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FEOTEXHONOIUA: NOA3EMHAS,
OTKPbITAA, CTPOUTENBHAA

V]IK 622.24.05 DOI: 10.21440/0536-1028-2020-2-5-16

AHanu3 paboTocnoco6HOCTM U MOAEPHM3ALMSA OTKIOHAOLLEro
komnniekca Ha 6ase 3a00MHON yaapHOU MaLIMHbI

HeckopomHbIix B. B.!, FonosyeHko A. E.**
1 Cubupckuit enepanbHblit yHuBepeuTeT, 1. KpacHosipek, Poccust
*e-mail: antong77@yandex.ru

Peghepam
Beedenue. Yoapno-epawamenvroe 6GypeHue NOSPYHCHLIMU NHEBMOYOAPHUKAMU — CHOCOD, WUPOKO
UCNONL3YEMbLU 8 20PHOM Oelle U 2e0]1020pa3eedKe U 0OHOBPEMEHHO ABNAIOWUUCA OOHUM U3 HaAubonee
nepcnekmugHbIX 01a200apsi 8bICOKUM CKOPOCHAM NPOXOOKU CKBANCUH 8 COYEMAHUU ¢ O0T208€4HOCHbIO
U HAOEHCHOCMbIO NPUMEHAeMbIX npu peaiusayuu cnocoba xowcmpykyui. OOHUM U3 OCHOBHbIX
coeparcusalowux Gaxkmopos npouseo0CMEeHH020 NPUMEHEHUs. CROCO0A SBTIAEMCs OMCYMCMEUe Cepuiino
BbINYCKAEMO20  OMKIOHAIOWE20 KOMNIEKCd, CNOCOOHO20 C 6bICOKOU MEXAHUYECKOU CKOPOCMbIO
nPoOU3B00UMb KOPPEKMUPOSKY HANPABIEHUS NPOBEOCHUs CKBAMCUH 0e3 CHUNICEHUS MEXHON0SUUECKUX
napamempos 6ypenus.
Leny pabomwvr — ananuz pabomocnocoOHOCMU U MOOEPHU3AYUS KOHCIMPYKYUU OMKIOHAKWe20
Komniexkca Ha 0Oase 3a60UHOU YOAPHOU MAWuHbl 018 NOBLIUEHUS MOYHOCMU HAOOPA KPUBUIHBI
CKBAJICUHbL, 4 MAKIICE CUHMES 3ABUCUMOCINU OISl ONpedeneHus UHMEHCUBHOCIU HADOPA KPUBUSHbL NPU
peanuzayuu Mexanuzma paspyuleHus 20pHbIX NOPoO GHeYEHMPEHHbIMU YOAPHLIMU UMNYIbCAMU.
Memooonozua uccneoosanua. Illposedennoe uccrnedosanue Oasupyemcs HaA KOMRIJEKCE Memooos
@QYHOAMEHMANbHBIX HAVUHBIX UCCAeO008AHUL, 8 HYACMHOCMU aHAnu3e, CuHmese, opmaruzayuu,
abcmpazuposanuil.
Bueoowl. [Ipusedeno svipasxicenue Ons onpeoeneHus UHMEHCUBHOCMU HAOOPA KPUSUZHBL CKEANCUHDbL
6 3a6UCUMOCIU OM Nnapamempog yOapHou cucmemvl. Hccredosanvl yciosus padomvi yOapHuka
CO CMEUeHHbIM YEHMPOM MACC 8 KOHCMPYKYUU OMKIOHAIOWe20 KOMNILEKCd, NPUBEOeHa SMNUPUYECKAs
3a8UCUMOCMY 0I5t ONpedeleHUs 6eNUUUHbL HOZPEUHOCTNU OPUEHMUPOBAHUS, OAHbl PEKOMEHOayUl o ee
ymenvuteruio. IIpoananuzupoeana 061acms 803MONHCHO20 NPUMEHEHUS NPeOCMABIeHHO20 MEeXHUYECK020
peuteHus.

Knroueente cnoea: oypenue; ckeadicuna; yoap,; yoapuuk; uckpusienue; nepexoc; dKCYeHmpucumen.

BBenenue. YinapHo-BpamarenbHOe OypeHHE MOTPYXHBIMH ITHEBMOYIAPHBIMHU
MalluHAMH — OJIMH U3 Hanbojee MPOU3BOAUTEIHLHBIX MEXaHHUECKUX CITOCOOOB OY-
pEeHUS TBEPbIX TOPHBIX MOPOJ] U3 U3BECTHHIX HA IAHHBIA MOMEHT, TPOU3BOACTBEH-
Hble 00beMBbl OypeHHsS TaHHBIM CIIOCOOOM YBENHYHMBAIOTCS C KaXIBIM TOJOM.
Pazpyuienne ropHBIX MOPOJ IPH YIapHO-BpaIIaTeIbHOM CIIOco0e OypeHUs sSBIsSET-
Cs CIIOKHBIM MHOTO(AKTOPHBIM MTPOIIECCOM H PEATTU3YETCs TTIAaBHBIM 00pa30M C I0-
MOIIBIO yAapa, 0ceBas HArpy3Ka M 4acTOTa BpaIleHUs MIPU 3TOM UTPAFOT BCIIOMOTa-
TEIBHYIO POJIb, & TPOU3BOAUTEILHOCTD PETYIHPYETCS JaBIEHUEM OYHCTHOTO areH-
Ta — CXKAaTOro BO3AyXa WIHU ra3o-KUAKOCTHOU cmecHu [1-3]. IIpou3BoaUTENbHOCTH
mpollecca yAapHO-BpamaTeTbHOTO OypeHUsS MOXKET MOBBIMIATHCA C MIPUMEHEHHEM
pa3nuyHbIX MeToauK [4—8]. B To *e BpeMs OOHUM U3 [NIABHBIX CACPKUBAIOLIUX
(hakTOpOB TPAKTUUECKOTO BHEIPEHUS CII0co0a SIBISETCS OTCYTCTBHUE CEPUHHO
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BBIMTYCKAEMOT'0 OTKJIOHSOIIETO KOMILIEKCa, CIOCOOHOTO ¢ BBICOKOH MEXaHU4eCKOH
CKOPOCTBIO TPOU3BOAUTH KOPPEKTUPOBKY HAIpaBIEHUS MPOBEACHUS CKBaXUH 0e3
CHIDKEHUS MEXaHHYECKOW CKOpOCTU OypeHHs.
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Puc. 1. [IpuHuunuanbHas cxema KOHCTPYKLUU
OTKJIOHSOILIETO KOMILIEKCa
Fig. 1. Schematic diagram of the deflection
system design

Hens pabdotel. BBuny ykazanHoro naH-
Hasi paboTa mpecjenoBana JIBE OCHOBHBIC
LENH: 3TO aHau3 paboTOCHOCOOHOCTH U
MOJICpHHM3ALIUsI KOHCTPYKIMHM THEBMOYIAp-
HUKa-OTKJIOHUTENSI C TOYKH 3PEHHS TOBBI-
LICHUS] TOYHOCTH Habopa KpUBHU3HBI CKBa-
KHUHBI, KOTOpas TO3BOJHUT C BBICOKOH
TOYHOCTBIO W TPOU3BOJUTENBHOCTHIO
YIPAaBIATh HANPaBJICHUEM CKBAKHUH, & TAKKE
MOJy4YeHUE ypaBHEHUS Ui OMNpPEACTICHUS
WHTEHCUBHOCTH HabOpa KPUBHU3HBI CKBaXKH-
HBI B 3aBUCUMOCTH OT IIapaMeTpoB yAapHOH
CHCTEMBI.

Metonosnorusi mucciaenopanus. PaGora
0aszupyeTcs Ha aHAMTHYECKOM HCCIeoBa-
HUM MEXaHW3Ma pa3pylLIeHHs] TOPHBIX MOPOL
BHELICHTPEHHBIMHU yIapHBIMH UMITYJbCAMHU U
crmoco0a yNpaBlieHUsI HaIpaBIICHUEM CKBa-
KHH C MCTIOJIb30BaHUEM JITAHHOTO MEXaHH3Ma.
[pu BBIMONHEHNH PaOOTHI MPUMEHSIIICS KOM-
TUIEKC METOIOB (PYHAAMEHTAIBHBIX HAay4HBIX
WCCIEIOBaHNN, BKIIFOYAIOIINN aHalnu3, CHUH-
Te3, popManizanmio, abcTparupoBaHue.

Obcyxnenue. PaccmarpuBaemblii 3a00ii-
HBI ynapHBI MeXaHW3M OOecrieYrBaeT Ha-
00p KpUBU3HBI 3a CUET TPHIOKEHHS K
MOPOAOpa3pyIIAOIIEMy HHCTPYMEHTY BHE-
LIEHTPEHHBIX YOapHBIX HMIyascoB [9].
CymHOoCTh cioco0a N3MEHEeHHsI HallPaBIICHUST
CKBa2)XMHBI COCTOUT B TOM, YTO BHELICHTPEH-
HOE TOYEYHOE MPHJIOKEHUE YAApOB CO CTOPO-
HBI YIapHHKa 110 MOPOAOpa3pyLIAoIIeMy WH-
CTPyMEHTy oOecIiedrnBaeT HepaBHOMEpPHOE
paspyienue 3abos. HepaBHOMepHOCTH pas-
pyueHus 320051, a IMEHHO pa3invHas TITyOu-
Ha BHEAPEHHS MOPOJOpa3pyLIaloNnX BCTa-
BOK B IIOPOJY, CO3AET yron Iepexoca 3a00s
CKBa)XMHBI, YTO U OMpEHeIsieT HalpaBlIeHUE
uckpusieHus. TakuM oOpa3oM, cnocod Ha-
MpaBJIeHHOTO OypeHHs] TMpPUIOKEHHEM BHe-
LEHTPEHHBIX YJapPHBIX UMITYIILCOB COCTOHT B
TOM, YTO JJIsi HaOopa KPHUBHU3HBI OINpE/IeieH-
HOTO HAIPaBJICHUS YAApBI CIEyeT HAHOCUTh
0 TIOPOAOPA3PYILIAIOIIEMY HHCTPYMEHTY CO
CTOPOHBI, MPOTHUBOMOJIOKHOW HAIPABICHUIO

uckpueienus. Ha moponopaspymaronmii ”HCTpyMEHT MPU 3TOM TepeaeTcst ONPOKUIbI-
BAIOIIMII MOMEHT, PaBHBIH MTPOU3BEICHUIO CHIIBI ylapa Ha pacCTOSHUE OT OCH MHCTPYMEH-

Ta JI0 TOYKU IPUIOKEHUS yaapa.
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Ha puc. 1 nana npuHIMnuanpHas cxema 3a00HHON ynapHOW MaIIWHBI JUIs yIIpaBiic-
HU HAIIPpaBJICHUEM U KpHBH?:HOﬁ CKBa>XMHbI BHCIICHTPCHHBIM MPHUIIOKCHUEM YIapOB K
MOPOIOpa3pyIIAIOIIeMy HHCTPYMEHTY. YIAapHUK 7 pa3MelleH CBOOOIHOM MOocaakoi B
KopIryCce 2 ¥ BBIIIOJIHEH CO CMCIICHHBIM LEHTPOM TAXKCCTU IMONECPEUHOI0 CCUYCHUA IJIid
OCYIIIECTBIICHHS CAaMOOPHUEHTHUPOBAHUS yIapHUKA / OTHOCHUTENHHO arlCHAAIBHOM III0-
CKOCTH CKBaKMHBI. Ha Toplie ynapHuka 7 ycTaHOBIIEHA TsITa 9 ¢ BOBMOXKHOCTBIO YCTaHO-
BOYHOTO TIOBOPOTA OTHOCUTEIHFHO OCH U IIEHTPA THKECTH yAapHuKa 7. Ha Topiie msatet 9
BBITIOJIHEH SKCLIEHTPUYHBINA BHICTYN // OTHOCUTENILHO OCH yJapHHUKa 7 U TTOPOI0pa3py-
LIAIOIIETO UHCTPYMEHTA / JJIsl HAHECEHUS BHELICHTPEHHOTO TOYEYHOTO yaapa.

Jng u3MeHeHus HanpaBJIeHUsI CKBKUHBI MATa 9 OPUEHTUPYETCS BBICTYIIOM [/ OT-
HOCHTEJHHO LIEHTPA THKECTH YIapHHUKA Ha YTOJI OPHEHTAIMH TaKuM 00pa3oM, YTOObI
yaapsl O MOPOAOPa3pyLIAIOIIEMY HHCTPYMEHTY HaHOCUJIUCH CO CTOPOHBI, MPOTHBO-
TIOJIOKHOM HaIpaBIE€HUIO UCKPUBJIEHUSA. IHTEHCUBHOCTH UCKPUBJIEHUS PETYIUPYETCS
BEJIMYMHON IKCIIEHTPHCHUTETA BBICTYIIA IIyTEM 3aMEHBI ITSTHI 9.

Bceneactue ToueyHOro ymapa mOpOAOpa3pyIIAIONIEMY WHCTPYMEHTY, BCTaBKaM H
TOPHOM TIOpO/Ie IepEeNaeTCs BOIHA HAPSHKEHHA, UX BEIMYNHA OTIPEEISETCS PaIyCOM,
KOTOPBIN paBeH BEIMUMHE yIAICHUS TOPOI0pa3PyIIAIOIICH BCTABKH OT TOYKH PUIIOKE-
HUs ynapa. TakuM o6pa3oMm, MpH HEHTPAIBLHOM yaape MoJ MOpoAopa3pyIlaoiMU
BCTaBKaMU, YTAJIEHHBIMH OT IIEHTPa TOPIIa MOPOA0Pa3PYIIAIOIIEr0 HHCTPYMEHTA Ha PaB-
HOE PaCCTOsIHUE, HAIIPSKCHUSI PABHBI, a IPU BHELICHTPEHHOM YJIape MOJI STUMH K€ BCTaB-
KaMU HampsuKeHUs. HE paBHBI U 00pPaTHO MPOITOPITMOHATIFHBI PAINyCcaM, 9TO CO3/1aeT yC-
JIOBUS LTS TIOyYEHHS JIYHOK pa3pyIIeHHs pa3HOTO pa3Mepa U NCKPHUBJICHUS CKBaXKHHEI.

OO0nacTh MPUMEHEHHUS TIPENICTABICHHOIO OTKJIOHSIOIIETO KOMILICKCA — HAKJIOHHBIC
CKBa)XMHBI Pa3IMIHOTO IEJICBOT0 Ha3HAYCHUS C 3¢HUTHBIM yriioM Oosee 3°. JlarHoe orpa-
HUYEHHE CBA3aHO C ITPUHIIMIIOM OPUEHTAIINH IISITHI C SKCIIEHTPHYIHO PACIONOKEHHBIM Ha
ec HIDKHEM Tople BBICTYTOM. [1aTa gukcupyercs Ha yrapHHUKE CO CMEIEHHBIM LEHTPOM
Macc MOTIEPEYHOTO CEUCHHSI ¥ TIPUHUMAIOIINM ITOJIOKEHUE, COOTBETCTBYIOIIEE HAXOXKIC-
HHUIO [ICHTPa MacC B ancvmaanoﬁ TUIOCKOCTHU CKBAXKHHBI 110/ IICI71CTBI/I€M CHJIBI TSIOKECTH.

Cornacno Teopuu XK. B. Byccunecka o hopMupoBaHUN HANPSHKESHUH B TOUKE YIIPY-
TOTO TIONYIPOCTPAHCTBA OT JEUCTBUS COCPENOTOYEHHOW CHIIBI aBTOpaMH B OOIIEM
BHJIE TIOYYEHO BBIpQXXKCHUE JUIA ONpEeNieHUs] HAPSHKSHUH O[] OPOJ0pa3pyIIato-
[IMMHA BCTaBKaMH MPY TOYEIHOM BHELIEHTPEHHOM y/ape:

30 cos’ v, cos’ A

i 2

2
2mr;

rae Q — cuna ynapa, 1aH; y, — yroin Mexay 0Cbr0 HHCTPYMEHTA U HAIIPABICHUEM [IBU-
JKEHUS YAapHOTO HMITYJIbCa OT TOYKHA €ro MPHIOKEHHS K MOPOI0Pa3pyIIAoNieMy
MHCTPYMEHTY JI0 TOPOJ0pa3pyIIatoleil BCTaBKH, Ipajl; A — yroil MeKay OChl0 HHCTPY-
MEHTA ¥ HAlpaBJICHUEM YIaPHOTO UMITYJIbCa, MIEPEIBAEMOTO OT yAapHUKA K MOPOIO0-
paspymaromeMy HHCTPYMEHTY, IPajl; 7, — PACCTOSHHUE OT TOUKU HPHJIOKEHHs YAapHOTO
UMITYJIbCa K IIOPOA0PA3PYILIAIOIIEMY HHCTPYMEHTY JI0 TIOPOOPa3pyIIAIOLICH BCTABKH, M.

AHaHI/I3 HpC,I[CTaBJICHHOI\/'I 3aBUCHUMOCTHU MMOKA3BIBACT, UTO HAIIPAKCHUA 11O ITIOPOIAO-
pa3pylIalOIUMU BCTaBKAMU IIPU BHELIEHTPEHHOM IIPWIOXKEHUU YIApHOI'O UMIIYJIbCa
HC paBHBI, UX MaKCUMAJIbHBIC 3HAYCHU A Ha6HIOI[aIOTC$I nmoa TcMH BCTaBKaMH, KOTOPBIC
PacIoaOKEHBI CO CTOPOHBI TOYKH TPHITIOKEHHUS yaapa. [Ipr 3TOM MakCHMaIbHbIC 3Ha-
YCHUA HaHpSDKCHI/Iﬁ IIpY BHCLICHTPCHHOM YyJap€ BbIIIC, 8 MUHHUMAJIbHBIC — CYIIICCTBCH-
HO HIKE YPOBHSI HaIlIPSLKEHUM, TIOTYYaeMbIX IIPU LEHTPAIBHOM yaape, A1 KOTOpPOro
XapaKTepPHO PABEHCTBO HAMPSHKEHHH MO BCEMH MOPOAOPA3PyIIAOIINMH BCTABKAMH.
DTOT KOMILIEKC (PaKTOPOB U ONpeNeisieT (pOPMUPOBAHUE YIJIA TEPEKOCa 32005 CKBAXKH-
HbI, YCTaHaBJIMBasg BCIIMYNHY UHTCHCHUBHOCTU UCKPUBJICHU.
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OmnpenenuM ycuiue Ha HOpoIopa3pyIaroeil BcTaBke cepruueckoit hopmsl, dhop-
MUpPYIOLIEH JYHKY pa3pylIeHHs, KOTOPHIMA MOXXET OCHAamaThCsi OypoBOE IOJIOTO.
B sToM cityuae Oyaer cipaBeyIMBO COOTHOLICHUE!

4P 30cos’y,cos’ A
nd® 217 ’ (1

rae P, — HOpMaJbHOE yCUIHME Ha HOPOAOpa3spylIalOIEd BCTaBKe, (OPMHUpPYIOIIECH
TMyHKY paspyuienus, H; d — nmaMerp msaTHa KOHTakTa cepbl TopIia Mopoaopa3pyIiato-
1ieil BCTaBKU ¢ IOPOJIOH, MM?.

3HaveHue d onpenensercs U3 U3BecTHOH 3aBucumoctH . ['epra:

d=1,144; BR[%(l—uf)JrEi(l—ui)j,

1 2

e R — paxuyc cepbl TopLa TBEpAOCIUIABHON BCTaBKH, M; |, £, — MOyl yIIpyroCTH
MaTepuasa TBEpIOCIIIaBHOM BCTaBKM M 1oposl, I1a; p, p, — xoadpunmentsr [Tyacco-
Ha JIJIsl MaTepraia TBEpIOCTIIABHOW BCTaBKH U TIOPOBI.

VuuTEIBasA, YTO MOYJb YIPYrOCTH £ Ul TBEPAOTO CILIaBa — BEIMYMHA, BO MHOTOM
TIpeBHIIAONIast £, JUIsl TOPHOM ITOPOIBI,  TAaKXKe MaJTOCTh BEIHMUYMHBI |13, BRIpAKCHUE

IUIST d MOYKHO YIIPOCTHTH:
d =1,1443 ARR _ 1,82,3’£, (2)
E E

rne £ — MoIyap ynpyrocTtu ropHoit mopozsi, Ila.
U3 popmyn (1) u (2) onpenensem P, Penienne mo3BonseT NOIyYUTh CIIEMYIONIEE
COOTHOIIICHUE MTapaMETPOB:

2
Ej3 _ 30cos’ y, cosA

1
L2P3 | — >
R 2r,

b

TOTZa

2
3Qcos” y, cos A Qcos” y, cos AR?
e 1,953 3 .

2r71,2(E/R)3 rE?

F=,

I'myOuHy TyHKHM pa3pyLeHHs ONpeaeTrnM 1o GpopmyIie:

ho2E.
C

rae C — )KeCTKOCTh B3aNMOIICHCTBYIOIIEH TTOPOIOPa3pyIIArONIei BCTABKH U TOPOIBL, 7aH/Mm.
IToncTaBuB NOMY4EHHOE BBIPAKEHHE JUIS ONPEAEIeHus P, B GOpMyITy OIpeneeHus
TTyOWHBI JTyHKH Pa3pyIICHUS, TIOTYIHM:

2
3,9 |Qcos® y, cosAR?
=—3 .

C 2
i E’

h
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3aBHCUMOCTH pacyera yria IepeKoca HHCTpyYMeHTa Ha 3a0oe, chopMHpoBaHHOTO
NpY BHELIEHTPEHHOM yZape, MOKHO OMPEAETHUTh 0 GopMye:

= arct A—h
Y g b

e Ak — pa3HOCTH TTYOHH BHEPEHMS B TIOPOITY JUAMETPATTEHO TPOTHBOTIONOKHBIX BCTABOK, M;
b — paccrosiHMEe MEX Ty TMaMETPaTIbHO POTUBOIIOIIOKHBIMI BCTaBKAMH Ha TOPLIE JIOJIOTA, M.
IIpunumas b = D, tne D — muaMeTp I010Ta, TOTYyIUM BRIpAXKCHHE TS pacueTa yria
nepeKoca JI0JI0Ta IpY BHEIICHTPEHHOM yIape Mo TOPHOH mopoze.
Taxxe yIuTHIBaE€M, 9TO PACCTOSHUE OT TOUKH MPHUIIOKEHUS yIapa 0 BEPIIHH I10-
PONOpa3spyIIAOMIUX BCTABOK 7, PA3MEILCHHBIX IHAMETPAIbHO B INIOCKOCTH BHELCH-
TPEHHOTO YJapa, U yIVIBI \J, ONPEAENAIOTCS 10 (hopMynam:

— g
Yy, =arccos—,

r1e H, — paccTostHie OT BEPXHETO JI0 HIDKHETO TOPIIA 0NI0Ta, M; € — SKCIEHTPUCHTET
MIPUIIOKEHUS YAAPHOTO UMITYIIBCA, M.

Hcxons w3 npuBeneHHBIX (OPMYIT ITOTYYUM 3aBUCHMOCTH IS pacueTa yria nepe-
KOCa JI0JI0Ta IIPH BHEIICHTPEHHOM yape:

2 D 2
QcosAR* H. H§+(—ej
h—h _1]39 2

D D|C} 2 (D )2

E*\H.+| ——e
2

VUJ
O
Qo
(@}
2
w |
T,
T,

>
a
—
=
5
+
7\
N |
|
Q
%
5
+
|
+
Q
%

>
QO
—
]
3
+
VR
Sl
|
Q
%
I,
+
\
J’_
Q
~
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WHTEHCHBHOCTh MCKPUBIICHHSI CKBa)KMH OIpPEIEeNTUM HCXOIs W3 Habopa yria Hc-
KpUBJIEHUs Y Ha uHTepBane yriyonenus 0,5(h, + h,), rne h, u h, — rIyOUHBI IyHOK
pa3pylieHus, HauOoIbIICH U HANMCHBIIICH, OMPEACIISIONINE TIEPEKOC JA0I0Ta U CPEl-
Hee yriTyOlIeHe CKBAKIHBL:

23\? 2
Sl -1 o 2 H;—I—(D-i-ej - H;+(D—ej
”14 1’24 B 2(’.2 —r ) 2 2

1 1 D(r'+7 2)? 2
D| G+ % (i) D H§+(D+ej T H2+[D—ej
2 <72

hoon

Jus ocymectBineHuss Habopa KPUBU3HBI B 33/1aHHYI0 CTOPOHY B KOHCTPYKLUHU
3a00iHOI yIapHOW MalIMHBI-OTKIOHUTEINS MPEAYCMOTPEHO HCIIOIB30BaHKUE yaap-
HUKa CO CMEIICHHBIM LIEHTPOM TsDKeCTH. B maHHOM ciiyuae obecrneduBaeTcsi OpH-
EHTUPOBaHHE yJapHHKAa Ha OCHOBE NMPUHIMIA CAMOOPHUEHTAIMH, HO YCJIOBHS €TO
paboThI CYIIECTBEHHO OTIMYAIOTCS OT YCJIOBUH pabOThl CaMOOPHUEHTATOPOB THIA
OII [10]. OcHOBHBIMU 0COOEHHOCTSIMHU PaOOTHI yIapHUKa B 3a00HHON MalIWHE SIB-
JSIOTCSA: OTCYTCTBHE KOHTAKTa CO CTEHKOW CKBa)KWHBI; BpallleHHe KopIyca 3a00i-
HOM MamuHbl (mpu paboTe MHEBMOYIApHHKAa YacTOTa BpALICHHUS COCTAaBISCT
1-2 ¢!); opueHTanMs B yCIOBUAX yAapHO-BUOPAIIMOHHOTO XapakTepa paboThl 3a-
0OWHOI MaIlNHBI.

Ha puc. 2 mpuBeneHa cxema Ui OIEHKH COOTHOIICHHUS CHJI, 00€CIICYMBAIOIINX
OPHMEHTAINIO YIapHUKA M JecTadmmm3upyomux ero. CoracHo cxeme puc. 2 MOMEHT
CMeEIICHHS

M., =0, sinBsinAw,,

rie O, — Bec ynapauka, faH; 0 — 3seHUTHBIN yroi CKBaXMHBI, Ipa; Aw, — yroi OTKIO-
HEHHMS LIEHTPA TSHKECTH OT allCUIAIBHON TNIOCKOCTH, TPaj.
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MowmenTt TPCHUS ONMPEACTIACTCA KaK CyMMa MOMCHTOB TPCHUA OT ):[CﬁCTBPISI BE€Ca
YAapHUKa, HCHTpO6C)KHOI\/lI CHJIbI U BBIPAKACTCA 3aBUCUMOCTBIO!

2

Mlp:QyREp* sin9+% ,

e R, — pajuyc ylapHuKa, M; ( —9acToTa BpalieHns 3a001HO# yapHO# MaluHbI, ¢ ';
g — YCKOpeHHe CBOOOIHOTO MajeHust, M/c?; i* — KO3)(GUIMEHT TPEHUS CKOJIbKEHHS Ha
KOHTAKTe YOapHUK—KOPNYC 3a00UHON MAWUHb! B YCIOBHSIX yOapHO-BHOPAaIIHOHHOTO
xapaxrepa paboThl.

Rs
/ Fp,p Flp
F*,
N
_— :__ 0 myB myA o
myBisy,  mBu
R, — ~

R,

Puc. 2. Cxema Juisi ONPEICICHHUs YCIOBUH M MOrPEIIHOCTH OPHEHTHPOBAHHUS YAapHHUKA CO CMELICHHBIM
LEHTPOM TSDKECTH B yAapHOH 3a001{HO MaIiHe
Fig. 2. Scheme for determining the conditions and accuracy of orientation of the hammer with
a displaced center of gravity in the downhole hammer

[lociie mpeoOpa3oBaHuUii MOTYYUM TOTPEITHOCTh OPUEHTHPOBAHUS YIapHUKA CO-
IJIACHO 3aBUCUMOCTH (pHC. 3):
2
1 )

Aw, =arcsin| Ryn | —+————
e gsinb

Jlnst oreHKH A, HY’KHO OLPEICINTh [1°, yIUTBIBask yIapHO-BUOPAIIMOHHBII XapaK-
Tep paboThl 3a00HHOI MalMHBI U YCKOPEHHOE IBIDKCHHE YNAPHUKA, MEPUOJHYECKU
Pa3TOHSIOIIEr0Cs U3 MOJIOKEHHUS, KOTIa CKOPOCTh €r0 JBIKEHHS PaBHA HYIIO, 10 MakK-
CHUMAJIBHOH CKOPOCTH, IpeAnIecTByomen ynapy. CormacHo cxeMe puc. 2, yroi BCTpeUH
BEKTOpa YIApHOW Harpy3Kd ¢ MOPOAOPa3pyLIAIOLIMM HHCTPYMEHTOM ONpPENeIIseTCs
yrom ¢ = 180° — 3, rae B, — yron Mexay HanpaBIE€HUEM JBHKCHHS YIapDHHKA U Ha-
NpaBlIeHUEM pe3ynbTupylomero ummyiasca. CormacHo pabore . I. Ilanosko,
U. U. brnexmana [11], koaddunmenT TpeHus BUOpOynapHON CHCTEMBI ONPEAEIAeTCs
3aBHCHUMOCTBIO:

u

| BY W,

W2+ +2vucos 9

TJe v, 4 — CKOPOCTH JBIKEHHS YAapHHKA U Kopiryca 3a00iHON MaIluHbI, M/C; [L — KO-
3¢ GULKEHT TPEHHUS CKOIBKEHHUS MEKAY YAAPHUKOM U KOPITycoM 3a00HHON MallMHBI B
COCTOSIHUH MOKOSI.



12 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 2. 2020 ISSN 0536-1028

CHmwxkenre koddduieHTa TpeHus oT [ 10 M,y TPUBOIHUT K YMCHBLICHHIO CHJIBI

Tpenus m By 1o m By, (puc. 2) 1 COOTBETCTBEHHO F,, no F,,, a pe3ynsTupyrouieit

Cuibl TpeHus F Py A0 F %y CKOpOCTh IBUKEHUSI KOPITyCa ONpPEAEIISIETCA 3aBUCUMO-
CTBIO:
hg
u=T —PS
"mg+P.
ml(g oc
rae T, — Bpems 1HK/a paboThl 3a00HHON MaIllUHBL, C; P, — naenenue pabodero xona

ynapnuka, Ila; P — oceBoe ycumue, naH; m_— macca kopiyca 3a00iHOM MaIlMHEI, KI.

30HBI TOPMOKECHUSA 0°

Kopmyc

Y napHuk

-90° \\ \

BceraBka u3 msokenoro

MeTaia & Ll )
S
+180°

—
®o
’ MCM

Puc. 3. Cxema, mosicHstoImas mporecc 00pa3oBaHusl MOTPEIIHOCTH OpUEH-
THUPOBAHUS yIApPHUKA CO CMEIICHHBIM [IEHTPOM Macc
Fig. 3. Scheme explaining the process of formation of the orientation error of
a hammer with a displaced center of gravity

BenenctBue yaapa ynapHUK HCIBITBIBAET NIEPETPy3Ky, PaBHYIO OTHOIIECHHIO YCKO-
peHUs IPH yAape K yCKOPEHUIO pa3roHa ylIapHUKa JI0 CKOPOCTH ynapa. Bpems ynapa —
BEJINYMHA, OTpenesieMas pasmMepaMu, GopMoil COyapsIONINXCs YacTel ylnapHUKa U
MOPOIOPA3PYIIAIOIIETO HHCTPYMEHTA, CKOPOCTHIO MPOXOXKICHHS BOJHBI YIAPHOTO UM-
MyJibca B MaTepuale, a TakXkKe CKOPOCThIO JedopManii U pa3pylIeHus] TOpHOH TOpo-
Ie1. Bpemst ymapa cocrasiseT npenenbHbie 3Haderns 1 - 10°-1 - 107 ¢. Yekopenune
TOPMOJKEHHSI, HCIIBITHIBAEMOE YIAPHUKOM, OTIPENIENSETCS] U3 COOTHOLICHUSI CKOPOCTH
YAapHHKa TIepeJl yIapoM v, JUINTEIbHOCTH YAapa f,, M CKOPOCTH yIapHUKa [OCIIe yiapa.
[IpuHUMas BO BHUMaHHE MaJyI0 BEJIMYUHY CKOPOCTH yIapHUKA IIPH yiape, yCKOpeHne
TOPMOKEHHUST MOXKHO TIPE/ICTABHUTE:
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VYckopeHue pasroHa yaapHHKa 10 CKOPOCTH, MPEALISCTBYIOIICH yaapy, COOTBET-
CTBECHHO

v
B=",
[Ll

rJe ¢, — BPEMsl IBUOKEHUS YIApHUKA U3 BEPXHEN TOUKM pabovero Xo/1a B HIXKHIOK, C.
Bpewms 7, onpenenseTcs 4acToToi yiapos o, peaan3yeMbiX 3a00HHON MAIINHOM, 1
cocraBisier ©, /120 c. it o , = 1200 ynapos B MunyTy f, Moxer coctauts 0,05-0,1 c.
Takum 06pazom, K03pPUIUEHT TPEeHHUs PU yAape YMEHBLIUTCS IPOHOPLUOHATBHO
CHIDKEHUIO CHJIBI TPEHHS U COCTABHUT:

u = el
Z 2

i

a pe3yAbTUPYIOLINH KO3(PPHUIIMESHT TpEeHUS

. upt

YA

no= .
tu\i’v2 +u’ +2vucos 9

BBIpa)KeHI/IG AJIg pacdeTa A(,l)o MNOJIy4YuT OKOHYATEeIIbHBIN BHU;

. upt,, R 1 o
Aw, = arcsin b —+

t“\/v2 +u’ +2vucos g\ e gsinb

AHaJn3 NOIy4eHHON 3aBUCUMOCTHU IIOKA3bIBAET, YTO IPHU paboTe yAapHUKA AOCTH-
raeTcsi MHOTOKPaTHOE CHMKEHHE KOA(PPHUIIMEHTa TPEHHs. YUUTHIBasA, 9TO U KOdPPu-
[IUEHT TPEHHS TTOKOS TTaphl yoapHuk—kopnyc 3abounot mawunst Hesenuk (0,05-0,07),
MOKHO CJIeJIaTh BBIBOJI O BO3MO)KHOCTH HCIIONIb30BaHMs 3a00HHON ynapHOM MaIlnuHbI-
OTKJIOHUTEJS ¥ IpU O0Jiee BEICOKMX YacTOTaX BPAIEHHsI B CPABHEHUH C YaCTOTOH Bpa-
IIEHUS] COBPEMEHHBIX THEBMOYAAPHBIX MAIIHH.

IToBbImIeHNE TOYHOCTH OPUEHTHPOBAHMS YAAPHUKA CO CMELICHHBIM LIEHTPOM Macc
MOXET OCYILECTBIATHCSA MOKPHITUEM M3 TBEPAOrO ITOPUCTOTO METaJUIA HApYXHOM 1Oo-
BEPXHOCTH yAapHHUKA U BHYTPEHHEH IOBEPXHOCTH BEPXHEN M HIWKHEH T'MIIb3, a TaKXKe
BHYTpPEHHEHN nOBEepXHOCTH Kopiyca [12]. JlaHHOe MOKPBITHE MO3BOJIUT AOMOJIHUTEIb-
HO YMEHBLINTh MOMEHT TPEHHSI MEKAY BHYTPEHHEH NOBEPXHOCTHIO KOPITyCa, BEPXHEH
Y HIWKHEH TMiIb3aMU U Hapy>KHOH IOBEPXHOCTHIO YIapHHKA, a TAKXKe ITO3BOJIUT Oosiee
3 PEeKTUBHO NPUMEHATH CMa3blBalOIINE 100aBKU, KOHLECHTPUPYIOLIMECS B IOpax Ha
MOBEPXHOCTH KOHCTPYKTUBHBIX JIEMEHTOB 3200 HOI MaIINHBI-OTKJIOHUTEIS.

[IpakTHueckoe MPUMEHEHUE TEXHOJIOTUM KOPPEKTHPOBKU HANPAaBIICHUS CKBa)KUH
OTKJIOHSIOIIMM KOMIUIEKCOM Ha 6a3e 3a001HON yjapHOH MalllMHbI B YCIOBHSIX YAApHO-
BpAaLIATENILHOTO OypeHHsI MOXKET MIPOU3BOAMUTHCS KaK € LIEJIbI0 KOMIICHCALUH BBI3BaH-
HBIX HEOIHOPOIHOCTBHIO (PU3MKO-MEXaHHYECKUX CBOWCTB I'OPHBIX IOPOJ OTKJIOHSIO-
IIMX YCUIIUH, TaK U IS LieJICHANIPaBJIeHHOTO Ha0opa KpUBHU3HBI CKBAKHHBI (IIPOKIAIKa
MH)XCHEPHBIX KOMMYHHKALUI MO pyciIaMu PeK, 03epaMu, pa3IMYHbIMHA TEXHOT€HHbI-
MU 00pa30BaHUAMH, 00bEMHEHHE OA3EMHBIX TOPHBIX BBIPA0OTOK).

