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of mountain settlements
of the Republic of North Ossetia-Alania
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Abstract

Purpose of the study. Identify the spatio-temporal transformations of the demographic development of mountain
settlements in the Republic of North Ossetia-Alania over the past decade.

Research methods: during the research, traditional geographical methods were used - comparative geographical, sta-
tistical, descriptive and analytical, field field observations.

Results and discussion. Mountain settlements of the Republic of North Ossetia-Alania are located in the Vladikavkaz
urban district, as well as in the Prigorodny, Alagirsky and Irafsky districts. They are mainly concentrated in low-mountain
and mid-mountain zones. At the same time, the dominant part of the population lives in low mountains, which testifies
to the predominance of the small-settlement structure of settlement in the middle and high mountains as compared to
the low mountains. By the nature of the position in the relief, mountain settlements are divided into two types - located
on slopes and high plateaus and in intermontane basins and valleys. The latter have undeniable advantages associated
with more favorable natural conditions, the development of transport and social infrastructure, which contributes to the
preservation of the population and curbing depopulation processes.

In general, the mountainous areas of the Republic are experiencing a steady demographic decline, which is manifested
in a decrease in the population and a decrease in its share in all mountain municipalities. At the same time, in a number
of settlements, natural growth remains weakly positive. The increase in depopulation is mainly associated with the mi-
gration outflow of the population, which is most pronounced in the high-mountainous, with an unfavorable geographical
position of the settlements. In the Prigorodny District, the migration loss is mainly due to the village of Tarskoye (which
may be a kind of reminiscence of the well-known negative events). At the same time, in a number of administrations,
tendencies of a decrease in the migration loss or even a slight migration growth have been revealed. Thus, an almost
zero balance of migration is characteristic of the settlements of the Dargav administration, and in the settlements of the
Karamadon, Koban, Fiagdon administrations, a migration increase was found. An unexpected increase (albeit very weak)
is demonstrated by the settlements of the Galiat, Gular, Zadale, Makhskoy rural administrations.

Conclusions: The study revealed significant intraregional, intraregional and intersettlement spatio-temporal imbal-
ances in demographic development associated with natural and socio-economic circumstances. It has been established
that sustainable development of the mountainous territories of the Republic of North Ossetia-Alania is possible provided
that human potential is preserved, since allows reproducing the original culture of the Ossetians and preserving the
mountainous traditional architecture. The most favorable situation is developing in settlements that are involved in
agglomeration processes and located in the suburban area close to Vladikavkaz (with the exception of the village of Tar-
skoye), as well as villages with an advantageous transport and geographical position and located on the main highways.
It seems promising to involve the local population in tourist activities and the development of various types of tourism
in mountain settlements.

Keywords: mountainous territories,demographic development, North Ossetia-Alania, sustainable development, migra-
tion processes, natural movement of the population.
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BBeneHue

TopHble TeppuTopuM 00NANAIOT LIEJIBIM PSIOM CHEl-
U(UUECKUX OCOOCHHOCTEH, KOTOPBIE OMPEEISIFOT OCTPO-
TY COLMAJIbHO-OKOHOMHYECKUX MPOOJIEM W aKTyaJbHOCTb
MPUHATHS KOMIUIEKCA Mep MO 0OECTICYEHHIO MX yCTOWYH-
BOTO Pa3BUTHS B IUIaHE PALMOHATIBHOTO MPHUPOIOIONB30-
BaHMs, TIOBBIIIEHHUIO YPOBHS U KaueCTBa JKU3HU JKUTENEH,
COKpAILIEHHS OTTOKA U 3aKPEIUICHHUS MOJIONEKH B TOPHBIX
HaceJEHHbIX MyHKTax M T.J. K HacrosmemMy BpeMeHH Ha-
KOIUICH OITBIT B 007acTH pa3pabOTKK CTpaTeruil pa3BUTHS
1 MOJIEP>KKH TOPHBIX pernoHoB mupa [1]. Paa Bompocos
Pa3BUTHS TOPHBIX TEPPUTOPHIA BKITFOUEH B [ ToOanbHy 0 1IO-
BecTky XXI B. (Agenda21, Puo-ne-Kanetipo, 1992) [2]. Bo
MHOTHX EBpPOIEHCKHX CTpaHax ChOPMYITMpOBaHA U peau-
3yeTcsl roCcynapCTBeHHAs ropHas monutuka [3]. Hagara pa-
6ota 110 (GOpMHUPOBAHNIO TOPHOM MOJTUTHKU U B HEKOTOPBIX
POCCUHCKHX perroHax. B 4acTHOCTH, MpPUHSTHI 3aKOHBI
0 pa3BUTHHM TOPHBIX TeppuTopuil Pecrybmuku CeBepHast
Ocerus-Ananust, Pecmyomuku [larecran n PecnyOnuku
Anrail. Begymumy HaydHBIMH KOJUIEKTUBAMH CEBEPOKAB-
Ka3CKHX BY30B M HAyUHBIX LIECHTPOB BETYTCsI HCCIIEIOBAHUS
o Mpo0OIeMaM YCTOHUMBOTO Pa3BUTHS TOPHBIX PETMOHOB,
COBMECTHO C BJIACTHBIMHU CTPYKTYpaMH pa3zpaboTaH IPOeKT
®denepanbHOTO 3aKOHa 0 TOPHBIX TEPPUTOpHAX Poccuiickoit
Oenepannn, Ha [opHoMm popyme B Maxadkane o0cyxaeH
npoekT Xaptuu rop [4-7] u T.A. O4eBUIHO, YTO BOIPOCHI
PasBUTHSI U YIPaBIECHUS] TOPHBIMU TEPPUTOPUSAMH JIOTIK-
HBI OBITh TPEACTABICHBI B TOKYMEHTAX CTPAaTErHuecKOro
1 TEPPUTOPUATTBHOTO IITAaHUPOBAHUS TaKUX PErHOHOB. Of1-
Hako HU B «CTpareruy conuaaTbHO-IKOHOMHUYECKOTO pa3BH-
tusi CeBepHoit Ocerun-Ananuu 10 2025 » [8], HU B cTpa-
TerusX pasBUTHs Apyrux pecmyonuk CesepHoro Kakasa
OHH HE HAllUTH CBOETO OTPaYKEHUSL.

OpnHoit ux Haubonee OONE3HEHHBIX MPOOIEM, CO3/Ia-
IOLUX YTpo3y ycToiunBoMy passutuio CesepHoit Oce-
THH, KaK W JPYTMM CEBEPOKABKA3CKUM pECIlyOluKaMm,
sBisieTcss mpoOieMa JenomyNsiqUM TOPHBIX TEPPHUTO-
puii [9—11]. 3HaunMOCTh 3TOH MPOOIEMBI HEOJHOKPAT-
HO MOJYEepKHUBAJIaCh MECTHBIMM aBTOpamH. I1o maHHBIM
bepoesa b.M. u Makoesa X.X. 3a 1897-1995 rr. uumc-
JIEHHOCTh HaceseHus ropHoi yactu CeepHoil OceTnn-
AnaHun cokparunachk modtu B 3 pasa [9]. Hekotopsle
COBPEMEHHBIE BONPOCHI Pa3BUTHA MUIPALMOHHBIX H
neMorpauyeckux MpoLeccoB MOIHUMAINCh B pabdo-
tax bagosa A.[l., MakoeBa X.X., I'ypuesoit JL.K., Ka-
oeptet H.I'., KaGeptet A.H. u ap. [12—-15]. DTHHueckue
MUTpalUy MONyYUIn pa3paboTKy B uccienosanuu Ilo-
nsHa [1.M., benoseposa B.C., Yuxuunna B.B. u I'my-
menko U.B. [16].

Llenb uccnenosaHma

BbIsIBUTE MPOCTpaHCTBEHHO-BPEMEHHBIE TpaHCHOp-
Malyy JeMOTrpaguyecKoro pa3BUTHA TOPHBIX IOCeENe-
nuit Pecniyonuku Cesepnas Ocetusi-Ananus 3a HOCIe-
Hee JECATUIIETHE.

T.14. Ne1(51), 2022 T.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

MaTepMan U MeToabl uccnenoBaHna

B pabote ncnonp30BaIMCh JaHHBIE TOCYIAPCTBEHHON
cratuctuku 3a 2010-2020 rr., HOPMAaTUBHO-IIPABOBLIE
JOKYMEHTBI, MaTepHalibl CTPATeTHYECKOro IUIaHHPOBa-
Hust pecnyonuku CeepHas OceTus-AyiaHus, a TaKxke
JaHHBIE TOJIEBBIX HATYpHbIX HaOmrogeHuil. Ilpu Beimon-
HEHWU UCCIIEJOBAHMS MPUMEHSUIUCh METOABI CTATUCTH-
9YEeCKOr0, CPAaBHUTEIILHO-TEOrpauecKoro U npoCTpaH-
CTBEHHOTO aHAJN3a.

o 3axkony Pecny6nuku Ceseproil OceTnn-Ananun
(ot 12.02.2019 1., Ne9-P3) «O craTyce ropHBIX TEPPUTO-
puii B PecriyOnuke CeBepHoit OceTnn-AnaHuu» ceBep-
Hasi TPaHMUIIa TOPHBIX TEPPUTOPHUIA” TPOXOIUT MO KPOMKE
rocynapcTBeHHoro JiecHoro ¢gonna (UYepnsie ropsr) [17].
TakuMm 00pa3oM, K TOPHBIM HACEJICHHBIM ITYHKTaM PecIty-
OJMKH OTHOCSTCS BCE MOCEIICHUs 0 rpaHulbl ¢ [pysueit
I0’KHEE€ JIMHUM HACEIEHHBIX IYHKTOB: Xa3HUAOH-UH-
kona—Cypx-Juropa—dyp-HAyp—Ypcron—Anarup—Cya-
nar—Xarannos—/3yapukay—Konaxpkun—Maiipamagar—
Bepxuss Cannba—BnagukaBka3z—Oxra0pbckoe—CyHxa.
W3 nux 4 ropHbix cena B 2010-e rr. ObUIM BKJIIOYCHBI B
cocraB BnaankaBkaszckoro ropoackoro okpyra (Bepx-
uuit Jlapc, Huwxunit Jlape, UmMu u O3mn).

Bce HaceneHHble MyHKTBI IO XapakTepy peibeda
pa3AemnsAoTCs Ha JBa TUIA — PACIIOI0KEHHBIE Ha TOPHBIX
cKJI0Hax u BbIcokux tato (Kamynra, LiMutu, Bepxuuit
n Hiwkawnii el u 1p.) u nokanu3yronmecs B MEXTOPHBIX
KOTIIOBMHaX U nonuHax (Bepxuwmii ®uarnon, Jlaprasc,
Hysan, Musyp u np.). [Ipuuem GONBIIMHCTBO CpeaHUX
(ot 500 no 1000 ven.) u kpynHbIX (Ooee 1 ThHIC. yel.)
NOCEJICHUH OTHOCSTCA Ko BTopoMy Tumy (ceno Tapckoe,
nocenky Musyp, bypon, Bepxuuii ®uargon).

Bcero x 2010 1. B TOpHBIX TEPPUTOPUAX HACUUTHIBATIOCH
102 cenbCKHUX HACENEHHBIX MTyHKTa (0e3 y4yeTa ey omux
TOPHBIX TNOCENEeHN BiagukaBKka3ckoro ropoickoro okpy-
ra: Bepxnwii Jlapc, Hwknuit Jlape, Umu 1 O3mu), B T.4. 11
MocejIeHui, MOIHOCTEI0 00e3moneBnx B 2002-2010 rr.
B ctpykrype paccenenus npeoOinafaid MEJIKHUE CeTbCKUE
HaceneHHble MyHKTHI (10 100 ven.), cocrapmspume 70,6 %
BCEX FOpHBIX NoceneHuid. OHaKo oKoso 2/3 Bcero Hacene-
HUs (65,1 %) ObUI0 COCPEnOTOUCHO B 3 KPYIHEHIINX Cellb-
CKHMX HACeJICHHBIX ITyHKTaxX — B ceje TapckoM, mocenkax
Musyp u Bepxuuii ®uarjos (tabm. 1).

B coorBeTrcTBUM C BbIILIEYKa3aHHBIM pECIyONHKaH-
CKHM 3aKOHOM K HU3KOTOPBIO OTHOCSTCSI TEPPUTOPHHU C
BbIcoToi 0T 800 10 1500 M Hanx ypoBHEM Mops, K Cpe-
Heropbto — oT 1500 go 2000 M, a K BEICOKOTOPBIO — OT
2000 mo 6000 m [12]. BonbUIMHCTBO TOPHBIX MOCEINE-
HHUH pacrojokxeHo B HU3KOropoe (47%) U cpemHeropbe
(46,1%). HesnaunrenpbHOE 4YHUCIO TOCENEHUH (OKOJIO
7%) pacmoJIOKEHO B BBICOKOTOPHOW 30HE pecIryOsInKu.
Bce BrIcOKOTOpHBIE TOCETEHNS OTHOCATCA K ATarupcko-
My paiiony (Tabm. 2).

*MeCTHOCTb C IIepeCEeUCHHBIM pernbe(oM U abCOMIOTHOH BEICOTOH penbeda
800 M 1 Goee Hax ypOBHEM MOpSL.



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUTOPN

Tabnuya 1/ Table 1

Pacnipenenenue ropHbIxX nocejieHuii Mo YMCJIeHHOCTH HaceieHusi B 2010 r. [18]

Distribution of mountain settlements by population in 2010 [18]

EnuHuns YKCIEHHOCTD MOCeTeHNSs, Yel.
TMoxazares HzMepe- Settlement size, people
HHUS
Indicator . 0oJ1ee 1000 HeT JaHHBIX
Unit —
nits of U= | D= | B2 More 1000 There is no data
measure
KonnuecTtBo noceneHuit
Number of settlements i 72 1 ! 3 4
Jons moceneHuii ot o0IIero KOJu4ecTBa o
Share of settlements in total % 70.6 108 1.0 29 39
YucneHHOCTh XUTETeH
Number of inhabitants Yelr. 1869 1956 548 8135 -
Jors HaceneHus OT O0IIeH YHCIIECHHOCTH o
Share of the population of the total % 14.9 156 a4 65.1

Tabnuya 2 / Table 2

PacnipenesieHne ropHbIX HOCeJICHHI M YMCICHHOCTH HACEJEHHS 10 BICOTHBIM mosicam, 2010 r. [18]
Distribution of mountain settlements and the proportion by altitude zones, 2010 [18]

IToxa3zarean
Indicator

Huskoropse,
800-1499 M H.y.Mm.
Low mountains,
800—-1499 m above

sea level

Cpenneropsne,
1500-1999 m H.y.M.
Middle mountains,
1500—-1999 m above
sea level

Breicokoropsbe,
cebime 2000 M H.y.M.
Highlands,
over 2000 m above sea

level

Bcero no ropusivm Tepputopusm PCO-A / Total for mountainous areas of RNO-A

KonmmaecTBo noceneHmit

Number of settlements 43 47 7
VnenwHEI Bec, %
Specific gravity, % 47.0 46.1 6.9
YKCIEHHOCTD KUTEJICH, Ye.
Number of inhabitants, people 11255 393 100
Hons xxureneit, %
Share of residents, % 94.2 >0 0.8
Anarupckuii paiion / Alagir district
KonuaecTBo mocenenui
Number of settlements 27 29 7
VnenwHbli Bec,%
Specific gravity, % 42.8 46.0 11.2
YHCIIEHHOCTD JKUTEJICH, Yell.
Number of inhabitants, people 3732 320 100
Hons sxureneit, %
Share of residents, % 93.2 32 1.6
Wpadcknii paiion / [rafsky district
KonnuecTBo mocenenui 15 12 0
Number of settlements
VnenwHbli Bec,%
Specific gravity, % 333 44.5 0
YuCcIeHHOCTD JKHUTENECH, Yell.
Number of inhabitants, people 860 608 0
Homns sxureneit, %
Share of residents, % >8.6 414 0
IIpuropoauvlii paiion / Prigorodny district
KonuuecTBo mocenenui 6 6 0
Number of settlements
VnenwHbli Bec,%
Specific gravity, % 200 300 0
YuCcIIeHHOCTD JKHUTENEH, Yel.
Number of inhabitants, people 4663 228 0
Hons sxkureneit, % 953 47 0

Share of residents,%
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SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Tabnuua 3 / Table 3

YucaenHocts (4yest.) u 10Js (%) HacesieHust ropHbIX nocesaenui (2010 u 2020 rr.) [18; 19]
Number (people) and share (%) of the population of mountain settlements (2010 and 2020) [18; 19]

2010 2020
PaﬁOH B T.4. B l"OpH])IX IMOCEeJICHUAX B T.4. B rOprIX MMOCeJICHUAX
The district BCEro incl. in the mountain settlements BCEro incl. in the mountain settlements
Total YHCIEHHOCTH onst Share Total YHCIAEHHOCTD OIS
Number of A Number of Share
Hll’fg’rsc]fym 15242 1468 9.63 15007 1427 9.51
Aj?;;ipri‘g“ 34361 6270 18.25 36420 5626 15.45
Hgfl,rgofr‘;‘;‘;‘;“ 103827 4888 471 101655 3720 3.69

PesynbraThl CCNenoBaHui U X 06CyKaeHUe

YucneHHOCTh HACENEeHUs! TIOCENEHUI TOPHBIX TEPpH-
topuii Ha Hayano 2020 . coctasita 10,61" Thic. uemn. win
1,5% ot Bcero HaceneHus: pecnyonuku. CpemHsis JHoi-
HOCTb IoceneHui, cocrapiaBmas B 2010 r. 123 yen., cHu-
sunack K 2020 . 1o 103 yen. ['opHble moceneHus: BXOIAT
B COCTaB TpexX MyHUIMNaNuTeToB — [Ipuroponxoro, Ana-
rupckoro u Mpadgckoro paiionoB. Haubompmias 1oist rop-
HOTO HaceJIeHUs! COCPEOTOUeHa B AJIarMpCKOM paiioHe.
B Hpadcrom paiione oHa BaBoe HIXe, a B [Ipuropognom
— He nocruraet u 4% (Tadmn. 3).

O HUCXOAAMX TEHACHLUUSIX IEeMOrpadHuecKoro pas-
BUTHSI TOPHBIX TEPPUTOPUH CBUAETENBCTBYIOT YMEHb-
LIEHNE YUCIEHHOCTU HACEJICHUs B TOPHBIX CEJEHUSAX U
CHIDKEHHE MX YJENBHOTO BECAa BO BCEX TPEX MYyHHIUINA-
nuterax. Hanbonee BbIpaskeHbl HEraTUBHBIEC MPOLIECCH B
caMOM «TOpHOM» AJlarupckoM paiione (tadin. 3). Bo Bcex
TOPHBIX CEIBbCKUX aJMHHHUCTpAlMAX paiioHa HaceleHue
COKpaIaeTcsi, HauOoJIbIINE TOKAa3aTeI CHIDKCHHUS YUC-
aeHHocTH Hacenenus (Oomee 30 %) mpocnexuBaroTcs B
nocenenusix Lleiickoil 1 3apaMarckoi aJMHUHHUCTpPAIUA.
HammeHpmyx BETMYMH A3TOT MOKas3arellb JOCTUTAET B
pUropoHoil PUArJOHCKOM aJIMUHHUCTPAIMH, a TaKkKe
B PACIOJIOKEHHBIX Ha TpaHCKaBKa3CKOM aBTOMAarucrpa-
au ceneHusax bypon n Musyp. 310 Hanbonee KpynHbIE
MoceNeHns1 AarupcKoro yILENbs, ¢ HEMJIOXO Pa3BUTOM
COLIMOKYJETYPHON MH(PACTPYKTYpOH U XOpollel TpaHc-
MOPTHOH JOCTYIHOCTBIO (Tal. 4).

Bonpume qucnponopuuu MeXxay OTACIbHBIMH CEJlb-
CKHMMH TOCETEHUSIMHA B U3MEHEHUH YHMCIEHHOCTH Hace-
aeHusi orMeuatorca B Hpadckom paiione. Oxaszanoch,
YTO MEHEE MOJBEPIKEHBI ACTIOMYIAMOHHBIM ITpoLeccaM
3amajiHple TEPPUTOpHHM, OONajaromye OOraTbIM NpH-
POAHBIM U KyTBTYPHBIM HacjeJueM, CIIOCOOCTBYIOIINM
pasBuTHIO Typu3Ma. Tak, HAMMEHbLIEEe CHIKCHUE (MM
Jake CTa0MiIM3alys YUCICHHOCTH) JIIOMHOCTH Hpoce-
xuBaerca B Ctyp-/luropckoM n MaxdyeckoM CeNbCKHUX
MOCEJIeHUsAX. A B HanboJiee yaleHHOM, C IIJI0X0H TpaHC-

“3peck U manee Ge3 ydera rOpHBIX TEPPUTOPHi BragukaBKa3cKoro ropos-
CKOT'0 OKpyTa

T.14. Ne1(51), 2022 T.

MOPTHOW JOCTYHNHOCTBIO ['ajaMaTcKOM MOCEICHUH YHC-
JIEHHOCTH HaceJIeHHsI BRIPOCia Ha TpeTh (Tald. 4).
OO1masi YMCICHHOCTh HACENICHHsl TOPHBIX MOCENCHUN
B IIpuroponnom paiioHe cHmsmiachk Ha 23,9 % (tabm. 4).
OnHako OCHOBHOW BKJIaf B yObUIb BHECJIO OJHO M3 KpyI-
HEUIINX OCETHMHCKHX cell — Tapckoe, HaceneHne KOTopo-
ro ¢ 2010 . coxparmnock 6osee yeM Ha TpeTh (34,2 %).
B ocTranbHBIX TOPHBIX aIMHHHUCTPALMAX OTMEYalics POCT
HaceneHus: B JlapraBckoil celbCcKoi aqMUHHUCTPALMU OHO
BhIpocio Ha 32,2 %, Kobanckoii — Ha 6,8 % u Kapmaznon-
CKoM —Ha 5,5 %. MoXHO NpenonoKnTh, 9TO POCT Haceme-
HUS Ha 3THUX TEPPUTOPHSIX CBS3AH C arIOMEPALIOHHBIM 3(-
(heKTOM MPUTOPOAHOTO MOTOKEHHUS U Pa3BUTHEM TypH3Ma.
Hecmotpst Ha mpeoOnagaHue MpoLECCOB COKpalie-
HUSI YMCIICHHOCTH HACEJICHHs, €CTECTBEHHBI IPUPOCT B
CEJIBCKOM MECTHOCTH OCTAETCSI MOJI0KUTEIBHBIM.
COBOKYITHBI TMPUPOCT YHUCIECHHOCTH CEJILCKOTO Ha-
ceneHus 3a nocnegaue 10 JeT B TOpHBIX paifoHax 3a cyer
€CTECTBEHHOTO BOCIIPOM3BOJACTBA COCTaBUII MOYTH 4 ThIC.
yen. (ta0in. 5). BmecTte ¢ TeM SBHO TPOCIIEKUBAETCS TI0-
BCEMECTHOE 3aMelJIeHHe AeMOrpauieckoro pocra. 3a
2016-2019 rr. ecTecTBEHHBIN MPUPOCT B TOPHBIX CENTBCKUX
paifoHax cokpaTtuics o4ty B 3 pasa, a B 10 u3 18 ropneix
CENIbCKUX aJMUHUCTPALMSAX OH IPHOOpET OTpULIATENIBHbIC
3HaueHus (Tabm. 6). HameruBmmiics TpeHn, 1o Bceil Be-
POSITHOCTH, OyZeT YCHIIMBATHCS M MOXKET CIIOCOOCTBOBATH
Pa3BUTHIO ECTECTBEHHOW YOBUIN HAaCENICHHS PECITYOIINKH.
I'maBHBIM (HaKTOPOM HETAaTUBHOTO JeMorpaduiecko-
IO Pa3BUTHUS CEIbCKOH MeCTHOCTU PecnmyOnuKu sSBIsIOT-
Csl MUTPALMOHHBIE Tpoluecchl. MurpaunonHas yObUIb
HaceJieHHus1 NMpuoOpena MOCTOSHHBIA M MOBCEMECTHBIN
xapakrep (Tadm. 7).
3a mocnegHWE AECATWIETHS TPH TOPHBIX paiioHa
MOTEPSIIU OKOJIO 16,7 ThIC. yend., uto B 4,3 pa3a IpeBbl-
I1aeT WX COBOKYIHBIM €CTeCTBEHHBIM mpupocT. Oco-
OEHHO aKTMBHO HEraTHBHbBIC MUTPALMOHHBIC HMPOLECCHI
PasBUBAIOTCS B TOPHBIX MOCEICHUSIX. B OonpIIMHCTBE
TOPHBIX CENbCKUX aMUHUCTpanui (B 12 u3 18) ormeua-
Jach MUTpalMOHHAs yObLIb, KOTOpas cocTaBmia Oojee
2 ThIc. yen. Hanbonee Bbicokas yObLIb XapakTepHa JUIs
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Tabnuya 4/ Table 4

JAuHaMuUKa YMCIEHHOCTH HaceJIeHUsI B TOPHBIX CeIbCKHUX agMuUHMcTpauusx [18; 19]
Population dynamics in mountain village administrations [18; 19]

PaiioHbl M cesibCKUE AIMUHUCTPALUH

H3MeHeHHe YHCIAEHHOCTH
HACeJeHHS

Population ch
Districts and rural administrations 2010 2020 e
qeJ. %
people
Ceabckoe Hacesenne PCO-Ananus
Rural population of RNO-Alania 258420 248535 -9885 -3.82
Ipuropoxnbii pation 103827 | 101655 2172 22.09
Prigorodny district
B T.4. ropHbI€e CeTbCKHE AAMUHUCTPALIMH
Incl. mountain village administrations 4888 3720 -1168 -23.89
Haprasckas 314 415 101 32.16
Dargavskaya
Kapmanounckas
Karmadonskaya 348 367 19 5.46
KobGaHnckas
Kobanskaya 381 407 26 6.82
Tapcras 3845 2531 1314 34.17
Tarskaya
Anarupekuii paiion 34361 36420 22059 -5.99
Alagir district
B T.4. ropHbIe CeTbCKHE AAMUHUCTPAIIMH
Incl. mountain village administrations 3986 413 =373 957
byponcias 548 527 21 3.83
Buronskaya
3apamarcia 160 110 -50 31.25
Zaramagskaya
T'opro-Kapuunckas 38 62 6 9,54
Gorno-Kartsinskaya )
Misypetcas 3190 2952 237 743
Mizurskaya
Hapckas
Narskaya 41 32 -9 -21.95
YHanbckas
Unalskaya 284 213 -71 -25.00
®uarnoHckas
Fiagdonskaya 1601 1467 -134 -8.37
Ueficxas 74 50 24 -32.43
Tseyskaya
XoacTUHCKast
Kholstinskaya 284 213 -71 -25.00
Hpadcknii paiion
Irafsky district 15242 15007 -235 -1.54
B T.4. ropHbIe cebCKHe AIMUHUCTPAIIMH
Incl. mountain village administrations 1468 1427 41 279
Axcapucapckas
Akhsarisarskaya 366 334 -32 -8.74
lNanuarckas
Galiatskaya 80 107 27 33.75
T'ynapckast
Gularskaya 260 252 -8 -3.08
3ananeckas
Zadaleskaya 137 113 -24 -17.52
Maxueckas
Makhcheskaya 343 343 0 0
Cryp-Juropckas
Stur-Digorskaya 280 276 4 1.43
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Tabnuya 5 / Table 5

JMHaMuKa ecTeCTBEHHOI0 IPUPOCTA HAceJeHHA B CeJIbCKOW MeCTHOCTH FOPHBIX PailoHOB

CesepHoii OceTnu-Ajanum, ye. [20]
Dynamics of natural population growth in rural areas of mountainous regions
of North Ossetia-Alania, people [20]

Tepputopus 2012 2013 2014 2015 2016 2017 2018 [E35TD
Territories Total
HpHropoasbii p-1 649 622 491 411 377 227 196 2973
Prigorodny district
Anarupeuii p-n 115 172 9% 54 96 49 64 646
Alagir district
Wpadcknii p-u
Irafsky distrit 83 34 80 20 -1 9 27 242
Hroro 847 828 667 485 462 285 287 3861
Total

JMHAMHUKA eCTECTBEHHOT0 NMPHUPOCTAa HaceJIeHUs

B FOPHBIX ceJbckux agMuHucTpanusax CesepHoii OceTnu-Anannu, deiu. [20]
Dynamics of natural population growth in mountainous rural administrations

of North Ossetia-Alania, people [20]

Tabnuya 6 / Table 6

Cenbckue AAMHHHCTPALHH 2016 2017 2018 2019 Bcero
Rural administrations Total
Ipuropoausliii paiion / Prigorodny district
Japrasckas 3 0 5 Dy -10
Dargavskaya
Kapmanonckas
Karmadonskaya 0 2 3 3 4
Kobanckas
Kobanskaya - -3 ! ! 8
Tapcicas 28 18 9 13 68
Tarskaya
Beero 20 13 8 13 54
Total
Anarupckuii paion / Alagir district

BypoHckas
Buronskaya > ! 0 1 5
3apamarckast 5 5 1 5 7
Zaramagskaya
TopHo-Kapnunckas 1 . 1 3 5
Gorno-Kartsinskaya
Musypckast
Mizurskaya B -3 16 -1 34
Hapcxkas
Narskaya ! 1 5 2 -3
VYHanbckas
Unalskaya 1 N 0 ! N
®duarnoHckas
Fiagdonskaya 8 ! -3 2 12
Ietickas
Tseyskaya 3 2 1 4
Bcero
Total -3 -5 -18 -8 -40

*3IICCB " 1aJIe€ 3HAK «-» O3Ha4a€T OTCYTCTBUEC NJaHHBIX.

@ %

*Hereinafter, the “-” sign means no data.

T.14. Ne1(51), 2022 T.
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Oxonuanue maéon. 6 / Ending table 6

Cenbckue AIMHHACTPALHH 2016 2017 2018 2019 Bcero
Rural administrations Total
Hpadcxuii paiion / Irafsky district
Axcapucapckas
Akhsarisarskaya = > ! -6 -
lanuarckas
Galiatskaya -1 0 1 > 3
I'ynapckas
Gularskaya = 4 2 -2 =
3ananeckas
Zadaleskaya 1 -3 1 ! 4
Maxueckas
Makhcheskaya 4 2 ! -3 4
Cryp-Juropckas
Stur-Digorskaya 3 3 -3 -1 4
Bcero
Total 8 11 -5 -6 -3
Tabnuya 7/ Table 7
JIuHAMMKA MUTPANHOHHOTO MPUPOCTA HACEJIEHUS
B ropHbIX paiioHax PecniyOnukn CepepHast Ocerusi-Ananus, des. [20]
Dynamics of migration population growth in the mountainous regions
of the Republic of North Ossetia-Alania, people [20]
Teppuropust | 5410 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Territories
[IpuroponHsiii
paiion -1367 | -2123 -1572 -1182 -490 -1320 -949 -635 -1043 -843
Prigorodny district
AGTUpCKHH paifont |- 514 1g03 | 430 | 610 | 462 | -253 | 235 | 219 | -280 | -178
Alagir district
Wpadckuii pation
Irafshy district -89 -161 -210 -278 -54 -17 -82 -76 -80 -120

MoceNIeHUi Anarupckoro paioHa, 9To B T.4. CBSI3aHO C
KPHU3HCOM TOPHOAOOBIBAIONIEH MPOMBILUIEHHOCTH, BbI-
3BaBUIMM OTTOK HACEJICHHS M3 IOCEJIKOB TIOPOACKOrO
Tumna [4]. A OCHOBHYIO MacCy MUTPAIIMOHHOTO OTTOKA U3
[Ipuropoanoro paliona cocTaBUIM KUTeNHU cena Tapcko-
ro (Tab. 8).

B IlpuropogHom paiioHe MHUrpanHoOHHas YObUIb
CKJIQJIBIBACTCSI HCKIIIOYUTENBHO 3a CYET MEXKPETrHo-
HaJbHOM MUTIpaluH, T.€. HacEJIE€HHWE MUIPUPYET Ipe-
MMYIIECTBEHHO 3a Tpenensl pecnyonuku. B apyrux
palioHax MPOCIEKNUBAIOTCS MEXAYHAPOAHbIE U BHYTPH-
pecIyOIMKaHCKHE TTOTOKH, PUYEM 32 CUEeT MEXKIyHa-
POIHONM MHTrpaluu o0ecreurBaeTCs HEOONbINON MpH-
TOK HACEJICHUS U3 YHUCIIa COOTEYECTBEHHUKOB, MPOXKHU-
BaOIIMX 3a pyOexoM. BHyTpu permonaspHble MUTpa-
LMW HamnpaBJeHbl U3 CEIbCKOW MECTHOCTH B CTOJIMILY
—I. Bragukaska3s (tabim. 9).

B 2015-2019 rr. o0uryto MUTrpalMoOHHYIO YOBUTb B
TOPHBIX CENBCKHUX aIMUHUCTPAISIX 00eCTIeINBAN MH-
TpallMOHHBIE MMOTOKH MEXPErMOHAIbHOI HarpaBIeHHO-
CTH TIPH 3HAYUTETHHOU JI0JIe BHYTPUPECITYOIHMKAHCKIX
nepecesneHuil. MexayHapoAaHble MOTOKH HampaBJIeHBI

14

UCKJIIOYHUTENIEHO TUOO B paBHUHHBIE, TMOO O4YEHb KPYyII-
HBIE TIOCEJICHUS, MEJKHE TOpHBIE CENCHHs MEXIyHa-
POIHBIX MUTPAHTOB He mpuBieKaioT. B 11 n3 18 ropasix
CEJICKUX aIMUHUCTPALMNA OTMEYaeTCsl HeOOJIbIIas BO3-
BpaTHasi MUTPaLus B TOPHI ¢ TockocTy (Tadm. 10).

3aknoyeHue

Jnst GonbIIMHCTBA TOPHBIX ToceNieHui PeciryOnuku
Cesepnas OceTusi-AnaHus XapakTepHbl HeOIaronpHsTHbIC
TEHAEHLMH JIeMOrpauuecKOro Pa3BUTUSL U COKpAILEHUE
YHUCIIEHHOCTH HaceseHus. Haubonee BeIpakeHBI IEONY-
JISIIMOHHBIE MPOLIECCHl B TOPHBIX CENEHUAX AJIarUpCKOTO
paiiona. Oco60 HeOIarompusATHAS CHUTyalus CIOKHIACh
B cene Tapckom IIpuropomHoro paiioHa, JHOOHOCTH B KO-
TOpPOI cokparuiiach 3a nociaegaue 20 JeT NouTH BABOE 3a
CUeT aKTUBHOTO MUTPAIIHOHHOTO OTTOKA (BO3MOYKHO B CBSI-
31 C 3THONOJIMTHYECKUMHU OOCTOSITENILCTBAMI).

EcrectBennslil nnpupoct Hacenenus IIpuroponHoro,
Anarupckoro u Mpadckoro paiioHOB MOAECPKUBACTCS
3a CYeT TPAJULUOHHOIO 00pa3a KU3HU TOpLEB, OJHAKO
BIIOJIHE OYEBUAHA TEHICHIHS €r0 MOBCEMECTHOIO CO-
KpAaIIeHUs U Tepexoa K AeTOMyIAnH.

KitroueByto ponb B ieMorpaduueckoM pa3sBUTUH PECITY-

T.14. N21(51), 2022 T.
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Tabnuya 8 / Table 8

o *
JMHAMIKA MATPAIIMOHHOIO NPHPOCTa/yObLIN B TOPHBIX ceJIbcKIX agMuHucTpanusax CesepHoii Ocerun-Asannm , yed. [20]

Dynamics of migration increase / decrease in mountainous rural administrations
of North Ossetia-Alania’, people [20]

TI'opHble ceqibckue

aIMMHUCTPALMHU Bcero

Mountain village 2011 2015 2016 2017 2018 2019 Total

administrations
Ipuroponuwlii paiion / Prigorodny district
[Haprasckas 5 7 1 3 4 5 1
Dargavskaya
Kapmanonckas
Karmadonskaya > ! -3 o 1 0 1
Kobanckast
Kobanskaya ? 4 3 > 2 ! 22
Tapcrcas -367 217 -103 -81 4128 -90 -986
Tarskaya
Beero -348 219 -104 -64 -123 -96 -954
Total
Adarupckuii paiioH / Alagir district
byporickas s 2 1 1 0 1 8
Buronskaya
3apamarckas
Zaramagskaya -33 -1 -3 ! ! 3 34
Musypeicas 77 36 -29 -30 24 -11 207
Mizurskaya
Hapckas
Narskaya -11 -4 0 1 -3 1 -16
YHanbckas
Unalskaya -7 -19 -6 0 1 0 -31
duarnonckas
Fiagdonskaya 16 8 6 - 6 1 2
Heticicas 2 4 -8 9 20 4 47
Tseyskaya
Beero 151 58 53 45 39 y 335
Total
HWpadcxkuii paiion / Irafsky district

Axcapucapckast
Akhsarisarskaya - 6 -3 - -3 4 -30
lanuarckas
Galiatskaya ! 3 17 0 2 2 21
I'ynapckas
Gularskaya -3 0 8 ! > 3 8
3amaneckas
Zadaleskaya -2 8 0 6 - ! 6
Maxueckas
Makhcheskaya - 3 3 2 ! 2 2
Cryp-Zluropckas
Stur-Digorskaya > 4 ! ! 2 2 3
Beero 23 12 24 -1 2 -6 4
Total

* 3neck u nasee 6e3 yuera [opHO-KapuuHCKol cembCKOi a IMHHICTPAIMH, T.K. [I0 HEW CTATUCTHKA HEKOPPEKTHASI.

" Hereinafter, without taking into account the Gorno-Kartsinsky rural administration, because her statistics are incorrect.
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Tabnuya 9/ Table 9

Pacnpenesienue MUTpauMOHHOIO NPUPOCTa 1O NoTokam B 2012-2019 rr., yeu. [20]
Distribution of migration growth by flows in 2012—2019, people [20]

PaiioHbI Mez;czzﬂ:pzlﬂaﬂ Mem::;l;m;ﬂt]:[bﬂaﬂ BHyTp;IE:r:o;I;nLHaﬂ Beero
The districts apaman apauan rpatHs Total
International migration Interregional migration Intraregional migration
[IpuroponHslii p-H
Prigorodny district 1442 -10157 681 -8034
AmArHpCKIti p-i 97 11551 -1213 2667
Alagir district
Upadckuit p-0
Irafsky district 49 737 -229 <217

Tabnuya 10/ Table 10

Pacnipenesenre MUTpaliiOHHOTO MPUPOCTA MO MOTOKAM B TOPHBIX CEJIbCKUX aiMUHUCTpanusx B 2015-2019 rr., yeut. [20]
Distribution of migration growth by flows in mountainous rural administrations in 2015-2019, people [20]

(T GTETS e D MesxnynaponHast MesxpernoHajibHas BuyTpupernonajibHas Beero
. . MHUTPANHAA MHUTPANHAA MHUTPANHS
Rural administrations . . . . . . . . . Total
International migration | Interregional migration | Intraregional migration
IIpuropoxHslii paiioH / Prigorodny district
Haprascka
Dargavskaya 0 -5 -1 -6
Kapmanonckas
Karmadonskaya 0 -3 ? 6
KobGanckas
Kobanskaya 6 3 2 13
Tapokad 10 571 58 619
Tarskaya
Bcero
Total 16 -574 -48 -606
Anarupckuii paiion / Alagir district
BypoHckas
Buronskaya 0 6 3 -3
3apamarckas
Zaramagskaya 0 -2 ! -1
Musypckast
Mizurskaya 2 -60 72 -130
Hapckas
Narskaya 0 -7 ! -6
YHanbckas
Unalskaya 0 21 -3 -24
duarnonckas
Fiagdonskaya 0 4 18 22
Heticras 0 1 46 45
Tseyskaya
Bcero
Total 2 91 -98 -187
Hpadcknii paiion / Irafsky district
Axcapucapckas
Akhsarisarskaya 0 -10 -1 21
lNanuarckas
Galiatskaya 0 0 20 20
T'ynapckast
Gularskaya 0 -2 13 1
3anpaneckas
Zadaleskaya 0 -3 13 10
Maxueckas
Makhcheskaya 0 -3 10 7
Cryp-/uropckas )
Stur-Digorskaya ! 3 4 2
Bcero
Total 19 -686 -100 =767
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ONMKK WIPalOT MUTPALMOHHBIE IPOLECChl. MUrpaumoH-
Has yObUIb MPeo0iIaacT BO BCEX TOPHBIX MIOCENICHUSX U B
CEJIbCKOW MECTHOCTH B LIEJIOM, IIEPEKPhIBasi MHOTOKPAaTHO
€CTECTBEHHbIA IpupocT. [IpeobnamaroT MexpernoHaib-
HblE ¥ BHYTPUPETHOHAIBHBIE MUIPALMOHHbIE OTOKHU. 3a
CYET MEXPETHOHAJIbHBIX ITIOTOKOB PECITyONMKa TepsieT Ha-
celieHHe. BHyTpHpernoHaibHble MOTOKM HanpasieHbl U3
CEJIbCKOW MECTHOCTH B TOPOACKYIO (IIPEUMYILECTBEHHO BO
BragukaBkas), U3 TOPHBIX CEJICHUH — B paBHUHHBIE.

B Menb1eil cTenenu HeraTUBHbIE JeMorpadudeckue
MIPOLIECCHI BBIPAXKECHBI B OCEICHUIX, 00JIaAaI0MINX MH-
HUMaJIbHBIMM IPEUMYILECTBAMU. OJTO Kacaercsl Ioce-
JICHUH, PACIOJIOKECHHBIX B HU3KOTOPHSX MM B TOPHBIX
JOJMHAX; TOCENICHUH, BTSHYTHIX BO BranukaBkasckyro
aryioMepanuio, 1 MOCEJICHUH, 00IalaloNX BhITOIHBIM
TPaHCHOPTHO-TeOrpadMueCKUM MOJI0KEHUEM.

Coxpansiercst HeOONBILIOM IPUTOK HACETICHUS B KPYII-
HBIE TIOCEJIEHUS 3a CUET MEXIyHapPOIHBIX MUTPALIUI CO-
OTEYECTBEHHHUKOB.

OOHapy»xeHa cinadasi TEHACHIUS BO3BPaTHONH MUIpa-
LUH B TOPHBIE TIOCEJIEHUS C YHUKAIbHBIMU IPUPOAHBIMU
WIN KyJTbTYPHO-UCTOPUYECKUMH 1OCTONIPUMEYATEIbHO-
CTAMH, YTO BO3MOXKHO CBSI3aHO C NEPCHEKTHBAMH pa3-
BUTHSI Typu3Ma B HanOoJiee MPHUBJIEKATEIbHBIX B PEKpe-
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Pa3paboTaHbl MaTeMaTU4eckMe MOLENM MOKasaTeNei BbIENauYMBaHWUs B 3aBUCMMOCTM OT MIOTHOCTU, ANUTENBHOCTH
NpoTeKaHWs MPAMOI M 06paTHOM NONAPHOCTU TOKA. BbISIBNEHO,YTO CAMbIM ONTUMAJIbHBIM ABNSETCS PEXMM BblLLENaYNBAHMS
pYZbl NMOA LeHCTBUEM PEBEPCUPYEMOIO NMOCTOSHHOTO TOKA C MEHSAIOLLENCS NAOTHOCTLIO U ANUTENbHOCTHIO 06paTHOrO TOKa.
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Abstract. The article presents the results of studies on the electrochemical leaching of metals from poly-metallic ores
using sulfuric acid-chloride solutions under the action of a reversible infra-low-frequency direct current with varying
density and the addition of a surfactant. Mathematical models of leaching indicators have been developed depending on
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ore leaching under the action of a reversible direct current with varying density and duration of the reverse current. It is
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BBeneHue

Jnst pa3BUTHA TOPHO-METALTYPrU4eCKOd MPOMBILI-
JICHHOCTH 3HAYUTEIBHBIM HHTEpeC MNPEACTAaBISIIOT pa-
0OTBI, CBS3aHHBIC C T€OTEXHOJIOTHYSCKUMHU CIIOCO0aMHU
oboramenus. [Ipu paccMoTpeHHMM HaHHON TPOOIEMBI
HEJOCTaTOYHO MOJABEpPrarb aHalIu3y TOJBKO MPOLIECCHI
BBIIIEIAYUBAHMS, MOCKOJIBKY HE NOCTHUTaeTcs MOJHAas
HaJe)KHOCTh TpoIlecca, T.K. pearcHThl CIIOCOOHBI IIPOHU-
KaTh BIIIyOb MUHEPAIBHOMN YaCTHIIBI TOJIBKO TPU COOITIO-
JICHUU ONPEIEICHHOTO MPOAOILKUTEILHOTO BPEMEHHOTO
uHTepBana [1-12].

B Hacrositiee Bpemsi pOCCHIICKMMU U 3apyOeKHBIMHU
YUYCHBIMU aKTUBHO UCCIIETYIOTCS TPYU OCHOBHBIX HalpaB-
JICHUSL.

Bo-niepBbIX, HanpapieHUE UCCIISIOBAHUHA (PU3HKO-XH-
MUYECKUX MPOLECCOB U3BJICUCHUS METAILJIOB U3 YIIOPHBIX
CyTb(MUIOB OCBENIaeTcs Kak O0e30rOBOpPOYHAs albTepHA-
THBA CYIIECCTBYIOIIUM METO/IaM MOITY4YECHUS METAJLIOB.

Bo-BTOpBIX, 3TO HallpaBlICHUE HCCIIECIOBAaHUN METO-
JIOB C IPUMEHEHHUEM BBILICIAYNBAHUS METAJIIOB U3 CIIe-
[UATBHO TOATOTOBJICHHBIX XBOCTOB, YTO CHOCOOCTBYET
PEUICHUIO 3a]a4H T10 Mepepad0TKe BTOPUYHBIX XBOCTOB.

B TpeThux, 3T0 npouecc BhIleIaYuBaHUS C OTHOBpPE-
MEHHOW JJ0OaBKOW MOBEPXHOCTHO-aKTHBHOTO BEIIECTBA
U IPUMEHEHUEM HECHUMMETPUYHBIX UMITYJIbCOB TOKa IO
crienuaibHo Metononoruu [ 13-20].

ABTOpPBI CTaThbU BBIABUHYIW U JOKa3ajld TUIIOTE3Y O
TOM, YTO pAacIpelielieHHEM TOKa B CHUCTEME «pyJa-pac-
TBOP» HY>KHO YIIPABJIATS IO CIIEIUAITLHO Pa3pab0TaHHBIM
aNropuT™MaM, 3apaHee PACCUUTAB MPUHLIUI KOPPEKTUPOB-
KU CBOMCTB BBHIIIIECTAYUBAIOIINX PACTBOPOB, IIyTEM MOCTE-
MIEHHOTO BBE/ICHUS TOBEPXHOCTHO-AKTUBHBIX BEIIECTB.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

Llenb uccnenoBaHuii

Pa3zpaboTka MaremaTndecKux MoOeeH MmokasaTeneit
ANIEKTPOXUMUYECKOTO BHIIIETaYNBAHNS METAJUIOB W3
MOUMETAIUTHYECKON PYIBI ¢ JOOABKOW MOBEPXHOCTHO-
aKTUBHOTO BEIIECTBA O] ICWCTBUEM HECHMMETPHUYHBIX
HUMITYJIBCOB TOKA.

MaTepMaﬂbl U MeToAabl uccnenoBaHna

B kadecTBe OCHOBHOTO MaTepHaia Oblia HUCIONB30-
BaHa pyna ApXOHCKOro pynHuka CagoHCKOTO CBUHIIOBO-
IUHKOBOTO KOMOWHAaTa, MpeJBapUTeIbHO MOJBEPrHYTas
py4yHOH copTHpoBKe, copepkamiast, %: 0,11 — Ca; 0,24
—Mg; 13,0 — Pb; 8,89 — Fe; 6,8 — Zn; 1,5 —Cu, 13,6 — S;
41,5 - SiO,,.

Pyna maccoit 2 kr, u3MenpdeHHas A0 KpPYIHOCTH
—20 MM, TOMeIIaIach B CTEKIISIHHBIN TIEPKOJISITOP AHaMe-
TpoM 54 MM, BbIcOTa cTosba pynsl coctapisuia 300 M.
OnuH rpadUTOBBIN BIEKTPOA OBUT PACIOIOKEH B HUXK-
HEH YacTH MEePKOJIATOPa, a BTOPOH rpaUTOBBIHN 2IEKTPO.
HaKJa/bIBaJId Ha Py CBEPXY, 3aT€M Ha AJIEKTPObI MO-
JlaBaJId HampsKeHHE OT MCTOYHHUKOB MOCTOSHHOTO TOKa
yepe3 KOHTAKTOPbI. YIIPaBIAIOLUE CUTHAIBI IOCTYATU
OT TeHEepaTopa UMITYJIbCOB MH(PPAHU3KOW 4acTOThI. J[is
MOJIEJIMPOBaHUs Tpoliecca peBepca ToKa UCIOIb30BAIU
OJIMH KOHTAaKTOp, a JUIs TeHepaiy MPAMOYTOJIbHBIX UM-
MyJbCOB TOKA IIEPEMEHHOM MOISIPHOCTH — JBa.

BrimenaunBaromuii pactBop, coiepxkammid 122 r/n
NaCl u 6,2 r/n H,SO,, mnomaBaim €O CKOPOCTBHIO
0,055 M*/M*'9 7103aTOpPOM W3 HAKOMHUTEIHHONW EMKOCTH
Yyepe3 OTBEPCTHE B BEPXHEM 3JIEKTpojie (COCTaB U CKO-
POCTB [OJa4H BBIIIEIAYMBAIOIIETO PACTBOPa ObLIHN yCTa-
HOBJICHBI paHee B IKCIEPUMEHTaX M0 XUMHUYECKOMY BBI-

Tabnuua 1/ Table 1

Pe3yabTaThl JaHHBIX NP NMPOTEKAHUM NPSIMOT0 TOKA
Data results with direct current flow

OTHOCHTEIE- CyTtounoe u3BJie-
Mornocre Toka | o IHTedb Kouuentpauusi Me | uenue Me B pac- | yyennuprii
Yepe3 KOJIOHHY HOCTB TpO- Cpennee | g pacreope, mr/n | TBOp, % / cyTKH pacxor dHep- Pe3yJ">TP“I'
BABPEMIL | ekanms Toka | P | Me concentration in | Daily extraction of | rypm, W, pyromuu
JWCHEPUMENTA, [, | | Mol moaTsIp- | e Ha solution, mg/l Me into solution, | rpre. kBrw/r| TrOT MO
A/m? (mpsiMoro/ KOJIOHHE %/ d . TOKY, 1)
odparHoro) (X)) HOCTH, A0TH €1, U, B N SATEG JOJIH €I
1 b .
Current density Rela t(.i? dura- Average coni’::zgf'on The resulting
through the column eratt voltage on | CBUHIIA | IIMHKa IHKa PROM | rrent total,
. . tion of current . CBUHIIA . Wsp, .
during the experi- : the col- lead zine zinc 1, fractions
ment, j, A/m’ (for- H G20 umn, U, V C C lead S, S ocas of units
o larity, fractions » P “n o kWh/s
ward/reverse) (X)) of units (X,)
50/100 0.1 74.8 395.8 180.8 1.068 0.832 31.14 1.045
150/300 0.1 100.6 705.0 369.6 1.903 1.700 67.41 0.674
50/100 0.3 83.9 420.0 163.4 1.134 0.752 40.79 0.855
150/300 0.3 108.9 728.1 229.2 1.965 1.054 96.80 0.442
50/100 0.2 119.3 452.7 172.8 1.222 0.795 49.94 0.988
150/300 0.2 113.1 760.3 340.8 2.052 1.568 80.68 0.606
100/200 0.1 100.8 576.0 225.8 1.555 1.039 60.34 0.696
100/200 0.3 112.3 695.8 208.5 1.878 0.959 70.45 0.619
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menaduBaHuio pyasl [9]). [IpoaykunoHHBII pacTBOp,
NpOIIEANINN Yepe3 pydy, aHATU3UPOBAJIM Ha conxepxa-
HHUE MeTaJIoB. IIpogomKUTeNnbHOCTE SKCIEPUMEHTA CO-
crapsia 10 4.

B cepusx SKCIEPUMEHTOB HCCIICAOBAHO BIIUSHHE
PEBEPCHPYEMOTO TOKA C Pa3IMYHBIMU JJUTEIbHOCTHIO
U aMIUIMTYIOH HPSMOrO M OOPaTHOIO TOKa Ha OCHOB-
HBIE TIOKa3aTeH BBIIICTAYMBAHMA: U3BJICUCHUE CBHHLA
Y LIMHKa B PacTBOP, YACIbHBIN pacxof MEKTPOIHEPTHU
W BBIXOZ MO TOKY. [l mimaHupoBaHMS 3KCIEPUMEHTOB
OBUT HCTIOJIB30BaH TPEXyPOBHEBBIH HEKOMITO3UIIMOHHBIN
mwiaH bokca-benkena.

Pesynbratbl HcCnepoBaHui

PesynbraTsl BO3NEUCTBHS PEBEPCUPYEMOIO IMOCTOSIH-
HOT'O TOKA C HEPAaBHBIMU aMILIUTYIAaMH, [IOJIIyYCHHBIE C
MEHSAIOIIEHCS TUIOTHOCTB) U JUIMTEIBHOCTBIO BO3JEH-
CTBHs IIPSIMOTO TOKA IO BBIIIEONUCAHHBIM CEPUSM JKC-
MEPUMEHTOB, IPUBEACHBI B Ta0MI. 1.

PesynbraTsl NaHHBIX, IOJMYYEHHBIX IOJ IEHCTBHEM
PEBEPCUPYEMOIrO IMOCTOSHHOIO TOKA C MEHSIOLIENCs
TUIOTHOCTBIO U JJUTEIBHOCTBIO MPOTEKaHUS OOpaTHO-
IO TOKA IO BBIIICONUCAHHBIM CEPUSIM IKCIEPUMEHTOB,
NpUBeIeHbI B Ta0M. 2.

Pa3zpaboTaHHble MareMaTHYECKUE MOJENH IS CIIy-
4aeB 3aBUCUMOCTU OT IUIOTHOCTU U JUIMTEIBLHOCTH IIPO-
TEKaHHs TOKa MPSIMOil MOJISIPHOCTH CBEACHHI B Ta0I. 3.

PazpaboTanHble MaTeMaTH4eCKHE MOAEIIH ISl ClTyda-
€B 3aBHCHMOCTH OT INIOTHOCTH U JUIMTEILHOCTHU IIPOTE-
KaHHsI 00paTHOH MOJSIPHOCTH CBEACHHI B Ta0II. 4.

[lepemeHHBIE B ypaBHEHUSIX IMpeICTaBICHBI Oe3pas-
MEPHOU BEJIMYMHOMU:

j—240 t—10,2
Yo1zo TR 0

[Ipu BBIMONHEHUN CPaBHUTEIBHOTO aHalIM3a Mo pe-
3yabpTaTaM, MOJIyYEHHBIM B INPOLIECCE BBINIEIaYUBaHUSA
pPYyZAbl TON JAEWCTBHEM pEBEPCHPYEMOIO MOCTOSHHOTO
TOKa C MEHSIOILEHNCS MIIOTHOCTHIO, a TAK)KE N3MEHEHHEM
BPEMEHM MPOTEKaHHA MPSAMOTO TOKa C JaHHBIMH, MOY-
YEHHBIMH B XOJI€ pealu3aliy Mpoliecca BbIIEIaunBa-
HUS pyIbl TOA NEHCTBHEM PEBEPCUPYEMOTO MOCTOSHHO-
IO TOKa C BapbUPYIOIMMUCS apaMeTpaMu, TAKUMH Kak
IUIOTHOCTh M TIEPHOJ BPEMEHHU IMPOTEKaHUs 0OPaTHOTO
TOKa, BIIOJTHE 00OOCHOBAHHO IMOJYYaeM YTO, U3BIICUCHHE
Pb ymenpmmures B 1,3 paza, Zn — ymensmures B 1,1 pasa,
yAENBHBIA pacxof 3HEpruu CHU3UTCA B 1,6 pasa, a BBIXOJ
10 TOKY IIPH 3TOM yBenuuutcs B 1,14 paza.

06¢cyxaeHne pesynbTaToB

Pazpaborana metoauka vccienoBanus, Oasupyromias-
Csl HA TEOPETHUECKUX METOJAaX MEKTPOXUMHIECKOTO BhI-
HIENAYNBaHUS METAJUIOB M3 TONUMETAJUTMUECKOU PY/IbI
NpU TIOMOIINA CEPHOKHCIOTHOXJIOPHIHBIX PAacTBOPOB U
OTJIMYAOIIASICS OT M3BECTHBIX CIENMAIBHO pa3paboTaH-
HOH METOJNIOJNIOTHEH BBENICHUSI TTOBEPXHOCTHO-aKTHBHBIX
BEIECTB U C HECUMMETPUYHBIMHA HMITYJIbCAMH TOKA TIepe-
pabOTKK HEKOHIUIIMOHHOTO MHUHEPaJbHOTO CBIpbsi. Pa3-
paboTaHbl M MPOLUTM JKCIIEPUMEHTAIBHYIO arpoOaIiuio
MaTeMaTUYeCKIe MOJICN 3aBUCUMOCTH TIOKa3aresiel BbI-
HIENAYNBaHMs OT TUIOTHOCTH W JJIMTEIBHOCTH IIPOTEKa-
HUS TOKa MpsiMoii mossipaocTH [9; 15;16; 23].

BbiBoAabl

1. TIpoBeneHbl HCCIEIOBaHUS PEXUMOB BhIIIENA-

Tabnuua 2 / Table 2

Pe3ysibTaThl JaHHBIX NPU NPOTEKAHUM 00OPATHOIO TOKA
Reverse Current Data Results

Cyrounoe u3- | yrenpy. | Pesynnru-
IlnoTHOCTH TOKA Yepes Ornocurensnas Konuentpauus | piedenne Me B|  paexop pyIoumii
KOJIOHHY 32 BpeMs JUTENLHOCT, | Cpeanee Ha-| M p pacteope, RACLHOD JHEPrUM, | HTOI MO
IKCIIEPUMEHTA, j, A/M> NPOTERARMA TPIBKEHHE mr/a o/cyTKH W, TOKY, 1)
(npsiMoro/oGpaTHoTo) TOKa 00paTHOI | HA KOJIOHHE, | Ao concentration Daily extraction ThIC. JOJIH en.
(X) LB DL U,B in solution, mg/! of Me into TRt The
1 o
Current density through JLOJIHL G- (X.Z) Average solution, %/ day Specific resulting
. Relative duration of | voltage on
the column during the energy con- | current
experiment, j, Aim’ current flow of re- | the column, | CBUHIA | IMHKA |CBUHIIA | IIUHKA S T
(forward/reverse) (X)) Vf'rse p ?larz.?z, jz\fc- vy lzad zCz‘nc l;ad z;nc Wsp, thou- | fractions
ions of units (X) E Zn L Zn | sand kWh/t | of units
50/100 0.1 50 328.9 131.4 | 0.888 | 0.604 26.07 0.804
150/300 0.1 82.7 512.2 195.9 | 1.383 | 0.901 38.21 0.896
50/100 03 533 3423 | 1460 | 0925 | 0672 | 30.90 0.735
150/300 0.3 88.6 529.0 | 266.6 | 1.428 | 1.226 60.74 0.652
50/100 0.2 59.9 359.9 | 225.6 | 0.971 | 1.038 26.79 1.062
150/300 0.2 76.8 552.4 | 2749 | 1.491 | 1.265 40.51 0.844
100/200 0.1 68.4 4205 | 2199 | 1.170 | 1.016 | 313 1.019
100/200 0.3 105.6 503.1 222.7 | 1.358 | 1.029 52.39 0.761
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Tabnuya 3 / Table 3

Pa3paboranHblie MaTeMaTH4YeCKHe MOJAEJIH IPH MPOTEKAHUH TOKA NPSAMOIi MOJSIPHOCTH
Developed mathematical models for the flow of direct polarity current

[okasarean YpaBHeHnune perpeccuu < R? F
Index Regression equation u

HUzeneuenue Pb, %/cytkn | Sp, = 1.836 + 0.416X, + 0.0752X, —
Retrieving lead, %/day —0.199X2 — 0.1195X% — 0.001X, X, 0.010621 | 0.960983 | 304.95

UsssieyeHue Zn, %/cyTKH Szn = 1.096 + 0.3238X, — 0.1343X, +
Retrieving zinc, %/day +0.0855X2 — 0.097X2 — 0.1415X, X, 0.018277 | 0.947133 | 84.854
YaenbHbl# pacxod sHepruu, | Wy, = 71.67 + 20.5X; — 8.19X, —
Thic. KBT-a/t —6.36X} — 6.27X7 + 4.93X,X, 51.570465 | 0.956538 | 99.3035
Specific consumption

energy, thous kW - h/t

BeIxoz no TOKy, J01H ef. n = 0.7005 — 0.1943X, — 0.0832X, +
Current output share of +0.0965X7 — 0.043X% — 0.0105X, X, 0.00286 0.969804 | 246.107
units

Taonuya 4 / Table 4

Pa3paboTrannble MaTeMaTHYeCKHe MOJEIH IPU NPOTEKAHUHN TOKA 00PATHOI MOJSIPHOCTH
Developed mathematical models for the flow of reverse polarity current

IMokasarens YpaBueHue perpeccuu @ R I
Index Regression equation M

Hssneuenue Pb, %/cytku | Spp, = 1.322 + 0.253X, + +0.0527X, —
Retrieving lead, %//ﬁay —P%.OC) 1X7 — 0.075X% 1+ +O.002X1XZ 0.0059679 0.960894 299.611
UsBnedenue Zn, %/cyTku Syn = 1.3258 + 0.1797X, + +0.0675X, —
Retrieving zinc,%/day | — 0.1743XZ — 0.3008X7 + 0.0643X, X, 0.011628 0.928026 102.0015
YaenbHbIH pacxos W, = 36.53 + 9.28X; + 8.41X, —
SHEpIHH, ThiC. KBT /T —2.88X7 +5.33X; + 443X, X, 22478045 | 0948816 | 86.0985
Specific consumption ener ’ ’ ’
thous. kW - h/t
Beixop 1o TOKy, 40J14 e[, n = 1.0718 — 0.0348X, — 0.096X; —
Current output share —0.1188X2 — 0.1813X2? — 0.0438X, X, 0.0096339 | 0.845955 91.409
of units

YUBaHUS MONUMETANIMYECKUX PYI C HCHOIb30BAaHUEM
CEPHOKHUCIOTHOXJIOPUAHBIX PACTBOPOB MO AeHCTBUEM
peBepcupyeMoro HMH(pPaHU3KOYACTOTHOTO TOCTOSTHHO-
IO TOKa C MEHSIOIIEHCS IUIOTHOCTBIO U JJIUTEIbHOCTBIO
MIPSIMOTO U OOPAaTHOTO TOKOB C JI00ABKO# MOBEPXHOCTHO-
AKTHUBHOT'O BEIIECTBA.

2. YCTaHOBJICHO, YTO TIPU BBINIECIAYUBAHUH PYIbI U3-
BIICUCHNE CBUHIIA W I[MHKA HE3HAYUTEILHO YMEHBIIa-
€TCsl, HO MPHU HTOM CYILIECTBEHHO YMEHbIAETCS PacXo[
SHEPIUHU, a BBIXOJ IO TOKY YBEJIMYMBAETCS IO CpaBHE-
HUIO C PEXHUMOM, B KOTOPOM MEHSAIOTCS IUIOTHOCTh U
BpeMs MIPOTEKAHUSI IPSIMOT0 UMITYJIbCa TOKA.

3. YCTaHOBNEHO, YTO HA M3BJIICYCHNE CBHUHIA B OOJb-
el CTEMEHU OKAa3bIBACT BIMSIHUE IUIOTHOCTH TOKA, a
Ha U3BJICUCHUE IIMHKA IUIOTHOCTh TOKA U JIIUTENIHOCTh
HAMITYJTbCa BIIHSIOT OJMHAKOBO. BBIABIEHO, YTO CamMbIM
ONTUMAJIBHEIM SIBIIIETCS PEKUM BBIIICIAYUBAHUS PYIbI
oA JEHCTBUEM PEBEPCUPYEMOro MOCTOSHHOTO TOKa C
MEHSIOIEHCS TUIOTHOCTBIO U ITUTEILHOCTHI0 00paTHO-
ro TOKa.

T.14. Ne1(51), 2022 T.

4. B pesynbrare aHaian3a MaTeMaTUYECKUX MoOJeei
MIPOLIECCOB BBIIIENAUYMBAHUSA OINPEACICHO, YTO ILJIOT-
HOCTh OOPaTHOTO TOKA B IIECTh Pa3 OOJIBIIE TUIOTHOCTH
MPSIMOTO TOKA, a JJIUTEIBHOCTh MPOTEKaHUS UMITYIbCca
oOparHoro Toka coctapisieT 0,2 OT ATUTENHFHOCTU TPS-
MOTO TOKa.

5. TloaTBepKaeHO, YTO MEpPCIEKTUBHBIM HaIpaBlie-
HUEM MOJIEPHHU3ALMU TEXHOJOTHH BBILIEIAYUBAHUS DY
SIBIISIETCS DIIEKTPOXMMUYECKOE BHIIIECIAUNBAHUE METal-
JIOB U3 MOJUMETANIMYECKON Pyabl CEPHOKUCIOTHOXJIIO-
PUIHBIMH pPacTBOpPaMH C JO0aBKOW MMOBEPXHOCTHO-aK-
TUBHOIO BEIIECTBA C HECUMMETPUYHBIMU HUMITYJIbCAMU
TOKA.
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AHHOTauma. B cTaTbe oTMeyeHa HEOOXOAMMOCTb MHAMBUAYANBHOMO NOAX0AA K pa3paboTke perroHasbHbIX Moaenei
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Abstract. The aim of the study was to analyze the models of sustainable development mountain regions of Southern
Siberia by the example of Altai and Tyva Republics.

Materials and research methods. The study was based on the methodology of system analysis and strategic planning.
Strategic documents of socio-economic development of Altai and Tyva Republics were used.

Discussion. Peculiar features of the Altai Republic development are characterized by a weak diversified economy, a low
living standard of the population, a poorly developed social and engineering infrastructure, bad transport development
and connection with other territories, including unstable energy supply. The analysis of its Development Strategy suggests
that the ecological tourism development may be take a leading position here in the near future.

The Republic of Tuva is distinguished by other strategic development guidelines. Since post-reform years, the
development of the republic is associated with the construction of the Kyzyl-Kuragino railway and industrialization, i.e.
the development of rich mineral deposits. Currently, the transport system of Tyva is represented by automobile, air and
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domestic seasonal water traffic, which needs development and reconstruction, there are also problems with the energy
supply of the region.

Conclusion. Mountainous relief, unique natural conditions of the Altai and Tyva republics are key conditions in the
development of these regions. The Altai Republic has chosen an environmentally oriented model with the preservation
of nature and the development of ecological tourism. The Republic of Tuva continues the traditional industrial path - the
development of mineral deposits. From the point of view of the authors, the traditional industrial path of development is
unacceptable for mountainous areas and may lead to the depletion of natural resources, environmental degradation and

the loss of national and ethnic identity of the population.

Keywords: mountain regions, Republic of Altai, Republic of Tyva, sustainable development regional models, socio-

economic development, natural resources
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BBepneHue

Wneonorust ycrodumBOro pasButHs 3a Ooniee yem
30-neTHUI CPOK CBOETO CYIIECTBOBAHUS MPOYHO BOIIA
B OOLIECTBEHHOE CO3HAHME. 3a 3TO BpeMs IMPOLLIO He-
CKOJIBKO CTaJlfii ee Pa3BUTHA, ONpelesIeHHbIMI pyOesKa-
MU KOTOPBIX MOYHO CUMTATh IPOBOIUMBIE KaXKkasle 10 ner
koH(pepenuu OOH [1-3].

B nameit ctpane, B npouecce HaydHbIX AUCKYCCHI O
KaTeropuu M KPUTEPHUSIX «yCTOHYMBOTO PA3BUTHSD), OBLIO
MIPUHATO, YTO, HECMOTPS Ha CXOICTBO MHCTUTYLIMOHAIb-
HBIX YCJIOBHUH ()YHKIIMOHUPOBAaHHS PETHOHOB — CYOBEKTOB
Poccutickoii denepannu, npu pazpaboTKe pernoHATBHBIX
CTparervii HeOOX0AUM UHIMBHUAYaJIbHBIN MOAXO0, YIUTbI-
BAIOIINH MPUPOIHBIE OCOOCHHOCTH U COLMATBHO-9KOHO-
MHYECKUH ypOBEHb Pa3BUTHsI TOTO WM WHOTO PErHOHA.
Tak, Hanpumep, pa3pabOTUNKX KOHIIENIIMH yCTOHYMBOTO
pa3BUTHA CHUOMPCKHX PETHOHOB — AJTalCKOro Kpas U
PecniyOnuku Anraii [4], cunTaroT, 9YTO 3TH PErUOHbBI, He-
CMOTpPs Ha COCEICTBYIOIIEE IOJIOKEHUE, CYIIECTBEHHO
pa3IyaroTCs Mo MOJENH 00eCIeYeHHUs! yCTOMUMBOTO pas-
BUTHSL.

