPOCTH
pocTa KpUCTaJlIOB.

[IpucyrcTBre B pacTBOpEe aMHMHOKHCIOT OKa3bIBaeT, KaKk M B Cllydae 3apoJblleo0pa3oBaHus,
pasnyHOe JAEHCTBHE Ha MPOLECC KpUCTALIM3alMU OKcanata Kanblus. VHrubupyrommm sddexrom
0051a1al0T TJIyTaMUHOBAsl KMUCJIOTA, JIM3UH U TJIMIMH, BBIPQKEHHBIM IIPOMOTHPYIOLIUM JAEHCTBHEM
obmamaer BanmuH. MHrubupyromiee neiicTBe aMUHOKHCIOT HauOoJee eCTECTBEHHO OOBSICHAETCS HX
azcopOuueil Ha pacTylMX KpUCTAUIaX OJHOBOAHOIO OKcajlaTa KalbLus. AHAIM3UPYS CTPOCHUE
AMHMHOKHCJIOT U UX COCTOSHHE B PACTBOPE, MOXKHO CIEaTh BBIBOJIbI, YTO TOPMOXKEHHE POCTA KPUCTAILIIOB
Y3BEJUIUTA YCWIMBACTCA C YBEJIMYEHUEM JUIMHBI YIJIEBOJOPOJHOIO pajauKanga, pPOCTOM YHCIA
KapOOKCHJIBHBIX TPYII B AMUHOKHUCIIOTE M HAXOXKJICHHEM B pacTBOpPE MPHU (PU3UOJIOTHYECKUX 3HAYECHUSX
pH B Buze 3apsikeHHBIX HOHOB. C Ipyroii CTOPOHBI, aMHHOKHCIOTHI MOTYT CITY>KUTh HOBBIMHU IIEHTPaMHU
HYKJICAllnU OJTHOBOJIHOI'O OKcaJjiaTa KaJjbIHsl, YBEIMYNBAIOIIMMHU YUCIO KPUCTAIUIOB, TaK KaK CIIOCOOHBI
cBs3piBaTh WOHBI Kanmbiua [30]. Kpome Toro, ancopOupysick Ha TIOBEPXHOCTH KPHUCTAIIOB,
AMMHOKHCIIOTHI MOTYT CTUMYJIMPOBATh ABYMEPHOE 3apOXKIECHHUE, YBEININBAs TAKUM 00pa3oM CKOPOCTh
pocta xpuctauioB [29]. Dtu 3(dPeKThl OOBSICHAIT NPOMOTHPYIONIEE JJCHCTBHE aMHUHOKHCIOT
Ha KPUCTAUIN3ALMIO OHOBOIHOIO OKCAlaTa KajabIusl.

BoiBoabI

HccnenoBanne mpoieccoB HyKIICAIIMN OKcajlaTa KaIbIUs B MOJIEIBHBIX pacTBOpax 0e3 mpumeceit
U ¢ 100aBKaMy aMHHOKHCIIOT TIOKa3aJlo:

a) B pacTBopax 0Oe3 100aBOK TpHMeced HaOIoaeTcsl TEPeXo]] OT TeTepo- K TOMOTEHHOMY
3apOXKCHUIO TPU YBEITHMUCHUH TIepeChIeHus Oomee v = 12;

0) aMHHOKHCIIOTBI OKa3bIBAIOT Ha HYKJICALIMIO MOHOTH/IpaTa OKcajiara Kajublus KaKk HHIHOUpyolee,
TaK ¥ MIPOMOTHUPYIOIIEE AEUCTBHE.

2. I3ydenne KHHETUKU KPUCTAJUTN3AIIUH OJJHOBOIHOT'O OKCAIaTa KAJIBIUS B IPUCYTCTBUU JOOABOK
AMHMHOKHCJIOT ITOKA3aJI0 CIIeayolee:

a) POCT KPHCTAIJIOB yIBEJUIUTA IPOUCXOAUT IO MEXaHU3MY JIBYMEPHOT'O 3apOXKICHUS;

0) aMHMHOKHCIOTHl OKa3bIBAlOT HAa KPHUCTALIM3AIMIO OJHOBOJHOI'O OKcajaTa KalbLUs Kak
MHTHOHpYIOLIee, TaK U IPOMOTHPYIOIIEe IeHCTBHE;

B) BJIMSIHHE aMHHOKHUCIIOT Ha POCT KPUCTAJUIOB YIBEJUIUTA COBIAJAET C UX JIEHCTBHEM HA BpeMeHa
WHAYKIMH 3apOIbIIIe00pa30BaHUsl OJHOBOIHOT'O OKCAJaTa KallbIHs;

r) oba s¢pdekxra HAXOAAT OOBSICHEHHE B AJCOPOLMU aMHUHOKHCIOT HA KPHUCTAJUIaX Y BEIIIUTA
(uHrHOMpOBaHWE — 3a CcYeT OJOKUPOBKM TOYEK pOCTa, MPOMOTHPOBAHHWE — 3a CYET CO3JMAHHS
Ha MOBEPXHOCTH KPUCTAIUIOB LIEHTPOB JBYMEPHOTO 3apOXKICHHUS).
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CKPBITBIE BUOMAPKEPHI ITPOHECCOB MUHEPAJIOOBPA30BAHMUSA
B I'EHE3UCE YPOJIUTOB

B. U. KatkoBa, O. E. AmocoBa, C. H. Illanuna
®I'bYH Huctutyt reonorun Komu HIT YpO PAH, r. CeikTbIBKap

AHHOTauun
MpuBeneHbl nokasatenun 3aborneBaemMocTy yponuTuasom y nu, npoxuearowmx B Pecnybnuke
Komu, 3Ha4eHMs1 KOTOPbIX OKasanuchb ropasfo Bhille obLlepoccuickux. B ceasu ¢ Habnogaembim
yBeNMYeHMeM 4acTOTbl BCTPEYaeMoCTM YponuTuasa WU CIOoXHOCTb BromuHepanoreHesumca,
Tpebytowero cneundmnyeckoro noaxoga, B AaHHOW paboTe npeacTaeBneHbl MccrefoBaHWs
aMMWHOKMUCIIOTHOrO cocTaBa OMOMMHEpanoB C HOBbIX Mo3uuMiA. BbinonHeHa npoBepka
CTaTUCTUYECKON 3HAYMMOCTU pasnuyuini GEenKkoBOW COCTaBMSOLWEN pasHbIX TWUMOB YPOSUTOB.
MpoBedeHHbI CTAaTUCTUYECKUIA aHanm3 aMWHOKMCIIOTHOTO COCTaBa TPeX TUMOB YPOSUTOB
(okcanaTHbIX, docdaTHbIX, ypaTHbIX) MO3BONWM BbIABUTL OTNINYUS B MX BEMKOBOW COCTaBNSIOLLEN
M ee CBA3b C OCHOBHbIMA MWHEparbHbIMW KOMMOHeHTamu. [lokasaHbl cneumduyeckune
0coBEHHOCTM cCocTaBa 1 CoaepKaHUsi aMMHOKMCIOT 28 YpornTOB B 3aBUCMMOCTM OT MUHEParbHOro
coctaBa. Ha ocHoBe aHanusa nuTepaTypbl MNOKa3aHo, YTO MOAYNATOPamMU MPOLLECCOB
MUHepanusaumm sBnsTCs NPoAYKTbl 3aLMTHBIX peakumii B TKaHSX C y4acTUeM pasfnnyHbIX TUMNOB
KINeTOK KpOBM, 3HOOTENMS, COEANHUTENBHON TKaHWN U 3NnUTennes.

KniouyeBble cnoBa:
aMuHoKUC10mbl, yposriumsl, BUOMUHeparibl, cocmas, buomapkepbl, 6esnku, kpumeputi Kpackena —
Yonnuca, kpumeputi MaHHa — YumHu, depesbsi Kraccugbukayuu, QUCKPUMUHaHMHbILU aHarnus.

LATENT BIOMARKERS OF MINERAL-FORMING PROCESSES IN THE UROLITH GENESIS

Valentina I. Katkova, Olga E. Amosova, Svetlana N. Shanina
Institute of Geology of the Komi Science Centre of UB RAS, Syktyvkar

Abstract

The urolithiasis morbidity rate of people living in the Komi Republic is given, which is significantly
higher than all-Russian. In connection with the observed increasing of urolithiasis occurrence and
the complexity of biomineralogenesis, which requires a specific approach, the paper presents
studies of the amino acid composition of biominerals, based on a new approach. The statistical
importance of differences in the protein component of different urolithic types, was checked out.
The statistical analysis of amino acid composition of three urolithic types (oxalates, phosphates,
urates) allowed revealing differences in their protein component and its connection with the basic
mineral components. The peculiarities of the amino acid composition and content of 28 urolithsare
are shown depending on the mineral composition. On the basis of literature data, it is shown that
modulators of mineralization are products of protective reactions in tissues involving different
types of blood, endothelium, connective tissue, and epithelium cells.

Keywords:

amino acids, uroliths, biominerals, composition, biomarkers, proteins, Kruskel — Wallis criterion,
Mann — Whitney criterion, classification trees, discriminant analysis.

BBenenmne

VYponutnasz (MoyekameHHasi OOJIE3Hb)
pacmpocTpaHeH ~ Ha ~ 3€MHOM  [Iape
HEPaBHOMEPHO, YaCTOTa €ro BCTPEYaeMOCTH
MOXKET 3HAYMTENILHO Pa3IMyaThCsl B CTPAHE
B 3aBHCUMOCTH OT pailoHa MPOXKHBAHUSI.

[Mocnennue nannbie ['ockomcrata u
Mumn3npaBa Poccru CBUICTENBCTBYIOT O TOM,
4TO YpOBEHb 3a00J€BAEMOCTH YPOIUTHAZOM
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B Pecny6iinke Komu Bo3pacrtan, coctaBus 2016 r. 8,52 ciyudast va 1000 yen., a B nenom no Poccun —
5,98 [1]. Ilo crarucruke, Hauboibllee YUCIO Cly4aeB ModekameHHoW Oomeznu Ha 1000 wer.
B PecnyOnuke Komu npuxomutcs Ha Ycunckuii (16 cmyuaeB), Ycrs-Llunemckuii, Koitropoackuii,
[puny3ckuit paitons! (puc. 1). B aunamuke ¢ 2007 mo 2017 rr., mo HammM HaOTIOJCHUSIM, B ATHX
paiioHax HEYKJIOHHO OTMEYaJICA POCT 3a001€BaEMOCTH MOYEKAMEHHON OOJIE3HBIO.
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Puc. 1. JIlunamuka pocra 3aboneBaeMocTH ypoinuTiazom B Pecriyonuke Komu

Fig. 1. The incidence of urolithiasis (urinary stone disease) in the Komi Republic

OTH moKazaTenu 3a00J1eBaeMOCTH, OTPAXKAIOIIUEe MPoOIeMbl B3aUMOOTHOLICHHNH B CHCTEME
«JETIOBEK — CpeJiay, OKa3aINCh 3HAUNTENHHO BhIIIE odmepoccuiickux. [Ipu nccnepoBannu 90 ModeBbIX
KaMHe#, NOIy4eHHBIX OT JHI, NpoxuBaromux B Pecmybnuke Komu, Obulo yCTaHOBIIEHO, YTO
Ha JIOJI0 OKCAJIaTHBIX YpPOJIHMTOB mpuxomurcs 67 %, docharueix — 22 % (cTpyBUT-, amatut-, U
HBIOOEPUHUTCOJCPIKAIME BKIIOUNTENBHO) W ypatHeix — 11 %. CrpyBur sBusercs HauOomee
pactpocTpaHEHHON MUHEPAIBHOH (a3oii B (hochaTHBIX YpOIHUTaX.

B wuccnemoBaHHBIX — oOpasmax — MOMSPU3ALMOHHBIM,  pPEHTTeHOCTPYKTypHbIM u  HK-
CIIEKTPOCKOMMMYECKUMH METOIaMH UIeHTH(GHUITMPOBaHbI 7 MuHepasioB: yaBewt (CaCy04-H,0), yanaemmr
(CaC,04:2H,0), xap6onatcomepxkammii anatut-(CaOH), crpyBur (MgNH4PO,4-6H,0), HBIOOCPUUT
(MgHPO,4:3H,0), moueBas kucnora (CsH4N4O3) u quruapat mouesoii kucinotsl (CsHsN4O3-2H,0). Bee
YPOIUTHI, COCTOSIINE U3 MOYEBOM KHUCIIOTHI, OBUIM OOHAPYKEHBI Y MYKYHH, 32 HCKIIOYCHHUEM OIHOTO
obpasua. Ciemyer Takke 3aMETHUTh, YTO Y HUX YPOIUTHA3 BCTPEUAeTCs Yalle, 4eM y KeHIHH. [1o taHHbIM
aHanmm3a 60 aHamMHE30B, (aKTOp HACIEICTBEHHOCTH UMeT MecTO y 11 denoBek Mmpu OTCYTCTBHH CBEICHUI
B 8§ ciydasix.

B Hacrosiiee BpeMst OTCYTCTBYET eIMHast TOUKA 3pEHUs Ha IPUPOY YPOIUTHA3a, TOATOMY JIydllee
MOHUMAaHHUE STOrO CIIOKHOTO MEXaHHW3Ma IMpHBENET K pa3pabOTKe HOBOH CTpaTermd HE TOJBKO
OpOPHUIAKTHKE M MeTa(QUIaKTUKH, HO M JieUueHHs 3Toro 3aboneBaHus. B mociemHue necsTHIICTHS
MPUCTAIFHOE BHUMAHUE YICNSUIOCh U3YYCHHUIO aKTUBHOCTH PA3JIMYHBIX MPOTEOTUTHUECKUX (DEPMEHTOB
y OONBHBIX YpOIHUTHA30M, a TaKXKe HMX aKTHBAaTOPOB M HWHTHOUTOPOB B Moue. buoxmmuueckue
WCCIICIOBAaHMS TOKA3aJM, YTO OCHOBOW MATpHIIBl YPOJIUTOB, KaK MPABUIO, SBISIOTCS HHTHOUTOPHI
MUHepanu3anuy (YypornoHTHH, YPOMOIYJIUH, OUKYHUH, albOYMUH U JIp.), BEIpaOaThIBAEMbIC ITOYEYHBIM
ypotenueM [2, 3]. HecMOTpst Ha MHOIOJIETHHE HCCIICAOBAHUS M OONBIION 00beM HOBOM MH(pOpMAIIUU
0 Oenkax B COCTaBe OPraHUYECKOW MATPHIIBI, B JUTEPAType OCTAIOTCS HEOCBEIIEHHBIMH BOMPOCHI,
Kacaromuecst OnoMapkepoB MuHepanu3anuu [3].

Ilenb paGoThl — BBISBICHUE B3aWMOCBS3M MHHEPATbHOW (ha3bl ¥ aMHHOKHCIOTHOTO COCTaBa
B ypOJIUTAX.
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CkpbITBIE OMOMapKepbl MPOLIECCOB MUHEPaIO00pa30BaHMsl B TEHE3UCE YPOIUTOB

MaTtepuaJj u MeTObI HCCTIET0OBAHMI

MatepuanomM uccileIoBaHMUs TOCTYXKWJIa KOJUIEKIUS yponuToB xutenedt PecryOnuku Kowmwu.
[To xumuyeckoMy cocTaBy U3y4€HHbIE MOUYEBbIE KAMHH ObUIH IIPEIBAPUTEIBHO Pa3/IeIeHbl HA OKCAJIaTHbIE
(12 obpa3suoB), hocdarHbie u ypaTHbie (110 8 00pa3LOB).

OmnpeneneHne aMHHOKHUCIOTHOTO coctaBa 14 OenkoBeIx amMuHOKHCIOT (anaHunHa (Ala), Bamuna
(Val), rmununa (Gly), uzoneitnuna (lle), neitnuna (Leu), acnaparuaoBoit (AsSp) u riayramunaoBoit (Glu)
kuciothl, Tpeonuna (Thr), cepuna (Ser), henunananuna (Phe), tuposuna (Tyr), nponuna (Pro), musuna (LYys),
metnoHuHa (Met)) npoBoaunu no panee pa3paboranHoi meroauke [4]. [{ng u3BnedeHuss aMUHOKUCIIOT
13 00pa3ioB nmpuMeHsui KuciotHbii ruaponu3 B 6M HCI npu 105 °C B Teyenue 12 yac. Brigenenubie
U3 TUAPOIM3aTa AMUHOKHUCIOTHl OYMIIAIN OT IpuMecei u nepeBoauian B N-neHTadTopnponuoHOBbIE
M30ITPOMUIIOBBIE H3(UPHI COOTBETCTBYIOIINX aMUHOKUCIIOT. VI IeHTH(HUKALIIS aMUHOKHUCIIOT U ONpeiesIeHHe
UX COoZlepyKaHusi B 00pa3iax BBIMOIHEHbI Ha ra3oBoM xpomatorpade GC-17A (Shimadzu, kanwuisphast
kosnonka Chirasil-L-Val).

Pe3yabTaThl M 00Cy:KI€eHUE UCCTeAOBAHUM

Kak cienyer u3 o630pa nureparypsl [3], conepikaHue MaTpHIIBI COCTABISIET 2—5 % OT CyXOoro Beca
yposuta. OCHOBHAsi Macca OpraHMYECKON COCTaBIISIONIEH YPOIUTOB MPUXOIUTCS Ha 0ito Oenka (64 %).
Kpome Toro, B cocraBe MaTpuIlbl HASHTHPHUIIMPOBAHBI TITMKO3aMIHOTJIMKAHBI, JTUIHIBI U BOJIA.

Hecwmotpst Ha 3HaYWTETBHBIC YCIIEXH B U3Y4YEHUU OPTaHMYECKOW MATPHUIIBI YPOIUTOB, 10 CHX TIOp
He 00HAPYKEHO HH O/IHOT0 KOMIIOHEHTAa, KOTOPOMY OBl OTBO/IMIIACH OCHOBOIIOJIAraloIias pojib B TEHE3UCE
MaToOreHHbIX OnommHepanioB [3]. B HacTosmiee Bpems sl ONpeneicHus OMOMapKEepOB IPOIECCOB
MHUHEpasoo0pa3oBaHUsl TPU YPOJIUTHA3E HCHOIB3YIOTCS MPOTEOMHBIE METOABI HCCIEIOBAHUH,
TIO3BOJISFOIIHE OMPEICNSATH OCJKH, YIACTBYIOIHE B CHTHAIBHBIX MYTSIX HAa MOJIEKYISIPHOM ypoBHE [5—7].
OCHOBHBIM HHCTPYMEHTOM IPOTEOMUKH SBIISIETCS METOJI IBYMEPHOT O TeJb-3JIeKTpodopesa B COYeTaHUH
C Macc-CIeKTPOMETPHEH, KOTOPBIM MO3BONISET MPOAHATU3UPOBATh HECKOJIBKO THICSY OEJIKOB B OIHOM
obpaste. [Ipenmonaraercs, uro pacmundpoBKa MPOTEOMa MOMOKET HAUTH MHOTHE HOBBIE MOJICKYJISIPHBIC
MapKepbl U MPUYMHBI TATOJIOTUN YelloBeKa pa3anyHON Mpupoasl. CieayeT OTMETUTh, YTO BBISIBICHHOE
MHOT000pa3re MakpOMOJIEKYJI TITUKOIPOTEHI0B, TI0-BUANMOMY, O0YCIIOBIEHO HE TOJIKO 0COOEHHOCTHIO
MHHEPAITBHOI'0 COCTaBa KOHKPEMEHTA, HO M METOJIaMH UccieoBanuii [ 3].

Uccnenoanmst 25 o6pasios (13 okcanarconepxamux, 12 anaTurcoaepkaniux) [5] mokaszamu, 9To
Y3BEJUIUTCO/ICPIKAIME YPOIHUTHI COAEP)KAT BHYTPHUKIIETOUYHBIE SJIEMEHTHl M CTPYKTYPHI KIETOYHBIX
memOpan (16 %), 6enxu cBepThiBatomieil cuctemsl (4 %). B3anmoneiicTBre MOYEUHBIX AMHUTETHATBHBIX
KJIETOK C KPUCTAJUIaMH OKCaJlaTa KaJbIHs MPUBOJAUT K YBEITMUSHHIO CHHTE3a OCTEOIIOHTHHA, OMKYHUHA,
rermapancyibdara ¥ MOHOIMTAPHOrO XemoTakcuyeckoro gakropa-1 (MCP-1). (MCP-1) coBMecTHO
¢ npocrarnanauHoM (PG) E2 npu BocnanutensHBIX MpoIeccax y4acTBYET B IPOU3BOACTBE BHEKIETOYHOTO
Mmarpukca. KamppodochaTs uMeroT 00bII0# CrIeKTp BocnanuTenbHbIX 0enkoB (40 %). Kanbnporektun
BBISIBJISIETCS. B Ka)KIOM BTOPOM HCCIIEIOBAaHHOM oOpasie. ABTOpbI ycraHoBwiIHn Oonee 100 GenkoB u
3aKIIIOYMIIM, YTO OpraHWYecKas COCTABJISIONIAS KalbIMICOIEpKAMX KaMHEH He pas3audaercs
M0 COCTaBy, YTO MOAJEPKHBAET THUIOTE3y O TOM, YTO OOpa3oBaHWE KaMHEW MHIYIUPYET KIIETOUYHBIH
BOCTIQIUTENbHBINA OTBET.

C ucronb30BaHUEM KHIKOCTHOW Xpomarorpaguu ¥ Macc-CHEKTPOCKONMHH HASHTH()UIINPOBAHBI
OCTEONOHTHH, YPOMOJYJIHMH, albOyMHH, Oenok Z, 6enok S, mpoTpoMOWH, reMOraoOuH W ructoH H4
B OKCaJaTCOACPXAIMX YPOJIMTaX Kak HaumbOosee pacrmpocTpaHeHHble Oenku [6]. ns MOYEKHCIBIX
YPOJIUTOB 0COOEHHOCTHIO sBIsETCs npucyTcTBUE IgG 13 MpenMyIecTBEeHHO I'yaHUAMHOBOU (paKiuy —
HauboJee pacnpoCTPaHEHHOI'0 UMMYHOITIOOYJIMHA, 00€CIeUNBAIOIIETr0 3alUIUTY OT MUKPOOPTaHU3MOB U
TOKCHHOB. ONUTEIHAJIbHBIE KIETKH IOYKH, MOJBEPraloIluecs BO3JECHCTBUIO KPUCTAJUIOB MOYEBOM
KUCHO0THI, cuHTE3UpyIoT MCP-1. MoHOUNTBI U HEUTPOPHIIBI, TOABEPTHYTHIE BO3ACHCTBUIO KPUCTAIIIIOB
ypara, mpou3BomaT (akTop Hekposza omyxonu o-uHTepieikun-1 (IL-1), IL-6 u IL-8. UccnenoBanust
MOKa3alMd, YTO YPOMOAYJIMH U aJbOyYMHUH 4YacTo OOHApYKMBAIOTCA B KAaMHSX HE3aBHCHMO
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oT MmuHepasibHOU (ha3wl [8]. Unentudunupoano 1059 6enkoB Mpy U3Y4EHUH JBYX OKCaIaTCOIEP KaIIUX
YPOJUTOB, COCTaB KOTOPBIX OTPaXkaeT MOJICKYJISIPHYIO M KIIETOYHYIO PEAKLIMIO OpraHu3Ma MY BOCTIATICHUH,
MOBPEXICHUU U BOCCTaHOBIEHUH KJIETOK [9]. KpoMe Toro, BeisiBIIeH HaOOp, YHUKAIBHBIN 7S KaXKI0T0
W3 3THX JBYX 00pa3IloB.

Taxum 00pa3om, MoKazaHo, 4TO IPOTEOM YPOIUTOB MPEACTABIIAET MHOT000Pa3HbBIHN CIIEKTP OETIKOB,
BKJIFOYAsi MAKPOMOJIEKYJIBI IOYEYHOT'0 M CHIBOPOTOYHOT'O MTPOUCX OXKICHHS — IIUTOKUHBI, (HOPMUPYIOIIHE
KOMIUIEKC 3allMUTHBIX pEaKIWid B OTBET HA TMOBPESKICHHE TKAaHEH TOKCHHAMH PAa3IUYHOIO
MIPOUCXOKICHUS, DIIEMEHTHI KJIETOUHOW MEMOpaHbl ¥ BHYTPUKJIETOUHBIC OCJIKH STUTENS MOUEBBIX ITyTEH.

Panee mpoBeneHHBIE HCCIIEIOBAaHMS aMUHOKHCIOTHOTO COCTaBa pPa3sHBIX T€HETHUYECKHUX THIIOB
OMOMHHEpAIOB B OPraHU3ME YEJIOBEKA MOKA3aJIH, YTO Pa3InIHbIE MUHEPAIIBI (OPMHUPYIOTCS B YCIOBHUSX
MOBBIIIICHHOTO CONEP)KaHWsI OIAHOTO M TOro K€ Habopa aMHHOKHCIIOT, BBITIOJHSIONIMX POJb
CTPYKTYpOOOpa3yIoIX KOMIIOHEHTOB B T€HE3HCE MAaTOreHHbBIX TBEpIbIX 00pa3zoBanuii [10]. B manpheiimem
WCCIIeIOBaHUST OWOMHMHEpAIbHBIX 00pa3oBaHMWii, B YAaCTHOCTH YPOJIUTOB, OBUTH MPOIOIKEHBI.
Ha ocHoBannmm anammu3za 28 00pa3lioB HaMH BBIBIEHO, YTO OOIIas CyMMa aMHUHOKHCIIOT MOXET
3HAYUTENIHO KOJe0aThCs B YPOJMTAaX OJHOTO M TOTO K€ MHHEPAJbHOTO COCTaBa, HaIpHUMeEp,
B OKcajarcojep)kKammx oOpasmax, cGOpMHpPOBAHHBIX B OJHOW TOYKE, pa3sHHWIIA B WX COACPKaHUU
1o 00IIIel CyMMe pa3iiyaeTcst ABYKPATHO (pHc. 2). AHAIM3bI aMHHOKHCIIOTHOTO COCTaBa Mpo0d, OTOOPaHHBIX

M3 Pa3HbIX YacTell YPOIUTOB, MOATBEPIMIN HEPABHOMEPHYIO JOKATU3AINIO OCITKOBBIX BEIIECTB, O YeM
paHee ynoMuHanock B padore [9].

6 c

-]

4

3

2

1 o

0

&> ® o0

~$‘& obp. 1

N ™ o0p.2

Puc. 2. ComeprxaHue aMHHOKHCIIOT B OKCAJIATCOEPKAIINX YPOIHUTaX (YIBEIUIUT + Y3 UICIUTUT),
c(OPMHUPOBAHHBIX B OTHOM MOYKE, MI/T

Fig. 2. Amino acids composition in oxalate uroliths (whewellite, weddellite), formed in one kidney, mg/g

IMpu uzyyenun 12 ob6pa3noB ¢Pocparcogepxkamux ypoautoB (PCY) Obun BBIIACICHBI TPH
TPYIIIBI 110 coaepkanuto aMHHOKUCIOT (AK): ¢ BeicokuM (29—46 mr/t, 3 o6pasua), cpeanum (18-22 mr/r,
4 obpasua) u Hu3kuM (10-14 mr/r, 5 00pa3uoB). AHATU3bI MOKA3aJIH, YTO 0OPA3Ibl XapaKTEPU3YIOTCS
JOMUHHUPOBaHHEM TTyTaMuHOBOH (12—22 %) u acnaparunoBoii (10-22 %) kucnot, B 6 o0pasuax ormevyaercs
BBICOKOE cozieprkanue nu3una (9—-13 %).

Oxkcanarconepxamue ypouutrsl (OCY) no obmeiit cymme AK pazpenunnch Ha JBE TPYIIIBI
(8 06pasioB): ¢ BeicokuM coneprkanueM (30—34 mr/r) 1 Huzkum (13—27 Mr/r) Ipu OTCYTCTBUH KOPPEISLIMA
¢ MUHepalbHbIM cocTaBoM. OOpasiibl ¢ BHICOKUM coepxkanrueM AK xapakrepus3yroTcs 3HaUUTEIbHbIMU
KOHIIeHTparusiMu ananuna (14—29 %), Bo BTOpOii rpyrire ero coaep kaHusi HaXoAATcs Ha ypoBHE 5—6 %.
Bo Bcex m3ydeHHBIX 0Opaslax MOBBIIMICHBI cofepKaHus TayraMuHoBoi (12—-20 %) m acnmaparuHoBOi
kucinothl (8-21 %). B Tpex ciryuasix ycTaHOBJIEHO BBICOKOE coepikanue nponmHa (12-15 %). Oxcanatsr
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XapaKkTepU3ylTCs CaMbIMH HU3KUMHU KOHIEHTparusamMu raunuaa (4—7 %). B docdarHbix u okcanaTHbIX
ypoauTax B EOUHUYHBIX CIy4yasX YCTAHOBJIEHO MPHUCYTCTBHE THIPOKCUIPOIMHA, YTO YKa3bIBaeT
Ha BO3MOXKHOE IIPUCYTCTBUE B UX COCTaBe (PUOPUILISPHBIX OEIKOB.

Ypatubie moueBble kamHu (YMK). H3yueno 8 ob6pasuoB, koropsie mo coxepxkanuio AK
pa30uBarOTCs Ha JABE TPYIIBI — C BHICOKUM (29-33 mr/r oOpasna) u auzkum (12—-20 Mr/r) copepkanuem.
Y cTaHOBIIEHO, YTO Cpey UHIMBHUIYATLHBIX AMUHOKUCIOT JoMUHUpPYeT ruiuH (9-36 %). 1o cpaBHeHHIO
C JAPYrUMHU TUNIAMH KaMHEH 371ech MeHbIle TiayraMuHoBoM (9-12 %) u acmaparnHOBOM KHCIOTHI
(5-14 %). B 3 0oOpasuax ycTaHOBICHBI BEICOKHE comepkanst Tupo3nHa (9—11 %).

B cBsa3u ¢ TeMm, YTO W3ydEHHBIE THUIBl YPOIUTOB HEBO3MOXHO OTJIMYUTH 10 COJACPIKAHUIO U
BBIJICJIEHUIO IOMUHUPYIOIINX aMUHOKHCIIOT, ObUI IPOBEEH CTAaTUCTUYECKUI aHAJIN3 I10 OTHOCUTEIbHBIM
MIPOIIEHTHBIM COJIEPIKaHUSIM aMUHOKHUCIIOT OHOMEepHbIMH (kputepun Kpackena — Yommca u Manna —
VYUTHH) U MHOTOMEPHBIMH METOJaMH («JIepeBbsl KIACCHU(PUKALMU» U JUCKPUMHHAHTHBIA aHAJIN3)
C HCIOJb30BaHHEM mporpammHoro mpoxaykra Statistica 6.0. Kpurepuem Kpackena — VYomnuca
YCTaHOBIICHO, YTO MOYEBBIC KAMHH CTaTHCTHYECKH 3Ha4unMo paznuuaiorcs mo Gly, lle, Asp, Glu, Lys
(p < 0,05). {5t TOro 4TOOBI YCTAaHOBHUTH, KAKHE HIMEHHO IPYIITbI 00BEKTOB Pa3IHYaloTCsl, ObLI IPHMEHEH
kputepuii ManHa — VYutHu. Ilpym momapHOM cpaBHEHHMH TpeX HE3aBHCHMBIX TPYNIl OOpa3loB —
MOYEKHCIBIX (ypaTHbIX), (ocdar- W OKcanarcoaep alX — HCHONIb30BAICA CKOPPEKTUPOBAHHBIN
KPUTUYECKUH ypoBeHb 3Hauumoctd, paBHbed 0,017 [11]. VcraHOBIEHO, YTO MO OTHOCHTEIHHBIM
coaepxxkanusim Gly u Glu ¢ochatabie U OkcaaTHbIE YPOIUTHI CTATUCTHYSCKH 3HAYMMO OTIHYAOTCS
OT MOYEKHCIIBIX, HO HE pPa3IuyaloTcsi Mexny coboil. Conepxanue ASP CTaTUCTUYECKH 3HAYUMO
pasznuuaetcs Toiabko B YMK u @CY, HO He paznuyaercs JUIsl APYTUX nap MOYEBBIX KaMHEH.

[Tockoneky YMK ouenb xopomro oriauyarotces ot @CY u OCY no Gly u Glu, To cpaBHeHue
TOJIBKO 3THX JABYX THIIOB yponuToB ((ocdar- m okcamarcomepkamux) MPOBOAMIOCH C 3aaHHBIM
ypoBHeM 3HauuMocTH 0,05. YCcTaHOBJIEHO, YTO OHU Pa3lIMYarOTCs CTaTHCTHYeCKH 3Ha4uMo 1o lle, Pro,
Phe, Lys.

Meron «nepeBbst Kiaccudukanum» [12], mpoBeaeHHBIH 0 aMHHOKHCIIOTHOMY COCTaBY, ITOKa3all
100 %-Ho nmpaBUIIBEHYIO KITacCHU(UKAIINIO BCeX 28 00pa3Ii0B MOYEBBIX KAMHEH JIJIs1 BCEX THIIOB BETBIICHUS,
peann3oBaHHBIX B mporpamMme  Statistica 6.0  (IMCKpUMHHAHTHOE OIHOMEPHOE BETBJICHHE
JUIS. KaTerOpUAIbHBIX M HOPSIKOBBIX HPEAUKTOPOB, MOJHBIA Mepedop UIsi OJHOMEpPHBIX BETBIICHHIM
mo wmeronxy C&RT, nuCKpUMHHAHTHOE BETBIICHHE IO JIMHEHHBIM KOMOWHAIMSM TIOPSIKOBBIX
MIPETMKTOPOB), C YCIOBHEM NpEKpaIieHus BeTBiIeHH — mpsiMas octraHoBka (FACT) u anpuopHbIMH
BepositHocTsmMu (0,67 — oxkcanatable, 0,22 — docdarneie, 0,11 — ypaTHbIE), 3aJaHHBIMH C YYETOM
HCXOJTHBIX YaCTOT BCTPEUYAEMOCTH Pa3HBIX THIIOB YPOIUTOB Yy kuteneit PecriyOmuku Komu.

Camoe mpocToe M KOPOTKOE JepeBO KIACCH(PHUKALMK, WMEIOIIee HAUMEHBIIee YHCIO OUIHOOK
KJaccupuKalMu B pe3ylbTare  IMPOBEACHHOW  TIJ00ANbHOW  KPOCC-TIPOBEPKH,  IMOIYYEHO
JMCKPUMUHAHTHBIM BETBJICHUEM 10 JIMHEWHBIM KOMOWHALIUAM MOPSIKOBBIX MPEIUKTOPOB OCTAHOBKOW —
npsimast ocranoBka (FACT). I'pad nepeBa mokaszan Ha puc. 3.

Taxoke IS BBISIBIICHHSI CTATUCTHYECKH 3HAYMMBIX Pa3IMYMii aMMHOKHCIIOTHOTO COCTaBa 00pa3IoB
Pa3HBIX THIIOB YPOJUTOB KCIOJIb30BAJICS TPAIUIMOHHBIA METOJ — JAUCKPUMHHAHTHBIA aHamu3 [13].
B pesynprare ero mpuMEHEHHs YCTaHOBJIEHO, YTO BCE TPH THUIIA MOYEBBIX KaMHEH pazIHyaroTcs
110 AMUHOKHCIIOTHOMY COCTaBY CTaTHCTUYECKU 3HAUUMO (cTatuctuka gamoaa Yunkca 0,005 mpu ypoBHe
3Hayumoctd P = 1,37E-09). ns BeisABNeHUS MHGOPMATUBHBIX aMHUHOKHCIIOT, BHOCSIIUX 3HAYMMBIHA
BKJIJl B pa3iMiyeHue OOpa3loB MOYEBBIX KaMHEH Pa3HBIX THUIIOB, ObUT MPOBEJCH AMCKPUMHUHAHTHBIN
aHaJIu3 IBYMs METOJIaMU — IOIIAroBbIN C BKIIOYEHHUEM M MOIIArOBbIi C UCKIIOYEHHEM.

HauGonbmas nons npaBuibHOM Kiaccupukanuu odpasuos (100 %) Obula momyueHa METOAOM
MOLIAToOBBIN ¢ BKItOYeHHeM. C ero nomoisko BeisiBiaeHo10 Hanbonee MHPOPMATUBHBIX aMUHOKHUCIOT —
Gly, Tyr, Lys, Leu, lle, Ser, Thr, Phe, Glu, Pro. ITo 3THUM aMHHOKHCIIOTaM ObLIA BBIYHCIICHBI JBE
KaHOHMYECKUE AMCKPUMUHAHTHBIE (YHKIMH: TMepBas AUCKPUMUHAHTHas (YHKUUS OYEHb XOpOIIO
pasiauyaeT OKcallaTHble OT JAPYTUX THUIOB, HO IUIOXO — MOYEKUCIble U (ochaTHbIE YPOIHTHI.
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HawuGonpiimii Bkiiaa B 3HaYCHUE MEpBOM AuckpumuHanTHON (yHkuuu Buocst Gly, Leu, lle, Ser, Thr.
Bropass nuckpumuHaHTHas (QyHKLIMS OYEHb XOpOMIO pa3nuyaer ¢ocdarHble M ypaTHbIE 0Opa3Ibl.
HawuGonbiunii BKIaa B 3HAYSHHUE BTOPOM JAUCKPUMHHAHTHON QyHKIMU BHOCAT TYr u Phe. Bee yponutsr
C MOMOIIBIO JIBYX BBIYMCIIEHHBIX KAaHOHMYECKHX JMCKPUMHUHAHTHBIX (DYHKIHH MO aMHHOKHCIOTHOMY
cocTaBy OEITKOBOI COCTaBIISIIOIICH YE€TKO Pa3AesIOTCs Ha TpH TUTa (puc. 4), OnpeaesisieMbIX OCHOBHBIMHU
MUHEPAJTbHBIMA KOMIOHEHTaMHU. TakuMm 0o0pa3oM, Ha OCHOBAHWU CTATUCTHYECKOTO aHaIW3a MOKa3aHa
CYILECTBYIOIIAs B3aUMOCBSA3b aMUHOKHCIIOTHOTO COCTAaBA C MUHEPAJIbHON COCTABJIAIOIIEH YPOIUTOB.

—— ypaTHEIe
————— docdaTHbIE -
e OKCAJIATHEIE 1 ORC???THLIe
20 8
F(0)<=1,7195
2 docdatHsIe 3 OKcanaTHEIE|
8 12
F(0)<=4,9243
4 ypaTHbIE 5 docharuse

Puc. 3. I'pa¢ nepepa kiaccupukainnuy ypoiuToB Mo coctaBy 14 aMHHOKUCIIOT
Fig. 3. The graph of classification tree of uroliths on composition of 14 amino acids

Juckpumunantnast pyuxuus 2

O ypaTHEIE
-5 O docharHee
6 -4 2 0 ? 4 6 8 10 A oxcamathble
JuckpuMmuHaHTHad GyHKIMA 1

Puc. 4. Pacnonoxenue o0pa31oB ypoIUTOB HA IJIOCKOCTH,
3aJIJaHHOM MEePBON M BTOPOH ANCKPUMHHAHTHBIMH ()yHKITHSIMHU

Fig. 4. Location of uroliths on the plane defined by the first and second discriminant functions
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BriBoabI

VYcTaHOBJIEH 3HAYUTENbHBIA POCT 3a00JIEBAEMOCTH YPOIUTHA30M Y JKHUTEJICH, MPOKUBAIOLIUX
B PecriyOmnuke Komu.

Ananu3 OenKoBOM COCTaBJsIONICH 28 ypOIUTOB, PAa3lENCHHBIX MO XUMHYECKOMY COCTaBY,
TIO3BOJTAJT BBIACIUTD €AMHUYHBIE aMUHOKHCIIOTHI, IOMUHUPOBAHHE KOTOPBIX CIIEM(PUIHO TSI KOHKPETHOTO
TUTIA YPOJIUTOB: B OKCAJaTHBIX HAOMIOJAOTCSI OTHOCHTENHHO BBICOKME KOHIEHTpPAlMU ajaHWHA H
npoiuHa, B (hocaTHbIX — JIM3MHA, @ B YPATHBIX — TJIMIIUHA U TUPO3UHA.

CraTucTUYEeCKUM aHAJIU30M BBISIBIIEHBl CTaTUCTUYECKH 3HAYUMble pa3iuuusl COAEp KaHHUI
AMUHOKHCJIOT Pa3HbIX TUIIOB YPOJIUTOB, UTO CBUJIETEIBCTBYET O B3aUMOCBSI3M aMHUHOKHUCIIOTHOTO COCTaBa
C MUHEPAJILHON COCTAaBJISIIOIIE MOYEBBIX KaMHEH.

Ha ocHoBaHuM poBeIEHHBIX UCCIIEIOBAHUN U aHAM3a JINTEPATYPbl MOXKHO C/ENIaTh BBIBOJ O TOM,
YTO AMUHOKHUCIIOTHI B COCTABE OPTraHMYECKOW COCTABIISIIOIIEH YPOIUTOB SIBJISIFOTCSI CKPBITBIMA OMOMapKepaMu
B F'€HE3HUCE MaTOreHHBIX OMOMHUHEPAJIOB.

BrisBieHHble pa3inuus B aMUHOKHCIOTHOM COCTaBE OPraHMYECKOW COCTaBIISIOIIEH YpPOJIHUTOB
CIIy’)KaT TONTBEPKIEHUEM MHOTrooOpa3HOro CIeKTpa OEKOB MpOTeoMa OpPTaHOMHHEPATbHBIX
KOHKpeMeHTOB. JlanmpHeimme wuccinenoBanusi MOTJIH Obl CIIOCOOCTBOBATh TOWUCKY CHEIU(PUIECKHX
OpPTaHWYECKUX MPETUKTOPOB M OMOMapKepOB ypOIMTHA3A.
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OCOBEHHOCTHU ®OPMHUPOBAHUA XUMHNYECKOI'O COCTABA
ACCHUMWINPYIOLUIUX OPTAHOB PACTEHUI

B YCJI0OBUSAX OKCTPEMAJIBHOI'O 3AI'PASHEHUSA
BbBIBPOCAMMU MEJJTHO-HUKEJIEBOI'O ITPEAITPUATUA

I'. M. Kamrysimna, T. U. JIntBunosa, H. M. KopooOelinnkosa
OTI'bYH [onspro-anbnuiickuii 6otanndyeckuit can-uHctuTyT uM. H. A. ABpopuna KHI]
PAH, r. Anatutsl

AHHOTauun
MpencraBneHbl pe3ynbTaThl XUMUYECKOTro aHanm3a acCUMmnnmpYyoLLMX opraHoB 7 BUOOB PacTEHUN:
yepHukn (Vaccinium muyrtillus), ©6pycHukm (Vaccinium vitis-idaea), BopoHukn (Empetrum
hermaphroditum), 6epesbl (Betula sp.), ussi (Salix sp.), cocHbl (Pinus friesiana) n enn (Picea
obovata), npouspacraroLmx B OKPECTHOCTSX CaMOro KpyrnHOro Ha cesepe EBponbl MCTOYHMKA
BblIOpocoB SO2 1 Tskenblix MeTannoB. Pe3ynbTaTthl nokasanu, YTo IMCTbS pacTEHWI B NTOKaIbHOM
30He 06efHEHbI BXKHLIMU NUTaTeNbHbIMK dremeHTamm Ca, Mg, ocobeHHO Mn, a Tarke Al. B 1o xe
BPEMS B NTUCTbSAX PACTEHUN NOKanbHOW 30HbI NOBbILIEHbI KOHLEHTpauun Si n Fe.

KnroueBble cnoBa:
nucmesi pacmenudl, ernasHbele numamersibHble 3fieMeHMbI, 3KCmpemMarbHoe 3azgpsizHeHue, MeOHo-
HuKenegoe ripednpusimue.

INORGANIC PLANT CHEMISTRY UNDER EXTREME POLLUTION BY EMISSION
FROM COPPER-NICKEL INDUSTRIAL COMPLEX

Galina M. Kashulina, Tatjana l. Litvinova, Natalia M. Korobeynikova
N. A. Avrorin Polar-Alpine Botanical Garden-Institute of KSC RAS

Abstract
Si, Al, Fe, Ca, Mg, K, P, Mn and S concentration in the leaves of 7 plant species (birch — Betula
sp., willow — Salix sp., spruce — Picea obovata, pine — Pinus friesiana, blueberry — Vaccinium
myrtillus, black crowberry — Empetrum hermaphoroditum, cowberry — Vaccinium vitis-ideaea)
from nearby vicinity of the Northern Europe’s largest SOz and heavy metals emission source are
presented. Concentrations of Ca, Mg and, especially Mn, are lower in the most plant species near
emission sources compared with background area. Still plants have sufficient level of P and K
in their leaves. In contrast Si and Fe concentrations in the leaves of all plant species near industrial
complex are higher compared with the background areas.

Keywords:
plant leaves, major nutrients, extreme pollution, copper-nickel industrial complex.

BBenenue

Kaxk 1 Bce xuBbIe OpraHu3Mbl, paCTeHHS
B IpOLIECCE KHUZHENESTETBbHOCTH AKTHBHO
pEryIupylOT CBOM XHMHUYECKMH  COCTaB.
Haxoruienne XUMHYECKUX AJIEMEHTOB
B pacTeHHsIX BO MHOIOM OINpenessieTcss ux
TEHETUYECKUMH OCOOEHHOCTSIMH, OIPOOYeMOit
4acThlio (OpraH, TKaHb) U (azoit pazsutus [1].
VYcnoBust mpouspactaHus — IUIOJOPOAME
MOYBBI, YBJIAXKHEHUE U KIMMAT MECTHOCTH — TaKXe CIIOCOOHBI OKa3aTh BIIMSHHE HA XUMHUYECKUN
COCTaB PacCTEHHM.

JliitenbHOE  BO3JEHCTBHME BBIOPOCOB  MENHO-HHKEIEBOro KomOuHata «CeBepOHUKENb)
3HAYUTENIbHO U3MEHUJIO YCIIOBHSI IPOU3PACTaHUs PACTEHU B €ro OJMKaWIINX OKPECTHOCTSAX:

® B BO3IyXC 3HAYUTEIHFHO TIOBBIIICHBI KOHIEHTPAIIMH TOKCHUYHOro it pacteHud SO; u
TEXHOT'€HHOM MBUIH C IKCTPEMalIbHO BhICOKUM cozepxkanueM Ni u Cu [2];
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e B aTMOC(HEPHBIX 0CAIKAX B ICCIATKHU THICSY Pa3 MOBBIIICHBI KOHIIEHTPAIIUU OCHOBHBIX METAJLIOB-
sarpsisauteneit — Ni u Cu, a comepxanust conyrerByromux 3arpssauteneit — Cd, Pb, Hg, Zn, Mn —
YBEJIMUEHBI B IeCATKH pa3, SO2 — z0 10 pa3 [2];

® YpOBHH KOHIICHTPALIMii OCHOBHBIX MeTailIoB 3arpsisuuteseii Niu Cu B mouBax B ThICSUY U Oojiee
pa3 mpeBbICUIN (DOHOBBIE 3HAYEHUS, JOCTUTHYB YpPOBHA IepepabaTbiBaeMbIX pyx [3, 4], mpu sToM
KOHILIEHTpAIMK JOCTYIHbIX A1 pacteHuit Ca, Mg, K, Mn, Hao60poT, cHIKeHBI [5].

JIONOJIHUTENBHBIM CTpecc-(haKTOPOM ISl PACTEHUH Ha IOJIOKUTENIbHBIX 3J€MEHTax JaHamadra
MOXeET ObITh HapyILIEHHE BOJHOI'O PEXHMMa 3KOCUCTEMBI B CTOPOHY HccymeHus [3].

