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Abstract
Relevance. At present, during the transition from open pit to underground mining at iron ore deposits,
the most widespread technology is the sublevel caving with frontal ore drawing. This technology has
significant drawbacks, namely low ore extraction indicators and increased operating costs for
preparatory work and stoping. The development of an alternative technology for the upper sublevel
mining, which ensures high extraction indicators, active ore drawing, and lower prime cost of the main
flow processes in the presence of an internal dump used as a rock cushion on the quarry floor, is an
urgent scientific and technical task.
Research objective is to study the mining factors effect on the technical and economic indicators of
differing technologies for mining the upper sublevel under the rock cushion at the iron ore deposits.
Research methods. The work uses a comprehensive research method, including the search and design
of a rational version of technology, economic and mathematical modeling, and technical and economic
comparison.
Analysis of the results. The dependences of the main technical and economic indicators (losses and
dilution, the specific volume of preparatory development works, labor productivity and specific operating
costs for flow processes) on the height of the upper sublevel between 40 and 100 m and mine capacity
between 0.8 and 2.4 million tonnes of ore per year. It has been determined that the operating costs for ore
mining have a minimum value under a height of the upper sublevel of 80 m and a production capacity of
1.6 million tonnes of ore per year, which is optimal for an enterprise during the transition period.
Conclusions. The technology of sublevel open stoping with the subsequent rib pillar development by
a system of induced block caving has been substantiated, which far more efficient as compared to
the traditional version of sublevel caving.

Keywords: iron ore deposit; transition zone, rock cushion; mining system; mining factors, extraction
indicators; technical and economic indicators.

Acknowledgements. The research has been carried out within the framework of the state contract
no. 075-00581-19-00, theme no. 0405-2019-0005.

Introduction. Efficient combined mining of main underground reserves in deep-
lying ore deposits greatly depends on efficient organizational, technical, and
technological measures in the zone of open-pit-to-underground transition (transition
zone, referred to below as TZ) [1]. In turn, efficient TZ mining is conditioned by the
mining factors, namely mine production capacity, open-pit depth, and the height of
the upper sublevel, as well as mining-geological conditions and technology.

The open-pit depth at many iron ore deposits in Russia is currently close to the
designed one [2—4]. Beyond the designed pit limits, there are reserves to be further
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Figure 1. Technology of level open stoping with subsequent caving of the rib pillar at the height of

the upper sublevel:

a-40m;b—-60m;c—80m;d— 100 m
Pucynok 1. TexHonorusi 3Ta)xHO-KaMepHON BBIEMKH ¢ mocieayoreit orpaborkoit MKI] mpu BeicoTe

MOAKAPBEPHOTO ITAXKA:

a—40wm;b—60m; ¢c—80m;d— 100 m
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developed via an underground method. One of the features of underground reserves
development at iron ore deposits is an internal dump on the quarry floor [5]. Internal
dumping serves as a rock cushion to isolate underground mine workings and the quarry [6].
Existing methods of extracting reserves below the quarry floor provide for a system of
sublevel caving with slicing and frontal ore drawing. The systemTs advantages are
well-known. However, it also has significant disadvantages, namely low extraction
indicators and relatively high operating costs for the preparatory development work
(PDW) and stoping [ 7—14]. Stoping periodicity with a minimum volume of ore breaking
and drawing involves the presence of many panels in the developing entry and large ore
areas with a corresponding amount of main equipment operated simultaneously to
ensure the productive capacity of the mine [15, 16]. It is possible to remove the
disadvantages of the traditional technology by moving from one-stage to two-stage
extraction of a block with the development of larger chambers at the first stage.

So, mining factors effect on the technical and economic indicators of differing
technologies for mining the upper sublevel under the rock cushion at iron ore deposits
is an urgent scientific and technical problem.

Alternative technology development. An efficient version was found and designed
for the technology of upper sublevel mining at thick (20-70 m) steeply pitching (more
than 70°) iron ore deposits.

The version combines sublevel stoping and a system with ore caving and requires a
room-pillar sequence of reserves mining at a level (Figure 1). Chamber reserves are
extracted by two faces directed from the center towards the sides. A floor pillar forms
concurrently to prevent the penetration of the cushionTs diluting rocks from the quarry
floor, thereby ensuring optimal conditions and high extraction indicators when
extracting chamber reserves. Ore drawing and haulage are carried out by the LHD
(load, haul, dump) loaders from the crosscuts on the trench floor. After that, bulk caving
of the floor pillar is carried out; and the floor pillar is drawn under the caved ground
through the chamber’s trench floor. A rib pillar (RP) is extracted with a compensation
chamber formed in its lower part; into the compensation chamber, main RP reserves are
broken down and drawn via LHD from the crosscuts on the trench floor.

This technology is novel. It makes it possible to improve ore extraction indicators,
stoping safety, and the intensity of ore drawing from the block (an approval has been
received to grant an invention patent of the Russian Federation, application
no. 2021110457 of 14 April 2021).

The effect of mining factors on technical and economic indicators. For economic
mathematical modeling (EMM), in order to determine the level of the main technical
and economic indicators (TEI) when developing an upper sublevel under the rock
cushion in the conditions of iron ore deposits, two versions have been adopted:

— the technology of sublevel caving with slicing and frontal ore discharge
(version 1);

— the technology of sublevel stoping with the subsequent floor pillar caving and RP
development by a system of induced block caving with undercutting (version 2).

Two most significant mining factors have been identified to establish the nature and
rate of TEI change:

— the height of the upper sublevel (H,,), which determines reserves amount and
development period, extraction indicators, specific scope of PDW, scope of drilling,
haulage distance, and therefore the recoverable value and prime cost of mined ore.
We considered the following variation range for H,, = 40; 60; 80; 100 m (taking into
account the international practice of ore deposits combined mining [17-22]);

— mine’s production capacity A4, . , which determines the cross section of
underground excavations, volume and intensity of tunneling and stoping, labor
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productivity and therefore capital and operating costs. We considered the following
variationrange for4 . =0.8;1.6;2.4 million t/year (depending on mine’s productivity).
For EMM, a corresponding fleet of main and accessory process equipment was specified
foreach 4, .

The first stage of EMM established the dependencies between the loss and dilution
indicators variation and H,, (Figure 2). It can be seen from the graph that with the
growth of H,, from 40 to 100 m, loss and dilution in version 1 do not change (25 and
30%, respectively); in version 2 they decrease by 1.7 times (from 26.2 to 15.1%)
and by 1.9 times (from 30.5 to 16.2%), respectively. So, the upper sublevel height
increase makes it possible to increase extraction indicators, and therefore the recoverable
value of ore.

35 r
30

25 = # =Version 1. Losses

= @ —Version 1. Dilution

The value of the indicator, %

20
—@—Version 2. Losses
15 —®—Version 2. Dilution
10 1 1 ]
40 60 80 100

TZ height, m

Figure 2. Dependences of ore losses and dilution on the height of the upper
sublevel
PucyHOK 2. 3aBHCHMOCTH TIOTEPb U Pa3yO0KHUBaHHUS PY/Ibl OT BBICOTHI
HOJIKAPbEPHOTO ITAKA

The performance criteria of the technology versions were subsequently studied
depending on H,, and A4, ., namely the specific scope of PDW per 1000 tonnes
of mined ore, labor productivity for PDW, stoping and the entire mining system
(Figure 3).

In version 1, the specific scope of PDW per 1000 tonnes of mined ore (Figure 3, a)
does not change as H,, increases and ranges from 55.3 to 87.2 m*/1000 tonnes under
A ... from 0.8 to 2.4 million t/year. The indicator increases with the growth of 4 . due
to an increased cross section of workings when using more productive (large-sized)
equipment. In version 2, with H,, growth from 40 to 100 m, the indicator decreases by
11.1-11.9% due to incremental operational reserves of the block and increases
proportionally as 4 . = grows from 0.8 to 2.4 million t/year due to the increased cross
section of workings. Besides, the specific scope of PDW in version 2 is 2.2-2.9 times
lower than in version 1.

Labor productivity at the PDW stage (Figure 3, b) in version 1 does not depend on
H,, due to the constant volume of PDW in the block and increases with the growth of
A, from 14.0 to 17.5 m*/man shift within the studied range due to the reduced volume
of sinking and the increased efficiency of drilling rigs for tunneling. In version 2, labor
productivity in the PDW stage decreases with the growth of H,, by 6.5-6.9% due to the
increased volume of sinking in the block and increases by an average of 25.5%
under 4 . . growing from 0.8 to 2.4 million t/year due to the more efficient drilling
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rigs for tunneling. Besides, in the entire range of factors under investigation, labor
productivity at the PDW stage in version 2 is 1.2—8.7% lower than in version 1 due to
a larger volume of sinking.

a b
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Figure 3. Dependences between the main indicators, the height of the upper sublevel mining, and
the production capacity of the underground mine:
a —the specific scope of PDW; b — labor productivity at the PDW stage; ¢ — labor productivity at the stoping stage;
d — labor productivity for the entire mining system
Pucynok 3. 3aBUCHMOCTH OCHOBHBIX IIOKa3aTeNieil OT BBICOTHI IONKAPBEPHOTO JSTaXa H
HPOU3BOJCTBEHHOI MOILITHOCTH IIAXTHI:
a — ynenbHblid 00beM [THP; b — nmpousBogurensHocTs Tpyaa Ha ITHP; ¢ — npousBoguTensHOCTh Tpyaa Ha
OYHMCTHOM BBICMKC, d— TIPOU3BOAUTEIIBHOCTD TPy/Jla IO CUCTEME pa3pa60TKM

Labor productivity at the stage of stoping (Figure 3, ¢) in version 1 does not depend
on H,, due to the constant productivity of flow processes (ore breaking, handling, and
haulage) and increases with the growth of 4 from 166 to 225 t/man shift by

mine
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reducing the scope of drilling and using more efficient equipment for handling and
haulage. In case of version 2, the productivity at the stage of stoping reduces by
9.4-11.0% with the growth of H,, due to the increased scope of downhole drilling and
the increased distance of ore haulage, and it increases by an average of 34.6% with the
growth of 4 . =~due to the reduced scope of drilling and the use of more efficient
equipment for ore handling and haulage. Besides, in version 2, labor productivity at the
stage of stoping is 7.7-8.3% higher within H,, 40-60 m due to higher productivity of
ore haulage, and 2.5-3.6% lower under H,, 80-100 m due to lower productivity of ore
breaking and haulage.

Table 1. Total costs for the entire mining system, rub/t
Ta0auna 1. CymmapHbIe 3aTpaThl 110 CHCTeMe pa3padoTKH, p./T

Mine capacity, mln t/year

Version of 0.8 1.6 | 24
the
technology Height of the upper sublevel (transition zone), m

40 | 60 | 80 | 100 | 40 | 60 | 80 | 100 | 40 | 60 | 80 | 100

520 | 520 | 520 | 520 | 516 | 516 | 516 | 516 | 583 | 583 | 583 | 583
2 320 | 311 | 316 | 333 | 310 | 300 | 303 | 321 | 315 | 305 | 309 | 327

Labor productivity of the entire mining system (Figure 3, d) in version 1 does not
change with the growth of H, and increases the growth of 4 . from 132.6 to
152.9 t/man shift due to the increased productivity at the stages of PDW and stoping.
In case of version 2, with the growth of H,, productivity decreases by an average of
6.8% as a result of the increased volume of sinking and the decreased productivity
of ore breaking and haulage, and it increases by 22.5% in the considered range of 4 .
due to the reduced volume of sinking and more efficient equipment. Besides, in version
2, the productivity indicator is 5.6—-5.7% higher under /7, ranging from 40 to 80 m due
to the higher productivity at the stage of ore breaking and haulage, and by 1.0-1.5%
lower under H,, = 100 m due to the increased volume of sinking and the decreased
productivity at the stage of ore breaking and haulage.

It has been found that the technology level of the considered versions, including the
effect of H,, and 4, . on the main TEI of TZ development, complies with the best
analogs used in Russia [7-11] and other leading mining countries [12—14, 16-22].

Choosing the optimal version. Production cost of 1 tonne of ore and profit per unit
of recovered reserves are the main economic indicators to be determined to assess and
make the final decision about the type of the upper sublevel mining technology.

The prime cost includes the costs of PDW, breaking, drawing, haulage, and stoping
of ore. The calculation results for changing /1, and 4, . are presented in Table 1.

It can be seen from the data in the table that the production cost of 1 tonne of ore,
expressed through the total costs of the system of mining, under various /,, and 4
for versions 1 and 2, has a minimum value under 4
A

mine
mine = 1.6 million t/year. So, this
mine 1S Optimal for the conditions under consideration.

The technology for TZ reserves mining is assessed and finally chosen under the

established 4, , - according to the profit criterion, rub/t, per unit of recovered reserves [1]:

g.C

Prch( a-1)
B

d (1-D)’

j(l—L)—Cm

c

where P_ is the price of 1 tonne of iron concentrate, rub/t; € is the coefficient of iron
recovery into concentrate, unit fraction; c is the content of iron in reserves, unit fraction;



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 11

B. is the content of iron in concentrate, %; C, , is the cost of ore mining and dressing,
rub/t; L is loss, unit fraction; D is dilution, unit fraction.

The recoverable value of mined and dressed ore, ore production and dressing cost,
and profit are the economic efficiency indicators, the calculation results of which are
given in Table 2.

Table 2. Economic indicators of the mining technology under the mine capacity of 1.6 million
tonnes per year
Tabauna 2. JxoHOMHYECKHe MOKA3aTeIM TEXHOJIOTHH NPH MPOU3BOACTBEHHONH MOIIHOCTH
maxTel 1,6 MIH T

. Version on Height of the upper sublevel (transition zone), m
Indicator the

technology 40 60 80 100

Recoverable value of mined 1 2537 2537 2537 2537
and dressed ore, rub/t 2 2496 2608 2756 2871
Cost of ore production and 1 2160 2160 2160 2160
dressing, rub/t 2 1569 1511 1487 1527
Profit, rub/t 1 377 377 377 377
2 927 1097 1269 1344

It was found that the recoverable value of ore in version 2 is 2.8-13.2% higher
(under H, from 60 to 100 m), and ore production and dressing cost is 27.4-31.2%
lower. As a result, the profit is 2.5-3.6 times higher (under /, from 40 to 100 m) as
compared to option 1.

Conclusion. EMM and assessment of mining factors effect on the TEI of differing
technologies for mining the upper sublevel under the rock cushion at iron ore deposits,
revealed that the technology of sublevel stoping with the subsequent RP development by
a system of induced block caving is the most efficient, while the operating costs for ore
extraction have a minimum value under /,, = 80 mand 4, . = 1.6 million t/year, which
are optimal for an enterprise during the transition period. Considering changes in H,, and
A_. . the level of TEI is high and can be compared to the world’s best analogs.

mine’
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Bausinue ropHoTexHu4YecKUX (PaKTOPOB HA TEXHMKO-IKOHOMHYECKHE
NMOKAa3aTeJ I 0TPA0OTKH MOAKAPBEPHOTO0 3TAXKA MO/ MOPOAHOI MOAYIIKOH
B YCJIOBHSIX 7KeJIe30PYIHBIX MEeCTOPOKIeHHIT

Coxoaos U. B.l, Aurunun IO. I, Po:xxkos A. A.!, Hukurun H. B.!, Conomenn FO. M.!
! UucrutyT ropuoro aena YpO PAH, Exarepun0ypr, Poccust.

Pecgpepam
Akmyansnocmy memovl. B nacmoswee epems npu nepexooe Om OMKPLIMbIX 20PHbIX pabom K
NOO3EMHBIM HA JHCENE30PYOHbIX MECMOPONHCOCHUAX HAUOOTbUEe PACIPOCIMPAHEHUE NOLYYUL 6APUAHMN



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 13

cucmemsl paspabomKu NOOIMANCHO20 OOPYWEHUsI C MOPYOBLIM BbINYCKOM pyObl. Januas mexuonozus
umeem cyujecmeennvle HeOOCMAmKU — HU3KUe NoKazamenu usgnedeHusi pyovl U3 Heop U YEerudeHHble
IKCHIYamayuoHHble 3ampamsl HA NOO20MOGUMENbHO-HAPe3Hble U ouucmHble pabomsi. Paspabomka
anbMepHamueHoOl MexHoLo2UU OMmpPaboOmKU NOOKAPbEPHO20 dmadicd, obecneuugaiowjei NnogvluleHue
noxazameneu U36/1e4eHUsl U UHMEHCUBHOCMU GbINYCKA pyObl U3 ONOKA U CHUJICEHUe cehecmoumMocmu
OCHOGHBIX MEXHONO2UUECKUX NPOYECCcO8 6 YCAOBUSIX HAIUYUS 6HYMPEHHe20 Omeaild HA OHe Kapvepd,
UCNONL3YEMO20 8 Kauecmee NOPOOHOU NOOYWKY, AGISACMCsl AKMYAIbHOU HAYYHO-MEXHUYECKO 3a0adeil.
Llens pabomer. Hccnedosanue 6nusnus 2OPHOMEXHUHECKUX (DAKMOPO8 HA MEXHUKO-IKOHOMUUECKUE
nokazamenu OMIUYHBIX Opye Om Opyea MeXHON02Ul OmpabomKu NOOKAPLEPHO20 IMANCA NOO HOPOOHOU
NOOYUIKOU 8 YCILOBUSIX HCENe30PYOHBIX MeCHOPONCOCHUIL.

Memoowvl uccnedosanuii. B pabome ucnonvb308an KOMNIEKCHbI MeMOoO UCCIe008aAHUL, SKTIOUAIOWULL
UBbICKAHUE U KOHCMPYUPOBAHUE PAYUOHAILHO20 8APUAHMA MEXHOI02UY, IKOHOMUKO-MAMEMAMU4eckoe
MOOeUposanUe 1 MmexHUKO-93KOHOMUYECKoe CPAGHEeHUe.

Ananuz pesynomamos. Ycmanognenvt 3a6UCUMOCIU OCHOGHBIX MEXHUKO-IKOHOMUYECKUX NOKA3amenell
(nomepu u pazybodcusanue, yoenbHbulil 00bem H0020MOBUMETbHO-HAPE3HBIX pAOOM, NPOU3800UMENbHOCTIb
mpyoa u yoeibHvle IKCNIYAMAYUOHHbIE 3aMpamvl NO MEXHONOSUYECKUM Npoyeccam) Om 6blCombl
nookapvepHo2o smaxca 6 unmepeaie om 40 0o 100 m u npouze0OCMEEHHOU MOWHOCIU WAXMbL 8
unmepeane om 0,8 00 2,4 man m pyosl 6 200. Onpeodenieno, Ymo KCIyamayuoHHble 3ampamsl Ha 000bIYy
PYObl UMEIOm MUHUMATbHOE 3HAYeHUe Npu 8blcome nookapveprozo smasica 80 M u npouzso0CcmeenHoul
Mowgocmu 1,6 man m pyosl 8 200, KOmMopwvle U ABNAIOMCA ONMUMATLHBIMU 0151 NPEONPUAMUSL 8 NePeXOOHblL
nepuoo.

Bob16oobl.  Obocnosana mexHono2Us IMANACHO-KAMEPHOU  8bleMKU ¢ nociedyoujeli ompabomxol
MEACOYKAMEPHO20 YeNUKa CUCIMEMOU IMANCHO20 NPUHYOUMETbHO20 06pyulenus, obecneuusarujas
601610 IphekmusHOCHb NO CPABHEHUIO ¢ MPAOUYUOHHBIM BAPUAHIMOM HOOIMAICHO20 OOPYUIEHUSI.

Knrwuegvle cnoea: sicene3opyonoe mecmopodscoenue; nepexoonas 30Ha, NOpooHas NOOywiKa, cucmema
paspabomku;  20pHOMeXHUUecKue @DaKmopwvl, NOKA3AMenu U3GIEYeHUs, MeXHUKO-IKOHOMUYECKue
nokasamenu.

Hccneoosanus evinonnenst 8 pamkax 2ocyoapcmeentnozo 3aoanusn Ne 075-00581-19-00. Tema Ne 0405-
2019-0005.

BUBJIMOT PAGMYECKUIA CITUCOK

1. Cokono U. B., CmupHoB A. A., AntunuH lO. I, Hukutun U. B. Hayunsle acnektsl BeIOOpa
TEOTEXHOJIOTUUECKON CTPAaTeTHH OCBOEHHMS IIEPEXOTHBIX 30H IPH KOMOMHIPOBAHHOM pa3paboTKe pyAHBIX
Mectopoxneruit // Ilpobnembr Henpomonb3oBanusa. 2020. Ne 1(24). C. 11-17. DOI 10.25635/2313-
1586.2020.01.011

2. Kannynos [I. P., Jleitseposuu C. I, Tomaes B. K., Cunopuykx B. B. O nanpHeiimem pa3Butuu
ropHbIX padoT B Oacceitne KMA // Topubiit xypran. 2011. Ne 10. C. 44-49.

3. KanmeixoB B. H., I'aBpuiuies C. E., Bypmuctpos K. B., Torotun A. A., Ilerposa O. B., Tomwuna H. I
O6ocHOBaHHE palMOHAIBHBIX BapUAHTOB IIE€PEXOa C OTKPBITOIO Ha MOA3EMHBIM CHOCO0 pa3paboTKu
Mmectopoxnerns «Mansrit Kyitbacy // TUAB. 2013. Ne 4. C. 132-139.

4. Tomuk B. W., Iomyxua O. H. Mcnomne3oBanue MuHEpatbHO-CHIpbeBoi 0a3sl KMA B ycimoBmax
sKooru3anuu obmectsa // [Ipobnems! pernonamsHo skomoruu. 2013. Ne 4. C. 45-49.

5. Caxkannes I I. BuyTpennee orBanooOpa3oBaHie Ha NIyOOKHX PYIHBIX Kapbepax. ExarepuHOypr:
VYpO PAH, 2008. 225 c.

6. Cokonor U. B., CmupnoB A. A., Autunus 1O. I, Hukutun U. B., Tumkos M. B. O6ocHoBanne
TONIIUHBI MPEJOXPAHUTENBHON MOMYIIKH MPU OTPAOOTKE MOAKAPBEPHBIX 3aMacoB TPYOKH «YaauHas»
cucreMaMu ¢ oOpymeHneM // PU3HKO-TEXHUYECKHE MPOOIeMbl pa3pabOTKU IMOJE3HBIX HCKOMAEMBIX.
2018. Ne 2. C. 52-62. DOI: 10.15372/FTPRP120180207

7. JlobanoB E. A., Epemenro A. A. Pa3paboTka MOIKapbepHBIX PYIHBIX 3aIIACOB MECTOPOKACHUS
Onenwnii pyueii // Bectauk Kyz6acckoro rocygapcTBeHHOr0 TexHIUIecKoro yHuBepcutreTa. 2021. Ne 4(146).
C. 86-95. DOI: 10.26730/1999-4125-2021-4-86-95

8. Hesepor C. A., Konypun A. U., [llanomauk FO. H. Be3onacHoCTh 0YUCTHBIX pabOT MPH MOA3TAKHOM
BBIEMKeE C 00pyIIeHHEM B TEKTOHHYECKH HaNpsDKeHHBIX MaccuBax // InTepakeno ['eo-Cubups. 2021. T. 2.
Ne 3. C.311-321. DOI: 10.33764/2618-981X-2021-2-3-311-321

9. llamue XK. b., AnmubaeB A. Il. TexHonorus KOMOMHHPOBAHHON pa3pabOTKH MOIKAPBEPHBIX
3aMacoB CHCTEMOH MO3TaKHOTO OOPYIIECHHUS C CeKIMOHHOM 0TOOMKOI M TOPIIEBBIM BBIITYCKOM PYIIBI Uepe3
mesns // CoBpeMeHHBIe POOIeMBl MEXaHUKH CIUTOMHEIX cper. 2010. Ne 12. C. 62-70.

10. Coxomnos U. B., Cmupuos A. A., AutunuH 1O. I'., Hukutun U. B., bapanosckuii K. B. TTonzemnas
TEOTEXHOJIOTH TpH KOMOMHHPOBAHHOH pa3paboTKe MOILIHOTO JKENIE30PYIHOTO MECTOPOXKIeHUS //
W3Bectus By30B. [opHslit xypHan. 2014. Ne 7. C. 25-32.

11. MaxxutoB A. M. OueHka cTeleH! TEXHOTEHHOTO MpeoOpa3oBaHusl y4acTKa He/Ip pH pa3paboTke
MECTOPOXJICHUSI C OOpYIICHMEM pPyIbl M BMEIIAIONIMX IOpPOA B BocxoxsmeM mopsake // I'opras
npoMbInuieHHOCTh. 2021. Ne 4. C. 113-118. DOI: 10.30686/1609-9192-2021-4-113-118

12. Lovitt M. Evolution of sublevel caving — safety improvement through technology // The AusIMM
Bulletin. 2016. April. P. 82-85.



14 “Minerals and Mining Engineering”. No. 8. 2021 ISSN 0536-1028

13. Quinteiro C. Design of a new layout for sublevel caving at depth // Proceedings of the Fourth
International Symposium on Block and Sublevel Caving, Australian Centre for Geomechanics, Perth.
2018. P. 433-442. URL: https://doi.org/10.36487/ACG_rep/1815 33 Quinteiro

14. Mijalkovski S., Despodov Z., Mirakovski D., Adjiski V. Methodology for optimization of
coefficient for ore recovery in sublevel caving mining method // Podzemni Radovi. 2017. No. 30. P. 19-27.
DOI: 10.5937/podrad1730019S

15. Cauu U. H., Mycradun B. U. [TepcrekTuB TpIMEHEHNS 1 000CHOBAaHHE IIPOEKTHBIX PEMICHA
HPH 3TAXKHOM U MOASTAXXHOM TopieBoM Belrycke pyasl // TUAB. 2015. Ne S1. C. 419-429.

16. Pourrahimian Y., Askari Nasab H., Tannant D. A multi-step approach for block-cave production
scheduling optimization // International Journal of Mining Science and Technology. 2013. Vol. 23.
P. 739-750. DOI: 10.1016/.ijmst.2013.08.019

17. Afum B. O., Ben-Awuah E. A review of models and algorithms for surface-underground mining
options and transitions optimization: some lessons learnt and the way forward // Mining. 2021. Vol. 1.
P. 112-134. https://doi.org/10.3390/mining1010008

18. MacNeil J. A. L., Dimitrakopoulos R. G. A stochastic optimization formulation for the transition
from open pit to underground mining // Optimization and Engineering. 2017. No. 18. P. 793-813. DOI:
10.1007/s11081-017-9361-6

19. Whittle D., Brazil M., Grossman P., Rubinstein H., Thomas D. Combined optimisation of an
open-pit mine outline and the transition depth to underground mining // European Journal of Operational
Research. 2018. Vol. 268(2). P. 624-634. DOI: 10.1016/j.€jor.2018.02.005

20. King B., Goycoolea M., Newman A. Optimizing the open pit-to-underground mining transition //
European Journal of Operational Research. 2017. Vol. 257. No. 1. P. 297-309.

21. Dagdelen K., Traore I. Open pit transition depth determination through global analysis of open
pit and underground mine production scheduling // Advances in Applied Strategic Mine Planning. 2018.
P. 287-296. DOI: 10.1007/978-3-319-69320-0_19

22. Soltani A., Osanloo M. Semi-symmetrical production scheduling of an orebody for optimizing
the depth of transitioning from open pit to block caving. Resources Policy. 2020. Vol. 68. DOI: 10.1016/j.
resourpol.2020.101700

Tlocrynuna B penakuuto 15 oxtsa6ps 2021 rona
CaesieHus 00 aBTOpax:

CoxosioB Uropps BiiaiuMupoBHY — JOKTOp TEXHHYECKHUX HAyK, NEHCTBUTEIBHBIM WiIeH AKaJAEMHUH
TOPHBIX HayK, TJIABHBIH Hay4HBIH COTPYIHHK JIAOOPATOPHH IIOJ3EMHOI T'€OTEXHOJOTHH, JUPEKTOp
Wucturyta ropaoro nena YpO PAH. E-mail: geotech@igduran.ru; https://orcid.org/0000-0001-7841-5319
AnrnnuH FOpuii TeoprueBuy — kaHIUIAT TEXHUYESCKUX HAYK, 3aBEAYIOIINI TabopaToprei mon3eMHOI
reorexnonorun Uucturyra ropuoro nema YpO PAH. E-mail: geotech910@yandex.ru; https://orcid.
org/0000-0002-3564-0310

PoxkxoB ApTreM AHApeeBUY — KAaHIUIAT TEXHUUECKUX HAYK, CTAPLINKA HAyYHBIH COTPYIHHK JIaOOpaTOpHH
noyzeMHON reorexHonornu Mucturyra roproro gena YpO PAH. E-mail: 69artem@bk.ru; https://orcid.
org/0000-0003-3007-1099

Huxntna Hrops BaaguMupoBuY — HaydHBIN COTPYIHHMK J1a0OpaTOpUH IOA3EMHOH TI'€OTEXHOJIOTHH
Wucturyta ropuoro gena ¥pO PAH. E-mail: real igrik@mail.ru; https://orcid.org/0000-0002-3593-4319
Conomenn IOpmii MuxaiiioBH4 — Hay4HBI COTPYIHUK J1aOOpaTOPHUHU IOA3EMHOH T€OTEXHOJIOTHH
Wucturyta ropuoro nena ¥pO PAH. E-mail: yuriysolo@mail.ru; https://orcid.org/0000-0002-8226-6894

s nutupoBanus: CokonoB U. B., ArtunuH 1O. I, PoxxoB A. A., Hukutun U. B., Conomenn 0. M.
BiusHue TropHOTEXHHWYECKMX (AKTOPOB HA TEXHUKO-DKOHOMHYECKHE IIOKa3aTelud OTpabOTKH
MOAKAPHEPHOTO ATaKa O] OPOTHOM MOTYIIIKOH B YCIOBHAX JKEJIE30PYIHBIX MECTOpoxneHul // 3BecTus
By30B. [opHbIit s)xypHai. 2021. Ne 8. C. 5-14 (In Eng.). DOI: 10.21440/0536-1028-2021-8-5-14

For citation: Sokolov 1. V., Antipin Iu. G., Rozhkov A. A., Nikitin I. V., Solomein Iu. M. Mining factors
effect on the technical and economic indicators of mining the upper sublevel under the rock cushion at iron
ore deposits. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = Minerals and Mining Engineering.
2021; 8: 5-14. DOI: 10.21440/0536-1028-2021-8-5-14



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 15

DOI: 10.21440/0536-1028-2021-8-15-23

Calculating the polymer operating string under asymmetric ice
compression in permafrost

Vladimir A. Stetiukha’
' Transbaikal State University, Chita, Russia
e-mail: stetjukha_chita@mail.ru

Abstract
Research objective is to determine the results of ice impact on the polymer operating string and adjacent
rock mass in the most probable type of computational model that considers the asymmetry of the load
imposed by water refreezing in the casing string annulus. The solution to this problem makes it possible
to consider the possibility of using polymer pipes in permafrost.
Research relevance is conditioned by the known facts of water freezing in the casing string annulus at
low temperatures. In practice, water freezing causes significant deformations and damage operating
strings and pipe joints creating emergency situations that can disrupt flow processes.
Research methods. The finite element method is used to calculate the polymer operating string, placed
in the rock mass. The proposed method considers the asymmetry of the load imposed on the pipe and
uses a lot of parameters to create the computational model. The method makes it possible to include
pipe, ice and adjacent rock mass in the computational model considering their properties.
Research results establish the degree of non-uniform loading effect on pipe s deformation, strength and
stability. Pipe calculation results for the conditions of symmetric and asymmetric compression by ice are
compared. The results of using a nonlinear model of rock are considered. A significant impact of the
composition of rocks around the well has been revealed. The conditions have been determined in which
polymer pipes can bear the load during refreezing under asymmetric arrangement of the pipe in the
well.

Keywords: ice compression, refreezing,; permafiost; well; operating string; loading asymmetry.

Introduction. Pipes made of polyvinyl chloride [1] and other polymers [2] are
widely used in mining, oil and gas industries. Such pipes are used for solution collection
ponds in heap leaching and as operating and casing strings in underground leaching. In
permafrost, well-drilling hydraulic technologies are used to create emergency water
storage tanks, underground oil and gas condensate storage facilities, and to store
industrial waste [3]. These applications of pipes are also common in regions with severe
climate and permafrost [6], such as Russian northern regions [4], Canada, etc. [5].
Papers [7] and [8] indicate the boundaries of permafrost distribution in Norway and in
the regions of the North Atlantic. Paper [9] determines the range of permafrost
temperature variation in different conditions of occurrence in several countries of the
Northern hemisphere; paper [10] determines temperature variability. Permafrost
temperatures range from —15 °C in northern Greenland to 0 °C in other regions on the
southern boundaries of permafrost occurrence. Permafrost conditions in the regions of
permafrost should be considered when developing mineral deposits. It is essential for
in situ leaching. The existing design standards for such mining enterprises do not
always take into account the distinguishing features of permafrost conditions in the
northern regions and their impact on the reliability of boreholes. The indicated features
also include low average annual air temperatures, large annual and daily air temperature
ranges, and a thin snow cover. At enterprises in the above-noted regions, under certain
circumstances, ice forms in the annular space. Polymer string deformations that violate
safe operation conditions are recorded when mining uranium by in situ leaching in
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permafrost [11] when water freezes in the casing string annulus. A lot of accidents with
polymer pipes are caused by the impact of non-design loads during repair, installation
or emergency shutdown.

Previous fundamental research at the Vankor field [12] and at the Khiagda ore field
[13] confirm the development of significant pressure on pipes when water freezes and
ice forms in the annular space during well operation. Kuznetsov V. G. [14] noted that
the value of the pressure on the pipe, obtained by experiment at one of the fields when
water freezes, reached 39 MPa. In the papers indicated above, the load on pipe caused
by water freezing in the casing string annulus is described as absolutely symmetric,
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Figure 1. Fragment of a pipe in the zone of water refreezing:
1 — frozen rock mass; 2 — ice; 3 — pipe
Pucynoxk 1. ®@parmenT TpyOb!I B 30HE 00OpAaTHOTO 3aMEP3aHUS BOIBIL:
1 — maccuB Mep310ii moponsl; 2 — nex; 3 — Tpyba

while expressions for the contact and critical pressure include a limited number of
parameters. Polymer pipes application in severe climate requires strict technical
justification. However, fundamental research papers [12, 13] and paper [15] that
calculate pressure and phase content in the casing string annulus, as well as other well-
known publications devoted to downhole polymer operating strings calculation, do not
consider the issues of operating strings interaction with ice and adjacent rock when
asymmetric loading from water freezing is imposed on the pipe.

Formulation of the problem. Predicting the consequences of external action
imposed on a polymer pipe when it is compressed by ice is an urgent task that solves
the problem of such pipes reliability. In this case, studies should consider the variety of
external impacts on pipes, including asymmetric loading from water freezing, and take
into account the changing properties of adjacent ice and rock at different stages of
facility operation. These conditions require a volumetric model. In real-life conditions,
the effect of ice in the course of water freezing is usually asymmetric. An asymmetric
computational model is formed when the pipe in the well shifts initially before
contacting the rock, when the water freezes unevenly due to an inhomogeneous
temperature field in the adjacent rock, when the cavity develops in the thawing rock
and after that water freezes in it. When assessing the structure’s reliability, the question
arises of how different are the consequences of ice impact when water freezes in the
annular space under symmetric and asymmetric loadings imposed on the pipe.

Research objective is to evaluate the outcome of asymmetric loading on a polymer
operating string when water freezes in the casing string annulus. The obtained results
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should help assessing the possibility of using polymer pipes in the permafrost rocks of
various compositions.

Research methods. The finite element method and L/RA software package are used
to assess operating string bearing capacity. The finite element method has proved itself
to be good when calculating a pipe symmetrically loaded with ice pressure [16] and in
determining stresses in pipes under repair [17]. A computational model shown in Figure 1
is built when solving the strength problem. The model includes a pipe, an ice band
and adjacent frozen rock. The computational
model describes empty operating string.
Unplasticised polyvinyl chloride (PVC-U)
pipe, ice, and adjacent frozen rock are formed
of volumetric finite elements. Along the pipe’s
longitudinal axis, subdivision into finite
elements is made in increments of 0.1 m. In the
annular direction, the pipe is subdivided into
21 elements. Ice finite elements are represented
as triangular prisms.

In case of asymmetric arrangement of the
pipe in the well, the least favorable instance has
been considered when the pipe adjoins the
contour of the well at point 4 (Figure 1).
The figure shows a fragment of a pipe and
adjacent rock mass. In this case, finite elements ~ Figure 2. Fragment of a pipe with a
volume change at water-ice transition becomes s A S

. . ncyHok 2. ®parmeHT TpyObI ¢ pa3OMBKOI
non-uniform along the pipe’s contour. As a HA KOHEUHbIE 3J1eMEHTbI
result, external load on the pipe is also non-
uniform. The computational model includes adjoining rock masses within a radius of
1 m from the pipe reflecting the behavior of rock under load in a reasonably objective
way. In the rock mass selected from the half-space, displacements on its contour are
limited by links at its boundaries in the corresponding directions.

The temperature drop in the volumetric elements of ice is simulated to create
external load. The temperature drop provides the necessary 9% growth of the elements
volume during the water-ice transition in the casing string annulus. Iterations make it
possible to consider the deformations of all elements in the model objectively.
Calculation determines stresses and displacements of nodes and volumetric elements of
the computational model.