Anralickuil Kkpall OTIMYaeT arpapHO-UHIYCTpHAib-
HBII XapakTep Pa3BUTHS, CUCTEMOOOPA3yIOLIMM pecyp-
COM SIBJISIFOTCS 3€MEJIbHBIE U arpOKIMMAaTHYECKHUE pecyp-
cbl. Mozienb yCTONYMBOTO pa3BUTHS Kpasi, Ha Halll B3I,
JIOJKHA HOCUTH MOJIEPKUBAEMBIN XapaKTep, CyTh KOTO-
PO¥i CBOAMTCS K HEOOXOAMMOCTH 00ECIICUUTD paliOHAIIb-
HYIO CHUCTEMY arpapHOro MpHPOAONOIb30BaHUS: HAYIHO
000CHOBaHHasI CTPYKTYpa 3eMeNIbHBIX YTOANH, MOCEBHBIX
TUTOIael M CeBOOOOPOTOB; BHEPEHUE TIOYBO3AIUTHBIX,
maHAMa(THO-KOHTYPHBIX M HYJIEBBIX TEXHOJOTWH 00-
pabOTKH TOYBBI; MEIUOPALUs 3eMeJlb, CBOCBPEMEHHOE
BHECCHHE MHUHEPAIbHBIX W OPraHMYECKHX YAOOpCHUI,
MIPU OCTPOU HEOOXOJMMOCTH — MECTULIUAOB. Bee atu me-
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PONPUATHA HAIIPABJICHBI HA NOAJICPKKY ITOYBCHHOIO I1JI0-
Jnopoausi, obecrieueHre HEUCTOMIMTEIBHOTO 3eMIICTIONb-
30BaHMUS.

s PecrryOnmukm Anraii, xapaKTepH3YIOIICHCS BbI-
COKMM OMOJIOTHUECKHM pa3Hoo0pazneM u OOraThbIM MpH-
POAHBIM TTOTEHIIMATIOM, MOJETh YCTONYMBOTO Pa3BUTHSA
JOJDKHA, HA HAIl B3IV, HOCHUTH DKOJOTHYECKH TpHEM-
JIeMbIii Xapaktep. Bemyumii mpuHImn npu ee pa3paboTke
U peajn3alny — «He HaBpeau». To ecTh MpH peanu3aiun
TF000TO XO3IHCTBEHHOTO MPOEKTa OYeHb BAKHO OIEHH-
BaTh BIIMSHHE €T0 Ha OKPYKAIOIYIO CPELY.

TopHble 3kOcHCTEMBI AJTas, BO-TIEPBBIX, BECbMa YyB-
CTBUTEITHHBI K BHEIITHEMY BO3/ICUCTBHIO; HX OHMOJIOTMYECKOe
u JaHmmadTHOE pasHOOOpasHe MPH3HAHO MEKTYHAPOI-
HBIM COOOLIECTBOM (BXOKAEHHE B cocTaB Anrae-CasHCKO-
IO JKOpEeTHoHa, O0BEKT BceMHpHOro mpupomHOro Hacle-
st FOHECKO «Amnraii — 30510ThIe TOPEDY); BO-BTOPHIX, UX
(YHKIMOHMPOBAHKE 3HAYMMO HE TOJIBKO VIS TEPPUTOPHU
COOCTBEHHO PECIyOIMKH, HO M UHBIX PETHOHOB, B-TPETHHX.
Tak, HanpuMmep, TasHUE JISTHUKOB AJITas ONpeAeisieT I'u-
JIPOJIOTUYECKHI PeXKKUM pek Beero Oacceiina Bepxueit O0wH,
a otroocku 3emiierpsicenus 2003 roma Ha Antae ObuTH Ja-
JIeKo 3a TpezenaMu pecnyonuky. [loatoMy 3TH 0coOeHHO-
ctu PecrryOrmikn Antail HeOOXOIMMO yUHUTHIBATE TIPH Pa3-
PpabOoTKe KOHIIEMIMH WM CTPATErH €€ Pa3BUTHSL.

PecnyOnuka TeiBa, pacrionokeHHass B ONU3KHUX TIPH-
POTHO-KIMMATHIECKIX YCIIOBHSX, pa3padarbiBacT co0-
CTBEHHBIE IOAXO/bl K YCTOMUYUBOMY Pa3BUTUIO U OPHUEH-
THUPOBaHA HA WHYCTPUAILHOE Pa3BUTHE.

Llenb uccnepoBaHuii

AHanm3 MoJieIielt pa3BUTHsI TOPHBIX PerHoHOB FOxHOM
Cubupu — Pecrryonuk Antaii u TeiBa B KOHTEKCTE UACO-
JIOTUH YCTOMYMBOTO Pa3BUTHAL.
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MeTtoAabl uccnepoBaHui

HccnenoBanue 0CHOBaHO Ha METOJOJIOTHH CUCTEMHO-
TO aHaJIM3a M CTPATerH4ecKoro IyIaHupoBaHus. Mcnomnb-
30BaHbl CTPATETHUECKUE JTOKYMEHTBI COLMAIBHO-IKOHO-
MHYECKOTO Pa3BUTHS pecnyOink Anrtait u TriBa.

PesynbTathl McCnepoBaHuii M 06CyAEHUE

Pecnyonuka Anmait — onuH U3 YHUKAJIBHBIX YTOJIKOB
Poccun. B Hacrosmiee BpeMs ee coluanbHas 3KOJIOTO-
9KOHOMHUYECKAasl CUCTEMa HAXOAUTCS B HEYCTOMIHBOM CO-
crostaun. C OAHOM CTOPOHBI, ANTail SBISETCS ONHON W3
CaMbIX SKOJIOTHYECKH YUCTHIX Tepputopuil B Poccuu co
CIIOKHBIMH ISl TIPO’KUBAHHS TIPUPOTHO-KIMMaTHUECKH-
MU YCIIOBUSIMH, HO BEChMa aTTpaKTHBHBIMHE JaHmadra-
MHU: TIOJIOBUHA TIoIaau PecrryOnuku Antait OTHOCHTCS K
tepputopusiM Kpaitaero CeBepa u mpupaBHEHHBIM K HUIM
MECTHOCTSM; OOJTbIIIAs YacTh 3aHATA TOPAMHU C CAMOU BBI-
cokoit ropoit Azuarckoit Poccun — benyxoit (4506 m). Pe-
cyOnuka AnTail pacroiokeHa B CEHCMHYECKH OTACHOM
30HE, IPAaKTUYECKU Ha BCEH TEPPUTOPUH PErHOHA BEIMKA
BEPOSTHOCTh BO3HWKHOBEHHUS! 8-OaiuibHOTO (MO MIKaje
Puxrepa) zemnerpsacenus. C npyroit cropoHsl, Pecmy-
ONTMKa XapakTepu3yeTcsl ClIad0 TUBEPCHUMUITNPOBAHHOMN
9KOHOMHUKOH W HHU3KAM YPOBHEM JXH3HU HAcCENIeHUS TPH
HEJIOCTaTOYHO Pa3BUTON COLMANBEHON U MHKEHEPHOH HH-
pacrpykrype.

B crpykType BaJIOBOrO pErnoHaNLHOTO MPOAYKTa
PeciyOnuku Antaii Bemyluee MecCTO 3aHMMAOT Oro-
KETHbIH cexTop (0Opa3zoBaHME, 30PaBOOXPAHCHUE, TOCY-
JIapcTBeHHOE ymparienue u obopona — 31,8 % (mo Poc-
cun — 11,8 %) u cenbckoe X031UCTBO (MPEUMYIIICCTBEHHO
KMBOTHOBOAYECKOIO  HANpPABICHUS —  MSCOMOJIOYHOE
JKUBOTHOBOJICTBO, OBIIEBOJICTBO, KO30BOJICTBO, Mapajio-
BoncTBO) — 13,5% (1o Poccun —5,0%)) [5]. B Hux 3aHs1TO
oomee 40 % nacenenus (o Poccum — Gomnee 21 %). Pe-
cryOonmuka AnTail oTHOCHTCS K cyObekram Poccuiickoit
®denepanyy ¢ HU3KUM YPOBHEM >KHU3HHU HaceneHus. Jlons
HaceJeHHUs C JIOXOAAMH HIKE BETMYUHBI MPOKUTOYHOTO
MuHIMYyMa TipeBbiaeT 24 % (82-e mecto B Poccun) [5].

K dakropam, coep:KuBalOMIMM COIHAIbHO-IKOHO-
MHYECKOE Pa3BUTHE PETHOHA, CIIEAYET OTHECTH HU3KYIO
TPAHCIIOPTHYIO CBSI3aHHOCTb C OCTAJIbHBIMH TEPPUTO-
pusmu PO u3-3a OTCYTCTBHS JKEIE3HOIOPOKHOTO CO-
0OIIeHNs1, HETOCTATOYHOCTH CETH AaBTOMOOMIIBHBIX J10-
pOT ¥ MOIITHOCTH asporopra I. [ opHO-AnTaiicka (0K0JI0
80—-90 TpIC. MaccaxupoB 3a TOM), a TaKXKe OrpaHUYECH-
HOCTH COBEpIIaeMbIX HalpaBlieHui u pelicoB (Mockaa,
ExarepunOypr, HoBocubupck, Kpacnospck). Huzka n
Ha3eMHas TPAHCIIOPTHAs 0CBOEHHOCTh TEPPUTOPHUH pe-
cnyOnuku. TIIOTHOCTh aBTOMOOMIIBHBIX JOPOT 0O0IIe-
ro Nojbp30BaHuA B 1,3 pa3a HIDKE CPEeIHEPOCCHICKOTO
MoKas3aTeist u cocTtaBiseT 49 km/Teic. kM2 (65-¢ MecTo
no crpane). Apyrum Gaxropom, coepKUBAIOIIUM pa3-
BHUTHE 3KOHOMHKHN PecmyOnuku, SBIsSETCS HECTaOWMIIb-
HOCTb YHEProo0ecreyeH s, TOrAa KaK MOTeHIUAa ajlb-
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TEpPHATUBHOW SHEpreTHKH B PecmyOnmke nocTaroyHo
BBICOK.

s obecnieueHus onepekaronX TeMIIOB SKOHOMUYE-
cKoro pasButHs PecryOnuku Anrait HeoOXoauMa JTHKBH-
JTAIysl Ha3BaHHBIX HHPPACTPYKTYPHBIX OTpaHUIEHU [6].

B pemennn 3amay sHeprocHaOxkenust B PecryOnuke
AunTail IpUOPHUTET OTAAH PAa3BUTHIO COHEYHOM SHEPreTH-
ku. B HacTosiee Bpemsi JUCTBYET 5 COJTHEUHBIX CTAHLIUN
(8 MaiimuackoM, OHrynatickom, Kom-Araduckom u YcTb-
Kanckom paiionax) obmieit MmomrHOCThIO 40 MBT; cTpout-
cs eme 3 conHeunble craniyn (B OHrymaiickoM, Yemarn-
cKkoM U YcTh-KokcrHCKOM paiioHax) o0Iieii MOITHOCTHIO
65 MBT. Ilocne BBOJa UX B IKCILTyaraiuio PecrryOmika
CMOJKET BBIHTH Ha CaM000ECIIEYEeHHOCTD T10 IEKTPOIHEP-
run (oxomo 100-120 MBT) npu oHOBpEMEHHOH Mozep-
HHU3aLUH U PACIIUPEHUH CHCTEMBI 3JIEKTPOCETEH.

PecnyOnuka AnTaif oOnmamaeT BBICOKHM peKpeary-
OHHBIM TIOTEHLHMAJIOM. YeTBepTh IUIOLIA N COCTABIISIOT
oco0o oxpansiemble npupoansie Teppuropun (OOIIT)
Pa3IMYHOIO NPUPOAOOXPAHHOTO CTaTyca, KOTOphIE ce-
TOIHS YaCTUYHO TOCTYIHBI M BECbMa MPUTATATEIbHBI IS
HIMPOKOTO KPyra TYpPUCTOB M3 Pa3HbIX pernoHoB Poccun
u 3apyOexns. Exxerogno PecmyOmuky Antail mocera-
€T OKOJIO 2 MITH. TYPUCTOB, U3 KOTOPBIX Oonee 10 Thic. —
rpa’kaaHe HHOCTPAHHBIX TOCYIapCTB.

Bwmecre ¢ Tem, kak a¢dexTrBHas 0Tpacib SKOHOMHUKH,
TYpU3M €IIe HE CIOXKHICA M HE WIPaeT CyIECTBEHHON
posi B ()OPMHUPOBAHMHU JOXOIHOH YacTH pecIryOrKaH-
CKOro OromKera, IIaBHBIM O0pa3oM BCJIEACTBHE OTCYT-
CTBHUS COBPEMEHHON HH(PACTPYKTYPHI.

B cTparernueckux 1okyMeHTax pa3Butus Pecrryommku
AnTaii, KpoMe pa3BUTHS TPAaHCIOPTHO-TOTUCTHYECKOTO U
9HEProoOECIeUNBAIOLIETO CEKTOPOB SKOHOMUKH, aKLEHT
C/eNIaH Ha IMPOIBIKCHHE M TUBEPCUPHKALMIO TYPHUCT-
ckoro npoaykra PecmyOnuku ¢ ydactuem Poctypusma;
MIOATOTOBKY KaJpOB B cpepe Typu3Ma Ha 0as3e CyIIecTBY-
IOIINX 00pa30BaTeNbHbIX YUpexaeHui PecmyOnuky; pas-
BUTHE 3THOIPaQUIECKOrO M HKOJIOTUUECKOrO TypHu3Ma 3a
CUET OpPraHM3alMy MYy3€eB MO OTKPHITBIM HEOOM, 3KOJIO-
THYECKHUX TPOI U TYPUCTUUECKUX MapIpyTOB HA TEppH-
topusix OOIIT; ycTpoiicTBO IMPCoB A1l CYI0B Ha Oepery
Tenenxoro o3epa [7].

OnHaxo, Ha Halll B3NS, CJIELYEeT OTMETUTh, YTO TyPU3M
Ha AJTae ele J0ro He CMOXKET CTaTh CTaOMIBHON OTpac-
JIbIO KOHOMUKH. Ero pazButre orpaHiMdIeHo Kak KiuMaTHde-
CKMMH YCJIOBHSIMU (JOXJTMBOE JIETO M MPOAOIDKUTEIIbHBIN
MIEPUOJ] MEKCE30HBS1), TaK U COLMATBHBIMH KaTaKIN3MaMH,
TaKUMU, Hanpumep, kak nanaemus Covid19 w/nnu Berblmka
OyOOHHOI YyMBI B IIPUTPaHUYHBIX aliMakax MOHTOIHH, KO-
TOpBIE OTPA3WINCh Ha TypUCTCKOM ce30He 2020

Obcyxnaemble B Hactosimiee Bpemsi B PecmyOnuke
Crparerusi, IOpoXKHas KapTa U MacTep-IJIaH IO Pa3BUTHIO
Typu3ma B PecryOnuke Anraii (puc. 1), mpemycMarpuBa-
IOIIME CO3JaHME LIECTH TYPUCTUYECKUX KIIAaCTEpOB, —
BECbMa NPHBJICKATEIbHBI, HO BPSA JIH >KU3HECIOCOOHBI.
Jns ux peanuzanuu TpeOyrOTCsS HE TOJIBKO OYEHb 3HAYH-
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YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUTOPN

TeNbHbIe (PMHAHCOBBIC, HO Y WHBIE MaTepHAIbHBIC U WH-
TEJUIEKTyaJIbHbIE pecypcl [7].

[ToaTomy pexomenmyetcst st PecryOmuku Antait
CO3/1aBaTh BCECE30HHBIE NPOU3BOACTBA, MPAKTHYECKU
HE3aBUCHUMBIE OT MPHUPOIHO-KIMMATHUYECKUX YCIOBHUH
Y He BCTYMAIOIIUE B KOHMIUKT ¢ OKpYXKalomiei cpeaou.
Kpowme storo, cnenyer yuecTs TOT (Pakt, 4TO Typu3M,
JlaXKe SKOJOTUYECKHM, 3TO BCE-TAKH BHJ XO3SHUCTBEH-
HOW AEATEIbHOCTH WU IPU €ro OCYILECTBICHUU OYEHb
BaXHO COOJIIOZEHHE HOPM M MPaBHJI HKOIOTMYECKU
OPUEHTHPOBAHHOTO PAa3BUTH, IIaBHBIM 00pa3oM Ipu
ONpeAeIeHNH €eMKOCTH FOPHBIX JIAHAMA(PTOB ¥ OpraHu-
3alMK MapLIPYTOB, a TAKXKE YTHIN3ALUN OTXOJ0B 3TOH
eITeIbHOCTH [8].

B crparerndyeckux mokymeHTtax PecryOmuku maio
BHHMAaHHS yIEJICHO CEJIbCKOMY XO3SHCTBY, KOTOPOE B Ha-
CTOfILIIEE BpPEMsI SIBIISIETCS. OCHOBHOW OTPACIIbI0 MarepH-
AJIBHOT'O IIPOW3BOZICTBA U 3aHATOCTH HACEJICHUSI.

OpraHu3anusi CeJbCKOrO X035iCTBa BaKHA KaK C I10-
3ULUHA YPOBHS HM3HU MECTHOTO HACEJIECHHsI OTJAJICHHBIX
MOCEJICHUI BHE TYpUCTCKUX NECTHHALUH, TaK U C MO3U-

1. Kapasonscxkne olepa

hlhnlml Lakes n

T‘L

5. Tropk-KaBah
5. Turk-Kabai

4, Belukha

1 Kaparonscsue oxepa [ Konakod Lakes

LUH PEerynupoBaHUsl aHTPONOIEHHON HAarpy3Ku Ha rop-
HBbIE ITacTOMIIA, COXpaHeHus bnopasnoodpasus [9; 10].

Vke B HacTofllee BpeMsl OTMeYaeTcs Jerpamarus
nacTOuI BOIM3M HACEJICHHBIX IIYHKTOB C YHCIIOM JKHTE-
neii 500 u Gonee YenoBeK.

VYuuThIBas MMPOKOE PazHOOOpasue MUHEPAIbHO-ChI-
PBEBBIX PECYpPCOB B peciyOiMKe, MepCleKTUBHON MoIya
OBl cTaTh TOPHOAOOKIBAOIIAS M TOPHO-TIepepadaThIBato-
11asi IPOMbIIUICHHOCT. OHaKo B Omxaiiem OymyiieM
HE TpEearoJiaraeTcsi OCBOGHUE HOBBIX MECTOPOXKICHUI,
HECMOTpS Ha HAMEYaeMOoe peIIeHHE TPoOIIeM TPaHCHIOPT-
HOH OCTYIHOCTH U SHEProo0eCHeYeHHOCTH.

[Inanupyemble 0ObEKTHI HOBOTO CTPOUTENBCTBA CBSI-
3aHBl NPEUMYILECTBEHHO C MepepadOTKON IPEeBECHHBI
(TIpOMBIIIIEHHBIN TApK MO0 [IyOOKOH mepepaboTke ape-
BECHHBI), CEIbXO3MPOAYKINHU (Msica, MOJIOKA, IIIEPCTH);
MIAHTOBOTO M MHOTO JIEKAPCTBEHHOTO TEXHUYECKOTO ChI-
pbst (B paMKax MPOMBILIUIEHHOTO OMOTEXHOJIOIMYECKOTO
Iapka); CO3JaHHeM IIPOMBILIIEHHOrO mapka <« Kypasiu-
HBIH JIOT» O MPOM3BOACTBY THIPOTCHEPUPYIOIIEro 000-
pyHOOBaHUS Ul MajbIX THIPOIJIEKTPOCTAHLHUM, MycCO-

Bonia pet HATYHS B pIROHE YEMBNBOIOID THKTS (B T.U. €. YEMIN) = KNKAEEOR PAAGH NPHUTAMEHUA TYpHCTOS B pecnyGavxy) Katun River
Valley in the district the Chamalsky tract (including the village of Chemal) is a key area of attraction of tourists to the Republic

2. Moismuncsui / Mayminsky

MaHMEDOH - BCETEI0HHBIR KYPOPT Y NOGHOMHWA CEALEHHOA rope Manaa CuHioxa, a Tasswe MopHao-anTaice / Manzherok ks an all-season
resort at the foot of the sacred mountain Malaya Simpukha, as well a5 Gorno-Altaysk

3. Teneywoe ozepo / Teletskoye Lake

Teneuxoe 038P0 M YILSNBE Ha NS, SRB0YAI0LEER PEKY ANA IKCTPEMANBHBIX CNASE0E M BHCOKOropHme osepa [/ Teletskoye Lake and gorge in

the south, incleding a river for extremse rafting and alpine lakes
4 Benyxa / Belukha

HamBbiciwan TouKa CrBupan —ropa Beayxd, & TIOHE NPUASTIWME YRMOMHIA CTent M MyasTuxckue olepa f The highest point of Siberia is
Mount Belukha, as well as the adjacent Uymon Steppe and the Multin Lakes

5, Thopk-Haboil /Turk-Kobail

uLlEHTpaNuHLIR AnTais, GoraTedd ITHORYABTYDHEIMM K ApXeonormuecsnme obverrasmi [ “Central Altai®, rich in ethmocultural and

archaeological sites
6, Aurnpy SAkty

aBepxHMi ANTIRAD, BRAGNAKWLMA PaROH FOPH AKTPY, 8 TAKNKE TEPPUTOPHH Yy RckoR u Kypaikowoi crened [ "Upper Altai”, which includes the
area of Mount Aktru, as well as the territories of the Chul and Kural steppes

Puc. 1. PactionoxeHne TypUCTHICCKUX KIacTepoB PecryOmuku Anraii [7]
Fig. 1. Location of tourist clusters in the Altai Republic [7]
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poriepepadaThIBaOIUX 3aBOIOB (HE MEHee 2) M IPyTruX
9KOJIOTMYECKH TpHeMiIeMbIXx 00bekToB. K mocnemanm
OTHOCHUTCSI KOMIUIEKC MEPONPHUATHH, OPUEHTUPOBAHHBIX
Ha MOJEPHU3AIMIO KIIUIHO-KOMMYHAJIBHOTO CEKTOpa
3a CYET CTPOMTENIBCTBA KAHAIN3AMOHHBIX KOJUIEKTOPOB
U MYCOPOCOPTHPOBOYHBIX KOMIUIEKCOB; CTPOMTEIIBECTBO
WHKEHEPHBIX CPEICTB 3aIlUThl OT MaBOAKoB (Oeperoy-
KpEIUIEHUE, CTPOMTENILCTBO IMPOTUBOINABOIAKOBBIX AaMO
U TUIOTHH) U UHBIX THAPOTEXHUUYECKHX COOPYKCHHH Ha
TOPHBIX PEKax.

Peannzanuss HaMeueHHBIX MEpPONPHUATHI, HECOMHEH-
HO, OyzeT crocoOCTBOBATh YKPEIJICHHIO CTAOMIIBHOCTH
PecryOnuku AnTaii Ha MyTH K YyCTOMYMBOMY Pa3BUTHUIO.

Pecnyonuka Teiea naxoqurcs B Onu3kux Kk Pecryomnu-
Ke AJTail IPUPOJHBIX YCIOBHUSIX, TAKKEe Oorara OnoIoru-
YeCKUMH U MUHEPAIBHBIMU PECYPCaMHU, XapaKTepU3yeTCs
HU3KAM YPOBHEM HKOHOMHYECKOIO Pa3BHUTHs, 3aHMMAas
OITHO M3 KpaWHUX MECT B YHCJIE PETMOHOB-ayTCalIepoB
cyobekToB PO.

PecniyOnuka TeiBa Takke HIIET COOCTBEHHBIA MyTb
YCTOWYMBOTO Pa3BUTHSA, HO B OTIM4ME OT PecrryOnuku An-
Tall — B Ipyro¥ INIOCKOCTH. Ha IpoTshkeHNH NpakTH4YeCKH
BCEX MOPe(OPMEHHBIX JIET CTpaTeTHYeCKHe NOKYMEHTHI
Pa3BHUTHS PECIYONUKH CBA3aHbI CO CTPOUTENBCTBOM JKe-
ne3Hoi noporu «Ke3pul-Kyparuno» [11; 12]. Byaer no-
pora — OyzeT MHTCHCUBHBINA, HHAYCTPUAIBHBIA CLICHApHid
pasButHsl, He OyJeT TOpPOTH — OTCTAJIbIH, HHEPLMOHHBIM.
KoHneuHo, TpaHCIIOpTHas CHCTEMa UrpaeT OHY U3 BEdy-
IUX POJICH B Pa3BUTHH JIIOOOH PETUOHAILHOW CHUCTEMBI,
HO OHa, KaK MPaBUJIO, IOJKHA OBITh MYIBTUMONAIBHOM 1
nonupyHKIMOHAIBHOH. U 31ech 04eHb BaKHBI II€JICBbIC
OpPHEHTHPHI €€ pa3BUTUA. Ecny nenmate akeHT Ha CTPOH-
TENbCTBO JKEJIE3HOU JOPOTH, TO CIEAYET ONPENECIUTHCA C
00BEMOM U CTPYKTYpOH I'Py30- H ACCAKUPOIOTOKA.

CoBpeMeHHBIE JKeNE3HbIE JOPOTY OPUCHTUPOBAHBI HA
MepeBO3KY TsDKeNbIX rpy30B. U3 Pecriybnmku TriBa o xe-
JIE3HOM Opore MOXHO, B ClIydae OCBOCHHs e€e Oorarbix
MECTOPOXACHUHN, BEIBO3UTH yIIU U MeTaiubl [ 13]. Ho TyT
BO3HUKAIOT BOIIPOCHI, BO-IIEPBBIX, C JOObIYEH 1 oboraiie-
HHEM pyA — HaJMYUE MOLIHOCTEH M KBann(UIUpPOBaH-
HBIX KaJpoB, 1a W HecTaOWJIBHBIA PBIHOYHBIM CIIPOC Ha
3TO ChIpbE MMEET 3Ha4Y€HHE, U, BO-BTOPBIX, C OOpaTHBIMU
norokamMu. KoHeuHO, MOXHO Npefronarars AaabHENIIee
Pa3BHUTHE >KEJIE3HOJOPOXKHOTO COOOIEHHUS IO MapIIpyTy
«Kp13b01 — Op3uH — Laran — Tonoroit» yepe3 Monronuo
u nanee B Kuraii, T.e. TpaH3UTHOE UCTIOJIE30BAHUE TEPPH-
TopuH THIBBIL.

Nmerommuiicst onbIT KNTalCKON KoMIIaHUK «JIyHCHHY,
koTopas B 2006 romy npuoOpena IMIEH3UI0 Ha pa3paldoT-
Ky KbI3pi1-TamTeIrckoro CBHHIIOBO-IIMHKOBOTO MECTO-
poxnenusd, a k 2018 roxy BbIIIa Ha MPOEKTHYHO MOLI-
HOCTb, K COXKaJIEHUIO, MaJl0 4TO M3MEHHWI B PEajbHBIX
noxonax HaceneHus pecrnyomuku [12]. onst uHOCTpaH-
HBIX WHBECTUIIMI BhIpocia ¢ Homs (2006 1) mo 18 % B
2010 r. 1 30,8 % B 2018 r. [14], a BOT peanbHbIe OXOABI
HAaCEJICHUsI OCTAIOTCSl MPAKTHUECKH HEM3MEHHBIMH. Ta-
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KUM 00pa3oM, MPUOBUIL OT SKCIUTyaTalluy LEHHEHUIIEro 1
9KOJIOTHYECKU JaleKo He Oe30IIaCHOr0 MECTOPOXKICHUS
YXOIAT MHBECTOpPAM, B PECIYOIIHKE K€ OCTAIOTCSI Hapy-
IIeHHBIE JTaHAMA(THl U 3arpsa3HeHHbIe BoAbl (puc. 2, 3)
[15; 16].

Puc. 2. Bun Ha xapsep, Keizpin-Tamreikckuit ['OK, 2017.
®oto O.U. KanpHoit

Fig. 2. View of the quarry, Kyzyl-Tashtygsky, GOK, 2017.
Photo by O. I. Kalnoy

Puc. 3. Pexa Ak-XeM B paiioHe oO6oraTuTenbHON (adpuK,
Keibin-Tammreir, 2017.
®oto O.1. KanbHoii
Fig. 3. Ak-Khem River in the area of the processing plant,
Kyzyl-Tashtyg, 2017.
Photo by O. I. Kalnoy

TpancnoptHast cucreMa ThIBBI Ha CETOIHSIIHUN JICHb
MIpeICTaBIIeHa aBTOMOOMIHFHBIMHU JTOPOTaMHU M aBHACO00-
IIEHHEM, BHYTPEHHHUM BOAHBIM TpaHCIOpTOM. Bce oHm
HYKJAIOTCsI B Pa3BUTUH U PEKOHCTPYKIHHU, & OCHOBHOIM,
ABTOMOOWJIBHBI TPAHCIIOPT — OCTPO HYXIaeTcs. Yda-
cTok apropoporu «Ak-/loBypak (PecrmyOmuka TeiBa) —
Aoba3za (Pecriyonuka Xakacusi)» cortacHo Crparerun 2030
ABJIACTCS aBaPUHHBIM, 3/1€Ch 3alpPEIIeHbl MAaCCAKUPCKHIE
HIepPEeBO3KH, HEBO3MOXKHO aBTOOYCHOE coodmeHe. MHoro
MOCTOB B aBapHI{HOM COCTOSIHHH, YETBIPEM U3 HUX TpeOy-
€Tcsl CPOUYHBIA PeMOHT. PEMOHT U peKOHCTPYKIUS ydacT-
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KOB Tpacchl, cBs3bIBaromiel 3anan TeiBel u PecmyOnuky
Xaxkacusi, SIBISIIOTCSI IPHOPUTETHBIM HATPaBJICHUEM pas-
BUTHSI IOPOKHOU ceTr pecryOnuku [12]. Hyxknatorcs B
PEKOHCTPYKIMHA M MEXMYHHUIMNAIbHbIE A0pord. OcTpo
CTOHUT BOIPOC BOCCTAHOBJIEHHS PaOOTHI MAJIOW aBHALIMU
Y BOJHOTO TPAHCIIOPTA.

Co3naHue COBpEMEHHOH aBTOTPAHCIOPTHOW HH(pa-
CTPYKTYPBI PECITyOIMKAHCKOIO 3HAUCHUS! UMEET BAXKHOE
COLIMAJIbHOE 3HAUCHNUE, 1a U prHAHCOBO Oo0JIee JOCTYIIHO,
9YeM CTPOUTEIIBCTBO JKEJIE3HOM IOPOTH.

Ilo onieHOYHBIM HaHHBIM, IPUBENECHHBIM B CTpareruu
2030, 06beM UHBECTHUIIHIA, HEOOXOAUMBIX JUIS peasi3aiiu
MEPONPUATHII 110 PA3BUTHIO TPAHCIIOPTHOM HH(paCTPyK-
Typsl coctaBnsier 126474,0 MiH. pyOnei, B TOM 4YuCIie
JKeNe3HONOPOKHON nHpacTpykTypsl — 126000,0 wmiH.
pyo6ueii; Bo3mymrHoro tpaHcmopra — 330,0 miH. pyOneit;
BOJHOTO TpaHcmopta — 42,0 MiTH. py0ieii; aBToMOOMITEHO-
ro tpancrnopta — 102,0 muH. py6neit [12]. 310 Hecomo-
CTaBUMBIE HU(PBI: HA Pa3BUTHE KEJIEC3HONOPOKHOW WH-
¢bpacTpykTypsl 3an0keHo 99,6 % uHBecTHIHI OTpaciu.
TpynHo npeacTaButh, yto octaBiuecs 0,4% MHBeCTULIUN
o0ecrieyar pa3BUTHE aBTOTPAHCIIOPTHOM MH(PACTPYKTY-
PBI pecIlyOIMKH, yUUTHIBAs €€ COCTOSHUE.

Takxe Hy)XHO YUYHMTBIBaTh, YTO B TOPHBIX YCIIOBHSX
HEMAJIOBKHBIM (DAKTOPOM IIPH NPOEKTHUPOBAHUH JOPOT,
UX CTPOHUTENILCTBE U 3KCIUTyaTalluu SBJIIETCS HEoOXOmu-
MOCTb MX TapMOHMYHOIO BIMCBHIBAHUS B JIAHAIIA(PTHYIO
Cpely C ILIeNbl0 YMEHBIICHHUS] PUCKOB HETaTHBHBIX II0-
cnencteuit mpupoze [17].

WTtak, CTpOUTENBCTBO JKEeNEe3HOH TOPOTH M K HHTEHCHB-
HBII» CLEHapuil pa3BUTHS BEIET K OCBOCHHIO OOraThIX
MECTOPOXKACHUN TMOJNE3HBIX MCKOMaeMbIX PecryOnmuku u
HaKOIUICHHIO 3arpsi3HCHUM, MPUYEM HE TOJIBKO XHMHYe-
ckux " ¢usnyeckux. Co3gaHHbIE HOBBIE pabouue MecTa
MaJio MpUEMIIEMBI JJIsI MECTHOTO HACEJICHUsI, BO BCSIKOM
clIydae, Ha dTare IepBUYHOro ocBoeHHA. OHU MPUBIEKYT
MHUTPAHTOB U3 JPYTHX PETHOHOB W/WIK CTPaH, U aKTUBH-
3UPYIOT MPOLECCH TPaHCHOPMALIMH TPUPOIHBIX U [I100a-
JM3alK COUUaIbHBIX cucteM. U To, u apyroe Bpsz jiu Oy-
JIET COACHCTBOBATh yCTOMUMBOMY Pa3BUTHUIO PECITYOINKH,
ee HaceJICHHs1 U 3KOHOMHKH.

Warty no TakoMy IyTH — 3TO OBTOPEHUE TPATULIOH-
HOTO MHAYCTPUAIILHOTO OCBOCHHUS TEPPUTOPHU CO BCEMHU
OmMOKaMH ¥ IPoOIeMaMu, C KOTOPBIMHU yXKe CTOJIKHYJIach
Hama uBMIM3anys. Ha Ham B3MIsA, OYEHB CIIOXKHO CO-
OMIOCTH  COLMATBHO-?KOHOMHUYECKHE U 3KOJIOTHYECKHE
NPUOPUTETHl YCTOWYMBOTO pa3BuThsl PecnyOmuku Teia
NPY «MHTEHCUBHOM) CLICHAPUH PAa3BUTHSI.

3aKknoyeHue

PecnyOnuku Antaii u TeiBa 3aHUMalOT 0co00€ MeCTO
cpenu peruoHoB Pocculickoil denepaliuu 0 YHUKAIIb-
HOCTH T€OoTrpauuecKoro MOJOXKEHUs U OuochepHOMY
3HAUEHHIO MX TOpHBIX JaHamadToB. Obnagas OnM3KH-
MH TPUPOJHO-KIMMATHUECKUMH, SKOHOMHYECKUMH H
COLIMO-KYBTYPHBIMH YCJIOBUSIMH, Ka)K/as U3 HHUX Ha-
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XOIOUTCS B MOKMCKE COOCTBEHHOM MOJEIH yCTOWYHMBOTO
pa3BUTHSL.

PecnyOnmka Antaii cTparermdecku BbIOpalia DKOJO-
IMYECKd OPHEHTHUPOBAHHYIO MOJENb, B LIEHTPE KOTOPOH
JIEXKUT COXPaHEHNE NPUPOAHOTO Pa3HOOOpa3usl, pa3BUTHE
Typu3Ma U HHQPaCTPyKTYPHBIX OTpaciel, ooecnednBaro-
LIMX KU3HENESTEIIbHOCTh MECTHOTO HAceNeHUsI U (yHK-
LHOHUPOBaHUE TypOu3Heca.

PecnyOnuka ThbiBa cTpareruuecky BeIOpajia TpaguLi-
OHHBII MHIYCTPHAJIbHBIN ITyTh Pa3BUTHS, OPUEHTHPYSChH
Ha OCBOGHHE OOTaThlX MECTOPOKACHHUH IOJIE3HBIX HC-
konaembix. Ho, 10 MHEHHIO aBTOPOB, WHIYCTpPHAJIbHBIN
IIyTh Pa3BUTHS MOXET [IPUBECTH K ACTPATALUH HE TOJIBKO
MIPUPOIHON CPEAbl, HO M COLMAIBHO-TICUXOJIOIHYECKOTO
KJIMMara B PETHOHE, NMPHUBHOCS YYXIBIH Ul MECTHOTO
HaceJeHUs >KU3HEHHBIH YyKJIaA. DKOJMOTMYEeCKH OpHEH-
THUPOBaHHAsT MOZEJTb Pa3BUTHS BIOJIHE NpuemieMa Ui
Pecnyonuku TeiBa, oOnanmaromieii He MeHBIINM, YeM Pe-
cryOnuka Anrtaii, IpUpOAHO-PEKPEaliOHHBIM U COLIHATb-
HO-KYJIBTYPHBIM MOTCHLMAJIOM ULl Pa3BUTHs Typu3Ma U
MOAJCPIKKU CUCTEM KHM3HE0OECIEeUeHHsI MECTHOTO Hace-
JICHUSL.

CoBceM He 00s13aTE€TIbHO YHUKAJIBHBIM TOPHBIM PErH-
OHAaM C BBICOKUM 3KOCHCTEMHBIM IOTEHLIUAIOM HATH IO
IIyTH MUHAYCTPUAIBHOTO PA3BUTHUS, TIOBTOPSS TE OLIMOKH,
C KOTOPBIMH CTOJIKHYJIMCH PaHEE IPYTHe CTPaHbl U PErHo-
HbI Ha aHAJIOTUYHOM ITyTH pa3BuTus [ 18—-20].

Hama ctpana obmamaer xonoccaJbHBIMH OorarcTsa-
MH, HO TJIaBHOE — 3TO €€ pa3sHooOpa3ue — NpUPOAHOE U
COLIMO-KYNIBTypHOE. OUeHb BaXXHO COXPAHUTH 3TO PA3HO-
o0pasue, 00eceunTh pa3BUTHE Pa3HBIX HAPOAOB U ITHO-
COB B COOTBETCTBUH C UX MEHTAIBHBIMA OCOOCHHOCTSIMU
U npuopureramMu. VIMEHHO Ha COXpaHEHUE YHHUKAJIbHBIX
TOPHBIX AKOCHCTEM HampaBiieHa pe3oirouust Accambien
OOH ot 16 nexa6ps 2021 r. o mpoBo3ramenun 2022 roma
MextyHapOAHBIM TOIOM YCTOWYHBOTO Pa3BUTHSI FOPHBIX
pailioHOB.
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06 0co6eHHOCTAX NPOCTPAHCTBEHHO-BPEMEHHOU U3MEHUYMUBOCTH
XapaKTEepPUCTUK BOJIH TEN/IA NOCNEAHUX TPeX AeCaTUNeTUn
(Apapatckasa gonuHa, ApmeHus)

Bapaywu I. Maprapsn?, Unbac I. Ukpamos?3[<, Kypanait T. A6apaumoBsa“, dnbmupa K. M6parumosa*
'EpeBaHCKMIA roCyAapCTBEHHbIN YHMBEPCUTET, . EpeBaH, ApMeHUs
2KoppecnoHaeHT-aBTop, HOXHO-Ka3axcTaHCKuit yHMBepCUTET MUMeHU MyxTapa Ay3308Ba, I. LLIbIMkeHT, KazaxcTaH,
ilias_ 91 24@mail.rul<
3LLbIMKeHTCKMIA YyHUBEpCUTET, T. LLbIMKeHT, KazaxcTaH
“MexayHapoAHbI Ka3axCcKo-TypeLKui yHuBepcuTeT MMeHn Xoakn Axmeaa Scaeu, I. TypkecTtaH, KasaxcTaH

AHHoOTauumsa. B cTaTbe paccMaTpMBaOTCS XapakTepUCTUKM NPOCTPAaHCTBEHHO-BPEMEHHOIO pacrnpeneneHuns BoH Tenna
33 nociegHue TpU LECATUNETUS B TNTAaBHOM CeNbCKOXO035IMCTBEHHOM pernoHe Pecnybnuku ApMeHumn (ApapaTckon Ao-
nuHe). B pesynbtate nccnenoBaHUs BeNMUYMH XapakTepUCTUMK BOMH TeMJa MOXHO OTMETUTb, YTO Ha paccMaTpuBaeMbIX
TEpPPUTOPUSX FEHE3UC BOJH Tenaa OAMHAKOB — TPOMMYeckas TepMuyeckas genpeccus. [lns pacyeta M NporHosa BOJH
Tenna Hem3yyeHHbIX UM Mano U3yYeHHbIX TEPPUTOPUI NONYYEHbl KOPPENSLMOHHbIE 3aBUCMMOCTU MEXAY BeIMYMHAMU
XapaKTepUCTMK BOSIH Tenua. [okasaHo, YTo 3a nocnegHue pecsatnnetms, ocobeHHo ¢ 1990-x ronos, B CBS3M C NMOBbIWEHM-
€M TeMnepaTypbl BO3yXa Pe3K0o NOBbICMINCH XapaKTEPUCTUKM BOMH Tena (NOBTOPSEMOCTb U NPOAOSIKUTENBHOCTb BOJTH
Tenna, Yncno gHen c temnepartypon 38 °C u bonee, cpeaHas M MakcuManbHas Temnepatypbl 38 °C n 6onee).

KnioueBble cnoBa: Pecnybnvka ApMeHus, ApapaTtckas 40/IMHA, BOMHbI TeNa, TeMnepaTypa BO3AyXa, XapakTepuCcTmKa,
NPOCTPaHCTBEHHO-BPEMEHHAs U3MEHYMBOCTb, pacnpeseneHue.

[na umtnpoBanua: MaprapsiH B.T., MkpamoBs W.T., Abapanmosa K. T., M6parumosa 2. K. 06 0co6eHHOCTSIX NPOCTPaHCTBEH-
HO-BPEMEHHOM M3MEHYMBOCTM XapaKTEPUCTMK BOJIH Tenna NoCNefHUX Tpex fecsaTuneTuin (Apapartckas fonvHa, Apmenus) //
YcToiunBoe passutue ropHbix Tepputopuid. 2022.T. 14,N21. C. 36-45.DO0I: 10.21177/1998-4502-2022-14-1-36-45.

Honyuena peoaxyueii 25.09.2021; nonyuena nocie peyensuu 26.10.2021; npunsma x nevamu 06.11.2021.

Original article

On the features of the spatio-temporal variability of the heat
waves characteristics of the last three decades
(Ararat valley, Armenia)

Varduhi G. Margaryan?, Ilyas G. lkramov?3[<, Kuralai T. Abdraimova*, Elmira K. Ibragimova*
Yerevan State University, Yerevan, Armenia
2Mukhtar Auezov South Kazakhstan University, Shymkent, Kazakhstan, ilias_91_24@mail.ru (corresponding author)
3Shymkent University, Kazakhstan
“Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan

Abstract. The aim of this work to study, identify the repeatability and duration of heat waves of the study area. For it
were suggested and decided the following tasks:

Findings. The study of regularities of variability of the spatial-temporal distribution of characteristics of heat wave in
conditions of regional and global changes of climate is current task of modern geographical science.

Extremely high temperatures and heat waves of study area excessively conditioned by the influence of secondary
thermal depressions from the Arabian Peninsula, a number of cases that last for 2-3 decades are significantly increased.

Tropical thermal depression, forming of extreme hot summers and heat waves, have cycles of activation and weakening,
periodicity of which is estimated at 20-22 years. Starting from July (sometimes from the second half of June) to the last
ten days of August (sometimes to first half of September), weather conditions of Ararat valley are formed under influence
of thermal depression.

© B.T.MaprapsH , U.T. Ukpamos, K.T. AbagpanmMoBa, 3. K. M6parumosa, 2022.
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The invasion of southern and south-eastern tropical warm and dry air currents from the Arabian deserts is
increasing. As a result in some years the air temperature in Ararat valley is increased to 40-43 °C, and relative
humidity is low than 30%.

Heat waves are dangerous weather phenomena, is threat for live and activity, are characterized with some negative
consequences. They can be accompanied by droughts and dry winds, forest fires, desertification, disruption of the natural
ecosystem, economic damage, decreased working capacity, psychological and sociological consequences, even deaths.

Temporal tendencies in course of values of the characteristics of heat wave for last 2-3 decades have positive
unambiguous character, more frequent heat waves and extremely warm summers. Heat waves of low and medium intensity
have a particularly high frequency. The probability of strong waves is less. The study area is distinguished a characteristic
regime and an almost uniform spatial distribution of summer extreme high temperatures. They range from 41,5 to 42,6 °C.

The entire study area is vulnerable to heat waves. Heat waves can cause dangerous meteorological phenomena such
as droughts or dry winds, which cause great damage to various sectors of the economy, especially agriculture. Therefore
the results of the work can be used in the field of agriculture, mitigating and reducing the consequences of possible

damage caused. They can also be used in agrometeorological forecasts.
In the study area, summer conditions become warmer and drier, which should be taken into account when developing

strategic programs for the future development of this area.

Keywords: Armenia, Ararat valley, heat wave, air temperature, characteristics, spatial-temporal variability, distribution.
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BeepeHue

AKTyaJleOCTb TeMbl uccnenoBaHus, ee U3y4eHHOCTb

Oskumaercsi, 9To U3MEHEHHE KIIMMaTa TPUBE/IET K T0-
BEIIIIEHUIO TEMIIEPaTyphl BO BCEM MUpE, H, CIE0BaTEb-
HO, MOTYT BO3HHUKATh OOJIEee YacThIe, TPOJAOIKUTEILHBIE U
Oosee ropstare BonHBI Teruia [ 1]. TermoBele BOJHEL, CBS-
3aHHBIE C BO3JIEHCTBHEM M3MEHEHUs KimMara (OTHOW U3
OCHOBHBIX ITPOOJIEM — MX YaCTOTOW M CHIIOW), COTIIACHO
MIPOTHO3aM, YBEIHYATCS BO BCEX MPOEKIHAX OyIyIIero
knmuMara [2]. M3yueHne TemmeparypHBIX BOJH (KpaTko-
BpPEMEHHBIX TIEPHOJIOB IKCTPEMAITEHO JKAPKHUX HITH XOJIO/-
HBIX TIOTOJT) SIBJISIETCS OTHUM W3 COBPEMEHHBIX HallpaBie-
HUH HCCIIeIOBAaHNN U3MEHEHHS TEMITEPATYPHOTO PEXIIMA
cpenbl obutanus [3; 4].

TepMUH «BOJHBI TETLIA/X0II0/1a» BO3HUK B CBSI3H C TIPO-
BOIUBILIUMHUCA €llle B KOHIIE XIX Beka HCCIIEIOBaHUIMU
oOnacTell TEMJIOTro/XOJOJHOTO BO3MyXa, KOTOpBIE TOCIE
CBOETO 3apOXK/ICHHSI B CEBEPO-3allaJHBIX pailoHaX KOHTH-
HeHTa (kak EBponbl, Tak 1 CeBepHO AMEpHKH) Tepeme-
IIal0TCS B FOTO-BOCTOYHOM HAITPABIICHUH TTOJJOOHO BOJHE
[3]. Takue sKcTpeManbHbIe 3HAYEHUSI NPUIIOBEPXHOCTHOU
TeMIieparypbl  (pOpMHUPYIOTCS 32 JOCTAaTOYHO KOPOTKHI
BPEMEHHOW HMHTEpBAT M3MEHEHUsI TeMIIepaTyphl, B KOTO-
POM HYacTo HOCSAT BONHOBOHM xapakrep. OHH BIHSIOT Ha
YCTOMYUBOCTPD U TIPOYHOCTH CTPOUTENBHBIX KOHCTPYKIIHH,
paboune XapaKTePUCTUKH TEXHUKH, OMPEACISIOT 3KOJIO0-
THYECKYI0) CHTYalldI0 TEePPUTOPHH (TI0KAPOOTIACHOCTb,
YPOBEHB 3arpsi3HEHHsI), COCTOSHIE WHPPACTPYKTYPHI KH-
JIMIITHO-KOMMYHAITFHOTO XO35HCTBA, IPYTHX OTPacIei IKo-
HOMUKH, Ha COCTOSIHUE 310pOBbs JroAeH [5]. Tepmudeckue
BOJTHBI XapaKTePU3YIOTCA Pa3HBIMH KPUTEPHUSMH B 3aBUCH-
MOCTH OT TEPMHIECKOTO PEKUMa TAHHOW TEPPUTOPHH.

WzyueHnto TemmneparypHbIX BOJH MTOCBSIIEHBI MHOTO-

T.14. Ne1(51), 2022 T.

YHCJICHHBIC Hay4HbIe paboThl [6—9]. Boibpmiol Bkiang B
W3y4YCHUE TeMIIeparyphl Bo3myxa PecryOmuku ApmeHun
(PA) Buecin A.b. Bargacapsu [10], B.I. Maprapsa [11;
12], A.I. Hepcecsn [13], I'I. Cypensn [14] u ap. dns ro-
pona JlxepMyk (ApMeHHsI) OIICHEHBI U3MCHEHUS TETUIBIX
BoaH I'A. Menxonsnom, T.B. Anekcansnom, A.M. Ie-
BOpISIHOM U Ap. [15]. [uruennyeckas olieHka JHEH Terwio-
BBIX BOJIH, a TAK)XE€ UX BO3JICHCTBHE Ha 3200J€BaeMOCTh
U CMEpTHOCTH HaceneHus obcyxaeHsl Koransaom A.O.
[16]. Ha ueTBeprom HarmonansHOM coBelianuu 00 n3Me-
Hennu kiaumara PA [17] oOcykaancst Bopoc 06 nu3MeHe-
HUM TeMIIepaTypbl BO3/yXa Ha TeppUTOpHH PecryOmuku
Apmenus. [lanHpie 0 TeMIeparype Bo3ayxXa B ApMEHUU
MIPUBE/ICHBI B PsJIe KIMMAaTU4eCKUX CIpaBOYHUKOB [18].
B a10i1 pabote olleHHBaIOTCSI 0COOCHHOCTH TIOBTOPHOCTH
Y IMIPOAOIDKUTEIFHOCTH TEIUIBIX BOJIH OCHOBHOI'O CEIIbCKO-
XO03HCTBEHHOTO paiioHa PecriyOnuku ApMeHusi, HCIIOb-
3ysl CYTOYHYIO MAaKCHUMAJbHYIO TEeMIIeparypy BO3IyXa
(1993-2019).

Teppuropusi uccrnenoBanusi — Apaparckasi JOJIMHA —
SIBISICTCS. OIHUM U3 TOAPalOHOB ApaparcKoro Qusu-
Ko-Teorpaduueckoro paiiona. B mpeaenax pecmyOmuku
oHa umeer anuHy 100 kM, mmMpuHa Ha ceBepo-3amaje
nocturaetr 15-17 kM, B 1oro-3anagHor 4actd — 4—5 xm.
[ToBepxHOCTH MIIOCKast. BricoTa MECTHOCTH HaJl ypOBHEM
Mops — 800-1000 m. JlanamadT paBHUHHOM yacTH Apa-
PaTCKOM TOMUHBI TUITMYHO ITyCTHIHHBIN-TIOMYTYCTHIHHBIN
C XapakTepHbIMU CEPO3EMHBIMU MOYBaMHU. MecTamMu Ha-
OnronaroTCsl MecyaHble Oyrphbl, COMIOHYAKH, COJIOHIIBI, a
Takxke 3a00J04YCHHBIC TIOYBbL. 3HAYMTENbHAS YacTh PaB-
HUHBI 00pa0OTaHa W TOKPBITA KYJIBETYPHO-TIOJIMBHBIMU
noyBamMu. HeoOpaOoTaHHas 4acTh TEPPUTOPHH MOKPHITA
KCEPOPHILHON U raJIoQHIbHON PaCTUTEIBHOCTEBIO U T10-
JIBIHBIO, & KyJIBTYPHO-IIOJIMBHBIC IOYBBI MTOKPHITHI TLUIO/I0-
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Taonuua 1/ Table 1

XapaKTepHCTHKH METEOPOJIOrHYeCKHX CTAHIHUI
Characteristics of meteorological stations

MeTteocTaHIus ¢ ° (reorp. mmpora) A °(reorp. mosirora) Boicora, m | Foabl HaG oxeHmit

Meteorological station Geographic latitude Geographic longitude Height, m Observation period
Amrrapak 40°17" 44°21° 1090 1993-2019
Ashtarak
Epesan «Apa61<1.4p» 40°12° 44°30° 1113 1993-2019
Yerevan «Arabkiry
EpeBan «Arpo» 40°11° 44°04" 942 1993-2019
Yerevan «Agro»
ApMaB.Hp 40°08" 44°02" 861 1993-2019
Armavir
Apramiar 39957" 44°33" 829 1993-2019
Artashat
Vpuanzop 39°57" 44°53" 1064 1993-2019
Urtsadzor
Apapar 3949’ 44°43 818 1993-2019
Ararat

BBIMH Ca1aMH U BUHOTPaTHUKAMH, IIAHTALUsIMU XJIOTIKA
U IPYTUX CENbCKOXO3SHUCTBEHHBIX KynbTyp [10; 11].

B ruapomercnyx0e ApMeHHH B KauecTBE TEpMHUeE-
CKOH BOJTHBI IPMHUMAECTCS BapPUAHT, KOIla B TEUCHHE IISITH
u OoJiee THEH MakCUMallbHAasl CyTOYHAs TEMIIEpaTypa BO3-
JyXa MPEBBIIIAET CPEIHECYTOUHYI0 MAKCUMAJIbHYIO HOp-
My 3a 1961-1990 rr. Ha 3,0 °C.

Lenb paboTbl

BBIABUTH 0COOEHHOCTH IPOCTPAHCTBEHHO-BPEMEHHON
M3MEHYMBOCTH XapaKTEPUCTHK BOJH TeMja MOCIETHUX
Tpex aecsatunetuil (Apaparckas 10oa1MHa, ApMEHUs).

MaTepuanbl U MeToAabl uccnenoBaHna

B ocHOBY paloThI I0JI0KEHBI PE3YJIBTaThl aHAJTH3a JIUTEpa-
TYPHBIX HCTOYHHUKOB [ 1; 6; 7; 9], oTpakaroImx UCCIIeIOBAHMS
TI0 M3YYCHUIO BOJTHBI TeIUIA. [[J1s1 peleHrs MoCTaBIeHHBIX 3a-

Puc. 1. Tepmuueckas frenpeccust Ha IpU3EMHON
CHHONTHYECKON KapTe MOrO/Ibl
Fig. 1. Thermal depression on a surface synoptic weather
chart [14]
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J1ad B Ka4e€CTBE UCXOIHOTO MaTepraia B paboTe UCIIONH30BaHbI
©KeTHeBHbIE MaKcUMaJIbHBIE (pakTiaeckue naHabie «LleHtpa
ruapomereoponorud 1 MoHuTopuHray ' HKO Munucrepersa
OKpy>Karotei cpenst Pecrryomiku Apmenns 3a ieprion 1993—
2019 rr, cemMu METEOPOIOrMYECKUX CTAHIMH 3a TEIUIbIH I1e-
puon roaa (tado. 1). [locneanmit BpeMeHHOH HHTEPBAI TIpel-
CTaBJIsIeT COOOM MHTEpEC KaK HanOoIIee TEIUIBIX IECATHUIICTHI
3a BECh TIEPHOJ] THCTPYMEHTAIIBHBIX HAOIIFOICHUI.

B psimax cpempHecyToYHON TeMIeparypsl BO3Myxa ObLTH
BBIJICJICHBI BOJTHBI TEILJIa B COOTBETCTBHUU C AITOPUTMOM, B
KOTOPOM 3a OJIMH CITy4ail BOJHBI TEIUIa IPUHUMAJICS OTpe-
30K BPEMEHHOTO psifia JUTMHOW HE MEHee 3 THEH, yIOoBIIeT-
BOPSIFOIINIA CTIEAYIOIIEMY YCIOBHIO: PABHO U MIPEBHIIIICHE
(6e3 mepeppIBa) MaKCUMAIBHON CYTOYHOW TEMIIEpaTyphl
Bo3ayxa oTHocutenbHo 38 °C. B nonuHHBIX paiioHax pe-
CITyOJTMKK 3KCTPEMAILHO MKAPKUMU CUHTAIUCH T€ CITy4aH,
xora HaOmomanacs Temneparypa 38 °C u BwIie.

e A 114G
61_9" 14 E_mEuE:u. o

s\
FRERR 5 Bary
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Puc. 2. FOxHbIE MOTOKU HA TIOBEPXHOCTH OAPUUECKON KAPThI
AT850 M6

Fig. 2. Southern flows on the surface of the AT850 mb baric
map [14]
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Puc. 2. KoppelsiMoHHbIE CBSI3H MEX/Y CIy4asMH ¢ BOJIHAMH TEIUIa U MIOBTOPSEMOCTHIO
cpennux (@) u MakcuMaibHbIX (D) Temmeparyp 38 °C u Gonee

Fig. 2. Correlations between the number of cases with heat waves and the repeatability
of average (a) and maximum (b) temperatures of °C and more

B palote paccuuThIBanuCh CIEOYIOIINE XapaKTepH-
CTMKH BOJIH TEIUIA: JjaTa Hayajla U OKOHYaHMA MepHoja ¢
temmneparypamu 38 °C u Belle, CpeHsA U MAKCUMallbHasA
temrieparypa (°C) 3Toro nepuoaa, cperHee 1 MaKCHMaslb-
HO€ 4HciIo HeH ¢ TeMneparypoit 38 °C u Bblle, cpeaHee
1 MakCUMAJILHOE YMCIIO AHEH ¢ BOJIHAMM TeIlla, CPEIHss
U MakCHUMaJbHasl IPOIOKUTEILHOCTD BOJIH TeIUia ([UIu-
Ha BOJIHBI, JTHH).

B pabore ObuM NpUMEHEHBI METOIBI: MaTeMaTHUKO-
CTaTUCTUYECKUN aHAJM3, CPABHEHUS M CONOCTABICHHS,
KoppessinnoHHbINA. [locTaBieHHbIe B paboTe BONPOCH 13-
YUYEeHBI U O0CYXKIEHBI MO Pe3ysbTaraM (PakTHYECKUX Ha-
OMFONICHUH KaXK/T0M METEOPOIOTMIECKON CTaHIIHH.

O6cyxaeHne pesynbLTaToB

Bonnbl Temna Ha TeppuTOprn ApMEHUH HaOMIOAAI0T-
Cs1 B TEIUIBIN EpHOJ rofia (TPeThs JeKaaa UIOHS — IepBast
JeKaga CeHTSAOps)) M MPEeUMYILIECTBEHHO OOYCIOBICHBI
aJIBEKIMeH TEeIIoro M CyXOoro BO3AyXa U3 TPOMMUYECKUX
(mycThIHHBIX) palioHOoB. B pesynsrare HaOmomaetcs
MIPOIOJIKEHHBIN POCT TeMIepaTypbl, OTCYTCTBUE aKTUB-
HOCTH IOTOMBI, Oe3001auHas moroga 0e3 ocaakoB. Tak
B [14] oTMeuaeTcs, BO BpeMsl BTOPKEHUS TPOIUYECKUX
TEIUIBIX U CYXHX BO3AYIIHBIX Macc C [Ora UM I0ro-Boc-
TOKa Ha TEPPUTOPUHN ApPMEHHN HaOIOaeTCsl MOBHIILICHHIE
TeMIepaTypbl B cpeaneM Ha 3,4—7,9 °C/24 4, a uHoraa u
Ha 8-10 °C/24 4, noHMWKEHNE OTHOCHUTEILHON BIIAYKHO-
ct 10 7-10 %. B aTu 1HM moyTH Ha Bcel TEPPUTOPUHU
ApMeHHH HaOIONAIOTCS OAWHAKOBBIE MOTOAHBIC YCIO-
BUA. B ApMeHuHN B yCIOBUSX aJBEKIUH TEPMHUYECKON
Jenpeccuy HaOMIOAAeTCsl TaKKe MOHMKCHUE IaBIICHUS
o 0,7-1,9 rlla/3 4. 3HaunTeNbHOE HMOHIKEHUE NaBIE-
uus (1,5-1,8 rlla/3 1) HaOnromaercs B Apaparckoii 10-
nuHe U ponvHax CroHMKa.

T.14. Ne1(51), 2022 T.

B Temnblii mepuon roga OCHOBHBIM (akropoM ¢op-
MHPOBaHUS TOTOABI HA TEPPUTOPUN APMEHHH SIBISETCS
chopMupoBaBILasicss TPONUIECKasi TEPMUUECKast ACHpec-
cus B paifoHe Apasuiickoro momyoctpoBa (puc. 1, 2).
Bo3sneiicTBue TepMHYECKON NENPECCMH Ha TEPPUTOPHIO
ApMeHUr 3aMETHO B HIOJIe—CEHTAOpe (B cpenHeM 17 ciry-
9aeB), B OTAEbHBIC FOJbI — AAXKeE B HIOHE. MaKkcuMaibHOe
BO3JEHCTBHE TEPMHUUECKON JETPECCHU ObII0 OTMEYEHO B
2006 u 2015 romax, a MuUHIMaNbHOE Bo3aeicTBue (1 ciry-
qaif) — B 1967 roxy. Uucno ciayvyaeB TepMUIECKOH JeTpec-
CHU TI0 CPaBHEHUIO C YUCIIOM ciydaeB 3a 1948-1977 rr,
1978-2008 rr. yBemuumnocs Ha 40 %, U3 4ero MoXHO
czenath BBIBOA, YTO B APMEHHMH YBETUUYWIACh HOBTOPSI-
€MOCTb JIET C BBICOKUM TEpPMHUYECKUM (POHOM U HEOOIIb-
IIMM KOJIWYECTBOM ocaakoB. Ha tepputopmu ApmeHun
BO3JECHCTBUIO TEPMUUECKON JCTIPECCHU XapaKTEePHBI TaK-
K€ LUKIBl aKTUBHOCTU M OCJaONeHus], NePHOANIHOCTD
KOTOpHBIX cocTaBisieT 2022 rona [14].

OnHako B OTAEbHBIE AHU TEPMHUUECKAs IEIPEcCHs
OTCTYTNAeT Ha IOT U CBOE MECTO YCTYNAeT XOJIOAHBIM aT-
Moc(hepHbIM (POHTaM, KOTOpPBIE BTOPraloTCcsi C 3amajaa
win ceBepo-3amana. llocnenHue cBs3aHbl C TpeOHSAMHU
CKaHIMHABCKUX, 3aaJHOEBPONEUCKUX U A30PCKUX aH-
TULMKIOHOB. [IpoxoxkneHne (HpoOHTOB CONMPOBOXKAAETCS
MPOJMBHBIMH AOXKISMH, TPO3aMH U TPAIOM.

Ha tepputopun ApapaTckoil AOIHUHBI CpeAHEE KOIH-
YEeCTBO BOJIH 3a Temblid nepuoa ¢ 1993 mo 2019 rr. kone-
onercs B mpenenax ot 0,6 cmydaes (cT. ApmaBup) 1o 1,2
(ct. Apapar) (ta6xa. 1). M3 tabm. 2 BUOHO, 4TO HA H3y4a-
MOl TeppUTOpUH B TE€UEHHE rofia HaOmomaercs a0 3—4
CllyyaeB TEpMHUYECKHX BOJNH. CpemHssi MPOOOJIKHUTEIb-
HOCTh TEPMHUYECKUX BOJNH KojeOnercss B mpeaenax S5—7
nHel, a makcuManbHasg — 8—15. To ectb, cpenHss mpo-
JOJDKUTENIBHOCTh TEPMUUECKUX BOJIH MEHSETCSl B Y3KUX
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Taonuya 2 / Table 2
CrarncTudeckne napaMeTpsl BOJIH Temja 3a 1993-2019 rr., Apaparckas 10JHHA

Statistical parameters of heat waves for the period 1993—-2019, Ararat valley

EpeBan Epesan
iﬁ/{e:eo:TIam.m? Amrapak «i:af- «Arpo» | ApmaBup Apramar Y[;::au- Apapar
eteo 0. ogiea Ashtarak P Yerevan Armavir Artashat P Ararat
station Yerevan «Aeror Urtsadzor
«Arabkiry g
Ilepuon ¢ remneparypamu 38 °C u 6oaee / Period with temperatures 38 °C and more
Hauaino u koHer 23/06— 22/06— 18/06— 23/06— 21/06-09/09 17/06— 16/06—
Beginning and the end 06/09 03/09 09/09 06/09 07/09 09/09
Cpennee 9ucio nHei
Number of average 5 7 8 5 8 6 9
days
MakcumanbpHOE YHCIIO
Anel/ron 22/2015 | 27/2015 | 282015 | 20/2018 27/2015 22/2015 | 35/2017
Maximum number of
days/vear
Cpenssit Temnepatypa 32.8 332 33.3 33.3 33.7 32.8 33.7
Average temperature, °C
MakcuMaabHas TEM-
neparypa/ron 41.2/1998 | 41.9/2011 | 41.6/2018 | 41.5/2016 4232018 | 41.5/2011 | 42.6/2017
Maximum temperature
/year
Yucyo crydaeB MOBTOPSEMOCTH BOJIH TelJa, xHu / Number of occurrences of heat waves, days
Cpeniee 0.7 1.1 1.0 0.6 1.0 0.7 1.2
Average
MaK?I/IMaHBHoe 4 4 4 3 4 3 4
Maximum
I[ponokuTeIHHOCTS BOJH Temaa, 1uu / Duration of heat waves, days

Cpensee 5 5 6 7 6 6 6
Average
MaxcimanbHoe 8 10 10 10 10 10 15
Maximum

npenenax, a MakcumaibHas — B Oonbimx. Kak cpenHee
YHCIIO CITy4yaeB TEPMUUECKUX BOJIH, TaK M €€ MAKCUMaJlb-
Hast IPOAODKUTEIBHOCTH HAOMIOAEeTCsl HA METEOPOJIOTH-
YeCKOM cTaHIuu Apapar.

CornacHo Tabn. 2 Ha U3y4aeMOH TEPPUTOPUH TeMIle-
parypsl 38 °C u Oonee perucTpUpyrOTCst CO BTOpOH Mo-
JIOBUHBI UIOHS JI0 NIEPBOH MOJIOBUHBI CEHTAOps. Cpenuss
noBropsieMocTs Temneparyp 38 °C u 6ornee HaxomuTcs B
npeaenax 5-9 nHeW, a MakCMMaJIbHas OBTOPSEMOCTD —
ot 20 mueii (cT. ApmaBup) mo 35 mueit (ctT. Apapar). B
9TOM CJIydae Tarke OOJbIIAsi aMIUIUTyAa KoneOaHus Xa-
paKTepHa MakCUMaJIbHOHM moBTOpsieMocTH. [Ipudyem max-
CUMaJbHas MOBTOPAEMOCTb 3a nepuon 1993-2019 rr. Ha-
Omromanack 3a mocieaHue mATh JeT. Ha Gonbiied yactu
W3y4aeMOi TeppUTOPHH HauOOJbIIEE YHCIO CIyYaeB C
temneparypamu 38 °C u 6onee (o 27-28 ciydaes) 3a-
peructpupoBano B 2015 r., a MakcumaibpHOe Yncio (35
ciydaeB) — B Apapare B 2017 roxy. BepositHOCTh Habr0-
JICHUs BOJIH TeIla OCOOCHHO BEJIMKA C CEPEAMHBI MIONS
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JI0 CepeuHbI aBrycra. AOCONIOTHAsS MakCUMaJbHas TeM-
neparypa Takke HaOmonanach Ha METEOpPOIOTHYEeCcKOn
ctanun Apapar 29 urons 2017 rona u 6pu1a 42,6 °C.

KoppensiunoHHble cBsA3M, MOMYYEHHbIE MEXIY MOBTO-
psieMocThiO Temmeparyp BoiH Temia 38 °C u Oonee (puc.
2), MOXXHO MCIOJIB30BaTh Kak Ul OLEHKH BOJH Terlla
HEHM3yYCHHBIX TEPPUTOPHH, TaK U UX HPOTHO3MPOBAHUS,
€CII 3apaHee M3BECTHO YMCIO AHEH ¢ TeMIeparypamu
38 °C u Goree.

Ha uzy4aemoii Teppuropru HaOmogaeTcs pocT ciryda-
€B BOJH Terwia (puc. 3a), uucia JHel ¢ Temmeparypamu
38 °C u 6onee (puc. 3b), uto 00ycIOBIEHO OCOOEHHO 3a
MOCJIEAHEE JIECATWIETHE 3HAYUTENBHBIM YBEIMIMHHEM
YHCNIA CIy4aeB BTOPXKEHHS TEIUIOrO BO3AyXa Ha TEPPUTO-
pHIo pectryOnuky. TeHISHIIUIO POCTa HMEIOT TaKkKe Cpel-
Hue (puc. 3¢) u MakcuManbHbIe (puc. 3d) Temmneparypsl
38 °C u 6onee. IToutn Bce SKCTpEeMaIbHO TEIUTBIE JIETA CO-
MIPOBOXKAAIOTCSL OOJBIIMM KOJIMYECTBOM BOJIH TEIUIa, KO-
TOpBIE ABISAIOTCS [IABHOM NPUYMHONW 00pa30BaHMS CHIIb-

T.14. N21(51), 2022 T.