BobiBoabl. Criocod HanpaBiieHHOTO OypeHHs PHIOKEHHEM BHELICHTPEHHBIX yaap-
HBIX UMILYJIbCOB MOXKET IIPUMEHSTHCS NPH [THEBMOYIAPHOM OypeHHH Kak ¢ 0TOOpOM
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KepHa, Tak u 6e3 Hero. [Ipy 3TOM BO3MOXXHO TOydYEeHHE HCKPUBIICHUS C BBICOKOW Me-
XaHUYECKON CKOPOCTHIO U € IIaBHBIM HaOOpOM KpHUBU3HEL. J[aHHBIN crloco0 OTKphIBa-
€T BO3MOXKHOCTB OypeHHs CKBaXXHH B aHU30TPOIHBIX U EPEMEKAIOIINXCS 110 TBEPAO-
CTH TOPHBIX MOpOAAaX ¢ MUHUMAJIbHOM MHTEHCHUBHOCTBIO MCKPHUBIIEHMS C BBICOKOH
MIPOU3BOIUTENBHOCTBIO, TAK KaK UCKIIIOYaeT MPUMEHEHNE TEXHUYECKUX CPENCTB KOp-
PEKTUPOBKHU HAPABICHUS CKBaKUHBI MyTEM KOMIIEHCALMU OTKJIOHSIOIUX CHJI, U3TH-
0arolero MOMeHTa, ACUCTBYIOIIMX CO CTOPOHBI 32005 U POPMUPYIOIINX HAIIPABICHUE
CcKBaXUHBI. KoMIieHcalys Ha3BaHHBIX CHJI 1 MOMEHTOB MOXET OCYIIECTBISTHCS OpH-
eHTaluei 3a00MHOM yIapHOW MAIIMHBI-OTKJIOHUTEIS B HAIIPABICHUH, IIPOTHBOTIOIONK-
HOM HaIPaBJICHUIO €CTECTBEHHOTO HUCKPUBJICHHS. DKCIEHTPUCUTET MPUIOKEHHUS yaa-
pa MOXET OIpPEeeNAThCSA SKCIEPUMEHTANbHO, B TOM YHCIIE HEMOCPEACTBEHHO MpHU
MIPOXOZKE CKBAKMH, a TAKXKE ITyTEM IPOBEIECHUS TEOPETHIECKUX PACIETOB.

OCHOBHBIE Pe3YIIBTaThl IPOBEACHHOIO UCCIIEIOBAHUS:

— TIOJIlyYeHO BBIPAXKEHHE IJISl ONPEAETICHUS MHTEHCUBHOCTH HAbOpa KPUBU3HBI
CKBaYKHHBI B 3aBUCUMOCTH OT MApaMETPOB YIAPHOI CHCTEMBI;

— MOJy4YeHa 3aBUCHMOCTB JJIs ONPEAEIICHUS IOTPENTHOCTH OPUEHTUPOBAHUS yIap-
HHUKa CO CMEILEHHBIM LIECHTPOM Macc MOINEPEeYHOro CeYeHus B mpolecce paboTsl;

— MPUBEACHBI PEKOMEHJALNH 110 YMEHBIIEHUIO MOTPEMTHOCTH OPUEHTUPOBAHUS
yIapHUKa CO CMELIEHHBIM IIEHTPOM MacC IONEPEYHOTO CEYEHHs B IIpolLecce
paboTHI.
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Performance analysis and modernization of a deflection system based
on the downhole hammer

Viacheslav V. Neskoromnykh!, Anton E. Golovchenko!
I Siberian Federal University, Krasnoyarsk, Russia.

Abstract
Introduction. The method of rotary-percussion drilling with downhole hammers is widely used in mining and
geological exploration and is also one of the most promising due to the high well flow rates combined with the
durability and reliability of designs used in method implementation. One of the main constraints for field use is
the lack of a commercially available deflection system capable of adjusting the direction of the wells with high
mechanical speed without reducing the technological parameters of drilling.
Research aim is to analyze the performance and modernize the designs of the deflection system based on the
downhole machine from the point of view of increasing the accuracy of hole deviation change, as well as to make
a dependence synthesis to determine the intensity of the hole deviation change when implementing the mechanism
of rock destruction by eccentric impact pulses.
Research methodology. The study is based on a set of methods of basic scientific research, in particular analysis,
synthesis, formalization, abstraction.
Conclusions. Dependence is given for determining the intensity of the hole deviation change depending on the
impact system parameters. The working conditions of the hammer with a displaced center of gravity in the
design of the deflection system are investigated, an empirical dependence is given for determining the magnitude
of the orientation error, and recommendations are given for its reduction. The area of possible application of the
presented technical solution is analyzed.

Key words: drilling; well; impact; hammer, deviation, skew, eccentricity.
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MeToauueckue noaxoabl npu Bbl60pe nnowagoK ansa pa3meLleHus
noa3eMHbIX IHepreTu4eCcKmnx 00BLEeKTOB

Opnos A. 0."™, CmupHoB 10. !
"TopHblit uHCTUTYT KHLL PAH, r. AnaTutbl, Poccust
*e-mail: aleor@goi.kolasc.net.ru

Peghepam
Llenvro paGomer sensemcs uzyuenue nOOX0008 U BbIPAOOMKA OCHOBHBIX NOJLONCEHUNl Npu 8bloope
NIOWAOOK Ol CMPOUMENbCMEA NOO3EMHbIX AMOMHBIX cmaHyutl manou mowrocmu (ACMM)
68 2eon02utecKux Qopmayusx.
Memooonozusn uccnedosanuii npedycmampueaem anaius u 0600ujeHue MeNCOYHApoOHO20 U
poccuiickozo onvima 6 0onacmu 6bl60pa NIOWAOOK OJisl pa3MeweHUsl PAOUAYUOHHO ONACHBIX 00bEKMO8.
Pesynomam. [Ipusedenvi npeorazaemvie MAIATD nooxodsl npu 6vi00pe niowadox noo pameujerue
Paouayuorno onacHvlx 06vekmos ¢ Poccuu u opyeux cmpanax. Onpedenennoe 3nauenue 6 npoyeoype
8b100pa NAOWAOOK OMBOOUMCS hopMUPOBanuUIo Habopa Kpumepues, ux yOeibHOMY 6eCy U KOMNIEKCHOU
OYeHKe 6030elCMBULl IHEPLEeMUYECcKo20 00beKma Ha OKpyxcarnwylo cpedy. B sasucumocmu om
pasmewjenus amomMHOU CManyuu Ha OHESHOU NOBEPXHOCMU UIU 6 NOO3EMHBIX YCIOBUAX 3HAUEHUE
OMOENbHBIX KPUMeEpUes, Xapakmepusyrouux niowjadky, 6ydem paziuuno. IloozemHoe pasmewjeHue
AMOMHOU CIMAHYUU ABTAETCA ONPEVENAIOUUM DAKMOPOM 8 0DeCnedeH Ul 3auUmyl Om HEXCeIAMenbHbIX
GHEWIHUX U GHYMpeHHUX 6o30eticmeuil. [Ipednodcen aneopumm eblO0pa NIOWAOOK O NOO3EMHBIX
ACMM, xomopulii 0cCHOBAH HA OZPAHUYEHHOM KOTUYECH8e KpUmepues.
Bu160owt. [lpumensemvie 6 obnacmu 6v100pa NIOWAOOK NOOX0O0bI UMEIOM CXOoXcUe aN20PUMMbL.
B npoyedype 6vibopa niowadok 6onvuioe 3navenue 0meooumcs opmuposanuio nabopa Kpumepues u
KOMNIIEKCHOU OYeHKe B030elCMEUll IHePLemu4ecko2o 0bvekma Ha okpyscarowyio cpedy. Ilodzemnoe
pasmewyenue IHepeemuyeckux o0ObeKmos nosviuaen ux 3aujuieHHOCmb U NO360J4€eNn YMEeHbUUNb
KONUYeCmeo paccmampusaemvlx Kpumepues npu 6b160pe nioujaoox.

Knroueenle cnosa: svivop niowadox; kpumepuu; areopumm; no03eMHAs AMOMHAS CIAHYUS.

BBenenue. Borpocsl 3HEproodeceueHnst apKTHIeCKUX PaifoHOB paccMaTpHUBalOT-
sl KaK CTPaTeTHIeCKH BaKHBIE B CBS3M C OCBOEHHEM Pa3IMYHBIX MECTOPOXKACHUHN TI0-
JIE3HBIX MCKOMAEMBIX. YUUTHIBASI TPYAHOJOCTYITHOCTh PETHOHA U CYpOBBIC KIMMATH-
YeCcKue yCIoBus, 3 (OEKTUBHBIM PEIICHUEM SHEPIeTUYCCKUX MPOOJIEM B apKTHUECKHUX
PETHOHAX MOXKET CTaTh CTPOUTENBCTBO HA UX TEPPUTOPUU aTOMHBIX CTAHIIUN Majon
MOIITHOCTH TIOJI3EMHOTO Pa3MEIICHHS.

Cpenu 3a1a4 MPOEKTHPOBAHUS U CTPOUTEIHCTBA MTOJ3€MHBIX aTOMHBIX CTaHIIMNA Ha
TIEPBOM MECTE CTOUT 3a]1ada BEIOOPA IUTOMAAKH U1 X pa3MmerneHus. [lpeamoarurens-
HOCTH OJTHOH IIJIOIIAJKU TI0 OTHOIICHUIO K IPYTON 3aBUCUT OT MHOXKECTBA peTiiaMeH-
TUPYIONIMX (AaKTOPOB U OOJBIIOrO KOJMYECTBA TPYII OICHOYHBIX KPUTCPUEB,
K OCHOBHBIM M3 KOTOPBIX MOXKHO OTHECTU: CEUCMHYECKHE, TEKTOHUYECKUE, TOPHO-
Te0JIOTHYECKHE, TOPHOTEXHUYECKHE, THUIPOTEOIOTHIECKHE, COIMATLHO-IKOHOMUYE-
CKHUeE U P IpyTUX.

OHU MOTYT OTJIMYAThCS PAa3HBIM BIUSHUEM, UYTO 3aCTABISICT MPOBOAUTH TIATEIb-
HO€ HCCIIeIOBaHUE aJbTEPHATUBHBIX MECT Pa3MEICHHs SHEPTeTHYECKOTO0 OOBEKTa.
[Inomanaka cuuTaeTcss MPUTOAHON A pasmenieHus aromHod cranuuu (AC), eciau
MMEETCS] BOBMOXXHOCTH 00eCIeYnTh ee 0e30MacHyI0 3KCIUTyaTalrio C Y4eTOM TpoLec-
COB, sIBTICHHH W ()aKTOPOB MPHUPOTHOTO M TEXHOTEHHOTO MpoucxXokaeHus. [Ipu sTom
JIoJbKHA 00ecTieunBaThes 0E30TTACHOCTD HACETICHHSI M 3aIllUTa OKPYKAIOIIEeH Cpesl OT
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paZuaMoOHHOrO BO3AEUCTBUS IPH HOPMAJIbHOM 3KCIUTYaTallud ¥ MIPOEKTHBIX aBApHIX,
OTpaHWYEHHE 3TOTO BO3JEHCTBUS TIPH 3aNpOeKTHBIX aBapusx (HII 032-01. Pazmewe-
Hue amomHuix cmanyui. OcHogHble Kpumepuu 1 mpebosanus no obecneyenuio 6e3o-
nacrocmu. Dedepanvivlie HOpMbL U NPABULA 6 OONACMU UCNOAL30BAHUS AMOMHOLU
anepeuu. M.: F'ocamomuadsop, 2002. 7 c.).

Takum 0Opa3om, BEIOOp MecTa pa3MeleHHUs SIBISeTCs MHOTO(haKTOPHOM 3a1aueii, 1
OKOHYATEJIFHOE 3aKJII0UCHHE MOXKET OBITh CIENIAaHO TOJIBKO MOCIIE UCCIEIOBAHMS BCEX
XapaKTEPUCTUK U TEXHUKO-3KOHOMHYECKON olleHKH. HecMoTps Ha numeromuecs 1 mpu-
3HaHHBIC MEXIYHAPOJHBIM COOOIIECTBOM PEKOMEHAALMI OTHOCUTENFHO BBIOOPA I1JI0-
70K 17151 Ha3eMHBbIX AC, TUIIOBasi METOAOJIOTHSI BEIOOpA MJIOIIAJOK JJIsl TIOA3EMHBIX
AC 1o HacTosIIero BpeMeHHU He pa3padoTaHa.

MupoBasi mpakTuka BHIOOpa IJIOLIAJOK ISl aTOMHBIX CTAHIMN XapaKTEepHU3yeTCs
MIMPOKUM pa3zdpOCOM CTOMMOCTHBIX MOKa3areneld. DTo CBA3aHO MPEXKIE BCEro CO CTe-
MEHbI0 M3YYEHHOCTH JIaHHOTO paiioHa, ¢ HaJIW4YMEM MEepBOHAYAIBHOW HHXKEHEPHO-
TeoJIOTHYECKON HH(POPMALIUH U IPEIbSIBISIEMbIX TPEOOBaHUI.

Hean padoTbl. V3yueHne noaxoaoB U BEIpabOTKA OCHOBHBIX MOJNOKEHUH TPH BBI-
0ope IIoLIan0K Uil CTPOUTENLCTBA MTO3EMHBIX aTOMHBIX CTAHLIUH Mol MOLITHOCTH
(ACMM) B pa3nu4HBIX re0JI0THIecKuX hopManusx.

MeTononorus ucciaenoBanmii. B pabore aHanm3upyercs CymecTBYIOIIEe COCTOs-
HHE MEKXIYHApOAHOTO M POCCHUICKOTO ONBITa B BHIOOPE IUIOMIANOK IS Pa3MEIleHHS
pazuanMoHHO OMACHBIX 00BEKTOB.

Pe3ynbTarel. PazpaboTke kpuTepreB BbIOOpA TUIOIMIAAKK I Pa3MELIeHHUs paaua-
LOHHO OMAacCHBIX OOBEKTOB MOCBAIICHO 3HAYMTENILHOE KOJIMYECTBO paboT. Ompene-
JICHHBIA ONBIT MO pa3paboTKe KpUTEpHEB BHIOOpa IUIOMANOK mof pasmerieHue AC
HakorieH B Poccun, CHIA, @panHmum M Apyrux CTpaHax C pa3BUTOM aTOMHOMN
SHEPTeTUKOM.

Mertononorusi BeIOOpa IUIOMIAIOK AO0JDKHA 00ECNeYrBaTh KaueCTBEHHBIN aHAU3,
OBITH yIOOHOH JUTS IPAaKTHYECKOTO IPUMEHEHUSI U TOCTYITHOMU JUIst HoHUMaHus1. OCHO-
BBIBaSICh Ha PEKOMEHAAIMAX MeXIyHapoJHOTO areHTCTBa IO aTOMHOM 3HEpruu
(MATATD), kaxznoe rocyaapcTBO, HCIOIb3Ys CBOM crenn(uieckue yciaoBHUs, pa3pa-
0aTpIBa€T HOPMATHUBHO-TIPABOBYIO M TEXHHYECKYIO JOKYMEHTALUIO, OMPEACIIIONIYIO
KPUTEPUH, YCIOBHUS, MOPSAAOK M DIIyOWHY HMOMCKOBBIX HCCIIENOBAaHUH, JTOCTATOUYHBIX
JUIsl BBIOOPA TUTOIIAIKU 1715l aTOMHBIX CTAHIIMH.

MATAT?D pa3pabotajo AeTanbHyI0 JOKYyMEHTALUHUIO IO BEIOOPY IUIOLIA0K, U KpH-
TEpUH, MPEACTABICHHBIE B 3THX JTOKYMEHTaX, MOTYT OBITh HCIOIB30BaHbl KaK ISl MO~
BEPXHOCTHBIX, Tak U 1yis noa3eMHbIx AC (puc. 1). Ouenka npenBapuTeabHO BHIOpaH-
HBIX IUIOMIAJIOK IMPOM3BOAMTCS MOCPEIACTBOM aHain3a W pamxupoBanus (Oyenxa
nowadox 0ns s0epuuvix yemanogox. Ne NS-R-3. Cepusi nopm MATATO no 6ezonacho-
cmu. Tpebosarnus no bezonacnocmu. Bena, 2010. 33 c.).

Haunbonee monpoOHO MeTOABI ONMpEAeTCHUs KPUTEPHEB BHIOOpa IUIOMIANOK IS
9HEPTreTHYECKUX OOBEKTOB C UCIOIB30BAaHUEM JJIEMEHTOB CUCTEMHOTO aHaIM3a U3JIo-
JKEHBI B paboTax amepukanckoro aBropa P. Kunu [1, 2]. Teopust, u3naraemasi aBTopom,
npeAHa3HaYeHa JJisl KOJIMYeCTBEHHBIX NoKazaTesel (kpurepues). Ecnu uensb n kakue-
n0o M3 MOKazaTeiell MMEIOT KaueCTBEHHBIH XapakTep, TO PEKOMEHIYEeTCS BBOAUTH
KPUTEPUHU-«3aMECTUTENN, 3HAYEHHSI KOTOPBIX MO3BOJISUTH OBl B JOCTATOYHOM CTETIEHH
aJIeKBaTHO OMNMCAaTh U3MEHEHHE KaueCTBEHHOTO KPUTEPHS.

Uccnenosarensckuit unctutyT 3Hepretuku CLIA (EPRI) B meTomonoruto Beioopa
TUIOIIAOK BKJIFOUAET MPOTOKOJIBI, KOTOPBIE YUUTHIBAIOT YPOKH, U3BJICUECHHBIE U3 KaTa-
cTpoduueckux coobiTuii B @ykycume (SAnonus). B nenom noaxoxa Tpedyet paccMoTpe-
HUSI UCKITIOYUTENBHBIX UK «POKOBBIX» OINO0K. K moTeHIMaIbHBIM MII0MagKaM Ipu-
MEHSIOTCS KPUTEPUU NPUTOAHOCTH W u30eranus. s oKoHuUaTenbHOro BbIOOpa
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ANBTEpHATUBHOM MJIOMIAJKU MPOBOIAT OaIaHCHPOBKY (PAKTOPOB, IKCIIEPTHBIX OLIEHOK
M OT3BIBOB 3aKa3YMKa, MOCKOJBKY CpPAaBHHBAEMbIE IUIOIMIAKN OTIMYAIOTCS MO CBOUM
oreHkam [3].

B PecnybOnuke benapych, BBHIy OrpaHU4E€HHOCTH TEPPUTOPHAIBLHBIX BO3MOXKHO-
CTEH, TSI CIIOKHBIX TEXHOJIOTHYECKUX MTPOU3BOACTB (aTOMHBIX CTAHIIHIA) HCIIOIB3YIOT
aNTOPUTM BBIOOpA IIOIIAA0K, COTTIACHO KOTOPOMY Ha IEPBOM dTarie GOpMHUPYIOT CIIU-
COK TUIOIIA/IOK U J1ajiee MPOBOJIAT MOCIE0BaTENbHY 0 UX OTOPAKOBKY 110 OTPaHUYHBa-
fommM Qakropam. OCTaBIAIOT HECKOIBKO KOHKYPEHTHBIX TUIOIIAA0K JUTS Pa3MeIIeHHsI
AC. anee myTeM TEXHUKO-KOHOMHUYECKOTO CPaBHEHUsI BEIOMPAIOTCSI OCHOBHASI U pe-
3epBHas IUIOIAJKHU, HA KOTOPBIX MPOBOAMUTCS MOJHBIA KOMIUIEKC HHKEHEPHO-U3BICKa-
TEIBCKUX U MCCICIOBATENBCKUX padoT [4, 5].

1 DTAII
Omnpenenenue
. BHEHHUE 1
PervoHaIbHBIA aHATH3  |—] > Cpasrenue | 5| Ot6op moTeHIMANBHBIX
N — LIDHERLICHIEDS PAHKUPOBAHUE ILIOMANOK
yan XapaKTEepPHCTHK —
HOTEHIMATbHBIX
IUIOMIAI0K
2 DTAII

!

OneHKa KOHKPETHO! BBIOPAHHOH ITOIMa KN

3 OTAII

!

YTBepiKaAeHHE IUIOMAIKH

Puc. 1. Crangaptabliit nogxon MAI'ATD npu BbIOOpPE TUIOIIAKH
Fig. 1. IAEA standard approach for choosing a site

Bo ®paHiuu Ha HauaIbHOM 3Talle OCHOBHOE 3HAYCHHUE MTPHUIAETCS 00IIIECTBEHHOMY
MHEHHIO HACEJICHUS, [IOATOMY IIPH BHIOOPE TUIOIIAIKY JIJISl Pa3MEIICHUS PaIHalluOHHO
OIACHBIX 0OBEKTOB HEOOXOIMMO COTIACOBAHUE C MECTHBIMH JKUTEIIIMU IPUIICTArOIIIe-
ro paiiona. Hanpumep, a1 BbIOOpa IUIOIIAIKH IO/ FEOJIOTMYECKOS 3aX0OPOHSHHE 0T~
roxuBymux PAO ObUIO OITyOJIMKOBaHO MPEAIOKCHUE HACCICHHBIM ITYHKTAaM CTPaHbI
pasmecTuTh y cebst 00bekT ans 3axopoHenus: PAO. [Ipu aToM ObuTH TpeAnioKeHbl HO-
BBIC CTUMYJIBI JUISI SKOHOMHUYECKOTO Pa3BUTHs pailoHOB. Ha 3To mpeiokeHre OTKIINK-
Hynochk 30 «10OPOBOMIBIIEBY, U3 YKCIIA KOTOPBIX OBUIMA BHIOPAHBI TPU MOTCHIIUATBHBIC
TUTOIIAJIKU ISl TATbHENIIero u3ydyeHus. B kauyecTBe MecTa pa3MelIeHus PaBUTEIb-
CTBEHHOM KOMUCCHel OblUIa yTBEepIK/IeHA IJIoNIaika MyHulunanureTa brop [6].

B Bpaswiuu nepBocTeneHHOE 3HaUCHUE OTBOUTCS HAJACKHON 0a3e JaHHBIX C Xa-
PaKTEPUCTUKAMHU ILIONIAJIOK, TAK)KE BaKCH YYeT MHEHUH 3aKa34MKOB M JKCIICPTOB.
[Ipu okOHUATELHOM BBIOOPE IUIOMIAIOK HMIUPOKO HMCIIOIB3YETCS MHOTOKPHUTEPHAIIb-
HBIM aHAJIN3 PEIICHUH, KOTOPBIHA MO3BONISIECT 3PPEKTUBHO OCYIIECTBIISTh yUYaCTHE 3a-
WHTEPECOBAHHBIX CTOPOH B MPUHATHH pelieHuit otoopa. Pabota ¢ kputepusimu Bo100-
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pa IUIOIIAAKH BBIITOJHSIETCS ¢ UCTIONB30BaHUEM Pa3IMYHBIX HHCTPYMEHTOB, TAKUX KaK
METO]] aHANIK3a UepapXxuii, Mo3roBoii mrypm min Merof Delphi [7].

Boeigenute miuomaaky nox OoNbIINE MPOMBINUIEHHBIE 00BEKTH B MHAMK OYeHB
CJIOYKHO M3-32 OOJIBIION MIIOTHOCTH HaceseHust. Ha mpaBUTeTbCTBEHHOM YPOBHE B KOH-
TaKTe C Pa3IMYHBIMU IITaTaMU pelaeTcs BONPOC, [Ie 3TO BO3MOXKHO cenarsk. Paccmar-
pHUBaeTCs OZJHA MITM HECKOJIBKO BO3MOXKHBIX IUIOIIA/IOK, & 3aT€M BBITIOJIHSIOTCS ACTallb-
HBIE TEOTEXHUYECKHE UCCIICIOBAHUS B ONPEIEICHUH JOCTOMHCTB U HEOCTaTKOB. J{iIst
CTPOUTEILCTBA HOBOM POCCUMCKON aTOMHOM CTaHLMU IUIOLIaJIKa COITIaCOBBIBANIACH C
Pocaromom.

Coger 1o Haa3opy 3a aroMHoM sHepruer Uunuu (AERB) onpenenser 300y oTuyx-
JIEHHUs paJuycoM He MeHee 1,5 KM BOKpyr cTaHuMu. B paguyce oT 5 KM BOKpYT 30HBI
OTYYX/IEHUS J0IyCKaeTCs MpoKUBaHUe HaceneHus [8].

B MeTtonuke AToM3HEpronpoekta Hanboee MoJHO ONKCcaHa Mpoleaypa pa3pador-
KU 1 TPeOOBaHUs K COCTaBy, 00bEMY, CONIEPKAaHUI0 U 0(HOPMIICHHIO TIPOEKTHO-U3BICKA-
TEJIbCKOM TOKYMEHTAIUH, HEeOOXOMUMOH Il BBIOOPA, COTIIACOBaHMS M YTBEPKIACHUS
MyHKTa (TEPPUTOPUH) U IUIOIIAJKH CTPOUTENbCTBA aToMHON ctaHumu (CIIITHAD-93
«OcHognvle mpeboganus K paspabomke MexHUKO-IKOHOMUUECK020 000CHOB8ANUS
cmpoumenvcmeéa amomuou cmanyuu. Ilonoscenue o nopsaoxe 6vlbopa NAOWAOKU
CMPOUMENbCmean).

[Tpu BBIOOpE MYHKTOB BO3MOKHOTO pasMenienns AC MPpOBOAUTCS aHAIN3 HKOJIOTO-
reorpauIecKux, COUaTbLHO-IKOHOMHUYECKUX, IeMOrpapruecKuX, UCTOPUKO-apXeo-
JIOTHYECKUX M APYTHX KPUTEPHEB PACCMAaTPUBACMOI0 paiioHa C LENbIO BBISBICHUS
BO3MOXKHOCTH pasmenieHus: AC, UX COOTBETCTBHS TPEOOBAHHSIM 3aKOHOATEIHCTRA.

[To pesynbraTtam aHajgu3a OTKIOHSIIOTCS OT JAIBHEHIIET0 pacCMOTPEHUS TEPPUTO-
PUH ¢ HEYCTpAaHHMMBIMH OTPaHMYCHHUSIMH JIMOO HelenecooOpasHble U pa3MeleHuUs
AC 1o conuanbHO-3KOHOMHYECKUM TOKa3aTeinsiM. B KaKJIoM IyHKTE, OCTaBICHHOM
JUISL IeTAIbHOTO M3YYEHHs, HAMEYAIOTCSl HECKOJIBKO TUIOManoK. [Ipy okoHYaTeIbHOM
BBIOOpE MJIOMIAAKH JUIst cTpouTeibeTBa AC OlleHUBaeTcsl Bce MHOTooOpasue (axTo-
POB, BKJIIOUAsI 3aTPaThl HA 3AIUTY OT BHEIIHUX BO3IEHCTBUI IPUPOAHOTO U TEXHOTCH-
Horo mpoucxoxaeHus. IlpuHnunuaneHas cxema BeiOopa miomaaku AC mokaszaHa
Ha puc. 2.

Ha sramne TeXHHMKO-9KOHOMHUYECKOTO CPaBHEHUsI JIBYX-TPEX BapHaHTOB ILIOLIAJIOK
PEKOMEH/TyeMOi MOKET OBITh IJIOMIA/IKa, HA KOTOPOH 3aTpaThl HE SBISIOTCS HANMEHbB-
HIMMH, OCHOBAHUEM JUISI BBIOOPA TUIOMIAKKA MOTYT ITOCIYXXHTh ApyTrue GakTopsl.

AHnanu3 u oocyxnenue. HeoOXomuMo OTMETHTB, YTO pAaCCMOTPEHHBIE MOJAXOMABI B
obnacTy BEIOOPA IUIOIIAT0K UMEIOT HECKOJIBKO CXOXKUE AITOPUTMBI, OJHAKO OHH MOTYT
ObITh 2Q(PEKTUBHBI U aTh XOPOILXE PE3YJAbTAThl NIPU MPABUILHOM BBIOOPE M OLIEHKE
KPUTEPUEB JIaXKe TIPU OTPAaHUYCHHOM IEPEYHE «IPUBIIEKATEIBHBIX) TUIOMIAIOK.

s nazemubix AC B Poccun moTHOCTBIO ONpe/ieieHbl TIOIXO0/Ibl, OCHOBHBIE KpHUTE-
pHH U TpeOOBaHMUs, KOTOPBIE JOJKHBI OBITH YUTEHBI U BBIITOJTHEHBI B ITOJTHOM 0ObEMe.
[Tnomanka cuntaercs npuromHou st pasmenieHus: AC, eciu IMeeTcsi BO3MOXHOCTb
obecrnieunTh Oe3omacHyro Skciutyaranuio AC, 0e30IacHOCTh HACEICHUS M 3alluTy
OKPY’KaloIel cpebl MPH HOPMATBFHON 3KCILTyaTalliy U MMPOEKTHBIX aBapusix (Onpede-
JleHue nooxoosiyux niowadox. Omuem no 3adave 3 npoexma R4/10/95 «llosvruuenue
b6e3onacHocmu obpawerus ¢ paouoaKmueHbIMU OMX00amMu 8 Ce8epo-3anaoHoM pecuo-
He Poccuu. Pasmewenue paduoaxmuenvlx omxo0os. dman 2y // Toprwltl uncmumym
KHI] PAH (Poccus)-ANTEA-BRGM (®panyus). Anamumei—Ilapuxc, 1998. 210 c.).

CTpOHTENbCTBO B apKTUYECKHX paliOHaX CBS3aHO C CYPOBBIMH KIMMAaTHUECKUMH
YCIIOBUSIMH, 30HOH MHOTOJIETHEMEP3JIBIX TIOPOJI, TPYIHOAOCTYITHOCTBIO, CJ1a00 pa3BuU-
TO# mHppacTpykTypoil. [logzemMHoe cTpoutenscTBO U AKcIuTyararmuss ACMM crimaxu-
BaeT HEKOTOPHIE TEXHUYICCKHUE U KIIMMaTHIecKue Hepocrarku [9, 10].
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TTomsemuoe pasmemnienne AC HaneXHO pemaeT mpobdaeMy paaranrnoHHol Oe3omac-
HOCTH HaceJIeHHs MIPH JTFOOBIX BHEIIHUX TPUPOAHBIX, TEXHOT€HHBIX W aHTPOTIOT€HHBIX
Bo3neiCcTBUAX. C y4eToM MapaMeTpoOB ITHX BO3MEHCTBHIA 00OCHOBBIBACTCS TITyOMHA
3anokeHnst mog3zeMHoll ACMM. CkanbHBI MacCHB SIBISETCS €CTECTBEHHOW 3alfuT-
HO# 000JI09YKON, TIPOYHOCTHBIC CBOMCTBA KOTOPOTO MHOTOKPATHO MPEBOCXOMST CBOM-
cTBa 6€TOHA. DTO MO3BOJIAET BRIOPATH TUIOIIAIKY HETIOCPEACTBEHHO B 30HE DKCITTyaTa-
Y TIPOMBIIIIIIEHHOTO 00BekTa [11, 12].

1 DTAIT
Onpenenenne .
Br160p myHKTOB me] eMzHiblx 3arpar Bribop onmiMartbHEX AL TR
b P par 1 MIYHKTOB Pa3MEIICHUS |3 KOMITOHEHTOB
pasmerienus AC IIYHKTOB Pa3MEIIeHHUs o
AC AC MIPUPOJIHOM CpeJibl
2 DTAII

—D‘ O11eHKa BO3MOXKHOCTH BIIUSTHUS HA SKOJIOTHIO |

Br100p muromanku crpouTenbCeTBa
ADC

!

TexHUKO-9KOHOMHYECKOE
CpaBHEHHE BaPHAHTOB

> Vuer ocobeHHOCTEl IPUPOIHEIX YCII0BHiH paiioHa |

!

VTBepxKaeHHE TUIOMAAKH

Puc. 2. [IpuHuunuansHas cxema Bbioopa rutommaaku st AC
Fig. 2. A fundamental scheme of choosing a site for a nuclear power plant

BrimonHstoTcs 00s3arenpHble TPEOOBaHUS, HE JOMYCKAOIIHEe pa3MEIIeHHe TO/-
3eMHBIX AC Ha IJIOMIA/IKaX, PACIIONOKEHHBIX HEMTOCPEACTBEHHO HAa aKTHBHBIX Pasiio-
Max; ¢ CeHCMUYHOCTBIO PaCUCTHBIX 3eMIICTPSCEHHI Ooiiee 9 OaLIOB; 3ampenieHHBIX
MIPUPOAOOXPAHHBIM 3aKOHOAATENBCTBOM M psife Ipyrux. Jas MOA3eMHBIX CTaHIWH
3HAYUTEBHO COKPAIIAETCs 00IIee KOMMIEeCTBO paccMaTpuBaeMBIX kpurepues (Onpe-
Oenenue nooxodsauwux niowaoox. Omuem no sadaue 3 npoexkma R4/10/95 «llosvruuenue
bezonacrnocmu 0bpawenus ¢ paouoaKMUSHbIMU OMXO0AMU 8 CEBEPO-3aNAOHOM PecUoHe
Poccuu. Pasmewenue paouoakmuguvix omxo0o8. dman 2» // Topusiit uncmumym KHI]
PAH (Poccust)-ANTEA-BRGM (@panyus). Anamumoi—Ilapusic, 1998. 210 c.). I1oBbI-
[IaeTcs 3HaYeHHEe KPUTEPHUEB, CBA3aHHBIX C YCTOWYMBOCTHIO TOPHBIX BRIPAOOTOK: (-
3UKO-MEXaHWYIEeCKHE, TETUNTO(PH3NIECKIEe CBOWCTBA ITOPO/T; pacpeieNIeHHe TI0Iel ecTe-
CTBEHHBIX HANpPSHKEHWH B MAcCHBE; y4eT TEIJIOBOTO BIFSIHHA Ha CBOICTBAa TOPHBIX
MOPOJ; XapaKTEPUCTUKN TEKTOHHYECKUX HapYIICHHH, TepeCceKaroInX TOPHBIE BBIPa-
0otkwu, ruaporeosormueckue pexxumsl (HIT 050-03. PazMenienue ssaepHbIX yCTAaHOBOK
SIIEPHOTO TOTUTMBHOTO ITMKJIa. OCHOBHBIE KPUTEPHH W TPEOOBAHUS IO OOCCIICUCHHIO
oe3onmacHocTr. 2003). OOmumit aaropuT™ BEIOOpA TUTOMIAAKH T mom3eMHoii ACMM
MoKa3aH Ha puc. 3.

Ha nepBoM aTare 060CHOBBIBASTCST paliOH, KOTOPBIH COTJIACOBBIBACTCS C 3aKa3dH-
KOM M ONPEICIICTCS COOOpaKEeHUSAMHU OM30CTH K IMOTpeOuTento. Bribupaercs He-
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CKOJIBKO MTPUEMIIEMBIX IIIONIAJI0K W MTPOBOAUTCS CPAaBHEHUE TUIOMIAJIOK TI0 OTPaHNYH-
BalOIUM KPHUTEpHsIM (3allpelralommM W HeOmarompusaTtHeIM). s mambHEHIero
aHan3a II0MIA0K TPOU3BOMIAT COOP OIIEHOYHBIX IAHHBIX TIO TUIONIAIKaM.

Ha BTOpoM sTane (GopMHPYIOT TepedeHb W BHIOUPAIOT CYIIECTBEHHBIE KPUTEPUU
JUTSL TOCTYKEHUS TIOCTABIICHHBIX TIeliel pH 000CHOBaHMH IUIoa K. Kaxas u3 mio-
I3JI0K JIOJDKHA BKJIIOYATh KaK TEXHUYECKHE, TaK M COIUAIIbHO-9KOHOMUYECKUE XapakK-
TEPUCTHKH.