When calculating the stability of the operating string, the PVC-U pipe is modeled
by a cylindrical surface in the form of a shell with a specified thickness. The shell
fragment subdivision into finite elements is shown in Figure 2. The computational
model makes it possible to consider simultaneous deformations of the pipe, ice and
rock mass. When analyzing cylindrical shell stability in L/IRA, both membrane and
other forces within the structure are considered. Safety factor of stability & reflects the
shell’s ability to bear the imposed load according to the stability criterion, i.e. to
maintain its shape or position. The safety factor of stability is determined by the ratio
of the buckling load to the actual design load. The structure is not stable under safety
factor less than 1.

Increase in water volume during ice formation in the casing string annulus simulates
loading. At the first step of loading, the pipe adjoins the rock mass at the contact of two
surfaces, point A (Figure 3). When pipe and rock deform, the contact surface expands
in both directions from point 4. Actual pipe-rock contact in the BC section as a result
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of pipe and rock deformations has been established at the stage of total freezing of
water in the casing string annulus. The pipe-rock contact points in the BC section are
connected by infinitely rigid bars. Upon complete freezing of water in the casing string
annulus, a non-uniform radial loading from ice formation is transferred to the pipe, as
shown in Figure 3.

Results and discussion. A PVC-U pipe with a thick wall and a steel pipe (GOST
32528-2013) were the objects of study. The outside diameter of all pipes was taken
equal to 140 mm. The following characteristics of materials were used. Characteristics
of a polymer pipe (GOST R 51613) are as follows: Young's modulus £ = 3000 MPa,
Poisson's ratio v = 0.36, density y = 1.4 t/m3. Corresponding ice characteristics:
E =900 MPa [18],v=0.34[19], y=0.9157 t/m>. Sand characteristics: E = 3650 MPa,
v=0.13,y= 1.6 t/m3. Loam characteristics: £ = 1500 MPa, v=0.14, y = 1.6 t/m>. Steel
pipe material characteristics: £ = 200,000 MPa, v= 0.3, y = 7.85 t/m3 [20].

14.9 MPa

18.1 MPa

5 124 MPa ./
./ 56MPa
4.5 MP

Figure 3. Computational model for checking the pipe for stability
Pucynok 3. PacyerHnas cxema Juist MpoBEpKU TPyOBI HA yCTOHYMBOCTH

It was previously established in [10] that a PVC pipe with a wall thickness as with GOST
does not bear the imposed loading by strength and does not meet the stability conditions
under symmetric loading. For this reason, the paper considers pipes with a wall thickness
increased up to 16 mm. Under symmetric loading, these pipes meet the required conditions
for strength and stability in an instance when a loading from water freezing in the casing
string annulus is imposed. In this instance, with 171.4 mm borehole diameter and 140 mm
pipe diameter, the uniform gap around the pipe perimeter is 15.7 mm.

First, the strength problem was solved to estimate the individual parameters effect
on the stress-strain state of the elements in the model under consideration. The pipe
strength analysis results are given in Table 1.

The first line of the table shows calculation results for a pipe placed in sandy rocks
under symmetric loading to compare with the asymmetric loading [16]. The pipe and
borehole dimensions are the same as those accepted for asymmetric loading. When
simulating PVC-U pipe symmetric loading, the maximum ring stress in the pipe does
not exceed the strength characteristics of the material (GOST R 51613-2000).
The external pressure on a symmetrically compressed pipe created in this instance does
not exceed the critical pressure as well (the stability condition is met).

The second line of the table shows calculation results for a pipe placed in sandy
rocks under asymmetric loading. The dimensions of the ice band on one side of the pipe



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 19

reaches a maximum value of 31.4 mm. Since in this instance the gap between the pipe
and the borehole wall with ice inside increases, the maximum pressure of 20.5 MPa
imposed on the pipe and rock, also increases significantly. In the process of ice pressure
loading, under asymmetric loading, the pipe takes an elliptical shape. Besides, the
outside diameter of the pipe decreases by 1.03 mm horizontally, and increases by
0.3 mm vertically. The ring strengths in the pipe are non-uniform. The greatest ring
strength is 21.4 MPa, which does not exceed the strength characteristics of the material
(GOST R 51613-2000). Figure 4 shows the displacement isofields in the elements of
the model under consideration along the horizontal axis. At the section with the thickest
ice band, highlighted in dark on the isofields, displacements reach the highest values.

Table 1. Calculation results of a pipe during compression with ice
Ta6auna 1. Pe3yabTaTsl pacyera TpyObl IPU 00:KATHH JIbIOM

Maximum . . Maximum gap
Features of instances thickness of tf}’l{p inwall Maleunih increase when | Maximum ring
u the ice band, ICKNESS, | pressure onthe |- ter freezes, | strength, MPa
mm pipe, MPa
mm mm

Symmetric loading,
rock—sand 15.7 16.0 12.6 1.04 213
Asymmetric loading,
rock—sand 314 16.0 20.5 1.03 214
Asymmetric loading,
rock—loam 314 16.0 17.5 0.39 6.77
Asymmetric loading,
rock—loam. Physical
nonlinearity of rock 314 16.0 20.7 1.10 19.9
Asymmetric loading.
GOST steel pipe, rock—
sand 314 4.5 29.6 0.28 79.9

In the instance when a pipe is placed in loamy ground (third line of the table), the
pressure on the pipe decreases to 17.5 MPa, while the ring stress in the pipe decreases
by more than 3 times because the rock mass deformation is more significant than in the
previous instance. The outside diameter of the pipe increases by 0.4 mm vertically, and
decreases by 0.8 mm horizontally. The strength condition is met.

When calculating the frozen rock (Table 1), the pressure on the pipe from the ice
band grows by 18% if the physical nonlinearity is taken into account. Pipe deformations
and maximum ring stresses also grow in this instance. The strength condition is
still met.

So it follows from the results presented in the table that under asymmetric loading
on the pipe, the strength conditions are met in all considered instances. In the course of
pipe strength calculations, it was found that the ring strength is key for pipe bearing
capacity, since under constrained deformations when the annular space is filled with
ice, the bending moments in the pipe remain small and are not discussed further. The
obtained results indicate the simultaneous work of the operating string and rock.
The load created by ice pressure is transferred to the rock mass deforming it, which in
turn reduces loading on the operating string and deformations. The effect of such
loading redistribution becomes evident when sandy rock is replaced by loam (Table 1).
Greater deformability of loam results in much lower pressure on the pipe and much
lower ring stresses in the pipe.

At the following stage of research, for each instance of operating string asymmetric
loading, the pipe was analyzed for stability in accordance with the described procedure.
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The nature and size of the radial loading when the pipe is placed in sandy rocks at the
final stage of ice formation are shown in Figure 4. When the pipe is loaded as noted
above, it loses stability. In this instance, the safety factor of stability is £, = 0.19.
The safety factor of stability for a well in loam is k, = 0.17, considering the physical
nonlinearity of the rock, this factor is k, = 0.19. Pipe stability test in the conditions
of asymmetric external loading reveals that stability factor is critical in the calculations of
the objects under consideration. The stability conditions for all the considered instances
are not met. It indicates that the operating string collapses and loses its bearing capacity.

T T T
GoodE it 31

o X :
Figure 4. Isofields of displacements along the x-axis
Pucynok 4. M30mo1st nepeMenieH il o ocH x

Since the results of polymer pipe stability analysis under asymmetric loading
showed that the pipe cannot bear the load imposed to it, several suggestions have been
explored to replace it with a steel pipe (GOST 32528-2013). When the steel pipe wall
is 4.5 mm thick, the strength condition is met. The pipe bears an external load of
29.5 MPa under the ring strength of 79.9 MPa in the wall. In this instance, the stability
condition is not met, since safety factor of stability is k, = 0.26. As it was found earlier,
the condition of steel pipe stability under the specified asymmetric loading is met with
a safety factor of stability k£, = 1.29 under a wall thickness of 8 mm.

Conclusions. The most objective volumetric computational model has been formed.
The method for the operating string calculation has been implemented. The method
considers the reverse freezing of water in the annular space in severe operating
conditions under asymmetric loading.

It has been found that when water freezes in the annular space under the specified
conditions, asymmetric loading of a polymer pipe can lead to its damage. The same is
not observed for similar operating conditions of a string under symmetric loading.

It has been found that the properties of adjacent rock mass should be considered within
this method for pipe calculation under reverse freezing of water in the annular space.

In the instance when asymmetric loading acts on a pipe, the results of the stability
analysis are critical in assessing its bearing capacity, when the cause of the pipe damage
is confirmed, i.e. the loss of stability. By applying a PVC-U pipe, it is possible to
achieve the operability of polymer operating string at mining enterprises a only under
conditions eliminating the impact of asymmetric loading, namely the creation of special
devices fixing the position of the pipe in a troublesome zone where water freezing is not
excluded, application of technical and technological solutions that completely exclude
water freezing in the casing string annulus, and replacement of PVC-U pipes in
troublesome areas with steel pipes with geometric dimensions established by
the calculation.
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Pacuer 3KC]’[J’[yaTaIII/IOHHOI71 KOJIOHHBI U3 MMOJIMMEPHOr0 MaTepHuaJia npu
ACUMMETPHYIHOM 00KaTHH JbJI0M B MHOT'0JIETHEMEP3JIBIX MOPOAAX

Cretioxa B. A.!
1 3abaiikabCKHii roCcyIapCcTBEHHBIN yHUBepcuTeT, Yuta, Poccust.

Peghepam
Lenvto pabomul siensiemcs: onpedenenue pe3yibimamos 6030€lUcmeust 1b0d Ha IKCNIYAMAYUOHHYIO KOTOHHY
U3 NOMUMEPHO20 MAMEPUANA U NPUMBIKAIOUWJUE MACCUBLL NOPOO NPU HAUOOIee 8EPOSINHOM MUNe PacyenHol
MOOeNU, YHUMBIBAIOWEM ACUMMEMPUIO HAZPY3KU, CO30A8AEMOU NPU 0OPAMHOM 3amMep3aHuy 600bl 8 3aKOTOHHOM
npocmparncmee. Pewenue 06031auennoli npobiemsl no360uaem onpeoenuntb B03MONCHOCHIb UCHOTb30BAHUS
mpyod U3 NOTUMEPHBIX MAMEPUATLO8 8 YCIO0BUAX PACHPOCIMPAHEHUS MHO2ONEMHEMEP3bIX HOPOO.
AKkmyansnocms 3a0auu 00ycio671€HA HATUYUEM UIBECMHBIX (PAKMOE 3aMep3aHUs 800bl 8 3AKOJOHHOM
npocmpancmee 8 ycao8usax IKCHayamayuu mpyo npu HusKux memnepamypax. B pesynomame samepzanus
6000l HA NPAKMUKe OMMEUAIOMCA 3HAYUMeNbHbLe 0eopmMayuu u NO8PexcOeHUs KOLOHH U CIMbIKO8 mpyo,
cozoarowue asapuiinvle CUmMyayuu, KOmopble Mo2yn Hapyuiums mexHoai02uiecKue npoyecchl.
Memooonozus uccnedosanuit. Hcnonvsyemcsi mMemoouxa paciema IKCHAYAMAYUOHHOU KOJIOHHbL
U3 NOAUMEPHO20 MAMEPUANa, pasmMeweHHol 6 Maccuge Nopoobl, MenmoOOM KOHEYHbIX DNEeMEHOB.
Ilpeonazaemasn memoouxa omauyaemcsa 803MOXCHOCMbIO YUema acummempuu oeticmsyiowjell Ha mpyoy
HA2PY3KU U UCNOTL30BAHUEM OOIBLUIO2O0 KOAUYECMEd NAPAMempos npu GopMuposanuu paciemuou
mooenu. Memoouka noseonsem 6kuo4amMs 6 paciemuyio cxemy mpyoy, jied u npUMbIKaujue Maccusbl
Nnopoo, yuumvleas ux ceolcmed.
Pesynvmamur uccne006anuii ycmanasiueaion cmenenb AUAHUA HEPABHOMEPHOLO 3AePYHCeHUs mpyobl
Ha ee Oeghopmayuu, npoyHocmv u ycmouyusocms. Ilpusooumcs cpagnenue pe3yibmamos paciema
mpybul 8 YCIO0UAX CUMMEMPUYHOZO U ACUMMEMPUYHO20 obxcamus nvoom. Paccmampusaromces
pe3ynbmamul UCNONb308AHUS HETUHEUHOU MOOenu nopoosl. Beiasneno snayumenvhoe enusnue cocmasa
nopoo 6 patione ckeaxcutvl. Onpedenenvl ycio8us, npu KOMopsix mpyosl U3 NOTUMEPHBIX MAMEPUATIOE
CNOCOOHBL BOCNPUHUMAMb HAZPY3KY HPU 00PAMHOM RPOMEP3AHUU NPU ACUMMEMPUUHOM pasmelyeHuu
mpyoObl 8 CKeadHCUHE.

Knrwoueevie cnosa: obocamue JZb()OM,' o6pan1Hoe npomepsanue, MHozojiemnemepsoie nOpOdbl,' CKeas)ccurna,
OKCnyamayuoHHidas KOJIOHHA, aCumMmempust Hacpy3Ku.
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Abstract
Introduction. The Arctic and the Far East shelf has a true and considerable potential for existing and
new oil and gas fields development in the Barents, Kara, and Okhotsk seas. Projects on the continental
shelf are closely connected to Russia’s integrated development and quality of life, therefore being of
prime national importance. The paper considers natural and man-induced hazards found in the course
of exploration drilling and offshore field infrastructure development in freezing seas and high crustal
seismicity. Risk management and industrial safety technologies are described in the paper.
Research objective is to obtain reliable information on the state of the environment and mineral
resourses on the continental shelf of Arctic and Subarctic seas to ensure the safety of offshore oil and
gas field development.
Methods of research included the complex analysis of natural hazards of the Russian shelf, including
shallow methane, gas hydrates, ice load, and man-induced hazards, namely offshore blowouts, gas
lenses penetration when drilling, and permafrost thawing. The data from geological engineering
survey, marine electrical prospecting, geophysical well logging, drilling and the history of offshore field
development have been studied.
Research results. A problem of safe offshore operations has been revealed. The problem may be
efficiently solved by using advanced technologies for natural and man-induced hazard identification
and prevention. Shallow gas deposited in the upper part of the section has been discovered for the first
time through the results of geophysical well logging at the fields of the Gulfs of Ob and Taz.
Conclusions. Safe offshore production requires the comprehensive study of the project area’s natural
and climatic conditions, as well as geological engineering survey, marine work data analysis, and deep
hole surveys. It will make it possible to identify hazardous natural geological processes and prevent
man-induced impact on the delicate environment when developing shelf oil and gas resources.

Keywords: shelf: drilling; offshore fields; field infrastructure development; man-induced hazard;
natural hazard; oil and gas resources; gas hydrates, shallow gas; permafrost.

Introduction. Apart from rich oil and gas fields development, Arctic policy includes
the development of new industrial regions, Northern Sea Route and coastal infrastructure
for an intercontinental water route, cross-polar flights, indigenous peoples’ protection,
and environmental safety.

Projects on the continental shelf are closely connected to Russia’s integrated
development, therefore being of prime national importance. Hydrocarbon production
affects national security, energy industry, and transport directly.

The development of Arctic shelf resources requires environmental obligations
fulfillment. Large-scale technical solutions on the shelf should be based on a
scientifically grounded concept of a single natural-economic complex [1].
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Research objective is to obtain reliable information on the state of the environment
and mineral resourses on the continental shelf of Arctic and Subarctic seas to ensure the
safety of offshore fields development.

Analysis and discussion. The initial total in-place hydrocarbon resources of the
Russian Arctic are estimated at about 120.9 billion toe (ton of oil equivalent), i.e.
100.4 billion toe of free gas, 16.6 billion toe of oil, 2.9 billion toe of condensate, and
1.1 billion toe of dissolved gas, which is about 27% of Russia’s hydrocarbon resources
[2, 3]. Besides, the unexplored potential of the Arctic shelf is more than 90%.

The projects of Prirazlomnoye field development in the Pechora Sea and Sakhalin-1,
Sakhalin-2, Sakhalin-3 in the Sea of Okhotsk on the Sakhalin island shelf have currently
been implemented on the shelf of Russia’s freezing seas.

UK_1437
SP S00.0 10000 1000 12004 13000 14000 1000 1S00.0 17000 18000 15004 20000 21000 2000 IN00 24000 25000 26004 0O0 2S000 25040 30000 3000 32000

“Gas pOCket i i g . - E | iz.nss
type anomaly e e e

Figure 1. Gas lenses in the upper part of geological section of the Sakhalin shelf
Pucynok 1. 'a30BbIe TMH3BI B BEpXHEH 4acTH paspesa nieibda o. Caxanin

The safety and reliability of offshore structures depend on a wide range of natural
and man-induced factors. Natural hazards carrying certain risks for hydrocarbon field
development, especially for offshore well drilling, are as follows: shallow deposits
with an increased gas saturation (gas lenses) characterized by abnormal high pressure
(AHP), and accumulations of gas hydrates, permafrost, and ice impact on oil and gas
facilities and seabed.

Each section of the shelf is often specified by an individual set of hazards, depending
on the geomorphological or geographical position [4].

Shallow gas. Gas-saturated sediments in the bottom part of the sedimentary cover
are quite common. The data of long-term geophysical and geological engineering
surveys in various regions of the Arctic confirm this fact [5]. They are found at a depth
of 1040 m from the seafloor being quite local with a small lateral extent. Larger gas
objects are found at depths from 100 to 800 m (Figure 1).

When such accumulations are penetrated, downhole fluid emission complicates
drilling and might cause an emergency, since the drilling rig might lose buoyancy due
to the reduced density of seawater and scoured footing of a jack-up rig or gravity based
platforms. Upon reaching a critical concentration in the air, gas fluid might cause an
explosion of a gas-air cloud. Permafrost can create conditions for gas concentration
with APH intervals development. In this respect, the intervals found on the permafrost
floor are the most dangerous.



26 “Minerals and Mining Engineering”. No. 8. 2021 ISSN 0536-1028

Gas-saturated zones also affect the choice of exploration or wild-cat drilling
platforms location and field infrastructure facilities. The hazard is serious due to gas
in the soil that reduces its strength. Neglect of this factor or soil mechanical properties
miscalculation might result in critical displacements of platforms, subsea manifolds
substructures, compressor stations and other facilities because of the low bearing
capacity of bottom sediments. Gravitational processes become more intense, soils get
floating properties, their tendency to liquefaction increases, chemical aggressiveness
and the ability to corrode metal grow.

Integrated interpretation of the
geophysical well logging (GWL) data
from gas condensate fields of Kara’s

SSTVD

1:3780{0.1000 Dhrw; 1,000.0000| |1:3780[-3.04 = 42.37 Sea Gulfs of Ob and Taz was carried
o T 000 ] wme ~out to discover shallow gas. Shallow

LD OFL gas deposited in the form of separate

0 dwn BN nlh 212 beds has been discovered for the first
i 21 nemi|  time based on the GWL data at the

| JITD 1A
TLes 12068 |
Llusr 4570k 1k RS 1844

fields of Chugoriakhinskoye, Ob and

7en ﬂ ! ; 1 ‘ - Semakovskoye through the anomalies

) ! E ] 3 of rocks apparent resistivity: at depths

R ] = of 228 and 283 m with a thickness of

/ ] s 1 and 1.5 m (in the Chugoriakhinskoye

] well no. 2), at depths 408 and

\ ] 448 m with a thickness of 2 and 1 m,

I ] : g;;gfw respectively (in the Ob well no. 1) and at

' wiesiet  a depth of 766 m (in the Semakovskoye
well no. 101) (Figure 2).

The presence of gas in the section is

out of the question. One of the reasons

_\; 0 ficss  for these shallow gas may be sub-vertical

' ] N migration from the Cenomanian. Pilot

holes are drilled to minimize the risk

el making it possible to confirm shallow
gas presence or absence.

Gas hydrates. In nature, gas

hydrates embedded close to the surface
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Figure 2. An example of shallow gas identification at

a depth of 766 m according the well logging (LLS,
LLD and DFL, HDRM, HMRS) interpretation of
the Semakovsky well no. 101. The top of the
productive gas reservoir is located at a depth of 908 m
Pucynok 2. Ilpumep  BBIIENEHUS  JMH3BI
IPUIIOBEPXHOCTHOTO ra3a Ha riiyOouHe 766 M 1o
pesyneratram I'MIC meromom BK (LLS, LLD) n UK
(DFL, HDRM, HMRS) ckBaxunsl CemakoBckas
Ne 101. Ha mmy6une 908 M pacronoxeHa KpOBIS
IPOIYKTHBHOTO Ta30BOTO UIacTa

exist in conditions close to their phase-
stability boundary being extremely
sensitive to temperature, and man-
induced baric and chemical impacts.
Besides, natural warming in the Arctic
of the last 10-20 years reduces relict
gas hydrates “overcooling” therefore
increasing gas hazard. Above listed

factors are among the main sources of
man-induced problems of field development in the northern latitudes. Gas hydrates can
decompose for years and decades as a heatwave moves from a facility (for example,
from a development wellbore) or as the climate warms from the surface deep into
the frozen massif [6].
Relict gas hydrates decomposition and, as a rule, intense gas ingress result from
the man-induced impact of hydrate saturated rocks on the rock mass, especially when
drilling and operating wells. In this case, large amounts of fresh hydrated moisture
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are released in the saline section, which results in rock thermophysical properties and
phase equilibrium change [7, 8].

Permafrost. Permafrost study is of great practical importance both from an
engineering-geological point of view (drilling of offshore exploration and production
wells) and in terms of oil and gas content study when carrying out regional geological
and geophysical work.
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Figure 3. Fragment of the temperature field formed in the 30th year of operation of
a gas production well with a gas temperature of +15 °C for a sandy-loamy section
Pucynok 3. ®parmeHT TemmepaTypHoro moissi, copmupoBaHHoro Ha 30-i ron
9KCIUTyaTallMy Tra3000bIBaroNIell CKBAXHHBI C TeMmeparypoi raza +15 °C mis
MEeCYaHO-CYNIIHHUCTOTO pa3pesa

The existing experience amply reveals serious problems of design, construction and
operation of offshore engineering structures on permafrost. Thaw aureole constitutes
the main danger for offshore engineering structures. The ground thaws due to the long-
term thermal impact of wells on icy permafrost. Thawing causes uneven soil subsidence,
thermokarst sinkholes, as a result, damage offshore engineering structures.

Even if the conductor strings are thermally insulated, permafrost thaws in the
course of gas production well operation due to the high temperature of the produced
gas. By the example of the Semakovskoye field, thaw aureole development dynamics
is shown in Figure 3 (zero amplitude temperature is —2.3 °C [9]). The look-ahead
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thermotechnical calculations of the 30 years’ operation of a well with a heat-insulated
structure in permafrost revealed that permafrost thaw aureole radius around the well
reaches 13 m under a gas temperature of +60 ° C.

Complementary technical solutions for soil temperature stabilization will make it
possible to create the necessary thermal regime, reduce the warming effect, and exclude
hazardous geological and geocryological processes [9].
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Figure 4. Illustration of the two-barrier philosophy throughout a well’s lifecycle
Pucynok 4. nmoctpanust AByXOapbepHOTO IIPHHIINIIA HA IPOTSKEHUH BCETO KH3HEHHOTO
LIMKJIA CKBAYKUHBI

Permafrost thawing might create complications causing the degradation of well
lateral support in a certain depth interval and, as a result, longitudinal stability loss
under the action of vertical loads. Under gas hydrate saturation of the permafrost, ice
formation in the casing string annulus is another complication apart from the annual
gas ingress in the near-wellbore zone. It might result in the development of increased
pressures impacting the well support. Manifestation of abnormal pressures arising from
aqueous bodies freezing in the casing string annulus causes hydraulic fracturing of the
surrounding frozen rock, production, surface and other strings buckling, the surface
and conductor string failure under the refreezing pressure which exceeds the critical
internal yield pressure.

The merger of the thaw zones developed at well pad design causes the hazard of
well support destabilization due to cluster pad base rigidity violation and substantial
increase in negative friction forces.

Ice impact. On average, the inter-ice period of the Russian Arctic continental shelf is
2-2.5 months. In some Arctic regions, ice is sometimes present all year round [10] (Table 1).

The thickness of first-year sea ice can reach 1.3—1.5 m and more. Multi-year ice can
be thicker. Concentrating near the coast due to currents and wind, ice forms ice floes,
hummocks, stamukhas, and piles, which produce ice gouging on the seafloor, which
can violate the integrity of the subsea structures.
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Ice gouging also causes the development of seafloor gouges with sufficient slope
angles, which might harm the stability of structures. At shallow depths (the first tens
of meters), sediments fill the gouges due to lithodynamic processes, which can be one of
the reasons for the heterogeneous structure of the upper part that is several meters thick.
It is a complicating factor, for example, in setting jack-up rigs.

From all that has been said, it is obvious that a high level of ice protection should be
provided at all offshore oil and gas field facilities in the freezing seas [11-13].

Prevention of offshore subsea blowouts. Offshore wells construction and operation
are associated with the risk of oil, gas and water showing that can turn into blowouts
in case safety barriers are violated. Figure 4 shows the safety barriers preventing the
uncontrolled release of downhole fluid at different stages of well life cycle (drilling,
operation, intervention and abandonment) [14].

Fields are developed for 30-35 years. The integrity of wells and subsea equipment
may be destroyed as a result of long-term operation, natural wear and tear, and seismic
events typical of some regions, causing blowouts.

Blowout as an uncontrolled release of downhole fluid (oil, gas or water) from a well
into the environment can cause human deaths and irreparable environmental damage,
despite the low likelihood of occurrence. Gulf of Mexico disaster that shocked the oil
and gas industry in 2010 was a serious notice for offshore companies to be prepared to
respond to such emergencies.

Relief well construction and dynamic kill injection into the blowing well is a way
of subsea blowouts response.

Another way of blowouts response is the method of directing subsea capping stack
at the emergency wellhead with its further sealing. This method involves several
specialized vessels in emergency operations. The performance depends on the flowrate
of the blowing well, sea depth, direction of currents, etc. [15].

Conclusions. A problem of safe operations on the shelf has been revealed based
on the data from the geological-engineering survey, marine electrical exploration,
geophysical well logging, drilling and the history of offshore field development.
The problem can be successfully solved by using modern technologies for identifying
and preventing natural and man-induced hazards.

Safe offshore production requires the comprehensive study of the project area’s
natural and climatic conditions, as well as geological engineering survey, marine work
data analysis, and deep hole surveys. It will make it possible to identify hazardous natural
geological processes and prevent man-induced impact on the delicate environment
when developing shelf oil and gas resources.
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IIpoGJieMbl NPOMBILLIEHHO 0€30IIaCHOCTH NPU OYpEeHNH CKBAXKUH
U 00ycTpolicTBe He)Tera3oBbLIX MeCTOPOXKIeHMII Ha mIeab(e apKTHYECKUX U
cy0apKTHYeCKUX MOpei

310010 A. I.-2, Tlepexpecros B. E.!, Anekceesa K. B.!

! Poccuiickuii rocynapcTBeHHbIi yauBepcuteT Hedtu u raza (HUY) umenn U. M. I'yOkuna, Mocksa,
Poccus.

2 UucturyT npobnem Hedru u raza PAH, Mocksa, Poccust.

Peghepam

Beeoenue. Illenvgp apkmuueckux mopeii u [laneneco Bocmoka obradaem peanbHuiM U 3HAYUMETbHbIM
pe3epeom OJis 6bIAGNIEHUA HOBbIX HeQmMe2a3o8blX MeCmOpO*COEHUNl U OCBOEHUsl paHee OMKPbIMbIX 6
Bapenyesom, Kapckom u Oxomckom mopsax. IIpoexmol na KoHmuHneHmMaibHoM wenbge umerom ocooyro
3Hauumocms 0na Poccuu, nockonvKy oHu HANPAMYIO C6A3GHbL C KOMNIEKCHbIM pA36umuem CHpaHsl
U nogvluleHueM Kaiecmea JHCu3Hu Haceienus. B cmamve paccmompenvt npupoouvie u mexmozeHnHvle
onacHocmu, 6blAGNeHHblE NPU NOUCKOBO-PA36E00YHOM OYDeHUU CKEAJICUH U 0OYCmpOolicmee MOPCKUX
MeCMOpOdCOeHUll 8 YCAOBUAX 3aMep3alouux Mopell U GblCOKOU CeUCMUYHOCIU 3eMHOU  KOpbL.
Onucvleaiomesi mexHono2uu GulA6NeHUs. U NPedynpedscoeHls GO3HUKAIOWUX DPUCKO8 U TMeXHUuYecKue
peutenus, obecneyusaoujue NpoMbIULIeHHYI0 Oe30NACHOCHb.

Lenvlo uccnedosanus ssniemcs nonyyenue OOCMOBEPHOU UHDOPMAYUU O COCMOAHUU OKpYIHCaloujell
cpeovl u HeOp HA KOHMUHEHMANbHOM Welbpe apKmuieckux u cyoapkmuueckux mopeil 0is obecneyeHus
be3onachozo 6edenus pabom npu 0c60eHUU MOPCKUX Hehme2a308b1x MECHOPOHCOEHU.
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Memoouka npoeedenus uccie006anuil 3aKuoyalacb 6 KOMNJIEKCHOM aHanu3e Cyuwecmeyloujux Ha
poccutickom wenbhe NpupoOHbIX ONACHOCMEN: MeNKO3ane2aowull. Memanogelll 2ds, 2a302u0pamul,
1e006ble HAZPY3KU; A MAKKHCE MEXHOZEHHbIX ONACHOCMEN: OMKPbIMoe QOHMAHUPOSAHUE MOPCKUX
CKBAdNCUH, 6CKPLIMUE 2A308bIX TUH3 NPU OYPEeHUU CKBAICUH U PACHENnaeHUe MHO20NeMHEMEP3NbIX NOPOO.
Hccneoosanul pe3ynvmambvi UHIICEHEPHO-2E0N02ULECKUX USLICKAHUL, OAHHbIE MOPCKOU 21eKmMpopazeeoKu,
2eohu3UecKux UCCIe008aHull CKEAdICUH, OYPEHUs U UCMOPUY PA3PAOOMKU MOPCKUX MECIMOPOICOEHUL.
Pesynemamui. [loxazano, umo cywecmseyem npobrema 6e3onacro2o eedenus pabom Ha ulenve,
Komopas modicen Oblmb YCNEWHO pewena nymem npumMeHeHus. CO8PEeMeHHbIX MexXHON02Ull 8blABIeHUs U
npedynpexcoenus npupoOHsIX U MEXHO2EHHbIX onacHocmell. Bnepsvie no pesynsmamam 2eodusuueckux
uccneooganuii - ckeaxcurn Ha mecmopoocoenuax Qbckou u Tazoeckoil 2yb GviAGNeHO HanUYue
MenKo3ane2aiowezo 2ada 8 6epxHell uacmu paspesd.

Boisoowl. Coenan 6v1600 0 mom, umo O0na 0e30nacHo20 O0CB0eHUsl MOPCKUX —Hepme2a308bix
Mecmopodcoerull  ciedyem Hnposooumb KOMNJIEKCHOe u3yueHue NpupoOHO-KIUMAMUYECKUX YVCI08UL
pationa pabom, UHICEHEPHO-2e0N02UYECKUE ULICKAHUS, AHAU3 OAHHBIX MOPCKUX 2e0(u3uieckux pabom
U uccnedo8anull 2ny60Kux CKeadxcun. Imo no360aum GblaGNamb ONACHble NPUPOOHblE 2e0]102UYecKue
npoyeccul u obecneuusams nPedynpercoeHue MmexHo2eHHo20 B030etCmBUs. HAd XPYNKYIO NPUPOOHYIO CPeOy
NpU 0C60EHUU Hepme2a308bIX Pecypcos uenbda Mopeil.

Kniouesvie cnosa: wenvgh; 6Gypenue; Mopckue MecmopodicOeHus; 00yCmpolcmeo MecmopoNicOeHUs;
MexHo2enHas ONACHOCMb; NPUPOOHAS ONACHOCMb, Hepme2asogvle pecypcvl, 2a306ble 2UOPAmbL;
MenKo3ane2awull 2as; MHO20NEMHeMep3ible NOPOObi.
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MMHYHbCHbIe MHAYKTUBHbIE ANEKTPOMarHnTHble 30HAUPOBaHUA
CIIOUCTbIX Cpen

Patywnsik A. H.™, Baingukos C. B.!
" UHeTutyT reoconsmukm YpO PAH, r. EkatepuH6ypr, Poccus

*e-mail: geo_info@mail.ru

Peghepam
Beeoenue. Paccmompenvt 6onpocei meopuu U uHMeEPApemMayuu UMHYIbCHHIX UHOYKYUOHHBIX
30HOUPOBAHULL C USMEPEeHUEM CMAHOBIEeHUsT MAZHUMHO20 NOsl, CO30A8AeMO20 BEPMUKAIbHbIM
MASHUMHBIM OUNONIEM HAO CLOUCMOU cpedoll UNU S-N10CKOCMbIO.
Memoowl nposedenusn uccnedo8anus. /[is uccie0o8anus HeCMayuOHAPHO20 PeNCUMA CMAHOGIeHUs
nojisi NpUMeHeH CREeKMPANIbHbIl Memoo pacuema ¢ YUCIeHHbIM cunyc-npeobpaszoganuem Dypove
niomHocmu cnekmpanvhou gyukyuu. Jus cayyas 0OHOPOOHO20 NpO6oOAueco NOAYRPOCMPAHCMEd,
Ko20a 6epxHee NONYNPOCMPAHCMBO HENPogodsiujee, NOKA3AHO, HMO HYACMOMHbIE U GDEMEHHble
Xapakxmepucmuky MA2HUMHO20 NOJsL € YGeluyeHuem 21yOunbl MOYKU HAONI0OeHUN USMEHSAIOMCS
Nn000GHBIM 00PA30M, YOLIEAS 8 PAGHOU CIENEHU.
Pesynomamut uccnedosanus. Illpumenenue UMRYIbCHO20 DPeNCUMA USMEHEHUsl MOKA UCMOYHUKA 8
6audICHell 30He, COOMEEMCMEYIouell HUKUM YACMOMAM UL OONbUUM 6peMeHaM CMAHOGIeHUs NOJls,
KOomopble npedCcmasisiiom 0CHOBHOU UHMepPec NPU UCCAEO08AHUL NPOBOOSYUX CBOUCIE 2e0T02ULECKO20
paspesa, He umeem Kakux-iubo npeuMyuecms nepeo 2apMOHUYECKUM PeNCUMOM. AHAIU3 nogedeHusl
nOJisl ¢ UCMOYHUKOM 6 GUOE 8EPMUKALLHO20 MAZHUMHO20 OUNOJsL NO3B0Jem CHOpMYIUposams e2o
npedenvHble wacmomuvlie U @pemennvie cayuau. Ilo xapaxmepy Kpugoiu cmaHo8ieHUs MASHUMHOZO
noJisl YCMAHOBNIEHO, YMO GeIUYUHbL IKCMPEMYMOE MASHUMHOU UHOYKYUU He 3d6UCM Om YOeIbHO20
INEKMPUUECKO20 CONPOMUBILEHUsL CPedbl, HO UX BPEMEHHOEe NON0NCEHUE ONPedensemcst pacCmosHuem
00 Ounons u YOembHbIM CONPOMUBTeHUeM Ccpeobl. [ u3eecmnoeo pasHoca npu OUCMAHYUOHHBIX
30HOUPOBAHUAX 3AGUCUMOCHIb  BPEMEHU, COOMBEMCMEYIOUe20 IKCMPEMYyMY MASHUMHO20 N0,
0m Y0enbHO20 CONPOMUBIEHUs. CPEObL CLYAICUM CROCOOOM €20 OYEHKU.
Bui6oovt. B pabome nposedenvl pacuemvl Kajicywe2ocs YOenbHO20 CONPOMUBIEHUS Oasl MUNUYHBIX
CLOUCMbBIX pa3pe306 O0BYXCIOUHbIX U mpexciounvix cped. Ilokazano coomeemcmeue nomyuaemvix
DE3VIbMAmos no 6PeMeHHOlU U 2aPMOHUYECKOU XApAaKmepucmukam MAZHUMHO20 MO OUnois npu
UCCeD08aHUU HEOOHOPOOHBIX CLOUCHBIX 2E0INEKMPUUECKUX DA3PE308.

Knroueesvte cnoea: necmayuonapnoe snexkmpomaznumuoe noie; OUCManyuonible UHOYKMUGHbIE
30HOUPOBAHUA; BEPMUKANbHBIN MACHUMHBIL OUNOJb,; KAJICYUjeecsl S/IeKmpUieckoe conpomusietue.