OpnHolt U3 3a7ja4 KOMIIJIEKCHOTO ITOYBEHHO-T€000TaHMYECKOI0 MOHUTOpHHra, Hayatoro B 2001 r.
[2-5] B nokanbHOW 30HE BO3/EHCTBUS BHIOPOCOB KoMmOMHATa «CEeBEPOHHKENb», OBUIO BBISBICHHE
0COOEHHOCTEN XMMHYECKOr0 COCTaBa aCCUMMIMPYIOIIUX OPraHOB CEMH Haubosee pacinpoCcTpaHEHHBIX
BUJIOB pACTEHHH, NPOU3PACTAIONIMX B YCIOBUSAX MJIUTEIBHOTO 3KCTPEMAJIBHO BBICOKOTO YpPOBHS
3arpsi3HEHUS BBIOPOCAMHU ATOTO MPEIIPUATHSL.

Matepuansl 1 MeTOIbI HCCJIEI0BAHU T

HJ'IOHlaI[KI/I MOHUTOpPHHTA pacriojarajiiCb Ha pPasHbIX J3JICMCHTax J'IaH)IIHa(bTa Ha pPacCTOAHHUU
1-17 xm ot xomOuHaTa «CeBepoHuKeb» [2—5]. CMemaHHbIe 00pa3Ibl ACCHMHIIUPYIOIINX OPTaHOB CEMHU
Han0oJIee pacpOCTPaHCHHBIX BUIOB pacTenuii — uepuuku (Vaccinium myrtillus), opycauxu (Vaccinium
vitis-idaea), Boponuku (Empetrum hermaphroditum), 6epessr (Betula sp.), uswsr (Salix sp.), cocusr (Pinus
friesiana) u emu (Picea obovata) orOupamuce B 20-x uumcimax asrycra 2002, 2005-2014 rr.
VY nucTonaaHbIX pacTeHui (Oepe3a, MBa, YePHHUKA) OTOMPAIUCH JIMCThS, Y XBOMHBIX JIepeBbeB (COCHA U
€lb) — XBOsI BTOPOTO I'0J[a )KU3HH, ¥ BEUHO3EIECHBIX KYCTApHHYKOB (OpYCHHKA, BOPOHHMKA) — JIHCTHS
¢ 2—-3-neTHUX MoOeroB.

Coneprxanue 30iabHbIX 1eMeHTOB (Si, Al, Fe, Ca, Mg, Mn, P, K u S) onpenensioch Mo METOauKe
A. A. TTomoBreBoii [6] B maboparopun nouBoBenennss [IABCU KHL[ PAH. Jlns onpenenenust poHOBBIX
3HaYeHUH OBUIM MCIONB30BaHbl KOMIMJIUPOBAHHBIE JIAHHBIE MPEMIECTBYIOMINX HCCICIOBAHHUM
B HEHapylieHHbIX 3KkocuctemMax Kombckoro m-oBa u Kapemuu [7-10]. JIns olleHKM JTIOCTOBEPHOCTH
pa3Nnu4Uil MO CONEPKAHHUIO JIEMEHTOB B ACCUMUIIMPYIOIIUX OpPraHax pPacTeHUN JIOKAIbHON 30HBI U
(OHOBHIX ycroBHil Hcronb3oBanu U-kpurepuit Manna — YUTHH .

Pe3yabTaThl U UX 00CYyKIeHUE

OrneHKa COCTOSHUSI HKOCUCTEM Ha IUIOIIAIKaX MOHUTOPHUHTA BapbHpPOBAJIach B OYEHBb IIMPOKOM
JIMana3oHe: OT TOJHOrO pa3pylieHus (IMpeAcTaBlIeHbl TEXHOTCHHBIMH ITYCTOLIAMUA C HHTEHCHBHOM
9pO3Mel TOYB) 10 YMEPEHHOTO C OTCYTCTBHEM TOJBKO HamOoJjee YYBCTBHUTENBHBIX K 3arpsi3HEHHIO
KOMITOHEHTOB — MXOB U JIMIIAHHUKOB [3, 4]. XOTs 1 B pa3IuyuHON cTenieHu yraetenus (puc. 1), HO Bce
OCHOBHBIC BHJIbI PACTCHUI KOPEHHBIX CEBEPOTACIKHBIX IKOCHCTEM JipeBecHOro (Oepesa, MBa, COCHA U €J1b)
Y KyCTapHHUYKOBOro (BOPOHHKA, YEPHUKA U OPYCHHKA) SIPYCOB COXPAHUIIUCH HA MHOTHX 00CIICIOBAHHBIX
IUIOIIAIKax | nocie 70-meTHero Bo3aeicTBrus BEIOPOCOB KoMOMHaTa «CeBEepOHHUKETbY.

HanpaBineHHOCT U3MEHEHHUSI U CTENEHb MPOSBICHHUS OOCIHEHUS WM OOOTalleHHUs 30JbHBIMH
JJIIEMEHTAMH aCCUMIJIUPYIOIIUX OpPTaHOB PACTEHUIl JIOKaJbHOM 30HBI OTHOCHTENBHO (pOHA pa3iuyHa
JUIl pa3HbIX BUAOB pacTeHUi. OCHOBHBIE CTAaTUCTHYECKHE I1OKA3aTEIH PACIPENETICHHs] 30JIbHBIX
JJIEMEHTOB B JIUCTHSIX/XBOE PACTEHHH JIOKAIBbHOW 30HBI MpHBeAeHbI B Tabm. 1. B Tabn. 2 Ha ocHOBe
COOTHOIICHUS MEAMaH KOHIIGHTPAIUil OllEeHEeHa CTENeHb OOeIHEHUs/000raleHus aCCHMUIIHPYIOLIIX
OpPTraHOB PAacTeHUU 30JbHBIMHU 3JIEMEHTAMHU B JIOKAJIbHOM 30HE OTHOCUTENBHO (DOHOBBIX YCIOBMIA.
CpaBHeHHME ypOBHEH KOHIEHTpPALUN 30JIbHBIX 3JIEMEHTOB B JIUCTHAX/XBOE PACTEHUH JOKAJIHLHOW 30HBI
¢ (hOHOBBIMHM 3HAYEHUSIMH CBUIECTEILCTBYET O TOM, YTO KOHIIEHTPAIIMH BaXKHBIX 30JIbHBIX 3JIEMEHTOB
JUis OOJBIIMHCTBA BUJOB PACTEHUSAX OKOJIO MCTOYHHMKA BBIOPOCOB HHXKE, Y€M B HEHAPYIICHHBIX
sKocucTemMax pernona. Pacuersr U-kputepus ManHa — YUTHH NoKa3anu, 4To KoHreHTparws Ca B JINCThIX

“ URL: http://www.psychol_ok.ru/statistics/mann_whitney.
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Oepe3bl, BODOHUKHU, OPYCHUKU U B XBOE €JIM M COCHBI 3HaunMO Hinke nipu P < 0,01, mpu 3TOM Ju1s1 BCex
BUJIOB PAaCTEHHI KPOME BOPOHUKH, JJIsi KOTOPOH BCE 3HAYCHUS B JIOKAJIHHOH 30HE OCTAIOTCS B 00JaCTH
€CTECTBCHHOT'0 BapbUPOBAHUS, PA3IUYHAs J0JIS 3HAUCHHH OMYCKACTCsl HUKE MUHUMAIBHOTO (DOHOBOT'O
3naueHus1. Hanbonee Boicokas nois (40 %) 3HaueHUH HUYKE MUHUMAIIbHOTO (POHOBOTO CBOMCTBEHHA XBOE
€JI1, XOTsA MUHUMAJIbHOC 3HAYCHUEC KOHLUCHTpAalluKU Ca B XBO€ €JIU B Ha6ope JaHHBIX, ONPCACTABJIAOIIUX
JIOKaJIbHYIO 30HY, Ha 70 % HUXe MUHUMAJIBHOTO ()OHOBOTO.

Puc. 1. Cocrosinue pacrenuii (Oepesa, cocHa, OpyCHHKA U BOPOHHKA) B JIOKaJIbHOW 30HE BO3JICHCTBHSI
KombOrHaTa «CeBepOHUKENbY

Fig. 1. The state of the vegetation near "Severonikel" industrial complex (birch, pine, cowberry and crowberry)

Konuentpanuun M@ 3HauMMO HMXKE TOJIBKO JJISl JINCTHEB Oepe3bl U OpYCHUKH, MPH 3TOM BCe
3Ha4YeHus Ut Oepesbl, enr, OPYCHUKH U YEePHUKU OCTAIOTCS B O0JIACTH €CTECTBEHHOTO BapbUPOBAHMUSL.
W TonpKo eqMHUYHBIE 3HAYEHUS U COCHBI M1 BOPOHUKHU OIMYCKAIOTCS HMYKE MUHHUMAIBHOTO ()OHOBOTO.
MuHuManbHble KOHIIEHTPALMU B JIUCThSIX BOPOHUKH M XBOE COCHBI OMYCKAIOTCSA HUXKE MUHUMAIbHOIO
¢doHoBoro 3HaueHus Ha 38 U 3 % COOTBETCTBEHHO.

KonnenTpanuu K Obl1H 3HaUUMO HUXKE TOJBKO ISt Oepe3bl, pu 3ToM B 42 % 00pa3IoB JTUCTHEB
Oepe3bl M3 JIOKAJIbHOW 30HBI KOHIEHTPAIIMK OITyCKAIOTCS HIKE MHHUMAIbHOrO (POHOBOrO 3HAYEHUS,
a MUHUMaJbHas KoHueHTpaius K B Habope JaHHBIX U3 JIOKaIbHOH 30HBI Ha 2500 Mr/kr HIXKE (OHOBOTO
MUHUMYyMa. {7 ocTaibHBIX BUAOB pAacTeHUN KOHLEHTpauuu K B JIMCTBSAX OCTaloTCid B Mpeaenax
€CTECTBEHHOI' O BApbUPOBAHUSI.

Haubonee 3HaunTenbHOE CHI)KEHUE BO BCEX BUIAX PACTEHUH, IO CPAaBHEHUIO C HEHAPYUICHHBIMHU
9KOCHCTEMaMHU, B JIOKaJIbHOU 30HE Ob10 oTMeueHo Juist Mn. U 3To cHMkeHue 1715 BceX BUOB PacTEHUM,
cornacHo U-kputeputo Manna — YUTHH, sBAsS€TCS 3HAYUMBIM. [Ipu 3TOM TONBKO At OPYCHUKH U
yepHukH (pox Vaccinium) xounentpamus Mn Bo Bcex o0pasiiax ocTaeTcs B Mpeesiax eCTECTBEHHOIO
BapbupoBanus. B 87,5 % o0pa3noB nucteeB Oepesbl, B 92 % 00pa3ioB TUCTbEB BOPOHUKU U B 32 %
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00pa3loB XBOM COCHBI KOHIIEHTparuu MN oImmyckaroTcss HUKE MUHUMAIBLHOTO (POHOBOTO 3HAYCHUS.
Paznuumsi MUHMMANBHBIX KOHIICHTpAllMd B HaOOpax JaHHBIX, MPEACTABISIONIMX JIOKAILHYIO 30HY U
(oHoBBIE ycnoBuHsl, cocTaBistoT 670, 284 184 mr/kr — muis 6epe3bl, BODOHUKH U COCHBI COOTBETCTBEHHO.

Menuana 1 MiN-Max-BapbUPOBAHUE KOHIICHTPAIM 30IbHBIX SJIEMEHTOB
B JINCTHSIX/XBOE PACTEHUH B JIOKAJILHON 30HE BO3/1elicTBUs KOMOMHATa «CeBepOHUKEIb)
Median and minimum-maximum variation of elements concentrations in the leaves/needles
of plants near «Severonikel» industrial complex

Tabnuya 1
Table 1

P [ ca | Mg | w™Mn [ K S Si
Bepesa (N = 48)
Birch
Menuana
_ 2040 4065 2195 348 6383 634 684
Median
Min-max | 807-2645 | 2181-7121 | 1435-3829 | 147-1293 |3411-10541| 276-1720 | 402-1214
Hgea (N = 26)
Willow
Memaana | )5 16284 3519 402 11699 1966 773
Median
Min-max | 985-3889 |7329-21557| 1990-6006 | 108-952 |5403-25000| 972-3668 | 476-1676
Cocna (N = 47)
Pine
Menmana 1168 2624 995 310 4167 360 677
Min-max | 859-1618 | 1580-4719 | 386-1556 | 116743 | 2855-6200 | 160-1148 | 163-1760
Emns (N = 15)
Spruce
Mezmana 1325 4583 1272 410 5993 860 4357
Median
Min-max | 737-1966 | 12517143 | 856-1978 | 147-519 | 4407-8449 | 536-1376 | 2850-7005
Boponuka (N = 36)
Crowberry
Menmana 985 4358 1535 224 5121 496 722
Median
Min-max | 589-2062 | 2867-6384 | 4342593 | 116-712 |2897-11662| 192-1720 | 434-2965
Bpycuuka (N = 5)
Cowberry
Mezmana 689 4204 1260 789 3602 640 869
Median
Min-max | 628-920 | 39046571 | 989-1712 | 224-1107 | 33623727 | 4282112 | 374-1462
Yepuuka (N = 6)
Blueberry
Memana 1308 7987 2572 1118 7267 1080 859
Median
Min-max | 10641774 | 3668-9052 | 18753636 | 4411838 | 62589645 | 596-1500 | 5231350

B to xe BpEM pa3inius IO KOHICHTpAIUX JPYIroro BaKHOI'O MMTATCIIbHOI O 3JICMCHTA — P MCKIY
JIOKaJIbHOM 30HOU U (I)OHOBBIMI/I YCJIOBUAMU IJIsI BCCX BUOOB paCTCHI/Iﬁ HC ABJIAIOTCA 3HAYMUMBIMU. HpI/I

9TOM

KOHILCHTpalluu

JJICMCHTA

BO BCCX

oOpasmax

B IIpeaciax €CTECCTBCHHOI'O BApbHUPOBAHHA 3TOI'O IMOKA3aTCJIA.

BCEX

BHUJI0OB

pacTeHuit

OCTarOTCA
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Tabnuya 2
Table 2
OTHoLIeHNe MeIMaH KOHIIEHTPALUH 30IbHBIX 3JIEMEHTOB B aCCUMUJIMPYIOIUX OpraHax pacTeHUi
JIOKaJIbHOM 30HBI K MEeMaHe U3 HA0Opa JaHHBIX, IPEICTABIIAIOINX (POHOBBIE YCIOBUSI
Konbckoro n-osa u Kapenuu

The ratio of the median concentrations of the elements in the plant leaves near industrial complex to the
median of the data set representing background area of the Kola Peninsula and Karelia

Pactenue .

Si Al Fe P Ca Mg Mn K S
Plant
];?f(’:fa 155 | 037 | 122 | 104 | 045 | 067 | 024 | 075 | 1,09
NBa
s 138 | 041 | 154 | 19 | 1,78 | 101 | 052 | 124 | 285
Willow
Si‘r’]‘;Ha 169 | 049 | 167 | 097 | 069 | 090 | 044 | 1,16 | 1,20
Enp

128 | 053 | 197 | 095 | 049 | 085 | 044 | 117 | 159
Spruce
Boponuxa 144 | 056 | 174 | 082 | 079 | 069 | 028 | 1,08 | 0,79
Crowberry
bpycruia 174 | 043 | 418 | 065 | 067 | 057 | 047 | 120 | 052
Cowberry
Hepuuia 123 | 041 | 410 | 080 | 115 | 113 | 054 | 105 | 094
Blueberry

Cepa siBIII€TCS BOKHBIM DJIEMEHTOM ITHTAHHUS LTS pACTEHHI, KOHIICHTPAIH COSJHHEHHI KOTOPOM
Kak B arMoc(epe, Tak U B aTMoc(hEpHBIX ocaakax [2] B JIOKaJbHOW 30HE BO3ICHUCTBUS KOMOHWHATA
«CeBepOHHKEIbY 3HAYUTENHHO NOBBIIIEHBL. [ockonbky SO, SBISIETCS] OCHOBHBIM KOMITOHEHTOM BEIOPOCOB.
HecMoTpst Ha M30BITOK COCAMHEHUH Cephbl B OKPYKAIOLIEH cpelie, 3HAYMMOE TIOBBIIICHHE KOHIICHTPAIHH
Cepbl OTHOCUTEIBHO (hOHA OBLIO OOHAPYKEHO TONBKO B XBOE eH. Hanwmuwe eIMHWYHBIX 3HAYCHHH,
MPEBBIIIAIONINX BEPXHUH Ipeles €CTECTBEHHOIO BapbHPOBAHHS, JUIs Oepes3bl, COCHbI M BOPOHUKHU
CBHJICTEIILCTBYET O TOM, YTO B YCIOBHSX SKCTPEMAILHOTO 3arpsi3HEHUs] KOHIICHTPAIlMA S B JIUCTBSX
pacTeHuil MOryT OBITh MOBBINICHB.. HO MX yBelUYEHHE OTHOCUTEIBHO HEBEIUKO: MPU MOBBIIICHUH

2—
konenrpanun SO, B arMocdepHbIX ocaakax B 6 pa3 [2] MAKCHMAaIbHOE COIEPIKAHUE CEPBI B JIUCTHIX

Oepe3bl 1 XBoe COCHBI TONbKO Ha 30 % mpeBbllIaeT MaKCUMyM K3 HAa0Opa JaHHBIX, MPEICTABIISIONINX
¢doHoBbIe ycroBHs. J{1s1 BOPOHUKH ATO MpeBbIIeHUe JocTHTIIo 83 %.

CornacHO MMEIOLIMMCS JaHHBIM, UBA B JIOKAJIbHOM 30HE, HECMOTpPSI HA YTHETEHHE, JOCTATOYHO
yCHENTHO o0ecreunBaeT ce0st BCeMU BaXKHBIMH dJIeMEHTaMU uTanust, kpome Mn u S. Onenka 3Ha4nMOCTH
pa3nuumrii IO COIEPKAHUIO AIIEMEHTOB B €€ JIMCThsIX ObLIa 3aTpyIHEHA H3-32 HEOOIBIIOro Ynciia 00pasioB
B HaOOpe JaHHBIX, MPEICTABISIONINX HEHApYyIIEHHbIe YKocucTeMbl Konbckoro m-oa u Kapenuu.

Hawubonee pacnpoctpaHeHHbIE 31IeMeHThI 3eMHOM Kopbl — Si, Al, Fe morpebnsitorest pacreHusiMu
B HEOONIBIIMX KOMUYECTBAaX. B JIOKanbHOW 30HE BO3/IEHCTBHS BHIOPOCOB KOMOMHATa «CeBEpOHHMKEIH)
KOHIeHTpalu Si U Fe B acCHMUIHPYIOIIMX OpraHax pacTeHHil ObUTH TOBBIMICHBI OTHOCHTEIBHO
(boHOBBIX ycnoBuii, a Al, HA060POT, 3HAYMTENHEHO CHUKEHBL. Y MeHbIIIeHUe conepikanns Al u yBenudeHue
comepxanusi Si u Fe B IUCThIX/XBOE PACTCHUN OTHOCHUTEIHHO (DOHA SIBISETCS 3HAYUMOM COTJIACHO
U-kputeputo ManHa — YurtHu. CTeneHb MOBBINICHUST KOHIEHTpauuu s Si u obennenus mis Al
MPaKTUYECKH HE 3aBUCUT OT BHJAA PACTEHUH, MOP(POIOrHUYECKHX OCOOCHHOCTEH aCCHUMIIMPYIOLIUX
OpraHoB (IIIEpOXOBATOCTH, HATMYMSI OMYIIEHUS MJIK BOCKOBOT'O HAJIETA, T. €. TeX 0COOEHHOCTEH, KOTOpbIE
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CrocoOCTBOBAIM OBl yJEP)KAaHUIO IMOYBEHHOM HJIM TEXHOICHHOM WBUIM) PACTCHHM M TOJOXKEHUS
B JKOCHCTEME OTHOCHTEIbHO IIOBEPXHOCTH 3poaupyrouieil mousbl. CreneHb oOorameHus 3TUMHU
3JIEMEHTaMU He 3aBUCHUT U OT NIPOOJKUTENIbHOCTH B3aUMO/IEHCTBHS JINCTHEB C 3arpsi3HEHHOM aTMocdepoit
u atMoc(hepHbIMU ocasikamu. Harmpumep, ¢ 3arpsi3HeHHON aTMocepoit TUCTbsl Oepe3bl, UBbl U YEPHUKH
B3aMMOJCHCTBYIOT TOJIBKO B TEYEHHE OJHOI' O BETE€TALIMOHHOIO CE30HA, IBYXJIETHSISI XBOS COCHBI U €111 —
okoiso 1,5 net, a mucThsa OpYCHUKM M BOPOHHMKH B TedyeHue 2-3 net. Uro kacaercs Fe, To ero Haubomnee
3HAYMTENIHHOE 00OTaIlleHNE CBOMCTBEHHO JIMCThSIM pacTeHui poxa Vaccinium — OpyCHHKH U YEPHHKH.

Takum 06pa3om, HaNIPaBIEHHOCTb U CTENEHb N3MEHEHHSI XUMHUECKOI'0 COCTaBa aCCUMMIIUPYFOIIUX
OpPraHOB pAcTeHUN B JIOKAIbHOW 30HE BoO3xeiicTBHs KoMOMHaTta «CeBEepOHMKENIbY» IO CPaBHEHUIO
C HEHapyIIeHHbIMU SKocucTeMaMu Konbckoro n-osa u Kapenuu 3aBUCHT OT BU1a paCTEHUH U DJIEMEHTA.
JINCTBSI/XBOS pacTEHMH JIOKAJIbHONW 30HBI XapaKTEePU3YIOTCSl HU3KUM COZIEPYKAHUEM BaKHBIX IMUTATENBHbBIX
anemerToB Ca n Mn. Konuentpanuu apyrux BakHbIX 371eMeHTOB — P u K B OOJBIIMHCTBE BHOB
pacTeHHi JIOKaIbHOW 30HBI COXpPaHMUJIKMCHh Ha (OHOBOM ypoBHE. KoHIeHTpaumuu S B JHCTBAX/XBOE
OONBIIMHCTBA BHJIOB PACTCHMH OCTAlOTCA B IpeJesiaX Hara3oHa, CBOMCTBEHHOIO HEHAPYIIEHHBIM
HKOCHCTEMaM B PErHOHE, HECMOTPsI Ha M30BITOUYHOE COEPKAHNE €€ COeAMHEHNH B BO3yXe U aTMOC(HEPHBIX
ocaJlkax JIOKaIbHON 30HBL. B TO ke BpeMs B pacTeHHSX JIOKAJTBHOW 30HBI MOBBIIIACTCS copepkanue Si
u Fe. BunoBeie 0COOCHHOCTH pEaKIMM Ha SKCTPEMAaJIbHbBIE YCIOBUS MPOU3PACTAHUS CBHJIETEIbCTBYIOT
0 TOM, YTO PaCTEHUS B JIOKAJILHON 30HE, HECMOTPS Ha CTPECC, MPOAOJIKAIOT AKTUBHO PEryIMPOBaTh CBOM
XUMUYECKUAN COCTAB.
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IMOJINCAXAPHIBI U3 MOPCKOM BYPOM BOJJOPOCJIM FUCUS EVANESCENS
B KOPPEKIIMY METABOJIMYECKHUX HAPYIIEHUI TPU JUCJIUIINJIEMUAN

AHHOTauun

KniouyeBblie

C. I1. Kpbikanoscekuiil, JI. H. Borganosudl, E. B. Ilepcusinosa?, T. H. 3psirunnena®
1dI'BY3 Memununckoe oobemunenne JIBO PAH (MO JIBO PAH), r. BramusocTok

?HUU >nuaeMuosorud 1 Mukpoduonoruu umenu I. I1. ComoBa, r. BiaausocTok
3TuxookeaHCKul MHCTUTYT Ouoopranuueckoii xumuu um. I'. B. Enskosa JIBO PAH,
r. BmaguBocTok

M3y4eHo BnusiHMe cynbaTMpoBaHHbIX MonucaxapugoB n3 Mopckon Gypor Bogopocnu Fucus
evanescens B 3KCrepMMeHTe Ha NabopaTopHON MOAENU anMMeHTapHOW rmnepxonectepuHemMum
n B coctaBe BA[l «®ykonamy» B KMUHMKE Y NALMEHTOB C CepAEeYHO-COCYaNCTbIMU 3ab0oneBaHnaMu,
accoumupoBaHHbIMK ¢ gucnmnuaemuen (OJ1M1). B akcnepMMeHTe Ha XXUBOTHbIX YCTAHOBMNEHO, YTO
dykonaaH us Fucus evanescens, obnagaet NMNMaKoppervpyoLLImMM, renato-, aHrMonpoTEKTOPHbBIM,
NPOTMBOBOCNANUTENBHBIM U @aHTUOKCMOAHTHBIM AENCTBUEM. YCTaHOBIEHO NUNMAKoppermpytoLlee
nevicteue BAL «dykonam» per se (camo no cebe) n B KoMOMHaUuMm ¢ aTopBacTaTUHOM Y NaLVeHTOB
¢ ANr. CovetanHoe npumeHeHne BAL «®Pykonam» n atopBacTaTuHa NO3BOMSET CHMXKATb O3y
cTaTMHa W ycunmneatb ero 4encTeue.

cnosa:

amepockriepos, uwemudeckas 6onesHb cepduya (MBEC), ducnunudemusi, nonucaxapudbl bypbIx
godopocned, ¢pykoudaH, npenapam «Dykonam», nunuodkbl.

POLYSACCHARIDES FROM THE SEA BROWN ALGAE FUCUS EVANESCENS
IN THE CORRECTION OF METABOLIC DISORDERS DYSLIPIDEMIC

Abstract

Keywords:

Beenenne

Sergey P. Kryzhanovsky?, Larisa N. Bogdanovich?,

Elena V. Persiyanova?, Tatyana N. Zvyagintseva®

IMedical Association of FEB RAS (MO FED RAS), Vladivostok
2Somov Institute of Epidemiology and Microbiology, Vladivostok
SElyakov Pacific Institute of Bioorganic Chemistry, Vladivostok

The influence of sulfated polysaccharides from the brown seaweed Fucus evanescens in the experiment
on laboratory model alimentary hypercholesterolemia and in the form of the biologically active food
supplement "Fukolam" in the clinic in patients with cardiovascular diseases associated with
dyslipidemia (DLP), was studied. In an animal experiment, it was found that biologically active sulfated
polysaccharides from Fucus evanescens has a lipid-regulating, hepatoprotective, angioprotective,
anti-inflammatory and antioxidant effect. We have shown the corrective lipid exchange of
biologically active food supplement "Fukolam" per se and in combination with atorvastatin in patients
with DLP.The combined use of the "Fukolam" and atorvastatin allows to reduce the dose of statin
and enhance its effect.

atherosclerosis, ischemic heart disease (IHD), dyslipidemia, brown algae polysaccharides,
fucoidan, Fukolam, lipids.

Benymiee mecto cpenu mpUuUMH pa3BUTHUS CEpACUHO-COCYTUCTBIX 3a0oneBanuil (CC3) 3aHuMaer
atepockiiepos [1]. Cpeau rinaBHbIX (haKTOPOB pUCKa BKJIA/ THIIEPXOJIECTEPUHEMUU B MPEXKIEBPEMEHHYIO
cMmepTh HaceneHus: Poccun cocraBmser 23 %, a B moTepsiHHBIC TOJIBI 370pOBOi xu3Hu — 12 % [2]. JJIIT
ctpanaet 65,2 % myxuun u 62,1 % >xenun [3]. 3a0oneBanusi, aCCONMUPOBAHHBIE C AUCIUTTHIEMHUCH,
MIPEJICTaBJICHbI HE TOJILKO aTEPOCKIEPO30M U €0 MYIbTH(POKATHLHBIMU UIIEMUYECKUMH TPOSIBICHUSIMU,
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[Nonucaxapuasl U3 MOpcKoi Oypoii Bomopociu Fucus evanescens...

HO M KOHCTUTYLMOHQJIbHBIM OXHPEHHMEM C METa0OIMYeCKMMU HApyLUIEHHUsSMH B  OpraHax
MUILIEBAPUTEIIHON, SHIOKPUHHON X MOUYETIONOBON CUCTEMBI, a TAKKe 3a00J1€BaHUAMU, 00YCIIOBICHHBIMU
pa3BUTHEM PHIOTEIHATBHONU qUCPyHKUIUU [4].

Menukamento3Has tepanus npu JJIIT npegycmaTpuBaer npuMEeHEHUE Pa3IMYHbIX CHHTETUYECKUX
JIMIHJICHWKAIOIIUX MPENapaToB, OTINYAIOLINXCS 110 MEXaHU3MaM JeHCTBUS U CTENICHU BBIPAKEHHOCTU
BIUSHUS Ha pa3jMyHble TOKa3aTeNu JUNUAHOTO oOMeHa [5, 6]. «30I0TBIM CTaHIAPTOMY
JIMIHJICHUKAOILEH Tepanuy sBIIAI0TCS CTaTUHBI. [Ipy [UIHTeIbHOM NPUMEHEHUH, OCOOCHHO B OOJIBIINX
7103aX, OHHU CIOCOOHBI BBI3BIBATh psia MOOOUHBIX 3(dekToB. IloaToMy ocTaercss akTyalbHBIM ITOMCK
HOBBIX O€30MaCHBIX CpPEICTB T'MIIOJUIEMUYECKON Tepanmuu, OO0JaJalolMX MHOTOKOMIIOHEHTHBIM
JIEACTBUEM.

Bonpmioil uHTEpEC B 3TOM IUIaHE NPEACTABIAIOT cyiab(arupoBaHHble mnonucaxapuas (CIIC)
MOPCKHX BOJIOPOCJIEH, B YACTHOCTH (pyKOUJaHbI — CyiIb(aTHpOBaHHBIE TOMO- U T'€TEPONOINCaXapU/Ib,
XapaKTEePHU3YIOIUECS] OTCYTCTBUEM TOKCUYHOCTH M TMOOOYHBIX 3(¢eKToB, 007aMal0NUe MUPOKUM
CIIEKTPOM OHMOJOTMUYECKON AKTUBHOCTH, BKIIIOYAs AHTUIUCIUIHMIEMUYECKYI0 M AHTHOKCHIAHTHYIO,
B CBSI3H C YeM HX MPEIAraroT JJIsi KOPPEKIIUH quciaunuaemui [7, 8, 9-12].

B smTepaTypHBIX HCTOYHHMKAX MOCIEIHUX JIET CTald TMOSABISATHCS CBEACHUS, KacCaroIIUecs
M3y4eHHs OMOJIOTNYECKOM aKTHBHOCTH aJIbTMHATOB — MOJIMCAXAPHU/IOB, BBIICTIEHHBIX U3 MOPCKUX OYpBIX
BOZIOPOCIIEH, COCTOSIIIIMX M3 OCTATKOB I'YJIypPOHOBOM M MaHYPOHOBOW KHCJIOT, CO€TMHEHHBIX MEXy COOOM
1—4 cBsazbio [13]. JlanHble, mpeacTaBieHHBIE B pa00Tax, CBUIETENBCTBYIOT 00 MMMYHOMOTYIHPYIOMIEH,
U TOKUHUHIYTUPYIOIIEH, SHTEPOCOPOIIMOHHON aKTUBHOCTH aJIbTMHATOB M BO3MOXKHOCTH UX IPUMEHEHUS
B KIMHHMKE. B mocneanue roasl Obun pa3paboTaHbl HOBBIE ()OPMBI ISl IEPOPATBHOTO MPUMEHEHHS
C MCTIOJIb30BaHUEM HAHOYACTHII, YITYUIIAIOIIHE ero OMOJOCTYITHOCTH [ 14].

[IpuBeneHHbIE  AAaHHBIE NIPEIONPENEISIIOT  BO3MOKHOCTH  IIPUMEHEHUS  IOJINCAXAPUIOB,
BBIJICJIEHHBIX U3 MOPCKHUX OypBIX BOJOPOCIEH MPHU COCTOSHHSIX, CONPOBOXKIAIONINXCS HAPYIICHUSIMH
CO CTOPOHBI MMMYHHOM CHUCTEMBI M Pa3BUTHEM BOCHAJECHHSA, B TOM YHUCIIE U IPU aTEPOCKIEPO3E U
JTUCITUTUAIEMHUSIX.

Hacrosimast pabora mocBsilieHa SKCHEPUMEHTANBHBIM W KIMHUYECKHUM AacleKTaM H3yYeHHs
3¢ (HEeKTUBHOCTH TMOJIMCaXapuI0B MOPCKOM Oypoii Bojgopociu Fucus evanescens.

MarepuaJ U MeTOAMKA MCCJIeI0BAHUN

dykomnman u3 Oypoit Bogopociau FUCUS evanescens ObuT BBIZIEIICH B COOTBETCTBUH C MTPOTOKOJIOM U
CTPYKTYPHO OXapaKTepU30BaH Kak onmucaHo panee [15]. AHanu3 MOHOCaxapUAHOT'O COCTaBa, MoKasal,
9TO MOJTMCAXapH COAepIKal cienyromue Monocaxapus (%): Fuc — 79, Xyl — 7, Man — 2, Gal — 12;
cootHomieHue cynbdaro: Fuc:SO3- moas/mons — 1:(0,7-1).

BAJl k nume «®ykonam» COAEPKUT CyabpaTUPOBaHHBINA Nonucaxapu] (GyKouaaH) U aabrUHAT
Kanplus u3 Oypoit Bogopociu Fucus evanescens (TU u TY 9284-065-02698170-2011). B 1 kamcyne
conepxutcst 100 mr pykonnana u 400 Mr anbruHaTa KaJbIlns.

ATOpBacTaTUH — THIOJIMIHUAEMUYECKOE CPEICTBO W3 TPYNIBl CTaTUHOB, IMPOU3BOAUTEIH —
AO «KPKA», Cnosenust. [Tpumensiim aropBactatis B qo3ax 10 u 20 mr/cyr.

DKCIepUMEHTAIbHbIC M KITMHHYECKHE UCCIIeJOBAHUS TPOBEICHBI B COOTBETCTBUHU CO CTaHIapTaMH
Xenbcunkcko# nexnapanuu 2008 r. 1 pa3penieHneM dTHYECKIX KOMUTETOB 110 OMOMETUIIMHCKON ITHKE.
DKCIIepUMEHTANTbHBIE UCCIIEAO0BAHMS TPOBEICHBI COBMECTHO C COTPYIHUKAMH HAy4YHO-HCCIIEIOBATEILCKUX
uHctutyToB J/IBO PAH wm BbmonHensl Ha 330 HeMHOpeIHBIX MbIIIaX camiiax Maccod 16-18 r u
140 mpimrax BALB/c. [{nst u3y4deHus: BIusiHUSL QyKOHIaHA Ha COCTOSIHUE aHTHOKCHIAHTHOW CUCTEMBI U
JUNUAHOTO OOMEHa HCHOJb30BAIM MOJETb AJIMMEHTapHOM rumnepxonecrepuHemMuu. lccinenoBanue
BIUSHUS (YKOUJAaHa HA YPOBEHb TIJIIOKO3bl MPOBOJMJIM HA MOJEIM aAJJIOKCAaHOBOTO jauadera,
MHJYUUPOBAHHOIO Y MBbIIIEH OJHOKPAaTHBIM BHYTPUOPIOIIMHHBIM BBEJICHUEM IMA0ETOr€HHOW 03bl
aiokcana (17 mr/100 r maccsl Tena). B cbIBOpOTKE KpOBU ONpEAETSIM YPOBEHB TIIFOKO3bI, COAEpKAHHUE
obmero xomecrepuna (XC), tpurimuepuaos, nunonporennoB Huzkod (JIITHIT), ouens HuU3KOM
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(JITTOHIT) u Beicokoi miotHocTH (JITIBIT). ITapameTpbl crcTeMbl «IepeKUCHOE OKUCICHHE JTUITUA0B —
aHTHOKCHUJJAHTHAs 3allUTa» OLEHUBAIIU, U3MEPSS COAEPKAHNE MATIOHOBOI'O IUANIBbJIETUA B SPUTPOLIUTAX
KpOBH SKCIIEPUMEHTAIbHBIX KUBOTHBIX [16].

B xiInHNYecKuX HCCIeA0BaHUIX MaTepHaIoOM MCCIIEOBAHMS CIYKWIN JaHHbIE CyOBEKTUBHOIO U
OOBEKTHUBHOIO OOCIIEIOBaHUS TAI[MEHTOB, MPOTOKOJBI 3JIEKTpOoKapauorpaduu, yibTpa3ByKOBOTO
uccienoBanus cepaua (dxokapauorpaduu), mMovek, OpaxuonedanbHBIX COCYAOB C OIpeIeIeHUEM
TOJILIMHBI KoMIUIeKkca nHTUMa-menua (KMM), cyTouHOro MOHHUTOpUpPOBaHUS apTepHaAIbHOIO JIaBJIEHUS
(CMAL), cbIBOpOTKa, IJ1a3Ma, SpUTPOLIUTHI KPOBH 00CIIEAYEMBIX.

B nccnenosanuu npussuin yyactue 149 nanueHtoB myxckoro u keHckoro nona ¢ UBC u JJIII
B Bo3pacte oT 45 mo 70 ner (cpemnuit Bo3pact 60,0 + 1,3 roga). Cpenn oOCieq0BaHHBIX JUI OBLIO
78 manueHToB Co CTa0MIIbHOM CTEHOKapAuel HanpsbkeHus, B ToMm uncie 83 % — co Il @K crenokapaun
nu 17 % — c IIIl. ¥V 52 nanuentoB nuarHoctupoBaHa runeproHuyeckas 6one3np (I'b) I-II craaum.
Kontponbshyto rpymniy coctaBmin 40 IpakTHYECKH 310pOBbIX MyX4uH (N = 14) u sxeHuwH (N = 26) Toro
e Bo3pacrta. MccienoBanue MMesno napauleNibHbIA 11U3aiiH, ObUIO IPOCTBIM, OTKPBITHIM, KOHTPOJIHPYEMBIM.
C ucnonb3oBaHMEM METO/IA AANTUBHON PaHIOMH3AIMK ObLIN c(h)OPMUPOBAHBI YETHIPE IPYIITHI HAIIUEHTOB,
MPUHUMAFOIIHX:

| — 10 mr/cyT atopBacraruna (n = 36);

Il — 20 mr/cyr aropBacraruHa (N =35);

Il — «Dyxonam» (n = 39);

IV — «®ykomnam» + 10 mr/cyT aropBactaruna (N = 39).

Bce nanmenTs! nmomyyanu 0a3uCHYIO Tepanuio, Ha3HaYaeMylo Mo oka3zaHusM. [larmenTs! Haxonumch
Ha CTAIlMOHAPHOM JICUCHUH, B JallbHEeHIIeM HaOmonanvck B nonukiananke MO JIBO PAH B teduenue
6 mecsreB. Pe3ybTaThl KITHHIKO-OMOXMMHYECKUAX UCCIICIOBAHUN OIIEHUBAJIH 0 JieueHus u gepes 30, 90
n 180 mHe, KMTMHUKO-()YHKIIMOHATBHBIX — J10 JIedeHus 1 yepe3 180 qHeid.

KomrnekcHoe mcciaenoBaHne OCHOBHBIX KIMHHUYECKHMX M OMOXMMHUYECKHX ITOKa3aTelneld KpOBH
MPOBOJMJIM B COOTBETCTBUM € pexomeHpanusiMu [17, 18], mpumeHsisi cOBpeMEHHBIE BAIHIHBIE U
nH(pOpPMATUBHBIE, CTAaHAAPTHbIE MeToAbl. KpoMe IUmHIorpaMMbl, JOMOJHUTEIBHO ONPENeIsIn
okucnernsie JITTHIT (OxJIHIT) u smmnonporenast (a)-JII1(a) ¢ momomsio Tect-cuctem st MDA pupm
Biomedica Medizinprodukte (ABctpus), Human (I'epmanus). KommdecTBeHHBIN aHAINA3 OTICIBHBIX
¢bpakmuii HeTpanbHbix JnuaoB (HJI) u dpakmmii docdomumumos (PJI) B mimazmMe KpoBH MPOBOIUIN
METOJIOM TOHKOCTIOWHOM Xpomarorpaduu. MccinenoBaHus NPOBOAWINCH C  HCIOIb30BAaHHEM
MuKporuianmeTHoro poromerpa pQvant (Bio-Tek, CIIIA) u Guoxumudeckux ananuzatopos BioChem
Analett (CIIIA), Stat Fax 450 (Awareness Technology, CILIA).

Craructuueckyro 00pabOTKy Marepuasia MPOBOAMIN C HCHONB30BAaHHEM MaKeTa MPUKIATHOH
nporpammsl Statistica 6.1.

Pe3yabTaThl H HX 00CYKIEHHE

DKCIepUMEHTAIbHBIC NCCIIEI0BAHNUS TOKA3aJIH, YTO JIMITUAHBIA CIIEKTP CHIBOPOTOK KPOBH MBIIIEH
¢ anmumenTtapuoi JIJITT, nonywyaBmmx ¢ykonman u3 FUCUS evanescens, , XxapakTepu30BaJICsl CHUKEHUEM
ypoBHst XC Ha 26 % (p < 0,01), XC JITHIT na 47 % (p < 0,05), TT Ha 11 % (p < 0,001), KA Ha 36 %
(p <0,001) u moBsiennem XC JITIBIT Ha 37 % (p < 0,05). ®ykoumaH CHIKAI TAKKE YPOBEHB [TIOKO3bI
B KPOBH MBIIIICH C alJIOKCAaHOBBIM Auaderom Ha 19,5 % (p < 0,05).

MeTa60/M4yecKuii cCTaTyC NAMEHTOB € JUCTUNHIeMHUeit

V¥ nanuenTos ¢ JIJIIT o neyenus BeipaxenHas runepxonectepuneMus B 20 % ciaydyaeB coueTaiach
c runeptpuriauiepuHemuii, B 26,7 % cinyuaeB — c runoxonecrepunemueir JIIIBII. Hapymenus
JUNUAHOro oOMeHa BKIItouainu B cedst u paccoryacoBanue coctaBa HJI u @JI mnasmel kpou. [lokazarenu
JUIUAOTPaMM J10 JIEYeHU MpeAcTaBiIeHbl B Tabnuuax 1, 2. Takum o0pazom, pe3ylibTaThl UCCIIEI0OBaHU
MAalUEHTOB [0 JICYEHHS CBUIECTEIBCTBOBAIIM O CHUCTEMHOM XapakTepe HapyLIEeHUH JIUIUAHOIO
MeTaboNIM3Ma U ONpeAeTHIIA He0OXOAUMOCTh MPOBEICHNUS UX aJIeKBaTHON Tepanuu.

48 http://www.naukaprint.ru/zhurnaly/vestnik/



[Nonucaxapuasl U3 MOpcKoi Oypoii Bomopociu Fucus evanescens...

Tabnuya 1
Table 1
[Tokazatenu munuaHoro ooMena y narueHToB ¢ JJJII npu pa3HbIx cxemax Tepanuu
Ilo u mociie nedeHus uepes 180 nueit

Indicators of lipid metabolism in patients with DLP with different regimens
before and after treatment after 180 days

KontpomnbHast I'pymma | I'pynma Il I'pymma Il I'pynma IV
[Mokaszatenu | rpymma (N = 40) A10 (n = 36) A20 (n=35) @ (n=39) A10 + @ (n =39)
Indicators | Control group Group | A10 Group 11 A20 Group Il F |Group IV A10 +F
(n =40) (n=36) (n=35) (n=39) (n=39)
XC, 4444 0.10 - 6,14+0, 13 6,43 + O,}*Ei ] 6,55 + 0,}2 6,28 + 0,}*9*
MMOJTB/TT ’ ’ 5,20 + 0,20 4,51£0,20 4,88 +0,19 %4,21+0,17
T, 1162007 1,25+0,16 1,28 0,15 1,46 0,15 1,23+0,14
MMOJTB/TT ’ ’ 1,07 £0,10 1,16 + 0,10 1,40 = 0,09 1,20+ 0,15
XCJITTHII, 5 654 0.06 4,06 +0,18 "4,33+0,19 4,40 + 0,22 ™433+0,12
MMOJIB/TT ’ ’ 347+0,157 2,60+0,197 | 1278 +0,217" | "12,34+0,14"
XCJIIIBI, 123 0.04 1,31 0,09 1,51+0,12 1,45 +0,10 1,38 0,15
MMOJTB/TT ’ ’ 1,19+ 0,05 1,39 +0,06 1,40 + 0,03 1,29 0,07
OxJIHII, 1524013 7301 + 0,54* 1,98 + 0,39 D23+ 0,6% "32.10 + 0,42
MKT/MJT ’ ’ 2,32+0,35 1,57+0,16 1,80 0,36 1,56 0,29
KA 5 67 0.12 *3.81+0,30 3,62 + 0,39 3,78 + 0,37 73,95+ 0,32
’ ’ "333+0,14 2,36 £0,18" 4240177 3232+020"
aro Al, 1418 4 375 142,38 + 6,51 128,73 + 4,86 153,98 + 5,24 138,41 + 6,45
MI/ T ’ ’ 144,95 +6,16 | 141,80+3,75" | '164,27+6,81' | 164,00+5,86
aro B, 119.6 4 3.34 137,33 +8,39 | 142,99 +546 | "156,72+5,56 | 151,95+7,54
MI/ T ’ ’ 124,63 +4,26 | 119,59+ 3,347 | 135,68+3,75° | 132,26+ 7,77
ano B/ 0.84  0.02 0,98 + o,oz LI+ 0,93 "1,03 + 0,03 LIS+ 0,9*7*
aro Al, er. ’ ’ 0,87 = 0,03 0,84 + 0,02 0,84 + 0,04 0,81 + 0,05
JIT(a), 333 4 175 :46,19 +6,37 :54,14 + 6,7§ :*72,13 421,73 *:i59,94 +1 1,7(25
MI/ T ’ ’ 43 49 + 5,09 40,04 42,71 50,34 + 10,23 36,94 + 4,97
Ipumeuanus. 3HaAINMOCTh PA3NUYNN: ClIeBa OT IIOKA3aTelsi — B CPAaBHEHWH C KOHTPONBHOW TPYMIIOH, CIpaBa

OT HoKa3aTens — J0 ¥ nocine jedenus.  — p < 0,001; ™ — p < 0,01; " — p < 0,05. Lludpsl creBa oT HoKa3aTens —
¢ rpymnnoii 1, ¢ rpynmnoii cpapaenus 2; 3 — p < 0,001; 2—p <0,01; 1 — p < 0,05.

XC — xonecreput, TI" — tpurmunepunsr, XC JIITHIT — XC nunonporenHoB HU3KOH moTHOCTH, XC
JIIBIT — XC numonporenHoB BhICOKO# mmoTtHOCTH, OKJIHIT — OKFIcIeHHBIe TUITONPOTENHBI HU3KOM IIOTHOCTH,
KA — ko3¢ ¢pumnmenT ateporeHHOCTH, alo-anolunonpoTenHsl, JIIT — mumonpoTenHsL.

Notes. Significance of differences: to the left of the indicator — in comparison with the control group, to the right
of the indicator — before and after treatment. ™ — p < 0,001; ™ — p < 0,01; * — p < 0,05. The figures to the left
of the indicator are with group 1, and with comparison group 2. * — p <0,001; 2—p < 0,01; * — p < 0,05.

HC — cholesterol, TG — triglycerides, LDL — HC of low-density lipoproteins, HDL — HC of high-
density lipoproteins, LDL — oxidized low-density lipoproteins, KA — atherogenic coefficient, APO-
apolipoproteins, LP — lipoproteins.