OrnpeneneHue u MoceneHne
> Bei6op paiiona > BO3MOXHBIX TUIOIIAIOK
Unentndukanys
1 STAI nnou?az[ox
» Br100p OrpaHU4MBarOIIMX > Cbop n onpeneneue
KpHTEpHEB OIICHOYHBIX JIaHHBIX 10
TUTOLIA/IKaM
Y
OrnpeesnieHue 1esei u . > Bl TBEHHBIX
2 OTAII P > YcinoBus U OrpaHUYeHUs. - Ep BT
KpHUTEpHEB KpHUTEpHUEB
3 OTATT Ornrcanue BO3ACHCTBHIA > HaGop BO3MOKHBIX
9HEPreTUYECKOro 00BEKTa BO3JICHCTBHI
4 OTAII Ouenka Bo3/eicTBIM > ITpuemneMocTh > OLeHKa BEPOSATHOCTH
9HEPreTHYECKOro 00BbEKTa MOCJIEACTBHIA BO3JIENCTBUI
> PamxupoBanue miomauok
AHanm3 u cpaBHEHUE
5 OTATI P
BO3MOYKHBIX IIIONIAI0K
> TeXHUKO-3KOHOMUYECKOE CPAaBHEHHUE
B],I60p H YTBEPXKIECHUE _ HpOBeZ[CHI/IC IIOJIHOI'O KOMILJICKCa
6 OTAII UIOMIA/KH o M3BICKATENECKEX PadoT

Puc. 3. Anroput™ BeIOOpa TIOMIAAKH 1S Toa3eMHoit ACMM
Fig. 3. An algorithm of choosing a site for an underground nuclear power plant

Ha TpeTrbem u geTBepTOM 3Tammax OCYIIECTBISIOT ONMMCAaHUE M OLIEHKY BO3MOXKHBIX
BO3IIEHCTBUI SHEPTeTHUECKOTO 00BEKTa Ha OKpYKaroIIyto cperny (ITHAD [-05-035-94.
Yuem enewnux gosoeticmeutl npupoOHo20 U MEXHOLEHHO20 NPOUCXOHCOEHUS Ha Adep-
HO- U paduayuonHo onacisie obvexmol. 2000). JI1s1 3TOTO COCTABIAETCS IEPEICHD BO3-
MOYKHBIX BO3IEHCTBUH, OTIpEEIAETCS IPUEMIIEMOCTH ITOCIEACTBHIA KaXKIOTO COOBITHS
M JTAeTCs OIIEHKA BEPOSTHOCTH BO3ACHCTBUN. DTO MO3BOJSET yUECTh BOBMOXKHBIE HE-
TaTHBHBIC CIICHAPUH TIpU paboTe 0ObeKTa.

AHann3 0TOOpaHHBIX IDIOMIAIOK OCYIIECTBISIFOT TyTeM PaHKUPOBAHUS U TEXHHUKO-
SKOHOMHYECKOTO CpaBHEHHA. BRIOOp WM yTBepkaeHHe Haumbolee MpenrnodTHTETHHON
TUTOMIAIKY TIPOUCXOIUT Ha MOCIEAHEM dTalle IOCie MPOBeIeHUs KOMIUIEKCca M3bICKa-
TENBHBIX paboT, TAE TOATBEP)KIAETCS COOTBETCTBHE IUIOMIAJIKA YCTAaHOBJICHHBIM B
HOPMATHUBHBIX JIOKyMEHTaX KpUTepHsIM 0€30IacHOCTH.

BuiBoabl M 00J1acTh MpUMeHeHUsT pe3yabTaroB. Pekomenmanmun MATATO mpu
BBIOOpE TUTOMAIO0K /TS Pa3MEeHHsI aTOMHBIX CTAHIIHA MaJIOH MOIITHOCTH ITO3BOJISIOT
MCTIOJIH30BATh PA3IMIHBIE ANTOPUTMBI M KPUTEPHH OIEHKH. MeTOoIuecKre MOIXObI,



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 2, 2020 23

MIpUMEHsIEMBIE B 00J1aCTH BHIOOpA TIJIOMIAIOK IS TOBEPXHOCTHBIX AC, IMEIOT CXOXKHE
anropuT™Mbl. BrIOparHas IIomaaka T0DKHA 00eCIIeYnBaTh YKOIOTHIECKYIO Oe301ac-
HOCTP TIPH IKCIUTYaTallui U SKOHOMUYECKYTO TPUEMIIEMOCTD TP CTPOUTEIHCTBE.

OmHO W3 OCHOBHBIX 3HAUCHUH B MPOIIEIype BRIOOPA TUIOMIAA0K OTBOIUTCS (hopMu-
POBaHHUIO OMPENETICHHOTO Habopa KPHUTEPHEB, WX YACTFHOMY BECY M KOMILIEKCHOU
OIIEHKE BO3/ICHCTBUII SHEPTeTHUECKOTO O0bEKTa Ha OKPYKAIOIIYIO CPey.

TTomsemuoe pasmemenne ACMM MO3BOISET MOBBICUTH 3aIUIIEHHOCTh OT BHEIII-
HUX ¥ BHyTPEHHUX BO3JEHCTBHIA, TaK KaK TOPHBIEC TIOPOBI SBISIOTCS MOIIHBIM €CTE-
CTBEHHBIM 3aIIUTHBIM OapbepoM. [lJi Moa3eMHBIX SJHEPTETHUECKUX 00BEKTOB IPYTIITHI
KPUTEPUEB M UX KOJIMIECTBO MPH BHIOOPE TUTOMIAA0K MOTYT OBITh CHIYKEHBI.

HeobxoammMo oTMETHTB, 9TO B psifie CIydaeB CyIIECTBEHHBIM KPUTEPHEM TIPH pac-
CMOTPEHHH TUIOIIAJI0K MOXKET CTaTh, HAMPUMED, [IEHHOCTh MIJIA COXPAHHOCTh CEITbCKO-
XO3AWCTBEHHBIX 3€MeJb, MPHUPOIHBIE W UCTOPUUYECKHE TMaMATHUKH, OOIIECTBEHHOE
MHEHWHE U JIp.

[TomyueHHBIE pe3ybTaThl MOTYT OBITH HCIIONB30BAHBI JIJISI OI[EHKH METOIAMYECKUX
MOJIXOZ0B TIPX BBIOOPE TUIOIMIAAO0K IO Pa3MENIeHHe MOA3EMHBIX aTOMHBIX CTaHITUH
MAaJIOH MOIIHOCTH B TE€OJIOTHUECKUX (POPMAIIMAX apKTHUECKUX PETHOHOB.

Paboma evtnonnena é pamxax memot 0226-2018-0008 zocyoapcmeennozo 3aoa-
Husa I'opnozo uncmumyma KHI] PAH.
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Abstract
The work is aimed at studying approaches and developing principal regulations when choosing the sites
intended for constructing underground nuclear small power plants in geological formations.
The research methodology provides for analysis and summarizing international and Russian experience
in choosing the sites for the placement of radiation hazardous facilities.
Results. The work gives the approaches when choosing the sites intended for radiation hazardous facilities
proposed by IAEA in Russia and abroad. The formation of criteria complete, their specific weight and an
integrated assessment of impacts of an energy object on the environment is of importance in the site
choosing procedure. The several criteria characterising the site are different for the surface and
underground placement of a nuclear plant. The underground placement of a nuclear plant is a determining
factor in protecting against undesired external and internal impacts. The authors have proposed an
algorithm of choosing the sites for underground small nuclear power plants based on a limited number of
criteria.
Conclusions. The approaches used for choosing the sites have similar algorithms. The site choosing
procedure pays a lot of attention to formation of criteria and an integrated assessment of impacts of an
energy object on the environment. The underground placement of energy objects improves their security
that allows decreasing a number of observed criteria when choosing the sites.

Key words: choice of sites; criteria; algorithm; underground nuclear power plant.
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Abstract
Introduction. Within the mining claim boundaries of Kyshtym GOK the underground large-scale blast
was made to cave in the floor pillar with the maximum explosive weight of 963 kg at the spacing stage.
The Institute of Mining UB RAS has received a task to study the seismic impact of the underground
large-scale blast on the secure facilities of Kyshtym underground mine industrial site located in the
close proximity to the sites of blast works.
Research aim is to determine the seismic stability of grounds at the sites of the secure facilities and the
permissible values of vibration velocities for Kyshtym GOK buildings. It is also necessary to determine
the permissible distances from the blast to the secure facilities for 5 engineering-geological elements on
the basis of physical and mechanical properties of rock.
Research methodology. On the basis of the initial data, according to the method of IM UB RAS, ground
seismic stability calculations have been made at the sites of the facilities to determine the permissible
values of vibration velocities for Kyshtym GOK buildings. A multivariate calculation of permissible
distances from the blast to the secure facilities for 5 engineering-geological elements (EGE) has also
been made depending on the explosive weight at the spacing stage, the coefficient of ground conditions
and the permissible velocity of seismic vibrations.
Results. The actual velocities of earthquake vibrations were determined by the results of experimental
measurements using Minimate Plus and URAN seismic recorders, the values of which did not exceed the
permissible velocities of ground motion in the base of buildings.
Summary. As a result of comparing calculated values and experimental measurements, the
recommendations have been given to establish the limitation of the explosive weight at the spacing stage
to the level of minimum hazardous values during the large-scale blasts in the underground mine.

Key words: blasting; parameters of drilling and blasting; explosive materials; explosives; means of
initiation,; secure facilities, seismic impact of a blast; velocity of seismic ground motions; measures on
seismic safety technology of blasting.
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Introduction. Within the boundaries of the mining allotment of Kyshtym GOK
(Kyshtym ore enrichment plant, JSC) the underground large-scale blast have been made
to break the floor pillar with the maximum explosive weight of 963 kg at the spacing
stage. The Institute of Mining UB RAS has received a task to study the seismic impact
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Fig. 1. Site plan of the Kyshtym deposit of granulated quartz
Puc. 1. CutyaunonHsli mnaH KslIITBIMCKOIO MECTOPOXKICHUS IPaHyJIMPOBAHHOIO KBapla
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of the underground large-scale blast on the secure facilities of Kyshtym underground
mine industrial site located in the close proximity to the sites of blast works, namely:
buildings of the sizing plant, main fan unit, and mining administration of Kyshtym
GOK.

The blast works were carried out close to the earth's surface in close proximity to
industrial secure facilities of Kyshtym underground mine industrial site.

Research aim is to determine the seismic stability of grounds at the sites of the
secure facilities and the permissible values of vibration velocities for Kyshtym GOK
buildings. It is also necessary to determine the permissible distances from the blast to
the secure facilities for 5 engineering-geological elements on the basis of physical and
mechanical properties of rock.

Brief mining and geological characteristics of the deposit. The deposit of
granulated quartz is located in the Kyshtym district of the Chelyabinsk region,
30 km west of the Kyshtym railway station of the South Ural railway and stretches
in the form of a narrow (1-3 km) submeridional strip by 22 km from Lake Agordyash
in the south to mount Sharabrina in the north (fig. 1). The cities of Kyshtym,
Kasli, Karabash, Verkhny Ufaley are located by 15, 50, 25 and 50 km from the
deposit respectively.

Mountain landscape characterized by the development of low north-eastward
directed mountains with low-angle inclination is typical for the Middle Urals.

Kyshtym deposit is currently the only major deposit of granulated quartz in Russia.
Lode 175 is deposit's largest lode containing 90% of the granular quartz reserves
discovered and approved in the State Reserves Committee of the USSR. The qualitative
characteristics of quartz meet the requirements of consumer plants.

The lode is formed by granular quartz of fine-grained granoblastic structure with
1-2 mm grain size. Average mineral composition of the lode rock according to
prospecting data is as follows: quartz — 95%, chats — 5%. The latter are represented by
coarse-grained amphibole and biotite 5-50 cm thick, by folia of gneissogranite and
pegmatite 0.05-2.0 m thick, lenses of carbonate-plagioclase and carbonate composition
0.05-0.5 m thick.

The host rocks are represented by biotite-amphibolic gneisses, granite-gneisses, and
pegmatites (table 1).

Two main cracking systems are observed in the area of the lode. The first system:
strike azimuth of 30°-40°, subvertical dip angles (80°-90°). The second system: strike
azimuth of 210°-230°, dip angle of 60°-80°.

The average jointing is 0.5—1 cracks per linear meter. All the observed cracks,
usually closed, are often cemented by later minerals: feldspar and pegmatites. Large-
scale tectonic disturbances within the site have not been recorded.

Research methods. Dynamics of blast effect manifests in earthquake vibrations of
the ground. The permissible seismic impact by large-scale blasts is determined in two
directions. First, the impact of earthquake vibrations caused by blasting must not lead
to rock mass within destabilization within the facility site. Second, the ground vibrations
under the construction (building) at the site must not lead to the destruction of
foundations and structures. To perform a complex of ground seismic stability
calculations at the sites of the facilities and to determine the permissible values of
vibration velocity for buildings of Kyshtym GOK, the inventions of IM UB RAS have
been used (Methods of IM UB RAS no. 88-16359-118-01.00076-2011. (In Russ.);
Method of providing seismic safety technology for blast works. Sverdlovsk: IM MISI
USSR Publishing; 1984. (In Russ.)), [1-5].
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To determine the permissible value of the earthquake vibration velocity it is
necessary to set the permissible stress in the rock mass. The permissible value of
stresses is in accordance with the mine seismic stability condition:

[6,]+[ G | < O (1)

where [c,] — static stress in the rock mass surrounding the mine, MPa; [c,,,] — dynamic
stress in the rock mass (near the mine), MPa; 6, ,  — permissible value of stresses, MPa.

Table 1. Physical and mechanical properties of quartz and host rocks of lode no. 175
Tabuauna 1. ®u3uKko-MexaHHYeCKHe CBOMCTBA KBapla U BMEIAIOIIHUX MOPOJ KuJibl Ne 175

Compres . Wave velocity, m/s Jung Acoustic
Volume Hard sion Pmssor} - modulus, stiffness,
Ore and rock mass, ness strength coeffici longitu trans E-10° 4102
t/m ratio MPa ’ ent dinal verse MPa MPa
Homogeneous | » g7 | 10-15 | 113-178 | 027 5500 | 3200 115 0.143
quartz
Quartz 2.60 5-8 54-92 0.27 5375 2900 112 0.146
intergrowths
Pegmatites 2.74 8-10 110 0.26 4550 3000 124 0.144
Amphibolic
biotite 2.60 8-10 152 0.24 4837 2487 95.7 0.112
Granite gneiss 2.73 8-10 166 0.25 4540 2540 104 0.123

In simplistic terms, rock static tensile strength o, in the rock mass increased by
10-30% [3] can be taken as the permissible value of stresses o, , . It should be noted
that o, determined in the sample differs significantly from the value in the rock mass
due to macrodisturbances. In the rock mass o, is 5-10 and more times as high as in the
sample [1], because rocks are usually mixed together; this value is also significantly
affected by jointing and voids filler. The tensile strength of the rock mass is determined
by means of the coefficient of structural weakening. In some cases, an approximate
calculation is possible based on the average coefficient of structural weakening and
strength certificate.

According to [1], the permissible velocity of the rock mass displacement can be
determined by the expression:

v =2 981.10° cm /s, 2)
: vC
where 6, — the permissible value of stresses, kgf/cm?; y — the density of rocks, t/m?;

C —rock acoustic velocity, cm/s.
Taking into acount the actual measured data, the above expression (2) can be
expressed in terms of the indicator values in the SI system in the following form:

v, =2er . 26041, m/s, 3)
yC
where 6, _— the permissible value of stresses, MPa; y — density of rocks, t/m?; C —rock

acoustic velocity, cm/s.



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 2, 2020 29

The velocity of earthquake vibrations depending on the weight of explosives in
the stage and the distance from the blast to the secure facility can be determined
according to [1] by the following expression (if the distance to the object is less

than 1500 m):
v=K ’%, cm/s, 4)

where v — the velocity of earthquake vibrations, cm/s; O — weight of simultaneous
shots (weight of explosives at the spacing stage), kg; R — the distance to the object, m;
K — the coefficient depending on ground conditions (rocky and semi-rocky
grounds K =200-300; sand-clay grounds K =300-450; loose, watered, and filled grounds
K =450-600.

7/

[/
402,36 w1 /
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<>

L 7 /
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20p. +348 M /] g /
4
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\ 3 \ ‘
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83pLIsaeMLIX Geepos
20p. +324-347m

Fig. 2. Location points of blasthole ring (1-P) with maximum explosive weight per the stage at the mine
and at the secure facilities (1, 2, 3) of Kyshtym GOK
Puc. 2. Touku MecTONOJIOKEHHS B3PBIBAEMBIX BeepoB CKBaxkHH (1-P) ¢ MakcuMansHOM Maccoit BB
B CTYIICHHU Ha PyIHHKE U Ha oxpaHseMbIx o0bekTax (1, 2, 3) Keiuteimckoro 'OKa

Thus, by determining the permissible velocity of vibrations of the protected area
(expression (3)) and substituting the obtained value into expression (4), it is
possible to determine, depending on the distance, the permissible weight of
explosives per the spacing stage. Considering that currently the explosive devices
can provide independent operation of each charge of explosives in the borehole,
such calculations make it possible to optimize the parameters of drilling and
blasting and to significantly reduce the seismic impact of the blast on the protected
rock mass and facilities.

Distances at which the ground vibrations caused by a single blast of the concentrated
charge of explosives become safe for buildings and constructions according to the
federal norms (Federal norms and regulations in the field of industrial safety “Safety
Rules during Blast Works”. Series 13. Issue 14. Moscow: Closed Joint Stock Company
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“Scientific and Technical Center for Industrial Safety Research”. 2014. (In Russ.)) are
determined by the formula:

R =K, K, a3/0,m, (5)

where R — the distance from the blast site to the protected building (construction), m;
K, — the coefficient depending on the ground properties in the base of the protected
building (construction); K, — the coefficient depending on the type of building
(construction) and the pattern of buildings; o — the coefficient depending on blasting
conditions; O — the weight of the charge, kg.

Table 3. Characteristic of secure facilities and calculation of permissible velocity of seismic
vibrations

Taoauna 3. XapakTepucTHKA 0XpaHsieMbIX 00beKTOB U PacyeT J0NyCTHMOI CKOPOCTH
ceiiCMMUYeCKHX KOJIe0aHui

Secure facilities — industrial buildings and constructions

Three-storey building Two-storey building of Two-storey building of the
of the sizing plant of main fan unit of mining administration of
Parameters Kyshtym GOK — Kyshtym GOK — Kyshtym GOK —
point 1 point 2 point 3

Industrial buildings and constructions in plan of no more than three storeys with
small crowded area

Absence of any
Facility state disturbances and There are small cracks in the foundation and filler
residual deformations

Type of ground Thin leveled screed of solid slab foundation

Type of construction Mining building Business building
Main material of Steel, reinforced Brickwork, concrete Reinforced concrete
construction concrete slabs

Foundation type Solid foundation

Distance between the More than 200 m

vibration source and
measuring point

Vibration source type Blast works

Fg 2.5 2.5 2.5

kb 1.2 1.2 1.2

kom 1.2 1.0 1.2

kr 0.8 0.8 0.8

Fu 1.0 1.0 1.0

Fi 1.0 1.0 1.0
Limit value of short- 5.76 (57.6) 4.8 (48) 5.76 (57.6)
term vibration, cm/s
(mm/s)

It should be noted that expression (5) does not take into account the specificity of
geological conditions in the area of the mine, which is expressed in the enhanced
seismic impact of water-saturated loose rock and hard rock. The values are highly
underestimated and present a distorted picture in drilling and blasting parameters
determination near the secure facilities.

To reduce determination errors, the permissible distances R for the complex can be
determined by converting expression (4):
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2
R e (6)

extra

where v, —the permissible velocity of seismic ground vibrations, cm/s; O — the mass
of simultaneous (instant) shots, kg; R — the distance to the blast site, m; K — the
coefficient depending on the ground conditions at the base of constructions.

For ground motion in the base of buildings and constructions according to the GOST
(GOST R 52892-2007. Vibration and Strike. Vibration of Buildings. Measurement of
Vibration and Evaluation of its Impact on Construction. (In Russ.)), the limit value V
for short-term vibration is determined for the vertical component of velocity peak
value:

V= VOFgE,FdE{, mm/s, (7)

where V) — reference velocity equal to 20 mm/s; F/, — correction for ground type at
the site where the construction is installed; /', — correction for the construction type;
F,— correction for the distance between the vibration source and the measuring point;
F,— correction for the vibration source type.

Thus, the presented problem solution allows to make preliminary calculations,
assess the possible impact of blasting on the secure facility and make appropriate
technical solutions to mining.

Results. Based on the initial data, the blasting force impact on the grounds and
constructions of Kyshtym GOK has been calculated and the permissible vibration
velocity has been compared with the calculated one (see table 2). The table's data show
that the rock mass has a fairly high seismic resistance (marked in table 2 in green). The
permissible velocity for seismically active areas (magnitude 6—7) is equal to 0.06 m/s.

The necessary initial data for seismic stability calculation have not been fully
provided in the given geological materials. Therefore, part of the data has been taken
from reference literature [6—12].

For further calculations the points have been selected at the mine (point 1-P) as well
as at the secure facilities (points 1, 2, 3) of Kyshtym GOK (fig. 2). At these points, the
earthquake vibrations have been measured using Minimate Plus seismic recorder
(Instantel, Canada, St. Ontario) and two seismic recorders URAN (Enterprise Horizon,
Russia, Ekaterinburg) with GS-20 seismic receivers mounted in the ground on different
sides of the blasted block and oriented in three directions relative to the blast.

Seismic stability calculations have been made for the secure facilities of Kyshtym
GOK according to the GOST (GOST R 52892-2007. Vibration and Strike. Vibration of
Buildings. Measurement of Vibration and Evaluation of its Impact on Construction.
(In Russ.)) and summarized in table 3.

According to the selected points and taking the average values of the permissible
velocity of ground motion v, , = 0.06 m/s, and at the base of the buildings: sizing plant —
0.0576 m/s, main fan unit — 0.048 m/s, mining administration of Kyshtym GOK —
0.0576 m/s, with the average coefficient of ground conditions K = 300 the calculations
have been made, as shown in table 4.

Summary. When blasting to cave the floor pillar at the Kyshtym underground mine,
the values of ground seismic vibrations maximum resulting velocity were the following:
near the foundation of the two-storey building of main fan unit — 0.0031 m/s and near
the two-storey building of mining administration — 0.0012 m/s, which are less than the
permissible velocity of ground vibrations in the base of buildings. During the
underground large-scale blast when caving the floor pillar, the seismic recorder URAN
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did not register ground seismic vibrations velocity near the three-story building of the
sizing plant of Kyshtym GOK, since the actual velocity was below the sensitivity
threshold of the GS-20DX seismic sensors.

Dynamic calculation analysis has been performed for blasting force impact on
grounds and buildings of Kyshtym GOK facilities. Since the calculation has been
performed in variants, it is recommended to set limits on the weight of explosives at the
level of minimum hazardous values.

The hazardous weight of explosives blasted in the mine at the same time for sloping
and ground constructions of Kyshtym GOK facilities is as follows:

— sizing plant — 52 597 kg;

—main fan unit — 39 765 kg;

— mining administration of Kyshtym GOK — 26 056 kg.

The hazardous weight of explosives blasted in the mine at the same time for buildings
of Kyshtym GOK facilities:

— sizing plant — 48 473 kg;

—main fan unit — 25 450 kg;

— mining administration of Kyshtym GOK — 24 013 kg.

Enterprise Protol has performed the blast works when caving the floor pillar at the
Kyshtym underground mine by ensuring the safety of seismic impact made by the
underground large-scale blast, and these blast works do not have a negative impact on
the building of the sizing plant, the buildings of the main fan unit and the mining
administration of Kyshtym GOK.

REFERENCES

1. Zharikov S. N., Shemenev V. G. On the effect of blasting on stability of pit barriers. [zvestiya
vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher Institutions. Mining Journal. 2013;
2: 80-83. (In Russ.)

2. Zharikov S. N., Shemenev V. G. On the influence of blasting on the stress state of rock mass and
geodynamic phenomena. [zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the Higher
Institutions. Mining Journal. 2013; 3: 90-97. (In Russ.)

3. Bondarenko I. F., Zharikov S. N., Zyrianov 1. V., Shemenev V. G. Blast works at kimberlite open-pits
of Yakutia. Ekaterinburg: IM UB RAS; 2017. (In Russ.)

4. Shemenev V. G., Zharikov S. N. On the state of scientific researches in the field of rocks destruction
in the Institute of Mining UB RAS. Problemy nedropolzovaniia = The Problems of Subsoil Use. 2016;
4(11): 30-40. (In Russ.)

5. Zharikov S. N., Kutuev V. A. The study of the seismic effect of the explosion in the quarry for the
introduction of a special technology of work on the formulation of the boards in the limit position. In: Deep
structure, geodynamics, thermal field of the earth, interpretation of geophysical fields: conference
materials. 2017: 179-183. (In Russ.)

6. Protodiakonov M. M., Teder R. L., Ilnitskaia E. L., et al. Distribution and correlation of physical
properties of rocks. Moscow: Nedra Publishing; 1981. (In Russ.)

7. Protodiakonov M. M., Teder R. L., lInitskaia E. 1., et al. Reference (cadastre) of physical properties
of rocks. Moscow: Nedra Publishing; 1975. (In Russ.)

8. Rzhevskii V. V., Novik G. la. Fundamentals of physics of rocks. Moscow: Nedra Publishing; 1984.
(In Russ.)

9. Rzhevskii V. V. Physical and technical parameters of rocks. Moscow: Nauka Publishing; 1975.
(In Russ.)

10. Chukhrov F. V. (ed.) Minerals. Reference book. In 4 vol. Moscow: AS USSR Publishing; 1992.
(In Russ.)

11. Dortman N. B. (ed.) Physical properties of rocks and minerals (petrophysics). Handbook of
geoscientist. Moscow: Nedra Publishing; 1984. (In Russ.)

12. Drukovanyi M. F. Methods of blast control in open-pit mines. Moscow: Nedra Publishing; 1973.
(In Russ.)

Received 14 August 2019
Information about authors:

Vyacheslav A. Kutuev — researcher, Institute of Mining UB RAS. E-mail: slavik1988@mail.ru



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 2, 2020 35

VIK 622.235.535.2 DOI: 10.21440/0536-1028-2020-2-25-36

HccnenoBanue ceiicMu4ecKoro Bo3aeiicTBUs M0J3¢MHOI0 MACCOBOI0 B3PbIBa Ha
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Pecgpepam
Beseoenue. B npeoenax epanuy eoproco omeoda AO «Kvuumwvimckuii I'OK» npousseden noosemuulii
MACCOBbLIL 63PbLE NO OOPYULEHUIO MEHCIMANCHOLO YETUKA C MAKCUMATILHOU MACCOU 63PbIEUAMBIX Belyecms
6 cmynenu 3ameonenus 963 xe. Hncmumymy eopnoco dena YpO PAH 6vinia nocmaenena 3adaua no
UBYYEHUIO  CelICMUYECKO20 GIUAHUS NOO3EMHO20 MACCOB020 83DPbl8d HA OXpaHsembvle O0ObeKmbl
npomnaowadku KeluumulmMcko2o no03emMHO20 pYOHUKA, HAX0OAWUECs 8 HenOCPeOCMBeHHOU bauzocmu om
Mecm 8edeHuUs: 83PblEHbIX pabom.
Llenvto pabomel sensemcs onpedenenue CeucMOyCMOUMUBOCMU SPYHIMOE HA NIOWAOKAX OXPAHAEMbIX
00beKmo8 U 0OnyCmumblx 3HaueHuti ckopocmei xonebanuil ons 30anuti AO «Kouumovimckuii I'OK».
Taxoice He0bOX0OUMO HA OCHOBE PUUKO-MEXAHUYECKUX CEOUCME NOPOO MECTOPONCOCHUS ONpedeiums
oonycmumble pacCmosiHus Om 63pbléa 00 OXPAHAEMbIX 0ObEKMO8 Ol NAMU UHHCEHEPHO-2e0N02UYECKUX
97IeMEHMO8.
Memooonozus uccnedosanuit. Ha ocrnosanuu ucxoonvix oannvix no memoouxe U/l YpO PAH evinonnen
KOMNIIEKC pACYemos CeticMOyCIMouiu8oCmu 2pyHmo8 Ha Iouaokax 00bekmog u onpeoenenvt 00Ny Cmumble
3Hauenus cxopocmeti Konebanuil 0na 30auuti AO «Kvuumvimckuii T'OKy. Taxowce npousseden
MHO208APUAHMHBLL pacyem 0ONYCMUMbIX PACCMOAHULL OM 63PbléA 00 OXPAHAEMbIX 00bEKMO8 Ol NAMU
UHMICEHepHO-2eonouyeckux anemenmos (UI3) 6 3asucumocmu om maccel BB 6 cmynenu 3ameoneHus,
KO3 puyuenma epyHmosvix ycaosuil u OONyCmMuMol CKOpOCMU CEUCMULECKUX KOTeOanuil.
Pesynvmamut. Ycemanosnenvt gaxmuueckue CKOPOCMU CEUCMUUECKUX KONeOaHutl no pesyivmamam
9IKCNEPUMEHMATILHBIX 3AMePO8 C NpUMeHenuem ceticmopezucmpamopos Minimate Plus u YPAH, 3nauenus
KOMOPbIX He NPedblCUiu OONYCIMUMBIX CKOpOCMell KoNeOaHutll 2pyHma 6 OCHOBAHUU 30aHU.
Bb1600bl. B pesynbmame cpagHeHus pacuemuvlX 3HAYEHUl U IKCHEPUMEHMANbHLIX 3aMepo8 OaHbl
DEKOMEHOayUU NO YCMAHOBNIEHUIO 02PAHUYEHUS MACCHL BB 8 crmyneHu 3ame0neHUs Ha ypO6He MUHUMATbHBIX
ONACHBIX 3HAYEHUI NPU NPOEDEHUU MACCOBBIX B3PbIE0E 8 NOO3EMHOM PYOHUKE.

Knrouesvie cnosa: e3pvisnvie pabomul;, napamempul 6ypo83pui6HbIX padoOm, 83pbleuamble MAmMepuanbl;
83pvlguamvle Geujecmed; cpeocmsea UHUYUUPOBAHUA, OXpaHAeMble 00beKmbl, celicmMuyeckoe oelicmeue
63pblBA; CKOPOCMb CEUCMUYECKUX KONeOaHULl SPYHMA; MepONpUsmusi no ceticMooe30nacHoll MmexHoi02uu
83PbI8HBIX pabom.
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Abstract
Research aim is to study features peculiar to geophysical fields over the main geological features of the
southern part of the Degtyarsky pyrite deposit at the Middle Urals.
Methodology. Electromagnetic survey included symmetrical electric profiling (SEP) with ERA-MAX
equipment (ERA Research and Production Enterprise, St. Petersburg) and rapid audio-magnetotelluric
sounding (ATMS) with OMAR-2m wideband receiver (Institute of Geophysics UB RAS, Ekaterinburg).
Magnetic survey was carried out with the help of the proton procession magnetometer GSM-19T
(GEM Systems, Canada), gamma field survey was carried out with a survey meter SRP-68-01 (Electron,
Zhovti Vody).
Results. According to the results of observational analysis, high-quality sections of electrophysical
parameters of the environment were constructed at the parametric profile together with the charts of
other geophysical fields. The studies have shown significant changes of resistivity and potential fields
anomalies over various geological features of the ore field.
Summary. Geophysical indications of border line of the main geologic features have been determined.
Excessive electrical conductivity of ore control tectonic structures and radiation anomaly have been
revealed in the promises of the ore body, which can serve a prospecting criterion for a similar ore body.
Geophysical results are well within the existing geological data on the Degtyarsky mine.

Key words: integrated geophysical survey; pyrite deposit; audio-magnetotelluric sounding;
distributed fault; ore field.

Introduction. The discovery of such deposits as New-Uchalilnsky, Safianovskoe,
Parnokskoe, Vorontsovskoe, and a number of other deposits testifies to the high potential
of Ural subsoil. However, since the 1990s in the Urals, just as throughout Russia, no ore
deposits of any real significance have been found, causing dramatic reduction in
prospecting including total abolishment of additional site exploration of areas at a scale
of 1: 50 000 (ASE-50) with general prospecting [1]. The reserve of explored mineral
resources, including non-ferrous metals, reduces. Production growth rate of a number
of metals has significantly exceeded growth rate of their mineral base. In order to
reproduce the stock of copper it is required to discover new copper-sulphide and
porphyry copper deposits. Some specialists reckon that even a limited set of geological
and geophysical operations conducted in traditional ore districts may result in the
discovery of new large deposits in the Urals [2]. That is why studying features of well-
known ore districts, including their geographical fields, can provide valuable information
for successful field prospecting in the conditions of reduced financing. The Degtyarsky
deposit, which is the field under investigation, is the largest copper-sulphide deposit in
the Middle Urals. The main aim of the research is integrated geophysical study in the
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southern part of the field along the east-west line crossing main geological features of
the Degtyarsky ore field.

Research object. The Degtyarsky pyrite deposit has been known since 1888.
At first, brown iron had been mined at that site; in 1906 sulphide ore was discovered
underneath. The deposit is situated at the narrowest part of the Tagil-Magnitogorsk
through and is represented by one ore body deposited in the hanging side of the Serov-
Mauksky fault. The pyrite bed is accordant with the host volcanogenic and volcanogenic-
sedimentary rock of the degtyarsk formation. In the west, the deposit contacts the
tuffaceous sandstones, and it contacts quartz-sericite and quartz-chlorite-sericite schist
saturated with pyrite impregnation in the east. Volcanogenic-sedimentary rock are of
rhythmical structure, and geochemical and ore zoning give evidence of the ore hosting
formation being fallen back westwards. Rock is penetrated with the bodies of rhyolites
and forms a monoclonal structure which borders serpinites in the west and gabbro and
plagiogranites of the Novoalekseevsky mass in the east. The ore body is complicated
by swells, bendings and lateral shifts; it is about 5 km in length with the average
thickness of 11 m; submeridional strike is accordant with the schistosity of the host
rock; seam pitch at an angle of 55°-90°. Pyrite ore of the deposit are of two main types:
massive and impregnated. To the main ore minerals refer pyrite, chalcopyrite and
sphalerite [3]. Ore outcropping is represented by the limonites of oxidation zone or
gossan. It is usually covered with diluvial deposits several meters in thickness. Vertical
thickness of the gossan itself makes up 10-20 m and up to 25 m in the central part of
the field. A layer of fine pyrite (3—5 m) is bedded underneath, which gradually develops
into dense pyrites. The Degtyarsky deposit has been mined with underground method
from 1914 to 1995. Before mine closure eight shafts were caved in, and four shafts
stood. In the beginning of the 21st century the gossan between Kapitalnaya-1 and
Kapitalnaya-2 shafts was cleared by an open pit.

Research methodology. When prospecting for conductive ore, electromagnetic
methods of geophysical survey are most effective. In order to study the geoelectric
structure of the pit, audio-magnetotelluric sounding (ATM) was applied, which had
proved itself at middepths [4—6]. Field observations with the method of ATM were
carried out with a 2-channel universal receiver OMAR-2m developed in the Institute of
Geophysics UB RAS [7] and wideband sensors for electromagnetic signals.
Measurements were taken within 3 minutes in frequencies from 100 to 16 000 Hz with
50 m interval. To record the horizontal component of a magnetic field H , active
induction sensor was used with a linear frequency response and variable sensitivity.
Electric component £ was measured with the help of a nonsymmetrical capacitive line
and the preamplifier. The ratio of the signal electric component amplitude and the
orthographic magnetic component determines the impedance of the medium
Z=E /H which is proportional to electric resistance of rock. Measurement results are
represented as a parameter calculated through the module of the input impedance and
being equivalent to the apparent resistance [8]:

p,=(1/2m fuylZF,

where f'is the frequency of electromagnetic field, Hz; p = p, = 4n-10~" — magnetic
permeability of the environment, H/m.

The calculation of the medium impedance frequency dependence was made
transversally: Z(f) = E (f)/H (f). Laboratory investigation of audio-magnetotelluric data
included the following operations:

— filtration of industrial noise;

— obtaining frequency spectra based on fast Fourier transform;
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— renewing genuine amplitudes of signals with the account of frequency
characteristics of measurement channels and signaling sensors;

— determining the longitudinal impedance of the medium Z(f);

— calculation of apparent resistivity and obtaining frequency curves p (f);

— transformations of frequency curves into the deep-seated resistivity section p, (/)
with the help of a particular transformation algorithm [9];

— recalculation and construction of effective lateral conductivity S, section.

These schemes make it possible to determine the character of electrophysical
properties distribution by depth and singling out local anomalous objects.

In order to qualitatively and quantitatively compare electrophysical parameters,
electrical exploration by the resistivity method was also made. It included symmetrical
electric profiling (SEP) along the profile with the pace of 25 m and vertical electric
sounding (VES) in particular points. Measurement were made with the help of an
apparatus set ERA-MAX (ERA Research and Production Enterprise, St. Petersburg) at
the frequency of 4.88 Hz according to the standard observation technique [10].

Magnetic survey was carried out with the help of the proton procession magnetometer
GSM-19T (GEM Systems, Canada). The measurement of the full vectors of the main
magnetic field (T) was made with the closure of the profile on the checkpoint (CP)
without using magnetic-variation stations. Together with magnetic measurements,
geodetic tie with the help of DGPS built-in module was made. Exposure rate survey of
a gamma field was carried out with a survey meter SRP-68-01 (Electron, Zhovti Vody).
Magnetic and radiation field survey interval was 10 m.