. il
g B
52 3t
Zz
EL
E:I
25°
EE
5 3 I r
2o
T - )
[ P — " M . . )
1990 1995 2000 2005 20010 2015 2020
6 -
e
TP 38t
Ed
2 34
c£g -
="
;E 33
'-__l‘...-
5-"':. 31 b

30 ) . ) ) ) ;
1990 1995 2000 2005 20000 2005 2020

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

& r

3

-

mnn £ The number
peratures of
b
-

._
=]
T

“C and more, days

Yncno anelt ¢ TeMnepaTypaMu

38 °C w Bonee
of davs withiem

0 i 1 1 1 1 1

1990 1995 2000 2005 20010 20015 2020

44 ¢
d
38 r

ik

Makchmansian Temneparypa’
Maximum temperature, °C
\
:

34

1990 1995 2000 2005 2000 2015 2020

Puc. 3. MHOTONIETHIE U3MEHEHUS CPEIIHETO YKCia clydaeB BOJH Teria (a), CpeiHero uncia qHei ¢ remmneparypamu 38 °C
u Oonee (b), cpeaHux (€) 1 MAKCUMANBHBIX (d) TeMIepatyp 3a nepuoj ¢ Temieparypamu 38 °C u bonee

Fig. 3. Long-term changes in the average number of cases of heat waves (a), the average number of days with temperatures
of 38 °C and more (b), average (c) and maximum (d) temperatures for the period with temperatures of 38 °C and more

HOI 3acyxu. B pe3ynmsrare co3maroTcs HeOIaronpusaTHbe
YCIIOBUS JUIsl HOPMAJIBHOTO POCTa pacTeHU (yporKail uim
HECET CYIIECTBEHHBIN ymepd WM BOOOIE YHHUTOXKAET-
cs).

YBenmuueHneM CiydaeB BONH TeIUIa, a TaKkKe YHC-
Jla KapKuX JHEH 0co0o BBIAENAOTCS Topona EpeBaH m
Apapar. B ykazaHHBIX TOpoiax CKOPOCTh UX M3MEHEHUS
cootBeTcTBeHHO cocraBmsieT 0,87 cmyd4aii/10 ner u 0,98
ciry4ait/10 net, 5,6 nueii/10 ner u 6,6 nueii/10 ner coot-
BeTcTBeHHO. To ectb, 3a mocneanue 20-30 ner ciyyau
BOJIH TeIlJIa YBEJIUYMINCh COOTBETCTBEHHO Ha 2,3 1 2,6, a
YHUCIIO KapKuX AHeH — Ha 15 u 18 nueit. HecoMHeHHO 3TOT
(bakT OOYCIIOBJIEH HATMYHEM «TOPOJICKOTO TEPMUIECKOTO
OCTPOBKa, KOTOPBIA XapaKTepeH OOJBIIINM rOpoiaM 1 3TO
SIBIISIETCSL JIOTIOJTHUTENLHBIM OTPUIATEEHBIM (DAaKTOPOM,
KOTOPBIN yCHIIMBAET YSA3BUMOCTBH 3/IOPOBbS HACEIICHUS,
OOyCIIOBJICHHYI0 HM3MEHEHHEM KJIMMara. YBEIHYCHHUEM
CITydaeB BOJH TEIUIA U YKCTa JKapPKUX JHEH BBIIEISIOTCS
TaKXe BCe JPyTrHe ropoaa ApaparcKo JTOTHHEIL.

[TpomomKxnuTenbHOCTh BOJH TEIUIA TaKXKEe MMEET TeH-
JeHnuto pocra. Cample IPOJOIDKUTEIBHBIE BOIHBI TEIUIA
(mpomomxwurensHOCTRIO 15 nHel) HaOmonamucy B 2017
TOJy 3a IePHOJ] C KOHIIA HFOJIS TI0 HavYajio aBrycra Ha Me-
TEOpOJIOTHYECKON cTaHmmu Apapar. [IpogomkurensHbie
BorHbI Teruia (10 mHeit) Habmonammcs B 2015 roqy Taxke
3a IMepHo] KOHEI] MFOJIi—HAYallo aBrycTa Ha MeTeOCTaHIIH-
sx EpeBan «ApaOkup», EpeBan «Arpo» u Ypuanzop. Io
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WHTEHCUBHOCTH BBIICTAIOTCA claldbie (MPOJOIDKUTENh-
HOCTBIO 3—5 mHel), cpeaHue (MIPOIOIKUTENFHOCTRIO 6—9
JTHEl) U CUITbHBIE (TIPOAOIDKUTENLHOCTRIO 10 mHel u 6o-
niee) BOJHBI Teruia. Ha m3ygaemoit Teppuropun 0CoOeHHO
OOJBIIYIO TTOBTOPSAEMOCTh MMEIOT BOJHBI TEIIa CIa0oi
U CpelHel WHTEHCHBHOCTU. BeposTHOCTH HaONrOmeHus
BOJIH TEILIa C CUJIbHOM MHTEHCUBHOCTBIO MECHBbIIIE.
TenaeHIH pocTa BOJH TEIIa B OCHOBHOM O0YCJIOB-
JICHbl TI00aNbHBIM TMOTEIUICHHEM KinMara. ApMeHHs,
Oyfy4r TOPHOW CTPaHOH, B 3TOM TUIaHE HE MCKITIOUEHHE.
CBHIETENBCTBOM 3TOMY SIBIISIOTCSl aHAIHM3 U OIIEHKA W3-
MeHEeHUH (DaKTHUECKUX JaHHBIX TeMIIEpaTyphl BO3IyXa.
Tak, cortacHo 4-My HarmioHaimbHOMY COBEIIaHUIO 00 W3-
MeHeHuH kmMara PA [17] Ha TeppuTopuu pecityOniKy 3a
nepuon ¢ 1929-1996 rr. cpenHeronoBasi TeMneparypa mno-
Beicuitach Ha 0,4 °C, ¢ 1929-2007 rr. —n1a 0,85 °C, ¢ 1929—
2012 rr. —Ha 1,03 °C,ac 1929-2016 rt. — Ha 1,23 °C.
W3meHeHus: BONH TeInia OIEHEHBI W IS APYTHX pe-
THOHOB Harmel mianeTsl [2; 19; 20; 21], B ToM yucie u
Ipyrux paiioHoB Apmenud [15; 16]. C yBenndaeHnem npo-
JIOJDKUTETPHOCTH TETUIOBBIX BOJH YHCIIO CITy4aeB CMep-
TH OT BCEX NMPUYMH CPEAH HACEJICHUs B JIETHEM TIEpHOJIC
CTaTUCTUYECKHU 3HAaYMMO Bo3pactaeT [16; 22]. ComiacHo
JTAHHBIM PETPECCHOHHOTO aHajn3a KaKIbIA JIOTIONHH-
TENBHBIA JICHb TETUIOBBIX BOJIH MOXKET CTaTh MPUYUHON
YBEIUYEHHs YMClia CMepTel Ha MATh ciiydaeB. C TOUKH
3pEeHHS BIUSHUS TETUTOBBIX BOIH Ha TIOKA3aTEeNH 3[0POBbS
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HaceJleHHsl Hanbollee BaXKHBI MaKCUMAaITbHBIE TTOPOTOBBIE
YPOBHH TEMITIEPATYPBI, TIPH KOTOPBIX PETHCTPUPYETCS JI0-
CTOBEpHOE YBEIWYECHHE 3a00J€Ba€MOCTH U CMEPTHOCTH
HaceneHus [16; 23].

AHanu3upys TOJTy4YeHHBIE 3aBHCUMOCTH, MOXHO OT-
METHTBh, YTO JJISi PacCMaTpUBAEMBIX TEPPUTOpUN Ha-
OmromaeTcss 3aKOHOMEpPHOE TIOBBIIICHUE JIETHUX DKC-
TPEMabHBIX BBICOKMX TeMIeparyp, MOBTOPSIEMOCTh U
MIPOAOIKUTENLHOCTD BOJIHBI TEIUIA. JTa 3aKOHOMEPHOCTh
CBUJICTENILCTBYET O TOM, YTO B Apaparckoil TOJMHE JIeT-
HUE YCJIOBHSI CTaHOBATCS OOJiee TEIUIBIMH M 3aCYIILIH-
BbIMH. [lOCTpOEHBI 3aBHCHMOCTH MEXIY BETHYHHAMHU
HCCIIelyeMOl XapaKTepPUCTHKH BOJNHBI Teruia. Hamumdane
MOAOOHBIX 3aBUCUMOCTEH OTKPBIBACT MEPCIICKTUBHI 1ajThb-
HEHIMX WCCIeNoBaHuid MO pa3paboTKe pernoHaIbHBIX
METOIUK OTIPECNICHNS JIETHUX AKCTPEMATBHBIX BBICOKHX
TEMIIepaTyp U MOBTOPSIEMOCTH BOJHBI TEIIa B HEU3yUYCH-
HBIX U MaJIO M3y4YeHHBIX paliOHaX.

HayuyHas HoBu3Ha

B COBPCMCHHBIX Marcpuaax Ha6HIOI[CHHI>'I BIICPBBIC
OLCHCHbI 3aKOHOMEPHOCTU U3MCHYUBOCTU IIPOCTPAH-
CTBCHHO-BPEMCHHOT'O pacnpeaCsICHUA BCJIMYHUH XapaKTe-
PHUCTHUK BOJIH TCIJIa B ApapaTCKoﬁ PaBHUHC U MMOCTPOCHLI
3aBUCUMOCTH MCIKIY HUMMU.

3aknyeHue

N3ydenne 3aKOHOMEPHOCTEH W3MEHUYHUBOCTH TIPO-
CTPAaHCTBEHHO-BPEMEHHOTO  PACHpeACNCHUs]  XapakTe-
PUCTHKH BOJIHBI TEIUIA B YCJIOBHSIX PETHOHATIBHBIX U
I00aJIbHBIX M3MEHEHUHN KIMMara SIBIISIETCS aKTyaabHOU
3aj1aueil COBpeMeHHOI reorpaduieckoil Hayku.

DKCTpEeMabHO BBICOKUE TEMIIEPATYPHI U BOJIHEI TEILIA
M3y4aeMOW TEPPUTOPUU MPEHMYILIESCTBEHHO OOYCIJIOBIIC-
HBI BIUSTHUEM BTOPTAIONMICHCS TEPMUIECCKOM IETIPECCUH C
ApaBUICKOTO MOIyOCTPOBA, YUCIO CIydaeB KOTOPOTO 3a
MIOCJICHNE IBa—TPH JIECATUICTUS 3HAYUTEIHHO BHIPOCIIO.
Tporuueckas TepMuueckas Aenpeccusi, GopMUpPYOIIas
AKCTPEMATBHO KApKHUE JIETa W BOJHBI TEIUIA, UMEET IIH-
KJIbI aKTHBAIIUKM M OCJIA0JICHUS, IEPUOJUYHOCTh KOTOPBIX
orennBaetrcs B 20-22 rona. Haunnas ¢ wrons (wHOTAA U
CO BTOPOM TIOJIOBUHBI MIOHS) IO TMOCJIETHEH IeKaabl aB-
rycra (MHOTJA TakXKe JI0 TMEPBOW TOJOBUHBI CEHTSIOPS),
MOTOJIHBIE YCJIOBUS ApapaTckoil JOIMHUHBI (HOPMHUPYIOTCS
Mo/ BIUSIHUEM TepMuuecko aenpeccuu. lloBbiiaercs
AKTUBHOCTh BTOPKCHUS FOXKHBIX M IOTO-BOCTOYHBIX TPO-
MAYECKUX TEIUTBIX M CyXUX BO3AYIIHBIX TIOTOKOB ¢ Apa-
BHUICKHX MyCTBIHB. B pe3ynsrare B OT/IENBHBIC TOABI TEM-
neparypa Bo3ayxa B ApapaTcKoi TOJUHE MOBBIIIACTCS 10
4043 °C, a oTHOCUTEIbHAS BJIaYKHOCTh CTAHOBHUTCS HIKE
30 %.

BoiHBI Temia — OIacHbI€ MOTOJHLIC SIBJICHHUS, SIBIIS-
FOTCSL YTPO30U JIJISl KU3HU U JIEATEIILHOCTH, XapaKTepH-
3YIOTCSl PSZIOM OTPHIIATENILHBIX TochencTBuil. OHU Mo-
TYT COMPOBOXKAATHCS 3aCyXaMH M CyXOBESMU, JICCHBIMU
MOXKapaMu, OIyCTHIHUBAHHEM, HAPYIICHUEM MPHPOTHON
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9KOCHCTEMBI, 3KOHOMHMYECKUM YIIEPOOM, MOHMKECHHEM
TPYZOCIIOCOOHOCTH, ICUXOJIOTUIECKUMHU U COLIUOTIOTUYE-
CKHMHU TOCTICACTBUAMH, JAXKE CITy4asiMUd CMEPTH.

BpemMenHble TeHAEGHINHT B XO[€ BEIWYMH XapaKTepH-
CTUKHM BOJIH Terwia 3a nepuon 1993-2019 rr. HocsT no-
JIOKUTENIbHBIN OMHO3HAYHBIN Xapakrep, Oonee yaiie Ha-
0Jr0mAIOTCS BOJIHBI TEIUIA M SKCTPEMAIBHO TEIIbIE JIETA.
Oco0eHHO OOJIBILYIO TOBTOPSIEMOCTh UMEIOT BOJIHBI TEII-
7a c1aboii U cpeHel HHTEHCHBHOCTH. BeposTHOCTE BOH
TeIjla CUIbHON HHTEHCHBHOCTH MaJla.

Wzydyaemass TeppUTOpHs BBIOCISIETCS XapaKTEPHBIM
PEKMMOM M MOYTH PAaBHOMEPHBIM IMPOCTPAHCTBEHHBIM
pacrpenesieHUeM JIETHUX SKCTPEMAJIbHBIX BBICOKUX TEM-
neparyp. Ilocnennue menstores B npenenax ot 41,5 °C no
42,6 °C. Best uzyuaemas TeppuTOpHsl ys3BHMa BOJHAMU
Terva.

Bonnbl Tena MOryT cTaTh IPUYMHON TAKUX OMACHBIX
METEOPOJIOTHYECKUX SIBJICHUH, KaK 3aCyXH WM CYXOBEH,
KOTOpBIE HAHOCAT OOJbLION ymiepd pasHBIM OTpacisiM
9KOHOMHUKH, B OCOOEHHOCTH CEJIbCKOMY X03siiicTBy. 1lo-
9TOMY PE3yJbTaThl pabOThl MOTYT OBITH HCIIOIb30BAHBI
B 00JIaCTH CENBbCKOIO XO34HCTBa, cMArdas M yMEHbLIAs
MOCJIEACTBHS BO3MOKHBIX MPUIMHEHHBIX yIIepooB. OHu
MOT'YT OBITh UCIIOIb30BaHbI TAKKE B arPOMETEOPOIOTHYE-
CKUX MPOTrHO3ax [24-26].

Ha wnccnenyemoli TeppuTOpHUU JIETHHE YCIIOBUS CTa-
HOBATCA OoJiee TEIIBIMU U 3aCYLUIMBBIMH, YTO JOJDKHO
OBITh YUTEHO NPH Pa3paboTKe CTPaTETHYECKUX IPOrpaMM
MIEPCIIEKTUBHOTO Pa3BUTHS JaHHON TEPPUTOPHH.

BbiBoabl

1. B pe3ynbrare aHanu3a BEIWYUH XapaKTEPUCTUKU
BOJTHBI TETJIa TOPHBIX TEPPUTOpUil ApMeHHHU (Ha TIpUMe-
pe ApapaTckoii paBHHHBI) MOXKHO OTMETHTb, YTO Ha pac-
CMaTpUBAEMbIX TEPPUTOPUAX T€HE3UC BOJHBI TEIUIA OIU-
HAaKOB — TPOINUYECKas TepMuueckas nenpeccus. Cpennee
KoJIM4eCcTBO BOMHEI Tema ¢ 1993 mo 2019 rr. HaxoguTcs B
nuamnazone ot 0,6 1o 1,2, cpeasss NpoAoIKUTENbHOCTD —
OT 5 10 7 AHE|, a MakcUManbHas MPOJODKUTEIBHOCTD —
oT § 1o 15 nHel, MakcUMaIbHOE YUCIO CIY4YacB C TEM-
neparypamu 38 °C u 6onee — ot 20 mo 35 nueid. Jlernue
SKCTPEMaJbHBIE BBICOKUME TEMIIEPATyphl BBIACISIOTCS
CBOMM DPaBHOMEPHBIM PacCHpe/eIieHUeM — KOJCOMIoTCS B
npenenax ot 41,5 no 42,6 °C.

2. JInst pacueTa ¥ mporHO3a BOJH TEIUIa HEU3yUEHHBIX
WM Majo0 U3YYCHHBIX TEPPUTOPHUI MOTYyUEHBI KOppes-
LIMOHHBIC 3aBUCUMOCTU MEX]y BETUUYMHAMU XapaKTEpH-
CTHK BOJIHEI Teruia. B Apaparckoii nonvHe HaOIroaaeTcs
TEHJICHIIMS TTOBBIIICHHS XapaKTEePUCTUK BOJH Terwia (Io-
BTOPSIEMOCTb U POJIOJKUTEIBHOCTD BOJIHBI TETLIA, YUCIIO
nHel ¢ remneparypoit 38 °C u Oonee, cpemHsIs U MaKCH-
MalpHas Temmneparypsl 38 °C u Oonee).
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Abstract. Our interest is to explore such a characteristic of the villagers who live in a part of the slope of Mountain
Arjuno, located in the East Java Province of Indonesia, before their existing entrepreneurial orientation. Using question-
naires -developed based on (Miller, 1983) definition about entrepreneurial orientation-, spread to the villagers there and
their analysis, it was found that their entrepreneurial orientation E.O. following equation as-0.003 + 0.334 innovativeness
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OpurmMHanbHas cTatbs

UccnepoBaHue npeanpuHUMaTebCKOM opueHTauuu 65 xurenen
CeNnbCKUX NOCENIEHUI, PacnoIOXKEHHbIX HA CK/IOHE ropbl ApAXKyHO
(BocTouHas flBa, UnpoHesus)

lOctuHyc byau XepmanTto'l<, Jlacman MapynbsH MNyp6a2, Mateyc Hyrpoxo?®

lMakynbTeT ynpasneHus, Katonnyeckuin yausepcutet Oapma CeHamka, Cypabas, MHaoHesus, yustinus.budi@ukdc.ac.idP<
2(DaKynbTET NPOMBILLIEHHOTO MHXMHUPUHIA, KaTonuuecknii yHueepcutet Japma Cenamka, Cypabas, ViHaoHesus.
3akynbTeT TEXHONOMMM pbl6oNOBCTBA, YHMBepcuTeT K0axapTa MacypyaHn, NacypyaH, MHLOHe3MS

AHHOTauma. Hawe uccnenosaHue onpepensieT/usmepsieT NpeanpuHUMaTENbCKy0 OPUEHTALMI0 KUTENen AepeBHM,
pacnonoXeHHOM Ha cknoHe ropbl ApaxxyHo B [MacypyaHe, BoctouHas fBa, MHooHE3US.

Cpenu pecrnoHAeHTOB (LEeCTbAECST MATb MECTHbIX XuTenen) Obinn pacnpocTpaHeHsbl aHKeTbl. [ocne cbopa AaHHbIX aHKeT,
ABTOPbI MPOAHANIM3MPOBANIU X C MOMOLLBK MPOrPAMMHbIX CTAaTUCTUHYECKMX MAKETOB AJiS coumanbHbix Hayk (SPSS) Bepcun 21.0.

bbinu  onpepeneHbl TpWM MOKaszaTens [Ans  OUEHKM MpeanpuHUMATENbCKOW OPWMEHTAUMM KWUTeneil LepeBHMU:
MHHOBALMOHHOCTH (l), MHMUMATUBHOCTL (P) M rOTOBHOCTb K pucKy (R), BAnsiowmMe Ha NnpeanpuHMMaTENbCKY OpUEHTALMIO
(EO), n onucaHbl MopenbHbIM ypaBHeHneM perpeccun: EO =-0,003 + 0,3341 + 0,334P + 0,333R.

KnioueBble cnoBa: MHHOBALMOHHOCTb, MHWULMATUBHOCTb, FOTOBHOCTb K PWUCKY, NpeanpuUHUMATENbCKash OPUEHTaLMS,
MOLENUpoBaHUe, yCTOMYMBOE pa3BUTHE.
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The concept of entrepreneurial orientation

the term of Entrepreneurial Intention (E.I.) was differ-
ent from the term of Entrepreneurial Orientation (E.O.)
(Ismail et al., 2015; Ibrahim and Mas’ud, 2016). E.O.
was considered as one of the few examples of stabilized
concepts in management science. E.O. is a crucial idea
when executives are crafting strategies in the hopes of
doing something new and exploiting opportunities that
other organizations cannot use (Kennedy, 2020). E.O.
refers to organizations’ processes, practices, and deci-
sion-making styles that act entrepreneurially (Lumpkin
and Dess, 1996). Any organization’s level of E.O. can
be understood by examining how it stacks up relative to
three dimensions: (1) innovativeness, (2) proactiveness,
(3) and risk-taking. These dimensions are also relevant to
individuals. Entrepreneurial intention can be defined as a
state of mind that potentially fosters an individual’s en-
trepreneurial action/behaviors. Entrepreneurial intention
was commonly measured on a Likert using dimensions
such as intention to start up a business; intention to take
over/grow family business; intention to develop further a
business idea being currently nursed, or intention to be-
come an entrepreneur (Linan and Chen, 2011; Sari, 2013;
Purba and Hermanto, 2020).

Currently, it was found that there are more than six
enterprises in the location where some data was collected
for this research, i.e., café¢ ‘Cempaka Kedai Huran me-
dia humans (figure 1), ‘POJOK DAYU’ gift and snack’s
store (figure 2), banana farming (figure 3), goat farm (fig-
ure 4), chicken farm, a shop of various crops and flowers,
live music show, camping, and its supported facilities
with ATV (All-Terrain Vehicle), outbound, archery, and
unique paintball.

Fig. 1. One of the banners shows the price list of the Café
‘Cempaka Kedai Hutan’

T.14. N21(51), 2022 T.
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Fig. 2. POJOK DAYU gift and snack’s store
(https://cempakafoundation.org)

Fig. 3. Banana Farming
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Fig. 4. Goat Farm

Entrepreneurial orientation had become an essential
and extensively researched topic in the literature such as
(Lumpkin and Dess, 1996; Lee and Peterson, 2000; T.
Lumpkin and G. Dess, 2001; Hughes and Morgan, 2007;
Anderson, Covin and Slevin, 2009; Lee et al., 2009; Yan,
2010; Ismail et al., 2015; Ibrahim and Mas’ud, 2016;
Haque et al., 2017; Lomberg et al., 2017; Olutuase et al.,
2018; Cho and Lee, 2018; Bakytgul, Ahmed and Kim,
2019; Wales et al., 2021). (Olutuase et al., 2018) pro-
posed a model to measure effects of E.I. to E.O. overtime
flag, namely Variability of Entrepreneurial Intention,
Orientation within Entrepreneurial Ecosystem. The cog-
nitive literature argues that entrepreneurship education
stimulates entrepreneurial orientation and intention in in-
dividuals, making them more malleable to behave or act
entrepreneurially at various levels over time.

Based on (Cho and Lee, 2018) stated that besides firms
with E.O. trying to identify and exploit new opportuni-
ties persistently, create new values, and become leaders
in the market, E.O. also was an essential factor that led
to the successful development of new products, high fi-
nancial and non-financial business performance and high
social performance. They used three dimensions of the
E.O,, i.e., Innovativeness, proactiveness, and risk-taking
as many researchers also use, for example (Kresna, 2009;
Imma Andiningtyas R.S. and Ratna L. Nughroho, 2014;
Ismail et al., 2015; SINE, 2015; Lomberg et al., 2017)
and for sure that their E.O. dimensions are conceived
initially based on the work of (Miller, 1983). They used
the measurements to describe the character and examine
entrepreneurship.

Innovativeness, as (Lumpkin and Dess, 1996) define
the term, °. . . reflects a firm’s tendency to engage in and
support new ideas, novelty, experimentation, and cre-
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ative processes that may result in new products, services,
or technological processes.” According to (Miller 1983),
proactiveness relates to the competitive nature of the
firm, or more specifically, to the propensity of the firm
to preempt its competitors by introducing new products,
entering new markets, or aggressively changing competi-
tive tactics. Risk-taking refers to a tendency to engage
in high-risk activities with chances of high returns and
bold actions in uncertain environments (Lomberg et al.,
2017). Risk-taking shows the will to submit relatively
a lot of assets despite the increased potential for disap-
pointment.

This research used the three dimensions to measure
the E.O. of the villagers in a part of the slope of Moun-
tain Arjuno in Pasuruan East Java, Indonesia. Our study
ultimately defines/measures the entrepreneurial orien-
tation of villagers in a part of the Mt. Arjuno after ob-
serving by spread questionnaires to 100 respondents in
the places. The topic of this research was following the
roadmap shown in Figure 5 (Directorate General of Re-
search Enhancement and Development Ministry of Re-
search Technology and Higher Education, 2019; Institute
of Research and Community Services Darma Cendika
Catholic University, 2020; Purba and Hermanto, 2020)
as well as (Directorate General of Research Enhance-
ment and Development Ministry of Research Technol-
ogy and Higher Education, 2020) which is in line with
spring and forest and preservation in the area (Nugroho
et al., 2019; Hermanto and Nugroho, 2021). Since until
this paper was written, there is no one researcher yet that
used E.O. definition for the villager, moreover villagers
on the slope of Mountain Arjuno Indonesia.

Developing Competency of Managerment and Enfrepreneur |nlention
R 2wy rmen Farmer Group and Young Villager in East Java
1

o e i ————
. 1 H

- L] as
dentifying Competency-

¥
Identify Empowerment of

TGentily Enlreprendar
Management of Farmers intention of Farmens Farmers Group & Young
[Group & Young Villagers Group & Young Villagers]  hvillagers

v

Empowerrment Model
Entreprenesur of Farms
Group & Young Villagers

Empowerment Model of
Competency-Management of
Farmars Groups & Young
Villagers

Entrepreneur Intenticon of
Farmrs Group & Young
villagers

Goal: Making Farmers Groups & Youngs Villager as the Independent
Perpetrators Entreprensur & Real Contributor to the well-being of the
peoples in villages of Eastlava

Fig. 5. Roadmap / Concept of our research

Methods

Based on the (Miller 1983) ‘s definition, a group
of questions about entrepreneurial orientation was de-
veloped although (Lumpkin and Dess, 1996; Lee and
Peterson, 2000; T. Lumpkin and G. Dess, 2001; Perera,
Nag, and Venkateswarlu, 2019) use five dimensions of
the E.O., i.e., autonomy, innovativeness, risk-taking,
proactiveness, dan competitive aggressiveness. Here in
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this research work, we put in the questionnaires with
14 indicators (4 indicators to measure innovativeness
dimension, six indicators to measure proactiveness,
and other four indicators for risk-taking measurement)
used to detect the E.O. of the 65-villagers (48 respon-
dents were young villagers (16 to 30 years old based-on
(Badan Pusat Statistik Provinsi Jawa Timur, 2016)), 17
respondents were more than 30 years old). Our future
research’s goal is the villagers become an entrepreneur;
their family economic-development becomes sustainable
as SDGs (SustainAbility, 2020; Yulaswati, 2020) and or
better qualities in life as the strategic planner and pro-
cessed by (The Agricultural Services EAST JAVA, 2014,
2016; THE GOVERNMENT of EAST JAVA PROV-
INCE, 2015; The District Planning Agencies, 2017).
Model E.O. of the 65-villagers in a part of the mountain
Arjuno is shown in figure 6.

—4 Innovativenes

Proactiveness

ﬂ Risk-taking

Fig 6. Concept development about Entrepreneurial Orientation
model
The questionnaires spread to the villages in a part of
the mountain slope to sixty-five villagers there. After col-
lecting the data from the questionnaires, then proceeded
and analyzed through software Statistical Packages for
Social Sciences (SPSS) version 21.0, respectively.

Entrepreneurial
Orientation

Results

The villagers come from Prigen District 90.77%
and 9.23 % from Purwodadi District. They are 73.85 %
young villagers and 26.15 % old villagers, men 63.08%
and women 36.92%. Of the villagers, 49.23% come from
Senior High School and 50.77% from others (38.46%
Junior High School, 10.77% graduated from Founda-
tion School, and 1.54% do not graduate from any other
school).

After analysis by using SPSS, there were two items
from four items (Innovativeness, I dimensions) in the
questionnaires that are valid with r_calculated > r_table
(0.317) as of Pearson correlation method (Product Mo-
ment) as N=65, df=65-2=63 for two-tailed of significant
at least at 99% level (p < 0.05) for all of the indicators;
there four of six items are valid (P.1, P.2, P.3 and P.6) of
proactiveness, P dimensions are accurate. All of the four
items of risk-taking, R dimensions of E.O. are valid.

To test the reliability of the proposed scales was us-
ing the usual threshold level of Cronbach’s alpha 0.7 for
newly developed measures (Sugiyono, 2019). In this
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case, the four variables (I, P, R) values were 0.466, 0.736,
and 0.620. Only the Innovativeness has Cronbach alpha
< 0.6, which means that the instrument to measure the In-
novativeness of the villagers in a part of the slope of Mt.
Arjuno was not good enough. It can be used (Cronbach’s
alpha < 0.5), but the result is low of reliability (Binus
University, no date), and although we have the Corrected
item-total Correlation 0.317 for significance 1%.

The independent (inputs) variables i.e.: I, P and R (to-
gether) effects the dependent (output) variable, EO with
regression equation as:

EO =-0.003 + 0.3341 + 0.334P + 0.333R.  (Eq. 1)

Coefficient correlation (simultaneously) of inputs to
output, R is 1.0. According to the interpretation of the
coefficient correlation, R by (Sugiyono 2007, 2019), the
R-value 1.0 falls in the range 0.80 — 1.000, so there is a
robust correlation among inputs to affect output.

The value of R? (coefficient determination) was 1.0. It
means that variation of input variables, i.e.innovativeness
(I), proactiveness (P), and risk-taking (R), could explain
the Entrepreneurial Entrepreneurial (E.O.) variation ful-
ly. Adjusted R Square were 1.0, with Std. An error of
Estimate 2.66.

F-test results show that F_calculated was 622102.42,
which is more than F_table (2.755) with the level of sig-
nificance, =0.05, which means that Innovativeness (I),
Proactiveness (P), and Risk-taking (R) together affect
Entrepreneurial Orientation (E.O.).

Because T calculated through SPSS for every inde-
pendent variable was more than T table 1.999), it means
that every input variable partially gives a positive effect
for the output variable.

Discussion

The characteristics of the peoples near the Mountain
Arjuno, especially for the 65-villagers in their entrepre-
neurial orientation, could be stated as the linear regres-
sion model (Eq. 1). The equation can be said as an Entre-
preneurial Orientation Model for the villagers based on
the data analyzed.

Eq 1 is only based on the 65 data. This is an excellent
point to generate better villagers and firms for better fu-
ture goals that are a must following Sustainable Develop-
ment Goals in the area (Yulaswati, 2020).

Conclusion

It was found what the characteristics of the people near
the Mountain Arjuno are, especially for the 65- villagers in
their entrepreneurial orientation. The Innovativeness (I),
Proactiveness (P) and Risk-taking (R) together effects the
Entrepreneurial Orientation (EO with model regression
equation as:

EO =-0.003 +0.3341 + 0.334P + 0.333R.
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Abstract. The main objective of this research is to evaluate the changes in local conditions in the economic, sociocultural,
and environmental perspectives in association with the development of the pilgrimage tourism sector from the perspective
of the residents of mountain areas through which the St.James Primitive Way passes in Asturias. The specific objective is to
evaluate the sociodemographic factors of such perceived changes using Logit regression analysis and seemingly unrelated
regression analysis. The results obtained indicate the following: firstly, that, although the residents positively value the
non-overcrowding of pilgrims on this primitive jacobean route, their perceptions detect some negative changes in the
surroundings of Pola de Allande and Grandas de Salime related to noise pollution, the management, and treatment of waste
and the state of the Jacobean route; secondly, residents perceive the conservation and condition of the St.Jacques’ route as
poor and that there are no improvements in infrastructure and public transport services; Finally, thirdly, the impacts of the
Primitive Way, today, although positive, are very modest and are mainly limited to two sectors: hospitality and accommodation,
which are the activities where employment is being generated. Residents surveyed perceive positive changes in employment
and income distribution and negative changes in the evolution of the prices of goods and services and the cost of living.
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Opl/l F'MHaNbHAA CTATbA

Bocnpusatue xxutensimm yCToMuMBOCTU NaIOMHUYECKOro TypusMa
B ropHbIX pernoHax: «[lpumutuBHbIi NyTh CBATOro Makosa»
B AcTypuu

Mapta Marapan-finact, Xecyc Pueac-fapcua?l<

L2MexayHapogaHbli YHuBepcuteT Jla-Puoxu, Mcnanus, jesus.rivas@unir.netl<

AHHoTaums. B cBA3M C pa3BUTMEM NANIOMHMYECKOTO TYPM3Ma B FOPHbIX paliOHaX,Yepe3 KOTOpble NPOXoAMUT «[1pUMUTUBHDIN
nyTe Cesitoro MakoBa» B ACTypuM, MCCNeOOBaHbl YCIOBUS XM3HM HACENEHUS C SKOHOMMYECKOW, COLMOKYILTYPHON U
3KOI0rMYECKOM TOYEK 3pEHMS.

OueHka coumanbHo-geMorpadumuecknx hakTopoB npeanonaraemMbiX U3MEHEHWI NPOBEAEHA C UCMOb30BaHUEM NOTUT-
perpeccMoOHHOTO U perpeccMOHHOro aHaIM30B.

lMonyyeHHble pe3ynbraTbl CBMAETENLCTBYIOT O C/1edyloleM: BO-NepBbIX, HECMOTPSl Ha TO, YTO MapLUpyT HE MeperpyXeH
MaNOMHUKaMK, XUTENN OOHAPYXXMBAKOT HEKOTOPblE HEraTMBHble M3MeHeHus B OKpecTHocTsx [lona-ge-Annavge w lpaHpac-ge-
Canume, CBs3aHHbIE C LIYMOBBLIM 3arpsisHEHMEM, yrpaBieHneM M 06paboTkolM OTXOAOB, @ TAKXKE CaMMM COCTOSIHUEM MapLUpyTa;
BO-BTOPbIX, XKUTE/IM OTMEYALOT, YTO COXPaHHOCTb M COCTOSIHME NanoMHMYeckoro MapLpyTta CeH-)Kak MOXHO OLEHWUTb KaK «Mioxoe,
HET y/yyLIeHni B MHDPACTPYKType M yciyrax obLecTBeHHOro TpaHcnopTa. HakoHeL, B-TPETbUX, BAUSIHWME NaOMHUYECKOro Typr3mMa
Ha 3KOHOMMKY CerofHs, XoTs U MONOXKMTENbHOE, HO OYeHb CKPOMHOE W, B OCHOBHOM, OFPaHWUYMBAETCS Pa3BUTUEM [BYX CEKTOPOB
3KOHOMMKM: FOCTUHUYHBIN BM3HEC M pasmelleHne TypucToB. ONpoLUEHHbIE XMUTENM OTMEYAIOT MO3UTUBHbIE M3MEHEHUs B Chepe
3aHATOCTM W pacnpeneneHuns 4OXOO0B U HEeraTMBHbIE M3MEHEHMS B AMHAMMKE LIeH Ha TOBapbl U YCITyIu.

KnioueBble cnoBa: yCTOM4YMBLIV TYpuU3M, BOCIPUSTHUE TYPUCTOB, METOA OMNpOCa, CTaTUCTUYECKMI aHaNn3, perpecCcMOHHbIN
aHanus, Actypwms.
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1. Introduction

Tourism has been a relevant tool in economic de-
velopment strategies and is considered the largest and
fastest-growing industry in many countries in the World
[1-4]. Tourism has been a fundamental policy for socio-
economic improvement, especially in developing coun-
tries and less developed territories [5; 6]. Tourism is a
development tool that can improve the level and quality
of life, generates employment opportunities [1,7-9], and
promotes public and private investment, both in infra-
structure and in business opportunities, promoting con-
servation and environmental education [7; 10-17].

Although tourism activity may favor economic pros-
perity, there are also other undesirable externalities relat-
ed to environmental impacts: related to polluting emis-
sions from transport, increase in urban waste, environ-
mental damage due to inappropriate use of environmen-
tal resources as a recreational element [1,16]; increase
in prices and, therefore, the cost of living for residents,
the expulsion of economic activities from other sectors
in favor of tourist activities; increased crime and social
conflicts [1; 18; 19], congestion of public services and
infrastructures [1; 18; 20] and, in some cases, loss of the
cultural identity of the resident communities [14; 21-23].

Tourism can be a relevant driver for rural develop-
ment in peripheral mountain communities that often face
numerous economic, social, and environmental challeng-
es [24]. Tourist activity has become a primary source of
income for many mountainous areas [25]. However, the
environmental impact of tourism can become particu-
larly critical and significant in mountain regions, mainly
due to the lack of infrastructures and sustainable plan-
ning policies on the part of the authorities [26].

In the case of tourist activity in mountain areas, this can
be beneficial to fix the population, in addition, to improve
the quality of life of the people who live in the environment
through sustainable development [27; 28] and environmen-
tal conservation [29]. Mountain tourism can contribute to
maintaining biodiversity [30] and promoting sustainable
rural development in mountain areas [31]. However, these
areas are often considered environmentally vulnerable [32],
and, therefore, it is of paramount importance to establish
long-term sustainable tourism activities [26].

Although sustainable tourism is gaining importance
around the World, research on the subject is still quite
fragmented [33]. Most studies analyze unique aspects
of sustainable tourism and often focus on environmental
sustainability [32], underlining the need for balance be-
tween economic and environmental interests [34].
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By recognizing both the positive and negative im-
pacts of tourism, the academic literature attempted to
understand the diverse changes provoked by tourism
development from the residents’ perspective [14; 16;
35; 36].

Spirituality has become an important tourism mar-
ket [37], with the renewal of traditional pilgrimages and
the appearance of new ones around the World [38]. The
Primitive Way, as a tourist product, has gone from being a
phenomenon exclusively linked to spiritual and religious
tourism to evolve towards something much broader that
encompasses different tourist categories related, mainly
to culture, nature, and sustainability [39-41].

Although there is extensive literature focused on the
perspective of pilgrims, such as their motivation, be-
havior, travel patterns, or impacts on their well-being,
among others [39], the residents’ perspective has not
been sufficiently studied [42]. Nevertheless, possible
overcrowding of pilgrims along the itinerary not only
impacts negatively over the experience of the people
who travel but also could cause a residents’ negative
perception [42; 43].

The main objective of this research is to evalu-
ate the changes in local conditions in the economic,
sociocultural, and environmental perspectives in as-
sociation with the development of the pilgrimage
tourism sector from the perspective of the residents
of mountain areas through which the Primitive Way
passes in Asturias. The specific objective is to evaluate
the sociodemographic determinants of such perceived
changes using logit and seemingly unrelated regres-
sion analysis (SUR).

For this, the following research questions are:

(RQ1) What is the perception of environmental, eco-
nomic, and social sustainability among residents?

(RQ2) What sociodemographic -or other types- fac-
tors can influence this perception?

The aforementioned questions are answered through
a survey study carried out among the residents of two
high mountain municipalities (Allande and Grandas de
Salime), which are very far from the central area of the
region (Oviedo) and who depend on the most for their
subsistence from the generation of their own resources
and in which the agricultural and livestock activity is
gradually being replaced by the service sector.

After this introductory section, section 2 offers a brief
description of the Primitive Way to Santiago; section 3
analyzes the literature on residents’ perceptions; section
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4 explains the methodology; section 5 presents the re-
sults; finally, section 6 collects the conclusions.

2. Approach to the field of study:
the St. James Primitive Way

Oviedo is the starting point of the first cultural route in
Europe, the St James Primitive Way, and started by the hand
of King Alfonso II the Chaste, considered the first pilgrim
since he arrived in Galicia in 834, alerted by Bishop Teo-
domiro of the discovery of the Apostle St. James’ tomb.
Said kilometer O of the Jacobean Route marks the beginning
of the one known as the Primitive Way, which, two centu-
ries later, was displaced by the well-known French Way.

The Primitive Way has been recognized by UNESCO,
since July 5, 2015, as a World Heritage Site along with the
rest of the so-called Northern Ways. The Primitive Way
runs through two autonomous communities in Spain: As-
turias and Galicia. Figure 1 shows the geographical loca-
tion of the Primitive Way.

Ovigsa

Source: own elaboration.
Fig. 1. Geographical location of the St. James Primitive Way

The Jacobean route has been the object of attention
by the regional administration since the 1990s when
the procedure began to guarantee the legal protection
of the main Jacobean routes that passed through Astur-
ias (Primitive, Coastal, and of The Savior ways). This
attention and preservation have encouraged actions of
conditioning and signaling of the different routes and the
development of a public network of pilgrim shelters, to
which the private initiative has joined [39].

The Primitive Way, from Oviedo to Santiago de Com-
postela, comprises a total of 319.4 km. The route crosses
mountains, highways, royal roads, Roman roads, and
pre-Romanesque churches. The Primitive Way can be
done in 13 stages, as shown in Table 1.

The Primitive Way is the route of the St. James Way
that from Oviedo goes to Compostela through the inte-
rior of Asturias and Galicia (see Figure 2). This path has
gained great prestige in the Jacobean world in recent years
thanks to its landscapes, harshness (due to, in some stages,
crosses high mountain areas), and the still moderate influx
of pilgrims.
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Source: own elaboration.
Fig. 2. Route of the Primitive Way between Oviedo and San-
tiago de Compostela

According to the tourist brochures prepared by the
Principality of Asturias, the stages in Asturian lands are
seven (see table 1) and allow traveling the 145.6 km
that separate Oviedo from Alto del Acebo, bordering the
province of Lugo.

The Primitive Way in Asturias shows in its last three
stages some hardness, characterized by a mountain land-
scape, rugged and of great beauty, but with high climbs
such as the Palo port, finding that, in rainy seasons, pil-
grims can become muddy, complicating even more so,
their journey [39]. It runs through an area of the Asturian
region of complex orography, with poor infrastructure,
and is remote from the center of the Autonomous Com-
munity (see Figures 3 and 4).

Stage &
Foli g ARt - Berduteds

Sage b
Bardusado - Grandst de Salime

Hage T
Grandss de Salime - A
Faraagrads

i
E

Source: own elaboration.
Fig. 3. Profile of the stages that pass through the mountain
municipalities of Pola de Allande and Grandas de Salime in
Asturias

Stage 5 begins in Pola de Allande at an altitude of 524
meters and ascends to 1,146 meters at the mountain pass
of El Palo, the highest point of the entire Primitive Way.
The rest of the way stage runs through the desolate land-
scapes of the mountains that separate the basins of the
Narcea and Navia rivers, between 800 and 1000 meters
of altitude in continuous ups and downs.

Stage 6 begins in Berducedo, at 900 meters of al-
titude: the shortest stage of the entire route starts with
two moderate ascents for more than 7 km, and later
ends with a long and steep descent (Pyrenean descent)

T.14. N21(51), 2022 T.
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Table 1

Stages and route of the Primitive Way between Oviedo (Asturias) and Santiago de Compostela (Galicia)

Autonom(?us Stage Route Kilometres | Municipalities Localities
Community
. Oviedo; Les Campes; Llampaxuga; Llori-
Oviedo ana; Malpica; Gallegos; L'Escampleru; Vals-
Asturias 1 Oviedo- Grado 30.5 Las Regueras ’ pica, £05; wplert,
Grado era; Premonu; Valdunu; Paladin; Puerma;
Anzu; Penaflor; Grado
Grado; Las Tiendas; La Llamiella; San
Asturias ) Grado- Salas 1.9 Grado Xuan; El Freisnu; Dorlgg; Casas del Puepte;
Salas Cornellana; Llamas; Quintana; Casazorrina;
Otero; Salas
Salas; Porciles; Bodenaya; La Espina; La
. . Salas Preda;
Asturias 3 Salas-Tinco 202 Tineo L'Espin; Bedures; El Pedregal; Santolaya;
Zarracin; Tineo
Tineo; Oubona; Vil.lal.luz; Vega de Rey;
. Tineo- Pola de Tineo Verrugosu; Campiel.lu; El Freisnu; L'Espin;
Asturias 4 Allande 282 Allande Bourres; San Brismu; La Mortera; Colinas
d'Arriba; Porciles; Ferroy; Pola de Allande
Asturias 5 Pola de Allande - 174 Allande Pola de Allande; El Mazo; Montefurado;
Berducedo Lago; Berducedo
. Berducedo - Allande Berducedo; La Mesa; Buspol; El Salto;
Asturias 6 Grandas de 19.8 . .
. Grandas de Salime | Grandas de Salime
Salime
Grandas de Salime; A Farrapa; Cereixeira;
Grandas de Sa- Grandas de Salime Castro; Padraira; Xestoselo; Penafonte; Bus-
Asturias-Galicia 7 lime — A Fonsa- 28.1 telo del Camin; Alto del Acebo; Cabreira;
Fonsagrada .
grada Barbeitos;
Fonftia; Silvela; Paradonova; A Fonsagrada
O Padrén; Vilardongo; Pedrafitelas; Mon-
touto;
Galicia 8 A Fons?gr ada - 234 Fonsagrada Paradavella; A Calzada; A Degolada; A Las-
O Cadavo Baleira fra:
Alto da Fontaneira; A Fontaneira; O Cadavo;
O Cadavo; Pradeda; Alto da Vacariza; Vilal-
Baleira le; Castroverde; San Miguel do Camifio;
Galicia 9 O Cadavo — Lugo 29.2 Castroverde Souto de Torres; Nadela; Vilar de Cas; Sou-
Lugo tomerille; A Estrada; As Casas da Vina; Cas-
telo; A Chanca; Lugo
Lugo; San Léazaro; Fornelo; San Xoan / Seo-
Lugo — San Lugo ane; Carrigueiros; San Vicente do Burgo;
Galicia 10 Romao de 19.7 Glllriin San Antonio; Bacurin; Carricova; O Paso;
Retorta San Pedro da Baixo; Taboeiro; San Romao
da Retorta
San Romao da Retorta; Castrelo; O Burgo
de Negral; Vilacarpide; O Pacio; A Covela
Guntin (Ferreira); Mosteiro; O Carballal (Ferreira);
Galicia 1 San Romao de 277 Palau de Rei A Leboreira; Bouzachas; San Xurxo; Mon-
¢ Retorta — Melide ) Mseli‘zie ¢ tecelo; Merlan; As Seixas; Casacamifio; O

Hospital de As Seixas; Vilouriz: Vilamor de
Arriba; Vilamor de Abaixo; Irago de Arriba;
Curutelo; Zaramil; O Mascafio; Melide

T.14. Ne1(51), 2022 T.
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Ending table 1
Autonom(?us Stage Route Kilometres | Municipalities Localities
Community
Melide; O Raido; Boente de Arriba; A Fra-
Melide — O Melide ga Alta; O Rio; Ribadixo da Baixo; Arzua;
Galicia 12 Pedrouzo 333 Arzha Pregontofio; A Peroxa As Quintas; A Cal-
O Pino zada; Outeiro; A Boavista; Salceda; Xen; As
Ras; A Brea; O Pedrouzo
0O Pino O Pedrouzo; .San Anton; Amc?nal; Cimade-
Galicia 13 OPedrpuzo— 20 Santiago de Com- vila; San Paio; Lavacolla; Vl.lamalor; San
Santiago Marcos; Monte do Gozo; Santiago de Com-
postela
postela
Total 3194

Source: own elaboration.
until we reach -by dirt tracks- the course of the Navia
river and reach the reservoir of the Salime reservoir,
at an altitude of 280 meters, to face a climb for 7 km
that takes us to Grandas de Salime -taking advantage
of some beautiful wooded shortcuts -, which is 562
meters above sea level.

Stage 7 begins in Grandas de Salime and ends in
Fonsagrada (Galicia): it runs through many sections of
road that practically coincide with the path on foot, in
Asturias, by the AS 28, and in Galicia, by the LU 701.
The profile of the stage is uphill during the first 14 km
until reaching El Acebo, located at 1,093 meters of alti-
tude, and then descending for about 10 km until reaching
Paradanova and ending with a slight rise of 2 km to ar-
rive Fonsagrada, at 952 meters of altitude.

Unlike what happened with the French Way, the pro-
cess of shaping the Primitive Way was slower, given the
lack of detailed descriptions of its itinerary. The task of
identifying and recovering the different St. James Ways
formally began in 1993. The regional government carried
out the development of a study to recognize and describe
these routes to subsequently proceed with investments in
improvement of the infrastructures and signaling of the
ways over two decades and thus promoting collaboration
between local and regional administrations to guarantee
the proper state of the routes [39].

The Asturian high mountain lands through which the
Primitive Way runs maintain their link with agricultural
and livestock activities, preserving the environment of
their towns and villages. The data of pilgrims who ap-
proach the primitive route are more numerous every year.
But the emergence of dissenting voices about how to
manage the flows of people traveling the Primitive Way
and some studies on the tourist impacts on the French
Way generate concern and uncertainty about the benefits
of this exponential increase in the flow of visitors [40].

Although the academic literature has focused on
the French Way, the Primitive Way has received much
less attention, which leads to investigating both prima-
ry and secondary sources to understand the economic
and social impacts of the route on the Asturian munici-
palities [39].
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3. Literature review

3.1. Residents’ perception of the impacts of tourism
development

Perceptions are beliefs -or opinions- people have
based on how things appear to be, that is, a representation
of their reality or experience [44]. In other words, per-
ception is part of a psychological thought process, which
feeds an individual’s decision-making or judgment [45].
The perception of residents about tourism development
is usually conditioned by various factors such as, for ex-
ample, personal values or sociodemographic attributes,
among others [1; 4; 12; 46].

Studies on residents’ perception of tourism develop-
ment and its impacts have been gaining popularity in re-
cent decades due to their relevance to sustainable devel-
opment [4; 47—49]. Once a community becomes a tour-
ism destination, the livelihoods of community members
are affected by tourism activities [22; 50]. Subsequently,
the researchers studied the perceived impacts of tourism
development from the residents’ perspective [1; 14; 16;
35; 36]. These studies show that residents know and care
about the changes that have occurred concerning tourism
development. Furthermore, to assess residents’ percep-
tion, a large body of literature adopted the triple bottom
line approach by classifying changes or impacts on envi-
ronmental, sociocultural, and economic dimensions [1;
12-14].

In the environmental dimension, the studies found that
residents perceived both positive and negative changes
in their local environments linked to tourism develop-
ment [1; 7; 15; 22; 51-53]. In some cases, residents rec-
ognized the contribution of tourism to the conservation
and improvement of environmental conditions in peri-ur-
ban areas [1; 7]. However, in many other cases, residents
perceived that tourism caused unfavorable changes, such
as high degrees of pollution, waste disposal, or depletion
of natural resources [1; 16; 54].

In the sociocultural dimension, residents perceived
favorable changes in cultural and leisure activities [12;
54; 55], a sense of pride in cultural values and identity [1;
4; 52; 56], an interest in preserving historical buildings
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Fig. 4. (1) Stage 5: Pola de Allande - Berducedo, descent from Puerto del Palo. (2) Stage 6: Berducedo - Grandas de Salime.
(3) Stage 6: Berducedo - Grandas de Salime, descent towards the Grandas de Salime reservoir. (4) Stage 6: Berducedo - Grandas
de Salime, wooded shortcuts before reaching Grandas de Salime

and archaeological sites [36,54,57,58] and an improve-
ment in the quality of life [16; 30]. On the other hand,
residents also recognized unfavorable changes such as
vandalism and crime rates [1; 18; 19], traffic congestion,
and parking [1,18,20] and alcohol consumption [58; 59],
the increase in prices of goods and services [13,14]; pe-
destrian congestion [18; 60; 61]; increased noise [1; 13;
18], and increased pollution [1; 13].

Regarding the economic dimension, tourism develop-
ment tends to be highly appreciated and recognized by
residents as part of the favorable contribution of tour-
ism activity [13; 43; 62] through increased employment
and income opportunities for their families [1; 7-9; 52;
55]. In addition, residents tend to recognize that tourism
contributes to improving community infrastructure, pub-
lic facilities, and the general standard of living [1; 18;
20]. In other cases, residents perceived that the tourism
industry offered low-quality, temporary, and low-wage
jobs [63] and that the economic gain did not revert to the
local community [64]. In addition, the local population
was aware of other costs associated with the develop-
ment of tourism, such as the increase in living costs [19;
43; 65], the rise in prices of goods and services [42; 52;
66], as well as the increase in property and housing pric-
es [3,50,52,67,68], including the price of land [42; 52].
Most of the existing studies collected the responses of
residents in the form of agreement or disagreement with
positive or negative statements precoded by the research-
ers that led to dichotomous answers [1; 12; 17; 69]. In
other words, these studies categorized the perceived im-
pacts and changes into positive or negative, using state-
ments requiring affirmation or denial in their surveys.

T.14. Ne1(51), 2022 T.

While dichotomous precoding is convenient and help-
ful, it may not adequately incorporate residents’ percep-
tion of the scope and quality of changes and, therefore,
can lead to response biases [1,69] and one-dimensional
views [17]. The interviews conducted in this research
tried to minimize such biases by avoiding dichotomous
statements and allowing the interviewee to identify the
impacts and openly assess them.

3.2. Individual factors and residents’ perception

It is crucial to understand the different factors that
influence residents’ perceptions of tourism development
to design effective policies [1; 54; 70; 71]. The findings
of the academic literature about sociodemographic fac-
tors such as age, gender, education, income, and length
of residence indicate that these variables are frequently
related to residents’ perception of environmental, socio-
cultural, and economic changes derived from tourism ac-
tivity [1; 4; 51].

Regarding age, older residents are more likely to per-
ceive environmental changes caused by tourism develop-
ment, while younger residents tend to perceive economic
impacts [10; 55; 67; 72].

About gender, women are more likely to perceive
unfavorable changes in traffic jams, crime against road
safety, and noise, so they tend to oppose tourism develop-
ment and tend to perceive negative changes to a greater
extent than women. men [ 14; 73]. However, other studies
did not find significant differences between women and
men about the perception of impacts in the environmen-
tal, sociocultural, and economic dimensions [3; 16; 54].

Regarding education, although residents with more
training focus their concern on the environmental dimen-
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sion, they perceive in more detail the impacts of tourism
on all the dimensions considered compared to residents
with less academic training [10; 66; 72].

Regarding income and the residents’ dependence on
tourist activity, those residents whose income depends
on tourism tend to perceive positive impacts more than
negative ones [10; 66]. However, in other research, the
relationship between dependence and positive assess-
ment of the impacts of tourism is not clear [65; 74].

Finally, concerning the years of residence, the per-
ception of residents about the impacts of tourism is
more negative as the years of residence increase, partic-
ularly about environmental and social conditions [10;
55; 62; 66].

4. Methodology

4.1. Sampling

This research obtained primary data through telephone
and personal surveys over a total population of 2,430 resi-
dents, both from Pola de Allande, with 1,615 inhabitants,
and Grandas de Salime, with 815. The sample of 332 in-
habitants, get by a proportional convenience sampling and
stratified by the two municipalities, is composed of 221
residents from Pola de Allande and 111 from Granas de
Salime (see Table 2).

The survey, carried out between July and September
2021, was conducted by two interviewers. The process
used both telephone and direct contact. An initial selection
questionnaire was used to include only permanent resi-
dents (registered) and adults (of legal age) who had been
residing for at least one year in the municipalities studied.

4.2. Questionnaire and respondents’ profile

The questionnaire, structured into two parts, was
oriented to get indicators of the residents’ perception of
changes in economic, sociocultural, and environmental
conditions. If sustainable development is one of the par-
amount contemporary objectives of the tourism indus-
try, then a multidimensional evaluation of the changes
produced in a territory related to tourism should be car-
ried out [27; 28]. Consequently, three subsets of envi-

ronmental, sociocultural, and economic indicators were
measured (see Table 3). The selection of these indicators
took into consideration the academic literature [1; 10; 14;
47-49; 61; 69]. The research used a Likert scale in their
valuation, where value 1 indicated a severe deterioration
of the conditions in the community, value 5 represented a
significant improvement, and value 3 implied no changes
observed.

A previous test with 15 respondents outside the sam-
ple was conducted to ensure the quality of the question-
naire and make the necessary adjustments before launch-
ing the survey.

The second part of the questionnaire was aimed to ob-
tain the sociodemographic profile of the respondents like
sex, age, duration of residence, having a job related to
tourism, level of education, income, and occupation. Table
4 shows the detail of these variables.

4.3. Design of aggregate indicators

The expression of the aggregate indicator that will be
used in this study is the following (Nardo et al., 2005):

Y, = Lzy iik.
N k=i 4.1)
Where Y, is the value of the aggregate indicator for
dimension j and for individual i; y,, is the value obtained
on the Likert scale -between 1 and 5- of the sub-indicator
k of dimension j for individual 7, and n, is the number of
sub-indicators for dimension ;.

In this research, as has been indicated, the environ-
mental, sociocultural, and economic dimensions are ad-
dressed, and j will adopt the values from 1 to 3. Regard-
ing the number of sub-indicators (n.) for each dimension
(7), Table 3 includes 8 for the environmental dimension,
9 for the sociocultural dimension and 5 for the economic
dimension. To test consistency between sub-indicators
within a given dimension, Cronbach’s alpha coefficient
was calculated [75]. Although each y, is an ordinal vari-
able with five possible values, Y. can take on different
values because of the aggregation. Therefore, the Y, are

Table 2
Survey technical data
Total population 2.430
Population of Pola de Allande 1.615
Population of Grandas de Salime 815
Total sample 332
Subsample of Pola de Allande 221
Subsample of Grandas de Salime 111

Sampling technique

Stratified and proportional convenience sampling

Sampling error

+5%

Confidence level

95%

Kind of Survey

Personal and telephone

Timing

Between July and September 2021

Source: own elaboration.
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Table 3

Indicators and sub-indicators of perceived changes in the environmental, sociocultural, and economic dimensions

Environmental sub-indicators

Air pollution; water contamination; noise pollution; problems in management and waste treatment

City planning; public space management

Status of the Primitive Route route

Quality and management of water for consumption in homes and businesses

Sociocultural sub-indicators

Public transport infrastructure and services

Accidents on the Primitive route

Social conflict

Congestion of public services; security; delinquency

Planning, management, and public control of tourism development

Social gaps; inequality

Economic sub-indicators

Prices of goods and services; land and housing prices; cost of living

Employment opportunities; income distribution

Source: own elaboration.

considered quasi-quantitative variables in the subsequent
analysis.

4.2. Statistical analysis

Regression analysis was used to study the factors that
influence perceived changes in local conditions in eco-
nomic, sociocultural and environmental dimensions. In
this work, the dependent variables are the indicators of
perceived alterations in local conditions, while the inde-
pendent variables are the sociodemographic factors.

The following expression is the base for the regression
by ordinary least squares (OLS):

k
Vis = O T zajxxij t & (4.2)
Jj=1

Where y, is the dependent variable that represents the
changes perceived in local conditions in the sociodemo-
graphic dimension s as perceived by the respondent i, o
is the intersection term, X, corresponds to the explanatory
variable j of the model (where j = 1, ..., k), o, are the
coefficients to estimate, and ¢ represents the random dis-
turbance.

This research considers seven sociodemographic fac-
tors, namely, gender, age, education, municipality and
years of residence, annual income, and occupation.

The estimated coefficients may be biased when mul-
tiple correlated dependent variables are analyzed in
separate OLS regressions showing heteroscedasticity.
The seemingly unrelated regression (SUR) was adopted
to consider this probable nature of the data, which al-
lows the correlation in the error term between the dif-
ferent equations corresponding to the dependent vari-
ables [76; 77]:

corr(gl.seﬂ) # O(s * t). (4.3)
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Expression [4.3] was verified by the Breusch-Pagan
heteroscedasticity test [78] to justify the selection of the
model. SUR is reduced to multivariate regression when
the sets of independent variables are equal in all equa-
tions, which applies to our case. Therefore, SUR and
multivariate regression are equivalent in this article.

In addition, it may be helpful to investigate which
sub-indicators contributed to the estimated coefficients
in the SUR results. Ordered logistic regression (OLR)
was applied to examine the influences of the same so-
ciodemographic factors on the sub-indicators [79]. The
underlying relationshi}z in the OLR is the following:

Y=+ DO, +E, (4.4)
j=1
Where y”, is the degree of exact agreement, but not ob-
served, of the respondent i; the other terms are the same
as in [4.2]. Although the latent variable y”, is not observed
with precision, the five discrete levels of agreement can
instead be observed as:
lif y; < i,
2if iy < y; <
3if 1, < y; < 4y
4if i, <y, <
S5if i, <y,
Where the values of the Likert scale have the following
interpretation: 1 refers to severe degradation, 2 to moder-
ate deterioration, 3 to non-perceived changes, 4 to mild
improvements, and finally, 5 implies the perception of
substantial betterments. The OLR estimation uses the fol-
lowing equation:
ptp,t...tp,

k
In =0,t ) ax,. 4.6
gt gy T2 @6)

v = 4.5)

59



YCTOVIHBOE PASBUTUE MOPHBLIX TEPPUTOPN

Table 4
Sociodemographic respondents’ profile (n = 332)
Variable Respondents Percentage
Gender
Man 167 50.3
Woman 165 49.7
Age
18-28 31 9.3
29-39 73 21.9
40-50 81 24.4
51-60 90 27.2
>60 57 17.2
Education
Primary 96 28.9
High school 107 322
Vocational training 113 34.1
University 16 4.8
Municipality of residence
Pola de Allande 221 0.66
Grandas de Salime 111 0.34
Residence (in years)
1-5 6 1.8
6-10 53 15.8
11-15 78 23.1
16-20 94 28.2
>20 101 31.1
Annual income (euros)
<11.000 61 18.4
11.000-15.000 96 28.9
16.000-20.000 128 38.5
21.000-30.000 38 11.5
>31.000 9 2.7
Occupation
Employee 138 41.6
Official 27 8.1
Self employed 161 48.4
Others (*) 6 1.9

(*) Students, part-time employees, etc. Source: own elaboration

Where the left side represents the natural logarithm of
the odds ratio for observing Yi>s + 1; ps is the probability
of observing Yi = s (that is, the proportion of observations
with Yi = s). The OLR model assumes that [4.6] is valid
for all levels of s. Finally, this research used the SPSS pro-
gram to carry out the statistical analysis.

Next, the following section collects the results ob-
tained.

5. Results

5.1. Local conditions

Table 5 summarizes the perceived changes in the three
dimensions of local conditions in Pola de Allande and Gran-
das de Salime in the context of their tourism development
through the section of the St. James Primitive Way. Table 6
shows the frequency distributions of the responses -accord-
ing to the Likert scale- for each sub-indicator considered.
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From an environmental perspective, respondents per-
ceive problems in management and waste treatment as one
of the most unfavorable changes (2.4), followed by the
state of the Primitive Way (2.5) and noise pollution (2.9).
Among the most favorable changes are those related to
the quality and management of water for consumption in
homes and businesses (4.6) and the improvement in water
pollution (3.1). Finally, respondents do not perceive sig-
nificant positive or negative changes in aspects such as air
pollution (3.5), urban planning (3.1), and the management
of public spaces (3.3).

From a socio-cultural perspective, changes related to
public transport infrastructures and services (2.1) are per-
ceived as unfavorable, while among the most favorable
changes are those related to crime control (4.7), the reduc-
tion of conflict social (4.5), and social inequalities (4.3), as
well as security improvements (4.1). Finally, respondents
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Table 5

Environmental, sociocultural, and economic sub-indicators: obtained values

Environmental sub-indicators | Mean | Median Standard Deviation
1. Air pollution 35 3 0.80
2. Water pollution. 4.1 4 0.92
3. Noise pollution. 2.9 2 0.84
4. Problems in the management and treatment of waste. 2.4 2 0.88
5. City planning. 3.1 3 0.95
6. Management of public space. 33 3 0.81
7. Status of the Primitive Way. 2.5 2 0.98
8. Quality and management of water for consumption in homes and businesses. 4.6 4 0.94

Sociocultural sub-indicators | Mean | Median Standard Deviation
1. Public transport infrastructure and services. 2.1 2 0.87
2. Accidents on the Primitive Way. 32 3 0.82
3. Social conflict. 4.5 4 0.85
4. Congestion of public services. 34 3 0.98
5. Security. 4.1 4 0.91
6. Crime. 4.7 4 0.88
7. Planning, management, and public control of tourism development. 3.7 3 0.97
8. Social gaps. 4.0 4 0.94
9. Inequality. 43 4 0.90

Economic sub-indicators | Mean | Median | Standard Deviation
1. Prices of goods and services. 2.0 2 0.79
2. Prices of land and housing. 3.0 3 0.84
3. Cost of living. 2.9 2 0.88
4. Employment opportunities. 4.1 4 0.75
5. Income distribution. 44 4 0.90

Source: own elaboration

do not perceive significant positive or negative changes
in aspects like accidents on the St. James Primitive Way
(3.2), congestion of public services (3.4), planning, man-
agement, and public control of tourism development (3.7).

From an economic perspective, unfavorable changes
are those related to the evolution of the prices of goods and
services (2.0) and the cost of living (2.9). Among changes
perceived as more favorable are those related to income
distribution (4.4) and employment opportunities (4.1). Fi-
nally, there are no significant positive or negative changes
in land and housing prices (3.0).

5.2. Variables related to perceived changes

This research applies the following treatment of the
variables collected in Table 6 to perform the SUR analysis.

Table 7 shows the results of the SUR analysis of the
variables related to the perceived changes in the local con-
ditions of Pola de Allande and Grandas de Salime.

The results obtained show that, in this case, gender did
not seem to have a significant influence on the perception
in economic and sociocultural conditions of the locality,
while it showed relevant effects on the environmental in-
dicator. Women living in Pola de Allande and Grandas de
Salime were more likely to perceive an improvement or
less deterioration in environmental conditions than men.

T.14. Ne1(51), 2022 T.

The result also does not reveal a statistically significant ef-
fect of age in any of the three aggregated indicators.

The years of residence in Pola de Allande and Grandas de
Salime were negatively related to environmental indicators.
The longer the respondents had resided, the more unfavor-
able changes they perceived. The municipality of residence
seems to be associated with the perception of environmental
changes. The residents of Pola de Allande were more sensi-
tive to perceive environmental changes less favorable than
those of Grandas de Salime. On the contrary, the residents’
place of residence does not seem to influence perceived
changes in sociocultural and economic dimensions.

The fact of working in the tourism sector is usually
related to perceive environmental changes. Those respon-
dents working -directly or indirectly- in tourism activities
are more sensitive to perceive a degradation in environ-
mental conditions than those whose jobs were not related
to tourism. The result showed a relevant negative effect
of formal education on perceiving environmental changes.
The higher the level of education, the more sensitivity to
perceive environmental degradation, compared to those
who had not completed university studies. On the other
hand, residents’ education does not influence perceived
changes in sociocultural and economic dimensions.
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Table 6

Scale and definition of variables related to perceived changes

Variable Scale

Definition

Gender

Binary coded dummy variable

1 if women, 0 if man

Age

Ordinal coded dummy variable

>39
(Dummy 1)
29-39
(Dummy 2)
18-28
(Base)

Education

Ordinal coded dummy variable

High School education or superior
(Dummy 1)
Vocational training
(Dummy 2)
Primary education up to High School
(Base)

Municipality of residence

Categorical coded dummy variable

Pola de Allande
(Dummy 1)
Grandas de Salime
(Dummy 2)

St James Primitive Way
(Base)

Residence (in years)

Ordinal coded dummy variable

>20
(Dummy 1)
16-20
(Dummy 2)
<16
(Base)

Annual income (euros)

Ordinal coded dummy variable

>31,000
(Dummy 1)
21,000-30,000
(Dumy 2)
<21,000
(Base)

Occupation

Binary coded dummy variable

1 if related to tourism, O if not.

Source: own elaboration
6. Conclusions

Although there is a growing literature on the percep-
tion of residents about tourism development in general,
this study is the first to quantitatively analyze the multidi-
mensional local changes as perceived by the residents of
Pola de Allande, and Grandas de Salime is a consequence
of the activity tourist associated with the St. James Primi-
tive Way.

From the study carried out in this work, it is possible
to get some conclusions that allow an attempt to assess
the sustainability of the Primitive Way as it passes through
high mountain areas in Asturias.

Firstly, the impacts of the Primitive Way are posi-
tive but modest and confined to two sectors where
employment is growing: hospitality and accommoda-
tion. When entering the detail of the economic sub-in-
dicators, except for the non-perception of changes in
land and housing prices, respondents perceive positive
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changes in employment and income distribution and
negative changes in the evolution of the prices of goods
and services, and the cost of living.