Ounenka neiicreusg BAJl «®@ykosam»

B nporecce paboTel Ob1T TpOBeIEH CpaBHUTENbHBIN aHanu3 3¢ dexkruBHocTn BAJ] «Dykonam» per se
(cam o cebe) u aropBacrarina y nauueHToB ¢ JUJII. K koniy cpoka nabmtoaenus (180 aneit) «D@ykonam»
MIPOSIBUJI THITOXOJIECTEPUHEMUYECKOE AEHCTBHE, O YEM CBUJIETENBCTBYET CHIKEHHE aTepPOreHHbIX (PpaKIHii
XCu XCJIIHIT 1a 25,5 u 36,8 % cootBetcTBeHHO (p < 0,001). [TokazaTenu TUmua0rpaMMbl IPeICTaBICHbI
B Ta0n. 1. Dddexr BAJ] «Dykonam» Ha aTreporeHHble (HpaKiUu CHIBOPOTKH KPOBH OKA3aJICsl COMOCTABUM
C JeiicTBueM aTopBacTaTtiuHa B Jo3e 10 mr.
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Bxmouenne BAJ[ «®Dykomam» per se B KOMIIEKC ¢ 0a30BOil Tepamuell CrocoOCTBOBAIO
yBeJIMYEHHIO 107U 3PupoB skupHbIX KUCI0T (DXKK) Ha Gone cumkenus agupo XC (3XC) (Tabm. 2).

Tabnuya 2
Table 2

ITokazarenu coneprkaHusi HEUTPAIbHBIX JUIUA0B U GOCHOIUINIOB B CHIBOPOTKE KPOBH MALIUEHTOB
¢ JUIIT npu pa3HbIX cxemax Tepanuu A0 U rnocie JedeHus yepes 180 nueit

Indicators of content of neutral lipids and phospholipids in the serum of patients with DLP
with different therapy regimens before and after treatment after 180 days

KonTponpenas I'pynma 1 I'pynma 2 I'pynma 3 I'pynmna 4
IMokaszatenu |rpymnma (n =40) | A10 (n = 36) A20 (n =35) @ (n=39) Al10 + @ (n =39)
Indicators | Control group Group |1 A10 Group 11 A20 Group Il F |Group IV A10 + F
(n =40) (n=36) (n=35) (n=39) (n=39)
15,41 +0.21 15,74 £ 0,21 16,99 + 0,49 15,71 £ 0,56
0 :l: 2 b b b — b 2 2 2
CHKK, % 16,65+ 0,40 16,80 0,15 20,26 + 0,24 16,32 +£0,35° 16,30 £0,19°
14,75 + 0,08 14,71 £ 0,20 14,59 + 0,53 15,15+0.47
0 b b b b b b 2 b
KK, % 15,65 +0.49 16,11 +0,14 16,48+ 0,217 16,37 +£0,73" 19,28 + 0,50
30,50+ 0,43 | T730,17+0,18 | T731,44+0,53 | 731,64+ 0,38
0 b b b b b b b b
IXC, % 28752037 82040227 | 208220307 | 264240767 | 26,87 %0327
41,11 +0,20 | 741,76 +0,60 | 740,27 +£0,67 | 40,82+ 0,59
0 :l: b b . b b - b ,*** b ’***
DX, % 46,14 £0,76 43,00 + 0,20 43,01 0,45 44,19 + 0,65 44.33 + 0,56
15,17 +0,09 | TT14,75+0,32 | TT15,27+0,41 | T714,87 £ 0,43
0 :I: > ,*** > > ** > ’*** 2 > *kk
®X, % 11,00+0,32 13,00 £ 0,11 13,28 £ 0,33 11,10 + 0,20 ’11,21+0,17
OM. ¢ 13.00 = 0.49 15,37+ 0,16 14,93 + 0,19 15,68 £0,26 | T715,05+0,17
M, % ’ g 13,91+0,12"" | 14,03+0207 | 12,92+0,34" | 13,50 +0,32""
6,27 + 0,09 582+0,17 6,61 0,33 "6,24+0,41
0 i b ’*** b b = b ’*** b b
3, % 8,44+0,42 7,83 £ 0,09 6,52 +0,17 8,62 +0,327"? 7,8140,182
8,71 + 0,09 8,37 +0.18 8,65+ 0,27 *"8,98+0,15
0 i b ’*** b 9*** b 9*** b b
T3, % 6,13+0,43 6,31 £ 0,09 6,78 £0,15 6,11 +£0,13 5,97+0,17°
343 + 0,09 391 +0,09 3,10+ 0,35 375+0,26
0 i b ’*** b b - b :** b 3***
oC, % 5,00+0,32 4,60+ 0,10 8,88 +0,21 5,23+0,29"3 | 5,10+0,2373
4,83 + 0,07 528 +0.11 *5.37+ 0,26 524+ 0,30
0 :t b 5*** b b - b b b b -
U, % 6,10+0,11 5,48 £ 0,14 5,65+0,12 5,65+ 0,26 5,92 + 0,20
5,11+0,14 518 +0.22 *505+0,11 505+ 0,11
1) :t b 5*** b b b b - b 7***
APT, % 6,19 +0,24 5,87 + 0,06 5,85+ 0,54 6,20 = 0,36 6,17 0,15

Tpumeyanys. 3Ha9IMOCTD Pa3IMYNNA TIOKA3aTeNEH: CIeBa OT TMOKA3aTesl — B CPABHEHHH C KOHTPOJBHON TPYIIIOH,
CIpaBa oT MOKa3aTeis — J0 U nocie nedenus;  —p < 0,001; ™ —p < 0,01;" — p < 0,05.
Llugypoii cesa oT NoKazaTels — ¢ FPYIIION cpaBHeHus 1, crpaa — c rpymnoii cpapaenus 2; 2 — p < 0,001; 2 —
p<00L!—p<005.
CXK — cBobommpie xupHbIe KucIoThl, DJKK — a¢wuper sxupaex kucmor, 9XC — 3(upsl XonecTeprHa,
DX — tocharnmumxomus, JIOX — modocharrmmmxomis, CM — churromuenia, @O — QochaTiamiTaHOIaMIH,
JI®D — mmodocharmmunranonamua, ©®C — docatumnceprn, U — docharmmumaozur, JDI —
T ochaTHIDITIAICPHH.
Notes. Significance of differences in indicators: to the left of the indicator — in comparison with the control group, to the
right of the indicator — before and after treatment; ™ —p < 0,001; ™ —p < 0,01; " — p < 0,05.
The figure to the left of the indicator — with the comparison group 1, to the right — with the comparison group 2;
8 __p<0,001;2—p<0,01;*—p<0,05.
FFA — free fatty acids, EFA — esters of fatty acids, EKHS — cholesterol esters, FKH — phosphatidylcholine,

FKH —

lysophosphatidylcholine,

SM —

sphingomyelin, PE

phosphatidylethanolamine,

LPE —

lysophosphatidylethanolamine, PS — phosphatidylserine, FI — phosphatidylinositol, DPG — diphosphatidylglycerol.
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[Nonucaxapuasl U3 MOpcKoi Oypoii Bomopociu Fucus evanescens...

IMon neiictBuem «®ykonama» conepxanue meradonuuecku akTUBHBIX CIKK — OCHOBHBIX
MeTabOoJIMYECKUX PEeCypCOB MUOKapAa MOIEP>KUBAIOCH HA HCXOJIHO HOPMAJILHOM ypoBHE. «DyKoaamy»
per se oKa3bIBajl OJIHOHAMPABICHHOE C aTOPBACTATHHOM (HO 00Jiee BEIpaXXEHHOE) BO3JICHCTBHE HA CIIEKTP
®JI cCBIBOPOTKH KPOBH, CIocoOCcTBOBa CHIKEHUIO Jn30(popmMbl DJI — JIDX u JIDI, uTo 00yCI0BICHO
aKTHBaLMel gonumnassl A.

Ouenka geiicteust BAJl «@ykos1am» per se B KOMILJIEKC ¢ aTOPBACTATHHOM B 03¢ 10 mr/cyr

KomOunuposannas tepanust cratuHamMu U BAJ] «®ykonam» B no3e 10 mr y nanuentos c¢ JJIII
B IIpoliecce JIEYEHUsI He OKasala OTPHUIATE]IbHOrO BIUSHHS Ha ypoBeHb AJl, a Takxke Ha mokaszareiu,
XapaKkTepu3yIollMe peMOEIMpOBaHUe MHOKapaa U cocynoB. llokazarenn mumuaHoro obmeHa
npencTaBieHsl B Tabn. 1. Y manmeHToB 4-ii rpymnmsl, nony4yaBmux cratudsl 1 BAJ] «@ykomnamy, uepes
180 mueit ypoBens XC B miazme kpoBu cHu3miics Ha 32,9 % (p < 0,001), XC JITTHIT ua 45,9 % (p < 0,001)
OTHOCHUTEIIbHO UCXOIHBIX 3HAUEHHUH, TOCTUTHYB KOHTPOJIBHBIX ypOBHEH. OTMEYanoch CHUKEHNE YPOBHS
oxJIHIT Ha 26 (p <0,01) n JIII(a) Ha 47 % (p < 0,001). B pe3ynpTare cHHXKEHUs IpOATEPOreHHbIX (ppaxunit
Ha ¢oHe coxpaHuBLierocss Ha HopmaiabHoM ypoBHe XC JIIIBII npousomno yBennuenue kosppuiienta
XC/JIIBIT Ha 58,6 % (p < 0,001) u camxenne XC/ue-JIIIBIT Ha 40,4 % (p < 0,001), a Taxke HHTErPATILHOTO
nokazarens KA Ha 41 % (p < 0,01), obecneunBaroriee OCTHKEHUE pehepEeHCHBIX 3HAUCHN MTOKa3aTeNeH.
VY manueHToB ATOH IpyIbel oTMedanoch yBenumdeHue ammoAl aa 18 % (p < 0,001), camxenne anmoB Ha 13 %
(p <0,05) u coorHomrenns anoB/amoA1l Ha 30 % (p <0,001), neMoHCTpUpYIOIIee YMEHBIIICHUE CEPIICYHO-
COCYAMCTOrO pUCKa. Y MalMeHTOB, MPUHUMABIINX «DyKomam» B KOMOMHAIIUH C aTOPBACTATHHOM, YK€
k 30-My IHIO Tepanuy oTMEYallach BRIpAKCHHAS qUHAMUKA OonbmmHCTBa mokaszareneit OJI (OX, JIDX,
CM, ©C, ®N) u DXC ¢ mocnemyromniei crabunusanyell nX Ha JOCTUTHYTOM ypoBHE (Tabi. 2)

Pe3ynbraTsl KOMOMHMPOBaHHOIO IpuMeHeHUs «DyKkoaaMay u aTopBacTaThHa B 1o3e 10 Mr Obuin
COIOCTaBHMBI C AEHCTBUEM aTOPBACTATUHA per s B j03€ 20 MI, 4TO MO3BOJISET BBOE YMEHBIIUTD 03y
JIEKapCTBEHHOI'O Npernapara.

BoiBoabI

1. DKcriepuMeHTaTbHBIC UCCIICI0OBAHUS TTO3BOJIMIIA YCTAHOBHTD, 4TO (pyKouaan u3 FUCUS evanescens
o0nafaeT JUIOUAKOPPUTHUPYIOIIUM, TeNaTro- M aHTHONPOTEKTOPHBIM, NPOTHBOBOCIAIUTENBHBIM U
AHTUOKCHJIAHTHBIM JEHCTBHEM, UTO ITOCITYKUIJIO OCHOBAHUEM JUIS €70 U3YYEHHSI B KIIMHUYECKON IPaKTHKE.

2. Y manumenToB ¢ JJIIT runomunuaemudeckoe aeiicteue bAJl «Dykomamy» peanusyercs myTemM
nocteneHHoro cHmwkenus copepxkanusa XC, XC JIITHII, TT B chiBOpOTKE KPOBH 10 YPOBHSI KOHTPOJIA.
DddexTrBHOCTE MpemnapaTa COMoCTaBUMa ¢ TAKOBOM aTopBacTaTHHA B CyTOo4YHOMU jo3e 10 Mr, 4To maeT
BO3MOXHOCTb HOPMAaJIM30BaTh JIMMUAHBINA npoduis kpoBu y nmanuentos ¢ JUJIII B Tex ciyuasx, xoraa
CTaTUHBI HE IPUMEHSIOTCS.

3. Pe3ynbratel komOnHHpoBaHHOTO puMeneHust BAJ] «®@ykonam» u aropBactaTia B 103¢ 10 mr
COIIOCTaBUMBI C ICHCTBUEM aTOpBAcTaTHHA per se B 103€ 20 Mr, YTO MMO3BOJISIET BABOE YMEHBIIUTH 103y
JIEKapCTBEHHOT 0 Ipenapara.

4. Brmouenue BAJ] «@ykonam» B koMIUIeKe ¢ 0a30Boit Tepanueii naruenTos ¢ JIJIIT obecnieunBaeT
YMEHBIIICHUE AaTePOTreHHBIX CBOWCTB KpoBH (cHMkeHue kodpduuuentoB XC we-JIIIBII u KA,
noBeimenne XC JITIBIT-oTHomenus) BeaeacTBue cHkenus okuciieHubx JITTHIT.
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XOJIEJIUTHI ¥ )KUTEJIEW PECITYBJIMKA KOMU:
PACIHPOCTPAHEHHOCTbD, COCTAB, CTPYKTYPA, ®PAKTOPbI OGPA3OBAHUSA*

E. B. Mamuna
®I'bYH Huctutyt reonorun Komu HIT YpO PAH, r. CeikTbIBKap

AHHOTauun
B paHHoM paboTe npencTaBreHbl CBEAEHUS NO 3a00NeBaeMOoCTU XONEeNUTUa3oM Yy KUTenen
Pecnybnukn Komu. MNpueeneHsl oblime gaHHble MO COCTaBy, CTPOEHWIO, NpegpacronaratoLwmm
¢rakTopamM BO3HUKHOBEHWS XONENUTOB.

KnioueBble cnoBa:
Xxosienumel, xonenumuas, ¢hbakmopakl, XornecmepuH, bunupybuH.

GALLSTONE IN INHABITANTS OF THE REPUBLIC OF KOMI:
PREVALENCE, COMPOSITION, STRUCTURES, FACTORS OF FORMATION

Ekaterina V. Mashina
Institute of Geology of the Komi Science Centre of UB RAS, Syktyvkar

Abstract
We present the data on incidence of cholelithiasis among residents of the Komi Republic. The data
on composition, structure, predisposing factors of occurrence of gallstone are given.

Keywords:

gallstones, cholelithiasis, factors, cholesterol, bilirubin.

Beenenne

Ha obpa3oBanue xemT4YHOKaMEHHOW OOJIC3HH OKa3bIBAIOT BIHMSHHE (aKTOPHI
BHyTpeHHel u BHemHeidl cpennl [1—4]. Cephe3HOCTh XONENUTHA3a 3aKITH0YAETCs
B TOM, YTO JAaHHOE 3a00JIeBaHUE MPUBOIAHUT K POCTY JO- M IOCIECONEpanoHHON
HETPYJOCIIOCOOHOCTH ¥ 3TO TPEACTABISIET COOOW CEPhE3HYI0 HKOHOMUYECKH
3aTPaTHYIO U COLMATBHO-MEIUIUHCKYI0 mpobsemy [5]. TouHo ompenenuts Bpems
Hayaima oOpa3oBaHMsS XOJIEJIUTOB JOBOJBHO TPYAHO, TIIOCKOJBKY TI€pBBIC
KJIMHUYECKHE TPOSIBIICHUS OTHIO/Ib HE COBIAJAIOT CO BPEMEHEM MHUIMALINY KaMHEH

[1] }KeanHe KaMHHU SBISIOTCSI BPEIHBIMH, OOJIE3HETBOPHBIMH, XOTS B LelOM (opMHUpOBaHHE
MaTOJIOTMYECKUX OMOMUHEPATBEHBIX 00pa30BaHUi — 3amuTHast PyHKIMS opraHu3Ma. JlaHHeie 0Opa3oBaHus
COZIepIKaT He TOJIbKO OCOOCHHBIC OPTaHMYECKHE BEIIECTBA, SBIIAIONINECS CIIeNU(PUISCKUMH TPOTYKTaAMH
JESITEIbHOCTU JKMBOI'O OpraHM3Ma, Takue Kak OWIMpPYOMH M XOJECTEpUH, HO U MHUHEpaibl, KOTOphIE
W3BECTHBI B Ipupoie (kapOoHaT Kaiblus, pocdar kanpuus u Ap.) [6]. 1o cux mop 4eTko He onpeeneHbl
cTpaTteru MPOPHIAKTHKH U I(P(PEKTHBHBIE HEXUPYPrHUECKHE METOIBI JICYEHHUS XOJIENUTHAa3a. IJTO
HATaJIKUBAET UCCIIE0BATENEH, TPOAOIKATh U3y4aTh XOJIEIUTHI U 110 CE JE€Hb.

MarepuaJ uccjiex0BaHus

B nmanHo#i pabore mpencraBieHbl CBEACHHS MO 3a00J€BAEMOCTH XOJIEITUTHA30M Yy JKUTENEH
PecnyOnuku Komu, ocHOBaHHBIE Ha CTATUCTUYECKUX JAaHHBIX HH(POPMALIMOHHO-aHATUTUYECKOI O LIEHTpa
peruoHansHOoro Munszapasa. [IpuBeneHbl o0lMe TaHHBIE O COCTaBE U CTPOECHUU XOJEJIUTOB KUTEJEH
peruona (6onee 100 00pa3oB) U3 HAYYHBIX padoT, paHee onyOIMKOBaHHBIX aBTOpOM. PaccmarpuBatoTcst
(akTOpbl BOSHUKHOBEHUS XOJIEIUTOB.

*Pabora BemonHeHa B pamkax Tembl HYIP VII" Komu HIL VpO PAH va 20182020 rr. I'P Ne AAAA-A17-117121270036-7.
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Xapakmepucmuka pezuona

Pecnyonmuka Komu — cyOnexT Poccuiickoit @enepaliiu, pacioioKeHHbIH Ha KpailHeM ceBepo-
BOCTOKe eBporeiickoii uacti Poccun. ITnomans pernona cocrasiser 416,8 Toic. kM? (2,4 % muiomanu
Poccun, 13-e MecTo cpeny aIMUHUCTPATUBHO-TEPPUTOpHATIbHBIX eauHull PD). Tepputopus Peciybnuku
Komu pacnionaraercst B 00,1aCTH COWICHEHUS TPEX KPYMHBIX CTPYKTYPHBIX €JUHUL] — CEBEPO-BOCTOUHOM
gactu Pycckoil mumtel Boctouno-EBponeiickoit mnargopmbl, OKHBIX M IEHTPAJIbHBIX 4YacTel
[Tedyopckoit munThl (BKiIrouass THMaHCKoe MOAHATHE), a TAaKKe IHPUIIONSAPHOW M HOJSPHOW dYacTeit
3anaaHoro Ypana — YpaibCKoro MOKpOBHO-CKJIAAYATOr o nosica. B cocras pecryOinuku BXOIAT paiioOHBI,
HEOJHOPOJHBIE [0 MPUPOIHO-KIMMATHUYECKUM, OMOreOXMMHUYECKUM YCIOBHSIM, HAIMOHAIBHOMY
COCTaBY HACEJICHUs, COLUAJIBHOMY pAa3BUTUIO U YPOBHIO AHTPOIOI€HHOM Harpy3ku. Beiienstorcs
MIPOMBIIUIEHHO PAa3BUThIE PalOHbI ¢ MPEUMYIIECTBEHHO IOPOJCKUM HacejaeHneM (ropoaa ChIKTHIBKAp,
VYxra, COCHOropckuii paifioH), ceabCKHe arpapHble pailoHbI C IPEUMYIIECTBEHHBIM IPOKUBAHUEM KOMU-
HaceneHus (KoMH-mxKeMIlbl — VxeMckuil paiioH, 1oxHble komu — Koprkepocckuii, Koitroponckuii,
[Tpuny3ckuii pailoHbI), a TaKke€ MECTHOro pycckoro HaceneHus (Ycrb-Llunemckuii paiioH), ceBepHbIe
paiioHbl C MPEUMYIIECTBEHHO TOPOACKHM IpPHIUIBIM HAaceleHHEM W BBICOKOW MUrpaiuei (ropona
Bopkyra, UnTa, Ycunck) [7]. JesarensHOCTh X035ACTB HaceneHns HanOosee pa3BuTa B Y cTb-KymoMckom,
[Ipmiy3ckom, CeikTeiBINHCKOM, KopTkepocckom, Y nopckoM u MkeMCKOM MyHUIMNANBHBIX paiioHaXx.
OCHOBHBIMHM HamNpaBICHUSMM CIIELUAIM3ALMM B JKMBOTHOBOJCTBE SIBJIIFOTCS MOJOYHO-MSICHOE
CKOTOBOJICTBO, ITUIIE-, CBUHOBOJICTBO U CEBEPHOE OJIEHEBOJCTBO. 3a CYET NTULE- U CBUHOBOJCTBA OYEHb
BBICOKA 07151 JKUBOTHOBOAUYECKOM NMPOAYKIMH B CBIKTBIBJAMHCKOM paliOHE, a 3a CYET OJIEHEBOJICTBA —
B MxeMckoMm.

Cenbckoe HaceleHHE pECHyONMKH XapakTepusyeTcs Oosblneld Joiell HaceleHus crapiie
TPYJAOCIIOCOOHOTO BO3pacTta, W3 UX uyucina Beigensaores [lpwrysckuii, Tpowunko-Ilewopckuid,
Koiiropomackuii, Ceiconbckuii 1 Y cTb-Boimckuii. Hanbomnee cymecTBeHHBIN yIeIbHBIA BEC HACEICHUS
TPYAOCIIOCOOHOTO BO3pacTa XapakTepeH it Y cHHCKa, BopkyThl, BykThuta. ['pymma BEICOKOTO YpOBHS
COLIMAJILHOTO Pa3BUTHS BKIIOUaeT Bcero oAuH paiioH ['O «YcuHck». Ero ornmuyaer oueHb BBICOKHI
YPOBEHb JECHEXKHBIX JI0XOJI0OB HACENCHHS, ITO OOBSICHIECTCS pa3MEIIeHHEM B OKPYre BBICOKOIOXOTHBIX
MpennpusITHid  HepTenoObIBarOIIeH MPOMBIIIIICHHOCTH. ['pymma cpempHero ypoBHs Bkimtodaer 1O
«CBIKTBIBKap» B «YXTa». DTO TOJOXKEHUE CBSA3aHO KOHIICHTpAlUEW MPEANPHUITHH U OpraHu3aiui
oOpabatpIBaroeld MPOMBIIIJICHHOCTH, OINTOBOM TOPTOBJIH, CEpBHCA, OAHKOBCKUX U CTPaxOBBIX
yupexxJIeHuil. ['pynmbl ¢ HU3KMM M OYE€Hb HU3KUM YPOBHEM COLIMAJIBHOTO pa3BUTHS CaMble
MHOI'OYMCIIEHHBIE, OHHM BKIIOYAOT |2 MyHHLIMIIAIUTETOB, CHELHATU3UPYIOLIMXCS B OCHOBHOM
Ha CeIhCKOM XO3sICTBE W JiecozarotoBke. M3 ux uucna Y popckuit, Ceiconbekuii, Y ctb-Kynomckuii u
KopTtkepocckuii pailoHbl UMEIOT caMble HU3KHE MTOKA3aTeNIN qYIIEBBIX IEHEKHBIX T0XO0I0B [7].

Cenbckoe HaceleHHE MeHee 00eCreyeHO KBaTH(PUIMPOBAaHHBIMH MEAWLIWHCKUMH KaJIpaMH, 4yeM
ropozckoe. Camast HU3Kast 00€CIIe4eHHOCTh BpayaMy OTMedaeTcs B Y 1opckom, MxemckoM, COCHOrOpcKoM
n Ycrb-BeIMCKOM MyHUIIMDAIBHBIX paiioHax. MccnemoBatenn MeOUKO-3KOIOIMUECKOM CHUTyaluu
Ha EBporeiickom CeBepe OTHOCAT K (pakTopaM pucKa 3A0pOBbs HACEIICHNS! HU3KUE TEMITEpaTyphl BO3IyXa,
nepenabl JaBJICHUs, BHICOKUH YPOBEHb BIIAYKHOCTH, BBIPAKEHHYIO CE30HHOCTb, (HOTOMEPHOAUYHOCTD,
0COOCHHOCTH OHMOTr€OXMMHUYECKOW CHTYyalluW, HaJIM4Yhe T'eONaTOreHHbIX 30H. [IOMUMO HpPHUPOAHBIX
(baKTOpOB CYIIECTBEHHBI BKJIad B 3a001€Ba€MOCTh BHOCUT 3arpsi3HEHHE OKpPYKAIOMIeH Cpezsl
BCJIEJICTBHE JI0OBIYM MOJIE3HBIX NCKOMAEMBIX, ACATEIILHOCTH MPOMBIIIICHHBIX M CEIbCKOX 035 HCTBEHHBIX
NPENPUATHIA, a TAKKe HeOIaronpusTHbIE COLUAITBHO-9KOHOMHUYECKHE YCIOBUS )KU3HU.

Buoreoxnumuyeckas cpefa ceBepHbIX TEPPUTOPUIN M3-3a OEIHBIX MOA30JIUCTBHIX MOYB, MPECHON U
cJ1a00OMHMHEPATIM30BaHHON MUTHEBOM BOJIbI XapaKTEpU3yeTCsl KpailiHe HU3KUM COJEepKaHUEM OMOTreHHbIX
XUMUYECKUX 3J1eMeHTOB [8]. KauecTBO BOZ pa3IM4HbIX HCTOYHUKOB BOJOCHA0XKEHUSI HE COOTBETCTBYET
THTMEHUYECKUM HOPMAaTHBaM 10 XUMHUYECKUM IoKa3aTensim 26—34,5 %, no mukpoduonorunueckum 1,2—
6,5 % [9]. IIpakTHuecku Ha BCell TEPPUTOPUN PETHOHA XKETE30 U MapraHell B BOJE UMEIOT MTOBbIIICHHBIE
KOHIICHTPAIMH, BBISIBICHBI TAKKE OT/EIbHBIE TPOOBI BOJ, COAEpKAILME MPEBBIIIAIONINE KOHIIEHTPALUU
(ITAK) oTHOCHMTENbHO HOPM AalllOMUHHUSA, MEIW, LMHKA, cTpoHUus [9]. Bbicokuil ypoBeHb (POHOBBIX
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KOHLIEHTpALH KeJie3a U MapraHiia UMeeT IPUPOAHOE IPOUCXOXKIEHHE U ONPEIENIeTCs] OCOOEHHOCTIMU
re0JIOTHYECKOr0 CTPOEHHsI TeppUTOpUU. M30BITOK Kene3a B MUTHEBOH BOJE SBISETCS SKCTPEMalbHO-
HEeraTUBHBIM (PaKTOPOM BHEILHEH cpejibl, CIOCOOHBIM NMPUBOAUTH K aKKyMYJIALIUY XKejle3a B OpraHu3Me
U Pa3BUTHUIO dKosoro3aBuckMbix matonoruii [10]. TTokazaHo, uTo 3a00JeBaeMOCTh JICTEH B OTIEIbHBIX
paiionax pecrryonuku (Tpontko-Ilewopckuii paiioH, ropoaa Yxrta, ChIKThIBKAp) 00yCIOBIICHA BO3ACHCTBUEM
¢baxTopoB okpyxkatomeit cpeasl (8, 11]. 3noposbe xuteneir Pecnyonukun Komu TecHo B3aMMOCBsI3aHO
C BO3/ICHCTBMEM Ha OpPraHM3M pA3IMYHBIX 3arps3HUTENEN aTMOC(EpHOro BO3AyXa, BOABI, MOYBHI U
yrorpebisiemoit mmumu [8—11].

Pacnpocmpanennocme xonenumuaza

B nunamuke 3a mocnemnue gecsts yer (2007-2017) B menom HaGmomgaeTcss poct oOmei
3aboseBaeMocTu xonenutuazom B Pecryonuke Kapenus (puc. 1), mpu 3TOM BBIICTSIIOTCS PaiOHBI
C BBICOKUM I10Ka3areneM xosenuTnasa — Y crb-Limnemckuit, [Tpuirysckuii u Koprkepocckuii. Ha nannubix
TEPPUTOPHUSAX OCHOBHBIMMU OTPACIISIMH IIPOM3BOJICTBA SIBJIIOTCS JIECO3arOTOBKA, CEIIBCKOE XO3AHCTBO,
nepepaboTka CeIbCKOXO3SUCTBEHHON mnponaykuuu. Cpend TOpoIOB HaumOONbIIEe YHCIO CIIy4aeB
KEITYHOKAaMEHHOW Oosie3an mpuxoautcs Ha ChIKTBIBKAp, Y CMHCK W ByKThUL. 3aMeTHO OTMEYaeTcs pocT
3aboneBaemoctu B Bopkyre. [lns Ycrb-Beimckoro u MkeMckoro paiilOHOB MO-TIPEKHEMY XapaKTEPHBI
Oornee HU3KHE MOKa3aTeny 3a0oeBaeMocTH. OTMEUaeTCs, YTO CXOHBIE 110 TeorpaduuecKoMy MOI0KEHHIO
paiioHbI UMEIOT 3HAUYNTENIbHBIE OTIIMYMS 110 PACIPOCTPAHEHUIO KETYHOKaMeHHOHM Oone3nu. Hampumep,
B Ycrh-llmmemMckom 1 YcHHCKOM paiioHaX YpOBEHb 3a00JIEBA€MOCTH BBICOKMH, Y€M B TpaHHYAIIEM
¢ HuMH MxkemckoMm.
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Puc. 1. 3aboneBaemocts xonenntrazom B Pecrryomike Komn
Fig. 1. The incidence of cholelithiasis in the Komi Republic

CornacHO CTaTHCTHYECKUM JaHHBIM 3a 2017 T., 0 ypOBHIO TIEPBUYHOM 3a00JIEBAGMOCTH CpEIU
B3POCJIOr0 HaCEJIECHUsI BBIIETSIOTCs roposia Bopkyra, ChIKTBIBKAp U Y CHHCK, Cpeiu paiionos [Ipuny3ckuid,
Koptkepocckuii, Ycre-Ilumemckuii u Colconmbckuii. B BospactHoit rpynme g0 14 ner mambOonbiiee
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KOJIMYECTBO JETeH C JAMarHo3oM >KeITYHOKaMeHHas 0o0je3Hb 3a(MKCUPOBAHO (B IOPSAIKE YMEHBIICHU)
B Tpounko-Ileuopckom, [Tpumysckom, KopTkepocckom paitoHax, B ropogax Y cuHCK, CHIKTBIBKap U YXTa.
Cpemu nozmpoctkoB (15-17 yer) xonenuTnas pacrpocTpaHeH (B Mopsiake yMmeHblueHus) B [Iprity3ckom,
Tpounko-Ileuopckom, Ycrp-Lunemckom paiionax, B ropoae CoikrbiBkape. Paitonst Tpounko-ITeuopckuit
u [Ipuny3ckuil OTHOCATCS K TEPPUTOPHSIM HOBBILIIEHHOTO PUCKA M PA3BUTHSL PA3IMYHbIX I1aTOIOTUH cpeau
JeTcKoro Hacesenus [8].

Cocmae u cmpoenue xonenumos

CornacHo pacnpoCTpaHEHHOH KiacCU(UKAIMM, XKETYHbIE KaMHU JIEJIATCS Ha JBE OCHOBHBIC
IPYIIIBl — MUTMEHTHBIE H XOJIECTEPUHOBBIC. [IUrMEHTHBIE XOJIeNUThI BeTpedarotcst MeHee 20 % ciydaes [6].
YcraHnoBneHo, 4to Ha Tepputopun PecryOmukn KoMy Ha J0MI0 XOMECTEPHHOBBIX KaMHEH MPHXOAUTCS
90 %, murmenTHbIX — 10 %. XosecTeprHOBbIE KAMHM OKpAILIEHBI B PAa3JIMYHbIE OTTEHKH OT OEnoro
70 KOPUYHEBOI'O IBETA, BCTPEYAIOTCS OJUHOYHBIE M MHOXKECTBEHHbIE. KOIMYECTBO MHOMKECTBEHHBIX
XOJIEJIMTOB M3 OJHOIO KEIYHOIO ITy3bIPsl MOXKET cOcTaByATh 10 120 mryk. XoJenuTsl IpeaCcTaBICHbI
OBaJIbHO-OKPYTJION, TPAHEHOM, TOYKOBUAHOMN (hOPMOM, UMEIOT PaAMaIbHO-ITYYUCTOE U PAANATIbHO-CIIOMCTOE
BHYTpEHHEE CTpoeHue (puc. 2, a-6). [InrMeHTHBIE KAMHU 110 BHEIIHEMY BHly HAIIOMUHAIOT KyCOYKH YTJIs
C METAUIMYECKUM OTOJIECKOM, TPEACTaBJICHBI YIJIOBATOW M OKPYIJIOH (HOpMOM, ONMpEeneuTh B HUX
CTPYKTYPY BecCbMa 3aTpyAHHUTENbHO (puc. 2, 2). OCHOBHBIM KOMIIOHEHTOM XOJECTEPHHOBBIX KaMHEH
sisiercst xomectepuH (Cp7Hge0O), murmeHTHBIX Kamuaed — Owmpyomnar kambiust (CszHzaN4OgCa)
(puc. 3, a, 6). YCTaHOBIIEHO, YTO POCT KPUCTAIIIOB XOJIECTEPHHA B XOJIETTUTAX IPOUCXOIUT COTIIACHO OOIIM
MPUHIUIAM TIOCTIOWHOTO POCTa, WHUIMUPOBAHHOIO BUHTOBBIMU auciokauusamu [12]. HanoctpykTypa
MUTMEHTHBIX KaMHEH MpeicTaBiIeHa r100yonono0HpIME YacTriiamu [13].

2o

Puc. 2. BHemHuit BUI XONEINTOB: d-6— XOIECTEPUHOBBIE; 2— IMUTMEHTHBIC

Fig. 2. Appearance of gallstones: a-¢ — cholesterol; 2 — pigmented

Puc. 3. N300paskeHusI CKOJIOB XOJETUTOB: @ — XonectepuH (COM); 6 — ounupyomnat kanenust (ACM);
6 — (hocdar kanbius (COM); e— Barepur (COM)

Fig. 3. Gallstones cleavage images: « — cholesterol (SEM), 6 —calcium bilirubinate (ACM);
6 — calcium phosphate (SEM); 2 — waterite (SEM)

[IpeobnanaronuMy 3JI€MEHTaMH, TPUCYTCTBYIOIIMMU B YKEIYHBIX KaMHSX, SBJSIOTCS: KaJbIIWH,
HATpWA, MarHUi, KAIAH, KeJle30, MapraHell, alllOMUHUHN, Me/b, IMHK, Oapwii, CTPOHITUMI, CBIHEII, HUKEb.
OOHapyXeHBI TAKXKE PEAKO3EMETbHBIC AJIEMEHTBIL, T/Ie HAaMOOJIBIIMMH KOHIICHTPAIIUSMHI XapaKTEPU3YIOTCS
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JaHTaH W LEpUid, a HAUMEHbLINMH E€BPOMHUH. YCTaHOBIICHO, YTO KyMYJISIHMS JIETKHX PEIKO3eMETbHBIX
3JIEMEHTOB 3HAUUTEIbHO BbIE, YeM TskenbIX [14]. Ha ocHoBaHMM ncceioBaHus cOCTaBa AMUHOKHCIOT
B XOJIEIUTAaX IIOKA3aHO, YTO MX 00pa30BaHUE NMPOXOAMIIO ¢ yyacTUeM pa3inuHbiXx OenkoB [15]. Cocras
O€JIKOB IPE/CTaBIICH B OCHOBHOM alu(aTHYECKUMH, TMIPOKCHIBHBIMH, KHCIBIMH U apOMaTHYECKUMH
amuHOKHcnoTamMu. Cpel MUHEpaIbHBIX (a3 B XOJIENUTax YCTaHOBIIEHBI KapOoHAT U (ocdar KambLus
(puc. 3, 6, 2) [16, 17]. KapOoHar Kanblsi MPEACTaBICH TPeMs HMOJUMOPGHBIMH MOAU(PUKALHSIMU
KaJIbLIUTOM, BaTEPUTOM M aparOHUTOM, M3 KOTOPBIX Hallle BCEro BCTpedaercs Barepur [17]. XKemynsie
KaMHH XapaKTePHU3YIOTCSI IUPOKUM Pa3HOOOpa3neM MUKPOMUHEPAIBHBIX BKIIOUEHHH Pa3iiMyHOro Kiiacca
OKCHJIOB, XJIOPHJIOB, CYJIb(}aToB, CyIb(QUIOB U CHIMKATOB, CPEOH CaMOPOJHO-METATMYecKuX Qa3
peobIalaloT cCoeNMHeHus Keme3a u Memu (puc. 4, a-3, 1, m) [ 18]. Kpome Toro, B xonenmmrax BCTpEUarOTCs
rpubkoBasi MukpodJiopa, siiiia renbMUHTOB (puc. 4, u, k), a Takxke OakrepuansHas ¢uopa (Klebsiella,
Escherichia Coli, Streptococcus u ap.) [19].

Puc. 4. MukpomuHepaisl 1 BKIIOUYeHH B Xonenurax (COM):
a — 0apuT; O — TeMaTHT; 6 — KYIPUT; e— HKEJIe30 C IPUMECHIO HUKEIS; 0 — IMOKCH] KPEMHUS;, e — albOuT;
Jic — TAJINT; 3 — CHJIbBHH; ¥ — I'PHOKOBasi MUKpodIopa; x — siflia TeIbMUHTOB; /1 — THIIC; M — MEJIb

Fig. 4. Microminerals and inclusions in gallstones (SEM):
a — barite, 6 — hematite, 6 — cuprite, 2— iron with admixture of nickel, 0 — silicon dioxide, e — albite;
ac — halite, 3 — silvin, u — fungal microflora, x — eggs of helminths, = — gypsum, x» — copper

AHnoozennvle u IK302eHHbIE PAKMOPBL 603HUKHOBEHUS XOIEUM 08

[Mpouecc oOpa3oBaHMs KEMTYHBIX KAMHEH NETaTbHO HE U3YyYCH M3-3a CKPBITOrO MPOTEKAHUS
HAYAIBHOU CTaMH KEITYHOKAMEHHOW Oosie3Hu. B HacTosiiiee BpeMst uMeeTcsi Macca paboT ¢ Ielbio
BBISICHUTD, [I0YEMY U KaK 00pa3yrOTCs JKEITYHbIC KAMHH, HO JIO CHX TIOP HET HU OJTHOMU OOIIeTpU3HAHHON
Teopud. B 1enom cunrtaercs, 4To XoneauTuaz — MHOro(hakTOpHOE U MHOTOCTAaIUitHOE 3a00JieBaHue,
XapaKkTepu3yrolieecss HapylIeHHeM OOMeHa XOlleCTepHHa W/WiK OwinpyOuHa ¢ 00pa3oBaHHEM
xonenutos [1-4].
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K obumm ¢axropam pazBUTHs KEeTUHOKAMEHHON 00JIE3HU OTHOCAT: SKOJIOTHUECKOE HEOIaronony4me;
pa3iuyHble HapylIeHus oOMeHa BellecTB (AMCropMOHaIbHbBIE, BOCMIATUTEIbHbIE 3a00I€BaHMs OpPraHOB
CHCTEMbI NUIIEBAPEHUS, HACIIEACTBEHHAs CKJIOHHOCTh U JIp.); OCOOCHHOCTH MUTaHHs; 00pa3 >KU3HU
yenoBeka (TMIOAWHAMUS, aJKOTOJMU3M, KypeHHe, CTpecC U Jp.); MPHUEM HEKOTOPBIX JIEKapCTBEHHBIX
[pernaparoB; BO3pacT (CTapeHue CBI3aHO C yYallleHneM 00pa30BaHuUs JKeIUIHBIX Kamuei) [1].

K ¢akropam, npuHMMarOIIMM ydacTue B 00pa30BaHUM XOJIECTEPHUHOBBIX KaMHEH, OTHOCAT [2]:

1) HachllieHNE KETYU XOJECTEPUHOM (HACJIEACTBEHHOCTh, Bo3pacT (mocie 50 JieT 3HAYUTENbHO
MIOBBIIIACTCS COJEp’KaHME XoJecTepuHa), OOJEe3HM IEeYeHM, Napa3uTapHble HH(EKIUH, HapyLICHUS
COCTOSIHUS KMILIEYHON MUKPOQIIOPHI, MUTaHUE, JIEKapCTBa U Jp.);

2) criocoOCTBYIOIINE OCAKICHHUIO XOJIECTeprHA (MYIIUH-TIIMKOIPOTEHH, KETUYHBIE COJIN);

3) HapyiieHue QyHKIHI KETIHOTO My3bIpst (OMOPOKHEHHSI, BCACHIBAHUS, CEKPEIIHN ).

Kak mpaBmiio, B marorenese kaMHeOOpa30BaHUs MPUAAIOT 3HAUEHUE OJTHOMOMEHTHOMY HAITMUYHUIO
BCEX Tpex BelimenepeuncieHHbx (akropoB [3]. C HemaBHUX BpeMEH MEXAY XOJIECTEPHUHOBBIM
XOJIETTUTHU30M U TaKUM 3a00JIeBaHMEM, KaK aTepOCKIEpPO3, MPOBOAAT MPSMYIO Mapajiielb, e o0Ime
ATHOMATOTCHETUYECKUE KOPHU OOYCIOBIEHBI HApyIIEHWEM JIMIMHIHOTO MeTabonu3ma (JTHIHIHBIA
cTpecc-CHHAPOM) [4].

OOpazoBaHue XOJIECTEPHUHOBBIX KaMHEH y xuteneii CeBepa MOXKET OBITH CBS3aHO C CaMBIMHU
pasaeiMu (akTopamu. [IuTaHne ¢ HU3KUM COAEP)KAHMEM BOJIOKOH B THIIE, MPEOOSIagaHne KUPHBIX
(Muma KXUBOTHOTO TIPOMCXOXKIEHHUS) M JKAPEHBIX MPOAYKTOB, a TaKXKe MOTPeOJICHHE TPOIYKTOB
C BBICOKMM COJIEpP’)KaHWEM HACHIIEHHBIX KUPOB. Clemyer 3aMeTUTh, YTO y BEreTapHAHIICB YKEITUYHBIC
KaMHH TPaKTUYeCKH He OOHapyKMBalOT. B pe3ynprate n3ydeHHs JUMHUIHOTO OOMEHa IOJPOCTKOB
Pecnnybnuku Kapenust wccnenoBaTeny NpennoiNoKUIN, YTO MOYTH TONHBIM Tepexo]] IOKHBIX KOMH
OT TPaIUIMOHHON JHETHl Ha EBPONEHCKYI0 MHUILY, XapaKTepU3YIOUIYIOCS OONBIINM KOIHYECTBOM
KOHCEPBHPOBAHHBIX U CHHTETHYECKUX IPOTYKTOB, CIIOCOOCTBOBAJ YBEJINYCHUIO aTEPOTCHHBIX (PpaKIIHii
JIUMHJIOB (CIIOCOOCTBYIOT MOBBIIIEHUIO XOJECTEPHHA) IO CPABHEHHUIO C X YPOBHEM y KOMU-OJICHEBOJIOB,
MPOXKUBAIOIIMX B MPHUIIOJSIPHBIX PETHOHAX, B MUTAHHH KOTOPHIX Tpeobiamaer onennHa [20]. Ecmu
y 4YeJIOBEKa €CTh HACJEICTBEHHAs MPEAPACIIOIOKEHHOCTh K IOBBIIIEHUIO XOJIECTEPUHA U IIPH 3TOM OH
yIOTpeOIISIeT CIUIIKOM MHOT'O XOJIECTEPHHCOICPIKAILCH MUIIHM, TO YPOBEHb X0JIECTEpHUHA YBETHIUBACTCH.
He Ttombko mwmmia, Oorartas XOJECTEPUHOM, CIIOCOOCTBYET OOpa30BaHUIO J>KETYHBIX KaMHEW, HO H
MOTEHIMAJIBHO BPEIHBIE XUMUYECKUE BEIIECTBA (TPAHCKHUPHI, TAXKEIbIE METAIUIBI U Ap.), B T. 4. HHEKIH,
MIOMAIAI0NINE B OPTaHU3M, MOT'YT HEOJIarONPHUATHO BIIUATH HA TEYCHHE META00IMYECKUX MTPOIIECCOB.

PacnpocTpaHeHHOCTh MOPAKEHHOCTH TeIbMHHTO3aMU Ha TeppuTopusx Pecnyomuxku Komm —
B Uxemckom, CrikteiBauHCKOM, ChiconbekoMm, Koptkepocckom, IlpunmysckoMm, VYcTh-BriMckowm,
Koiiropoackom paiionax u Bopkyre [6], 00ycioBiIeHHas B IEPBYIO OYEpe/Ib YIOTPEOICHHEM MaJIOCOICHOM
WIH IUIOXO TEePMUYECKH 00paOOoTaHHOH pbIOBI, TaKKe MOXKET CIOCOOCTBOBATH (OPMHUPOBAHHIO
xonenutoB. [lapasutapHbie mH(EKINHU, MONanas B KETYEBBIBOIAIIYIO CHUCTEMY, 3aIlyCKAIOT KacKaj
MaTOJIOTMYECKUX PEAKIIMIA M CIIOCOOCTBYIOT 00pa30BaHUI0 JKeMUHbIX KamHel [21]. Ha puc. 4, k, moka3aHo,
KaK B CaMOM LEHTpPE XOJIeJIMTa HaXOAATCA SHLA TelbMHHTOB, OOpa3zell MPUHAUIEKHUT KEHILIUHE,
MPOKMBAKOLIEN B Y CTh-BBIMCKOM paiioHe.