Research results. The research profile 1 m long was situated at the southern section
of the Degtuarsky deposit not far from the closed down Komsomolskaya shaft. Profile
marking has been made in the east-west direction transverse to the strike of the main
geological features. The head of the profile is built up with the formations of the
zuzelsky formation (O,—S,zz), which falls into the rock complex of the Tagilsky trough.
The profile then crosses the zone the of the Serov-Mauksky fault with the polymictic
mélange followed by the volcanogenic sedimentary rock of the Degtyarsk formation
(D,?dg) of the East Uralian Rise (Kalugina R. D., Kopanev V. F., Storozhenko E. V., et
al. Public geological map of the Russian Federation. Scale 1 : 200 000. 2nd edition.
The Middle Urals series. Map sheet O-41-XXV. Explanatory note. Moscow: Moscow
branch of the FSBI A. P. Karpinsky RGRI; 2017).

The frequency of the audio-magnetotelluric sounding makes it possible to acquire
the information about the pit at the depth of ten to several hundreds of meters. Electric
profiling mainly reflects the properties of the upper part of the pit. The quantitative
information on the resistivity of the original rock and loose deposits is obtained from
the data of the center-pot vertical electric sounding. The features of the geoelectric
structure of the pit are conditioned by diverse resistivity of rock; at the same time,
electrical resistances can vary within one layer. An important role here is played by: the
hydrothermal alterations, scattered sulphide impregnation, rock jointing and moisture
content together with the pore moisture mineralization. The thickness of the crust of
weathering makes up from 1 m in the beginning of the profile to 23 m in the area of the
Serov-Mauksky fault. The superficial deposits containing clay are distinguished by the
lowest values of the specific resistances (12-25 Ohm - m), comparable with the
resistivity of ore (5-30 Ohm - m). At the growth of the sand and crushed stone fraction,
loose rock resistances may grow up to 100-200 Ohm - m and higher. Original rock has
much higher electrical resistances characterized by a wide scatter of values, from
150-200 Ohm - m to 5000—-10 000 Ohm - m (fig. 1).

The territory of the Degtyarsky ore field has been studied by a number of geologists,
so the main features of geological structure along the profile are well known in details.
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The comparison of reliable data available [11] with the results of the geophysical study
made it possible to specify the character of the tectonics and the main border lines of
the main geological features. The research profile starts in the upland representing the
dike of the gabbro-dolerites (Sta.0— Sta.15), distinguished by the profile’s highest
resistivity (4000-10 000 Ohm - m). They are followed by the co-magmatic basalts
(Sta.15— Sta.30) with the resistance changing depending on the jointing from 500 to
3000 Ohm - m. The zone of fracture of the Serov-Mauksky fault (Sta.30— Sta.40) is
distinguished by the lowest values of resistivity (50200 Ohm - m), the fault’s east dip
at the angle of about 70° is determined precisely enough. Specific resistances of the
zone of mélange (Sta.40-Sta.64) vary within the range of 3002000 Ohm - m;
at the same time, the serpentinites (Sta.52—Sta.64) determined with the help of magnetic
survey (fig. 2, a) have the increased values of resistivity (1000-2000 Ohm - m).
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Fig. 1. The results of electrometric studies on the southern profile of the Degtyarsky site:
a graph of apparent resistance according to the data of symmetrical electric profiling — a; a transformed section of audio-
magnetotelluric soundings — b
Puc. 1. Pe3ynbsrarhl 2MeKTPOMETPHUECKUX HCCIEAOBAHUI 10 IXKHOMY Npodmtro J{erTapcKoro y4acTka:
rpaduK KaxKyIierocsi CONPOTHBIICHNUS MO JAHHBIM CHMMETPHYHOIO DICKTPONPOQGIIIMPOBAHHS — ¢; TPaHC(OPMHPOBAHHBIN
paspes ayTMoMarHUTOTEIUTY PUYECKUX 30HIUPOBaHUI — b

The outcropping of the ore body is timed to the waterlogged lowland and is situated
within Sta.64—Sta.65 interval; at the present time the swamp is almost completely filled
with the waste of the lime industry. At the geoelectric section the ore zone is not marked
out as soon as the deposit has been fully-developed, and the underground mines have
been caved in and stowed. However, at Sta.75 station, a vertical low-impedance
anomaly is recorded, which is traced all the way down to the depth of sounding. It is
associated with a disjunctive fault which can be considered base fault. According to the
data from mine documents, it is a thrust faulting which cuts the ore body with
displacement up to 10—15 m and which is typical for the central and southern parts of
the deposit. Host rocks here are tuffstones and quartz-sericite shales (Sta.65—Sta.90),
further followed by quartz-epitode-chlorite and chlorite- sericite shales (Sta.90—
Sta.105); tuffstones are at found the end of the profile again. Resistivity of rock of the
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degtyarsky formation are rather consistent and make up 3000-8000 Ohm - m.
Apparently, rock contact in and around Sta.88-Sta.90 is tectonic as soon as it is
accompanied by a vast anomaly of reduced resistances which points to its intense
jointing. It is well-known that tectonic faults are distinguished by increased electrical
conductivity [12] because of the porosity extended by the joint and their saturation by
water. The form of the abnormally conductive zones is observed best of all at the section
of effective lateral conductivity (fig. 2, b).
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Fig. 2. Results of geophysical work on the southern profile of the Degtyarsky site:
plots of magnetic (/) and radiation (2) fields — a; section of the effective longitudinal conductivity — b.
The diagonal hatching marks the zone of influence of the regional fault, the dashed line indicates the tectonic contact
Puc. 2. Pe3ynbrarsl reogu3ndeckux paboT 1Mo KKHOMY podriro JIerTapcKoro y4acTka:
rpaduku MareutHOro (/) u pamuarmonHoro (2) moneil — a; paspe3 3((EKTHBHOH NPOTONBHOI MPOBOXMMOCTH — b.
JluaroHanbHOM IUTPUXOBKOW BBIIENICHA 30HA BIMSHHMA PETHOHAJIBHOTO pAa3joMa, ITyHKTHPHOM JIMHHEH —
TEKTOHMYECKHUI KOHTAKT

The mentioned tectonic contact (Sta.88—Sta.90) thus has east dip at the angle of 80° and
is characterized by electrical conductivity up to 1 S. The most conductive feature of the site
is the Serov-Mauksky fault, effective lateral conductivity of which makes up 1.0-6.5 S.

The results of other geophysical surveys are supplemented by the sections of
electrometric parameters. As it has already been mentioned, magnetic survey allowed
marking out the scope of serpentinite distribution (Sta.52—Sta.64) with anomalies AT
up to +400 nT. Fault zone is characterized by reduced values of the magnetic field
(AT=-100..-300 nT), with a negative anomaly at the axis of the tectonic fault (A7'=—600 nT).
Contact at Sta.15 and Sta.105 register themselves by the cascade drop of the field and
local minima at the border lines. Radiometry, despite the low intensity of gamma rays,
clearly differentiates the complexes of rock of the Tagilsky and East-Uralian megazones
by the levels of the natural background. Minimum values of gamma field exposure rate
are timed to the zone of the regional impact of the Serov-Mauksky fault. Positive
radioactive anomaly is observed in the area of the ore body over the “base” disjunctive
fault. The possible reason can be the metasomatic study of the tectonic fault and natural
radioactive elements addition.
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Summary. Qualitative and quantitative geophysical characteristics of a large
copper-pyrite deposit of the Middle Urals are obtained as the result of the research. The
research has shown significant variation of resistivity and the anomalies of potential
fields over various geological features of the ore body. Geophysical indications of
border line of the main geologic features have been determined. Excessive electrical
conductivity of ore control tectonic structures and radiation anomaly have been revealed
in the promises of the ore body, which can serve a prospecting criterion for a similar ore
body. Geophysical results are well within the existing geological data on the Degtyarsky
mine.
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T'eopuznyeckue uccjieq0BaHus HA O)KHOM OKOHYAHUH
JlertapcKoro KoJ4eJaHHOr0 MEeCTOPOKACHHS

Jasbio B. A.l, Hazapos A. H.!
! Muctutyt reopusuxu um. 0. I1. Bynauiesiuua YpO PAH, Exarepun6ypr, Poccus.

Pecgpepam

Lenv pabomwr — usyuenue XapakmepHvix O0COOEHHOCMEU 2e0UBUYECKUX nonell HAO OCHOBHbLMU
2€0N102UNeCKUMU  CIPYKMYPAMU  1024CHOU  yacmu  Jleemsapcko2o  KOM4eOaHHO20 MEeCHOPOICOEHUs HA
Cpeonem Ypane.

Memooonozus. dnekmpomazHummnule UCCIE0068AHUSA BKIIOUANU CUMMEMPULHOE DNEKMPONPOPYUIUPOsaHUE
(COII) ¢ annapamypoii IPA-MAKC (HIIII «OPA», e. Canxm-Ilemepbype) u asxcnpecc-éapuanm
ayouomaznumomenrypudeckux 3onouposanuti (AMT3) ¢ wupoxononocnvim npuemuuxkom OMAP-2m
(UT'D VpO PAH, 2. Examepunbypz). Maenumopa3seedouHvie pabomol 86in0IHEHbI C HOMOUWbIO NPOTNOHHOZO
maenumomempa GSM-19T (GEM Systems, Kauaoa), cvemka eamma-nons npogeoeHa neuiexoOHbIM
paouomempom CPII-68-01 («Onexmpony, e. Kenmvie Boow).
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Pesynomameut. [1o pesynomamam 06pabomru HAOMOOCHUI HA NAPAMEMPULECKOM NPOQUTIEe NOCHMPOEHDb
Kauecmeennole paspesvl dNeKmpoQU3UUECKUX Napamempos cpeosvl u cpapuku Opyux 2e0QusudecKux
nonei. Ilposedennvie uUCCIeA08AHU NOKA3AAU 3HAYUMbBIE USMEHEHUs YOENbHbIX DIeKMPUYECKUX
CONPOMUGTIEHULL U AHOMALUYU NOMEHYUATLHBIX NONLEl HAO PAZIUYHBIMU 2CON02UYECKUMU CIPYKMYPAMU
PYOHO20 NOTA.

Bb1600b1. Onpedenenvt 2eopuzuueckue npusHAKU panuy pasdeid OCHOBHbIX 2e0N02UHECKUX 00bEeKNO8.
Buvisignena nosvluieHnas neKmponposooOHOCHb DYOOKOHMPOIUPYIOWel MeKMOHUKY U PAOUAYUOHHASL
AHOMANUSL 8 PALiOHE PYOHO20 MENd, YN0 MONCEM AGNAMbC NOUCKOBLIM KDUMEPUEM HA CXOOHOE OpydeHeHue.
Pesynomamopr  2eousuxu  Xopouio co2iAcyloOmces ¢ UMEIOWelcs: 2e0102U4ecKoll  uH(opmayuet no
Jeamapcromy pyoHuxy.

Knruesvie cnosa: xomniekchvle eeogusuueckue uUCCIe008aHUA, KOTUEOAHHOE MeCOpOtCcOeHue;
ayouoMazHumMomenypuieckue 30HOUpPOBanUsl; 30Ha paiomd, pyoHoe noie.
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WUccnepoBaHna 060raTMMocTy XenesHbix PYA KPYNHbIX
MECTOpO)KAeHVIﬁ MoHronuu

Coénmaa L.", Cyrup-3paana H.!, Baacanxas [1.!, Myuxtyyn J1.1,
OTtroHxapran 3.
T YIHCTUTYT XUMWM 1 XUMUYECKOM TexHomorum Akagemun Hayk MoHronuu, r. Ynan-batop, MoHronms

*e-mail: otgonjargale@mas.ac.mn

Peghepam
Lenvio pabomuvr  asnaemcs  cpasHumenbHoe  UCCIE006aHUe  pPe3VIbMamos — 0boamumocmu
JHcene3opyOHbIX  Mecmopodcoenuti Moneonuu u nomyueHue JHcenesHblX KOHYEHMPAmos ¢ HUSKUM
CO0epPIHCAHUEM Cepbl, YMO COOMEEMCMBYem CIMAaHOAPHbIM MPeOOBAHUAM K CbIPbIO MEMALTYPULECKO20
npouzeoocmaa.
Memooonozus. B ucciedosanuu uchoib308anvl npobvl, OMOOPAHHbIE HA MPeX MeCMOPONCOEHUAX
Momneonuu: Tymypmaii (Xyosp comon Cananes aiimax), Tymypmoneoii (Hapxan-Yyn atimak), Yanomano-
Yyn (Bocmouno-I'obuiickuil  aiimax). Codepoicanue diceneza 6 pyoe mecmopoodicoenusi Tymypmoaii
cocmasuno 42,03 %, é pyoe mecmopooicoenus Tymypmonzoii — 46,57 %, a mecmopocoenus Yanomans-
Yyn — 43,59 %. Ipoyecc nodzomosxu pyosl Ha nepeom smane 6KAI04al OpobneHue 8 WeKo8ol U 6AIKOBOU
opobunxax 0o kpynwocmu 1 mm. [lanee na 6a1K080M UHOYKYUOHHOM MASHUMHOM CEnapamope MapKu
«Boxmage rapid LR-1,4» (Benuxobpumanus) nposedeHo cyxoe MacHumuoe obozaujeHue
MenKkoOpobnenvix pyo. Beinonnenwvt onvimul obozawjenus ¢ usMeneHuem CUibl MOKA cenapamopa,
npu HOCMOSHHOU CKOPOCMU 8pAWjeHUs 8aad U pasmepa mexcoy earamu cenapamopa. Ha crnedyiowem
omane KOHYEHMpam Cyxo20 MASHUMHOZ0 0002aWeHUsi USMEIbYAICas U NO0BEP2aicis MOKPOMY
MazHumHomy oboeawjenuio. s CHUNCEHUS COOEPHCAHUS COCMABA Cepbl 8 KOHYEHMPAmax MOKpPOU
MASHUMHOU cenapayuu, noayyenuvlx uz pyo Tymypmonzou u Tymypmail, nposedenvt promayuoHHbie
OnbIMbL ¢ UCHONBL30BAHUEM PIOMAYUOHHOU MawuHbl «Denvery. Ananus cocmasa pyosl u npooyKmos
obo2awenuss GbINONHANCA XUMUYECKUM MEMOOOM, d MAKdxHCe HA PeHmeeHOpYopecyenmHom
cnexkmpomempe (XRF), penmeeno-oupppaxmomempe (XRD), ckanupyrowem 31eKmpoHHOM MUKPOCKONE
(SEM-EDX) u mepmoepasumempuyeckom ananuzamope TG/DTA7300.
Peszynomamul. Moxpoe maznumnoe obozaujenue usMenbueHHblX KOHYEHMPAmos cyxo20 MAacHUmMHO20
0002awyenUs 6cex UYHEHHBIX pYO NO360AAem NOLYUUMb KOHYEHMPAMmbvl ¢ BbICOKUM COOEPIHCAHUEM
acenesa — om 64 0o 66 %. Hcnoavsosanue promayuonnozo 0602aujenus KOHYeHmMpama MOKpO2O
MASHUMHO20 0002aUeHUSA NO3BOIULO OOCIUYL COOEPICAHUSL IHCENE3d 8 KOHYEHMPAMAX MECIOPONCOEHUTE
Tymypmou, Tymypmoneoii 69,02 %, 62,86 % u ymenvuwums codepowcanue cepvl oo 0,2 %, 0,48 %
cOOmeemcmeeHHo.
Obnacmeio npumenenus npedCmasieHHbIX Pe3VIbMamos ACNAIOMCA MEXHON02UU 0002aujeHUs ¢
NONYHEHUEM JHCENe3HbIX KOHYEHMPAMO8 ¢ HUSKUM COOEPIHCAHUEM Cepbl, HMO COOMmMEemcmeyem
CMAHOapmMHbIM MPebOBAHUAM K CHIPLIO MEMALIYPSULECKO20 NPOU3BOOCNEA.

Knrouesvie cnosa: scenesnaa pyoa, codepaicanue cepbvl; cyxoe u MOKpoe obozaujenue; Gromayusi.

Beenenue. B Hacrosiiee Bpemst B MOHIomu 0OHapy» eHbl 0koJio 250 MecTopoiK-
JIEHUH KeTe3HBIX Py C 3armacoM 5,5 mupx 1. 3 Hux 17 MecTopokIeHui ObUTH TIOA-
BEPIrHYTHI TIIATEIHFHOMY T'€0JIOTOPa3BEAOYHOMY HCCICOBAHUIO U YCTAHOBIIEHKI 3ara-
cel okoio 430 mmH T pymel (Onpobosanue u mMexHOMO2UYECKUU KOHMPOIb
oboecamumenvHou (abpuxu mecmopoosicoenus icenesnvix pyo Tymypmau: omuem o
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pabome. Jlabopamopus mexHoN02UY MUHEPATLHO20 Cbhipbs Mncmumyma xumuu u xu-
muyeckoti mexuonoeuu Axademuu nayk Moueonuu. 2010).

MecTtopokneHus xKele3Hou pyasl Morronuu HaxogsaTcs: B CeBepo-MOHTOIBECKOM,
Bocrouno-Monronsckoit 1 FOxHO-MOHTOIRCKOHM MpoBHHIMH. Mectopoxkaenns Ty-
MypTaii, Tymypromroii n Hanamane- Yy, kKoTopbie oTHOCSTCS K CeBepo-MOHTOIBCKOM
MIPOBUHINH, OBLTH BEIOPAHBI aBTOPAMH JJIS TaIbHEUIITNX UCCIIETOBAHHM.

I'maBHBIM pyOHBIM MHHEPAJIOM MECTOpPOXKACHHA TyMypTdil SBIsIeTCA MAarHETHT —
53,6 %, TaBHBIC HEPYIHBIC MUHEPAIIBI — KBaPIl, CUJIUKATHI, B TOM YHCJIC TTOJIEBEIE ITITIa-
TeI. B MecTopoxxnennn Tymyproinroii nmpeobnamaer MmarHeTut — 85,83 %, B MECTOPOXK-
neann Yanamanb-Yynm — okcunbl xeneza 70,26 %. M3 mMuHepasoB, comeprkKamix
dochop u cepy, npeodIaaArOT alaTUT, MUPUT U TUPPOTHH [1].

Hcxonnas pyna

[lexoBast npoduika

e

Bankosas npobuika

e e
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drnoranmonHOE oOoTaIeHNE XBOCTBI
Konnenrpar XBoCTHI

Puc. 1. TexHomoruueckas cxema 000OTaIIeHUs NCCIEYEMbIX TIPO0
Fig. 1. Processing flow chart for the samples under investigation

JloOriBaeMoe B MOHTOJIHNY KeNEe30PYIHOE CHIPhE XapaKTEPU3YeTCs CIIOKHOU CTPYK-
TYpOW C TIOBBIIIIEHHBIM COAEPKAHUEM BPEIHBIX MPUMECEH, TaKUX KaK KBapll U cepa.
s ynoBneTBopeHus BO3pacTaIOLINX TPeOOBAHUH K KAYECTBY JKEJIC3HBIX KOHLICHTPATOB,
NOCTYMAIOMINX HA JaJbHEHIIYI0 METaTypruiecKyto mepepadboTKy, HeoOXOIuMO CHU-
3UTh CONepKaHUe BPEeOHbIX mpuMecel. s 9Toil 1enn ucnons3yroTes QroTaMoHHbINR
METOA, OOXKUT, BHILIETaYMBaHIE KOHLEHTpaTa KiucioTaMu. PrnoTaioHHas JOBOIKA Mar-
HETUTOBBIX KOHLIEHTPATOB, BBIIEJICHHBIX U3 KEIE3UCTHIX KBAPLIUTOB MarHUTHOH cemnapa-
e, sipnsercs 3Q(HEeKTHBHBIM CITOCOOOM CHIKEHUS COJIep KaHus B HUX cepbl [2—5].

MeToanka npoBeieHus Mccjie0BaHuil. B nccnenoBanum ucnoiabp30BaHbl IPOOHI,
oTOOpaHHBIE Ha Tpex MecTopoxaeHusx Monromuu: Tymyptdi (Xymdp CcoMoH
Comsnrs aiimak), Tymypromnroit (Hapxan-Yyn aiimak), Yanamaus-Yyn (Bocrouno-
ToGwuiickuii alimax).
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[IpoOs1 pya cHauana ObLIM TIEpeMEIIaHbl KOHYCHO-KOJIbIIEBEIM METOAOM, 3aTEM OT
HUX OBUIM OTOOpaHbl MPOOBI TSI XUMHUYECKUX aHAIM30B U Ja0OpaTOPHBIX OMBITOB.
CogepxaHue xenes3a B pyae MecTopoxaeHus Tymyptait coctasisuio 42,03 %, B pyne
MecTopoxaeHus Tymypronroit — 46,57 %, mectopoxaenus Yanamans-Yyn — 43,59 % .

Marepuan myis ONBITOB APOOWIICS B IBE CTAWH, B TIEPBOM Ha IIEKOBOW APOOHIIKE, BO
BTOPOI — Ha BAJIKOBOM JPOOMIIKE B 3aMKHYTOM LIUKJIE C TPOXOYEHHUEM 10 KPYIHOCTH 1 MM.
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Puc. 2. BnusiHue cuiibl TOKa B KaTyLIKe MOKPOTO MarHUTHOTO ceraparopa Ha
COZIep)KaHKe JKelle3a B KOHI[EHTpaTe

Fig. 2. The effect of the electric current in the coil of a wet magnetic separator
on the iron content in the concentrate

[lanee ¢ MCHONB30BaHHWEM BAJKOBOTO MHAYKLIMOHHOTO MAarHWTHOTO Celaparopa
mapku «Boxmage rapid LR-1,4» (BenukoOputanus) mpoBeIEHO CyXO0€ MarHUTHOE
oOorateHne MenKoApoOIeHbIX pya. s cyXoro MarHUTHOTO oOoramieHus: ObUTH OTo-
Opansl 3 mpooOsl, Kaxxaas Maccoit 0,5 xr. [IpoBeneHb! ONBITH 0OOTaIIEHHsI C U3MEHEHH-
€M CHJIBI TOKa cernapaTopa B 00eHx onepalusax CyXOd MarHUTHOW cemapaunuy IpH 1o-
CTOSIHHOW CKOPOCTH BpPALIEHMs Bajla U pa3Mepa MEKIy BalaMHy ceraparopa.

Ha cnenyromem sTane KOHIEHTPAT, IONyYSHHBIH TOCIE CyXOro MarHUTHOro 000-
TalleHHUs], TIOIBEPIHYT U3MENFICHUIO 1 MOKPOMY MarHUTHOMY oOoramieHuio. YToObl
YMEHBIIUTH COJEPKaHNE CEPHI B KOHLIEHTpATax U3 pya MectopoxaeHuit TyMmypronroi
n TyMmypTaii npoBeneHs! (UIOTAlMOHHBIE OIBITHL ¢ WCHONb30BaHUEM (IIOTALIMOHHOM
MmamuHbl «Denver» nponsBoacTsa BenukoOopuranum.

ITpu onpexaenenuy coctaBa pya U NPOAYKTOB 00OTaIIEHHUs HCIIONb30BaHbl XMMUYe-
CKuil aHanM3 ¥ peHTreHomyopecuenTHoli anamms (XRF), ananus coctaBa KoHIEHTpa-
Ta BBINOJIHAJICA HA peHTreHoBckoM aud¢pakromerpe (XRD), conepkanne 3J1eMEHTOB
B KOHIIEHTPaTax MOKpPOTO MarHUTHOTO oOoramieHus ¥ (UIOTAllH ONpEAessUIoCh Ha
CKaHUPYIOIIEM IEKTPOHHOM MUKPOCKOIIE C MCIIOJIb30BaHUEM dHEPTOAUCIIEPCHOHHOMN
pentreHoBckoil cnekrpockonuu (SEM-EDX), a TepMorpaBUMeTpHUECKUIl aHaIN3
OCYILIECTBIICH ITpH ToMo1K aHanu3aropa mapku TG/DTA7300 [6-8].

TexHonoruyeckas cxema o0oraiieHus npood npuBeaeHa Ha puc. 1.

PesyabTathl u ux oocy:xkaenue. Cyxoe macnumnoe obozcawenue. IIpoObI xenes-
HBIX Py pa3apoOuau 10 1 MM mepes cyxuM MarHUTHBIM OOOTrallleHHeM, a 3aTeM Ipo-
BEJIM OMBITHI IPY BapbUPOBAHUU CHUIIBI TOKA cenapaTopa. [Ipu npoBenenun oboraiie-
HUSl COAEPKaHUE )KeJie3a B KOHLIEHTpaTe MecTopoxaeHu TymypTai u Tymypromaroit
JIOCTUTAET MaKCUManbHOro 3HaueHus — 49,84 % u 54,75 % coorBercTBeHHO. 7151 pynbl
MecTopoxaeHuss YanaMmaHb- Yyl HawlydIine pe3yabTraTbl 00OralleHus 0 CoAeprKa-
HHIO kejie3a — 56,7 %.



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 2, 2020 47

Moxkpoe maenumuoe obozauyenue. [Ipu MOKpoM MarHuTHOM oboraieHuy 0oJbIIoe
BIIMSIHUE HA Pe3YJIbTaT OKa3bIBAE€T KPYHMHOCTh PACKPBHITUS PYAHBIX U HEPYIHBIX MHUHE-
panos. [ToaToMy 10 MOKPOr0 MarHUTHOTO OOOTalIeHUs! PyAbl IOCTABIICHBI OMBITHI 10
OTIpeNIeTICHNIO peXXrMa u3MenbdeHus. Pyna namensuanacsk B Tedenue 10, 20, 30, 40,
60 MuH B 1m1apoBON MenbHHMIE. [Ipy u3MenpieHnu B TeucHue 40 MUH TIPOO Py BCEx
TpeX MeCTOpOXKAeHUH conepkanue ¢ppakuuu —0,074 mm Bo3pactaet no 80 %. B nanb-
HEHUIIIeM PY TOJTOTOBKE K 00OTAIIICHUIO H3METFICHHE TTPOBOAMIIN B TeueHne 40 MuH.
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Puc. 3. Pesynbrarsl anamusa XRD:
a — KOHLICHTPAT; O — XBOCTBI

Fig. 3. Results of XRD analysis:
a — concentrate; 6 — tailings

Ha puc. 2 mokasaHbI pe3ynbTaThl MOKPOTO MATHUTHOTO OOOTAIIEHUS PY/IbI, H3MEIBICH-
HOi1 B Teuenue 40 MuH. 13 pe3yibrara onbITOB BUIHO, UTO COJEPKAHUE Kelle3a B KOH-
[EHTpaTe M3 BCEX pPyH, MOIYYEHHOM IMPH MOKPOM MarHUTHOM oOOoralieHuu (cuia
ToKa 3 A) UMEeT MaKCHMAaJIbHBIC 3HAUCHUS: B KOHIEHTpPATe MECTOPOXIcHMs YaH-
MaHb- Yy — 66,24 %, Tymyptoaroit — 65,1 %, Tymyptaii — 64,28 % COOTBETCTBEHHO.

Pesynbrarel penTreHoaudpakToMmeTpudeckoro aHaimsa (XRD) moka3siBarot, 4To B
XBOCTBHI BBIBOJSTCS HEMarHUTHBIC MHHEPAbl (CUIUKATHI, TJIMHUCTHIC MHHEPAIIBI),
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a B KOHLIEHTPATe OCTAOTCsI MarHUTHBIE MUHEpasbl. Pesynprarel ananm3a XRD nokaza-
HBI Ha puC. 3.

Dnomayuonnoe obocaujenue. Pe3ynpraTsl HCCIEAOBaHUS IIOKA3aJI1, YTO B KOHLICH-
TpaTe MOKPOM MArHUTHON cenapanyy U3 pyabl MECTOPOXAcHUS HaHaMaHb-Yyll CO-
JiepKaHKe CEPbl HEBEINUKO. YTO KacaeTcst OCTaBIIMXCS ABYX MECTOPOKIECHHI, TO B HUX
coJiepXaHKe Cepbl B KOHLIEHTPaTe MOKPOH MarHUTHOM cenapaluy HaMHOTO IIPEBHIIIa-
€T JIOMyCTUMBIA ypOBEHb, YTO HE COOTBETCTBYET YCTAaHOBIICHHBIM TpPEOOBAHUSIM,
MPEIBSIBIIEMBIM K HCIOIB30BAHMIO B METAJIYPrHYECKOM NPOU3BOACTBE. Pyna, nuay-
11ast Ha JIOMEHHYIO TUIaBKY, I0JDKHA copepxkath He 6osee 0,03 % cepsr [9-12].
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Fig. 4. Iron and Sulphur content in the flotation concentrate of the deposits of Tumurtei and
Tumurtolgoi

ITosTOMY U1l CHMXKEHUS COAEPIKAHUS CEPbI IPEATI0KEHO IPUMEHUTH METO 00par-
HOH (hoTanuu B KUCIIOH cpelie C UCTIONB30BaHUEeM B KauecTBe coOupaTesst Oy THIIOBOTO
KcaHTOoreHata reHooopazoBaresnst MUBK. Lenpro maHHO# omnepanuu sBISIIOCh YMEHb-
IICHME B KOHLEHTpaTe (kaMmepHOM npoxykre) nupura (FeS,) n yBenuuenue conepixa-
HUS Jkenes3a. Pe3ynsraTel JaHHOTO HMCCIIe0BaHuUS TIOKa3aHbI Ha pUC. 4.

Pesynpbrare! (uioTanmoHHOTO 06oraleHnst KOHIEHTPATa, MOIYYSHHOTO TOCHe ABYX
CTaJiuii MarHUTHOTO OOOTraIleHus], nmokasaiu 3((EeKTUBHOCTh (DIOTAIIMOHHONW 00pa-
6otku. ConeprxkaHue xkeje3a B KOHEeUHOM KOHIIEHTpaTe U3 py MecTopoxaeHui Tymyp-
1 u Tymypronroit nocturio 69,02 % u 62,86 % coorBercTBeHHO. Takas 00paboTKa
MO3BOJIMJIA CHU3HTH COJEpKaHue cephl B KoHIeHTpaTtax a0 0,2 %, 0,48 % cooTser-
CTBEHHO, YTO YKJIa/IbIBAE€TCS B CTAHAAPT KOHIIEHTPATa METAITMYECKOTO IPOU3BOACTRA.

Pesynwrarer ananuza SEM-EDX nponykToB ¢oTaiinu moka3bIBaroT, 9TO B KOHIICH-
TpaTe COAEPKUTCA MarHETHT, a B XBOCTaX — IUPUT U IIUPPOTHH, YTO TAKXKE CBUAETEIIb-
CTBYET O KOHIIEHTPALMH CEPOCOAEPKAIMX MUHEPAJIOB B XBOCTax (puc. 5).

BeiBoabl. [Ipu cyxoii MarHUTHOM cenapanyy Colep KaHKe kKene3a B KOHLEHTpaTax
MecTopoxaeHuil Tymyprai, Tymypronro n Yanamanes-Yyn gocturio 49,84 %
59,75 %; 56,7 % COOTBETCTBEHHO.
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IIpu n3menvueHnn B TedeHre 40 MUH PyIbl UCCICAYEMBIX MECTOPOXKICHHH COMEp-
kanue kinacca —0,074 mm Bo3pacraeT 10 80 %, 3TO ONArONMPHUATHO CKa3bIBACTCS Ha
3(pPEKTUBHOCTH MOKPOTO MAarHUTHOTO OOOTAICHHUS, YTO UILTIOCTPUPYETCS COACpIKa-
HUEM JKeJie3a B KOHIIGHTparax.

2019/03/01 D59 x1.0k 100um 2019/03/01 D589 x1.0k 100 um

i} 2 4 & 8 0 0 2 4 6 & 10

Puc. 5. Amamuz SEM-EDX Ha KOHIICHTpaTe — @ ¥ XBOCTaX — O (JIoTauu
Fig. 5. SEM-EDX analysis at flotation concentrates — a and tailings — 6

Hcnons3oBanne (roTaimoHHOrO 00OTaleHus] KOHIEHTpaTa MOKPOrO MarHUTHOTO
o0oranieHys Mo3BOJIMIIO0 IOCTHYh COAEPKAHUS jkele3a B KOHEUHBIX KOHILIEHTpaTax 3
pyz MmectopoxxkaeHuit Tymyprai u Tymypronroit 69,02 % u 62,86 % 1 yMEHBIIUTH CO-
nepskanue cepsl 10 0,2 % u 0,48 % COOTBETCTBEHHO.
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Comparative study on concentration properties of iron deposits (Mongolia)

Ts. Soiolmaa', N. Sugir-Erdene!, D. Baasanzhav!, L. Munkhtuul', E. Otgonzhargal!
! Institute of Chemistry and Chemical Technology, Mongolian Academy of Sciences, Ulaanbataar,
Mongolia.

Abstract
Research aims to compare magnetic flotation results of iron deposits of Mongolia in order to obtain iron
concentrate with low sulfur content that meets the standard of raw materials for metallurgical production.
Research methodology. Representative samples were taken from Tumurtei deposit in Khuder soum
(Selenge province), Tumur Tolgoi deposit (Darkhan-Uul province) and Chandmani Uul deposit (Dornogobi
province). Iron grade in the primary ore from Tumurtei deposit was 42.03%, in Tumurtolgoi ore — 46.57%
and in Chandmani-Uul ore—43.59%. The ore was crushed into 1 mm size through java crusher and
gyratory crusher for the first stage. Dry magnetic concentration was conducted on the ore samples using
Boxmag Rapid LR-1.4 Induced Magnetic Separator (the UK). The test work was conducted under the
condition when the distance between gyrator of separator and rotation speed are constant and by this time
magnetic strength was changed. At the next stage the concentrate of dry magnetic concentration was
processed by wet magnetic separation. In order to reduce the sulfur content in the ore from Tumur tolgoi
and Tumurtei deposits, flotation experiments were also conducted using UK Denver flotation machine. Ore
and concentrator grade were determined using traditional titer method and X-ray fluorescence spectrometer
(XRF), the mineral contents was analyzed by X-ray powder diffraction (XRD), elements in product of wet
magnetic separator and final concentrate were analyzed using SEM-EDX, the thermal-gravy meter
analysis was conducted using instrument TG/DTA7300.
Results. Wet magnetic concentration of dry magnetic separation concentrates of all the studied ore allow
obtaining concentrates with the high content of iron — from 64% to 66%. Flotation of the concentrate of
wet magnetic concentration made it possible to reach iron content in Tumurtei and Tumurtolgoi deposits
0f 69.02% and 62.86% correspondingly and reduce Sulphur content to 0.2%, 0.48% correspondingly.
This study covers the field of flotation technology to extract products with lower sulfur content which meet
standard of modern metallurgical industry.

Key words: iron ore; sulfur content; dry and wet flotation; flotation.
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Peghepam
Axkmyansnocme. Ha cecoonsiwmnuil 0enb 0CHOBHBIM YCIOBUEM YIVHULEHUS! PE3VIbMANO8 OesimenbHOCU
20PHLIX NPeOnpusmuil U NOGbIULEHUSI UX KOHKYPEHMOCNOCOOHOCMU CMAHOBUMCS Nepexod Ha
UHHOBAYUOHHBIL Nymb pazeumusi. [Ipeonpusimusi opueHmupylomesi Ha HOBUWIECMEd, UHHOBAUUU U
UBMEHeHUsl, YMO 80 MHO2OM 3A6UCUM OM AKMUBU3AYUU Yel08eHecKoll dessmenbHocmu. B pesynomame
yenogeuecKull KanUmMa HAYuUHAem yeHUumoCs 6biule, Yem Memal, Heghmo um. 0. Umenno on cmanoumcs
Mot YyenHocmvio, KOmopas onpeoeisem pazeumue IKOHOMuru. JIpgexmuenocms ynpasienus
UHHOBAYUOHHBIM PA3GUMUEM 20PHO20 NPEONPUSMUs, NOHUMAEMO20 KAk 6o30elicmsue cyovexma
yapasnenusi Ha 00beKm Ynpasienus ¢ Yeivbio nepesooa e2o 8 Jceiaemoe Cocmostue, mpedyem oyenKu
VPOBHsL UHHOBAYUOHHOCIU U NPUHAMUST HEOOXOOUMbBIX KOPPEKMUPYIOWUX MeP 8 YelsX O0CMUNCEHUs
Yenesuix OpUEHMUPOs.
Ilenv uccnedosanus — paspabomrka MemoouHecko20 UHCMPYMEHMAPUsi OYeHKU UHHOBAYUOHHOCTU
20pH020 npednpusimusi, 6a3UPYIOWAscs Ha GOPMUPOBAHUL YeT08EHeCKO20 KAnUmad.
Pesynomamet. B npoyecce ucciedosanus 060CHO8aHA HEOOXOOUMOCHb NEPEX00d HA UHHOBAYUOHHBLIL
nyme pazeumusi 20pHbIX NPeOnpusimuil, 0cobas poib 6 pealu3ayui KOmopo2o NPUHAOILENCUN
I exmugrnomy UCnonb3068aHUI0 UHHOBAYUOHHO20 nOmenyuand. B ceoro ouepeds, ocnosononazaiowum
6 cocmase UHHOBAYUOHHO20 NOMEHYUANd NPUSHAEMCS Helo8eHecKull Kanumai, Om e20 pa3eumus
3asucum omHeceHue nNpeonpusmusi K UHHOBAYUOHHOMY muny. Paspaboman memooduueckuil
uHCMpyMenmapuii OyeHKu UHHOBAYUOHHOCU, NPEONOAA2aAWULl OYeHKY UHHOBAYUOHHO20 XapaKkmepa
MEXHUKO-MEXHON0SUYEeCKUX —Npeodpa306anuil, HAYeLeHHOCMb  (DUHAHCOBOU  OessmelbHOCMU  HA
NO00EPICKY UHHOBAYUOHHO2O PA3GUMUS, UHHOBAYUOHHBII Xapakmep NpOoOyKyuu u UHHOBAYUOHHOCHIb
yenogeyeckoeo kanumana. Koneunvim nokazamenem oyeHku 8blcniynaem uHmMezpaibHblil HOKA3Amens,
Gopmupyemviti Ha 6Gaze uemvlpex 2pynnoevix NOKA3ameneli ¢ Y4emoM 6eco8blX Kodpduyuenmos.
Pexomendyemes ycmanognenue nopo2oeulx 3HAYEHU UHMEZPANIbHO20 NOKA3ameis,, NO360NIOUUX
oupghepenyuposame zopnvie npednpusmus no ypoGHIo UHHOBAYUOHHO2O pazeumus. B yensax oyenxu
Yeno8euecKo20 Kanumaia npeonazaemcst UCHOAb306aHUE AGMOPCKUX PEKOMEHOAYUT, ONYOIUKOBAHHBIX
panee.
Bui6oovt. Hcnonvszosanue memoouueckoeo UHCMPYMEHmapus OYeHKU UHHOBAYUOHHOCMU 2OPHLIX
npeonpusimuii  NO360AUM  NOBLICUMb  IPPEeKMUGHOCMb  YIPAGILEHUsST NPOYEccoM nepexood Ha
UHHOBAYUOHHBIL nymb  pazeumus. Komwmpons 3a usmenenuem ypoeHs UHHOBAYUOHHOCMU Odem
B03MOJICHOCHb  NPUHUMAMb  KOPPEKMupylowue mepbl U 000UBAMbCA  HCENAeMO20 COCMOSHUA 8
OMHOWEHUU NOCMAGIEHHOU Yelu.