BBenenue. Hecmotps Ha Gonee CI0KHYIO IO CPaBHEHHIO C DIIEKTPHYSCKUMH 30H-
JTUPOBAHMSIME TEXHUYECKYIO peau3alfio, WHAYKIUOHHBIE 30HAMPOBAHUS HMEKOT
MPEUMYINECTBO Oyarofapss OCCKOHTAKTHBIM CIIOCO0aM BO30YXKICHHS U H3MEPEHUS
MArHuTHOT'O IIOJIA. BOHpOC&M MMPUMCHCHUA HWHAYKTHUBHBIX METOHOB 30HIUPOBAHUA
IIPH TAPMOHHMYECKOM PEKHUME TOKa BepTHKAIBHOTOo MarHutHoro muroiss (BMJI) Hax
CJIOMCTOH Cpefoi MOCBALIEHO 3HAYUTEIbHOE KOJTMYECTBO padoT, BKIIOUAIOIINX aHAIN3
MHQOPMATUBHBIX XapaKTEPUCTUK MAarHUTHOTO MOJIsI, KOTOPBIE OTPaXkalOT CTPOCHUE
CJIOMCTOM CPEIBI IO YASTHHOMY JJIEKTPHUICCKOMY compoTHuBiIeHHO [1-6]. B HacTos-
el paboTe MPOBENEHO WCCIIEOBaHNE MTPUMEHEHHUS WHIYKIIMOHHBIX 30HIUPOBaHUMN
CJIOUCTBIX CPEJl C HMITYJIbCHBIM PEKUMOM PabOTHI UCTOUHUKA, T/I€ B TEOPUU U UHTEP-
MIPEeTalny MOJIy4aeMbIX pe3yJbTaToB €Il OCTaeTcs psii BOnpocos [7—15].

Ilopsinox mpoBeneHus uccjaenoBanus. /s vccneoBaHua HECTAIMOHAPHOTO pe-
KFIMa CTAHOBJICHHSI MATHITHOTO TIOJIS B pab0Te MPUMEHEH CIEeKTPaIbHBINH METOI pac-
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yera [16] ¢ ynciaeHHBIM cUHYC-TIpeoOpa3oBanreM Dypbe IUIOTHOCTU CHEKTPalbHON
¢byHKuH, nMerorei Bux [17]

sin (Dl

jRB()

3agada onpeAeseHUs IEKTPOMAarHUTHOTO TOJS MAarHUTHOTO AMIIONS C HU3KOYa-
CTOTHBIM TapMOHMYECKHUM PEXUMOM Toka Buaa I = [ exp( jor) (I, — aMIIUTyaa CHIIbL
T0Ka, A; j=+/—1; ® — Kpyroas gactora; t — Bpems) ¥ MOMEHTOM M = IS (S — mio-
aib KOHTYpa, M?), HalPaBJICHHBIM OPTOTOHAJIBHO TPAHHIAM CIIOUCTHIX Cpel (BKITO-
qasi YeThIPEXCIONHYIO Cpefy), pellieHa JocTaToduHo naBHO [2]. Ee wacTHble ciyuau
MO3BOJISIIOT MCCJIE0BATh BIMSHUE MOTPYKEHHOTO €0 (KJIACCHUECKHe pa3pe3bl Bep-
THKAJIBHOTO JJIeKTprIecKkoro 3oHaupoBanus (B23) tuma A, O, H u K), OlleHUTH TIy-
OuHy QyHIaMeHTa, EPEKPHITOTO CI0EM ITOPOJI, HITH ONPEACITUTH 3aKOHOMEPHOCTH H3-
MeHeHus nosisi BMJI oT ynenbHOro cOnpoOTUBIEHUS OHOPOIHOIO MOTYNPOCTPAHCTRA.

Pacuetnas dopmymna s BepTHUKAIHHOW COCTABIAIONICH MAarHATHOM WHAYK-

nun BMJI, mpunogHATOT0 HAa BBICOTY /£ HaJ MPOBOIAIICH CIOWCTOW CpENoi, MMeeT
BHI [1-6]:

B (w)= B°(m)+u° Ikzaexp( my(z +h))J,(Ar)dh, (1)

rie B!(®) — none B Ge3rpaHUYHON CPelE C YIEIBHON HJIEKTPONPOBOIHOCTBIO G

1, — MarHUTHAs OCTOSHHAS, [H/M; 1My =/ A+ Jou,6,; A—mnapamerp dpyHkuuu bec-
censt J; z, ¥ — KOOPJAMHATBI TOYEK HAOMFONEHHUH; KOO (QUIIMEHT 0. ONIPEENAeTCs YacTo-
TOW TOKA, IPOBOSIINMHI CBOWCTBAMH CJIOEB U TITyOWHOW WX ITOJIOKESHHMS.

Jns caydasi, Koraa BepXHee MOTyIpOCTPaHCTBO HEMpoBoasiee u 6, = 0, koadhu-
IIUEHT 0L COOTBETCTBYET BHIPAKECHUIO TSI OTHOPOTHOTO TIPOBOSIIETO TOIYITPOCTPaH-
ctBa 00=(A—m,)/(Atm,), m =\ + jop,o,.

Ionynpocmpancmeo. B pabotax [5, 11] Ha npuMepe HeCTaLMOHAPHOTO OIS JIEK-
TPUYECKOTO JTUIOJIS TTOKAa3aHo, YTO B HEMarHUTHOM cpene 6e3 moteps (W =1, =1 —
BaKyyM) MarHUTHOE I10Jie Ha MaJIbIX BpeMeHax ¢ — () pacrpocTpaHsIeTcs IPaKTHIECKH
0e3 moTeph, YTO yKa3bIBaeT Ha MPEUMYIIECTBO UMITYJIbCHBIX METOIOB HUCCIENOBAHUMI
M0 CPaBHEHUIO C IPUMEHEHHEM JJIEKTPOMAarHUTHBIX METOIOB C TAPMOHUYECKHM PEKH-
MOM U3MEHEHUs NoJs. J{eCTBUTENbHO, U3Ty4aeMO€ 3IEKTPOMArHUTHOE MOJIE MOIIHO-
r0 UCTOYHHKA HA MAJIBIX BPEMEHaX, COOTBETCTBYIOIIEE BHICOKOYACTOTHOM 3JI€KTpOMar-
HUTHOW BOJIHE U JJAJTbHEH 30HE, MOXKET CYIIIECTBOBATh OUSHb JIONTO M PACTIPOCTPAHSATh-
Csl Ha MAJUIMOHBI CBETOBBIX JIeT. {151 6ojee KOppEeKTHOTO CPaBHEHHUS 3aTyXaHUs MO
MIPU TAPMOHUYECKOM M WMIYJIBCHOM PEKHMaxX BBIIOJIHUM pacdeT MarHUTHOTO ITOJIA,
CO03/1aBa€MOT0 MarHUTHBIM JTUTIOJIEM, PACIIOJIOKEHHBIM Ha TPAHULIE 3eMIA—8030)X, IS
TOYEeK HAOMIOACHUN B HIDKHEM ITPOBOJISAIIEM ITOTYIPOCTPAHCTBE.

Ha puc. 1 npuBenensl rpahuku H3MEHEHUS B_ B 3aBUCUMOCTH OT TITyOMHBI IIOTPY-
JKEHUs TOUKH HAOIIONEHUH z IIPU 4acTOTHOM ReB (®) ¥ MMIYIbCHOM B (f) pexumax
M3MEHEHUS TOKa B AWIOJE I TUCKPETHBIX 3HAYCHHH YacCTOT M COOTBETCTBYIOIIMX
UM BpeMeH ® = 2/t ipu » = 20 M ¥ yAETHHOM COMPOTUBICHUH OJHOPOJHOTO MOIY-
npocrpanctsa p = 10 OM - M. 31ech 1 Jalee Ipu pacyerax B CHIly JIHHEHHOCTH OyaeM
0Jararb MOMEHT JTUIIOJIS M =1A-M.
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Kak CJICOAYCT U3 pUC. 1, YaCTOTHBIC U BPEMCHHBIC XaPAKTCPHUCTHUKU MArHUTHOTO
IoJig ¢ yBCJIMYCHUEM I"J'Iy6I/IHI:I TOYKH Ha6JIIOZ[CHHI71 HU3MCHAIOTCA HOZ[O6HI>IM 06p330M,

yOBIBasi B paBHOH CTETECHHU.
[IpuMeHeHne UMITYTBCHOTO peXMMa M3MEHEHHUS TOKA MICTOYHUKA B ONMMKHEH 30HE,
COOTBETCTBYIOLIEH HU3KUM YaCTOTaM WM OOJNBLIMM BPEMEHAM CTaHOBIICHHS MOJIS, KO-

TOpPBIC NPCACTABIAIOT OCHOBHOH HUHTCPEC IMPU UCCICAOBAHUU TPOBOAAIINX CBOMCTB
T€OJIOTUYCCKOI'0O pa3pe3a, HE UMECT KaKHUX-1H00 OpeuMyIICCTB B I‘HY6I/IHHOCTI/I nuccie-

JIOBaHUH nepea rapMmOHNYCCKUM PEIKUMOM.
—2.0E-2 -15E-2 -1.0E-2 -5.0E-3 0.0E+0 B, uTn

0

10

20
\

30

40

50

\
]
I
]
I
I
1
]
I
I
I
]
1
]
I
I
1
I
I
I
1
t
1
I
I
I
I
I
1

zZ, M
Pucynox 1. Ipaduku wusmenenus B, ¢ DIyOuHOH z mpu
rapMOHMYECKOM (CIUIOIIHBIE JIMHMM — dactoTa, klm) u
HUMITYJIBCHOM (LITPUXOBBIE JIMHUU — BPEMs, MC) PeXKHMax TOKa B
MarHUTHOM JIMIIONE
Figure 1. Graph of B, variation with depth z under the harmonic
(solid line — frequency, kHz) and pulsed (dashed lines — time, ms)
modes of current in a magnetic dipole

Ha puc. 2 npuseneHsl rpauKy CTaHOBIECHUS MaTHUTHOM MHAYKUMH B (f) mapan-
JeNbHON yCTaHOBKH z = h = (0 B Oe3rpaHW4HON cpene Ha paccTosHud » = 20 M 1pu
p =10 OM - M U yCTaHOBKH, NOTPYKEHHOM MO IPaHUIy ABYX MOIYNpPOCTPAHCTB HA

pa3nuYHYIO TIyOUHY.

[To mepe morpyxeHHus yCTaHOBKH OT TpaHulbl £ = 0 Ha TyOuHy z = 4 ot 0 mo
5 M rpaduKK KpUBBIX CTAHOBIICHHSI MATHUTHOTO MO B () IpuOmmkaroTcs K CIIydaro
OJTHOPOJHOTO MPOCTPAHCTBA C YACIBHBIM conpoTupieHueM p = 10 Om * M (mudp xpu-

BOI — ).



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 37

AHanmu3 MOBEACHUS TMOJSI ¢ UCTOYHUKOM B BHJI€ MAarHUTHOTO JWIIONS MO3BOJISIET
c(hopMyIMpOBaTh €r0 MPEC/IbHBIC YaCTOTHBIC U BPEMEHHBIC Cllydau. B mpeneabHOM
ciydae ® — oo (IaJbHsIs 30Ha) BEIMYNHA TAPMOHUYECKOTO MATHUTHOTO TIOJISt CTPEMUT-
C4 K HYJI0, IOCKOJIbKY 3JIEKTPOMAarHUTHOE MOJI€ CHUTAEM KBa3UCTALlMOHAPHBIM, a €T0
BOJIHOBBIE CBOMCTBA, OMpeesieMble TOKAMU CMEILICHHS], HE YUYUTHIBAEM IO YCIOBUIO
3a/1a4H.

B., vTn
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Pucynox 2. T'paduku cranosnenus B (f) B Ge3rpaHU4HOM cpesie (00) U IOrpyKeHHOH Ha
m1youny A, M (mdp KpUBBIX)
Figure 2. Graphs of B (¢) formation in the infinite medium (c0) and placed at depth 4, m
(curves’ legend)

B npenensHoM citydae ¢ — (0 BeTMYMHA HECTALIMOHAPHOTO MAarHUTHOTO MOJIS TAKXKE
CTPEMHTCS K HYIIO, TOCKOJIBKY TTOCIE BKJIIOYEHHSI TOKA B AUTIONE TIPH JTI000H 3IEKTPo-
MIPOBOJHOCTH CPEJIBI BCET/A €CTh Majioe BpeMs Af, 3a KOTOPOE 3NIEKTPOMArHUTHOE MOJIe
OT HCTOYHHKA €III€ HE TOCTUIIIO TOUKH U3MEPEHHH, PACTIONOKEHHON Ha PacCTOSHUM 7
OT UCTOYHUKA.

B npenenbHbIX cnydasx o — 0 win ¢ — oo (OMMKHSS 30HA) BEIMYMHBI TAPMOHNYE-
CKOTO M HECTAIIMOHAPHOTO MAarHUTHOTO IOJI CTPEMSTCS K 3HAUEHUSIM CTallMOHApHBIX
BEIMYMH. BepruKanbHas COCTaBIAIONAs MardHMTHOrO HONSA B CTPEMHTCS K 3Have-
HUIO CTAllMOHAPHON BEJTMYMHBI, KOTOPas HE 3aBUCUT OT IPOBOJSIINX CBOMCTB CPEAbI
¥ JUISl 33/IaHHOTO paccTostuus # = 20 M paBHa BY =—100/7" = 1,25 - 102 uTn npu
t> 1073 ¢. DneKTpUYECKOE M0JIe MATHUTHOTO JIUIIOJNS B CTAL[MOHAPHOM PEKHUME PABHO
HYJTIO, TOCKOJIBKY CO3JIa€TCsI TOJIBKO 3a CUET SIBJICHUS MHIyKIIMK MarHUTHOTO MOJIS.

VYka3aHHbIE 3aKOHOMEPHOCTH COOMIONAIOTCSI HE3aBUCHMO OT HEOIHOPOAHOCTH MPO-
BOJSIILECH cpepl (LMIMHAPHYECKU-CIONCTHIE WIIM TOPHU30HTAIBHO-CIIOUCTHIE) U THUIIA
MPUMEHSEMON YCTaHOBKHU — MapaJuleIbHON WK coocHOM [18].

Ha puc. 3 npencrasiena 3aBUCUMOCTb CTaHOBJIEHUA B (f) OT yAENbHOIO 3IIEKTPH-
YECKOT0 CONPOTHUBIIEHUS P MOIYIPOCTPAHCTBA HAa PACCTOSHUH 1O MATHUTHOTO JAMITONS
r=20 m. OxcTpemyM B (f) Bcerna COOTBETCTBYET BETMIMHE O€3pa3MEPHOTO IapaMeTpa
CTaHOBJICHHs, BBOIMMOTO Kak u” = r’, / (2tp) , paBnoro u = 1,776.

Kak BunHO u3 puc. 3, BETUYUHBI 3KCTPEMYMOB MAarHUTHOTO TOJIS HE 3aBUCST OT
YAEIBHOTO JIEKTPHUUECKOTO COMPOTUBIEHNUS cpefbl. 1IX BpeMeHHOE MON0KEHUE OIpe-
JIeNIAeTCs TOJIBKO PACCTOSHUEM 7 IO AMIONA U YIAEIBHBIM CONPOTHUBIIEHUEM CPEIBI.
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Pucynok 3. 3aBucuMOCTb cTaHOBNEeHHUs B (f) mapasienbHod ycTaHoBku z = h = 0 Ha
paccrosiauu + = 20 M OT BEITHYHHBI YAEIFHOTO COIMPOTHUBIICHUS P MOIYIPOCTPAHCTBA,
OM - M, (1P KPUBBIX)

Figure 3. Dependence between the formation of B (7) of the parallel configuration
z=h=0 at a distance of » =20 m from the value of the specific resistance p of the half-
space, Ohm - m, (curves’ legend)
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Pucynok 4. I'paduku B (¢), (Tpuxosble TMHUM, NeBas mkana) u OJ1C 8([), (croIHbIe
JIMHUY, TIpaBas MIKaia) Juid Oe3rpaHuvIHON cpensl — / U MoIynpocTpancTBa — 2 npu » = 20
M, p=100M" M
Figure 4. Graphs B (7), (dashed lines, left scale) and EMF 8(1) , (solid lines, right scale) for
an infinite medium — / and half-space — 2 at r =20 m, p = 10 Ohm - m
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g n3BecTHOro pazHoca » 3aBUCUMOCTb BPEMEHH #, MKC, COOTBETCTBYIOILETO SKCTpPE-
MyMmy B (f), OT yAelbHOrO CONPOTUBIEHUS CPEJbI P CIIYKUT CIIOCOOOM €r0 OLIEHKH:

0,2/
—

extr

Pr = (2)

[Tpu m3mepennu snekrponBmxkyeii cunbl (31C), HABOMUMOH MepeMeHHbIM Mar-
HUTHBIM TI0JIEM B U3MEPUTEIbHOM KaTylIke, BennunHa HecTanuoHapHoit J/1C B ciy-
Yyae MOIYyIPOCTPAHCTBA WIH CIOMCTON Cpe/ibl pacCUMTHIBACTCS Yepe3 CHHYC-Tpeodpa-

Pr OM - M
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40
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Pucynok 5. Kpunie p, HaJi pa3pe30M THIA #PO60OHUK—OUITEKMPUK:
p; =20 Om - M; p, = 200 Om - M; mudp KPUBBIX — /4, M; IITPUXOBAsk
JIMHUSA — S-TIJIOCKOCTh
Figure 5. Curves p, above the conductor—insulator cut:

p, = 20 Ohm - m; p, = 200 Ohm - m; curves’ legend — &, m; dashed
line — S-plane

3oBanue dypbe BUja, aHATOTMYHOTO MATHUTHOMY TOJTI0. B KaTymike manoro paauyca
IJIOWA/BIO Sp;, C MOMEHTOM, OPUEHTHPOBAHHKIM I10 OCH Z, coracHo 3akony dapazes,
HaBoguMmas JJ[C

E€(0)=-joS,B.(0), Tt.e Re€(0)=0S,ImB, (o).

C y4eToM Moy4YeHHOTO COOTHOICHUSI ISl BEILIECTBEHHOM YacTH HECTaIllHOHAPHOM
O/1C nonxyunm

(1) =%SHTImBZ(c0)sin(cot)dco.

YucreHHas peanu3aius pacueToB HectamuonapHoi DJIC Mo M3JI0KEHHOMY aro-
PUTMY 3aTpyIHEHA, TOCKOJIBKY 00YCIIOBJIEHA TIIOXO0M CXOAMMOCTBIO OCIMIUIUPYIOIIEH
(yskumun sin(o?). JI1s MPEoI0IEHHs 9TOTO 3aTPY/IHEHHS BOCIIONB3yEMCS MPEICTABIIE-
nnem DJIC kak E(w)=—pk’S,H_(0), ¥ = jopo; H(®) — HAIPsKEHHOCTb MArHAT-
HOTO MOJIS.

Bocnonb30BaBunch BhipaskenueM (1), mocie HEKOTOPBIX MPeoOpa3oBaHUH MOTy-
yuM GopMyITy UIsl pacuera Hectanuonapuoit J/1C:
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E()=E,(1)+ pﬁfwf{fw (m, — 1) exp(—Az)J, (M)dx} Shl)"” do, 3)

2n°

IJie CXOMMMOCTh BHYTPEHHETO MHTErpaja o0ecIeuHBAETCs MaIoil BeTHUIHHOM z — 0,
€,(t) — DIC B Gesrpanmunoii mposoasmeii cpere [7]:

SS ~ ~
& (1)=p) —=5=E(u)=pJd,E (u),
(2n) r
e € (u)= 145(142 —2)exp(—u2 /2) — 6e3pa3sMepHOE DNEKTPUUECKOE HHCIIO;

u=rW,/2tp —napamerp cranoBneHUs N0NS; d, — KO>POUIMEHT YCTAHOBKM.
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PucyHok 6. Kpusble p; HaJ pa3pe3oM THIA OUIAEKMPUK—IPOBOOHUK:
p1 =200 OM - M; p; =20 OM - M; IHUPP KPUBBIX /1, M
Figure 6. Curves p; above the dielectric—conductor cut:
p1 =200 Ohm ‘- m; p, =20 Ohm ‘- m; curves’ legend 4, m

Ha puc. 4 conocrapiensl rpa@uKH CTaHOBJIEHH MarHUTHOTO 110714 B (f) (IuTpuxo-
Bble TMHKH) U HecTarroHapHoi DJIC €(¢) (cIuIoInHbIe IMHNN) HA pacCTOSHUHU =20 M
TIPH yAETHHOM JIEKTPUIECKOM conpoTuBieHnd p = 10 OM + M [t 6e3rpaHrndHON cpe-
Il ¥ TOJTynpoCcTpancTBa. OcoOble TOUKM KPUBBIX B (f) — TOUKH IIEPErHO0B, SKCTPEMY-
MOB M TPEJEIbHBIX 3HAYEHU, COOTBETCTBYIOT DKCTPEMyMaM M HYJIEBBIM 3HAUCHUSIM
kpuBbix E(7), nockonbky DJIC ompenessieTcss H3MEHEHHEM BEIMYHHBI MarHUTHOTO
TOJISE BO BPEMEHHU.

[IpencraBnenue Hecrarmonapuoit DJIC dyepe3 cunyc-npeoOpazoBanue Dypne
B Buje (3) mo3BoiseT Oojee TOYHO paccCyMTaTh BENUUMHY HecTamuonapHoi OJIC
UL TIOYIPOCTPAHCTBA, YeM MO aHAIUTHYECKHUM (opMmynam, MpeicTaBlIeHHBIM B
paborax [5, 6].

Bemmunna skerpemyma 9J]C B TOUKaxX U3MEPEHUN MPSMO TPOIIOPIINOHANIBHA P TI0-
JYTIPOCTPAHCTBA, a BPEMsI, COOTBETCTBYIOIIEE IKCTPEMYMY, OOPATHO TIPOTIOPIIOHAb-
HO p. DTH 3aBHCHMOCTH MOYXHO HCIIOIIb30BaTh [UIS ONIPEACTIEHHUS P, TIOTyIPOCTPaHCTBA
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0 aHAJIOTHHU CO CIIOCOOOM, TPUMEHSIEMBIM JIJIsl COOCHOHM yCTaHOBKH HUMITYTbCHOTO WH-
TYKIIMOHHOTO KapoTayka CKkBakuH [18].

s cnouctoro momynpocTpaHcTBa Gopmyiaa 1yt pacyeta MarHuTHOro noist (1) ot-
JMYaeTcs OT MOITYNPOCTPAHCTBA TOJIBKO KO3((HUIIMEHTOM 0, ONpEAEsIeMbIM YaCTOTON
TOKa B JTUIIOJIC, TPOBOMASAIIMMYU CBOMCTBAMHU CIIOCB U IITYOMHOMU MX moyioxeHus [ 1-6, 19].

Heyxcnoiinas cpeda u noeepxnocmuas npoeooaujas S-niockocms. Buj KpUBBIX
CTaHOBJICHHS MAarHUTHOTO MOJS HaJ JBYXCIIOWHOW cpeloi mogo0eH KPUBBIM LIS TIO-
aynpoctpaHcTBa (puc. 2—4). JIng THOMYHOTO paspes3a TUIa HPOGOOHUK—OUIIEKMPUK
PE3yIbTaThl pacdeTa KaxyMIErocs 3IEKTPHYECKOr0 CONPOTUBIEHMS P, 1O (popmyne
(2) npuBenensl Ha puc. 5, 6 AN Pa3TMYHBIX MOIITHOCTEH CII0s, BKIIIOYAs CIyvai Iuia-
cTa Majoi MOIIHOCTH (S-IIIOCKOCTh). PacdeTsl p, Ui TOHKOrO NPOBOISAMLIETO I1acTa
h=0,5mnpu p, =20 OM - M COOTBETCTBYIOT pacueTaM € MPOBOAALIEH S-II0CKOCTHIO
npu S = 0,025 Cm. Bennuunel p, ¢ yBEITMYEHHEM PACCTOSHUA OT UCTOYHHMKA M3MEHs-
IOTCSI OT BEJINUMHBI COMPOTUBIICHUS, OJM3KOTO K 3HAYSHUIO BEPXHETo ciost mpu » — 0,
K CONPOTHUBJICHUIO MOJCTUIIAIOIIEH CPEIBL.
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Pucynox 7. Kpussie p, nan paspesom tumna H.
LITPUXOBast JIMHUS — S-T1ockocTh mpu S = 0,025 Cwm; mudp KpUBBIX —
Py, OM - M
Fig. 7. Curves p, over an H-type cut:
dashed line — S -plane under S = 0.025 c¢m; curves’ legend — p,, Ohm - m

Tpexcnotinasa cpeda u nO2pydtceHHAs NPOBOOAUWAs S-NI0CKOCMb. ANIMPOKCUMALHS
TOHKOTO TIPOBOJISIIETO CIIOS S-TUIOCKOCTBIO MO3BOJISIET YMEHBIINTD YUCIO PACUETHBIX
napamMeTpoB Uil MOJEJIeH, COOTBETCTBYIOIIUX MPOBOAALIEMY IOTPY)KEHHOMY CJIOIO H
paspesy tuna H. Kpome Toro, penienue 3aga4qu ¢ morpyKeHHOH S-TITOCKOCTBIO MO3BO-
JISIET COMOCTABHUTD MOMy4YaeMble pacyeThl C Pe3yJabTaTaMu, BBITOJTHEHHBIMH IJ151 TOHKO-
IO MPOBOJISILETO CJIOS, ISl TPEXCIOMHOM Cpeabl.

Ha puc. 7 mpuBezieHbl pe3y/abTaThl PACu€TOB P, C yBEIMYEHHEM pa3sHOCA ¥ TOY-
KA HaONONEeHUH OT MCTOYHMKA Haj CIOUCTHIM pa3pe3oM Tuma H mpu mapamerpax
P, =p;=2000m - M, h; =10 m, h, = 10,5 m. llludp xpusbIX — p,, OM - M. Ha 5T0M %€
pHUCYHKE NPHBEJEHBI PACUETHI P, HAJl HOTPYKEHHOM Ha MyOouHy 4 = 10 M npoBoasei
S-IUTOCKOCTBIO (IITPUXOBAS JTHHUS).

PacueTsl MAarHUTHOTO TOJIS IS TOHKOTO MPOBOJSILETO TIJIaCTa COOTBETCTBYIOT pac-
YyeTaM IOJIsl C MOTPY>KEHHOHW S-TUIOCKOCTBIO [UIS TUIACTa MOILIHOCTBIO / = 0,5 M mpH
p; =20 OM * M, 4TO HaeT BEIMYUHY NPOAOILHOM poBogumMocTh S = 0,025 Cwm.
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Ha puc. 8 mpuBeneHbl pe3yabTaThl PAacueToOB P, C YBEIMYCHUEM DPa3HOCA 7 TOY-
KA HaONoONeHnd OT MCTOYHMKA HaJ| CJIOMCTBIM pa3pe3oM THma K mpu mapaMmerpax
p,=p;=200m M, p, =200 Om * M, 2 = 10 m. IlInp KPUBBIX — MOLIHOCTL BTOPOTO
cnoad=h,—h,, m.

Tumnel KpUBBIX P, IPU UMITYJIbCHBIX JMCTaHIUOHHBIX MHIYKIHOHHBIX 30HAUPOBA-
HUSX C U3MEPEHUEM CTAHOBJIEHMS BEPTUKAIBHON COCTABIAIOLIEN MarHUTHOTO MO
COOTBETCTBYIOT THIIaM TPEXCIOHHBIX pazpe3oB H u K (puc. 7, 8).

3akmouenne. [IpruMeHeHe UMITYIBCHOTO peKUMa M3MEHEHHs TOKa MCTOYHUKA B
BUJI€ BEPTHKAJIBLHOTO MAarHUTHOTO AMIIONS B ONMKHEH 30HE, COOTBETCTBYIOLICH HH3-
KAM 4acToTaM WX OOJBIIUM BpeMEHaM CTaHOBJICHHS TOJISl, KOTOPBIE MPEACTaBISIOT
OCHOBHOH MHTEpEC IIPU UCCIEI0BAHUY POBOIAIIUX CBOWCTB I'€0JI0IHYECKOr0o paspe-
3a, HE UMEEeT KaKuX-TM00 MPenMyLIecTB Iepe]l TApMOHUYECKAM PEXXKUMOM.
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Pucynok 8. Kpusele p, Hax paspe3om Tuna K; mudp KpUBBIX — MOIIHOCTh
BTOpOTO cNost d = hy — hy, M
Figure 8. Curves p, over a K-type cut; curves’ legend — thickness of
the second layer d = h, — h;, m

IIpy UMITyIBCHBIX WHAYKIMOHHBIX 30HAMPOBAHUAX C W3MEPEHHEM CTAHOBIECHUS
MarHMTHOTO IOJISi THITbI KPUBBIX p,, OIPENEIAEMOrO 10 BPEMEHH DKCTPEMYyMa, COOT-
BETCTBYIOT TUIAM CJIOMCTOIO pa3pesa.

Pacdertsl cTaHOBIIEHUS! BEPTUKAIBHOM cOCTaBiArONIed MarHuTHOro noiast BM/JI g
TOHKOTO TPOBOJISINETO MJIAaCTa COOTBETCTBYIOT pacdyeTaM IO ¢ S-TIIOCKOCTBIO, pac-
TIOJIOKEHHOM Ha TPaHMIIe 3eMIsI—6030yX WU TIOTPYKEHHOM Ha TITyOuHYy.
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Pulse inductive electromagnetic sounding of layered media

Aleksandr N. Ratushniak!,[Sergei V. Baidikov]|
nstitute of Geophysics UB RAS, Ekaterinburg, Russia.

Abstract
Introduction. The paper considers the theory and interpretation of pulse induction sounding that includes
the formation measurement of the magnetic field created by a vertical magnetic dipole (VMD) over a
layered medium or S-plane.
Research methods. A spectral calculation method with the numerical Fourier sine transform of the
spectral function density was applied to study the non-stationary formation of the field. For the case
of a homogeneous conducting half-space with the non-conducting upper half-space, it has been shown
that magnetic field frequency and time characteristics change similarly, i.e. decrease equally, as the
observation point depth increases.
Research results. The pulsed mode of changing the source current in the near-field zone of low frequencies
or long transient periods, which are of primary interest in studying the geological section conducting
properties, does not have advantages over the harmonic mode. By analyzing the behavior of a field with
a source in the form of a vertical magnetic dipole, it is possible to formulate its limiting frequency and
time cases. The nature of the magnetic field formation curve revealed that magnetic induction extrema
values do not depend on the specific electrical resistance of the medium. However, their position in time
is determined by the distance to the dipole and medium resistivity. For the known spacing for remote
sounding, the dependence between the magnetic field extremum time and the medium resistivity is a way
to estimate it.
Conclusions. In this work, the apparent resistivity for typical layered cross-sections of two-layer and
three-layer media was calculated. It has been shown that the results for dipole magnetic field time and
harmonic characteristics correspond to one another when studying inhomogeneous layered geoelectric
sections.

Keywords: non-stationary electromagnetic field; remote inductive sensing,; vertical magnetic dipole;
apparent electrical resistance.
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OnTumunzauus napamMeTpoB BEHTUNATOPHbLIX YCTAHOBOK annapaTtoB
BO3AYLWHOro oxnaxpaeHusa rasa

Kocapes H. 1."*, Makapos B. H.!, YronbHukoB A. B.', Benbckux A. M.!
1'YpanbCKuit rocyaapCTBEHHBIN FOPHLIN YHUBEPCUTET, T. ExaTepuHbypr, Poccus
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Peghepam

AKkmyanvrocme. B cmamve yCmMaHo8AeHA yenecooOpasHoCmy UCNONIb306AHUS OCEEbIX GEHMUNAMOPHbIX
YCMAHO0BOK DObULOU OLICIPOXOOHOCIU HO AIPOOUHAMUYLECKUM CXEMAM C OOHUM pAOOYUM KOLECOM OISl
annapamos 6030YUH020 OXIAHNCOEHUS 2a3d.

Llenv u memoowt pabomui. C ucnonbzosanuem Mamemamuyecko20 aHaiu3a OCHOGHbIX 3aKOHOMEPHOCMe
0Ces8bIX NMypPOOMAUIUH NONYYEHbl YPASHEHUS OISl KOIPDUYUEHMA NONE3HO20 0elCmBUs. 6eHMUNANMOPHOU
VCMAHOBKU U 6EHMUAAMOPA 8 3A8UCUMOCIIU OM KUHEMAMUYECKUX NAPAMEMPOE NOMOKA U 2e0MEeMPUYECKUX
napamempos 6eHMUIAMOPHOU YCMAHOBKU.

Pesynemamui. Ha 6ase meopuu onmumusayuu nonyuenvt Gopmynvl 015 MAKCUMATbHIX 3HAYEHUl
Ko3(hhuyuenma nonezno2o Oeicmeus GeHMUAAMOPA U BEHMUNAMOPHOU YCMAHOBKU PA3IUYHOU YOeTbHOU
ObICMPOXOOHOCIU 8 3A8UCUMOCIIU OM KO DuyueHma pacxooHou CKOPOCMU U OMHOCUNETbHO20
ouamempa emynku pabouezo koneca. IIpednodxcena memoouka NOCMpPOEHUs AIPOOUHAMULECKUX CXeM
0CeBbIX BEHMUNAMOPHBIX YCMAHOB0K O annapamos 8030VWHO20 oxaadxcoenus zaza muna «K» c
NpeoebHLLMU MAKCUMATbHBIMU 3HAYEHUSMU KOI(Phuyuenma nonezno2o eicmeust 01 3a0aHHbIX 3HAYEHU
VOenvbHoU ObICIMPOXOOHOCMU, OMHOCUMETbHO20 OUAMEMPA 8MYIKU padboye2o Koaecd, a3pOoOUHAMUYECKO20
Kawecmea npogunell pabouezo Koieca, KO3 duyuenma aspoouHaMuyecKo20 CoOnpomusieHus npomouHol
yacmu, KodQ@uyuenma pacxoonoi ckopocmu. IIOKA3aHA 803MOHCHOCMb CO30AHUS BEHMUTAMOPHOL
YCemarogxku ¢ ovicmpoxoonocmoio 6onee 400 u sxonomuunocmoto He menee 0,86.

Knwueswie cnosa: BEHMUNAMOPHAS YCMAHOBKA, NPOMOYHASL HACMb; 6XOOHbIE dIeMEeHMbl, 8bIXOOHbIE
oneMenmyl,  Ko3(uyuenm nonesHozo Oeucmeus;, yO0eibHAs ObICMPOXOOHOCb, KO3 duyuenm
AIPOOUHAMUNECKO20 KAHecBa, KOIPhuyuenm aspoouHamuyecko2o ConpomueieHus.

Beenenue. /{7151 CHIDKEHHS TeMITEpaTyphl paboveil Cpelbl MHOTHX TEXHOJIOTHYECKIX
MPOIIECCOB, B TOM YHUCIIE W MPH MEPEMEIICHHN T'a3a B MaruCTPaJIbHBIX Ta30MpOBOAaX,
NPUMEHSIOTCS anmapaThl BO3MyIHOTO oxinaxaeHus (ABO), B KOTOpHIX H30BITOYHAS Te-
JIOTA OT MPOTEKAOIIETO 10 OPEOPEHHBIM TPyOaM paboyero Tela yaaaseTcs ¢ MOMOIIBIO
MIPUHYIUTEIHHOTO IBMKEHUS OKPYKAFOIIETO BO3AyXa, TOAABAEMOTO C TOMOIIHIO BEHTH-
JATOpHBIX ycTaHOBOK [1]. ITpumenenne ABO no3BoisieT pemuTh psii aKTyaJlbHbIX XO-
3SIMCTBEHHBIX 337124, YMEHBIITUB BOAONIOTPEOICHNE Ha TEXHUUECKUE TIeTIH, 3arps3HEHIe
BOJIOEMOB U M0YB, 00ECIICUUTh KECTKHE TPeOOBaHMUS IKOIOTHU. OTHAKO HEAOCTATOYHAS
3¢ GEKTUBHOCT TEIUIOOOMEHA 6030)x—ea3 TPeOyeT OOJBIINX TOBEPXHOCTEH Jijist o0Oec-
neyeHus: TpedyeMoro oTBOja TEIIa B CHUIIY HU3KUX TEIIO(U3NUYCCKUX CBOWCTB BO3ILY-
xa, 00YCJIaBIMBAIOIINX Majoe 3HAYCHUE KOA(PPHUIMECHTA TeIUIOOTAaYr. B CBSI3H ¢ 3TUM
ABO otirgarorcst OONBIIIMH PACX0AaMH OXJIKIAIOIIETO BO3TyXa M BRICOKOH yIeIbHON
METaJUTIOEMKOCTHIO0. [10 3TOl NMprunHEe aKTyanbHA 33/1a4a MOBBIIICHUS YKOHOMHUYECKOH
3¢ (EKTUBHOCTH BEHTWISITOPHBIX YCTAHOBOK, TEXHUYECKOTO YPOBHS U KOHKYPEHTOCIIO-
cobHocTH oreuecTBeHHBIX ABO [2—5]. Jlist perenus 3Toil 3a1a4un O0JbIIOe 3HAYCHUE
MpUOOPETAIOT UCCICIOBAHMS U CO3IaHHE BHICOKOIKOHOMHYHBIX aIallTHBHBIX OCEBBIX
BEHTWJIATOPHBIX YCTAHOBOK, MpuMeHsIeMbIX B ABO. OCOOEHHOCTH ATHX BEHTHIIATOPHBIX
YCTAaHOBOK 3aKJIFOUACTCS B BRICOKHMX 3HAYCHUSX YIEIBHON OBICTPOXOTHOCTH, T. €. MAJIOH
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BHYTPEHHEH 3HEPrHH TepeMeIIaeMoro BO3Iyxa MpH OONBIIMX ero pacxomax. Crerm-
(HKa OCEBBIX BEHTHISATOPHBIX YCTAHOBOK HAKJIaIbIBAET ONpENeNieHHbIE 0COOCHHOCTH
Ha MCTOJUKU UX MPOCKTUPOBAHUA W OINTUMH3ALNHN MTapaMETPOB, IMMOCKOJILKY Ha HepBBIﬁ
TUTaH BBIXOIUT JKECTKOE TPeOOBaHME K a’pOAWHAMHYECKOMY KadecTBy Mpoduien jo-
MaToK pabounx Kojiec u MpOTOUHON JacT. OnpeneysaromuM (pakTopom, BIUSIONIIM Ha
BEIOOpP MapaMeTpPOB adpONMHAMUYECKON CXeMBbI BEHTHIIITOPOB st ABO, siBrsiercs Be-
nrynHa Kodddurmenta nonesnoro aerictsus (KII/I) u ero n3meHeHne B 3aBUCUMOCTH
OT BapHalMu aTMOC(EPHBIX YCIOBUH M MHTEHCUBHOCTH Teruootaadn ABO. [pu atom,
B OTJIMYHE OT BEHTUJIATOPHBIX YCTAHOBOK IPYTHX THUIIOB, IIPU IMPOECKTUPOBAHUN BEHTH-
JSITOPHBIX YCTaHOBOK i ABO HEoOXoanMo paccUnTBIBaTh MX MapaMeTphl C yUETOM
BXOJHBIX M BBIXOAHBIX JJIEMEHTOB MPOTOYHOHN YacTH, T. €. paccMarpusarb K11/ BenTH-
JISITOPHOM YCTaHOBKH B 1eJioM [5, 6]. VI3 aHanu3a MatepuanioB, pUBEACHHBIX B [7, 8],
IpU 33IaHHBIX KO3(PULIMEHTE TEOPETUYECKOTO JaBIEHUS Y, KOdDUIMEHTE a3poiu-
HAMUYECKUX MOTEPh NPOTOYHOM YacTH BEHTHIIITOPHOH YCTaHOBKHU & M K03 PHULUECHTE
KayecTBa Npouiiel pemeTky pabouero koeca k Ha 3alaHHOM cpeiHeM paauyce » KIT
BEHTUIISITOPHOH yCTAaHOBKH siBIsieTcsl PyHKIpeH KodppHIIeHTa CpeTHepacXoIHOM CKo-
poctu ¢. Kpome Toro, mmpu 3aaHHoM K03 (OUIMEHTE TEOPETHIECKOTO IABJICHHS Y, 3Ha-
YeHrEe CPEIHEPACXOHOW CKOPOCTH () ONpeEIeNsIeT TMoje CKOPOCTeH M Harpy>KeHHOCTb
npoduiiel penieTku padodero koneca. CremoBareiabHO, OT YKa3aHHBIX TApaMeTPOB 3a-
BUCAT TyCTOTa peleTky npoduiei paboyero Kojeca T, CyMMapHasl LIMpPHUHA JOMATOK,
OCeBbIC, paJHabHbIE TA0APHUTHI K Macca BEHTHSITOPHON YCTaHOBKH.