WHuTepecHble nccnenoBanus NpoBeeHbl B ApXaHreabCKol 00J. cpeau MOAPOCTKOB, B MPOLIECCE
KOTOpPBIX OBUIO BBISBICHO, YTO CE30HHOCTh KOJICOAHWH TOKa3zaTenss OOLIEro XOoJecTepuHa 3aBUCHT
oT (oronepuoauuHocTH. Tak, B MEpHOJ CHaga CBETOBOrO JHS M €ro MHHUMYyMa (OKTAOpb, IexaOpb)
HaOJI0JaeTCd MaKCUMAJIbHOE COJIEpyKaHhe OOIIEro XOJNECTEpUHa, ITH 0COOEHHOCTU 0ojiee BhIPaKEHBI
y JeBOYEK, YeM y MaibuuKkoB [22]. Ha ce30HHYI0 00yCIOBIEHHOCTh U3MEHEHUS JIMIUIHOIO OOMeHa
y uenoBeka B ycioBusax CeBepa Takke ykaszbiBaeT pabora [23]. BosaelicTBue xomomoBoro (akropa
SBJISETCS TMPUYMHOM U3MEHEHUs JIMIOUAHOrO mnpoduiis, OCOOEHHO y MajoaJanTHPOBAHHbIX
KOHTHHI'€HTOB, UTO BBIPaXKaeTCs B HAPACTAHUHM COJIepKaHUs o0uIero xonecrepuna [24]. Takum oOpazom,
paznuuHble paKkTopbl: OyAb TO MUIA, THPEKIHMSL, CTpecc (B TOM YHCIIE U X0JIOI0BbIN), (HOTONEPHOIUUHOCTh
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U JIp. — TOBBIIIAIOT XOJIECTEPUH U MOT'YT CIOCOOCTBOBaTh OOpa30BaHUIO X0JeauToB. HecoMHEHHO,
TeHEeTUYECKUH (PaKkTop, a TakKe COMyTCTBYIOLIUE 3a00I€BaHUsI MOT'YT SIBJISIThCS PUYMHON (hOPMHUPOBAHUS
XOJIECTEPUHOBBIX JKEIYHBIX KAMHEH.

dakropamu, CrIOCOOCTBYIOIIMMHI OOPa30BaHUIO MUIMEHTHBIX KaMHEH, SIBJIAIOTCS, MIPEXkKAE BCETO,
COCTOSIHMSI C YCKOPEHHBIM OOMEHOM I'eMOCOIePIKALINX BELIECTB (FeMOIUTHUECKIE AaHEMHH, TalacCeMHUs,
LUPPO3bI IEYCHU, BPOXKICHHbIE U IPUOOpETEHHBbIE NOPYUPHH U Ap.), CPEAU IPYTUX GAKTOPOB BBIAEISIOT
BOCTIAJIUTENIbHBIE 3a00NieBaHusl KulleuyHuka (M3 ux yucia Oone3nb Kpona [25]) m GakTepuanbHbBIN
¢axTop. OCHOBHOI NTPUUUHOI 00pa30BaHUs MUIMEHTHBIX KaMHEH ABIseTCs THIIepOMIupyOuHeMus, T. €.
MepPEeHaCHIIICHUE )KETTYM HEKOHBIOTHPOBAHHBIM (HECBSI3aHHBI C TIIFOKYPOHOBOM KHUCIIOTON ) OMITHPYOHHOM.
[Ipenmonaraercs, 4YTO LEHTPaMH KPUCTAUIU3AIMM KETYHBIX KaMHEH SBJISETCS CeTh MOTUMEpHU3alNU
panukana OuIMpyOMHA B KOMIUIEKCE C Pa3IMYHBIMU METALUIMYECKUMHM MOHAMHU (KaiubIuil, Meap) [26].
3710 00YyCIOBIEHO TE€M, YTO OMIMPYOMH 3a CUET MPHUCYTCTBUS ABYX I'MJIPOKCHIIBHBIX TPYII CIIOCOOEH
00pa3oBBIBaTh PA3IMYHBIC COJIM, IUIOXO PACTBOPUMBIE KaK B BOJE, TAK M B PA3IMYHBIX OPTaHUYECKUX
pactBopuTessix. Touka 3peHUsT 0 BO3MOXKHOM POJIM Pa3IUYHBIX BUJOB MHUKPOOPTaHM3MOB B Pa3BUTHUHU
MUTMEHTHOTO XOJIeUTHA3a ToaaepkuBaetcsi yxe MHoro jer [27-30]. MukpoopraHusmbl MOTYT
MIOTIA/1aTh B JKETYHBIN ITy3BIPb, T1€ 00pa3yloTCs KeMTYHbIe KAMHHM TeMaTo-, JIUM(O- WIH SHTEPOreHHBIM
nyrem. Yacto mpu xonenutuasze odoHapyxuBaror Klebsiella, Enterococcus, Escherichia Coli u mp.
[Tox neiictBueM BhIpabaThIBacMbIX OakTepusmu (epmeHToB, Hampumep, Escherichia Coli Beimenser
bepMeHT — P-TIIOKYpOHUAA3y, MPOUCXOAUT TpaHC(HOpPMAIUS PACTBOPUMOIO KOHBIOTHPOBAHHOTO
OnnpyOnHa B HEpaCTBOPUMBIN HEKOHBIOTHPOBaHHBIN OmnpyonH. Crefyer yauThIBaTh, 4TO CaMa KeIdb
00saiaeT BBIPaKEHHBIMHU IIUTOJIMTUYECKMMH CBOICTBaMM M CIIOCOOHA pa3pyIlaTh JIIOObIE KJIETOUHbIE
3JIEMEHTBI, BKJIIOUasi BUPYChI, 0aKTEpUU U IPOCTEHIINE.

Taxum obpa3om, aHam3 3a00JI€BaEMOCTH XOJIETTUTHA30M B TOpoiax 1 paiioHax Pecryonmmku Komu
yKa3bIBaeT Ha TO, YTO 3a IOCJIEAHUE AECATh JIET B LIEJIOM HaOII0aeTcs TEHASHIUA K pocTy. MOHUTOPHHT
(baxkTopoB, NPHUBOAAIIMX K BO3HUKHOBEHMIO KETUHbIX KaMmHed y xureneil PecnyOnuku Kowmw,
HECOMHEHHO, MOXKET IOMOYb B IIPO(MMIIAKTUKE XOJIEIUTHA3A U YIyUIIEHUN KauecTBa XKU3HU CEBEPSH.
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UCCJENOBAHUE BJIMSAHUA TPEIBAPUTEJIbHON KOHIIEHTPAIIAU
HA UBMEJIBYAEMOCTDb ATATUTCOAEP/KALIUX PY L

C. A. AnekceeBa, C. B. Tepemenko
®I'bYH I'opasbrit uactutyr KHIT PAH

AHHOTauun
B cBSi3Kn CO CHKEHNEM KadecTBa 4OObIBaeMbIX pya, BOBNEYEHUEM B SKCMTyaTaumio (nepepaboTky)
6eaHbix M 3abanaHcoBbIX TPyAHOOOOraTUMbIX py4 CTaHOBATCA 3HAYMMbIMKM - onepauum
npegBapuTenbHOro oboralennst (MpedkoHUEeHTpaumm), KoTopble B MEPBYIO OYepenb peLlarT
3afa4M BbidereHus OTBalibHbIX KPYMHOKYCKOBLIX XBOCTOB. BKrO4YeHMe B TEXHONMOrMYeckyto
CcXemy onepaumv NpeaKoHLEHTpaUmMK, Kak NpaBuro, okasbiBaeT BIWSIHUE Ha CBOWCTBA pyAdbl U
BEAET K NOBbILLEHNIO 3EKTUBHOCTM NPOLIECCOB PYAONOAroTOBKW. [nsa anatuTcogepkalunx
pyn npoBeneHbl CPaBHUTENbHbIE WCCREeAOoBaHUSA MO OLEHKe BIMSIHAS Ha M3Menb4aeMoCTb
npegBapuTenbHoro oboraweHns (pydbl) MEeTOOOM PEHTTEHOMIOMUHECLIEHTHOW cenapauumu.
MpoBegeH aHanm3 MonyYeHHbIX NokasaTenen M3MenbYeHWss — CKOPOCTU M3MeNbYeHus U,
yOEenNbHOM NPON3BOAUTENBHOCTM MO BHOBb 06pa3oBaHHOMY Knaccy g, MHaekca YncTtom pabotbl Wi
MokazaHo, YTO UCNonb3oBaHWE NPeABapUTENBHOMO 0OoralLeHNs NO3BONSET YIyYLLUTL BELLECTBEHHbI
COCTaB pyAbl U NOBbICUTL 3EKTUBHOCTL NpoLecca U3MenbYeHUs.

KnroueBble cnoBa:
npedgapumeribHasi KOHUeHmpauusi, pydornodz2omoska, usMesib4aeMocmsb, arnamumcodepxxaujasi
pyda, ydernbHas npou3eodumesribHoCMb, UHOEKC Yucmou pabomsl LWapo8o20 U3MesIbYeHUS].

STUDY OF IMPACT OF PRELIMINARY CONCENTRATION ON GRINDABILITY
OF APATITE-CONTAINING ORES

Svetlana A. Alekseeva, Sergei V. Tereshchenko
Mining Institute of KSC RAS

Abstract
The decline in the quality of the ores mined and the involvement of low-grade unpayable ores into
processing has led to increasing in importance of preliminary processing which primarily solves
the problem of selecting dump large-coarse tailings. The use of a preconcentration operation, as
a rule, affects the properties of the ore and leads to increase in the efficiency of the ore preparation
processes. For apatite-containing ores, comparative studies have been carried out to assess the effect
on the grindability of preliminary processing by the X-ray luminescence separation. The obtained
indicators of grinding — the grinding rate v, the specific productivity of the newly formed class q and
the net work index Wi, were analysed. It is shown that the use of preprocessing allows improving
the material composition of the ore and increasing the efficiency of the grinding.

Keywords:

preconcentration, ore preparation, grindability, apatite-containing ore, specific productivity, net
work index of ball grinding.

BBenenne
B Henmanekol mepcriekTHBe MHHEpPAIBbHO-ChIpbeBas 0Oaza
XHUOUHCKOrO MaccuBa, BEPOATHEE BCETO, Oyzner

XapaKkTepU30BATHCSA MPOIOKAIOIIUMCS HCTOILIEHUEM 3alacoB
KPYIHBIX ~ MECTOPOXJEHHUH C  OTHOCHTEIBHO  BBICOKUM
COJIEp’KaHUEM TIOJIE3HBIX HMCKOMaeMblX. Takasg cuTyauus
00ycoB/IeHa MHTEHCHBHBIM OCBOCHHMEM HEAp B MpEblayllue
: roasl. ComepaHue OCHOBHOIO IMOjie3HOro KommoHeHTa P2Os
B pylax, MOCTYNAOIIUX Ha oOoratutenbHble (haOdpuku, cHU3WIOCH ¢ 25 % B Hauane pa3paboTKu
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anaTuToBBIX pyA A0 12 % B Hacrosiuiee BpeMs. llepcrieKTMBHBIE amaTUTOBBIE MECTOPOKICHUS
MypmaHckoii 001., Ha KOTOPBIX COCPEN0TOUEHO Oosee 555,5 MIH T OCHOBHOI'O MOJIE3HOI'0 KOMIIOHEHTA
P,Os, B OoOnbIIMHCTBE CBOEM NPEACTABIEHbI OeIHBIMM W  YOOIMMH  Pa3sHOBHUIHOCTSIMHU
anatutcojiepxanux pyna [1].

D¢ (HeKTUBHOCTb OCBOCHUS MECTOPOXKIEHUH MOJIE3HBIX MCKOMAeMbIX BO MHOT'OM OIpeJesieTcs
pa3paboTKoOi U BHEIPEHHEM HOBBIX pecypcocOeperaronmx TexHonoruii odoramenus. [Ipu Bopineuennu
B niepepaboTKy OelHBIX U 3a0alaHCOBBIX Py BCe 0oJiee MUPOKOE TPUMEHEHHE HAXOAAT TEXHOJIOTHI
IPEIBAPUTEIBHOIO O0OTalleHus WM, IpaBUIbHEE CKa3aTh, INPEABAPUTEIBHOM KOHLEHTPALUU
(TpeaKoHIIEHTpAMK) Py, KOTOPbIE MO3BOJISIIOT JTOOUTHCS HE TOJBKO COKpAalleHUs oO0bema pyIHOMN
Macchl, MOCTYMNAIOIIeH Ha 00oraTuTeNbHYI0 (PabpuKy, HO M MOBBICUTh TEXHOJIOTMUECKHUE IOKAa3aTeNn
nepepaboTKH 3a CYeT CTabWiIM3alMM KayecTBa MUHEPAJIbHOI'O ChIpbsi. Kpome Toro, mcrnonb3oBaHue
MIPEIKOHIICHTPAIIMN B OIMPEJEICHHON CTEINeHH H3MEHSET BEIIeCTBEHHBI COCTaB PYIHOH Macchl,
ymanss B XBOCTHI TYCThle M CIaOOMHUHEpAIM30BAHHBIC TIOPOMBI", YTO BEIAET K IIOBBIIICHUIO
3¢ (HEKTUBHOCTH MaNbHEHIINX MPOIECCOB APOOICHUS U W3MENIbUEHUS, KOTOPBIE SBISIOTCS Hambosee
3aTPaTHBIMU TEXHOJOTHYECKUM OMEeparusIMH: Ha UX Aomto npuxoautces 10 50-70 % ot obmux 3aTpaT
Ha oOorameHne. B yclIOBHAX COBPEMEHHOrO BEICHHS IPOU3BOJCTBA BO3MOXKHOCTH CHH)KEHUS
3HEpro3arpar IpH PyJAOMOATOTOBKE SIBJISETCS BECbMa aKTyaJbHOM 3aaauei [2, 3].

MartepuaJj U MeTOAMKA UCCJIeI0BAHMI

OObeKTaMu JUISI UCCIICMOBAHUS SIBISUTUCH JIBE PA3HOBHIHOCTH ANaTUTCOACPIKAIICH pPYIIbI
Mmectopoxkaenus [lapromaopp:

e 1mpoba 1, mpeacraBieHHas OeqHON anmaTUT-HE(PETUHOBON PYIOi C CofepKaHWEM: araTuTa —
16,5 %, nedenuna — 48,5 %, chpena — 6 %, Turanomaraerura — 5 %);

e mpoba 2, mpexacTaBieHHas c(heH-arnaTUT-MarHETUTOBOM PyJIOH C COAEp)KaHMEM: amaTuTa —
16,5 %, nedenuna — 35,5 %, chpena — 15,5 %, Turanomarunernta — 9,5 %.

OCOOEHHOCTPIO MHHEPAIBHOIO COCTaBa Pyl JAHHOTO MECTOPOXKICHUS SBISETCS HHU3KOE
CONCpXKaHHWE amaTUTa W IMOBBIIICHHOE KOJWYECTBO TEMHOLBETHBIX MHHEPaIOB M HedennHa.
[IpenkoHmeHTpanuss pyaHOH Macchl HM3y4aeMOro MECTOPOXKIEHHS OCYHIECTBIISIACH IOCPEICTBOM
PEHTTCHOJIIOMHUHECLIEHTHOW Cenapanuy, KOTopas MO3BOJIMIA BBIIECIUTh B KPYMHOKYCKOBBIE XBOCTBI
6onee 27 % mycThIX W cIaOOMHHEpPANIM30BAHHBIX Mopox, coxepxkammx 1,8 % P,0s, mpu stom
B IIPOYKTE, MOCTYIAIOIIEM Ha o0orarieHue, coaepkanue maTuokucu pochopa moseicwiiocs B 1,3 pasa
(¢ 6,1 10 7,8 %) [4-6].

Jnist KaXI0i pa3HOBUIHOCTH PYABI H3MEJIbUEHHE MPOBOIMIIOCH HA MaTepuallaX UCXOTHBIX MPOO
(1 u 2 ucx.) u mocine ux npeakonmenTparuu (1 u 2 odorari.).

Omnpexenenue U3MeNFYaeMOCTH IPOO MPOBOIMIIOCH B IIAPOBOM MEJILHUIIE TI0 METOANKE HHCTHTYTA
«MexaHoOp», KOTOpas MpencTaBlsieT COOONM HMHTAIUI0 3aMKHYTOrO LHKIAa M H3MeIb4eHHe Mpod
70 Pa3TUYHONW KPYIHOCTH TPHU OJWHAKOBOM 3arOJHEHHH MEJbHHIBI ITYJbIONH NpPU TOCTOSHHOM
LUpKyIupyromen Harpyske pasaoit 200 % [7, 8].

[To pe3ynmpTaram SKCHEPUMEHTOB PACCUMTHIBAIKCH: YAETbHAs MPOU3BOJIUTEIBHOCTh IO BHOBb
00pa30BaHHOMY pacueTHOMY KIaccy KPYMHOCTH (| (KI/AM°Y) M MHAEKC YMCTOH pabGoThl IMApOBOro

H3MENbYCHUS Wim ((xBt-u/1)-MxM*®) [9]:

M (B-0a) 3600
s = V-T-(1+C)

' (1)

* CJ'Ia6OMI/IH6paJ'II/130BaHHBIG opoAbl — 3TO MOPOAbI, COACPIKAHUC TMOJIC3HBIX KOMIIOHCHTOB B KOTOPBIX HHIKC
60pTOBOFO, MPUHATOIO IpH ,HO6I>I‘I€ IMOJIC3HOI'0 UCKOIIaCMOI 0.
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HccnenoBanne BIUSHUS HpeI[BapPITCJ'IBHOﬁ KOHICHTPAIIMU HAa U3MEIIbYaCMOCTb allaTUTCOACPKAIINX PY]

w o(N=NDT a0 JFy

: 36M Fan _ 1 @

80

rie M — macca HCXOJHOM HaBeCKH, KT; 0L ¥ [ — cojiepKaHue pacyeTHOI0 KJIacca KPYIHOCTH B HCXOHOM
¥ HU3MeJIbYEHHOM MPOIYKTE COOTBETCTBEHHO, JOU ei.; V — paboumii 00beM MeJbHMIBL, aM’;
T — Bpems usmenbuenus, c; C — 1upKyaupymomias Harpyska, 1oiau en.; N u Ny x — norpebisemas
MEJIBHUIIEH MOIIMHOCTh IpPH HU3MEIbYEHUH U MOIIHOCTH XOJOCTOI'O0 XOJa COOTBETCTBEHHO, KBT;
Fso 1 Pgo — pa3mep orBepcTHii cuT, 4epe3 KoTopbie mpoxoauT 80 % nmuTaHus U pa3rpy3Kd MEITbHUIIBI
COOTBETCTBEHHO, MKM.

Jlisi cOmoCTaBIEHUS! MOJTYYEHHBIX PE3yJIbTaTOB PACCUUTHIBAICA KOA(PPHUIMEHT OTHOCHUTEIHHOM
M3MENbYaeMOCTH 10 pacueTHoMy kiaccy [10]:

K ol

H3M = 3
qd3 ( )

rae g ¥ (d, — yZA€IbHasA NPOU3BOAUTEIBHOCTD 110 PACYETHOMY KJIACCY, TOCTUTHYTasl HAa UCIBITYEMON U
STANIOHHOM pye, Kr/mm>d.

CpaBHHUTENbHBIE OMBITHI O W3MENIbUYAMOCTH JUIsI BCEX PA3HOBUIHOCTEN HCCIEAYEeMBIX DY
NPOBOAMIKNCH A0 KpymHocTH -0,2 MM, T. €. A KJIacCH(PMKaMM MaTepuaia pasrpy3Kd MeTbHHIIBI
ucnonb3oBasiock cuto 0,2 mM. Takast KpymHOCTH BBIOpaHa MCXOA M3 MPAKTUKU OOOTAILICHHS araTHT-
He(EeTUHOBBIX Py, I/le MUTAHWEM alaTUTOBOW (IIOTAIMM SIBISETCS MPOAYKT C COIEp)KAHHMEM Kiacca
+0,16 mm — 20,6 %.

3aMKHYTBIM LMKJI HM3MEJIbYEHHs] MMHTHPOBAJICS IIyTEM BO3BpaTa B IIPOLECC HAIPELIIETHOIO
MIPOIYKTa TPOXOYEHHUs] Ha BhIOpaHHOH ceTke 0,2 MM C j00aBIeHHEM HCXOAHOTO MaTepHaia J0 Beca
NPUHATON HaBecKu. [lepmonpl M3Menp4YeHHs IMOBTOPSUINCH OO TEX IOp, IOKa HE YCTaHABIMBAJIOCH
paBHOBeCHE, T. €. IOCTOSHCTBO BBIXOJa BHOBb OOPa30BaHHOTO MPOAYKTA, BPEMEHH H3MENIbYECHUS
32 KXl IIUKJI U OTHOCUTEIFHOW CKOPOCTH M3MEJIbueHHs (T/C) 10 BHOBH OOpPa30BaHHOMY HPOIYKTY
MPUHATON KPYIMHOCTH.

Pe3ysbTaThl M HX 00CYyKIeHHE

B navane usMenbueHus Bce MPOOBI MMENU OJM3KUIA TpaHyJIOMETPUYSCKUN cocTaB, mapameTp Fgo
cocTaBWiI: i npoO 1 wmcxomHoW u 2 obOorameHHOW — 3,8 MM; mis 2 ucxomHod — 3,9 MM,
s 1 oboramennoit — 3,95 mm (puc. 1).
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Puc. 1. McxomHblif rpaHyI0METpHIECKUiT COCTaB MPo0

Fig. 1. Initial granulometric composition of samples
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CuTOBbIE XapaKTEPUCTHUKU T'OTOBOrO IMPOAYKTa H3MEIbUYEHUs KPYMHOCThIO —0,2 MM sl BCex
HCCIIEyEeMBIX MPOO0 MOMYYHIIUCh OMU3KMUMH MEXIy co00i: KonuuecTBO kiacca +0.16 MM cocTaBuiio
17,6-23,3 %, xnacca —0,07 mm — ot 36 10 40 % (puc. 2, a).

Oco0bIit THTEPEC MPEICTABISIIOT XaPAKTEPUCTUKH PA3rPY3KH MEBHUIIBI (PHC. 2, 6): C OHON CTOPOHHI,
HaOroaeTcs pasiinuve B I'PaHYJIOMETPUYECKMX COCTaBaX OOOTaIleHHBIX U HCXOIHBIX MPOO BHYTPH
OJTHOW Pa3HOBHIHOCTU PYIbI: TPAHCOCTaB MpoObI 1 McX oTnmvaercs or mpoObl 1 oboram, a 2 ucx —
oT 2 oboramr; ¢ Jpyrod — OTMedaeTcsl OJM30CTh XapaKTEPUCTUK MEXIy MCXOAHBIMH M 00OTaIlleHHBIMU
NPOIYKTaMU passIMuHbIX pasHOBUAHOCTEH. ['paHcocTaB npoOs! 1 ucx. 630k 2 ucx., a npobsl 1 oborary. —
2 oborar.

T0TOBBIi NPOTYKT H3MEIbYEHHUsI _ 100 Pasrpyska MebHHUBI
. 100 X ‘
N 90
5 % &
g} 80 Zz: 80
= =#=TIPOBA T ucx £ —~—IIPOBA 1 uex //F
E 70 ~@-[1POBA 1 oGorauy = 70 i
o =@—IIPOBA 1 oGora // [
g 60 ~#=TIPOBA 2 nex =) : 1
= —e1POBA 2 Soorem = ~A=TIPOBA 2 nex ,//7 b
g 50 g 50 =®=TIPOBA 2 o6oraii / H
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g- 20— g 20 LI
g / 2 o
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Puc. 2. I'paHyI0METpHUIECKHIA COCTAB TOTOBOTO MPOAYKTA U3METbUYCHUS (&)
U pa3rpy3KH MeNIbHHIBI (6) UCCIIEAYEMBIX ITPOO

Fig. 2. Granulometric composition of the final product of grinding (a)
and unloading of mill (6) of the samples studied

[IpuBeneHHbIE JaHHBIE CBUJCTEILCTBYIOT O TOM, YTO B IPOIECCE N3METbUYEHUS POAYKTHI YETKO
pa3aenInCh Ha HCXOHBIC U 00OTaleHHbIe, YTO TOATBEPKAaeTCs KaK 3HAaUeHUSIMH Pgp, COCTaBUBIIUMHU
0,8 1 0,6 MM COOTBETCTBEHHO, TaK U IPYTUMH MTOKA3aTEISIMU U3MEILYCHUSI — CKOPOCTHIO U3MENLYCHHUS V),
yIeIbHON MPOU3BOIUTEIHFHOCTHIO IO BHOBH 00pa30BaHHOMY KJlaccy (, HHAEKCOM YHCTOH paboTsr Wi
(tabm.). J{yns oboramieHHBIX TPO0 HAOIOAACTCS YBEIMYCHUE CKOPOCTH H3MEITbUeHHUS L (111 mpobsl 1 — ¢ 2,9
10 3,6 r/c, s mpo6sI 2 ¢ 3,3 1o 3,6 1/¢), pOCT yACIbHON MPOU3BOIUTEIILHOCTH 10 BHOBb 00Pa30BaHHOMY
Knaccy ¢ (mpoba 1 — ¢ 0,7 1o 0,9xr/mv>y, mpoba 2 — ¢ 0,8 1o 0,9kr/amM>y), CHUKEHHE HHIEKCa YNCTOM

padorer W; (mpoba 1 — ¢ 48 1o
80 30(xBt-u/1)-MkM®®, Ipo6a 2 — ¢ 44 1o 31
70 = Pyuas ppaxuns (kBt-u/1)-MKxM*?).
NS 60 B VPTUTBI AH
3 pr— anu3 TIONYYEHHBIX PE3YJIHTAaTOB
g% B [OBiTHI MIPOBOJIUJICS C UCTTOTB30BAHUEM MUHEPATIOTO-
= 40 .
g “ = MermrefiruTs! neTporpaduuecKux XapaKTEPUCTHK
< (v
5.0 HCCIIEYEMBIX MPOAYKTOB. B Kaxmoil
)
=
. mpo0Oe  BBIJICNEHBI OCHOBHBIE TPYIIIHI
0 COCTaBIIONIMX WX TOPOA:  amaTuT-
npoba 1 ncx npoba 2 ucx mpoba 1 oboraminpoda 2 oborarg HC(I)GHI/IHOBaSI pyzna (py,[[Haﬂ (bpaKHHﬂ),
YPTUTHI, WHOIUTHI, B HE3HAYUTEIHLHOM
Puc. 3. Munepanoro-nerporpadudeckie XapakTepHUCTHKN KOJIMYCCTBC NPUCYTCTBYIOT IOBUTBI H
MCCIIeyeMBbIX IPOO MenbTeUruTsl (puc. 3). OOpaiaer Ha cebds
Fig. 3. Mineralogical and petrographic features BHUMaHUE pa3HUIA B METpOrpaduyuecKux
of the samples studied COCTaBax UCCIIEAYEMBIX IPOAYKTOB.
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CpaBHI/ITeJIBHBIC MMOKa3aTcjiu U3MEJIbYacMOCTHU UCCIEAYCEMBIX ITPOAYKTOB
npu padote mapoBoi MeabHUIIBI 300%X200 B 3aMKHYTOM IUKJIE
Comparative indices of grindability of samples studied during the work
of ball mill of 300%200 in a close circle

[okazatemnu IIpoba 1 ucx IIpo6a 1 oborar IIpoda 2 ucx | IIpoba 2 oGoramr.
Indicators Sample 1 orig Sample 1 enrich Sample 2 orig Sample 2 enrich

Bpems u3MenbueHust
B yCTaHOBHUBIIEMCs 1HKIe T, C 312 255 295 265
Grinding time in steady state cycle T, s

CKOpOCTh U3METBUEHUS V, T/C

Grinding rate v, g/s 2,91 3,62 3,31 3,61
Fgo, MM 3,8 3,95 3,9 3,8
Pgo, MM 0,8 0,6 0,8 0,6

Y nenpHas Npou3BOAUTENBHOCTD
110 BHOBb 00pa30BaHHOMY Kllaccy
0,2 MM g, (xkr/am3-4) 0,698 0,868 0,795 0,893
Specific productivity of the newly
formed class g, (kg/dm3-h)
yIleJ'ILHa}I TIPOU3BOAUTEIILHOCTD
10 BHOBb 00pa30BaHHOMY KJIACCY
0,071 mm g, (xr/am3-4) 0,262 0,349 0,285 0,324
Specific productivity of the newly
formed class g, (kg/dm3-h)
Wunexc uucToit paboThl LIapoBOro
m3menpuenus Wi, (kBt-u/1)-Mxm®®
Net work index of ball grinding Wi,
(KW-h/t)mkm®®

47,56 29,85 43,52 30,74

Haunbomnpiee KOTHYECTBO MOPOJI, KOTOPBIE XapaKTepU3yloTcs 0osee BHICOKUMH MPOYHOCTHBIMH
CBOMCTBaMH, 3TO YPTHTHI M HHONUTHI, COAEPKHUTCA B Mpode 1 MCX, U MX COBOKYIIHOE KOJHYECTBO
cocraBisieT 50 %; B mpobe 2 ucx. MX KOJIUYECTBO MEHbIIE U cocTaBiisieT 38 %. B oboramennbix mpobdax
3a CYeT BBIBOJIA B KPYITHOKYCKOBBIE XBOCTHI O€3aI1aTUTOBON YaCTH 3TUX ITOPOJ OISl yPTUTOB M MHOJINTOB
cHIKaeTcsi B 2—2,5 pa3a u cocraBisier okoio 20 %. COOTBETCTBEHHO KOJIUYECTBO PyIHOU (ppakiuu
yBenuunBaeTcs ¢ 49 u 59 % B 1 u 2 ucxoausix a0 npaktudecku 80 % — B oOorameHHbIX.

CraHOBUTCS OYEBHIHBIM (PaKT, YTO B COCTaBE NMPOJYKTOB HamOoOJee CYIIECTBEHHOE BIIHSHUE
Ha TOKa3aTelld W3MENbUCHHS OKa3bIBaeT pyAHas (ppaxiiusi, MpH YBEIWYECHUHU JONU KOTOPOH B 0OIIeM
o0beMe TIpoObl CKOPOCTh U3METbUEHHS L U KOJIMYECTBO BHOBb 00Pa30BaHHOIO Kilacca (g2 BO3pAcTaloT,
a 3arpatel Ha wusMmenbueHue W; ymensmiarorcs (puc. 4). CrnenoBarenbHO, NPEAKOHLEHTPALIMS
CIOCOOCTBYET M3MEHEHHUIO BEIIECTBEHHOIO COCTaBa MPOAYKTA, MOCTYMAIOMIEr0 Ha 00OrameHnue 1 Kak,
CIIC/ICTBUE, CHIDKEHHIO €r0 IIPOYHOCTHBIX CBOICTB M POCTY €ro MOoKa3zaTeNeil n3MeIbueHHs.

WneHTtnunple HadalbHBIE NETporpaguueckue M TIPaHYJIOMETPUYECKHE XapaKTEPUCTUKH
oOorameHHbpIx pod 1 u 2 (mpeacTaBiieHHbIE anaTUT-HE()ETUHOBOM M C(eH-arnaTuT-MarHeTUTOBOM
PYIHBIMH Pa3HOBHUIHOCTSIMH COOTBETCTBEHHO) MO3BOJISIOT OLICHUTh BJIMSHUE MUHEPAJbHOTO COCTaBa
Ha pe3ynbTarhl Hu3MenbueHus. [loka3aHo, 4YTO 3HAYeHHUs MoOKa3zaTeJael HU3MeNbYeHUs HaXOIATCS
B IIpejieNiax cTaTUCTU4YecKoi morpemHoctd 1-3 % (Tabia.) ¥ CBUAETENBCTBYIOT O TOM, YTO Pa3IUYHs
B MHUHEPAJIbHOM COCTaBE€ HCCIEAYEMbIX PAa3HOBUAHOCTEH amaTUTCOAEPKALIMX pPYyA pPEIaloIlero
3HAUEHUS Ha NTOKa3aTesId U3MeNIbYaeMOCTH HE OKa3bIBAIOT.
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Puc. 5. 3aBucHMOCTE TTOKa3artenei
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BriBoabI

[IpenkoHIEHTpaIs TTOCPEICTBOM PEHTTEHOTIOMUHECIICHTHOW cenapalii Ha HaJaIbHON CTaIuH
nepepaboTKH  armaTUTCOAEPKAIMUX PYI CIOCOOCTBYET YBEIMYCHHIO CONEp)KaHUs pPYAHOW (pakiuu
B 00IIIel Macce ChIPhs 3a CUET COKPAIICHUS I0JIM HanboJiee KPEeTKHX MOPO/I, TEPEXOAAIINX B OTBATILHBIC
XBOCTBI, YTO BEIET K CHIDKEHHIO MPOYHOCTHBIX CBOMCTB OOOTAIIEHHOTO TMPOAYKTa CErapamud U
MOBBIMIECHUIO 3()(HEKTUBHOCTH MPOIIECCa €r0 U3METbUEHUS:

e ynenpbHAas TPOW3BOAUTEIHHOCTh MENBHHIIBI 1O BHOBH oOpa3oBaHHOMY Kiaccy — 0,2 MM
noBkImaercsa B cpeanem Ha 25 % ¢ 0,70 no 0,87-0,89 Kr/mme-u;

® WHIEKC YUCTOM paboThl mrapoBoro m3menbueHust W ymenwmraercs ¢ 47,6 no 29,9-30,1

03 i XapakTepHu3yeT COKpallleHKe YHEpro3aTpaT Ha H3Mesbuenue Ha 35 %.

(xBT9/T)-MKM
NIMTEPATYPA
1. MuHeparnbHo-chipbeBas 6asa Mypmanckon obnactv / b. B. AghaHacses [u 0p.] I/ MuHepanbHble pecypcbl Poccun. 1997.
Ne 3. C. 10-22. 2. Yanmypusi B. A., Koanos A. 1. CoBpemeHHble Npobrembl KOMMIEKCHOW nepepaboTku TpyaAHOO60raTuMbIX
PYL 1 TEXHOrEHHOrO Chbipbsi // CoBpemMeHHbIe MPOGNEMbI KOMMIEKCHON nepepaboTkn TpyaHOOB0raTMMbIX pya v TEXHOTE€HHOrO
cbipba (MnakcuHckne vteHus — 2017). KpacHospek: Cubup. denep. yH-T, 2017. C. 3-6. 3. Bawraes A. W., BpazuH B. Y.
MporHo3 adhdhekTMBHOCTN NpeaBapuUTENbHONO pagnuoMeTprieckoro oboraluenns // CoBpemMeHHble Npobrembl KOMMIIEKCHOM
nepepaboTkv TpyaHooboratMMbIX pya, 1 TEXHOrEHHOro chipba (MnakcuHekue yteHna — 2017). KpacHoapck: Cubnp. dbenep. yH-T,
2017. C. 125-128. 4. OueHka 3hpeKTMBHOCTN IKONIOTMYECKM COArNaHCMPOBaHHOM TEXHOIOMMM pa3paboTkn MECTOPOXKAEHUS
cTparerndeckoro cbipbsi MNapTomyopp B ApkTudeckoi 3oHe Poccum / C. B. Jlykuyes [u dp.] I/ TopH. xypH. 2017. Ne 12. C. 57-62.
5. OueHka 3deKTMBHOCT KOMMIEKCHON nepepaboTkm OedHbIX anatuT-HeenuHOBLIX pyd, COAEpXaluux pegkue
1 penkosemernbHble MeTannel / . B. Mumpogbarosa [u dp.] // L. metannbl. 2018. Ne 8. C. 7-12. 6. Pa3suTe MyMHepanbHo-
cbipbeBo 6a3bl oboraTutensHom dabpukn AO «C3PK» ¢ nepcnekTnBon komnnekcHoro oborawenns / . . AHgpoHoB [u dp.]
/I CoBpemeHHbIe NpobriemMbl KOMNMEKCHOM NepepaboTku TpyAHOO6OraTUMbIX pya, M TEXHOTEHHOTO Chipbs (MnakcuHckue YTeHust
— 2017). KpacHospck: Cubup. denep. yH-T, 2017. C. 61-64. 7. KaseHHos M. H. Metoabl nabopaTtopHbIX MCCreaoBaHuUin
N OLEHKN W3MENbYAEMOCTU pya ANsi ONPEenerneHvs NpPOM3BOAUTENBHOCTMA MPOMbILNEHHbIX 6GapabaHHbIX MerbHWL,.
M.: LiBetmeTuHbopmaums, 1967. 63 c. 8. Baticbepz B. M. Oxcnnyatauusi ApoOUbHbIX Y U3MENbYUTENBHbBIX YCTAHOBOK: CrpaB.
nocobue ans paboumx. M.: Heppa, 1989. 196 c. 9. TapaHos B. A. loBbiweHne 3pekTMBHOCTU pPyOoONOarOTOBKM
30M0TOM3BEeKaTenbHbIX (habprik Ha OCHOBE ONTUMM3ALIMM TEXHOIOMMYECKUX CXEM: AUC. ... kaHa. TexH. Hayk: 25.00.13. CI16.,
2016. 181 c. 10. CnpaBoynuk no oborawieHno pya. T. |. MNogrotoBuTensHble npouecckl / nog pen. O. C. bozdaHosa,
B. A. Onesckoeo. M.: Hegpa, 1972. C. 349.

Caenenns 00 aBTopax

Anexceesa Ceemnana Anexcanopoena — HayuHblii coTpyaHuk ['opnoro uncruryra KHI[ PAH

E-mail: alekseeva@goi.kolasc.net.ru

Tepewenrxo Cepeeti Bacunveguuy — JIOKTOpP TEXHHYECKHX HayK, 3aBedyroluil gadopaTopueil I'opHoro
nacruryra KHI PAH

E-mail: tereshchenko@goi.kolasc.net.ru

66 http://www.naukaprint.ru/zhurnaly/vestnik/



HccnenoBanne BIUSHUS HpeI[BapPITeJILHOﬁ KOHICHTPAIIMU HAa U3MEIIbYaCMOCTb allaTUTCOACPKAIINX PY]

Author Affiliation

Svetlana A. Alekseeva — Researcher of the Mining Institute of KSC RAS

E-mail: alekseeva@goi.kolasc.net.ru

Sergei V. Tereshchenko — Dr. Sci. (Engineering), Head of Laboratory of the Mining Institute of KSC RAS
E-mail: tereshchenko@goi.kolasc.net.ru

bubaunorpadguyeckoe onucanue CraTbu
Anexceesa, C. A. VccienoBaHue BIUSHMS NPEIBAPUTEIBHON KOHLEHTpPALUMKW Ha H3MEIbYaeMOCTh
anarurconepxxanmx pya / C. A. Anekceesa, C. B. Tepemenko // Becthuk Konbckoro Hay4Horo mneHTpa
PAH. — 2018. — Ne 4 (10). — C. 61-67.

Reference
Alekseeva Svetlana A., Tereshchenko Sergei V. Study of Impact of Preliminary Concentration on Grindability
of Apatite-Containing Ores. Herald of the Kola Science Centre of RAS, 2018, vol. 4 (10), pp. 61-67 (In Russ.).

BECTHHK Konvcrozo nayunozo yenmpa PAH 4/2018 (10) 67



DOI: 10.25702/KSC.2307-5228.2018.10.4.68-72
VIIK 622.7

HOJYYEHUE JOHOJHUTEJBHbBIX TPOAYKTOB U3 TEXHOI'EHHBIX OTXOA10B
NEPEPABOTKMU PYJl KOBAOPCKOI'O MECTOPOXIEHUA*

I'. II. Augponos, T. H. [lepynkosa
®I'bYH I'opasbiit uactutyr KHI[ PAH, r. Anatuts!

AHHOTauun
M3y4eHa BO3MOXHOCTb MOSyYeHUsi AOMNOMHUTENBHbIX NPOAYKTOB U3 TEXHOrEHHOMO MUHEPanbsHOro
cbipbsi BTOporo nons xsoctoxpaHunuwa AO «Kosaopckuin MOK». MNpegnoxeHa npuHuMnuansHas
nocneaoBaTenbHOCTb 0bOraTUTENbHBLIX OMepauyi, MO3BONSALWMX NonyyaTb M3 Uccrnegyemoro
TEXHOIEHHOIO CbIPbsi MarHETUTOBbIN, aNnaTUTOBLIA, (DOPCTEPUTOBLIN, ONOrONUTOBLIN, KAPOOHATHBIN
1 6a40enenToBbIN KOHLEHTPaTbI. [oka3aHbl HanpaBneHUs UCMOoNb30BaHNSA NEPCNEKTUBHBIX MPOAYKTOB
oboralleHus ¢ y4eTOM UX rPaHyrnoMeTPUYECKOrO N XUMUYECKOrO COCTaBOB.

KnroueBble cnoBa:
mexHo2eHHoe MecmopoxdeHue, arnamum, MazHemum, ¢hopcmepum, ¢hrioeonum, 6addeneum.

PRODUCTION OF SECONDARY PRODUCTS FROM MINING-INDUCED ORE PROCESSING WASTE
FROM THE KOVDOR DEPOSIT

George P. Andronov, Tatyana N. Perunkova
Mining Institute of KSC RAS

Abstract

Successful experience of JSC Kovdorsky GOK has shown high economic and ecological
efficiency of industrial processing of mineral raw materials from a mining-induced deposit of the
first tailing dump field which was formed in the early years of the magnetite dressing plant. Current
processing wastes, stored in the tailing pond, are characterized by a smaller content of apatite
due to the continuous improvement of the processing technology used at JSC Kovdorsky GOK
and contain more magnetite, forsterite, and phlogopite. The study investigates the possibility
of complex processing of mining-induced mineral raw materials of the second tailing dump field
from JSC Kovdorsky GOK. The authors propose a basic sequence of processing operations,
which makes it possible to yield magnetite, apatite, forsterite, phlogopite, carbonate and
baddeleite concentrates from the investigated raw materials. The paper presents the trends
in using promising processing products, taking into account their granulometric and chemical
compositions.

Keywords:

mining-induced deposit, apatite, magnetite, forsterite, phlogopite, baddeleite.

BBenenne

VYBenuueHne  00beMOB  JOOBIMM W TIepepabOTKH
MUHEPATLHOTO CHIPhSl TPUBOAWT HE TOJBKO K TOBBIIICHUIO
MPOU3BOJUTEILHOCTY  TOPHO-000TAaTUTENLHBIX — MPEANPUSITHIA
MO BBITYCKY KOHIIEHTPATOB, HO U K POCTY OTXOJIOB OOOTaIeHUs
¢ 00pazoBaHHWEM TEXHOTCHHBIX MECTOPOXKICHWUH. AKIIMOHEPHOE
y “~~ O0O0IIEeCTBO «Kosnopckuii ['OK» — oaHo u3 npeanpustuii Poccun,
---- S5 KOTOpOE, IepepabarhiBas CIOKHBIE 110 MHHEPAILHOMY COCTaBY
OanjenenT-anaTuT-MarHeTUTOBBIE  PY/Ibl, BBIMTYCKAeT MarHeTUTOBBIN, alaTUTOBBIA WM OajIeICUTOBBIN
KOHIIEHTPAThI, TEM CaMbIM TIOKa3bIBasi IPUMEP PAIMOHATLHOTO OTHOIIEHUS K MHUHEPAIBLHBIM pecypcam.
Kpome toro, no paspabdorannoii B 'opaom nactutyre KHI] PAH texnomoruun AO «Koaopckuii 'OK»
¢ koHra 1990-x rr. HauaTo MacmTabHOE OCBOCHHE 3aIacOB TEXHOTEHHOTO MECTOPOXKACHUS | («i1exkambiey

“Pabora BrImonHeHa mpu nognaepxke [Iporpamme!l pynnamentansabx ncenenoBannii PAH 1.39.
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xBOCTHI | mosist XBocToxpanuiuiia), CQOPMUPOBAHHOIO OTXOAAMHU OOOTAIEHUS MPEIBITYIINX JIET paboThl
MarHeTUTOBOW 00OratutenbHOM (aOpuKu, C BBITYCKOM BBICOKOKAYECTBEHHBIX AalaTUTOBOTO U
0a11e7enuTOBOro KOHIEHTPAToB [1-3]. YcnenHslii onbIT MpeArnpusTHs MOKa3al BEICOKYIO SKOHOMUYECKYIO
Y 3KOJIOTUYECKYI0 3(h(PEeKTUBHOCTH MPOMBILIUIEHHOH MEepepaboTKH <«JIEKATBIX» OTXOI0B.

B mnacrosmee Bpemsi B pesynbTare ckiamupoBaHus ¢ 1985 r. oTxomoB oOoraiieHHs amarur-
OamenenToBoil oborartutenbHOi (padpuku chopmupoBaHo TexHoreHHoe Mmectopokaenue II (II mome
XBOCTOXPaHWIHUINA), Ky/a MMOCTYIAI0T U TEKYIIHUE OTXOAbI IepepadoTKy, 4To cocTaBisieT mpuMepHo S50 %
(8 MiH T) mocTymnaromeii Ha odorameHre pyabl exeroqHo. C pocToM KOJIMYECTBA OTXO0B YBEIIMUMBAIOTCS
3aTpaThl HA UX XpaHEHHE W OXpaHy OKpyxkKaromiei cpeabl [4—6]. PazpaboTka TexHOMOrMM 0OOTaIIeHUs
C KOMIUIEKCHOM MepepabOoTKOM ChIpbs U yTHIIN3AlMEeH B SKOHOMHUYECKH 11e/1eCO00pa3HbIX 00beMax 4acTH
OTXOJIOB TTIO3BOJIUT YBEJIMYNTH CHIPHEBOW MOTSHIIMAI PEANIPHUATHS, TOTYIUTh JOTOTHUTENHHYIO IPUOBLTH
U B TO )€ BPEMsI CHH3UTH YKOJIIOTMIECKYIO HArpy3Ky Ha IpUpoaHyio cpeay [7-9].

B nannoii pabote paccMoTpeHa BO3MOKHOCTD U3BIICYCHHS M3 TEXHOT€HHOTO MUHEPAIbHOTO ChIPhS
Il monsa xBoctoxpanwmmmia AO «Kosmopckuit ['OK» MakcuManbHO BO3MOKHOTO KOJTHYECTBA TOJIE3HBIX
KOMIIOHEHTOB C TIOJTy4YE€HUEM JIOTIOTHUTEIHHBIX BHIOB TIPOIYKITHH.

O0beKThI HCcCIe0BaAHNS

Bropoe mone xBocroxpanmmma AO «Kosmopckuit 'OK» ormeneno ot mepBoro mam6oil u
MPEJCTaBIsIeT COOOM FOrO-BOCTOYHYIO YacTh TEXHOTEHHOTO MECTOPOXICHHS. 3HAYMTEIbHYIO YacTh
IUTOIIA/IA TIOJIsl 3aHMMAET aKBaToOpusi OacceiiHa 00O0pOTHOr0 BOAOCHAOXKEHHS. MUHEpAIbHBIA COCTaB
neckoB [l mons XBOCTOXpaHMIMIA WAEHTHYEH MEPBOMY, HO OTIHMYACTCS MEHBIIUM COAEp)KaHHEM
MOJIE3HBIX KOMITOHEHTOB BCJIEACTBUE MOCTOSITHHOTO COBEPIICHCTBOBAHUS TEXHOJIOTUU oboramenus AO
«KoBnopckuit 'OK» 1 Goee moaHOro u3BiIeYeHNs KOMIIOHEHTOB: Oe/lHee 10 KOHIIEHTPAINH arlaTUTa U
cozepkaT Oonblliee KOMMYECTBO MarHeTtuTa, Qopcreputa, ¢uoronuta. OCHOBHBIMH MHHEpAIAMH
c(OpMHUPOBAHHOT O MECTOPOXKIACHNUS sBIIsIOTCS hopeTepuT (3545 %), kapoonatst (24-27 %), paoronut
(1015 %), amatut (10-12 %), mupokcens (4—9 %) u maraerur (2,5-3,0 %), conepxanne OGammenenrta
cocrapisieT meHee 0,3 %.

HVccnenoBanust MpoOBOAMIIM Ha TEXHOIOTHYECKUX TPOo0ax XBOCTOB TEXHOTEHHOTO MecTopoxkaeHus I,
c(OpMHUPOBAHHBIX U3 MAaTEPHUATIOB KEPHOBBIX IPOO CKBAYKUH PA3TUYHBIX TOPU30HTOB XBOCTOXPAHMIIHIIIA.
Pe3ynpTaThl MpOBEICHHOTO XUMHUYECKOTO ¥ TPAHYJIOMETPHUYECKOT 0 aHAIIN3a MTOKa3aJld, YTO UCCIIeyeMoe
TEXHOTEHHOE MHHEPAJIbHOE CBhIphe HEOJHOPOAHO II0 TPAaHYJIOMETPHUYECKOMY COCTaBYy U HMEeT
OTJINYHUTENIbHBIE OCOOEHHOCTH M0 TOPH3OHTAM U y4acTKaM. Y CJIOBHO XBOCTBI MECTOPOXKICHUS MOXHO
pa3lenuTh 1o coaepkanuio kiacca -0,071 MM Ha «KpYITHBIEY, «CPETHHE» U «MeNKue» (Tadm. 1), B TO ke
BpeMsI XapaKTEPH3YIOTCS IPUMEPHO OJMHAKOBBIM COJIEPKAHUEM OCHOBHBIX XUMHUECKIUX KOMIIOHEHTOB!
P,0s — 4,20-5,52 %; Feoon — 4,07—4,73 % u ZrO, — 0,19-0,24 %.