Knrwowuesvie cnosa: UHHOBAYUOHHBLI NYMb PA3GUMUSL, 20PHble NPEeONPUSMUsL, UHHOBAYUOHHOCTb,
OYeHKa, MemoOudeCcKull UHCMpPYMeHmapuil, 4e108e4eckull Kanumai.

BBenenne. Hanbonpmmii mOTEHIIMAT POCTa B TOPHOJOOBIBAIONTIX KOMITAHHSIX CBSI-
3BIBAETCH C WX MEPEXOJOM Ha MHHOBAIIMOHHBIN MyTh Pa3BHUTHSA, B OCHOBE KOTOPOTO
JICKUT LIeTICHATIPABICHHBIN MPOIECC TTOUCKA, MOATOTOBKY M Peain3alliid HOBOBBEE-
Hui [1-3]. B unciae 0CHOBHBIX XapaKTEPUCTHK TAKOTO Pa3BUTHS BBIACISAIOT OPHEHTA-
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LU0 Ha BBICOKOKBAJTU(HUINPOBAHHBIE KAAPbI, KOTOPBHIM MPHUCYILE HEMPEphIBHOE 00pa-
30BaHME W PETYJSipHOE TOBBIIICHHE KBanupukanuud. Poct oOpaszoBaresbHOrO U
KyJIBTYPHOTO YPOBHsI paOOTHHKA B 3TON CUTyallU{ BBICTYIAET KaK HEOOX0quMas pe-
MOCBUIKA aIanTaliy K TUHAMHYHO MEHSIOIIUMCS yCIOBHAM Tpyda. «Cucremarnde-
CKOe OOHOBIICHHE HAYKU M TEXHUKH TPEOyeT COOTBETCTBYIOMINX 3HAHHI U IICHUXOJIOTH-
YEeCKOM FOTOBHOCTH K MPUHATHIO PEIIEHUN U NEHCTBUI B HECTaHJAPTHBIX YCIOBUSIX,
TBOPUYECKOT0, MHUIMATUBHOTO MOIXOAA K JeNly, YMEHUs B3ATh Ha ceds OTBETCTBEH-
HOCTb 33 IPUHUMAEMbIE PELLICHUS U BOIUIOTUTD UX B KU3HBY [4, c. 41]. UenoBeueckuit
KaluTal HaYMHAeT LIEHUThbCs OO0JIbIle, YeM MeTall, He(Th, a3 U T. 1. ¥ BBICTYIIATh TOH
[EHHOCTHIO, KOTOpast JOJHKHA Pa3BUBATh IKOHOMUKY.

ITpous3BoOACTBO 3HAHUI IIPU NEPEXOJ€ HA MHHOBALMOHHBIN IyTh PA3BUTHUSL CTAHO-
BUTCS OCHOBHOH NPOM3BOJACTBEHHON TEXHOJOIHEW, YTO MOPOXKAAET CIEIYIOIUe
MOMEHTBI:

— 3HAHMSI CTAJIM «IPOU3BOAUTHC» OONBIINME KOJUIEKTUBAMH JIFOJEH, HY K IAIOIINX-
Cs1 B CPEICTBAX COOPraHU3aIMU MEXAY COOOM U ¢ KOHTEKCTOM IIPEII0IaraéMoro ymo-
TpeOeHns pe3ynbTaToB UX Tpyna (3HaHMIT), UTO BBIIBUTAET HOBBIE TPEOOBaHUA KaK K
KBaJM(UKAIMK JTIOACH, TaK M K XapaKTepy caMuX 3HaHUH;

— IPOU3BOJICTBO «BCETO OCTAILHOIO» TEIEPh TOXE TPEOYeT OT JI0AEH HOBBIX KOM-
NETEHIHH, CBA3aHHBIX C TOHMMaHHEM HEOOXOIMMOro HHTEIJIEKTYyaJIbHOTO obecreye-
HUSI COOCTBEHHOM AEATENBHOCTH, OTOOPOM U HCIIONB30BaHUEM HY>KHBIX JUISI 3TOTO 3Ha-
HHUH U MHBIX UHTEJUIEKTYaJIbHBIX CPEICTB;

— Ha0Op KOMIETEHLIUH Terepb HYyKHO OOHOBIIATH HECKOJIBKO pa3 B TEUCHHE KHU3HH,
TaK KaK IMHAMUYHOE Pa3BUTHE 00LIecTBA MPHOOpea TAKOH XapakTep, 4YTo yTBEpKae-
HHUE O TOM, YTO IUKJI )KU3HH KyJIbTYpPHOW HOPMBI MTPEBBIIIAET CPOK KU3HHU MOKOJIECHHUS,
OoJibliIe HEBEPHO — ATO OTHOCUTCS M K HOPMaM Npo¢eCCHOHATIBHOM AeaTenbHoCTH [S].

WMHHOBAIIMOHHOE Pa3BUTHE TOPHBIX MPEANPUATHN TPEICTABIAET COOOM IeIb pea-
JM30BaHHBIX HOBIIECTB, KOTOPHIE YCIIEITHO OXBAaTHIBAIOT HE O/IHY Y3KyI0 007acTh (Ha-
npuMep, MPOU3BOCTBO), a BKIIOYAIOT B ce0st TaKkke Cepsl, BSOS Ha 0OIIHi pe-
3ynbTar (yInpaBieHUe, MApKETUHT, 00yueHHe nepcoHana, puHaHChl, MPOAaXY U T. 1.).
OHO uMeeT KOMIUIEKCHBIA XapaKTep M MPeACTaBiIseT co00il cucTeMy B3aUMOCBSI3EH 1
B3aMMO33aBUCUMOCTEN IBYX INIaBHBIX COCTABIIOIIMX — PeaJr3aliid HHHOBALIMOHHBIX
IPOEKTOB (MHHOBALIMOHHBIN MPOLECC) M Pa3BUTHE MHHOBALMOHHOIO [IOTECHLIUAIIA.

Oco0as posb B HHHOBAIIMOHHOM Pa3BUTHH MPUHAJICKUT WHHOBAIIMOHHOMY ITOTEH-
[Uay, KOTOPBIA OMpe/eNsieTcst Kak CIOCOOHOCTh CUCTEMBI K TpaHchopManu GpakTu-
YECKOI'o MOpsJIKa Bellel B HOBOE COCTOSHUE C LENbI0 YIOBIETBOPEHMS CYIIECTBYIO-
IIMX WM BHOBb BO3HHMKAIOUIMX NOTpeOHOCTEH (CyOBeKTa-HOBaTOpa, MOTPEOUTENS
pbIHKa U T. 11.). IIpu 5 TOM 3¢ peKTHBHOE MCII0IB30BaHIE HHHOBALMOHHOTO IIOTEHIMAIIa
JieN1aeT BO3MOXKHBIM IIEPEX0Jl OT CKPHITOM BO3MOXKHOCTHU K PEAIbHOCTH, TO €CTh Iepe-
XOJI U3 OJJHOTO COCTOSIHUS B IpYTo€ (2 MMEHHO — TPaIUIIMOHHOTO K HOBOMY). IHHOBa-
UOHHBII MOTEHIMAJ MPEJICTABIsET COO0H YacTh OOIEero MOTeHIInaIa TOPHOTO Tpe/I-
OpUATHS M ONpenensieT co0oil 3aBepLIalonIy0 YacTh MPOU3BOACTBEHHOTO IIUKIIA, €ro
peasIbHbIE MPOITYCKHBIE BO3MO)KHOCTH, YTO CYIIECTBEHHO CKAa3bIBA€TCS HA KOHEUHOM
pesyabrare.

B cTpyKType HHHOBAIIMOHHOTO NOTEHIIMAIA BBIIEISIOT TPH COCTABIIIOLINE: Pecypc-
HYIO, Pe3yJIbTaTUBHYIO0, BHYTPEHHIOIO, 13 KOTOPBIX IEPBasi CIIy’KUT OCHOBOM ero (hopMu-
poBanusi. KOMIOHEHTHI JaHHOW COCTABIISIONIENH UMEIOT pa3IMYHOE Ha3HAuYeHHE U Mpe-
CTaBIAIOT COOOH BCEBO3MOKHBIE BHABI PECYPCOB: MaTepHaIbHO-TEXHHYECKHE,
¢uHaHCOBBIE, HHPOPMALMOHHbIE, YEJIOBEUECKUE U Apyrie. MarepuaabHO-TEXHUUECKHE
pecypchl ONIPEAETAIOT TEXHUKO-TEXHOIOTHYECKYI0 0a3y MOTEHIMaNa, KOTopasi BIOCIIEA-
CTBHH OKa3bIBaeT BIUSIHUE HA MacIITAObl M TEMIIBI HHHOBAIIHOHHOW JIESITEIbHOCTH.
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HNudopmarmonnsie pecypcehl (0a3bl 3HAHUM, MOJENH, AITOPUTMBI, TPOTPAMMBI,
MPOEKTHI U T. 1I.) TIEPEBOIAT MaTepuaibHbIe (DAaKTOPHI U3 CKPBHITOTO (JATEHTHOTO) CO-
CTOSTHUS B aKTUBHOE (SIBHOE, OTKPHITOE). [laHHBII BHJl peCypCOB MPAKTHYECKU HEHC-
yepriaeM. C pa3BuUTHEM OOIIECTBA W aKTUBM3AIMEH HMCIIOJIb30BaHMS 3HAHUU 3arachl
WH(POPMAIIMOHHOTO pecypca He YMEHBINAIOTCS, a TOJNBKO yBennuumBarTcs. Cremyer
OTMETHUTh, YTO MH(DPOPMAIMOHHBIA PECYypC HECAMOCTOSITENICH U caM 1o cebe mMeeT
JUIIB MMOTeHIUATbHOE 3HaYeHNe. ToIpKo 00BeIMHUBIINCE C IPYTHMH pecypcamMu, OH
BBICTYIAeT KakK JIBUXKYIIasi CUJIa HHHOBAIIMOHHOTO MOTeHInaia. GuHaHCOBbIE pecyp-
ChI KaK 3JIEMEHT PECYPCHOM COCTABIIAIONICH HHHOBAIIMOHHOTO ITOTEHITHAIA TIPEICTaB-
JISIOT COO0H OPraHNYEeCcKOe eMUHCTBO HAIWMYHBIX PECYPCOB U HEMCIIOIB30BAaHHBIX BO3-
MOYKHOCTEH MX aJbTEPHATHBHOIO BIOKeHUs. OHU XapaKTEPU3YIOTCS COBOKYITHOCTHIO
MCTOYHUKOB M 3aracoB (PMHAHCOBBIX BO3MOXXHOCTEH, KOTOPBIE €CTh B HAIMYNH M MO-
T'yT OBITh UCIIOJB30BAHBI JIJISl pEaJIU3alii KOHKPETHBIX TieNiel u 3aad. O0beM GuHaH-
COBBIX PECYpPCOB O0TOOpakaeT PUHAHCOBYIO MOIIb, CITOCOOHOCTH CHCTEMBI IPUHUMATH
y4acTue B CO3[JaHIH MaTepUAbHBIX ONar u npeaocrasieHun ycuyr. [lomumo obecte-
yuBaroIied (GpyHKIUK (UHAHCOBBIC PECYPCHI BBITIOIHSIIOT M CTPAXOBYIO, AYOIUpYs U
M3MeEpsisl B ICHEXKHBIX €IMHUIAX MaTepHaibHO-TEXHUYECKHe, NHPOPMAaIlMOHHEIE, Ye-
JIOBEUECKUE U JIPYTUE PECYPCHI, BXOAIINE B COCTaB MHHOBAIIMOHHOTO ITOTCHIHAA.

I'maBHOM k€ KpeaTHBHOM COCTaBIISIONIEH HHHOBAIIMOHHOTO MOTEHIIMAa BHICTYIIAET
4enoBeueckuil pecypc (kamuradi, paktop). Heobxoqumo moguepkHyTh, 4TO 3TO HE CO0-
CTBEHHO KHBBIC JIFOIU U HE 3HAHMSI CaAMHM I10 ce0e, 3TO COBOKYIMHOCTh POHMHBECTHPO-
BaHHBIX OOIIECTBEHHO IIENIECOO0Pa3HBIX MPOU3BOACTBEHHBIX W OOIIEUEIOBEYECKIX
HABBIKOB, 3HAHUH, CIIOCOOHOCTEH, KOTOPBIMH BJIaJICET YEIOBEK, KOTOPhIC €My MPUHAJI-
JIeKaT, HEOTAECTNUMBI OT HETO M MPAKTHYECKH HCIIONB3YIOTCS B TIOBCEIHEBHOM KHU3HM.
HMeHHO yenoBedecKHii KalmuTaia Kak 3JIEMEHT PEeCypCHOU COCTAaBIISIFOINCH MHHOBAIIU-
OHHOTO TIOTEHIIMAaJIa OKa3bIBAET NEPBOOYEPENHOE BIUIHNE HA OTHECEHUE MTPEAIPUATHSL
K MIHHOBallMOHHOMY THIY [6, 7].

Amnanuz umeroruxcs onpeaencHuii [8—10] mokazan, 9To K YUCITy HHHOBAITMOHHBIX
MIPEINPUATHI OTHOCAT T€, KOTOPhIE OPUEHTHUPYIOTCS Ha HOBIIECTBA (IPOAYKTHI, yCITY-
TH, TEXHOJIOTHH), «JIe PaKTO» OCYIIECTBIISIOT 3aTPaThl, CBI3aHHBIC C UX Pa3pa0OTKOM U
BHEApEHNEM, JOIDKHBI UMETh OONBININN YASNbHBIH BEC HOBOW MPOIYKIMH B 0OIIEM
00beMe BBITyCKa M HAUOOJIBIIYO JOEO JOXOA0B OT IPOU3BOJCTBA H peaTH3aIlMU HH-
HOBAIIMOHHOTO MpoAykTa. OIHAKO B JaHHBIX OMPEAEICHUIX OTCYTCTBYET y4eT (haKTo-
pa, KOTOPHIH TaeT BO3MOXKHOCTh OCYIIECTBIISITh HOBAllMK U n3MeHeHus. OTcioa B aB-
TOPCKOM OINpEACICHUY WHHOBAI[MOHHBIC NPEANPUITHS — 3TO TE XO3SHCTBYIOIINE
CyOBEKThI, OCHOBOW NEATENTFHOCTH KOTOPBIX BBICTYNAaeT pa3pabdoTKa M BHEIPEHUE
(160 TONBEKO BHENPEHKE) MHHOBAILIMH, COCTABIISIONINX OOJBIIYIO YaCTh PEATU30BAH-
HOH mpoayknuu (yCIIyT, TEXHOJIOTHH), 00eCIICUNBAIOIINX MOTyIeHHE OOJBIEH J0TH
MPHUOBLIN, YTO CTAHOBUTCS BO3MOXHBIM Oyaromapsi MCIOJIb30BAHHUIO YEIIOBEYECKOTO
karmrana [11]. Ha Takux mpennpusTusx IO0DKHA HAOMIOAAThCS CIEAYIONas 3aBUCH-
MOCTb: YeM OOJIbIIIE CTOMMOCTh YeJIOBEYECKOTO KaluTala, TeM OOJbIle JOXO0 OT pea-
TU3alyy UHHOBAIIMOHHBIX MPOAYKTOB. M Ha000poT, yeM BbIlie 3(h(HEKTHBHOCTD JAes-
TETHHOCTH WHHOBAIIMOHHOTO MPEINPUATHS, TeEM ObICTpEe YBEINIHBAECTCS CTOMMOCTD
caMoro yejioBeyeckoro kanurana [12, 13].

Pesyabrarsl. [lepexon Ha ”HHOBAIMOHHBIN ITyTh Pa3BUTH TpeOyeT OLlEeHKH UHHO-
BaI[MOHHOCTH TOPHBIX MPENMPHUITAN B IESIX d3PPEKTUBHOCTH yIPABICHUS STHM TIPO-
reccom. CormacHo [14], 11 ee OIeHKH MOTYT OBITh MCIIOJIB30BAHBI TPH WHIUKATOPA,
XapaKTePU3YIOIIHE CTPYKTYPY YEIOBEUECKOTO KalluTaNa, yIeTbHYI0 CTOMMOCTE Yello-
BEYECKOTO KaluTaja U OTJa4dy Ha YeloBedecKuii kanutan. CuntaeM, 9To i OLCHKU
WHHOBAIlMOHHOCTH [TOJDKEH WCIOIh30BATHCS MHTETPAIBHBINA MOKa3aTeib, XapaKTepu-
3YIOIIVMIA HE TOJIBKO YEIOBEUECKHI KalMTall, HO U PacXojbl HA HHHOBAIIMOHHYIO Jes-
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TENBHOCTB, JIOJII0 HOBOH (MOJCPHU3NPOBAHHOW) TEXHUKH M JIOTIO HOBBIX TEXHOJIOTUH, B
TOM 4YHUCJIE MCIOJIB3YEMbIX IPU IepepadoTKe 0TX0R0B. TakuM 00pa3oM, METOOUUYECKUI
MOAXOJ K OLIEHKE MHHOBALIMOHHOCTU TOPHOTO MPEATIPUATHS KacaeTcsi BCEX CTOPOH €ro
JIeITeTLHOCTH ITPpY HanOOJIbIIIeM BHUMaHHH K OIIEHKE YeJIOBEUECKOTO KalHuTala.

MnTerpanbHblii IOKa3aTellb HHHOBALIMOHHOCTU K| ()OpPMHUPYETCS IIPU STOM 3a CYET
YETHIPEX TPYIIIOBLIX MMOKa3aTeen: K . — HHHOBAlMOHHBIN XapaKTep TEXHUKO-TEXHO-
JOTHYECKHUX TpeodpaszoBanuii; K ¢ — HAICICHHOCTH (hMHAHCOBOH IEATEIHPHOCTH Ha
TNOUICPXKKY HHHOBAIIHOHHOTO PA3BUTH; K| /— HHHOBALMOHHBIN XapakTep POy KIHH;
K. ., — MTHHOBAIlMOHHOCTh YEJI0BEYECKOIO KaluTaa:

qe

K, =o0K, + %K¢ +o,K,, + a4Knp R

TZIE O, O, Oy, 0, — KOOGPUIMEHTHI BECOMOCTH NPH O, + 0, + 0y + a, = 1.
Ilpu sToM K OnpenensroT ABa MoKa3ares: ypoBeHb HHHOBALMOHHOTO Pa3BHTHS

) 1 o 2
TexHonoruit K, ¥ ypoBeHb HHHOBAIIMOHHOTO Pa3BUTHUs TeXHUYECKOH Oa3bl K,

X

_ 1 2
KTeX - alKTex + U“ZKTex .

K, bopmupyroT Takke 1Ba IOKa3aTeNs: 0N PACXONOB HA MHHOBALMOHHYIO Jesi-
TEJILHOCTh B OOIIUX pacxofax MpeanpusaTus K, EL W 7071 COOCTBEHHBIX CPEACTB B 00-
meM o0beMe (PUHAHCHUPOBAaHUSI MHHOBAIIMOHHOM AEATENLHOCTH K 42) :

1 2
ch = a]K(p + aqu,.

K, OTpE/IeNIAeTCs OIHAM TIOKa3aTe/IeM, KOTOPbIi OTpakaeT HCIONb30BaHHE OTXO-
JIOB Ha MpeAnpHuiATUH (1epepaboTKa OTXOAOB), MPEACTABISIONINX MPOLYKIHUIO, MOy~
YEHHYIO C HCIIOJIb30BaHNEM MHHOBAIIMOHHBIX TEXHOJIOTHMN:

_
K, =K.

K., XapaKTepu3yloT TpH 1r101<at3aTeJIs{: Jos1 nHGOPMAIIMOHHOH 0a3bl B CTPYKTYype
YeNnoBeUYeCcKoro kanurana K, , yAelIbHBId BeC CTOMMOCTH YEIOBEYECKOTO KaruTaja
K? ¥ oTHaua Ha 4enoBedeckuii kammran K.

_ 1 2 3
Kl{en - 0“1 qun + aZqun + a3qun .

Oco0y10 BaXXKHOCTH MPEACTABISICT 000CHOBAHUE IMOPOTOBHIX 3HAUCHUH MHHOBAIIH-
OHHOCTH, ITO3BOJIAIOINUX OTHECTU T'OPHBIC NPCATIPUATHA K YUCITY TEX, ITI€ WHHOBAIU-
OHHBIC NPOUECCHI HE3HAYUTEIIbHBI, OUCHUBAIOTCA YAOBJICTBOPUTCIBHO, OTHOCATCA K
YHUCITy C BBICOKAM M OY€HBb BRICOKAM YPOBHEM MHHOBAI[MOHHOCTH.

Haubonpmryto TpyIHOCTh MPEACTaBISAET OLIEHKA YE€JIOBEYECKOTO KallUTala B CHILY
Majoi HH(POPMATHBHOCTH STOW COCTABIIAIONICH ¢ TTO3UITMH MHHOBAIIMOHHOCTH. [Ipe-
JIaraeTcs MCIIOF30BaHIE METOANYECKUX PEKOMEH A, OCHOBHBIC TIPETOKEHHS KO-
TOPBIX CBOIITCS K ciemytomiemy [15, 16]:

— 32 OCHOBY OIIEHKH CTOMMOCTH YeJIOBEUECKOTO KaluTaja CleAyeT MPUHSITH IPHH-
IIUTIBI OIIEHKH BEIECTBEHHOTO KamuTaja (Tak KaKk MeXJTy HUMHU €CTh OIpeaesIeHHas
OOIITHOCTH), TaKWe KaK: MPUHIIMITEI [TOJTF30BATENS YeTOBEYECKUM KAl TAJIOM, TPHHIIN-
TIBI, CBSI3aHHBIEC C BHEITHEH CpeJoif; MPHHINITEI, CBI3aHHBIE C 3aTPATHBIM ITOIXOJ0M;
MIPHUHLIUIIBI, CBI3aHHBIE C JIOXOIHBIM MOJXO0M;
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— cneuuuuecKue 0COOEHHOCTH YEIIOBEYECKOTO KalHuTaNa, IPOSBIISIFOIIUECS B €T0
OTIMYMM OT BELIECTBEHHOTO, YYUTHIBAIOTCS IYTEM BBEACHHUS COOTBETCTBYIOIIMX
KOPPEKTHUB;

— NPU OLIGHKE CTOMMOCTH YeJIOBEUECKOI0 KalMTala MpeJiaraeTcs MCIoiIb30BaTh
3aTpaTHBIA W AOXONHBIA MOAXOMBI, KOKIBIH M3 KOTOPHIX MpeanoiaraeT NpuMeHeHUe
creun(pUIecKuX METOOB U NPUEMOB, a TaKke TpeOyeT HAIUYHS COOTBETCTBYIOLICH
ucxonHou nHdopmanuy;

— TOIXOIBl K OIEHKE CTOMMOCTH YeJOBEUECKOTO KamuTaja IOJKHBI YYHUTHIBATh
CTPYKTYpPY YEJIOBEUECKOTO KalKTaja: B COCTaBe YeIOBEUEeCKOro KanuTaja npeiaraer-
Cs1 BBIZICIIATS JIBE COCTABJISIFOIINE, HCXO/S U3 BO3MOYKHOCTH MOBBIILIEHUS Ka9€CTBEHHO-
IO YPOBHSI UEJIOBEUECKOTO KanmuTalia: Onosiornyeckas 6aza (03 moMOIIY 3HAHMIA), HH-
(dopmarronHast 6a3a (¢ OMOIIBI0 3HAHUT);

— 3aTparbl UIA MPUOOPETEHHBIX OMOJOTHYECKUX CBOWCTB MPENCTABISAIOT cOOOM
B3aMMOCBSI3b JIBYX DJIEMEHTOB: 3aTpaThl, CBI3aHHBIC C YAYUIIEHUEM 310POBbs YeIOBe-
YEeCKOTO KaluTala, U 3aTpaThl, HEOOXOAUMEBIE IS Pa3BHTHUS €TO CTapPTOBBIX CHOCO0-
HOcTei (JlyXOBHO-HPaBCTBEHHBIX, yMCTBEHHBIX, KOMMYHHKAaTHBHBIX U MICUXO(U3UOIO0-
THYECKHX);

— B 3aTparax, CBS3aHHBIX ¢ IpUoOpeTeHHON nH(OpMalnoHHON 06a30ii, HE0OXO0AUMO
pas3yny4aTh 3arparsl Ha npuobOpereHne GyHAaMEHTaIbHBIX 3HAHUI 1 3aTpaTrhl HA MPU-
oOpeTeHre NMPUKIaTHBIX 3HAHUMA, KOTOPBIC NENSATCS Ha 3HAHUS, MMOJy4YeHHBIE J0 T0-
CTYIUICHHS Ha palboTy, U 3HAHHMS, TTOJTydaeMble Ha MPEATPHATHH;

— IPU BBIBEJICHUU OKOHYATEIBHOW CTOMMOCTH YeJOBEUECKOTO KalnuTalla peKOMEH-
JyeTCsI UCTIONIb30BaTh METO/] OKCTIEPTHBIX OLIEHOK JIJIsl COITIACOBAaHUS PE3yJbTATOB Olle-
HOK, TIOJIyYEHHBIX C TOMOIIBIO 3aTPAaTHOTO M JOXOAHOTO TIOAXO/OB.

BoiBoabl. OlieHKa HHHOBALIMOHHOCTH CITYKUT OTIPaBHBIM IYHKTOM 7151 GOpMHPO-
BaHHS OOpaTHBIX CBSI3€H B YIIPaBICHUH HHHOBALIMOHHBIMH IPOLIECCAaMH TOPHOTO TPE-
npusitas. Vcnonp3oBaHue TpeniaraeMbix METOAMYECKUX PEKOMEHIAIMH JaeT BO3-
MOXHOCTh ~OCYWIECTBIISTH OLEHKY M TPUHMMarh B HEOOXOJMMBIX —CIydasx
KOPPEKTHPYIOIINE PEIICHNS, B TOM YHCIIC U B OTHOIICHUH YEJIOBEUYECKOTO KaIUTAama.
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Mining enterprises innovativeness from the point of view of human capital
significance
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Abstract
Research relevance. Today, the main prerequisite for the improvement of mining enterprises performance
and competitiveness is their transition to innovation-based development. The enterprises are directed
towards the novelties, innovations, and changes, which largely depend on human activity revitalization. As
a result, human capital becomes more valuable than metal, oil, etc. Human capital becomes exactly the
value that determines the economic development. Innovation-based development of a mining enterprise is
the influence exerted by the managing entity on the managed enterprise with the purpose of transferring it
to the required state. The effectiveness of mining enterprise innovative development management requires
appraising the level of innovativeness and taking necessary remedial actions in order to achieve the goals.
Research aim is to develop the methodological apparatus of estimating the innovativeness of a mining
enterprise based on the development of human capital.
Results. In the course of the research the need to switch to the innovation-based development has been
Justified, the special role in its realization is played by the effective use of the innovative potential. In its
turn, human capital is the fundamental component of the innovative potential, human capital development
conditions the enterprise’s assignment to an innovative type. Methodological apparatus of estimating the
innovativeness has been worked out, which provides for the estimation of the innovative character of
technical and process transformations, innovative product and innovative human capital. End appraisal
ratio is an integral indicator formed based on four indices with the account of the weighting factors. It is
recommended to establish the threshold values of the integral indicator which will make it possible to
differentiate mining enterprises according to the level of innovative development. In order to estimate the
human capital, the authors recommendations published later should be referred to.
Summary. The use of the methodological apparatus of estimating innovative mining enterprises will make
it possible to increase the effectiveness of managing the process of switching to the innovation-based
development. Control over the variation of innovativeness level makes it possible to take necessary
remedial actions and achieve the desired condition.

Key words: innovation-based development; mining enterprises; innovativeness; methodological
apparatus; human capital.
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MepcnekTMBbLI pa3BUTMS MEAHOU NPOMbILINEHHOCTH
Ha [lanbHeMm BocTtoke

Apxunos I". U.
" MnetutyT ropHoro aena ABO PAH, r. Xabaposck, Poccust
e-mail: arhipovdm@igd.khv.ru

Peghepam
Leny pabomur. Oyenka nepcnekmugsl UCHONL308AHUS PeCYPCO8 MeOU [JanbHe80COYHO20 Pe2UOHA Olsl
Op2aHU3aYUU PeCUOHATLHOU 6aA3bl MEOHOU NPOMBIULEHHOCTU.
Memoouka. [[ns oyenku BO3MOMCHOCU UAU HEOOXOOUMOCMU UCHONb30BAHUS OAbHEBOCHOYHBIX
pecypcos medu 6 OmeuecmeeHHOU NPOMbIUIEHHOCU AHATUSUPYEMCs COCMOsAHUe, NPOU3B00Cmeso,
HOMPeOHOCMU U UCNONb30BAHUE PECYPCO8 MeOU, CYWecmsylowue HnpoeKmsl UX OCB0EHUs 6
Hanvresocmounom pezuone.
Pezynomamot u ux ananus. Ha [Janbnem Bocmoxe 6 macmosiyee epems GblNONHAIOMCA NPOEKMbl,
mpebyowue 3HAYUMEIbHO20 UCHONb308AHUA PA3HOOOPAZHOU NPOOYKYUU YBEMHOU MemAnLypeui.
Memannonpoodykyus, mamepuansl u 060pyoosanue, HeobxoOuMble 05l RPOEKMO8, 3a803AMCs C 3anaod
Poccuu u uz-3a pybeoca. Tpancnopmuvle uzdepiicku 3HauumenvHo yoopoosicaiom ux. C omkpeimuem u
Paszeeoxou Kpynuvix mecmopooicoenuti meou (Manmviocckoe, Ilecuanka) u wupoxumu nepcnekmusamu
Hapawueanusi MeOHoCwipbesoll basvl Ha Jlanohem Bocmoxe npednazaemcs pso uoeil no co30anuio u
Pa3sumuio MeOHOU NPOMBIUILEHHOCTU 8 PecUOHe.
Bwi6oowvl. Bonpoc o cozdanuu meonou npomviuiiennocmu Ha Janvhem Bocmoke mpebyem
MHO20ACNEKMHO20 00CYIHCOEHUs, 8 MOM HUCILEe OYeHKU 00We20 COCMOANUA U NIAHO8 PA3GUMUS MEOHOT
npomviunenHocmu 6 Poccuu u nepcnexmusHolx npoexkmos 6 pezuone. Hmeromess 00cmamoyHo
cywecmeenHvle 3anacvl U pecypcbl Meou O0AA CO30AHUS PESUOHANbHOU MeOHOU NPOMbIULEHHOCHU
NOHOT MEXHONO2UYECKOT Yenu, Ymo npeononazaen Op2aHu3ayulo MeoeniasuibHo20 Npou3B00Ccmad.
Tomenyuan MUHepaIbHO-CbIPLEBLIX PECYPCO8 MeOU 8 Pe2UOHe NPU HATUYUY S PeKkmueHot cmpamezuu
UX UCNONB306AHUS MOHCEM 8HECTU 8KAAO 6 yCKopenHoe passumue [anvneco Bocmoxa u cmamb 00Hum
U3 Paxmopoe usMeHeHus 2eONONUMUYECKO20 3HAYeHUsA 80CMOYHOU yacmu Poccuu.

Knroueesvie cnosa: meov; mecmoposrcoenus; pecypcol; 006viua; oyenxa; [anoHe6ocmoynbtii pecuon.

Beenenue. [lpu cymecTBeHHBIX pa3BeaHHbBIX 3anacax OOJbIIMHCTBA BUIOB LIBET-
HBIX METaJJIOB (0JI0BO, BOib(paM, Menb, IMHK, CBUHEL U Jp.) B JadbHEBOCTOUYHOM
pEeruoHe OTCYTCTBYET LIBETHAsi METAILTyprusi. B pa3BuBaromemcs peruoHe, OXBaTbiBa-
foeM Oosee ABYyX TpeTed TEPPUTOPHH CTPAHBI, B HACTOALIEE BPEMsI BBIIOIHSIOTCS
NPOEKTHI, TpeOyIolKe 3HAYUTEIHHOT0 O0beMa MPOLYKIMU LBETHOH MeTaulypruu,
B YAaCTHOCTH MeJHOH. MeTamonponyKuus, MaTepuaiisl 1 000pydoBaHHEe, HEOOX0IH-
MBI€ JJIS1 IPOEKTOB, 3aBO3STCS U3 3amalHbIX yacted Poccun u n3-3a pybexa. JloObrua
MEIHOH pybl, IPOU3BOACTBO CBHIPbS U MEIHOW MPOMBIIIJIEHHOCTH, METAJLTy prude-
CKO€ MPOU3BOJACTBO M KaOEIbHO-IIPOBOAHBIE NPEAIIPUATHS COCPEIOTOYECHBI B OCHOB-
HOM B YpanbckoM 1 CHOMpCKOM (enepanbHbIX OKpyrax. [Ipu 3ToM KoMIaHUU LBETHOM
METaJUTypIuu, paboTaroue Tam, st odecredyeHns: COOCTBEHHOTO POU3BOICTBA BbI-
HYXI€HbI IPHOOPETATh CHIPbE Y CTOPOHHUX, B TOM UHUCIIE 3apYOEKHBIX TTOCTABIIUKOB.
B Meramnyprum Mean Borpoc oOecredueHus NPeaIpUsITUH ChIPbeM 0COOEHHO OCTPO
CTOHT Ha Ypaie, U 3TO SIBISIETCS IPUIMHON OCYIIECTBICHUS OOJMBIINX HHBECTHLIUOH-
HBIX MIPOEKTOB Ha ChIpbeBOM phIHKE [1]. [Ipobnema obcysxaaercst nccienoBaTensIMu:
TaK, B CBSI3U C MCTOIICHUEM 3allacOB OTPa0aThIBAEMBIX MEIHOPYIHBIX MECTOPOXKAe-
HUM, KOTa [IBETHAs METAJUTyprHsl YpaabCKOro SKOHOMHUYECKOTO PErMOHA HAUMHAET HC-
IBITHIBATh OLIYTUMBIN Ie(QUIUT MEACCONEPKALIETO ChIPhS, OJHUM U3 MEPCHEKTUBHBIX
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PETHOHOB TSI OPTaHU3aIINH HOBOM CHIPHEBOIT 0a3bl IBETHOW METAJLTYPTHH TIpejiara-
ercs [Ipunonspusiii u Hoxspaenii Ypan [2]. B Poccun padoraet okono 50 3aBo0B Ka-
0eJIbHO-TTPOBOAHUKOBON MPOAYKINH, U3 HUX 338 YPaJOM HaXOJUTCS TOJIBKO TPHU KpYyII-
HBIX npou3BoauTes: «Cudkadesns» (Tomckast 00acts), «pkyTckkadensy (UpkyTckas
ob6nacTh) m «AMypkabenb» (Xabaposckuii kpaif). Ha lansaem Bocroke mo 2014 1.,
KOIIa POM30ILEN 3HAYUTEIbHBIA POCT MUHEPAJIbHO-CBIPEBON 0a3bl MEIM PETHOHA 3a
CUET Pa3BeAKH KPYMHBIX 30J0TO-MEAHO-MOPPHPOBBIX MECTOPOKACHIH ManMbIKCKOE
u Ilecyanka, OTCyTCTBOBajla JOCTATOYHAsA JJIS OpraHU3alMM MeJeIUIaBUIBHON TMpo-
MBIIIUIEHHOCTH ChIpheBasi 0a3a, HO UMeIICsl KOHEUHBIH 00BEKT TeXHOIOTHIECKOH Hemu:
Ha MPHBO3HOM CBIPbE pabOTall COBPEMEHHBII 3aBOA KaOEIbHO-IIPOBOAHUKOBOH IPO-
OyKIUU «AMypkaOeinby, 3akoHcepBUpoBaHHbIH B 2014 1, B TOM yHciie ¥ 0 TPUYHHE
npoOiieM 0OecrieyeH s ChIpbeM (MEIbI0 1 ATFOMUHHIEM).