Secondly, the Primitive Road seems to be positively
integrated into the sociocultural reality of the towns stud-
ied, Pola de Allande and Grandas de Salime. Of the nine
sub-indicators considered, five offer a positive perception
(social unrest, security, crime, social gaps, and inequal-
ity), while only one (infrastructure and public transport
services) is moderately negative. Residents perceive the
conservation and condition of the Primitive Way as poor
and that despite the public administration’s commitment
to the Primitive Way, there are no improvements in infra-
structure or public transport services. Finally, the respon-
dents did not perceive significant changes in three of the
nine climbers of this second dimension (accidents on the
Primitive Way, congestion of public services and planning,
management, and public control of tourism development).
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Table 7
SUR analysis results
Variable Environmental indicator | Sociocultural indicator Economic indicator
Coefficient | p-Value Coefficient | p-Value Coefficient | p-Value
Gender
1 if women, 0 if man 0.101* | 0055 009 | 0.115 0032 | 0820
Age
29-39 —0.086 0.207 0.026 0.627 0.054 0.636
>39 —-0.101 0.173 —0.083 0.281 —0.001 0.954
Education
Vocational training —0.049 0.423 0.021 0.743 0.041 0.658
High School or superior —0.171 *** 0.013 —0.091 0.192 —0.081 0.341
Municipality of residence
Pola de Allande —0.189 ** 0.018 —0.082 0.219 -0.117 0.160
Grandas de Salime —0.031 0.601 0.049 0.494 —0.011 0.817
Residence (in years)
16-20 —0.201 *** 0.001 —0.113 * 0.071 —0.101 0.123
>20 —0.210 *** 0.002 —-0.111 0.115 —-0.119 0.153
Annual income (€)
21,000-30,000 0.084 0.325 —-0.029 0.682 —0.001 0.971
>31,000 0.113 0.283 —0.021 0.827 0.015 0.839
Occupation

1 if related to tourism, 0 if not. -0.181%** 0.002 —0.083 0.115 -0.071 0.364
Constant 2.927 0.000 2.662 0.000 2.852 0.000
N 332 332 332
R? 0.168 0.091 0.090
F 4.013*** 2.071%** 2.065%**
(p-Value) (0.000) (0.003) (0.004)
Breusch—Pagan test %2(3) =509.989 (p = 0.000)

*Hk k% and * refers to p <0.01, 0.05, y 0.10, respectively. Source: own elaboration

Thirdly, although residents positively value the non-
overcrowding of pilgrims on this primitive Jacobean
route, it seems that their perceptions are beginning to de-
tect some changes that negatively impact the surroundings
of Pola de Allande and Grandas de Salime. Of the eight
sub-indicators considered in this dimension, three indicate
moderately negative changes (noise pollution, waste man-
agement and treatment, and state of the Primitive Way).
Only one sub-indicator (air pollution) shows positive
changes. Surveyed residents did not observe significant
changes in the remaining indicators (air pollution, urban
planning, and management of public spaces).

The results obtained imply the importance of using a
broader range of knowledge on environmental and socio-
cultural changes with economic indicators to evaluate the
progress of tourism development in mountain areas linked
to the pilgrim routes to Santiago de Compostela. More
specifically, the study provides several policy recommen-
dations based on the analytical results.

First, tourism planners and policymakers need to rec-
ognize the differences in perceptions between sociodemo-
graphic segments. In general, long-term residents seem
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to represent a relevant source of information. Therefore,
it would be worth soliciting public comments from this
segment of the local population, who can inform planners
to understand the problems within the community, which
would lead to more compatible and sustainable develop-
ment in the future.

Second, it must be organized and strengthened a part-
nership among local governments, the private sector, and
residents to establish symbiotic relationships towards sus-
tainable development while ensuring the relevant back-
ground on economic, sociocultural, and environmental
dimensions.

The improvement in the perception that the residents
of Pola de Allande and Grandas de Salime currently have
about the environmental, socio-cultural, and economic
sustainability of pilgrimage tourism in their respective
municipalities will depend on: the duration and collateral
effects of the pandemic of the Covid-19 and the will of
policymakers to commit to these eminently rural and high
mountain areas, knowing how to promote, for example,
their modernization and development through the provi-
sion of infrastructures, without forgetting digitization and
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without involving lose neither its environmental ecosys-
tem nor its fundamental cultural essence anchored in his-
tory and traditions that can act as levers for the develop-
ment of the endogenous potential of these localities.
Finally, this research has several limitations. Although
the quantitative approach leads to the generalizability of
the findings and external applicability of the implications,
it may not adequately clarify the deep reasons behind the
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AnHoTauma. O60CHOBaHbI MYTU peaHUMaL MU YyTPAaYeHHOro NOTeHLUMana ropHbiX NpeanpusTMin HA OCHOBE MCMONb30Ba-
HUS HEKOHAMLMOHHOTO Cbipbs A8 MOMYYEHUS METANI0B M TOBAPHOM MPOAYKLUMU. YCTAHOBNEHO, YTO BOCCTAHOB/IEHME MO-
TeHuMana MectopoxaeHnin CagoHCKOro pyAHOro y3na 3aBUCKUT OT OCBOEHMS TEXHOOTUI U3BIEYEHNS METANN0B U3 BefHbIX
pyA M OTX0A0B oboraieHus BbilwlenaymeaHueM. OnpeneneHo, YTo KOHCTPyMpoBaHMe pecypcocbeperatoLmx TeEXHONOrmi
MOXeT 6bITb OCYLLECTB/IEHO HAa OCHOBE pPe3Yy/bTaTOB BbIMOAHEHHbIX UCCIEA0BAHWUIA M OMbITa MPUMEHEHUS MHHOBALLMOHHbIX
cnocoboB nepepaboTkn HegHOro MeTaNIoCoaepKaLlero MMHepPanbHOro Cbipbs.

KnioueBble cnoBa: MectopoxaeHue, noa3eMHas pa3paboTka, TexHonorus, pecypcocbepexeHue, KOHLENLMsS pazpaboTkiu,
BblLLENa4YMBaHUE, Ae3UHTErpaTop.

[ns uutnpoBanus: flonuk B.U. MepcnekTnBHoe HanpaBneHWe BOCCTAHOBNEHMS noTeHumana CagoHa // Yctonumnsoe pas-
BUTUE FrOpHbIX TeppuTopuii. 2022.T. 14, N21. C. 68-75.DO0I: 10.21177/1998-4502-2022-14-1-68-75.

Honyuena pedaxyueii 25.07.2021; nonyuena nocie peyensuu 28.08.2021; npunsma x nevamu 06.09.2021.

Original article

Promising direction of Sadon ‘s potential recovery (RNO-Alania)
Vladimir 1. Golik*?

1Geophysical Institute of Vladikavkaz Scientific Center of the Russian Academy of Sciences, Russia, v.i.golik@mail.ru
ZMoscow Polytechnic University, Moscow, Russia

Abstract. The restoration of the former potential of the deposits of the Sadonsky ore node depends on the success of
extracting metals from poor ores and leaching waste with environmental improvement. The modernization of technology
for the development of existing reserves of deposits is carried out on the basis of the results of the performed research.

Report. The relevance of the work is explained by the need to restore the industrial potential of a large location lost
during the crisis.

The purpose of the work. Substantiation of the possibility of resuscitation of the lost potential of mining enterprises
based on the use of substandard raw materials for the production of metals and commercial products.

Research methods: systematization, generalization and analysis of theoretical and experimental studies performed at
the fields under consideration.

Results. The concept of environmental protection and resource-saving technology for the development of deposits of
the Sadonsky ore belt has been formed. The results of the study of ways to optimize the technology of development of rock
ore deposits are given. The fundamentals of a combined technology for the development of substandard reserves with an
increase in the completeness of the use of mineral resources on a scientific basis are formulated. Recommendations are
given for the design of technologies for underground mining of ore deposits of the type under consideration, optimized
according to the criteria determined by modeling. An assessment of the resource potential of mining and metallurgical
waste and recommendations for the development of the best available technologies for activating the components
of concrete mixtures for the manufacture of goods is given. The results of the study of the processes of extraction of
metals from ores and man-made raw materials, including using mechanochemical technology of extraction of metals
in a disintegrator and combined technologies of processing of non-conditioned ores and waste of their enrichment are
presented.
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BBeneHue

KonmnenTpamusi TOpHOI Macchl Ha 00OTaTHUTEIBHBIX
(haOpukax MeETOJaMU pa3JelieHUs B TSKEIBIX Cpefax,
CyXO#l MarHUTHOW cenapaliuu IMOo3BOJISIET YIaJIUTh YacTh
MIPUMECEH, MOBBICUTEH COACPKAHUE LEHHBIX KOMIIOHEH-
TOB W CHU3WUTH OOBEMBI OTXOZOB, HO HE oOecreunBaeT
0e3oTxoaHOCTH Iepepaborku [1-3].

Mertamoconepkamnue HEKOHAWIMOHHBIE pPyAbl U
XBOCTEHI MepepadOTKU (OPMHUPYIOT B 30HE JACSITEILHOCTH
TOPHBIX MPEANpPUATHI TEeXHOTeHHbIe JaHAmAapTH C TO-
BBIIIEHHBIM YPOBHEM SKOJIOTUYECKUX PUCKOB, TI€ BEKTO-
PBI 3K30MOPGOAMHAMUYECKUX MTPOIIECCOB OMPEAETISIOTCS
napaMeTpaMu HepeMenIeHusT MOOMIBHBIX (ppakimii Me-
TaJUTMYECKUX MUHEPAIOB [4—6].

IToBeneHne TEXHOTEHHBIX CHUCTEM C HEOIHOPOIHBI-
MU TE€TEPOTEHHBIMHU CpefaMr OOBSICHAETCS TeopHen ar-
MOC(hEpHOH ¥ THAPOJIOTHUSCKON JTUCTICPCHUH, C TIO3UIIAN
KOTOPOH, HaIllpuMep, KaracTpoUICCKAN CXOM JICTHUKA
Konka B PCO-Ananus, MOKHO OOBSCHUTL BIIMSIHUEM
TEXHOTEHHOTO SIBJICHHS — TOPHOTO ynapa Ha CaoHCKOM
PYIHHUKE ¢ 00BEMOM MYCTOT 5 MITH. M>, 8 Y4aCTKH MECTO-
POXXICHUS U JIOKE JIEIHUKA CBA3aHBI I'€OJOTHYECKUMU
CTPYKTYpaMH.

Hawnnydimme moCTymHBIC TEXHOIOTUU AOOBIYM H TIe-
pepaboTKH py/ BKIIFOYAIOT B CE0sI: U3BIICUCHHE PY/I C pas-
JIeJICHHEM TOPHOM MacChl Ha Y3KUE NMPUPOAHBIE COpTa C
CEJICKTUBHOM JE€3UHTErpalyeil 1 BCKPhITUEM MUHEPAJIb-
HBIX acCOIMAIUI MyTEeM SHEPTeTHUYECKOTO BO3ACHCTBUS;
MIPIMEHEHHUE A/IEPHO-(PU3NUIECKIX METOJOB KOHTPOIS U
MIPEIBAPUTEIBHOTO O0OTAICHYISI; H3BJICYCHUE TOHKOIH-
CIICPCHBIX YaCTUIl METAJIJIOB C UCITIOJIb30BAHUEM MHTCH-
CUBHBIX allllapaToB M MPOIECCOB; COYETaHUE CIIOCOO0B
o0orameHns W THUAPOMETAJUTYPTHYECKHUX IPOIECCOB;
KOMITIEKCHYIO TIepepabOTKy OTXOJI0B TOPHOTO M 00ora-
THUTEIHHOTO TIePEIEIIOB.

Bompocsl ytunuzanuu 0TX0A0B TOPHO-METAJLTypri-
YEeCKOTO MPOU3BOACTBA CO CHIDKEHHEM JHEPrOEMKOCTH
TEXHOJOTHYECKOTO IMpoliecca MPUTOTOBICHUSI TBEPICIO-
et cMecu (OPMHUPYIOT BXHYIO HAYYHYIO U TIPaKTHYe-
CKylIo 3an1audy [7-9].

PagukanbHOM MeEpoil CHUKEHMSI ONACHOCTH XpaHe-
HUS XBOCTOB TEpEpabOTKU sIBISETCS OS30TXO/MHAS yTH-
JU3aIUs XBOCTOB, TOTOMY YTO TPOYHE MEPOIPHSITHS
HE TOJIBKO HEI()()EKTUBHBI, HO U CO3JAIOT YCJIOBUS IS
Pa3BUTHS HEYTIPABIIIEMbIX CHHEPTETHYECKUX TIPOIIECCOB
[10-13].

Hopelmuii KOMIOHEHT TEXHOJIOTMM — AKTUBALMS
BEICCTBA OONBIION MEXaHUYECKOW IHEPrHeld OCHOBBI-
BaeTCs Ha TOM, YTO YACTHUIIHI BEIIECTBA MPH TOITYICHUN
YAapOB €O CKOPOCTHIO 250 M/c 00peTaroT HOBBIE TEXHO-
JIOTUYECKUE CBOMCTBA. Jle3UMHTErpaTopbl-aKTUBATOPHI
SIBJISIFOTCSI 2JIEMEHTOM TE€XHOJIOTHYECKUX JIMHUH.

KyuHoe BmImenaunBaHie METAIJIOB TPHUMEHSIOT,
yarie BCEro, Kak BO3MOXHOCTH YTHIIM3AIIMU XBOCTOB
copTHUPOBKH | oboramenns. Ha Kazaxcranckom mecTo-
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poxaennn ManbiOaii Gomee 30 ner mepepabarbiBan
XBOCTHI 000TaIleHHsI ypaHOBBIX Py B Kyde oobemMoM 1,5
MJIH. TOHH [1]. B V30ekucrane 3010TO BBIMIEITAYHBAIOT
U3 XBOCTOB IepepaboTKu pyA MECTOpoxaAeHHs: MypyH-
Tay [2].

BelmenaunBanue METaJIIOB C TOBBIIICHHEM aKTHB-
HOCTH pearupymolux BEIIEeCTB IO3BOISET IMOJIy4aTh
MeTaIbl OOJBIIeH YUCTOTHI, YTO UMEET 3HAYCHHE NI
JAJBHEHIIET0 WX HCIIONb30BaHUSI B TEXHOJOIMUYECKUX
npoueccax [14-16].

CxopocTh U HampasieHHe 3K30MOP(OTMHAMUYIECKUX
HPOLIECCOB B TOPHO00BIBAIOILEM PETUOHE ONPENEIISIOT-
csl mapaMeTpamMH IepeMelleHHsT MOOWIBHBIX (paKiui
METAJUTMYECKIX MUHEPAJIOB.

W3BecTHBIC MEpPBI CHI)KEHHMS 3arpsA3HeHUS] MeTalaMU
HE YCTPAHSAIOT KOHTaKTa METAJUIOCOAEPKAIUX OTXONOB
C 3KOCHCTEMaMH OKpY’Karollleil cpeipl, IPUMEPOM Yero
ABJIAETCS 3aXOPOHEHUE XBOCTOB MEPEPA0OTKU YPaHOBBIX
pya MectopoxxaeHu# rpymmnsl «Bucmyt» B OPI, rne npo-
LIECCHI MIPHUPOTHOTO BBIIENAYMBAHUS MPOJOIKAIOTCA U B
MOJ3eMHOM XpaHuutie [3].

Llenb uccnepoBaHus

OO6ocHOBaHHE I11EJIECO00PA3HOCTH U3BJICUCHUS Me-
TaJJIOB U3 HEKOHJUITHOHHOTO CHIPhSl U CHUIKCHUE TEM-
MOB XUMHYECKOTO 3arps3HEHUS] OKPYXKArolleld Cpeibl
MMpOAYKTaMU IMMPUPOAHOIO BhIIICIaYMBaHUA IIYTEM 3aME-
HBI MPOIECCOB HEYIPABIIEMOr0 MPUPOTHOTO BHINIEA-
YUBAHUS TPOIECCAMH C YIPABISICMBIM BBITICTaYHBAHH-
€M B KOHTPOJIUPYEeMOM pabodeM MpOCTPAHCTBE.

MeToabl uccnepoBaHus

AHanu3 TaHHBIX MHOTOJIETHUX MOHUTOPUHTOBBIX UC-
CJIEIOBAHUN COCTOSHUS 3arpsS3HEHHOCTH OOBEKTOB JIesI-
TETBHOCTH JOOBIBAIOMINX U TepepadaThIBAOIINX TPE/-
IIPUATUI U 30POBbs HACECIICHHUS.

HccnegoBanus cocTaBa M CBOMCTB XBOCTOB o0oraiie-
HUS Pyl C UCIIOJIB30BAHUEM U3BECTHBIX METOIMK.

UccnenoBanue mapaMeTpoB BhIIETAUMBAHUS METa-
JIOB W3 PYJ W XBOCTOB OOOTAICHHsI C yCTAaHOBJICHHUEM
AHAJIUTUYECKUX 3aKOHOMEPHOCTEH METOIOM TpEeXMep-
HOI UHTEPIIONIALINH.

OKCHEPUMEHTAIILHOE OTPECIICHUE MapaMeTPOB Me-
XaHOAKTUBAIMK Mpollecca BhIllleNauBaHUs METAIIJIOB U
MIPOYHOCTH OETOHOB HA OCHOBE BTOPUYHBIX XBOCTOB.

OlieHKa BAapUAHTOB TEXHOJOTUH BBIIIETAYUBAHUS ME-
TaJJIOB U3 MUHEPAJILHOTO CHIPbSI METOJIOM MaTeMaTHye-
CKOTO IJIAHUPOBaHUS 10 T1any Benkena—bokca.

OKCHEPUMEHTAIFHOE W3BIICUCHUE METAJUIOB BHIIIE-
JlaYMBaHUEM B JIE3UHTErpaToOpe C MOJIy4YEeHHUEM perpec-
CHOHHBIX YPaBHEHUH U cO3aHNEM (PU3HKO-MaTeMaTHyie-
CKHX MOJEIICH.

JI7sT OIeHKH TEXHOJIOTHH HMCIOJIb30BaHbl TaHHBIE 00
YCIIOBUSIX W TIOKa3arensx pa3pabOTKH IEepBOro dTara
9KCIUTyaTallid MECTOPOXKACHUS, PE3yJAbTaThl AKCIEPU-
MEHTOB M METO]l MPOTHO3UPOBAHUS MEPCIIEKTUB COBEP-
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LICHCTBOBaHMS TEXHOJIOTHH METOJOM 3KCIEPTHBIX OLle-
HOK.

OCHOBHBIM METOJIOM JI0Ka3aTeJIbCTBA SBISIETCS IKC-
NEPUMEHTAIbHOE 000CHOBAaHHE BO3MOXXHOCTH BBILIETIA-
YMBaHUS METAJUIOB U3 MUHEPAJIbHBIX OTXOIOB C HCIIOJIb-
30BaHHeM Je3uHTerparopa JVY-11, M3rotoBieHHOro B
Hentpe [puknagaoit Mexanoxumun «ledect.

Pe3yn bTaTbl UCC/Ie40BaHUA

3arpssHenue pernoHa PCO-AnaHus TSKeIbIMU Me-
TaJJlaMH B pe3ylibTare AeaTeibHOCTH CaJOHCKOTO KOM-
OuHara ABJsIeTCS MPUYMHON METaJI0-HHIYIUPOBaHHON
TOKCHYHOCTH C TeHepanuei 3a0071eBaeMOCTH HaCEIEeHUSL.

HecmoTpst Ha monHOe mpekpaleHne J00bYH pya Ha
pyaaukax CastoHa 3arpsi3HEeHUE TI0YB U BOABI IPOAYKTa-
MU [PUPOIHOTO BHIIEIAYUBAHNS XBOCTOB OOIINM 00B-
eMoM 10 MITH. T MpeBBILIAET AOMYCTUMBIC 3HAYECHUS HA
2 mopsinka. BpenHoe Bo3medcTBHE TSKENBIX METANIOB
Ha OpraHu3M 4eJoBeKa Bo3pacTaeT Ha (poHe rryOoKoro
HomonmedunuTa TaKke OONbLIE TEXHOTCHHOTO IPOMC-
XOXKIEHHSL. YCHIICHHIO TOKCHYECKOTO JICHCTBHS BPEAHBIX
BBIOPOCOB TOPHBIX MPEANPHATUI CIOCOOCTBYIOT OpO-
rpaguuecKkue U KIMMaTHYeCKHe YCIOBHs pernona. Ha
omuH rekrap 3emiaun PCO-AnaHus NpHUXOAWUTCS TOYTH
5000 r cBuHIa, B TO BpeMs, kak B CtaBpomnone — 50, a B
Owmcke —7 . Anarupckuil paiion PCO-Ananus B cpene
JpYTUX paiiOHOB peclyOIMKK 3aHUMAaeT NMEepBOE MECTO
1o O0Ne3HsIM HEPBHOW CHCTEMBI, BTOPOE MECTO — Opra-
HOB JBIXaHHS, TPETHE MECTO — OPTaHOB MHUILEBAPEHHUS.

[Ipobnema XMMHU3ALMH 3KOCHCTEM MOXKET OBITH pe-
IIeHa YTHJIW3alrel MPOMBIIUICHHBIX OTX0A0B. Bee m3-
BECTHBIE TEXHOJOTUHU INEpepabOTKH XBOCTOB oOorarie-
HUS 1 METAJLTYpriu 00s3aTeIbHO 00pa3yloT BTOPUYHBIC
XBOCTBI, CHHMXKasl 3arpsiI3HEHHOCTh, HO HE JIMKBUIUPYS
OIMaCHOCTH B LEJIOM. DTO elie OOJbIIe YCIOKHSIET Aajb-
HEHITYI0 OYMCTKY XBOCTOB OT COJIEH M METAJLIOB.

XBoCTHI oOoramieHusi noauMeTadeckux pya Ca-
JIOHCKMX MECTOPOXIEHHH XapaKTEepU3YIOTCSl COCTaBOM,
%: SiO, — 31.,4; Fe — 4,4; CaO - 1,96, S — 1,88; Ag —
0,015; Cu - 0,18; Mn - 0,015; K,O - 3,5; ALO, - 0,8;
TiO, - 0,03; Zn—0,95; Pb - 0,84.

MeTtonoM TpexMepHOW MHTEPHOIALUH AJISI UCCIEeNO-
BaHMS BIMSHU BbllenaunBanus B TeueHue 0,25 4 ycra-
HOBJICHA aHAJIMTHYECKasi 3aBUCUMOCTb CTEIICHU H3BJIe-
YeHUs! LUHKA M3 XBOCTOB 00OTralieHuss OT mapamMeTpoB
BBIIENAYMBAEMOI0 PACTBOPA, MMEIOIIAsi BHUJ TOJIMHO-
MHAJIBHON MOBEPXHOCTHU (K03 (PUIMEHT JOCTOBEPHOCTH
armpokcumanuu R? = 0,975):

_(23,66-51,63-50 +57,45-SO” +6,45-Cl - CI* +0,04- CI*)

- (1-433-50+8,62-507 —5,12-50° +0,01-Cl)

- (D
rac Zn — U3BJICUCHUE IIMHKA U3 XBOCTOB O60FaH.[CHI/I$I;

SO — xonuenrpauus H,SO, B mysnbrie;
C! — xonuentpanusa NaCl B mynene (puc. 1).
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Puc. 1. V3pneueHue UHKA TIPH H3MEHEHUH TAPAMETPOB
BBIIIE/IAYUBAEMOTO pacTBopa B Teuenue 0,25 u
Fig. 1. Extraction of zinc when changing the parameters
of the leached solution for 0.25 h

W3 puc. 1 cnenyer, 4To NMpu MPOAOIKUTEILHOCTH BbI-
menaunBanus 0,25 4 ymenbiienue konieHTpauu NaCl
¢ 12,5 no 1,5 % (monsa B mynene) npu 0,1 % H, SO, (nons
B ITyJIbIIE) YBEIMUMBAET U3BJIeUeHNE IMHKa ¢ 17 110 43 %;
anpu 0,9 % H,SO, — yBennuuBaeT U3BJI€IEHHUE IMHKA C
37 no 83 %. Yeenmnuenue konuentpauuu H,SO, ¢ 0,1 mo
0,9 % mpu 3nauennn H,SO,, paBnom 1,5 %, npusoaut K
pocty nonu u3BieueHus nunka ¢ 50 mo 83 % (ua 66 %)
¢ o0pazoBaHWEM JIOKaJIbHOTO Makcumyma (63 % Zn) B
nuanasone ot 0,3 1o 0,4 %; a npu 3Hagennun H,SO,, pas-
HOM 12,5%, mipociiexxuBaeTcs CTabUIBLHOCTD Y JOTH U3-
Bredenust nuHka B 17 % (ot 0,1 mo 0,7 % koHIeHTpanuu
NaCl), cMenstromascs pe3kum poctom 110 37 %.

Ecnu BpeMst 6a30BOr0 aruTaliOHHOTO BHIIIETaYHBa-
HUS COCTABIIAET 25 MUH, TO CTEIICHb M3BJICUCHUS IIMHKA
HEPABHOMEPHO YBEJIIMYMBACTCS 1O TIOJTMHOMHUAIILHOM 3a-
BHCHUMOCTH C yMeHbIIeHHeM koHIeHTparu NaCl u yBe-
nunyenreM konuentpauun H SO, B mynbre.

B pesynwrare wcciaenoBaHUN BIMSHHUS BPEMEHH BBI-
menagnBanus 0,625 4 Ha mporece Hali/leHa aHaTUTHIe-
CKasi 3aBUCUMOCTH CTETICHH W3BJICUCHUS IIMHKA U3 XBO-
CTOB oOoramieHus ¢ Ko3()OUIMESHTOM ITOCTOBEPHOCTH
anmpokcumarmu R? 0,988:

(44.43+131,73- 518516+ 5> +72,77-8* ~9.01- C1+039- CI*) )
(1-0,14-5-0,04-CI) - @

Zn =

IIpoexuus nonuHomMuanbHol Qynkuun 4 Ha ock H,SO,~
NaCl anmpokcuMupyeTcst HoMOrpaMmo# (puc. 2).
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Fig. 2. Distribution of the degree of zinc extraction when the
parameters of the leached solution change during 0.625 h

Ecnmn Bpemst armTallmOHHOTO BBIIIEIAYMBAHUAS CO-
CTaBJsIeT 625 MUH, TO WU3BJICUCHHE ITMHKA PAaBHOMEPHO
YBEIMYUBAETCS IO TIOMMHOMHAIBFHOW 3aBUCHMOCTH C
yMeHblIeHueM KoHleHTpanun NaCl u yBenndeHuem
KOHIICHTPAIIUH HZSO , B TIyJIbIIE.

B pesynbrare ucciieoBaHUN BIUSHUS BPEMEHU BbI-
menaguBanus 1 9 Ha 3pPexTHBHOCTS TMpoIecca Haiime-
Ha aHAJINTHYECKas 3aBHCHMOCTH CTEIIEHW W3BIICYCHUS
[IMHKA U3 XBOCTOB 00OTAIEHHsI P TOCTOBEPHOCTH arl-
mpokcuMarn R? = 0,99 (puc. 3).

Zn=2120435176-5 ~7,76-Cl-39385- 5% —0,58-CI’ -
~17.64-S-Cl+5520-5° =0,155-CI* +19.68-5%-.c1 3

3aBUCHMOCTD U3BJICUCHUS IIUHKA OT IIAPaMETPOB pac-
TBOpA IPY BBILIE/IAYMBAHUY B TeueHHE | yaca mpejcTaB-
JIeHa Ha puc. 3.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES

10,5 85 6,5 45 25 15
Konpenrpauna Na Cl, %/ Concentration MNaCl, %%

Konnenrpanus H,SO,, % / Concentration of H,SO,, %

Puc. 3. 13Bneuenne NuHKa IpU U3MECHEHUU NTapaMeTpoOB
pacTBOpa NpH BhIlLEIaYMBAHIU B TeueHUe | yaca
Fig. 3. Extraction of zinc when changing the parameters
of the solution during leaching for 1 hour

[lokazarenu IpOYHOCTH CMECH C LIEMEHTOM IIPH pa3-
JMYHOM BapHaHTe aKTUBAlUK OETOHHBIX CMEcel puBe-
IeHsl B Ta0m. 1.

W3 Tabn. 1 BUAHO, YTO B MPOIECCE BHIIIEIAYNBA-
HUSI METAJUIOB aKTHBALMsI B JE€3UHTErpaTope MOBBILIAET
MPOYHOCTH OETOHHBIX CMECEH.

Ta >xe 3aKOHOMEPHOCTB MTPOCIICKUBACTCS U P U3T0-
TOBJICHWH OECLIEMEHTHBIX CMeceil Ha OCHOBE BTOPHYHBIX
XBOCTOB, KaK B KaU€CTBE 3allOJIHUTENS], TaK U B KAYECTBE
BsDKyIIEro (Tali. 2).

Bogneuenne B Mpou3BOACTBO HEKOHIUIMOHHBIX MU-
HEpaNbHBIX PECYPCOB YMEHbLIAET HEOOXOAUMOCTh Pa3-
BE/IKH M OCBOCHHS HOBBIX MecTopokaeHuil. [Ipu Beioope
TEXHOJIOTUHU BBIIIETAYNBAaHHUS METAJIOB U3 MHHEPaJb-
HOTO CHIPbsSI BApUAHTBHI CPAaBHUBAIOTCS C MCIIOJIb30BAHM-

Tabnuya 1/ Table 1
IIpoyHoCTH CMeCH € IEMEHTOM
Strength of the mixture with cement
IIpounocts, MIla
BapuaHT aKTHBAIMH Strength, MPa,
Activation option BpeMms, ¢ / time, s
7 14 28

ATUTalIMOHHOE BHIIIC/IAYNBAHUEC

e BRI 1.11 1.15 121
Agitation leaching
ATHUTaMOHHOE BBIIIEIAYNBAHIE TOCIEC MEXaHUYECKON aKTHBAIIUH

o : . L 1.17 1.28 1.33
Agitation leaching after mechanical activation
OnHOKpaTHOE BHILIEIaYNBAHUE B JIC3UHTErPaTope

ANOKPATHOS BRI ACSHITCTPATOP 0.67 | 0.75 0.90

Single leaching in the disintegrator
ATrHTalMOHHOE BBIIEIAYMBAaHKE TTOCIIE BHIIEIaYUBAHUS B JIC3UHTETPATOPE

o . L . 0.70 0.75 0.96
Agitation leaching after leaching in the disintegrator
TpexkpaTHOE BBILIEIAYHBAHUE B IC3HHTEIPATOPE

: o .. 1.11 1.18 1.30
Triple leaching in the disintegrator

[Mpumeuanue: cocTaB cMecH, Kr/m>: XBOCThI — 1445, niement —10, Boma — 380.
Note: the composition of the mixture, kg/m?: tails —1445, cement — 10, water — 380.
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Tabnuua 2 / Table 2

IIpouHocTh cMecH 0e3 HeMeHTa
Strength of the mixture without cement

Ipounocts, MIla / Strength, MPa
BapuanT akruBauuu / Activation option Bpewms, ¢ / time, s
7 14 28
ATHUTAIMOHHOE BBIIICIAYHBAHUC
oran - 0.61 0.83 1.00
Agitation leaching
ATHUTAIIMOHHOE BBIIIENIAYMBAHUE TTOCIEC MEXaHUYECKON aKTHBAIIUH
o : . o 0.84 0.94 1.13
Agitation leaching after mechanical activation
OnHOKpaTHOE BHIIIEIa4UBaHUE B JA€3UHTErPaTope
ATOKPATHO® BRI . patop 0.59 0.68 0.79
Single leaching in the disintegrator
ATHTAIMOHHOE BBIIEIAYMBAHKE TTOCIIE BBINIEIAYUBAHUS B IC3HHTETPATOPE
o . L .. 0.65 0.74 0. 81
Agitation leaching after leaching in the disintegrator

[Mpumeuanue: cocTaB cMecH, Kr/m>: XBoCThI — 1445, iement — 10, Boma — 380.
Note: composition of the mixture, kg/m?: tails — 1445, cement — 10, water — 380.

€M MaTeMaTH4YeCcKOTo IJIaHWPOBaHHUs IO MJlaHy BeHke-
Ha-bokca. M3BneueHne MeTauioB U3 pyA HCCIEAyeTCs
B cepusix 1, 2, 3, a uU3BJIEUEHUE U3 XBOCTOB — B CEPUAX
4, 5, 6. Pe3ynbrarsl U3BJICUEHUS METAJUIOB B PacTBOP 1O
cepusiM MPHUBEACHHI B Ta0I. 3.

[Toy4eHHBIE pe3yNbTaThl IO3BOJISIIOT YTBEPKAATh:

1. BelenaunBanyue MeTaIOB MOCIHIE aKTHBALIH ChI-
Pbsl B IC3UHTETPATOPE YBEIMUMBACT U3BJICUCHUE!

— M3 XBOCTOB oforaieHus: o cBuHIy — B 1,4 pasa,
o uuHKy — B 1,1 pasza;

— 13 pyIbL: IO CBUHLYY — B 1,6 pa3a, nmo uuHKy — B 2,1 pasa;

— BbILIENIaYMBaHUE METAJJIOB B A€3UHTErpaTope 00e-
CIEeYMBACT MPUMEPHO TAKOE K€ M3BJICUCHHE, HO AeaeT
3TO CYLIECTBEHHO ObICTpEe.

2. CpaBHMUMOE H3BJICUCHHE METAIJIOB B AC3UHTE-
rpaTope JOCTUTAeTCA B TEUEHHE MEPBBIX CEKyHH, B TO
BpeMsl KaK IPOJODKUTENBHOCTh Pa3esIbHOTO BhIILEa-
YUBaHUs U3MEHsAETCs OT 15 no 60 MuHyT, T.€. Ha 2 MO-
psaka OombIIIe.

3. M3BneueHne MeTaIOB HOBBIIIACTCS C yBEIHMYCHHU-
€M IIMKJIOB MepepadOTKH ChIphsl B paboueM opraHe Je-
3MHTErpaTopa.

[TapameTpsl BbIIIETaYMBAHUS PYA:

— cozepKaHue HZSO 4— 6 r/mM>;

— conepxanune NaCl — 90 r/ mm?;

— COOTHOIIIEHUE KUAKOTO U TBEPJOTO — 7;

— BpeMs BblenaunBanus — 0,625 ;

— CKOpPOCTh BpallleHus poTopoB — 125 I'u.

W3BneyeHne MeTasioB B pacTBOp B 3aBUCUMOCTH OT KOH-
LIEHTPAIX CEPHOM KUCIIOThI HHTEPIPETHUPYETCS PUC. 4.
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Puc. 4. ITapameTpsl U3BJICUEHHUS] METAITIOB CEPHON KUCIOTOM
Fig. 4. Parameters of metal extraction by sulfuric acid

Taonuua 3 / Table 3

Pe3y.]'ll>TaTl>l HU3BJICUYCHUA METAJIJIOB B PacTBOpP

Results of extraction of metals into solution

Cepust Ceunen, % Hunk, %
Series Lead, % Zine, %
Pyna / Ore
1-s 24.71 39.00
2-51 33.86 44.44
3-5 35.70 46.13
XBocTbl odoramenusi / Enrichment Tails
4-5 13.17 10.34
5-51 21.56 21.63
6-51 21.58 21.90
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OdeBHITHO pe3KOe pa3nyhe U3BJICUCHHsI B PacTBOP
cBuHIA (25-28 %) u unaKa (25-80 %) npu paBHOI KOH-
[EHTPAIUH KUCTIOTHI.

[MapameTpsl W3BICYCHUS METAIUIOB XJOPHJIOM Ha-
TPHS UHTEPIIPETUPYIOTCS PHC. 5.

2

50

40

30

V3Bneuenre MeTaa B pacTeop, %
Extraction of metal into solution, %

20520 a0 80 80 100 120 140 160 180
Kouuewrpanus NaCl, rin J NoCl concentration, g/1
Puc. 5. ITapameTpbl U3BIEUEHNS METAIUIOB XJIOPUIOM HAaTpHUs

Fig. 5. Parameters of metal extraction by sodium chloride

W3Bneuenue CBUHIA U LIUHKA B PACTBOP XJIOPHUIOM
HATPUsl XapaKTePH3yeTCsl aCCUMETpHUei TpaduKoB C Iie-
peceueHneM B obnacTu 3HadeHuit 120 r/mm?.

HapaMeTpLI HU3BJICYCHUA MCTAJIZIOB B 3aBHCHMOCTH
OT COOTHOMICHHSA JXUAKOTO XU TBEPAOI0 BCUICCTBA UHTEP-
MpeTUpyoTcs rpad)ukoM Ha pHc. 6.
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Puc. 6. TTapameTpbl U3BICUEHUS METAIIJIOB
B 3aBHCHMOCTH OT COOTHOIIEHHS KHIKOTO M TBEPIOTO
BEILECTBA
Fig. 6. Parameters of metal extraction depending
on the ratio of liquid and solid

COOTHOIIIEHNE KHUIKOTO W TBEPAOTO BEIIECTBA II0-
pa3HOMY BJIHMSET Ha HM3BJIICUCHHUE METAJUIOB B PacTBOP

(puc. 7).
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Fig. 7. Parameters of metal extraction depending on time

BbliiieiaurBatie B A€3MHTETPATOPE YBEITNUMBACT U3BJIC-
YEHHE METAIOB B PACTBOP M COKPAIACT MPOIOIKUTETh-
HOCTh TTepepabOTKH 10 YPOBHS CAHUTAPHBIX TPEOOBAHMIA.

B03MOXHOCTAMU H3BJIEYEHUS] METAIIJIOB M3 MeETall-
JIOCOMEPIKAIIETO ChIPhS PACIIONATAI0T TEXHOJIOTHHU C BbI-
niegaunBaHueM, 00JIacTh MPUMEHEHHUS KOTOPBIX TOKa
OTPaHUYMBAETCSA MPOMOIKUTEILHOCTRIO TMpoIecca U
CIIOKHOCTBIO KOHTPOJIS Tporiecca.

B xo7e 1ab0paTOpHBIX IKCIIEPUMEHTOB H3BJICUCHHUS
MeTa/utoB U3 pyn CalOHCKOTO MECTOPOXKIACHHS BBIIIE-
JAYMBAHUEM B JIC3MHTETPATOPAX MOTYyUEHBI PETPECCHOH-
HBIC YPaBHEHHs BAPUAHTOB BBIIICTAYNBAHHS, KOTOPHIC
MO3BOJIANIN CHOPMYITUPOBATH YHUBEPCATBHYIO (PH3HUKO-
MaTeMaTHYECKYI0 MOCTb.

TexHONMOTHS PAAUKATHHOTO U3BJICUEHHS METAJIIOB U3
METaJUTOCOICPIKANUX OTXOM0B MOXKET OBITh TMOJIOKEHA
B OCHOBY pecypcocOeperaroiiero u npupoI00XpaHHOTO
MPOM3BOICTBA HA TOPHBIX mpeanpusTusx CaaoHa.

Pe3ynbTarsl HCCIe0BaHHs COTIACYIOTCS C BHIBOJAMHE
POCCHIICKHX U 3apYOEKHBIX CIIEIIMATUCTOB B JAHHOM OT-
paciu [17-21].

BbiBoabl

[lepcrieKTUBHBIM ~ HATpPaBICHUEM BOCCTAHOBIICHHUS
yTepsiHHOro noteHnuana CajoHa MOXKET OBITh TEXHO-
JIOTHS BBIIENAYMBAHUS METAIJIOB U3 HEKOHTUIIHOHHOTO
JUIS TPAJUIMOHHBIX TEXHOJOTHU CBHIPbS B IMOJ3EMHBIX
Onoxax, Ky4ax M JIe3HHTETpaTope.

BoccraHoBneHrne TPOU3BOJICTBA Ha JICTIPECCHUBHBIX
NPEANPHUATHUSIX 38 CUST U3BJICUCHUSI METAJIIOB U3 HEKOH-
JUIIMOHHOTO CBHIPbSl U CHIDKCHUE TEMITOB XUMHYECKOTO
3arpsi3HEHHS OKPY)KAIoIIed cpelbl MPOAYKTaMU MPH-
POJIHOTO BBINIEIAYNBAHHS MOXKET OBITh OCYIIECTBICHO
MyTEM 3aMEHbI HEYIPAaBISIEMOr0 MPUPOIHOTO BhINIEa-
YHBAHUS YIPABISEMBIM BhIIICIAYMBAHUEM B KOHTPOIIU-
pyeMoM pabodeM MpOCTPaHCTBE.
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AHHoTauums. [peacTaBneHbl Matepuanbl MHOTOIETHUX UCCIeA0BaHMI (bonee YeM 3a TpUALATb NIET) arpapHbIX TeppuTo-
pYi1 (CENbCKOXO3AMCTBEHHBIX 3eMenb) cyxocTenHon KynyHabl AnTaiickoro kpas, 3aHMMarowmx niowaab 6onee 1,8 maH. ra.
MNpvBenéH MHOrOKOMMNOHEHTHbIM aHaNU3 arpoKIMMaTUYECKMX YCIOBUI (TeMNepaTypa U 0CafKK) KaK OCHOBHOMO 3N1eMEHTa,
BAusoLWero Ha addekTMBHOE nnogopoame. [locpencTeoM naHAWadbTHOro NoAXoAa NPoaHaNM3NMPOBAHA CTPYKTYPa C/IOXKMB-
LIerocs arpapHoro 3emMnenonb3oBaHus B cyxocTenHon KynyHae no MyHUUMNanbHbIM paitoHaM, Npou3BeeHa arpo3Kono-
rmyeckas oLeHka arponaHaladToB (CTPYKTYpbl MOCEBHBIX NAOLWAAel U ceBOOBOPOTOB) M onpeneneHa Ux yCToiM4YMBOCTb.

KnioueBble cnoBa: AnTaiickuii Kpai, cyxoctenHas KynyHaa, ycToiMuMBoe arpapHoe 3eM1enosb3oBaHue, arpokanMaTmye-
CKMWe YyCNoBMA, arpo3KonorMyeckas oLeHka, naHawadTHbIA aHanus, arponaHawadr.
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Agroecological condition assessment of agricultural landscapes
for their sustainability increase
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Abstract. Introduction. Agricultural land use organized in the dry steppe Kulunda of Altai Krai, with an area of more
than 1,8 million hectares, is unsustainable. This is due to many factors, but the main ones are agro-climatic conditions
(temperature and precipitation), as well as anthropogenic elements of landscapes, as a result of the joint manifestation
of which erosion processes develop.

The purpose of the study: to conduct a multicomponent analysis of agricultural lands in the dry steppe Kulunda Altai
Krai to optimize their agro- and geo-ecological state, as well as increase the sustainability of agricultural landscapes.

Research methods: a systematic approach and a comparative geographical method used in the processing of materials
characterizing the qualitative and quantitative indicators of agricultural landscapes and the analysis of zonal physical and
geographical characteristics of the territory. Relationships and mutual influences within anthropogenic landscapes have
been studied using the ecological-landscape approach.

Research results. Over a thirty-year period of monitoring the heat and moisture supply of the territory, it was found
that only 1-2 years per decade are optimal for growing crops (spring wheat), and agricultural land prevails in the structure
of the land fund (seven municipal districts), and their share varies from 47 % to 96 % in Uglovsky and Tabunsky districts,
respectively. Examining the structure of sown areas and crop rotations, it was found that arable land is the most common
agricultural land, it accounts for more than 70 %, pastures — almost 20 %, hayfields and fallow lands - 8,5 %, perennial
plantations - only 0,04%. It was determined that cultivated crop rotations lead to degradation of the soil cover, which occurs
due to active dehumification - the loss of humus reserves in the process of deflation and active mineralization on fallows
and fields with tilled crops. It was calculated that the rate of humus loss on an area of one hectare is 0,24 tons per year.
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Conclusion. The calculations made show that the coefficient of environmental stability is much lower than the threshold,
and a relatively high indicator of environmental stability in the Mikhailovsky and Uglovsky districts was achieved due
to the tape forest and salt lakes located on their territory, which do not have a positive impact on the sustainability of
agricultural areas. Improving the sustainability of agricultural land use is possible with the organization of a grass field
system by changing the structure of sown areas and crop rotations.

Keywords: dry steppe Kulunda in Altai Krai, sustainable agricultural land use, agro-climatic conditions, agroecological

assessment, landscape analysis, agrolandscape.
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BBeneHue

CenbCKOX035IICTBEHHOE 3€MIIETIONIb30BaHUE ABISAETCS
KpaliHe CI0XXHON HEyCTOMYMBOW CHUCTEMOMH, COCTOSILIEH
13 MHO>KECTBA JIEMEHTOB PUPOTHON CPEIbI M AHTPOIO-
TeHHBIX (DaKTOpOB, MPHIAHHE YCTOHYMBOCTH KOTOPBIM
MOCIYXXHUT AJsl peuieHus: npodnemsl e€ 3(h(eKTHBHOTO
¢ynkumonnposanus [1; 2]. OnpeneneHre MeXaHU3MOB,
HalpaBJCHHBIX Ha MOUCK OanaHca MCHONb30BaHUS HKO-
JOTMYECKUX KOMIIEKCOB, MX OXpaHy U IeJieBble IPeo0-
pa3oBaHMs, ABISAETCS OCHOBOW YCTOHYMBOIO pPa3BUTHSA
TEPPUTOPUH B IIEJIOM U CO3JaHHBIX AHTPOIOTEHHBIX
cucTeM — arpojangmadToB, B yacTHOCTH [3; 4]. Arpo-
JaHAmAaQTHl UCIBITHIBAIOT HANOOJIBIIEE aHTPOIIOTEHHOE
BO37EHCTBUE, CEIbCKOXO3SIMCTBEHHAs AEATENBHOCTD Ye-
JIOBEKa 3aTparvBaet JIaHAMA(T B LIEJIOM, IOITOMY MEpPO-
MIPUSTHSA, HAIIPABJICHHBIC HA KOMIIEHCALIUIO HETaTUBHOTO
BO3/IEHCTBUS, TOJDKHBI OBITH CUCTEMHBIMH, CBSI3aHHBIMU
CO BCEMU JIEMEHTAMH €T0 CIArarliMH, a HE C OTIEINb-
HBIMH 4YacTsIMH. B cOBpeMEHHOH arpo- u reo3KoJIoTHn
XOpOIIO OCBEIIEHBl MPUHIUIBI OpraHU3aly U ONTH-
MHU3AIHMH arpO3KOCHUCTEM, OJHAKO HEOOXOIMMO pa3BH-
THE MPAKTHYECKOTO HAMpaBJCHUS MO Treorpaduiyeckum
paiioHaM CTpaHbl ¥ PUPOAHBIM 30HaM [5—12]. Ocoboro
BHUMaHUs TpeOyeT cyxoctenHas KyiayHna Anraiickoro
Kpas ¢ €€ 9KCTpEMaIbHO OCBOEHHOW TEPPUTOPHEN U Kak
CIIEICTBUEC — HEYCTOWYMBHIMU arposiagamadramu [13;
14]. ITosTomy paccMoTpeHHast B paboTe mpoOiema sBis-
€TCsl BECbMa aKTyaJbHON M 3HAYMMOM.

Lienb pa6oTbi

[IpoBeneHre MHOTOKOMIIOHEHTHOI'O aHaJIW3a Cellb-
CKOXO3SIICTBEHHBIX 3eMelnb cyxocTenHoi Kymynasr Aun-
TalCKOTO Kpas JUIsl ONITUMHU3AILUN UX arpo- U Ie03KOoJI0-
THYECKOTO COCTOSIHMSA, @ TaK)Ke MOBBIIIEHUS YCTOWYNBO-
CTH UCKYCCTBEHHBIX JIaHIadToB (arpoianmmadron).

MaTepuan U MeToabl uccnenoBaHnUa

OOBEKT MCCIICIOBAHUS — AHTPOIIOTCHHBIC JTaHAIA(THI
(arponanmmadTel) cyxocrenHod Kymymael Aunrtaiickoro
Kpas. AHaJIUTAYECKAsi OCHOBA HMCCIICIOBAHUS — OTYET-
Hasl JOKyMEHTAIUs 10 KOMILICKCHOMY OOCIICIOBaHUIO
TEPPUTOPHU B PAa3HbIC BPEMEHHbIC JIaTH, MPOBEAEHHOMY

T.14. Ne1(51), 2022 T.

3anagHo-CuOUpPCKUM NPOEKTHBIM HHCTHUTYTOM IO HC-
NIOJIB30BaHMIO 3eMedb. 1Ipu aHamu3e BecbMa pasHooOpas-
HBIX (PU3HKO-TeOrpaUUeCKUX XapaKTEPUCTHK TEPPUTO-
pHH, U3y4EHHH €€ 30HANBHBIX 0COOCHHOCTEN IPUMEHSIIN
cpaBHUTENbHO-Teorpaduueckuii Meron. Ilpu orpaborke
MarepuajIoB, XapaKTePU3YIOINX KayeCTBEHHBIC M KOJH-
YECTBEHHBIC XapaKTEPUCTUKH arpojaHamadToB, HCHIOJb-
30BaJIic CHCTEMHBIM moxxoxa. B3anMmocBsisum U B3auMoOB-
JUSHUS BHYTPU HMCKYCCTBEHHBIX JaHAIIA(TOB HU3y4YEHBI
MOCPEACTBOM HKOJIOrO-JIaHAIIA(PTHOrO MoAXoAa, Hanbo-
Jiee MOAXOAALIETO Ul AHTPOIIOTeHHO OCBOEHHBIX TEpPpPU-
TOpUH.

Pesynbratbl McCnenoBaHus U UX 06CcyxaeHne

Ousnko-reorpapuyeckoe paifoHHpoBaHHE ANTaHCKO-
ro kpas [15; 16] ycranaBnuBaeT NPHHAAIEKHOCTh 00b-
€KTa Halllero MCCleAoBaHusA K Tepputopun KymyHaus-
CKOM MPOBHHIINY, MPOCTUPAIOIIEHCS Ha KpaliHEM 3amajie
Aunraiickoro xpasi 1 yacTuuHo B PecmyOnuke Kazaxcran.
3ananHo-KyayHAWHCKas MOANPOBUHIMNA, BXOAUT B HeE
COCTaBHOM 4acTblo. B cBOIO ouepenb B MOANPOBHHLIMU
BBIJICTICHO TIATH (Pu3MKO-reorpaduueckux paitonos: Ky-
JYHIUHCKO-SIpoBOH (OH OXBaThIBacT IOJIOBHUHY TEppH-
Topun 3amagHo-KymyHauHckol noanpoBuHIMM), Kann-
ckuii, backammckuii, [llammaiicko-Ilecuanobopckuii u
Benparamckuii, 3HaYNTENBHO OTIIMYAIOIINECS 10 Habopy
NPUPOAHBIX 371eMeHTOB. CrenHble JaHAmAadThl MOAIPO-
BUHIIMM OCBOCHBI B ICKYCCTBEHHBIC JTaHAIA(THI CO CTaH-
JapTHOH HMH(PacTPyKTYpoOil, HampaBJIeHHOH Ha olecrie-
YeHHe BHYTPUXO3SHCTBEHHBIX TOTPEOHOCTEH HAaceTIeHHs,
MPOXMUBAIOILETO HA TEPPUTOpUH. | anopuTHO-cTenHBIE U
JIYTOBO-CTEMHBIE MPHUPOIHBIE KOMIUIEKCHI HCIIONIB3YIOTCS
JUIA TIOMy4eHUs] KOpMOB. BaxxHas mo4Bo3aliMTHAs U BO-
JOOXpaHHasl pojb OTBEACHA CTEMHBIM COCHOBBIM Oopam.
Onu oTHECEHHI K | KaTeropu J1ecoB (3aILUTHEBIE).

Hccnemyemast TeppUTOpHsT OTHOCUTCS K YMEPEHHOMY
TI0AICY, XapaKTepU3YIoLasics JUIMTENBEHBIM EPUOAOM IPO-
Mep3aHus (He MeHee IsITh MecsleB). Takas Teroodecie-
YeHHOCTb HaOMIONAaeTcsl B T€UEHUE ToJa MpH ILTIOCOBON
Temmneparype mnousbl. IIpoBenéHHbIE HccienOBaHMA Te-
TUI000ECTICUCHHOCTH TEPPUTOPHH aBTOPAMH HACTOSIIIECH
paboTtsl B Teuenue Tpuauatu jet (1971-2003 rr.) npen-
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Nogol HabnwaeH

Puc. 1. Cymma temneparyp Boie 10 °C 3a mali—aBrycr
Fig. 1. The sum of temperatures above 10 °C for May—August

crasneHsl Ha puc. 1. Cymma Temneparyp Boime 10 °C 3a
Maii—aBryct konebanach ¢ 1820° go 2340° B 1985 u 1999
roZlax COOTBETCTBEHHO. MIHTepBa BapbHPOBAHUS COCTaB-
nsier 520°. BapbupoBaHue BO BPEMEHH HE3HAYUTEIHHOE
[18], kosdduiment Bapuaru MeHbie 10 %.

W3meHeHne TeII000eCeueHHOCTH MIICHUIBI 32
BECh BEreTAIllMOHHBIM MEPHOJ TOMECSYHO (Mali—aBIycT)
C ompenesicHHEM CpeIHEMHOroNeTHel BennuuHsl (1) u
YCIIOBHBIM BBIZICTICHHEM «CYXUX» (2), «3aCyLUINBBIX)
(3), «cpemHnx» (4), «yBIaXXHEHHBIX» (5), «BIAKHBIX»
(6) meT moka3aHo Ha puc. 2.

Takum o00pa3oMm, CyMMa axkTHBHBIX TEMIIEPaTyp,
npesblmaomux 10 °C, HOCTENEeHHO YBETUYMBAETCS
B IIpeZeyiax BEreTalyy OT MSATOTO K CeAbMOMY MECSILY
(Mali—ui0Nb), a B aBryCTe WX aOCONIOTHBIC BEIIMYMHBI
cHIKatoTcsa. Tarke cieqyeT OTMETHTh TEHACHIMIO IO

a 6

700,
6001
500+
4004
3001

2004

YMEHBIICHHIO CyMMBI TEMIIEpaTyp OT CYXHX K YBIax-
HEHHBIM U BIaXKHBIM rofiaM 3a Tpu necstuierus ¢ 2300
1o 1800°. Ora 3aBHCUMOCTE CBsI3aHA C HAKOIUIEHHBIMH B
[IOYBE B pa3HbIE JIard BPEMEHHU 0CaJIKaMHU.
I'mpporepmuueckuii koapduuuent (I'TK) Censuu-
HoBa [ T. ObLI MCITOIBL30BaH HAMU JIS OLIEHKH BJIaroooe-
CIIEYEHHOCTH TEPPUTOPHH. BBISICHUIOCH, YTO €r0 BENH-
YHHA PACTET OT 3aCYNUIMBEHIX K BIAYKHBIM IIEPHONIAM I10
JECSATUIIETUAM HccieoBaHuil. Takke ciemyeT OTMETUTh
MTOBTOPSEMOCTh KOJIMYECTBA MEPUOJIOB C AeUIIMTOM U
npoduruToM Biaru (2—6, cM. puc. 1) 3a mepuon Berera-
LMY 32 TPUAATHICTHUH JIaT, 9TO OTPaKeHO Ha puc. 3.
U3 puc. 3 cnemyert, 9To BO BpeMEHHOM JIare UCCIIe0-
BaHUS KOJIMYECTBO aTMOC(EPHBIX OCAIKOB KOJIeOaIOCh
or 70 MM 10 271 MM B 1997 u 1971 romax cOOTBETCTBEH-
HOo. Pa3max KkojeOaHHs BBINABIIMX OCAIKOB COCTaBHUJI

123456

123456

123456 123456

Puc. 2. CpegaeMHOTOIIETHSISI cyMMa Temmeparyp Boiie 10 °C mo MecsiaM BereTaun
Fig. 2. Average long-term sum of temperatures above 10 °C by months of vegetation
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Puc. 3. KonmuaecTBo 0Ca/ kOB 3a EPUOJ BEreTalliu
Fig. 3. The amount of precipitation during the growing season

oonee 200 mM. B cyxue rompl ocamkoB 3aduKCHpOBa-
HO He Oonee 110—115 MM 3a >KU3HEHHBIA UK SPOBOMH
MIIIeHALB (BEereTamuio), B 3acynuuBeie — 120—-160 MM,
cpennue — 160—-195 MM, yBnaxkuéunele — 195-235 mm u
BIaXKHBIE — Oonee 235 MM — B cpenHeM 172 mMm.

B Tabn. 1 mpexncraBneHsl pacdEéThl BEPOATHOTO TIO-
BTOPEHUS JIeT (B Ipeesiax ASCATHICTKH ), HA OCHOBaHUU
anammza ['TK, ¢ onpenenénnoi Bnaroo6ecre4eHHOCTHIO
3a BEreTaluio sipoBOM mMiieHullbl. Becennuit mecn ca-

MBI BJIAarooOCCIICUEHHbIH, JIETHHE — CyXHe (BEpOsT-
HocTh 40-60 %), OBTOPSEMOCTh CPEJHHX IIEPUOIOB
oueHb penkas u pasHa 10% u MeHbIIIE.

Jns onpenenaeHus: yCTOMYMBOCTU HCCIEAYEMOU Tep-
PHUTOPHH, TOMUMO aHAJIN3a IPUPOAHBIX KOMIIOHEHTOB, B
HallleM ciyYae, arpOKIMMaTHUECKUX PECYpPCOB, CIIENyeT
JaTh OLICHKY BHYTPHUXO3SHCTBEHHON U MEXXO035CTBEH-
HOH opranusanuu uccieayeMoi tepputopu [19].

Crpykrypa 3emens cyxocrenHod KymyHel o kare-

Tabnuua 1/ Table 1

BeposiTHOe moBTOpEHHeE JIET 1O BJIAro0decneyeHHOCTH
Probable repetition of years by moisture supply

BeposiTHoe noBTOpeHHE
CreneHb yBJIa:KHEHUS Likely recurrence
Moisture degree Mai HIOHb HIOJIb aBrycr 3a BEreTaluI0
May June July August For vegetation
Cyxwue / Dry 4 5 4 6 4
3acymumBeie / Rainless — 1 1 - 2
Cpenuue / Medium 1 1 3 2 2
YenaxuéHnusie / Moist 1 1 - 1 1
Bnaxxusie / Wet 4 2 2 1 1
Tabnuya 2 / Table 2
CTpykTypa 3eMellb
Land structure
3emun Teic.ra/ %
Lands Thousand ha / %
Cenbcroxo3aicTBeHHBIC / Agricultural 1285/73
[on nacenénusimMu myukramu / Under the settlements 21/1
3aHATHIC TPOMBIIUIEHHBIME 00BekTamu / Occupied by industrial facilities 10/0.5
OxpaHsIeMbIX TeppuTOpuil 1 006eKTOB / Protected areas and objects -
Ilon mecom / Under the forest 451 /22
IMon Bopoii / Under the water 32/2
3amnaca / Reserve 28/ 1.5
Bcero / Total 1827 /100

T.14. Ne1(51), 2022 T.
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ropusiM npuBeeHa B Tadin. 2. VickyccTBeHHbIe anamad-
ThI WJIN CEJILCKOXO3SIICTBEHHBIE 36MJIM 3aHUMAIOT [T0YTH
75 % nccnenyemoit Teppuropun. bonee 20 % 3aHATHI
JIECHBIMH OOpaMH, KOTOpbIe 00pa3yloT crenuduyeckuit
¢u3nKo-reorpaduuecKuii paiioH, KOTOPBIH KapIUHAIBHO
OTJMYEH OT Apyrux pailonoB 3amaanou Kymynaer [20].
Ot 0,5 10 2 % npuXOAUTCS Ha OCTAJIbHBIE MATh KaTero-
puil 3eMedb.

Hamu onpeneneHsl ceMb MyHHLIMNAIBHBIX pailOHOB
(puc. 4), TEppUTOPUHU KOTOPBIX IO CBOMM XapaKTEPUCTHU-
KaM MOKHO OTHECTH K cyxocTenHoi KymyHze.

Puc. 4. OparmeHT KapTa-cxeMbl AJNTaNCKOTO Kpas U
MECTOHaXOKAEHUE cyXxocTenHoH KymyHabl

Fig. 4. A fragment of a map-scheme of the Altai Krai
and the location of the dry steppe Kulunda

KonnuecTBeHHBIE U KaUECTBEHHBIE XaPaKTEPUCTHKU
3eMenb N0 MyHHUIUIAIUTETaM, CJIAraioluX 3eMeIbHBIN
($oHA TeppUTOPHHU, IPUBEICHBI B Ta0MI. 3.

B crpykType 3emensHOro hoHAa MpeodnagaoT 3eMIn
CEJbCKOX03AHCTBEHHOTO HAa3HAYEHUs, MPHUUEM HUX OIS
Bapbupyet ot 47 1o 96 % B YrmosckoM u TaGyHckoM
pailoHaX COOTBETCTBEHHO. lckmroueHneM cuMTaroTCs
paiionsr (KiroueBckmii, MuxalnoBckui, YTIOBCKUIL),
i€ 3HAYUTENbHbIE TUIOIMIAN 3aHAThl YHUKAJIbHBIM JIEH-
TOYHBIM COCHOBBIM O0opoM. Jlpyrue 3emiu, B 3aBUCMO-
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CTH OT pailoHa, 3aHuMarotT 10 10 % mnomany.

CrnenyrommM >TaroM HallMX HCCIENOBaHWA B Ha-
MIpaBIEHUH ONTHMHU3ANNN W OPTaHU3AIHN YCTOWIHBOTO
arpapHOTO 3eMJICTIONF30BaHMsI CTall KAYeCTBEHHBIH aHa-
JIN3 CEeNbCKOXO3SMCTBEHHBIX 3€Mellb, B CTPYKTYpe KOTO-
PBIX TIPE0OIIaar0T CEIhCKOX03SIMCTBEHHBIE YTOABS — 00-
nee 90 %. ITamHs 3aHMMAaET ABE TPETH, a HA KOPMOBBIE
yTobsi (CEHOKOCHI M macTOuma) npuxoaurcs oomee 20
% OT IUIoLIaAu 3€MENb CEIbXO3HAa3HAYEHHS. 3aIe)KHbBIE
3eMJIU cocTaBIAIOT 4,7 % nnmu 62500 ra no ceMu MyHH-
IUTANTBHEIM palioHaMm. [lanee, mo Mepe yObIBaHUS, YT
IUIOMIA/I, 3aHAThIC JIPEBECHO-KYCTAPHUKOBOW pacTH-
TENBHOCTHIO, BOMHBIMH 00BhEKTaMHU, 00JI0TaMH, 3aCTPOMA-
KO M Joporamu. JTa aHAIUTHYEeCcKas WHGOpMAIHS T0-
Ka3bIBAET, YTO CPEAOCTAOMIU3UPYIOMINX TEPPUTOPHIO
YTOJMA IBHO HEJJOCTATOYHO.

[IpoBenéHHbIN HAMHM KAaYECTBEHHBIN U KOJTUYECTBEH-
HBII aHAJIA3 CTPYKTYPHI arpapHBIX 3eMeJIh 110 OTACTHLHBIM
MYHHIIAIIATHHBIM 00pa30BaHUSM MTOKa3al U3MEHEHHE HX
CTPYKTYpHI C Fora Ha ceBep. B ceBepHOl yacTn 0O0bekTa
WCCIIEJIOBaHUSl 3HAYUTENHHO YMEHBIIAIOTCS IUIOMIAIN
TAIIHA, KOTOpasi 3aMelIaeTcs [PEeBeCHO-KYCTaPHUKOBON
PaCTHTEIHHOCTHIO (JIECHBIE MTOJIOCH) U KOPMOBEIMH YTO-
IbsiMH (Tab. 4).

PaccuuraB 10110 3€MeNb CeIbX03Ha3HAUYEHUS B 3€M-
JIETIONB30BaHUSIX MYHHUIIUIAIBHBIX OOpa30BaHMMA, TIIe
32 OCHOBY B3SUIM CTENEHb MX arpapHOrO OCBOCHUS, MBI
CMOTTI PaHXHUPOBATh TEPPUTOPHH MYHUIIUITAITUTETOB
[0 OHOMY M3 OCHOBHBIX MapKEPOB, YKa3bIBaIOIIUX Ha
WX YCTOWYHMBOCTh. Hamu BEBII€NICHBI TATH PAHTOB II0
CTEIIEHH OCBOCHHUS OT OYCHb CIa00 OCBOCHHBIX (IO
CEJIbCKOXO3SHCTBEHHBIX 3€MeEb OT OOIIEH IIIOIAaN CO-
craBmia MeHee 40 %) 10 OYCHb CHJIBHO OCBOCHHBIX —
IUIOIIAIHAas BEJIMYMHA OCBOEHHUS cocTaBuaa oojee 85 %.

B cootBercTBUM ¢ mpoBen€HHOW Kiaccudukanmeit
VYrnoBckuid 1 MUXaiIIOBCKUI paiioHBI SBISIOTCS cl1abo
OCBOEHHBIMH, KITIOUeBCKHii IToNall B KATETOPUIO CHITHBHO
OCBOEHHBIX, OCTaJIbHBIE — OYEHD CHIILHO OCBOEHHBIX.

Janee ycToitunBOCTh arponanamadTor OyneM ompe-
JIENATH TI0 BUAOBOMY Pa3HOOOPa3HIO arpO3KOCUCTEM, HX
CIIOCOOHOCTH K CaMOBOCCTAaHOBJICHHIO M BOCITPOW3BOJI-
CTBY ILTOJOPOAMS TTOYB — HAOOPOM KYJIBTYP B CEBOO0O-
pore.

Hamu npoananm3upoBaHa CTPYKTypa MOCEBHBIX IIJI0-
maaei no ceMu MyHMLIMNAIBHBIM paiioHaM. [lnomanu,
3aHATHIE CEbCKOXO3HCTBEHHBIMH KYJIBTypaMH, COCTa-
BuIK OT 65 1o moutu 100 %, cpenHsas BenuynHA paBHA
89 %. Ocoboe MecTo B CTPYKType 3aHHUMAIOT 3€PHOBBIC
KyasTypbl — noutu 60 % mnomann. Ha onHoneTHHe Tpa-
Bbl B MalIHE NPUXOAUTCS, B cpeaHeM, okojo 8 %. OHu
SIBIIIIOTCS. OCHOBOM KOPMOBOM 0a3bl B CyXOCTEITHOM
Kymynne. [lnomane, 3aHdTas Mo MpoMamiHele KyibTy-
pHI (TTOJICOTHEYHHK, KapTodenb U KyKypy3a Ha CHIIOC),
[0 MYHUIIMTIAIBHBIM pallOHaM BaphbUPYET B IIMPOKHX
npeaenax: MoAcoNHeyHUK — oT 6 % B Hemeukom Hauum-
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Tabnuua 3 / Table 3
CrpykTypa 3eMesib 0 MyHHIUNAJILHBIM PaiioHaM, ThIC. ra
Land structure by municipal districts, thousand ha
MyHuuunaibHble paioHbI*
3emuin Municival *
I ands unicipal areas
1 2 3 4 5 6 7
CeaberoxossicTBentbie 138 177 171 180 230 160 229
Agricultural
IMox HAaceNEHHBIMU MyHKTAMU ) ) | ) 3 5 6
Under the settlements
3aHATbIC IPOMBINUICHHBIMH 00BEKTAMH <1 ) | ) ) | <1

Occupied by industrial facilities

OxpaHsIeMbIX TEPPUTOPHUI 1 0OBEKTOB
Protected areas and objects

Wx mnomans BapsupyeT no paitonam ot 40 1o 90 ra
Their area varies by region from 40 to 90 hectares

ITon necom
Under the forest 3 2 <! ! 49 126 221
Ioxn Bomoi
Under the water - 1 ! > 8 7 _
3amaca _ 6 <1 3 <1 <1 18
reserve
Beero 143 208 178 198 304 311 484
Total
*[IpuMevaHue: Ha3BaHHE MYHHIUIAIBHBIX PAHOHOB CM. Ha pUC. 4 .
*Note: see the name of the municipal districts in fig. 4.
Tabnuua 4 / Table 4
KauecTBeHHBIIi 1 KOJIMYECTBEHHbIH aHAJIN3 3eMelIb 110 CeJIbCKMM MYHHIIUIAIUTETaM, ThIC. Ia
Qualitative and quantitative analysis of land by rural municipalities, thousand, ha
v CelbcKHE MYHHIIMIIAJUTETHI
Gmm)s Rural municipalities
rounds

1 2 3 4 5 6 7
[TaxoTHbIE
Arable land 123 125 130 139 158 94 98
SaneKHbIe —/~ 12 4 4 2 3 37
Deposit
JlepeBbs U KyCTapHUKU <1 - <1 <1 <1 <1 <1
Perennial plantings
CeHOKOoCHBIE
Hayfield 1 2 9 3 4 16 17
Macrommgse 9 33 23 28 57 40 59
Pasture
ITox mecHBIMEU OTOCAMU
Under the forest lanes 2 3 3 > 4 4 6
ITon Bonmoit —
Under the water <1 ! / <1 <1 <1 >
3aHAThIE 3aCTPOUKON

< < < < < <
Employed in building ! ! ! ! ! ! !
3aHATHIEC 1OpOTaMH
Busy under the roads <1 ! ! ! 2 ! !
3anATEIC O0MOTaMU
< < < <

Employed under the swamps ! ! ! ! 2 ! 7

OHAJILHOM paiioHe 110 25 % B caMOM CEBEpHOM — YTJIOB-
CKOM paiioHe; kaprodenb 3aHuMaeT 10 1 % B CTpyKType
arpapHoro 3eMJIeToNIb30BaHUSI PACCMAaTPUBAEMBIX MY-
HUIMNAJIUTETOB; MIOWAAN, OTBEAEHHBIE 110/ KOPMOBYIO
KYKYpY3Y, BapbUPYIOT OT HECKOJIBKHX COT TeKTapoB IO

T.14. Ne1(51), 2022 T.