Tabnuya 1
Table 1
Knaccugukanus npod mo rpaHyIOMETpHYECKOMY COCTaBY
Classification of samples according to granulometric composition
[Ipoba
ConeprxaHue Knacca KpyrmHocTH, % Sample
Content of grade size, % «Kpymnas» «Cpennsisn» «Menkas»
«Coarse» «Mediumy» «Fine»
+0,2 MM
+0.2 mm 43,0 15,7-27,8 2,4-42
-0,071 mMm
0,071 mm 6,9 14,2-33,9 61,6-70,1
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Pe3yabTaThl 1200paATOPHBIX HCCIEIOBAHMM

JUis onmydeHusl KayeCTBEHHBIX KeJe30pYIHOI0, alaTUTOBOTO U 0a1elIenTOBOr0 KOHIIEHTPATOB
paHee ObLjIa UCIIONIb30BaHa TeXHOMOrus oboramenus, npunsatas Ha AO «Konopckuii ['OK».

HauanpHoli omepanueid NMpu TOATOTOBKE CHIPhS K OOOTAIICHUIO SIBISETCS H3MEIbUYCHHUE,
HEOOXOJMMOCTh KOTOpPOro OOYCJIOBJIEHA CIEAYIOIIMMHU (paKTOpaMH: IIOAIOTOBKON IOBEPXHOCTH
MHUHEPAJIOB K (hoTaluu, OTTUPKON a1cOpONpPOBaHHBIX pEareHTOB Ha MUHEpaJlaX 3a BpeMsl CKIIaMpOBaHuUs,
PacKpBITHEM CPOCTKOB U BKJIIOUCHUH MarHeTuTa.

BBuny Hanuuus B HMcClIeyeMOM TEXHOT€HHOM cblppe MarHetuta (2,5-3,0 %) wusyuena
BO3MOXKHOCTb ITOJTy4€HHUs Ha [IEPBOM cTaanu o0oraeHus MarHeTUTOBOro KoHueHTpara. [lokaszano, 4ro
MarHeTHT, OCTaBIIMICS Mocie 00OralieHus MarHUTHOM cerapanueil HCXOMHOM Pyabl, HAXOAUTCS Kak
B CpPOCTKax C CHJMKaTaMH ©u KapOonaramu (xmacc +0,16 mMm), Tak W B CBOOOJHBIX 3€pHaX,
KOHIICHTPUPYSCh TPEUMYIIIECTBEHHO B «TOHKUX» Kiaccax (-0,071 mm). Pe3ynbTarsl BeIIEICHHSI MarHETHTA
(IByXcTaguagbHas MarHUTHAS CeTapals) U3 pa3IndHbIX 10 KPYITHOCTH MPpo0 NMpUBEIEHBI B Ta0. 2.

Tabnuya 2
Table 2
Ilokazarenm MOJTYYCHUA MArH€TUTOBOI'O U alTaTUTOBOI'O KOHIICHTPATOB
Indices for obtaining magnetite and apatite concentrates
MaraeTuToBbIf KOHIIEHTpAT, %o ATaTUTOBBIN KOHIIEHTpAT, %
IIpoba Magnetite concentrate, % Apatite concentrate, %
Sample Conepxanne Feosy | U3Bneuenue Feos, | Conepxanne P2Os NsBneuenue P20s
Content of Ferota Recovery of Fetal Content of P,0s Recovery of P,0Os
«Kpymnnas» 60,27 19,3 38,1 423
«Coarse»
«Cpenmasny 60,8-61,58 21,8-22,9 38,0-38,6 25,6-31,6
«Mediumy
«Mermicaz 63,42 8,0 15,9-24,2 37,2265
«Finey»

N3 «menkux» mpoO moimydeHbl KOHIICHTPAThl ¢ coaepxkanueM Ooiee 63 % Feysy, U3 «KpyIHOI
U «CpeIHei» — KOHIeHTpaThl ¢ coaepkanueM 60-61 % Fe.s,. [lomydenune Oonee KadyeCTBEHHOTO
KEJIe30PYAHOT0 KOHIIEHTPaTa BO3MOXKHO IPH YCJIOBUU MPOBEIEHHS JONOIHUTEIBHOIO O0see TOHKOrO
M3MEJbYCHHUS C IOCIIEIYIOUIel MarHUTHOH cenapanueii: conepxanue Feqsy, B KOHIIEHTpaTax MOBBIIIAETCS
1o 63-64 %.

Amnamus pacnpeznenenus P2Os o kimaccam KpymHOCTH mokasaln, uro 6omnee 50 % okcuna ¢pochopa
B «KPYITHOI» Ipode cocpenoToueHo B kinacce +0,2 MM, B «Menkoii» mpoode 70 % P,Os Haxomutes B Kiacce
-0,05 MM. Anmatut B mpoOax MPHCYTCTBYET Kak B BHJE CBOOOIHBIX 3€PEH, TaK U BUAE CPOCTKOB
C KaJIbIIUTOM, MAarHETUTOM, (POPCTEPUTOM.

HemarnutHas ¢pakuus mocie mpoBeACHUs ONepaluy 00ecIUIaMIMBaHUs (CTYIICHUS) SIBIISCTCS
NUTaHWEM anatuToBoi ¢uotauuu. I[IpoBeneHHbIE 1Ta0OpaTOpHBIE HCIBITAHHS C HCIOJIH30BAHUEM
(abpuyHOr0 peareHTHOr0 peXXrUMa OKa3alH, YTO MOTYUYEeHHE KAYeCTBEHHOTO allaTUTOBOI'0 KOHILIEHTpATa
3aBUCUT OT KPYITHOCTH 000ramaemMoro ceipbs. Jist «kpymHOW» M «cpenHeir» npod ussiedenune P,Os
B KOHIIEHTpAT cocTaBmwiio 42 u 25 % cooTBeTcTBeHHO nipu coaepkanuu P,Os B koHIeHTpare ~38 %.
N3 npoOsl ¢ BeicokuM coaepxanuem (0omee 60 %) kiacca -0,071 MM monydeHbl anaTUTCOJEpIKaLIHe
OPOIYKTHI ¢ KoHILeHTpatuen 15-24 % P,0s npu u3snedenun 37-26 % (tabdmn. 2).

[To mpunstoit Ha ABO® cxeme oboraieHus TEKyIIeH pyabl XBOCTBI (PJIOTALIMU allaTUTA SIBISFOTCS
MUTaHUEM IIepeienia Ui MoTydeHus 6a11eIeNTOBOr0 KOHIIEHTPAaTa, HO TaK Kak B COCTaBE MUHEPAIbHOI'O
CBIpbsl TeXHOreHHOro Mectopoxkaenus |l npucyrcrytor ¢uoronut (10-15 %) u 1o 45 % dopcrepura,
B HacTosuied paboTe paccMOTpeHa BO3MOXKHOCTb IMOJYYEHHUS JIOMOJHHUTEIBHBIX MPOIYKTOB,
MEPCIIEKTUBHBIX IS MOCIEAYIOLIeH nepepaboTKu.
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®0romuUT OTHOCUTCS K T'PyIIe MarHe3najlbHO-KEJIC3UCTBIX CIOO, B Hpo6ax HaXOaUTCA B BUIC
TOHKHX JINCTOYKOB, MJIACTUHOK UJIM TaOJIUTUYATHIX arperatoB. Jlaxe B «KpymHbIX» Kiaccax (+0,2 Mmm)
(hyoromuT TPUCYTCTBYET B CBOOOJHOM BHJIC, B HE3HAYHUTEIHLHOM KOJIMYECTBE 00pa3yeT CPOCTKH
¢ kapOoHatamu, (opcrepuToM MU anmaTuToM. KoiaumdecTBo (Doromura CHHIKAETCS OT «KPYITHBIX)»
KJIacCOB K «Menkum». s dmotanuu ¢raoronura MCHoNb30Bald KaTHOHOAKTHBHBIN cOOMpaTehb
AHII. ®noronuToBble KOHLEHTPATHI, MOJYYEHHbIE B ONTUMAIbHOM PEAreHTHOM PEXUME, COAEPKATIU
8,0-8,1 % KO, uro, cOrmacHO MHHEPAJIOTHYECKOMY aHalIu3y, COOTBETCTBYET COIEPKAHUIO
¢noronura B KoHleHTpaTe Ha ypoBHE 90 %. U3Bneuenue K,O B koHuentpar coctaBuio 71-80 %.

dopcTepuT — MUHepall TPYNIbl OJIMBHHA, NPEACTaBIsAeT COOOM CHIMKAT MarHus ¢ HEKOTOpOH
npumechio (01 0 10 10 Mo %) dasumura Fe,SiO,. Kosmopckuit dpopcrepur coneprxkur 51 % MgO u or 3
10 6 mon. % Fe,SiO,. B ucciemyeMoM TeXHOTEHHOM ChIpbe 95 % (opcreprta HAXOIUTCS B CBOOOTHOM
coctosiHuu. ®noranuio hopcreprTa MPOBOAMIM C UCIIOIB30BaHUEM B KauecTBe coonpaTtens cmecn JKKTM
n peareara ®norton-7,9. B pesynbrare momydeH (GOpPCTEPUTOBBI KOHIIEHTpAT ¢ coxepkannem MgO
Ha yposHe 50 % npu uzBiedennu 51 %.

Taxum 00pazom, MOCIEA0BATETHLHOCTD ONEPAIM IS BBIICIICHHSI JOTIOTHUTEIFHBIX KOHIIEHTPATOB
TaKOBA: IOJIydeHNE MArHETUTOBOTO KOHIIEHTPAaTa MArHUTHOM cemapaiuei, Gpuoranus anatura, Gpuoranus
¢drnoronura, d¢uotamus ¢dopcrepura. Ilocmemnyromee BbieneHne 0ajIeIeUTOBOTO  KOHIIGHTpATa
OCYIIECTBIISUIA U3 XBOCTOB (hOPCTEpUTOBOM (htoTarmu. ['paBUTAlMOHHBIM CIIOCOOOM TOIY4EeH YEePHOBOM
0a7/1eNIeNTOBBIM KOHLIEHTPAT ¢ cozepxkanueM 59,6 % ZrO, npu u3Bnedennu 25 % OT oneparyy.

Eme oauH mpomyKT, KOTOpPBI MOXET OBITh IMOJy4EH M3 HCCIEAYEMOrO ChIpbs, — KapOOHATHBIH
koHreHtpar. Ilecku Il moms xBocToxpanmnmmma comepx)ar a0 27 % KapOOHATOB, MPEICTABICHHBIX
B OCHOBHOM KaibiutoM (90 %) u momomutom. B cpoctkax mHaxomutes 4-5 % kapOoOHATOB, OCTaIbHAS
9acTh — CBOOOIHBIC, pacKphIThie 3epHa. Comeprkanue B kKanbiuTe CO; cocraiser 43,5 %. KapOoHnaTHbrit
KOHIIEHTPAT MOXET OBITh ITOJy4eH HEeITOCPEICTBEHHO M3 XBOCTOB allaTUTOBOH ()IOTAINH, OHAKO TP 3TOM
HCKITIOYAeTCsS BO3MOXKHOCTD IOJTy4eHUs (POPCTEPUTOBOTO KOHIIEHTPATA.

Haunbonee BBICOKHE TEXHOJIOTHYECKHE ITOKA3AaTENH TONYy4eHHS (IIOTAlMOHHOTO KapOOHATHOTO
KOHIIEHTpaTa JOCTUTHYTHl MPHU HCIIOIb30BAHUU B KaueCTBE COOMpATeNs KUPHOKHCIOTHOIO peareHTa
B COYETaHUU C MoauduKaTopoM B cooTHomreHuu 3:1. U3Bneuenne CO;, B KoHIIeHTpaAT cocTaBuio 39 %,
npu coznepkanuu CO; B koHueHTpare 38,9 %.

IIpenBapurebHas TEXHOJOrHYeCKasi OLCHKA NMEePCIeKTHBHBIX POAYKTOB

Ha cerogusimauii 1eHs BOCTpeOOBaHBI MPOMBIIUIEHHOCTBIO U mpon3BosaTcss AO «KoBmopckuii
I'OK» MarHeTUTOBBIH, allaTUTOBBIN W 0a/IIeIeNTOBBIA KOHIIEHTPAThI. DJIOroNMUTOBBIH, (HOPCTEPUTOBBIN
1 KapOOHATHBIN KOHLIEHTPATHl MO)KHO pacCMaTPUBATh KaK MEPCIEKTHBHBIE.

@DJ10ronUTOBBIM KOHLEHTpAT ¢ pa3MepoM 3epeH MeHee 0,4 MM MOJKET paccMaTpUBaThCsl B KAUECTBE
aHajora JApoOJeHBIX (MOJIOTBIX) CIIIOA W HCIOJB30BAaThCS IPH MNPOU3BOJACTBE pydOepouza, IpH
OypOB3pBIBHBIX Pa0OTax Uil M3OJISIMM 30H IOTJIOMICHUS M IIEMEHTUPOBAHUS HE(PTSHBIX M Ta30BBIX
CKB@KHUH, B PE3MHOTEXHUYECKOH MPOMBIIIICHHOCTH. BO3MOXHO NMpHMEHEHHE MOJIOTOro (hioromura
B METAJUTYPTUYECKOI MPOMBIIUIEHHOCTH. B 3aBHCUMOCTH OT 00J1aCTH UCIOJIb30BAHUS PETIIAMEHTHPYETCS
COCTaB KOHIIEHTpATa U COJIepKaHNue MpUMeCeH.

CornacHo aHanM3y TpaHyJIOMETPUYECKOro cocTaBa ()JIOrONMTOBOIO KOHIIEHTPATa, MOIY4YEHHOIO
13 TEXHOTEHHOT'O ChIPbsl, KOHIIEHTPAT 3aHUMAET MPOMEKYTOUHOE 3HAYEHHE MEKIY APOOJIECHOM ciroaoit
(comepxkanue kinacca -0,16 mm He Oonee 15 %) u ciarogoit Mmonoroi (comepxkanue kiacca +0,16 Mm
He Oonee 0,2 %) (tabm. 3). [Ipu ycnoBun kinaccudukanmu mo knaccy 0,16 MM (GIoromuToBbIid KOHIIEHTPAT
MOJIHOCTBIO yroBieTBopsieT TpeboBanusMm ['OCT 19571-74 ans npoOiieHOM CIIOABI U MOXKET OBITh
MCMOJb30BaH MPU M3TOTOBJIEHUMU MSTKOM KpoBiu. bonee menkas (pakiysi KOHLUEHTpara 1o KpymHOCTH
yIOBJIETBOPSIET TPEOOBAHUSIM K MOJIOTOM CIOJIE, MPUMEHSIEMON NP MPOU3BOICTBE PE3UHOTEXHUUECKUX
m3nemuii. Knaccugukanus no kimaccy 0,05 MM MO3BONMT yHalduTh M3 KOHLEHTpaTa JIMMHUTHUPYIOLIHE
MPUMECH, OrPAHUYMBAIOLIME MCIOJIB30BAaHUE B TPAAULIMOHHBIX JUIS JAHHOTO CBIPbsl 00JacTAX
MIPOMBIIIIEHHOCTH.
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Tabnuya 3
Table 3
['panynomerpuueckuii 1 XMMUYECKHI cOCTaB (PIOrOMUTOBOrO KOHLIEHTpATa
Granulometric and chemical compositions of phlogopite concentrate
Conepxanue, % Ussneuenue, %
Knacc kpynaoctu, mm | Beixon, % 0 o
Grade size, mm Output, % Content, % Recovery, %
’ ' K0 P20s COq K20 P05 CO2
+0,16 37,6 7,98 0,24 0,24 40,0 49,1 25,5
-0,16 +0 62,4 7,19 0,15 0,46 59,8 50,9 80,5
B Tom umce -0,05 7.1 4,38 0,29 1,21 4.1 11,8 29,9
including -0,05
Beerod 100,0 75 0,18 036 | 1000 | 100,0 | 100,0
Total

OnHO W3 NEpCHEeKTHBHBIX HAMNpABICHUH NpPUMEHEHUs (HOPCTEPUTOBOrO KOHIIEHTpaTa —
WCTIOJNb30BaHUE €ro NpU MPOM3BOACTBE IUIABIEHBIX (ochopHO-MarHueBslx ymoopenuin (IIOMY).
[Tonygaror ux crutaBneHneM ¢ochaToB ¢ MarHMEBBIM CBHIPbEM (JIYHHTOM, KHU3EPUTOM, OJUBHUHHTOM,
¢dopcreputom) nipu Temnepatype 1350-1400 °C ¢ mocneayromuM OBICTPBIM OXJIKISHHUEM BOOH.

Kap6onatHslit koH1IeHTpaT, copepxamuii 53,0 % CaCOs, mocie npeaBapuTenbHOro IPaHyIupPOBAHNS
B NIEPCIEKTUBE MOXKET OBITH MCIIOJIb30BaH B Ka4E€CTBE ChIPhs /sl Mpon3BoacTBa n3sectH |1l copra.

BriBoabl

IIpoBeneHa orieHKa BO3MOXKHOCTH ITOY4YEHUS! JOIIOIHUTENBHBIX BUI0B MTPOIYKIMU U3 MUHEPATBHOIO
TexHoreHHoro ceipbs 11 momnst xBocroxpanunuia AO «Kosmopckuit 'OK».

[IpemyioxkeHa MocCIeNOBATENbHOCTE  OOOTaTUTENBHBIX — ONEpAIMif, METOAOB U  PEXHMOB
o0orarmieHus, Mo3BOJSIONINX MOTy4aTh U3 MHHEPAIBHOTO CHIPhSI TEXHOT€HHOI'O0 MECTOPOXKICHHS HAps Ty
C TPagUIHMOHHBIMA KOHLEHTPAaTaMH — MAarHETUTOBBIM, AalaTHTOBBIM M OaIeleUTOBBIM, TaKXKe
JOTIOTHUTEIIBHO eI1ie (PIIOrONUTOBBIH, (POPCTEPUTOBBIN M KapOOHATHBIN KOHIIEHTPATHIL.

[Toka3zanbel HampaBJIeHUS HUCHOIB30BAHUS MEPCIEKTUBHBIX MPOJYKTOB OOOTAIIEHUS C YIETOM HX
IPaHyJIOMETPUYECKOr0 1 XUMUYECKOI'O COCTaBOB.

CxitarpoBaHHBIEC OTXO/IBI 00OTaeHus (TeXHOreHHOoe MecTopokaeHue |1) siBisiercst JomoMHUTeIbHON
ceipbeBoii 0azoit AO «Koaopckuit 'OK», mo3Bossitonield mpou3BOIUTh HE TOJBKO JOMOHUTEIBHBIC
00BEMBI ~ amaTUTOBOrO, OAANENEUTOBOr0, (POPCTEPUTOBOrO, (IIOTOMUTOBOrO M KapOOHATHOTO
KOHIIEHTPATOB, HO M COXPAHUTH JIECHBIE YTO/bsl 32 CUET MOBTOPHOIO UCHOIb30BAHUS MOATOTOBJIEHHBIX
IJIoMageH.
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IHOUCK HOBBIX KOMIIVIEKCOOBPA3YIOIIUX PEATEHTOB
JJIA @JIIOTAIIMA MEJHO-HUKEJIEBBIX PY [

IO. C. Kamenesa, E. A. ba3aposa
®I'bYH I'opasbiit uactutyr KHI[ PAH, r. Anatuts!

AHHOTauun
OcyLiecTBneH CMHTE3 KOMITEKCOODPa3yoLLEro peareHTa MOHOrMapoKcnamMmaa ankeHunsHTapHom
KACMNOTbl MyTEM peakuMuM COOTBETCTBYIOLLErNO aHryapuga c rugpokcunamuHom. [poeeaeHa
aKCrnepuMeHTanbHas oLeHka BO3MOXHOCTU ero npuMeHeHus anst oroTaumm MegHo-HUKENEBON
pyabl OAHOro u3 MectopoxgeHuin lMedeHrckoro pygHoro nons. NokasaHa npuHUMNManbHas
BO3MOXHOCTb WCMOMb30BaHWs AaHHOMO Kracca peareHTOB B KayecTBe [AOMOSTHUTENbHOro
cobuparens-BcneHuBaTtens npu dpnotauum MegHo-HUKENEeBbIX PYA.

KnroueBble cnoBa:
MmedHo-HUKerneesas pyda, ghriomauyusi, peazeHmbI-KOMIIeKcoobpasogameru, cyrnb®audpusibHbIe
cobupamenu.

SEARCH OF NEW COMPLEXING REAGENTS FOR COPPER-NICKEL ORE FLOTATION

Yuliya S. Kameneva, Ekaterina A. Bazarova
Mining Institute of KSC RAS

Abstract
The complexing reagent of monohydroxyamide of alkenylsuccinic acid was synthesized through
the reaction of the corresponding anhydride with hydroxylamine. The possibility of its application
for flotation of copper-nickel ore from one of the Pechenga ore deposits was experimentally
estimated. The principal possibility of using this class of reagents as complementary foaming
agents in the copper-nickel ore flotation, is shown.

Keywords:

copper-nickel ores, flotation, reagent-complexing agents, sulfhydryl collectors.

BBenenue

B mocmennee Bpems B mepepabOTKy Ha  TOpPHO-
000raTHTEIILHBIX MPESIIPUATHSIX BCE OOJIBIIEC BOBICKAIOTCS OCIHBIC
TPYIHOOOOTaTUMBIE ~ METHO-HUKENIEBbIE PpyIbl, M  KOTOPBIX
XapakTEPHO HHU3KOE COJiep’KaHWe IIEHHBIX KOMITOHEHTOB.
CloXXHOCTh BENIECTBEHHOTO COCTaBa, HEpPaBHOMEpHAs TOHKas
BKPAIUICHHOCTh OOYCJIOBJIMBAIOT CHUKCHHE TEXHOJIOTHYECKUX

nokasaTteseil o0oramieHus ¢ HUCIONb30BaHHEM TPaJUIIMOHHBIX
CXEM U pEareHTHbIX peKUMOB. OTHUM U3 ITyTel pereHus MpoOIeMBbl SBIISIETCS MOMCK HOBBIX PEareHTOB-
coOuparenei.

Jnst pazgeneHust Cyab(QHUIOB IBETHBIX METAJUIOB M MHUHEPAIOB IYCTOH IMOPOIBI MPUMEHSIOT
peareHThl pa3InYHOr0 CTPOCHUS, IPEUMYILIECTBEHHO CYIb(TUAPUIbHBIE COOMPATENN: KCAHTOr€HAThl —
conu kcantoreHoBbIX kKucaoT (ROCS;Me) u aspodnorer — gurnodpocdars (RO),PS,Me [1]. OcHoBHBIE
HanpaBJICHUS [T CO3[aHuUsI HOBBIX PEareHTOB — ATO pa3HO00pa3Hbie MOAU(DUKAIIUY CYIbPTUAPHIEHBIX
cobupareneii [2, 3] uiu BBeIEHUE B COCTaB MOJIEKYJbl KOMIUIEKCOOOPa3yooIUX IPYyNIUpoBoK [4, 5].
Hannyne B KpHCTAIMUECKOH pelieTke Cylb(QUIHBIX MHHEPAIOB aTOMOB IEPEXOJHBIX METaJLIOB
C YaCTUYHO 3aIOJTHEHHBIMU JIEKTPOHHBIMH OPOUTAIISIMH, CIIOCOOHBIX K B3aUMOJICHCTBUIO C OPraHUYECKUMHU
JUTaHIaMH, ONpeAessieT BO3SMOKHOCTh UCIIOb30BAHUST KOMILIEKCOOOPa3yIOIIUX PEareHTOB B KaueCTBE
cobupareneid A cylbOUAHBIX PYI.
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M3BecTHO, 4TO rMAPOKCAMOBBIE KHCIOThI CIOCOOHBI 0OpPa30BbIBATH C HOHAMH I[BETHBIX METAJUIOB
U JKelle3a NMPOYHbIe KOMIUIEKCHI [6], yTO ompeenseT uX HCIOIb30BAaHHE B KaUeCTBE AHAIUTUYECKUX
areHTOB U CO3/aeT MPEANOCHUIKY Ul IPUMEHEHMSI 3TUX PEareHTOB B SKCTPAKI[MOHHBIX U (PIIOTAIIMOHHBIX
nporeccax 3, 7].

B Hactosmelt pabore uccienoBaHa BO3MOXKHOCTh IONYYEHHMsS M HCIHOJIb30BAaHUS B KadeCTBE
cobuparenst OMPYHKIIMOHAIBHOIO COEAMHEHMS], TaK KaK U3BECTHO, YTO HAIMYKE ABYX ()YHKIMOHAIbHBIX
I'PYIIIUPOBOK B MOJIEKYJIE PeareHTa OIpelessieT ero CocoOHOCTh 0Opa3oBHIBATh NPOYHBIE XeJaTHbIE
coeprHeHus. L{eHTpabHbIi aTOM B TAaKUX COEAMHEHHSIX CBSI3aH C OPraHUYECKUM JIMTAHJIOM CHUJIaMHU Kak
IJIaBHOM, TaKk U MOOOYHOM BajieHTHOCTH. IIpuMepoM TakuX COEAMHEHHH, COCOOHBIX OOpa30BBIBATH
XeJIaTHbIE KOMILIEKChI ¢ HOHAMHU MEJU U HUKEJS, SIBJISIOTCS aMMHOKHCIIOTHI, B COCTaB KOTOPBIX BXOJUT
KapOOKCUJIbHASA U aMUHHAsI TPYNIUPOBKH [8].

Matepuanabl 1 MeTObI HCCJIEA0BAHUS

Bricokast peakiimoHHas CmoCOOHOCTh aHTUPUTHOTO KOJIbIIA AUKAPOOHOBBIX KHCIIOT 00ECTIEYNBAET
JICTKOCTD MPOBCJICHU CUHTE3a C YIACTUEM PA3JIMYHBIX HYKJICO(i)I/IJIBHBIX arc¢HTOB. OCYIIICCTBHGH CHHTC3
MOHOI'MJpOKCHaMU/Jia aHKeHHHHHTapHOﬁ KHUCJIOTHBI ITYTEM MPOBCACHUS PCAKIIUU MEKTY COOTBETCTBYIOIIUM
AHTHUJIPUJIOM U THIPOKCUIIAMUHOM B MOJIbHOM cooTHOIIEeHUH 1:1. [TonydeHHbli peareHT Xapakrepu3yercs
kucnotHeiM gncioM (KY), paBHbiM 336, COOTBETCTBYIOIIMM COEAMHEHUIO C OIHOW KapOOKCHIHHOMN
TPYIIIHPOBKOM.

OneHky coOupaTeNbHBIX CBOMCTB CHHTE3MPOBAHHOIO peareHTa MpOBOMMWJIM Ha Mpode
TOHKOBKPAIJICHHOW MEIHO-HUKEIIEBOM PYABl ONHOIO M3 MECTOPOXKACHMM IledeHrckoro pyaHoro moms
c coneprkanreM Ni~ 0,5 % 1 Cu = 0,21 %. MuHepasbHbIi COCTaB, ONPEIETICHHBI METOIOM PEHI€HO(a30BOro
aHaJM3a, MoKa3aJl, 4To JIOJ TIaBHBIX CYIb(QHIHBIX MUHEPATIOB B py/ae cocTaBiseT 4,5 %, B TOM uncie:
nuppotuHa — 2,6 %, nentnanauta — 1,4 %, xanekonuputa — 0,5 %. [Topomoobpa3zyroniue MUHEpaIbl
MIPECTABJICHBI: CEPIIEHTHHOM, ITMPOKCEHOM, aM(puO0IaMu, TAIbKOM U OJTMBUHOM. Panee mpoBe1eHHBIMH
HCCIICIOBAaHUSAMH yCTaHOBJIEHA HEOOXOMMOCTh U3MENbUYEeHHUS JAHHOTO THIIA PYyIbI A0 KpynHocTH 97 %
kiacca -0,071 mm (= 88 % kimacca -0,045 MM), 9TO, COTJIACHO JAHHBIM MUHEPAJIOTHYECKOTO aHAIIN3a,
obecrieunBaeT MPaKTUYECKH MOTHOE PACKPHITHE CYNIb()UIHBIX MHHEPAJIOB.

Pyna xpymHOCTBIO -2 MM MOJBEprajiach M3MEIBYCHUIO B IIAPOBOM MENBHHIIE O0BEMOM 7 II,
COOTHOIIIEHHE TBEP0T0 K kuakomy 1:0,6, macca mapoBoii 3arpy3Kku cocTaBisiia 9 Kr.

OnbITHl POBOJUINCH B OTKPBITOM IIMKJE MO cXeme (puc.) ¢ mpoBeaeHueM ocHOBHOH (OD) u
KoHTposbHOU (rotaruii (K®). Heooxonnmoe 3Hauenne pH cozmaBaim ¢ TOMOIIBIO KaIbIIMHAPOBAHHOM
comel (Na,CO3), momaBaeMoli B U3MEIBLYCHHUE COTJIACHO CIIOKUBIICHCS MPAKTUKUA OOOTAIICHUS MEIHO-
HUKeNEBBIX pyA [9]. B kauecTBe akTuBaTOpa Cynb()UIHBIX MUHEPAJIOB HCIOIB30BAH MEIHBINA KYIOPOC.
Pacxon compl m MeQHOro Kyrmopoca BO BceX ombiTax cocTaBuil 3 Kr/T U 30 T/T UCXOOHOW pYyHBI
COOTBETCTBEHHO.

Hcxonnas pyaa

N3.2C03; K,
H3menbuenue
l CuSOq4; Af; uccrienyeMsii peareHT

OcHoBHad hroTanus

K.; CuSOy4; Af; uccrienyemslii peareHr

s

Kontpoabnas daoranus

XBOCTBI

YepHOBO KOHIEHTPAT

Cxema NOTYYCHUS YCPHOBOI'O MCAHO-HUKEIICBOI'O KOHICHTPATa
Scheme of production of rough copper-nickel concentrate
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OcHoBHOW cobuparens — OyTuinoBsiid kcantoreHat (K,) B Buzae 1 %-ro pactBopa Takxe MoaaBaju
B H3MeNbYeHHE. [IpUHIMNHATBHYIO OLIEHKY (DJIOTAMOHHBIX CBOWCTB IMPOBOAMIM IO ITOKA3aTeNsiM
BBIJICJICHUS] YSPHOBOT'O MEIHO-HUKEIEBOI'O KOHIIEHTpATa. Pe3ylbTarhl, MOJy4YEeHHBIC TIPH UCIIOJIb30BAHUN
CHHTE3MPOBAHHOIO PeareHTa, CPAaBHUBAIIM C MOKA3aTENIIMUA 00OTaIlIeHHS, TOTyYEHHBIMU TIPU HCIOJIb30BAaHUHI
TPaJMIIMOHHBIX PeareHToB-codupareneil — OyTHIOBOro KcanToreHara u aspoduiora (Af).

Pe3ysibTaThl J1a00paTOPHBIX HCIIBITAHUIH

CHHTE3MpOBAHHBI MOHOTMIPOKCHAMUJ AJKEHUISHTAPHOW KHUCIOTHI HUCIOIB30BAIM KAk
JIONIOJTHUTEIIbHBINA cOOMpaTeNb B COYETaHUH ¢ OyTHUIIOBBIM KCAaHTOT€HATOM BMECTO a3pogJioTa.

Pe3ynbTaThl NIPOBECHHBIX paHee NCCIIEA0BAHUI TOKA3aIN, YTO MOHO(QYHKIMOHATIBHBIC PEareHThl —
AJIKWITHAPOKCAMOBBIE  KHCIIOTHI  XapaKTEPU3YIOTCS BBICOKUMM IE€HOOOpa3yIOUIMMH CBONHCTBAMHU
npu GUIOTalMM METHO-HMKEJEBBIX pyH, oOecredynBas yBEIMYEHHE BBIXOJAa YEPHOBOTO KOHIIEHTpaTa
IPU YBEJIMYEHUU UX JIOJIM B COOMpPATENBbHONM CMECH IO CPAaBHEHHUIO C TPAAMLMOHHBIM peareHTHHIM
pexumom [5]. DroTallMOHHbIE UCTIBITAHUS UCCIIEAYEMOI0 peareHTa MmoKa3aiu, YTO €ro UCHOoJb30BaHUE
B Ka4eCTBE JIOMOJHUTEIBHOr0 COOMPATENsl TAKXKE MPUBOJUT K MOBBIIICHHOMY IIEHOOOpPa30BaAHUIO.

CretyeT OTMETHTB, UTO HCCIeyeMblid coOrparens o0iasaeT OonbIei akTHBHOCTBIO IO OTHOLIEHHIO
K HUKeN0. 3aMeHa a’po(ioTa Ha KOMIUIEKCOOOpa3yloUIMi peareHT B PaBHOM KOJHMYECTBEHHOM
COOTHOLICHUH MPUBOIUT K YBEIUYEHUIO HM3BJICUEHMS] HUKEN B KOHIEHTpaT Ha 1,2 %. YBenuuenue
B CMECH JO0JIH KOMIUIEKCOOOPA3yIOIIEro peareHTa MpH paBHOM CYMMAapHOM pacxoje cobuparernen
obecrieunBaeT eme OoJblliee W3BICUCHHE HHKENS, B TO BpPeMs KaK H3BJICUYEHHE MEIN COXpaHSIeTcs
IPUMEPHO Ha TOM K€ ypoBHE (Tabi.). IloBbllieHHE WU3BJIEUYEHHs] HUKENS, OOYCIOBJICHHOE TOJIBKO
YBEIMYEHUEM BBIXOZA TIEHHOTO MPOIYKTa, MOKET TOBOPUTH O TOM, YTO MCIOJIB30BaHHE MCCIELYyEMOTrO
peareHTa Mo3BOJISIET IEPEBECTU B NIEHHBIN MPOAYKT O€HbIE CPOCTKH HUKEIS C IPYTUMU MUHEpPAJIaMH.

TexHoMOrN4YecKue MmoKazaTenu 000TaleHsI METHO-HUKEIIEBOU PYIbI
Technological indices of copper-nickel ore processing

Conepxanue, % | Pactipenenenue, % OO6muit pacxon
Ne Ipomykr Brixox, % Content, % Distribution, % peareHToB, r/T
/ Product Output, % . . Total consumption
i P ° Ni Cu Ni Cu P

of reagents, g/t

UepHOBOM KOHIIEHTpAT

27,21 1,44 0,612 78,32 85,45
Rough concentrate

XBOCTBI Kx —175

1 Tails 72,79 0,149 0,039 21,68 14,55 Af— 123
Hcxonmsii 100,00 050 | 019 | 100,00 | 100,00
Original
HlepHOBOIt KOHIEHTpaT 32,73 126 | 0532 | 8027 | 8573 Ky — 175
Rough concentrate .
XBOCTL Uccnenyemprit

2 . 67,27 0,151 0,043 19,73 14,27 peareHT — 123
Tails .
i - Monohydroxyamide —

CXOAHBIH 100,00 051 | 020 | 100,00 | 100,00 123

Original
Hepropoit KomueHTpar 34,82 1,2 0,51 | 81,16 | 8581 Ky — 149
Rough concentrate .
e Uccnenyembrit

3 . 65,18 0,149 0,045 18,84 14,19 pearenT — 149
Tails .
i _ Monohydroxyamide —

CXOIIBIH 100,00 051 | 020 | 100,00 | 100,00 149

Original
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[To-BuauMoMy,  BBICOKas  KOMILJIEKCOOOpa3ylolias  CIOCOOHOCTb  MOHOTI'MJPOKCHAMHUIA
QIKEHWISSHTApPHOM KMCJIOTBHI 110 OTHOLIEHHIO K HHUKENI0 OOecledyuBaeT €ro MpOYHOE 3aKperjeHue
Ha MMOBCPXHOCTU MUHCPAJIBHBIX 3CPCH.

[Tocnenyronye nepedrcTKU YepHOBOr0 KOHIIEHTPATa MO3BOJISIOT MOIY4YUTh TOTOBBIN KOHLIEHTPAT
C coJiepXKaHNUeM HUKeJsI Ha ypoBHE 6—7 %0.

BriBoabI

[Ipennoxken  HOBBIH  OMPYHKIMOHAIBHBIM  peareHT, KOTOpPbI  00iajaeT  BBICOKUMH
KOMIUIEKCOO0Pa3yOIMMU CBOWCTBAMH 10 OTHOIIEHUIO K HUKEITIO.

JlaGopaTopHbIMU  (DITOTAIIMOHHBIMU UCTIBITAHUSIMH TIOKa3aHa BO3MOKHOCTH HCIIOJIB30BaHUS
MOHOTHJIPOKCHaMUJIa AIKSHIJITHTAPHON KUCIIOTHI B COUYETAaHUH C OyTHIIOBBIM KCAHTOT'€HATOM B KQU€CTBE
cobuparenst s (proTauyu MeIHO-HUKENEBBIX PY/I.

Vcnonb3oBaHue MPeyIOKEHHOTO peareHTa BMecTo a’po(iioTa B cOCTaBe COOMPATENbHON cMecH
o0ecrieunBaeT MPUPOCT U3BJICUCHUSI HUKEISI B YSPHOBOW METHO-HUKEJIEBBIN KOHIIEHTPAT.
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PYTHASI MUHEPAJIM3ALINA B TPAOUTCOAEPKAIINAX ITOPOJAX
XAHKAUCKOI'O MACCHUBA ITIPUMOPBA
IO JAHHBIM PACTPOBOMU JIEKTPOHHOU MUKPOCKOIITNH

II. I1. Cagponos
OI'bYH JlanbueBoctounsblii reonorndyeckuit uactutyt JBO PAH, r. Bnagusoctok

AHHOTauun
B yrmepogcogepxawux —mMmeTamopdmyeckux nopodax —XaHkawckoro mMaccusa  [pyvMopbs
(NMecosaBoackuin parioH) METOAOM aHaNUTUYECKON PacTPOBOM 3NEKTPOHHOW MUKPOCKOMWK BbISIBIEH
LLUMPOKMIA CNEKTP PYOHbLIX MUHEParioB MWKPOHHOW M HAHOMETPOBOW PasMepHOCTU. YCTaHOBMEHbI
camMopoJHoe 3050TO pa3Hov NpobHOCTM, m3odepponnatuHa PtsFe, cepebpo n ero coeamHeHusi
C rarnoreHamu, cepoi 1 pTyTbto, camopogHsie Ni, Fe, Zn, Sn, Al, W, Bi, cnnaebl cuctem Cu-Sn, Fe-Cu,
Ni-Fe-Cu, Cu-Fe-Sn 1 uHtepmeTtannuabl Meam natyHb 1 OpoH3a, a Takke Tennypuabl, okcuabl, Cynbduapbl,
cynbdatbl 1 hocdaTtbl PasnUyHbIX ANeMeHToB. BblgeneHbl TpyM OCHOBHBIX TvNa MUHepanusauum:
1) camopogHOMETanbHas, BKIKOYaroLLas CamopoaHoe 30510To, 3odepponnatuHy, camopogHble Ni, Fe, Zn,
Sn, Al, W, Bi, cnnaebl 1 UHTEPMETaNnuabl; 2) peakoseMensHO-UTTpreBast, NpeacTaBineHHas MOHaLMTOM,
LiepuaHUTOM 1 KCeHoTUMOM; 3) cepebpsHas, cogepxallas camopoaHoe cepebpo 1 ero CoeanHeEHUs.
[ns nepBbIX ABYX TMNOB MUHEpanu3auum npeanonaraeTcs (C y4eTOM BbIBOAOB NPEALLIECTBEHHVKOB)
rMapoTepMaribHO-MeTacoMaTUYECKMIA reHe3nc 0bpasoBaHus. TpeTuii Tvn BbiAeneH B CaMOCTOSITESNbHbIN
aTan pygoreHesa, BTOPUYHbIN MO OTHOLLEHMIO K BnaropogHoMeTansHOM U peako3eMeribHO-UTTPUEBON
MuHepanusaumam. Ee dhopmmpoBaHme CBs3aHo ¢ yrnepoacoaepxallinmm niovaHbIMm cuctemamu.

KnroueBble cnoBa:
camMopOoOHOe 30/10Mo, u3oghbepporiamuHa, cepebpo, coeduHeHUs1 cepebpa, caMopoOHbIe Memarsibl,
crinassl, uHmepmemannuobl, MUHeparsibl PeOKO3EeMESIbHbIX 3/1eMEHMO8.

ORE MINERALIZATION IN GRAPHITE-BEARING ROCKS OF KHANKA MASSIF
OF PRIMORYE FROM DATA OF SCANNING ELECTRON MICROSCOPY

Peter P. Safronov
Far East Geological Institute of FEB RAS, Vladivostok

Abstract
A wide spectrum of ore minerals of the micron and nanometric dimensions was revealed in the rocks
of Khanka massif in Primorye (Lesozavodsky district) with the method of the analytical scanning
electron microscopy. There have been found native gold of different fineness, isoferroplatinum PtsFe,
silver and its compounds with halogens, sulfur, and mercury, native Ni, Fe, Zn, Sn, Al, W, B, alloys of
the Cu-Sn, Fe-Cu, Ni-Fe-Cu, and Cu-Fe-Sn systems, copper intermetallides — bronze and brass, as
well as tellurides, oxides, sulfides, sulfates, and phosphates of different elements. Three main types
of mineralization have been distinguished: 1) native-metal one, comprising native gold,
isoferroplatinum, and native Ni, Fe, Zn, Sn, Al, W, Bi, alloys, and intermetallides; 2) rare-earth-yttrium
one, represented by monazite, cerianite, and xenotime; 3) silver one, containing silver and its
compounds. The first two types of mineralization are suggested (with regard to the predecessors’
conclusions) to have the hydrothermal-metasomatic genesis of formation. The silver mineralization is
distinguished as an independent type of ore genesis, secondary relative to the precious-metal and
rare-earth-yttrium mineralization. The leading role in its formation was played by the gas-transport
processes with the participation of the carbonaceous fluid systems.

Keywords:
native gold, isoferroplatinum, silver, compounds of silver, native metals, alloys, intermetallides,
minerals of rare-earth elements.

Beenenue

N3yueHne 4YepHOCIAHLEBBIX, TPaApUTHU3UPOBAHHBIX U YIIEPOACOAECpKAIIUX
MOPOJ UMEET BAXKHOE METAJUIOT€HUYECKOE 3HAUEHHUE, IOCKOIBKY C 3TUMH OPOIaMHU
CBSI3aHbl MHOTHME KPYIHbIE MECTOPOXKIEHUS OJaropoiHbIX METalIoB — 30J10Ta,
MJIaTUHBI, cepedpa, a Takke penkux metauioB [1-5]. B [Ipumopbe BHUMaHuE K 3TOH
npobsieMe B MOCJIEIHUE TOJbl 3aMETHO YCHUJIWIOCH B CBSI3U C OOHApY>KEHUSMHU
B rpaduTcoaepKammx nopojax XaHKalCKOro MaccuBa MOBBIIIEHHBIX COAEPKaHUN
Pt u Au [6-10]. Bmecte ¢ Tem, Hapsily C IUTATHHOW M 30JI0TOM B METaropojax
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XaHKallcCKOoro MaccuBa MPUCYTCTBYIOT MUKPOBKJIFOUEHHUSI MUHEPAJIOB cepeOpa, HUKEJIs, JKene3a, 0JIoBa,
cBUHIA, P30 u 1p., KOMMUYECTBO KOTOPHIX MPEBOCXOIUT KOIMYECTBO MUKPOOOPa30BaHUM OJIaropoaHbIX
METAaJIIOB.

B Hacrosmiell craTtbe IpeicTaBiIE€Hbl pe3yJbTaThl UCCIENIOBAaHUN PyOHBIX (a3 (0T caMOpPOIHBIX
METAJIJIOB, CIUIABOB M HMHTEPMETAIUIMIOB 1O PAa3IMYHOIO POJAa XUMHUYECKHX COCAMHEHUN PYyIHBIX
9JIEMEHTOB), BBISABICHHBIX B YIJIEPOACOACPKAIIMX MOpPOJaX XaHKAaHCKOrO0 MacCMBa C IOMOIIBIO
9JIEKTPOHHON MUKPOCKOIIHH.

W3ydyeHne 5TUX MUHEpAIOB IO3BOJIWIO II0-HOBOMY OXapaKTEpU30BaTh TIEHE3UC PYIHBIX
KOMIIOHEHTOB YTJIEPOJACOAEPKAIIMX MOpOJA XaHKaWCKOr0 MAacCHBa, C BBIACIEHHEM B OTIEJIbHBIN
CaMOCTOSITENbHBIN 3Tal cepeOpsIHOM MUHEepaTU3aIiH.

KpaTkasi reosiornyeckasi XxapakTepucTuKa

I'padurconepkame  mopoasl  (MpaMopa,  CIaHILbl, THEHMChl, KBapLUUTB), a  TaKKe
rpadUTU3UPOBAHHBIE TPAHWUTHI, TUOPUTHI, Ta0OPOUIBI W METABYIKAHUTHI HIMPOKO PACIIPOCTPAHECHBI
B Ipenenax XaHKAWCKOro MaccuBa M IEPEKPBIBAONIMX €ro oriaokeHusx (puc. 1). Bospact
rpadUTU3UPOBAHHBIX TOPOJ BAPBUPYET OT PAHHErO MPOTEPO30s 0 IMO3THETO TMaie030s, OXBATHIBAs
WHTEPBAJT TPOAOIDKUTEILHOCTEIO OKOJO | MIpa Jer, HO HamOojee WHTEHCHBHOW Trpadurhzammun
MOJIBEP’)KEHBI MeTaMOp(UYECKUEe TOpPOasl W3 OCHOBAHHMS XAaHKACKOro MacchBa (CHH3Y BBEPX):
MMaHCKas, yCCYypUICKasi, IECO3aBOJICKasi M OPJIOBCKAsl CEpUH, BKIIIOYAIONINE MECTOPOXKICHUS rpaduTa
[11]: Tamruackoe (WMaHCKast cepusi) U TypreHeBckoe (Jeco3aBojickas cepusi). Hapsay c rpadurom,
B MeTaMOpP(UIECKUX TIOPOJaX OTMEUASTCsI MUKPO M HAHOBKITFOUEHUS 30JI0Ta, TUIATHHEI, cepedpa, a TaKkkKe
psAlia peKUX METaIOB, CIUIaBOB, MHTEPMETAUIMJIOB U APYTUX coenuHenui [§, 10].

B cocraBe umanckoi cepum Buaumon wMomHOcTH 7000 M OCHOBHAs pPOIAb NPUHAMIEKHUT
METaTEepPUTEeHHBIM BBICOKOTJIMHO3EMUCTBIM CJIAaHIIaM M THelicaM (MaTBeeBCKash CBHUTA). MeHBIINM
pactpocTpaHEHUEM TTONIB3YIOTCS OMOTUT-aM(pUOOTOBBIE CITAHIIBI M aM(UOOIHUTHI (TYpPreHEBCKasi CBUTA).
B ocHoBanmm cepum 3ameraet Toima MpamopoB (pyxuHckas cButa) [12, 13]. ITopomsr cepum
30HAJIBHO MeTaMOp(HU30BaHbI B YCIOBUAX OT aMpUOOIMTOBOW 1O TPaHYIUTOBOW darmuu
U HepaBHOMEpHO rpaduru3upoBanbl. Ha oTmenapHBIX ydacTKax KOHLEHTpamus Tpadura
B METanmopojax COOTBETCTBYET MPOMBIIUICHHBIM conepxkanusm [11]. O6pa3oBaHwmii, MOJCTUIAIOIINX
MMaHCKYIO CEpHIO, HEe YCTaHOBJIEHO.