C OTKpBITHEM U Pa3BEAKOI KPYITHBIX MECTOPOXKACHUH MEAH M IIMPOKHUMH TIePCIIEK-
TUBaM{ HapallMBaHUS MEIHOCBHIPHEBOW 0a3bl OLICHUBAETCS LEIECO0OPa3HOCTh, BO3-
MOXHOCTh MJIM HEOOXOANMOCTBH HCIIOJIb30BAHUSI MEIHOPYIOHBIX 3allaCOB U PECYPCOB
JlanbHEBOCTOYHOrO pErMoHa B HalMOHAIBHOW WM PETHOHATIBHOW MEJHOW ITPOMBIIII-
JIEHHOCTH HJIM 3KCIIOPTE MEIHBIX KOHIEHTPATOB, MpEAiaraeTcs paa uael mo ocBoe-
HUIO Pa3BEAAHHBIX KPYIHBIX MECTOPOXKACHUN MU (D1eKmponHas Kapma Heoponoib-
306anusi  P®. Cnpaska 0 cocmosHuu U  HEPCHEKMUBAX  UCNOTbIOBAHUS
MUHEPANILHO-ChIPbesoll bazvl [lanvresocmounoeo pedepanvioco okpyea. URL: https.//
map.mineral.ru (0ama oopawenus: 21.12.2018)). Coznanue pernoHaIbHOU MEIHOM
MIPOMBINIJIEHHOCTH CIOCOOCTBOBAJIO OB CaMOOOECIIEYCHHOCTH PETHOHA OIHUM W3
BO)KHEHIINX MPOMBIIIJICHHBIX METAJUIOB U, BO3MOXKHO, B ONPEAECICHHON CTEIEHH OT-
paswioch Obl Ha MPOCTPAHCTBEHHOW AMBEpCH(UKALMKA MEIHOW TPOMBIIIIICHHOCTH
crpansl [3]. CUCTeMHBIC PEIICHUS, BIUSIONINE HA CUTYaIUIO, 3aBUCAT, B TOM YHCIIE, OT
XapaKTEPUCTHKH 0a3bl MUHEPAJIBHOTO CBIPbS.

CoBpeMeHHOE COCTOSIHME MHHEpPaJbHO-ChIPbEeBOH 0a3bl MeAU pervuoHa.
[To nanubM [4], B [JanpHEBOCTOUHOM pervoHe (B JAEBSTH CYOBEKTax, BXOAWBIIUX B
Hero 10 14.12.2018) yuteHo 23 MecTOpOXAEHHUS, CyMMapHbIe pa3BeJaHHbIE 3aachl
MeIH KOTOPBIX COCTaBISIOT 5,9 MIH T, T. €. 0KoJIo 5 % ot poccuiickux. [IporHo3nabie
peCypChl OLICHUBAIOTCS B 32 MJIH T: B PETHOHE BBISBICHO 0KOJIO 230 MECTOpOKICHUI
u pynompossieHuid. O00CHOBaHNE NMEPCIEKTUBHOCTH PETHOHA HA NANbHEHIINA PoCT
MUHEpaJbHBIX PECYPCOB MEAM MOATBEPKAACTCA pe3y/bTaTaMi METaIJIOTeHUYECKOTO
aHaJIN3a, BBIIIOJHEHHOIO PETHOHAIBHBIMU T€0JIOTHYECKUMH MPEANPUATUSIMY, KOHCO-
JUIUPOBAHHBIMH TEIIEPb B XONIUHre «Pocreonorus» u BeLyIIMMH Ire0JIoropa3Benod-
HbIE Pa0OTHI Ha MJIOMIASX, IEPCIIEKTUBHBIX HA OTKPHITHE HOBBIX 30JI0TO-MEAHO-IIOP-
(GUPOBBIX  MECTOPOXKICHHH, aHAIOTUYHBIX MAaJIMBDKCKOMY — MECTOPOXKACHHIO.
Ilo nmeronMcst Ha CETOAHS JaHHBIM HAMOOJNBIINE MEePCHEKTHBBI OTKPBHIBAIOTCS Ha
TEPPUTOPHH FOJKHOM yacTu Xabaposckoro kpast (Hmkuee [Ipramypbe) u morpannaHON
yactu [Ipumopckoro kpas. PaboTel BemyTcsi Ha HECKOJIBKUX OOBEKTaxX M IJIOMIAISNX —
INonun-Mynunckoit, I'ypckoit, Kanrarapckoit, inonoscko#t, SIMtynbckoii, KoBpuxen-
ckoit, Tripckoit (puc. 1).

Ha okpy:xatomield TeppuTOPUH U3BECTHBI U APYT'HE MIEPCHEKTUBHBIE MIPOSIBICHUS —
Hounoe, XBomeBoe, ManaxutoBoe u 1ip. [5]. MecTopoxaeHus, 1151 KOTOPBIX UMEETCs
OLICHKA 3aI1acoB M COJEp KaHUi, TIepeyrcieHbl B Ta0I. 1.

Benymeecst (HEMOCTOSHHO) Ha BOCBMH MECTOpPOXAEHUsAX Xabaposckoro u Ilpu-
MOPCKOI0 KpaeB MOIYTHOE NPOU3BOJACTBO MEAHOTO KOHILIeHTpara B nepuox 2008—2018 rr.
cocrasisiio ot 0,7 1o 3,28 Thic. T B ron. MeqHblil KOHIIGHTpAT He nepepadaTbiBaics,
a OKCIIOPTUPOBAJICA WK CKIIaIUPOBAJICS, TAK KAaK €0 COBIT BHYTPH CTpaHbI IpodiemMa-
THYEH U3-32 YIAJICHHOCTH BO3MOXKHBIX POCCHUICKUX MOTpeOUTEemneii.
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Ha ormeueHHBIX B TaON. 1 MECTOPOXKICHUSX MEIHBIN KOHIICHTPAT MPOU3BOIUTCS
(unmu OyzeT TMpPOU3BOJUTHCS) IMOIYTHO, TOJIBKO MPH JOOBIY€ OCHOBHOTO KOMITOHEHTA
(onoBa, Bonmb(hpama, CBUHIIA, IIMHKA) U B KOJIMYECTBAX, KOTOPBIC HEIOCTATOUHBI ObLITH
JUISL OPTaHU3aIlMU MENCTUIaBUIBHOTO MPOou3BoACTBA. OHU UMEIOT 3HAYEHHE TOJBKO B
CyMMapHOM oObeMe, HarpuMep, ¢ 00beMaMy METHOTO KOHIIGHTpara 3a0aiKaibCKOTro
Kpasi, B KOTOPOM B 3TO K€ BPEMS MPOU3BOAWIOCH 1O 3—9,5 ThIC. T KOHIICHTpAaTa €3xKe-
TOJHO, U JIp.

OcHOBY pecypcHOl 0a3bl METHON OTPACIH MOTYT COCTAaBUTh MECTOPOXKICHUS Y0~
KaHckoe, Manmbbkckoe, [lecuanka, beicTpuHCKOE.
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Puc. 1. OCHOBHBIE MECTOPOIKIICHHS ME/IM M TIEPCIICKTUBHBIC Ha MEIb IUIOMa 1 J{anbHEBOCTOYHOTO
peruona
Fig. 1. Major deposits of copper and copper square in the Far Eastern region

O0cy:xneHue Bonpoca. Bormpoc o co3manuy METHOH MPOMBINIIECHHOCTH Ha Jlanb-
HeM BocToke TpebyeT MHOroacrekTHOro o0CyKIeHNUs, B TOM YHCJIE IPUHATHUS BO BHU-
MaH{e O0LIET0 COCTOSHUA U IIJIAHOB Pa3BUTHS MEIHOM MPOMBIIITIEHHOCTH B Poccuu u
MEPCIIEKTUBHBIX POEKTOB B PETHOHE.

B Poccun npon3BoacTBO MeIHON NPOAYKIMH AJ1si COOCTBEHHBIX MOTPEOHOCTEH U3-
ObITOUHO. [IpH 5TOM €CTh M3IUILKN CHIPbEBO 0a3bl, MPON3BOACTBEHHBIX MOIIIHOCTEH,
BO3MOXXHOCTEH CO3/aHMsI HOBBIX MECT JOOBIYM M MPOU3BOICTBAa. MMmeercs acmmme-
tpuaHoe pasmenierne [ OKoB, MeTammyprudeckux IpeAnpusTHI 1 3aBOIOB KaOeITbHO-
MIPOBOJHON MPOTYKIUH HA TEPPUTOPUU CTPAHBI.

CoBpeMeHHOM KOHLIENIIUEN pa3BUTHS MEAHOM oTpaciu B Poccun onpeneneno pas-
BUTHE CBHIPbEBBIX 0a3 MeIH ACHCTBYIOIIMX NPEANIPUATHIA U CO31aHIE Pe3ePBHBIX (alb-
TEPHATUBHBIX) B OCBOCHHBIX U HOBBIX paiioHaX. DTH HAIPaBIEHUs ObUTH KOHKPETH3H-
poBansbl ciennanuctamu [IHUT'PU B cpegHecpouHOi porpaMMe reojioropa3Be10uHbIX
pabot Pocuenpa Ha nepuon 2015-2020 rr. PaboTs! 10 pa3BUTHIO CHIPHEBBIX 0a3 Aeii-
CTBYIOILMX NPEeINpUSATHI ObIJIO HAMEYEHO OCYIIECTBILATH B IEPBYIO oyepens B FOxHO-
VYpansckoMm peruone (Pecybnmka bamkoprocran, OpenOyprekas u UensOuHckast 00-
JacTh), rae aercTryet oquHHaaark ['OKoB 1o 1o0biue u epepaboTke MEIHbIX Py U
Jo0bIua MEIU B TEUCHUE TIOCIIEIHUX JeT cocTaBiseT Ooiee 30 % obiiepoccuiickoii ee
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JI00BIYM, 00€CIIeUeHHOCTh aKTUBHBIMH 3allacaMu Meau cocTaBisieT 47 IieT, a pe3epB
OLIGHEHHBIX TPOTHO3HBIX PECYPCOB MEIH paclpeieIeHHOTo oHIa cocTaBiseT bomnee
5 miH T [6]. CoracHO Ha3BaHHOM MporpaMMe CO3IaHHe PE3EPBHBIX CHIPHEBBIX 0a3
MEIU CBA3BIBACTCS C MEPCIEKTHBAMH BBIBICHHS MeIHO-NOPPUPOBHIX pyn B UyKoT-
ckoM AO, Pecriyonuke TeiBa, [Ipumopckom u XabapoBckom kpasix. B [Ipumopckom u
XabapoBCKOM Kpasix 3armackl MeId B MEIHO-NOP(QHUPOBBIX MECTOPOKICHUSAX MpPEABa-
PUTEIBHO OLIEHHMBAIOTCA Oojiee 4eM B 8 MIIH T, a MPOTHO3HBIE PECYPCHI COCTABISAIOT
Oosee 6 MutH T Meau. CauTaeTcs, YTO ATU 3aMMachl H PECYpPChl MOTYT OBITH OCHOBOM JIJISI
CO3JaHMs KPYITHOMW CBIpbeBO 0a3bl Meu Ha BocToke Poccum, HO, Kak cliemyeT u3 KOoH-
TeKcTa mporpaMMbl PocHenpa, 6a30ii He Ui peTHOHAIBLHOTO MCIIOIB30BAHMS, a A
9KCIOPTA, XOTS IKCIEPTHI CYUTAIOT, YTO MEPCHEKTHUBBI PACHIMPEHUS PhIHKA KaOeTbHON
NpoayKUuHU B Poccuu oueBHIHBI, 1 OHM CBSA3aHBI C YBEIMYEHUEM BHYTPEHHETO TOTpe-
OneHus! MPOMBIIIJIEHHBIMU OTPaciisiMHU, B MEPBYIO OYEpeb C Pa3BUTHUEM BOCTOUHBIX
tepputopuii. B ®III «OxoHoMuveckoe 1 conranbHoe pa3BuThe JansHero Bocroka u
baiikanbsckoro pernona Ha nepuon g0 2025 roga» [7] Takxke He MOCTaBieHa LIEIb CO3-
JIaHMs [IBETHOIM METAJUTypruy, B 4aCTHOCTH MEAHOMN IMPOMBIIIJIEHHOCTH, HECMOTPS Ha
TO, YTO BOIIPOC, C YYETOM METAJUIOT€HUYECKON cnenuanu3anuu JlansHero Bocroka
Ha Pa3HO00Pa3HbI KOMILIEKC IBETHBIX METAJIJIOB, IIOJHUMAJICS B psijie padboT [8 u ap.].

CyIecTByONEero A0 HaCTOSIIEr0 BPEMEHHM NMPOU3BOACTBA METHOTO KOHIIEHTpaTa
(B HanbHEBOCTOYHOM perroHe u 3adailikaibe) HEeIOCTaTOuHO Ul oOecreueHus Io-
TpeOHOCTEH METAJUTyprHYeCKOr0 MPEANPHATHS, HO UMEIOTCS MPOEKTHl OCBOCHUS B
Onmxaiiiiee BpeMs pa3BelaHHBIX MECTOPOXKACHUN — YIOKaHCKOTO, MaJIMBIKCKOTO U
KyH-MaHbé€, 4T0 M03BOISIET TOBOPUTH O BO3MOKHOCTH CO3J[aHUS B PETHOHE Meeria-
BUJIBHOTO TIPOM3BOJICTBA, B TOM YHCIE IJisi oOecreueHHs 3aBoga «AMypKaOemby.
[To mocTynHBIM JaHHBIM, MUHUMAaJbHAsl TOAOBasI MOTPEOHOCTh «AMypKadeis» B Ha-
crosimiee BpeMs coctasiseT 10 Teic. T Meau (3To nmpuMepHO 50 ThIC. T KOHLIEHTpaTa ¢
conepxanueM 18-35 % menu) ¢ BO3MOXKHBIM MOCIEAYIOUMM pocToM 10 50 ThIC. T
Memu. «Cmpamezusi pazgumus yeemuou memannypeuu Poccuu na 2014-2020 200v1 u
Ha nepcnexmugy 0o 2030 200a» npenycMaTpuBaeT pocT norpednenus meau B 2030 1.
Ha 155-300 % (B pa3nuunbIX BapuaHTax) otHocuteiabHO 2012 1. TTotpebHOCTS [aiib-
HEBOCTOYHOTO PETMOHA MOXKET COCTaBUThH MpH 3ToM 15-20 ThIC. T Meau. YUUTHIBas
peanu3yemblii Ha TEPPUTOPUHU Kpast «Pycckol MeHOM KOMIIaHUEN) MPOEKT 10 OCBOE-
HUIO ManMBDKCKOTO MECTOPOKICHHS, 3aBOJ] MOXKET OBITh ITOJIHOCTHIO 00ECTIeYeH He-
00XOIMMBIM CBIPHEM — MEIHOH JIMTON 3arOTOBKOW MECTHOTO IPOM3BOACTBA, YTO IO-
3BOJIUT CHU3UTH CEOCCTOMMOCTh BBIYCKAEMBIX HU3JCTHA H TOBBICUTH HX
KOHKYPEHTOCIIOCOOHOCTb.

ManMbKCKO€ MECTOPOXKICHHE UMeeT Hanbosee OaronpusTHele HHQPaCTPyKTyp-
HBbI€ ¥ TOPHOTEXHUYECKHE YCIOBHS JIIsl pEHTa0eIbHOTO OCBOEHUS: HaXoAUTCs B 60 KM
ot . Komcomonbck-Ha-Amype, Ha 6epery p. Amyp. B 2015 1. komnanus Amur Minerals
(«Amyp Munepaiicy) onpezenuia 3anackl MaaIMbDKCKOTO MECTOPOXKIACHUS (Ha YETHI-
pex pa3BeIaHHBIX IUIOMIAAX) B KomuuecTBe 8,9 miH T Meau (1 283 T 30710Ta), a B Mae
2015 r. 'K3 noarBepauia ux kak 6anaHcoBblie 3amackl. KomnaHust orieHrIa He0OX0a1-
MbI€ MHBECTUIMH B MPOEKT OCBOCHH B 6 MipA 1oi. ['010Bas Nporu3BOAUTENHHOCTh
oymymero 'OKa mipu atom coctaBut 113 Teic. T Menu B KOHIIEHTpare (U 2,2 T 30JI0Ta B
koHueHTpare). YJ1Jl mpoexra onenuBaercs B 1,7 MiIpA 10J1., BHyTPEHHISI HOpMa T0XO/1-
HocTH — B 30 %. B 2015 . ®onnom pazsutusa Jansuero Bocroka u baiikansckoro pe-
ruona u kxommanueid IG Cooper ObUIO MOANMMCAHO COMVIAIICHHE O MPUBICYCHUH
1,5 mMipz 1071. MHBECTUIMI B MPOEKT MO OCBOCHHUIO MECTOPOXKIACHHUS C MOIIHOCTHIO
nepepadotku 30 MiH T pyasl B rof. Cpok SKCIUTyaTalldd MECTOPOXKICHHUS COCTABUT
37 net. B oktsa6pe 2018 r. BnazenbleM npoekra crayia «Pycckas MemaHas KOMIIaHUSD»
(PMK), mpuobpetmas 100 % «Amyp Munepaic» 3a 200 miH o1, Mexmy pyKoBOI-
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ctBoM PMK u rybepraropom XabapoBCKOTO Kpasl MOMIMACAHO COTIAMIEHUE O COTPYI-
HUYECTBE B peaju3aluu MpoeKTa ocBoeHUsl mectopoxaeHus. PMK mianupyer mo-
cTpouth Ha MecTtopokaeHnu ['OK, xoTopsrit Oyzmer nepepadarbBaTh 10 35 MITH T PYIBI
B TOZ ¥ BBITycKaTh okoso 100 TeICc. T Menu B KOHIEHTpare. VIHBECTUIINH B TIPOEKT

Tabauna 1. OcHOBHbIe MecTOPOKIeHUS MeaH Jla1bHeBOCTOUHOr0 peruoHa u 3adaiikanbs
(ucnoab3oBansl 1annsie BCEI'EU, UALL «Munepa» u ap.)
Table 1. Major copper deposits the far East and Baikal region (used data VSEGEI,
IAC "Mineral", etc.)

MecroposxaeHue Cl:)c iﬁ;ﬁf;i&?; Ccﬁ:ﬁ: ztzne OcBOEHHOCTb. JlaTa yTBEPKAEHUs 3a11acoB U JIp.
Xabaposckuii kpail
ManMbnKCKOe 5156,4 0,41 l'oToBoe k skcmuryarammu. ['K3, 2015 r., o
KaHajzckoMy cranaapty NI 43-101, 2015 r.
®decruBanpHOE™* 171,9 (81,4)** 1,42 PaspabarsiBaemoe. I'K3, 1962 r., moBTOpHO
1977 r.
IIpaBoypmmuiickoe* 162 0,40 PaspabateiBaemoe. ['K3, 1990 r., aymur
JORC, 2012 1.
CobonnHoe* 56 (43,6) 0,62 B pesepse. I'K3, 1987 1.
IlepeBanpHOC* 27,9 (47,6) 0,48 PazpabareiBaemoe. I'K3, 1971 .
OxT1a6pbckoe™ 14,2 (10,5) 1,72 Pa3penannoe
TIpunopoxuoe* 1,9 (1,2) 0,23 PaszBenannoe
Amypckas obracmo
Kyn-Mansé | 213 | 0,20 | T'orosoe k oxcruryaranuu. JORC, 2017 .
3abatikanvckuti kpail
'V nokaHckoe 20 096 1,44 T'oroBoe k skcmutyaramuu, JORC, 2014 1.
Brictpunckoe ‘ 2063,4 0,78 PazpabarsiBaemoe. ['K3, 2017 r.
Kamuamckuil kpaii
anyy | 11 | 0,76 | PaspabarsiBaemoe. I'K3, 2012 .
Ipumopckuii kpaii
Bumnee* 20,9 0,36 PasBemanHoe
Bocrok-2* 16,2 0,26 PazpabateiBaemoe
[Taprusanckoe* 5,6 0,09 Pa3pabarsiBacmoe
Tlopoupurosas 3ona* 2,7 0,47 PazpabatsiBaemoe
ApcenbeBckoe™ 2 1,17 PasBenannoe
HUckpa* 1,8 5,45 PasBemanHoe
Pecnyonuxa Caxa (Axymus)
ATBUIKBIHCKOE* | 193.4 | 2,71 | B pesepse. 'K3, 1961 1.
Yyxkomckuii AO
Ilecuanka 2730,7 0,83 PassegriBaemoe. I'K3, JORC 2012 r.
OKyrckoe ‘ 1,9 ‘ 0,17 B pesepse. ['K3, 1983 r.

* MeaHbli KOHIEHTPAT HIPOM3BOIUTCS WM OyIeT HPOM3BOJUTHCS MOMYTHO; ** B CKOOKax — 3amachl, ONpeeIeHHbIC B
2011 r. B pe3ynbpTaTe ONEpaTHBHOTO IepecueTa crenuanucTaMu «OIOBSIHHON pyIHOH KOMITAHHNY.

cocrassaT okono 115 mupx p. K crpoutenscrBy 'OKa maanpyercs mpuctymuts B 2021 T
PMK — MHOTOTIPODMITBEHEIN BEPTHKATHHO HHTETPHUPOBAHHBIN XOJIIUHT, KOTOPBIA BKITIO-
gaeT 6osee 30 IpeanmpUATHI M OPraHU3aIldi U BXOANUT B TPOUKY KPYITHEHIITHX TIPOU3-
Bonuteneit menu B Poccun. B coctase ['pynmer PMK HaxomsiTcs ropHOmoOBIBatome 1
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MeTaJTypTHYeCKre MPENNPUATHS, KOTOPhIE OCYIIECTBIISIIOT TIOJTHBIN IUKI MTPOU3BOJI-
CTBa — OT JOOBIYM ¥ 00OTAIIEHUS PYAbI A0 BBITYCKA M peai3aliii TOTOBOH MPOTYKIINT
(MemHBIE KaTOABI M MeMHas KaTaHka). B malsHEeBOCTOUHON CHTyaIH, KOTa MMEIOTCS
TIOATOTOBIIEHHBIE K OCBOEHHIO PECYpPCHI CHIPbS M KaOEIbHO-TIPOBOAHMUKOBBIA 3aBOJ,
JoTM4YHO OBUTO OBl 3aMKHYTHh KpaiHWE 3BEHbS TEXHOJIOTHYECKOH IIEMH, T. €. CO3/1aTh B
pernoHe MeeTIaBIiIbHOE IPOU3BOICTBO ISl 00ECTIEYeHUST MMEOIIETOCS 3aBO/Ia U MC-
TIOJTE30BaTh MPOAYKIIHIO 3aBOA TSl BHYTPHUPETHOHATIBHOTO IOTPEOIeHHS U IS SKCTIOPTA.

Cnenmanuctel kaHaackoi kommannu 1G Copper, koTopas Obuta COOCTBEHHHUKOM
51 % axmuit mpoekra ManMbIK, yBEepeHBI, YTO OH CTaHET OJHHUM W3 KPYIHEUIINX U
BBICOKOTEXHOJIOTHYHBIX 30JI0TO-MEIHBIX IIPOEKTOB B MUPOBOY TOPHOOOBIBAOIIEH OT-
pacnu. Ero peanmsarust nMeeT O0JbIIOe 3HAUYSHHE [T PEeIIeHIs TPHOPUTETHOM TOCY-
JapCTBEHHOM 3ama4u 1o pasButhio JlamsHero Bocroka Poccuu. CunbHBIME 0COOCH-
HOCTAMH TIPOEKTa SBIIIETCS TO, YTO MECTOPOXKIEHHE HAXOOUTCS B PETHOHE,
TIEPCIIEKTUBHOM JUJISl OTKPBITHS HOBBIX 30JI0TO-METHO-TTOP(GUPOBBIX MECTOPOKICHUH;
PacIoNOoXKeHO HA TEPPUTOPUH, OIM3KOH K JKeIe3HOAOPOKHOIM Maructpaid, (heaepanb-
HOI aBTOMOOMIIEHOM Tpacce, CymoXomHo# peke Amyp, JIDII, MarucTpaibHOMY razo-
MIPOBOY; OJIM3KO K POCCUMCKO-KUTAWCKOM TpaHuUIle M K BEAYITUM pBIHKaM cObITa: Ku-
taii, SAmonus, FOxuas Kopes.

bazoit myia MenermIaBuIIbHOTO TTPOU3BOACTBA MOXKET OBITh U MecTopoXkaeHue KyH-
Mamnné. B 2015 1. 66110 3as1BII€HO, 9TO KoMIaHuA «KyH-MaHbE» TOTOBa HHBECTHPOBATH
60 mupa p. B pa3pabOTKy pa3BeAaHHOTO KOMILIEKCHOTO MecTopoxacHus KyH-MaHbé
KaphbepoM C MPOM3BOJCTBOM TOBAPHOTO HHUKEJIEBO-MEIHOTO KOHIIEHTpaTa B o0beMe
350 Teic. T B roa. CtpourenbetBo U 3anyck 'OKa no ocBoenuto mectopoxaenuit Kyn-
Mans€ 1 ManaMmbbkckoro Ha TpaHuie XabapoBCKoro Kpas 1 AMypckoit obmacty 1ia-
Hupyercs Ha 2022 r.

Ha Tepputopun JlamsHEBOCTOUYHOTO pernoHa u 3abaiKaibs UMEIOTCS B JPYTHE
TIEPCIIEKTUBHI IS Pa3BUTHS MEIHOPYAHOM oTpaciu. Tak, ropHOIZOOBIBAIOIIas KOMITa-
Hus «banmMckast», Biaferonas TuneH3ueit Ha BeimonHerrne [ PP u qoOsray nBEeTHBIX U
OmaropogHbIX MeTaIIOB Ha banmckoit miomany B Uykorckom AO, BBITIOTHHIIA OIIEHKY
TIJIOIIAM Y TIPOEKT Ha ee ocBoeHue. B 2018—2022 rr. koMmaHus TiaHUpoBaia MmocTpo-
uth ['OK ¢ MmontHOCTEIO 100BIYH 30 MITH T pyIBI B TOA U IepepaboTKoi ee B 476 ThIC. T
MEJIHOTO KOHIleHTpaTra. VHBECTUIIMM B MPOEKT OlleHUBaiuch B 1,8 Mapa mgod.
(100 mmpz p.). B 2018 1. xommaaus KAZ Minerals Beikymna 100 % B banmckom mpo-
exte y koHcopumyMa Aristus Holdings 3a 900 mue momn. IlocraBnennsie B 2018 1. Ha
roc6anaHc 3amackl MecTopokaeHus [lecuanka COCTaBISIOT: MeIH — 2,7 MITH T, MOJIHO-
nmeHa — 74,1 TeIc. T, 30m0Ta — 116,4 T, cepedpa — 1600 T.

B cenTsabpe 2016 1. coobmianock o ToMm, 4T0 «JlyKarckas TOpHO-TEOJIOTHYECKas
koMmaHus» K 2021 1. MOXKET HayaTh CTPOUTENHCTBO B MaraancKkol 00J1acT MeJieruia-
BIJIFHOTO 3aBOJIa MOIITHOCTBIO 110 160 THIC. T B TOM, CBIPBEM TSI KOTOPOTO OTIPEIEITICHBI
MIPOTHO3HBIE pecypchl OpOEKCKOH MeTaNTOTeHIYeCKOM 30HbI (OHAKO PECYPChI MECTO-
POXIEHUH OIIEHEHBI JINIIH IPEABAPUTENFHO, TpeOyeTcs ux pa3Beaka). [Ipoekt Bwico-
KO3aTPaTHBIA BBHUTY ITOTHOTO OTCYTCTBUS WHPPACTPYKTYPHI, €T0 CTOUMOCTH OI[CHHBA-
ercss B 5 mupn goin. (Heooxomumo BemoiHUTE PP, moctpouts okomo 250 km JIOIIL,
250 xm aBTomoporu, 'OK, 3aBox). B 2018 r. mpeamonaranocs 3aBepiuTh OLIEHOTHBIE
pabotsl, BemoaaUTh TOO mpomeiierHoit oTpadotky, BBecTH ['OK, a B 2021 1. 3a-
MyCTUTh MEJIETUIaBUIIHLHBIN 3aBO/I.

Kommnannn «Atompenmer3onoro», «PT-rmobanbpHbIe pecypchd (JIOUepHsisl KOMIIa-
Hus xonauHara «Poctex») u mpaBuTenbcTBO 3abaiikanbckoro kpast B 2017 1. 3aKimodmTi
COTJIAIlICHWEe O HAMEPEHHH MOCTPOUTHh MeeIUTaBUIBHBIN 3aBox B I. KpacHOkameHCK
CTOMMOCTBIO 2 MIIPJT TOJI. AJIS TepepabO0TKH MEAHOTO KOHIIEHTpaTa YJOKaHCKOTO U BbI-
CTPUHCKOIO MECTOPOKACHUN. 3amycK 3aBoja manuposaics Ha 2020 r. beictpuHckuii
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I'OK mpoussen 40 Thic. T Meau B KOHIIEHTpare yxe B 2018 1., a ¢ 2019 r. Oyxer mpous-
BOJIUTH ©XKeromHo 260 ThiC. T MEAHOTO KoHIeHTpara. « HopHuKensy mpopabaTeiBacT
BOIPOC O TIOCTaBKax MEJHOTO KOHIEHTpaTa poccHiickuM moTtpebutensm. Ha Hayano
2017 . 3anacel BEICTPHHCKOTO MECTOPOXKACHUSI cOCTaBIsLIH 2,06 MITH T MeIH (2 TakKe
232 1 30m0ta, 1044 1 cepedpa, 66 MitH T xene3a). Cpok pabOThI MPEANPHUSITUS COCTABUT
34 ropa.

3aknrouenne. B /lanbHEBOCTOUHOM pernoHe pa3BelaHO J0CTAaTOYHO 3aracoB U BbI-
SIBJICHO PECYPCOB JJIsl CO3AaHUsI COOCTBEHHOTO MTPOU3BOACTBA MEIH M KOHEUHBIX IIPO-
OYKTOB Ha €€ OCHOBE U MMEETCs YCIEUIHO PaboTaBIIUi KabelbHO-IPOBOIHUKOBBIN
3aBOJI JOCTATOYHOM MOIIIHOCTH C NMEPCIEeKTUBAaMU paciiupenus. s co3aqaHus MojJHo-
(YHKIMOHAILHON TEXHOJIOTHYECKOH JTMHUU MEIHOW MPOMBIIIECHHOCTH HEOOXOAMMO
CTPOUTENBCTBO MEJEIIaBUIBHOTO TPOU3BOJICTBA B perHoHe. AKTYaJIbHOCTh OpraHH3a-
uuu Ha JlanbHeM BocToke HOBOTO IIEHTpa MEIHOM MPOMBILIIEHHOCTH MOJIHOM TEXHO-
JIOTHYECKOH LeTH 00YCIIOBJICHA B TIEPBYIO OYepellb TAKUMHU (PaKTOPaMH:

— 3HaYMTENIbHBIE MTOTPEOHOCTH B MEIHOW MPOAYKUIMHU SKOHOMUKH [lansHero Boc-
TOKa, TJie OCYIIECTBISIOTCA M MOATOTABIMBAIOTCS MHOTHE MAacHITaOHble MPOEKTHI B
Pa3MUYHBIX 00JACTIX IKOHOMUKH;

— ATBHOCTB M JOPOTOBHU3HA 3aB03a 000 MPOAYKIUH B PETHOH.

MecToM BO3BENEHMSI MEAETIIIaBIIIBHOTO MPEANpUATHS MOXeT ObITb KoMcoMolb-
CKuil paiioH XabapoBCKOTO Kpasi, TJie CO3NAI0TCS YCIOBUS Al GOPMUPOBaHUS Oa3bl
BBICOKOTEXHOJIOTMYHBIX MPOU3BOJICTB U MPOU3BOJCTBA APYTHUX METAIIIOB, B MIEPCIIEKTH-
BE — CO3/IaHMe 371ech J[anbHEBOCTOYHOTO KOMILIEKCA IIBETHBIX M PEIKUX METAIIIOB (puc. 1).
PazButue [danpHero Bocroka kak MacmraOHOE OCBOEHHE €rO MPUPOJHBIX OOraTcTB M
MOZZIEPKKa TIEPETOBBIX BBHICOKOTEXHOJOTUYHBIX OTpAcieil OOBSIBICHO HAIIMOHAILHBIM
npuopureroM Poccun B XXI Beke. C ydyeToM pa3MepoB U 3HaUUTENTBHOMN ylajIeHHOCTH
pernoHa oT MHAYCTPHAIBHBIX [IEHTPOB CTPaHbI, MEKAYHAPOAHOM KOHBIOHKTYpbI [9—12],
BOIIPOCHI €T0 YKOHOMHUYECKOH caM000ecIiedeHHOCTH Ha OCHOBE COOCTBEHHBIX PECYPCOB,
B TOM YHCJI€ MUHEPAJIbHO-CHIPBEBBIX, TAK BaXKHBI JUIS1 pErvoHa. 3aceIeHne TEpPUTOPHH,
YTO SIBJIIETCS IPUOPUTETHON 3aa4eii B oTHomeHnn [lansHero BocToka, Oyner yemert-
Hee, eCJIM CO3JaBarh 3/1eCh 0a30BbIE OTPACH POMBIILICHHOCTH.
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Development prospects of the copper industry in the Far East

Gennadii I. Arkhipov!
! Institute of Mining FEB RAS, Khabarovsk, Russia.

Abstract
Research aim is to assess the prospects of using copper resources in the Far East to organize the regional
base for the copper industry.
Methodology. To assess the possibility or necessity of using the Far Eastern copper resources in the
domestic industry, the state, production, needs and use of copper resources together with the existing
projects of their development in the Far Eastern region are analyzed.
Results and their analysis. In the Far East, projects are currently being implemented that require
considerable use of a variety of non-ferrous metallurgy products. Metal products, materials and equipment
required for the projects are imported or delivered from the western parts of Russia. Transportation
significantly increases their cost. With the discovery and exploration of large copper deposits (Malmyzhskoye
and Peschanka) and rich prospects of increasing the copper resource base in the far East, a number of
ideas for copper industry creation and development in the region are proposed.
Summary. The issue of copper industry creation in the Far East requires a multifaceted discussion,
including the estimation of the general state and plans for the development of the copper industry in Russia
and promising projects in the region. The region has sufficient reserves and resources of copper to create
a complete technological chain of the regional copper industry, which involves the organization of copper
production in the region. The potential of copper mineral resources in the region with an effective strategy
for their use can contribute to the accelerated development of the Far East and become one of the factors
of changing the geopolitical importance of Russia s eastern part.