HECKOJIBKUX JIECATKOB THICSY, COOTBETCTBEHHO B YIJIOB-
ckoM u Hemeukom paiionax. Ilnomans, 3aHATas mnon
MHOTOJISTHUMH TpaBaMHu KoJeOJeTcs 1o pailoHam OT 2
1o 18 % mamray; 11 % — 310 mapytoias TEppUTOPHUs, YTO
3HAYUTENHbHO HIKE TOPOTOBOTO YPOBHA paBHOro 14—
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16 %. O600mAaroIyM MoKaszaTelieM, XapaKTepU3yoIuM
CTENEHb 3PO3MOHHON OMACHOCTH TEPPUTOPUU — KO-
(UIMEHTOM 5pO3MOHHON OMAaCHOCTH, MOATBEP)KIAETCS
BBICOKas aHTPOIIOTeHHas! Harpy3ka. Ero BenuunHa u3zme-
HsaeTcd B npegenax 0,51-0,66 B 3aBUCUMOCTH OT paiioHa.

CepbE3HOil poOIEMOi A1l UCCIELyeMON TEPPHUTO-
pHH SBISIETCS JeTpaanus OYBeHHOro okposa. [Ipouc-
XOIUT 3TOT NPOLECC 10 IBYM HAIPABICHUIM, @ UIMEHHO,
3a cuéT aKTHUBHOHM NeryMU(HKalUU — YTpaThl 3allacoB
rymyca B npouecce AeIAUuN U aKTUBHOH MHHEPAJIH-
3allMM Ha Tapax U MOJISX, 3aHATHIX MPOIAIIHBIMHU Kyilb-
Typamu. CKOpPOCTh yTparhl FyMyca Ha IJIOMAAN B OIUH
rekrap cocrasiser 0,24 ToHHBI B roa. ['ymycocoOeperato-
mui 3QQeKT nposBIsieTcs B KOPMOBBIX CEBOOOOPOTaX €
npeoOyiafaHueM MHOTOJICTHUX TPaB. 37ech JOCTHraeTcs
HYJIEBOW OajlaHC — MIPUXO[ B IIOYBY PAaBEH BBHIHOCY KyJb-
TypaMu B C€BOOOOPOTE.

s mocTrKeHus MOJIOKUTENBHOro OaaHca rymyca
B cyxocTenHoW KynmyHae — MoBBIIIEHUS] yCTOWYUBOCTH
arpapHoro 3eMJenoib30BaHusl — HEOOXOAUM Tepexol K
TpaBomoJIbHON cucTeMe. B ceBoobopoTax Bcex THUIOB
JIOJDKHO OBITE 3aHATO 55—60 % IuIoIa i MHOTOJIETHUMA
TpaBaMH, YTO 3HAYUTEIHEHO TOBBICUT YPOBEHb SKOJIOTH-
yeckoi 0e30MacHOCTH TePPUTOPHU, YMEHBIIUT Aeiis-
o U aerymudukanvio. [laHHele, MOATBEPKAAIOLINE
3¢ GEeKTUBHOCTD 3THX Mep, IPEICTABICHEI B Ta0II. 5.

W3meHeHne CTPYKTYpbl CeBOOOOpOTa B Hampasiie-
HUM YBEJIMYEHUS JOJM MHOTOJETHUX TpPaB IO3BOJIUT
JIOCTHYh, KaK MUHUMYM, Oe3neduIuTHOr0 OajaHca ry-
Mmyca. Kak mokaspIBaroT Hallk pacu€Thl, yBEIMUCHUS CO-
JepKaHusl TyMyca MOXKHO JOCTHYb B IOYBO3AIIMTHBIX
TPaBSHBIX U 3€PHOTPABAHBIX, & TAKXKE B HEOPOIIAEMBIX
Y OpOLIAEMBIX KOPMOBBIX CEBOOOOPOTaX € BKIIIOUECHHEM
MHOTOJICTHUX TPaB.

B mocnenyromem, pemast 3amady Mo ONTHMH3ALMU
arponasnamadTa, HeOOXOJUMO OCYILIECTBUTh HHTETPAJIb-
HYIO OLIEHKY YCTOMYMBOCTH TI'€OCHCTEMBI, B KOTOPYIO
BKJIIOUCHBI a0MOTHYECKHE U OHOTHYECKHE BIICMEHTHI
nangmadTa. KoadhuueHT 3Kom0rnueckoro cocTosHus
nasgmadTa ABISACTCS OCHOBOH OLCHKH yCTOWYHBOCTH
naHqmadTOB M ONpENeNieTcs] KaK COOTHOIICHHE ILIO-
1IaJeH, 3aHATHIX CTAOUIBHBIM 3JIEMEHTaMH 0 OTHOLIE-
HUIO K HeCcTaOMIbHBIM. CTaOWIBHBIMU 3IEMEHTaMH SIB-
JSIIOTCA Jieca, 3aKa3HUKHM, 3allOBEIHUKH, €CTECTBEHHBIC
KOPMOBBIC YTOJIbsI, TAIIHS C TOJIIMH MHOTOJIETHUX TPaB.
K nectaOunusupyrommM 3J1eMEeHTaM OTHECEHBI TallHs,
nacTOMIa, 3eMJIM, 3aHATBHIE OPOraMH, HACENEHHBIMU
MYHKTaMH, HapyLICHHBIC 3eMJIM U MPOYUE TEPPUTOPHH,
MOABEPTIINECS AaHTPOIIOTEHHOMY Bo3aeicTBuIo. [IpuBe-
IEHHBIE B Ta0J1. 6 MaTepHalibl YKa3bIBalOT HECTAOMIIBHOE
cocrosiHue nanamagdToB cyxoctenHon KymyHas! o my-
HULMIAIBHBIM paiioHaM.

CrnenanHble B HacTosiield padore pacuéThl MOKa-
3BIBAIOT, YTO KOIPPUIHEHT HKOIOTHICCKON CTaOUITb-
HOCTH 3HAaUUTEIBHO HIDKE MOPOTrOBOTO, BEIMYMHA
koToporo coctapisger 0,33. OTHOCUTENBHO BBICOKHI
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MTOKa3aTelb YKOJIOTHIEeCKO cTabunpHOCTH B Muxaii-
JIOBCKOM U YIJIOBCKOM pailoHaX NOCTUTHYT 3a CYET
PACIONIOKEHHBIX HA UX TEPPUTOPHH JIGHTOUHOTO Oopa
u coléHbIXx 03¢p. OMHAKO HA CEIIHCKOXO3SHCTBEHHBIX
YTOAbSX ITUX PaliOHOB cHTyanus Ooyee KpUTHUYECKas,
10 CPAaBHEHUIO C CEBEPHBIMU palilOHAMM 30HBbI. PacTu-
TCJIBbHBIC MOMYIAINH, C(i)OpMI/IpOBaBHII/IeCSI B JICHTOY-
HOM 00py, KapIHHAIHHOTO BIHMSHUS HA CEIIbCKOX035H-
CTBCHHBIC 3€MJIM HE OKa3BIBAIOT, a COJIEHBIE 03€pa 00-
YCIIOBIIMBAIOT Ha HUX COJIEHAKOIUICHHWE U 00pa3oBaHue
COJIOHYAKOB.

3aknyeHue

Arposkoniorudeckasi OlleHKa arpapHbIX TEpPUTOPUIL
(cenbCcKOXO03SMCTBEHHBIX 3eMeNb) cyxocTenHon Kymyn-
Iel AnTaiickoro kpasi mokasasa, 4yTo 3eMJIETIOIb30BaHNe
ABJSIETCS. HEYCTOMYMBBIM. B pe3ynsrare MHOrOKOMIIO-
HEHTHOTO aHaJIN3a arpOKIMMAaTHUECKUX YCIIOBHH BBISIC-
HWIH, YTO MU3MEHEHHE TeIyIo- M BJIAaroo0ecrneyeHHOCTH
CEJIbCKOXO3AHCTBEHHBIX KYJIBTYP BapbUPYET B IIUPOKUX
npezaesnax, YTo OTPaXaeTcsl Ha MPOLYKTUBHOM INIOAOPO-
nuu nouB. Becero 1-2 roga u3 IecSITH SBISIOTCS OITH-
MaJIbHBIMU JUTS BO3JIEJILIBAHUS IPOBOW MIIICHHIIBI.

CepbE3Hoe BIMSHME HA YCTOHYMBOCTD TEPPUTOPHU
OKa3bIBAIOT AHTPOIIOTCHHBIC 3JIEMEHTHI JaHamadgToB —
CTPYKTypa 3€MEeIlb CENbCKOXO3SIMCTBEHHOTO Ha3HAYEHWS,
CEJIbCKOXO3SIICTBEHHBIX YIOAWH, arpoumeHo3oB. B cemu
00c1e10BaHHBIX MYHHLMIIATBHBIX paifiOHax JOJS 3eMeNb
CEITbCKOXO3HCTBEHHOTO Ha3HAYeHUs! BapbupyeT oT 47 10
96 % B YrnoBckoM 1 TaOyHCKOM paiioHaX COOTBETCTBEHHO.

CymiecTByroniass OpraHM3allMOHHAs CTPYKTypa IO-
CEBHBIX IUIOMIAAECH CO3MAET YCIOBUS [UISL Pa3BUTHUS
neduranry 1 He 00ecreunBaeT YCTOWYMBOCTD arpoiaH/i-
madroB. PaccuntanHblii 6amaHc OpraHUYECKOTrO Belle-
CTBa TIOATBEPXKIAET TOT (aKT, YTO arpoiaHamadTHl 3a-
KOHOMEPHO YTPAaTHIM CIOCOOHOCTH BOCIPOW3BOJICTBA
IUTOIOPOAXSL TIOYB, a TaKKe HKOJIOTHUECKOH EMKOCTH
(cTIOCOOHOCTh CaMOBOCCTAaHOBJICHHSI OT BPEAHOTO BO3-
JIEHCTBUS) €CTECTBEHHBIX IIEHO30B. DTO MOATBEPKIACT-
Cs1 yMEHBIIEHHEM NPOAYKTUBHOCTH KOPMOBBIX YTOIUH 1
YBEJIMYEHUEM CTEIEHHM COJIOHIIEBATOCTH U 3aCOJIEHHO-
CTH CeHOKocOB W mactoumi. Ha done »aTx merpamarnu-
OHHBIX NPOLECCOB POUCXOAUT OOMEJIEHHUE, BEICHIXaHHE
BOIHBIX 00BEKTOB (03€pa M 00J0Ta), YTO MPUBOAMUT K
HM3MEHEHUIO IPOIIOPIMH CPEAOCTA0OMIN3UPYIOIINX U Je-
CTaOMIM3UPYIOMINX 3JI€MEHTOB B nanmmadre [21-23].

BbiBoabl

1. TIpoBeneHa arpOsKOIOrHYECKas OLIEHKA CENbCKOXO0-
3SICTBEHHBIX 3eMeb cyxocTenHoi KymyHasl Anraiickoro
Kpasg. MHOTOKOMIIOHEHTHBIN aHaIu3 arpoKIMMaTiyeCcKuX
¥ aHTPOIOTEHHBIX (DaKTOPOB TOKAa3al, YTO TEPPUTOPHUS
SIBIIICTCSL KpailHe HEYCTONYMBOM, HA YTO YKa3bIBAIOT KO-
3¢ GUIUEHTHI aHTPOIIOTSHHOM HArpy3KH, SKOJIOTHYECKON
CTaOMIIEHOCTH, S)PO3HOHHOM OIMaCHOCTH.

2. YCTaHOBIEHO, YTO THUAPOTEPMHUECKHE XapaKTe-
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Tabnuua 5/ Tuble 5

Conep:xanue rymyca U He00X0AUMOCTh BHECEHUS] OPTaHUKH

Humus content and th

e need for organic matter

T'ymye, Opraunuka, T / Organic, t
Tun u BUI ceB00OOpPOTA T/Tra 1 6 Ha 1 ra mosst
Type and type of crop rotation Humus, Ha 1 ra cesoo OPOT,a per 1 ha of
ha per 1 ha of crop rotation field
HouBo3amurtHble / Soil protection
TpassHo#t (6 moneit)
+ — —
Herbal (6 fields) 2.59
3epHOMapOTPaBsIHOM € MOJOCHBIM pPa3MEIICHUEM KyabTyp (5 moneit) +0.10 3 3
Grain fallow with strip placement of crops (5 fields) )
Honaeswie / Campestral
3epHONapoBoii (4 mosis) B
Grain fallow (4 fields) 2.4 24 6.0
3epHomnapoBoii (6 moneit) B
Grain fallow (6 fields) 25 23 4.2
3epHOMaponponanIHoi ¢ 6060BEIMHU KyIbTypaMH (6-110JIeH) 53 23 47
Grain fallow with legumes (6 fields) ) )
3epHomapoBoi (5 moneit) B
Grain fallow (5 fields) 3.4 34 6.9
3epHOnaponponantHoi (4 moss) 35 35 3.7
Row grain fallow (4 fields) ) )
Heopomaembie kopmoBsbie / Non-irrigated fodder
KopmoBgoii ¢ nonurkoMm (3 o) 403 3 3
Stern with sweet clover (3 fields) )
KopmoBoii (7 momneit), B T.4. 4 roga MHOTOJIETHHE TPABBI 0 B B
Stern (7 fields), incl. 4 years perennial herbs
Kopwmogoii (2 monst) / Stern (2 fields) -1.60 16 8.0
Opomaembie npudepmckue / Irrigated near-farm
KopmoBoii (5 moneit), B T.4. 3 rosa MHOTOJIETHUE TPaBBI +1.50 3 3
Stern (5 fields), incl. 3 years perennial herbs '
Kopmogoii (2 most) 3
Stern (2 fields) 1.3 13 6.5
KopmoBoii (3 most)
Stern (3 fields) 27 27 9.0
Tabauua 6 / Table 6
YeroituuBocth arpoJianamadgros

Sustainability of agricultural landscapes

. CelbcKHE MYHHIIMTIAJIHTETHI .
IMoka3aTe/in yCTOHYMBOCTH R ITo cyxocrennoii Kyaynae
SRS g Rural municipalities
Sustainability indicators Along the dry steppe Kulunda
1 2 3 4 5 6 7
K /K, 0.16 | 0.23 0.21 0.21 022 | 036 | 0.37 0.24
K, /K, 3.87 | 3.51 3.72 | 3.53 326 | 2.82 | 2.81 3.36
K /K, 0.52 | 0.58 0.52 | 0.53 0.60 | 054 | 0.67 0.57
K, /K, 0.15 | 026 | 0.19 | 0.17 | 0.33 1.13 1.88 0.59

[Mpumeuanne: K — xodpdumment skomorudeckodl crabunbHoctd; K =~ — K0d()dHUMEHT aHTPONOreHHOH HarpysKH;
K,, — xoopdunmenT 3po3nonHoi onacHocTH; K — KodpdHUIMEHT COCTOAHUS TaHAmadTa.
Note: K, — coefficient of ecological stability; K , — coefficient of anthropogenic load; K, — erosion hazard coefficient;

K ,— coefficient of the state of the landscape.

PHUCTHKH MOBTOPSIIOTCS B TPUALATHIICTHEM JIare 10 Aecs-
THJIETUSIM U SIBJISIFOTCSI OCHOBHBIMU (DaKTOPaMH, BIHUSIO-
myMH Ha 3QQEeKTUBHOE MIOAOPOANE, a CYIIECTBYIOLIAs
OpraHu3alMOHHAs CTPYKTypa MOCEBHBIX IUIOMIAAeH CIo-

T.14. Ne1(51), 2022 T.

COOCTBYET Pa3BUTHIO TC(IISAIINM.

3. OmpeneneHo, YTO MOJOKUTENBHOIO OanaHca rymy-
ca MOXKHO JIOCTHYb B Pa3HbIX MyHUIIMIAIBHBIX pailoHax
30HBI IOCPEJICTBOM BapPbUPOBAHUSI CTPYKTYPHI TOCEBHBIX
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TUIOLIAaJel U CeBOOOOPOTOB, YTO MOJIOKUTEIBHO CKaXKET-
Csl Ha yCTOMYMBOCTHU arponaHmadgToB.

PesynbraTel McClenOBaHUN MOTYT OBITH HCIIOJIb-
30BaHbl OpraHaMU YIPaBJICHHUsS MPH JOJITOCPOYHOM
IUTAHUPOBAHUHU M YIPABICHUU 3€MEIbHBIMH pecypca-
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PaspaboTka TexHo0rMn KOMMIEKCHOM nepepaboTKu WAakos
31aTOyCTOBCKOro MeTanypru4eckoro 3aBoaa
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AHHoOTaums. lNpuBeaeHbl UccnensoBaHMS MO M3ydeHUto oboratMMocTM MeTannypruyeckux wnakos 000 «3nartoycTos-
CKOro MeTalypruyeckoro 3aBoga». YCTaHOB/IEHO, YTO 3epHaMEeTal/IMYECKOrO HUKENS B LUIAKaxX COCTaBAseT MeHee 1 MMm.
OnpepeneHo, 4TO ANS BblAENEHUS MAarHUTHOrO NPOAYKTA M3 Waka 3hGHEKTUBHO NPUMEHATL cenapauuio Ha 6apabaHHOM
cenapatope ans kpynHoctu 100-40 MM 1 cemapaumio BO B3BeWeEHHOM COCTOsiHMM Ans KpynHoctn 40-0 mM. BoiseneHo,
4TO AN9 U3BNIEYEHUS HUKENBCOAEPXKALLEro KOHLeHTpaTa 3@ deKTMBHO NPUMeHSTb LLeHTpobexHbIN KoHLeHTpaTop. B pabote
npepcTaBneHa cxema nepepabotku wnakos 000 «3n1aToyCTOBCKOro MeTanypruyeckoro 3aBoAa» no3Bonswas nony4atb
NpOoAYKTbl, yAOBNETBOPSIOLLME TpebOBaHUIM MeTanypruyeckoro nepeaena.

KnioueBble cnoBa: MeTannypruyeckuii Wwnak, oboraweHne, HUKeNb, MarHMTHas cenapauus, KOHLEHTPALMOHHbBIN CTON,
LLeHTPOBeXHbI KOHLLeHTpaTop.
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Original article

Development of technology for slags integrated processing
at Zlatoust steel mill

Olga P. Shavakyleva'l<, Natalia A. Sedinkina?, Natalia V. Gmyzina!, Leonid V. Kosarev?

Magnitogorsk State Technical University named after G.I. Nosov, Magnitogorsk, Russia, shavakylevao@yandex.rub<
ITechnical Institute (branch) of North-Eastern Federal University named after M. K. Ammosov, Neryungri, Russia
Abstract. Introduction. Currently, many metallurgical companies in Russia are experiencing difficulties with the supply of
raw materials. One of the solutions to this problem is the involvement in the reuse of secondary resources that are formed in
metallurgical processing. So there are more than 15 million tons of them on the territory of Zlatoust steel Mill. The development

of metallurgical slag processing technology will partially solve the problem of the company’s own raw material base.

Methodology. To develop an effective technology for complex processing of metallurgical slags of Zlatoust steel Mill
four samples were taken from various sections of slag dumps.

Research results and discussion. The work studied the chemical and mineralogical composition of samples, conducted
studies on the enrichment of slags. To study the enrichment of metallurgical slags by the magnetic enrichment method,
studies have been carried out, including separation of material with a size of -100 +40 mm on a drum separator and
material with a size of -40+0 mm on a separator in a suspended state. The results show that products made of a material
with a size of -100+40 mm meet the requirements for direct use in blast furnace production. and products obtained from
a size class of -40+0 mm meet the requirements of agglomeration production. The chemical analysis of the obtained
products after magnetic separation in a suspended state indicates significant nickel content in the magnetic separation
tails of the sample with a size of -40+0 mm. The study of the microstructure of the sample showed that the size of
nickel inclusions is on average 1 mm. In this work studies have been carried out on the grinding of tails to a size of less
than 1 mm and enrichment on gravity apparatuses. Studies comparing the results of metallurgical slag enrichment on
a concentration table and a centrifugal concentrator have shown significantly higher efficiency of slag separation on a
centrifugal concentrator.

Conclusions.The obtained results on the enrichment of metallurgical slags ofZlatoust steel Mill allows us to recommend
a comprehensive processing technology. As a result of enrichment the following products are obtained: magnetic product

© O.1. Waeakynesa, H. A. CeanHkuHa, H. B. TMbI3uHa, J1. B.Kocapes, 2022.
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1 with a mass fraction of iron 88.4% when extracting 35.2%. magnetic product 2 with a mass fraction of iron 42.7% when
extracting 12.4% and nickel-containing concentrate with a mass fraction of nickel 4.85% when extracting 67.9%.
Keywords: metallurgical slag, ore dressing, nickel, magnetic separation, concentration table, centrifugal concentrator.

For citation: Shavakuleva O.P, Sedinkina N.A., Gmyzina N.V., Kosarev LV. Development of technology for slags inte-
grated processing at Zlatoust steel mill. Sustainable Development of Mountain Territories. 2022;14(1):87-95. (In Russ.). DOI:
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BBepeHue

OcHOBHOI 3ajayeid, cTosmied mepen TropHO-oOora-
TUTENBHBIMH TIPEANPHUITUAMH, SIBIAETCS KOMIUIEKCHOE
WCTIOJIb30BAHUE HE TOJIBKO MHHEPAIBHOTO CBIPbS, HO U
TEXHOTEHHOT0, K KOTOPOMY OTHOCSTCSI, B YACTHOCTH, Me-
TaJTypru4ecKue UIaky.

B Hacrosiiee Bpemst MHOTMe METaJLTy prudecKre KoMIa-
HUM PoccuM HCTIBITHIBAIOT TPYAHOCTH C TOCTABKAMU CHIPBSI
n olecrieueHHEM KOHIIEHTpaTaMH TpeOyeMOoro KayecTBa
U 1o npuemsieMoi neHe. OOHUM U3 BapUAHTOB PELLIEHUS
9TOH MPOOJIEMBI SBISETCSI BOBJICYEHHE B MOBTOPHOE HC-
TIOJIB30BaHUE BTOPUYHBIX PECYPCOB, KOTOPbIE 00pa3yloTcs
B METaJUTyprudeckoM nepenene. [Ipaktnaecku Ha Bcex Me-
TALTYPrIYeCKUX MPEANPUATAIX MUMEIOTCS 3HAYUTENbHBIC
OTBaJIbl METAJUTYPrMYECKUX NUIAKOB [1-7], HanmpuMep Ha
tepputopur OO0 «31aTO0yCTOBCKOTO METAILTYPrUYECKOrO
3aBOJIa» MX CKOMMIOCh Oomnee 15 mua T [8—10].

TexHonoruu nepepadoTKH METALTYPrHYeCKUX Iijia-
KOB JIOJDKHBI OBITH 3()()EeKTUBHBIMHU, YKOJOTHUECKU Ma-
JIOOIIACHBIMHU M SKOHOMUYECKH OIpaBJIaHHBIMHU.

JlurepaTypHbplli aHaNM3 TOKa3ad, 4ToO HauOoJbliee
pacnpoCTpaHEHHE B MHUPOBOM MPAKTUKE MOJYYHII Mar-
HUTHBIA MeTOJ] oOorameHus, KOTOPbIi AaeT BO3MOXK-
HOCTBH O0Oramarh KpyrnHOKYCKOBBIH Matepuan [11-13].
Merozn o0nanaeT BBHICOKOH MPOM3BOAUTENBHOCTHIO, 00-
Jiee JIETKON peryaupoBKOM Mpolecca U SIBISIETCS 3KOJIO-
TMUYECKH MaJIO OMAaCHBIM.

IIpoBeneHHbIE paHee UCCIIEAOBAaHUS MOKa3ald, 4YTO
B TOHKMX Kjiaccax nuakoB OOO «31aToyCTOBCKOTO Me-
TaJUTyprUYecKOro 3aBOAa» COAECPKUTCA 3HAYUTEIBHOE
KOJIMYECTBO HUKEJS, KOTOPBIH SBISETCSI HEMarHUTHBIM.
Pa3Huna B MIOTHOCTH HUKENS U JKeJe3a Mpeonpeaess-
€T BO3MOXXHOCTh BBIJICIICHNS HUKENS TPaBUTALMOHHBIM
MeTonoM. HemocTarkaMu rpaBUTAIlMOHHBIX MPOLIECCOB

Y IPUMEHSEMOTO 000pY/IOBaHUSI B HUAX SIBIISIETCS HU3Kas
3¢ (EeKTUBHOCTh pa3/ieNieHus] MEJIKUX 3epeH, MPH TOM
CUMTAETCS, YTO ITyOMHA pa3/eleHHus COCTABISET OKOJIO
100 mxM. bonee Menkue yacTHULIBI PA3AEIAIOTCS MII0XO.
[IpuMmeHeHne BUHTOBBIX aIlapaToB, KOHYCHBIX U CTPYH-
HBIX CENapaTopoB UMEIOT HEBBICOKYIO 3((EKTUBHOCTE.
[loaTomy B mociemaHwe TOABI AJSl Pa3leNeHnsT TOHKHUX
YaCTHIl UCTIOIB3YIOTCSA EHTPOOEIKHBIE KOHIIEHTPATOPHI
[14-16].

Llenb uccnenoBanuii

P a3pa60TKa TEXHOJIOTUH KOMILICKCHOM nepepa60TI<I/1
11JIaKOB 3J'IaTOYCTOBCKOI‘O MCTAJUTYyPTHUYCCKOI'0 3aBOAA.

MeToauka uccnenoBsaHum

Hnst pazpabotkn 3 PeKTUBHON TEXHOJIOTHH KOM-
IUICKCHON Tepepa0doTKH METa/UTyPrHueCKUX IIIaKOB
O0OO «31aToycTOBCKOTO METAJUTYyPTUYECKOTO 3aBOMA»
ObUTH OTOOPAHBI YETHIPE MPOOBI C PA3JIMYHBIX YYACTKOB
[IJIAKOOTBAJIOB.

B pabore n3yueH cocTaB U CBOMCTBA IIUIAKOB, & TAKKE
pacrpe/esicHie HUKeNIs U xKese3a 0 KilaccaM KPYITHOCTH.
XumHuuecKuit cocTas po0 MpeacTaBieH B Taoi. 1.

[auusie, npuBeAcHHBIC B Ta0I. 1, MOKA3BIBAIOT, YTO
COCTaB IIUTAKOB PE3KO OTJIMYAETCS, U B TIEPBYIO OYEPElb,
T10 JKeJie3y ¥ HUKelt0. MaccoBast JI0JIs JKelie3a U3MEHSICT-
cs ot 17,81 no 24,81 %, a mukeins — ot 0,24 no 0,46 %.

Pesynbrathbl uccnepoBaHMi

[t BBIICHEHHSI pacpeIeIICHIsI HUKEIIS U JKeJie3a T1o
KJjlaccaM KpYIHOCTH C I1eJibi0 0ojiee 3(h(heKTUBHOTO UX
oborarieHus BBITIOIIHEH CUTOBBIA aHAJIN3 MPOO0 IIIAKOB
C OIpe/eNiCHHEM pacIpeiesieHus JKelle3a U HUKEIS 110
KJlaccaM KpYTHOCTH. Pe3yisraTsl IpuBeIeHb! B Ta0. 2.

Taonuua 1/ Table 1

XUMHYECKHIi COCTAB P06 METALIYPrUYeCKUX ILIAKOB
Chemical composition of metallurgical slag sample

Homep npo6b1 Macconaﬂ.noml
Sample Mass fraction, %
number Fe Ca0O MgO SiO, ALO, TiO, Cr Ni S P
1 17.81 26.18 9.14 19.89 7.93 0.38 0.88 0.24 0.08 0.02
2 21.37 21.13 5.24 26.31 9.38 0.42 0.94 0.28 0.12 0.04
3 20.77 19.95 5.14 28.74 8.47 0.29 0.83 0.38 0.05 0.02
4 24 .81 18.34 6.28 24 .35 6.95 0.5 0.97 0.46 0.06 0.03
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Tabnuua 2 / Tuble?2

Pacnpenenenue skejie3a 1 HUKeJIS M0 KJIaccaM KPYMHOCTH B H3y4aeMbIX MP00axX MeTAJIyPruyecKux IIIAKOB
Distribution of iron and nickel by size classes in the studied metallurgical slag samples

Homep npo0sI Kaace xkpynnoctn, Mm Beixon Macconas u.o Jm’o % . 'Pac.rlpene.neﬂne 0
Sample number Coarseness class, mm Yield, % Mass fraction, A Distribution ofelemer.zts, %

Fe N1 Fe N1

+12 12.41 12.47 0.03 8.41 2.08

-12+8 19.59 20.04 0.21 21.32 23.11

843 32.26 21.41 0.17 375 30.80

1 341 20.04 17.52 0.25 1.05 28.14
-140 15.70 16.11 0.18 13.72 15.87

Hexonusti MatepHas 100 18.43 0.18 100 100

Source material

+12 27.3 16.72 0.12 22.19 11.26

1248 16.23 22.98 0.39 18.15 21.77

843 24.07 2321 0.48 272 39.73

2 341 20.29 18.42 0.11 18.2 7.67
-140 12.11 24.18 0.47 14.26 19.57

Hcg‘zjf:elzl‘;?:fgl‘a” 100 20.55 0.29 100 100

+12 23.18 13.82 0.27 16.04 13.96

1248 11.14 25.42 0.51 14.19 12.66

843 19.61 24.81 0.67 24.41 293

3 341 26.05 19.27 0.39 25.16 22.66
-140 20.02 20.14 0.48 20.2 21.42

Hcfs‘gjf;ﬁ‘;‘;‘zf%“ 100 19.95 0.45 100 100

+12 28.4 18.13 0.34 21.48 17.69

“12+8 11.07 26.19 0.49 12.09 9.94

843 27.21 27.96 0.62 31.73 30.91

4 341 28.19 25.45 0.71 29.9 36.36
-140 5.13 22.35 0.51 4.8 4.79

Hcg‘gjfjgn“;‘;‘:fggan 100 23.98 0.55 100 100

Pesynbrathl, mpuBeIcHHBIE B Ta0I. 2, CBUICTEIILCTBY-
IOT O TOM, YTO HAUMEHBIIYI0 MAaCCOBYIO JIONIO Xkele3a U
HMKEIII UMEeeT Ki1acc +12 Mm.

Jisa ompeseneHus BbIXOAAa MArHUTHBIX (Dpakiuil u
1enecoo0pa3HOCTH YMEHBIICHHUS UX KPYIMTHOCTH BBIMOJ-
HEH MarHWTHBIA aHanu3 BceX npob. Pesymbrarer mpen-
CTaBIICHBI B Ta01. 3.

[IpuBenenuble AaHHbIe (TaOn. 3) MOKA3BIBAIOT Ha-
JINYUE CBSI3U MEXAY BBIXOJOM MarHUTHOTO MPOAYKTa U
MaccoBOH 1oy kene3a B mpobe. Hambonbimii BHIXOMT
MarHuTHoro npoaykra 17,88 % momydeH B ciayuae mpo-
Ob1 4, a Haumenbinuit 9,12 % — B mpobe 1. Jousmens-
YEHHUE IUIAKOB 0 KpynHocTH -0,5+0 MM aeT JOMONIHU-
TEJIHHBIN BBIXOJl MATHUTHOTO MPOYKTA.

Juis m3yueHuss 00OTaTHMOCTH METAJLTypPTHUECKUAX
nutakoB OO0 «37aTOyCTOBCKOTO METaJLTypru4eCcKoro
3aBO/Ia» MAarHUTHBIM METOJIOM OOOTAIICHHUS IMPOBEICHBI
WCCIICJIOBaHUS, BKJIFOUAIOIINE B Ce0s Cemapanuio Mare-
puana kpynHocThio -100+40 MM Ha GapabaHHOM cemapa-

T.14. Ne1(51), 2022 T.

TOpe, U MaTepuana KpynHoctero -40+0 MM ¢ UCHOIB30-
BaHUEM CeMapaly BO B3BEIICHHOM cocTosiHuu [17-20].

Pe3ynbraTel MarHUTHOTO aHalld3a METaJTypruye-
CKHUX IIUTAKOB MPUBENICHBI B TA0. 4.

[pencraBnennbie nanHbIe (TA0M. 4) TOKA3BIBAIOT, YTO
HauOOIIbIIas MaccoBas JIOJS XkKelle3a B Kilacce KPYITHO-
cte -100+40 MM momyuyeHa Ass mpoObl 3 ¥ COCTaBIAET
90,1 % npu uzBneuenuu 40,1 %, a HaMMeHbILIAas Macco-
Bas JIOJIS kere3a Juist mpoOsl 1 cocrasister 81,7 % mpu
u3BnedeHuu 33 %. [lonydyeHHsle TPOAYKTHI YIOBIETBO-
PAIOT TPeOOBAHUSAM ISl HEOCPEICTBEHHOTO UCTIOIB30-
BaHHUA B JOMEHHOM IIPOU3BOACTBE.

Jns xpymHocTH Marepuana -40+0 MM HamOonbas
MaccoBasi JoJs kenesza cocrasiser 47,8 % mnpu usBie-
yenun 20 % B cmyyae npoOsl 3 u HauMeHbas — 40,5%
— npu u3Bneuennu 23,4 % g npoOsr 1. IomyueHnsie
MPOAYKTHI YIOBIETBOPSIOT TPeOOBAHMUSAM ariioMepalim-
OHHOTO MTPOU3BOJICTBA.

[IpoBeaeHHBIN XUMUYECKUI aHATTN3 TOTyYEHHBIX TIPO-
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Tabnuua 3 / Table 3

Pe3ysibTaThl MATHUTHOTO AHAJIN32 MPOO METAUIYPrU4eCKHX HIAKOB
Results of magnetic analysis of metallurgical slag samples

JlonmoJTHUTEIbHBIH BHIX0J MATHUTHOTO
Brixon, % NMPOAYKTA NPH IPOOTEHAH U H3MeTbYeHUH
Homep Knacc Yield % 10 KPYIIHOCTH, MM
MpoobI KPYIHOCTH, MM ’ Addition alyield of magnetic product during
Sample Coarseness class, crushing and grinding to size, mm
number mm Kuace MaruuTHbI|
KPYIHOCTH NPOAYKT -10+0 -5+0 -2+0 -0,5+0
Coarseness class | Magnetic product
+10 27.66 5.62 0.73 1.82 1.89 1.31
-10+5 23.62 8.59 - 2.95 2.48 1.17
1 -542 24.6 10.15 - - 3.85 0.72
-24+0 24.12 4.99 - - - 0.68
HUroro
Total 100 9.12
+10 20.44 14.35 4.8 3.43 2.14 1.08
-10+5 16.48 15.38 - 4.48 3.99 2.18
) -542 20.68 17.3 - - 9.86 3.51
-2+0 42.4 11.68 - - - 1.21
Uroro
Total 100 14.0
+10 26.4 8.53 3.47 1.92 2.03 0.91
-10+5 13.96 13.89 - 2.3 2.45 1.48
3 -54+2 18.64 17.59 - - 4.78 1.58
-24+0 41.0 11.71 - - - 2.34
Hroro
Total 100 13.5
+10 11.6 18.86 2.07 1.38 4.88 0.92
-10+5 15.4 18.06 - 1.22 5.56 1.39
4 -54+2 28.8 13.56 - - 5.11 1.79
-2+0 442 20.38 - - - 1.75
Hroro
Total 100 17.88

JIYKTOB [IOCJIE MAaTHUTHOMH Cenapaliyiy BO B3BELLICHHOM CO-
CTOSIHUM CBUAETEIBCTBYET O 3HAYUTEIBHOM COZEPKaHHU
HHUKENA B XBOCTaX MarHUTHOH cemapanuu mpoObl KpyI-
HOCTBIO -40+0 MM. M3ydeHne MUKPOCTPYKTYPBHI MPOOBI
MOKa3aJI0, YTO pa3Mep BKpAIUICHUH HUKENsSl COCTaBIIET
B cpenHeM | MM. M3yueHne o00raTiMOCTH XBOCTOB Mar-
HHUTHOH Cernapanyy BO B3BELICHHOM COCTOSHUM ITPOBOIM-
JIOCh Ha FPaBUTALMOHHBIX allapaTax.

Pesynbrarel mepepaboTKH METaUTyprHYeCKUX Iija-
KOB Ha KOHIICHTPALIMOHHOM CTOJIE U IEHTPOOEKHOM KOH-
LEHTPATOpe NpeACTaBICHBI B TAa0MI. 5.

ITpuBeneHHbIe pe3yabTaThl CBUACTENBCTBYIOT O 3HAUH-
TeNBHO OoJiee BBICOKON 3(deKTHBHOCTH pas3ienieHus] Ha
LHEHTPOOEKHOM KoHIIeHTpartope. [Ipu pazaenenun mpo-
ObI 1 U3BIECUECHNE HUKEIIS B TSOKENYIO (PPAKLIUIO COCTAaBH-
110 29,9 % Ha KOHUEHTpalMOHHOM ctoje U 69,17 % — Ha
LHEHTPOOEKHOM KOHLIEHTpaTope. MaccoBast 10J1s1 HUKEINs
B KOHLIEHTpAaTe U3MEHSETCS B Tuanas3oHe oT 3,2 10 6,3 %.

INomy4eHHbIE pe3yabTaThl IO 000raTUMOCTH METAILTYP-
rndecknx nuakoB OO0 «31aToyCcTOBCKOTO METAILTy pride-

920

CKOTO 3aBOJIa» TO3BOJISIFOT PEKOMEH/IOBATh KOMILIEKCHYIO
TEXHOJIOTHIO TepepabOoTKH, MPECTaBICHHYIO Ha PHCYHKE.

JlaHHas TeXHOIOTUYECKast cXeMa MO3BOJISIET MOTYIHTh
MarHMTHBIM PoAyKT 1 ¢ MaccoBoi Agonei xene3a 88,4 %
IIPH U3BJICUCHHN XKene3a 35,2 %, MarHUTHBIN MPOIYKT 2
¢ MaccoBOU noneit xxenesa 42,7 % npu U3BICUCHUU JKele-
3a 12,4 % u HuKenbconep KA KOHIEHTPaT ¢ MacCOBOM
noneit nukens 4,85 % npu uzpneuenuu 67,9 %.

3aknoueHue

Pemaromee 3HaueHre Ha IOKa3aTeIH OOOTAILICHUS Me-
Tannyprudeckux nutakoB OOO «31aToycTOBCKOIO METan-
JypPTHUECKOTO 3aBO/Ia» OKa3bIBAeT Kaue€CTBO HCXOIHOTO
nutaka. [Ipeanaraemas TEXHOIOTHUS MO3BOJISIET PETYIUPO-
BaThb B LIMPOKHUX MpEAEnax KaueCTBEHHO-KOIMYECTBEH-
HBIE TOKa3aTeNny O0OTAIlEHNUs, a ONTUMAJbHbIEC YCIOBUS
HEOOXOIMMO YTOYHATH IPH 3aIlyCKe YCTaHOBKH.

BbiBoab!

1. IIpoBeneHbI UCCIEAOBAHMS IO N3YUCHUIO 000TaTH-
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Tabnuua 4/ Tuble 4
Pe3yabTaTbl MATHUTHOTO AHAJIN32 METAJLTYPru4ecKuX IUIAKOB
Results of magnetic analysis of metallurgical slags
MaccoBas 10Js, % H3Biaeuenue, %
Homep npoos1 HaumeHoBaHue nNpoayKTa Broixon, % Mass fraction, % Extraction. %
Sample number Product name Yield, % = =
Fe Ni Fe Ni
MarHuTHBIM IPORyKT /
Magnetic Product 1 7.2 81,7 0,47 33,0 14,1
MarHuTHBIA TIPOIYKT 2
| Magnetic Product 2 10.3 40.5 0.95 23.4 40.8
>§I’§°°T"‘ 82.5 9.4 0.13 43.6 45.1
astes
Hroro 100 17.81 0.24 100 100
Total
MarHuTHbIM IPORyKT /
Magnetic Product | 8.5 88.4 1.21 35.2 36.7
MarHuTHBIA TIPOIYKT 2
) Magnetic Product 2 6.2 42.7 1.62 12.4 35.9
XBOCTHI 85.3 13.14 0.09 524 27.4
Wastes
Hroro 100 2137 0.28 100 100
Total
MarHuTHbIH IPORyKT /
Magnetic Product | 9.3 90.1 0.98 40.3 24
MarHuTHBIA TPOIYKT 2
\ Magnetic Product 2 8.7 47.8 1.35 20.0 30.9
XBOCTBI 82.0 10.27 0.2 39.7 45.1
Wastes
Hroro 100 20.77 0.38 100 100
Total
MarHuTHbIM IPORyKT /
Magnetic Product | 8.1 88.9 1.31 29.0 23.1
MarHuTHBIA TIPOIYKT 2
. Magnetic Product 2 8.5 46.7 1.64 16.0 30.3
XBOCTHI 83.4 16.35 0.25 55.0 46.6
Wastes
Hroro 100 2481 0.46 100 100
Total
I'poxovenme
100-0 nens 4350-100 n0s
pobnesiie
1 00-0 st
I'poxouerme
10040 not 4 400004
Cyxas MarHMTHaA Cernapaims Cyxag MarHMTHas Cenapaims
Marmsmsni mpoxykr 1 OTBATEHEIE XEOCTEI Hamensyenne go 1-0 mm Marsmssgi npogveT 2
Oboramesye Ha HeHTPoDeRciOM KOHLIEHTpaTOpe
EOHUEHTpAT XBEOCTRI

Pexomennyemas cxema repepadotku nuiakoB OOO «351aToycTOBCKOrO METaJUTypPrH4eCKOro 3aBOIa
Recommendeds cheme of slag processing of Zlatoust Steel Mill

T.A4. Ne1(51), 2022 T 91
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Taonuuya 5/ Table 5

Pe3yJIbTaTbI o0orameHus IJIAKOB HA KOHICHTPAIIUOHHOM CTOJI€ M HA IIeHTp06e?KHOM KOHIIEHTpaTope

Results of slag enrichment on the concentrator table and centrifugal concentrator

Homep npo- MaccoBas g0, % HN3Baeuenue, %
ObI HanMeHoBaHHe POAYKTA Beixon, % Mass fraction, % Extraction, %
Sample Product name Yield, % . .
Fe Ni Fe Ni
number
OooramnieHne Ha KOHUEHTPALIMOHHOM cToJie / Enrichment on the concentration table
Konnenrpar 1.8 67.4 2.1 10.33 29.88
Concentrate
1 XBocThl 98.2 16.42 0.09 89.67 70.12
Wastes
Hroro 100 17.81 0.13 100 100
Total
Konuenrpar 1.1 69.8 3.44 1222 42.04
Concentrate
2 XBoCTEI 98.9 19.49 0.22 87.78 57.96
Wastes
Hroro 100 21.37 0.09 100 100
Total
Konnenrpar 2.11 72.4 4.45 16.73 46.95
Concentrate
3 XBocThl 97.89 18.17 0.11 83.27 53.05
Wastes
Hroro 100 20.77 0.2 100 100
Total
Konuenrpar 2.87 723 4.87 16.32 55.91
Concentrate
4 XBoCTEI 97.13 21.99 0.11 83.68 44.09
Wastes
Hroro 100 24.81 0.25 100 100
Total
OooramnieHue Ha HEHTPOOEKHOM KOHUEHTpaTope / Enrichment on the centrifugal concentrator
Konnenrpar 2.81 69.2 32 20.59 69.17
Concentrate
1 XBocThl 97.19 14.93 0.04 79.41 30.83
Wastes
Hroro 100 17.81 0.13 100 100
Total
Konuenrpar 1.26 70.3 4.85 12.5 67.9
Concentrate
2 XBoCTEI 98.74 19.44 0.03 87.5 32.1
Wastes
Hroro 100 21.37 0.09 100 100
Total
Konuenrpar 2.55 734 5.71 16.96 72.8
Concentrate
3 XBOCTEI 97.45 18.12 0.06 83.04 272
Wastes
Hroro 100 20.77 0.2 100 100
Total
Konnenrpar 2.84 71.7 6.31 15.03 71.68
Concentrate
4 XBocThI 97.16 22.24 0.07 84.97 28.32
Wastes
Hroro 100 24.81 0.25 100 100
Total

MOCTH MeTautyprudeckux mmakoB OOO «3naToycTos-
CKOT0 METaJUTYPTrHYECKOTO 3aBOJa), IO3BOJISIOIIUE J1aTh
PEKOMEH/IAINK K TEXHOJIOTHUECKOH cxemMe oOoramieHus
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HCHTPATOB.

C MOJIYYCHUCM IKCJIC3HOI'O U HUKCIIbCOACPIKAIICTO KOH-

2. yCTaHOBJ'ICHO, YTO B MHUIaKaX COACPIKUTCSA MCETAJl-
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JIMYECKUI HUKEIIb KPYIHOCTBIO MeHee 1 MM, 4To Ipeno-
npeaessieT u3MeIIeHIe MaTepraa epes BblIeICHIEM
HUKEJbCOAEPKAILIETO KOHIIEHTPATa.

3. OmnpeneneHo, 4T0 sl BBIAEICHUS MarHUTHOTO
MPOIyKTa ¢ MaccoBoi fonei 6onee 42 % u3 nuiaka s¢-
(beKTUBHO TIPUMEHATH Cemapaiuio Ha OapaOaHHOM ce-
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AHHoOTaums. B ctatbe pacCMOTPEHO COCTOSIHME a3pOra3ofMHaMUMUecKMX NPOLLECCOB Ha YronbHbIX WaxTax. [poBeaeHsl
UCCNefoBaHMs N0 NPOACIKUTENbHOCTM MHTEPBANa HabMIOAEHNS PEXMMOB ABUXEHUS BO34yXa M rasa yepes BblpaboTaHHOe
M npu3aboiHoe NpOCTPAHCTBO A06bIMHOrO y4yacTtka AN obecneyeHus 3aA4aHHOM TOYHOCTUM OMpedeNieHuUs 3HaYeHWW
Nno peanu3auuaM HecTauMOHAPHbIX Fa304MHAMUYECKMX MNpoueccoB. onyyeHHbl CUCTEMbl YpPaBHEHUKI, OMUChIBAKOLLUE
HeyCTaHOBMBLUMECS PEXUMBI ABMXEHUI BO3AyXa U rasa yepes BbipaboTaHHOE U nNpu3aboiiHoe NPOCTPaHCTBO A0ObIYHOMO
yyacTka C No3uuUMii a3poanHaMUKK. Micnonb3ys pesynbTaTbl NPOBEAEHHbIX 3KCMEPUMEHTOB, A1 NPoLecca KOHLEHTpaLuu
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pPEKOMEHAYITCA AN MCMNONb30BAaHWS NPW MPOEKTUPOBAaHWMM IPEPEKTUBHBIX CXeM Bo3ayxoobecneyeHus Ha O06bIYHbIX
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Development of a method for analyzing and evaluating
the optimal state of aerogasodynamic processes in coal mines
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Abstract. The article deals with the state of aerogasdynamic processes in coal mines. With centralized automatic
control and management of mine ventilation using a control system, in the circuit of which application software is used,
the choice of a rational period for collecting information received from controlled objects is of great importance.The
object of automatic control in a coal mine are the parameters characterizing the state of the mine atmosphere - methane
concentration, air flow, temperature and parameters of the ventilation network (depression and aerodynamic resistance).
All controlled parameters characterize the state of the atmosphere.

Research goal. The purpose of the research is to develop a method for analyzing and evaluating the optimal state of
aerogasdynamic processes in coal mines.

Research objectives. Conduct an analysis of the optimal state of aero- gasdynamic processes and adapt the method at
coal industry enterprises.

Research results. Studies have been carried out on the duration of the observation interval for the modes of movement
of air and gas through the goaf and bottom-hole space of the production area, to ensure the specified accuracy in
determining the values for the implementation of non-stationary gas-dynamic processes. It is determined that the resulting
systems of equations describing the unsteady modes of air and gas movement through the mined-out and bottom-hole
space of the mining area from the standpoint of hydrodynamics with subsequent simplification of these equations based
on the assumptions made. Using the results of the experiments, for the process of methane concentration, a realization
length of 1 day was chosen, since during this time at least one complete production cycle has time to complete in the
longwall. The duration of this cycle significantly exceeds the value of the maximum measurement interval Atf = 30 min.,
for which it is still advisable in practice to determine the modes of movement of air and gas through the mined-out
and bottom-hole space of the production area. The research results are recommended for use in the design of efficient
air supply schemes in the mining areas of coal mines and the correct placement of regulators to take into account the
concentration of methane in the flow of consumed air.

Keywords: mine atmosphere, methane concentration, depression and aerodynamic drag, coal mine, ventilation, aero-
gasdynamic processes, optimal state.
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BBepeHue

[lpy 1EHTpanM30BaHHOM AaBTOMATHYECKOM KOHTPO-
Jie ¥ YIpaBJICHUU MPOBETPUBAHUEM HIAXTHI C MOMOLIBIO
CHCTEMBI YIIPABIICHUS, B KOHTYPE KOTOPOH HCIIOIb3yeTCs
npuKIaaHoe nporpammuoe obecnieuenue (I10), Gonbloe
3Ha4YCHHE UMEET BBIOOP palMOHAIBHOTO MEpHOaa CheMa
MH(POPMALHH, TOTy4aeMOM ¢ KOHTPOJIUPYEMBIX OOBEKTOB

(puc. 1).

Puc. 1. Yronpuaas maxra Nel3 Pocrosckast 0011acTs
Fig. 1. Coal mine No. 13 Rostov region




OOBEKTOM aBTOMAaTHYECKOTO KOHTPOJIS Ha IIaxTe SB-
JSIFOTCS TTapaMEeTphl, XapaKTepHU3yIOIIue COCTOSIHUE PYA-
HUYHOW aTMoC(epsl: KOHIIEHTPAIHI METaHa; PAaCXO/l BO3-
Jyxa; TeMmreparypa U napameTpbl BeHTWISILIMOHHON CETH
(mempeccust ¥ a3pOIMHAMHYECKOE COPOTHUBIICHHE).

Bce xoHTponmupyeMble MapaMeTphl, XapaKTepU3yro-
e COCTOSHHE, KaueCTBO aTMOc(ephl, aBTOPHI YCIOBHO
pa3fensioT Ha ABe rpynnsl [1-7].

K mepBoii rpynme OTHOCSTCS T€ NapaMmeTpsl, OTKIIO-
HEHHS KOTOPBIX OT TEXHOJOTHYECKINX HOPMATHBOB (JTaske
EIMHUYHOTO, KPAaTKOBPEMEHHOTO XapaKTepa) HelOIyCTH-
MbL. [To00HbIe OTKIOHEHHSI MOTYT IPUBECTH K Hapyllle-
HUSIM peXUMa IPOBETPUBAHUS B BEHTWIILIUOHHOM CETH U
Jaxe K aBapuu. [Ipu KOHTpoJe Takoro mapameTpa BaxxHO
He MPOITYCTUTh JII000€, Ja’Ke TOCTAaTOUHO PEIKOe N3MEHe-
HHE €ro 3a NpeJiesibl HOPMbI B OMacHYI0 cTopoHy. K stoi
rpymnIne napaMeTpoB OTHOCUTCS KOHLEHTpalus METaHa,
OTKJIOHEHHSI KOTOPOM OT ypOBHS, perIaMeHTHPOBAHHOTO
1B, coBepiieHHO HegomycTUMO. 1103TOMY KOHTpOJb Hall
KOHIIEHTpalMeil MeTaHa B pyJHHYHOM atMocdepe sBIseT-
Cs1 OCHOBHBIM B CHCTEME IIEHTPAJIM30BaHHOIO KOHTPOIA U
yTpaBiIeHNs IPOBETPUBAHIEM IIIAXT.

Ko Bropoii rpymnme napaMeTpoB OTHOCATCS MOKa3are-
JM a3pOAMHAMHYECKUX TPOLIECCOB — CKOPOCTh U PacXofl
BO3/yXa, Jempeccus, TemIeparypa M T.J., €IUHUYHBIC
KpaTKOBpeMEHHbIE KOJIeOaHUsI KOTOPBIX CYIIECTBEHHO He
CKa3bIBaIOTCS HAa BEHTHJSILIMOHHOM pexuMe oobekta. [Tpu
KOHTpOJIE TaKHX MapaMeTPOB BaKHO 3HATh HE CTOJIBKO MX
MTHOBEHHBIE 3HAYECHHUS, CKOJIBKO UX YCPEAHEHHBIC 3HAYE-
HUS 32 KaKOH-TO MPOMEXYTOK BPEMEHH, T.€. TEHICHLUIO
WX U3MEHEHHUA BO BpeMeHHU. [[i1s1 BTopoii rpymibl napame-
TPOB TIEPUOJT CheMa HHPOPMAIIH MOXKET OBITh BBIOpaH 110
OJJTHOMY KPUTEpPHIO TOYHOCTH M3MEpPEHMs, HAllpUMeEp, 110
CPEITHEKBAAPATUIHOMN OITHOKE.

Llenb pa6orbl

Pa3paboTka MeToa aHaM3a U OLIEHKH ONTUMAIEHOTO
COCTOSIHHS a3pOTa30AMHAMUYICCKUX TTPOIIECCOB HA YTOJb-
HBIX [IAXTaxX.

MeTtoauka nccnepoBaHum

HccnenoBanust 0a3upoBaUCh HA COBPEMEHHBIX Me-
TOZAX MAaTeMaTH4eCKOHl CTaTUCTUKH, Teopuu TIpados,
TEOpUU IPUHATHUS PELICHUH, anmnapare MareMaTHYeCKOn
JIOTUKH, ()aKTOPHOIO aHAJIN3a, MAaTEMaTHIECKOM MOZIEIIH-
POBaHUM, TEOPHH MHOXKECTB, TEOPHH BEPOSTHOCTH U CH-
CTEMHOTO aHaJIN3a.

[Ipu BbIOOpe MHTEpBana W3MEPEHHUsT KOHLEHTPALUH
MeTaHa YIUTBIBAIOCH CIEAyIOLIEe:

- 3aBBIIICHHAs YacTOTa CheMa WH(OpMAaIK BEAET K
VBEIIMUCHUIO O00beMa TOoaydacMoi WHGOPMAIMA U TEM
CaMbIM K YCIIO)KHEHHIO ee MepepadoTKH;

- 3aHIDKCHUE YaCTOTHI ChbeMa UH()OPMAIMHY TTOBBIILIACT
OIIaCHOCTh BBIX0Z1a KOHTPOJIMPYEMOTO IIPOLIecca B IIpOMe-
KYTKE MEXIy 3aMepaMu 3a MPEAEIbHO JOMYCTUMBIH ypo-
BeHb, ONpeeeHHbI npaBuiaMu Oe3omacuoctu (I1B), n
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YBEIMYMBAET MOTPEIIHOCTh AMMPOKCUMALIMH HENPEPhIB-
HOU KpUBO.

Tak Kak 3aHIKEHHAs1 9YaCcTOTa U3MEPEHHS KOHIIEHTpa-
MM METaHa MOXKET MPAKTUYECKU CBECTH K HYJIIO Pe3Yib-
TaT TUCKPETHOTO KOHTPOJISI M YIIPABIICHHUS], THTEPBAJ Che-
Ma rHpopMaIun At T0IKEeH BRIOUPATHCS TAKUM 00pazoM,
9YTOOBI:

- IOTPEITHOCTD U3MEPEHUSI, COCTOSIIAS U3 OLIMOKH 13-
MEPHUTEJILHOTO MPUOOPa M MOTPELTHOCTH AIIPOKCUMALIN
HETIPEpHIBHOW KPUBOH, HE TIPEBbIIIaa 3aaHHYIO;

- 3HAYEHHsI KOHTPOJIMPYEMOTO TPOLECcCa B IPOMEXKYT-
K€ MEXIY 3aMepaMHd HE BBIXOAWIN 32 MpeleibHO-AO0IY-
CTUMBIN YPOBEHbB, pernaMeHTUpoBaHHbIH [16.

OnpeneneHHbli TaKUM 00pa3oM WHTEPBAJI U3MEPEHHS
KOHIIGHTpaLMK MeTaHa OyaeM Ha3blBaTh ONTHMAaJIbHBIM
vHTEpBasoM (At ).

WnrepBan cbhema MHGOpPMALMHK, ONPENEICHHBIA MO
KPHUTEPHIO TOYHOCTH M3MEPEHUs], OTPaHU4YEH HIKHUM U
BEpXHUM npenenoM. HwkHuil mpemen wHTEpBana n3Me-
penus (Az ) MOKET ObITh HAlJEH U3 YCIIOBUs o0ecmede-
HHUS CTONPOLIEHTHONW TOYHOCTH anlpOKCHMAlUH Hempe-
PBIBHOM KPUBOH B COOTBETCTBUM C M3BECTHOH TeOpeMoOi
Kotenbhukosa. Ilo 3Toii Teopeme HHTEpBAJI JUCKPETHBIX
M3MEpEHH paBeH YeTBEpPTH Iephona KoieOaHWH, CoOT-
BETCTBYIOILETO HaWOOMNBILEH YacTOTE CHEKTpa pasJioike-
Hus [5-10].

Bepxuuii npenen unTepBana usmepenus (Ar ) mo-
JKET OBITH OIPEe/IeNICH M0 KPUTEPUIO, B KaY€CTBE KOTOPOTO
NPUHAMAETCS] MaTeMaTHYECKOE OXKHIaHNUE KOHTPOIHpYye-
Moro mporiecca [7-9]. IlpenenbHelii HHTEpBaAJ U3MEPEHUS
(At ) HaxomMTCs TakuM 0Opa3oM, 4TOOBI MareMaTude-
CKO€ OKUAaHHE Mpollecca NPaKTUIECKH HE MCKaXKaIOCh.
WnrepBan cbeMa MHPOPMALMH HAXOAUTCS BHYTPH 3THX
TpenesioB ¥ BEIOMpaeTcst 0OBIYHO Ha OCHOBE JIPYTHX KpPH-
TEpUEB TOYHOCTH.

C apyro# cTOpOHBI, HHTEPBAJI U3MEPEHUs KOHIIEHTpa-
MM METaHa HeOOXOAMMO ONPEAETIATh TaK, YTOOBI oOecIe-
YUTh 0E30MACHOCTh BEACHHS TOPHBIX pabot. [lyist sToro
cUcTeMa YNpaBJICHUs MIPOBETPUBAHUEM ILAXTHI JOJDKHA
B TAKUX YCJOBHSX MOJHOCTBIO MCKIIIOYATh BO3MOYKHOCTD
BO3HMKHOBEHHS ONACHBIX KOHLEHTPALUA METaHa B PyA-
HUYHOU atMocdepe.

OnacHOCTb CO3AaHMs YIpOXKalolleH CUTyaluu Ha
y4yacTKe MOSBISETCS JIUIIb TOIZA, KOIA KOHLEHTpPALHs
MeTaHa mpeBblaeT pomyckaemoe no I1b mpenensHoe
snayenue CIIb. [lns xapakTepHCTHKH CTEHEeHU Oe3omac-
HOTO BEJEHHs TOPHBIX padoT Ha ydacTke 11enecoo0pazHo
BBECTU KPUTEPHiA 0€30I1aCHOCTH 1O (paKTOpy BEHTUIISLIMN
[, KOTOpBIH JOJDKEH o0ecrednBaTh CUCTEMY YIPaBICHUS
NPOBETPUBAHUEM Ha y4YacTKe W Npesiaraercsi BbIOpaTh
PasHOCTb MEXIY IONMYCTHMBIM U CTaOMIM3UpPYEMbIM
YPOBHEM KOHLICHTPALMK METaHa!

p=C, - C. (1)

[Tocne BeIOOpa KpUTEpHEB 3a7ada MOUCKA ONTUMAIIb-
HOTO MHTEpBaJa U3MEPEHHS M0 KPUTEPHIO OE30IaCHOCTH
Y TOYHOCTH U3MEPEHUsI CBOIUTCS K MMOCTPOCHUIO KPUBBIX
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L=f(Af)na=f(Af) c TOMOIIBIO KOTOPBIX IO 33TaHHBIM
(vnv BRIOMpPaeMBbIM Ha OCHOBE KaKHX-TTHO0 COOOpasKeHH )
BeJIMYMHAM = ¥ 0= 0, yCTaHABIMBAIOTCS OTBEYAIO-
II[1I€ M 3HAYEHUS AtﬂI/I Ata.

OnTuMaibHBI MHTEPBaJ M3MEPEHUS! KOHLEHTPALMU
MeTaHa B COOTBETCTBUH C ONpENEeNICHUEM JOJDKEH YI0B-
JICTBOPATH CIEAYIOLIMM HEPABCHCTBAM:

At <At 2)
At At 3

B 3aBucuMocTu OT COOTHOIIEHUN MEXITY At u Atﬂ om-
TUMaJIbHBI MHTEPBaJl U3MEPEHUs ONPEACIsIeTCs U3 pa-
BEHCTBA:

At _=At npu At < Atﬁ, 4)
At = Atﬁ npu At < AtB. (5)

Takum 00pa3oMm, onpeaeneHre ONTUMAIBHOIO HHTEP-
BaJIa U3MEPEHUs] KOHIIEHTPALlUU METaHa CJIeIyeT MPOBO-
JUTh B TAKOW MOCIIEOBAaTEILHOCTH:

- 110 HKCIEPUMEHTAIBHBIM JTaHHBIM MIOCTPOUTH 3aBH-
CHUMOCTB KpUTepHusi 0€3011aCHOCTH TOPHBIX paboT OT WH-
TepBaia u3MepeHus, T.e. 5 = f{At);

- UCTIOJNB3Ys 3aBUCUMOCTD f§ = f(At), HaliTh UHTEpPBAI
u3MepeHns Af, 110 3aJaHHOW BEIMYMHE KPHTEpHs Oe3-
ONACHOCTH TOPHBIX pabot S ;

- 17 BBIOPAaHHOTO KPHUTEPHS O MOCTPOUTH 3aBHCH-
MOCTb a = f (Af) ¥ omlpeneNnuTh 10 HEel MHTEepBaJl U3Me-
penust A, UCTIONB3Ysl 33/IAHHbIA KPUTCPUN TOYHOCTH 0., 5

VYuureiBas BblpaskeHus (4, 5), BBIOpaH oNTHMaIbHBINA
MHTEPBaN u3MepeHns At .

B coorBerctBuu ¢ TpeboBanmsmu [1b oTkioHeHUs
KOHLICHTPAallMM METaHa OT NPEAEIOB HOPMBI, JAXKe eIu-
HUYHOTO, KPaTKOBPEMEHHOTO XapaKTepa, COBEPLICHHO He-
JOIYCTHMBI, TaK KaK OHH MOTYT IIPUBECTH K aBapHHHOMY
pexumy. IIpu KoHTpoITe TaKuX 0OBbEKTOB BaXKHO HE MPOITY-
CTUTB JII000€, 1a’ke TOCTATOYHO PEAKOE MPEBbILICHHE Mpe-
JeTbHO onmycTuMoro ypoBHs. [loatoMy 3amady onpenene-
HIS MIHTEPBAIIA H3MEPEHH A, [TO KPUTEPHIO GE3011aCHOCTH
OyzieM pelars B clieyroleii nocranoske [5—10].

[Tyctp B mpolecce HOPMAIbHOM SKCIUTyaTalld 00b-
eKTa Ha oTpe3ke HabmroneHus (0, f) moy4yeHa HeCTaIuo-
HapHasl AUCKPETHAs OCIIeJ0BaTeIbHOCTh 3HAYEHUH KOH-
uentpamuu metana C(z), t,= t - +At, At=const (K =1, 2,
3,..0).

TpeOyercs naiitn Takoi (QyHKIMOHAN /., KOTOPHIA 3a
MPOMEKYTOK BPEMEHH MEXIY OBYMs COCEAHHUMH H3Me-
PCHUSIMU KOHLICHTPallMM MEeTaHa HE JIOJDKEH IIPEBBIIATh
BEJIMUUHY KpUTEpHUs 0€3011aCHOCTH f, ONpeiessieMy0 BbI-
paxeruem (1).

ABropamu B KadecTBe (pyHKIMOHaNa / mpeajiaraercs
BBIOMPATH a0COMIOTHYIO Pa3HOCTh 3HAYEHUH KOHTPOIUPY-
€Moro npouecca X(?)B COCEHUX TOUKaxX £ M ¢, +1:

I=|X(t,.)-X(@) (6)

WM CPETHEKBAIPATHYHOE H3MEpeHUe (QDYHKIINY:
]

1% 2 v
=14 j [x, +0-xa)[ar! . (7)

B obmem ciryuae dhyHKImOHaN / 3aBUCUT OT 3HAYEHUI
KOHTPOJIMPYEMOTO npouecca X(7,), BpeEMEHH { U MHTEpBa-
JIa U3MepeHHs

I=T[X(t), 1, Af]. ®)

[lo mpoBeneHHOMY aHaNW3y BUIHO, YTO IIPU OTPaHH-
YEeHHOM BXOTHOM Bo3nericTeuy U(f) Ha MHEPIIMOHHEIH 00b-
ext 0<U(¥) <M, M>0 dyrkimonans! (6) u (7), mocTpoeH-
HBIE 110 peajM3alisiM BBIXOIHOTO CHTHANa, CYIIeCTBEHHO
3aBUCAT KakK OT YKcia M, Tak U OT JUHAMAYECKUX XapaKTe-
PHUCTHK 00BeKTa. DTO BIUSIHUE BBIpKAETCS, HAIPUMED, B
TOM, YTO CKOPOCTH HapacTaHUs BHIXOIHOTO CUTHAIIA BCETIa
OrpaHMYEeHbI TIPU JTI00OM 3aKoHe u3MeHeHust U(f), B TOM
yrce mpy ckadkoodpazHoM [10-15]. [TosTomy mpu orpa-
HUYEHHOM BO3JICHCTBUY HA WHEPLMOHHEI 0OBEKT IpHpa-
IIEHUE BBIXOHOTO CHTHaa OyleT Bcerna KOHeYHOU BelH-
YHHOU MpY (PUKCHPOBAHHOM HUHTEpBAJe U3MEpEHHs Af.

Tak xak TOOBIYHOM yYaCTOK SIBISIETCS WHEPIIMOHHBIM
00BEKTOM C OTpaHHMYEHHBIM BXOIHBIM BO3IEHCTBHEM, TO
JUI pelIeHUs] MMOCTABICHHOW 3a/ladull MOXET OBITh HC-
ITOJIb30BaH HECKOJIBKO BHIAOM3MEHEHHBIH (DYHKIOHAI
(6). Mckomplii (yHKIMOHAT /. TOJKEH 110 CBOEH CTPYK-
Type COOTBETCTBOBAaTh BhIpaxkeHHIO (1) 1 OBITH BCera mo-
JIOKUTENBHBIM, T.€. [.> (). C y4eTom 310oro tpeboBanus
BbIOEpEM B KayeCTBE (DYHKLIMOHANA /. MOJOKUTEIBHYIO
pPa3HOCTh 3HAUEHW KOHIIEHTpPAIlMM METaHa B COCEIHUX
TOYKaX UBMEPEHUA U [ U I, :

Ie = C(t,,) - C(,), ©)
rae
cw,)=C(t). (10)
st BeIOpaHHOTO (PyHKITHOHATA TTOCTPOCHHUE 3aBHUCH-
MocTH /_f (Af) MOXKET OBITh IPOU3BENEHO MO TUCKPETHOM
MTOCIIETOBATENIFHOCTH TpoIlecca KOHIIEHTPAIlMA MeTaHa
CIIEIYIONINAM 00pa3oM.

Bribepem mHTEpBan JMCKPETHOCTH PaBHBIM I =Afu,
ompeneanmM 3HadeHus GpyHkuuu (9) it K = 1,2.

[TycTs mosyYeHHbIE TIPU 9TOM 3HA4YEHHs /. yNOBIIET-
BopsitoT HepaBeHcTBam / (,)<0, 1 (¢,)<0. 3nauenue / (¢,)<0
oTOpackiBaeM Kak HEymoBIIeTBoOpstolee yeimoBuio (10) u
ompezenseM cneayromee 3Haqenue Gynkuun [ (¢,) mis K
= 3. Ecim [(¢,) < 0, TO U3 HalIEHHBIX TIOIOXKUTEIBHBIX
suavenuit [ (7)) u I (¢,) BeIOepemM HanbombIIEE.

ITycrs I (¢,) > 1 (t,), Torna, 3apukcupoBas HanbObIIEE
3Havenue /(f,), nenaem CIIeaylonuii mar ¥ OnpeiessiemM
suavenue /(¢,) nius K= 4. Bcim ot 3nagenus [ (¢,) BbI-
ronasieTcs yenopue (10), TO MPOU3BOANM €T0 CpaBHEHHE
C HaMOONBIINM 3HaYE€HUEM JUTS MPEABIYIINX [1aroB, T.¢.
cl(t)=1(t). Ecm I(t)) =2 1(¢,), buxcupys Hanbonbuice
3Havenue [ (¢,), nenaeM CIEMYIOIMA 1Iar, ONpenessiemM
snavenue Gynkuuu [ (7;) nus K = 5, cpaBHuBaeM ero ¢
I(t)urn

IIpotins TakuM 00pa3oM BCIO TUCKPETHYIO MOCIICAO0BA-
TenbHOCTh C(2,) st 3Hadenni K= 1,2, 3, ..., Haiinem st
BEIOPaHHOTO WHTEpBAJIa JUCKPETHOCTH A MaKCHMAaIIbHOE
sHadenue Qynxuun I” (At,). Jlns ciemyromero uHTepBa-
J1a TUCKPETHOCTH Af,=2At IPOU3BOJIUM BBIIICYKa3aHHbIC

T.14. N21(51), 2022 T.



nelicTBHS M HAXOAMM MakcHManbHoe 3Hauenue I (At,) u
T.O. [8—15].