Takum 00pa3zoM, U3MEHsIS BEIMUUHY CPETHEPACXOTHON CKOPOCTH () MOXKHO OIIpe-
JIESTh MAaKCUMAJIBHO BO3MOXKHBbIE 3HaueHus1 KII/] BeHTUIIATOpHOI yCTaHOBKH, €€ Ta-
0apuTHI M Maccy B 3aBUCHMOCTH OT YIEIbHOH OBICTPOXOAHOCTH. Perienue 3ol 3a1auu
HanboJsee NPUHININAIEHO UIMEHHO JUISI BEHTHIISITOPOB € OOJBIION YIeIbHON OBICTPO-
XOAHOCTBIO, KOTOPBIC BBIMIOJHATOTCA UCKIIFOYUTEIILHO IO CXEME ((K», T. €. C OJHUM pa-
6oueM KojecoM, 0e3 BXOHOTO M BEIXOJHOTO HAINPABIIAIONINX alllapaTroB, IPUMEHEHHE
KOTOPBIX IPH yAEIIBHOM OBICTPOXOAHOCTH 11, > 400 MPUBOIHT K yXyIIICHUIO MaCCOBBIX
rabapuTHBIX XapaKTEPUCTHK U SKOHOMUIHOCTH.

IlocTanoBKka 3a1a4u, XapaKkTepUCTHKA M MeToAbl. Perenne 3amaun ompenere-
HUSl ONTHUMAJILHBIX ITapaMEeTPOB BEHTWJIATOPHBIX YCTAHOBOK OOJNBIION YIEITbHOH ObI-
ctpoxogHocT 111 ABO B cTarhe BBHINONHEHO B JIBa MTOCJIEAOBATENbHBIX JTalNa, C HC-
MOJIb30BAaHUEM MaTEeMaTHYECKOTO MpHeMa IMOUCKa OOIACTH JIOKAaJbHBIX MaKCHMYMOB
MHOTOIApaMETPHUECKON 3a7adyl C MOCIEAYIONUM ONpEeAeTICHHEM HpPeAeTbHBIX 3HA-
YeHWH MmapaMeTpoB B 3TOi obiactu. Ha mepBoM 3Tame mocTpoeHa MaTreMaTHdecKas
MOJIEITb OTIPEIEIICHNS JIOKAIBLHBIX 3HAYSHUH IMapaMeTpoB, 00eCTIEUNBAIOIINX HANOOIb-
IYI0 SKOHOMHUYHOCTH BEHTUIATOPHBIX YCTaHOBOK € OOMBIION OBICTPOXOAHOCTBI0. OHA
MO3BOJIUT OMpPENeNUTh a0CONMIOTHBINA JIOKaNbHBIH MakcuMyM KIIJ| BEeHTHISTOPHBIX
YCTaHOBOK Pa3IMYHBIX adPOTUHAMUYECKHUX CXEM ¢ OOJBIION YIeNbHON OBICTPOXOIHO-
cThio. Ha BTOpOM 3Tame BhIsABIEHO HamOoJee palfioHAIbHOE MPEeAeIhbHOE COYeTaHNe
PacUYeTHBIX IMapaMeTPOB, MPH KOTOPOM JTOCTHTAETCSI HANOOJbINas YKOHOMUYecKast 3¢-
(heKTUBHOCTH BEHTHJISATOPHBIX YCTAHOBOK M, COOTBETCTBEHHO, HanOosee panroHalb-
HBI{ Wana3oH 3HAUE€HUH YNeNbHOW OBICTPOXOAHOCTH AJsl PEKUMOB MAaKCUMAaIbHOTO
KHI[ BCHTWIATOPHBIX YCTAHOBOK B COYCTAHUU C OTHOCUTCIIbHBIM AUaMETPOM BTYJIKH.

MaremaTu4yeckoe MoJeupoOBaHue. [ MOCTpOeHUST MareMaTndeckoi MOJIeNH,
OTIpe/IeTISIONIeH ONTUMAaTFHBIC IOKATbHBIE 3HAYEHHS CPEHEPACXOAHON CKOPOCTH BEH-

THIIATOPA ¢ i BCHTUJIATOPHON YCTAHOBKH @, . HOOOXOAMMO PELIUTD /IBA yPABHCHHSL:

%0 20 (1

rae M, N, — KI1J] BeHTHIATOpa M BEHTUIATOPHOH YCTAHOBKH COOTBETCTBEHHO.
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Bripaxkenue nist KIIJI BeHTHIIATOpAa U BEHTUISITOPHOM YCTAHOBKH IMOJIYYHM IOC-
JIe COOTBETCTBYIOIIUX MPeoOpazoBaHmii ¢ yueToM [7, 9] ans mepeMeHHbBIX 3HAYCHHUN
YAETBHON OBICTPOXOJHOCTH B BUJE:

QPN 1827, v

2/3 -3 _4/3 4/3,
n, =1 ohr n;”3 lnl_vz(p -1,37-107n;"80"";
2, 2
n:l_(P +(p0pt_182a71n Va3
@’kr n? 1=yt

y

IJi€ V — OTHOCUTEJbHBIM AUaMETp BTYJIKH padodero Kojeca.

[lepBoe u3 ypaBuenwuii (1) ¢ yueroMm (2) maet BEIMYMHY ONTHMAIBHOTO 3HAYCHUS
CPeIHEePACXOXHON CKOPOCTH [l BeHTHISATOpA @, 1ipu § = 0. Bropoe ypasuenue u3
dopmyusi (1) onpenenseT ONTUMANBHYIO BEIHYMHY CPEIHEPACXOIHOM CKOPOCTH @, ,
JUISL BEHTWIIATOPHOM ycTaHOBKH Tipu & > 0.

VYpaBHeHHE AJ1s1 ONTUMAJIbHOM JIOKAaJbHON BENUYMHBI KOd(pPHUINEHTa CpeaHepac-
XOIHOH CKOPOCTH JUIsl BEHTHIISITOpa Mo cxeMe «K» 6e3 MepraInoHalIbHOTO YCKOPEHUS
N0TOKa, Ucnonb3ys Gopmyny (2) ana KILJI Bentunaropa u npuHsB @, 3a CpeAHepac-
XOIHYIO CKOPOCTB Ha BBIXOJIE U3 pabovero Kojeca, IoIy4YnuM B BUAE:

12L8. Vv iy P — Poe
n4/3 lnw(pz(l)g+%=0. (3)

y

VYpaBHeHHE Uil ONTUMAaIbHON BEJIMYMHBI KO3 (UIMEHTa CpelHePacXOIHON CKO-
POCTH BEHTHJISITOPHOW YCTaHOBKH, UCTIONB3ys ¢popmyay (2) anst KIIJI mo cxeme «K» u
NPUHSB @), 33 CPSIHEPACKOIHYIO CKOPOCTh Ha BBIXOJIE H3 PabOYero Koeca, Moy YnM
B BUJIE:

121,8ln Vo s

4/3 2([)20l
n [—v> 7

2 2
(P2yopt - (p20pt

—183-1078n g}, + — =0, (4)

VpaBHeHue (4) Ui ONTUMAIBHON JIOKAJbHOW BEJIMYMHBI KO3(D(HUIMEHTa 0CEBOM
CKOPOCTH BEHTHIITOPA @, MOIYYCHO NPH YCIOBHH HE3aBHCHMOCTH KOO uIieHTa
a’pOAMHAMHYECKOTO KauecTBa npoduiield pemeTku k oT koadhduLneHTa oceBoi CKOpo-
ctu @,. Ipu yuete 3aBucumoctu k = f(¢, ) =k, +(28k/¢, ) =k, + Ak ypasuenue (4)
MOXKHO TIPEJCTaBHUTh B BUJIE:

q’ﬁopt = (p2opt v 1+A_k’ (5)

rae Ak =Ak/ky; dk, k, — mnana3oH M3MEHEHUs ko3¢ GHUIKEHTa a3pOIUHAMUYECKO-
ro KayecTsa Mpouiieii pabounx Kojaec B AMANa30H @, — @, . W €0 3HAYCHHS JUIL
(PZ - (p20pt‘ .

W3 ananmmza ypaBuenutii (3), (5) BumHO, 94TO 131;160p0M BEITHYIH @y, B @, MOXKHO
BiusATh Ha KI1Jl BeHTHISATOpa M BEHTHISITOPHON YCTAaHOBKH, a TAKXKE HA MX Ta0apHUThI
Y Maccy B 3aBHCUMOCTH OT BEJIMUMHBI YIEIbHON OBICTPOXOIHOCTH.

MaxkcumanbHoe nokansHoe 3HaueHue KIIJ[ Bentunsaropa ¢ yderoMm [7, 8] mpu
©, = @y 1 &= 0 OMYUHM B BHJIC:
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_ 2(p20pt _ 18277 v 2/3

nmax = 1 k n4/3 1n 1 _ V2 (p20p[' (6)

y

MakcumanbHoe JnokanbHoe 3HaueHue KIIJI BEHTWISATOPHOW YCTaHOBKH IIpU
@5y = @y 0p ¥ &> 0 TIOMYHHM B BHIIC:

20,,, 3 43473
= I_Tym_4,110 &ny (P2yopt n4/3 lnl—\)2 (‘p20pt‘ (7)

y max
y

Takum o6pazom, MmakcumaiabHoe 3HaueHue KII/| BeHTHIsTOpHON YCTaHOBKH SIBIIS-
eTcsi PyHKIMeH KHHEMAaTHYECKHX 1apaMETPOB ¢, 71, U TCOMETPHIECKHX T1apaMeTpOB,
OTIpeneNsIomuX Ko3QQUIHEHT adpOJMHAMUYECKOTO CONPOTUBICHHUS] POTOYHON Ya-
ctu &. [locne cooTBeTcTBYIOMMX NpeoOpa3zoBanuii ¢ yueroMm dopmya (3)—(7) ypaBHe-
Hue cHiwkeHus KI1J| BeHTunaTopHoil ycTaHOBKH ITPH OTKIOHEHUH €€ PeXUMa paboThl
OT ONTHMAIIBHOTO (@, # @, MOKHO TIOTY4HTb B CIICIYIOMIEM BUJE:

-3 (“PZ - (pZyopt) 1 4/3 2(p2yopt 4/3
A2 T D et | SRy o45 | 8
(p2 k y (P2/3 2 ( )

2

An, =4,1-10

W3 ypaBuenutii (5)—(7) BUIHO, 4TO NpH pa3padOTKE BEHTHISATOPOB C OONIBIIONH ObI-
CTPOXOIHOCTBIO HEOOXOIMMO 0c000€ BHHMAHHUE YNENSTh a3pOIMHAMHYCCKOMY Kade-
CTBY po¢uiieit paboYHx KOJIEC U IPOTOYHOM YacTH.

CyuiecTBeHHOE 3Ha4€HHE AJIsl SKOHOMHUYHOCTH BEHTWIATOPHBIX YCTAHOBOK UMEET
BEJINYMHA OCTATOYHON 3aKPYTKHU MOTOKA 32 PadOYMM KOJIECOM, IIOCKOJIBKY IpPEACTaB-
JsieT co00M aspoIUHAMUYECKHE TTOTEPH SHEPTUH. 11 BEeHTHIIATOPHBIX YCTaHOBOK C
OJJHUM pabOYUM KOJIECOM, BHIITOJHEHHBIX M0 a3poAMHAMHUYECKOi cxeme «K», Bennuu-
HY OTHOCHUTEIILHON OCTAaTOMHOl 3aKpyTKH 110TOKa C,, TIOCNE COOTBETCTBYIOMIMX Mpe-
00pa3oBaHUi MOYKHO TIPEICTAaBUTh B BUJIE:

_ 274 . (p2/3
2uopt = Tf : (p2yopt . (9)
y

W3 ananusa popmynsl (9) BUAHO, YTO C YBEIMUYCHUEM OBICTPOXOJHOCTH CHUKAETCS
JIOKaJIbHOE OTPHULIATENILHOE BIMSHUE OCTATOYHON 3aKPYTKH, YTO OOYCIIOBJICHO YMEHb-
HIEHUEM YIeJIbHON NOTeHIMAILHON SHEPTUH IIOTOKA, IEPEMEIIAEMOr0 BEeHTHIIATOPHOM
YCTaHOBKOM.

JuaMeTp U OKPYXHYIO CKOPOCTb BEHTWJIATOPHOH YCTAHOBKU JUIS JOCTHXKCHUS
JIOKAJbHBIX MAaKCUMYMOB ONPEACIAIOT UCXOASl 3 MUHUMAaJIBHO MOTpeOnseMol MOIL-
Hoctu. [loncraBuB B ypasuenue st KIIJ (6) pacxon u naBieHHe BEHTHISTOPHOMN
YCTaHOBKH, MOXXHO HOJIYYUTh B 00IIEM BuAE (PYHKLHUIO, YCTAaHABIMBAIOIIYIO B3aUMO-
3aBucuMocTh KIIJI BeHTHIATOpHOM yCTaHOBKH, ee nonady (O, ko3huIueHT a3poau-
HaMHYECKOro KauecTBa npoduiei, KoaQpPHULUUEeHT adpOoIMHAMHUYECKOTO CONPOTHUBIIE-
HUSI IPOTOYHOM YaCTH, OTHOCUTEIbHBIN JUaMeTp BTYJIKH paboyero Koneca U 1uameTp
pabodero xoneca DAQ, n, k, & n, D, u,m ) = 0. IIpn 3a1aHHBIX 3HAYCHHSX pacxoia u
JAaBJICHHUS BEHTWIATOPHOHN yCTAaHOBKH U3BECTHA €€ yeJIbHas OBICTPOXOJHOCTD. Takum
00pa3soM, NpH TaHHBIX 3HAYCHUSX N, k, & MOXXHO HAWTH JIOKAIbHBIC ONTHMAIIbHBIC

3HAYCHHA OKPYKHOU CKOPOCTHU uopt BpallcHus pa60qer0 KoOJIeCa U €ro AuamMeTpa Dopt’
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cootBercTByonMe MakcumaisHoMy KIIJ| BenTunaTropaoit ycranoBku. [lorpebnsemast
MOLIHOCTb IIPX 3TOM OYyZIEeT COOTBETCTBOBAaTh MUHUMAJILHOMY 3HAY€HUIO. AHAIUTHYE-
CKOE€ pelIeHne JaHHOH 3aJa4il BECbMa CJI0)KHO, 10 3TOM IPUYMHE B TAHHOM CIydae OHa
pelaeTcs B 1Ba dTarna.

Ha Bropom sTane npy 3a1aHHbIX 3HAYCHUSX NAPAMETPOB 1), ¢, V ISl OBBILICHHS
HKOHOMHYECKOH 3(p(heKTHBHOCTH BEHTHIIATOPHBIX YCTaHOBOK GO IOl OBICTPOXOIHO-
CTH ONTHMHU3UPYIOT TEOMETPHIO Tpoduiieli Jonarok pabouero Koieca, 3aKOH 3aKpyT-
KU U TYCTOTY PEUIETKU M0 paauycy, KpuBu3Hy npodwuneit [3, 10, 11]. Ilpodunmuposa-
HHE JIONIATOK Padodero Koieca, OCHOBAHHOE HAa TEOPETHUYECKHX XapaKTEPUCTHKAX H
pe3ynbTraTax UCIbITAHUH PEIIeTOK, HE BCErJa MOXKET OBITh ONTHUMAaJbHBIM, HO JaKe
€CJIM 3TU BEJIMYMHBI BHIOpaHBI MPaBUIBHO, T. €. HA PACUETHOM PEXKHME OTCYTCTBYET
OTPBIBHOE BUXpeoOpa3oBaHMe, IPH IpyTuX, Oojiee ONTHUMAIBHBIX COYETaHUSIX Mapa-
METPOB MOXKET MPOU30HMTH HekoTopoe nosbieHne KI1JI, obecnieunBaromee 3anac mo
a3POAMHAMHYECKOMY COMPOTUBICHUIO IO PEKMMa MaKCUMAaJIbHOTO naBieHus [12, 13].

Pe3ynbTaTsl U 00cy:xaeHue. B cratbe 3a1ada moctaBiieHa TaKuM 00pa3oM, YTOOBI
YCTaHOBHUTh HPE/IC/bHBIC COYCTAHUS TAPAMETPOB 1, P, V, IPH KOTOPBIX OJHO3HAYHO
Oyzer UMeTh MecTo Oe30TphIBHOE OOTEKaHHUE, T. €. TAKOE COUYETaHHE apaMeTPOB, PH
KOTOPOM CYLIECTBEHHO MOBJIUSATH HA MX BEIMYUHY NPO(QUINPOBAHUEM NPAKTHYECKH
HE MPECTaBIETC BO3MOKHBIM. J[11 MOCTpOEHUs BEHTWIIITOPHOH YCTaHOBKH, o0ec-
NEeYMBAOLICH NP 3aJaHHBIX MapaMeTpax HauOOJbIIYI0 SKOHOMHYECKYIO 3(deKkTus-
HOCTB, HE0OOXOANMO JOOMBATHCSI MUHMMAJIBHBIX IOTEPh YHEPTUH B MPOTOYHON YacTH,
MaKCHMaJIFHOTO a3pOAMHAMHYECKOro KauecTBa npoduiel Jonarok padouero xoineca,
ONTUMAJILHON OCTAaTOYHOW IHUPKYISALUHN HA BBIXOAE M3 pabouero koneca, HauOOIb-
1iell paBHOMEPHOCTHU TOJSA CKOPOCTEH MPH BXOIE HA TEINIOOOMEHHUKH BO3ILYLIHOTO
oxnaxaernus (TBO) [10, 13—15]. MHoro4ucieHHbIE HCCIEOBAHUS 110 ONPEACICHUIO
ONTUMAJILHBIX U MpeAebHbIX 3HAYeHUI Aal0T BO3MOXKHOCTh 3aMKHYTD 3a/1a4y BBIOO-
pa pacdeTHbIX napameTpoB. OueHb Ba)XKHO, YTO yKa3aHHOE IMO3BOJIAET JUId Ka)KJOTO
TUINA a3POANHAMHUYECKON CXEMBbl BEHTHJIATOPHOW YCTAHOBKHM ONpPENENUTh TUANa30H
3HAUYEHHH YIeTbHOH OBICTPOXOAHOCTH, COOTBETCTBYIOIIMI PeXUMaM MaKCHUMAaJIbHOTO
KIIJ] npu pa3nu4HbBIX 3HAUEHUSX OTHOCHUTEIBHOIO AuaMmeTpa BTyJAKd. CBsA3b pacyer-
HBIX IApaMETPOB C BETMUYMHOHN yAEIbHOM OBICTPOXOAHOCTH UMEET OOJIbIIOE 3HAYCHHUE,
MOCKOJIBKY OHAa IPAaKTUYECKH M3BECTHA MO 3aJjaHHBIM IapaMeTpaM: JaBIEHHIO, IPO-
M3BOJUTENBHOCTH BEHTWIATOPHON YCTaHOBKH, YacTOTE BpallleHHs pabodero Koseca.
3aMbIKaHUE 33Ja4ll ONPEAETICHHS PACUETHBIX MapaMeTPOB OCYIIECTBISAETCS METOAOM
MOCTIEOBATEIbHBIX MPUOMMKEHUN ISl Pa3MuHBIX a’poArHaMH4Yecknx cxeM. Ilocie
9ero MoJTy4yeHHbIE TapaMeTPbl CPABHUBAIOT TS Pa3INYHbBIX 3HAYEHUH OTHOCUTEIBHOTO
JauaMeTpa BTYJKH. I10CcKonbKy N3BECTHBI BETUUMHBI OTHOCUTENBHOM OBICTPOXOAHOCTH,
ko3¢ GHULKEHTa MOJaYH JAaBICHUS U OTHOCUTEIBHOIO AUaMeTpa BTYJIKH pabouero Ko-
neca, MoxeT ObITh paccuntad KII/ BEeHTHISTOpHON YCTAaHOBKH C Pa3MUHBIMU 3HAYC-
HUSIMH KO3 PULIUEHTA a9POIUHAMUYECKOTO COPOTHBIICHNUS MPOTOUHOH yactu. OOpa-
00TKa pe3ybTaToOB MO3BOJIIET MOCTPOUTH 3aBUCHMOCTD NPENENbHBIX MaKCUMAaIbHBIX
3nadeHni K11/l BeHTUIATOpa M BEHTHISITOPHOW YCTaHOBKH, YAEIBHON OBICTPOXOIHO-
cTH, K03 uimenTa 1aBieHs IPU pa3InYHbIX 3HAYCHUSIX OTHOCUTEIBHOTO AUaMeTpa
BTYJIKU U KO3(QQHULMEHTA a3pOAMHAMUYECKOTO CONPOTUBICHHS TPOTOYHON YaCTH IS
pas3HbIX cxeM BeHTwIsITopa. [Ipu aToM a5 obecniedeHns: MakKCUMaIbHOM 3 PEeKTHBHO-
CTH almapaToB BO3AYIIHOTO OXJIaXIECHUS HEOOXOAUMO B Ka4eCTBE H3BECTHOW BEJTMYH-
HBI IIPYHUMATh ONTUMAaJIbHbIE 3HAUEHHUsI OCTaTOYHON 3aKPYTKU IMOTOKA Ha BBIXOJE U3
pabouero kosneca. Kaxxpomy pacueTHOMY 3HaU€HHIO KO3 PHUIHUEHTa paCXOIHON CKOPO-
CTH P AaHHOH yAETbHOM OBICTPOXOAHOCTH COOTBETCTBYET HAUOOIBILEE OMYCTHMOE
3HauY€HHE OTHOCHUTENFHOTO JuaMeTpa BTYJIKU pabouero kojieca. [lpu 3amaHHBIX pac-
YETHBIX 3HAYCHUSAX YIENbHOW OBICTPOXOIHOCTH, KOA(PPHUINEHTa PACXOIHONH CKOPOCTH,
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OTHOCHUTEJIFHOTO JMaMeTpa BTYJIKH IPH Pa3HBIX 3HAYCHUSIX KO3(pQHUIUEHTa a3poarHa-
MHYECKOTO COITPOTUBIEHUS IPOTOYHOM YAaCTH CYIIECTBYIOT IPEEIIEHO BO3MOKHBIE 3HA-
gyenus KI1/I. [To 3Toit mpuumHe A7 BEHTUIISITOPHBIX YCTaHOBOK MCIONIB3yeMbIX B ABO,
NPUHIUIAAILHOE 3HAaYeHHE HMEET CHIDKEHUE Kod(h(HIMEeHTa a3pOIHHAMHIECKOTO CO-
HPOTHUBJICHUS IPOTOYHON YAaCTH U IOBBIIIEHHUE a3POIUHAMUYECKOT0 KauecTBa Ipoduiieit
JIONATOK PabouMX KOJIEC Ul CO3MaHUSI BBICOKOOKOHOMUYHBIX BEHTHIATOPHBIX YCTaHO-
BOK C MUHHUMAJIbHO BO3MO>KHBIMH I'a0apUTHO-MAaCCOBBIMH XapaKTEPUCTUKAMHU.

a
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Pucynok 1. I'paduk 3aBucumoctu mpenensHbix 3HaueHuid KI1J] BeHTHIATOpA,
BEHTWJISITOPHOH YCTAHOBKM M YIENBHOW OBICTPOXOAHOCTH OT Ko3dduuueHra
PacxomHOIT CKOPOCTH TIPH:
a-v=028;6-v=0451-0=0,2-(=04;3-(=0,84-(=12
Figure 1. A graph describing the dependency of fan efficiency factor limiting
values, fan system, and specific speed on the flow coefficient under:
a-v=0.28,6-v=0451-(=0,2-(=04;3-0=08;4-(=1,2

Ha puc. 1 npuBenena 3aBUCUMOCTh TpenenbHbix 3HadeHni KI1J] Bentunstopa u
BEHTWISITOPHON YCTAaHOBKU JUIsl Pa3IMYHBIX 3HAYCHUH KOA(PPHUIMEHTA adpOoTUHAMU-
YECKOTO COMPOTUBIICHUSI TPOTOYHOHN YacTH OT K03 UIMEHTa PACXOAHON CKOPOCTH.

W3 ananuza puc. 1 BUIHO, 4TO KaKIOMY 3HAUCHHIO YJIEILHON OBICTPOXOJHOCTH M
OTHOCHUTEIIFHOTO JTUaMEeTpa BTYJIKH pabouero Kojeca COOTBETCTBYET ONTHMAIIbHBIH
KOS PUIMEHT PACXOJHON CKOPOCTH, NMPH KOTOPOM JIOCTUTAETCSI MPEebHOE MaKCH-
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MaJIbHOC 3HA4YCHHC KHH BeHTHJ’IHTOpHOﬁ YCTAaHOBKHU C KOHKPETHBIM 3HAQUCHHUCM KO-
3(1)(1)I/I]_II/ICHTa A3pOANHAMHUYCCKOI0 COIMPOTUBIICHUS HpOTO‘IHOﬁ qaCTu BCHTI/IHHTOpHOfI
YCTaHOBKH I10 aBpO,Z[HHaMPI‘IeCKOﬁ CXEME C OAHUM pa60qu KOJIECOM K. HpI/Iqu qeM
Ooblie K03(1)(1)I/ILII/ICHT A3pOANHAMHUYCCKOTr0 CONPOTHUBIICHUA HpOTO‘IHOﬁ qaCTu, TEM
MCHBIIIE ONTUMAIbHBIN K03(1)(1)I/II_[I/ICHT pacxozmoﬁ CKOPOCTH U OlITUMAJIbHAA YACJIbHAA
6LICTpOXOI[HOCTL, YTO HEM3OCIKHO MNPUBOAUT K YBCIIMUCHUIO KOB(l)q)I/ILII/IeHTa JaBJICHUA
BeHTHJ’ISITOpHOfI YCTaHOBKHU.
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Pucynok 2. AspoauiHaMHUYecKUE XapaKTEPUCTUKH BEHTUJISTOPHON YCTaHOBKU
OI'M.BY 2,5-0,6K4:
@ — 3aBHCHMOCTS cTarudeckoro i nmouxoro KITJ 1, n, or nogaun O, M - ¢’!; 6 — 3aBrucHMOCTH
CTATHYECKOrO U MONHOro fasnenns P, P, Ila ot nogauu O, M3 - ¢!
Figure 2. Aerodynamics characteristics of OGM.VU 2,5-0,6K4 fan system:
a — dependence of static and total efficiency factor , 1, on volumetric flow rate O, m* - s7!;
6 — dependence of static and total pressure P, P, Pa on volumetric flow rate Q, m? - s!

s BepuuKauy mosyyeHHBIX 3aBUCHMOCTEN MPOBEIEHBI PACUEThl U a9pOJUHA-
MHYECKHE HCIBITAHUS MOZEIN BEHTUIATOPOHON ycTaHOBKHM anst ABO raza mns cre-
JYIOIIUX MapameTpoB: monHoe aasienue P = 200 Ila; momawa Q = 41 m3 - ¢!; KIIJQ
n = 0,86. IlonmyueHHbIe pacueTHbIE NapaMeTPhl: OTHOCUTENBHBIA TUaMETP BTYJIKU pa-
Oouero komeca v = 0,28; onTUMaIbHBIH KOA(QQPHULIUEHT CpeIHEPACXOTHONH CKOPOCTH
¢, = 0,126; ynenbHass OBICTPOXOIHOCTb n, = 430; OKpyKHas CKOPOCTb BpAIICHHSI
pabouero koseca u = 58 m/c. Ha puc. 2 nmpuBeaeHa a3poanHaMHUYecKas XapaKTepH-
CTHKa BeHTWIATOpHOW ycraHoBKM OI'M.BY 2,5-0,6K4. Oxcmmyatupyrommuecs B
HacTosIlee BpeMs BEHTWIATOpHblE ycTaHOBKM uid ABO rasza tuma TAIL-28-CT
nmerot KIIJI = 0,71, 1. e. Ha 18 % menbwme KII/| BeHTUIATOPHON yCTaHOBKM THIIA
OI'M.BY 2,5-0,6K4, cipoeKTUpOBaHHOI IO METOUKE.



52 “Minerals and Mining Engineering”. No. 8. 2021 ISSN 0536-1028

BobiBoabl. [TokazaHo, 4TO 1151 BEHTHIISITOPHBIX YCTaHOBOK, BBIMTOJHEHHBIX 0 a3po-
JUHAMHUYECKOH cXeMe ¢ OJHUM padounM KosmecoM «Ky, IJist KaXK0ro 3Ha4YeHUs1 OTHO-
CUTENFHOTO TMaMeTpa BTYJIKH paboyero Koieca 1) CynieCTBYEeT ONTUMAIbHOE 3HAaYEHUE
YIEeNbHOW OBICTPOXOTHOCTH Moo VIS KGKIOTO 3HAYCHHS K03 GUITHEHTa adpPOaHA-
MHYECKOTO COIPOTHUBJICHUS IPOTOYHOM YacTH, IPU KOTOPOM JIOCTUTAETCSI PEACTIbHOE
MakcumanbHoe 3HaueHue KI1J[ ycranosku. [Ipu n = 0,28, £ = 0,1 npexensHOe 3HAYE-
Hue KIIJ BeHTHIIATOPHOH yCTaHOBKA N, = 0,86 mocTturaeTcs mpu ONTHMAIBEHOM

3HAYEeHUH YIEIbHON OBICTPOXOTHOCTH oo = 430.

[lokazano, 4To A1 BEHTHISITOPHBIX YCTAaHOBOK OOJIBIION YIeNbHON OBICTPOXOIHO-
cTH, npuMeHseMbix B ABO rasza, onTuMusanusi pacXxogaHoi CKOPOCTH MOTOKA U YI€Nb-
HOW OBICTPOXOIHOCTH MO3BOJseT He MeHee 4eM Ha 15 % moswicuts KIIJ] n Ha 12 %
CHHM3UTh Ta0apUTHBIE TapAMETPHI.

YcTaHOBIEHO, YTO CHUKEHUE KO3 HUIKEHTa a3pOANHAMHYECKOTO CONPOTUBIICHHS
MPOTOYHOM YacTH MO3BOJIUT MOBBICUTH 3KOHOMUYHOCTh BEHTHIATOPHON YCTaHOBKH HE
MeHee yeM Ha 18 %.

Jnis Kaxnoro 3HaueHHs yAETbHOM OBICTPOXOOHOCTH BEHTHJISITOPHON YCTaHOBKHU
CYLIECTBYET ONTUMAJIBLHOE 3HAYEHHE OKPY>KHOM CKOPOCTH, TPH KOTOPOM JTOCTHUTAETCs
JIOKaJIBbHBI MUHUMYM MOTPEOIsIEMON MOIIIHOCTH.
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Optimizing the parameters of gas air-cooling unit fan systems

Nikolai P. Kosarev', Vladimir N. Makarov', Aleksandr V. Ugolnikov!, Anna M. Belskikh!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research relevance. The article proves the advisability of applying high-speed axial fan systems by
aerodynamic configuration with one impeller for gas air-cooling units.
Objective and methods of research. Equations for the efficiency factor of a fan system and a fan depending
on flow kinematics and fan system geometry have been obtained by mathematically analyzing axial flow
turbomachine main regularities.
Results. Based on the optimization theory, the formulae for maximum efficiency factor for a fan and a fan
system of various specific speeds have been obtained depending on the flow coefficient and the impeller
hub ratio. The method of creating the axial fan system aerodynamic configuration has been proposed
for the K-type gas air-cooling units with the limiting maximum values of the efficiency factor for the
prescribed values of the specific speed, impeller hub ratio, lift-to-drag ratio of the impellor profiles, air-
flow resistance coefficient of the flow channel, and the flow coefficient. The capability was shown to create
the fan system with a speed exceeding 400 and efficiency of not less than 0.86.

Keywords: fan system; flow channel; input elements; output elements; efficiency factor; specific speed;
lift-to-drag ratio; air-flow resistance coefficient.
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JKBMBaNEeHTHOe yCUnMe NPMBOAA LWAXTHOTO NogbLema npu rpaduke
CKOPOCTH B BuAe TpaneLmu

3anasuHckuu A. I."*, OBunnn 1. A2, IBuHuHa J1. B.2
" MHeTuTyT MawmnHosegeHus YpO PAH, r. EkatepuHbypr, Poccus
2 YpanbCkuit rocyapCTBeHHbI ropHbIit yHUBEpCUTET, I. EkaTepuHBypr, Poccus

*e-mail: zalaz@list.ru

Peghepam
Beeoenue. Mownocmp dsueamens u 5K8U8aieHMHOe YCUIUe HA padoiem Opeane 3a6UCsm om 6U0d 2papuxa
ckopocmu. H3yuenue 0aHHOU 3a8UCUMOCMU NO36OIUM HAUIMU IKEUSALEHNHbIE YCUNUS U HA OCHOBAHUU
CPABHUMENLHOU OYEHKU pa3pabomams npoeKmHbie PeKoMeHoayuu no evloopy payuoHaIbHOU (Gopmbl
epaura. Haubonee wuporoe pacnpocmpanenue noiyuunu epaguxu 6 eude mpaneyuu u napadoisl.
Hacmoswee uccredosanue nocesujeno onpeoenenulo IKUBAIEHMHO20 VYCULUSL NPU MpaneyuesuoHoM
epaguxe ckopocmu.
Memoouxa npogedenus ucciedosanus. Anarnumuyeckuii Memoo pacuema yuumoléaem, Yumo, 6 Omauyue
Om napabonuyecKozo papura CKOpocmu, MmpaneyuesuoOHsll OONYCKAem MHOICECMEO CKOpocmel u
VCKOpeHUll He MONbKO NPpU PA3TUYHBIX, HO U NPU NOCMOSIHHBIX 3HAYEHUSX GbICOMbL NOObEMA U BPEMEHU
0BUIICEHUS, YMO 3HAYUMENILHO PACWUPSIEN 803MOICHOCIU Ol 8bl60PA PAYUOHATLHBIX OUHAMUYECKUX
pedicumos. Ceoticmeo mpaneyuii Ovims HepagHobeOpeHHbLIMU euje DOIbULE PACUIUPSIENt JMU B03MONCHOCTIU.
Ipu 6v1600e pacuemnvix 3a8ucumocmeti yumeHsl OanHble 0COOEHHOCMU MPANEYUEBUOHO20 2PAPUKA.
Pezynomam uccnedosanus. Bvinonnen ananus KUHEMAMUKU cOCyOd WAXMHOU NOOBEMHOU YCMAHOBKU
¢ mpaneyuesuonbim epagukom cxopocmu osudicenus. Ilomyuenvi gopmynvl, noseonsiowue 6Oe3
npeosapumensHo20 pacyema u NOCMpoeHUsi paQuKko8 CKOpOCmu, YCKOPeHUll U YCUIull onpeoenuns
cpeodHeKeaopamuyeckoe U 9IKGUBANEHMHOE YCUNUS, Npueoonvle Ol OYEHKU YerecoobpasHocmu
UCNONBL308ANUSL MPANEYUEBUOHO20 2PAGPUKA.
Buisoowr. [Ipumenenue mpaneyuesuonozo epagura ckopocmu obecneuuéaen 03MONCHOCMb DOIbULOZO
6b100pa IHEP2EMUUECKU YeNeCO0OPAHBIX OUHAMUYECKUX PEXCUMO8, MAK KAK MU PENCUMbl 3A8UCIM He
MONbLKO OM 4ACMOmMbl Onepayuli, Ho U Om CmeneHu HenoIHOMbl U KO3 Guyuenma acummempuu cpapuxa.
Tonyuennvie ananumuueckum nymem KUHEMAMUYeCKUe U CULOBbLE 3AGUCUMOCTU NO3BOJSIOM COeNams
060cHo8annbIll 8b160p epagpura CKOpOCMU NPU NPOEKMUPOBAHUL WUAXIMHOU NOObLEMHOU YCMAHOBKU.