BrImre mMaHCKOW Cepuu 3aJieraeT YCCYpUICKast Ceprsi, BKITIOYAIOIasi HAXHMOBCKYIO (OMOTHTOBBIE,
amM(puO0IT-OMOTUTOBBIE CJIAHIIBI, aM(pUOOIHTHI U THEHCHI C MPOCIOSIMH MPAaMOpPOB) W TaThIHOBCKYIO
(OMOTHTOBBIC M JAMOIICUAOBBIC CIAHIIBI C JIMH3aMH KaJTbIU(PHUPOB U aM(PHOOIUTOB) CBUTHL. MOIIHOCTH
yccypuiickori cepun — 3500 M. Meranopo/isl yCCYpHUHCKON cepuu, Kak U MOPOJbl MMAaHCKON CepHH,
HEPaBHOMEPHO TIpaUTH3UPOBAHBI, yJacTKaMH HHTEHCHUBHO (MecTtopokneHnue TypreHeBckoe) [11].
MeTtamopdu3M IOpOA YCCYpPHIICKOI CepUU COOTBETCTBYET 3€JIEHOCTaHIIEBON U aM(PrOOINTOBOH (harusim
[12]. Bo3pacT npoTOIMTOB BYJIKaHUYECKHUX 00pa3oBaHuid yccypuiickoit cepunt — 1300 moH net [14].

Ha otnoxeHHsIX yCCypHIICKO# Ceprr ¢ TEKTOHHMYECKUM HECOTJIaCHeM 3aJeraloT no3aHepudeiickue
METanopO/Ibl JIECO3aBOICKON CEpUH, BKITIOUAIOIINE MUTPO(aHOBCKYIO (TpadUTHCTHIE, CITIOJUCTHIE CIIAHIIBL,
rpagUTHCTBIE KBAPLUTHI, CEPHLIUT-KBAPL-TEMAaTUTOBBIEC CIAHIIbI C JITH3AMU W3BECTHSKOB), JIBICOTOPCKYIO
(MpaMOpH30BaHHbBIE M3BECTHSIKH C MAJIOMOLIHBIMUA TPOCIOSMH aM(PHOO0I-OMOTUTOBBIX, MYCKOBUTOBBIX
U TpauUTHCTBIX ClaHIeB) M KaOapruHCKyr ((QWUIMTBI M MeTanecyaHuku) CBUTHL. CTerneHb
METaMOp(pUYECKOro  MpeoOpa3oBaHMsl TMOPOJ  JIECO3aBOACKOW CEpHHM  BapbUpyeT OT  CladbIxX
3eJICHOKaMEHHBIX U3MEHEHUH 10 aM(PprO0IUTOBOM (haru, MOUTHOCTb cepur — 2600 M.

Benuator paspe3 mopox ocHOBaHMs ~ XaHKaiickoro maccuBa  cirabomeTaMop(HU30BaHHbIE
paHHEKeMOpUIiCKUEe OTIIOKEHHs OpJIOBCKOM cepur MomHocThio 1000 M, cocrosiye uU3 CMOIbHUHCKOMN
(107OMUTBI, W3BECTHSKM C MPOCIOSAMH TJMHUCTBIX M KPEMHHUCTBIX CJaHIIEB) M PYIJOHOCHOHM (KBapii-
CEpPULIUTOBBIE, XJIOPUT-CEPULIUTOBBIE, YIIIUCTBIE CIAHIbI, JKEJIE3UCThIE KBApLUTHI, MapraHIEBbIE PY/bI,
W3BECTHSKH) CBUT.
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Puc. 1. Cxematudeckas reosioruueckasi Kapra MeXaypeubs pek Yccypu u ManuHoBKa
(neBblit puToK p. Bonbiuas Yccypka), 3auMcTBOBaHHasI U3 paboThl [6], ¢ HEOONBIIMMHE JAOTOJHEHUSIMH:

1 — xaifHO30MCKHE OTIOXKEHHUS; 2 — HIKHEMENOBBIE OTIIOKEeHUS; 3 — rad0po-rpaHUTHBIE MarMaTHIECKUE
KOMILIEKCHI TTAJIE030HCKOr0 M ME3030HMCKOro Bo3pacrta; 4 — malie030iCKIe BYIKaHUTHI TyHAHCKOTO BYJKaHHUECKOTO
KOMILIEKCa; 5 — paHHeNaneo30iCcKue IPaHUTOUIBI YCCYPHIICKOTO MarMaTHYeCcKoro KoMIuiekca; 6 — xemOpuiickue
OTJIOXKEHUS OPJIOBCKOM ceprH; 7—9 — MPOTEPO30ICKHE OTIOKEHHUS JTeCo3aBOACKO# (7), yccypuiickoii (8) 1 MMaHCKO#
(9) cepmit; 10 — pasnomsr; 11 — reomornueckue rpaHuisl; 12 — MECTOMONOXKEHIE paifoHa HCCITeIOBAHMIH
Ha 0030pHOi#t cxeme; 13 — Touku or6opa 06pasmos (1 — o6p. AP-34, 2 — o6p. AP-36/2)

Fig. 1. Schematic geological map of the Ussuri and Malinovka Rivers interfluve (left tributary
of the Bol’shaya Ussurka River) taken from the work [6] with little additions:
1 — Cenozoic deposits; 2 — Lower Cretaceous deposits; 3 — gabbro-granite magmatic complexes of the Paleozoic
and Mesozoic age; 4 — Paleozoic volcanites of the Dunaisky volcanic complex; 5 — Early Paleozoic granitoids
of the Ussuriisky magmatic complex; 6 — Cambrian deposits of the Orlovskaya series; 7-9 — Proterozoic deposits
Lesozavodskaya (7), Ussuriiskaya (8), and Imanskaya (9) series; 10 — faults; 11 — geological boundaries; 12 — position
of the study district on the review scheme; 13 — points of the selection samples (1 — AR-34, 2 — AR-36/2)

Mo naunubM pabor [13, 15], moposst XaHkaiickoro MaccruBa peTepIieiy ABa dTana Meramopdusma:
MIEPBBII 3Tal PErHOHATLHOr0 MeTaMopdu3mMa aMprOOTUTOBON (Palluu MPOSIBUIICS B MO3HEM JOKEMOPHH
(730 muH 71€T), BTOPOl — 30HAJIBHBIN, BApbUPYIOIIHUN OT 3€JICHOCIAHIIEBOM /10 TPAHYIUTOBOM (haruu,
JaTUPYyeTCs PaIOU30TOIMHBIMU MeTo1aMu Bo3pacTtoM 506,9 + 2,6 mun ner [15].

B paGore [16] mertanoponbsl XaHkallcKoro MaccuBa, Hapsaay ¢ bypeunnckum (XabapoBckuil kpai)
u [3samycckum maccuBamu (Kutaii), paccMatpuBaroTest Kak (pparmenTsl ganeposoiickoro LlenTpanbHo-
Azuarckoro ckimagyatoro mosica. CocTaB MPOTOJUTOB CTPATH(PHUIMPOBAHHBIX METaMOpP(PUUYECKUX
oOpa3oBanuil XaHKalickoro MaccuBa (IE€CUaHUKHU, aJEBPONUTHI, TyH(UTHI, BYIKaHUTHI, KapOOHATHbIE
otnoxenust) [12, 17], cBumeTenbCcTBYET O TOM, YTO HAKOIJICHHE IMOPOJ MPOMCXOAUIIO B YCIOBHSX
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0CaJIOYHOr0 MOpcKoro OacceiiHa ¢ pUGOBBIMU TOCTPOMKAMU U BYJIKAHUYECKUMHU OCTPOBAMH
U CONPOBOXKIAJIOCH MEPUOAAMHU HAOTCHHON aKTUBU3ALMKM TEPPUTOPUU C HPOSBICHUSIMU Oa3UTOBOrO
U aHJIE3UTOBOI0 BYJIKaHU3MA.

BoszeiictBue Ha TeppureHHbIE OTIOXKEHHUSI peruoHaibHoro Meramopdusma (730 u 506 miuH ner),
IPaHUTU3ALIMY, BHEAPEHHE HHTPY3UH TrabOpOoMAOB M TPAHUTOMIOB IPHBOAWIO K MHOI'OKPAaTHOMY
NIEPEOTIIOKEHNUI0 OMOTeHHOIO YIJIEPOANCTOrO BEIIECTBA, MPHUCYTCTBOBABIIETO B OCAJOYHBIX IOPOJAX
1 00J1a/Iat01IEero 3HAUMTEeNIbHOM MOIBIKHOCTBIO B YCIOBUSAX BBICOKMX Temmeparyp. Kpome toro, B pabore
[18] Ha ocHOBaHMM U30TOMHBIX UCCIIEAOBAHUM yriiepo/ia ciejiaH BbIBOJI O FOBEHUJIBHOM IMPUBHOCE YIIIepoJa
B OTJIOXKEHUS XaHKAaHCKOro MaccuBa. Bmecre ¢ yriepoaoM U YIJIEpOAUCTBIMU  COSIMHEHUSIMU
OCYILIECTBJISUICS TA30TPAHCIIOPTHBINA NIEPEHOC PYAHBIX KOMIIOHEHTOB [19], cofep kaBLIMXCSl B OpraHUUeCKuX
0caJIKax, a TaKKe MPUBHOCHUMBIX MarMaTUIECKUMHU (ITIOUIaMH.

OCOOEHHOCTBIO PYIHOM MHMHEpAIH3alMM, NPOSBIECHHON B IpadUTH3UPOBAHHBIX METANoOpojaax
XaHKaCKOro MaccuBa, SIBJISETCsS IMpeoliajjaHue Cpeid BKPAIUIEHHUKOB HAHO- M MHUKPOPa3MEPHBIX
PYAHBIX 4YacTHUI, YTO HOTPeOOBANO MPUMEHEHMS CIEHUAIbHBIX METOIUK JUIS HMX MCCIEIOBaHMS
OCHOBAHHBIX Ha MCIIOJIb30BAHNY 3JIEKTPOHHON MUKPOCKOIIHH.

MeToauka uccjieJ0BaHUA

W3 MOHOJHMTHBIX KYCKOB IOPOJbI MPHUTOTOBJICHBI CPE3bl B BHUJE MPSIMOYTOJIBHBIX CTOJOUKOB,
a TaKKe MHOTOYHCIICHHBIC CKOJIBI (CKOJKH pPa3MepoM OT JCCATKOB MHKPOMETPOB IO HECKOJIBKHX
MuwuIuMeTpoB). OcHoBHass uH(MOpMalMs M3BJCKaJach W3  CBEXCIPHUTOTOBJIICHHBIX  CKOJIKOB.
[IpenmymiecTBO HaTypadbHBIX CKOJKOB, B OTJIMYME OT aHNUIN(OB, 3aKII0YACTCI B TOM, YTO OHH
HE MOJ[BEpPrajIiCh HAPYIICHUSIM, CBSI3aHHBIM CO T ()OBKOH U MOTUPOBKOM, U TO3TOMY B HUX COXPAHEHBI
MIPOCTPAHCTBEHHBIE B3aMMOOTHOIICHNSI MUKPO- ¥ HAaHO(a3 CaMOPOJAHBIX MUHEPAJIOB C KPUCTATUTNIECKOM
MaTpHUIle H3ydaeMbIX IOpOjA, B KOTOpoW OHHM Haxozxsrcs. I[loaroroBnenHsie 00pas3mbl (CKOIKH)
3aKpeIUISUICh Ha CIEHUAJIbHBIX CTOJNMKAX M M3YYaIWCh METOAOM AaHAIUTUYECKOW pacTpoOBOM
3JEKTPOHHON MuKpockonnuu (APOM). HW3mepeHuss cocTaBOB MPOBOJIMIIUCH HA 3JIEKTPOHHBIX
mukpockornax EVO 50XVP u EVO 40X VP (dupmsr Carl Zeiss, 'epmaHusi), OCHAIIEHHBIX CHCTEMOM
sHeproaucnepcoHHoro pearreHosckoro (D3/IP) anamuza INCA Energy (dpupmbr Oxford instruments,
Benukobpuranus). Bece n3mMepenus BBIMOMHSUIUCH PU YCKOPSIOIIEM HAINPSDKEHUH JIEKTPOHHOTO ITyYKa
20 xB. Tok myuka ycTaHaBIMBAJICS JOCTATOYHBIM JJIS TIOIYYEHHS] pEHTTEHOBCKOTO CUTHAIA OT 00pa3ia
B HECKOJBKO THICSY HUMIYNIbCOB B ceKyHAy. CocTaB HaWIEHHBIX MHUKpPO- M HAHOYACTHI, a TaKXKe
HaHOPa3MEPHBIX MUHEPAIBHBIX (pa3 B arperarax Ompeaessuics Mo CIeNUualIbHO pa3padoTaHHOI METOANKE
[21] c ucionp3oBaHKEM CTaHIAPTHOM NporpaMmbl DJIP-ciekrpomerpa. KoHIleHTpanuu 31eMeHToB ObLTH
HOPMAJIM30BAHBI, T. €. UX CyMMbI NpuBOAUIUCH K 100 %.

Cuenapuii uccienoBaHuii coctosul B cieayromeM. CHadana moj 3J€KTPOHHBIM MHUKPOCKOIIOM
B PEXKHME YIIPYTrO-pPaCCeSHHBIX JIEKTPOHOB (2 MPU HEOOXOTUMOCTH — U BO BTOPHYHBIX AJIEKTPOHAX)
OCYLIECTBISUIOCH ~ MOCITIEIOBATEIbHOE HAONIONEHHE YYacTKOB TPU  PAa3lIMUHBIX  YBEITHMUYEHHIX
¢ mapamienbHeiM  DJ[P-30HAMpOBaHMEM OOHAPYKEHHBIX BBIACICHUN. 3aTeM IMPOBOIMIOCH Oolee
JIeTAIbHOE M3yYCHHE MX COCTaBa M OKPYKAIOLIEH MOpOAHOW MaTpuilbl. Bcero ObUIO MPOCMOTPEHO
Y MCCIIEOBAHO HECKOJIBKO THICSY YYaCTKOB IMOBEPXHOCTH 00Pa3II0B-CKOJIKOB.

O0pa3ubl U HX COCTAB

OO6pa3ipl As uccne0BaHuil — rpadUTH3UPOBAHHBIE CIAHIBI MUTPO(GAHOBCKOM (J1€c0o3aBoCKas
cepusi) ¥ pyIOHOCHOH (OpJIoBCKas cepusi) CBUT B o0beme 30 mpolb mpemocTaBieHsl coTpyanukom JIBI'HU
JABO PAH n. r.-Mm. H. M. A. MumkussiM. Onipo6oBaHu€e KOPEHHbBIX MOPOA MPOU3BOAUIIOCH B Kapbepax,
pacmnonokeHHbIX B OKpecTHocTsAx cen TypreneBo u OpinoBka (puc. 1). Ilocne mpeasaputenbHOro
MUHeparpauuecKkoro M3y4eHus BCed KOJUIEKIMH, I JadbHEHIINX HCCIEIOBAaHUM Ha 3JEKTPOHHOM
MHUKpoOCKome Oblmu oToOpanbl ABa oOpasua (AP-34 u AP-36/2), ornuuvaromuecss HalWM4yueM TOHKOU
pyIHOU BKPAIIEHHOCTH.
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Oo6pazen; AP-34 — rpaduTH3HPOBAHHBIN KPEMHUCTBIM CIIAHEI UMEET CYIIECTBEHHO KBapIICBBIM
COCTaB C MIPUMECHIO CEPULINTA, XJIOPUTA, IIOJIEBBIX INATOB U MUKpOYELIyeK Ipadura.

O6pazer; AP-36/2 — akTHHOIUT-KBapI-OHOTUT-aIbOUTOBBIN CIIaHEL, COCTOMT U3 ITPEe00IIaaroIInuX
MEJIKUX KPUCTAJLIOB albOUTa, OMOTUTA U KBaplia C HOAYMHEHHBIMU KOJIMYECTBAMU AKTUHOJIMTA, SIIHUJI0TA,
OpPTOKJIa3a M pPEIKUX MEIKUX BKIOYEHUI rpaduTa, paccesHHbIX B OCHOBHOM Macce. YpOBEHb
MeTaMoppUUecKoro npeodpa3oBaHusl IOPOJ] OTBEUAET 3eJICHOCIAHIIEBOI (aruu.

XUMHUECKHH cocTaB 00pa31oB IpecTaBieH B Tad. 1.

Tabnuya 1
Table 1
Xumuueckuii coctas (XC) obpasioB AP-34 u AP-36/2, mac. %
Chemical composition of metarocks AR-34 and AR-36/2 (mass %)
Ob6pazen Oopaszen Oopaser, r/T O6paszern, r/T
XC Sample XC Sample XC Sample, g/t XC Sample, g/t
CC | op APS021 CC 1 Apaa | apser2 | ©C | ap-as | ap3e2 | O | Ap34 | AP-36E2
SiO, 79,74 | 67,64 | CaO 0,17 4,05 | Cu 15 18 Ni 14 38
TiO; 0,60 0,37 | Na,O 0,22 0,38 | Pb 43 6 Co 0 22
Al,O3 | 11,01 7,67 | K20 3,23 1,09 |V 530 61 Pt 0,03 H.O.
FeoO3 0,14 4,05 | P,Os 0,09 0,42 | Cr 80 38 Pd 0,008 H.O.
FeO 0,08 557 | nom. 3,78 1,53 | Mo 4,2 0 Rh < 0,005 H.O.
MnO 0,01 0,29 | Copr 2,94 <01 | Ag 0,16 0 Ir <0,01 H.O.
MgO 0,93 6,94 Zn 0 83 Au 0,10 H.O.

Ilpumeuanue. ConepkaHusi OCHOBHBIX HMETPOrEHHBIX KOMIIOHEHTOB OIPEIEIECHBI METOAOM «MOKPOM XUMUID»
B /IBI'U IBO PAH (anamutuxu: B. Y. Kpamapenxko, C. Il. CnaBkuHa). MUKPORJIEMEHTHI MTPOaHATH3UPOBAHEI
CHEKTpaJbHBIM METOJIOM B Jlaboparopru pentreHoBckux Metoo JIBI'M JIBO PAH. Coneprxanus 6:1aropoHbIx
METAJIJIOB OIpeeseHsl criekTpoxumudeckuM merogoM B UTEM PAH; H. 0. — He onpenensinock.

Note. Contents of the main petrogenic components have been determined by the method of “wet chemistry” at the
FEGI, FEB of RAS (analysts: Kramarenko V. U., Slavkina S. P.). Microelements have been analysed with the
spectral method at the Laboratory of the Roentgen methods of the FEGI, FEB of RAS. Contents of precious metals
have been determined with the spectrochemical method at the IGEM of RAS. 1.0. — not determined.

Pe3yabTaThl HCCI€0BAHUSA PYIHOH MUHEPATIH3ALUT

Oouuii cocmae pyonoil munepanusayuu

B xome mpoBeAEHHBIX AJIEKTPOHHO-MHKPOCKOIMYECKUX HCCIENOBAHUNH B  H3YyYCHHBIX
YIIIepOoACOACPKAIMX TMOpoJax XaHKalCKOro MacCHBa YCTAHOBICH CJEOYIOUIMHA COCTaB PYIHBIX
MHUHEpAJIOB: CaMOPOAHOE 30JI0TO, AJIEKTPYM, MEIUCTHII AJIEKTPYM, HU3KONPOOHOE MEIHMCTOE 30JI0TO,
cepedpo, uzodeppormnaruna, camoponusie Metamuibl Ni, Fe, Zn, Sn, Al, Bi, W, aBoiiHbie U TpoiHbIC
cruiaBel cucteM Cu-Sn, Fe-Cu, Ni-Fe-Cu, Cu-Fe-Sn, untepmerainasl Meau — JIaTyHb W OpOH3a,
XMMHYECKHE COeMHEHHs cepebpa C ranoreHHbIMU dmemenTamu Cl, Br, I, a taxke ¢ cepoit u pryTbio,
temnypunst Sb, Bi, As u Hg u, kpome TOro, okcuusl, cyabpuasl, cyabdarsl U ¢hocharsl pazimyHbIX
3J1eMeHTOB (TabI. 2).

CremyeT oTMETHTb, uTO 00pasiibl AP-34 u AP-36/2 paznuyaroTcst MExIy COOOi 110 KOIMNYECTBEHHOMY
Y KQYeCTBEHHOMY COCTaBY BXOJSIIIUX B HUX TPYIII PYAHBIX MUHEpanoB (Tadm. 2). Tak, B oOpa3ue AP-34
COCPEIOTOYEHBI TJIaBHBIM 00pa3oM CaMOpPOHbIE METAJUIbI U CILIaBbI (BKIItOYask OJarOpOIHbIE 3JIEMEHThI
U UX CIUIaBbl), coenuHeHust Ag, a Take ocdarsl u okcupl. B oOpasiue AP-36/2 — TonbKko Teutypu b
U psl MHTepMeTauIMaoB. Jlumb snu3onnyeckn B 00OMX oOpa3nax BCTPEYalOTCs PYAHBIE OKCUIBI,
Cynb(QUABI U CyNIb(ATHI.
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Hioke mpuBeieHbI XapaKTEPUCTUKU PYIHBIX (pa3 ycTaHOBICHHBIX B 0Opasuax AP-34 u AP-36/2.

OO0muii cocTaB pyAHOM MUHEpaTU3alun

Tabnuya 2
Table 2

B U3y4YEHHBIX YIJIEPOJUCTHIX Mopoaax XaHkaiickoro maccusa (IIpumopse)
Composition of the common ore mineralization in the studied carbonaceous rocks

of Khanka massif (Primorye)

Pa3meps! BoIEIEHU I
I'pymisn (THTIB)
Cucrema 37€MEHTOB 2 (unm a3 B arperarax)
MUHEpaJIbHBIX 00Pa30BaHUN, MUHEPAJIBI . :
System of elements : . Size of aggregates (or size
Groups (types) of mineral compounds, minerals .
of phases in aggregates)
Camoponbie metasuibl 1 cruiaBbl / Native metals and alloys
Au CamopoiHOE 30J10TO ¢ TIpUMeEchio Fe
Native gold with Fe admixture
CaMOopoIHOE 30JI0TO, JIEKTPYM
AU-Ag Native gold, electrum
MenucThIii 3JEKTPYM, HUZKOMPOOHOE
Au-Ag-Cu MEJIUCTOE 30JI0TO
Copper electrum, base copper gold
Pt-Fe Mzodepporatuna PtsFe
Isoferroplatinum PtsFe
Ag CamopomHoe cepedpo
Native silver
Ni CaMOpOHBIN HUKENH
Native nickel
Fe CamopoHoe Kemne30
Native iron
v Komnebmrores B tuama3one
Zn CamMOpOTHBIN IIHK
. . ot 0,5 10 16 MKkM
Native zinc .
Sn CaMOopoIHOE 0JIOBO Vary in the range
L from 0,5 to 16 mkm
Native tin
Bi CaMOpOIHbIN BUCMYT
Native bismuth
Al CaMOpOHBIN ATFOMUHHN
Native aluminum
W CamoponHsIii Bob(ppam
Native tungsten
. TpOﬁHOﬁ CILIaB Nio,47F€o,3gCUo,15
Ni-Fe-Cu Triple alloy Nig7Feo,33CUo 15
Cu-Sn OnosstaucTast Meab Clo,92SNo o8
Tin copper Cugg2SNo,0s
Cu-Ee-Sn )Kene_300n0BsIHI/ICTaﬂ Meab CUogz Feo12 SNoos
Iron-tin copper Cuog2 Feo12 SNno,os
Menmucroe xene30 FegssClo 17
Fe-Cu .
Copper iron Fegg:Cug 7
Nutepmerammupsl/ Intermetallides
Bponza CusSn;
Cu-Sn
Bronze CusSn; Ot 1 1o 10 Mmxm
Cu-Zn Jlatynb ¢ npumecsmu Fe u S — CuZn; From 1 to 10 mkm
Brass with Fe and S — Cu,Zn; impurities
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Oxonuanue mabauyvt 2
Table 2 (Continued)

Cucrema 3J1eMEHTOB
System of elements

I'pymmsl (THTIB)

MUHEPaIbHBIX 00pa30BaHUl, MUHEPAIIBI
Groups (types) of mineral compounds, minerals

Pa3meps! BoIEIEHU T
(unu a3 B arperatax)
Size of aggregates (or size
of phases in aggregates)

Coenuuenust Ag ¢ rajioreHamMu, Cepoid U pTyThIO
Ag compounds with halogens, sulphur and mercury

Ag-Cl Kepapmpm AgCl
Cerargyrite AgCI Camu BbIJIENEHHs] — OT JI0oe
Ag-Br Bpomuput AgBr MHUKpOMETpa
bpomuput AgBr Jo 12 MKM, a 9acTHUIIBI
Ag-Cl-Br 3M60J1_HT Ag(Cl,Br) JIICTIEPCHBIX (ba3, BEPOSTHO,
Embolite Ag(Cl,Br) BapBUPYIOT OT €IUHUIL
Ag-| I\/’IOJ-J;I/-IpI/IT Agl JIO JIECITKOB HAHOMETPOB
lodirite Agl The aggregates are from
Ag-CI-Br| HonoGpomut Ag(Cl,Br,1) fractions of micrometer
lodobromite Ag(Cl,Br,1) to 12 mkm. The particles
Ag-S AKaHTUT AQ.S of dispersed phase are
Acanthite Ag,S supposed to vary from a few
Ag-Hg A-Man},raMa cepedpa HgzAQ2 to tens of nanometers
Silver amalgam HgsAg»
Temnypuwy/Tellurides
Te-Sb-Bi HenasBaHHblii MuHepan _(Sb,Bi)zTes
Unnamed mineral (Sh,Bi);Tes
Te-Sb-As Hena3panHblii MUHepal (Sb,As)sTe; Ot 1 7o 10 Mxm
Unnamed mineral (Sb,As)sTes From 1 to 10 mkm
Komopamout HgTe
Te-Hg Coloradoite HgTe
Oxcunpr/OXxides
Kaccurepur SnO;
Sn-0 Cassiterite SnO,
I'ematut FeO3
Fe-O Hematite Fe,O;
Bi.O bucmur B_izOg (I/IJ'[I/I CI/IJI_JIeHI/IT)
Bismite Bi,Os (or sillenite) OT IepBBIX COTEH HAHOMETPOB
U-O VYpanunaut UO, 10 10 MxMm
Uraninite UO, From the hundreds of
2r-Si-0 Lupkon ZrSiOs nanometers to 10 mkm
Zircon ZrSiO4
JlanTaHcoaepxalmii epruaHuT
(CeoprLag3) 100200
(Ce.La)-O Lanthanum-bearing cerianite
(Cegg7La033)1,0002,00
docars/Phosphates

(Ce,La,Nd,Pr,Th)-P-O

Mownarmurt (Ce,La,Nd,Pr, Th)PO,4
Monazite (Ce,La,Nd,Pr,Th)PO,

Ot 2-3 go 20 MKkM
From 2—3 to 20 mkm

OT HECKOIBKUX MUKPOMETPOB

Y-P-O KcquTHM YPO, no 13 MKM
Xenotime YPOq From a few micrometers
t0 13 mkm
Cymbdupt u cynbgartst / Sulfides and sulfates
Pb-S T"anenur PbS
Galena PbS [lepBbie eMUHAUIIEI MUKPOMETPOB
Ba-S-O Bap_m BaSO, First units of micrometers
Barite BaSO,
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Mumnepanot onazopoonvix snemenmos (Au, Pt, Ag)

CamopooHoe 30710mo BCTpedaeTcs B Iopojae B Buue oOocobnenuii pasmepom or 0,5 MKM
JI0 HECKOJIbKMX MUKPOMETPOB, camasi KpyIHas yactuua ~ 16 Mxwm (puc. 2). B miesnom 301010 110 cocTaBy
noJipa3iensieTcst Ha J1Ba Tuna — cepedpucroe u menuctoe (tabdi. 3). K cepedpucromy 30510Ty OTHOCAT
BbicOKONpoOHOEe — 990-960 %0 m Hu3kompoOHOE — 584 %0 (PIEKTPyM), K MEIUCTOMY 30JI0Ty —
MeAbcoAepKamuid  AMeKTpyM ¢ 1podorr 493-640 %o. BrigeneHus 3o01mota, pasMepbl KOTOPBIX
He IIPEBBIIIAIOT HECKOJIbKUX MUKPOMETPOB (pHUC. 2, 0, 8, 2) HAXOAATCS B TECHBIX CPACTAHUIX C IOPOIHOM
MaTpHULEeH, YTO yKa3bIBaeT Ha OJM3KO OJHOBPEMEHHYIO KPHCTAJUIM3AIMIO 30JI0TA M aCCOLUHPYIOIINX
¢ HUM MeTaMOop(OreHHbIX MUHEpaJoB. JIUIs camasi KpymHas yactuua (puc. 2, a) BbISIBICHA B TyCTOTHOM
npocTpaHcTBe Mmopoxabl. OHAa MMEET CIOMCTOE CTPOCHHE, YTO CBHIETENBCTBYET O MHOTOMMITYJIHCHOM
XapakTepe mpolecca MUHEpPaIoo0pa3oBaHus. 30JI0TUHBI HAXOAATCS, KaK MPaBUIIO, B yUdacTKax oOpasia
C IOBBIICHHBIM, @ UHOI'JIa 1 BLICOKUM COJICPIKAHUEM YIJICpoJa.

e

Puc. 2. MUKpOCHUMKH C BBIACICHUAMH CaMOPOJHOTrO 30J10Ta B YIIEPOIUCTOM Hopoae XaHKalCKOro MaccHBa
(CHATO B yIPYTO-paccesHHBIX AMEKTPOHAX)

Fig. 2. Microphotographs with the aggregates of native gold in the carbonaceous rock of Khanka massif.
Photographed in the shape-elastic-scattered electrons

Tabruya 3
Table 3
CocraB BBIAETICHUN CAMOPOIHOTO 30JI0Ta B YTIIIEPOIUCTOM mopoje XaHKaiickoro maccusa, Mac. %

Composition of the native gold aggregates in the carbonaceous rock of Khanka massif (mass %)

DneMeHT a o 6 e o

Element Cnl | Con2 | Cu3 | Cu4 | Cnl Cnl Cn2 | Cnl Cnl Cn2 | Cn3
Au 99,17 | 99,11 | 99,19 | 99,13 | 95,95 | 59,99 | 56,79 | 63,97 | 49,29 | 49,66 | 49,04
Ag 0 0 0 0 4,05| 40,01 | 43,21 | 30,32 | 45,03 | 43,66 | 44,89
Cu 0 0 0 0 0 0 0 571 5,68 6,68 6,07
Fe 0,83 0,89 0,81 0,87 0 0 0 0 0 0 0
'CI':Z:;IM 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00
[po6a
3071014, %0 992 960 584 640 493
Sample

Ipumeuanue. Yactuupl: @, 6 — BBICOKOIIPOOHOE CAMOPOIHOE 30JI0TO; 8 — JIEKTPYM; 2, 0 — HHU3KOIPOOHOE
Mmenucroe 3omoto. Cr 1, Cn 2, Cn 3, Crt 4 — cnekTpsl.

Note. Particles: a, 6 — high-standard native gold; ¢ — electrum; 2, 0 — low-standard copper gold.
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Hszogpepponramuna. B 2008 r. HaMu BIiepBbIE B YIJIEPOJUCTHIX CIAHIIAX XaHKAHCKOrO MacCHUBa
Obula ycTaHOBJIEHa MuHepaibHas ¢opma ruiatunbl [§8]. Haubornee kpymHas yacTiia JUIMHOH 7 MKM
nokasana Ha puc. 3. Ee cpeanuii cocTas, mociie BblueTa 3aXBaYCHHBIX dJIeMEeHTOB MaTpuilsl Siu O, paBeH
73,44 at. % Pt u 26,56 at. % Fe, T. e. Onmu3ok k crexmomerpuueckomy PtsFe, uTo coorBeTcTBYET
KPUCTALIOXUMUYECKOi (hopmyre uzodepporiaTuabl. Haxoaku MiaaTWHbBI B MCCIICAOBAHHBIX MOPOAAX
CYILIECTBEHHO OOJiee peIKH, 4YeM 30JI0Ta, cepedpa U JPYriuX caMOPOIHBIX JIEMEHTOB.

CamopooHoe cepebpo u e2o coedunenus. CamMOpoaHOe cepedpo, Kak W 30J0TO B HM3YyYEHHBIX
MOpOJax, NIMPOKO PACIPOCTPAHEHO; HAPSAY C HUM IMPHCYTCTBYIOT €r0 COCIUHCHHUS C TaJIOTCHHBIMU
3JIeMEHTaMH, PTYThio U cepoil. KcenomopdHbie 000cobmeHust OeCpuMecHOro caMOpoaHOro cepedpa
MI0Ka3aHbl Ha pHC. 4, UX pa3Mepbl KoneountoTes B npenenax oT 4 10 10 MxM.

Mac. % Ar. %

Mac. %

Ar. %

Pt 90.51 73.19 90.73 73.69
2 MKM Fe 9.49 26.81 9.27 26.31
EE———— Cymma 100.00 100.00

Puc. 3. Boiienenue u30QepporuiaTHHbL B YIIEpOANCTOMH mopojie XaHKailckoro MaccuBa:
ClleBa — MHUKPOCHHMMOK B YIIPYIO-pPacCesHHBIX 3JEKTpOHaX, ciipaBa — J/IP-cnektp B Touke 1 1 cocraB B Toukax 1 u 2

Fig. 3. Isoferroplatinum aggregates in the carbonaceous rock of Khanka massif: in the left — microphotograph
in the shape-elastic-scattered electrons, in the right — EDX spectrum in point 1 and composition in points 1 and 2

Puc. 4. MukpoBBIIeTICHHS CAMOPOIHOTO cepedpa B YIIIEPOIUCTOM mopoie XaHKaHCKOro MaccuBa
(cHSITO B ynpyro-paccesHHBIX IEKTPOHAX)
Fig. 4. Microaggregates of native silver in the carbonaceous rock of Khanka massif.
Photographed in the shape-elastic-scattered electrons
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B ornmume or camopojHOro cepedpa HPUPOAHBIE XUMHUYECKHE COEAMHEHHs] Ag BCTPEUYEHBI
B TOHKOJUCIIEPCHBIX arperarax, KOTOpble€ COCTOAT B OCHOBHOM W3 HECKOJbKHX pa3IHyaroIluXcs
no coctaBy a3 (puc. 5, Tadn. 4). K atum ¢azam oTtHOcATCS: caMOpogHoe cepeOpo, akaHTUT Ag,S,
kepapruput AgCl, 6pomuputr AgBr, onuputr Agl, amansrama cepedbpa HgszAgy; kpome TOro, B HUX
¢ukcupyercst npumecb U (9TOT 3J€MEHT, CKOpee BCEro, HaXOIUTCS B JAUCIEPCHOM COCTOSHUU
B okcuaHOM (hopme B Buze ypanunuta UOy). ArperaTsl oTiinyaroTces Mopdonoruei, pa3mepamu, KOTOpbIE
BapbUpyIOT B nuana3oHe 0,5-8 MKM u, camoe IJIlaBHOE, KOJIMYECTBEHHBIM COOTHOLIEHHEM BXOSIIUX
B HUX (a3. Tonbko ouH U3 HUX OAHO(DA3HBIH — HOAUPHT (PHC. 5, u), OCTAIBHBIC K NPEICTABISIFOT
co00ii TOHKOIUCIIEPCHYIO CMeCh NIBYX, Tpex W Oojee ¢a3. Hambomee pacrnpocTpaHeHbl camOpOIHOE
cepeOpo, MOAUPUT U akaHTUT. Kpome nepeunciieHHbIX cepeOpocoepiKaliuX IBYX3JIEMEHTHBIX (a3
BBICOKA BEPOSITHOCTh NPUCYTCTBHSI B arperarax THUIA 6 M e TPeX- U YETBIPEXdJIEeMEHTHBIX (a3, Kak
M3BECTHO BCTPEUAOIIMXCSI B IPUPOJIE, B yacTHOCTH, — 3MOomuta Ag(Cl,Br) u iionoopomura Ag(Cl,Br,1).
Ho wupentu¢unmpoBath uMX B HM3Y4EHHBIX arperarax, T. €. OTIOEIUTh OT JABYXIJIIEMEHTHBIX (a3,
HE MPEACTaBIAETCS BOSMOXKHBIM, IOCKOJIBKY BCE OHH HAaXoJATCsA B YNbTPAaTOHKOH cmecu. IlosTomy
OKOHYATEJIbHbIE MOJIbHBIE KOHIIEHTpalUu (ha30BBIX COCTABIIONIMX B cepedpocoaepKallux arperarax
BBIUUCIISUIMCH U3 pacyeTa MPUCYTCTBHS B HUX (ha3, COCTOSIIMX He Ooiee uyeM U3 IBYX 3JIEMEHTOB. Tem
HE MEHee, HET COMHEHHUS B TOM, YTO B arperarax, Mmojo0HBIX 6 U e, (pa3bl, OTHOCSIINECS K SMOOIUTY
1 110100pOMHTY B HEOOJIBIIMX KOJTMYECTBAX TAKXKE MPUCYTCTBYIOT.

Puc. 5. Hanbonee mokasarensHble AQ-coeprKaniie BEIACICHHUS B YIIEPOAUCTON moposie XaHKaiCKOro MacCHBa
1 ux (as3oBblii cocras (Tabm. 4): a, 6, 6, 2, 0, e, Jc, 3 — MHOro(a3oBbIe arperaTsl; 1 — OAHO(PA3HOE COSTUHCHIE
(foqupuT) (CHUMKH IOITYYEHBI B PEXXHME YIIPYTO-PACCESIHHBIX JIEKTPOHOB)

Fig. 5. The most demonstrative Ag-bearing aggregates in the carbonaceous rock of Khanka massif
and their phase composition (Table 4): a, 6, s, 2, 0, e, ac, 3— multiphase aggregates; « — monophase
compound (iodirite). (Photographed in the shape-elastic-scattered electrons)
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Tabnuya 4
Table 4

®da30BbIl COCTaB cepeOpPOCOAEPIKAIINX BBIZCTICHHUI B YTIIEPOAUCTOM MTopoae XaHKaicKoro Maccupa, Moi. %
Phase composition of silver-bearing aggregates in the carbonaceous rock of Khanka massif (mol. %)

da3za (MuHepan) a o 6 | 2

Phase (mineral) Cnl | Col | Col | Con2 | Cu3 | Con4 | Cunl | Con2 | Co3 | Co4
AxaHTuT AgS
Acanthite 26,2 18,2 0 0 0 9,1 3,9 1,2 0 2,5
Kepapruput AgCl
Cerargyrite 0 0 8,2 8,9 4,7 5,0 13 4,2 3,0 55
bpowput AgBr 0 0 76| 51| 73| 48| o0 0 0 0
Bromyrite
Homaput Agl 0 | 712 | 736| 737| 408| 614 52 50| 333| 115
lodirite
Amansrama
cepebpa HgsAg: 0 0 4,3 4,0 14,5 2,5 0 0.4 1,8 0,4
Silver amalgam
Camoporroe Ag 738| 106| 31| 48| 284| 169| 878| 871| 578| 778
Native
Yparumnt U0 0 0 32| 35| 43| 03| 18| 21| 41| 23
Uraninite
'(IE(})/tl\glwa 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0

daza (MuHEpa) 0 e orc 3 u

Phase (mineral) Conl | Col | Col | Col | Cnl
AxaHTUT AgS
Acanthite 1,7 15 88,4 1,0 0
Kepaprupur AgCL |9 | 41 | 55 [ 120 | o
Cerargyrite ' ’ ’ ' 1

(pumedaniue. Ilocne pacueToB

BpOMHp_HT AgBr 0 75 0 0 0 5JIEMEHTHBIX COCTABOB B aHATH3HPOBAHHBIX
Bromyrite TOYKaX OTOPaCHIBAIUCH IIEMEHTHI IIOPOTHON
HO!?U/_IPHT Agl 36.6 20.5 27 79.6 | 100.0 | MaTpHuUBI M yriepox, 3aTeM B ITHX TOYKax
lodirite ' ' ' ’ ’ ONpEeNe/SUTNCh  KOHIICHTPAIMA  3JIEMEHTOB
Awmanbprama cepedpa (mMac. u ar. %), KOTOpBIE MEPECUUTHIBAIHCE
Hg:AQ2 2,3 2,1 0,9 0 0 Ha MOJIBHBIE JIOJIH COOTBETCTBYIOIIUX (a3.
Silver amalgam Note. After the calculations of the element
Camopomnoe Ag 551 614 0.8 46 0 compositions in the analysed points the
Native ' ' ’ ’ elements of the rock matrix and carbon were
Ypanuaut UO; 24 29 17 19 0 rejected, and then the element concentrations
Uraninite ' ' ' ' in these points were calculated (in mass and
Cymma at. %), which recalculated on the mole shares
Total 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | ¢ corresponding phases.

[Toutn Bce BBIAETICHHS CAMOPOAHOrO cepedpa M CcepeOPOHOCHBIE arperaTbl JIMOO MPUYPOYCHBI

K YIJIEPOAMCTHIM MIIM BBICOKOYTJIEPOIUCTBIM YYacTKaM IMOPOIBI JIMOO COAEPIKAaT B TEX WM HHBIX
Konmu4ecTBax aMop¢HbIi yriaepon. Hekoropeie arperatsl BeCbMa HEOAHOPOHBI IO COCTaBy. B pasHbIX
y4acTKax KOJIMYECTBA BXOMAIIUX (a3 3aMETHO pasHsTCs (CM. B Ta0J. 4 CIIEKTPBI [UIs YACTHIL 6 U 2).

Camopoonvie memannvl, CHJ1AGbL U UHMEPMEM AWIIUObL HEO1AZ0POOHBIX ITIEMEHIN 0B

Camopoonvie memarnnvl. Hapamy ¢ MmuHepanaMu 6J1aropoIHbIX METAUIOB YTIIEPOAUCTHIC TTOPOIbI
XaHKalCKOro MaccuBa M300MIYIOT BhIZEACHUIMHU camMopoaHbiX Fe, Ni, Sn, Zn, Al, W, Bi, ux 6uHapHbIX
Y TPOMHBIX CIJIABOB, U MHTEPMETAUTHIOB. PazmMepsl 000cO0JICHHT B OCHOBHOM COCTaBJISIFOT HECKOJIBKO

88 http://www.naukaprint.ru/zhurnaly/vestnik/



Pynnas munepanusanus B rpadurconepxamux nopogax Xankaiickoro maccusa Ilpumopss. ..

MKM M He npeBblmatoT 10—15 MkM (puc. 6), KpoMe TOro, BCTPEYAIOTCsI CYOMHKpPOHHBIE BbIJICJICHHS
(< 1 mxm). Haubonee pacmpoctpaner Ni, oOHapyXeHbl CKOIUICHHS MHOXECTBAa YACTHIl HUKEIS
npotrshkeHHOCThIO Oostee 100 MM (puc. 6, o). HacTo BeTpedaeTest CaMOPOIHOE JKeEIe30.

Puc. 6. MUKpOCHUMKH C BBIJETICHUSIMUA HEKOTOPBIX CAMOPOAHBIX METAJIIOB
B YITIEPOANCTHIX MOPOAAaX XaHKAMCKOr0 MacCHBA (CHSTO B yIPYro-pPacCEsSHHBIX SIEKTPOHAX)

Fig 6. Microphotographs with the aggregates of some native metals in the carbonaceous rocks
of Khanka massif. Photographed in the shape-elastic-scattered electrons

HekoTopbie caMopojiHble METaIbl COAEpXkKAT MpuMecH Apyrux snmemeHToB 1,5-3 % (tabm. 5).
Mopdornorus BeiaeneHni pazHooOpa3Ha. X MUKpPOCTPYKTypa, KaKk MpaBUiIo, MOHOJIHUTHAs. Briaenenus
[UHKA UMEIOT TOHKOIUCIIEPCHOE CTPOCHUE. AJIFOMUHUI MPEJCTABICH TOHKHUM arperatoM HaHOYaCTHII,
¢ HeOoNbIION aoel yacTull nuHKa (5,5 %). JloBonbHO KpymHOe 000co0IeHre HUKeNs (puc. 6, 3) UMeeT
CIIOUCTOE CTPOCHUE, TOI00HOE BBIJICTICHHSIM 30J10Ta (PUC. 2, @), YTO MOXKET CBUICTEIIHCTBOBATH O CIIOKHOM
XapakTepe pocTa CaMOpOAHBIX (a3.
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Tabnuya 5
Table 5
CocraB BblIETIEHUN CaMOPOIHBIX METAJIJIOB, TOKA3aHHBIX Ha puc. 6, mac. %
Composition of aggregates of native metals shown in Figure 6, (mass %)
DnemMeHT Brinenenust meramutos / Aggregates of native metals
Element a Ozn oal 8 2Fe 2Ni 0 €Fe eNi oxuC, 3
Fe 0 0 0 100,00 | 98,54 0 97,41 | 100,00 0 0
Ni 0 0 0 0 0 100,00 | 2,59 0 100,00 | 100,00
Cu 2,94 0 0 0 0 0 0 0 0 0
Zn 0 100,00 5,47 0 0 0 0 0 0 0
Sn 97,06 0 0 0 0 0 0 0 0 0
Al 0 0 94,53 0 0 0 0 0 0 0
Mn 0 0 0 0 1,46 0 0 0 0 0
%’::ra 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00

IIpumeuanus: a — ONOBO; Ozn — IMHK; HA] — ATIOMUHHI; 6, 2re, O, €Fe — JKEIIE30; 2Ni, ENi, HC, 3 — HHUKEJIb.

Note. a — tin; 6zn — zinc; 6a — aluminum; e, are, 0, €re — IrON; Ini, eni, #¢, 3 — Nickel.

Cnaaevl u unmepmemaniuovl. B M3ydeHHBIX YIIIEPOAUCTHIX MOPOJAX TAKXKE BBISBICHBI JBYX-
Y TPEXKOMIIOHEHTHBIE CAMOPOIHBIE CILIaBBI cleAyronux cucreM snemenToB: Fe-Cu, Cu-Sn, Cu-Fe-Sn,
Ni-Fe-Cu. KpomMe TOro, ycraHoBjeHbI MHTepMeTaIUAbl Meau: Oponsa (CusSn;) u matyns (CupZng).
Pa3mepsr Beienennii koneOmroTest ot 1 10 10 Mxm.

Tennypuown

B uccnenoBanubix mopongax (00p. AP-36/2) B eMMHUYHBIX CIydasx YCTaHOBIJICHBI KOJOPAIOUT
HgTe u coemunenus Te ¢ Sb u Bi, a takxke ¢ Sb u As ¢ popmynamu (Sb,Bi),Tes u (Sb,As);Tes. Pazmep
BoIAeseHnit oT 1 10 10 MKMm.

MuHnepanvl peoKo3emenbHbIX INEMEHMO8 U UMMPUs
B wuccienoBaHHBIX YIIIEpOAMCTHIX TOPOJAX PacHpOCTPAaHEHb MHUHEpPATIbl PEAKO3EMENbHBIX
2JIEMEHTOB, @ UMCHHO MOHAITUT M KCEHOTHM (Tabi. 6 u 7, puc. 7 u 8).