B pesynsrare nomyyaem AUCKPETHYIO NOCIE0BATENb-
HOCTh MaKCUMaJIbHbIX 3Ha4eHUH dyHKimu I” (Af) 1is pas-
JIMYHBIX HHTEPBAJIOB AUCKPETHOCTH:

I (At), I' (At), T (At), ..., I" (At) 11

JuckperHas nocienoBarenbHOCTE (11) mpeacrapiseT
co00# 3HaYEHUs BEPXHHUX TPaHUIl (DYHKIIH:

I (At)=max[C(¢,, ) — C(t)],
Clt) 2C(1,).

(12)
(13)

ITo momydenHoit mocienoBarenbHOCTH (12) cTponM
rpaduk I” (Af) (puc. 2), KOTOpbIi HpencTaBIseT coboit
MOHOTOHHO BO3pACTAIOIIYI0 (YHKLIHIO ¢ MAaKCHMyMOM,
PaBHBIM MaKCUMAIbHOMY 3HaYE€HHIO aMIUIUTYIbI KoneOa-
HU KoHIIeHTpauuy MeTana C(f) Ha uHTepBalie Habmone-
uus (0, 1).

FAETIT Y
0.8
4
3
0.8 —
2
et o -
0.2
0 40 50 60 b, ann

Puc. 2. Tpaduku mpeaenbHBIX QYHKIA KOHIIEHTPAIIAN MeTa-
Ha 10 KpHuTepuio Oe3omacHoctH: /, 2 — CeBepHas J1aBa;
3 —3anannas naBa; 4 — CeBepo-3anaaHas 1aBa
Fig. 2. Graphs of the limiting functions of the methane
concentration according to the safety criterion: 1, 2 — Northern
lava; 3 — Western lava; 4 — Northwestern lava

WHTtepBan u3MepeHus 1o KpUTEPHIO 0€30IacHOCTH Af
OTIpeNeNseTcs IMyTEM PEIIEHUs YpaBHEHNS:

I An=p,, (14)

PaccMoTpuM mpogoInKUTENBHOCTS HHTEPBaia HaOMo-
JIeHUs 711 oOecTieueHns 3aJaHHONW TOUYHOCTH OIpesese-
HUs 3HaUeHUH GyHKimu I” (Af) Mo peanusanusm HeCTallu-
OHAPHBIX ra30IMHAMHYECKHUX POLIECCOB.

Kaxk u3BecTHO, B cllyyae HeCTaIMOHAPHBIX POLIECCOB
OIIpE/IeJICHNE MX XapaKTEePUCTUK MPOU3BOAMTCS MO He-
CKOJIBKMM HE3aBHCHUMBIM PEaTH3aLUsAM IyTeM HaxXoXKie-
HUSI CpeTHEro apu(pMETHUECKOTO 3HAYCHUsI PE3yNbTaToB,
MIOTyYEHHBIX IS pa3InyHbIX peanuzaruii [15-18]. m-
Ha WCTIOJIb3yEMOH peaTu3alyy MPH 3TOM JOJDKHA 3HAYH-
TEJIbHO NMPEBOCXOANTH BEIUYMHY UHTEpBajla, Ha KOTOPOM
OIIPENEIISIOTCS XapaKTEPUCTUKH IpoLiecca.

Hcnonb3yst pe3yibTaThl NPOBEACHHBIX SKCIICPUMEH-
TOB, JUIi Mpollecca KOHIEHTPALUH METaHa MOXKHO BbI-
Opath IMHY peanu3alyu, paBHOW OJJHAM CyTKaM, TaK KaK
3a 3TO BpeMs B JIABE YCIIEBACT 3aBEPILIUTHCS, 110 KpaiHen
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Mepe, OAUH NOJIHBIA MPOU3BOICTBEHHBIN HUKI. JuTenb-
HOCTB 3TOTO IMKJIA 3HAYUTENHEHO MTPEBOCXOIUT BETHUNHY
MaKCHMAabHOTO HHTEpBaa H3MepeHus Al = 30 muH, 118
KOTOpOTO elie 1esecoo0pa3Ho Ha MPakTHKE ONpenelsTh
sHauenue Gpynkuuu I (Af).

Tak Kak TPOW3BOICTBEHHBIE MPOIECCHI HA yYAaCTKE,
MIPOM3BOIMMBIE B T€UEHUE OTHUX CYTOK, MPAKTUIECKH HE
BJIMAIOT Ha XapakTep a’dpora3oMHaMHUYECKOTo mpolecca
B TEUEHHUE CIICAYIOIIUX CYTOK, TO CyTOUYHBIE pPeaan3aluu
mporiecca KOHIIEHTPAIlMA METaHa MOXKHO CUHTATh He3a-
BHUCHMBIMH. OKBUBAJICHTOM HECKONBbKHX HE3aBUCHMBIX
CYTOYHBIX peai3alrii B 3TOM ciydae sIBIseTCsS MHOIOCY-
TOYHAsI pean3alus, MOyYeHHas B peKUMe HOPMaTbHON
AKCIUTyaTaIty yJactka [ 18-24].

3uadenus GpyHkimu I” (Af), oNpeieieHHbIE T10 KA 10k
peaiu3anyy, Ha AJIUTETLHOM HHTEpBaje HaOmoneHus Oy-
IIyT U3MEHSTHCS B HEKOTOPOM JHaria3oHe:

I.(At) = o

(15)

Bechb nuanason I (Af) pazoObeM Ha sl KBAHTOB B CO-
OTBETCTBUU C 3aJIaHHON OITMOKON M3MEpPEHHs] HCTUHHON
bynxumn I (A).

J1y1st Ta30[IMHAMHYECKIX TIPOIIECCOB BEPOSITHOCTH TTOTIA/1a-
Husl 3HaYeHMH yHKIpm I (Af) B KpaifHue KBaHTBI arasoHa
Majibl. B 3TOM ciyuae MOKHO BOCIIONB30BAaThCS (HOPMYIIOH
ITyaccona. BepostHocTs P TOro, 4TO 3Ha4€HHE (YHKIMM
I' (Af) mostBsiTCst k pa3 B kpaiiHeM KBaHTe, T.¢. Oy/eT ¢ onpezie-
JIEHHOU TOYHOCTBIO SIBISITHCS CIIEHKOM MaKCHMAaIbHOTO 3HA-
ueHust pyHKiwmn I'c(Af), OpeeNsIercs: BbIpaKCHUEM:

ﬂk

_A
P =—-c

k

[MapameTp /4 BrIpaXkaeTcs Kak:
A=aT,
Ille a — CpeJHee YUCIIO MOonajgaHuil B KpailHUil KBaHT B
€/IMHUILY BPEMEHU;

T — Bpemst HaOMIOICHUSL.

Takum oOpazoM, mapameTp A XapakTepu3yeT CpeiaHee
4ucyio Tonafanuil ouenku Qynkuuu I (A7) B Kpaiiauii
KBaHT JMaIia30Ha 3a BCE BPEMsI AKCIICPUMEHTA.

Ecmu pacnpenenenue BeposSTHOCTEW BHYTPH JUaria-
30Ha CUMMETPHYHO, BEPOSTHOCTH TMOMAAaHUS (YHKIHN
I’ (At) x0Ts1 Obl OZIUH Pa3 ¥ B BEPXHUH, U B HIKHMI KBaH-
TBI IMAIa30Ha OIPEACIISIOTCS POPMYIIOH:

P=(l-e").

(16)

(17)

W3 nocneaHero BeIpakeHus, 3a1aBasch 3HaYeHUEM P,
MOYKHO HaWTH A. I onpeneneHus HHTepBaia HaOIrroIe-
HuUs ucnonb3yeM Gopmyiy (16), mpeodpa3oBaHHYO Ciie-
JTYFOIIIM 00pa3oM:

A
T==T 18
P 09 ( )
rae P — BepoATHOCTh MONaJaHus B KpallHUI KBaHT Aua-

nasona I” (Af);
T — nHTepBas HAOMKONEHNS, PABHBINA OIHUM CYTKaM.
Ipenmonoxum, 4o 3Hadenus Gynkuun I (At) BHYTpH
JIMara3oHa pacrpesiesieHsl 0 HOpMaJIbHOMY 3aKkoHy. Tor-
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Jla AJIsl ONIPENENICHNs] BEPOSTHOCTU P MOXHO HCIIOJIB30-
Barh (GOpMYITY JUISl HAXOXKACHHS BEPOSITHOCTH ITOMaAaHIH
CITy4YaiHOM BEMYMHbI HA y4acTok ot /, 1o [ [18-20]:

PUL SIS 1) =510 (2~ o) (19)

rae @ — yukuus Jlamnaca;

m — MareMaTH4eckoe OKWJaHWe 3HadeHWH (QyHKImn
I (Av);

0 — CpEeNHEKBaIpaTHYHOE OTKJIOHEHWE 3HA4YeHUH
dynxuun I” (A7) OT MaTEMaTHYECKOTO OXKHIAHH.

IIpumem, 4to MakcuManbHoe 3Hadenue yHkimu I (A?)
paBHO 3Hauenuto [ = m+20. Torna, 3a/1aBasCh pasIMIHOM
TOYHOCTBIO TOY4EHHS OLIEHKH MaKCHMAaJIbHOTO 3HAYEHHUS
Gynxuunm I (Af), no dopmyne (19) Haiinem BeTMUHHBI Be-
POSITHOCTH TIONIaIaHKs B KpailHUI KBaHT uana3oHa P.

Pesynbratel pacuera mo dopmynam (17-19) unTep-
BaJIOB HaOJrOZCHUS (TalJl. 2) CBUICTEIBCTBYIOT, YTO JJIS
YBETUUEHHUSI TOYHOCTH OIPEeNIeHHUsT OIEHOK 3HaueHHH
dynxuun I” (Af) HeuenecooOpasHO yBeTMYMBATh MHTEP-
Ba HaOmoneHus. Tak, Harmpumep, aas moiaydenus 20—
30 % TOYHOCTHU OIIEHKH TpeOyeMbIil HHTEpBa HAOIOIe-
HUS IOJDKCH OBITH paBeH 2—4 mecsiam (Tabnmma).

B ycroBusix M3MeHeHus TapaMeTpoB yYacTKa ¢ TEYCHUEM
BpeMeHH OoJiee MPOCTHIM ITyTEM TIOBBIIIICHUSI TOYHOCTH OI1e-
HOK MHTEpBaJia U3MEpPEHHS SBISETCS METO/I YTOUHEHHS UX B
Tporiecce TUCIIETISPCKOTO KOHTPOII 1 yripasieHns [11-18].

PesynbTaThbl UCCNEn0BaHMIA

[Ipenmaraercs mpoBOOUTH YTOUYHEHHE WHTEpBaJa W3-
MEpEHHsI B POIECCE AUCTIETIEPCKOTO KOHTPOJISA U yIIPaB-
JIEHUS TIO CIIEAYIOIIEeH cucTeMe.

B Temrie mocTyruieHns JaHHBIX TUCKPETHOTO KOHTPOIIS
BBIMHCIIAIOTCA 3HadeHus dynxiuu I (A7) o popmymne (9)
Y TIPOM3BOIUTCS CPaBHEHHE C 33/IAHHBIM 3HAYEHHEM KpH-
Tepusi GesomacHocTH 3, . B cilydae TosiBIeHNs 3HAYCHMUI,

Y/IOBIIETBOPSIIOIIMX HEPABEHCTBY I (Af) >, ipousBoaMTCS
ONpe/IeIeHKEe HOBOIO 3HAYCHIS HHTCPBAIA H3MEPEHNUS Al

Hns BeiBoma (hopMyIibl, 110 KOTOPOH MOXKHO Ompere-
JIATh HOBOE 3HAYCHHE HHTEPBAIIA H3MEPCHHs A, HCIIONb-
3yeM puc. 3, kpuas I” (Af) Ha puc. 3 cCOOTBETCTBYeT (yHK-
nuu (11), momyyeHHOM 1O U3MEHEHUs Ta30BOT0 PEXIMa
yuactka. [To kpuBoii I” (Af) HaiiieM HHTepBAN H3MEPEHHS
A1, obecrieunBarONMii 3aJlaHHOE 3HAYCHNE KPUTEPHs Oe3-
onacHoctH 8, (orpe3ok ML na puc. 3) [19-22].

Kpusas I (Af) moydeHa nocjie U3MEHEHHUs ra30BOM CH-
Tyally Ha ydacTke. Vcrone3ys ee, HaXOIuM, 4TO B HOBBIX
YCIOBHAX NPU MHTEpBANC M3MEPEHHs Af, MaKCHMANbHas
MOTPELIHOCTS MPEBBILIACT 3HAUYCHHE KpUTEPHs Oe3011acHo-
ctu S, upasHa I’ (Af) (orpe3ok PL Ha puc. 3).

IRAIE

at | at |L a D >
at at

Puc. 3. I'paduku ipenenbHBIX QYHKIMNA KOHIICHTPALTUH
MeTaHa 110 KPUTEPHIO TOYHOCTH
Fig. 3. Graphs of limiting functions of methane concentration

according to the criterion of accuracy

TpeOyeMblii UHTEPBAJ HAOTIONEHUS
Required observation interval

3HaueHHs Bpemst
OTtHocHTeTbHAS OTPENIHOCTh Koappunuent BepositHoCcTh ?&yﬁku"" Ha0JII0eHNs, 7,
No ompeneaeHus: pyHKIuN Coefficient Probability a l;;“:;;le CYTKH
Relative error of function definition 1, P Laplace func- Observation time,
S t, days
1 5 m+l9c 0.11500 0.9439 320
2 10 m+l1.8 ¢ 0.01345 0.9284 274
3 15 m+l.7 ¢ 0.0221 0.9110 166
4 20 m+1.6 6 0.0320 0.8913 115
5 30 mtl4o 0.0563 0.8427 65
6 40 mtl2 o 0.0923 0.7707 40
7 50 m+1.0c 0.1354 0.6845 27
8 60 m+0.8 ¢ 0.1920 0.5713 19
9 70 m+0.6 ¢ 0.2517 0.4519 15
10 80 mt0.4 ¢ 0.3238 0.3076 12
11 90 mt0.2 ¢ 0.3986 0.1580 10
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3HavyeHHe HHTEpBaa H3MEpeHHs Al,, KOTOpoe Tpedy-
ercs Uil 00ecrieueHns] B HOBOW CHUTyalluH 33/IaHHOW Be-
JIMYUHBI KPUTEPHsT OE30MIaCHOCTH 3, , HAXOIUM, TIPOBEIS
13 TOUYKW M TIpsIMyIo, MapajuiebHyI0 OCH aOCIHCC, 0
nepeceyenus ¢ kpusoit I” (Af) B Touke N. Ilepnenmuxy-
JISIp, OMYIIEHHBIA U3 TOYKH N, OTCEKaeT Ha OCH adcuuce
OTpE30K, paBHBI HOBOMY 3HAUYEHHIO MHTEpBaNa U3Mepe-
HUA Atﬁ.

Kak BuaHO 13 puc. 2, UHTEpPBaJ U3MEPEHUS Atﬂ MOMKET
OBITh HAWJICH U3 PABCHCTBA!

At, = At-At, (20)

Benmnuuny Af, onpenenum u3 npsMOyroJbHOTO Tpey-

TOJIbHUKA:

— PM — ]Z‘(Atﬂ)_ﬂsab

At,
1gor

@1
tgo

[Tpubnmwxennyto (opmyny A ompenesneHus UHTep-
Baja M3MepeHns Af,, xorna I C(Atﬂ) > p.,» HOIy9HUM, TIOA-
craBuB 3HaueHue Az, u3 (21) B Beipaxenue (20):

]Z (Atﬁ) - 18351() _ ]Z (Atﬁ) - ﬂj‘a()

Aty =At, ——— L T = At -At
g / ﬂ3% / ﬁsad /
Aty
Takum 00pa3oM, OKOHUATETBHO UMEEM:
) I.(Aty)
At =[2-——F7. ty
50 . (22)

[TpoBenenHast KCIEpUMEHTANIBHAS TPOBEpKA MOKa-
3aja, 4YTO MCHOJNIb30BaHue GOopMyIsl (22) Ui YTOYHEHUS
MHTEpBaJIa U3MEPEHNs B TEMIIE C IPOIIECCOM JIaeT YJ0B-
JICETBOPHUTEIBHYIO JUISl IIeJIed KOHTPOJIS ¥ YIPaBICHUS
TOYHOCTb.

@opmyna (22) HOCTAaTOYHO MPOCTa U JIETKO MOXKET
OBITh pean30BaHa B CHCTEME JUCIIETYEPCKOTO KOHTPOIIS
B BHJIE OTICIBHOIO YCTPOICTBA WM B BUAE MPHUKIIATHO-
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Original article
Aerological risk management in preparation mining of coal mines

Sergey V. Balovtsev'[<], Olga V. Skopintseva?, Konstantin S. Kolikov?
3National University of Science and Technology "MISIS’, Moscow, Russia, balovcev@yandex.rul<

Abstract. Objective. The purpose of the research is to assess the indicators of aerological risk in the development
workings of highly gas-rich coal mines.

Introduction. The results of a retrospective analysis are presented, substantiating that the vast majority of explosions
of dust-methane-air mixtures occur in development workings, and 63.8% of their gassing with methane to explosive
concentrations is associated with ventilation disorders.

Methodology. The assessment of aerological risk consists in the calculation of some indicators that reflect the measure
of danger, in which an accident may occur, caused by the excess of the values of the mine atmosphere parameters
in comparison with the normative ones. Indicators of the main hazards and vulnerability of ventilation schemes and
methods make up the general structure of risk in development workings.

Results. The methodological bases for assessing and forecasting the aerological risk of accidents in development workings
are presented. A formula for calculating the predictive indicator of aerological risk is given. In accordance with the methodology,
it is possible to quantify the reduction in the level of aerological risk when managing outgassing with the help of degassing.

Discussion. Calculations have shown that the schemes and methods of ventilation of dead-end workings, in which there is a large
degree of influence of the activity of mixing gases in the bottomhole zone and a small degree of influence of the exhaust gas zone
on ventilation, are the most effective, with a normal level of safety. The values of the predicted upper-air risk indicator reach unity for
the schemes and methods of ventilation of dead-end workings with a low degree of gas mixing activity in the bottomhole zone and a
high degree of influence of the exhaust gas zone on ventilation, which indicates an extremely high level of explosiveness.

Conclusions. Application of the developed methodology allows not only forecasting aerological risks during design,
but also justification of aerological safety.
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BBepeHue

ABapuu, BbI3bIBAEMBIC MBUICBOM U ra30BOM OMacHO-
CTSIMH B IIAXTaX, OTHOCATCS K HauOOJIee 4YaCcThIM aBapH-
SIM C TSDKEJIBIMU TOCIeAcTBUsAMH [ 1; 2].

Jns xaxpaoro ciydasi B3pbiBa raza U ONacHOCTH IO-
SIBIICHUS TIBUTH PACCMATPHBAIOTCA BCE OOCTOATEIHCTBA
KOHKPETHOW aBapWu, BKJIFOYAs MECTO, MPUYUHBI 00pa-
30BaHUA B3PBIBOONIACHONM CMECH BO3/1yXa, UCTOUHUK BBI-
COKOU TemmepaTtypsl u Jip. HecMoTpst Ha npuMeHseMbli
B IIaXTax KOMIUIEKC HOPMAaTHBHO-OPTaHHU3AIMOHHBIX U
TEXHUYECKUX TPeOOBaHMIA, CHCTEMY a’3pOra30BOT0 KOH-
TPOJIs, KOJIMYECTBO B3PHIBOB I'a3a U MbLUIK UMEET TCHACH-
LHIO0 K HEKOTOPOMY pocTty [3].

[IpenonpeneneHa HEOOXOAMMOCTH Pa3pabOTKU HO-
BOTO CHCTEMHOIO IIOAXOJa K OLIEHKE B3PHIBOOIAC-
HOCTU YTOJIbHBIX HIAXT [4—6], OCHOBaHHOTO Ha PHUCK-
opueHtupoBaHHoM mnoxaxoae [7; 8]. IlepBonayanbHO
ObuTa pa3paboTaHa METOIUKA OIEHKH adPOJIOTHYECKUX
PUCKOB aBapuii Ha BHIEMOYHBIX yYaCTKaX IO TaKUM IO-
Ka3areysiM, Kak MeTaHOOOMIIBHOCTh Y4acTKa, IbLIeo0pa-
3yIOIIass CIOCOOHOCTh pa3pabaThIBaEMOTO TIACTA, BUJT
BBIJICJICHUS METaHa, CKIIOHHOCTb IJIACTa K CAMOBO3TOpa-
HUIO0, CKIIOHHOCTbD TUIACTA K TOPHBIM y/Iapam.

B nponomxeHue pa3BUTHS UCCIEIOBAHUM O OLICHKE
a’pOJIOTMYECKUX PUCKOB aBapuil OBUT pa3paboTaH METOJ
OIICHKH HCTIONIb30BaHUsl Jera3aliy, ra300TCAChIBAIOIINX
YCTaHOBOK, Ta30[pEHAXKHBIX IITPEKOB ISl CHUXKCHUS
a3POJIOTUYECKUX PHUCKOB, B PE3yJbTaTe YEro MOIyde-
HbI NPOTHO3HBIE 3HAYCHUS a’POJIOTMUYECKOTO pucka [9].
KomriekcHas oLieHKa pUCKOB TOJKHA BKJIIOUATh OLICHKY
a’POJIOTMYECKUX PUCKOB TIOATOTOBUTEIBHBIX BBIPAOOTOK,
XapaKTePU3YIOIIUXCS OOIBIIEH B3PhIBOOMIACHOCTHIO (10 2
pa3) Mo CpaBHEHUIO C BHICMOYHBIMU y4acTKaMH. Tak Kak
IO CTETICHU ONAaCHOCTH BO3SHUKHOBEHUS BCIIBIMICK (B3phI-
BOB) ra3a W IbUIM B IIaxXTaxX NMpU3abOiHBIC YYaCTKU MO-
TOTOBHUTEIIEHBIX BBIPAOOTOK SIBISIOTCS CaMBIMHU OTACHBI-
MU, TO B CTaThE OTPAKEHBI PE3YJBTATHI UCCIECIOBAHUN 11O
OIICHKE a3POJIOTMUYECKUX PUCKOB MOATOTOBUTEIBHBIX BBI-
pabotok. [IoMUMO OCHOBHOTO MCTOYHHKA BOCIIJIAMEHECHUS
B3pBIBUATON MBUIEMETAHOBO3AYIIHON cMecH (B3PBIBHBIX
paboT), MPUCYTCTBYIOT TaK Ha3bIBAEMBIC BCTIOMOTATEIIh-
HBbIC MCTOYHUKHU BOCIUIAMEHEHHS: (PPUKIIMOHHOE HCKpPE-
HUE ITpH paboTe OypOBOTO MHCTPYMEHTA, HEHCIPABHOCTH
Pa3INYHBIX IEMEHTOB AEKTPOOOOPYIOBAHUS U IPYTHE.

Oto motpeboBano pa3paboTku 00wLIel CTPYKTYpHOU
CXEMBI PHUCKOB I TMOJATOTOBUTEIHHBIX BBHIPAOOTOK U
BBEICMOYHBIX YYaCTKOB YTOJBHBIX IIaXT. B Hee Bomuim
OCHOBHBIEC OIIACHOCTH HA BRIEMOYHBIX Y4acTKaX U B MOJ-
TOTOBUTEIIEHBIX BBIPAOOTKAaX (KOTOpBIC SIBIISIOTCS OMH-
HAKOBBIMH KaK JIJIsl OYMCTHBIX 3200€B, TaK U JIJIS TYTIUKO-
BBIX ), OCHOBHBIC BH/IbI XapPAKTEPUCTUK CXEM BEHTHIISAIIUU
MOJITOTOBUTEILHBIX BEIPAOOTOK M BHIEMOYHBIX YUACTKOB.
UTto KacaeTcsi BLIEMOYHBIX YUACTKOB, TO PE3YIBTATHI HC-
CJIEIOBAaHUH OTPaKEHBI B paHee OITyOIMKOBaHHBIX Pabo-
tax banoruesa C.B. [9].

HeoOxommmo Taxke oOpaTuTh 0co00e BHHMaHWE
Ha YA3BHMOCTb CXEM BEHTWJISILIMU ITOATOTOBUTEIBHBIX
BbIpaboTok. llpuBenemM HEKOTOpBIE CTaTUCTHYECKHE
JaHHBIE [0 MX B3pbIBOOMacHOCTH. Bce mMecTa B3phIBOB
METaHa B YTOJBHBIX LIAXTaX MOXHO IOAPA3AEIUTh Ha
YeThIpe rpymnisl: 1) ropHble BEIpaOOTKH: CKBO3HBIE U TY-
ITUKOBBIE (ACHCTBYIOIME U MOTalIaeMble); 2) OYUCTHBIE
32001 (HEMOCPEACTBEHHO JIaBbl, MECTa CONPSDKCHHS MX
CO IMTPeKaMU W Hape3HbIe padOTHI B JTaBax); 3) BEIpado-
TaHHBIE IPOCTpaHCTBA; 4) cTBOIE [10].

W3 anannsa pe3ynbTaToB MCCIEAOBAHUNA B3PBIBOO-
MACHOCTH YTOJIBHBIX HIAXT CIEAYET, YTO MOAABIISIOIIEE
4yucio B3pbIBOB (64,4 %) HMpOMCXOOUT B TYNHKOBBIX
7 CKBO3HBIX TOPHBIX BBIPabOTKax MIaxT, OKoio 26,4
% B3pBIBOB NPOMCXOAMT B OYUCTHBIX 3a00sx, 6,7 %
B3PBIBOB NPHUXOAMTCS Ha BHIPAaOOTAaHHBIC NMPOCTPaH-
ctBa U 2,5 % — Ha ctBonkl [11; 12]. IIpumepHO Takoe
e COOTHOLIEHHE paclipeie]IeHUsI B3PbIBOB METaHa 110
UX JIOKALMU COXPAaHSETCsl BO BCEX YTOJbHBIX Oacceil-
Hax CTPaHBbI.

K OCHOBHBIM mNpHYMHAM 3ara3oBaHusl BBIPaOOTOK
METaHOM O B3PBIBOOIIACHBIX KOHLEHTPALMH OTHOCST-
csl: HapylieHue BeHTHsuu (63,8 %, u3 HUX B TyIIHKax
MTOJITOTOBUTENHHBIX BBIPa0OTOK — 29,4 %, B CKBO3HBIX
BBIPa0OTKaX W OYHCTHBIX 3200sX — 34,4 %); TOBBIIIECH-
Hoe TazoBbieneHne (21,5 %); HeCOOTBETCTBHE pacdeTra
KOJIMYEeCTBa BO3AyXa (HAKTHUECKOMY TIa30BBIICICHHIO
(5,5 %); orcyTCTBHE KOHTPOJIS 32 PEXUMOM IPOBETPH-
BaHUs ¥ razoBsiaeneHus (4,9 %) u ap. [12].

Ho 80 % npuumH 3ara3oBaHHE TYHNHKOBBIX BbIpabo-
TOK COCTaBJISIFOT OCTAHOBKHM BEHTWJIATOPOB, OCYILECT-
BISIIOIIMX MECTHOE IPOBETPUBAHME, M HapylIEHHE
repMeTH3alMA BEeHTWISIMHOHHBIX TpyO [13]. OcHOBHOM
MIPUYMHON 3ara3oBaHUsl B CKBO3HBIX BBIPAOOTKAax W Ha
BBIEMOYHBIX YYacTKax SBJSIETCS HapyLIeHHE DPEXHMa
MIPOBETPUBAHUS M3-32 YMCHBILICHHS HX IOIEPEIHOTO
ceuernsa. Ha maxrax Kys0acca mmpoxo mpumensiercs
HarHeTaTeNbHO-BCACHIBAIOIIMN CIIOCO0 NPOBETPUBAHUS
MOATOTOBUTEBHBIX BHIPAOOTOK (IJIs1 MPEROTBpAIICHHUS
9HJIOTCHHBIX IOXKapoB). AHAIHM3 CTATUCTHYECKHX JaH-
HBIX IIOKa3aJl, YTO IPU TaKOM CIOCOOE NMPOBETPUBAHUS
TYIIUKOBBIX BBIPAaOOTOK 4YacTOTa B3pHIBOB B JBa pasa
BBIIIE, YEM IPH BCACHIBAIOLIEM WJIM HarHETaTeIbHOM
npoBeTpuBanuu [12].

Llenb uccnenoBanuii

Pa3paboTka MeTona OLGHKM W YIPABICHHUS a’poIio-
TMYECKHMH PUCKaMHU B TMOATOTOBHUTEIBHBIX BBIPAOOTKAX
YTOJIBHBIX LIAXT MPH Pa3IMYHBIX CXeMax U CII0co0ax BeH-
THJISLIMY TIOITOTOBUTENBHBIX BRIPAOOTOK Ha OCHOBE YCTa-
HOBJICHUSI 3aBUCHMOCTEH a’3pOJOrHYEeCKOro pHCKa OT Ta-
3000UIBHOCTH IIAXTHI, MBUICOOpa3yIoIel cliocOOHOCTH
IiIacTa ¢ y4eToM YSI3BHMOCTU CIIOCOOOB BEHTHIISILIUH, a
TaK)Ke MPUMEHEHUS] MEPOIIPUATHI IO YIPABICHUIO Ta30-
BBIJICIICHUEM.
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MeTtoaonorusa uccnepoBaHma

MHTEHCUBHOCTh BBIACICHUS METaHa U YTOJIbHOU
MBUTH TIPH paboTe MPOXOAYECKOro KombaiiHa ompere-
JIeTCA TPUPOTHBIMH XapaKTEPUCTHKAMHU yTOJBHBIX
IUIACTOB M OCOOCHHOCTSIMU a3pora3oJuHaMHKH, CO-
MMyTCTBYIOIIEH TEXHOJOTHH MOATOTOBUTENBHBIX PadboT
u 1p. [14; 15].

MeTtomonorusi OLEHKH a’pOJIOTHYECKOTO PHCKa 3a-
KIIIOYaeTcsl B pacyeTe Mokaszarelieil, OTpaxxalomux Mepy
OITACHOCTH BO3HWKHOBEHUS aBapUH 110 IPUUNHE MIPEBHI-
[ICHUST HOPMATUBHBIX 3HAYCHUU MapaMETPOB MIAXTHON
aTMocdepsl, YCTAHOBJICHHYO IS CXEM M CIIOCOO0B BEH-
TUJISIUU OTIPEACIICHHON ysI3BUMOCTH [9].

OnacHOCTh MIAXT MO0 OTHOCHUTEIEHOW METaHOOOWIIh-
HOCTH M TbIIe00pa3yomiel CriocoOHOCTH MIacToB OyaeM
Ha3bIBaTh (POHOBBEIMH (PakTOpaMHu, HEOOXOMUMBIMHU IS
BO3HUKHOBEHHMS aBapui. ['a3000MIBHOCTD U ySA3BUMOCTD
CXEM U CII0COOOB MPOBETPHBAHUS IMOATOTOBUTEIHHBIX
BEIpaOOTOK OTHECEM K CHCTEMHBIM (hakTopam, KOTOPbI-
MU MOXHO YIPAaBJISATH IS CHIDKEHUS adpPOIOTHYECKOTO
pucka. Hegocratku cxem M croco0OB MPOBETPHUBAHHSA
MTOJITOTOBUTENHHBIX BEIPAOOTOK, TIPH KOTOPBIX MOTYT 00-
Pa30BbIBAaThCS MBUIEBAsI M Ta30Basi OMMACHOCTH, OTHECEM
K YSI3BUMOCTH CIOoco00B mpoBeTprBaHus. KomndectBo
MOJIaBaeMOr0 BO3[yXa M Ka4eCTBEHHAsl CTPYKTypa BO3-
IYITHBIX TIOTOKOB, & TaKXe CXeMa IPOBETPUBAHUS BBI-
paboTOK OINpeneNsoTCS KOHKPETHBIMH TOPHO-TEOJIOTH-
YEeCKUMHU ¥ TOPHOTEXHUIECKUMH YCIOBUSIMHU, POPMHPY-
IOLIUMH 3a/1auu TpoBeTpuBanus [16; 17].

B HerazoBeIX MeXaHW3WPOBAaHHBIX 3a00AX cXema M
WHTEHCUBHOCTH MPOBETPUBAHMSA JOKHBI 00€CIIeunBaTh
TOJBKO ONTHUMAaJIFHBIE 110 MBUIEBOMY (PaKTOpy CKOpPOCTH
JIBHOKECHUS Bo3ayxa B npenenax 0,4-0,6 m/c.

B MeTaHOOOMIBHBIX TOATOTOBHUTENBHBIX BBHIPAOOT-
Kax BO3IyX000MEH JJOJKEeH 00ecreunBarh dPPEeKTUBHOE
Y KaueCTBEHHOE IepPEeMENINBAHNE BO3AyXa C Ta30M s
HCKITIOYEHUS] BO3MOKHOCTH OOpPa30BaHUSI MECTHBIX WU
CJIOEBBIX CKOIJIEHUMH MeTaHa. BbICOKOe ra3oBblieieHUE
B ITOJITOTOBUTENLHBIX BEIPA0OTKax 00yCIOBIUBAET HEOO-
XOIMMOCTP TTOJIadu OOJBIIIETO pacxoa BO3IyXa IS MX
MIPOBETPUBAHUS, YEM JJIsl OUMCTHBIX 3a00eB [18; 19].

C y4eroM ypoBHS ra3000MIBHOCTH MOATOTOBUTEIb-
HBIX BBIPAOOTOK, WX JJIMHBI, TEXHHYECKHX XapaKTepH-
CTHK TIPUMEHSIEMBIX CPEACTB BEHTIIISAIUH MOTYT OBITh
WCTIOJIb30BaHbI Pa3InYHbIe CXEMbI IIPOBETPUBAHUS C TIa-
paIeNbHBIM, TOCIIEAOBATENbHBIM M ITapalyIeNIbHO-ITO0-
CIIEIOBATENILHBIM BKIIFOYEHHUEM BEHTHIISITOPOB, a TaKkKe
CXEMBI TIPOBETPUBAHUS C HECKOIBKUMH BEHTHIIATOPHBI-
MH YCTaHOBKaMH.

[Ipu mpoBenernn BHIPAOOTOK MO TAa30HOCHBIM ILTA-
CTaM ONTHUMAJIbHBIC YCIIOBUS MPOBETPUBAHHS CO3JAIOT-
s TIpH 3HAYUTEIHHBIX TYPOYIEHTHBIX XapaKTePUCTUKAX
BO3IYIIHBIX TOTOKOB, KOTOPBIE MHOT/IA JIJIsl BEICOKOTa30-
OOMJIBHBIX BEIPA0OTOK HE 00ECTIEUNBAIOTCS 1aXKe HAarHe-
TaTelbHBIMU CIIOCO0AaMH TpPOBETpHBaHUs. Pa3pabarbl-
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BaeMble B HACTOsIILEEe BPEMs MyIbCUPYIOIIUE CIOCOOBI
MIPOBETPUBAHUS AAIOT BO3MOXHOCTh MEPUOAUUECKH U3-
MEHATh CTPYKTYpPY BO3IYIIHOTO MOTOKA, ABMXKYILIETOCS
M0 TPOBETPUBAEMOM BBIpAOOTKE, U MpHIaBaTh €My IO-
BBIIIEHHBIE TYpOYJIEHTHBIE XapaKTepPUCTUKH, 0OecTeqn-
Bas 3¢ (HEeKTHBHOE TIEPEMEIINBAHNAE BO3AYyXA C BBIICIISIIO-
mMcst metanom [19].

B KoMIutekce CpeAcTB ynpaBieHUs ra30BblICICHIEM
B IOATOTOBHUTENBHONW BHIPAOOTKE BaKHOE MECTO 3aHH-
MaeT aerasanus. Hambonee mepcrieKTUBHBIMH SIBIISIIOT-
Csl PErHOHAJIbHBIE CITOCOOBI BO3JCHCTBHS HA YTONBHBIN
MacCHB, K KOTOPHIM MOXXHO OTHECTH: MpPEIBApUTENb-
HYIO NOIAPabOTKy WM HaapaOOTKy YrOJbHBIX IJIACTOB,
NPEABAPUTENIBHYI0O U 3a0JIarTOBPEMEHHYIO Jeras3anuio
[20]. Taxxe mist 3THUX meeld MOXKET OBITh HCITOIB30BaHO
MIPEIBAPUTENBHOE YBIa)KHEHNE YTOJIBHOTO MacCHBa, €ro
00paboTKa (hrerMaTu3upyrOIUMHI COCTaBaMH.

Breina paspaboraHa MeTOAMKa OIIGHKH a’poJorHye-
CKOTO pPHCKa B MOATOTOBUTEIHHBIX BBIPAOOTKaX, BKIIO-
YaroIas pacuyer 3HAYEHUH II0Ka3aTessl a9pOI0rHIeCKOro
pucka (R ) aBapuii B IIOATOTOBUTENBHBIX BBIPAOOTKAX U
pacueT 3Ha4eHU POTHO3HOTO MOKAa3aTels a3posIornye-
CKOTO pHCKa (an) aBapuil B NOArOTOBUTEIBHBIX BbIpa-
00TKaxX C y4eTOM MEpONPUATHH 10 YIIPABIECHUIO Ta30BbI-
JICIICHUEM.

JI7s KONIMYeCTBEHHOW OLIEHKH a3pOJIOTHYECKOTO PH-
CKa aBapuil B IOATOTOBHUTENBHBIX BBIPAOOTKAX HMCIOIb-
30BaHbI HOpMHpYOIIUe Ko3Qdumuents [21]. Jlns onen-
KM CTETEHEH OMacHOCTH M YSI3BUMOCTH CIIOCOOOB BEH-
TWISIUUA TIOATOTOBUTENBHBIX BHIPAOOTOK YUHUTHIBAJIMCH
MHEHUS KCIIepToB [22].

Pesynbratbl uccnenoBaHuii

[TpuBeneM MOPSOK pacyeTa 3HAUCHHH YKa3aHHBIX
MoKasareieil.

ADBPONIOTHYECKUH PUCK aBapuil B MOATOTOBUTENBHBIX
BbIpabOTKaxX:

R =1p, (1)
e A — koddunment onacHoctH [9];

P, — K03 (PULIMEHT yA3BUMOCTH CXEM U CIIOCOOOB
BEHTHJIALINY TYIHUKOBBIX BBIPAOOTOK.

Kosdduupent ys3sBUMOCTH p pacCYMTHIBACTCS 11O
dopmye:

P, =0, 0, t o0 ) p, (2)
e ¢, — KO3(pOUIMEHT 3HAYMMOCTH CTETICHH BIIMSHHUS
aKTHBHOCTH TIEpEMEITUBAHUSI Ta30B B IPHU3a0OMHOMN
30H€;

a,, — 3HAYCHHE KOJa YA3BHUMOCTH CXEM H CIOCO0O0B
BEHTWJISILIMY IO CTENICHU BIUSHUS aKTUBHOCTH TIepeMe-
HIMBaHMS T'a30B B MPU3a0OHHON 30HE;

®,, — KOO(QQUIMEHT 3HAYMMOCTH CTENCHH BIIMSAHUS
30HBI 0TOpOCA Ta30B HA MIPOBETPHUBAHUE IOATOTOBUTEIb-
HOH BBIPAOOTKH;

a,, — SHAYCHHME KOJa YA3BUMOCTH CII0COGOB BEHTHIIsI-
UM TI0 CTENECHU BIHMSHHUS 30HBI OTOpOCca ra3oB Ha Hpo-
BCTpUBaHUC HOILFOTOBI/ITCHI)HOI\/'I Bpra6OTKI/I;
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D, — HOPMHUPYIOLIUH MHOKHTEb.
[Tokazarenu ysS3BUMOCTH JIJISI CITIOCOO0OB BEHTHIIAIINH
MOATOTOBUTEBHBIX BEIPA0OOTOK MPECTaBICHbI B Ta0I. 1.
IIporuo3HeIif Noka3aresb a3poIoruyeckoro pucka [9]
B IIOAATOTOBUTENIBHBIX BHIPAOOTKAX PAaCCUUTHIBACTCA:
an:Ra+Ra'b1+Ra'b2_Ra'b3, (3)

e b, — ko3 PULHMEHT, XapaKTEPU3YIOIIUH CKIOHHOCTh
YTOJBHBIX MJIACTOB K CAMOBO3TOPAHUIO;

b, — x03hHHUIMENT, XapaKTEPU3YIOIMHI CKIOHHOCTD K
TOPHBIM yJapawm;

b, — ko3 purmenT, oTpaKaroIKi IPUMEHEHHE JIeTa-
3auH.

06¢cy)xaeHue pesynbTaToB UCCIEA0BAaHUSA

AHanu3 pacCUMTaHHBIX 3HAUYEHUH MOKa3aTenel a’po-
JIOTUYECKOTO pucKa (R 1 an) B ITIOATOTOBUTEIILHBIX BbI-
paboTkax TpH OOJBINON CTENEHHU BIUSHUS aKTUBHOCTH
nepeMeIIBaHus ra30B B Ppr3a00iiHOi 30HE (Manas cTe-
TIEHb BIIMSIHUS 30HBI OTOpOCa ra3oB Ha MPOBETPHUBAHMUE)
MOKasall, 4To AJIA IIaXT BCEX KaTeropuii razoBoil omac-
HOCTH, pa3padaThIBAIOIINX YIOJIbHBIC IUIACTHI, OMACHBIC
10 MUK, 3HAYEHHS TOKasarese R u an H3MCHSIOTCS
B unrepsaie 0,105-0,232, yro o3HayaeT HOpMAalbHBIN
ypoBeHb Oe3omacHOcTH (Tabm. 2). Ilpudem mms mraxr,
OTIACHBIX 10 BHE3AITHBIM BEIOpOCAaM YIS W rasa, pa3pa-
0aTBIBAIONINX YTOJMBHBIC TUTACTHI C YIACIBHBIM IBUICBBI-
nenennem 6onee 1200 r/t, 3nauenne R, cocrapnser 0,2;
MPUMEHEHUE B 3TOM Cllydae JAerazaluu AJis yIpaBlie-
HUsI T30BBIIETICHUEM CHIDKAET 3Hadenne R Ha 20 %. B
IIEJIOM YITpaBIICHHE Ta30BBIJCICHUEM ISl BCEX YCIOBUH
(Tabi. 2) cHUKAaeT MAaKCUMaJIbHOE 3HAYCHUE Q"p C BeIH-
bl 0,232 mo 3aauenud 0,192.

VYCIoBusl pacCYMTAHHBIX 3HAYCHMN TOKaszareneu R,
H an COOTBETCTBYIOT OOJBIIONH CTENCHU BIHSHHUS aK-
TUBHOCTH TIE€PEMEIIMBAHUS T'a30B B MPU3a00WHON 30HE
(OompIIasi cTeneHb BIUSHUS 30HBI OTOpOCA ra3oB Ha
MPOBETPHUBaHKE). DTO COOTBETCTBYET KOMOWHHPOBAH-
HBIM CIIOCO0AaM MPOBETPUBAHHUSI TOITOTOBUTEIILHBIX BbI-

paboTok. 3/1ech 3HaYECHMS MOKasaTened R u an H3Me-
Hatotcs B untepsaie 0,157-0,348, uro xapakrepusyeTcs
MTOHWKEHHBIM YPOBHEM 0€30M1acHOCTH. YIIpaBieHHE Ta-
30BBI/IEJICHHEM TTOBBIIIAET YPOBEHb O€301MacCHOCTH Bejie-
HUS TOPHBIX padoT Ha 20 %.

CoBcem Jpyras KapTMHA W3 PACYETHBIX 3HAYCHUH R,
u O  CKIaJBIBACTCS JUIA YCIOBHH B IIOATOTOBHTEIBHBIX
BBIPA0OTKaX MPHU MAaJlOW CTENEHH BIUSHUS aKTHBHOCTH
NepeMeIMBaHus ra30B B MpU3a00iHO 30He (Masas cre-
MIeHb BIMSHUS 30HBI 0TOpOCa ra30B Ha IPOBETPUBAHUE).
OT0 mpHCyIIe BCAChIBAIOIIEMY CIIOCOOY POBETPHUBAHUS
MTOJTOTOBUTENHHBIX BBIPAOOTOK MpH KOMOAHOBOM CIIO-
cobe ux npoBeneHus. J{Js 3TUX yCIoBUH 3HAYSHUS ITOKa-
3aresieit R v an u3MeHsArTcs B uarepnaie 0,365-0,812,
YTO XapaKTepHU3yeTCs aBapHHOM CHUTyaIllei mpu Beje-
HUH TOPHBIX PabOT.

HenpuemnembIMu 1711 HPOBETPUBAHUS TOATOTOBH-
TEJILHBIX BHIPAOOTOK (Tabi. 3) SBISIOTCS CXEMBI U CIIO-
COOBI WX MPOBETPUBAHUA MPHU MAJION CTEIIEHU BIMSHUS
AKTUBHOCTH TIEPEMEIIMBAHUS Ta30B B IPH3a0OWHOMH
30He (OOJIBINIAs CTEICHb BIMSHUSA 30HBI OTOpOCa ra3oB
Ha IpoBeTpUBaHKe). Takue yCIOBUS CKIIAIBIBAIOTCS TIPH
CXeMax C BCaChIBAIOIINM CIIOCOOOM HMPOBETPHUBAHUS IPU
MPOBEJICHUU MTOJATOTOBUTEIBHBIX BHIPAOOTOK B3PBIBHBIM
croco6oM. JIJis 1maxT, CBepXKaTeropHbIX M OMACHBIX 110
BHE3AIHBIM BBIOPOCAM yIUIsl ¥ Ta3a, 3Ha4eHus R W an
JIOCTUTAIOT €IWHUIIBI, YTO CBUAETEIHCTBYET O UPE3BBI-
YaifHO BBICOKOM YPOBHE B3PBIBOOMACHOCTH B TOATO-
TOBHUTEIHHON BBIPA0OTKE TIO IBUIEra3oBoMy (hakTopy.
[IpuBeneHHBIE pacyeTHI ellle pa3 HOKa3bIBAIOT HEIIPUMe-
HUMOCTb BCAaCHIBAIOLIETO CIIOCO0a MPOBETPUBAHMUS O~
TOTOBHUTENBHBIX BBIPA0OTOK MPH MPOBEACHUH UX B3PbIB-
HBIM CITOCOOOM.

3aknoyeHue

AHanu3 pe3ynapTaToB HUCCIIENOBaHUI B3pPBIBOONIACHO-
CTHU YTOJIBHBIX IIAXT MOKAa3aJl, YTO MOJABIISIONIEE YUCIIO
B3PBIBOB MTPOMCXOJUT B TYITUKOBBIX TOPHBIX BBIPAOOTKaX

Tabnuua 1/ Table 1

IMoka3aTes i yI3BUMOCTH JJIsI CXeM M CMOCO00B BEHTU/ISILUH TOATOTOBUTEIbHBIX BHIPA0OTOK
Vulnerability indicators for schemes and methods of ventilation of development workings

Koapdunnuenr 3na-
Crenenn 4YMMOCTH II0KA3aTeJIA
IToxa3zaresn yi3BHMOCTH
I . YSI3BUMOCTH YSI3BHMOCTH
Vulnerability metrics . -
Vulnerability Vulnerability indicator
significance coefficient
CrerneHp BIMSHUS aKTUBHOCTH TIEPEMEIIUBAHUSI TA30B B MPU3a00MHOMN Oonbluas
30HE Big 0.7
The degree of influence of the activity of mixing gases in the bottomhole Manas '
zone Small
CreneHp BINSHKSA 30HBI 0TOPOCA ra30B Ha MPOBETPUBAHKE MTOATOTOBH- Majast
TENLHOI BBIPaOOTKU Small 03
The degree of influence of the zone of emissions of gases on the ventila- GosbmIas '
tion of the development workings Big
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maxt. [lpumenenne npeacTaBieHHON METOAUKH OLIEHKU
a3pPOJIOTNYECKHUX PUCKOB B TOATOTOBUTENBHBIX BHIPAOOT-
Kax YrOJIbHBIX IIAXT C yYE€TOM MEPOINPHUATHH 10 yrpas-
JICHHUIO Ta30BBIOCIICHUEM II03BOJISIET OCYIICCTBIISITH HE
TOJIBKO HMPOTHO3WPOBAHKE a3POJIOTHUECKUX PUCKOB IIPH
MPOCKTUPOBAaHUK, HO U OOOCHOBAaHHME a3pPOJIOTHYECKON
6e3omacHocTH [23].

PaccuntanHble MO MPeIIOKEHHOW METOAMKE 3Haue-
HHsl TIOKA3aTeNed a’pooruIeckoro pucka (R, u an) B
MOATOTOBUTEIBHBIX BEIPA0OTKAX MU OONBILION CTENCHH
BJIMSIHUSI aKTUBHOCTH IMEPEMELINBAHUS Ta30B B IpH3a-
0olHOI 30HE (MaJoOW CTENEeHH BIUSHUS 30HBI OTOpOCa
ra3oB Ha [IPOBETPUBAHUE) IJIS IAXT BCEX KaTETOPUH U3-
MenstoTcs B uHTepBaie 0,105-0,232, uto o3Ha4aeT HOp-
MaJIbHBIA ypoBeHb Oe3omacHocTu. [IpuMenenue B 3Tom
cilyyae Jerazaliy Uil yNpaBiCHHS Ta30BbIACICHHEM
CHIDKAET 3HaYeHUs R W an Ha 20 %.

3HaueHUsI TOKa3aTelned a’pOJOrMYecKOro pHCKa
(R, m an) B TIOATOTOBUTENBHBIX BBIPA0OTKaX NpH OOIb-
LIOH CTENEHW BIUSHHUS aKTHBHOCTU IE€PEMEIUBAHUS
ra3oB B Mpu3a0OHHOM 30He (OONBIION CTETIEHU BIUSHUS
30HBI OTOpOCa ra3oB Ha NMPOBETPUBAHKE) W3MEHSIOTCS
B unrepnaine 0,157-0,348, yto xapakrepusyercsi OHU-
KCHHBIM YPOBHEM O€30MacHOCTH. DTO COOTBETCTBYET
KOMOMHHUPOBAHHBIM CII0OCOOaM TNPOBETPUBAHMS IIOATO-
TOBUTENBHBIX BEIPAOOTOK.

3HaueHUsl TOKas3aTelled a’pOJIOTMYECKOT0 pHUCKa
(Ralel an) B MOJTOTOBHUTEIBHBIX BHIPAOOTKAX MPH Ma-
JOW CTENEHU BIUSHUA aKTUBHOCTH NEPEMEIINBAHUSA
ra3oB B MpU3abOWHON 30HE (MajOi CTEIeHN BIUSHUS
30HBI 0TOpOCa ra3oB Ha MPOBETPUBAHUE) U3MEHSIOT-
ca B uHTepBane 0,365-0,812, uto xapakrtepusyercs
HEYAOBJIETBOPUTEILHBIM ypPOBHEM O€30MacHOCTH IO
(hakTOpy BEHTIIISIIIUM W aBapUUHOW CHUTyammeil Mpu
BEJICHUHU TOPHBIX PabOT. DTH yCIOBUS COOTBETCTBYIOT
BCACBIBAIOLIEMY CIIOCOOY MPOBETPUBAHUS MOATOTOBH-
TENBHBIX BBIPAOOTOK MpH KOMOAWHOBOM crocobe ux
MIPOBEJCHUSI.

3HaueHUs] TOKas3aTeleld a’poJOrMYecKOro pHCKa
(R, n an) B TIOJITOTOBUTEIIHHBIX BRIPA0OTKAX MTPH MaJIOH
CTEIICHH BIUSIHMS aKTUBHOCTH IEPEMEIINBAHUS Ta30B B
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npu3ab0itHON 30He (OONBINON CTETEHU BIWSHUS 30HBI
0TOpOCa ra3oB Ha MPOBETPUBAHKE) TOCTUTAIOT EIUHHLIBL,
YTO CBUAETENILCTBYET O YPE3BBIYAHHO BHICOKOM YPOBHE
B3pPBIBOOIIACHOCTU B MOATOTOBUTENHHON BHIPAOOTKE MO
(baxTopy BEHTWIALMH. Takue YCIOBHS CKJIAIbIBAIOTCS
IPU CXEMax CO BCACHIBAIOLIMM CIIOCOOOM IIPOBETPHUBA-
HUSl TIPY TPOBEICHUU HOATOTOBHTENBHBIX BBIPAOOTOK
B3PBIBHBIM CIIOCOOOM.
BbiBoab!

1. IIpoBemeHBI WHCCIIEAOBaHUS B3PHIBOONACHOCTH
YTOJBHBIX LIAaXT, MOKa3bIBAIOIINE, YTO IOAABISIOLICE
yuciao B3peIBOB (64,4 %) NMPOMCXOAUT B TYNHKOBBIX
U CKBO3HBIX TOPHBIX BbIpaOOTKax mIaxT, okono 26,4 %
B3pPBIBOB IIPOUCXOANT B OUYUCTHBIX 3a0051X, 6,7 % B3pHI-
BOB NPUXOAWUTCS Ha BBIPAOOTaHHBIE NPOCTPAHCTBA U
2,5 % — Ha CTBOJIBI.

2. YCTaHOBJEHO, YTO 3HAYEHUS MTOKA3aTeNne a3poo-
TMYECKOTO PUCKA B IOATOTOBUTEIBHBIX BEIPAOOTKAX MpH
HarHeTaTeJbHOM CII0CO0e MPOBETPUBAHUS U3MEHSIOTCS
B unrepBaie 0,105-0,232, yro o3HayaeT HOpMaNbHBIN
YpOBEHb 0€30MacCHOCTH IS IIaXT BCEX KaTerOpUi raso-
BOH OMAacHOCTH, pa3padaThIBAIOIINX YTOJbHBIC IUIACTHI,
omacHble MO MbUIH. IIpM KOMOMHUPOBaHHOM cIioco0Oe
MIPOBETPUBAHUS a3POJIOTHUYECKasi OE30MacHOCTh Xapak-
TEpU3yeTcsl MOHWKEHHBIM YPOBHEM, 3HAYCHMS TOKa3a-
Tenel pucka u3MeHstores B unrepnaie 0,157-0,348.

3. OmpeneneHo, YTO 3HAYECHHUsI MOKa3aTeae a3poo-
TMYECKOTO PUCKA B IOATOTOBUTENBHBIX BEIPAOOTKAX MPH
BCACBIBAIOILIEM CIOCO0E MPOBETPUBAHUS HU3MEHSIOTCS B
untepBane 0,365-0,812, uro xapakTepusyeTcsi HEYIOB-
JIETBOPUTEIbHBIM YPOBHEM O€30MIaCHOCTH HO (aKTopy
BEHTWISILIMU M aBAPUIHON CUTyaluei Ipy BEJCHUHU Top-
HBIX pa0oT.

4. BrIsIBIEHO, YTO 3HAYECHMSI [TOKA3aTeIeil a’poiaoru-
YEeCKOT0 PUCKA B IOATOTOBUTEIbHBIX BBIPAOOTKaX JOCTH-
raloT €AWHHUIBI IPH POBEACHUH BBIPAOOTOK B3PBIBHBIM
crnoco0OM ¢ IPHUMEHEHHWEM BCACHIBAIOLIETO crocoba
MPOBETPUBAHUS, YTO CBHICTEIBCTBYET O UPE3BBIYAHO
BBICOKOM YPOBHE B3pBIBOOINACHOCTU U HEAOIYCTUMOCTH
NPUMEHEHHUS] BCACHIBAIOLIETO CIIOCO0a MPOBETPUBAHHUS
IpY BeCHUU OypOB3PBIBHBIX Pa0OT.
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060CHOBaHMe NapaMeTPoB U CO3AAHUE BbICOKOIKOHOMMUYHbBIX
BEHTUNATOPHBIX YCTAHOBOK annapaToB BO3AYLIHOr0 OXJIQXAEHUS

Hukonaii B. Makapos<|, Bnagumup H. Makapog?, Anekcanap B. YronbHukos®, Muxaun b. Hocbipes*
1-4YpanbCKuii rocyaapCTBEHHDbIN FOPHbIV YHUBEpCUTET, EkaTepuHbypr, Poccus, mnikolay84@mail.rub<

AHHOTauma. YCTaHOBMIEHbI NPUYMHBI HU3KOTO 3KcepreTuyeckoro KM/ tennoobmMeHHbIX annapatos, 06yCNOBNEHHbIE He-
[LOCTaTOYHOW 3KOHOMUYHOCTbIO MPUMEHSIEMbIX B HUX BEHTUNSTOPHbIX YCTAHOBOK, BbINO/HEHHbIX MO cxeMe «K». PaszpaboTa-
Ha MaTeMaTuyeckas MoaeNb KOppensaumMu napaMmeTpoB BEHTUASTOPHbIX YCTAHOBOK C MX 3KOHOMUYECKOM 3(HEKTUBHOCTbIO
B DYHKLMM OT yAENbHOM ObICTPOXOAHOCTM M OCTAaTOUHOW 3aKPYTKM NOTOKA. [lokazaHa He06X0AMMOCTb YBEIMYEHUS a3pOau-
HaMM4ecKkoro Ka4yecTsa npodunein N1onaTtok paboumnx Komec n CHUXKEHUS a3pOLUHAMMUYECKOrO CONPOTUBIIEHUS 3NEMEHTOB
BO34yX0oBoAa. [loaTBepXAeHa CyLWeCTBEHHOCTb BAUSHUS KO3IPOULMEHTA PAaCXOLHOM CKOPOCTU HA 3KOHOMUYHOCTb BEHTUNIS-
TOPHOM YCTaHOBKM, NPY 3TOM He cyLlecTBeHHO Bauss Ha KM BeHTunsTopa. OnpeaeneH onTMMasbHbIM AUMana3oH 3HAYeHUI
TeopeTnyeckoro Kosd@UUMEHTa AaBNEHUS AN BEHTUASTOPHbIX YCTAHOBOK 60nbwoi 6bicTpoxogHocTn. CNpoeKTMpoBaHa
A3pOAMHAMMYECKAs CXeMA M CO34aH MPOMbILLIEHHbIN 06pa3eL, BeHTUNATOpHOM ycTaHoBkM OTM BY 2.7-1.2 K3 ¢ npogunamu
OV-121TOH.

KntoueBble cnoBa: BEHTUNATOP, YCTAHOBKA, ObICTPOXOAHOCTb, BO34YXOBOA, 3KcepreTndeckuin KrM, aspoanHamuyeckoe
KayecTBO, PaCX0OAHAs CKOPOCTb.

Ana umtupoBanua: Makapos H.B., Makapos B.H., YronbHukos A.B., HocbipeB M.b. O6ocHOBaHMe napamMeTpoB U CO34a-
HWE BbICOKO3KOHOMMUYHbIX BEHTUNSTOPHbIX YCTAHOBOK anmnapaToB BO3AYLIHOIO OX/1axAeHus // YcToiumBoe pasButue rop-
HbIX TeppuTopuit. 2022.T. 14,N21. C. 117-125.DO0I: 10.21177/1998-4502-2022-14-1-117-125.

lony4era pedakyueli 24.07.2021; nonyyeHa nocne peueHsuu 26.08.2021; npuHsma k nesamu 06.09.2021.

Original article

Parameters justification and highly economical fan installations
creation for air cooling devices

Nikolay V. Makarov><, Vladimir N. Makarov?, Alexander V. Ugolnikov3, Mikhail B. Nosyrev*
4Ural State Mining University, Yekaterinburg, Russia, mnikolay84@mail.rub<

Abstract. Introduction. Sustainable development of regions with high subsoil use demands performance improvement
in gas cooling at compressor stations of main gas pipelines and environmental safety. Low energy prices specified the
design parameters of gas transmission units throughout the boost of the gas industry. Therefore, the crucial task is to
enhance the economic efficiency of main gas pipelines. One of the most energy-intensive units here is the cooling system
of transported gas, which enables the reduction in operating costs. Gas air-cooling units used for cooling transported
gas flow have spread significantly being notable for their increased energy output. Simulation methods of fan system
parameters in gas air cooling units are assuming great importance in a rapidly globalizing world depending on their
specific speed.

Research objective. This study aims to develop a simulation model and guidelines on the construction of fans with
high specific speed comparable cost-effectively to industrial fans. To support business objectives it is essential to specify
the principles of cost-efficiency variation from that of specific speed, the influence of geometric and kinematic parameters,
to conduct an experimental investigation to verify the results.

Materials and methods. The research was based on a hypothesis for the consistency of the ratio between the pressure
loss in a fan and the specific energy of transferrable air. Aerodynamic efficiency was accepted as a criterion for a fan local
efficiency in order to determine the dependency of fan cost-effectiveness against its specific speed. Basic equations of
fluid mechanics and theory of optimization were used as research mathematical tools.

Results and discussion. In this study, we have established the influence pattern of the structural elements of a fan air
duct and its geometrical parameters on the efficiency over a wide range of alterations of specific speed. We have obtained
a mathematical model of correlation between geometrical and kinematic parameters of fans and their cost-effectiveness
in a function of specific speed and residual flow swirl. The study has proved that it is essential to improve the aerodynamic
quality of impeller airfoils and reduce the aerodynamic drag of air duct elements with the increase in specific speed of
fans to extend their cost-effectiveness.

© H. B. Makapos, B. H. Makapos, A. B. YronbHukoB, M. b. Hocbipes, 2022.
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Conclusion. The research described in this paper confirms the commercial importance of utilizing fans in air-cooling
units according to aerodynamic configurations with a single wheel “K” and high specific speed n_ 2400, as far as they
provide the highest possible aerodynamic efficiency at minimum weight dimension characteristics. The paper shows the
capability of designing aerodynamic configurations of fan units of high specific speed n > 400 with the efficiency > 0,85
where £ s 0,2 achieves aerodynamic efficiency of impeller sections K > 25. 1t has been established that the optimal region
of theoretical pressure coefficient of fan units with a specific speed 380<ny<450 is located in the range 0,02<'¥ <0,08. We
have determined that when the aerodynamic drag coefficient of an air duct of a fan unit is equal to € 2 1,2, its efficiency

declines by more than 25 percent relative to € £ 0,1.

The authors have designed an aerodynamic scheme and produced an industrial prototype of a fan unit OGM VU 2.7-1.2

K3 with OV- 121TOH airfoils.

Keywords: fan, unit, specific speed, air duct, exergy efficiency, aerodynamic characteristics, flow rate.

For citation: Makarov N.V., Makarov V.N., Ugolnikov AV., Nosyrev M.B. Parameters justification and highly economical
fan installations creation for air cooling devices. Sustainable Development of Mountain Territories. 2022;14(1):117-125. (In
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Received by the editors 24.07.2021; received after the review 26.08.2021; accepted for printing 06.09.2021.

BsepeHue

YceTolunBoe JUHAMUYHOE Pa3BUTHE PETMOHOB C AK-
TUBHBIM HEJPOMNOJIb30BAHUEM HEPa3phIBHO CBS3aHO C
peleHneM 3aad MOBbIIIEHUS 3((EKTUBHOCTA OXJIaX-
JleHus raza Ha komrpeccopHbix ctaHmusx (KC) marm-
CTPaJbHBIX Ta30MPOBOAOB M DKOJOTHYECKOil Oe3omac-
HOCTH.

B mHacrosmiee BpeMs B TOIUTMBHO-IHEPTeTHYECKOM
koMIiekce PO (B mepByro odepens, B ra30BOH OTpac-
JM) akTyainbHa Tmpobmema sHeprodddexkrnBHOCTH. B
60—70 romBl YCKOPEHHOTO Pa3BUTHS Ta30BOH OTpaciu
MPOEKTHBIEC ITapaMeTphl Ta30MepeKaYnBaONINX arapa-
ToB (I'TIA) 1 BcrmomorarenbHOTO OOOPYIOBaHHUS, B TOM
YHCIIE CUCTEMBI OXJIKICHHUS TPAHCIOPTHPYEMOTO Ta3a,
MOJOMPANNCh B YCIOBHUAX HU3KHUX II€H Ha YHEPrOHOCH-
tenu [1-3]. BenmencrBue 3Toro ynenapHast SHEProeMKOCTh
POCCHICKHX MarmcTpaibHbIX razomnpoBogoB (MI') Ha
15-30 % BpITIIE 3apyOSKHBIX, YTO OOYCIIOBICHO B TOM
YUCJIE HU3KMMM 3HauyeHUsMH d3kcepretrueckoro KIIJ]
TEII000MEHHBIX ammaparoB, T.e. ero KIIJ ¢ yu€rom
JHEPreTUYEeCKUX 3aTpaT Ha MPHUHYIUTEIHHYI0O KOHBEK-
[IUI0 OXJIAXIAIOIIETO BO3yXa BEHTHWJIATOPHBIMH yCTa-
HOBKaMH. B ycloBHAX OTCTaBaHHsS OTEYECTBEHHOTO
KOMITPECCOPOCTPOUTENFHOTO KOMITJIEKCA MPUXOJUIOCH
yctanasnuBarh Ha KC razonepexaduBaromue anmapars
¢ 6onee am3kuM KII/l mo cpaBHeHHIO C 3apyOeKHBIMU
aHaioramu [2].

OmHuM 13 BayKHEIX di1eMeHTOB MI sBiIsieTcst cucrema
OXJIXKACHUS TPAaHCIOPTHPYEMOTO Ta3a, KOTopas MO3BO-
JIAE€T HOBBICUThH HAJIEXHOCTh €€ U COKPATUTh JKCILTyaTa-
[IMOHHBIE 3aTpaThl. [Ipy MOHMKEHNN TeMIepaTypsl rasa
MPOMYCKHAs CIIOCOOHOCTh Ta30MpOBO/Ia BO3PACTAET.
Jns oxnaxaeHus MOTOKa TPAaHCTIOPTHPYEMOTO raza Hau-
6ompmee pacupoctpanenue Ha KC momyumin anmaparsl
Bo3aymrHOTO oxnaxzaeHus (ABO). YkazanHsle ammapa-
ThI UMEIOT DPSJI MMPEUMYIIECTB TIepea APYTUMH THIIAMHU
Ter1o00MeHHBIX ammapatoB. ABO He TpebyioT mpen-
BapUTEIbHON IOATOTOBKH TEIUIOHOCHUTENEH, HaJle)KHBI
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B OKCIUTyaTaIlH, YKOJIOTUIECKH YHUCTHI, IMEIOT TIPOCTHIE
CXEMBI TTOIKITFOYECHHSL.

CoBpeMEeHHBIN MarucTpaabHBIA TPAHCIIOPT MPUPO-
HOTO Ta3a pa3BHBAETCS B DHEPIO-pecypcocOeperaromemM
HaIIpaBJICHUH C OJHOBPEMECHHON HHTCHCH(PUKAITEH TeX-
HOJIOTHYECKHUX TPOIIECCOB, CBA3AHHBIX C yBEIMYCHHUEM
00BEMOB TPAHCTIOPTUPYEMOTO Ta3a [4]. B cBs3m ¢ 3TUM B
Ipoliecce IKCIUTyaTaliy MPOUCXOIUT N3MEHEHHe Tiepe-
MajioB JaBJI€HUH, TPaJIMEHTOB TEMIIEpaTyp, CKOpOCTen
JBIDKEHUS TETUTIOHOCUTEIIEH, YTO BBI3BIBAET yBEITUUCHNE
JHEpro3arpar, OCOOCHHO IPH HEYAOBIECTBOPUTEIHLHOM
texanaeckoM coctossann ABO. Ilpu sTom TpeGoBaHuUs
K 3QdexkTnBHOCTH (QYHKIIMOHUPOBAHUS aIlllapaToB II0-
CTOSTHHO pacTyT [5].

ABO BKITI09aIOT B €05l CIICAYIONIHE OCHOBHBIC Y3ITbI
U arperarbl: CeKITNN OpeOpEHHBIX TEIIIO0OMEHHBIX TPYO
(TBO) ot 3 1o 12 M?, BEHTHIATOPHBIE YCTAHOBKH, COCTO-
AIIMe U3 BEHTWIATOPOB C AIEKTPONPHUBOIAMH, BO3ILYXO-
BOJIOB U JKAJTIO3U UTA PEryJINPOBAaHUS Pacxo/a BO3AyXa,
HECyIIue KOHCTPYKIMH, MEXaHH3MBl PETyIHpPOBAHHUA.
IIpumensiembie st oxnaxkaeHus raza ABO umeror pas-
BHTHIE HAPY>KHBIE IOBEPXHOCTH, YTO CO3aET Omaronpu-
ATHBIE YCIOBUS U OCAXICHUS HA HUX TBUIH U 3arpsi3-
HEHUH PACTUTEIBHOTO MPOUCXOXKIEHUA U mnecka. IIpo-
Imecc ycyryOiseTcsi BBICOKOH TeMIepaTypoul IOBepX-
HOCTH, IPUMEHEHNEM OCEBBIX BEHTHIITOPOB C HHU3KON
CKOPOCTBIO OXJIQXKJIAIOIIETO BO3AyXa B TEIFIOOOMEHHBIX
CeKuusAX. B couetaHnu ¢ TUIOXUMH TEIUTO(U3NIECKUMHI
CBOMCTBaMH BO3/yXa 3TO 00yCIaBIMBaeT HU3KKE 3HAYE-
Hus KodddunuenTa temmootaaun: a = 30-90 Br/(m?-K)
1, KaK CJe/ICTBUE, 3HAUYNTENbHbIE Ta0apUTHBIE pa3Mephl
ABO [6-8].