Key words: copper; deposits; resources; production; evaluation; Far Eastern region.
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Peghepam
Beeoenue. [Jocmamouno  wiupokoe pacnpocmpaHeHue  HAPYWEHHbIX — 3eMelb 8  npeoenax
20PHOO000BIBAIOWUX DESUOHO8, 8 MOM HUcCle U 8 npedenax CelumeOHbIX Mmeppumoputl, OuKmyem
HeobX00UMOCmb  Npo6eOeHUs. PeKyIbMUSAYUOHHbIX MepONPUAMuUll, Hanpasienue u cooepxcamue
KOMOpbIX ONpeoesiemcs npexcoe 8ce20 No pe3ynomamam UHICEHEPHO-2e002UHECKUX UCCTe008AHUN.
Ieny pabomel. Ha ocnosanuu panee GbiNOIHEHHbIX pabom Oas Meppumopuii 20pHOO000bIBAIOWUX
cy6beKmos u cenumeOHvlX meppumopuil, BKIIOUAIOWUX KAPbepbl U MeCa pasmeueHus NPOMbIUIEeHHbIX
0mMX0008, GbIAGUMb OCOOCHHOCMU NPOBEOCHUSl UHICEHEPHO-IKONOSUHECKUX —UCCAe008aHUll Ol
PexyIomusayuy HapyuieHHovlx 3emens. Ilokasame ocobeHHOCMU 8b160pA SPYHMOS 05 SMUX yenet u
UCNONL30BAHUS 6MOPUUHBIX PECYPCOB.
Memoouxka. [Jna uccredosanusi u 0000weHUs Pe3VIbIMAMOE UHICEHEPHO-IKON0UYECKUX USLICKAHULL
HAPYUIEHHBIX 3eMelb NOMUMO NONEBbIX U AHATUMUYECKUX UCCLe008AHUL, BbINOIHEHHBIX ABMOPAMU,
NPUMEHSIIUCL MEOPeMUYecKie Memoobl UCCIe006aHUIL, BKIIOHUAIOUUE AHAIU3 U CUHME3 KAK COOCMBEHHbIX
Mamepuanos, maxk u paziuyHblX UHGOPMAYUOHHBIX UCHIOUHUKOS.
Pesynomamul. B cmamve paccmMompervl pasiuuus U obOwue 4epmovl UHHCEHEPHO-IKONOSUYECKUX
UCCIe008aHUll HAPYUWEHHBIX 3eMeNb 8 Npedenax cenumeOHbix meppumopuil na npumepe 2. Examepunoype
U Meppumoputi  20PHONPOMBIULIEHHBIX — npeonpusmuti  Ac6ecmoscko2o  NPOMbIUIEHHO20  Y3Id.
Yemanoeneno, umo 6os3deiicmeue Ha Kono2UYECKOE COCMOSAHUE MEPPUMOPULL HADYUEHHBIX 3eMeilb
HOCUM YUKAUYECKULl Xapakmep, NOKAa3aHvl 0COOEHHOCMU UCHONb308ANHUSL BMOPULHBIX PECYPCO8 OISl
DEKYIbMueayuy HapyueHHbIX 3emMelb 8 PAMKAX KYUPKYIAPHOU IKOHOMUKUY — CIPAMe2Uun YCmouiue020
passumus. B amom kauecmee pekomeHOYemcs UcCnoib306aHue mexHo2eHHbIX 00pA308aHUIL, UIMO MOXCEM
CHOCOOCMBOBAMb YIYUUIEHUIO IKONOSUYECKOT CUMYAYUU 20PHOO0OBIBAIOWUX PECUOHOS.

Knrouesvre cnosa: HapyuwieHHbvle 3eMaU; 20PHONPOMbLULIEHHble U CcenumeOHble Mmeppumopuu;
UHDICEHEPHO-DKON02UYeCcKUe UCCIe008aHUs, BMOPULHbLE PECYPChL.

Bgenenue. PexynpTrBaIiii HapyIeHHBIX 3eMeJb B Mpeieiax 0CBOCHHBIX TOPHOIO-
OBIBAOIIEH TPOMBIIIICHHOCTBIO PETHOHOB B TOCIEIHUE TOBI YACISACTCS 3HAYUTEIh-
HOE BHHMaHue. OT0 00YyCJIOBICHO B MEPBYIO OYepe/b KaK pa3BUTHEM TOPOJICKON HH-
(bpacTpyKTyphl, BKIIIOYAIONICH BCE HOBBIC TEPPHTOPHH, TaK U HEOOXOAMMOCTBHIO
CHIDKCHUS SKOJIOTUYECKOTO BO3JICHCTBUS HAPYIICHHBIX 3€MEllb, BKITIOYAIONINX Kaphe-
pBI 110 J00BIYE MOJE3HBIX UCKOMIAEMBIX H MECTa Pa3MEHICHHUs MPOMBIIIIICHHBIX OTXO-
JoB. BeiOop HanpaBieHUH peKyIbTHBALMH OMPEACISICTCS B COOTBETCTBHH ¢ TpeOoBa-
aussmu [ OCT 17.5.1.02-85. Oxpana npupoovl. 3emau. Knaccugpukayus napyuiennwix
3emeny 0nsl pekyrbmusayuu. Pa3imdHble BONPOCH PEKYJIBTHBALMU HAPYIICHHBIX 3€-
MeJIb PacCMOTPEHBI PAIOM HccaenoBaTeneil. OTMedaroTes Kak 3Koorudeckue [1-3],
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TaK ¥ YKOHOMUYecKHue [4] U 3aKOHO/ATENbHBIC aCTIEKThI 3TOM TpodieMsl [5]. B To ke
BpeMs BXKHOE 3HaUEHHE IIPU pa3pabOTKe MPOEKTOB PEKYIbTHBALMH HAPYIIEHHBIX 3€-
MeJb UIMEET NNPOBEEHNE NMHKEHEPHO-TE0IOTNYECKUX, HHKEHEPHO-3KOJIOTHIECKUX HC-
CJIeJOBaHUH, KOTOpPBIE B IIEJIOM U OOOCHOBBIBAIOT HAINpaBlIEHUE PEKYIHTUBAIMM JaH-
HBIX 00BekTOB cormacHo [ OCT 17.5.3.04-83. Oxpana npupoovl. 3emau. Obwue
mpebosanus K pexyromueayuu 3emens. OTBIT TPOBEIEHUS HHXEHEPHBIX M3BICKaHUH
MIOKAa3bIBAET, YTO KaK OOBEKTHl UCCIECIOBAaHUN, TaK U COAEpKaHUE PadOT OTIMYAIOTCS
JUTSL HApYUICHHBIX 3eMeJIb TOPHOIPOMBILIUICHHBIX M CETUTEOHBIX TEPPUTOPHIA, TaK KaK
JUTSI TOPHOTIPOMBIIIUIEHHBIX CYIIECTBEHHYIO POJb WUTPAET IUKIMYHOCTh M3MEHEHHS
MPUPOJTHOM CpEbl.

HNHKeHEPHO-TE0JI0THYeCKHE UCCIIETIOBAHNS HAPYIIEHHBIX 3eMeJIb CeTNTeOHbIX
Tepputopuii. CennTeOHbIE TEPPUTOPHU TOPOJOB — 3TO YYACTKH 3E€MIIH, KOTOpPhIE HC-
MOJIB3YIOT JJISl pa3MeIIeHns] OOIIeCTBEHHON, KUIIOH, PEeKPEeallnOHHON 30H U COIyT-
CTBYIOIINX UM 00beKTOB. Kak mpaBmito, pocT ropoioB COMPOBOKIAETCS PACITUPEHUEM
TPaHUI] TOPOJIa U TIOA 3aCTPOMKY IMOMAAI0T HE TOJNBKO MPUPOIHBIEC TaHAMAPTHI, HO U
HapyLICHHBIE 3eMJIU, KOTOpbIe (DOPMHUPYIOTCS BOJIN3U TOPOACKONH TEPPUTOPHH — CBAJI-
KH{, Kapbepbl, MECTa pa3MEIICHUs MTPOMBIIUICHHBIX U OBITOBBIX OTXOJOB, 3200JI04€eH-
HBIE YYACTKH 3€MIIU U JIP.

Bonbmioe komu4ecTBo HapyIIEHHBIX 3eMeNb POPMHUPYETCS y TOPOAOB, UMEIOIINX
craryc «ropHeiid». K HuM oTHOCHTCs M ExarepuHOypr, OCHOBaHHBIA Kak 3aBOJ-Kpe-
mocTh Ha peke Vicets B 1723 rogy. B coBpeMEHHBIX YCIOBHIX COXPaHUIOCH METAILITYP-
THYECKOe MPOMU3BOACTBO, TOPOJ MHTEHCHUBHO PACTET, 3aXBaThIBast KaK 3a00J0UYEHHBIC
YYaCTKH cO cienamMu Tophopa3paboToK Ha KPYITHBIX TPAHUTHBIX MacCUBaX, TaK U OBIB-
1€ Kapbephl IVIMH, IPUYPOUEHHBIE K IMHEHHOMN KOpe BEIBETPUBAHMSI B TEKTOHUYECKU
HapYLICHHBIX 30HaX. [Ipy JOPOKHOM CTPOHUTENBCTBE MOSBISIOTCS B OOJIBIIOM KOJTHYe-
CTBE Kapbephl, NMEIOIINE, KaK MPaBWIO, HEOOMbIINE pa3Mephl, Ie BeAeTca M100bua
cTpoutensHoro kamus. B 1. ExkatepuHOypre mmomaapr HapyIIeHHBIX 3eMelb (10 JaH-
HeIM OO0 «VYpanreonpoexr» Ha 2008 .) cocraBuna 1135,87 ra [5].

JpyruM sSipKuM IpUMEpOM HapyIIEHHBIX TOPHBIMH padOTaMu 3eMellb B Mpeeax
cenuTeOHBIX TeppuTopHii aenseTcs r. Hwkaumit Tarnn. Ha ero tepputopuu HaxomuTcs
6 O0TpabOTaHHBIX MECTOPOKISHUH METHBIX U KENE3HbIX PYII; IUIOMaIb 3eMelb, 3aHs-
TBIX TOPHBIMH O0TBOJaMH, cocTaBisieT 30 %, B TOM 4Mcie HapyLIEHHBIX MPOBaJIaMu U
TpeuHamMu — 5 % [6]. [TonoOHas kapTuHa XapakTepHa AJsl MHOTUX JAPYTHUX TOPOAOB
TOPHO3aBOJICKOro Ypana.

WHxeHepHO-Te0JI0THYeCKHe HCCIeIOBAaHUS HAPYIICHHBIX 3€MeNlb BBHIITOTHEHBI Ha
npumepe I. Ekarepun0Oypra. BrisiBienue noqoOHbIX TEPPUTOPUI Ha IEPBOM 3TaIe HC-
CJICIOBaHUH MPOBOJMIIOCH C ITMPOKHM NPUMEHEHHEM TOIOrpaprueCcCKUuX U adpodoTo-
MaTepHalioB C IMOCJIEIYIOmEeH 3aBEpKOl M COCTABICHNEM KaJacTpa HapyLICHHBIX 3€-
Menb. Buibl BRISIBIEHHBIX HApYIIEHHBIX 3eMellb . EkatepnuOypra (momianpto 6omee
0,25 ra) mo pe3ynbTaraM 00CIIe0OBaHUS TEPPUTOPUH TOPOJIa IPUBECHBI B Ta0II. 1.

W3 ananu3a naHHBIX, IPUBEICHHBIX B TaOMI. 1, BUAHO, YTO B COCTaBE HAPYLICHHBIX
3eMellb MPeodIaaroT BHIEMKH (Kapbephl), 2 HAUOOMbINAs IUIOMAAb HAPYIICHHBIX 3e-
MeJIh XapaKTepHa IJIs Pa3BUBAIOIIMXCS OKPAWHHBIX paiiloHOB ExarepmuOypra — Uka-
J0BCKOTO U OpIXKOHUKUA3EBCKOTO.

s THIM3anuy HapyIIeHHBIX 3eMenb I. ExkarepuHOypra ncnonp30Bauch claeayro-
HIMe MPU3HAKHU: TeHE3UC HAPYIICHHBIX 3eMellb, pesibed), CTereHb OOBOAHEHHOCTH, ILIO-
ab, MHKEHEPHO-TEOIOTHYEeCKasT XapaKTePUCTHKA MOACTHIIIAIONINX MOPOA OCHOBA-
HUSl, CTETICHb 3aII0JIHEHUS, COCTaB OTXO/I0B, BO3MOXKHOE HAIPABJICHNE PEKYIETHBAIIHH.
Haunbonee BaXHBIM IPU3HAKOM SIBIISIETCS TEHE3UC YUACTKOB HAPYILIEHHBIX 3€MeJb, MO-
CKOJIEKY IMEHHO OH OTIpeJIeNisieT UX MOP(OIOTHIeCKHe 0COOCHHOCTH.
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Ha NepBOM 3Tare MpOBOAUTIOCH MHKCHCPHO-TCOJIOTNICCKOC U3YUCHUC BBIACIICH-
HbIX YYAaCTKOB HApYUICHHBIX 3CMCJIb. Kommnexe HCCIICIOBaHUN 371€Ch OIMpeaACIACTCA
B IICJIOM THIIOM HApYHICHHBIX 3€MEJIb, I[IPU 3TOM ITIABHOC BHUMAHUEC YACIIACTCA UHKC-
HEPHO-2KOJIOTHUYCCKUM UCCICAOBAHUAM, BKIIIOYAIOIUM B IICPBYIO O4YCPCIAb OHpO6OBa-
HHE KOMIIOHECHTOB I'€0JI0THYECKOM Cp€abl, B TOM YUCJIC TCXHOICHHLBIC O6paBOBaHI/I$I.

Taonuuna 1. Pacnpenesenue njiomaneii HapyumeHHbIX 3eMeJIb 10 paiiloHam
r. Ekatepunoypra (2008 r.)

Table 1. Distribution of areas of disturbed lands by districts of the city of

Ekaterinburg (2008)
Paiionst IInomans Hapy-
Bunsl HapyImeHHBIX 3eMeTb
r. ExarepunOypra IIEHHBIX 3eMellb, Ta

UkaoBCKHit 434,18 Briemku — 225 ra
Haceinu, HaBass! — 84,68 ra

Orcroiinuku — 12,5 ra
[lInamonakonutenu — 60 ra
3aboJi04eHHbIe Y9acTKy — 52 ra

JleHnHCKUH 46,6 Boiemku — 27,4 ra
Hacpimu, naBaner — 18,2 ra
Orcroiinuku — 1 ra

Kuposckuii 65,3 Briemku — 42 ra

Hacpimu, HaBans — 23,3 ra

Op1XKOHUKHU3EBCKHIA 191,14 Briemku — 51,25 ra
Hacepinu, HaBasis! — 29,99 ra
Orcroiinuku — 19,9 ra
XBocroxpanwinia — 90 ra

OKT0pbCKHi 146,05 Briemku — 76,1 ra
Haceinu, HaBasis! — 69,95 ra

JKene3HoaopoxHbIi 21,2 Boiemku — 11,2 ra
Hacpimu, naBaisr — 10 ra

Bepx-Ucerckuit 2314 Briemku — 41,85 ra

Hacepinu, HaBasis! — 63,05 ra
Orcroiinuku — 1,5 ra

[Tosnuronsr TBO — 25 ra
3abonouennsle yaactku — 100 ra

B nacrosimee Bpemst B ExarepunOypre oTCYTCTBYET €IUHBIM MOAXON K M3YyUEHHIO
HapyUICHHBIX TEPPUTOPHIA, YTO OMPEAEISIETCS JKEIaHUEM YCKOPEHHOTO UX OCBOCHHS
pasHBIMU 3acTpormIKaMu. Tak, pyu 3acTpoiike Mukpopaiiona [llupokas peuka (ObIB-
mye 3a00JI0YCHHBIE YYaCTKH) 110 3TOW MPUYUHE HE PELIeHbI BOIIPOCH OTBOJA JIMBHE-
BBIX CTOKOB, YTO IPH OOMJIBHBIX JOXKISIX MPUBOAUT K MOATOIUICHUIO TEPPUTOPHH, JO-
MOB, aBTOCTOSIHOK, OA3EMHBIX rapakeid, a cOpoc BOAbI B MPUJIETAIOIIHUE JIeCa — K UX
nerpagauuu. [logobnas kapTuHa HabmonaeTcs U B paiione KonbLoBckol aBTOI0pOTH,
rae 3a00J104eHHbIE YYaCTKU NEPEAAHBI O] 3aCTPOUKY 0€3 eIMHOT0 IPOEKTa [0 OTBOLY
BOJBI M YOAJICHUIO (WM YIUIOTHEHHUIO) TOpda, U €Cclii IPHU CTPOUTENBCTBE 3MaHUH
MOXHO PEIIUTh NPOOIEeMbl MOATOIUICHUSI M YCTOWYMBOCTH C MOMOIIBIO CBAHHBIX
(GbyHIaMEHTOB, TO IS MPHJIETAIOMUX TEPPUTOPHUIA BO3MOXKHBI AepopManuu, CBI3aH-
HBIE C MEUICHHBIM IPOLECCOM YIUIOTHEHHUs TOpda, YTO MPUBEAET K HAPYLICHHIO
YCTOHYMBOCTH IOPOr M ac(aibTOBBIX MOKPBHITHH, MEPUOIUIECKUM PEMOHTaM IIO-
KPBITHI BOKpPYT 3aHUN.

OKOJIOrHYECKH ONACHOM SIBIISIETCA U CUTyallHsl, KOTAA IO/l 3aCTPONKY NepeatoTCs He-
CaHKLMOHMPOBaHHBIE CBaJIKH. [Ipobiema ycTOMYMBOCTH COOPYKEHHH 3[€Ch peraeTcst
TaKXe OTHOCHUTENIBHO JIETKO — TEXHOT€HHBIE TPYHTHI B Ka4ECTBE OCHOBAHUI HE paccMma-
TPUBAIOTCS, X WM BBIBO3ST, MIIM IPOPE3AIOT CTONOUATBIMU U CBAHHBIMU (DyHIaMEHTa-
MU, TIPY 3TOM NPOLIECCHI PA3JIOKEHUS OPraHNYECKUX OTXOJ0B HE YUUTHIBAIOTCS.
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Bce 3Tu Bonpochl A0KHBI OBITh PELIEHBI B paMKax BTOPOTro 3Tana — 0oJee AeTanb-
HOT'O MHXCHEPHO-IKOJIOTHUECKOTO M3yUeHHS YYaCTKOB HapyIIEHHBIX 3eMelb B Ipere-
Jlax TOPOICKOH TEPPUTOPHH, HA OCHOBAaHHUHM KOTOPOTO AEJaeTcsi BHIOOp HaIllpaBiIeHUS
UX PEKYJIBTHBALUH U TIOCIEAYIOMIErO BKIIOUEHHS B XO3SICTBEHHBIA 000POT.

HH:KeHepHO-IKO0JI0TrHYecKHEe HCCIe0BAHMSI HAPYLIEHHBIX 3eMelb TeppuTo-
PHii MPOMBINLIEHHBIX NpeAnpuaTHii. [ ypaabcKoro pernoHa ¢ €ro ropHoOIpo-
MBIIICHHBIM Tpo¢driieM npodiemMa peKynbTHBALMH HapYIIEHHBIX B pe3ynbTare J00bI-
YH TIOJIE3HBIX HCKOMIAEMBIX 3€MEJIb SABIISICTCS OMHON U3 BAYKHEUIIIHX.

K nacrosmieMy BpeMEeHH HAaKOIUIEH 3HAYMTENLHBIA ONBIT peadminTanny OBIBIIMX
TEPPUTOPHI PYITHUKOB U KapbepoB [6—8], mpH 3TOM B IEPBYIO OYepelb yACTISIIOCH BHU-
MaHHe PeKYJIBTUBALMH IBUIALINX OTBAJIOB.

WnxeHepHO-3KOJIOrHYECKHE HCCIe0BaHU OAO00OHBIX TEPPUTOPUN BBIIOIHSIINCH
JUTSL IPEANPUATHIA Pa3IMYHBIX OTpaciel, Mpexae BCEro YepHOW U LIBETHOM MeTaltyp-
ruu (kapbepbl Teuenckoro, CylITaHOBCKOTO H JIP. YPAIbCKUX MECTOPOXKICHUH ). Xapak-
TEPHBIM 371€Ch SIBISIETCS] LITMPOKOE UCIIONB30BaHUE PE3YJIBTaTOB paHee MPOBEICHHBIX
UCCIIEIOBaHMA W TIONyYEHHBIX B XOl€ pa3padOTKH MECTOPOKACHUHN JaHHBIX,
B TOM YHCJI€ JaHHBIX SKOJIOTMYECKOTO MOHUTOPHHTA. B TO ke BpeMs oleHKa SKOIOTHU-
YEeCKOTO COCTOSIHUSI TEPPUTOPUH OBIBILIETO TOPHOPYAHOTO MpEeINpUsTH TpeOyeT mpo-
Be/ICHHS MH)KEHEPHO-IKOJIOTHUECKUX U3BICKaHUH, B TOM YHCIIE OTBAILHOTO XO35ICTBa,
JUTSL TIOCJIEAYIOMIETO BO3MOKHOTO HCIIOIb30BAHHSI MaTepPUAIOB OTBAJIOB KaK PEKYJIbTH-
BAI[MOHHOTO MaTrepuana.

Bb160p rpyHTOB U1l peKy/JIbTHBAIMM HAPYILIEHHBIX 3eMeJlb. B KoMIuIekc nHxe-
HEPHO-TEOJIOTUYECKUX HCCIIENOBaHUIN MPEACTABISETCS HEOOXOUMBIM BKJIFOYHUTH BbI-
00p HEOOXOAMMBIX JUTS PEKYIBTHBALIMHU TPYHTOB [6, 9].

IIpornecc pexynpTHBaIMy HapyIIeHHbBIX 3eMenb, cortacHo ['OCT 17.5.1.01-83, npen-
MOJIaTaeT OCYLIECTBICHNE KOMILIEKCa pa0oT, HalpaBleHHBIX Ha BOCCTaHOBJICHHE TPO-
OYKTHBHOCTH M HapOJHOXO3SHCTBEHHOW LEHHOCTH HApYIICHHBIX 3€MENb, a TakkKe Ha
yIIydlIeHHE YCIOBUI OKPYKaIOIel cpe/ibl B COOTBETCTBUH C MHTEPECaMH OOLIEeCTBRa.

st pexynbTHBalH KapbEePHBIX BHIEMOK HEOOXOAMMO 3HAUYUTEIHHOE KOJIHMYECTBO
TPYHTOB. BCKPBIIIHBIX MOPOJ CO CTPOSIIIMXCS KOTIOBaHOB B I. ExaTtepuHOypre Heno-
CTaTOYHO AJIsl pEKYJIBTUBAIIMA MHOTOUHCIICHHBIX KapbepoB, Aa 1 10 CBOHCTBaM OHH HE
BCErJa YIOBJICTBOPSIIOT TPEOOBAHMSM HOPMATUBHBIX akTOB [5]. CyllecTByeT Takke
3HAYUTEIBHOE KOJMYECTBO Pa3HOOOPA3HBIX OTXOIOB MPOU3BOJCTBA, HO UCIIOIB30BAThH
WX JUTS pEeKyIbTHBAINH B IPE/Ieiax HaceJICHHBIX IIYHKTOB 3ampenieHo. Opranuszanusm,
MUMEIOIIM TAaKUe OTXOJIbI HA TEPPUTOPHH MPEANPHUATHH, HE BBIAAIOT JTUIIEH3UU Ha 00-
palleHue ¢ 0TX0/IaMH, €CJIM 3TU TEPPUTOPUH NTOTANIN B KATETOPUIO 3€MEJIb HACETIEHHBIX
MYHKTOB. 3aTPyJHUTEIHHO TAKXKE COITIacOBATh MPOEKT PeKyIbTUBAIIUH, €CITU UCTOPH-
YEeCKHU CTApbIi OTBAJ HAXOAUTCS Ha 3eMJISIX ITOCENEHU.

[Ipu MHOXECTBE 3aKOHOJATENBHBIX aKTOB [2, 5], MX MOJOXEHUS, HAIPUMEDP II. S5
cT. 12 denepanbHOro 3akoHa «O6 0mMX00ax NPoOU3BOOCMEA U NOMPeOIeHUs» Om
24.06.1998 2. N 89-@3, kOTOpBIIf TOBOPUT O TOM, UTO «3alpeliaeTcsa 3aXOpOHEHHE OT-
XOJIOB B I'paHUIaX HACEJIEHHBIX MYHKTOB, JIECOMAPKOBHBIX, KyPOPTHBIX, JIe4€OHO-03]10-
POBHTENBLHBIX, PEKPEAIMOHHBIX 30H, a TaK)Ke€ BOJOOXPAHHBIX 30H, HAa BOJOCOOPHBIX
TUTOIIAAX MOA3EMHBIX BOIHBIX OOBEKTOB, KOTOPHIE HCIIOIB3YIOTCA B IIEAX MTUTHEBOTO
U XO3SICTBEHHO-OBITOBOTO BOJIOCHAOKECHHUS», HE YUUTBHIBAIOT MPOLECCH TEPPUTOPH-
aJBHOTO POCTa rOpoJI0B. DTO MPUBOJUT K HEBO3MOKHOCTH BOCCTAHOBIICHHUS HapYIICH-
HBIX 3eMeJib, U, KaK CJIEJCTBHE, OCBOCHHE UX MPOUCXOIUT B KpaTKHe CPOKH Oe3 Mpo-
1[ECCOB peabUIINTAallNH, YTO BIIOCJIEACTBUH YXY/IIAET YCIOBUS MPOKUBAHUS JIIOAEH.

[Tpu ucnonbp30BaHUK HETOKCHYHBIX OTXOJZIOB HAJ0 TaK)KEe YYUTHIBATH, YTO B OyIy-
IIeM TIpH TOSIBIIEHUN HOBBIX TEXHOJIOTHH MepepaboTKH, OHH MOTYT pacCMaTpHUBAThCS
KaK CBIPbE TEXHOTEHHBIX MECTOPOXKIICHHI, TIOATOMY PEKYJIBTUBHUPOBATH TAKUMH OTXO-
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JlaMH HapyIIeHHBIE 3€MJIH JKeJIaTeIbHO BHE CEMUTEOHBIX 30H. B TO jke BpeMs BCKPHITII-
HBIMH TIOPOAAMH MOXXHO PEKYJIBTHBHPOBATh Kaphepbl, PACIIONOKEHHbBIE B YepTe Mep-
CIIEKTUBHOM 3aCTPOUNKHU, C MOCIEAYIOUIUM OCBOCHUEM 3TUX TEPPUTOPHUH.

PaccMoTpuM pekyasTHBAINIO KaphepoB Ha MpuMepe AcOECTOBCKOTO MPOMBIIIIICH-
HoTO y371a [6]. Ilog mpupomao-Texumyeckon cuctemort (ITTC) AcbecTtoBckoro mpo-
MBIIIUIEHHOTO y3J1a TOHUMAeTCsI COBOKYITHOCTh HH)KEHEPHBIX COOPYKEHHH, 00ecTieun-
BaIOIIUX JOOBITY XpHU30THII-acOecTa (00bEKTHI TOOBIYH, TIepepaboTKH, COITyTCTRYIOIIHE,
MecCTa TOCEJICHH), ¥ YaCTH T€OJIOTHYCCKON Cpepl, MOMagaroneii B 30Hy BIHSHHUS,
C YYETOM HX B3aUMOJACHCTBUSI.

Hcropust pa3BUTHA TPUPOTHO-TEXHUICCKOH CHCTEMBI ACOECTOBCKOTO IPOMBIIII-
JIEHHOTO y3J1a BKJIFOYAeT JIBa KPYMHBIX dTamna. [IepBrIit cBA3aH ¢ mpoBeneHNEeM pa3Be-
JIOYHBIX PadOT W HAyaloM pa3padoTKh ba)KeHOBCKOTO MECTOPOXIEHWS, BTOPOH —
¢ AesTeNbHOCTRIO KomMOmHara Ypamacoect (OAO «YpamacdecTy).

Pa3Benka MecTOpOXKICHHS BBIITOJIHEHA B HECKOIBKO ATarioB 10 TryouHd 900 M, Ob110
mpoOypeHo 2064 CTPYKTYpPHBIX M OTIOPHBIX CKBAXUH W CKBAXXUH MPEABAPUTEIHLHON U
JeTaTbHOW pa3Benku ooOmiel amuHoi 527 262 M, T. €. B 5,6 pa3a 0oiblre, YeM ObLIO
poOypeHO 3a Bce BpeMs u3ydeHus MecTopoxacHus 1o 1950 r. Pazsemannoe o rryou-
uel 300-1200 M BakeHOBCKOE MECTOPOXKICHHE 3aHHUMAET IO OKOJIO 45 KM? H
CcyOMepHIHOHATLHO BRITIHYTO Ha 16,2 kM mipu mmpuHe A0 3,0 kM. 3armachl mojIe3HbIX
HCKOTIAeMBIX bakeHOBCKOTO MECTOPOXKICHHS YTBEPXKACHBI 10 XPU30THI-acOecTy
(1106,4 min T o kareropusam A + B + C u 2156,9 mnn T no kareropun C,), ToOMKOMy
xpusorua-acoecty (0,4 mun T no kareropun C,).

OCHOBHO# XUJI0H MaccuB TI. AcOecTa IpUMBIKAaeT K 3amagHoMy 0oOpTy IeHCTBYIO-
mero kapeepa. OCHOBHBIE UCTOYHHUKH BO3JEHCTBHS, COM3MEPHUMBIE B TUIOIIATHOM OT-
HOIICHUH C CEIUTEOHOHN TeppuTophel I. AcOecTa, — Kaphep M OTBAIBI BCKPBITITHBIX
TTOPOT.

OIHOBPEMEHHO C pPa3BENOYHBIMU pabOTaMH Bellach OTPa0OTKa MECTOPOKICHHUS.
ITo pe3ynmbTaraM AeTaIbHOMN pa3BeIku OBLITH 0003HAYCHBI KOHTYPHI TIEPCIIEKTHBHOM OT-
pabOTKH MECTOPOXKICHHS, IPUHATO PEIIeHNe 00 OOBEAMHCHUH TPEX CYIIECTBYIOIMINX
kapeepoB: CesepHoro, I{enTpanpaoro u KOxuoro. ChopMupoBaiack MpUPOITHO-TEX-
HUYECKass CUCTEMa, BKJIIOYAOIIass OOBEKTHI MOOBIYH, OOBEKTHI MEepepadOTKU CHIPHS,
BCIIOMOTaTeNbHBIe 00BEKTHI M TOPOACKYI0 HHPPACTPYKTYPY.

3HaYNTENBHBIC pa3Mephl aCOECTOBBIX 3aJIeKEH U X COMMKEHHOCTH ITO3BOJIHIIH Pa3-
pabaTeIBaTh MECTOPOXKIEHHE KPYIMHBIMA MEXaHU3WPOBAaHHBIMU KapbepaMH C CHUCTe-
MO pa3pabOTKH TOPU30HTATHHBIMH CIOSMH OOJIBITION MOIITHOCTH (BBICOTA TOOBITHBIX
yecrymoB — 10-15 M, yrom otkoca 60°—80°, mmpuHa padounx miomanok 20—100 m).
B nepBrrit nepron mo0sua Benach U3 HECKOIBKUX KapbepoB, KOTOPHIE BIIOCIEACTBHN
COETMHIIINCH Ha Pa3INYHBIX TOPU30HTAX. B HacTodmee BpeMss MECTOPOXKIEHHE OTpa-
OaTeIBaeTCA €AMHBIM KapbepoM pasmepamu 14 x 2 kM u miomansio 15,8-16,0 km?,
IyouHOM 0T 55 10 310 M, ¢ APEHAKHBIM BOIOOTINBOM 00Jiee 6 MITH M> BOZIBI B TOI.

Hagunas ¢ 1980 . ¢ yBenmudeHHeM TITyOHHBI KaphepOB CTaTN Pe3KO BO3pacTaTh He-
raTHUBHBIC (DAKTOPHI BO3ACHCTBUS TOPHOTEXHUUICCKHUX YCIoBHH. B Ommkaiimem Oymy-
meM pa3paboTka MeCTOpOKICHUS OyleT MPOM3BOAUTHCS 0€3 pacIIMpPEHUs IIOMIATH
Kapbepa ¢ He3HAUNTEIHHBIM yITyonenueM ero aaa (mo 315 m). Kpome toro, manupy-
€TCsl BBIBECTH M3 DKCIUTyaTallidl 4acTh BHEIIHUX OTBAJIOB W BPEMEHHO HCIOIH30BATh
BBIpa0OTaHHOE MTPOCTPAHCTBO OCTAHABIMBAEMBIX Ha KOHCEPBAIIHIO YYAaCTKOB Kaphepa
(ydgacTok OBIBIIETO Kaphepa 1—2 B CeBEpHOM YaCTH MEeCTOPOXKACHUS TITyOnHOM 193 M 1
mIomaaso 1,3 KM? B ceBEpHOI Y4acTH 00bEAMHEHHOTO Kaphepa, a TaKKe FOXKHBIHN 3a€3]1
B Kapbep).

Ha Teppuropun ucciemoBaHuii MpUCYTCTBYIOT 8 BHEITHUX OTBAJIOB OOIIEH TUTOIA-
110 33,6 KM2, 94TO COCTABIISIET OKOJIO 44 % OT IUIOMIA 11 3¢METbHOTO OTBOJIA MPEATIPH-
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stust (otBajiel Ne 1-5, Ceepo-IlponeTapckuit oTBalI, 1Ba CIUBIIUXCS BOCTOYHBIX OT-
Baja) M 2 NEHCTBYIOUIMX IOJHWIOHA TBEPABIX MPOMBIIIIEHHBIX OTXOIOB: TIOJHUTOH
ceBepHee acOecTooboraruTensHOM (hadpuku Ne 4 1 ITOJIUTOH B CEBEPO-BOCTOIHON Ua-
CTH TIpOMILTOIAAKHU hadpuku Ne 6.

HwmxHsist yacTh 0TBAJIOB 4acTO yBIIA)KHEHA BCIIEICTBHE HETIYOOKOTO (MHOTIA MEHEe
2 M OT TIO/IOMIBHI CKJIaINPYEMbBIX OTXOIOB) 3ajeTaHus MoA3eMHBIX BoA. [Ipennonoxmu-
TETHHO Ha OOJBIIEH 9acTH IO, B OCHOBAaHUH OTBAJIOB 3aJIETAIOT YIUIOTHEHHBIC
BECOM OTBAJIOB M 3aKOJIbMAaTHPOBAHHBIE MBUICBATHIMA YACTHIIAMH, BEIHOCHUMBIMH W3
TeNa OTBAJIOB, MECYAHO-IIIMHUCTHIE OTIOKEHUS Pa3TMIHON MOIIHOCTH. DTO TPENIo-
JlaraeT HaJli4rie B OCHOBAaHUH OTBAJIOB JIMH3 BEPXOBOJKH, BO/Ia KOTOPOU MOAITUTHIBAET
TPYHTOBBIE BOJIBL.

Ha mpennpuarnu mpuHATa TpexXbIpyCHas TEXHOJOTHS oTBajoobpa3osanus. Ilep-
BEIH sIpyc (BBICOTOM 50 M) OTCHIIMAeTCsl M3 BCKPBIITHBIX MOpoa. OTXoasl 000TaTHTeIhb-
HBIX (aOpHuK CKIaTUPYIOTCS MPEUMYIIIECTBEHHO Ha BTOPOM M TPEThEM sIpyCax OTBa-
noB. Ilo Mepe 3amomHEHWS TPETHETO fApyca IUIAHUPYETCS MOKPBITHE OTXOAOB
o0oranieHrs IIMHACTBIMU TIOPOIaMHU.

B orBamax ciaoxero 1570,7 mun M3, wau 4410,9 MITH T, BCKPBIIIHBIX TIOPOI, @ TAKKE
328,6 Thic. M3, mm 519,5 MITH T, OTXOZ0B 060TaTUTENBHBIX (PaOpHK. B mocieHie roap!
M3-3a MMOTE€PH PHIHKOB COBITA 00BEM MPOMBIIINIEHHBIX OTXOZ0B 000TaTUTETFHOTO KOM-
mIeKca Bo3poc ¢ 6,6 mo 12,0 MiH T B rox (M3 HAX yTHiu3upyercs mo 1,7 mutH T). Exe-
TOTHOE KOJMYECTBO 00Pa3yIOUINXCs BCKPHIITHBIX MOPOJ] COCTABISAET OKOJIO 37 MITH T,
13 KOTOPBIX yTHiIu3upyercs 19,2 MiH T.

BrmonmaernsiMu B 1970-x 1T. (HOBOCHOMPCKIM HHCTHTYTOM HH)KEHEPOB JKEJIE3HO-
JIOPO’KHOTO TPAHCITOPTA) HCCIIEA0OBAaHUSIME CBOHCTB OTXOIOB ac6eCcTO000TaTHTEIHHBIX
(habpHK yCTaHOBIICHO, YTO Ha ITOBEPXHOCTH OTBAJIOB O0OTAIEHUS O BO3ICHCTBHEM
0Ca/IkoB 00pa3yeTcsl ycToiunBas K pa3pylIeHHIO0 KOpKa, apMHPOBAaHHAS BOJOKHAMHU
acbOecTa, KOTopas IpeIoTBpaIlaeT MbuIeBbIIeTeHne. Kpome Toro, oTXoasr o0orameHus
SBIISTFOTCS] HEAPEHUPYIOIINM MaTepHaIOM, i BHYTPEHHSISI 4aCTh 0OBEMOB OTXOJJOB 000-
TalieHus] COXPaHIETCs B CYXOM cOCTOSTHHU. OTHAKO JaHHBIMHU CBOWCTBAMH 00JIaIafo0T
TOJBKO OTXOJIBI 00OTAIICHHUS.