Knroueente cnosa: wiaxmuas nodvemnasn ycmanoska; sk6U6aneHnHoe ycunue; CpeoHeKeaopanmuyieckoe
yeunue; CKOpocmb NOObeMa; Zpapur CKOpOCmu, mpaneyuesuomvlil epaQux; acummempus zpaguka
cKkopocmiu.

Beenenue. CranuoHapHble YCTAHOBKH IIAXT, H B UX YHCJIC TVIABHBINA MOJBEM, OT-
HOCATCSl K HEOTHEMJIEMbIM KOMITOHEHTAM TEXHOJOTMYECKOTO KOMITIEKCa TTOI3EMHBIX
JTIOOBIBAIOIINX TIPEIITPUATHI. POCT TPON3BOMUTEIBEHOCTH M TOOBIYA ¢ OONBITHX TITYOHH
NPEABSBISIOT MOBHBIINICHHBIC TPEOOBAHUS K TOABEMHBIM MalllMHAM. X pUTMUYHOE U
0e30TKa3HOEe PYHKIIMOHUPOBAaHKE o0ecIIednBacT OecriepeOoHYT0 BRIIauy NCKOITaeMO-
ro Ha-Topa. HagesxxHocTh 1 2HEprodhPEeKTUBHOCTE MOABEMHON YCTAHOBKH B OOJBIITOMN
CTETICHH 3aBUCST OT MPABMIBHOTO BHIOOPA 3aKOHA H3MEHEHHSI CKOPOCTH JIBHIKEHHS CO-
cyna [1-9].

Ha MoIHOCTB IBUTATENS U SKBUBAJICHTHOE YCHIIHE HA paboveM OpraHe BIHSET BUJI
rpaduka CKOpoCTH (Tparenwsl, mapadoia, CHHycouaa u ap.). M3yueHue 1aHHOTO BITHS-
HUSI TIO3BOJTUT HAWTH SKBUBAJICHTHBIC YCUIIHS ¥ HA OCHOBAHUHW CPaBHUTEIBHOM OIECHKH
pa3paboTaTh MPOCKTHBIC PEKOMEHIAINH TI0 BRIOOPY paIlMoHaIbHON (HOpMBI rpaduka.
Haubonee mupokoe pacnpocTpaHeHHEe MOTYYHI rpaduKy B BUJEC TPANCIUK U Mapa-
ooubl. Hacrosiee nccnienoBanue MOCBSINEHO ONPEISICHHIO YKBUBATCHTHOTO YCHITHSI
TIPH TpaneueBUIHOM rpaduke ckopocta [10—14].
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MeToanka npoBeaeHus ucciaenoBanus. B otmuuue ot napabonuueckoro rpadu-
Ka CKOPOCTH, TPaIeIUeBUIHbIA Tpaduk (puc. 1) J0myckaeT MHOXKECTBO CKOPOCTEH
Y YCKOpEHH HE TOJILKO MPH Pa3IUYHBIX, HO U IPU MOCTOSHHBIX 3HAYCHHSAX BBICOTHI
nojabeMa H 1 BpeMeHH ABMKEHUS 7, 4TO 3HAUUTENBHO PacIIUpsieT BO3MOKHOCTH IS
BHIOOpA PallMOHANBHBIX TUHAMHUYECKUX PEKIMOB.

CBoiicTBO Tpaneuuii ObITH HepaBHOOSIPEHHBIMH €1lle OOJIbIIE PACIIUPSET STH BO3-
MOXKHOCTH, YTO ITO3BOJISIET IPU BBIOOPE YCKOPEHHH U 3aMeIJIeHUI CTPOro coOmoaaTh
HOpPMaTHBHBIC TPeOOBaHUS Ha IpoeKTUpoBaHue [15—18].

i

4 st st t

T

Pucynoxk 1. TpanenueBuaHbIH rpadyK CKOPOCTH:
V ax — CKOPOCTb PaBHOMEPHOTO J[BUIKEHHUS; ¢, — JUIMTEIBHOCTh MEPUOIA
PaBHOMEPHOTO JIBHKEHHS
Figure 1. Trapezoidalal velocity graph:
V ax 18 uniform velocity; ¢, is the duration of the uniform velocity motion

ﬂﬂﬂ TOro LITO6I)I YCKOPCHUA U 3aMCIJICHUSA HC BBICTYIIAJIM KaK CaAMOCTOSATCIILHBIC
napaMeTpbl JUHAMHUYCCKUX PEIKHUMOB, YTO YCIIOKHUIIO OBl HCCJICA0BaHNA, OHU MOT'YT
OBITh 3aMEHEHBI OJHUM IMapaMETpPOM, TaK Ha3bIBACMbIM K03(1)(1)I/IHI/IGHTOM S aCUMMCE-
Tpuu rpadrka cKOpocTH:

T1€ { — TeKyIIEee BpEeMs IBUKEHUSA; {; — BpEMs IIEPUOJA YCKOPEHHUS; {; — BpEMs IIeprojia
3aMCJICHU.

BBenem 0003HaueHUs: a — TeKyllee YCKOpPEHHEe paBHOOEIPEHHOTO rpaduKa CKOpo-
CTH; d,; — YCKOPEHUE NI€proJia pa3roHa; a, — yCKOpEHHE Nnepuoaa 3aMeIJICHUs.

I1pu 3HaueHusX ¢ > 1, Oy/ieM CUHMTATh § MTOJOXKUTEIBHBIM, 8 IPU 3HAYCHUSX ¢ < t -
OTPHIATEIILHBIM.

KoadduupmeHt s MOKeT ObITh BEIUMCIICH CIIEAYIOMIMMH CIIOCOOaMu:

s:+t3_t1 _ 1 44 :+a1—a:ia

t,+1, a, +a, a, a,

—a

3

ITpy NOCTOSAHHBIX 3HAYEHHUAX BBICOTHI H, MAKCUMAJILHOM CKOPOCTH V¥ BpEMEHU
T’ u3MEHEHUE MEPUOIA YCKOPEHUS ¢, BO3MOXKHO TOJILKO 3 CYET U3MEHCHHUS MEPUOIA
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3aMCIOJICHUA [3, a4 U3BMCHCHHUC YCKOPCHMS a — 3a CYCT U3MCHCHUA 3aMCIJICHMS a5 U Ha-
O60pOT, KaK IIOKa3aHO Ha puc. 2.
BpeMH 1 YCKOPECHUE C UCIIOJIBb30BAaHUEM ITapaMETpa s ONPEACIIAI0OTCA TAKUM 06pa30M:
a a
= ; a3 = .
IF¥s 1+s

L=0Fs) ty=1=%s) a

OTHONICHHS YCKOPEHU U BPEMEHH CBSI3aHBI ¢ KOA(h(OUIIMEHTOM aCHMMETPHH:

a, t; lEs

3
a, t, 1Fs

Ha puc. 2 moka3san rpauk U3MEHEHHS BEIMYUHBI d,/d; B 3aBUCUMOCTH OT K09 hu-
uuenTa s. Buano, uto npu sHadennax s = 0,2 u s = 0,333 oTHOMmIEHHUE a,/a, JOCTHTAET
3Hauenuit 1,5...2,0, a npu s = 0,5 cTAHOBUTCS paBHBIM TPEM.

(11/(13
4 -

0 0,2 0,4 0,6 s

Pucynok 2. I'paduk pyHkumu a/as (s)
Figure 2. Graph of the function a,/a; (s)

Kpome Toro, rpadguk ckopocTs B hopMe HepaBHOOSAPSHHOW Tpareun mpu o01ei
CTETIEH! HETOJHOTHI 0, PABHOW CTETIEHU HEMOJIHOTH paBHOOEIPEHHOro rpaduka cKo-
POCTHU U ONIPEALIISIEMO IO BBIPAKEHUIO

v T

max

H

o=

2

MMeEET 7151 JIEBOI CTOPOHBI OHY CTENIEHb HETIOJIHOTHI:
a, =1+(a-1)(1Fs),

a JI7Isl TIPaBOM CTOPOHBI — JIPYTYIO:
a,=1+(a-1)(1ts).

Mexny mapameTrpamu rpaduKoOB CKOPOCTH B BHAC paBHOOCAPEHHON 1 HepaBHOOES-
PEHHOM Tparenuu CyniecTBYeT CBs3b, BhIpaXKeHHas GOpMylIaMHu:

a=0,5a, +a,); t=0,5(¢, +1);
2

x=0,5(x, + x;); a=i,
al +a3

TIIE X, X, X; — IEPEMEILECHUE CKUIIA 3 BPEMA 1, {,, [; COOTBETCTBEHHO (pHC. 1).
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DKBHBaJICHTHOC ycuine nmoabeMa ]73 OMpeaAcIACTCA € YYETOM CPpCAHCKBAAPATUICC-
KOT0 yCuJIid u yc.]'[OBPIfI OXJTAXKACHHUA ABHUIaTCIIA 110 Q)opMyne:

F =2
R

e F, px ~ CPEIHEKBA/IPATHYECKOE yCHIIHE; B — KO3 PHULMEHT, yUUTHIBAIOLIUI YCIOBHS
OXJIKICHUS JBUTATEIIS.

CpenHexBaipaTniecKoe YCUIIUE PU TPAIEIIMEBUIHOM TpaduKke CKOPOCTH HEOOXO-
JIAMO OTIPENETUTE IIyTEM BBIYHUCIICHUS CyMMBI HHTETPAJIOB:

ZJ'F,?dt
==

Cp.K (1)
rie [, — ycuiie Ha TAroOBOM OpraHe B IIpejielaX y4acTKa Ipaduka CKOpOCTH; i — HOMEP
yudacTka rpaduka (s rpaduka B popme Tparnenuu i = 1, 2, 3).

[lanee paccMOTpeH BEpTHKAJIbHBIM CTAaTUYECKH HEYPaBHOBEIICHHBIM MoabeM 0e3
XBOCTOBOT'O KaHara.

Crarnueckoe ycuiiie B KOHIIE IEPHO/Ia pa3roHa

cr.1 CT.C

v
Foy = Foe+ PH = p=251, )

Crarnueckoe yCHJIME B KOHIIC IEPUOJa PABHOMCPHOI'O ABUKCHUA
F;TQ = F;T.l - meath‘ (3)

Crarnueckoe YCWJIME B KOHIIC I€PUOJa TOPMOKCHUA

V
p— max
F::T.3 - F::T.c - pH + p 7 t3‘ (4)
B dopmynax (2)—~(4) F,, . — NOCTOSHHAs 4aCTh CTATUYECKOTO YCHIIUS; P — IIOTOHHBIN
BEC FOJIOBHOT'O KaHATA.
ITogcraHOBKa BBIpaXKEHUM HapamMeTpoB B uuciuTens Gopmyisl (1) u anredpanye-
CKue MpeoOpa3oBaHus O3BOJISIOT MOJTYYHUTh BBIPAKEHHE

4 2
ZJ.F,.zdt =J.(ch +pH—§a,t2 +ma1j dt +
0

L5} f 2
+_[(F::T.l _pI/maxl‘)2 dt+J.(F::T2 +§a3t2 _ma?;) dt? (5)
b

4

TJe m — MPUBEICHHAs Macca ABMKYIIUXCSA YacTell yCTaHOBKH.
PesynbraTtom nHTErpUpOBaHus BeIpaxeHus (5) sBuseTcs hopmyna

(4-0)
— (6)

Y [Fdt=(F2 + p*H* )T +m'V,, (a,+a,)+4pHmV,,
[IpuMeHnTENEHO K YpaBHOBEUIEHHOMY MOABEMY 4ieHbl (popmynsl (6), comepxka-
Iue p, paBHbI HYJIIO, U BBIPAXKCHUEC CYIICCTBCHHO YIIPOIIACTCA:

CT.C max

Y| Frde=F2.T+mV,, (a,+a).
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Pe3ynbTar McciienoBaHus. BbIMonHEH aHanu3 KUHEMAaTHKH COCyAa IIAXTHOM
NOABEMHOM YCTaHOBKH C TpaneuueBUIHBIM rpadukom ckopoctu Asrkenus. [lomyue-
HBI (OpMYIIBL, TO3BOISIONIE O€3 MPEeABAPUTEIBHOIO pacyeTa U MOCTPOCHUS IPauKoB
CKOPOCTH, YCKOPEHHI M YCHUJINH BBIYUCIUTH CYMMY HHTETPAIOB ZIEzdt H, Clefio-
BaTEJIBHO, ONPE/IENIUTh CPETHEKBAPATUICCKOE U DKBUBAIICHTHOE YCHIIHS, IPUTO/THEIC
IS OLIEHKH 11e7IeCO00Pa3HOCTH UCTIONB30BaHUS TPANCIUEBUIHOTO rpaduka.

BouiBoabl. [IpiMeHeHHe TpanenueBHIHOTO TpauKa CKOPOCTH 00ecredrBaeT BO3-
MOKHOCTB OOJIBIIIOTO BHIOOPA SHEPTETHUECKH [IEIeCO00pa3HbIX JUHAMHYCCKIX PEKH-
MOB, TaK KaK 9TH PEKHUMBI 3aBHCAT HE TOJILKO OT YaCTOTHI OMIEPAIUii, HO ¥ OT CTEIICHH
HETIOJTHOTHI ¥ KO GUIIHEHTa ACHMMETPUH rpaduKa.

[Mony4eHHbIE aHATUTUYCCKUM ITyTeM KHHEMATUYECKHUE U CHUIIOBBIE 3aBHCUMOCTH
MO3BOJISIIOT C/IeIaTh 00OCHOBAHHBIN BBIOOP Tpadrika CKOPOCTH MPH MPOCSKTHPOBAHUH
LIaXTHOM MOABEMHOM YCTaHOBKH.
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Equivalent force of winder drive at a trapezoidal velocity graph

Aleksandr G. Zalazinskii', Leonid A. Dvinin2, Liudmila B. Dvinina'
!nstitute of Engineering Science UB RAS, Ekaterinburg, Russia.
2 Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. Working element engine power and equivalent force depend on the velocity graph type.
By studying this curve, it will be possible to find equivalent forces and, based on the comparative
estimation, develop design recommendations for choosing the graph's efficient shape. Trapezoidal and
parabola graphs are most common. This research determines the equivalent force at a trapezoidal velocity
graph.
Methods of research. The analytic calculation takes into account that the trapezoidal graph allows many
velocities and accelerations not only at different, but also at constant values of the rise and travel time,
whereas the parabola velocity graph does not. It greatly widens the possibilities for efficient dynamic modes
selection. The non-isosceles property of a trapezoidal widens the possibilities still greater. The indicated
properties of the trapezoidal graph were taken into account when deriving the estimated dependencies.
Research result. The kinematics of the mine winder vessel with a trapezoidal velocity graph is analyzed.
Formulas have been obtained that allow to determine the root-mean-square and equivalent effort, suited
for feasibility estimation a trapezoidal graph, without preliminary calculation and graphs of velocity,
acceleration and force.
Conclusions. The trapezoidal velocity graph provides the possibility of a large choice of energetically
expedient dynamic modes, since these modes depend not only on the frequency of operations, but also
on graph’s degree of incompleteness and asymmetry coefficient. The kinematic and force dependencies
obtained analytically make it possible to make a reasonable choice of the velocity graph when designing
a mine winder.

Keywords: mine winder; equivalent force; root mean square force; hoisting speed; velocity graph;
trapezoidal graph; velocity graph asymmetry.
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MoBbiweHne 3pheKTMBHOCTM IKCNNyaTaLUM rOPHbIX MaLLKUH
Ha npumepe 060PYAOBaHMA LAXTHOrO BOAOOTNNBA
B YCNOBUAX Y4YanMHCKOro noA3eMHOro pyaHuka

Pui6akoB A. H."™, Ma66acos B. M.!, KypoukuH A. U.!, UnbuHoB H. 1.1,
1 MarHuTOropcKuil rocyaapCTBEHHbIN TEXHUYeCKMiA yHuBepeuTeT um. . /. Hocoea,
r. Marnutoropck, Poccus
*e-mail: rybakovl74@yandex.ru

Pechepam
Beeoenue. B cmamve paccmompenvl 60NpOCHI UCCIEO08AHUA NAPAMEMPO8 U XAPAKMEPUCUK
9NEMEHMO8 WAXMHO20 B80000MAUBA NPU MPAHCHOPIMUPOBAHUU HEOCEEMNIEHHOU WAXMHBLI 800bl, 0aHA
oyenKa dPPekmusHOCmU U PAYUOHATLHOCTIU UCNONL30BAHUA MAKUX MPAHCHOPMHBIX KOMNIEKCO8, KAK
NOSPY304HO-00CMABOUHbIE MAUIUHBI, CKpenepHble 1e6e0KU, 6a20HemKU, Komopvle NPUMEHAIOMCA OJis
MEXAHUIUPOBAHHOU OUUCHKU 8000COOPHUKOE OM 0Ce0aue2o U CKANIUBAIowe20Cs WaxmHo20 Widama.
B nacmoswee epems pewenue smux 8onpocos A6iAemcs akmyanbHol 3a0ayell Ol IKCHIYAMayUuoOHHbIX
CYHCO 20PHBIX NPEONPUANULL U NEPCHEKMUBHBIM HANPAGIEeHUEM OISl HAYYHbIX UCCTIe006aHUI.
Memooonozusn npogedenusn uccnedosanus. Boinonnenvl anaius u 0600ujeHue HAy4HO-NPAKMULECKO20
OnbIMa 6 0OIACMU 20PHO-WAXMHO20 B0000MAUBA, OAHO ONUCAHUE U PACCMOMPEHbL NPUHYUNbL PAOOMbL
WAXTHBIX 8000COOPHUKOS, DACCUUMAH U ONUCAH «PAbOuUll YUKA» IKCHIYamayuu 8000COOPHUKOE U
BLINONHEH paciem KCHAYAMAYUOHHBIX NAPAMempos Npu MexaHusUpoBaHHOM CROCobe UxX OYUCMKU C
NOMOWbIO MPAHCNOPMHBIX KOMNIeKcos. [Ipouseeden pacuem u oyenka dghpexmusrnocmu meponpusamuti
no oyucmke 8000COOPHUKOE C NOMOWBIO CPEOCME MEXAHUSUPOBAHHO20 KOMNIEKCA NymeM OnpeoeneHus
KONUYeCMEEeHHbIX noKazamenei dggexmusHocmu 6 ude 6pemeHu, 3ampasueaemMo20 nocpy304HO-
00CMABOUHBIMU MAWUHAMY U MPAHCROPMHBIMU KOMNIEKCAMU HA OYUCTIKY.
Pesynemamur u ux ananus. /lana oyenxa s3QphekmusHocmu Ucnoib306aHus MpaHCROPMHbIX KOMNIIEKCO8
nymem pacuema 8pemeHu ux ucnonb308aHus Ha Henpou3eooumenvhyio pabomy. Paspabomana cmpykmypuas
cxema nocneo0o8amenbHoll pabomsi 60000COOPHUKOS U NPOYECcca UX OYUCMKU 8 medeHUe KaleHOapHO20
spemenu. Onpedeneno, umo cyuecmeyroujue 6000COOPHUKU HA OAHHLIIL MOMEHM MAani03@@ekmueHo
BLINONHAIOM QYHKYUIO NO OCEEMIEHUIO WAXIMHBIX 800. YCMAHOBNIEHA 83AUMOCEA3b MENCOY CHUMCEHUEM
HApaboOmKU SNeMEHMO8 YEHMPOOEHCHBIX HACOCO8 BOOOOMAUBA U COCMABOM NEPEKAUUBAEMOU HCUOKOCHIU.
Obnacmv npumeHnenus pe3ynbmamos. Pe3ynomamuvl uccie0oganuli, 6vINOIHEHHbIX 6 pabome,
PEKOMEHO08aHbI K 6HEOpEeHUl0 OJii 6ceX NpPeOnpusmull, 6e0VWux noo3eMHvle 2opHble pabomuvl ¢
npUMeHeHUeM WAXmMHO20 80000MIUEA, A MAKHCe Ol NPOEKMHLIX UHCMUMYMOS8, OCYUWeCMEIAIOUUX
NPOEKMUPOSAaHUe UAXMHBIX BbIPAOONOK.

Knroueswie cnosa: 6000COOPHUK,; MPAHCROPMHBIL KOMIIEKC, NPOU3B00UMENbHOE BPEM.

Beenenune. OnbIT 3KCIUTyaTallid BOAOOTIMBHBIX YCTAaHOBOK MEIHOKOTUYETAHHBIX
PYOHHKOB, 000pYIOBaHHBIX LEHTPOOESKHBIMU CEKIIMOHHBIMU KHCIIOTOYTIOPHBIMH Ha-
cocamu tuna [{HC(K), mokasan, uto ux Qaxkruueckas HapaOOTKa 10 KalUTaJIbHOTO
pemonTa coctasinseT 248—1000 4, B To Bpems Kak B «PyKoBOJACTBe IO 3KCILTyaTalluu
nacocoB [THC(K) 300-120...600.000 PD» yxazano 6500 4, uTo 0OBICHIETCS HAIUIHU-
€M B OTKa4MBaeMOH IaXTHOH, KUCIOTHOH Bone ¢ pH 3—4 3HaunTenpHOro o0bemMa BbI-
COK0a0pa3uBHBIX MPUMECEH TOPHBIX PYI U MOPOA, HE COOTBETCTBYIOIIUX TPeOyeMbIM
3aBOJIOM-M3TOTOBUTENIEM YCIOBUSIM 3KCILTyaTallid HACOCHOTO 00opynoBanus [1].

[To craTucTHYECKUM JaHHBIM, OCHOBAaHHBIM Ha HaOMIONCHHUSX OOCTY)KHMBAIOIIETO
MepCcoHaNa, BBISABICHO, YTO MMOCIE KalUTAIBHOTO PEMOHTa HACOCHI HapaOaThIBAIOT
npumepHo 570 MamIMHO-4acoB MPAaKTHYECKH 03 OCTAHOBOK, MOCIE 4ero TpedyeTcs
3aMeHa KoJIblia ¥ TUCKa TUAPABINYECKON TISTHI.
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[Tocne 3aMeHBI TUCKOB HACOC TIEPEBOAUTCS B Pe3epB («HA IMOIKAYKY», €r0 BKIIIO-
YaloT TOJNBKO MPH CHJIBHOM MPUTOKE BOABI) U paboraeT B cpenHeM eme 200 mammHo-
gyacoB. Jlanee, B 3aBUCUMOCTH OT M3HOCA JieTallell, IPOU3BOJUTCS 3aMeHa BTYJIOK U
JIUCKOB I KallUTaJbHBIN PEMOHT [2].

TpeGoBanus K BOZOOTIMBHBIM ycTaHOBKaM. OCHOBBIBasICh HAa ONMMCAHHBIX JaH-
HBIX, MOJKHO COPMYIHPOBaTh TpeOOBaHUs, PEAbIBIsAEMbIE K BOZOOTIUBHBIM yCTa-
HOBKaM, obecnieunBatonine 3pQeKTHBHOCTD UX HKCILTyaTaliH:

— MPOM3BOAUTENHLHOCTH 10 800 M3/4 (Ha OCHOBaHWM CTaTHCTHYECKUX JaHHBIX 00
00beMax BOAOIPHUTOKA);

— HCTIOJIHEHHE paboUYMX IEMEHTOB HACOCOB, YCTOMYHBOE K THAPOAOPAZUBHOMY H3-
HOCY U o0Jajarolee MoBbIIEHHONH KOPPO3UOHHON CTOWKOCTBIO;

— CcMocoOHOCTh MepeKaunBarh LIaXTHYIO BOAY ¢ mokaszareneM pH = 7,2, conepxa-
Y10 BKJIIIOYEHUS pa3MepoM 10 2 MM U BECOBOE cofiepxaHueM TBepaoro — 60 % [3-5].

Pacuer n onenka 3¢p¢peKTHBHOCTH MePONPHUSITHI MO 0YHCTKE BOJIOCOOPHUKOB
€ MOMOIIBIO CPEICTB MEXaHM3UPOBAHHOT0 KoMILIekca. [Ipn o0beMax BogocOOpHU-
koB 1360, 1530 u 2300 M3, KoJMYeCTBE TBEPABIX YacTHUIl B ImaxTHoW Bomae 0,05 Kr/m
(50 kr/m?), mumotHocTH TBepabIX yactuil 3000 kr/M3 u BomompuToke 296,66 M3/4 3a
1 gac ocemaer 14 833 r (27,78 M) TBepapix yacTuil. TakuM 00pa3oM, MOJTHOE 3aUIIH-
BaHUE Ka)xJIOT0 BojocOOpHUKa mpousoiiner yepes 48,96, 55,08 u 82,79 u coorBer-
ctBeHHO. OTCIONA MOTyYaeM, YTO MU MOCIIEI0BaTeIbHOM 3all0JTHEHHH BOAOCOOPHU-
KOB Kaxkzple 559,84 1 Bce BOZOCOOPHUKHM OyIyT MOJTHOCTBIO 3alI0JTHEHBI U [IEPECTaHy T
BBIMOJHATE (DYHKIMIO OCBETIICHHSI [IAXTHOW BOJBL, YTO YBEIWYHUT TMAPOAOPA3UBHBIHA
M3HOC PadOYMX AIIEMEHTOB HACOCOB TNIABHOTO BOIOOT/INBA. B CBS3M C 9THM BO3HHKAET
HEOOXOMMOCTh CBOCBPEMEHHOI OUYMCTKH BOZOCOOPHHUKOB.

Takum 00pa3oMm, JIT OUUCTKH BOIOCOOPHHUKOB TpeOyeTcsl IOrpy3UTh U TPAHCIIOP-
THPOBATh CyMMapHbIii 00beM 1wtama 5190 M3 maccoit 9342 .

OuncTka BOAOCOOPHHUKOB TNPOU3BOAUTCS IHMKIMYECKUM MEXaHH3HPOBAHHBIM
Croco0OM C MOMOIIBIO MOrpPy304HO-A0cTaBouHbIX MamuH ([1JIM) u TpaHCHOpTHBIX
CPEJCTB, B CBSI3U C YEM JIaHHBIE CPEJCTBA UCKIIIOYAIOTCS U3 OCHOBHOTO TEXHOJIOTHYE-
cKoro mpotecca. JJaHHbli crioco0 SBISETCS TPYIOEMKUM U IPUBOAUT K HedpdeKTHB-
HOH 3KCIULyaTalluu BCEH TPAHCIOPTHOM CUCTEMBI OKOJIOCTBOJIBHOIO ABOPA U TPAHC-
MOpTa MOBEPXHOCTHOTO KOMILIEKCA IIaXTHI.

Paboune mpoueccsl Takoil OYHCTKH MMEIOT HEBBICOKUH YpOBEHb MEXaHU3ALUH C
00J1b11101 JONeN MaTOPOU3BOAUTEIHHOTO TPY/IA, YTO CBA3aHO CO 3HAYMTEIHHBIMU Ma-
TEepUAIBLHBIMU 3aTpaTaMy U aHTHCAaHUTAPHBIMU YCIOBUAMH [6].

s OLeHKH KOJIMYECTBEHHBIX TMOKa3aresiell d(pQeKTUBHOCTH TpedyeTcs ompenae-
JIUTh TPOU3BOAUTENBHOCTE II/IM ¥ TpaHCIOPTHBIX KOMILIEKCOB, a TAK)XKE BpeMs, 3a-
TpaurBaeMoOe UMH Ha TPOLIECC OUUCTKH BoAocOOpHUKa [7-9].

OmnpenesieHre NPON3BOAUTEIHHOCTH KOBIIOBBIX MOTPY304HBIX MAIINH.

Teoperudeckast IPOU3BOAUTENBHOCTh

I, =nE=4-3,5=14 M’ /mun;

TEOp
TCXHUYCCKad NPOU3BOAUTCIILHOCTD

HTexn = HTeo ﬂ: 14- 0’7
| PK, 0,92

=10,65 M’ /MmuH,

e n = 60/T — uKcio UMKIIOB NIOTPY3KH B MUHYTY (1 = 4...6 TeopeTuyeckn); £ — reo-
MeTpHYecKasi BMeCTUMOCTh koBma, M*; K. — (0,7...0,9) — xo3dduimenT HanonHeHus
xoBwa; K = (0,92...0,95) — k03¢ GUUECHT TOMOIHATEIBHOTO PAa3PhIXICHIS B KOBLIIC.
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9KCHHyaTaLII/IOHHaH MMPOU3BOAUTCIIBHOCTD

o, =n..xK,T,=10,650,4-360=1533,6 M’ /cmeny,

JKC.IT TEX.II

rae T, — JUIMTENbHOCTh CMeHbI, MuH; K, = 0,4...0,6 — k05 puIMeHT HCIIOIb30BaAHUS
MAIITHHBI.

Bpewms 3anoHeHust
BogocOopHuka Ne 1

Bpemsi 3anosiHeHUS
BojocOopHuKa Ne 2

OuncTka

Bpewms 3amnontenust
BostocOopHUKa Ne 3

Yyactue MalmH B
O0mee Bpemst YyacTue MallvH B OCHOBHOM 84 yaca 39 MuH OCHOBHOM
OYNCTHBIX paboT [ TEXHOJIOTWYECKOM IIporiecce T TEXHOJOIHYECKOM
mnporecce
Huxn 3anonHeHus LIvKT OYMCTKYU U 3aMIOTHEHUS

Pucynok 1. CTpyKTypHas cxema MoclieJoBaTesIbHOIT paboThl BOZOCOOPHHUKOB | MpOLEcca HX OYHCTKA
Figure 1. The structural diagram of the sequential operation of drain sumps and the process of their cleaning

Takum o6pazom, ITJIM MoXKeT 04uCTUTH 3a cMeHy 1533,6 M3 mIaxTHOrO MuIamMa Mac-
coi 2760,48 T.
TexHU4eCcKas MPOU3BOIUTEIHPHOCTh BaroHeTOK Thmna BI'-3,3

_60E.K,y, 60-3,3-0,95-1,8
TEX.T T 39’3

P

=19,3 1/4,

rae E_— BMecTUMOCTb Ky30Ba, M>; K = (3,3 - 1,8)/6 = 0,95 — kosddunmenT Hamnonxe-
HUS; ¥, — IIOTHOCTH AXTHOTO IMIIaMa, /M3 T » — Bpems pelica, MUH.
Bpewms peiica
To=T .+ttt +1,, =15+3+2+6,85+6=39,3 muH,

nor

rae T, = 15 — Bpemst OTpysKH, MUH; £, = 3 — BPEMsl pasTpys3KH, MHH; {, =3 — Bpems

OXMIAHHS, MAH; [, = 6,85 — Bpems IBIKEHHS TPYKEHOTO COCTaBa, MUH; Liop = 6 — Bpe-
M1 IBUIKEHHSI TIOPOXKHETO COCTaBa, MUH;

Ly = 60L, = 80-0.4 = 6,85 MuH;
Ve 3,5
60L, 60-0,4
= =——— =0 MuH;

R 4 4

op
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Vrp — CKOPOCTb JIBHKEHHUS TPYKEHOM MaIIUHBIL, KM/4; V|
POXKHEH MalIUHBL, KM/4; L = L — NIIMHA TPAcChl, KM.
s nanHOTO THMA pa0bOT HANOOJIEE YaCTO UCIIONB3YIOT 3 BATOHETKHU.

CMmeHHas IMPOU3BOAUTCIIBHOCTL BArOHCTKN

op CKOPOCTh ABHXKCHUSA I10-

nm.=mn.7 K;,=193-6-0,6=69,48 1/cMm,

JKC.T TEX.T ™M
re T, = 6 — IpOIoIKUTENEHOCTD CMEHBI, 4; K = 0,6 — K03 )HUIMEHT UCII0Ib30BaHUSA

cocTaBa.

Ta6auua 1. 3aTpaThbl BpeMeHHU HA 3aM0JIHEHUE, 03KHIaAHUE U OYMCTKY BO0COOPHUKOB
Table 1. Time required for filling, holding and cleaning the drain sumps

3aTparhl BpEMECHHU Ha OTCPAIIHIO
Howmep
BOJOCOOPHHKA 3amnoaHeHne Oxumanue Oxumanue Ouncrka
BOJIOCOOpPHHMKA | Hadaia paboThl OYHUCTKH BOJIOCOOpHHUKA
Bomocbopauk Ne 1 2007 y 38 MuH _ 5653 4 13 mun 939 4y 20 MuH
(2007,63 ) (5653,22 ) (939,33 9)
Bomoc6opauk Ne 2 2258 y 25mMuH 950 gy 58 mMuH 4334 4y 8 Mun 1056 y 40 mun
(2258,42 u) (950,97 u) (4334,13 4) (1056,67 )
Bomoc6opruk Ne 3 3394 4y 48 muH 1620 4 3 MmuH 1996 4 0 mun 1588 u 40 mun
(3394,8 u) (1620,05 ) (1996 u) (1588,67 9)

CMmenHas MMPOU3BOAUTECIBLHOCTL COCTaBa

m,..=11,.-9=69,48-9 =625,32 t/cMm.

Takum o0Opa3oM, 32 1 CMEHY MOXeET ObITh OUMIIEH 00beM BOJOCOOPHUKA, PaBHBIH
3474 m3.

Tak Kak O OYUCTKUA BOJOCOOPHUKOB TPeOyeTCS MOTPY3UTh U TPAHCIOPTHU-
poBath CyMMapHbii 00beM mulama 5190 m3 maccoit 9342 T, TO monyduM oOIIHe
3aTparbl BpEMEHHU HA MPOLIECC OUUCTKHU: f = 14,94 cmeH (84 4 39 MUH CMEHHOTO
BpEMEHH).

[ponecc ounctku BogocOopuuka Ne 1 3anumaer 3,91 cmensl (23 u 29 MuH cMeH-
HOTO BpeMeHH); BogocOopHuka Ne 2 — 4.4 cmensl (26 4 25 MUH CMEHHOTO BPEMEHN);
BogocOopHauka Ne 3 — 6,62 cmensl (39 1 43 MUH CMEHHOTO BPEMEHH).

C MOMeHTa 3aloJHeHHS U JI0 MOMEHTA MOJIHOM OYMCTKH BOJOCOOPHUK MpaKTHYe-
CKHM TIOJIHOCTBIO TepsieT cBoe (yHKIHMOHaNbHOE Ha3HaueHHe. [IpeacraBum Hambomee
pacnpoCTpaHEHHYIO CTPYKTYPHYIO CXeMY MTOCIIeIoBaTeIbHOM paboThl BOZOCOOPHUKOB
JI0 UX 3aI0JIHEHMS U MPOIiecca OYUCTKH B TEUCHUE KaJleHAapHOro BpemeHnu. Heobxo-
JIUMO YYUTBIBaTh, YTO BOJOCOOPHUKH (D)YHKIIMOHHPYIOT KPYIIIOCYTOYHO, a BpeMsl pa-
OO0TBI TEXHOJIOTUYECKUX MAIIIMH PACCUUTHIBAETCS MIPU BPEMEHH CMEHBHI 6 4.

Takum o0pa3omM, i IpUBeACHUS TpaduKa K eAMHOMY KaJIeHIapHOMY BPEMEHH He-
00X0IMMO KO BpeMEHH Ha BBITIOJIHEHHE KaKI0H ONepaluy, pacCCUuTaHHOMY paHee, J10-
0aBUTH 2 4 Ha KAKAYIO CMEHY.

YcnoBHBIN NPUHLKI JEUCTBUSL JAHHOM CXEMbl cleayrouui. Mi3HadyanbHO BCE TpU
BOJOCOOPHHUKA ITyCThIC U 3aMOIHIIOTCS MOCIIEA0BATENBHO (pHC. 1, Ha cXxeMe — LUK
3all0JIHEHNs» ). B MOMEHT 3amonHeHHs BceX TpeX BOJOCOOPHHKOB HAYMHAIOT MOCIIe-
JOBaTeJIbHYIO OYMCTKY KaXJoro BogocOopuuka. [Tocne ounctku BomocOopauka Ne 1
MIPOU3BOUTCS OYHUCTKA BomocOopHuka Ne 2, a BomoocOopHuk Ne 1 BBomUTCS B padoTy.