IIpu pabore ABO, B pexxume HarHETaHUS C HIKHIM
pacTonoKeHHEeM BEHTHIISTOPA, MPOHMCXOANT HCKaKEHHE
TIOJIST OCEBBIX CKOPOCTEH, 00YCIIOBICHHOE TeM, YTO Ha TIe-
pudepuiinoi vactu TBO o0pazyercs 30Ha TOBBIIICHHOTO
TABIICHNSA, a B LEHTPE — 30HA ITOHIKEHHOTO JIABIICHHSL.
[Totok 3a pabo4nM KoJecoM BEHTHIISITOPA 3aKPydInBaCTCS
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B CTOPOHY BpaIlleHHs POTOpa; yMEHbIECHHE KUHETHYe-
CKOM SHEpPruM Ha BBIXOZE U3 padouero Koieca He MPHBO-
JIUT K POCTY TTOTEHIMAIBHOM SHEPTUH AABJICHUS, a JIUIIb
KOMIIEHCHPYET TIOTepH Ha TPEHHUE, BEI3BAaHHBIEC BpAIlleHH-
€M TI0TOKa, YTO CHIKaeT 3koHoMuaHocTh ABO [8; 9].

[pumensiembie B ABO BEHTHUIIATOPHI BBITOJIHEHBI IO
a’poaMHaMHUIeCKol cxeMe «K» ¢ omHrM pabounum Koire-
coMm Oe3 crnpsmisitomero anmapara. [lo sToit nmpuunne
MOTOK OXJIAXKJAIOIIETO BO3AyXa 3a pabodylM KOJIecOM
MMeEeT CYIIECTBEHHYIO OCTaTOYHYIO 3aKPYTKY, TO €CTh
HUPKYIALUio. [{UpKYyISIMOHHBIN MOTOK, ABMXKYIIMNCS
TI0 CITUPAJIH, TOCTYTAeT Ha BXO/ B TEIFIOOOMEHHYIO CeK-
A0 ¢ OOJBITMME pa3dpocamMu YIJIOB PaccoTIacOBaHUS
M0 OTHOLIEHUIO K pedpam myuykoB Tpyo TBO, uto mpu-
BOJUT K CYIIECTBEHHOMY YBEIHYEHHIO COMPOTHBIICHUS
TEIUIOOOMEHHBIX CEKIMH, W KaK Pe3ylbTaT — K POCTy
pacxoga PHEPruM Ajsl NEPEeMELICHUS OXJIAXKIAIOIIETO
BO3AyXa (CHIDKEHHS SHTANBIIMK OXJIAXJaeMOro rasa),
a cleoBaTeNibHO TajieHuio skceprernyeckoro KITJ]
ABO [10]. Yeenuuenue KIIJI, 53KOHOMUYHOCTH BEHTH-
JIATOPHBIX YCTAaHOBOK, T.€. CHUKEHUE 3aTpaT SHEPTUH Ha
MIPUHYIUTEIHHYI0 KOHBEKIIHIO OXJIAXKJAIOIIETO BO3/IyXa
crnioco0cTByeT pocTy 3kcepreruueckoro KITJI ABO [10].

Jns ABO ncrnonb3yrorcsi oceBble CIElMabHbIE BEH-
THJISITOPBI, ¢ OOJBIION yAENbHON OBICTPOXOTHOCTHIO n,
70 450. OTH BEHTWIATOPH! OTIUYAIOTCA MaJlol yAeIbHON
MTOTEHIMAIGHOW SHEPrHel TOTOKa BO3MyXa 3a PadounM
KOJIECOM, UTO 00YCIIABIMBAET CYILIECTBEHHOE BIIMSHUE T€0-
METPUYECKHUX TapaMeTpoOB BO3AYXOBOAA BEHTHUIATOPHOMN
YCTaHOBKH Ha ee¢ 3KOHOMUIHOCTH [10; 11]. Jlo HacTosIe-
T'O BPEMEHU He TIPOBOJIMIIMCH KOMIDICKCHBIE HCCIIEIOBAHNS
BIIMSHUS YIEBHOM OBICTPOXOJHOCTH HAa SKOHOMHUYECKYIO
3¢ GEKTUBHOCTS BEHTIIIITOPHBIX YCTaHOBOK [7; 10; 11].

Llenb uccnenosanuii

PazpaboTka pekoMeHAauid MO CO3JAHHWIO BEHTHIIS-
TOPHBIX YCTaHOBOK C OOJIBIION yNeNbHOW ObICTPOXOIHO-
CTBIO 1O SKOHOMHYHOCTH COU3MEPHUMBIX C BEHTUJISTOPA-
MU OOIIETIPOMBINIIICHHOTO WCHOMHEeHUs. [ perreHus
MTOCTaBIEHHON 3a7a4l HeOOXOIMMO TOCTPOUTH Marema-
TUYECKYI0 MOJAETbh 3aBHCHMOCTH a3pOAMHAMHYECKOIO
KII/I BeHTHIIATOPHOM YCTaHOBKH, T.€. €€ SKOHOMUUECKOMH
3(h(HEeKTHUBHOCTH OT YACIBEHOW OBICTPOXOMHOCTH, OIpee-
JIUTh MyTH U3MEHEHUS! TEOMETPUUYECKUX U KUHEMaTuye-
CKHX IIapaMeTPOB, YCTAHOBUTH 00IIME 3aKOHOMEPHOCTH U
paznuuus uaMenenusa KIIJI BeHTHiATOpa U BEHTUIISATOP-
HOW YCTaHOBKH C POCTOM YJEILHOH OBICTPOXOAHOCTU U
MMPOBECTU SKCIECPUMCHTAJILHBIC UCCIICAOBAHUA.

MeToabl uccnenoBaHua

Jnst ycTaHOBIEHUs] 3aBHCHMOCTH 3KOHOMHUYHOCTH
BEHTHJISITOPHOW YCTAaHOBKH OT €€ VAENbHOH OBICTpO-
XOJHOCTH MPUMEM B KaueCTBE KPUTEPHUS €€ JIOKATbHON
a¢pextuBHOCTH adponuHamuueckuii KITJ] — n, [11; 12].
JIns MOCTPOCHHS MAaTeMaTHUECKONH MOJENU 3aBUCHMO-
CTH DKOHOMHUYECKOH 3(PQPEKTUBHOCTH BEHTWIATOPOB U
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BEHTHJISITOPHBIX YCTAHOBOK OT YIEJIBHON OBICTPOXOAHO-
CTH BOCIOJIb3YEMCS HCCIIEIOBAHNUSAMH, IPUBEICHHBIMU B
cratese [12]. YpaBHenue s aspoauHamudeckoro KITJ]
BEHTWISITOPHOHM YCTaHOBKH, IPUBEICHHOE B padoTe [12],
npeolpaszyeM ¢ y4eToM aHaJIUTUYECKOrO BBIpaKCHHSA €€
YIENbHOM OBICTPOXOAHOCTH.

Iloce COOTBETCTBYIOIIMX BBIUUCIECHUN MOIYyYUM
YpaBHEHHUE, ONpEAEIAIoNIee 3aKOHOMEPHOCTH H3MEHE-
Hus aspoauHamuudeckoro KIIJ[ BenTunsitopHol ycra-
HOBKH OT €€ y/IeIbHOW OBICTPOXOIHOCTH, KO PHULINEH-
Ta a3pOJUHAMHYECKOTO COIPOTHUBIICHHS BO3AYX0OBOAA U
OCTaTOYHOM IUPKYJISINH B BUJE:

182.7 v 2 L 2 4
1-;-&-]1—41111_‘/2@23—13710 n;&‘y(z}; ,(1)

3
5

7€ ¢,— TEKyIEee 3HaYeHne KO3 PUIMEHTA CKOPOCTH Ha
BBIXOJI€ M3 BEHTHISITOPHON YCTaHOBKY; k — K03 uiimeHT
a’pOAMHAMHYECKOTO KadecTBa Mpoduiiei ionatok pado-
Yero Kojeca BEHTHJSITOPHOW yCTAaHOBKH; ¥ — OTHOCH-
TEIIbHBIM CPEeHUN a3pOJMHAMUYECKUN painyC JIOIATOK
pabodero Koneca, v — BTYJOYHOE OTHOLIEHUE paboyero
KOJIeCa; 71, — yAeNbHAs OBICTPOXOHOCT BEHTHIIATOPHOI
YCTaHOBKH, £ — k03 PHIIUEHT adpOTUHAMHYECKOTO CO-
MPOTUBIICHUS BO3AYXOBOJa BEHTHISITOPHON YCTaHOBKH.

Ha puc. 1 npusenen rpadux msmenenus KIIJ]| Ben-
TWISTOPHOM YCTAHOBKH OT yAENBHOW OBICTPOXOTHOCTH
NpU Pa3MYHBIX 3HaUeHHAX Koddduiumenta asponuHa-
MHYECKOTO CONPOTHUBIICHHUS BO3LYXOBOJA.
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Puc. 1. 3aBucumocts otHOcuTenbsHOro KI1J BenTmis-
TOPHOU YCTaHOBKH OT YJEIbHOH OBICTPOXOAHOCTH TIPH:
g, =0(1);
£,=0,1(2);¢e,=03(03);¢e,=12(4)

Fig. 1. Dependence of the relative efficiency of the fan
installation on the specific speed at:
g,=0(1);¢,=0,1(2),¢=03(3);¢,=12(4

W3 anammza ¢opmynsl (1) u puc. 1 BugHO, 9TO C poO-
CTOM YIENbHOWH OBICTPOXOJHOCTH PacTET HETaTUBHOE
BiusiHMe Ha KII/] BEeHTUIATOPHOM yCTaHOBKH a3poJHa-
MHUYECKOTO COIPOTHUBIICHHS €€ BO3LyXOBOAA, HOCKOJIBKY
yMEHbIIAeTCs yAeabHas MOTeHINaIbHas SHEPTHs Mepe-
MenaemMoro Bozayxa. [lostomy s obecrieueHust 5KOHO-
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MUYHOCTH BEHTHIIITOPHBIX YCTAHOBOK OOJBIIION YEIbHOM OBICTPOXOMHOCTH, MpUMeHsieMbIX 11151 ABO, HeoOxoanmo
BCEMH JIOCTYITHBIMU CPEJCTBAMH TOBBIMIATH a3POJMHAMUYECKOE Ka9eCTBO MPO(UIICH JIOMATOK paboYrX KOJIEC U CHH-
3KaTh a3pOJIMHAMUYECKOE COMTPOTUBIICHUE 3JIEMEHTOB BO3AyxoBoa [12—14].

Pesynbrathbl uccnenoBaHMit

Mamemamuueckoe modenupoganue

s mokasatenbCTBa Lenecoo0pa3HOCTH UCTonb30BaHus B ABO 0ceBbIX BEHTHIISTOPOB MO adpOIUHAMUYECKON
cXeMe C OIHUM padounM KosecoM «K», momyunm ypaBHeHHE A7 K03(PUIMEHTA MOJE3HOTO JEHCTBHS BEHTHIISATOP-
HOU YCTaHOBKH C BXOJHBIM HampasisitomuM anmnaparoM (BHA) u cnpsmistomnm anmaparom (CA) B Buze:

n=l-—-———-——— 7y "X
Y rk vk, rk 7 rnE rzk”nf
2 P ) 2
n,+1)(n, +1)¢@3 3 02
X M ~365,5In- sz-nj(nl+1)(”—4—4,11-10*3 s
r*n3 - n?
y y

e k, k. — kK03 OUITHEHTH a3poAuHAMUIeCKOTo kKadecTBa nmpoduineit BHA u CA;

n n, n, — koddpurmentsl mupkysimun BHA u CA,
09 —— . y 1 OIIpELEIAIOIINAE CKOPOCTD 3aKPYYUBAHUS ITIOTOKA B HUX.

: - 5 J B Ha puc. 2 npuBenensl rpadukyn W3MEHEHHS] MaKCH-
i J manpHOro M3MeHenus: KIIJ[ ogHOCTyneH4aTrol BEHTHIIS-
a8 TOPHOH yCTaHOBKH, BHIIOJHEHHOM 110 YETBIPEM pa3jIny-
075 & _ HBIM CXE€MaM B 3aBUCHMOCTH OT YIEIbHOI OBICTPOXOTHO-

CTH.
a7 W3 puc. 2 BUIHO, 9TO ITPH U3MEHEHUH YIICITEHON OBICTPO-
065 n xomaocty oT 20 1o 450 KIIJI BEeHTHIIATOPHOH YCTaHOBKH,

BEITIOJTHEHHOM 110 cxeMe «K», Bo3pactaer ot 0,68 mo 0,86,
T.€. BeJIM4uuHbI, consmepumoit ¢ KI1JI BenTunsTopHo# ycra-
HOBKH, BBITOTHEHHOHW TI0 cxeme «K+CA», ycTpaHsrome
OTpPUIIATEIbHOE BIMSHUE Ha SKOHOMHYHOCTH OCTaTOYHOM
3aKpyTKHU MOTOKA. [ Ipy 5TOM BEHTHIIATOPHBIE YCTAHOBKH TI0
a’poIMHAMHYECKOl cxeme «K» oTim9aroTcs MeHbIINME Ha
40 % oceBbiMu Tabaputamu U Ha 35 % MeHbIIeH MeTan-

0 50 100 150 200 250 300 350 400 450 500

Puc. 2. 3aBucumocts MakcumaibHoro KII/I omHOCTYyIeHYa-
TOW BEHTHJISITOPHOW YCTAHOBKH OT YIEIHHOH OBICTPOXOIHO-
CTH 110 adpoauHaMudeckoi cxeme: [ — «K+CA»,

2 — «BHA+K+CA», 3 — «BHA+K», 4 — «K», 8y:0,1

Fig. 2. Dependence of the maximum efficiency of a single-

stage fan installation on the speciﬁc speed according JnoeMKocThio. [lo BBIICYKA3aHHBIM IIPAYMHAM IIPAKTHYC-
to the aerodynamic scheme: 1 — «K+SA», 2 — «BHA+K+SA», CKH Heresecoo0pasHo mpuMeHsaTh misi ABO BeHTHIIATOP-
3 = «BHA+K», 4 — «K», ¢ =0,1 HBIE YCTAHOBKH IO adpopnHamMu4ecknM cxemam «K+CAy.

Takum oOpazom, npumenenue a1 ABO BEHTHIATOPOB
o cxeme «K» 000CHOBaHO, TIOCKOJIBKY T€UEHHE MTOTOKA B HUX XapaKTepU3yeTcsl HI3KIM 3HadeHHeM KpuTepus Jinepa
(Eu=2-30). Ilpumenenne B ABO BenTHIISITOpOB 10 cXeMe «BHA+K+CA» Hen30e:KHO PUBEIET K CHIDKSHUTO SKOHOMHUY-
HOCTH M POCTY MaT€pHaJIOEMKOCTH M Ta0apUTOB BEHTWISATOPHBIX YCTAaHOBOK [15—17].
JIns ycTaHOBJICHHSI 3aBUCUMOCTH SKOHOMHUYECKOW A(h(DEKTUBHOCTH BEHTHIIATOPHBIX yYCTAHOBOK OOJBITION OBI-
CTPOXOMHOCTH OT Kod(ppHITMEeHTa PACXOAHOW CKOPOCTH ¢ yueToM ypaBHeHUs (1) momyumm BeipaskeHue st KITJ]
BEHTWJISITOPHOM YCTAHOBKH C IWJIMHIPUYECKON BTYIKOM B 30HE €€ ONTUMAJIbHON MOAaYM OXJIaXIAal0Iero Bo3ayxa:

2 2 %
P>~ Prom 28 S s .oh
=1-—="-365,5In- Y 2 —1,37-10" e, -n/? - @53,
ny ?, K ! /(1_V2) 0 o ®

y
e ¢, — KO3(QQUIMEHT ONTUMAIEHON PACXOIHOM CKOPOCTH BEHTHUIIATOPHON yCTAHOBKH, COOTBETCTBYIOIIEH MaKCH-
mansHOMY KITZI.
U3 (3) BuaHO, YTO MpH YBETHMUEHUN TIOIaUU OXJIAXK/IAIOIIET0 BO3AyXa, T.€. pocTe Kod(h(HUIMEeHTa pacX0JHOM CKo-
poctu ¢, KITJI BenTunATOpHO# ycraHoBkM yMmeHbmaercs. IIponuddepenuuposas (1), momydum BbIpakeHHE IS
MakcuManbHoro KT/l BeHTUIATOpHON YCTaHOBKHM 1O PaCXOAHOM CKOPOCTH @.:
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Puc. 3. 3aBucumoctb MakcuManbHoro KII/ BeHTuisTopHOI
YCTaHOBKH OT KO3 PUIEeHTa pacXoqHOI CKOPOCTH, OTHECEH-
HOW K ONITUMAJIBHON CKOPOCTH IpHU g = 0,15: 1 — (pz/(pz()pl: 0,1;
2— a:pz/(p20pt =0,12; 3 - (pz/(p20pt =0,14; 4 — (pz/(p20pl =0,16

Fig. 3. Dependence of the maximum efficiency of the fan unit
on the coefficient of the flow rate, referred to the optimal speed

atn,=0.15:1— 9"/‘1’2@,: 0.1;2- ga/qohpt =0.12;
3- go/gobpt =0.14; 4— ‘/’/("zgp, =0.16

U3 dopmynsl (4) MOXKHO cenaTh BBIBOA O TOM, YTO
M3MEHEHNEe Kod(HIMEHTa PaCXOHOH CKOPOCTH ¢, Hau-
OoJiee CyIEeCTBEHHO BIMSIET HA SKOHOMUYHOCTh BEHTHIISI-
TOPHOH yCTaHOBKH, IIPH 3TOM, HE CYLIECTBEHHO BIUS Ha
KIIJ BenTHnsTOpa. YKazaHHOE OOyCIIOBJIEHO TEM, YTO C
pocToM Ko3(hGHUIHEHTa pacXOIHONH CKOPOCTH CYIIECTBEH-
HO BO3pacTaloT MOTEPH AWHAMUYECKOTO JaBJICHUS B BO3-
ZYXOBOJI€ BEHTHWJIATOPHOM YCTaHOBKH IIPH OJHOM M TOM
ke nasnenuu [12; 18].

Takum 06pazom, py 3a1aHHOM KO3 QUIIHEHTE adpo-
JUHAMHYECKOTO CONPOTUBICHUS BO3AYXOBOAA BEHTH-
JSITOPHOW YCTaHOBKH C OOJBIIMM a3pOIMHAMUYECKUM
COIIPOTHBIICHUEM HEOOXOOMMO MAaKCUMAaJIbHO CHUXKATh
ONTUMaJIbHOE 3HaYeHue Kod(duimenTa pacxoaHon CKo-
pocTH.

Pesynbrare! pacueTa u HCIIBITAHUN PUBEICHBI HA pUC. 3.

SUSTAINABLE DEVELOPMENT OF MOUNTAIN TERRITORIES
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Puc. 4. 3aBucumocts MakcumanbHoro KITJI omHocTyeH4a-
TOI BEHTWJIATOPHOM YCTAHOBKH OT TEOPETUYECKOIO AABJIE-
Hug 1o cxeme: [ — «K+CAy, 2 — «BHA+K+CA»,

3 — «BHA+K», 4 — «K», ipu n , PABHOM 450, &,= 0,1

Fig. 4. Dependence of the maximum efficiency of a single-

stage fan unit on the theoretical pressure according to the

scheme: 1 — «K+SA», 2 — «BNA+K+SA4», 3 — «BHA+K»,
4 — «K», for n, equal 450, €= 0

o 5
Puc. 5. 3asucumocts KIIJ] (/—3) 1 onTUMaJILHOTO pacxoja
BEHTHJIATOPA (4—6) 0T K03 duireHTa KauecTBa npoduieii B
pemietke pabouero kosneca npu: [ — ¥, =0,12; 2 - ¥ = 0,09;

3-¥,=0,06,n=420;4—n =350; 5—n =400;
6—n =450
Fig. 5. Dependence of the efficiency (1-3) and optimal flow rate
(4-6) of the fan on the quality factor of the profiles in the impel-
ler lattice at: 1 - ¥, = 0.12; 2— ¥ = 0.09;
3-¥=0.06n=420;4—n =350; 5—n =400; 6—n =450

st onpeneneHys palMoHANBHOTO AUana3oHa Ko3(@uIueHTa TeOpeTHUECKOTO aBIeHHUs BEHTHISITOPHBIX YCTa-
HOBOK OOJIBIION yNeNbHON OBICTPOXOAHOCTH IOIYYEHBI 3aBUCUMOCTH MakcumaiibHoro KI1J[ BeHTuisaTopHbIX ycTa-
HOBOK, BBIIIOJIHEHHBIX O Pa3JIMYHBIM a3pOAMHAMHYECKUM CXEMaM C yACIbHOH OBICTPOXOAHOCTBIO 450 oT K03 du-

MEHTa TeopeTdeckoro aapienus V. (puc. 4).

U3 puc. 4 criemyer 4To ONTHUMAIBHBIA TeopeTHYecKuid KOd()GUIIMEHT JaBICHU sl BEHTUIATOPHBIX YCTaHOBOK
0osbIION OBICTPOXOAHOCTH, TpUMeHsseMbIX B ABO, naxonures B nuanasone 0,02<W <0,08; mist ynenbHO# ObICTPO-
XOJHOCTH — B JIMAIIa30HE 380<ny<450. Hanbueiimee ysenuaenne kodpduuuenTa TeopeTuueckoro napnenus V. mpu-
BOJIUT K CHIDKEHHIO SKOHOMHYHOCTH BEHTHIJISITOPHBIX YCTAHOBOK.

3asucumocty KIIJ] n onTuManbHOTO pacxoma BEHTHIATOpPA OT KO3 QHUITMEeHTa KauecTBa MPOPMICH B peIIeTKe

paboyero Koneca MPUBEACHBI HA pUC. 5.

T.14. Ne1(51), 2022 T.
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U3 puc. 5 u popmyst (1), B KoTOpoit K03PPHUIHEHT a3pOAMHAMUIECKOTO COTIPOTUBIICHUS BO3yXOBO/Ia BEHTHIIS-
TOpHOU ycTaHOBKH £y =0, MOXKHO CIIeNaTh ClIeayromui BEIBoA. C poCcTOM yIIenbHOM OBICTPOXOAHOCTH BEHTIIIATOPA U
CHIDKCHHS ero KodduruenTa napiaeHus s odecnedenust Beicokoro KI1/1, HeoOXoaumo MOBRIIIATh a3pOaNHAMIYC-
CKOoe KauecTBO npoduIeii momatok padounx konec. Paroe 3nauenue KI1J] BeHTHIIATOpA C yAETBEHOW OBICTPOXOIHO-
cThi0 450 ¥ 0CEBOTO AByXCTYNEHYATOTO BEHTHIIATOPA C yAETHHON OBICTPOXOMHOCTEIO 80 MOKHO 00€CIIEUHTD 32 CUET
TOCTIKECHHS a3POAMHAMUYECKOTO KadecTBa Mpoduieit Jonarok pabodero Kojeca OJHOCTYIIEHYaTOl BEHTHISTOPHON
YCTaHOBKH 110 ypoBHs K=25.

06cyxaeHne pe3ynbTaToB

[Ipu npoeKTHPOBaHUHU BEHTHISTOPHBIX ycTaHOBOK 1t ABO HeoOxonumo ocoboe BHUMaHUE YAETSITh MaTeMaTH-
YECKUM MOJIEISIM, YCTaHABJIMBAIOIIUM CBSI3b KHHEMAaTHYE€CKUX U T€OMETPHUYECKUX MMapaMeTPOB ¢ UX SKOHOMHYHO-
CThI0. UeM BBIIIE ONTUMAJIbHOE 3HAYEHUE YACTbHON OBICTPOXOIHOCTH BEHTHIIATOPHOH YCTAaHOBKH, TEM aKTyaJIbHEE
TpeOoBaHME K MPOGUIMPOBAHHMIO JIOATOK PaOOUMX KOJIEC, MOBBIMICHUIO KOAP(PHUINEHTA UX a9POJUHAMUYECKOTO Ka-
4ecTBa.

[Ipodunu nomaTok HOIKHBI 0OECIIeunBaTh JaMUHAPHOE 0E30TPHIBHOE TEUCHHE BO3LyXa 10 aHAJOTHU C KPHUIOM
NTHLBL, T.€. TPOSKTUPOBaHUE MpoduiIel He0OX0AUMO BECTH Ha 0a3ze MPUHIMIIA TPUPOIOIIOJO0HOH copasMepHOCTH
[19; 20]. Ocrarounas 3aKpyTKa IOTOKa Ha BBIXOJE U3 BEHTHIITOPHOIN YCTaHOBKH, ONpeAeisieMas YeTBEPTHIM Cllara-
eMBIM B ypaBHeHHH (1), CHIKACT, C OHOM CTOPOHBI, €€ SKOHOMHUYHOCTh 3a CYET NOTEPh AMHAMHYECKOTO JaBJICHUS,
oTpeeNsieMbIX KpuTepueM Diijiepa, a ¢ Ipyroi — CriocoOCTBYeT TypOy/In3aliy MOTOKa BO3AyXa, IIOCTYHAIOLIETO Ha
TEII000MEHHUK BO3AYyIIHOTO oxjiaxaeHuss ABO B onpezneneHHOM auamna3oHe, MOBbIMAS KOAQQHUIUEHT TEemI00T-
na4u, 3aBucsiIed oT kpurepus Hyccensra, T.e. asporepMuueckyro skoHoMHuHOCTE ABO. OnTrManbHas ocTaTouHast
3aKpyTKa MOTOKa OMNpeAessieT-
Csl ypaBHEHHEM:

9 Nu
3 Bu '

ITo pesynbraram skcrepu-
MEHTAJIBHBIX  HCCJIEeIOBaHUN
MOTYT OBITh TIOTYYEHBI 3aBH-
cumoctd Ko3(dunmenrta Te-
TUIOOTAAYH,  OTPENEISIONINe
kputepuu Hyccensra u ko3¢-
(UIMEHT a’pOJMHAMUAYECKOTO
COTIPOTHBIICHHUS, OMPEIEIIsIO-
i ko3 dunment Ditnepa B
3aBUCUMOCTH OT KOA((DHUIMEHTAa THHAMHYECKOTO JTaBIIe-
HUS OCTATOYHOM 3aKpyTKH MoToKa [21].

J171s1 TIOBBIIIIEHHST SKOHOMIYHOCTH BEHTHJISITOPHBIX yCTa-
HOBOK /it ABO HeoOXomuMo 10OWBATHCS MaKCHMAIbHO
BO3MOJKHOTO a3pPOJJMHAMHYECKOTO KadeCTBa AJIEMEHTOB X
BO3IyXOBOa: KOJJIEKTOPA, KoK, muddy30pa. YUnThIBas He-
JIMHEWHOCTH OTHOIIEHUs! Kputepusi HyccenbTra kK Kputepuio
Oiinepa, Moka3aHa BO3MOKHOCTH CYIIIECTBOBaHUS OITH-
MaJIbHOW OCTaTOYHOW LMPKYJISILIUK, TPU KOTOPOM MPUPOCT
TEIIIOOTAAYN OT TypOYITH3aIH OXJIAXKIAFOIIETO BOIYIITHO-
IO TIOTOKA pacTeT OBICTpee, YeM THAPABIIYECKOE COTTPOTHB-
JIEHHE TeTUTIOOOMEHHHUKA BO3IYIITHOTO OXJIAKACHHSI.

Puc. 6. IIpoMbIIIIIEHHBIH 00pa3el] BEHTWISITOPHON YCTaHOB-
ku OI'M BY 2,7-1,2 K3: 3D-mozens (a); a3poaruHAMHYSCKUC

XapaKTepUCTUKH BEHTWIIITOPHON YCTaHOBKH (0) TIPH pa3ind-
HBIX yIVIaX yCTAHOBKH JIONATOK paboyero kojeca 0:
1—4 — naBnenne (p); 5-8 — KIIJI (); 1, 6 — 6 = 12°;
2,5-0=10%3,7-060=8%4,8-0=5°

Fig. 6. Industrial sample of the OGM fan installation VU
2.7-1.2 K3: 3D model (a),; aerodynamic characteristics of the
fan installation (6) at different angles of installation of the
impeller blades 0: 1—4 — pressure (p), 5-8 — efficiency (),
1,6-0=12°25-0=10°%3,7-0=8°%4 8—0=5°
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JlokazaHo Gosee CyIIeCTBEHHOE MOBBIIIEHHE YKOHO-
MUYECKOH A(P(PEKTHBHOCTH BEHTHIISITOPHBIX YCTaHOBOK
OOJBIION yIEeTHHOW OBICTPOXOMHOCTH IO OTHOIICHHIO K
BEHTHJISITOpAM MAaJIoi OBICTPOXOTHOCTH MPH CHIKCHUU
KO3 GUITHEHTA adPOAUHAMUIECCKOTO COMTPOTUBICHUS UX
BO3Ayx0BoAa. C HCIIOMB30BaHUEM TOTYYSHHON MareMa-
TUYECKON Mojienu [4] ymydmieHus] a’dpoIuHaMIYeCKOTO
KauecTBa Tpoduield, ONTUMH3AIUU TaHTCHIIHAILHOTO
M OCEBOTO HABAJIOB M 3aKOHA 3aKPYTKH JIOTIATOK IO pa-
IUyCy, TaMUHApHOW (OPMBI KOJIJIEKTOPa BO3IyXOBOMA B

T.14. N21(51), 2022 T.



Buje KpuBbIX besbe uerBeproro mopsaxa pazpaborana
a’poAMHAMHUYECKass CXeMa M HM3TOTOBJIECH NPOMBIIIJICH-
HBII 00pazern BeHTIwIsATOpHOH ycTaHoBku OI'M BY 2.7 —
1.2 K4 ¢ npodpmssmu OV — 121TOH.

Ha puc. 6 npusenensl 3D-monenb, NPOMBIILIEHHBIH
o0pazel 1 a’poAMHAMUYECKUE XaPAKTEPUCTHUKH BEHTH-
JISITOPHOW YCTaHOBKH NPH KO3 HULIMEHTE adpOJHAMH-
YECKOI0 CONPOTHBJICHUS BO3ILYyXOBOAA BEHTHJISITOPHON
YCTAaHOBKH & = 0,044; ynenbHO#M OBICTPOXOTHOCTH n,=
404; KIIJ (1) = 0,85; xoaddumnmente a’dpoarnHaMuye-
cKoro kadecTBa npoduieit K = 25.

3aknoueHue

[oaTBepxaeHa HSKOHOMHYECKAs LIEIecO00pa3HOCTD
ucronb3oBaHus B ABO BEeHTHIISITOPHBIX YCTaHOBOK IO
A3POIMHAMHYECKAM CXEMaM C OIHHM paboduM KOJIEecoM
«K», GonpIoi ynensHo# OBICTPOXOIHOCTHIO n, 2400 no-
CKOJIbKY OHM O00E€CIIeUMBAIOT MaKCUMAaJbHBIH a’poAnHa-
muueckuid KITJ] npy MuHMManbHbIX rabapUTHO-MAacco-
BBIX XapaKTEPHCTHKAX.

[lokazana BO3MOXHOCTh HMPOEKTHPOBAHMUS adpOJHHA-
MHUYECKHX CXEM BEHTHJIITOPHBIX YCTAHOBOK OOJIBIION
OBICTPOXOHOCTH n= 400 ¢ KIIJ > 0,85 npu £, < 0,2
JOCTIKEHHH a’pOAMHAMHUYECKOr0 KadecTBa mpoduiei
pabouero xoneca K > 25.

VYcTaHOBNIEHO, YTO 00JIACTh ONTUMAJIBHBIX 3HAYCHUH
TEOPETHYECKOro Ko3(QQuUIMeHTa AaBIeHHUsT BEHTHIISATOP-
HBIX YCTAaHOBOK C yAelbHOH ObicTpoxomHocThio 380< n
<450 pacnonoxena B quanasone 0,02< ¥ _<0,08.

Omnpeneneno, 4To Npu Ko3pQPHULIUEHTE a3POIUHAMHU-
YEeCKOr0 CONPOTHBJICHHUS BO3AYyXOBOAA BEHTHJIATOPHON
YCTaHOBKH &, > 1,2 e¢ K03(PUIHMEHT I0Ee3HOIO ACHCTBHS
CHIKaeTcs 0ojiee yeM Ha 25 % 10 OTHOLIEHUIO K & yS 0,1.
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Losses and drying normalization with a level-chamber

development system with following laying
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Abstract. Ensuring the sustainable development of mining territories is impossible without the rational use of natural
resources — minerals during their extraction and primary processing. So, at the stage of mining operations, it is necessary
to establish the normative value of losses and dilution of minerals. This value is determined taking into account mining
and geological, technological, economic, organizational factors. The normative value of losses and dilution ensures the
maximum possible economic effect from the applied geotechnology and primary processing of recoverable reserves. In
addition, in order to implement full-fledged rationing, it is necessary to identify the main types of losses and dilution and
establish the causes of their formation.

The researchers found that the normalization of recovery indicators is possible in the case of searching for the level
of losses and dilution at the contact of the deposit, that is, when these indicators are interdependent. For the conditions
of most deposits with almost any method and system of development, this is the only type of normalized losses and
dilution. The only exceptions are underground mining systems with the collapse of ore and host rocks. All other extraction
indicators are determined analytically, experimentally, statistically, by direct measurement.

For the conditions of development of the Novo-Uchalinsky deposit by underground geotechnology, the main types of
extraction indicators are identified, their causes are established, recommendations are given for determining their magnitude
and rationing. Thus, losses in the array and in the beaten form are highlighted, such as losses due to the complexity of the
contact and in the corners of the camera, losses on the bottom of the camera and in the baseboards. Dilution occurs in the
following types — from the complexity of contact, vaulting in the roof of the chamber, laying on the side of neighboring
chambers, from mixing rock in rock dykes. Rationing is carried out by losses and dilution due to the complexity of the contact,
in addition, it is possible to normalize dilution by laying on the side of neighboring chambers, since it is possible to establish
the optimal contour of the projected chamber on contact with neighboring laid ones. Losses in the corners of the chamber,
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“in the baseboards”, dilution from vaulting in the roof of the chamber are determined analytically; losses on the bottom
of the chamber, dilution by laying from neighboring chambers - experimentally; by direct measurement by geophysical
methods, the parameters of the dikes of empty rocks are determined to establish the amount of dilution from mixing the rock
in the rock dikes. The actual level of losses and dilution of ore after the mining of the dredging unit is provided equal to the
standard with strict execution of the development system and technology of the main production processes.

Keywords: indicators of reserves recovery, ore losses, dilution, rationing of losses, economic efficiency.
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BBeneHue

YcroitunBoe pa3BUTHE TOPHOAOOBIBAIOIINX paiio-
HOB HEBO3MOXXHO O€3 OpraHu3alii SKOHOMHYECKUA W
sKojoruuecku 3(QHEeKTUBHOTO TONB30BaHUS HEAPAMU C
LETBI0 JOCTIDKEHUSI HAWITYUIIUX IOKa3aTelel Ipume-
Haemoi reotexuonoruu [1]. OmHUME U3 HUX SBISIOTCS
MOKA3aTeIM W3BJICUCHUS 3allacoB U3 HEAp — MOTEPU U
pa3y0oKMBaHKME TMOJIC3HBIX MCKOMaeMbIX. VX BennduHa
YCTAHABJIMBACTCS B OCHOBHOM C YUETOM T'€OJIOTHICCKHUX
U TEXHOJIOTHYECKUX (haKTOPOB: MAPaMETPOB U I'€OJIOTH-
YeCKUX 0COOCHHOCTEH PYIHOTO Teia, HATHIUS IPOCIIO-
€B BMEIIAIOIINX TOPOJ (aeK) B 3aJICKHU, PUMEHICMOH
CHUCTEMBI Pa3pabOTKH, e MapaMeTpPOB, CPEICTB MeXa-
HH3AIlMH OCHOBHBIX NPOW3BOICTBEHHBIX IPOIIECCOB, H,
KpOME TOr0, OpraHU3alMOHHBIX U YKOHOMHYECKHUX [2].
HopmaruBHO# BenrmauHON MMOTEph U pa3yO0KUBaHHS TI0-
JIE3HOTO MCKOIAeMOTO SIBIIIETCS TO WX COOTHOIICHHE,
IIpH KOTOPOM O0OECIEeUnBAETCSI MaKCHMalbHas 3KOHO-
Mudeckas 3(p(HEKTUBHOCTh — MPHOBLTL MPEANIPHUITHS OT
JOOBIYM U TIepepabOoTKH MOJIE3HOTO UcKomaemoro. [lpu
ATOM BeJIMYMHA (PAKTHUYECKUX TOTEPh U Pa3yO00KUBaHUS
00ecrneunBaeTCsl HEYKOCHUTEIBHBIM HCIIOIHEHHUEM KOH-
CTPYKIIUM CUCTEMBI Pa3padOTKU, TEXHOJIOTHUYU BBITIOIHE-
HUS OCHOBHBIX ITPOU3BOJCTBEHHBIX IporieccoB [3—6].

Llenb uccnepoBaHus

PazpaboTka MeTOMKH HOPMHUPOBAHHUSI IOTEPh U pa3-
yOOXKHUBaHUSI PYIIBI JJIs1 YCIOBUI KAMEPHBIX CHCTEM pa3-
paboTKH ¢ 3aKIaJKON BRIPAOOTAaHHOTO IMPOCTPAHCTRA.

Ma‘repuan U MeToabl uccnenoBaHUa

T'opHo-reonornyeckue ycnorust HoBo-Yuanunckoro
MECTOPOXKACHUSI — KPyTO€ MaJCHUE PYIHBIX TEI U HUX
OosplIas ITyOMHA MPeAONpeASIUIN BEIOOp OA3EMHOTO
cnoco0a pa3paborku. KoHTakTHI pymHOTO Tela ¢ BMelia-
FOIIUMH TIOPOIAMHU BUCSYETO OOKa PE3KHE, OTUSTIIUBBIC.
B panuToBhIX TOpUpUTAX HAAPYIHOW YACTH pas3pesa,
KOHTAKTHUPYIOUTUX C PyIdOW, OTMEYACTCS MalOMOIITHAs
(mo 5 cM) xJmopuTOBas OTOpPOYKA U cllaboe paccliaHlie-
BaHUE. B HIKHEN BBIKIIMHOYHOM YacTH YKa3aHHbBIE MO-
pOIbI CHJIBHEE PAaCCIIAHIIOBAHEBI, CEPUIIMTU3MPOBAHEI,
MHUHEpaJIN30BaHbl TUPUTOM. B sexxadem OOKy pymaHOTO
TeJa KOHTaKThI CIUIONIHOM PYAbI ¢ TOJCTHIIAIOIINMHU PH-
OJIUTO-TAITUTAMH B OOJBIIMHCTBE CIydaeB Ooiee pac-
IUIBIBYATHIE, YEM B BUCSYEM OOKY, M 3a9aCTyIO IIEPEXO B
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MTOPOJIBI BUCSUYETO OOKA MPOUCXOIUT Yepe3 BKPAIICHHBIS
pynel. BHYTpH pyaHBIX Tenm 3adUKCHPOBAHBI MPOCION
XJIOPUT-CEPUIUT-KBAPIIEBBIX METACOMATUTOB U MOIIHBIC
(mo 7 m) naiiku auada3oB, rabOpPO-AMOPUTOB.

OCHOBHBIMH UCTOYHUKAMU Pa3yO0KHBaHUS SIBIISIOT-
csi: TOpUPUTHI OCHOBHOTO COCTaBa, PYAOKIACTHI M KHC-
JIbIC BYJIKAHUTHI, 3QJICTAIONINE B KPOBJIC 3aJICKH, METACO-
MaTHUThI Pa3HOIO COCTaBa, BMEIIAIOIIUE B Ce0s PYIHYIO
3aJIeXKb, & TAKXKE TIPOCION XJIOPHUT-CEPULIUT-KBAPIIEBBIX
METacOMaTHUTOB W MOIIHEIX (110 7 M) 1aek nuaba3os, Trad-
OpO-ITUOPUTOB, HAXOIAIIMECS BHYTPH PYIHBIX TEJI, U Ma-
TEepHaJ 3aKJIaJKH MPH OTPAOOTKE BTOPUYHBIX Kamep [7].

[lon3emHbI pyAHUK, ocBauBarolui 3amacsl HoBo-
YYannHCKOTO MECTOPOXKISHIS, BBOAUTCSA B JKCILTyara-
IIUIO0 B TPH OYEPEIH, JJIS KaKIOW U3 KOTOPBIX OIpeie-
JIeHa TOZ0Bas MPOW3BOJICTBEHHAs] MOIIHOCTh. 3amachl
MECTOPOXKIeHUST BCKpbIBaroTcsi Ckummo-KiereBbIM CTBO-
JIOM U BEHTHIIALMOHHBIM HAKJIOHHBIM Che3noM. Cxema
BEHTWISALMU — (DIIAHTOBasi, CIOCO0 MPOBETPUBAHUS BCa-
CBHIBAIOLIUI.

Jns ocBoeHMs 3amacoB MECTOPOXKACHUS TMPHHSTHI
BapHaHThl KAMEPHOH CHCTEMBI Pa3pabOTKU: OAITAKHO-
KaMepHas CUCTeMa pa3pabOTKH C BOCXOIAIICH U C HHC-
XozAsed BeleMKoM mopsTtaked. IlogkpoBenbHast yacThb
MecTopokaeHus (rmomdtaxk 650/680 M) pa3pabaTsiBaeT-
sl TIOJPTAKHO-KAMEPHOM cUCTeMON pa3pabOTKU ¢ HUC-
XONAIICH BBIEMKOU, ()OPMHUPYST MCKYCCTBEHHBIH IICITUK,
a ocrasmmecs 3anackl Bepxaero fpyca (B momdTaxkax
680/770 M) pa3pabaTHIBAIOTCS ¢ BOCXOIAIICH BHICMKOI.
3anacel Cpennero u Huxnero SIpyca otpabatbiBaroTcst
MOJIPTAXKHO-KAMEPHON CHCTEMOW Pa3pa0dOTKU C HUCXO-
IAIIEeNd BEIEMKOU ITOADTaXEH.

TexHOoJIOrus OYMCTHON BBIEMKH ITPU BCEX BapUaHTaX
MOJPTAXKHO-KAMEPHONH CUCTEMBI Pa3paOOTKU OCYIIECT-
BJIseTCs Oe3 JIOCTYIIA JIFoIeH B OYMCTHOE MPOCTPAHCTBO.

OcHoBaHa Ha OypOB3PBIBHOM CIIOCO0€ OTOOHKH Py
B KaMepe BEPTUKAJILHBIMHU CJOSAMH, OTIPY3KE PYIbI ca-
MOXOJIHBIMH ITOTPY304HO-JJOCTABOYHBIMUA MAIIMHAMU C
JIUCTAHIIMOHHBIM yTIPaBICHUEM U 3aKIIajKe BhIpaOOTaH-
HOTO MPOCTPAHCTBA TBEPACIOMNMHE cMecsiMu. DakTude-
CKasl BEIMYMHA TTOTEPh U Pa3yO0KUBaHUS OMPENEIIETCS
MapKIIeHAepCKON Cyk00¥ MPSMBIM METOIOM C UCTIONb-
30BaHUEM JIA3€PHON CKAHHMPYIOIMIEH CHCTEMBI MOJIOCTEN
OptechCMSV400.
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Puc. 1. Tlotepu pyasl B MACCUBE: a) MMOTEPH U pa3yO0KUBAHKE PY/Ibl HA KOHTAKTE C BMEIIAONIMMH TOPOIaMH;
b) noTepu pyasl B yriilax KaMephl
Fig. 1. Ore losses in the array: a) loss and dilution due to the difficulty of contacting the orebody; b) losses at camera corners

B oOmiem cinydyae HOpMUPOBaHHME MOTEPh M pas-
yOOKMBaHHUS PYAbl OCYIIECTBIACTCS CIEAYIOIIUMHU
crnoco0aMu: aHATUTUYECKUM, 3KCIIEPUMEHTAIbHBIM,
CTATUCTHUYECKUM, aHAJIOTHHA. AHAJIUTHUYECKH CIOCO0
npelycMaTpuBaeT ONpeeICHHE MOTEPh U pazyOoKu-
BaHUS MOJIE3HBIX HCKOMAeMBIX Ha OCHOBE KOHCTPYK-
WA CUCTEM Pa3pabOTKU U MapaMeTPOB HX BJIEMEHTOB
(pyaHBIX KOPOK U T.[.), @ TAK)KE HA OCHOBE TEOPUH BBI-
MycKa pyzabl U3 O0J0KOB. DKCIEPUMEHTAJIBHBIN c110C00
OCHOBAaH Ha pe3yJbpTarax yuera okasarejieil morepp u
pa3yOoKMBaHMS B OTAEIBHBIX (IKCIEPUMEHTAIbHBIX )
Onmokax MM Ha MOZENH B JaO0OPaTOPHBIX YCIOBHSIX,
HanOoJee MOJHO OTPaXKAIOIIUX TOPHO-T€0JI0THYECKUE
U TEXHHKO-DKOHOMHYECKHE YCIOBHUS ydacTKa WIH
MecTOpoXJeHuss B 1enoM. CTaTHuCTUYECKH crnocod
YCTAHOBJICHHUSA MOTEPb U Pa3yOOXHBaHUS IOJE3HBIX
UCKONIAEMBbIX M 3aKOHOMEPHOCTEH HX B3aMMOCBS3H
npelycMaTpruBaeT HCIONb30BaHUE OTYETHBIX (AKTH-
YeCKHUX JaHHBIX 3a 5—7 jeT 06e3 ydeTa yacTu MoTephb U
pa3yOoKMBaHMS BCJIEACTBUE HAPYLICHHUS] TEXHOJIOTHUH
I00BIYM MJIM OTKJIOHEHHS OT €€ ONTHUMAJbHBIX Mapa-
MeTpoB. HopmaTuBHBIE ITOKa3aTeay M3BJICUCHUS TaK-
)K€ MOTYT OBITH YCTaHOBJIEHBI CIOCOOOM aHaJIOTHH,
T.e. ONpeAeNieHnEe BEIMYMHBI HOPMAaTHBOB INOTEPb U
pa3yOoKHMBaHMS 110 aHAJIOTHH C YK€ OTpabOoTaHHBIMU
MECTOPOXKICHUSMH C OJUHAKOBBIMH TOPHO-TEOJIOTH-
YeCKHMMH YCIOBHUSAMHM U ACTAJIBHO YCTaHOBICHHBIMU
HOpPMAaTHBaMU MOTEPh U pazyOoxuBaHus [8].

OueBUAHO, UTO AJISI Pa3IMUHBIX COCOOOB U CHUCTEM
paspaboTKH MOTYT HPUMEHSTBHCS PasjIn4HbIe CHOCOOBI
YCTaHOBJICHUS! BEJIMYMHBI HOPMAaTHUBHBIX IOKa3aTelen
uzBiedeHus [1-6; 9-25].

MeTtonyka HOPMHUPOBaHUsI MOKa3arenel moTepb U pas-
yOOXKMBaHUS PyAbI MPeIyCMaTpUBAeT aHAJIN3 OIbITa OTpa-
0OTKH Kamep ¢ BBISIBICHHEM OCHOBHBIX BUJIOB MIOKa3aTenen
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UCTIONB30BaHUs Hep, yCTAHOBJICHUE TPUYMH UX 00pa30Ba-
HUS, OTIPEEIICHHE BEJIMYMHbI U HopMupoBanue [10—-16].

s aHanu3a BUAOB MOTEPh U Pa3yOOKMBaHUS pac-
CMOTPEHBI PE3yAbTaThl ChEMOK OTPa0OTAaHHBIX Kamep
HoBo-Yuanunckoro, Y4aanHCKOTO M Y3€IbIMHCKOTO
MOJ3EMHBIX PYAHHMKOB, TEXHOJIOTUS AOOBIYM PYIBl U
TOPHO-TEOJOTMUECKHE YCIOBHUSA KOTOPBIX aHATOTMYHBI
[9-12]. Bumsl sKCITyaTallMOHHBIX ITOTEPh U pa3yO0KH-
BaHUS C Y4€TOM MPOU3BOACTBEHHOTO MPOLECCa MPOU3-
BOJICTBA OYUCTHBIX padOT, HA KOTOPOM OHHU 00pa3yloT-
cs B ycnoBusix HoBo-YdanuHCKOro MecTopoxaeHus,
MIpEeICTaBJICHHI B TAOIHIIE.

[Totepu u pazyOokuBaHHE H3-3a CIOKHOCTH KOH-
TaKTa PyJHOTO Teja 00pa3yloTcs U3-3a OCTABICHUS I10-
JIE3HOTO MCKOMAEeMOro Ha KOHTAaKTaxX C BMELIAIOIIMMU
opoJaMH, JIn00 U3-3a HECOBNAIECHUS KOHTYPa PYIHOTO
Teja ¢ KOHTYpOM OTOOHKH, 00yCIIOBIEHHOTO MOp(]OII0-
el KOHTaKTa U TEXHOJOTMYECKUM HCIIOJIHEHUEM OT-
OOMKH pyAbl; JOKATU3YIOTCSA B KPOBJIE PYAHOTO Tea, Ha
(taHrax M BHIKJIMHKaX 3anexu (puc. la). OcraBneHue
MOJIE3HOTO UCKOMAeMOro B yIilax KaMepbl U3-3a «3arTy-
XaHHS» CKBOXUH IPUBOJUT K MTOTEPSIM B yIJIaX KaMephl
(puc. 1b).

[lorepu pyap! Ha AHUILE KaMephbl U B «IUIMHTYCAax»
MIPOMCXOIAT U3-3a OCTABICHUS OTOUTOTO MOJIE3HOTO UC-
KOIIAaeMOT'0 Ha JIHE KaMepbl BCIIEACTBHE HEMOIHOTHI 3a-
YHCTKHU, 00YCJIOBICHHON BO3MOKHOCTSIMH TEXHOJIOTHYE-
CKOTO 000PYIOBaHMS, 3aHATOTO Ha TOCTaBKE M 3aUUCTKE.
Peanuzyercs B 1ByX BUax — 1o BCell MOl OCHOBA-
HUS KaMephl U B TUIHHTYCcax (puc. 24, b).

[IpuuuHoil pazyboxuBaHHs OT CBOAOOOpa3zoOBa-
HUS B KPOBJIE KaMepHl ABIsIETCS 00pa3oBaHUE CBOJA
€CTECTBEHHOTO PaBHOBECHS B paHee 3aJI0)KEHHBIX Ka-
Mepax Haj oTpabotanHoU (puc. 3). JleicTBrUe CHIBI
B3pbIBA HAa MAacCHB COCEIHHUX 3aJOXKEHHBIX Kamep
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Buabl 3KCIUIyaTAIHOHHBIX MOTEPh W Pa3y0o:KUBAHUS
Types of operational losses and dilution

Ycaos- SApyc orpadoTrku HoBo-Y4aIMmHCKOr0 MeCTOP OKAEHUS
Bup noreps (I1) u pazyooxxuBanus (P) HOe 000- Stage of development of the Novo-Uchalinsky field
Type of loss (L) and dilution (D) 3HAYEeHHE BEPXHHUH cpeaHuit HUKHUAT
Symbol Top Middle Lower

IloTepu MoI€3HOr0 HCKOMAEMOT0 B MaccuBe / Losses of minerals in the array

OcHOBHOIi MPOU3BOACTBEHHBIN Mpoecc — 0TOoiiKka 3anacoB / The main production process is stock breaking

IToTepn n3-3a CIOXKHOCTH KOHTAKTa PYIHOTO Tena

. . II + + +

Loss due to the difficulty of contacting the orebody !
IToTepu B yrmax kamepsl n n n n

Losses at camera corners 2

IToTepu nose3Horo nckonaeMoro B oTOMTOM Buae / Losses of minerals dislodged from the array

OcHOBHOIi MPOU3BOCTBEHHBIH NMPOIECC — JOCTABKA OTOMTOI PYyIbl U3 KaMephl
The main production process is the delivery of the chipped ore from the camera
ITotepu pyzabp! Ha JHHIIE KAMEPHI U B KIUTMHTYCAX»
Losses of ore at the bottom of the camera and in IT, + + +
the "plinths"
Pa3y0oxxuBaHue moJie3HOr0 HCKONAaeMOro BMelaionieil nopoaoi HiIM MaTepHAJIOM 3aKJIaAKH
Dilution of the mineral by the host rock or by the filling material
OcHOBHOIi TPOU3BOACTBEHHBIN Mpouecc — 0TG0Iika KaMepHbIX 3a1acOB
The main production process is the removal of camera stocks
Pa3yOorkrBaHMe 13-3a CIIO)KHOCTH KOHTAKTa
pyIHOrO Tena
Dilution due to the difficulty of contacting the !
orebody
PazybokuBaHMe OT CBOI0OOPA30BaHMUs B KPOBIIS
KaMmepbl P - + +
Dilution from arching in the top of camera
PazyboxkuBanne 3aKi1agkoi cO CTOPOHBI COCETHIX
Kamep
Dilution by a filling material from the side of 3
neighboring camers
Pa3ybokuBaHIEe OT MPUMENINBAHHS TIOPOBI B MO-
POIHBIX JalKax P + + +
Dilution from mixing rock in rock dikes

MPUBOAUT K pa3yO0KMBAHUIO 3aKJIAJKOH CO CTOPOHBI COCEAHUX KaMmep, JIn00 BO M30exaHue 3TOro BUIA pas-
yOOXKMBaHUS BBIHYKACHHO OCTaBIISIIOT Ha KOHTAaKTE C OTpabOTaHHON KaMepoil Tak Ha3blBaeMyl0 «pyIHYIO
KOPKy». 3a cueT mpuxBara MopoJbl U3 BHYTPUKOHTYPHBIX BKIIOUEHUH CBEPX YCTAHOBIEHHBIX KOHAMIUN 00-
pasyeTcs pa3yO0oXMBaHHE OT IPUMEIINBAHUS MTOPOJBI B TOPOIHBIX JalKax.

Psnom pa6ot [3—4; 9—-12; 14; 19] ycTaHOBIEHO, 9TO HOPMUPOBATH BEIUUNHY MTOKA3aTEJICi U3BICUCHHUS MOJIE3-
HBIX UCKOTIaeMbIX BO3MOKHO MPH HAJTUYMHU KOHTAKTa PyJHOTO Tejla C BMEU[AIONIMMHU ITOPOJIaMH FJIH 3aKJIaIKOH.
Jns ycnoBuit HoBo-Y4annHCKOTO MECTOPOXKICHHS 3TOMY BHAY COOTBETCTBYIOT motepu 11 u pasyboxxnBanue
P1. Takxe BO3MOXHO HOPMHUPOBATH BEIWYNHY pasyOoxuBaHus P3, 3amaBasi mojoxeHHe KOHTYpa BTOPHUYHOH
KaMephl ¢ Y4eTOM 00eCIeUCHHsI MAaKCUMaIBHON MTPUOBUIHA OT TOOBIYH U epepadoTKy.

OKCHEepUMEHTAIBHO OINPENENIOTCs, COMIACHO OMBITY oTpaboTrkn Yuanuackoro ['OKa, morepu orburtoit
pyasl Ha aaUIIe 6ioka (dacTe ot 113), pazyboxxuBaHue OT CTEHOK coceqHUX KaMmep P3. AHanuTHUEeCKH ompe-
JeJSI0TCs TOTepH B yriax kamep [12, B «tummHTyCcax» (dacth ot I13), pasyOoxuBanne OT CBOJ00Opa30BaHUS
P2. HenocpencTBeHHBIM 3aMepOM OMpeneNsieTcsl BeIUUYnHa pa3yO0OoXMBaHHUS OT MPUMENINBAHUS MOPOIBI B
MMOPOJHBIX naiikax P4.

OOmire BEMUUMHBI TIOTEPh U pa3yOOKUBaHUS ONPEACIISIIOTCS CYMMUPOBAHUEM HX 3HAUCHHH.
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DOTSp PYE B ImmMTyCas”
losses of ore i the "plinths

Gl A

OOTEPH PYVIN B “IHNTYCRN
losses of ore i the "phinths”

a)

Puc. 2. Tlorepn oTOUTOM py/BI HAa AHUILE KaMepsl ¢ oTrpy3koit pyast [1M c
JMCTaHIIMOHHBIM YIIPABJICHUEM: ¢) TIPH TOPLIOBBIX 3ae37ax B KaMepy; b) IpH OOKOBBIX

Pesynbrathl MccnenoBaHuii U 06cyKaeHUue

Hopmupoganue nomepo u pa3yd0scusanus none3Hbvix UCKONAemMblx 6 yCiousax
Hoeo-Yuanunckozo mecmoposicoenusn

Homepu u pasybosrcuganue pyosi u3-3a CI1OICHOCMU KOHMAKMA PYOHO20 meld B
3aBUCHUMOCTH OT MCXOAHBIX JaHHBIX JJISi KX HOPMUPOBAHUS MOTYT OBITH Ompernese-
HBI OZJHUM M3 c11oco00B. ComtacHO pekoMeHIanuaM «OTpacineBoil HHCTpYKUum» [ 1]
yepe3 yCTaHOBJIEHUE BEIUYMHBI KOd(PQPHULIUEHTA L, XapaKTePHU3YIOIETr0 ONTHMAlIb-
HOE COOTHOLICHHE MEXKAY MOTEePSIMH U Pa3yO0XKMBaHHEM PyIbl Ha TPAHHULE BhIEM-
KU U OIPEAEISIEeMOro B 3aBUCUMOCTH OT KauecTBa Pyabl, JIMOO Yepe3 COOTHOLICHHUE
IoIaAei TepsaeMol pyabl U NMPUPE3aeMOi MOPOAbI, ONpeesieMbIX IpapuIecKuM
croco0oM, 00ecriednBaeTCs MaKCUMaJIbHBIN SKOHOMUUYECKUH 3 EKT MOIHOTHI U Ka-
YeCTBa U3BJICUCHHUS.

Kpurepuem onpeneneHus HOpPMaTUBHOTO YPOBHS MOTEPh M pa3yOoXUBaHUS ISt
PYIOHBIX MECTOPOXKICHUH SBIAETCS MAKCUMYM NpHOBUIM ¢ 1 T moramaemsix OanaH-
.. COBBIX 3aI1aCOB BBIEMOYHOH enu-

5 "'./z_///'_.:/}_:}"/./.f'-' e
2 //ff/// /4/// HULE [9-13]:

3 K
i "p = HEHHHE - CTDBK—: —* IMAax,
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Fig. 2. Loss of separated ore at the bottom of the chamber with ore unloading by remote- Taemoro; M. — CKBO3HOH K0d¢-
controlled machines: a) at the end entrances to the camera, b) at side entrances to the ~(UIIMEHT U3BICUYEHUS MTOJIE3HOTO
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ku 1 T TOBapHO# pynel, pyo./T.
Tlomepu 6 yenax kamep ONPEACIAIOTCS MO U3BECTHOW METOIMKE, B OCHOBY

N\

FFIIITIIIIT,
Puc. 3. PazyOboxxuBaHue OT
CBO/1000pa30BaHus B KPOBIIE
KaMephbl
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KOTOPOW TIOJIOKEHO BBISBIICHHOE B XOJIe aHAN3a pa3pe3oB OTpaOOTaHHBIX Ka-
Mep HaONroJIeHne, YTO MEeJTHKH B YITIOBBIX YacTsAX KaMephl SBISIFOTCS PaBHOOE-
JIPEHHBIMU TPEYTOJIbHUKAMHU.
Tomepu ombumoil pyovl ¢ «niunmycax» B 3aBUCHMOCTH OT BHJIa 3ae3/1a B
KaMepy OMpPEeNEsIOTCS:
- TIpU Tpex OOKOBBIX 3ae3/1ax ¢ ucmnonp3oBaHueM [IJ]IM ¢ nucTaHIMOHHBIM
YIPABICHUEM:
- - 2 -
= 033 (S 2220 1 () (1 4 ) g,
— TIpU TOPLOBBIX 3ae3Aax ¢ ucnoiab3oBaHueM IIJIM ¢ aucTaHLIMOHHBIM
yIpaBiICHUEM ompenessiercs mo Gopmyie:

I:Hs. = ”ump] )
4

N

1"';'p =03 {Hh' - bﬂhlp]'['n,ﬂ.h'l + {Hh' - bsup + Ln.q.\l} tan Pa,
IJIE 71 — KOJIMYECTBO OypOMOCTABOYHBIX BHIPAOOTOK; b~ — mmpuHa OypomocTa-
BOUYHBIX BBIPA0OTOK, M; L — nnuna [IJIM, M; ¢ — yros eCTeCTBEHHOTO OTKOCa
OTOHTOU Py/BI, TPa.
Benmmunna pa3y0oXuBaHUS OT CBOIOOOpA30BaHUS YCTAHABINBACTCS II0 pe-
0 OTPaOOTaHHBIM KaMepaMm, M0 KOTOPHIM MOXHO OTMETHTh, YTO 30HA OOpYIICHUS

MOKET OBITH OIKMCaHa YpaBHEHUEM CBOJIa CCTCCTBCHHOT'O PaAaBHOBECHUS.

BbiBoab!

1. ITpoBeneHo ucciea0BaHNE HOPMUPOBAHUS TTOKa3aTesiel U3BJICUeHUS MTOJE3HbIX HCKOTIaeMbIX U3 Heap. [Ipen-
JIO’KEH KPUTEPUH ISl yCTAaHOBIEHNS HOPMATHBHBIX MTOKa3aTeseil N3BIeYeHI — MAaKCUMAaJIbHBIN yPOBEHb MPHUOBLTH
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oT ,[[06]:1'11/1 n nepepa60TKH IIOJIC3HBIX MCKOITaCMBbIX. yCTaHOBJ'IeHO, YTO OCHOBHBIM BHI0OM ImoKasaTeye u3BIlIeUe-
HUSA B paCCMAaTpUBACMbIX YCIOBUAX, O6eCHC'lI/IBaIOH.[I/IX HOpMaTPIBHbeI X YPOBCHbDb, SABJIAIOTCA NOTCPU U pa3y6o—
JKMBAHUC HAa KOHTAKTE C BMCIIAIOIIUMU TOPOAAMHU IJId KaMep HCpBOfI odyepeau u (I/IJ'II/I) MaTepuraaioM 3aKIagKn AJId
KaMcep BTOpOfI " nocCJICeAyronux oqepe/:[eﬁ IIpU YCTAHOBJICHUHU MOJIOXKCHUSA ITPOCKTHOTO KOHTYpa BBIEMOYHOM cau-
HUIIbI (KaMepLI) B IpOCTPAHCTBC. OcTanbHbIe BUIBI IOTEPHb U pa3y60)KI/IBaHI/I$I OMMpEeACIAOTCA SKCICPUMCHTAJIBHO,

HEMOCPEACTBCHHBIM 3aMCPOM U aHAJIUTUUYCCKHU.

2. yCTaHOBJ'ICHO, qTO IJId obecneueHus (baKTH‘ICCKOfI BEJIMYUHEI ITIOKa3aTelIel H3BJICUCHHS B COOTBETCTBHU C UX
HOPMAaTHBHBIM YPOBHCM, H€O6XOI[I/IMO CO6HIOI[CHI/IC TOYHOT'O BBIHOCA B HATYpPY IMPOCKTHBIX MapaMETPOB BBIEMOY-
HOH CANMHUIBI, U HCYKOCHUTCIIbHOT'O UCITOJIHCHU S TCXHOJOI'MU BEACHUA OCHOBHBIX NTPOU3BOACTBCHHLIX ITPOLIECCOB

JIOOBIYYU PYABIL.
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AHHOTauma: MeToa0M MEXaHOXMMUYECKOrO CMHTE3a NOoJyYeH MNOPOLLIOK TUTAHATa caMapus. [poBeneHbl UCCNeR0BaHUS
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CMO0B METANN0B B HAHOAMOPQHbIN TUTAHAT CaMapusl.
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increase the extraction of components with a higher content in concentrates while minimizing the content of impurities.

The purpose of the work. Substantiation of the possibility of changing the structure and properties of samarium
titanate powder by processing in a spherical planetary mill "Activator 25" due to the need to increase the purity of powders.
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Results. The results of the study of the structure and properties of samarium titanate powders obtained by
mechanochemical synthesis using a spherical planetary mill are presented. It is shown that the elemental composition of
the mechanochemically synthesized charge corresponds to the stoichiometric content of titanium oxide and samarium.
Quantitative values of activation parameters are given.The time of transformation of the initial oxides into nanocrystalline
samarium titanate has been determined. The phases of the transformation of samarium titanate from an amorphous state
to a crystalline state under the influence of temperature are differentiated. The properties of the samarium titanate
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BsepeHue

MHOTrO4HCIEHHBIMY UCCIIEOBAHUAMHI TEOPETUIECKI
U SKCIIEPUMEHTAIBHO JOKa3aHO, YTO OCHOBHBIMH (paK-
TOpPaMH, ONPEACISIIOIIMMHA CKOPOCTh B 3((HEKTUBHOCTD
MIOJTyYEHHS] METAJUIOB SIBJIAIOTCA COCTaB U COOTHOIIEHUE
Macc peareHToB. [Ipn MeXxaHOAKTHBAaLlMU B CKOPOCTHBIX
MEJNBHUIAX K 3TUM (akTopaM A00aBIISIOTCS 4YacToTa
BpaIleHUs U3METBINTENEH 1 PU3NKO-MEXaHNUECKUE YC-
J0BUs1 00pabOTKU MEPBUYHOTO CHIPBSL.

B coBpemMeHHOM NpPOM3BOACTBE KEPAMHUUECKHUX MaTe-
pHanoB 0coOblii MHTEpEC MPEICTABISIOT CIIOXKHBIE OK-
CUJHBIC COCTUHEHUS PEAKO3EMENIbHBIX MeTasuioB [1-3],
obnasaromye pa3HoOOpa3HbBIMU M YHUKAIBHBIMU (QH3H-
YECKUMU ¥ XUMHYECKUMH CBoiicTBamu [4—6]. Haubonee
4acTo MaTepHallbl ATOTO THIA MOTYYaroT BEICOKOTEMIIE-
pPaTypHBIM CIIJIaBIIEHUEM OKCUOB B MHIYKI[MOHHBIX TI€-
yax [7-9].

B nacrosiee BpeMs MOPOLIKH TUTAHATOB U TayHATOB
JIAaHTAHOMJIOB MOYKHO TOIYy4aTb, MCIONIb3yd MEXaHOXH-
MUYECKUI CUHTE3, KOTOPBIH OTHOCUTCS K TEXHOJIOTH-
YECKU TPOCTHIM M CPaBHUTEIBHO PaCHpOCTPaHEHHBIM
METOAAM Moy4YeHUs nopomkos [10-12].

Jobpua MeTamiocoaepkaliero MHHEPajIbHOTO Chl-
pbsl U Brpens OygeT XapaKTepu30BaTbCs MAacIITaOHO-
CTBbIO, YMEHBILIEHUEM COJICP)KaHUSI METAIIIOB, yBEIUYe-
HUEM IITyOMHBI TOPHOIOOBIYHBIX PadoT Mpu pa3padoTke
PYIHBIX MECTOPOXKICHUHN MOA3EMHBIM CIIOCOOOM U yI0-
pokaHUEM TOOBIBAEMOTO CHIPBS ISl METAJLTyprHYEeCKO-
ro nmpousBoacTsa [13—17].

MopnepHu3anysi NpoLeccoB 00OTalIleHUs] pyd Ocy-
LIECTBIIETCS 3a CUET COBMEILIECHMS ONepanui rupome-
TAJTyprU4eCcKoi U XUMHUUYECKOH NepepaboTKH B paMKax
HOBBIX TEXHOJOTMYECKHUX IpoueccoB. IlepcrnekTHBHBIM
HaIpaBIeHUEM H3BICUEHUS METAJUIOB U3 METaJIOCO-
JepKallero ChIpbS M MOATOTOBKH SBJSIETCS KOMOWHU-
pOBaHHOE XMMHUYECKOE OOOTalleHue M MeXaHW4yecKas
aKTUBAIMsl MaTepHajioB BBICOKON HEPTHEN B CKOPOCT-
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HOW MeNbHMIE, KOTJa MpOLecC aKTUBALMHU BELISCTBA
MPOMCXOIUT OAHOBPEMEHHO C Pa3pyIICHHEM MOPOXHON
MaTpHLBL.

KoHneniusi HoAroTOBKY HOPOZ U Py B MEJIBHHULIE I10-
JTy4uia TEOPETHUYECKOe M MpaKTHUecKoe 00OCHOBAHUE,
OJJHAKO NaJIbHEHIIee pa3BUTHE TEXHOJIOTUU HYXKIAeTcs
B IIPOIOJDKEHUH TEOPETUUECKUX HCCIEIOBAaHUM, HAIIpaB-
JICHHBIX Ha KOHKPETU3ALMIO MapaMeTpOB H3BICUCHHUS
METaJUIOB U3 Pa3HOCOPTHBIX pyA [18-22].

Lenb paboTbl

ﬂCTaJII/BaLII/ISI napaMeTpoOB IMOJYUCHHUA HAHOIIOPOII-
KOB THTaHaTa CaMapud METOAOM MEXAHOXUMUYCCKOI'O
CHHTC3a.

HayuHas HOBU3Ha uUccen0BaHMiA

Hayunas HoBHU3HA HcClIeTIOBAaHUN 3aKJIIOUYAETCS B UH-
TEpIpeTalMi TapaMeTPOB TOHKOCTPYKTYPHOTO (hu3H-
KO-XMMHUYECKOTO B3aUMOJEHUCTBUS, OMPEACICHUN aTOM-
HO-MOJIEKYJISIPHOM CTPYKTYPBI UCCIENYEMBIX 3JIEMEHTOB
MpU BO3HUKHOBEHHUH YHOPSJIOYEHHBIX, HEYNOPSAI0UYECH-
HBIX U HAHOPa3MEPHBIX (a3 M HCCICIOBAaHUH XUMUYC-
CKHUX CBSI3€H B XO/I€ pEAKLUI B CUJIOBBIX IMOJISIX.