Tabnuya 6
Table 6
Cocras HCKOTOPBIX MOHAIIUTOB U ICPUAHUTA, MAC. %
Composition of some monazites and cerianite (mass %)
LIaCTI/ILIBI MOHAIIUTOB B YYACTKaX a-o#C N 00oco0ene HepruaHnTa B y4aCTKE 3
DNeMeHT . . . . L .
Element Fractions of monazites at points a-o«c and segregation of cerianite at point 3
a@) | a@ o 6 (1) 6(2) 2(1) 2(2) 0 e(1) anC 3
F 0 0 0 0 0 0 0 0 0,18 0 0,26
Al 0 0,48 0,55 0 1,20 2,02 0,23 2,37 0 0 0
Si 3,12 4,65 3,52 1,87 4,60 4,89 8,38 7,77 0 3,64 1,05
P 11,15 | 12,66 | 14,18 | 14,68 | 1048 | 12,78 | 1222 | 1245| 17,11 | 14,10 0
K 0 0 0 0 0 0,44 0 0,71 0 0 0
Ca 0 0 0 0 0 0,56 0,29 0,63 0,63 0 0
La 1305 | 11,76 | 12,05| 1191 | 12,67 | 11,15| 11,38 882 | 1199 | 1324 | 2356
Ce 2723 | 2344 | 2328 | 2438 | 2492 | 2131 | 21,23 | 18,22 | 22,05 | 2341 | 47,45
Pr 4,03 2,28 1,33 2,66 1,83 2,08 0,76 1,68 1,03 0 3,56
Nd 12,05 | 10,86 997 | 11,36 | 10,89 9,89 9,45 6,98 8,66 | 10,19 8,68
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Oxonuanue mabauywl 6

Table 6 (Continued)
3 YacTuIiel MOHAITUTOB B YUaCTKaX -2+ U 000COOJICHUE IICPUAHUTA B YUACTKE 3
ETngﬁtT Fractions of monazites at points a-o« and segregation of cerianite at point 3
a)| a(@ 6| 6(1) 6 (2) 2 (1) 2(2) ol e(1) onc 3
Th 1,59 3,12 3,84 306 | 438 2,78 2,71 | 6,01 7,51 4,46 0
o) 27,78 | 30,75 | 31,29 | 30,09 | 29,02 | 32,12 | 3333| 3436 | 30,85| 30,96 | 1544
C_I_yggia 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00

Hpumeuanus: a (1), a (2), 6,6 (1), 6 (2), 2(1), 2(2), 9, e (1), 26c — MOHAIMTHI; 3 — JAHTAHCOAEPIKAINI [IEPUAHUT.
Note: a (1), a (2), 6, 6 (1), 6 (2), 2 (1), 2 (2), 0, e (1), 2« — monazites; 3 — lanthanum-bearing cerianite.

Puc. 7. MUKPOCHUMKH C BBIZICICHUSIMH MOHAITUTOB (4, 0, 6, 2, 0, e, dic) ¥ IIepHanuTa (3)
B YITIEPOANCTHIX MOPOJax XaHKalCKOro MacCHBa (CHSTO B YIIPYTO-PaCCESHHBIX IEKTPOHAX)
Fig. 7. Microphotographs with the aggregates of monazites (q, 6, 6, 2, 0, e, o) and cerianite (3)
in the carbonaceous rocks of Khanka massif (photographed in the shape-elastic-scattered electrons
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WX BblAENICHUS MHOTJA JOCTHTAIOT HECKOJIBKUX JIECSITKOB MHKPOMETPOB. XHUMHUYECKUN COCTaB
MOHAIIMTOB HerocTosiHeH. ColiepykaHue OIHOTO U3 IIIaBHBIX PEIKO3eMEIbHBIX AieMeHTOB Ce KonedneTcs
ot 18 1o 27 mac. %. bonee penok uepuanut (Ceg gslan 33)02,00, coneprkamuii ~23 mac. % La (tabam. 6, 3).
CocraB KCEHOTHMOB, KaK ¥ MOHAIIUTOB, HEMOCTOsiHeH. KoHlleHTpanus Y B HUX KOJIeOJIeTcsl B AUana3oHe
28-40 mac. % (tabm. 7).

Puc. 8. MUKpOCHUMKH C BBIICTICHUSMHI KCEHOTHMA B YTIIEPOTUCTHIX MOpoaX XaHKAaHCKOr0 MacCHBa
(CHATO B yHPYyro-paccesHHBIX 3JIEKTPOHAX)

Fig. 8. Microphotographs with the xenotime aggregates in the carbonaceous rocks of Khanka massif.
Photogrphed in the shape-elastic-scattered electrons

Tabauya 7 Oxcuost, cynvhuonl u cynvghamaol
Table 7 Otn MUHEpaIbHBIC (hopmbl
CocTaB KCEHOTUMOB, Mac. % B M3Y4CHHBIX 1mOpojax penku. Cpean
Composition of xenotimes (mass %) HUX  BCTpedaroTcsi remartut  FeO3  m
kaccutepuT SnO;; MOCHeIHUIN MpencTaBiIeH
TeMeHT Brinienenust KCeHOTHMOB B y4acTKax d-2 €IMHUYHBIMH  000COOJIEHUSIMU  pa3MEPOM
Element |~ ggregates of xenotimes at points a-e OT IIEPBBIX COTEH HAHOMETPOB 10 1-2 MKM.
a(l) | a(? o 8 2 Taxxke penaku Haxomku OucmuTa BiyOs
A_l 0 0 0 0,68 0 (wmu cunnenurta?), raneHuta PbS, Oapura
Si 0 0 1,60 7,90 3,72 BaSO, (B Gapute 3adukcupoBaHa MpPUMECh
P 18,63 | 19,25| 16,55| 15,79 | 16,54 Co— 0,3 mac. %).
Y 40,29 | 35,09| 38,39 | 30,65 | 28,26
é:j f% 8 ggi’ 360 227 O0cy:x1eHHe pe3yIbTaTOB
' ’ ’ ’ YuuTeiBass ~ XUMHYECKHE  COCTaBBlI,
gZ 3'48 5%4 5’0(7) 4’28 11’6(1) napareHeTHYeCKne accoUuanu U (QOpPMEI
’ PYOHBIX ~ 000COOJICHHWH, BBIACICHBI  TPH
Nd 0| 3,76 0 0 0 OCHOBHBIX THIIa PYTHOW MHHEPATH3AINU:
O] 35,73 | 3597 | 3492 | 39,13 | 35,60 1-i
Coniva -ii T — CaMOpPOJHOMETAlIbHAs,
T(}),}[\gll 100,00 | 100,00 | 100,00 | 100,00 | 100,00 BKJIIOYAIOLIAsl CaMOpPOAHOE 30JI0TO  BCEX

pasHoBuAHOCTEH, wu3o¢epporuatuny PtsFe,
camopoanbie nmementsl Fe, Ni, Sn, Zn, Al, W, Bi, psa OuHapHbIX ¥ TpPOWHBIX CIUIABOB H
HMHTEPMETAITUIOB;

2-¥ TUI — PEAKO3eMENTbHO-UTTPHEBAs, IPECTABICHHAS MOHAIIUTOM, [IEPHAHUTOM U KCEHOTHMOM;
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3-i1 TN — cepeOpsiHas, COCTOAIIAs U3 CAMOPOAHOI0 cepedpa U COeTMHEHNH Ag — Kepaprupura
AgCl, 6pomuputa AgBr, smbomura Ag(CI,Br), iiomupura Agl, iionoopomurta Ag(CI,Br,l), akantura
AQ.S, amanbramel cepedpa HgzAgd,, a Takxke ypanunuta UOs.

HasBanus MuHepanu3anuil JaHbl [0 MpeodiataronM pyaHsiM ¢asaMm. Hapsany ¢ HumH, MOryT
IPUCYTCTBOBATh BTOPOCTENIEHHBIE PYJHBIE MHHEpANbl: TEILTYPUAbL, OKCHIBI, CYIb(UABL, CyIb(aTsl.
HexoTopsle n3 BTOPOCTENEHHBIX MUHEPAJIOB XapaKTEePU3yIOT OCHOBHOH THIT MUHEpaIM3alluH, HalpuMep,
JIAHTAHCOAEPIKAIMI IIEpPHaHUT — BTOPOHM THII, a YPAaHHHUT SIBJISETCS OJHOW M3 COCTAaBIIAIOMIUX (a3
B cepeOpsiHBIX arperarax, T. €. HENOCPEICTBEHHO IPHCYTCTBYET B TpeTbeM (cepeOpsHOM) THuIlle
MHHEpaIH3aIHH.

Ecnau B mepBBIX ABYX THUIAax BCe MHHEpPAbl OZHOPOIHBI IO COCTaBY, a MO KPHCTAJUTMYECKOMY
CTPOCHHUIO, KaK MPaBHJIO, MOHOJHUTHEI (puC. 2, 3, 6—8) (32 UCKIIOYEHHEM OTAEIbHBIX MHIWBUIOB, YTO
OTMEYaJOCh BBIIIE), TO B CEPEOPSIHON MHUHEpaTU3allii MUKPO- M HAHOBBIIEIECHHS B OCHOBHOM HMMEIOT
reTepOreHHBII COCTaB U 110 CTPOCHUIO MPEJICTABIISIOT TOHKOAUCTIEPCHBIE CMECH HECKONIBKUX (a3 (puc. 5,
Tabi. 4, a Takke puc. 9, Tad. §), u TONBKO 000CO0NICHHS U3 YUCTOTO cepedpa oHOPOIHBI (puc. 4).

Puc. 9. TTonudazoBblit TOHKOAUCIEPCHBIN arperaT, COCTOSIIINNA U3 COSANHEHUI Ag
¢ ranorendbiMu asementamu (Cl, I), a Taxoke ¢ cepoit u pryTsio (06p. AP-34):
@ — MHUKPOCHMMOK BO BTOPHYHBIX 3JIEKTPOHAX; 6 — MHKPOCHHMOK B YIPYrO-pacCcesHHBIX 3JIEKTPOHAX,
Ha HeM ToKa3aHbl Touku 1, 2, 3, 4 3/IP-ananu3za.

Fig. 9. Polyphase finely dispersed aggregate consisting of Ag compounds with halogen elements (Cl, 1) as well
as with sulfur and mercury (sample AR-34): a— microphotograph in the secondary electrons; 6 — microphotograph
in the shape-elastic-scattered electrons where the points 1, 2, 3, and 4 of EDX analysis are shown.

['eonornueckue naHHbIC, TEKCTYPHBIC U CTPYKTYPHBIC OCOOCHHOCTH TPOSBICHHS MeTaMoppu3Ma
W PYAHOW MHHEpaIU3alluH CBUICTEILCTBYIOT O OJIM3KOOAHOBPEMEHHBIX Iporieccax (OpMUPOBAHUS
METaMOP(PHUIECKUX TOPOJ U KOHIICHTPUPOBAHMS B HUX PYAHBIX KOMIIOHEHTOB CaMOPOIHOMETAJIbHOM
U PEIKO3EMENbHO-UTTPUECBOM MHUHEpATU3alii, YTO OTpakaeT eAWHBbIA J3Tal TUAPOTEpMAaILHO-
METaCOMAaTHYECKUX IMPOIECCOB, COMPOBOXKIAABIINX PETHOHAIBHBIM MeTaMophu3Mm. 1o cBoemy reHesucy
cepeOpsiHas MHUHEpaIM3alis OTJIMYaeTCs OT ITIEPBBIX JBYX THIOB. [locienyromiee TepMalbHOES
BO3JICHCTBHE HAa METAIMOPOJbl, CBSI3aHHOE C BHEAPEHHWEM HWHTPY3MBHBIX OOpa30BaHMUIl OPIOBCKOIO
MarmMaTudeckoro komiiekca [12, 14, 17], BeposiTHO, 00yclIOBUII0O OPMUPOBAHUE DTOTO THMA PYAHON
MUHEpaIN3allui, WHAUKATOPHBIMH JJIEMEHTaMH KOTOPOT'0 SIBISIOTCS MHUHeEpanbl cepebdpa. OHa
XapaKkTepHU30Bajach WHBIMH COOTHOIICHHSMH TJIABHBIX PYIHBIX KoMiuiekcooOpasoBarenei (Cl, C, S),
a TaKkKe OKHUCIUTEIbHBIM COCTOSSHHMEM. [Ipu ee (OpPMUPOBAHWUHU CYIIECTBEHHYIO POJIb HIPATH
ra3oTpaHCIOPTHBIE MPOLECChl MEpEeHOca W KOHJEHCAllMM pPYJHOrO0 BEHIECTBA C  y4acTHEM
yrIepoacoAepKaIUX (DIFOUIHBIX KOMIIOHEHTOB, O Ye€M CBHICTEILCTBYET YJIbTpaaucCIepcHOe (HAHO-
MHUKpPOpa3MEpPHOE) U HEOJTHOPOIHOE CTpOeHUE Ag-CONep KallliX arperaroB M, COOTBETCTBEHHO, COCTaB €ro
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coenmuHenuit (puc. 9, tabmn. 8§). [TomoOHBIM MexaHH3MOM OOBSCHSIIOCH HamH paHee [22] ¢gopmupoBaHUe
Co-Ce-Fe-Mn koHZeHCAaTHBIX MUKPOKOPOK, Cerperamuii npu (GparongHol AeCTPYKIHUU Pa3IMYHbIX THUIIOB
cuiMkatHbIX nopof FOxuoro ITpumopss.

Ha BBICOKYIO CTENEHb «YIJIEpPOAUCTOCTH» (IIIOWAOB YKa3blBaeT COBMECTHOE HAaXOXKICHUE
cepebpsiHbIX (a3 ¢ aucnepcHbIM (aMopdHBIM) yraepoaoM. Hampumep, conepxanue yriepona, B OJHOM
u3 arperatoB (puc. 9, Tabin. 8) xoneduercs ot 37 1o 50 ar. %. B HekoTOpBIX arperarax 3aQMKCUPOBAHBI
u Oomee BBICOKHE ero cojepxaHus. Hepenko momoOHbIe pynHBIE BBIISICHHS OKa3bIBAIOTCS TIyOOKO
BPOCIIMMH B YIJIEPOIHCTOE BELIECTBO.

Tabnuya 8
Table 8
DJIeMEHTHBIH COCTaB MOIU(A30BOro TOHKOIUCIIEPCHOro arperara (puc. 9, a, 6)
Composition polyphase finelydispersed aggregate (fig. 9, a, 6)
a— Homep anamusa / Sample number
Element L 2 3 4
mac. % ar. % Mac. % ar. % Mac. % ar. % Mmac. % ar. %
C 7,36 36,85 10,18 41,23 16,83 50,19 14,59 45,67
0] 3,30 12,38 6,39 19,42 8,24 18,46 9,03 21,23
Al 0 0 0 0 1,39 1,84 0,75 1,05
Si 0,87 1,86 1,51 2,61 7,13 9,10 5,87 7,86
S 0,48 0,89 0,13 0,20 0 0 0,22 0,26
Cl 0,34 0,57 1,03 1,41 0,44 0,44 1,05 1,11
Ag 79,45 44,28 72,30 32,60 42,37 14,07 57,08 19,90
I 4,92 2,33 4,32 1,65 17,28 4,88 7,93 2,35
Hg 0 0 0,77 0,19 2,31 0,41 0,58 0,11
U 3,29 0,83 3,37 0,69 4,02 0,60 2,90 0,46
Cymma 100,00 100,00 100,00 100,00
Total

VYrineponucteie (GIronUIbl MpopadaThIBAIM HA CBOEM ITYTH OIPOMHBIC MACChl OCaJI0YHBIX ITOPOI,
o0yCJIOBNMBAs WX KHCIOTHYIO JECTPYKIMIO, apTHIUIM3ANHNI0 C pa3pylieHHeM KPUCTALUTHICCKUX
pENIeTOK MHUHEPAJTIOB, BEIXOJ0M, MOOMIIA3AIMEH U TTepeHOoCcOM (TIpH KOMIUIEKCOOOpa30BaHUH) PYAHBIX
3JICMEHTOB M UX JAJIbHSUIITUM OCaXJICHHEM Ha T€OXUMHUYECKUX Oapbepax. DTOMY OJIaronpusTCTBOBAIN
(UBHKO-XUMUYECKUE XapaKTePUCTUKN CaMOW MOPOABI — €€ CTPOCHHUE (BBICOKOYTIICPOIUCTHIC CIIOU
YCWIMBAJIM BOCCTAHOBHUTEIBHYIO OOCTAaHOBKY) M BBICOKOAKTHBHPOBAaHHOE COCTOSIHHE ITOBEPXHOCTH
COCTaBIISIOIINX IOPOJYy KPUCTAIUIOB W 3epeH (MHOTOYMCIICHHBIC BaKaHCHH, IOPBI, JUCIOKAIIHH,
MEXaHWYCCKUE HANpPsOKEHUS, PAa30pBaHHBIC XMUMHUCCKUE CBS3H, JJICKTPHUSCKUH 3apsa M T. JO. Kak
pe3yabTaT BO3JICHCTBUS TEKTOHUYECKHX IPOIECCOB, HEOAHOKPATHO COMPOBOXKIIABIIMX CTAHOBJICHHE
XaHKalCKOro KpUCTAUTHYECKOI'0 MAaCCHBA).

Ponb yriepomucThix ¢uiroMIoB IS cepeOpsIHOro MHHEpaliooOpa3oBaHUs, CKOpee Bcero, ObLia
omnpenestoniei. Tak, CoriacHO 3KCIIepUMEHTATLHBIM HccienoBanusM [, A. TlambsHOBOI [23], pacTBOPHI,
HACBIIICHHBIC JUOKCHJIOM YTJIepo/ia, B KOTOPBIX PACTBOPEHO Cepedpo, CIIOCOOCTBYIOT MPH ONPEACTICHHBIX
YCIIOBHSIX MHTCHCUBHOMY OCaXIeHUI0 U3 HUX Ag. [T03TOMY M3 IPUPOIHBIX (IIFOMIOB B IIEPBYIO 0YEPE/Ih
BBITIA/IAJI0 CAMOPOIHOE cepedpo, 3aTeM, C MOHMKEHUEM TeMITEPAaTyPhl U POCTOM aKTHBHOCTH KMCIIOTHBIX
KOMITOHEHTOB, ()OPMUPOBAINCH I'elIM KOMIUTEKCHBIX coequnenuii Ag ¢ Cl, Br, I, S, Hg u ocraBierocs
aToMapHOro cepebpa, co3aaBasi MHOTO(a3HbIE TOHKOAUCIIEPCHBIC CMECH.

Crnenyer OTMETUTD, YTO B U3YyUEHHBIX TIOPOJIAX COACPIKUTCS Yriiepoa ABYX BUJIOB: OPraHOTCHHO-
0CaJIOYHBIA, 9acTO B ()OpME TUIOTHBIX CIOWCTBIX OTJIOKEHHWH, M METACOMATHYECKUN, BO3MOXHO,
MaHTUHHOTO TpoucxoxacHus [18], He3aKOHOMEpPHO paclpe/e/ICHHBI B Pa3IMYHBIX yJacTKaX MOPOJIbI
B BHUJC TOHKOAMCIICEPCHBIX CKOIJICHWH. YTJIEpoa WMeN BaKHEWIlee 3HAYCHHWE MpU 00pa3oBaHHH
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CaMOpOJIHON MHUHEpaIH3alHy, YTO MOATBEPKAAETCS IKCIEPUMEHTANIbHBIMU JaHHBIMH M. A. MepeTrykoBa
[26], KOTOpBIE MOKA3bIBAIOT, YTO CIIOCOOHOCTh K OCAXKACHUIO OArOpPOIHBIX METAJUIOB M3 pacTBOpa
Ha IMOPpAA0K MOBBIIACTCS B IPUCYTCTBUH JAXKE HEOOJIBIIIOTO KOJIMYECTBA, PACIIBVICHHOI'O Ha OCAAUTCIIbHYIO
MIOBEPXHOCTb MOJUIOKKH YIJIEpOa.

B cpaBHeHHH ¢ paccCMOTPEHHBIMH TpeMsl THIIaMH MHHEpaIU3allMM, HECKOJIBKO 000COOIEHHOM
OKa3bIBAeTCsl accolMalus TEUTypUIHBIX MHHepasoB. Jleno B ToOM, 4YTO eciau Obl TeulypuaHas
MUHEpaIu3aus 00pa30BbIBAJIACH COBMECTHO JIMOO C CAMOPOAHOMETAIBLHOM, MO0 ¢ cepeOpsiHOM, TO
00s13aTeIbHO MPOSIBUIIUCH Obl TEJTYpUIbl Au U Ag, KaKk Mbl paHee OTMeUally, HalpuMep, pH U3ydeHUH
30JIOTOHOCHBIX Py KapauHcKoro tumna [24, 25]. Ho B nanHoM citydae 3Toro He Habmogaercs. Beposrtho,
TeJTypUIHAS MUHEpaIU3allis BOZHUKIA B PE3YJIbTaTe CAMOCTOATENILHOIO Tara MOCTYIIeHUs (IIOUI0B,
oboramennslx Te, Sb, As, Bi u Hg. Tem Oonee oHa ycTaHOBIIeHa B METaropojax ApPYroil cepuu —
opioBckoi (00p. AP-36/2).

BriBoabI

B pesynbrare npoBeAEHHBIX HCCIEIOBAHUN TIpadUTHU3UPOBAHHBIX CIIAHIEB MHUTPO(AaHOBCKOM
(;recozaBojicKasi cepus) M PYIOHOCHOHW (OpJOBCKas cepusi) CBUT XaHKaicKoro maccuBa [IpuMopss
O0HapyXeH HIMPOKUH CIEKTP PYAHBIX MHUHEPAIOB B BUJE BBIJCICHUH MHKPOHHOW M HAaHOMETPOBOM
Pa3MEpPHOCTH U IPOAHAIU3UPOBAHBI UX COCTABBI.

Brigeneno Tpu OCHOBHBIX THIIa MUHEPAIH3AIUH:

1) camopogHOMeTanbHAs, BKIIOYAIOIIas CaMOPOJHOE 30JI0TO BCEX  Pa3HOBUIHOCTEH,
uszodeppormnaruny PtsFe, camopoansie Fe, Ni, Sn, Zn, Al, W, Bi, psn cruiaBoB Ha ocHose Fe, Ni u Cu,
W NHTEPMETAINIOB MEIH;

2) peaKo3eMeNbHO-UTTPUEBAst, IPECTAaBICHHAs MOHALUTOM, IEPUAHUTOM U KCEHOTHMOM,;

3) cepebOpsiHasi, cOCTOsIAs U3 CAMOPOJHOIO cepedpa, ero rajoreHu7OB, aMalibraMbl cepedpa
W aKaHTHTA.

CamopoaHOMETaNIbHAS M PEIKO3EMENbHO-UTTPHUEBAs MHUHEPATH3alUU C(HOPMHUPOBATHICH B OJHUH
3Tan MHHEPaJIo00pa3OBaHMs, COMPOBOXAABIINKM MeTamopduueckoe u3MeHeHue nopona. CepebOpsiHas
MHUHepalu3alys, ¢ y4eTOM CHeuu(UKd COCTaBa M MUKPOCTPYKTYPHI €€ BBIJENICHHH, 00pa3oBajach
B CaMOCTOATEIBHYIO CTaJHI0, BTOPUYHYIO II0 OTHOIIEHUIO K IIEPBBIM ABYM MUHepanu3anusm. i Hee
YCTaHOBJICHA TeHETUYECKas CBSA3b C YIIIEPOJICOAePKAIIMMHU (PIFOUIHBIMUA CUCTEMaMH, 00ECTIeYMBIINMHU
XMMUYECKOe JKCTpAarupoBaHKe, MEPEeHOC W HAHOMMCIEPCHOE OTIOXKEHHE cepedpa W ero COeAWHEHUM
COBMECTHO ¢ yrieponoM. Ilpeamonaraercs, 4to 3Ta cTamus 00yCIOBIEHA SHIOTCHHONW aKTUBU3AIMEH,
MIPOSIBUBILIEHCS CO CTAHOBIEHUEM B PETHOHE OPJIOBCKOTO MHTPY3UBHOI'O KOMIUIEKCA.
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XKN3Hb HAYKH. KOHOEPEHIINN, CEMIMHAPDBI

Pernonanbubiii  mMoJioge:xHbiii  gopym «Mosogass Hayka APKTHKH» H  BCepocCCHiiCKas
KOH(epeHIMA-IIKOJAa MOJIOIBIX Y4YeHbIX H crnenuaiucroB «['eorexHosorusi m oGoramieHue
MOJIe3HBIX HCKONAEMBIX)

I'opuoviit uncmumym @HIL] KHI] PAH, 14-15 noaopsa 2018 2.

14—15 nos16pst 2018 roga B r. AnaTuThl B pamkax MypMaHCKOH MEXIyHapOIHOMN /1€I0BON Helenu
l'opabiM  WHCTUTYTOM — 000COOJEHHBIM TmojapasaeneHueM denepanbHOr0 TrocyAapCTBEHHOTO
OIO/DKETHOTO yupexIeHus: Haykun denepambHOro HMCCiIeaoBaTeNbeKoro neHtpa «Kombekuil HaydHbIH
ueHTp Poccuiickoil akageMun Hayk» poBeJieHa KOHpepeHuus-kona. OCHOBHbIE HallpaBJIeHUs PaOOTHI:

* ['eomexannueckue mpobdaemMbl 6e30MacHOi 0TPabOTKU MECTOPOKICHUH TOJIE3HBIX NCKOIMAEMBbIX.
[IpoGieMbl MOHUTOPHHTA PUPOIAHBIX U TEXHOTEHHBIX MPOIIECCOB MPU BEJCHUH TOPHBIX paboT.

* ['eorexHooOrns (OTKpHITAs, OI3EMHAst U CTPOUTENbHAs) — HOBBIE B3IVISABI M MTOJXOJIBI.

* Un(opmanimoHHble TEXHOJIOTMM B TOPHOM jeie. ABTOMATu3alus W poOOTH3alus TOPHOTO
MIPOU3BO/ICTBA.

* [Ipo6nembl nepepabOTKN MUHEPATIBHOTO CHIPBS, B TOM YHCJIE TEXHOT€HHOTO.

* DKONOrn4yeckre npoOIeMbl OCBOCHHUS MECTOPOXKIACHUH.

» COoBpeMEHHbIE TEXHOJIOTHH MTONCKA, Pa3BEIKN U TOOBIYH MOJIE3HBIX HCKOMAEMBIX.

* DKOHOMHYECKHE MPOOIEMBI HEJIPOIOIb30BAHHUSL.

B pabore xoH]epeHIN MPUHUM ydacTue 73 dernoBeka, Cper KOTOPBIX 58 MOJOMIBIX YYCHBIX U
CIEHUAINCTOB. B 4nciae y4yacTHUKOB KOH()EPEHLIMHU-IIKOIBI MPEACTAaBUTENH 4 aKaIeMHYeCKUX
yupexaennii ("ol KHL[ PAH, UTITISC KHI PAH, [I15C KHII PAH, UT' I YpO PAH), 2 yauBepcuTeToB
(AD MAT'Y, AD MI'TY), 3 opraamsanmii (AO «Anatut», OO0 «JloBozepckmii 'OK», 3A0 «ORICAY).

Kondepennus-mkosa BKirodaza B ceOs MpoBeeHUE HAYIHOM IIKOJIBI, 03HAKOMJICHHE C paboTaMu
MOJIO/IBIX YYEHBIX, ACHUPAHTOB M CIIELUAINCTOB, KPYTJIBIH CTOJ, a TAKXKE IKCKYPCHH.

B pamkax Hay4HOI MIKOJIBI MPOBEACHBI JEKIMK BEAYIMX HaydHbIX coTpyanukoB ['old KHI[ PAH
u UI'Jl YpO PAH. 3acnymansl JeKIWOHHBIE JOKIAAbI A.T.H., pod. A.A. KospipeBa u n.1.H. A.Jl.
Camrypuna. B pamkax koH$epeHIMH 3aciymanbl 37 MOKIAaJ0B MOJOABIX YYEHBIX WU CIIEI[HAJHCTOB.
OTmedeHo, 4To B OOJBIIMHCTBE 3aCIyIIAHHBIX JOKIIAJOB OTPAXKEHBI COBPEMEHHBIE TEOPETUYECKUE
MOJIXO/IbI M PAKTUYECKUE PELICHUS aKTYaJIbHBIX TPOOIeM. YYacTHIKU KOH(epEeHIIMH-IIKOIbI TOCETHUIIH
VIII Mexnynaponnyio koHpepeniuio «['opHOmoOBIBaromas MPOMBIIIICHHOCTh bapenneBa EBpo-
ApKTHYECKOro peruoHa: B3rsin B Oyaymee» — «MonepHu3anusi TOPHOJOOBIBAIOIINX, TOPHO-
XUMHYECKUX U METAUTYPIrUUECKUX NPEANPUATUN I KOMIUIEKCHOTO OCBOEHHUSI MUHEPAIBbHO-ChIPHEBOM
6a3b1» B r. KupoBcke, nmpociymmany mieHapHble TOKJIAIb, a TAKXKe MMOCETHIIN CEKLIUHU, KPYIJIbIe CTONBI
U 9KCKypcuu Ha npou3BojacTtBeHHble miomanaku KO AO «Anatut» (Kuposckoro pyaHuka, Bocrounoro
pynauka, AHO®-3, Yye6Horo nieaTpa ®ocArpo).

Jist pacmIMpenust TepPUTOPHH Traiora ObUT OPraHU30BaH TeIeMOoCT ¢ IHCTUTYTOM ropHOro aeia
YpO PAH (UT'] YpO PAH) r. EkarepunOypr.

X1V Bcepoccuiickass HayyHasi KoHdepeHUHMsl ¢ MeKIyHApPoAHbIM YyuactHeM «KoMiuiekcHbie
uccjaenosanus npupoas lnundeprena u npuiierarpumero mesbda
Mypmanckuii Mopckoit duonozuueckuit uncmumym, 2. Mypmanck, 30 okmaopa—2 noaopa 2018 2.

B pabore kordpepeHunu npuHsm yqactue 126 4en., mpecTaBIsBIIMX HaAyYHbIE, 00pa30BaTEIbHbIC
U HAy4YHO-TIPOM3BOACTBEHHble opraHu3zauuu Poccum u HopBerun (AmatutoB, ApXaHIelbCKa,
BapenuoOypra, Kazanu, Kanununrpanma, Kuposcka, JlomonocoBa, MockBbl, MypmaHcka, OOHUHCKa,
[Terpo3aBoacka, PoctoBa-na-Jlony, Cankr-IlerepOypra, Tomcka, Tromenu u Jlonruepouna). COOpHHUK
marepuanoB koHdpepeniun (KomrmiekcHbie uccnenoBanus mpuponst llnunbepreHa u mpuiieraroero
menbga: Te3. noxn. XIV Bceepoc. Hayd. koH}. ¢ MexayHap. ydactueM (T. Mypmanck, 30 okTsOps —
2 HostOps 2018 r.). — Anatuter: ®UL] KHI[ PAH, 2018. — 133 ¢. — ISBN 978-5-91137-374-0. — DOI:
10.25702/KSC.978.5.91137.374.0) Bkitouaer 86 KpaTKuxX COOOICHUM, MPEJCTABICHHBIX OT MMEHU
40 opranmzaimuu Poccunm u 3apyOexnbix crtpaH (Hopserus, CLUA, BenukoOpurtanus, [lonbiia).
Haubonee nnHTepecHble uccieqoBaHUs ONYOIMKOBAHBI B BUAE 26 MOJHOLEHHBIX CTaTeil B KypHaie
«Bectauk Konbckoro mayunoro neatpa PAH» (3/2018).
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Kondepenuus crana He TONBKO IUIOMIAIKOH, HA KOTOpPOW ObUIM 0OCYXII€HBI HOBbIE Hay4yHbIC
JIAHHBIE O NPUPOJIE U UCTOPUM apXuIlesara, Ho TaKk)Ke BCTpedel KoJljIer U Apy3ei, padoTaroluX BMECTe
B CYPOBBIX YCIOBHSX BBICOKOIIMPOTHOW ApkTuku. Bcero Obuto 3acinymano 74 yCTHBIX JIOKJIaja
u npezcTasieHo 12 nmocrepoB. IHTepec OCHOBHBIX HAyYHBIX (POHI0B K (PMHAHCHPOBAHHIO UCCIIEIOBAHUN
B ApKTHUKe TpuBel K (POPMHPOBAHHIO HOBBIX TBOPUYECKHMX KOJUIEKTUBOB C YYacCTHEM MOJIOJBIX
rccrueaoBaresnei, COTpyAHUUECTBY pa3HbIX OpraHu3aluid, pacIIMPEHUI0 HAyYHOU TeMaTuKu. BriepBrie B
KOH(epeHLun yyacTBOBaIN yueHble U3 Cubupu. TpanuinuonHsie 11 GopyMa HampapieHUs B 00IacTH
I'€0JIOTUH, [IIALMOIOTUH, CeHCMOIOrMH, Te0(PU3UKH, GU3UKU aTMOC(Ephl, KITUMATOIOTUH, OKEaHOJIOTUH,
OMOreoXMMHUH, IOYBOBEJCHUS, 300J0TMM, OOTAaHMKH, 3KOJIOTMH, HCTOPUM U apXEOoJOrMH ObLIH
pacLIMpeHbl 3a CUeT HOBBIX, aKTUBHO pPa3BUBaeMbIX B rocieHue rojasl Ha llInunbeprene, — mopdonoruu
U PEeNpOAYKTUBHON OMOJIOrMH MOPCKHUX OPTaHU3MOB, 3KOTOKCHUKOJIOTHH, 3KOJIOTUU YeIOBEKa Ha CTHIKE
9KOJIOTMM M MemuIHbl. OueBUAHBIM JUISI YYaCTHUKOB CTal0 IO3UTMBHOE OOHOBIIEHHE COCTaBa
YYaCTHHUKOB M Hay4YHBIX HampasieHuil. bonbnyio poss B KoopAuHAIUU padoT, IOTUCTUKE, PACIIUPEHUN
TEMAaTUKH MCCIIEIOBAaHUSI HA apXuIlenare B MOCiIeAHUE TOJbl BHIMONHIET Poccuiickuil HaydHBIH LIEHTP
Ha [lnunbeprene. Hayuneiii ¢opym Ilnmmoeprena (Svalbard Science Forum), membio KOTOpOro
SABIISICTCA MEXAYHApOJHAs KOOPJMHALMSA U COAEHCTBHE HaydyHbIM HccienoBaHusMm Ha llnunbeprene,
nposiBII OoubIoi mHTEpec K mpoBogumomy MMBU meponpustuio. X. AHIEpCEH, IpeAcTaBIsIonas
Ha KoH(pepeHruu SSF, BHUMATETHPHO O3HAKOMHJIACH C PE3YJIbTaTaMH POCCHUCKHX HCCIeI0BaTeNIeH
Ha [IImumndeprene.
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KHUTI'OU3JJAHUE

Kanunun, A. A. 3onoro B MeTaMOp(HUYECKHX KOMILIEKCAX CEBEPO-BOCTOYHON  YacTH
dennockanauHaBckoro mwuta / A. A. Kanunun. — Anatute: ®UL « KHL] PAH», 2018. — 250 c.: u.

CI/ICTCMaTI/BI/IpOBaHI)I OHy6JII/IKOBaHHI)Ie JaHHBIC H COOCTBEHHEBIE MaT€pruaJibl 11O HPOABICHUAM
30JI0TOPYIHONH MUHEPAIHU3aLUU B HEOAPXEHCKHUX U MaJe0NpOTePO30HCKUX 3€JIEHOKAMEHHBIX CTPYKTypax
Konbckoro perumona, ®@unckon Jlammangum u  CesepHoit Kapenuun. OcHOBHOE BHHUMaHMe
IIPU XapaKTEePUCTUKE PYJONPOSBIECHUH 30J0Ta YJENEHO HX TIe0JO0ro-CTPYKTYPHOMY IIOJIOXKEHHUIO,
0COOEHHOCTSIM METacOMaTUYEeCKUX MPeoOpa3oBaHMi BMEIAOIUX MUHEPATU3ALHIO 110POJ], MUHEPAJIOro-
IeOXMMHUYECKHM XapaKTepUCTUKaM OpYAEHEHUs U BpeMeHU (opMHUpoBaHus MUHepanu3auy. [Iposenena
reoJIOro-recHeTUYCCKass TUIIU3alUusd 30JI0TOPYAHBIX 06’BCKTOB, IIOKa3aHoO, 4YTO 00abIIas WX YacTh
OTHOCUTCS K OpPOT€HMYECKOMY THUILy MECTOPOXAECHUH JIMOO K OpOreHHYEeCKOMY C aHOMAaJIbHOM
acconmanuel MetaioB. BblmeneHo gBa  OCHOBHBIX 3Tama  (OPMHUPOBAHUS — 30JI0TOPYIHON
MUHEpaTu3aluu — Heoapxehckuit (2,7-2,6 mupa ner Ha3aa) u naieonporeposzoiickuii (1,9—1,7 mipa
JIeT), IPUYEM Ha MaJeonpoTepO30MCKOM 3Tane (GOPpMHUPOBAHUE MUHEPATIM3ALUU 30JI0TA MTPOHCXOIHUIIO
HE TOJIBKO B HpOTepOSOﬁCKHX, HO U B apxeﬁcxnx 3eJICHOKaMEHHBIX ITosicax. HaMeueHbI reoioruaeckue
cTpykTypsl B KonbckoMm pernone, Haubosiee MepCrleKTUBHbIE Ha 00OHAPYKEHHE HOBBIX 30JI0TOPYAHBIX
O00BEKTOB.

Momnorpadust MOXeT ObITh MOJIE3HONW MPH pa3paboTKe CTPATErny IMOMCKOBBIX pabOT Ha 30J0TO
B KonbckoMm peruone.

[Mpo6aembl ApkTudeckoro peruoHa: Tpyabl XVII Mexaynap. Hayy. KOHG. CTYJAeHTOB U
acniupanToB (1. MypMmanck, 15 mast 2018 r.). — Anatuter: ®ULL «KHIL] PAH», 2018. — 159 c.

B cOopHuke mpencTaBieHbl HaydyHBIE CTaThH MO0 MaTepuanam jaokianoB X VII MexmxyHnapomaHoi
HAyYHOH KOH(EPEHINH CTYICHTOB 1 acnipaHToB «IIpobiaemMbl ApKTHYECKOro pernoHay. B KHUry Bomm
pe3ynbTaThl HAYYHOH paboTHI CTYIEHTOB U aCUPAHTOB PA3IMYHBIX BY30B, HAYYHBIX OPraHU3AIUN U X
¢wmmanos. TemaTrka npencTaBIeHHBIX TOKIAI0B BKIIIOYAET UCCIICAOBAHMS, CBSI3aHHBIE C (PU3HMUECKIMU,
XUMUYECKUMH, OMOJIOrMYECKHMH, MEIUIMHCKUMH, SKOJIOTMYECKUMH, TEXHHMUYECKHMMHU MpoOiIeMaMu,
a TaKKe MOCBSILEHHBIE BOIPOCAM NIEAArOrMKH, YKOHOMHUKH M COLIMOIOIMH APKTUYECKOI'O PETUOHA.

DKoHOMHUYecKasi 6e30MacHOCTh Poccuiickoii APKTHKH: 0COOEHHOCTH H NPoGJieMbl obecneyeHust /

O[] Hay4d. pell. [u np.]. — Amaruter: OUIL «KHIL PAH», 2018. — 103 c.

B komnektuBHOW MOHOrpaduu MpeACTaBlIEHbl Pe3yJbTaThl OLEHKA M aHAINW3a YKOHOMHYECKOH
0€30MacHOCTH C MO3MIMK KaK BHEIIHHX IBIDKYIIMX CHJI, TaK U BHYTPEHHHX MPOOJIEMHBIX (HaKTOPOB.
B pabore uccnenyrorcs OCOOCHHOCTH OO€CIEUEHHUs HAIMOHAJIBHOH HKOHOMHYECKOH O€30MacHOCTH
B Apkrudeckoil 30He Poccuiickoil denepanun u yCTOWYMBOCTh XO3SHCTBEHHBIX CHCTEM OTIENBHBIX
peruoHoB A3P®. bonpmioe BHMMAaHHE YIENEHO CTPAaTErMYECKUM aCIEKTaM 3HEpPreTUYecKou
0€30MacHOCTH, WTIpAOIIUM O0COOYI0 pONIb Ui  JESTEIBbHOCTH B OKCTPEMAIbHBIX IPHPOIHO-
KJIMMaTUYECKUX YCIOBUSAX. PaccMaTpuBalOTCsl TakKe OTHAENbHBIE MPOOJIEMBbI, CBS3aHHBIC C 3aIaHOM
CaHKI[MOHHOW MOJIMTUKOM, B TOM YHCIIE 00YCIOBIEHHONW «YKPAaUuHCKUM) KPU3HCOM.

Monorpadus 6a3upyercss Ha HAy4YHBIX PE3yJbTaTax BBIMOJHEHHUS TOCYAApPCTBEHHOTO 3aJaHHs
NOIT KHI[ PAH na 2013-2017 rr. OTnenbHble pa3lienbl BBINOJHAIUCH IPHU MOAJEPKKE MPOrpaMm
¢dbynnamenTanbHbIX uccaenoBanuii [Ipesummyma PAH Ne 10 «AHanu3 W MPOrHO3 JTOJITOCPOYHBIX
TEH/CHIIMI HAy4YHOrO W TEXHOJOrMm4Yeckoro pasButus: Poccus um mup» (pasa. 2.4) m Ne 13
«[IpoctpanctBennoe paszsutre Poccum B XXI| Beke: mpupoaa, oOLIECTBO M MX B3aUMOJCHCTBHUE»
(pa3a. 2.1 u 2.2), a takke rpanta POOU 17-02-00248 «HHOBaIMOHHBIE (PAKTOPBI B OCBOCHHH
ApPKTUYECKOro 1Ienbda u mpodiaemMbl UMIIOpTO3amMenieHus» (pas3a. 3.5).

BecrHuk Koabckoro Haunoro nenrpa PAH. — 2018. — Ne 4 (10). — 109 c.
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Cesep u pbIHOK: (JOPMHPOBAHME IKOHOMHYECKOI0 MOPSI/IKA: Hayd.-MH(POPM. KypH. / TH-T 3KOH. 1poliem
um. I'. I1. JIysuna KHI] PAH. — Anatuter: ®UIL «kKHI] PAH», 2018. — Ne 4 (60). — 158 c.

Tpyasl Koasckoro nayunoro uentpa PAH. — Anarutsr: ®UL «KHL] PAH», 2018. — Ne 4 (9). —
139 c. — (Oxeanomnorusi, BbIIL. 5).

Tpyasl Koabckoro nHayuynoro nenrpa PAH. — Anatutsr: ®UL[ «KHIL[ PAH», 2018. — Ne 7 (9). —
144 c. — (I'ymanuTapHble UCCIIeI0BaHU, BBIIL. 14).

Tpyasl Konbckoro nayunoro nentpa PAH. — Anatutsr: UL «KHI] PAH», —2018. — Ne 8 (9). —
139 c. — (Ouepreruxka, Boi. 17).
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IOBUJIAPBI

I'OAHEBA Mapus MouceeBHa

K. X. H., BeIyIIui uHXeHep MTHCTUTyTa XMMUH U TEXHOJIOTUU PEIKUX DJIEMEHTOB U
MuHepanbHOro ceipbst M. W. B. Tananaesa KHI PAH, rae tpyaures ¢ 1956 .

B 1951 r. okonumia xumndeckuit hakyabTer Kazanckoro rocynapcTBeHHOTO
yauBepcutera uM. JlobGaueBckoro. Mapuss MownceeBHa — TEpBBIH aCUpPAHT
Koneckoro ¢unnana AH CCCP (1953—-1956 rr.), o1Ha M3 MEPBBIX COTPYJHHKOB
WNHcTuTyTa XMMUM U TEXHOJIOTHH PEIKHUX 3JIEMEHTOB U MUHEPAIBHOIO ChIPbSL.

B 1960 r. 3amurnna quccepTanyio Ha COMCKaHUE YYEHOM CTENEHN KaHIuaaTa

XUMHYECKUX HayK HAa TeMY «DJIEKTPONPOBOIHOCTh M BA3KOCTh PACTBOPOB THIIPOOKHCEH JINTHUS, HATPUS
Y KaJI¥sl B BOJIC M CMEIIAHHBIX PACTBOPUTEIISX.

M. M. I'ogHeBa — cHenuanicT 1o U3y4eHuro $pa3o000pa3oBaHNsl B MHOTOKOMITOHEHTHBIX CYIIb(aTHBIX
Y CEPHOKHCIIBIX CHUCTEMax 3JIEMEHTOB IMOATPYIIBI THTaHA C WCCIEIOBAaHUEM TBEpIABIX (a3 Meromamu
peHTreHoda3oBoro, KpUCTAJUIOONTHYECKOTO, XUMHUYECKOTO, TEPMHUYECKOTO aHaJN30B, a TaKkKe
NK-crieKTpocKonuu M NMPOTOHHOTO MarHUTHOTO PE30HAHCA, MPOBOAUT OONBIIYI0 HAy4HYIO paboTy
(GbyHIaMEHTATIBHOTO U HMPUKJIATHOTO XapakTepa, HaIpaBJICHHYIO Ha pPelIeHrne MPoOJieM HCIOIb30BAHUS
MHUHEPATBHBIX pecypcoB MypMaHCKOM 0071

[Tonydennsie €0 naHHBIE O (HUIUKO-XMMHUYECKUX CBOMCTBAX THUTAHOBOIO M KOMIUIEKCHBIX
ITyouTenel U KO, a TAKXKe JaHHbBIE O TIOBE/ICHUH MX B PACTBOPAX MCIOIb30BAHbI IBYMS HTATbSTHCKUMHU
Y aBCTPAIMICKON (pMpMaMHU IIPH COCTABJICHUH JIMLIEH3UOHHBIX COTIALICHNH, KOTOPBIE PU3HAHBI CAMBIMH
KPYITHBIMH B HCTOPUH Poccuiickoii akaeMun HayK 110 BEIMYMHE BBHITUIAYCHHOMN 32 H300PETEHUS CYMMBI.

Ero BMecTe ¢ coaBTOpamu BIiepBbIe ObLTO TOTydeHo Oonee 100 coemmHeHuit: cyibharo-MeTaiaTos,
OKcO(TuApOKco)cyabhaToB, ¢ropocyibdaToB, ¢ropocynbdaromeraatoB u ¢ropodocharonupkoHaTOB
AJIEMEHTOB TMOIATPYIIBl THTaHA, Ui KOTOPBIX OKOHTYPEHBI O0JIaCTH HMX 00pa3oBaHUs B (U3HKO-
xuMudeckux cucremax. HosusHa 40 coeauneHmil moaTBepkIeHa ceprudukaTaMu MexayHapoIHOTO
nenTpa audpakponseix nanHeix (ICDD, CIIIA).

VY4acTHUK pa3padOTKH TEXHOJOTUU MOJTYYSHHs AHTUIMPEHOB W3 KOBIOPCKOTO OajjelienTa.
[Tpunnmana ygactie B BBITOJHEHUH TPOrpaMM (GyHIaMEeHTAIbHBIX uccnenoBanuii [Tpesnnyma PAH.

Mapus MowuceeBHa siByisieTcsi aBTopoM okoiio 400 paboT, B T. 4. 6 MoHOrpaduit U 78 aBTOPCKHX
CBHUJICTENILCTB U MATEHTOB, U3 KOTOPHIX 49 3apy0e:KHBIX 3asiBOK M NMaTEHTOB. BHeapeHo 5 n300peTeHuid.

OHa HarpaxxjaeHa Meaanbo «3a Ao0necTHbI TPy B 03HaMeHoBanue 100-1eTust co THS pOKICHUS
B. U. Jlenunay», OponsoBoii menansio BJIHX (1983) u 3nakom «M3ob6peratens CCCP». Otmeuena
OnaroapHOCTBIO B CBsi3U ¢ 275-netuem PAH, GnarogapcTBeHHBIM MUCEMOM TyOepHaTopa MypMaHCKOi
obnmactu. Jlaypear mnpemun MexayHapoqHON akajgeMudeckord wu3aarenbckor kommanun (MAMK)
3a myunryto myonukanuio (2003). B 2018 r. HomuaupoBana Ha [Ipemuro PAH um. JI. A. Uyraesa.