OYHUCTKH
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AmnanoruuHo ounmaercss BogoocOopuuk Ne 3. Ilocnme 3amonHeHHs BOIOOCOOpHUKA
Ne 3 nHaunmHaeTcs OUMCTKAa BceX TpeX BOmOCOOpHHKOB. TakuMm 00pa3oMm, LMK
(Ha cxeme — «UMKJI OYMCTKHU | 3allOJHEHMs» ) mosTopsiercs [10-13].

Huko 3amonHeHns: BOQocOOPHHUKA IAXTHOM BOIOW MPOUCXOIUT TOJIBKO MPU BBOJIE
B DKCIUTyaTalHIO0 HOBBIX BOJOCOOPHHUKOB, TAKUM 00pa30M, pacueT KOJMUYECTBa [IUKIIOB
OYHCTKH U 3alI0JTHEHUsI OyAeT BBINIAAETD CIEAYOIUM 00pa3oMm:

8760—1,,
anlKJ'IOB L

t

1.0.3

rac tH_3 — BpEMs LUKJIA 3al10JTHCHUA t

o3 BpEMs IUKJIA OYUCTKHU U 3al10JTHCHUA.

Ta0auna 2. Taduna npon3BoANTEIbHOT0 BpeMeHH (yHKIMOHHPOBAaHUSA
BO/J0COOPHUKOB

Table 2. Table of productive time of drain sumps operation

Howmep [IpousBogurensHOE Henpouszsoaurensnoe
BOJIOCOOPHHKA BpeMs BpeMs

Bomocoopruk Ne 1 2007 y 38 MuH 6592 4y 33 MuH
(2007,63 u) (6592,55 9)

Bomoc6opruk Ne 2 2258 4 25MuH 6341 4 46 mun
(2258,42 ) (6341,77 9)

Bomocoopruk Ne 3 3394 4y 48 mMuH 5204 4y 43 muH
(3394,8 u) (5204,72 )

CornacHo pacueram u rpapukam umeem: £ . = 186 u 51 mun (186,85 u),

lhos = 210420 mun (210,33 1), orcrona

_ 8760—186,85

UKIOB = 40’ 76
! 210,33

[Mpunumaem n, = 40.
Ha ocHoBe momy4eHHOro KOJIMYecTBa IMKJIOB OYMCTKU U 3aMOJHEHMS TOCTPOUM
Ta0JIMIly 3aTpaT BpEMEHHU Ha 3alloJIHEHUE, OKUIaHHe OYMCTKU M HEMOCPEICTBEHHO Ha

OYHCTKY BOJAOCOOPHUKOB (Tabm. 1).

Ta6uuna 3. Ouenka 3¢ ¢peKTHBHOCTH (PYHKIHOHHPOBAHUA BOJOCOOPHIUKOB
Table 3. Efficiency evaluation of drain sumps operation

Howmep IIpoussoauTenbHOE BpeMs HenpoussonutensHoe BpeMs
BOZ0COOpHNKA B yacax B % B Hacax B %
Bomoc6opruk Ne 1 2007 a 38 MuH 23,34 6592 1 33 MuH 76,66
(2007,63 u) (6592,55)
Bogocoopuuk Ne 2 2258 4 25MuH 26,26 6341 4 46 mun 73,74
(2258,42 4) (6341,77 9)
Bomoc6opuuk Ne 3 3394 4 48 mMuH 39,13 5204 4 43 munH 60,87
(3394,8 v) (5204,72 )

3a «O)KI/IZ[aHI/IC Hadajia pa6OTLI)) OPpUHUMACTCA BpEMA OXUAAaHUSA YUCTBIM BOIO-
C60pHI/IKOM MOJIHOTO 3aIllOJTHCHUA NMPEAbLAYIIUX BO)IOC60pHI/IKOB, Haxoasdaluxcs B pa-

oore.

Hannsie B cronbuax «Oxkuaanue Hadana padoTey, « OKunaHue OYUCTKH (TIPH OJI-
HOM 3aIl0JTHEHNH BOA0COOpHUKA)» 1 «OUHCTKa BOZOCOOPHUKa» (PaKTHUECKN YKa3bIBa-
0T Ha BpeMsI IPOCTOS BONOCOOPHHUKOB.
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Takum 00pa3oM, MOA MPOU3BOIUTEIHLHBIM BPEMEHEM 3KCILTyaTallud BOJOCOOp-
HUKa [OHMUMaeM BpeMs 3allOJHEHHS BOJOCOOPHHWKA, IO HEMPOU3BOAUTEIHHBIM
BpPEMEHEM — BpPEMsl, B TCUCHHE KOTOPOTO OJWH BOJOCOOPHHUK 3arONHICTCS, & OCTallb-
HBIC OYHIICHBI U HE 3alOHEHbI («OXKUJAaHUEe Hadana padoTh»), OXKUIAHUE OUYUCTKH
IIPH TIOJIHOM 3aIlOJIHEHUH BOJOCOOPHHUKA U CaM IPOIECC OYMCTKHA BOIOCOOPHHKA MPU
€ro MoJIHOM 3amnojiHeHuu [ 14, 15] (tabm. 2).

Ta6auua 4. [loka3zaTesin Mo 0TKAYKe Pa3JIHYHBIX THUIIOB BOJ HACOCAMH BOJ0OT/JIHBA
Table 4. Indicators for pumping out various types of water by drainage pumps

[Tokazarenun
o OTKayKka HEOCBETJIEHHON
HaunmMeHoBaHre 060pynoBaHus OTKauKa OCBETIICHHOMN BOBI BOILI
B yacax B % B yacax B %
IenTpobexHbIe HACOCHI
BonootauBa tuna [{THC(K) 300-600 7660 u 25 muH 939 4y 20 MuH
B KOJIMYECTBE 3 1T (7660,42 u) 89,08 (939,33 u) 10,92

Kpome Toro, s mpoBe/IeHUs] OYUCTKHA BOJIOCOOPHUKOB HEOOXOIUMO «3aUMCTBO-
BaTh» U3 OCHOBHOTO TEXHOJIOTUYECKOTO Ipoliecca MOTrpy304HO-I0CTAaBOYHYIO MAIITUHY
Y TIOJIBIKHOM cocTaB Ha Bpems 84 u 39 muH (39,65 9) B TeueHUE KaXA0T0 [IUKIIA UITH
1982 v 30 mun (1982,5 u) B TeueHHe OHOTO KAJICHIAPHOTO TO/Ia.

Ta6auna 5. [Moka3zatenu yyactus [1IIM 1 noaABHKHOr0 COCTaBa B TEXHOJIOTHYECKHUX MpoLeccax
Table 5. Indicators of load-haul machines and rolling stock participation in technological

processes
TTokazarenn
HauMeHOBAHIE 0GODYIOBAHIS YyacTue B OCHOBHOM VYyacrtue B npouecce
PYA TEXHOJIOTHYECKOM IIpoIiecce OYHUCTKU BOJOCOOPHHUKOB
B yacax B % B yacax B %
TIAM (mmorpy304HO-I0CTaBOYHAS
mamuHa tuna [1T-4) u noasmxHo 4587 u 30 Mun 1982 4 30 mun
coctaB (BaroneTku tumna BI'-3,3) (4587,5 ) 69,82 (1982,5 ) 33,18

OCHOBBIBASICH Ha MPOBEICHHBIX pacueTax, MOCTPOSHHBIX CXeMax M T. [I., TOCTPOUM
TaOJIMLBI U TUArpaMMBbl 7151 OLIeHKU 3()(HEeKTUBHOCTH IKCILUTyaTallid BOZOCOOPHUKOB.

B kadectBe mapamerpa OleHKH 3(pGEKTUBHOCTA MPUHUMAEM MPOHU3BOAUTEIHHOE
BpeMs padot. 3a 100 % npu oueHke padoOTHl BOAOCOOPHUKOB U HACOCOB BOJAOOTIIMBA
MPUHAMAEM CyMMY BPEMEHH OJIHOTO ITMKIJIA 3anoidHeH:ud U 40 IUKIOB 3aloJHEHHUS U
O4YUCTKHU — 8599,75 u.

3a 100 % npu o1ieHKe paOOThI MOTPY30UHO-JOCTABOUHOM MAIITUHBI U MTOJBUXKHOTO
COCTaBa MPUHMMAEeM KOJIMYECTBO YaCOB B KaJCHIAPHOM TOAy, NPEAHA3HAYCHHBIX Ha
BEITIOJTHEHHE OCHOBHOTO TEXHOJIOTMUYECKOTO TIporiecca, T. €. 6570 4 (tadm. 3).

OCHOBBIBasICh Ha paHee MPOU3BEACHHBIX pacueTaxX, HOCTPOCHHBIX CXeMax | T. I,
MMOCTPOVM pacyYeTHbIE TAOIUIIBI U IUArPaMMBI I OIIEHKH 3((EKTHUBHOCTH MOKa3are-
el paboThl HACOCOB BOOOTIHBA, [1/IM 1 mojBIKHOTO cocTasa (Tadm. 4, 5, puc. 2).

Ha ocHoBe naHHBIX Ta0. 4 ¥ 5 MOCTPOUM AMarpaMMy ToKaszareynel paboThl HAacO-
COB BOJIOOTIIMBA M TEXHOJIOTUYECKOTO 000py0oBaHus (puc. 3).

BeiBoabl. TakuM 00pa3oM, CymIeCTBYIONIUE BOAOCOOPHUKH HA JAHHBIH MOMEHT
Mao3(GGEKTUBHO BBHIMTOMHSIIOT (YHKIMIO TIO OCBETIEHHIO IIAXTHBIX BOA M TPEOYIOT
BBICOKHX MaTepUaIbHBIX 3aTpaT Ha SKCILTyaTaIuIo.
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B HenpousBoauTenbHOE BpeMst B [Ipou3BoauTENbHOE BpEMS

Pucynok 2. Onenka 3¢ dexTuBHOCTH QyHKIIMOHUPOBAHUS
BOJIOCOOPHHUKOB:
a—Nol;6—Ne2;6—Ne3
Figure 2. Evaluating the effectiveness of the of drain sumps
operation:
a—no. 1;6—-no.2;6—no.3
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HwmenHno 1o, uyto 61-76 % BpeMeHH HACOCHI BOJOOTIINBA BEIHYKACHBI IEPEKAYUBATD
HEOCBETJIICHHYIO BOJY, SBJISETCS MPUYMHON HU3KOW HApaOOTKU JeTasiell IeHTPOOeK-
HBIX HACOCOB IIAXTHOI'O BOJIOOTINBA.

B YyacTHe B IPOIECcCe OYUCTKY MIIIaMOCOOPHUKOB

B YyacTtre B OCHOBHOM T€XHOJIOTHYECKOM pouecce

Pucynok 3. Ilokazarenu ywactus IIJIM u monBuxHOTrO
COCTaBa B TEXHOJIOTMYECKHX MPOLIECCax
Figure 3. Indicators of participation of load-haul machines
and rolling stock in technological processes

[Mony4yeHHbIe TIO TOCTPOCHHOW (DAaKTHUECKON OSKCILUTyaTallMOHHOW CTPYKTYpHOH
cXeMe TOCJIe0BaTebHOTO (YHKIIMOHUPOBAHHS BOAOCOOPHUKOB (PaKTUYECKHE TTOKa-
3aTesu IPU OTKAYKE OCBETIICHHON BOJBI U MPY OTKAYKE HEOCBETIICHHON BOJbI COOTBET-
CTBEHHO YKa3bIBaIOT HA B3aMMOCBS3b CHIDKCHHS HapaOOTKH 3JEMEHTOB IIEHTPOOEK-
HBIX HACOCOB BOJOOTJIMBA U COCTaBa NEPEKAYMBAEMOM KUJKOCTH.
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Improving the efficiency of mining machines operation by example of mine
dewatering equipment in conditions of Uchaly underground mine

Aleksandr N. Rybakov!, Bulat M. Gabbasov!, Anton I. Kurochkin', Nikita D. Iliinov'
I'Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia.

Abstract
Introduction. The article deals with the research of parameters and characteristics of mine drainage
elements for conveying unlit mine water, evaluation of efficiency and rationality of using such transport
complexes as loading-delivery machines, scraper winches, wagons for mechanized cleaning of drain
sumps from settling and accumulating mine sludge. At present, the solution of this issue is a widespread
task for operating services of mining enterprises. At the same time, it is a promising direction for scientific
research.
Methods of research. The scientific and practical experience in the field of mining drainage was analyzed
and generalized. Mine drain sumps and their principles operation were described. Drain sumps operation
working cycle was calculated and described. Operational parameters for a mechanized method of
cleaning with transport complexes were calculated. The effectiveness of the measures for cleaning drain
sumps using the means of a mechanized complex were calculated and assessed by determining quantitative
efficiency indicators in the form of time spent by load-haul machines and transport complexes for cleaning.
Results and analysis. The efficiency of transport complexes was evaluated by calculating the time of
their use for non-productive work. The structural scheme of sequential operation of water collectors and
the process of their treatment during the calendar time is developed. It is determined that the existing
drain sumps currently perform the function of mine water clarification ineffectively. The interrelation of
decreasing of operating time of elements of centrifugal drainage pumps and composition of pumped liquid
has been established.
Scope of results. The results of the research are recommended for implementation for all enterprises
conducting underground mining works with the use of mine drainage, as well as for design institutes
designing mine workings.

Keywords: drain sump; transport complex; productive time.
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FEOMEXAHUKA. PA3PYLLEHUE TOPHBLIX NMOPOA.
OU3NYECKUE U XUMUYECKUE NPOLIECCHI
FOPHOIO NPOU3BOACTBA
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I'IporHosprBaHMe HanpAXeHHbIX 30H Ha Pa3NUYHbIX Tanax
OTpa6OTKVI 30Nn10TOPYAHOro MeCTOpPOXAEeHNA

Mopos H. E."™*, Benosa M. B.!, PykaBuwHukos I. [.2
1 CaHkT-MeTepbyprekuit ropHbIn yHUBepeuTeT, . CaHkT-MeTepbypr, Poccus
2 HayyHo-uccrieoBaTenbCKIUin MHCTUTYT FOPHO reoMexaHuku 1 Mapkweinaepckoro gena (BHUMN),
r. CaHkT-Metepbypr, Poccus
*e-mail: moroz.nikita.1998@mail.ru

Peghepam
Axmyanvnocms padomsl. Tpaduyuonnol npodiemotl, 803HUKaOuell npu paspadomxe 3010mopyoHo20
MeCmOopoX*COeHUst NOO3EMHBIM CNOCOOOM, ABNAENCA NPOABIEHUE 20PHO20 OABNIeHUs 8 8UO0e UHMEHCUBHOU
MPpewuHO8amoCm MAcCU8a 20PHbIX NOPOO, BHE3ANHIX 8bI8AL08 U OOPYULEHUT, HePeOKO 6 OUHAMUYECKOU
gopme 6 guode eoprvix yoapos. [lna obecneuenus 6e30nacHOCU 6e0eHUs 2OPHBIX pabom 6 NOOOOHOI
obcmarnogke HeobX00UMa 0y eHKa MeKyuje2o HanpsadCeHn020 COCMOANUA U NPOSHO3UPOBAHIUE OalbHeliule20
U3MEHEeHUs HANPANCEHHO-0ehOPMUPOSAHHO20 COCMOAHUA MACCUBA.
Llens pabomei. Bviasnenue nanpsiceHHviX 30H HpU paspabomie 3010MOPYOHLIX MECHOPOHCOEHU.
OyeHnka CKIOHHOCIMU MeCMOPOAHCOEHUTl K 20PHbIM YOAPaM.
Memoo u memooonozun. /[ oyeHKu HANPIHCEHHO-0ePOPMUPOBAHHO2O COCIMOSHUL MACCUBA 2OPHBIX
Nnopoo npuMeHaemcs: Memoo KOHeUHbIX dIeMeHmos, Da3upyiowuiics Ha pewenuy ynpy2o-niacmuyeckol
3a0auu. [[ns ee peutenus Ucnonb306ano npoepammmoe obecnevenue Fidesys Bundle 1.6 Professional.
Pezynomamut paoomsr. Oxonmypuganue NOMEHYUATLHO ONACHBIX 30H BbLINOAHEHO HO KPUIMUYECKUM
3HaueHuAM Kodduyuenma yOapoonacHocmu, HONYYEHHBIM HA OCHOGE BEeNUYUH MAKCUMATLHBIX
CHCUMAIOWUX HANPANCEHUT, BOZHUKAIOWUX 8 20DHOM MACCUBE 6 pe3yNibmame ompabomku pyoHoz2o mend
cucmemotl paspabomxu ¢ MazasuHupo8anuem pyoul.
Oobnacms npumenenus pe3yibmamog. Pe3ynomamoi, uznodicennvle 8 Cmambe, Mo2yn Oblmb UCHONb3068AHbL
npu UHCMPYMEHMATbHOM MOHUMOPUH2E 2E0MEXAHUYECKO20 COCMOAHUSL HA PYOHUKAX-AHANO2AX.
Bu1600. IIpedcmasnennviii 6 cmamove n00X00 K OYeHKe HANPANCEHHO20 COCIMOAHUA MACCUBA 20PHBIX NOPOO
n0360Jsem NnogulCUms 6e30NacHoCms 2OpHLIX pabom 3a cuem pacuiuperus CUCImeM 2e0MeXaHuiecko2o
MOHUMOPUHZA.

Knrouesvie cnosa: maccus 2OPHBIX NOPOO; 30710MOPYOHOE MEeCHOPOdICOeHUe, MAaA3UHUPOBAHUEe
Ppyoul; He30nacHocmv 20pHbIX pabom, 2e0MeXaHuka; HUclieHHoe MOOenuposanue; Memoo KOHEeUHbIX
97IEMEHMOB; MAKCUMATIbHBLE CHCUMAOujue HanpsdiceHus, Kodgguyuenm yo0apoonacHocmu.

IocTranoBka 3amaumn. PaccmarpuBaercst Bopoc HACHTU(OUKANN TPOOIEMHBIX,
C TCOMEXaHMYECKOM TOUKH 3PEHHUS, 30H Ha 30J0TOPYAHBIX MecTopoxaeHusx [1, 2].
OpHMM U3 MOJXOJ0B K PELICHHIO JAHHOTO BOIpOCaA SABJISIETCA YHCICHHOE MOJEINPO-
BaHHE HanpshKeHHO-nehopmupoBaHHoro coctosaus [3]. [IpeacrasnenHoe B padore
MOJIEJIMPOBAaHUE BHINIOJIHEHO C HCIOJIIb30BaHUEM IporpammHoro obecrnedenns CAE
Fidesys [4]. [eomeTpus Momenu oTpakaeT «yCPEAHEHHYI0» TOPHO-TEOJIOTHYECKYIO
CUTYAIIHIO, KOTOpasi BCTPEYAeTCs IPH MOJ3EMHOM pa3paboTKe KIITFHOTO 30510Ta [5—7].
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JlaHHas MOiesIb SIBIISICTCS JIOCTATOYHOM JUIS OIICHKY XapakTepa pacrpe/elieHHs Hapsi-
JKCHU! BOKPYT M3BJIEKAEMOTO KPYyTOMAIAIONIEr0 PYJIHOTO Tella W MOATOTOBUTEIBHBIX
BEIpa®oTOK. [TapamMeTpsl MOMETH IpeACTaBICHBI B TA0M. 1.

Ta0auna 1. IlapameTpsl Moaean
Table 1. Model parameters

VTOT HATEHUS PYITHOTO TEITA ....euiviutneeueeueeueeueeseseeseeseeseesesaeseseeseeseesesaesaeseeseeneeseeneseeseseeseenessesseseeneeneenens
MOIIHOCTD PYITHOTO TEIIA ...eenvveureenureeureenureanseenseesereeseeenseesseeseneenseessseeseesnstenseeseseenseesmeeenseessneenseeseeenseenne
PaccrosiHue MeXIy IITPEKOM U PYAHBIM TEJIOM... .
ITmomane CEYEHNS MOTMEBOTO IITPEKA. ... .cuviuiiuiiiiriieeie ittt sas et st esseassae e enseaesaseae s s enseneeaes

BBICOTa MEKYITAKHON TOTOITOUMHBL..........uvviiiritiaieiieis et s esese e eas e s e sas e es s sa e

['panrnmp! pacueTHO# 00MacTH 3a4aHBI HA JOCTATOYHOM PACCTOSHUH, YTOOBI HE TI0-
BIIUSITH Ha TIEpepacIpeiejicHIe HAMPsHKEHUH BOKPYT BRIPAOOTAHHOTO IPOCTPAHCTBA.
HeoOxoaumpie a1 MOIETHPOBaHUS (PU3UKO-MEXaHUIECKIE CBOHCTBA TIOPOJ M PYIT OT-
paxkeHbI B Ta0MI. 2 ¥ TaKXKe SBIISIOTCS 000OIEHHBIMH 10 H3BECTHBIM 30JIOTBIM MECTO-
poxaeHusm [7-9].

Tabauna 2. ®u3nKo-MexaHUYecKUe CBOICTBA MOPOA M Py B MOJe/IU
Table 2. Physical and mechanical properties of rock and ore in the model

BMema}omaﬂ OprmeHHaﬂ Pyna B
[Mapametp nopoza Pyna nopoza Mara3uHe
Monyms ynpyroctu, I'Tla 45,0 40,0 0,35 0,15
Koaddumment [Tyaccona 0,20 0,20 0,15 0,15
V nenbHBIH Bec, kr/m’ 2700 2800 1800 2100

Ha puc. 1 mokazana pacuetHasi 001acTh YCIOBHONH MOJIETH C BBICOTHBIMU OTMET-
KaMH{ 36MHOU TTOBEPXHOCTH U MOA3EMHBIX TOPU30HTOB, a TAK)KE paclpeielIeHne MaK-
CHUMAJIbHBIX HaHpH)KeHI/Iﬁ B pvaeTHOﬁ 00acTH Ha MOMEHT IMOATOTOBKH 3TaXXa MEXKIY
ropusonTamu +350 u +300 m.

B pacderHoii oGnacTu 3a1aHbl TPAaHUYHBIC YCIIOBHUS Ha peOpax:

AD: u,= 0; AB:u =0; CD:u =0.

Ha mwxaem pebpe AD 3amaBanioch yclloBHE PaBEHCTBA HYINIO BEPTHUKaIbHOM
KOMITOHEHTHI TiepeMeniennii. Ha 60koBeIx pedpax AB u CD 3amaBanmoch HyleBoe
PaBEHCTBO MepeMenieHnit mo ropu3onTann. [logobHas cuctema cBsizeit He0OX0au-
Ma I UCKJIIOYCHUSI CBOOOIHBIX MEPEMEIICHUN WM BpaIleHUs 00JIacTH B TOJIE
koopamHat [10]. Hamee pacuerHas o0nacTh pa3OuBaeTcs Ha CETKY KOHEUHBIX
3JIEMEHTOB.

JTanbl MoaeaupoBaHusA. B 3amaHHON TOPHO-TEONIOTHYECKONH OOCTAaHOBKE HaM-
Oopliee pacHpoCTpaHEeHHE MMONydYMiIa CHUCTeMa pPa3paboTKH C Mara3MHHPOBAHHUEM
PYABI B Pa3IHMYHbBIX TEXHUYECCKUX HCTOMHEeHMSIX [ 11-13]. Takum obpa3zom, paccMaTpu-
BaeTCs JaHHAs CHCTEeMa pa3padOTKH C XapaKTePHBIMU TOPHO-TEXHHUYECKUMH ITapaMme-
TPaMH U PACCUNATHIBACTCS IS CIEAYIONINX CUTYaIHi:

— IOATOTOBJIEHHBIH 3TaX /10 Hadaja BEJCHUS OYUCTHBIX padoT;

— HaJyayio pa3pabOTKH ITaxa;

— TIOAXOJ/ OYUCTHBIX PadOT K CEPEIMHE ITaXKa;

— oTpaboTKa 3Taka A0 MOTOJIOYHHBL,
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Pucynok 1. Pacuetnas o6nacts Mozenu
Figure 1. Computational domain of the model

Pucynok 2. ITonrorosieHHbIi 3Tax A7 0OTPAOOTKH PyJHOTO Tena
Figure 2. A level prepared for ore body mining
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— BBIILYCK MarasuHa;

— MOJICEYKa MOTOJI0YUHBI U 00pyIIEHHE BMELIAIOLINX TIOPOI.

ITockonbKy U3 BCeX MOA3E€MHBIX TOPHBIX BBIPAOOTOK, MPONHAEHHBIX BO BpeMsl IOA-
TOTOBUTENBHBIX U HAPE3HBIX Pa0OT HA TOPU30HTE, TOJIBKO OTKATOYHBIA U BEHTHJISLIN-

Pucynox 3. Pacnipenenenne MakCUMaIbHBIX HalPsDKEHHUH B Ha4asle OTpabOTKU dTaxka
Figure 3. Maximum stresses distribution at the beginning of the level’s development

Pucynok 4. Cepenuna oTpabOTKH dTaxa
Figure 4. The middle of the level’s development

OHHBI{ TOJIEBBIE IITPEKH UMEIOT CPOK CIIYXKOBI, paBHBII CPOKY OTpabOTKM T'OPU30HTA,
TO UMEHHO 3TH BBIPAOOTKHU M BKJIIOYEHBI B HCCIIEYEMYIO MOJEIb.

Ha npencrasnenHsix mMonensix (puc. 2—7) AEMOHCTPUPYETCs, KaK 3HauUTEIbHAs
DIyOMHA BeICHNS TOPHBIX PadOT M IUIOIIA(h BEIPAOOTaHHOTO MTPOCTPAHCTBA CO3AAIOT
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Pucynox 5. PacnpeneneHue MakCHMalbHBIX HalpsDKEHUH B IIOTOJIOYMHE, B HIDKHEH dacTu
0TpabOTaHHOTO MPOCTPAHCTBA M Yy MOJEBOTO LITPeKa MPH OTPAabOTKE PYJHOrO Tela B STaxke JO
TIOTOJIOYHHBI
Figure 5. Maximum stresses distribution in the floor pillar, in the lower part of the goaf and near the
lateral drift when developing the ore body in the level to floor pillar

Pucynok 6. PactipeiesieHre MaKCUMAabHbBIX HAMPSDKSHHUH B TOTOIOYHHE, B HIDKHEH 4acTH 0TpabOTaHHOTO
IPOCTPAHCTBA U Y MOJIEBOIO IITPEKa MOCIIe BBITYCKa 3aMara3HHUPOBAHHON PyIIbI
Figure 6. Maximum stresses distribution in the floor pillar, in the lower part of goaf and near the lateral
drift after stored ore drawing
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ycIioBus 1 OPMUPOBAHUST IHEPTOAKTUBHEIX 30H, KOTOPHIM HEOOXOIMMa KOJINYe-
CTBEHHAs U KaYeCTBCHHAs OLICHKA YCTOMUMBOTO coCcTOsiHUA [14].

IIpu aHanmu3e XpymKUX TOPOJ W PYyA paccuuThiBaeTcs KodhdummeHt ymapo-
OITACHOCTH:

TIC 6, — MAKCMMAJIbHBIC CXKHMMAIOMUEC HAIIPSKCHMA, ﬂeﬁCTBYIOII.IPle B MOACIINPYECMOM
MacCCHUBC; 6, — IPCIACII IIPOYHOCTH o6pa3ua mopoJa Ha CKaTtue.

Pucynok 7. Pacripenenenue MakCUMaJIbHBIX HaNpPsDKEHUH MOCIE MOACEUYKH TOTOJIOUMHBI, 3aII0THEHUS
0TPabOTaHHOIO IIPOCTPAHCTBA IIOPONOI OT HMPOXONUECKHX PaboT U OT caMOOOPYMIAIOIIMXCS IOPOX
€ BUCSYETO U JIeKa4ero OOKOB PyAHOIO Tena
Figure 7. Distribution of maximum stresses after the floor pillar under-mining and goaf backfilling with
the rock from tunneling operations and mashing down rock from the hanging and lying sides of the ore
body

Cornacuo «®enepanibHBIM HOPMaM W TpaBHJIaM B 00JACTH TPOMBIIUICHHOM
oesonacHocTu...» (IIpasuna Oezonacnocmu npu GedeHuU 20pHLIX pabom u nepepa-
bomKe meepovIX NONE3HBIX UCKONAeMbIX: (hedepanibHble HOPMbL U NPABULd 8 00AACTNU
npomvlulierHol bezonachocmu, ymes. npukazom Ne 505 Dedepanvroil caysicovl no
9KONO2UYECKOMY, MEXHOA02UHeCKoMy U amomuomy Haozopy 08.12.2020 o. URL:
http://www.gosnadzor.ru/industrial/mining/acts/general/ (dama obpawenus: 8 Oe-
kabpsa 2020 e.)) npu 3uadeHusix napamerpa K > 0,8 MaccuB CYMTACTCs CKIOHHBIM K
TOPHBIM yZIapaM.

Ha npakTrke pa3pabOTKH 30I0THIX MECTOPOXKICHHN 3HAUCHUE Mpe/ieia MPOYHOCTH
Ha C)KaTHe BMENIAIOUIMX PYAHOE TEJIO MOPOJ 3HAYUTEIBHO BaPbUPYIOTCS — B JMAria-
3oHe oT 60 g0 200 MIla [7-9]. B pacueTHOl MOIENU MaKCHUMAaJbHBIC CKUMAIOLINE
HanpsbkeHus cocrapuny 48 Mlla. OtHomeHue G,/G, B TAKOM CIly4ae COCTABJISET OT
0,8 o 0,24, 94To rOBOPUT O HECKIIOHHOCTH MTOPOJHOTO MaccHBa K TOPHBIM yAapaM MpHu
npezene npouHoctu 6oiee 60 Mlla.

AHAJIN3 Pe3yJbTAaTOB YHCJEHHOT0 MOJIEJIUPOBAHMSA. B TaHHOM HCCIICIOBAHUU
OLICHEHO TIepepaclpeie/ieHue TEXHOITCHHOTO HANPSDKEHUS B PYI0-TIOPOJTHOM MacCHBE
B TIEPUO]] BEICHUS TOPHBIX paboT (puc. 8).
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MaxkcuManbHbIe CKUMAIOIINE HANPSDKEHUS BOSHUKAIOT HA TPAHULIEC YIPYTUX Cpel
B MEXIYITKHOW MOTOJIOYMHE U TIOYBEHHOW YacTH BUCAYETO OOKa oTpabaThiBaeMOn
JKUITBI (TIOKa3aHbI AIIOPEI CHHETO IIBETa), MPH MOAXOAE OYHCTHBIX PaboT K IMOTOJO-
YUHE W TOCJE BBIITyCKa Mara3mHa, u cocTaBisitorT 44-48 Mlla. Hanpsoxenns y noa-
TOTOBUTENBHBIX (IIOJIEBBIX ) BEIPaOOTOK BaphHpyroTcs B nuana3one 20-32 Mlla. Takue
HaNpsDKEHUsI HAYMHAIOT MOABJIATHCS B OOKax IOJEBOro ITpeka ropusonTta +300 M B
HavyaJIbHBIN IEpHOJ OTPAOOTKH U JEHCTBYIOT 10 KOHIA OTPAOOTKH 3TaXa.

+890

B +870

E;FIDESVS

A

Pucynok 8. O0mast kapTHHa pacupeqerleHHs MAaKCHMaJIbHBIX HaNpsHKEHWH B pacueTHOH obmacTi
nocie oTpadoTKy Taxa Mexay rop. +300 M u +350 m
Figure 8. A general picture of maximum stresses distribution in the computational domain after mining
the level between hor. +300 m and +350 m

Jnst cpaBHEHUs CKakeM, 4To, coracHo popmyne A. H. JlunHuka, BenmuuuHa Bep-
TUKaJbHBIX HANPSHKCHWH B HETPOHYTOM MaccuBe Ha miyouHe 600 m paBHa 16 MIla.
Taxkum 006pazom, k03D GUIUEHT KOHIICHTPAI[MK HANPsHKEHUS B UCCISIyeMOl 00macTi
paBeH 3.

BoiBox mo pesysasTaram MofeaupoBaHusi. Haubomnee omacHbIi ¢ reomexaHuue-
CKOHM TOUKHM 3pEHHS dTall OTPAObOTKH PYIHOTO Tella HACTYNaeT Ha MOMEHT ITOJTHOHM OT-
paboTKH 3Taxa U BBIITYCKa 3aMarasuHUPOBaHHOMN PyIbI (puc. 6).

ITo ombITy pa3zpabOTKH MECTOPOXKIACHUH 30J10Ta Ha OOJBIIMX TITyOHMHAX B MECTax
KOHIICHTPAILIUH HANPSDKEHHH MOYKHO OXKUATH JIOKAIBHOE TPEIMHOOOPa30BaHUE U BbI-
Baj0oo0Opa3oBanue [15].

[pu poxo/IKe NMOJNEBBIX MITPEKOB HA MEHBIIIEM PACCTOSHHUHU OT JIexadero 00ka Bo3-
MOYKHA KOHIICHTPAIUS HAMIPSXKCHUH cBepX 0003HAUYCHHBIX B MOJICNH, YTO B CBOIO OYe-
pellb MOXKET IPUBECTH K Tporieccy aedopmupoBanus kpemu [16, 17].
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Predicting stress zones at various stages of goldfield development
Nikita E. Moroz!, Margarita V. Belova!, Georgii D. Rukavishnikov?
! Saint Petersburg Mining University, St. Petersburg, Russia.
2 Research Institute of Mining Geomechanics and Mine Surveying (VNIMI), St. Petersburg, Russia.
Abstract

Research relevance. Rock pressure manifestations are a common problem occurring when developing
a goldfield by underground mining. Rock pressure manifests as intense rock mass fracturing, sudden
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rockfall, and caving, often dynamic and taking the form of rock bursts. It is essential to assess the current
stress state of the rock mass and predict further changes in its stress-strain state to ensure safe mining in
these kinds of conditions.

The research objective is to identify stressed zones occurring during goldfield development and assess the
fields’tendency to rock bursts.

Methods of research. The finite element method based on an elastic-plastic problem is used to assess the
stress-strain state of a rock mass. Fidesys Bundle 1.6 Professional software was used to solve the problem.
Research results. Potentially hazardous zones were outlined by the ultimate values of the rock burst hazard
coefficient that were obtained from maximum compressive stress values that develop within the rock mass
because of shrinkage mining.

Scope of results. The research results can be used for geomechanical state instrumental control at similar
mines.

Conclusion. The presented approach to assessing the stress state of a rock mass makes it possible to
increase the safety of mining operations by expanding the geomechanical monitoring systems.

Keywords: rock mass; goldfield; shrinkage; mining safety; geomechanics, numerical modeling; finite
element method; maximum compressive stresses, rock burst hazard coefficient.
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Peghepam
Beeoenue. Cmamovs noceéaujena uccie008anuio 0esmenbHocmu ypansckux pyoosnamyes 6 XVII-XVIII gs.
Toucku pyo 6 kpae 6 3mo 8pems pazuUsanUct CAMOCMOAMENbHO U NAPALIENbHO PA3GUIMUIO 2€0N02UU U
opyeum Haykam o neopax. [losmomy penomen pyoosnamyes sgisiemcs 0OHOU U3 KIIOYeBbIX NOCLLIOK OISl
VACHeHUsl 0cObeHHOCmell hOPMUPOBAHUS YPATbCKOU 20PHO3AB00CKOU KYIbIMYPb.
Lenv pabomwi. Paccmompemv nosgienue Kamezopuu npeonpunumameneii pyoosHamyes U
PYOORPOMBIUTEHHUKO8 U3  KPECMbAHCKOU cpedbl, opmuposanue ux 0Opuouveckoeo cmamycd,
63AUMOOMHOUEHUS C KA3CHHOU NPOMBIULIEHHOCIbIO U 20PHOU AOMUHUCMPayuell.
Memooonozua. Hcnonvsyemca konyenyust Oupghy3uonuzma, 00Hou u3 coCmasiaiowux KOmopou A61A0mcs
pacnpocmpanenue u adanmayis 6a308biX NPOMbIULIEHHbIX MEXHON02ULL U, KAK cledcmeue, opmuposaue 6
azpapHom Kpae HO8bIX NPOU3E00CMEEHHbIX OMPACel U COYUATbHO-IKOHOMUYECKUX OMHOUEHUIL.
Pesynomamui. Hccneoosana o0Ha U3 MAnousy4eHHbIX COCMAGIAOUUX NPOMBIUIEHHO20 OCE0EHUs KPas —
pyoosnamysl. Mm npunaonedicum nepsuiHoe GuviAeienue pyo U NONE3HbIX UCKONAeMblX, OMKpblmue
Haubonee uzgecmuvix mecmopooicoeruil. Co emopoti nonogunvt XVIII 6. oHu cocpedomoyunucs Ha nouckax
son0ma. Yemanosenerno, umo ¢ 1730-x 2e. Hekomopbwie pyOosHamyvl CIMAHO8AMCs 0co00U IOPUOULECKOl
Kamezopueli Uy, 3aHUMABUUXCS CBOUM 0eNOM HA OCHOGAHUU YKA3A YEHMPANbHO20 UM PeUOHATLHO20
opeana. «lIpouemnvlily ykaz Ha 0c6000dCOeHUe OM 3A800CKUX padom, OOWUHHBIX 0053aHHOCHEN,
BOUHCKOU NOBUHHOCMU U HA €80000Y nepemeujenus Obll yenvlo npuobpemenus u 00513amenbHbIM
yenosuem coxpanenust cmamyca pyoosnamya. Pyoouckamenvckuil cmamyc ne 6ce20a UCnOIb308aics No
HA3HAYEHUI0: HepeOKo PYOO3HAMYbl PA3LE3NHCAU NO APMAPKAM U 3AHUMATUCL KoMMepyuell. Buisgnenst
YKasbl U NOCMAHOBNEHUs, onpedenaioujue cmamyc pyoosnamyes. Ilokasano, umo pyoo3namuecmeo
XVII-XVIII 68. pazeusanocs camocmosmenbHo 1 Rapaileibho PA36UmMuio Hayk 0 3eMHbLX HeOPax.