MeToabl uccneaoBaHui

Jns cuntesa radHara camapusl HCIOIB30BAIN OK-
CHJ caMapys U THOKCH]] TUTaHa. Bua 9acTuil mopomxkos
TpencTaBiieH Ha puc. 1.

[TapaMeTpsl aKTHBALIMU MEXaHOXUMHYECKOTO CHHTE-
3a MOPOIIKOB B IIAPOBOM TJIAHETAPHON MENbHULIE «AK-
THBaTOp 2S» MpencTaBieHsl B Ta0m. 1.

MUKpOCTpYKTYypa MEXaHOAKTMBUPOBAaHHOH CMeECH
OKCHJIOB caMapwsl U TUTaHa MPECTaBlIeHa Ha puc. 2.

Jannapie 0 mpubOpHOM OOECTIEYeHNH HCCIIENOBaHUI
CBOMCTB MOPOIIKOB CBEZCHHI B Ta0II. 2.

Pesynbratbl uccnepoBaHuii M UX 06CyKAEHUE

B pe3ynbrare MEXaHOXUMHUYECKON aKTUBALMU CMECH

Puc. 1. MuKpOCTPYKTypa OKCHIOB CaMapusi U TUTAHA JI0 aKTUBAIIUU:
a — OKCHJ1 camapusi; b — THOKCH]] TUTaHA
Fig. 1. Microstructure of samarium and titanium oxides before activation:
a — sodium oxide; b — titanium dioxide
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Tabnuya 1/ Table 1

IMapameTpbl MeXaHOAKTHBAIIMH
Mechanical activation parameters

E 3HayeHUe MoKa3areiei
IMapameTp JHHILA Value of parameter
U3MepeHust
Parameter ) MHHHMMAJIbHOE MaKCHMAaJIbHOe
Units o .
Minimum Maximum
CKOpOCTb BpallleHHsI TNIAHETAPHOTO JIUCKA 00/MuH
. ; . 700 1200
The rotation speed of the planetary disk Turnover/min
CkopocTb BpaieHus 6apabaHoB 00/MuH
. . 800 2400
The speed of rotation of the reels Turnover/min
OTHOLIEHUE MacChl IIAPOB K MACCE MINXTHI 30:1 451
The ratio of the mass of the balls to the mass of the charge ) )
ABJICHUC
A arm. / atm. 3 5
Pressure
IIponomxurensHOCTH .
POl . MUH / min 5 90
Duration

Puc. 2. MEKpOCTPYKTYypa OKCHIIOB caMapusi U TUTAHA IT0CJIe aKTHBALIMU
Fig. 2. Microstructure of samarium and titanium oxides after activation

Taonuya 2 / Table 2

CpencrBa HCC/IeI0BAHUI TAPAMETPOB MEXaHOAKTHBAIIMH
Means of research of mechanical activation parameters

KR-spectrum

HccaenoBanus Ipudopsi IIpumeyanus
Researches Instrumentation Notes
I'panynomerpuueckuit
COCTaB FRITSCH ANALYSETTE 22 YHHUBepcaNbHBIH JTa3epHbIH TPHOOp
Granulometric MicroTec plus3 Universal laser device
composition
AHanu3 OKCHIOB H PenTreHoBCcKkuil ¢ ATMHON BOJIHBI U3TY4YEHUS B TUaNa30He
COECTUHEHUI JPOH-2,0 yrio au¢pakiun ot 100-1300
Analysis of oxides and DRONE-2.0 X-ray with a wavelength of radiation in the range of
compounds diffraction angles from 100—1300
C 1oy nmpoBOIHUKOBBIM J1azepoM U 00bekTrBOM Olympus
KP-criexrp Horiba Jobin Yvon T64000 X100

With semiconductor laser and Olympus X100 lens

AHaTUTHYECKUN 3JIEKTPOHHBIA MUKPOCKOIT

JEM-2100 Analytical Electron Microscope
DIEeKTPOHOT PaMMBI PactpoBblii 351EKTPOHHBII MUKPOCKOI
I1POM . .
Electronograms Scanning electron microscope
JED-2300 OHEProANCIepCUOHHBIN PEHTTCHOBCKUI CIIEKTPOMETP

Energy dispersive X-ray spectrometer
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OKCHJIOB THUTaHAa M caMapus MX NpEeBpallleHHe B HAHO-
KPHUCTAJUTMYECKHI TUTAHAT caMapHsi IIPOM30IILIO B Teue-
nue 30-60 munyT (puc. 3).

1200 -

1000 ~

wo

200

T T 1T 1T 1T 1T 1T T T T T 1717717711
2223 M 2526 27 28 20 3004 32 33 335 ¥WITBAM

28, rpan/26, deg
Puc. 3. PeatrenodasoBblii aHami3 cMecH IpH 00paboTKe B
TedeHue 45 MUH
Fig. 3. X-ray phase analysis of the mixture during treatment
for 45 min

Pe3ynbpraThl KOIMUYECTBEHHOTO aHaIN3a MEXaHOAK-
TUBUPOBAHHOW CMECH OKCHUAOB AWUCHPO3US U TadHUS U
CTPYKTYpHBIH TN coenuuenus F12/1 B reuenne 30 mun
MpeAcTaBIeHbI B Ta0M. 3.

CuHTEe3MpOBaHHBIE B [TPOLIECCE MEXaHOXUMHUUECKOM aK-
THUBALMY MOPOLIKY TUTaHATa caMapusi IPENCTABISIOT CO-
0011 HAHOKPUCTAJUTMYECKUE YaCTUIIBI HEPAaBHOOCHOM (hop-
MBI ¢ pazmepoM 10-95 HM, 00bEeAMHEHHBIE B aIJIOMEPAThI.

Ha puc. 4 npencraBieHsl pe3yasTaTsl ONpeAcIcHUs
IPAHYJIOMETPUYECKOTO COCTaBa IOPOIIKA TUTAHATa Ca-
Mapusi, MOJyYEeHHOTO MEXaHUUeCKOH 00paboTKol cMecu
OKCHJIOB THTaHa M caMapusi, OObeTUHEHHBIX B CTEXHO-
METPUYECKOM COOTHOILECHUH.

WurerpasnbHblii Buj, % /
Integral view, %
Differential view,%

JuddepenumnansHeii Bus, %o,

KpymeocTs, mx
Puc. 4. Tucrorpamma pacrnpeesieHus: 4acTUll OPOIIKa
0 pazmMepam
Fig. 4. Histogram of powder particle size distribution

ITony4yeHHsIl B pe3yJIbTaTe MEXaHOCUHTE3A IUCIIEPC-

T.14. N21(51), 2022 T.
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HBIH MPOAYKT MPECTABIISIET COO0M COBOKYITHOCTh arjio-
MepaToB pazMepamu 2—5 MKM (puc. 5).

Puc. 5. COM-u300paKeHHE YaACTHIL
MCXaHOCHUHTE3UPOBAHHOT'O MMOPOIIKaA
Fig. 5. SEM image of particles of mechanosynthesized
powder
B Teuenue 45 MMH MexaHOCHHTE3a M3 HAHOAMOP(HO-
IO TIOPOILKA NPU HArPEBaHWU CHayala A0 TeMIeparypbl
800 °C c BbLIepKKOH, a 3ateM A0 Temneparypsl 1200 °C
TaKKe C BBUIEP)KKOM MEPEXO]] TUTAHAT caMapHsl IIPOUCXO-
JHT 13 aMOP(HOTO COCTOSIHUS B KPUCTAILTNYECKOE (pHC. 6).

B Sm.TiyOs
. B SmaTiO,

-
150 =

M
Jas

A= i

2
B0 E TR T

- = -
'\..__M_______;\_
1'.'!5-.

1200 %
L SRR, W s

100

5D

L=

MHTEeHCUBHOCTD, UMII/C.,
Intensity, imp/s.

&0

2D —
2548

== = =4 @= 2= 2T Ds Ts 33 31 32 33 3e 3= 3e 3T am om
Bpewms, mun., Time, min
Puc. 6. ITapamerpsl n3MeHEHU (pas3bl TUTAHATA
pu 06paboTKe B TeueHHe 45 MUHYT
Fig. 6. Parameters of titanate phase change during treatment
for 45 minutes
[Muku, cooTBEeTCTBYIONIME HAYaly OOpa30BaHHS KpU-
CTAJUTUYECKOM pEeIIeTKH TUTaHaTa caMapws, MOSBUIKCH
IpU HAarpeBe €ro B TeueHue 45 MHUH A0 TEeMIEpaTypbl
800°C ¢ BBIIEPKKOM M MOCIEAYIOUIMM OXJIAXKICHUEM.
IIpu Harpese noporka g0 1000 °C ¢ BbIIEpk KOil U Mo-
CIIEIYIOUIMM OXJIaXIeHHeM o00pa3oBaHHE KPUCTaJUTH-
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Tabnuua 3 / Table 3
Pesynbrarnl aHaam3a cMecH
Results of the mixture analysis
®da3za Oo0nemHas goas, % BecoBas noJs, % Ilepuon
Phase Volume fraction, % Weight fraction, % Period
Sm,TiO, ( type C,) 100 100 A
Tabnuua 3 / Table 3
CpoiicTBa MopomkoB rajgpHaTa camapus
Properties of Samarium Hafnate Powders
YnenbHast Pa3mep ariiomeparos, Pa3mep
Hacpimnas .
Marepuan Teky4uecThb . NOBEPXHOCTh, M*/T MKM 4yacTHl, HM
. . . IUIOTHOCTD, I'/CM , . . .
Material Fluidity . g Specific surface area, Size of agglomerates, Particle size,
Bulk density, g/cm p ) .
m’/g microns microns nm
He Teuer
Sm, TiO, Does not 1.85-1.87 18-26 2-5 10-95
leak
Tabnuua 4/ Table 4
CpoiicTBa rapHaTOB MeTAJIOB
Properties of Metal Hafnates
VYienbnas Pa3mep
Haceimnas 2
Marepunan | TekyuecThb 2 NOBEPXHOCTh, M*/T arjioMeparos, MKkM | Pasmep yactun, Hm
. . . IUIOTHOCTD, I'/CM . . . .
Material Fluidity . 5 Specific surface area, | Size of agglomerates, | Particle size, nm
Bulk density, g/cm p ) .
m’/g microns microns
Cavapiit | He reter 1.85-1.87 18-26 2-5 10-95
Samaria | Does not leak
Eppormit | He teuer 1.75-1.77 18-26 300 — 400 40-70
Europium | Does not leak
JlanTan He Teuer
Lanthanum. | Does not leak 1.85-1.87 16-24 200 — 400 50-100
YEeCKOM peleTku aktuBuzupyercs. Ilocne nanpHeiiero BbiBoAbI

noBbIeHus TeMmeparypsl 10 1100 °C ¢ Belaepkkoil U
OXJIAK/ICHHEM O0pa30BaHUE KPUCTALIMYECKON pEeIeTKH
TUTaHaTa camMapusl 3aBepIIacTcs.

[Tony4eHHBII TOPOIIOK COCTOMT, B OCHOBHOM, W3
VABTPAIUCIIEPCHBIX KPUCTAIUIMYECKUX YacTUIL] U COACp-
JKUT HEOOJIBIIOE KOTMUECTBO YacTUll cepuyeckoit ¢pop-
MBI pazmepoM 110 60 HM. YacTHLIbl aroMepUpPOBaHBL.

CBoiicTBa MEXaHOCHHTE3UPOBAHHOTO MTOPOILIKA TUTA-
HaTa camapus NpUBEICHBI B Ta0MI. 3.

Pe3ynerars! vccneroBaHus MEXaHOCHHTE3HPOBAHHOTO T10-
pollka TTaHara camapus Metona [I1OM xapakrepusyror ero,
KaK COBOKYITHOCTb YaCTHII C Pa3yHNOPsA0UEHHBIM COCTOSIHIEM
aTOMOB, KOTOpasi COOTBETCTBYET aMOP(HHOMY CTPOCHHIO.

[TapameTpsl HOPOIIKOB MEXaHOAKTHMBHPOBAaHHOTO
rapHaTa camMapusi COMOCTABIISIIOTCA C Pe3yIbTaTaMH HC-
CJICIOBAHMS aHAJIOTOB-METAJIIOB (Ta0I. 4).

W3 paHHBIX TaONMMIBI CIEAYET, YTO NMPH HUACHTUYHBIX
YCIIOBHUSIX MPOAYKTHI MEXaHOAKTUBALMH radHAThl METall-
JIOB MMEIOT aJIeKBAaTHBIC BEKTOPHI CBOMCTB M 00pasyloT
aroMeparsl. DTO HOATBEPKAAET KOPPEKTHOCTD UCCIIEI0-
BaHUS U JOCTH)KECHHE NIOCTABICHHOM LIEIN UCCIIEA0BAHHS.
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1. IIpoBeneHbI UCCIEMOBAHUS CTPYKTYPHI M CBOMCTB
TTOJTYICHHBIX MEXaHOXUMUYICCKUM CHHTE30M IMTOPOIIKOB
TUTaHaTa camapysl C MCIION30BaHUEM IIIapOBOi IIaHe-
TapHOW MEJIbHUIIBI.

2. YCTaHOBIIEHO, YTO DJIEMEHTHBIA COCTaB MEXaHOXH-
MUYECKH CHHTE3UPOBAHHOM IIIMXTHI COOTBETCTBYET CTEXH-
OMETPHYECKOMY COAEPIKAHUIO OKCH/IA TUTaHA M CaMapHsl.

3. BBISBICHO, YTO PE3yAbTaThl UCCIEIOBAHUS MeXa-
HOCHHTE3UPOBAHHOTO MOPOIIKA TUTAaHATa CaMapusi Me-
tona [IOM xapakTepusyloT ero Kak COBOKYMHOCTH Ya-
CTHUI[ C Pa3ymopsSAOYCHHBIM COCTOSIHUEM aTOMOB, KOTO-
pasi COOTBETCTBYET aMOP(PHOMY CTPOCHHUIO.

4. BBISIBICHO, UTO UMEETCS BOBMOXKHOCTD MOTYICHHUS
HaHOaMOP(HOTO MOPOIIKa TUTAHATA CAMapHsl ITyTEM Me-
XaHOXUMHUYECKOH 00pabOTKM OKCHIOB camMapus U TUTa-
Ha HYXXHOW KOHJUIIUH.

5. OnpeneneHo, 9To mapaMeTphl TIOPOITKOB MEXaHO-
aKTUBUPOBAHHOTO radHaTa camapus COMOCTABISIFOTCS C
pe3yabpTaTaMu NCCIE0BaHUS aHAIOTOB-METAIIOB.

6. OmpeneneHo, YTO YIPABICHHWE CBOMCTBAMHU IIO-
POIIKOB BO3MOXKHO ITyTEM ONTHMH3AIHNU MapaMeTpOB
MEXaHOXMMHUYECKOTO CHHTE3a.
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PaunoHanusaumnsa KOHCTPYKLMU CEKLUN CKPeOKOBOro KOHBenepa
cpeacTBaMM aBTOMaTU3MPOBAHHOIO METOAA aHaNM3a NPOYHOCTHbIX
XapaKTepUCTUK

MeaH A. XXykos!P<|, Hukonaii C. lonukos?, Hukuta B. MapTiowwes?

tCaHkT-MeTepbyprckuii ropHblii yHuBepcuTeT, CaHkT-MeTepbypr, Poccus, tmmiok@yandex.rub<
ZTOMCKMIA NONUTEXHUYECKUIA YHMBEpPCUTET, ToMck, Poccus

AHHOTaumA. M3noxeHa MeToamka aHam3a NpOYHOCTHBIX XapaKTEPUCTUK KOHCTPYKLMM CEKLMM CTaBa CKPeBKOBOMO KOHBeMepa, pabora-
tOLLErO MO, LIEACTBUEM CUCTEMBI BHELLHMX CWJ1, 0BYCTIOBNEHHBIX COBMECTHOW 3KCTUTyaTaumei B O4UCTHOM KoMMiekce npu Aobbide yms. Ha
OCHOBE PEe3y/LTAaTOB OLIEHKM HAMPshKeHHO-AehOPMUPOBAHHOMO COCTOSIHMS CEKLIMM NPUBOASTCS PEKOMEHAALMM MO COBEPLLEHCTBOBAHMIO €8
KOHCTpYKUMK. Mpennaraemble peLueHns 060CHOBLIBAOTCS M NOATBEPYKAAOTCA CPABHUTENbHBIM aHA/IM30M NPOYHOCTU IEMEHTOB CEKLMM.

KntoueBble cnoBa: CKpebKoBbI KOHBEWED, CEKLMS, OUMCTHOM LWAXTHbIMA KOMMAEKC, MPOYHOCTb, HAaNpsbkeHue, aedopma-
1S, NPOYHOCTb.

BbnaropaapHocTb: PaboTa BbiNOSHEHA B paMKax NporpaMMbl pa3BUTMSt TOMCKOIO NMOSIMTEXHUYECKOTO YHUBEPCUTETA.

Onsa umutnpoanus: Xykos UN.A., lonnkos H.C., MapTiowes H.B. PaumoHann3aumns KOHCTPYKUMKM CeKLMM CKpebKoBOro
KOHBelepa CpeLcTBAMM aBTOMAaTU3MPOBAHHOIO METOAA aHasM3a NPOYHOCTHbIX XapakKTepUCTUK // YCTouMBOE passuTHe
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Original article

Design rationalization of the scraper conveyor section by means

of an automated method of strength characteristics analysis

Ivan A. Zhukov P4, Nikolay S. Golikov?, Nikita V. Martyushev?

1Saint-Petersburg Mining University, Saint-Petersburg, Russia, tmmiok@yandex.ru><
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Abstract. Purpose. The article is devoted to the approbation of a computational methodology for analyzing the strength
characteristics of a section of a scraper conveyor, taking into account the external impact on the section from elements of
a mine treatment complex used in coal mining. Elimination of structural defects of the section is carried out, as a rule, by
simple means of increasing the size of its elements. The presence of a generalized technique for analyzing the strength
of the conveyor section ensures a rational choice of materials and geometric elements of the section at the design stage.

Methods. The developed method of analysis of the stress-strain state of the section of the scraper conveyor is based on the application
of the method of finished elements, which is the basis of automated systems of engineering calculations. The created design model of
the section makes it possible to determine the strength characteristics of the structure depending on the operating conditions and the
external system of forces caused by the interaction of the section with other elements of the mining treatment complex.

Results. Based on the results of the conducted research, a plan has been drawn up to optimize the design of the
conveyor section, the implementation of which ensures an increase in structural strength and, consequently, an extension
of the service life of the conveyor. The obtained results of computer calculations are quite correlated with production data
on the assessment of the failure of conveyor sections as a result of the destruction of structural elements.

Conclusions. The developed computer model of the section of the scraper conveyor, when implementing the proposed
methodology for analyzing the strength characteristics of the structure, ensures the selection of rational geometrically
and technological parameters of the section at the design stage.

Keywords: scraper conveyor, section, cleaning mine complex, strength, stress, deformation, strength.

Acknowledgment: The research was carried out within the framework of the development program of the Tomsk
Polytechnic University.

For citation: Zhukov I.A., Golikov N.S., Martyushev N.V. Design rationalization of the scraper conveyor section by means
of anautomated method of strength characteristics analysis.Sustainable Development of Mountain Territories.2022;14(1):142-
150. (In Russ.). DOI: 10.21177/1998-4502-2022-14-1-142-150.

Received by the editors 06.05.2021; received after the review 23.07.2021; accepted for printing 11.08.2021.

© W.A.Xykos, H. C. Tonukos, H. B. MapTiowes, 2022.

142 T.14. Ne1(51), 2022 T



BsepeHue

JoObua TBEpABIX IMOJE3HBIX HMCKOMAEMbIX IOI3EM-
HBIM CIIOCOOOM CONpsDKEHa € HEOOXOAWMOCTBIO MpH-
MEHEHHMsI KOMIUIEKCAa IIaXTHOTO MEXaHU3UPOBAaHHOIO
obopynoBanus [1], BKitodaromero B ce0si, B TOM YHUCIIE,
CKpeOKOBBIN KOHBEHED.

HaunOonee mmpoko Takoil Tl KOHBelepa MpUMeHs-
eTcs IPH TPAHCIIOPTUPOBKE YISl U3 OYUCTHOTO 3a005l.
[Ipu Takux ycnoBUsX NepeMELeHUE YISl U TOPHOH Mac-
CBI OCYIIECTBIICTCS IOCPEACTBOM 3aKPEIUICHHBIX Ha TA-
TOBBIX LEMAX CKPEOKOB, ABMKYLIMXCS 110 HEMOABUKHO-
My craBy cekuuii (puc. 1). CoBpemeHHbIE TPeOOBaHUS K
TOPHO-IIaXTHOMY 00OPYIOBaHHIO OCHOBaHBI Ha obecre-
YEHUH MaKCUMAJIbHOW IPOU3BOIUTENBHOCTH U MHHH-
MaJbHON METAIIOEMKOCTH [2—5] B yCIIOBUSX obecrieue-
HUS a1anTaluyi JOOBIYHOTO KOMILJIEKCAa K MEHSIOLIMCS
TOPHO-T€OJOTUYECKUM yClIoBUAM [6; 7]. JocTukeHue
YKa3aHHBIX KPUTEPHEB HEBO3MOXHO 0e3 ydera YcCIio-
BHH IIPOYHOCTH U KECTKOCTH KOHCTpyKuui [8—11] B co-
BOKYITHOCTH ¢ TpeOoBaHusiMH Oe3zomacHocTH [12-14].
AHanu3 M3BECTHBIX HAy4HO-HCCIIEIOBATEIbCKUX paldoT
U OTpacieBO HOPMAaTWBHON nokyMeHTanmuu [15-17]
CBHUIIETEILCTBYET O TOM, YTO IpobieMa COBEPIICHCTBO-
BaHUA CEKLUHU PEIITayHOIro CTaBa MJET, KaK IPaBHIIO,
n3o0perareiabcKuM myTeM, smnupuaecku [18; 19].

3amaya co3maHus OOOOIIEHHOH METOAMKM aHalu-
32 IPOYHOCTHBIX XapaKTEPUCTUK CEKIUH PEIITayHOIo
CTaBa CKpeOKOBOI'O KOHBeWepa MpPEACTaBIIsIETCs BecbMa
CJIO)KHOM B CBSI3HM C HAJMYHMEM B KOHCTPYKIMM CEKIUH
3JIEMEHTOB, TPEOYIOIINX OTIEJIBHBIX CIEHUATBHBIX pac-
YeTOB, KakK, HalpUMep, pelka ¢ 3y0yaTsIM 3aleIICHUEM.
B cBs3u ¢ 3TUM 710 HACTOSILIEro BpEMEHU HE pa3pado-
TaHbl HAy4YHO 000CHOBAaHHbIE IPAKTHYECKUE PEKOMEH A~
LIUU 110 COBEPIIIEHCTBOBAHNIO KOHCTPYKIIUH PEIITAYHOTO
CTaBa.

Ha aTOM ocHOBaHHMM B paMKax COTPYIHHYECTBA C
MPOU3BOJUTEISIMA TOPHO-IIAXTHOTO 000pYyAOBaHUS
OBLJIO IPUHATO PEIICHHE O CO3AaHUU METOJUKH pac-
4yeTa HanpsKeHHO-Ae()OPMUPOBAHHOTO COCTOSIHUS
KOHCTPYKLHH PELITAYHOI0 CTaBa CKPEOKOBOTO KOH-
Beilepa B yCIOBHSX peaJbHOM 3KCIUTyaTallMH C IPH-
BJIEUEHHEM aBTOMAaTH3UPOBAHHBIX MPOrPaMMHBIX
CPEJCTB BBINOJHEHUS WHKEHEPHBIX PACUETOB M MPO-
€KTUPOBaHHS.

Llenb uccnenoBanuii

Pa3paboTrka u ampoOarusi pacueTHOW METOIUKHU
aHaJIM3a MPOYHOCTHBIX XaPAKTEPUCTHK CEKI[UU CKPeD-
KOBOTO KOHBeiepa, YYUTHIBAIOIICH BHEIIHEE BO3CH-
CTBHE Ha CEKI[MIO DIIEMEHTOB IMAXTHOTO OYHCTHOTO
KOMILJIEKCa, KOTOpas MO3BOJHIIA ObI OCYIIECTBIATH HA
JTane MPOeKTHPOBAHHUS PAIMOHAIBHBIN BBHIOOD Mare-
pHAJIOB U TEOMETPUUYECKHX DIIEMEHTOB CEKIUH, 00e-
CIICUMBAIOIINX BBITIOJHEHUE YCJIOBUH TPOYHOCTH U
JIOJITOBEYHOCTH.
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MeToabl uccnepoBaHum

Jns peanm3anmy MOCTAaBIEHHOHW LIENM B KauyeCTBE IPO-
TPaMMHOTO0 o0ecriedeHus ObLT BHIOpaH Momyib « CTaTHIecKuid
AHAJIN3» CHCTEMBI, TIO3BOJISIIOLIMI Ha OCHOBE METO[a KOHEU-
HbIX AeMeHToB (MKD) ocyiecTBIsTh pacueT MPOYHOCTHRIX
XapaKTepPUCTUK KOHCTPYKLIMI MOA ACHCTBHEM MPHIIOKEHHON
K MOIENHM CHCTEMbI BHEIIHMX HArpy3oK. Takum o0pasom,
MOXXHO OLICHHTb XapakTep HanpshKeHHO-AE(QOpPMUPOBAHHOTO
COCTOSIHHSI IIPOEKTHPYEMOH KOHCTPYKLIMH B 3aBHCHMOCTH OT
JIOTTYCKaeMbIX HAIPsDKEHHUH, OMpEeeUTh HauOonee YS3BU-
MBbIE MECTa 1 IEMEHTBI, BHECTH HEOOXOMMBbIE KOHCTPYKTHB-
HBIE I3MEHEHUsI U ONTUMU3UPOBath u3aenue [20].

[lepBoHauanbHO ObUIA CO3AaHa TPEXMEPHAsT TBEPIO-
TeNbHas MOJENb CeKIMHU (pHC. 2), Kaxnas IeTalb Ko-
TOpoi OblIa MOCTpOEHa B OTAENbHOM (ailie, a 3aTeMm
MOCPEICTBOM AacCOLMATUBHOW IPHUBA3KH BCTPOEHA B
cOOpouYHYyI0 MOZAETb B BUE (parmenTa. Jleranu cexuun
ObuUIH pa3MeleHbl B cOOpKe C y4eToM HX (aKTHIeCKO-
TO MECTOPACIIOJIOKEHUS TOA JIeHiCTBUEM COOCTBEHHOTO
Beca. TakuM ciocobom ObLIT 0OecIieueH HeTTOCPEICTBEH-
HBIH KOHTAKT JIeTalei 0 CMEKHBIM TOBEPXHOCTSIM.

Puc. 1. Tunosas cexuus KOHBeiepa
Fig. 1. Typical conveyor section

Puc. 2. 3D-moznens cekuuu
Fig. 2. 3D model of the section
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Puc. 3. Tlpumep 3a1aHMS CBOMCTB MaTepuaia
Fig. 3. Example of setting material properties

Bcewm peransm cexiuu KoHBeiepa 3a/1aHbl pealbHbIe
(U3UKO-MEXaHMYECKUE CBOICTBA COIMIACHO MpPUMEHse-
MBIM MaTtepHuanam (puc. 3).

OcCO0EHHOCTBI0 KOHCTPYKIIMU CEKLUH SIBISETCS Ha-
JMYHE CBapHBIX COCAMHEHUH, YUeT KOTOPBIX IPH MPOU-
HOCTHOM pacyeTe BCeH KOHCTPYKLHMU SBIsieTCS Oe30ro-
BOpoYHO HeoOxoaumbiM. llocpencTBoM crneunanbHON
¢ynkm cuctembl T-Flex Obuin cMomennpoBaHBI BcCe
CBapHBIC LIBBI B CTPOTOM COOTBETCTBHHU C HMX Iapame-
TpaMu (puc. 4): TUI CBapHOTO COCAMHEHHS], KOHCTPYK-

Cm.unwe HOBOMND THNA CEADHOTD WEA | a
FOCT %7776 - T1- YN - 15
oo e
Tian cBapOro n = Cnocob — =
CORRMHEHMAL cnapsan:
TaEpOBOE, OAHOCTOPCE A B yr/eeiichan Faze NAasALIech
SNEKTPONOM
Homep Tind wed: 14 I%-]
PECONoOEIE SNEHEHTOS WEA:
| crncuron -
e T
Pamep wara: (=
== TSNS | raseprposape- -
BABMOMD Y4ACTHA: |
[ oK || OTrera I Hobasmo

TUBHEIE 3JeMEHTHI, oOo3Hadenue, 'OCT, xarer miBa,
napamMeTpsl yCUICHUS, MEXaHUUECKUE XapaKTePUCTUKU
CBapOYHOr0 Marepuaa.

Takum o0Opa3om, pa3paboTaHHas KOMIIBIOTEpHas
MOJIENIb CEKIMM PEIITAaYHOrO CTaBa IMO3BOJISIET y4ECTh
TEOMETPHUIO JeTajiell KOHCTPYKIMHU, XapaKkTep UX coeIu-
HEHMS, MEXaHUYECKHE CBOIICTBA MaTepuaioB U 0COOEH-
HOCTH CBapHBIX coeAWHEHuH. IIporpamMMHBIII Momynb
«T-Flex Ananus» obnagaer BronHe 3()(heKTHBHBIM TeHE-
paropoM KOHEYHO-3JIEMEHTHBIX CETOK, aBTOMAaTHYECKH
noaOuparomuM pasMepsl 10-y310BBIX TETpa3ApHUECKUX
KOHEYHBIX 3JIEMEHTOB B 3aBUCHMOCTH OT OTHOCHUTEIb-
HBIX Pa3MEpOB AeTaJeH, y4aCTBYIOIINX B pacIeTHON MO-
nenu (puc. 5).
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Puc. 4. TIpumep MoneIUPOBAHUS CBAPHOTO COETUHEHUS
Fig. 4. Example of modeling a welded joint
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Tabnuya 1/ Table 1

Il1an onTMMHM3aMK M COBEPIIEHCTBOBAHUS CEKIIMM KOHBeiiepa
The plan of optimization and improvement of the conveyor section

Hean Henocrarok HN3meHeHHs1 B pacueTHON MoJeIH
Ne . . .
Purpose Disadvantage Changes in the calculation model
W3MeHeHHe mapaMeTpOB U CBOUCTB
Paspyuienune cBapHbIX
HckimoueHne npephIBUCTOCTH CBAPHBIX [IBOB . CBapHBIX IIIBOB
1 S . o COETMHEHN }
Elimination of discontinuity of welds . . Changing the parameters and
Destruction of welded joints .
properties of welds
ITocTenennoe u3MeHeHue
TeOMETPHH HIKHETO JINCTA,
VIckiroueHre MOsBICHHST OCTaTOYHBIX YcTaHOBKA JOTIONHAUTENBHBIX pebep
N MIPUBOASIIEE K BEIXOLY M3 .
) nehopMaruii B HIDKHEM JINCTE CEKITAH ctpos ’KECTKOCTH Ha HIKHHH JINCT CEKIMH

Exclusion of the appearance of residual
deformations in the lower sheet of the section

Gradual change in the
geometry of the bottom sheet,
leading to failure

Establishment of additional stiffeners on
the bottom sheet of the section

YMeHbIlIeHHE 3a30pa B COSAMHEHUT
Masblia, KOP3UHbBI U PEHKH 10 MUHUMAIIBHO
3 JIOITyCTUMOTO
Reducing the gap in the connection of the finger,
basket and rail to the minimum allowable

Hammume cBoOogHOrO X00a

perku COEIUHUN
Availability of free running Using a running landing in the
rails connection

Hcnones3oBaHue X000BOH NOCAIKU B

W3roroBienue peiiku ¢ MpsiMbIM PO uiIeM

HexoppekTHas reomeTpust

Ananu3 u cozganue 3D-monenu perku

4 3yba HCXOIHOH perKI C TPSIMBIM TIpOGuIIeM 3y0a
Manufacturing of a rail with a straight cogs Incorrect geometry of the | Analysis and creation of a 3D model of
profile original rail a rail with a straight tooth profile
. | Bximrouenue 3D-Momenn TOMOMHATENb-
. .. | KoHueHtpauus HanpspkeHuit - N
YcraHOBKa AOTIONHHUTENBLHO OMOPHI HA CpeHEei HOI1 OTIOPBI PEHKK B PACYETHYIO MOJIEIb
N B OIOPHBIX MOBEPXHOCTAX
peiike . CEeKLUH
5 peliku

Establishment of an additional support
on the middle rail

Stress concentration in the
support surfaces of the rail

Inclusion of a 3D model of an
additional rail support in the design
model of the section

Puc. 5. Koneuno-3iieMeHTHas ceTKa
Fig. 5. Finite element grid

Pemienne mnocraBneHHOW 3amaud, OOYCIOBICHHOE
npumenenneM MKD, TpeOyeT mnpaBHIBHOTO 3aJaHus
TPAHUYHBIX YCIOBUH [21], KOTOPBIMU IPU CTATHUYECKOM
aHaJIM3e BBHICTYMAIOT BHELIHHWE 3aKPEIUICHUS, BHYTPEH-
HUE KOHTAKTHI IeTaje U CHCTeMa BHELIHHUX CHIL.

[lonHoe 3akpemieHue, OIOKUPYIOIIEE BCE CTEICHH
cBOOO/BI, 3a/aeTcs Ha HIDKHHE IOBEPXHOCTH CEKIMU
(puc. 6), KOTOpbIe KOHTAKTUPYIOT C 3200€M. YUeT Xapak-

T.14. Ne1(51), 2022 T.

Puc. 6. YciioBus 3aKpeIUICHUS] U KOHTAKTa
Fig. 6. Fixing and contact conditions

Tepa CONPUKOCHOBEHUSI CMEXKHBIX AETAJIEH OCYIIECTBIISI-
€TCS 3a/IaHUEM TaK Ha3bIBAEMbIX KOHTAKTHBIX OTpaHude-
Huil. B pa3paboTraHHON Momenu 3alaHbl JBa BapHaHTa
KacaHMs noBepxHocTell. IlepBrlii MopenupyeT yclioBue
3ampera  B3aUMONPOHUKHOBEHUS  CONPUKACAKOLIUXCS
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Puc. 7. Cucrema BHEITHUX CHUII
Fig. 7. The system of external forces

TpaHell 3JIeMEHTOB, HO HE MPEMATCTBYET MX OTHOCH-
TEJILHOMY TiepeMelIeHuto. BTopoii BapuaHT Moaenupyer
JKECTKYIO CBSI3b, 3alIPEIIAONIYI0 KaK B3aUMOIPOHHUKHO-
BEHHE, TaK M OTHOCHUTEIIFHOE CMEIIEHHUE, YTO MO3BOIHIIO
a/IeKBaTHO Y4€CTh CBapPHbIE COCANHCHHUS.

B ycnoBuAx peanbHOW SKCIUTyaTallMd Ha CEKLHUIO
PELITaYHOro CTaBa LIAXTHOTO CKPEeOKOBOIO KOHBeWepa
JIEUCTBYET CHUCTEMa BHELIHUX cuil [22-25], BKIIOYaIO-
1miast B ce0sl ceyrolye BUAbI HarpykeHuit (puc. 7):

1) ycunue BO3OEHCTBUS Ha CEKLHIO OT PACHOIOKEH-
HBIX HA HEM CKpEOKOB U TATOBBIX LIETICH;

2) DuHaMHUYEcKash Harpy3ka OT TPaHCHOPTHUPYEMOH
TOPHOW MOpOJABI, OmpenensieMas C Y4eTOM yIjla ecTe-
CTBEHHOT'0 OTKOCa [26; 27];

3) Harpy3ka oT AeWCTBHsI onopbl koMOaiiHa Ha OOKO-
BUHY;

4) ycuiue B 3alleTICHUN 3Be3/I0YKH KoMbaiiHa u 3y0-
4aToil peiKu CeKIuy;

5) caBuroBasi Harpy3ka Ha BEpXHUH 1 HIDKHUH JTUCTHI
CEKIHii, 00yCIOBICHHAs IepeMEIIeHUeM TOPHOI MacChl,
CKpEOKOB H IIeTei;

6) Harpy3Ka, BO3HUKAIOLIIAs IIPH CABIDKKE Kpenu [28; 29].

Pesynbratbl MCCnepoBaHUiA

HaydHo-meToquueckue OCHOBBI ONpeNeNeHus yKa-
3aHHBIX Harpy>keHui npuBeneHsl B padore [30]. Pazpa-
OoTaHHas pacueTHas METOMKa OblIa anpoOUpoBaHa Ha
KOHCTPYKIMHU CEKIHH PEIITayHOr0 CTaBa CKPeOKOBOTO
KOHBeiiepa, MPOM3BOAMMOTO M NPHUMEHSEMOTr0 B TOp-
HO-IITaXTHBIX ycioBusx KemepoBckoii obnactu. [1o pe-
3yJAbTaTaM pacueTa ¢ LENIbI0 MPOBEPKU MPUHATHIX KOH-
CTPYKTOPCKHUX peIleHHH Ha YCIOBHE MPOYHOCTH ObLIa
MIPOM3BEJIEHA OIIEHKA NMEepPEMEILCHUH, HAaPsSKEHUH U KO-
s¢duunenHTa 3amaca MpOYHOCTH B JTIOOOH TOUYKE UCCe-
OyeMOH cekUuuH. Pesynbrarbl aHanmm3a KOMIBIOTEPHON
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MOJIETIN TTOATBEP)KAAIOT (PU3NUECKUN XapaKTep BBIXOAA
U3 CTPOsI KOHCTPYKLUH IO JEHCTBUEM CHCTEMbI BHEII-
HUX CHJI. BBISBJICHBI TPH OCHOBHBIX 3JI€MEHTa, TPeOyto-
LIMX ONTHMAJbHOW KOPPEKTHPOBKH KOHCTPYKTOPCKOTO
UCTIOJIHEHHA: 1) cBapHbBIE LIBBI, pa3pylleHHE KOTOPBIX
MIPOMCXOONUT B MECTAX Pa3pbiBa MM U3MEHEHUs I1apame-
TPOB; 2) HWKHUH JIUCT CEKLHH, B KOTOPOM CO BPEMEHEM
HaKaIIMBalOTCsl OCTaToOuHbIe Aedopmanuy; 3) 3yOuaras
pelika, pa3pbelB KOTOPOW MPOUCXOOUT B OMOPHBIX Cede-
HusX (puc. 8).

C nenbio yBeITHMUEHHS CPOKa CIIyKObl KOHBelepa ObL1
COCTaBJICH IUIaH JeiicTBuUil (Tabnuma) no KOppeKTUPOBKE
KOHCTPYKIIMM U COOTBETCTBYIOILEH PacueTHOM MOJIENH,
o0ecreurBaroIni BHIIOJIHEHUH YCIOBUM MPOYHOCTH.

HcknroueHue mpepbIBUCTOCTH CBAPHBIX IBOB (pHUC. 9)
MO3BOJISAET MOJIyYUTh OOJiee TOUHYIO KapTHHY pacrpese-
JICHHSI HAIIPSKEHUH B CBAPHBIX COCTUHEHUSX.

Puc. 8. Pazpynienue 3y0uaToii peiiku
Fig. 8. Destruction of the toothed rail

T.14. N21(51), 2022 T.



Puc. 9. VictipaBiieHre NPephIBUCTOCTH CBAPHBIX IIBOB
Fig. 9. Correction of discontinuity of welds

YTouHEHHAs MOZAENb CBAPHBIX COCTHUIHHEHHH MO3BO-
JUJia BBUIBUTH KOKPETHBIE MecTa KOHLETpauuu Hamlps-
KEHUH W MPUHATH pellieHne 00 U3MEHEHUH MapaMeTpoB
CBapHOTO 1B, YTO B MMOCIIEACTBIH 00€CIICUHIIO SKCILTya-
TaIMIO CEKITH 0e3 pa3pyIIeH!s] B MECTaX CBapKH.

Ha HwxHUI TMCT ceKnmu OBUTO TPEIIoKEHO YCTaHO-
BUTH pedpa KECTKOCTH, TEOMETPHUS U LIar PACIONOKEHUS
KOTOPBIX ONpEIessUIM MyTeM aHajn3a MPOYHOCTHBIX Xa-
PAKTEpUCTUK MOJIENIH B IpOrpaMMHOM cpene. Takoit Bapu-
aHT PEIICHHUS TO3BOJISIET TTIOBBICUTH MPOIOIBHYIO YCTOM-
YHBOCTb JIMCTA, OCHAIIEHHOTO pedpaMu KECTKOCTH, IPH
OZIHOBPEMEHHOM YMEHBLICHUH €T0 TOIIMHBI (puc. 10).

MopnepHuzanust  3y04aToii pedKkd COIIacHO ycCTa-
HOBJICHHOMY IUIaHy (Ta0n. 1) mo3BOJSIET CYIIECTBEHHO
YMEHBUINTDL BEIMYUHY COKUMAIOMINX HaHp’I)KeHI/Iﬁ B o11ac-
HBIX CEYCHUSX, CHATH MpoOIeMy pa3pylieHus: peiku npu
JBIKCHUW OYMCTHOTO KoMOaiHa (puc. 11).

BbiBoabi

Taxum oOpaszom, pa3paboTaHHas KOMITBIOTEPHAS MO-
JIeTTh CEKIIMH PEITaYHOrO CTaBa CKpeOKOBOTO KOHBeHepa
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Puc. 11. CpaBHEeHHE IPOYHOCTHBIX XapaKTEPUCTUK UCXOTHOM
U YCOBEPIICHCTBOBAHHONW KOHCTPYKIUH CEKLIH
Fig. 11. Comparison of strength characteristics of the
original and improved section design

[IpY peayin3aly NPeUIoKeHHOW METOANKY aHaIn3a Ha-
HPSKEHHO-1€()OPMUPOBAHHOTO COCTOSIHUSL KOHCTPYK-
LUK J1aeT JOCTOBEPHBIE CBEACHUS O MPOYHOCTHBIX Xa-
PaKTEepUCTHKAaX HCCIeIyeMOH MOJENH, aIeKBaTHO CO-
MOCTaBUMBIE C HApaOOTKaMH BBIXOAA U3 CTPOS CEKLMU
B IPOMBILIUICHHBIX YCIIOBHAX JKCIUTyarauuu. llpume-
HEHHE CO3JaHHOM METOAMKM aHaJIn3a MPOYHOCTH 00e-
creyrBaeT MoAOOp PalMOHANBHBIX I€OMETPUYECKUX U
TEXHOJOTMYECKHX [TapaMeTPOB KOHCTPYKLUH Ha CTa U
MIPOEKTUPOBAHUS.

JamaM e “Janaas O

o pRLpN| SN0 HE AT ENTERI
Maceral nepa e Hin: 2577 82

(AL ]
¥ QEE-0rH
| P20
T A LBE-208
5 9ME 308
& FEE-30%
TRTTE-R00
VAPTE-I
1 FA3E-5is

B

Puc. 10. Ananuz nedopmariuii HIXKHETO JIMCTa A0 U T10CIIe U3MEHEHHSI KOHCTPYKIMU
Fig. 10. Analysis of deformations of the bottom sheet before and after the design change
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Peanusauus npogeccMoHanbHbIX KOMMNETEHUUIH U B3aUMOAEUCTBUE
C MHAYCTPUANbHbIMU NapTHEPaMU FOPHO-METaNNYPru4yecKom
OTpac/M KaK NnoKasaTesim KayectBa 0bpasoBaHus

B TEXHUYECKUX By3aX

Uropb A. AnekceeB
CeBepo-KaBKa3ckui ropHO-MeTayprnyeckmuin UHCTUTYT (FTOCYAAPCTBEHHbIN TEXHONOMMYECKMIA YHUBEPCUTET),
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AHHOTauma. PaboTa aBTOpa 3aKk/104AETCS B BbIpabOTKE CMCTEMbI MOBbLILEHMS KauecTBa 06pa3oBaTenbHOro npouecca B
By3e M 3((DEKTUBHbIX MEXAHN3MOB €ro KOHTPOJISl, @ TAaKXKe B BbICTPAUBAHMU CUCTEMbI B3aMMOBBIFOAHOIO COTPYAHUYECTBA C
BEAYLLMMWN OTpaC/IeBbIMU MAPTHEPAMU B TOPHO-METaNTypruieckoi NPOMbILLIIEHHOCTU.

[na nocTwxXeHUs yKasaHHOM Lenu Obiin MCNonb30BaHbl Pas3nyHble METOA0NOTMYECKME NMPUEMBI, TaKMe, KaK aHanus,
CMCTEMHbIVM NOAXO0M4, CPABHUTENBHO-NPABOBOM MOAXOA. DTU NPUEMBI OblIM peann30BaHbl MPUMEHUTENBHO K TEXHUYECKUM
BYy3aM, TepPUTOPMANbHO PaCcroOXeHHbIM B TOPHbIX PErMoHax.

B pe3synbrate npoBeAeHHOr0 Hay4YHOro aHanM3a MpefoXeHbl MOAXOAbl, KOTOpble, MO HALIEMY MHEHMIO, MO3BONAT
NOAHATb Ka4eCTBO 06pa3oBaHUA B TEXHUUYECKUX BY3aX, BeOYLLMX TECHOE COTPYLHMYECTBO C MHAYCTPUAbHBIMU NapTHEpaMu
B pa3fIMuHbIX chepax U 0Tpacnax, B TOM YMC/ie FOPHO-MeTaTypruyecko.

LLeHHOCTb M 3HAYMMOCTb NONYYEHHbIX BbIBOLLOB 3aKJTHOUAETCS B MOMNbITKE BHEAPEHMS 1 anpobaLymn OnMcaHHbIX NOAX0A0B
W OLEeHKe MpeaBapuUTeNnbHO MOMYYEHHbIX PEe3yNbTaTOB B TEXHUYECKUX BY3aX, PaCMONIOXKEHHbIX, B TOM 4YMCNe, B TOPHbIX
TEpPUTOPUSIX.

KnioueBble cnoBa: TexHMYeCKMe BY3bl, FOpHble TEPPUTOPUM, KAYeCTBO BbiCliero obpa3oBaHus, NpodeccMoHanbHble
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industrial partners of the mining and metallurgical industry as
education quality indicators at technical universities
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Abstract. The author's work consists in developing a system for improving the quality of the educational process at
the university and effective mechanisms for its control, as well as in building a system of mutually beneficial cooperation
with leading partners in the mining and metallurgical industry.

To achieve this goal, various methodological techniques were used, such as analysis, a systematic approach and a
comparative legal approach. These techniques were implemented in relation to the technical universities located

geographically in the mountainous regions.

As a result of the conducted scientific analysis, approaches are proposed that, in our opinion, will improve the quality of
education in the technical universities leading close cooperation with industrial partners in various fields and industries,

including mining and metallurgy.

The value and significance of the results lies in the attempt to implement and test the described approaches and
evaluate the preliminary results obtained in technical universities located in the mountainous areas.
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BBepeHue

Tema npodeccroHaIbHBIX KOMIIETEHIIMH BIOpaHa HE CITy-
qaifHO. ABTOpP OCHOBBIBAETCSI HA CBOEM OIIBITE IIPH MPOBEZE-
HUM TIPOBEPOK 00pPa30BaTENbHBIX OPraHM3alMi B KadecTBE
TOCYIAapCTBEHHOTO 3KCIIEPTa, W 3KCIEpTa 10 OOLIECTBEHHO-
mpodeccHOHaTBHON aKKPEANTALIUH.

OO6o3HaueHHas TeMa MMeEeT CYIIECTBEHHOE 3HAYCHHE Kak
JUTSL TOCYIapCTBEHHOM, Tak U ISl 00IECTBEHHO-POHECCHO-
HaJILHOI MPOLIEAYp OLICHKU KauecTBa 00pa3oBaHus, B IEPBYIO
o4epeb, I TEXHHYECKUX BY30B B TOPHBIX TEPPUTOPHSIX.

OCHOBHO# BOIPOC, KOTOPBIH BCerga BO3HHMKAeT y oOpa-
30BaTEIbHBIX OPTaHU3ALUH IPH MPOBEACHUH HPOLETYPHI aK-
KPEIUTAINHU, 3TO MOATBEP)KJICHNE Ka4eCTBa peal3aluy 00-
pasoBaTeNbHBIX IporpamM, BKmodas Bce yposuu (CIIO, 6a-
KaJIaBpraT/CIeualInTeT, MarucTparypa, acliupaHTypa). JToi
K€ JIOTHKH TPUIEPKUBACTCS M HOBas CHCTEMa HE3aBHCHMOM
OIIEHKHM KadecTBa 00pa30BaHMsL, BeTymaromas ¢ cuiny ¢ 01 map-
Ta 2022 1. OcobeHHO 3Ta 3a/1a4a aKTyajdbHa I TEXHUIECKUX
BY30B, PACIIOJIOKCHHBIX B TOPHBIX TEPPUTOPHUAX, B HaCTHOCTH,
Ha CeepHoM KaBkase, B CHITy TEppUTOPUATBHBIX U COL[HAIIb-
HO-TIOJINTUYECKUX 0COOCHHOCTEH.

TpaguumoHHO O00pa3oBarellbHBIE OpraHU3aluM, MOJ-
TBEpXKJasi KauecTBO pealiM3allid 00pa30BaTebHOTO MpO-
necca, MpeaoCTaBIsIIOT COBOKYITHOCTh (DOHIOB OILEHOYHBIX
CPEJICTB, MaTEepHaIIbl, COJIEpIKAIINE OLIEHKY 3HAHUH YUIaIINXCS
10 OTJAEJIFHBIM JUCLUIUIMHAM y4eOHOro IUIaHa WIN 110 BCEM

152

JOUCUMIUIMHAM, MPEIyCMOTPEHHBIM K H3YYEHHIO B KOHKPET-
HOM y4eOHOM TOIY.

OpnHako JaHHBIA MOOXOM, IO HAIleMy MHEHUIO, SBISETCS
OLIMOOYHBIM TIO CIIOYIOIEMYy OCHOBaHHIO. Eciu MBI 0Opa-
THMCSL K (henepaIbHBIM TOCYIapCTBEHHBIM 00pa3oBaTeIbHBIM
cTaHzapram, TO 0Opa3oBaTelibHbIC TPEOOBAHUS CTAaHIAPTOB
OTHOCATCS, MPEXIE BCEro, K 00pa3oBaTeNbHbIM OpraHMU3a-
LUSIM, KOTOpBIE HECYT OTBETCTBEHHOCTH 3a OCBOCHHE 00yda-
omuMucs ydeOHO# mporpammbel. To ecth oOpa3oBarenbHas
OpraHM3aIys HeCeT OTBETCTBEHHOCTD Nepe]] FoCyJapCTBOM 3a
TO, YTO y BBIIYCKHHMKA JOIDKHBI OBITH c(hOpMHpOBaHBI 001IIE-
KyJIBTYpHBIE, oO1ienpodeccronaibHble U IpodeccHoHaIbHbIE
KOMITETEHIIHH.

B cBsI31 ¢ 3TUM JIaHHYTO TIO3UIIMIO CIIEYEeT pacCMaTpyuBarh
B IBYX HaIlpaBJICHUAX.

MeTtoauka uccnepaoBaHum

Hanpasnenue nepsoe. liMeHHO oOpa3oBarenibHas opra-
HH3alis OTBETCTBEHHA 32 00eCIeUCHNE YCIOBHI peatn3aluu
KOMITCTCHIIMH, K KOTOPBHIM OTHOCHTCS HE TOJBKO MaTepH-
aNlbHO-TeXHUYecKass 0aza, Hanu4yue MpodeccopcKo-mpero-
JIaBaTeIbCKOTO COCTaBa, CIICHHAIM3UPOBAHHBIX ayTUTOPHH,
6ubanoreyHoro Qonna, y4eOHBIX IJIAaHOB, Iporpamm, dexe-
paJIbHBIX 00pa30BaTeNbHBIX CTAaHIAPTOB U TaK Jajee, HO U Ka-
4ecTBO 00pa30BaTEIbHOIO Ipoliecca.

HanpaBnenne BTopoe. Hamnune (OHIOB OLEHOYHBIX
cpeicTB (TO ecTh OLIEHKA KauecTBa 3HaHWI oOydaromierocs),
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TIOJTYYEHHBIX IIPH OCBOGHHH YIeOHOTO Kypca, 1100 obpas3oBa-
TENBHOM MPOTrPaMMBI B TIETIOM.

O6pazoBarenbHas OpraHU3aLusl 00s13aHa KOHTPOINPOBATH
KauecTBO 00pa30BaTeNLHOTO MpoIecca, NPUYeM Ha BCEX €ro
CTaIHAX

Hammaue ¢opm, Tpebyrommux o0sS3aTebHOTO 3aMONTHEHUS
TIPY TIPOBEACHUM MPOLEAYpPHl TOCYIapPCTBEHHOH aKKpexuTa-
1M, TIOATBEP>KAACT 3Ty MOZUIIHIO.

Pa3paboTka yHMBepcanbHOM KapTbl KOMNETEHLMIA
ANS TEXHUYECKUX BY30B

[puns k BEIBOIY 0 HEOOXOAMMOCTH Pa3pabOTKU YHHUBEP-
CAJIBHOW KapThl KOMIIETCHIIUH IS TEXHUYECKHX BY30B, MBI
HayaJd 33yMBIBaThcs O (hopMax U crioco0ax KOHTPOJS Ha
Ka4eCTBOM 00pa30BaTEILHOIO MPOIECCca CO CTOPOHBI 8 IMHHU-
cTparuu 00pa30BaTeIbHOIN OpraHU3aIluy.

W B 3TOH CBA3M NPUCTYNHIN K pa3pabOTKe W CO3IaHUIO
YVHHBEPCAIBLHON KapThl KOMIETEHIIMIA 0 BCEM YPOBHSIM 00-
pa3oBaHusl.

YHUBepcanbHas KapTa KOMIICTESHIMH MPECTaBIsIeT CO00M
MEPEYCHb BCEX KOMIICTCHIIUH, MPETyCMOTPEHHBIX YYeOHBIM
IUTAHOM, TJI€ OCBOCHHUC KaXJOW KOMIICTCHIIMH PEaTu30BaHO
yepe3 MeJarorndecKue TeXHOIOTHUHI, U OTPENEICHBI KOHKPET-
HBIC HaBBIKH, KAY€CTBO OCBOCHHUS KOTOPBHIX OOYYAIOIIUMUCS
3areM mpoBepseTcs depe3 (GOHIBI OICHOYHBIX CpencTB. [Ipu
9TOM MBI CHIEAH 3TO JUI Ka)XJIOTO YPOBHS 0Opa3oBaHUs, B
TOM YHCIIe JJTs1 OaKalaBpraTa, MaruCTpaTypbl U aCIUPAHTYPEI,
BKIIIOYAsi HE TOJBKO pabovue MporpaMMbl TUCIHIUIMH, HO U
MIPAKTUKH.

HUcxonst u3 3T0T0, Y 00pa30BaTEIBHBIX OpPraHU3alni eCTh
JIBA BapHaHTa PEIICHUS 3TOT0 BOIpoca.

[epBerit BapuaHT — 0Opa3oBaTeNbHAs OpraHU3aIMs OepeT
Ha cels TpyJ MO MOATOTOBKE YHHBEPCAIBHON KapThl KOMIIE-
TEHIMHA, KOTOpas OyIeT MpHBs3aHA K OIPEICICHHBIM Iena-
TOTMYCCKUM TEXHOJIOTHSM, M KOTOpas NaeT BO3MOXXHOCTH
OCYIIECTBIIATH, KOHTPONIb HAJ Ka4eCTBOM 00pa30BaTeIbHOTO
mporiecca, TOCKOIbKY K KaXKJIOW TeMe M3y4aeMoro IpeaMeTa
3aKpeIUICHBI KOHKPETHBIC KOMITETCHIINH U CIIOCOOBI X peali-
3allUH.

CnemoBaTenbHO, B JTHO0OW MEpPHON MPOBEICHUS 3aHITUN
MOXKHO TIPOBEPUTH, KaK MPEIIOJaBATEIh BITOIHICT CBOU 005~
3aHHOCTH U BEJICT y4eOHBIN TpoIiecc.

Bropoii BapuaHT, 3TO KOT/Ia CHCTEMa pPeau3allii KOMIIe-
TEHIIMHA OTTACTCS IOJ OTBETCTBEHHOCTHh MPOQeccopCKo-Tpe-
MTOJJABATEIILCKOTO COCTaBa, YTO JACT BO3MOXKHOCTH W TPaBO
MPETIOIABATEIIIM CAMUM OTPECIUTh CIIOCOOBI pean3aIiui
KOMITETCHIIMA.

Ho, ucxoms U3 IpaKkTUKK, BTOPOH BAPUAHT OYCHB CIIOKEH B
peanuzanun. Jla 1 HeNb3st 3a0BIBATH, UTO HA MPOLEAYPY aKKpe-
JIUTAIMU BBEIXOJAUT MMEHHO 0Opa3oBaTelbHasi OpraHU3aIisl, a
HE KOHKPETHBIH, JaKe OUCHb aBTOPUTETHEIN MPEToIaBaTelb.

OTIeNbHO CIIeAyeT OCTAHOBUTHCS HA OCBOCHUU KOMITETCH-
WA B paMKaX MPaKTUK U BBIMTYCKHBIX KBaTH(DPHUKAITUOHHBIX
paboT (y KOro OHH €CTb).

BaxHO TOHUMATh, YTO B MPOIECCE MPOXOXKICHUS IMPAK-
THUK CTYJACHTOM 3aJICHCTBOBAH IMPEICTABUTENh pabOTOmATEes
U PYKOBOJWTENb NMPAKTUKH OT opranu3aiuu. K coxaleHuro, B
OOJIBIIIMHCTBE CIIyYaeB HE BCE CTYICHTHI 3HAIOT MEPEUeHb KOM-
METCHIINH, KOTOPBIC JOJKHBI OBITH IMU OCBOCHBI, a paboToa-
TEJIA HE BCET/la XOPOIIO pa30HparoTCs B y4eOHOM mporecce 1
€Ille MCHBIIIC TOHUMAIOT, YTO B TIPOIIECCE TPOXOKIACHUS MPaK-
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THKH CTYJCHT 00513aH OCBONUTH KOHKPETHBIH Ha0Op KOMIETEH-
M, KOTOpbIE PaboTOATENh JOJIKEH OIIEHHTH.

B »aT0#t curyamum o0pa3oBaTenbHON OpraHW3alMd He-
0o0xoarmMo 00 B 3aJaHWU 110 TMPAKTHKE, THO0 B JHEBHHKE,
MUMIIEPAaTHBHBIM ITyTE€M 3aKpEeNuTh IepedeHb HEeOOXOIMMBIX
KOMIIETEHIINH 1 O3HAKOMHTH C HUMH CTyAEHTa, a paboroma-
TEJI0 PA3BSICHUTh HEOOXOIMMOCTh MX OCBOCHHUS M TOCIIENY-
fomeit orieHku. TyT Takxke He0OXOAUMO OTMETHTH U IPOGHITH
OpTaHM3AINH, B KOTOPBIX CTYAEHTHI MIPOXOST NPAKTHKY B CO-
OTBETCTBHH CO CBOMM HAIIPaBICHUEM ITOTOTOBKH MM CIICIIH-
alu3amuen.

W B 3axiioueHne 3TOH YacCTH HECKONBKO CIIOB CKaKeM O
MpOLIeype TOCYAAPCTBEHHONW MTOTOBOM aTTeCTalWH, TIe He
TOJIBKO TIOATBEP)KIAIOT KAYE€CTBO CBOMX 3HAHMH CTYAEHTHI, HO
W JTIOKyMEHTaJbHO TOATBEpP)KAAeTCS 00pa3oBaTebHON opra-
HHU3auel 0CBOCHNE MMH HEOOXOIUMBIX KOMITeTeHIINH. Mox-
HO BBecTH [lomoxkeHne o TocynapCTBEHHOH HTOTOBOH aTTecTa-
IIH, ¢ KOTOPBIM y4alIuicst 00s3aH ObITh O3HAKOMJICH, U 10
HETO JOJDKHO OBITh JOBEICHO, YTO ITOATBEPKACHUE OCBOCHUS
KOMITETeHITH 00ydJaromumMces peaan3yeTcst B porecce Caadn
TOCYJapCTBEHHOTO 3K3aMEHA 1 3all[UTHI BHITYCKHOM KBAIN(H-
KaI[MOHHON paboTHI.

PaspaboTka TexHonorum B3aMMoaencTBus
C MHAYCTPUANIbHLIMK NAPTHEPAMMU B TEXHUUECKUX
By3aXx

Eme omHIM cephe3HBIM BOITPOCOM, KOTOPHIH UMEET 3Have-
HHE TIPH OIIEHKE KayecTBa 00pa3oBaHus, SIBISIETCS B3aUMOJIEH-
cTBHE 00pa30BaTeNIbHOM OpraHu3aluyi C MHIYCTPHAIbHBIMU
napTHepamu (paboTozarensimMu), KOTOpOe BhIpaXkaeTcst B pas-
T4HBIX (popMax. OCTaHOBUMCS Ha BBIIIOIIHEHUH BBITYCKHBIX
KBaIM(UKAMOHHBIX paboT CTyJIeHTaMH 1O 3asiBKaM paboTo-
JlaTenieil B TEXHUUECKUX BYy3ax.

Hcxonst U3 ombiTa M3ydeHHs] 3TOTO BOIPOCA, MOXKEM CKa-
3aTh, 4TO OOpa30BaTeNIbHBIE OPraHU3alMK B 9TOH YaCTH Mpe/-
CTaBJISIIOT MUChMa OT Pa3IMYHBIX paboTonarelsiei, B KOTOPBIX
yKa3aHBbI, KaK IPaBUJI0, KOHKPETHBIE TEMBI, PEKOMEH/IOBaHHbIE
JUIsl pa3pabOTKU BBITYCKHHKAMH.

Ecnu Takod Qopmar coTpyrHHYECTBA HMEET MECTO, TO
CUUTAETCS, YTO B OTOH YacTH B3aMMOAEHCTBHE CYIIECTBYET,
a eclM elle M peleH3us padoTonaresneM MOAMNKCaHa, TO 3Ta
(hopma B3auMoOIEHCTBHSA By3a M paboTonarelsi peain3oBaHa B
TIOJTHOM OOBeMe.

[Tpemaraem nMocMOTpeTh HA NAHHBIA aCHEKT MOJ] APYTUM
yrioMm. Bce MBI moHMMaeM, 4TO NpuBeeHHas Bbie (opma
B3aUMOJICHCTBHS By3a M paboTonarelns sBISIETCS BO MHOTOM
topmanbHO. PaboTonareny, kak NpaBHIIO, M3 YBaKECHUS K
o0pa3oBaTenbHON OpraHW3alMy MOJIKCHIBAIOT 3TH INHCHMa
W, €CJIM MCIONB3YIOT Pe3yJIbTaThl, OJyYeHHbIE B pe3yJbTare
BBITIOJTHEHHS BBIITYCKHBIX KBAJM(QHUKAIIMOHHBIX PaboT, TO 3TO
CKOopee B TEXHHYECKOM cekTope. Vcronp30BaHne pe3ysibTarToB,
TIOJIyYSHHBIX B BBITYCKHBIX KBaJIH(UKAIMOHHBIX paboTax,
0COOEHHO B TyMaHHUTapHOH cdepe, TO 3TO cCKopee HCKIIode-
HHE.

B aT0i1 yacTu cnenyeTr nepecMoTpeTh 3TU MOAXObI U HC-
TIOJTE30BATh JIaHHYIO CHTYaIMIO Ha B3aHMOBBITOTHOI OCHOBE,
UCTIONB3YSl JUIS 9TOTO BECh OTPOMHBIN ITOTEHIMAN HAayKd U
MPaKTUKH.

HeobOxomnmo B 3TOM mporiecce IIaBEHCTBYIOIIYIO POJb
NIPEIOCTaBUTh BEAYIIUM OTpacieBbIM paboTomaTensM U BO
MHOTOM OPHEHTHPOBAThCSl Ha UX MOTPeOHOCTH M Tpodecc-
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OHAJBbHBIE MHTEpeCHl. UTO e HOBOTO CONEPKHUTCS B HAIIEM
TIPEIIOKECHUH?

I'maBHas HOBamus 3aKIIOYAETCSA B TOM, YTO IIOMUMO IIpe-
JIOXKeHUs paboToaareneii o pa3paboTke HAYYHBIX TEM CIISAYeT
c(hopMHUPOBaTh HX 3aMHTEPECOBAHHOCTH B IPUOOPETEHUHU pe-
3yJBTATOB, MOJyYEHHBIX B UCCIIEJOBAaHUH, KOTOPBIE OBUTH OB
WHTEPECHBI JUIS IIPAKTUIECKOTO TPUMEHEHUSI.

To ectb paboTomarensaM npearaeTcst IpHOOPeCTH pe3yinb-
TaThl MHTEIJUIEKTyadbHOTO Tpyna. OOpaiaeM Barle BHUMaHHE
HE Ha BBIITYCKHYIO KBAIH(UKAIIMOHHYIO PaboTy, a Ha Pe3yib-
TaT, KOTOPBIH MOTYYMIICS MOCIE PeaTn3aliy TaK Ha3bIBAEMO-
r0 MHIUBUIYaJIbHOTO 3aaHus. To €CTb, CTYJICHT-BBIITYCKHUK
B TCUCHUE OTBEACHHOI'O I€proaa JJid IMOATOTOBKU BBIHyCKHOﬁ
KBaM(UKALMOHHON pabOThl 3aHUMAETCS BBITIOIHEHUEM KOH-
KPETHOTO 331aHMsI B paMKaxX CBOEH CIelnalIn3alyy.

ITocne 3ammThl BBITYCKHON KBAJIM(HKAMOHHOW pabOTHI
€€ Pe3yJIBTATHI 110 JUIEH3NOHHOMY COIVIAIIIEHHIO TIepealoTcs B
none30BaHue paboromarento. [y Toro 9ToOBI 5Ta cCHCTEMa Ha-
gajia paboTark, HEOOXOIMMO CEphE3HO MOPadOTaTh Haj CTPYK-
TYpO# BBIMYCKHON KBATH(HUKAIIMOHHOW pabOThI U MPEBPATHTh
ee, 10 CyTH, B MPO(eCCHOHANIBHBII TPOEKT, a TaK)Ke BBECTH HA
BBIITYCKHBIX Kypcax IUCHUIUINHY, 00YYarOUIyl0 CTyIE€HTOB IIpoO-
(eccroHanbHOMY TpOEKTHpOBaHHIO. [IpyudeM Ty cructeMy BO3-
MOKHO BBECTH Ha BCEX YPOBHSIX BBICILIETO 00pa30OBaHMs, BKIIIO-
Yasi aCIIPaHTYPY, HO Y KaXKI0H (h)OPMBI €CTh CBOM OCOOCHHOCTH.

CBELOEHWUA OB ABTOPE

3adeM ke BCE ITO HYKHO?

Ha nam B3misin, MMEHHO Takas (opMa «3aBEpIICHHOTO»
COTPYIHHYECTBA JIaeT BO3MOXXHOCTh MAaKCUMAJIbHO BOBIICKATh
B mpoliecc paboroiareneld, a By3y — 3apabaTeiBaTb BHELIHE
MIPUBJICUEHHBIC JICHEKHBIE CPEACTBA U KAYECTBEHHO TOTOBHUTH
BEIITYCKHUKOB K Oymymieit npodeccuu. He cpasy, yepes omnpe-
JITICHHOE BPEMsl, CYMTaeM HY)XHO OLIEHHBATh KIMEHHO IO 3TO-
My KpHUTECPHUIO B3aNMOJICHCTBHE C pab0oTOqaTeIISIMU.

BbiBoAab!

Bce BhINIEH3I0KEHHOE, HA HAII B3MIISA, TO3BOJIUT 00pa30-
BaTeJbHBIM OPraHu3aIusIM C(OPMUPOBATH PEATBHYIO CUCTEMY
B3aMMOJICHCTBUI C MHIYCTPUATBHBIMU ITAPTHEPAMH, a TAKKE
c(hOpMHUPOBaTh TaK Ha3bIBAEMbBIE MH/IYCTPUAIbHBIE TUIOLIA KU
¥ / WM TeXHOOM3HECIapKH, 4T0, 0COOCHHO Ha 0a3e TyMaHU-
TapHBIX By30B, Oy/IeT UMETh 1107 CO0OI peajbHyI0 OCHOBY U
MEXaHU3MbI, KOTOPBIE JOCTATOYHO MPOCTO MPOBEPUTH U BECTU
UX y4eT. DTO, B CBOIO OuYepe/lb, O3BOJIUT OLCHUBAThH IMOTCH-
[[MaJ By30B BO B3aUMOJICUCTBHHU C pabOTONATENISIMH, YTO SIBJISI-
€TCsI MPEIMETOM OIICHKH, HapHUMep, MEXKIyHAPOIHOM aKKpe-
JUTAIMH, TI€ aKUEHT JeIaeTCsl UMEHHO Ha WHIYCTPUAITBHBIX
MapTHEPOB, X BOBICUCHHOCTh B YUSOHBIH, HAYIHBII TpoIIecC.
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