3a mpeJaHHOCTh HayKe, CTOMKOCTh B TPYIHBIX JKU3HEHHBIX CUTYalUSIX U J0OpOXKENIaTeIbHOCTh
Mapust MonceeBHa 0JIb3yeTCs UCKIIOYUTEIbHBIM YBaXKEHUEM B KOJUIEKTHBE.

Ot Bcelt nymu noszapasisieM Maputo MouceeBHy ¢ 100MIIeeM U JKelaeM HeHCCIKaeMOM SHEpruu,
KpEMKOro 3/10pOBbs M HOBBIX HAaYUHBIX CBEPIICHU!
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BAIIIMAKOBA Egnena IlerpoBHa

K. 3. H., JIOLEHT, BeAyIIU HAyYHBI COTPYAHHUK OTAENIa COUUATBbHON MOJUTUKU
Ha CeBepe MucTuTyTa skoHOMUYeckux npobiem mm. I, I1. JIysuna KHI[ PAH
(M3IT KHI] PAH), paboraer B KonbckoM HaydHOM 11eHTpe ¢ 1975 T.

W3BecTHbIlt  crenuamMcT B 00NAacTM  PETMOHAIBHOW — 3KOHOMHKH,
UCCIIeIOBAaHUN MpOOJeM COLMaIbHO-dKOHOMHYecKoro pas3Butus CeBepa Hu
Apkruku. Cdepa HaydHBIX MHTEPECOB: (POPMUPOBAHUE CTPATETUH PErHOHAIBHOIO

Pa3BUTHsI, NPOU3BOJICTBEHHBIX KJIACTEPOB, Pa3BUTHE YaCTHO-TOCYIAapPCTBEHHOIO
MapTHEPCTBa, COIMAbHAS OTBETCTBEHHOCTh Ou3Heca Ha poccuiickom CeBepe M B ApPKTHKE;
IIPOCTPAHCTBEHHOE PA3BUTUE CEBEPHBIX TEPPUTOPHIA, FTEOIKOHOMUYECKOE U I'EONOJUTHYECKOE 3HAUCHUE
CeBepa n ApkTuku Ui pa3BuTHs Poccuu, MexayHapoaHoe coTpyaHuuecTBO B bapenuesom Espo-
ApPKTHYECKOM pErvoHe.

Enena IlerpoBna bammakoBa poaunacek B ropoje JleHuHrpajae, rie Ha MepBbie rofbl €€ KU3HU
IPUILUIOCH TAaKOE TSKEJIO0e HCHbITaHHWe, Kak Oyokana. Ilorom ObuIO HE caMoe ChITOE MOCIEBOCHHOE
JIETCTBO, KOMCOMOJIbCKast I0HOCTh, € 1956 1o 1961 rr. — yudeba B JIeHMHIpaACKOM TOPHOM MHCTUTYTE
nM. ['. B. IInexanoBa u, HakOHEL, Ha4aln0 TpynoBou nearenbHocTr B YayHckoMm Paill PY Marananckoun
0051. Paborasi TOpHBIM MacTepoM M TEOJOroM, OHAa MPHUHUMAJa y4acTHE B Pa3BEIKE 30JI0TOHOCHBIX
POCCBIITHBIX MECTOPOXICHWM, PTYTHOIO W OJIOBOPYAHOIO MECTOPOXACHUH. Ee sApKue 3apHCOBKU-
BOCIIOMHHAHUS 00 3TOM CYpOBOM Kpae TMOJIHbI POMaHTHKH, OITHUMH3Ma MOJIOJIOCTH M BEpPBI B COOCTBEHHBIE
cwibl. BepryBmmcs B JIeHuHTpan mocie poxkaeHus podepu, ¢ 1966 mo 1975 rr. ona paboTana ctapumm
WHXEHEPOM T'OPHOI'0 OTJEJIa HHCTUTYTA «[ MIIPOHMHEMETAIIOPYIY.

B suBape 1975 r. Enena IletpoBHa, He M3MEHsIsl CBOMM MPECTABICHHUSIM O POMaHTHKe, MprUexana
Ha Kombsckuii CeBep u ctana corpynaukom ['oproro mHcTHTyTa Kosnbckoro ¢unmana Axagemun HayK
CCCP. Camas 3HaumMas cTpaHuia B ee Omorpadum Obiia oTKphiTa B 1978 T., KOrma oHa mepenuia
Ha paboty B Torna emie Otaen skoHomuueckux uccnenoBannii KOAH CCCP, na 6aze koroporo B 1986 .
0611 coznan MHCTUTYT S5KOHOMUYECKUX 1podsieM. OT MIIAIIero HAyYHOTO COTPYJHHUKA 1O 3aMECTUTEIS
mupekropa MHcTUTyTa SKOHOMHYecKuX mpodieMm Kombckoro nayunoro mentpa PAH — TakoB myTh
npodeccroHanbHOro ee pocra bammakoBoii. [IpakTrueckne 3HaHUS, HaydHAs] SPYIAUIHS W IIAPOKHMA
KPYro30p MO3BOJIIIN €{ BBINOJIHATH HaydyHbIE W MPUKIAJHBIC WCCIEIOBAHUSA B PA3IMYHBIX 00JacTIX
SKOHOMHYECKOH HAayKH Ha CaMOM BBICOKOM ypoBHe. Ee wuccienoBaHMs, CBSI3aHHBIE C TI€0JOIO-
HKOHOMUYECKOH OLEHKON alaTUTOBBIX, PEAKOMETAIUTBHBIX H OAPUTOBBIX MecTOpokaeHni Kombekoro m-oBa
B 1980-X rT. cr1ocoOCTBOBAM PACIIMPEHUIO0 MUHEPAIbHO-CHIPhEBOT0 oTeHnana EBporneiickoro CeBepa
Poccun n nokazanu BO3MOMKHOCTh M LEIECOO0PA3HOCTh IKCILTyaTallud 3TUX MecTopoxaeHui. Enena
[TeTpoBHa yuacTBOBaJIa B KOMIUICKCHOM MEPEOLICHKE 3a11acOB XMOMHCKUX MECTOPOXKICHUH 1 32 BHEPEHUE
pe3ynbTaTOB 3TUX paboT OblIa HAarpaXKAeHa JUIJIOMOM JlaypeaTa I00MISHHOro KOHKYpCa, MOCBSIIEHHOTO
60-sreturo oopazoBanus CCCP.

Enena IlerpoBHa sBNsieTCs OJHMM M3 aBTOPOB HAYYHBIX OCHOB CTpPAaTe€rM (OPMUPOBAHUS U
Pa3BUTHS KOHKYPEHTOCIIOCOOHOI'0 BHEITHEAKOHOMHYECKOI0 KOMIUIEKCA CEBEPHOI0 PErMOHA, B KOTOPOH
BIIEPBBIE OOOCHOBAH M MPUMEHEH KIIACTEPHBIH moaxoa. [IpuHrMana akTUBHOE y4acTHe B MPOBOIUMBIX
NDBIT KHI[ PAH wuccrnemoBaHusix MO OMNPEACTCHUIO OCHOBHBIX MPUHIMIIOB MEXKyHAPOIHOTO
MHTErpalMOHHOrO0 COTPYIHHYECTBA M B pa3pabOTKe KOHILEMNLIMHM pa3BUTUS HMHTErPAallMd B paMKax
BapennieBa EBpo-ApKTHYECKOrO perMoHa, KOTOpbIE JErIM B OCHOBY MPAKTHUECKOH JEsATENbHOCTH
no pasButuio corpyanuuyectsa B BEAP B mepuon mpencenarensctBa B HeM MypmaHckoit o6, Ero
BBITIOJIHEH KOMIUIEKC paboT MO MPUTPAaHUYHOMY COTpyaHHYecTBY Ha CeBepe U B APKTHKE, CO3/IaHUIO
CBOOOJHBIX KOHOMUYECKUX 30H, IPOOJIEMaM PErMOHAIbHOM 3KOHOMMUYECKONW O€30MacHOCTH, OLIEHKE
nocneacTBuid Ay MypMaHckoit 0611. mo noBoay BetymieHust Poccun B BTO. [pu ee HenocpencTBeHHOM
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y4acTUU BBINOJIHEH PsAJ Hay4YHO-NPAKTUYECKUX pPa3pabOTOK, HPEICTABICHHBIX B OpraHbl BIIACTH
(benepanbHOro, periOHaILHOIO U MyHUIIMIIAIBHOTO YPOBHSI.

B Hacrosmiee Bpems chepoit HayuHbIX nHTEpecoB Enensl [1eTpoBHBI ABIIsSIETCS MPOCTPAHCTBEHHOE
pa3sBUTHE CEBEPHBIX M APKTUYECKUX PErHoHOB Poccunm B HOBBIX T€09KOHOMMUYECKHMX YCIIOBMSIX,
¢dbopMupoBaHHE M pa3BUTHE HHCTUTYTOB YACTHO-TOCYJApPCTBEHHOIO IAPTHEPCTBA U COLMATIBHOM
OTBETCTBEHHOCTH pPeruoHaibHOro 6usHeca Ha CeBepe U B ApKTHKE.

MHoro cun u Bpemenu Enena IlerpoBHa oTana ne1aroru4eckoi 1 BOCIUTATENBHOM AEATEIbHOCTH
B (hmiinanax By30B ropojia AnaTuThl, 0JIb3ysCh aBTOPUTETOM Y CTY/IEHTOB.

3HaYUTENbHbl €€ 3aciayrM B Hay4YHO-OPraHM3allMOHHOW JeSATEIbHOCTH: SIBJISAACH YUEHBIM
cekperapem MOII, oHa Oblsza MHULIMATOPOM IPUCBOCHUS HAYYHOMY YUPEXJIEHHIO UMEHH €ro IepBOro
aupekTopa wi.-kopp. I'. I1. Jly3una u 6bl1a OTHUM U3 OCHOBHBIX OPTaHU3aTOPOB YCIIEIIHOTO IPOBEICHHS
ISATH MEXIYyHapOJHBIX HAayYHO-TIPAKTU4EeCKUX KoH(epeHIMi «Jly3uHckue uteHus». byayunm udinenom
VYuenoro cosera MDI1 KHI[ PAH na mpotsokennn 20 net, oHa Bcerga Oblia OECKOMIIPOMUCCHA Kak
B ITporiecce 00CyXIeHUs PeIIeHUi, TaK U IPU UX PUHATUN. AKTUBHAS )KU3HEHHAs IO3ULUS, OTKPHITOCTh
U 100pOXKeNaTeNbHOCTh, TOTOBHOCTh IIOMOYb M CONEPEXHUBATh — BCE 3TH U MHOTHE JPYrue KauecTBa
€CTh OCHOBa OOJIBIIIOrO YBA)KEHUS, JOBEpUS U aBTOPUTETA, KOTOPHIM 3acIyXEHHO mHonb3yeTcs Enena
[lerpoBHa B KoyutekTuBe. UecTHas, MPUHIMIHUAIBHAS, OHA HA MHOTHE TOJbl CTAla COBECTHIO HAIIETO
Wnucrutyra. Enena [lerpoBHa BocniuTana 104b, KOTOpas B HacTosIee BpeMs padoraet B ['eonornaeckom
uactutyte KHI B momkHOCTH 3aB. Taboparopueii, IMEeT JOKTOPCKYIO CTETICHb.

Pesynprarel Hay4yHsix uccinenosanuid E. II. bammakoBol HEOOHOKPATHO BKIOYAIKNCH B YHCIIO
BaxHenmmx noctkeHnit PAH. Ero nuuHo u B coaBTOpcTBe onmyOnukoBano 6one 100 HaydHBIX TPYIOB,
B TOM uucie Ooree JecsiTka MoOHOrpaduii, ITOCBSIIEHHBIX AaKTyaJlbHBIM TIpOOJIeMaM COIUAIBHO-
SKOHOMHYECKOTr0 pa3BUTHA poccuiickoro CeBepa u ApKTHKH.

3a TUIOAOTBOPHYIO HAy4YHYIO W TpakTuyeckyio aearensHocth E. I1. bamMakoBa Harpaxaena
Menansio «Berepan Tpyma» (1984), robuneitHoit menanpto B mamathk 300-netuss Cankr-IleTepOypra
(2003), roomneitapivu Menasivmu 50, 60, 65 et [Tobensr B Benukoii OtedecTBeHHOM BoitHe (1995, 2005,
2010), mumuromamu Kombekoro HayuHoro tentpa (1982, 1995, 1999, 2016), modeTHBIMA TpaMOTaMu
[Tpesunenta PAH (1999, 2005), rydbepraropa Mypmanckoii 00:1. (2000), rmaBsl T. Ammatuts (1996, 2005,
2008, Ilerpo3aBoackoro rocyaapcTBeHHoro yHuBepcutera (2014), OmaromapcTBEHHBIM ITHCHMOM
Mypmanckoii obiactaoit J{ymsr (2016).

[TosapaBnsiem Eneny IleTpoBHY cO clnaBHBEIM [oOWJeeM, KellaeM €l KpPerKOoro 3II0pOBBS,
HEeyracaeMo 3HEpruy U TBOPUYECKOI O AOITOJIeTHs !

BUPAYEBA JIo00oBnL JleonngoBHa

K. 0. H., 3aB. 1aboparopueit uHTponykiuu pactenuii (1998-2002).

B 1971 r. oxonunna JIeHMHrpajCcKuil TOCYIapCTBEHHBINM YHUBEpCHUTET, B 1985 T.
3alIMTIIA KaHIUIATCKYIO auccepranuio «CeMeHHOe pa3MHOKEHHE HEKOTOPBIX
MHTPOIYIMPOBAHHBIX Ha CeBep TPaBIHUCTHIX MHOTOJIETHHKOBY.

JIroboBb JleoHMOOBHA — OIMH M3 BEIYIIMX CIEIHAINCTOB B 00JacTh
MHTPOAYKLHMHU U aKkIumatu3auuu pacrenuil Ha Konbckuit Cesep.
O6nacTb  Hay4yHbIX MHTEPECOB — CEMEHHas MNPOAYKTUBHOCTb U

PENpPOAYKTUBHBIE OCOOCHHOCTH JIEKOPATUBHBIX M JIGKAPCTBEHHBIX WHTPOAYIIMPOBAHHBIX PACTCHHU.
Bonb1ioii Bkiaz €10 BHECEH B Pa3BUTHE M COXPAHEHUE KOJUIEKIIMOHHBIX ()OH/IOB OTKPBHITOTO U 3aKPBITOTO
TPYHTa, OXpaHy PEIKUX U MCUE3AIOIIMX BHUJIOB, CO3/IaHWE M M3YUYE€HUE HMCKYCCTBEHHBIX (PUTOLIEHO30B
MOJIE3HBIX MHTPOAYLMPOBAHHBIX pacTeHHI Ha TeppuTopuu boranmyeckoro caga. Kyparop komnexkuuu
TponuYeckux M cyOTponuueckux pacteHuil (¢ 1992 r.). IlpoBena aeTanbHYH0 HWHBEHTapU3aLMIO U
oIpeielIeHHe OCHOBHOTO (POH/1a MHTPOYLMPOBAHHBIX PACTEHUH OTKPBITOTO IPYyHTA.

[To3apasasiem JI1000Bb JIeOHHIOBHY € 3ameyaTesbHBIM IOOMJIEEM U OT BCEH IyIIU KellaeM
KPEMKOT0 3/10pOBbs, OJaronoayyus U JaIbHEUIINX TBOPYECKUX yCIEeXOB!
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KO3JIOBA Haraaua EBrennesna

Hatanus EBreHneBHa B TedeHHE MHOTMX JIeT paboTajla Hay4HbIM COTPYIHHUKOM
nabopaTopuu TreoJOrMH M TI'EOXUMHHM  IPOTOJIMTOB  PAHHEIOKEeMOPUHCKUX
KOMILIEKCOB ApeBHUX MUTOB ['eonornueckoro nacruryra KHII PAH, kyna npunuia
paborats B Mapte 1975 1.

B chepy ee HayuHbIX UHHTEpECOB BXOAMIM CTPYKTypHas TI€OJOTHUS
MeTaMOp(pHUUECKUX KOMILIEKCOB, METaMOp(pU3M U MHUKPOCTPYKTYPHBIN aHaIU3.
[Ipumensiemble  meromel aHamu3a 1- u P-mapamerpoB  oOpa3oBaHMs
Metamopuueckux mopoa mno3Bomwin  Hatanmum  EBreHneBHe  NpOBOIUTH
UCCIIEIOBAaHUSA HAa YpPOBHE, COOTBETCTBYIOIEM MHpPOBOMY. MTorm »3THX pabOT HEOJHOKPATHO
MIPEICTABIISUINCh HA MEXAYHAPOAHBIX U BCEPOCCUICKUX coBelannsax. OHa aBTOp 5 HayyHBIX OTYETOB, B
TOM YHCJIE TT0 MEXIYHAPOJHBIM MPOEKTaM, €10 Takke ObUIO MoAroToBieHo Oonee 40 medaTHbIX padoT,
BKIIOUasi 4 MoHOTrpaduu.

Komnern mo0sat Hartanuio EBrenbeBHy Kak OOLIMTENBHOTO, OCTPOYMHOTO YEJIOBEKAa H
TAJTaHTIUBOIO XyAO)KHHUKA. B Hactosmiee BpeMs oHa kuBeT B KoNNMHO, BOCIUTHIBAET BHYYKY U
KOHCYJIbTUPYET COTPYAHUKOB HHCTUTYTA I10 BOIIPOCAM METaMOP(PUIECKON U MarMaTH4ecKoi nerporpaduu.

Konmnekrtus ['eomormueckoro muctuTyra mosapasiser Harammuio EBrenbeBHy ¢ o0miieemM u
JKEJIAeT el KPENKOro 370pOBbsl U TBOPUYECKUX yCIIEXOB!

KOHCTAHTHUHOBA JIi060Bs UBanoBHA

3aB. XMMHKO-aHAJIMTHUECKOW maboparopueit ['eomormyeckoro mucrtutyra KHIL
PAH.

JIro6oBp MBanoBHa Havana paborath B ['eonornyeckom uHCcTHTYTE B 1972 T.
B JOIDKHOCTH JlabopaHTa, a ¢ 1999 1. pYKOBOIUT XHMHKO-aHAJTMTHIECKON
nmaboparopueif. 3a 3TH TroAbl B AHAINTHYECKOW XUMHH MPOU3ONUIH OOJbIINE
W3MEHEHHUS: MHOIME METOAMKHM YIUIM B IPOILIOE, HA CMEHY UM INPULUIA MEHee
TpyloeMKue M Oojee TOYHbIE METOJbI, BBINOJHSIEMbIE Ha MPUOOpax HOBOTO
ITOKOJICHHUSI.

CoBpeMeHHBIE METOIbl KOJMYECTBEHHOTO aHajln3a OOECIeYMBAIOT BBICOKYIO CENEKTHBHOCTD,
YYBCTBHUTEIBHOCTh, CKOPOCTh U3MEPEHHS, TOYHOCTh M MPOU3BOJUTEIBHOCTD, & OT aHAJIUTHUKA TPEOYIOT
MIOCTOSIHHOT'O COBEPILICHCTBOBAHUSI CBOMX HABBIKOB, OCBOCHHUSI HOBBIX MPHUOOPOB U METOIUK. Bricokuii
npohecCOHaIbHBIA YPOBEHb XHMHKO-aHAMTH4YecKor taboparopuu 'Y KHI] PAH Obut gocTurayT n
COXpaHsAeTCsl BO MHOTOM OJiarozapsi ycuiusim u 3aciyram JIro6osu MiBanoBHbI KOHCTaHTHHOBOIA.

3a roxel paboOTHl OHA CTaja BBINAIOIIMMCS XMMHUKOM-aHAIUTUKOM M OPTaHU3aTOPOM, OCBOHMB U
MIPUYMHOXHUB OOTaThIi OMBIT CBOMX yuuTened u npenmectBeHHUKoB. JI. . KoHcTaHTHHOBA TOCTOSTHHO
CIIEOUT 3a BBICOKUM KadyeCTBOM BBINOJHEHHUS aHajiu3a, B Kypce BCEX TEXHUYECKUX HOBUHOK
AQHAJIMTUYECKON XUMUHU.

3a mocnennue 20 neT XUMHKO-aHATUTHYECKas 1a00opaTopusi MPOaHATU3UPOBAJa JECATKH ThICTY
TOPHBIX TOPO, PYJ ¥ MHHEPAJIOB, YTO JIETJIO B OCHOBY (DyHIaMEHTAJIbHBIX MCCIEIOBAHUN MHCTUTYTA U
psaa qpyrux Hay4HbIX U IPOM3BOACTBEHHBIX OPraHU3alUM.

Konnektus I'eonornueckoro nHCTUTYTa mo3apanisieT JIro00Bs MIBaHOBHY ¢ 100MIIeeM U KeaeT ei
KpEMKOro 3/10pOBbs U AAJbHEHIINX yCIEXO0B!

MAPYEBCKAS Banentnna BukropoBHa

K. T. H., BEIyUIMH HAy4YHbId COTPYIHHUK, 3aB. CEKTOPOM KOHTpPOJIS COCTaBa
MUHepaabHOro chipbs ['opHoro nnctutyra KHL] PAH, rne tpynutcs ¢ 1997 r.

Oxonunna ¢usnyeckuii ¢akynpreT ['OpbKOBCKOrO TOCYIapCTBEHHOIO
yausepcutera uM. H. U. JloGaueBckoro mo cneuuanbHOCTH «pusuka» B 1971 r.,
no okoH4aHusi koroporo padorana B OKb I'opbkoBckoro 3aBoga «Opb6uray. [lanee
B TeueHHe O JIeT PYKOBOJMWJIA IPYNNON SAEPHO-(PU3NYECKHMX METOJI0B T'€0JIOro-
pazBenouHor cayxk0p1 MK «IleueHranukensy», 3aremM paboTajla Hay4yHBIM
COTPYAHMKOM JabopaTopuu paauoMeTpuyeckoro oboramenus pya Kombckoro
¢unmnana uacrutyra «Mexanoop» u HTII « TOTPOC».
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B. B. MapueBckasi — OTBETCTBEHHBIN HCIIOTHUTEIb HECKOIBKIUX TEM M MHOTHX JIOTOBOPHBIX padoT,
a TaKXKe PYKOBOAUTEh HECKOJIBKUX OroBopoB. Ero ObLT BBINONMHEH O0NbIION 00BEM paboOT MO BBOIY B
SKCILTyaTaluio peHTreHodmyopecieHTHbIX cermaparopa CDOP-2-100/10 u cnextpomerpa ARL Advant’X,
pentrenoBckoro audpakromerpa D2 PHASER. Tlo utoram mnpoBeACHHBIX HCCICIOBAHHWMA ITOYYCHBI
MOJIOKUTEIIHLHBIE PE3YIBTATHI 110 OLIeHKE AP (HEKTUBHOCTH ceNapaliiyi THTAHOMAar HeTU T-HIIbMEHUTOBBIX DY/
Mectopoxaeruid FOro-Bocrounas I'pemsixa u bonsioi CeitM, XpOMHUTOBBIX Pyl MECTOpOXAcHUN Paii-
N3, Conueozepckoro u bonbiias Bapaka, sxene3Hbix pya bakalbCKOro MECTOPOXKISHHUS], JKEI€30-METHBIX
pya  beictpuHCKOrO  pymHOro mois, O€AHBIX  MEIHO-HUKEIEBBIX PyA, MAIOCYIb(UIHBIX
6naropoaHomMeTabHbIX pya PenopoBo-Ilanckoro maccuBa 1 MOHYErOpCcKOro IUTyTOHA, Te0()U3NUECKOTr0
TEXHOJOTMYECKOro OINpoOOBaHMS B IOA3EMHBIX TOpPHBIX BbIpaboTkax pyaHuka Kapuacypr OOO
«JIoBozepckuit I'OK». Kpome Ttoro, Obuta moka3aHa BO3MOXKHOCTb PEHTTEHOCHEKTPAIbHOTO H
peHTreHo(a30BoOro aHaIM3a MUHEPAJIBHOTO CBIPbs M IIPOYKTOB €r0 00OT allleHHs.

Banentnra BukTopoBHA SIBISIIACH PYKOBOJIMTENIEM TSITH ITUIUIOMHBIX pabOT CTYAEHTOB TOPHOTO
¢daxynerera KO Ilerpl'Y, Tpoe H3 KOTOpbIX HOCTYHNWJIM B acmupaHTypy ['OpHOro HHCTHTYTA.
B Hacrosiee Bpemsi HaydHBIM pPYKOBOIUTENh AaCHUpPaHTa OYHOW ACHUPAHTYPHI MO CHEIHATLHOCTH
«OborarieHune Mmoie3HbIX HCKOMAEMBIX).

B. B. MapueBckas — cekperapb 000raTHTEIbHON CEeKIIMA YYEHOTo coBeTa | OpHOr0 MHCTUTYTA
KHII PAH.

ABTOp 72 onmyOnMKOBaHHBIX paboT, B ToM uucie | MoHorpadwuu, 55 crareit, 1 nzmanus B LAP
Lambert Academic Publishing, 3 aBropckux cBuaerenseTs, 1 mareHTa.

[To3apasnsiem Banentnny BUKTOpoBHY C 100mIeeM, xKeltaeM 3I0pOBBsI, OJIarOMoyduss U YCIIEX0B
B paboTe, KOTOPOil OHA TIOCBSATHIIA CBOIO JKU3HB !

MACJIOBOEBA Co¢bs MuxaiijioBHa

K. T. H., CTapIIU{ HAyIHBIA COTPYIHUK JTAOOPATOPHH MAaTEPUAIOB SJICKTPOHHON
TeXHUKH VHCTHTyTa XMMHUU W TEXHOJIOIMHM PEIKUX 3JIEMEHTOB M MHUHEPAIBHOIO
ceipbst (MXTPOMC) KHII PAH, rae padoraer ¢ 1972 r.

B 1972 r. okoHunina ¢ ornmuyreM MOCKOBCKUIA MHCTUTYT TOHKON XUMHYECKON
o~ texHonoruu. B 1986 r. 3ammuTuna nuccepTalvio HA COMCKAaHWE YYEHOW CTENeH!

KaHJU1aTa TEXHUIECKUX HayK (CTeraabHas TeMa).

Codrs MuxaitioBHa 3aHUMAJIACh UCCIICAOBAHUEM CBOWCTB U THIPOAMHAMUKH
MOJUAUCIIEPCHBIX CHCTEM JKUIKOCTb-KUAKOCTh IPUMEHHUTEIBHO K IPOLECCaM JKCTPAKLIMOHHOIO
BBIJICJICHUS U Pa3/ieieHus] peKuX MeTauioB. Kpome Toro, BHecna CBOM BKJIaJ B pa3pabOTKy METOIOB
OIpeNieNeHHs] TUCIIEPCUOHHOIO COCTaBa AMYJIbCUN M CKOPOCTEH MX paccllamBaHus, METOJIOB pacdera
HKCTPAKIMOHHOHN ammaparypsl, B co3ganue 3(QGEKTUBHBIX SKCTPAKTOPOB THUIIA CMECUTENIb-OTCTOWHHUK,
BHEJPEHHBIX B IPOM3BOJACTBO peAKUX MeTamioB. [IpmHuMana ydactve B CO3IaHHUU SKCTPAKLIMOHHOU
TEXHOJIOTHH BBICOKOUMCTOIO OKCHJIA JKele3a, JIMIEH3Us Ha KOTOpyl Obuia mpuoOpereHa (upmoit
Andritz-Ruthner (ABctpus, 1987 r.).

Hayunas nestensHocth Codpbr MUXaiiJIOBHBI CBSI3aHA TaKKe C pa3pabOTKOW TuapodTOpuaHOM
TEXHOJIOTHH PEIKOMETAJUILHOTO ChIpbsi KOIbCKOro m-oBa, ¢ penieHneM mpoodjaeM pereHepalnun CepHoi
KHCIIOTHI U3 MaTOYHBIX PACTBOPOB MECTIIIABUIILHOTO 11eXa KoMOnHaTa «CEeBEpPOHUKEIbY U C Pa3padOTKON
OT/ICTIbHBIX TPOLIECCOB TUAPOMETAIUTYPIHUECKON TEXHOJIOTUH MepepadOTKU MbUICH MEIHO-HUKEIEBOTO
MIPOU3BOACTBA. 3aHUMAETCS CO3JaHUEM KOMIUJIEKCHON TEXHOJIOTUU BBICOKOYUCTBIX COEIMHEHUN TaHTaa
U HUOOMS M3 MPUPOJHOIO M TEXHOTEHHOI'O ChIpbsi. B HacTosdiee BpeMs HMPOBOAUT HMCCIEIOBAHUS
MIPOLIECCOB MOJIYYEHHUS C UCIOIb30BAHUEM 30JIb-T€JIb METOAOB TOMOI'€HHO JIETUPOBAHHBIX TPEKYPCOPOB
Y UCXOJHOM HIMXTHI 7Sl MOTYyYEHUS] KPUCTAIUTMUECKUX U KEPAMUUECKUX MaTepUaioB IS 3JIEKTPOHHOM
TEXHHUKHU U IPYTrux 00JacTeil BHICOKOTEXHOIOTMYHON MPOMBIIIEHHOCTH.

ABtop 601nee 160 HayyHBIX pabOT, B TOM YHCII€ MOHOTpa(HH, HAyYHBIX CTaTel B pEeLEH3UPYEMBIX
KypHaJlaX, aBTOPCKUX CBUJIETENIbCTB U MAaTEHTOB HA U300PETEHMUS.
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C. M. MacnoGoeBa nmprHUMaa y4acTue B OpraHu3aliy 1 MPOBEICHUN BCEPOCCUICKUX KOH(DepeHIi
C MEXJYHApOJIHBIM Y4acTHEM B KauecTBe cekperapsi KoHpepeHuuil. HayuHyro esTenbHOCTh YCIELHO
codyeraeT ¢ y4yeOHO-IEJarorMyeckod: OHa BeAyIIUH HayuyHBI COTPYAHUK U IPENoiaBaTellb
MypMaHCKOro apKTHYECKOro rocyaapcTBeHHoro ynusepcutera (MAI'Y), untaer JeKIMOHHBIE KYpPCHI
«O0mmas 1 HeopraHu4YecKasi XUMUD», «AHAIUTHYECKast XUMUs», «Duzndeckas Xumus», «Oprannyeckas
XUMHUSD», IPOBOJIUT CEMHHAPBI U PYKOBOAUT KYPCOBBIMU M JMIJIOMHBIMH paboTamu cTyaeHToB. Mmeer
y4€HOE 3BaHMe JOLEHTa 110 crienuanbHocTH 05.16.02 «Mertamryprust 4epHbIX U LBETHBIX METAIUIOB.

Harpaxxnena Iouernoit rpamoroit Ipesumuyma PAH u npodcorsa paboraukos PAH (2000),
OmarogapcTBeHHBIMU MHcbMaMu MypMmaHckoii obnactaoit ymer (2008) u Ympasnenus oOpazoBaHuUs
r. Anatutsl (2015, 2017), 61aromapaocThio rydepHaTopa MypmaHnckoit 0611. (2018).

3a Bpems padotsl B UXTPOMC KHI[ PAH C. M. Macno6oeBa nposiBuia ce0si Kak rpaMOTHBIH,
LeJICyCTPEMJIEHHBIN, HACTONYMBBIM, PabOTOCIOCOOHBI M OTBETCTBEHHBIN COTPYIHMK, YMEIOIIMH
peann3oBaTh MOCTAaBICHHBIC Mepen Hel 3aaaun. OHa SBISETCS B BBICIICH CTENEHH J0OpOKeIaTeTbHbIM
YeJI0BEKOM, IPUHUMAET aKTUBHOE y4acTHe B OOILIECTBEHHOMN KU3HU J1a00paTOPUH.

[TosapaBnsiem Codrio MuxailaoBHY C 3aMedyaTeNbHBIM FOOMJIEEM M OT BCEW Ay >Kelaem
KPETIKOT' O 3/10pOBbsI, OJIaromnoiydus ¥ JaJbHEUIINX TBOPYECKHUX YCIIEXOB.

AITAHACEBMHY Ejena AJiekcaHApoOBHA

BEIyIIN WHXXEHEp JabopaTOpUu TEOXPOHOJOTHHM W HM30TOIMHOM TeOXUMHUH
I'eonornueckoro nucruryra KHI[ PAH.

B 1977 1. oxonHuuna JleHWHrpajcKuil TOCYIapCTBEHHBIM YHHUBEPCUTET
(xadenpa aHATUTUYIECKON XMMUH), OblJIa HAampaBjeHa B [ €0MOrmuecKkuii MHCTUTYT
Konbckoro ¢pmmana AH CCCP u moctynuia Ha paboTy B XUMHUKO-aHATUTHYECKYIO
nmabopaToprio. AKTHBHO YYacTBOBaJIa B aBTOMATH3AIMH OOpaOOTKH pe3yTbTaTOB
aHaNM3a CIEKTPO(POTOMETPHUECKUX JAHHBIX, OCBOMJIA METOIMKH II0 OIPEACICHUIO 3aKUCHOIO JKele3a
B MarHeTHWTax, JKeJe3HCThIX KBAapIHUTaX W B MpoOax ¢ BBICOKMM COAEp)KaHHEM cephl. B mepuon
aKTHBH3AIMU HCCIIEOBAHUN 1O ONpPEETIeHUI0 METAIJIOB IJIATHHOBOW IPYMITBI €10 pa3padoTaHa METOIUKa
ompeJieNIeHusI 30JI0Ta, TUIATHHBI, MAJJIaIus C HU3KUMH IpeAeiIaMu 0OHApYKEHUsS U JTI0CTAaTOYHO BBICOKOM
tounocteio. C 1992 r. E. A. AnanaceBuu paboraeT B JJaOOpaTOPHH TCOXPOHOJOTHH W HW30TOITHON
TEOXUMHH, TJIe 3aHMMAETCs aHaJM30M IIMPKOHOB METOJOM H30TOIHOrO pa3daBieHHs, BeleT paldory,
HaNpaBJICHHYI0O Ha CHIDKEHHE YPOBHS BHYTPHJIAOOPATOPHOTO XOJIOCTOrO 3arpsi3HEHUs], IOCTOSHHO
Y4acTBYET B pa3paboTKe HOBBIX METOAMK aHAIN3a.

Komnextus 'l KHI] PAH noznpasnsier Eneny AnekcanapoBHY ¢ Kpyriiol JaTol W xenaeT ei
KpEMNKOro 3/10pOBbs U JAJbHEHIINX yCIEXO0B!
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KUPHAPCKUM 0:mii MopayxoBuy

Hay4HbIi1 coTpyHUK I 'eonornueckoro nacturyra Kossckoro Hayqnoro nenrpa PAH.
BbimyckHuk JIeHMHrpajcKoro ropHoro MHCTUTYTA, IOCJIE€ OKOHYAaHUS KOTOPOIO
Hauan paborats B ['eonornueckoM nucturyre KOAH CCCP B 1075KHOCTH CTapLIero
nabopanra (1956 r.), 3areM Mmiaamero Hay4yHoro corpynHuka (1957 r.) u
B JaJibHeleM — HayyHoro corpyanuka. B 2018 r. FOnuit MopayxoBud BbIILIEN
Ha 3aCIIY’>KCHHBINA OTBIX.

OcHoBHast cdepa ero Hay4HbIX HMHTEPECOB — MHUHEPAIOTUS U T'€OXUMMUS
MacCHBOB ILEIOYHBIX Mopoj U kapOonatutoB Kapeno-Konsckoro pernona. FOpuit MaTBeeBuy nepBbiM
U3 COTPYAHMKOB MHCTHTyTa Hauasl LEJIEHANpPaBICHHO M3y4aTh KapOOHATUTHI, MCCIIEI0BAT MAaCCHUBBI
I'pemsixa-Breipmec, Konop, Byopusipsu, CebnbsaBp, MaBparyOckuii, [lecounstii, Tukmeosepckuii u ap.
OH yyacTBOBaJ B CO3/1aHMM pabodero arigaca M 0aHKa JAHHBIX IO T€OJOTHH U TOJIE3HBIX MCKOMAEMbIX
Han0osee 3HAYNTENBHBIX U HHTEPECHBIX MIEIOYHBIX MACCUBOB MUPA.

ABtop Gosnee 50 omyONMKOBaHHBIX HAYYHBIX pabOT MO MMHEPAJIOTHH M T€OXMMHUH IMIETOYHBIX
MOPOJ U KapOOHATUTOB.

Heonennmepnii Bkmany HOmmit MopayxoBud BHEC B BOCIHTAaHME M IOJTOTOBKY MOJOABIX
CIIELHAIUCTOB B oOnacTu reosnoruu. Paboran menarorom BeiciIei KBaaM(UKALMOHHON KaTeropuu U
CTapUIMM IIpenojaBaTeraeM Kadepsl IeoJOTMH M MOJNE3HBIX HCKOMAaeMbIX ANATUTCKOro Quiuana
MypMaHCKOro rocy1apCTBEHHOTO TEXHIYECKOT 0 yHUBepcUuTeTa. Ha IpOTS>KeHNM MHOTUX JIET YBJIIEYEHHO
3aHUMAJICS BOCIIMTAHMEM IOHBIX T€O0JO0Tr0B, PYKOBOIWII T€OJIOTHYECKUM KPYKKOM IIKOJIBbHHKOB
B AIaTUTCKOM I'OPOJICKOM JIOME JIETCKOI'0 TBOPYECTBA, IIOMOraeT paboTe KpyKka U ceifuac. MHOrue ero
«KPYKKOBLBD» YCIIEITHO OKOHYMJIM T'€0JIOTMYECKHUE By3bl U PaOOTAIOT Ie0JIOraMy, Cpe HUX 4 KaHAUAaTa
Hayk. Opranus3arop ropojAcKux M OOJIACTHBIX I'€OJIOTMUYECKUX OJIMMIINAJ MIKOJIBHUKOB, PYKOBOIUTEIh
00J1aCTHBIX KOMaH]| Ha BCEPOCCUMCKUX OJIMMIINA/AX M CJIeTax IOHBIX reosioros. Co3garelsb MOCTOSHHO
JIEHCTBYIOIIEH BBICTABKY, MOCBSIIEHHON akaaeMuky A. E. depcmany.

0. M. Kupnapckuii HarpaxeH 3HakoM «OTtnuaHuK HapogHoro npocsemieHus CCCPy, negaror
BBICIIICH KBaTMpUKaIMOHHON Kareropuu (2004).

Komnnexktus I'eonormueckoro mucruryra KHII PAH xemaer lOmuio MopayxoBudy Kpemnkoro
3JI0POBbS M JOJITUX JIET )KU3HHU!
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YYPKHUH Ouer Enudepony

K. T. H. (1980), yuensiii cexperapp ['opnoro uncturyra KHI[ PAH (2010).
B Konbckom Hayunom uentpe PAH paGoraer ¢ 1970 r. mocie OKOHYaHHS
JIeHMHrpaICKOro rOPHOrO HHCTUTYTA.

BbicokOKBaMM(pUIIMPOBAHHBII CIIEIMATMCT B OONACTH TEXHOJOTUH ITOI3EMHOMN
,[[O6I)I‘II/I pyAa, TEXHUKO-DKOHOMHYECKOH OLICHKHU MeCTOpO)KI[eHI/Iﬁ IIOJIE3HBIX
HCKOMAaeMbIX APKTHYECKOI0 TOPHOIPOMBIIUIEHHOr0 pernona Poccun.

VM 060CHOBaHBI U OIPEZIETICHbl OCHOBHBIE ApaMeTPhl TOPHBIX MPEANPUATHH
Ha cTagusax TEXHUKO-3KOHOMHUYECKOH OLCHKHU NCPCHCKTUBHLIX PYJAHBIX MCCTOpO)K,ZICHI/Iﬁ Komnbckoro mn-
OBa C HCIIOJIB30BAaHUEM HHq)OpMaHPIOHHBIX TeXHOHOFHﬁ, BBINIOJIHCH aHaJIN3 COCTOAHUA U NEPCIICKTUB
MPAKTUYCCKOI'O UCITOJIb30BAHU A HEOCBOCHHBIX IMOJIC3HBIX HCKOIMMAEMbIX, TCXHUKO-9KOHOMUNYCCKAsA OIICHKA
MEPCHEKTUBHBIX MECTOPOXKICHNH MypMaHCKOW 00J. W BBIBIEHBI HanOoiee MpHUBIEKATEIbHbIE
C HHBGCTHHHOHHOﬁ TOYKHU 3pCHUMA O6’BCKTBI, pa3pa60TaHa KOMIUICKCHAasA METOAOJIOrUA U PAHXUPOBAHUEC
MEPCIICKTUBHBIX  AllaTUTOBBLIX MeCTOpO)K}IeHI/Iﬁ Poccun 1o HpOMBIHIJ'IeHHOﬁ 3HAYNUMOCTHU n
9KOHOMUYECKOH 3 pekTuBHOCTH.

Oner EnndepoBud — aBTOPUTETHBINH W BHICOKOKBATU(UITUPOBAHHBINA CIICIIHAJIMCT, TIOTYIHUBITUN
NpU3HAHUE B HAYYHBIX YUPEKJICHHUAX W HAa TOPHBIX MPEANPHUATUAX perroHa. Ero paboTel HaxomsT
[IMPOKOE PUMEHEHHE B T€0JI0T 0-pa3Be0UHBIX U TOPHBIX NpeanpusaTusix Kombckoro n-osa.

C 2010 r. O. E. YypkuH, sSBASACH YYCHBIM CEKpeTapeM [ OpHOro MHCTUTYTA, YCIEIIHO COYETaeT
Hay4HbIE UCCIIEIOBAaHNS C AKTUBHOW Hay4HO-OPTaHU3alMOHHON A TEIbHOCTBIO.

WM omrybnmkoBano 6omee 80 padot, B ToM uncie 8 MoHOrpaduii (B COAaBTOPCTBE).

Bener akTHBHYIO IpenoJaBaTeNbCKYIO AEATENFHOCTh B (uinare MypMaHCKOTO apKTHYECKOIo
rOCYAapCTBEHHOIO YHUBEpcUTeTa B TI. Amarutel M AnarutckoM ¢Qunmane MypmaHCKOro
rOCYAapCTBEHHOI'0 TEXHUUECKOI0 YHUBEPCUTETA, WIEH TOCYIapCTBEHHON aTTeCTAllMOHHON KOMHCCHH.

Harpaxnen 3nakamu «I opHsikas cinaBay |, |l crenenn, « TpynoBas cnasa» |11 crenenu, [TogeTHol
rpaMoToii TyoepHaTopa Mypmanckoii ooi., [TouetHoit rpamoroit PAH u mpodcoro3a paboraukoB PAH,
noyeTHOU Menanbio Konbekoro Hayunoro nentpa PAH «3a nuunelii BKiIaa B UCCIEOBAHUE U Pa3BUTHE
Cesepa Poccum», mmeer OlaromapHOCTH M TPaMOTHl OT AJMUHUCTpAlMKA | OPHOrO MHCTUTYTA, €My
MIPUCBOEHO 3BaHue «Berepan Tpynay.

[To3mpasnsiem Omnera EnudepoBuua ¢ robuiaeeM H KelaeM 3J0pPOBbs, HEyracaeéMoil IHEpIuH,
YCIIEIIHOTO MPETBOPEHHUS B KHU3Hb HAYYHBIX UIeH !
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AD MEMORIAM

KAPIIOB CEPTE MUXANJIOBUY
(10.09.1964-20.11.2018)

20 wHostOps 2018 1. ymén W3 OKU3HM 3aMeyaTeNbHBI  YEIIOBEK,
BBICOKOKBAJU(UIIMPOBAHHBIN CHELMAINUCT, KaHAUAAT I'€0JIOr0-MUHEPAIOTHYECKUX
HayK.

B 1990 r. Cepreit MuxaitnioBuu OKOHYMJ T'€0JIOrOpa3BeouHbIi (haKkynbTeT
Jlenunrpanackoro ropHoro nacrutyra um. I'. B. IInexanosa.

B T'eonormyeckom wmuctutyre ¢ 1990 . mo 2005 r. 3aHMMan AOJKHOCTb
CTa)kepa-uccie10BaTeNsl, MJIAIIEr0 HAyYHOr0 COTPYAHHUKA, Hay4HOro corpyaauka. B 2000 r. okoHum
acupantypy [I'M KHI[ PAH, a B 2004 r. 3amuTui KaHIMOATCKYKO JUCCEPTALUI0 HA TEMY
«["'eonorunueckoe crpoerue [laHCKkOro MHTpY3MBa U OCOOEHHOCTHU JIOKAJIM3AllMM B HEM KOMILIEKCHOTO
IUTATUHOMETAIBHOTO ~ OpyZeHeHus». PaboTranm 1o coBMecTHUTENsCTBY TeosoroM [ kareropuw,
HayanbHUKOM mojieBoro orpsaga B OAO «Ilanay.

B nepuon 2005-2009 rr. pabortain riaBHBIM re€0JI0roM, T€0JI0rOM IPOEKTOB B HETOCYAAPCTBEHHBIX
TOPHBIX U T€0JIOrOPa3BEIOYHBIX KOMITAHUSX, 3aHUMAIOIIUXCS IMOMCKOM M Ppa3BEAKONW MeaHO-
NOpQHUPOBBIX C 30JI0TOM MECTOPOXKICHUH J[aJbHEBOCTOUYHOIO pErMOHAa M  IUIATHHOMETAIBLHBIX
MecTopoxaeHui Konbckoro permona.

C 2009 r. Cepreii MuxaitnoBuu pabdoran B 'l KHL[ PAH HayuHbIM COTpYIHHKOM, CTapLINM
HAy4HBIH COTPYAHHUKOM, 3aBEIYyIOUIMM JadopaTopueil 30J0Ta U JPYruX BHICOKOMUKBUIHBIX MOJE3HBIX
uckomnaembix Ne 36, HAYaTLHUKOM OT/I€J1a YHUKAIbHBIX MUHEPATbHBIX KOJIEKITHH.

Ob6nacte Hayunbix wuHTepecoB Cepres MuxaitoBudya — Teoliorusi M 3aKOHOMEPHOCTH
JIOKAJIM3alMU KOMITJIEKCHBIX IJIATHHOMETAUIBHBIX Pyl PACCIOCHHBIX KoMIIekcoB Kobckoro permona;
MUHEPAJIOTHS 30JI0Ta B JAPYrux peakux MmetamioB (V, SC, Ax u ap.) B cTpatuOpMHBIX CyIbOUIHBIX
MPOSIBJICHUSIX TAJICONPOTEPO30HCKUX PUPTOreHHBIX CTPYKTYp Konbckoro permona.

C 2012 1. Cepreit MuxaiinoBud paboTai TOIEHTOM Kadeapbl TEOJIOTHH U MOJIE3HBIX HCKOMAeMBIX
A® MITY, rae Ben 3anatus 1o Kypcam «MuHepanorus», «CuctemaTudeckas MHUHEPATIOTHs»,
«MuHepanorust 1 KpuCTaUIOXUMUs, «MHUHEPaIOrus U TIETPOJIOTUS.

Becr komnexktuB ['eomormdeckoro WHCTHTyTa HaBCerjJa 3allOMHUT €ro OTBETCTBEHHBIM,
MOPSIIOYHBIM, AKTHBHBIM YEIOBEKOM IIUPOKOW IIyIIH, BBICOKOKBATH()UIIMPOBAHHBIM CIIEIIHATHCTOM,
YBIJIEYEHHBIM T'€0JIOTHEH, BEPHBIM TOBAPHUIIIEM M HAJAEKHBIM JPYTOM.

BreipakaeM WCKpeHHHE TIyOOKHE COO0OJe3HOBaHUS BceM poaHbiM u  Omuskum  Cepres
MuxaiinoBuya.
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