Knrouesvie cnoea: pyoosuamywi; Babunsl; 2opnosasodckas Kymsmypa; copmoe Oeno; Ypai,
XVil e.; XVIII s.

Beenenue. Tema pynosnarueB XVIII B. Ypana u Cubupu a0 cuX Mop ocTaercs
IIPaKTUYECKU HE U3YUEHHOW U, HACKOJIBKO U3BECTHO, HUKOIJA HE SABIANACH IPEAMETOM
CIIELUATIbHOTO UCCIIE0BaHUs. Py103HATIIBI B TO BpEMS HA3BIBAIIMCH TAKIKE «PYLOUCKA-
TESIMU», «PYIOCHIIMKAMHU», «PYIHBIMU MPUHUCKATENAMU» U TIp., U B HACTOSIIEE Bpe-
M$I BO3MOYKCH TOJBKO MPUOIM3UTENBHBIN UX yueT. B mureparype ynmoMruHaroTCs b
HECKOJIBKO Hanboliee TPOMKUX (aMHIIMHA pyIOHCKaTelel, Taleko He BCe U3 KOTOPBIX
TaKOBBIMU SIBJISTMCH (PAKTHUECKH U I0puarnYecK. TpaAuIHOHHO HA3bIBAIOT CEMEHCTBO
babuneix, Crenana YymnuHa, U3BECTHBIIETO Ka3HY O JKEJIE30PyIHOM MECTOPOKACHUH
ropel bnaroxats, u Epodest MapkoBa, otkpsiBiiero B 1745 1. 301mo01o. Mexay tem de-
HoMeH pynouckarenberBa X VII-XVIII BB. sBJI€TCS OAHON M3 KIHOYEBBIX MOCBUIOK
JUIsL YSICHEHUsI 0COOGHHOCTEH (POPMUPOBAHUS YPaIbCKOW TOPHO3aBOACKON KYJIBTYPHI.
PynozHariiel ObUTH HE «IpeATeUei» COBPEMEHHBIX ['€0JIOTOB, a CKOpee 3HATOKaMHU-JII0-
OuTENsIMH, C KOTOPBIMH IPUXOIMIOCH UMETh AeJo crenuanictaM. [1o MHeHuIo nero-
puka TexHuku A. A. Ky3una, B XVII B. pyabl HAXOAWIM MOYTH UCKJIIOYUTEIBHO MECT-
HBIE PYJO3HATLBI-CAMOYYKH, OCBOUBILINE HABBIK HAXOAUTD, PACIIO3HABATH U ILUIABUTH UX.
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OKCHeauIuu ke TOJIBKO TOIAa AOOMBANMCH YCIEXa, KOra ONUpPaIich Ha MOMOIIbL H
OMBIT pyro3HaTLEB [1].

IIpeacraBuTenn KOPEHHBIX HAPOAOB, PyCCKUE KPECThsIHE, IPOdeCCHOHATIBHBIE PY-
JIOMCKATeJIM CTAaHOBWJIMCH IEPBOOTKPBIBATEISIMU, COOMpasi EPBUYHBIE CBEACHUS 00
UCKOMaeMbIX MuHepanax. IlepBeie MecTopoxneHus ObuIM OOHAPYKEHBI IO BBIXOIAM
PyIBl B 0OpBIBax PeK, TaK KaK BOIHBIC apTEPHUH SBJLUIMCH B TO BpeMs Hanbosee ynoo-
HBIMH IIyTAMU Hepensmkenns. [louck ocymecTsisuics o pacckasam Jrofei, oOHapy-
JKUBILUX PYILY, WM C IOMOIIBIO IIEJICHAIPABIEHHOIO PACCIIPOCa MECTHOTO HACETICHUSI.
YacTo OpueHTHPOM B pa3BEAKaX CIIY>KWIN IPEBHUE PYIHbIE BEIPAOOTKU HITH «UyACKUE
KOITM», KOTOPBIE K MOMEHTY ONMCaHUsl ObUIM AaBHO 3a0pOIIEHBI U 3a0BITHL: «... B TOpE
1o npo0e B MPEKHUX KOMMIIAX sIBUIAch pyaa» (Poccutickuti 20Cy0apcmeeHuvlil apxus
Opesnux akmoe (PIAJ[A). @. 214. On. 2. JI. 1280. JI. 133). PynokomnHble cCHACTH OBLTH
HPOCTHIE: POHXKU (LIYIbI), KUPKH, JIOMBI, JIOTIATbI, KJIMHbS, MOJIOTHI, BEPEBKH.

MeTtoponorusi. O0menpru3HaHHa 3HAYUTENbHAs POJIb EBPOIEHCKOIO y4acTHs B I1e-
TpoBcKoil MozmepHu3anuu Poccuu. IlosToMy B u3ydeHuu GOPMUPOBAHUS ypPaIbCKOH
NPOMBILUIEHHOCTH BOCTpeOoBaHa koHUenuus Aud(y3noHH3Ma C aHAJIM30M MpOLec-
COB BBIPaOOTKH, 3aMMCTBOBAHUS U PACIIPOCTPAHEHUSI HHHOBALMH B IPOMBILUIEHHOCTH
U COLIMOKYNBTYpPHOH cepe, XapaKTepruCTUKON areHToB auddy3ud HHHOBALMKA U Me-
XaHU3MOB BHeApeHusa HoBoBBeAeHU [2—13]. IlepeHoc BaxHEHIINX NTHHOBALIMM U3 OfI-
HOH CTpaHbl B APYTYIO, C TEPPUTOPUH HA TEPPUTOPHIO SBISIETCS paboueil mapaaurMoi
TEOPHUH MOJEPHHU3ALNH, @ OOHUM U3 TUIIOB MHHOBAIMH CYMTAIOTCSI HOBBIE TEXHOJIOTHH.

Lesnio paGoThl SBISETCS PACCMOTPEHHUE MOSBICHUS U PacIipOCTPAaHEHUS HABBIKOB
NPOMBILUIEHHOTO PYIO3HATUECTBA U €r0 CTAaTyca B KPECThSHCKOW Cpeie ypalbCKOTo
peruoHa, B3aMMOOTHOILECHUH TPEANPUHUMATENEH PyA03HATLEB U PYAOIPOMBILIUICHHH-
KOB C KQ3€HHOI MPOMBIIUIEHHOCTHIO M TOPHOH aIMUHHCTpAIel, MOTUBALIMH U periia-
MEHTALH UX AEATEIEHOCTH.

Pesyabrarsl ncciaenosanus. B Hagane X VII B., koraa npodeccroHaNbHBIX CIIeH-
AIMCTOB HE OBLIO, IPH ONPENEICHUH XKeJie3a B O0JIOTHOH pyzie MECTHBIM HaceJICHUEM
UCIIONIb30BAJICH IPUMUTHBHBIE cliocoObl. Hanpumep, Hammuue B 6050TE JKEIE3HOM
PYIIBI OTIPENENSIOCHh TP TIOMOIIU Oepe3oBoii Kopel. B mae 1628 1. coobuienne o Ha-
XOIKE TaKOW PyAbl MOCTYNHIO TOOOIBCKOMY BOeBoze. MecToHaxokaeHne O0IOTHON
pynst Ha p. Hume ykazan rynsimmii yenoBek Tumodeit lypraunua. B 1631 1. ipu pyn-
HUKe 3apaboTal epBhIil TOCYIapCTBEHHBIN XKelle30/1eNaTeNbHbIH 3aBoj] Poccnn — He-
BBSHCKOE pyaHOE U xese3Hoe neno (HuupiHckuii 3aBoxn, HeiHe c. PynHoe).

OnHO W3 MEepBBIX YIOMHUHAHUMA O JPEBHEM MCTOYHHUKE 30JI0Ta CBA3aHO C HAXOIKOM
«OyrpOBLIMKOBY» 30JI0THIX M CEPeOPSHBIX U3AEIUN B MOTHIIaX KOYEBHUKOB y p. HceTp
B cepenune XVII B. B 1664 r. cBenenust 0 ApeBHUX PyIHUKAX MOCTYIHIM OT MOHaxa
JlanMaToBCKOro MOHAcTBIpsl U pyao3Hatna Jlota. OTu cBeneHUs TOJNOKHWIN LAPIO
Anexcero MuxaitnoBudy, rmocie 4ero B 1669—1674 rr. mociiegoBanu MacTaOHbIe TO-
WCKU 30JI0TOH U cepeOpsHOM py/bl, MOTYyYHBIINE OTPAKEHUE daxe Jeronucsx. B 1663 r.
no nozckaske pygouckarenss M. C. Tokapesa u 1o yka3y u3 bonbioro neopua Obia
OpraHM30BaHa SKCHEeTUNHNs 3a cepeOpoM y 03. Barpan B paiione coBpemenHoro I. Ce-
Bepoypayibeka [14-16].

OT pyno3HaTLeB OCTyNajIu IepBble cBeAeHUs 0 pyaax. OcoOEHHO MPHUBJIEKAIN U3-
BECTUS O HEBEAOMBIX 3€MJIAX M HaxOJKax KaMHEW, BO3MO)KHO COZAEP)KaBILIUX 30JI0TO
i cepebpo. BoT ogHO n3 Takux cooOmenuit 1667 1. «BenoMo BenHKOMy Tocynapro
YUYHHUIOCH, 4TO B IIycTo3epckoM ocTpore ecTh ropa. A T€4eT U3 cepeirHbl TOM ropsl
pyna Genas, mogoOHa cepeOpy Wi onoBy. M 4TO BEDKMMaeTHa, TO caMoO W CaIuTLa,
J1a ¥IC TOM ke TOpHI B ABYX MecTax. A 4aloT UC TOH pyAbl OBICTU cepeOpy HIIH OJIOBY.
[la ecTb ropa Benukas, a y TO! ropsl CIroJa, U TOH 1€ CIIOABI U Ha BEPXY TOM TOpbI MHO-
ro...» (Poccuiickuti 2ocydapcmeennuiii apxus opegnux akmog (PIALA). @. 151. On. 1.
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. 13.J1 13). 3a 30107101 1 cepeOpsIHOM, MEAHOM PO TOCYAapCTBO OPraHU30BBIBAIO
JIOPOTOCTOAIINE IE€0JI0rOPa3BELOYHBIE IKCIIETUIINHI C HMHOCTPAHHBIMHU MacTepaMu, OC-
HalllEHHbIE TTOXOAHBIMU NMpoOupHBEIME TabopaTopusimu. K XVIII B. ka3Ha HampaBuia
Ha Ypan 6onee 20 reonoropa3BeAOUHBIX SKCIICAULIUH.

Pyno3HaTIpl OTKpBIBAIM MECTOPOXKIEHUS, TIPU KOTOPBIX HEPEAKO BOZHUKAIU Me-
TaJUTyprudeckue 3aBofibl. BriocneacTBuu OHU CTaHOBHMIJIMCH KOJBIOEGNBIO CIEAyoLIe-
ro TIOKOJIeHUs! pynouckareneld. [lepsoe u3BecTHe o HaXoAKe MEIHOU pyabl B Oepery
p- Kamsr ma I'puroposoii rope noctynuino ot SlkoBa JINTBHHOBa, JBOPOBOIO YEJO-
Beka CTpOraHOBBIX, MPU3HAHHOTO IMEPBBIM HM3BECTHBIM POCCHHCKHM PYHIO3HATIIEM.
B 1633 . Anexcanap TymamieB oTKpbUT Ha [ pUTOpoBO#i Tope pyAHBIN M1aCT ¢ GOraThiM
coJiepXaHueM MeIH.

Pe3ynbraTsl OTKPBITHS MOJOXKWIN HAYaJI0 CTPOUTENsCTBY B 1633—1634 rT. mepso-
ro B Poccuu [Isickopckoro MeeniaBmiIbHOTO 3aBosia. JlanbHeliee pacnpocTpaHeHne
PYAOHUCKATENbCKOTO MPOMBICIIA CBSI3aHO C MOJJEpKAaHUEM HEIpPEpBIBHOM NeATENbHO-
CTH 3aBOJIa: UCTOIIEHUEM CTapbIX PYIAHUKOB M IIOMCKOM HOBBIX MECTOPOXKIECHHMH IO
nputokam Kamsl. C 40-x rr. XVII B. perynspHblii U LeleHaNpaBiICHHbIN MOUCK PY[
nepeHocurcs u B 3aypanbe. B 1644-1647, 1653 u 1667 rT. B okpecTHOCTSIX BBIcOKO#
(MarsuTtHoI1) ropsl Ha p. Taruia UCKanu U UCTIBITHIBAIM METHYIO pyay Ui [Ipickopcko-
IO MEJETIaBUIIBHOTO 3aBO/1a IJIaBUIIbHBIE MacTepa, pyJo3HaTIbl Anekcanap Tymaiies
¢ cetHoM JImutpuem, Cemen Konokonsuuk, Janmna Kamunen u ap.

Jpyrum nentpom BeiiaBku meau B Poccu ¢ cepennant X VII B. 6611 rocynapcTBeH-
HBI MeJleTIaBIIBHBIN 3aBoA B OKpecTHOCTAX Kaszanu, ynomunaBmmiics ¢ 1640-x rr.
no Hadana X VIII B. [lnutensHoe BpeMs Ha 3aBOJIEe paboTall pyJo3HATEIl U ITOTOMCTBEH-
HBII MyIIEYHBIH INTEHHBIA MacTep, moanonkoBHUK JlaBpentuii Heitnrapr (Neidhardt).
Ha pyGexxe BexoB Kazanckuii 3aBoj ObLT HEHTPOM OOyUYSHHS U PAaCIpPOCTPAHEHUS
ombiTa noucka pyn B IIpukaMbe n Ha Ypane. Y MOANOIKOBHHKA Oblia co3aHa Lie-
nast cimyx0a pyno3HarieB U3 xkwureneil Kynrypckoro yesna (tarapun bomsik Pycaes,
kpectbsiHuH Penop Manbnes, nymkapsr Hukudop amamoB u mp.), KaXasld w3
KOTOPBIX OTKpbLT B [Iprypanbe Oonee qecsiTka MECTOPOXKICHUN MEIH.

Hauano oOmupHOTro BBISBICHUS W O0CIIEIOBaHYSI 3aJICKEH KEIC3HOM PYIbI B Kpae
HayaJloch C MOMEHTa, Korga B MocKBe cTallo U3BECTHO O TOM, uTo B BepxoTypckom
ye3[1e €CTh KaMEHb-MarHuT U xene3Has pyaa. [louckamu pynsl B paiioHax Beicokoit
(MaruauTHOI#1) TOpBI M OyaylIero AnanaeBckoro 3aBojaa B Hadane X VIII B. 3anumanuco
Borynbl SlkoB, MakcuM u AHnpeit CaBunbl. A 26 uroHs 1696 . BepXOTypCKOMY BO-
esozne Jmutputo IIpoTacbeBy ObLTO BesEHO pa3BeiaTh U HEMEIJIEHHO COOOIIUTH HC-
YepNBIBAIOILYI0 HHPOpMAIHIO 00 3THX pynax. Onucanne MarHUTHOM TOPhI COCTABUIT
crpeneukuil necatHuk @enop HakopskoB. B ocMoTpe 1 onucu Ipyrux MecTopoxie-
HUH >KeNIe3HOU py/bl, HaliieHHOU B BepxoTypckom yesne (MpuMEpHO COBIAIAET C TEp-
putopueit CBepAiIOBCKOI 00JacTH), y4acTBOBAIM YK€ JACCATKA MECTHBIX PyHOHCKa-
TeJsel, Ky3HeloB U MeNbHUKOB. C 0OMIMPHO AeATENbHOCTH PYIO3HATIECB ISl HOBBIX
BoJlozieiicTByomMX ManydakTyp B Hauane XVIII B. MOXHO HauMHATH OTCYET BTOPOTO
JTarna MOUCKOBhIX paboT Ha Ypase. B 310 ke Bpemst B BepxoBbsx p. Mceru u p. Uyco-
BOIi OBLT OOHAPYKEH PsIl KPYITHBIX MECTOPOXKICHUH JKeNe3HBIX U MEIHBIX pyxa [17].

B 1699-1702 rr. mocTtynmiu nepBble U3BECTUS O MEAHOU pyne ¢ mputoka Mceru
— p. Ioneroii — ot Cepress badbuna. Pynosnariel babunsr (Oparest Cepreit, demnop,
Ponnon u Cremnan) oOHapyKHUJIM TIOYTH BCE U3BECTHBIC KPYITHBIE PYAHUKHA B OKPECT-
HocTsix Oynymero ExarepunOypra. B 1702 r. babunbsiMu 110 cieaM 9y[CcKHX siM OBLIO
yKa3aHO CTaBIlIee BIOCIEAICTBUU 3HAMEHUTHIM MECTOPOXKIEHIE MEIHOM pyas! I 'ymer-
K1 B BepxoBbax p. [loneoii. [lpu pa3zBenounsix padorax Ha ['ymerikax mno ykazaHHIO
®. babuHa phUTMCH TaK Ha3bIBAEMBIC «KOIIAHW» B 7 MecTax 10 4 cax (8,5 M) B niryOuHy.
B 1703 r. oduepennoe u3BeCTHE O MEIHOM py/Ie MOCTYIUIIO OT KpecThsinuHa . Mabi-
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113, KOTOPBIi 0OHAPYKWII CTapbie YyACKHe MBI BBepX 110 p. Mcets, B 9,5 BepcTax oT
ycTbs p. Ykryc (coBpemenHnas p. [larpymmxa) (PIAJ/[A. @. 151. On. 1. []. 13. JI. 101
00.—102 00.).

B HOBBIX LIEHTpax MOMCKA, UCTIBITAHUS U UCIOIB30BAHUS PYI — Ha METAILTypru-
YECKHUX 3aBOJIaX — CTajJM HAKAIJIMBATHCSl CBENICHUS, MOCTYMHaBIINE OT MECTHOTO Ha-
cenenus. Tonpko Ha YKTycckuil 3aBox eue 1o npuesna B. H. Tarumesa u coznanus
TopHBIX Jen KaHIENIpuH MOCTYMaal U3BECTUS O HaXOAKaX PyIbl M3 OMMKAWIINX U
JIagbHUX OKpecTHOCTel: ¢ pek Uyconoii, [lonesoit, IlIunoBku, Apamuiku, YKTyca,
ITeimer, Yebsl, JIoOBEI, JIsun, ¢ o3ep barapsika, [llenkyna u np. beuta naxe 3aBeze-
Ha «KHura 3anucHas pynam», B KOTOPOU, HAIIPUMEP, COOOINAIOCh, YTO JBOEC KPECThIH
Apamaiuesckoii cnobonst T. H. bopucos u T. K. Tpouukoii o0bsiBrIn 11 Ananaes-
CKOTO 3aBoJia pyabl: Ha p. Pexx B 2 mectax, Ha p. Kapamerire, iBanoBke, boOpoBke 1o
1 mecry, Ha p. bapanue B 3 mecrax (locyoapcmeenuniii apxue Ceeponosckotl obracmu
(TACO). @.29.0n. 1. ]]. 1. JI. 334 00.).

EBporneiickue TeXHONOTMM MOUCKA U aHaNIM3a Py[, IUIABKA MeTallla paclpocTpa-
HSJIUCH B Cpelle ypasibckux pyaouckarened. [ns Kasanckoro meneriaBUiIbHOTO 3a-
Bona B [Ipuypanbe miutensHOE BpeMs UCKalu pydy TarapuH b. PycaeB, kpecTbsiHUH
®. Manbies, nymkaps H. [llanamMoB, KOTOpbIE YUUIUCh MAaCTEPCTBY MOUCKA Y MHO-
crpanna JI. Heiinrapra. Cepreit baoun Ha nonpoce y B. H. Tarumiesa cooOuru, 4to
«y4wics OH pyny IutaButh B KomdemaHckoMm ocTpore y Ky3Hena Bacwumus [onyOmosa
no 3armucsaM X. J[poOblia, KOTOPBIH MPOMBIILISUT CePeOpsIHYIO pyay B Oalllkupax Ha
Tacme pexey» (IACO. @. 24. On. 1. /. 4a. JI. 13, 17 06., 707). 3BeCTHO, 4TO y4acT-
HUK T'€0JIOTOpa3BeouHOM akcrieaunuu 1670-x rT. cakcoHckuit mactep X. ApoObii He
BJaJIeN pycckuM s3bikoM. OtHako apamuiabckuil AparyH C. baOun cymern Bocmonb30-
BaTbCS €0 3aMUCAMU Ha HEMELIKOM WJIM JJATUHCKOM $I3bIKaX, OCBOUTH CIIOXKHYIO HAYKY
Te0JIOrOPa3BE/IKM U BBITUIABKU MEIU M 00YYUTh MACTEPCTBY CBOUX OpaThes.

Hepenko Metonbl ypanbCKUX pyJAO3HATIICB OTJIHYAINCh OT MHOCTPAHHBIX U Ooliee
TIOJTXOIUIIU JIIsE MECTHBIX ycinoBuid. Tak, B 1697 1. rpeueckue mactepa Anekcanp Jle-
BaHanaH U CeMeH [ puUropbeB rIaBmiId MEIHbIC PY/bl B HU30BbX p. [IbIIMEI, HO O€3-
pe3ynsratHo. I1o cioBaM BepXoTypckoro kotenbHIKa Kanuael AHapeeBa, «MpeKH KU
yroJib B 0c000# sIME, M TOPH CIIOKHUIIU [0 CBOEMY OOBIKHOBEHUIO. M Ha TOM KpyIHOM
YIOJibe Ty PYAY U3KEUH BKpPacHE, U pa30UB MEJIKO, ChIAJIU B TOPH MOKPYIO TIOHEMHO-
ry... M no Toil ux IUIaBKE HUYETO ONPUYb I'PSI3U Y HUX I'PEKOB U3 TOU PyAbl HE POIHU-
nock». Haxomsice psiioM, KOTENbHUK CKa3aj, YTO HE 3HAET NPUYMHY HEYIa4u IPEKOB.
OH fenai OmbITHI U3 TOM e PYIIbI «II0-CBOEMY 3HAThIO B CTAPOM KOTEJIHHOTO JIeJia Top-
HE ¥ KBaCWI Ty pyIy B BUHHOM Opare, Ja B KBacIax Jijisi TOro, YTOObI U3 TOU Pyibl BCS
Tpsi3b BhIUIA. M 110 TO# €ro MIaBKe U OMBITY U3 TOU PYILI MEb SBUJIACH ITyTOBKAMI.
[Tonyuun Menp Tam, I€ HE CyMEJIH 3TOTO ClIeNaTh FPEUECKUE MacTepa, U KPECThIHUH
®denop Konrsk. M3 ero pacckasa ciiefioBajo, 4To cepeOpsiHOMY JIey OH Hay4dHJICs, KOT-
na xxun y cepebpsinuka Muriku [Tanesa B Kait-ropoake. ['pexu ke Hanvcanu B MUCbEMe,
YTO «3HATHO CJIeJIa]l OH KaKUM-HUOYIb BBIMBICTIOMY (PIAJ[A. @. 214. On. 1. /1. 1280.
JI 98, 124, 126, 133, 138).

B XVIII B. npuuunciieHre K pyJo3HATLAM CTajlo HE 000POTOM pEUH WIIM MPOCTHIM
ONPENEIICHUEM pOJia 3aHATUM, a IOPUANYECKUM aKTOM. Jlalieko He KaXAblii OTKpbIBa-
TEJIb MECTOPOXKICHHUS MOJIC3HBIX HCKOIAEMBIX OBUT B PEaJIbHOCTH PyI03HATIIEM. A pe-
aJBHBIN pyIO3HATEI] JAJIEKO HE BCerna paboTal MPOIYKTUBHO U MHOTAA UMEIN B OHO-
rpaduu b OTHO OOBSBICHHOE MECTOPOXKIeHNE. Pyn0o3HATIBI CTAHOBUIIUCEH 0CO00H
IOpPUIMYECKON KaTeropueil Jihil, 3aHMMAaBIIMXCA CBOMM JIEJIOM Ha OCHOBaHUHU yKa3a
LEHTPAJIBHOTO WJIM PETMOHAIIBHOTO OpraHa.

Bot kak npoucxoauio 3to Gpopmuposanue. B 1720-¢ IT. pya0o3HaTIBI MeIrepsKoBbI
MPOCIABWINCH CPEU MPOUETO U TEM, YTO TIEPBBIMU CYMENH JOOUTHCSA (PAKTUYECKOTO
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BBEJICHUSI OCBOOOK/ICHHSI OT PEKPyTCKOro Habopa kak obsi3arenbHoro. B 1719—1720 rr.
cnoboackoit mymkaps KannHoBcko# cinobonsl [Iumen MemiepsikoB ¢ OelloMeCTHBIM
Ka3akoM TO# xe cio6onel SxoBom KagunoBeiM un kpectbssnuHoMm Hukutoit ypaco-
BBIM OOBSIBIIIM MeIHYIO pyny 1o p. Mpout. B Tom e rony I1. MemepsikoB ¢ Gpatom
SxoBoM u ceiHOM Kupuiiom o0bsiBuim Meap 1o p. barapsik. B 1720-1721 rT. cbIHOBBS
1. MemepsikoBa Marseii, @enop u Hukura o0bsBIsIIN MEIHYIO pyay 110 pekam MpOut
u Pesne. B suBape 1723 1. I1. MemepskoB goHocui o6 3tom: «M mpocunu To MecTo
OCMOTpETb. A 3a 3MMHUM BpeMEHEM He ocMarpuBaHo. U qaH ObUT UM yKa3, 4To0 s
OCMOTpY MecTa uX B conaaTel He Oparb. U nponmoro 1722 1. komuccap Peduios, He
JOIMYCTS X MECTO OTBECTb, B35J1 B CONIATHI U Bbichan B ToOONbCK. A HBIHE Te MeCTa
n3 CHOMpPCKOro TOPHOTO HavYalbCTBA OCMATPUBANH, U ABUIHMCH roaHble. M xoTs 0 1 ¢
JIETbMH MOUMH €I1I€ XOTeJl pyly UCKaTh M, KOIaB, MpoJaBaTh Ha 3aBozbl [ ocynapessl,
a HBIHE 32 OJMHAYECTBOM YYHHUTH HH4ero He Mory» (IACO. @. 24. On. 1. [. 22.
JI. 68, 114). EcTecTBeHHO, OH JJOOHJICS U CHATHS PEKPYTCTBA C CBIHOBEH, U TOTyYSHHUS
nozapsiia Ha pa3paboTKy MECTOPOKACHUI.

B 1772 r. Crenian babun BcrmomuHan, uto ero otenr ®enop badun eme o 3aBexe-
Hust ExarepuHOyprckoro 3aBoja 3aHMMascs MOUCKOM PYI M Pa3InYHBIX MHHEPAJIOB.
B pesynsrare ero nouckoB Bo3HUKIH Ilonesckoil, CricepTckuii 1 AnanaeBcKUil 3aBo-
nbl. Cam xe oH ¢ Opatom [leTpom Hamien pyny s bepe3oBckoro 3010TONPOMBIBANIb-
HOTO 3aBoja. 3a uTo B 1734 . ObUIM HArpakKJICHBI OCBOOOKICHUEM OT 00s3aTEIIbHBIX
3aBOJICKUX U MUPCKUX (OOIIMHHBIX) paboT, YTO OBLIO 3aMMCaHO B «IIpoueTHOM» Est M-
neparopckoro Bennuectsa ykaze. K ykazy nmpunaranacs cnpaska u3 I maBHoOro npasie-
HUS O 3aciyrax cemeiicta. B uncie otkpeituii ®@. babuna ObuiM Ha3BaHBI KEJIE3HbIC
pyaauku Bepx-Hcerckoro 3aBona — Pemerckuit, Kpamnunckuii, [lunosckuit u Ka-
pacweBckuit; I[ToneBckoro 3aBoga — ['ymemeBckuii 1 KpacHoropckwuii; MegHbIe pyIHU-
ku [loneBckoro 3aBona (npexae Ykrycckoro u ExarepunOyprckoro) — ['ymemeBckuit
(1702 r.) u [Tonesckoii (1710 1.). Ha3Banb! ObuH U eliie 00bsIBICHHBIC UM 11 jKeIe3HBIX
U 5 MEJHBIX IIPUKCKOB.

N3BecTHO, BIpoYeM, YTO B OTKPHITUH BCEX YIOMSHYTHIX PYJHUKOB CBOIO POJIb Chl-
rpanu Opatest enopa — Cepreii u ocodbenHo Poxuon. Taxke clienyeT MOJYepKHYTh,
YTO B NPUBEJICHHBIN TOTa NEPeYeHb HE BOIIUIO MHOXKECTBO U JIPYTMX MECTOPOXKICHHUH —
PYZIHBIX U HepyaHbIX. Cpeau MocIeHUX — 3HaYUMBble JJIs Ypajia OTKPBITHS XpycTals
B YTKHHCKOH ciiobome u mpamopa 0:1u3 [opHoro Illura. Ceippe [OpHOIIUTCKOTO Me-
CTOPOYK/ICHUSI CTaJI0 OCHOBOH MEPBBIX JIeT AeHCTBUsl EkaTepHOyprekoil KaMHEpe3HOH
¢babpuku.

Htak, «1podYeTHBIN» yKa3 Ha 0CBOOOXKICHHE OT OKJIAJAHBIX 3aBOACKHX padboT u 00-
HIMHHBIX 00S3aHHOCTEH OBLT LIENbI0 MPHOOPETEHUS U 00513aTENBHBIM YCIIOBHEM COXpa-
HEeHHs cTaryca pyno3Harna. To, o yem mpocun Crenan babuH 3a cBoro pamuinio B
1773 r.: «Kak nefcTBUTENBHO CIYKUTENIbCKHE NETH, TO HapsiAy C KPeCThbsIHAMU Hac
CUMTATh U B 3aBOJICKHE pabOTHI pacroyiararb HEMOXHO, @ EIMHCTBEHHO 10 IaHHOH HaM
IIpuBunerny AOMKHBI HAXOAUTHCA y MPUUCKY MEAHBIX U JKEIE3HBIX Py, PaBHO X U
JIpyTUX MeTaioB U muHepanoB» (IACO. @. 24. On. 1. /]. 2127. JI. 73 00.).

®dopmanbHo ke orter ero @. baObuH 3HAYMICS ITATHBIM MEACTUIABUIIBHBIM MacTe-
POM, a B CTapOCTH JIECHBIM 00be3aunkoM. ChiH ero CTenaH, BO3MOXKHO, U HE 3HAJ, 4TO
Denopy IpUXOIUIOCH O0POThCs 3a cTaryc 3amoaro 1o 1734 roma. Eme B 1725 . oH
obpamancs B Cubupckuii Odep-6epramr (ociie B. . ['ennuHa npeoOpa3oBaHHbINi B
I'maBHOE mpaBieHue 3aBoaoB): «Ykazom Ero Mmneparopckoro BenudecTsa onpenencH
s JUIsl IPUUCKY MEIHBIX, KeJIEe3HBIX U MPOUYHX Py, Y KOTOPOTO MPUHICKY OBIBAIO C ChI-
HOM cBouM Tpodumom Gecnpectanno» (TACO. @. 24. On. 1. /1. 22. JI. 141). Cratyc
babunbIx Bcerna ObLT ONMPEeNSIONNUM ISl IPOYUX PYAO3HATIIEB, 1 OHU CTPEMHIIUCH
K TOMY JK€.
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B 1769 r. pynouckarensckas apTens U3 16 yenoBek — MpUNHCHBIE KpecThsiHe ba-
rapsIKCKO# ciio0oapl — Ouiu o ToM 4yesioM B [aBHOM npaBieHnu. K cBoum 3aciyram
OHM OTHOCHJIM OTKPBITHE IIECOYHOI'0» 30JI0Ta U 30JIOTHIX MPU3HAKOB IO pekaM Mce-
™1 1 CHHape U e[Ba JIM HE MEPBOro Ha Ypajue MECTOPOKICHHS KaMEHHOIO yINis Ha
p. Komuenanke (TACO. @. 24. On. 1. /. 1948. JI. 161 06.). B cBoem oOpainieHuu oHA
MUCAJIH, YTO U BIIPEIb BMECTE C I€TbMHU UMEIOT JKEJIaHNe UCKATh PYAbI U IPYTHE IO~
3eMHBIE COKPOBHUILAY». OHU MPOCHIN OCBOOOAUTH MX OT MOAYLIHOTO OKJIajaa, MOJBO-
JTHOU TOHBOBI, APYTHX O0S3aTeNbHBIX 3aBOACKUX M OOLIMHHBIX padoT, Tak Kak U3-3a
3TOTO HE UMENH BPEMEHHU IS MOHCKa pyd. MM ObLIO HEOOXOAMM «IIPOYETHBII» yKas,
pasperaonii KOHKPETHBIM JIIOASIM CBOOOIHO NIEpEMENIaThCsI M 3aHUMAThCS IOMCKOM
Ha Bceil Tepputopun Poccuiickoro rocynapcrsa. UenoOUTINKH OpUEHTHPOBAIUCH HA
opugnueckuii craryc babunsix: «IIpoune sxe Hama Opatbst pynouckarenu Exarepun-
Oyprckoro 3aBozaa [lerp u Crenan baGuHbI U1 IpUIaHKUS OXOTHI K MPUUCKY TAKOBBIX
PYZL OT 3aBOICKUX PabOT, MOCTOEB, MUPCKUX HAKIAAOK IO cuiie bepr-nmpuBuiernu u
Bepr-pernamenty, onpenenenue B Kanuenspun ocBOOOKICHBI. A TOJIBKO €TUHCTBEHHO
TUIATAT OIHU MOAYUIHbIE AeHBI'H HaTypotoy» (IACO. @. 24. On. 1. /. 22. JI. 160-162).

OnHOBPEMEHHO € YMOMSHYTOW PYIOMCKATENBLCKOM apTeipio Owia 4eioM apy-
ras rpymnmna u3 22 4einoBeK, COCTOsINas U3 XKuTened ApaMuiabckol, KaMbIioBckoi,
YTruHCKOU cnobox crapoobpsaueckoii [llapramickoii nepeBuu. OHu cO0OIIAH, YTO B
1764 r. otkpbun 17 3070TOCOAEPKAIINX MPUUCKOB 1 HBIHE TPEOOBAU cTaryca pyao3-
HATIEB, TAK)KE CChUTAsICh Ha 0COOBIH cTaryc baOuHBIX.

Kak BuamMm, craryc pyno3HaTIa MoapasyMeBall OCBOOOKICHHE HE TONBKO OT 3a-
BOJICKMX M OOIIMHHBIX Pa0OT, HO U OT PEKPYTCKOr0 Habopa pyao3HaTIa U ero AeTei, a
TaKXe cBoOOIy mepeaBrkenns — GopmaibHO B MaciuTabax Poccuiickoro rocyaapcraa.

VY4acTre pygo3HaTLeB B pa3paboTKe OOBSIBICHHBIX MECTOPOXKICHUN XOTh M MpPHU-
BETCTBOBAJIOCH, HO HE ObUIO OOBIUHBIM AenoM. B 1720-e rr. Ha JOOBIYY M MOCTaBKY
JKeJIe3HOU pynbl Ha YKTycckuid M ExarepuHOyprckuii 3aBojibl U3 OTKPBITBIX HMH Me-
CTOPOXKACHUH MOAPSDKAINCH, B YacTHOCTH, P. babun u yxrycckuil pyno3naren VBan
Kupunnos. [lpunuchsie ApamamieBckoit cno6oasl Tpudon Hukutuna u Marseii [{ues,
MOJIy4MBILIHE YKa3 Ha CICK pyx oT W. biinepa, n3Beimanu o cioxkHOCTIX 3Toro: «B mpo-
oM 1722 1. pabortanu HesbstHCKOH c10001b1 B DeIbKOBKE-IEPEBHE Y TOOBIYH KOJI-
yenany 4 Henenu. U 3a Ty paboty HaM HUYero He JaHo. J[a Mbl sk oObickanu HeBbsiH-
CKOH c10001151 Ha peuke KocTpoMIinHe B Uy[CKHX CTaphIX KOMAX KAMEHb KOMYeaH Ha
POBHOM MecTe. A T0OBIBaThH HAM OHBIN KOJYEIaH COOOH HEBO3MOXHO, a paOOTHUKOB
HUKOTO HaHATh BoJicto He Moxkem» (1ACO. @. 24. On. 1. J[. 22. JI. 414).

Pynouckarensckuil craryc He BCerna MCHONb30BajICs 10 HazHaueHHio. M3BecTHO,
HamnpuMep, YTO MHOTHE PYAO3HATIIB B 3UMHUIN MIEPUO 3aHUMAINCh KOMMeEpIUEil, CBO-
0onHO 0e3 MOIOPOXKHBIX Pa3be3KalM MO SpMapKaM, MOJb3YsICh JapPOBAaHHOH UM CBOOO-
JIOM TIepeaBUKEHHUS.

Hagepnoe, camblii rpoMKkuii ci1ydaii monoOHoOro poza npousonien B 1771 r., koraa ot
HespsHckolt 3aBojickoit koHTOpHI C. S. SIkoBneBa crano u3BecTHo: «IIpomoro 1770 1.
HeBpsiHCKOTO 3aBO/Ia U3 J)KUTENIEH HEBEAOMO KyJa OT PEKPYTCKOro Habopy CaMOBOJIBHO
omryuminch Hukon u Adanacuii [TyTunoBckux ¢ ToBapuiy, Bcero 9 uenosex». Bee
yLleIIue, a TaKXkKe U JBoe xkuteied Bepxue-Tarmibckoro 3aBoaa, CYUTAIACH PYAO-
3HaTI[aMK U ¢ 1764 . UMeNM Ha TO TPOYCTHBIN yKa3 OT IIaBHOTO KOMaHjupa rpada
A. 3. Mycuna-Ilymkuna: «3a 0ObsIBICHHBIC CHICKAHHBIE MU B Pa3HBIX MECTax 30-
JIOTOCOZIEpIKaIle pyAbl B MPUBO3€ HAa YKTYCCKHMH 30JI0TONPOMBIBAJIBHBIN 3aBOA Ha-
TPaJuTh U BIpeIb CHAOAUTH YKa30M, 10 KOTOPOMY O BOJILHO UM HE TOUHUIO B 3/IEII-
HEM BEJOMCTBE, HO M B JPYTHX TYOSpHUIX pa3Hble METaJUIbl 1 MUHEPAJbl CHICKUBATH.
Takske 1 CBOOOIUTH WX Ka)KJIOTO C CEMEMCTBOM OT 3aBOJICKUX Pa0OT, U OT PEKPYTCKHUX
HabOpOB, U MUPCKUX CITY>KO, U OT TIOJIBOJTHOM TOHKOBI, M OT MOCTOEB, U EIUHCTBEHHO
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yucnutbes uM B Kannenspuu [maBHOTO mpaBieHus 3aBOIOB PYIOUCKATEIIMUA U HAXO-
JUTHCS ObI UM CYZIOM M PacIIpaBoIo MOJ €€ BEICHHEM.

Teneps ke TOBOPHUIOCH: «O3HAYCHHBIM PYIOUCKATENSM JIJIsl CBOOOIHOTO M Oec-
MPETATCTBEHHOTO MPUHUCKA PYIHBIX KAMEHbEB M MHUHEPAJIOB JaH C MPOYETOM YKas3.
C KOTOpOTO BpEMEHH BHINIETUCAHHBIE PYAOUCKATENH, ITOTyda ce0e BOJIHHOCTD, OIMH U3
HUX C MOJIMHHBIM, a MPOYUE C 3aCBUICTEIbCTBOBAHHBIMU CO OHOTO KOMUSIMU, UMETH
CaMOBOJIbHBIE OTIYYKH B TAKOBBIX MECTaX, TJI€ PyJ COBCEM HE UMEETCS, Ja U IPYrUM
€00010 OEMIBIM €O 3[CIIHHUX 3aBOIOB K MPOE3y MOBoA AaBaii». CTajao U3BECTHO, YTO
yexaBIllie 3aHHMAJINCh B OTHE3/I€ TOPTaMH, IOBEJIMPHBIM MTPOMBICIOM, B CHMOMpCKOn
ry0epHUM Tedyarail KpecTbIHaM XOJICTHI, HEKOTOPBIE 10 TOPTOBBIM JeIaM J00painch
no IlerepOypra. EcTecTBeHHO BO3HHKIIO OITAaCEHHE, YTO HEKOTOPHIE MOTYT 3aHATHCS
BOPOBCTBOM HJIM COUTHCH ¢ pa3boiitHnkamu. B cBs3u ¢ 3TM nmomuHaincs ykas Cenara
B bepr-koHtopy ot 24 nexabps 1764 r. 0 COXpaHEHUU 3a PYyNO3HATIIAMHU 3aBOJCKHX
MOBHHHOCTEH M PEKPYTCKOTO 3aueTa. Yke ObUIM CIydau U3bATHUS y PYNO3HATILIEB MIPO-
YETHBIX YKa30B, TEJIECHBIX HaKa3aHWI U OmpeneeHns B 3aBojicknue pabotel. Tak ciy-
9mII0Ch ¥ B 3TOT pa3 (IACO. @. 24. On. 1. /. 2049. JI. 200-217).

Co Bropoii noioBuHbl X VIII B. 30110TO CTa)I0 OAHUM U3 HanOOJIEE KENaHHBIX 00b-
€KTOB pyloucKarenbcTBa. Haduanom macmTaOHBIX TOMCKOB 30J10Ta Ha Ypane cieayeT
CUHTaTh €ro OTKphITHE B Mae 1744 r. ropHbIM yueHukoM Jleontuem IluraneBbiM, co-
BEpIIEHHO 3a0bIThIM BriocieACTBHH [18]. OTMETHM, YTO M JIET€HJapHBIE PYAO3HATIIBI
baOuHb! MOy4acTBOBaIM B OTKPBITHH 30JI0THIX MMPUUCKOB. Tak, P MCCIEI0BAaHUH HO-
BBIX MECTOPOXKIIEHUH Kene3a u 6enoit muHb st Kamenckoro 3aBoga Cremnan u Iletp
babunbr oOHapyxkumu B 7 Bepcrax ot a. lllapramickoii KpucTamibl Oeoro KBapiia.
OO6pasibl 00ciIeI0Balu B 3/CIIHEN 1a00paTopuu, «a 1o npode SBUIOCH CAMOPOIHOS
30J10TO». 30J10TO OBLIO TOIYYEHO MPH MPOMBIBKE IIMXA, IIOATOMY HE OBLIO Cpasy y3-
HaHO OpaThIMU-pynOo3HATIIaMU. FIMEHHO PYTHUK, OTKPBITHIN CTaTyCHBIMH PY/I03HATIIA-
Mu Oparbsimu baOuHBIMU, TTOy4nI Ha3zBaHue bepe3oBckoro, a 3a HUM 1 bepezoBckuit
3aBo. (PymHuK, OTKpBITHIN cTapoobpsanem Epodeem MapKkoBeIM, a TaKKe U 3aBOJT Ha
ero 0aze, umeHoBaics ¢ Tex nop [eimmvunackum) (14CO. @. 24. On. 1. []. 1414. JI. 113).
B 1757 r. Bo3nukiio u nepBoe B Poccuu ydupexaeHue, BeaaBiiee 30J0TON00bIYCH —
lopras sxcnennuust ExaTeprHOYyprcKuX 30J0TOCOAEPKAIINX PYIHUKOB (BIIOCIE-
cTtBuM ExarepnHOyprckas ropHasl 3KCIEAWIHNS 30JI0TBIX MPOU3BOIACTB). OTKpBITHE
babunsrx, kak u Haxoaka Epodes MapkoBa, cocTosutoch Omarogaps padoTe ¢ moiesod-
HOW KBapIlIEBOW MOPOMIOH, C OEIBIMU MONYNPO3PAUYHBIMU XPYCTAIISIMU, TO-3/ICITHEMY
Ha3bIBaeMBIMH «cTporanuamu». Ho Epodeit konan ux B 1745 . A7l KaKuxX-TO CBOUX
HanoOHocTell, a baduuel B 1755 1. nmenu ocoOblid yka3 Ha UX 100BIYY Ui IPEACTaB-
JIeHust B uMniepaTopckuii Kaduner.

PynosnardgectBo TpeGoBano popMair3oBaHHON peTIaMEHTAIINN CBOEH JIeSTebHO-
ctu. B ['maBHOM TIpaBneHrH 3aBOJIOB B CBSI3M C MHOTOUHCIICHHBIMU Y€JIO0OUTHSIMH TTPH-
BEJIM MEPEUYEHb aKTOB, ONPENCNIABIINX CTaTyC pyJao3HarieB. B ocHOBe Bcero nexanu
Bepr-npusunerus 1719 . u Bepr-permament 1739 1. Ha3Ban Obul UMEHHOW yKa3 OT
13 HOs10pst 1722 . 0 HEUMHEHUHU OOWJ PYJO3HATIIAM MOMEUIUKAMH, MPUKA3UUKAMHU
U MHPCKAMH cTapocTtamu. [IpuBogmiock onpenenenne bepr-komiernn oT 27 CeHTS-
Ops 1722 1. Ha moHoMIeHne Oepr-coBeTHHKa M. Muxasnmca: «K Comn Kamckoit u Ha
Bepxotypbe k BoeBOJaM MMOCaTh YKa3bl, 1a0bl OHH BIIPEIb B PYIHBIX JIejaX MoMelIa-
TENbCTBA HUKAKOTO OTHIOJb HE YMHWIIH, a Iade e Obl YHHUIIM BCIKOE BCIIOMOXKEHHE,
A exenu OyIyT YMHUTH TOMEIIATEIHLCTBO, TO OHU CaMH OyIyT B3STHI AJISI PO3BICKY
B bepr-xomnerutoy». Jlanee B 0OQHOM psAy UM CEHATCKas HHCTPYKUMsS MaHyakTyp-
KoJuiernu ot 3 aexadps 1723 1. u cenarckuii yka3 Kommepi-komierun ot 13 HosOps
1731 1. 0 IpUHATHH B €€ BECHUE TOPHBIX 3aBOIUYHKOB.

Wznaranuch cymb00HOCHBIE yKa3bl [T1aBHOTO TIpaBiieHns baOuHBIM OT 27 HOSIOps
1734 1. m ot 10 HOsOps 1739 1.: «3a MHOTHE pynouckareneil babuHbIX ToNIe3HBIE K 3a-
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BOJIaM TPYyZbl ¥ BEPHOE paficHUE U Ul IPUUCKY K 3aBOJIaM BIIPENb Py OT 3aBOJCKOMN
paboThl CBOOOANTH M MJIATUTH UM TOAYIIHBIC IEHBIU. A PYIbl, KAKHE MOTYT CBHICKATh,
NPUUCKHUBATH C TIpHIIexkaHueM. Y exxenu rie oHble 00BIIIYyT, 00BsBIAT B KaHuesipuro,
3a 4TO 10 100pOTE Pyl HArpaXKACHUEM OCTaBleHbI He OymyT». «[IpoueTHBIN» yKa3 Bpy-
yascst nepconansHo @. babuny.

IIpuBogunocs omnpenenenue ImaBHoro mpasnenus or 31 mapra 1748 . B moa-
TBepxaeHue yka3oB 1734 u 1739 rr.: «Pynouckareneii [lerpa na Crenana babunbix B
pacIojaokeHne 3aBOJCKUX PadOT U MUPCKHE 37IeTbsl HE CIPAIINBaTh, U CYUTATh PYIO-
NPUUCKATENSIMH, W TIOAYLIHBIH ¢ HUX OKJal cOupars Hartyporo. O 4eM UM 0O0BSBICHO
C KPEeIKUM TOATBEPXKIECHHEM U C MOIMMCKOI0, YTOO OHM K MPHUCKY HAAEKHBIX PYA
Y KaMEHbsI LIEHBI JOCTOMHBIX UMENHU TIIAHUE U PAJCHUEY.

O Tarapax-pynonpomsinuieHHuKax KyHrypckoro yesna Kazanckoii ryoepHun u3-
nasancst i bepr-xomnerun oco6slit yka3z Cenara ot 17 Hos0pst 1744 1.: «C sicauHbIxX
TaTap pyIONpPOMBIIIIEHHUKOB, KOTOpble Ha Ka3eHHble SrommxuHckui, FOrosckoi n
MOTOBUIMXUHCKUN 3aBOABI CTaBAT CBOMM KOIITOM MEIHBIE PYIbl, PEKPYT HBIHE
U BIPEAb U3 UX JEPEBEHb, [TOKa OHBIE PY/bI B IECTBUN M OT HUX Ha Ka3€HHBIE 3aBOBI
B MmocTaBke OynyT, He TpeboBarey» (IACO. @. 24. On. 1. /. 1948. JI. 174—181). beun
U IpyTrHe MOCTaHOBJIECHNUS, YTOUHSIOIINE CTaTyC PyJO3HATIIEB.

BoiBoabl. Takum oOpaszom, pynouckarensctBo XVII-XVIII BB. (a Taxke u B HO-
CIIEYIOLIEM) Pa3BUBAIIOCH CAMOCTOSATENBHO U MApaIJIENbHO Pa3BUTHIO [€0JIOTUH, T€0-
MOPQOIOTHH U BCETO TOTO, YTO MOYKHO CUUTATh HAYKOW O 3¢MHBIX HeZlpax. Pyno3HaTbl
He OBUIH «TIpeATeueil» COBPEMEHHBIX Te0JIOTOB; MX MOXKHO OMpPEAETHTh, CKOpee, Kak
3HATOKOB-JIOOHTENEH, C KOTOPBIMU BCETHA MPUXOAUTCS UMETDH JIENIO0 CIEHUaTUCTaM.
I'eonorus, wiu 10, uTo MOKHO ero cumtath B XVIII B., pazBuBanace B oOrieM pyc-
Jie pa3BUTHS TOPHOTO Jiena. Pyno3HaTiiaM MpHHAIEKUT MEPBUYHOE BBIIBICHHUE PYI
U TOJE3HBIX HCKOMAEeMbIX, OTKpPBITHE HauOojee M3BECTHBIX MECTOPOXAECHUH. A co
BTopoii nonosunbl XVIII B. craparenyu Bce OOnblIe KOHIEHTPUPOBAINCH HA MOMCKAX
3onota. EBponeiickue TEXHOIOTHH TOPHOTO U POOHPHOTO UCKYCCTBA PaCIPOCTPaHU-
JIUCh CPEIN YpaJbCKUX pyIOHCKaTeNel U PyJONPOMBIIUIEHHUKOB U CYILIECTBEHHO IO-
BJIMSUIM Ha YPOBEHb UX MacTepcTBa. BmecTe ¢ TeM OCHOBHYIO pOJIb B HCCIIEOBAaHUU
HeJlp, B OPTaHU3ally [UTAHOMEPHBIX U3BICKATEIbCKUX W FOPHOAOOBIBAIONINX padoT B
XVIII B. urpanu WHOCTpaHHBIE CIIEUUATUCTBI U 00yYEHHBIE UMK PYCCKHUE IITAaTHBIE
TOpHBIE MacTepa.

[MpumepHO ¢ 1730-X I'T. HEKOTOPBIE PYIO3HATIBI CTAHOBITCS 0COOO0M I0PUIMYECKOM
KaTeropueu JIMI, 3aHMMaBLIMXCS CBOMM JEJIOM Ha OCHOBaHHM yKa3a LEHTpPajIbHOTO
WINM perHoHajJbHOro opraHa. OfHaKo Jajleko He KaXKAbIH OTKpHIBATEIh MECTOPOXKIC-
HUSI TIOJIE3HBIX MCKOTIAEMBIX OBUIT B peallbHOCTH PYIAO3HATLEM. A peanbHBIH pyJo3Ha-
TeIl 1aJIeKO He Bceraa paboTal MpoAyKTUBHO U MHOTA UMEN B OMorpaduu JIUIIb OJJHO
00bsBIeHHOE MecTopoxaeHne. «[IpoyeTHsI» yKa3 Ha 0CBOOOXIEHHE OT 3aBOACKHUX
paboT, OOIIMHHBIX 00sI3aHHOCTEH, BOMHCKOW MOBHHHOCTH M Ha CBOOOAY NepeMelrie-
HUs OBLI LENBI0 TPUOOPETCHUS M 00513aTEIILHBIM YCIIOBUEM COXPAHEHUS CTaTyca Pya0-
3HaTHa. PynonckarenbCckuii cTaTyc He BCEI/ia UCIIOIb30BaAJICS 10 HA3HAYSHHIO: HEPEAKO
PYZIO3HATLIBI pa3be3rkaiy Mo SpMapKaM 1 3aHUMAaJIMCh KOMMepIHei. BeIsBIeHb! yKa3bl
Y TIOCTAaHOBJIEHUS, ONPEAEIIAIONINE CTaTyC PYI03HATLEB.

K Teme pymosHaTiieB BIJIOTHYIO MPHUMBIKAET TE€Ma PYAHBIX MPOMBIIIJICHHUKOB.
Bosnukmuii kak siBnenue onaronaps ycunusm B. W. T'ennuna B 1720-e IT. BONBHBIHA
pyassIit npomsicen Ilepmckoro kpas (Kynrypekwuii yesn nu Conukamckasi TpOBUHITHS)
OBLT B U3BECTHOM CMBICJIE «BEHIIOM» MacCOBOM pyHOMCKATEIbCKOM JesITeIbHOCTH, e
JIOTUYECKUM TMPOIOJIKEHUEM U UTOrOM. JledTenbHOCTh pylIOHCKaTeNbCKUX apTeneil u
KOMIIaHWH 0a3upoBasack, Cpe MPOUETo, Ha IOCTOSHHOM MOUCKE THE3/IOBBIX PYIHBIX
3ajexKeH.
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Uralian ore sleuths

Evgenii A. Kurlaev!
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Abstract
Introduction. The paper studies of the activities of Uralian ore sleuths from the 17th to 18th century. Ore
prospecting in the region at this time developed independently and at the same time as geology and other
mining sciences. The phenomenon of ore sleuths is therefore a fundamental premise for understanding the
peculiarities of Ural mining culture development.
Research objective is to consider the emergence of the category of entrepreneurs-ore sleuths and ore
producers from the peasantry, their legal status development, relations with the state-owned industry and
the mining administration.
Methods of research include the concept of diffusionism, one of the components of which is the
dissemination and adaptation of basic industrial technologies and, as a consequence, the development of
new industrial sectors and socio-economic relations in the agrarian region.
Results. Ore sleuths, as an understudied aspect of the regions industrial development, have been
investigated. They were the first to locate ores and minerals, to discover the most famous deposits. From
the second half of the 18th century they focused on the quest for gold. It has been established that since
the 1730s some miners became a special legal category of persons who conducted the affairs based on a
decree of a central or regional authority. “Honorary” decree on exemption from factory work, communal



ISSN 0536-1028 «H36ecmus 8y3086. Topnovi ocypnany, Ne 8, 2021 91

duties, and military service, giving a freedom of movement was the purpose of ore sleuth status acquisition
and a prerequisite for keeping it. The ore sleuth status was not always used for its intended purpose. Ore
sleuths often traveled to fairs and handled a business. Edicts and decrees appointing the ore sleuths status
have been identified. It is shown that ore prospecting in the 17—18th centuries developed independently
and at the same time as mining sciences.

Keywords: ore sleuths; the Babins, mining culture; mining; the Urals; 17th century; 18th century.
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WUtorun koHdepeHuumn B3pbIBHUKOB Ypana

BepceneB I. I.', Kytyes B. A."*, KnsizeB [1. 10.!
" MHctutyTa ropHoro gena YpO PAH, r. Ekatepunbypr, Poccust
*e-mail: slavik1988@mail.ru

Peghepam

B cmamve npedcmasnena ungpopmayusi 06 umoeax VI nayuno-npakmuueckoil Kowgpepenyuu ¢
medxcoynapoonvim yuacmuem «Texnonoeus u Oezonachocmv 6ypoG3PLIGHLIX pabOm HA OMKPLIMbIX U
noozemnuix paspabomxax Ypanay, npoweoweti 8 pamkax IX Ypaivckozo copnonpomviuinennozo gpopyma,
svicmasku «'OPHOE JEJIO / URAL MINING21», npuypouennvix k [00y Hayku u mexHonocuil 8
Poccuiickoti @edepayuu u k 30-nemuro IopHonpomsiuinennou accoyuayuu Ypana, na niowaoxax MBIL]
«Examepun6ype-OKCIIO» u IIAO «Ypanacbecmy. Taxoce 6 cmamve pacckazwleaemcsi o 1aypeamax
Vpanvckoui eopnou mpemuu 2021 200a, 0 3acnyuaHHbIX HA KOHpepeHyuu HAYYHO-MEXHUYECKUX
00KAA0ax u cooOWeHUsX no memamuke 63pbleHbIX padom. [1o0sedenvl umozau 6ble30H020 CEMUHAPA HA
ITAO «Ypanacbecmy, 20e noo pykosoocmeom 2nagHo2o uHdiceHepa npeonpusmus «lIpommexe3puviey
Yucmsaxosa H. A. u eenepanvrozo oupexmopa Accoyuayuu « Bapvienuxu Ypana» bepcenesa I’ I1. npogederui
IKCKYPCUUHAKAPbED, NEPBBILIHA YPaie3a800 N0 U320MOGLEHUIO NPOMBIULTEHHBIX IMYIbCUOHHBIX 63PbIEUAINbIX
sewgecms «Ilopamumy, 6a3uUCHbIIL CKIAO 83PbIGUAMBIX MAMEPUALOS, MY3ell U y4eOHbIl YeHmp Ypanbckozo
acbecmosozo 2opHo-oboeamumensviozo kombunama. Ilocne dxckypcuii na niowjaoke yuebHo2o yenmpa
KOMOUHama (axmuyecku npogedeHa 8mopas 4acmv KOHQEpeHyuu, 8 pamKax Komopoi Obll 3acayuan
psi0 0oknados. Tlo sasepuienuio gvie30no2o cemunapa Accoyuayueti «B3pvlenuxu Ypanay nouemmnvimu
2pamomamy U YeHHoIMU nooapKamu Obliu noowpeHsl cneyuaiucmel npeonpusmus «IIpommexespoiey
3a 3aciyeu 8 npou3e00CMEEHHOU OesIMeNbHOCMU N0 COBEPUIEHCNBOBAHUIO MEXHON02UL OYPOB3PbIGHBIX
pabom Ha npeonpusimuu U OpeaHuU3ayUU Mpyoa HA 0OBLEKMAX, CEA3AHHBIX CO G3DLIGHBIMU PADOMAMU.
B sakaouenuu cmamou ckazano o npuHamuIx peuenusx Kongepenyuu.

Knrouesuvie cnosa: Hay4HO-npaKkmuyeckas Kongepenyus; mexncoynapoonoe yuacmue, « Texnonozus
u 6e3onacHocms 6ypo83puIGHbIX pabOm HA OMKPLIMbIX U NOO3EMHbIX pazpabomxax Ypanay, Ypanvckuil
2opnonpomviunenHsii popym; Mucmumym copnoeo oena YpO PAH; Accoyuayua «B3pwisnuxu Ypanay,
1140 «Ypanacbecmy, npeonpusmue «IIpommexe3puviéy.

5 oktsa0ps 2021 r. Ha mwromanke MeXayHapoaHOTO BBICTaBOYHOTO IteHTpa «Eka-
tepuHOYypr-OKCIIO» B pamkax IX YpanbCkoro TOpHOIIPOMBIIIIEHHOTO (DOpyMa, BBI-
CTaBKHU TEXHOJOTHYECKUX HOBUHOK, oOpazoBanms u crienirexauku «I' OPHOE JIEJIO
/ URAL MINING’21», npuypodeHHBIX K [0my Haykum ¥ TEXHOJNOTHH B Poccuiickoit
Oeneparnuu 1 k 30-meturo [opHOPOMBINIUIEHHON accomuanuy Ypana, nponuia VIIT
HayuyHO-npaKkmuueckana Kongepenyus c mexicoynapoonsvim yuacmuem « Texnonozus
u 6e3onacHocms 6ypPo63PLIGHBIX PAGOM HA OMKDPBLIMBIX U HOO3EMHBIX PA3PAOOMKAX
Ypana» (nanee xoudepennus), oprann3opannas UHctuTyToM ropHoro aena YpO PAH
(UI'] YpO PAH) u Accommanueii «B3peiBHUKH Ypanay. B MeponpusaTHu MPUHSIH
ydactre 6ornee 50 mpencraBuTeneii u3 27 opraHu3aiidii TOpHOTO IPOGHIIS.

O wuarpaxkaeHum. B3pBBHUKH-yYaCTHUKM KOH(EpPEHIINH CTalld JiaypeaTamu
VYpanbckoi ropHoit npemuu B 2021 roxay:

— Kanmop Benuamunm Xaumoeuu, reHepanbHblil qupektop HaydHo-TexHHUUYecKou
¢dbupmel «BapeieTexnomorus» [1] (r. Mockga);

— Pycckux Anexcanop Ilemposuu, nupextop pynoymnpasieHus [TIAO «Ypamacbec»
[2], paboTasmmit B 2005-2008 rr. Ti1aBHBIM HHKeHEpoM, a B 2008—2021 rT. mupexTo-
pom mpenmpusatus «l[IpomrexsipriBy [3] (cTpykTypHOE TTompazneneane [TAO «VYpan-
acbect», . Acoecr);
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— Osuapos FOpuii Eszenvesuu, renepanbhblii qupektop AO «PaboTsl B3pBIBHBIE
cnenranbHbie) [4] (. MarHUTOTOPCK).

O noknanax. Ha konpepeHMy ObUIH 3acayIIaHbl HAyYHO-TEXHUYECKHE TOKIIA/IbI
Y COOOILEHMS IO TEMATUKE B3PHIBHBIX paO0T. BHUMaHUs 3aCTy>KUBAIOT AOKJIAbL:

— Uyxun 10. I, Apecmosg /]. A. (OOO HTL «B3pbeiBoOe30macHOCTH, T. MOCKBa)
— O TIOBBIIIEHUH MOTEHLMATBHON SHEPTUH IPOMBILIUIEHHBIX B3pBIBUATBIX BEMIECTB [S];

Jlaypeats! Ypasbckoii TOpHO# peMuH (cIeBa HaIpaBo):
Pycckux A. I1., Kaarop B. X., Ouapos IO. E. (2021 r.) u bepcenes I'. I1. (2019 1.)
Ural Mining Prize winners (from left to right):
Russkikh A. P., Kantor V. Kh., Ovcharov Iu. E. (2021) and Bersenev G. P. (2019)

— Komsawes A. A. (U] ¥pO PAH [6], r. Exarepun0ypr), Pycckux A. I1., Yucms-
kos H. A. (ITAO «¥Ypanacoecr» [2], . AcOecT) — 0 IPUMEHEHUH IEKTPOHHBIX JIETOHA-
TOPOB [UIsl HHULIMUPOBAaHUS O0EBUKOB CKBAYKUHHBIX 3apSA0B U3 SMYJIbCHOHHBIX B3PBIB-
YaThIX BEIIecTB [7];

— Knazes /[. 10. (U] YpO PAH [6], r. ExarepunOypr) — o cienuaibHBIX B3PBIBHBIX
paboTax 1o OOpyLICHHUIO 3aHUH HEB3PHIBYATEIMU MaTepHaIaMU;

— Topunos C. A., Macnos U. FO. (OO0 «I'moban MaltHuHT DKCIuUto3uB - Parmay,
r. Mocksa) — 00 oneHke 3¢¢GeKTUBHOCTH UMITYJbCa MPH B3PbIBE LMIMHAPUIECCKOTO
3apsiaa [8—13].

OTH U Apyrue MaTepHuaibl, IpeACTaBICHHbIC Ha KOHpEepeHINH, OyayT OmyOnruKoBa-
HBI B IepBoM kBapraie 2022 1. B 11-M coBMecTHOM cOopHHKe Accoruanun «B3peiBHU-
ku Ypana» u UI'Jl YpO PAH «Texnonorust u 6€30macHOCTh B3pBIBHBIX paboT» [14—16].

O BbIe31HOM ceMHHape. 6 OKTAOPs B3pbIBHUKaMHU ObUT OpraHW30BaH BBIE3IHOM ce-
muHap BT. AcOect Ha nmpeanpustue [TAO «Ypanacbect» (reHepaibHblii TupexTop Kos-
noB HOpuit AnekceeBuu, maBHbId HHkeHep CanaxueB Anekcanap ['puropsesuy) [2]
JUIst Tpynmsl U3 27 yenoBek oT 11 npeanpusTui, rae noj pykoBOJCTBOM ITIABHOTO MH-
xkenepa [Ipennpustus «IIpomtexs3priB» Unctaxkosa H. A. 1 reHepanbHOTO UpEKTOpa
Accoumnanun «B3peiBHUKH Ypana» bepcenesa I. I1. mpoBeneHsl SKCKypcHM Ha Kapbep,
NEePBBIN Ha Ypaje 3aBOJI 110 U3TOTOBIECHUIO IPOMBIIIJICHHBIX IMYJIbCHOHHBIX B3pbIBUA-
ThIX BemecTB «[lopaMuty», 6a3ucHbIi ckilaa B3phIBYAaTHIX MaTepuaioB (BM), myseli u
y4eOHBIN HEHTP YPaiabCcKoro acOecTOBOT0 TOpHO-000raTUTENEHOTO KOMOMHATA.

O6cTosTenbHYI0 HHPOPMALKIO MO0 SKCKYPCHOHHBIM OOBEKTaM Jajd PYKOBOIHTE-
mm npennpustust «IIpomrexe3priB» Ynctsikos H. A. (1o B3peiBHBIM paboTtam), 3otoB U. I.
(mo OypoBeiM paboram), BenukanoB B. B. (110 mpOMBINUIEHHBIM 3MYIIbCHOHHBIM
B3pbIBUaThIM BemectBaM), Uepayxun U. O. (mo xpanennto BM n MexaHuzauuu Ha
ckiage BM), aupexrop yuebHoro kombuHara boponynun /. B. (o my3seto u yuebHOMY
MPOIIECCY).
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B 3akntouenue Ha miomnagke yueOHOro eHTpa KoMOuHaTa GakTHYeCKH IPOBEACHA
BTOpas 4acTh KOH(EPEHINHU, B paMKax KoTopoi BeicTynuin: Pycckux A. I1. (06 ucto-
puu cranosnenus u pazButus ITAO «YpanacOecty); YucrsakoB H. A. (o HanpaBieHUsIX

Bupn na xapsep ITAO «Ypanacbect»
View of the PJSC Uralasbest open pit

paboter B 2020-2022 rr. npennpusitusa «IIpomrexs3poisy); bepcenes I I1. (o padore
Acconmanun «B3peiBHUKH Ypana»); Kuuurua A. B. (o mpou3BoACTBE MPOMBIIIICH-
HBIX SMYJBCHOHHBIX B3PBIBUATHIX BELICCTB M MEXAaHHU3ALMU B3PHIBHBIX PadOT B KOM-
naann HAO «HUTTMT'OPMALILL» [17]); ApectoB [I. A. (0 HOBBIX TE€XHOJOTHYECKHX
paspaborkax HTL] «B3psiBoGe3onacHocThy); CynapukoBa O. H., ucrnomHUTENbHBIN
mupexTop POOP «Coto3 crpouteneit Ypana» (o padore Coro3a B TEKyILEM [IEPUOE).

YdacTHHKH KOH(EpEeHIIN Ha SKCKypcHH 1o kapsepy [TAO «Ypamacbect»
The participants of the conference held during the tour of the PJSC Uralasbest open pit

3a 3acimyru B MPOM3BOACTBEHHOM AEATEIHOCTH 0 COBEPIICHCTBOBAHUIO TEXHOIOTHI
OypoB3pbiBHbIX padoT (BBP) Ha npennpuaTii 1 opraHu3aliiy Tpyaa Ha OObEKTax, CBsI3aH-
HBIX CO B3PBIBHBIMH paboTamu, Accormaneii «B3pbIBHUKN Ypasiay MOYeTHBIMU rpaMOTaMU
Y [IEHHBIMH TIOJTapKaMK OBLTH TIOOIIPEHbI CIIEHUAINCTHI TpenpusaThs «II[poMTexB3phIBY:
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— Yucmsakos Hukonaii Anamonveguu — IIaBHBIN HHXEHED;
— 3omos Unwvsa I pucopvesuu — 3aM. nupextopa mo bBP;

— Mexonyesa Tamvana Huxonaesna — pazgaruuk BM;

— Bemioeos Andpeti Braoumuposuy — B3pbIBHUK;

— Anomacpos [unup Axviiiesuy — B3pHIBHUK;

— Caghun Pycnan Paduxosuu — rOpHBII MacTep.

Myszeit Ypaiabckoro acbecToBOro ropHo-000TraTHTEIFHOTO KOMOWHATA
The museum of the Ural Asbestos Mining and Processing Plant

Pemenue kondepenunu.

1. IIpomomkuTh BHIE3IHBIE CEMHUHAPHI (KOH(PEPEHINH, Che3/Ibl) Ha MPEAIpUATUSL
C OXBAaTrOM IIEPEOBBIX PabOUMX, WHKECHEPHO-TEXHHUUECKUX pPaOOTHUKOB, HAyYHBIX
COTPYIHUKOB U YYaCTHUKOB IO MPO(HUIHHBIM HAIPABICHUSIM.

Bpyuenue nodersoit rpamotsl YucrsakoBy H. A. ot Acconuanuu
«B3pbIBHUKK Ypana»
Presentation of the certificate of honour to Chistiakov N. A. from the Ural
Blasters Association

2. Omy0nukoBath MaTepuaisl o nposeaeHHo VIII HayuHo-npakTHuecKoil koHe-
PEHLINHU ¢ MEXIYHApOIHBIM ydacTueM «TexHonorus u 6e30macHOCTs OypOB3pPBIBHBIX
paboT Ha OTKPHITHIX U MOA3EMHBIX pa3padoTKax Ypaja» B exkerogHoM cOopHuKe «Tex-
HOJIOTHUS ¥ Oe30macHOCTb B3pBIBHBIX padoT» (I kBapran 2022 1.).
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3. OOparuThCst B HAA30PHbIE OPraHbl ¢ PEKOMEHAALMSIMHU O PACIIMPEHHUH ITyHKTa 57
®DenepabHBIX HOPM U NMPaBUJI B 00IaCTH MPOMBILUIEHHON Oe3zonacHocTH «lIpaBuna
0e30macHOCTH MpPU MPOU3BOACTBE, XPAHEHUH U NMPUMEHEHUH B3PBIBUATHIX Marepua-
JIOB IPOMBILIJICHHOTO Ha3HAUYEHHsD», yTBEPKACHHbIE MTprKazoM DeaepanbHOi Ci1yKObI
M0 HKOJIOTHYECKOMY, TEXHOJIOTHUYECKOMY M aTOMHOMY Han3opy oT 3 nmekadps 2020 r.
Ne 494 nns cnenmanucToB B3pBIBHOTO A€, UMEIOIINX AUIUIOM TOPHBIX HHKEHEPOB WIIN
TOPHBIX TEXHUKOB CTpaH OimkHero 3apyoexbs — benapycu, Kazaxcrana, Kuprusuu,
V36ekucrana, TamxukucTaHa 1 ApMEHUH.

4. TlpopaboraTh BONPOC HW3TOTOBJICHUS HHU3KOAETOHAIIMOHHBIX MPOMBIIIICHHBIX
B3pBIBUATHIX BeulecTB Ha ckiage BM [TAO «YpamacOect» ans MapuHHCKOTO IIPUUCKA
U pAJa NpeanpusITuil Ypana, a Takke Apyrux peruoHos PO.

5. Bce yyacTHHKHM KOH(EpPEHLUUH BBIpaXaloT OnaromapHocTh Aupekuuu HWHcTH-
TyTta ropHoro nena YpO PAH, pykxoBoactBy Accouumanuu «B3pbeiBHHKH VYpamay,
[TAO «YpanacOecT», a TakKe 4iIeHaM OPIKOMHUTETA 3a MOATOTOBKY M OPraHH3aLlUIo
KOH(epeHIINH, NPOBEICHNE BBIE3THOIO COBEIIAHHMS M IKCKYPCHH Ha CTPYKTYPHBIX
noapazaenenusx [T1AO «YpanacbecT».
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The outcome of the Ural Blasters Conference

Gennadii P. Bersenev!, Viacheslav A. Kutuev!, Denis Iu. Kniazev!
!Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

The article contains information on the outcome of the 8th scientific and practical conference with
international participation, Drilling and Blasting Technology and Safety in Opencasts and Underground
Mines of the Urals. The conference was held within the framework of the 9th Ural Mining Forum and
URAL MINING’21 Exhibition on the occasion of the Year of Science and Technology in the Russian
Federation and the 30th anniversary of the Mining Association of the Ural region at the venues of IEC
Ekaterinburg-EXPO and PJSC Uralasbest. The article also recounts the Ural Mining Prize’21 winners
heard at the conference of scientific-technical reports and reports on blasting. The seminar at PJSC
Uralasbest was summarized. At the seminar, under the guidance of N. A. Chistiakov, the engineer in-chief’
of Promtekhvzryv, and G. P. Bersenev, CEO of the Ural Blasters Association, tours to the quarry were
given, as well as to Poremit which is the first Ural industrial emulsion explosives plant, explosive bulk
storage, museum, and training center of the Ural Asbestos Mining and Processing Plant. After the tours,
the second part of the conference was actually held at the venue of the plants training center. A number
of reports were heard at the conference. At the end of the travel seminar, the Ural Blasters Association
awarded Promtekhvzryv specialists with certificates of honor and valuable gifts for their service in
production activities for improving the drilling and blasting technologies at the enterprise and workplace
management at projects related to blasting. In conclusion, the article indicates the decisions adopted at
the conference.

Keywords: scientific and practical conference; international participation; Drilling and Blasting
Technology and Safety in Opencasts and Underground Mines of the Urals, Ural Mining Forum, Institute
of Mining UB RAS; Ural Blasters Association; PJSC Uralasbest; Promtekhvzryv.
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