B cBs3m ¢ cokparenreM pabouuX IUIOMAaeH U OTBATLHBIX TYITHKOB Ha NEHCTBYIO-
IIMX BHEIIHUX OTBajaX, a TaKKe C OTKAa30M B OTBOJIE HOBBIX 3€MENIb TOJ OTBAJIBI,
¢ 1996 1. HagaTo BHYTpEHHEE OTBAJIO00PA30BAHNE Y 3aMagHOTO M BOCTOYHOTO OOPTOB
KOHCEPBHUPYEeMBIX KaphepoB Ne 1-2 u CeBepHOTO, a TakKe B Mpeaeiax IKHOW BBIE3I-
HOW TpaHIIIEH C BHIBEACHNEM U3 HKCILTyaTaI[li YaCTH TEPPUTOPHIA BHEIITHUX OTBAJIOB.
[Ipennonaraercs, 9T0 BHyTPEHHUE OTBAJIBI HOCIT BPEMEHHBIN XapakTep U, Ipu He00-
XOIIMMOCTH, MOTYT OBITh BBIBE3EHBI C TEPPUTOPHUHU Kapbepa.

Oco0eHHOCTH UCII0/IL30BAHUSI BTOPUYHBIX PeCypcoB ISl Lesieil peKyIbTHBALUM.
B nocnenHue rojsl cTpaHbl ¢ pa3BUTON 9KOHOMHUKOM MEPEXOJAT OT JIMHEHHON CXEMBbI
MoTpeOIeHNsT pecypcoB, TpeAronaramleii cOop 1 U3BIEYEHNE PECYPCOB, MTPOU3BOI-
CTBO MPOAYKTA, Iepeady NpoayKTa MOTPEOUTENIO0, YTHIN3AIMNIO MTPOAYKTA, K [IAPKY-
JIAPHON SKOHOMHUKE.

PexynprrBaiius HapyIIeHHBIX 3eMeNlb MOXKET PAacCMaTpUBAThCS B paMKaX «IIHPKY-
JISIPHOI SKOHOMHUKI, TIPEICTABISIONIEH CO00H «MHOTOOOOPOTHOCTH SKOHOMUKIY WA
«3KOHOMHKY C MHOTOOOOPOTHBIM HCTIONB30BaHUEM TPOTYKIIHI», M TPEATIONATrafonieit
COBMETIEHHE YKOHOMUYIECKOTO PA3BUTHS C IIPEOIOIIEHUEM SKOJIOTHIECKOTO KPU3HUCa.

HupkynspHast )KOHOMHKa TPEACTABISAET COOO0M CTPATETHIO YCTOWIHBOTO Pa3BUTHS,
Ha OCHOBaHWHM KOTOPOW MpEAJIaraeTcsl pemarb HEOTIOXKHBIE MPOOIeMBbl eTpatalui
OKpYXaIOLIEH Cpeapl U HEXBATKU pecypcoB. [IpuHIMIaMu HUPKYISIPHON 3KOHOMHUKHU
«3R» sBisroTCs: cokpamenue (reduce); TOBTOPHOE HCITONIB30BaHKE (reuse); mepepa-
Oortka (recycle).
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bazucHbIME 2JIeMEHTaMH TTUPKYISIPHOW DKOHOMHKH CTAHOBSATCS, BO-TICPBBIX, HO-
BBIF B3TIIAJT HA OPTAHU3AIHIO ITPOIIECCOB MPOSKTUPOBAHMSI M IPOM3BOICTBA, OPUCHTH-
POBaHHBIX Ha MHOTOOOOPOTHOCTH, BO-BTOPBIX, MPUMEHEHUE OTIUYHBIX OT IPEKHUX
Om3Hec-Moenel, OpUECHTUPOBAHHBIX HA 3HAHUS U HABBIKK B 00JIaCTH ITOCTPOCHHSI 110~
CJIeOBaTEeIbHBIX M PEBEPCUBHBIX ITUKIIOB, U B-TPETHUX, MEKITUKINICCKOE M MEKCEK-
TopanmsHOE B3auMoneicTaue [10—12].

BoiBoabl. Bo3ieiicTBUs Ha SKOJIOTHYECKUE YCIOBUSA B PETUOHE HOCAT ITUKJIMYHBIN
XapakTep: pa3BeAaHHBIC MPUPOAHBIC MECTOPOXKACHIS IO dTarma OTPAOOTKH HE OKa3bl-
BafOT CYIIECTBEHHOTO BIUSHUS Ha KOMITOHEHTBI OKPY>KAFOIIEeH IPUPOTHON CPEIIBI, TEX-
HOTCHHBIC HH)KEHEPHO-TEOJIOTHIECKUE TIPOIIECCHl He TPOSBIIIOTCA. B mporiecce pas-
paboOTKH MECTOPOXKICHUS CTAHOBSTCS KPYITHBIMH HMCTOYHHKAMH 3arpsS3HCHUS BCEX
KOMITOHCHTOB OKPYKAOIIECH CPebl, MPOSBIIIOTCS HHKEHEPHO-TEOIOTHIECCKUE TIPO-
IIECCHI, CBSI3aHHBIC ¢ TTOAPAOOTKON TEPPUTOPHH, OCYIIICHHEM TOPHBIX Topo. [1o okoH-
YaHWIO TOPHBIX padoT (HOPMHUPYIOTCS TEXHOTCHHBIC MECTOPOXKICHHS, KOTOPBIE CTAHO-
BATCSI HOBBIMA OCHOBHBIMH HCTOYHHKAMH BO3ICHCTBUSA Ha OKPYXKAIONIYIO Cpemy H
MEHSIOT HHYKEHEPHO-IKOJIOTHICCKUEC YCIOBHS TIPIIICTAIONTNX TeppuToprid. Mcmoms30-
BaHHC TEXHOTCHHBIX 00pa30BaHUM IS IIeJIei PeKYIBTHBAINNA MOJKET CITIOCOOCTBOBATh
VITYYIIEHUIO SKOJIOTHIECKOW CHTYaIlH B TOPHOOOBIBAIONITX PETHOHAX.

[Ipu >TOM HHKEHEPHO-TEOJIOTHICCKIE N3BICKAHMSI HapaBJIeHBl HE TOJILKO HA U3Y-
YeHHE yJacTKa pPEeKyJbTUBAIINH, HO M Ha TIOMCK MAaTepHaJIOB JIJIsl PEKYITHBAINH B 3a-
BACHUMOCTH OT €€ HalpaBJICHHUs, Ha MTOWCK MyTel ONTUMAaIbHOTO OCBOCHHS HAPYIICH-
HBIX 3¢MeJIb B 3aBUCUMOCTH OT TUTAHOB Pa3BUTHS TEPPUTOPH ¢ 00CCIICUSHHEM HX KO-
JIOTHYECKOI 0e301MacHOCTH.
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Abstract
Introduction. Sufficiently widespread expansion of disturbed lands in mining regions, particularly within
the borders of residential areas, necessitates restoration measures, the direction and the content of which
is determined first of all by the results of engineering and geological investigations.
Research aim is to reveal the features of engineering and environmental studies for disturbed lands
restoration based on the previous work performed at the territories of mining entities and residential areas
including open pits and industrial waste sites. The research also aims to show the features of selecting
grounds for these purposes and using secondary resources.
Methodology. In order to study and generalize the results of the disturbed areas engineering and
environmental research, apart from on-site and analytical research, the authors applied theoretical
research methods including the analysis and synthesis both own materials and various information
sources.
Results. The article considered differences and common features of disturbed lands engineering and
environmental research within the borders of the residential areas by the example of Ekaterinburg city
and mining territories of Asbest industrial hub. It has been determined that the effect on the ecological
state of disturbed territories is of a cyclic character. The features of using secondary resources for disturbed
land restoration within the limits of “circular economy” is a strategy of sustainable development. The use
of the man-made mineral formation is recommended, which can promote to further improvement of
ecological situation of mining regions.

Key words: disturbed lands;, mining and residential areas; engineering and environmental studies;
secondary resources.
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Abstract
Research aim is to analyze the prospects for increasing the efficiency of heavy-duty mining dump trucks
operation through the use of natural gas as the main energy carrier.
Research methodology included bench tests of a gas piston engine (GPE) KAMAZ mod. 820.60-260
with a capacity of 191 kW and the construction of forecast values of GPE parameters for the
BELAZ-75319 mining dump truck with a load capacity of 240 tons.
Results. A mathematical model and technique have been developed that allows predicting the main
parameters of a gas piston engine and optimizing its economic and environmental characteristics.
The use of natural gas as a motor fuel, with an unchanged engine design, leads to a decrease in its power.
Currently, gas modifications are being created on the basis of existing diesel engines, and it is not
always possible to implement any design measures at this stage. To realize all the capabilities of a gas
engine, it should initially be designed for gas motor fuel. This technique is based on the experimental
data of low-power gas piston engines and can be used for high-power gas engines studies intended for
installation on mining dump trucks.
Conclusions. Increasing the efficiency of mining dump trucks in the near future is possible through the
use of natural gas as the main energy carrier. The use of natural gas as a motor fuel allows to increase
the life of the engine, reduce the noise level and toxicity of exhaust gases, and reduce fuel costs.

Key words: mining dump trucks; open pit mining; diesel fuel, natural gas; gas piston engine;
environmental and economic efficiency.

Introduction. A feature peculiar to the contemporary period is the growth of
excavation depth together with more complex mining and geological conditions
of fields. When mining with an open pit, automobile is the main means of utility vehicles
and is used to transport about 80% of the total rock mass. Global mining industry
consumes billions of tons of diesel fuel annually, while the loaded dump trucks going
up the hill consume 70-80% of the total fuel.

Researches at a number of open pits [1-3] have determined that with highly
intensified and concentrated production and the grows of excavation depth, the air gets
polluted with harmful impurities with the maximum permissible concentration (MPC)
of carbon oxides being exceeded by 1.5-3 times and nitrogen oxides by 5-7 times.
Constant impact of exhaust fumes on the human body may cause immunodeficiency
and bronchitis, brain blood vessels, nervous system and other organs are affected;
miners exposed to exhaust fuels over the course of 10-20 years were diagnosed with
lung cancer [4-6].

Alternative fuels are considered today as a means of expanding the base of energy
resources and reducing anthropogenic impact on the environmental [7-9]. Practice
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proves that the most promising trend for transport vehicles is the application of gas fuel
[10—-16]. Natural gas doesn’t form deposits in the fuel system, doesn’t wash off the firm
of oil at the cylinder walls reducing friction and engine wear. The use of the natural gas
as motor fuel will make it possible to increase the life of engine by 1.5-2 times.

Gas has another important advantage — it is much cheaper than diesel fuel. For that
reason, Kovdorskiy GOK (Kovdorskiy mining and processing plant) has begun
switching its mining dump trucks to liquefied natural gas (LNG) since 2015. Kovdorskiy
GOK is the first enterprise in Russia to set to the realization of such project
(https://www.hibiny.com/news/archive/75172).

Research aim is to analyze the prospects for increasing the efficiency of heavy-duty
mining dump trucks operation through the use of natural gas as the main energy carrier.

Research methodology. Automotive manufacturers currently turn out dump trucks
with gas pistol engines, for example, KAMAZ PTC and URAL AZ manufacture dump
trucks with the capacity up to 20 tons, OJSC BELAZ — up to 45 tons. The use of gas
pistol engines at heavy-duty dump trucks is at the stage of research and development.

When switching mining dump trucks to gas fuel it should be noted that if engine
construction is not changed, its power loss can reach 30%. It is due to the fact that
natural gas—air mixture burns only with 5 to 15% of gas volume fractions. Consequently,
for effective burning and exhaust toxicity norms compliance, the stoichiometric ratio of
fuel mixture should be maintained, which makes up 9.53 for the natural gas for the
volume fractions of fuel and air. Therefore, the natural gas makes up almost 10% of the
mixture volume entering the cylinder which prevents from obtaining significant
inflation of a cylinder with air. Diesel fuel enters the motor cylinder through the injection
nozzle at the compression stroke and therefore doesn’t have an effect on the volumetric
inflation of a cylinder with air. For this reason the application of gas engines at mining
dump trucks requires the development of some measures on uprating the engine.

The main problem for the high dimension engines when changing to the natural gas
is to ensure stable combustion of the air-fuel mixture in the cylinder. It is known that
natural gas combustion in the cylinder is relatively slow as compared to diesel fuel.
It imposes certain constraints on the choice of the cylinder diameter and, therefore,
performance per liter. Currently, for the gas engines fueled by the natural gas, the
maximum performance per liter is 25 kW/1 [9].

In order to improve the performance of the dump truck engine, the engine
displacement should be increased by means of increasing the number of cylinders,
which adversely affects the dimensions and utilization efficiency of the motor.

A way of improving the utilization efficiency of heavy-duty dump trucks is to
determine the dependence between the mean effective pressure P, of a gas engine and
the adjustment parameters if the optimum economic and ecological features are reached.

The research was based on the results obtained during the bench test of KAMAZ
820.60-260 engine (Euro-4) [17, 18]. The following parameters of the motor were
studied: P, — mean effective pressure, MPa; g, — brake-specific efficient fuel
consumption, g/kW - h; T . — the temperature of the end gas in front of the centrifugal
compressor turbine, °C; NO, — nitrogen oxide concentration in the end gas, ppm;
CO - carbon oxide concentration in the end gas, ppm; CH — unburned hydrocarbons
concentration in the end gas, ppm.

In the course of the experiments the following factors varied: P, — pressure in front
of the inlet valves, kPa; 6 — ignition advanced angle, degrees of crankshaft turn;
Y, — the rate of opening of the throttle, %.

The indicated factors have been chosen as having the greatest influence on the
engine parameters under investigation.
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In the course of investigation the task of optimization was being solved, i. e. reaching
minimum values of the parameters which characterize economic and ecological
indicators of the engine when reaching the required power indices.

Pressure effect in front of the admission valves. The data about the optimum values
of boost pressure obtained when calculating and in bench tests have shown that the
level of pressure should be about 90 kPa. Pressure reduction significantly reduces fuel
efficiency, while pressure growth leads to the growth of harmful substances release
volume with the end gas.

Ignition advanced angle effect. The data about the effect of the ignition advanced
angle are fully studied [17, 18]: as the angle measure increases, the fuel efficiency
grows, but at the same time, harmful substances release volume grows. The results of
the research have shown that the most optimum is the angle of 18-20 degrees
of crankshaft turn at full load.

The effect of throttle rate of opening. The issue of the effect from the percent opening
of a throttle has not been studied on purpose. The data from practice and experiments
show that it is advisable to maintain the rate of opening about 30%. From practical
experience it is known that the reduction of the opening angle of the throttle in mode of
full load can vary within a rather narrow range. It is connected with the fact that the
throttle for the engine is structurally oversized.

To study the engine parameters, fractional factorial experiment has been carried out
based on the two-level orthogonal planning (norm and deviation from a norm) for each
factor with the number of experiments 23. After the experiments and after calculating
the corresponding coefficients, the following equations of regression have been obtained
in the variables and natural values:

P =-1,38+0,007P, —0,0190 + 0,064, ,
g. =356,5-0,43P, +0—3,5Y, ,

NO, = —1866 + 7,638P, — 22,560 + 72,78Y,, , O
CO =237,25+1,43P, — 60+ 10Y,, ,

CH = 1006 — 2,48P, + 9,880 — 23,75Y, ,

T, = 478,75+ 0,58P, — 2,630 + 57, .

Statistical analysis with Student and Fisher’s criterion [19] has shown that all
coefficients in regression equations are significant and the equations obtained are
adequate to experimental data under the 5% level of significance (fig. 1).

In the course of solving the problem, the threshold values were chosen based on the
following:

— achievement of the maximum value of power must ensure minimum value of
brake-specific fuel consumption, thus the economic efficiency of the engine;

— at the present time for gas engines the values of 210-220 g/kW - h are the best
minimum values of brake-specific fuel consumption [9];

— with the purpose of maintaining the resource of the centrifugal compressor turbine
the temperature of the end gas in front of the turbine must not exceed 650 °C;

—the values of harmful substances release volume in the end gas were not considered
as soon as the mathematical model allows only forecasting their finite targets.
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Based on the obtained equations (1) let us solve the following problem:

~1,38+0,007P, —0,0190 + 0,064Y, —> max,
356,5—0,43P, + 0 —3,5Y, <220,

478,75+ 0,58P, — 2,630 +5Y, < 650,
120 < P, < 240,

10 <0 < 30,

30<7,, <100.

2)

The solution to system (2) are the values of the controlled parameters: P, = 120 kPa;
0 = 20 degrees of crankshaft turn; Y, = 30%, where target P, = 1.02 MPa;
g,=220 g/kW - h; T, =646 °C; NO_= 785 ppm; CO = 589 ppm; CH = 194 ppm.

The obtained rateé value P, = 1.02 MPa corresponds to the power N, =220 kW (300
hp — horsepower). In the line of KAMAZ gas engines, the highest power corresponds
to 820.92-300 (Euro-5) engine: N, = 220 kW (300 hp); g, = 209 g/kW - h (the forecast
value of the mathematical model is 220+11 g/kW - h).

For further improvement of engine power it is necessary to:

— increase the boost pressure and at the same time increase the gas pressure in the
system;

—use high-temperature resistant materials for the parts of the centrifugal compressor
turbine;

— use the system of the end gas aftertreatment.

Let us fulfill the preliminary analysis of the required characteristics of the gas piston
engine for the mining dump truck with the capacity of 240 tons. For example, let us
consider the use of diesel engine 12DM-185A produced by OOO UDMZ (Ekaterinburg)
for the mining dump truck BELAZ-75319 with the capacity of 240 tons [20]. Diesel
engine 12DM-185A develops the power of 1865 kW under the crankshaft speed of
1800 r/mn. To analyse the possibility of changing the diesel engine for the gas one, the
required characteristics (fig. 2) were calculated as compared to the parameters of
the diesel engine MTU 16V4000 (https:/www.mtu-online.com/mtu/company).
The obtained model provides rather good agreement with the actual characteristics of the
engine.

The change of heavy-duty mining dump trucks to gas fuel requires the development
of some measures on uprating the engine power. Computation and experimental studies
have shown the possibility of increasing the efficient parameters of the power module
based on the gas piston engine for mining dump trucks. In order to concert all capabilities
of the gas engine, it should be initially designed for the gas fuel.

Summary. The analytical-experimental model of the gas engine has been developed
together with the technique making it possible to forecast its basic parameters and
optimize economic and environmental characteristics. The technique was based on the
experimental data of the low-power gas piston engine, but due to the similarity
of the adiabatic processes it can be applied to study heavy-duty engines for mining
dump trucks.

Taking into account that in the nearest future the natural gas will be used as the
only cheap and reasonable fuel, the gas piston engine becomes perhaps the one and
only alternative of the power set for the heavy-duty mining dump trucks
of the future.
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IMoBbimenne 3¢pPeKTUBHOCTH IKCILUTYATAUH KAPbEPHBIX
CaMOCBAJIOB NPH UCMOJbL30BAHUN ra30MOPIIHEBBIX JIBUIaTe e

Xaszun M. JL.!, ®yp3uxos B. B.2, Tapacos II. 1.}

! VpasbCkuii rocyiapcTBEHHbIH TOPHBIN yHUBepcuTeT, ExarepunOypr, Poccus.
2 VpasbCKuii IU3elb-MOTOPHBIHN 3aBoj1, ExatepunOypr, Poccust.

3 Kommnanwust «IlepcriekriBa-My, ExarepunOypr, Poccus.

Pecgpepam
Llens pabomet — ananuz nepcnekmué nOGvluieHUs dPGeKmueHocmu IKCHAYAMAYUYU KAPbEPHBIX
€amoceanos 60abuol 2py30n00bEMHOCIU 3a CYent NPUMEHEHUsl NPUPOOHO20 2A3d 6 KAYeCmee 0CHOBHO20
9HepeOHOCUMeIs.
Memooonozusn npoeedenus uccnedosanusn. IIposedenue CmMeHOOBbIX UCHBIMAHULL 2A30NOPUHEBO20
osucamens (I'TI[]) KAMA3 mooenu 820.60-260 mowrocmoro 191 xBm u nocmpoenue npocHO3HbIX
sHauenul napamempos I'Tl/[ ona kapveprozo camocsana BEJIA3-75319 epysonodvemunocmoio 240 m.
Pezynomamet. Paspabomanvl mamemamuieckas MoOenb U MEmoOUKa, no3601aiouue npoecHo3uposams
OCHOGHblE NAPAMEMPbL 2A30NOPUIHEB020 08UAMENL U NPOBOOUMb ONMUMUZAYUIO €20 IKOHOMUYECKUX
u 9KoNOUNeCKUX Xapakmepucmuk. Mcnonv3osanue npupoorHoco 2aza 6 Kauecmee MOmMopHO20 MONAUBd
npu HeUIMeHHOU KOHCMPYKYUU 08U2amesisi RPUGOOUN K CHUJICEHUIO e20 MowHocmu. B nacmosiwee apems
€o30aromcs 2a306ble MOOUGUKAYUL Ha DA3e Yice CYWecmeyIomux OU3EIbHbIX dgueamenetl, U OCYyWecmeumy
Kakue-1ubo KOHCMPYKMUGHbIe MepOnpusimusl Ha SMomM dmane He gce20a ModicHo. /st peaiuzayuu ecex
803MOJICHOCeEl 24306020 08UcameNns e20 cledyem U3HAYAIbHO NPOEKMUposams HoO 2a30MOMOPHOe
monaugo. [annas memoouka NOCMPOeHd HA IKCnepumMeHmanvhvlx oannvix TI[ manoii mownocmu
u Mmodcem Oblmb nNpumeHeHa O UCCLEO0BAHUL 2A308bIX Ogueamenell OONbUWION MOWHOCTU,
nPeoOHa3HaA4eHHbIX OJisl YCMAHOBKU HA KAPbEPHbLE CAMOCEALbL.
Buoi6oowl.  [logviuenue s¢hgpexkmusHocmu  SKCNIYAmayuu  KapbepHuIX Camoceanos 6 Oaudcatiwen
nepcnexmuee 603MONCHO 3a CHEm NPUMEHEHUs. RPUPOOHO20 2a3d 8 KA4ecmee 0CHOBHO20 IHEPZOHOCUMEISL.
Hcnonvzoeanue npupoonozo 2aza 6 kawecmee MOMOPHOLO MONAUBA NO3BONSAC YEBETUYUMb CPOK CYHCObI
ogueamersi, yMEHbUWUMb YPOGEHb UWLYMA U MOKCUYHOCMb OMPAGOMANHbIX 24308, CHUUMb 3ampamyl Hd
MONUBO.

Knrouesste cnosa: kapvepruie camocseanvl; OmKpbinvie 20pHvle pabomul; OU3enbHOe MONIUGO,; NPUPOOHbIL
2a3; 2a30NOpuIHeBoll 08U2aAMeNb,; IKOLOSUYECKAs U IKOHOMUYECKAS IPHeKmUusHoCmb.
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Pegpepam
Beeoenue. B nacmosawee spemsa 6 xawecmee pabouezo 000py008anuUsi OOPOHCHBIX, CIPOUMENbHBIX,
NOOLEMHO-MPAHCNOPMHLIX U 2OPHbIX — MAWUH — WUPOKO — NPUMEHAIOmM  2uOpoduyuposanioe
menecxkonuieckoe cmpenogoe obopyoosanue. lIpu smom ne 6ce CmopoHsl OUHAMULECKO20 HAZPYIHCEHUS
2UOPOYUTUHODA MENECKONUPOBAHUSL U3VYUEHbL.
Llenvy pabomer. ILlenvio pabomer  AGnAeMCA  U3YHEHUE — HASPYICEHHOCMU — 2UOPOYUNUHOPA
menecxonuposanus (I'L{T) c yuemom 63aumooeticmeust ¢ meiecKOnU4ecKol cmpenou npu HOpMupOo8aHHom
noeopome cmpenoeozo 000pyO0AHUs U Npu Npocaoke ONOPHOU NOBEPXHOCU 2PY30NO00bEMHOU
Mawunbsl 8 npoyecce spawjenus paboyeco obopyo08aHusl.
Memooonozua. [na uccnedosanus ounamuyeckou Haepyscennocmu I'L]T npumensemcs uyuciennoe
MOOenuposanue, OCyuwecmensiemoe 8 cpeoe Cneyuanusuposannozo gyukyuonaia Motion (komnnexchulii
OUHAMUYECKUl U KUHeMAMUYecKull MoOyb) npoecpammuoco komniekca SolidWorks u modyne npogedenus
pacuemog memooom Koneunwix snemenmos SolidWorks Simulation.
Pesynomamot.  Ycmanoenen xapakmep Hacpyocenus onemenmos LT nonyuenvt epemenHbvle
3a8UCUMOCMU Y2NI08bIX NepeMeljeHull nopuHell, a makdice cul npomugooeticmsus noiok cexyuii ¢ I'llT,
cmenok cexyuii ¢ yangamu TLT, nopwns c¢ eunesot I'lT 6 2opuzonmanvhou u 6epmuKaibHOU
nrockocmu.  Ycmawnoenewa snwopa  HanpsdceHHo-Oegopmuposannozo  cocmosanus  TLT  npu
HOPMUPOBAHHOM U HEHOPMUPOBAHHOM Hazpydcenuu. Paspabomanvr pacuemmuvie cxemvl HazpydtceHus
cexyuu u I'L]T 6 20pu30nmansHol u 6epmuKaIbHOU NIOCKOCTU.
Bueoovl. Ilonyuennvie pesyibmamvl HO3601AM YEEAUYUMb OOCHIOGEPHOCHL ONUCAHUA USMEHEHUs.
mexnuueckozo cocmoanus I'L]T, 6onee 0b60cHosanto onpedenums MeicpemMoHmHuule nepuoobl, YmouyHums
3HAYeHUs OUASHOCMUYECKUX Napamempos, Umo CcnocoOCmeyem CO6epuleHCME08anulo CUCeMbl
MexHU1ecko2o o0CayIcuUsanus u pemonma, a maxace npoexmupoganus I'L]T.

Knroueevie cnoea: meneckonuveckas cmpena; eudpoyunundp meneckonuposanus,; SolidWorks;

HYUCleHHoe Modeﬂupoeanue.

BBenenue. B HacTosimee BpeMs B KadecTBe paboyero oO0OpyIOBaHUS JOPOKHBIX,
CTPOUTENBHBIX, MOIBEMHO-TPAHCHIOPTHEIX U TopHBIX MamuH (ICIITI'M) mmpoxo
MIPUMEHSIOT TEJIEeCKOIIUECKoe CTpeioBoe ooopynoBanue. lllnpokoe pacrpocTpanenne
JTAHHOTO THTIA TPY30II0ILEMHOTO CPEJICTBA BBI3BAHO €T0 OOIBIIONH SKOHOMIYECKOH 3(-
(heKTUBHOCTBIO, KOTOPAs JIOCTUTAETCSl YHUBEPCAILHOCTHIO (DYHKIIMOHATBHO-TEXHOJIO-
THYECKHX CBOMCTB B COUETAaHHH C MOOWIIBHOCTHIO U BBICOKOU YHEPTOBOOPYKEHHOCTHIO
TUAPOPHUIIPOBAHHOTO OOOPYIOBAHHSL.

g mepemeneHus TeIeCKOMMYECKUX CeKIU Jale BCEr0 MPUMEHSIOT JITHHHOXO-
nosble ruapournuHpsl (I'L) aBycroponnero metictBus [1]. CBOOOMHBINA KOHEI] KOH-
COJILHO TIOJIBEIICHHON TWiB3bl ruaponmiauaapa teneckonupoBanus (I'LT) obopymo-
BaH KPOHIITEHHOM C BEPXHUMH M HW)XHHMH POJMKAMHU, WA YIOPaMH, KOTOPBIE
OTPaHUYMBAIOT BEPTHKAIHLHOE MTEPEeMEICHIEe THIPOIMIINHAPA.

CornacHo aHaNH3y aKTOB TMArHOCTHYECKOTO 00CIIe0BAaHUS U 1e(PEKTHBIX BEIOMO-
CTel MCCIIeTOBAaHHBIX CTPETIOBBIX caMoxonHbIX KpaHoB (CCK) Oomnbimast 9acte nedek-
TOB TIO JIOKQJIM3AIIAH CBSI3aHa C TUIpocucTeMoi (35 %), HanbobIas 10Nt HeMCIpaBHOCTEN
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(27 %) oOycioBieHa pa3repMeTH3alueil YINIOTHUTENBHBIX TOBEPXHOCTEH — YTEUKaMU
paboueii sxuakoct u3 'Ll Wim rUAPOMOTOPOB, TEUBIO B MECTAX COCAMHEHHS TPyOO-
MPOBOJIOB WJIM PYKaBOB [2]. AHamW3 HAIECKHOCTH CTPOUTEIHHO-IOPOKHBIX MAITHH
(B 4acTHOCTH, 3KCKaBaTOPOB) B 3KCIUITyaTallMU MOKa3all, YTO OTKa3bl 3JIEMEHTOB T'HJI-
PaBIMYECKOTO MPHUBOJA COCTABIISAIOT MOJOBUHY OT OOLIETO KOJMUYECTBA BCEX OTKA30B
0 MaIlIMHEe; IPH 3TOM MaKCUMAaJbHBIHM MPOIEHT 0TKAa30B B THAPONIPUBOAE IPUXOTUTCS
Ha gomro I'T] [3].

Yacto otkaszsl ['1] cBsizaHBI ¢ TeM, 4TO B mponecce (yHKIMOHUPOBAHUS TIPH OIIpe-
JICJIEHHBIX 00CTOATENbCTBAX AKCILTyaTallMM MPOMCXOAUT YBEIWYEHHE NEHCTBYIOLINX
MIPOMIOJIBHBIX U TONEPEUHBIX HArpy3oK, B pe3yJbTrare 4ero ¢ Ooblieil HHTEHCUBHO-
CTBIO yXy/IIatoTcs ycnoBust pyHkiuuonuposanus 'L, cienctBuem yero sBisieTcsi CHU-
JKCHUE ero HaJeKHOCTH U pecypca paboToCcnocoOHOCTH Kak 1Mo Hecylied (Harpy3od-
HOH), Tak W Mo repMmernsupytomeii cnocobHoctu [3]. K Takum oOctosiTenbcTBam
MOXHO OTHECTH, Halpumep, mepefady padouero TOJKAMOIIETO YCHIHMS U Harpy30kK
B YCJIOBUSIX 00pa3oBaHus M3ruOHOM Aeopmanuu ['Ll, sxcruryaTaiiio B yCIOBUIX W3-
HaIIUBaHUs Tpymuxcs snemenToB 'L, pe3koe ckaukooOpa3HOe NU3MEHEHHE BHEUIHUX
Harpy3ok. K mocienneMy MOXHO OTHECTH CONPUKOCHOBEHHE KOBIIIA DKCKaBaTropa U
MOTPy34HMKa C HENpEeoFONUMbIM MpEMATCTBHEM, BHe3amHoe cHATue Harpysku CCK
(Hanpumep, OOpBIB TPY30BOTO KaHaTa), OTKIOHEHHE TIpy3a M3 IUIOCKOCTH IOJBECa
B pe3yJbTare AeHCTBHS TOPU30HTAIBHBIX HHEPIMOHHBIX HArpy3ok npu Bpameraunn CCK
U JKCKaBaToOpa C TENCCKONMYECKOH PYKOSTBIO M Tpei(epHbIM KOBIIOM, MPOCaKa
onopHoii moBepxHocTu CCK, KoTOpas BeZeT K TOPU30HTAIBHBIM M BEPTUKAJIBHBIM KO-
neGaHusAM Tpy3a. B CBsI3M ¢ 3TUM MOKHO 3aKIIOUUTh, YTO UCCIICAOBAHNE PEXKUMOB JIU-
Hamuueckoro Harpyxenus I'I[T sBiseTcs akTyanbHOH 3aga4yeil.

W3y4yeHnto HarpyXeHus TUAPOIMIUHIIPA CTPOUTENHHO-TOPOKHBIX MAaIMH ObLIH
MIOCBSAICHBI PA0OTHI, B KOTOPBIX HCCIIEA0BANIOCh: Harpyenue I'1] skckaBaTopoB 1 mo-
TPY3YMKOB MPH B3aUMOJICHCTBUM KOBIIIA ¢ TpyHTOM [3—5], HarpyxeHHocTh 'L ayTpu-
repa [6], HarpykeHHOCTS [ '1] ricipITaTeNbHON MAITUHBI [ 7], IBMYKEHUE TIOPIITHS CHIIO-
Boro ['1] cTpens! morpy3unkoB, skckaBaropoB, CCK [8], narpyxxennocts ['L] JICIITTM
0e3 MpUBS3KH K KOHKpeTHOMY TuITy MaruHkI [9; 10], narpysxernocts I'L[T CCK [11-13].
Opmnako B cymiecTByOmux ucciemaoBanusx [3—10] He yuuThIBalOTCS 0COOEHHOCTH
narpyxenus ['1IT, B padote [11] paccmarpuBaroTcs ToJbKO poxosibHbie yeuiust [T,
a B [12, 13] uccnenyetcs crarndeckuit pexxuMm HarpyxkeHus: ['LIT. Takum obpazom,
MOYKHO CZEJaTh BBIBOJ, YTO HEAOCTATOYHO IOJIHO M3Y4YE€HO TUHAMHYECKOE HarpyixkKe-
aue ['L[T, o0ycnoBieHHOe KaueHueM Tpy3a, a TAKKE HE YIUTHIBAIOTCS HEKOTOPBIE 0CO-
6ennoctu B3anmoneicTBus I'UT c cexmusimu: kperutenue ['LT uepes mands! k cexmm-
SIM, BIIMSIHUE peakinil onopHbIX anemMenToB cekinu Ha 'L T u nepenaya ycunuii noixa
cekyuu—xporwimetin eunvzol 11T,

3apauveii uccienoBanus siBisgercs nzyyenne Harpyxennoctu I'L[T ¢ yuetom B3an-
MopeiicTBus ¢ anemeHTamu TC (TojnKa, CTeHKa CEKIUi) MPH CAEAYIOMHNX PeXUMaX:
noBopoT TC, mpocanka OMOpPHON MOBEPXHOCTH IMOJBEMHO-TPAHCIIOPTHOM MAITHHBI
P MOBOPOTE pabouero obopynaoBanus. B kagecTBe 00beKTa UCCIEIOBAHUS BRIOpaH
)kene3nomopokubiit kpaH «Coxkon 80.01 My, mexanusm nepemenieHuns cekiuii TC xo-
TOPOTO BKIIOYAET /IBa MOPIIHEBHIX THAPOILMIINHAPA AByXCTOPOHHETO ACHCTBUS.

HccnenoBanre npoBOAUTCS MIPH ONOPHOM KOHTYPE ¢ MAaKCUMAJIbHO BBIABHHYTHIMU
ayTpurepamu, HauOosblIed uHe cTpenbl (25 M), MakCHMajibHOM yINEe MOAbeMa
(49°20"), 1 COOTBETCTBYIOIIEM 3THM MapaMeTpam BbuietTe (13 M) 1 rpy30MoIBEMHOCTH
(25 1), Tak KaKk JaHHBIN peXUM pabOTHI KpaHa SBISIETCS OJHUM U3 HanOoJIee OMacHbIX.

IlonroroBka Kk MoAeIMPOBAHMIO. B CBs3M ¢ TeM 4YTO HATypHBIE HCCIEIOBaHUS,
cBs3anHbie ¢ jpoBeaeHueM obopymoBaHus JCIITIM nmo mpemeasHOTO COCTOSHHUS,
BEAYT K PHUCKY 3HAUNTENIBbHBIX MaTepUAIbHBIX 3aTpaT ¥ MPOU3BOJCTBEHHOH OMTaCHOCTH,
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HanOosee Ienecoo0pa3Ho MPUMEHHTh METOAMKY MOJENUpOBaHus. B wacTtHOCTH,
B Hay4HOM U WHXeHepHOH mpaktuke Jutst uzydenus JJCIITI'M mupokoe npumeHneHue
MOJIyYWJIO YUCICHHOE MOJEIUPOBAHUE IPU MCIOIb30BAaHUU CUCTEM ABTOMAaTHU3UPO-
BaHHOTO MHXKEHEPHOTO aHanu3a [ 14].

KoMmmbroTepHOE MOJEIMPOBaHUE OCYIIECTBISETCS B CpeZie CHEeNaIn3upOBaHHOTO
¢ynknroHana Motion (KOMIUIEKCHBIH AMHAMHYECKHUA M KUHEMAaTHYeCKUH MOIYJIb)
nporpamMmmHoro komiuiekca SolidWorks u Mojyne npoBeieHUs: pac4eTOB METOIOM KO-
HeyHbIX 37eMeHToB SolidWorks Simulation.

HuciieHHOE MOJENMPOBAaHUE IPOBOAUTCS B [1Ba ATana. Ha nmepBoM srane co3naercs
KOMIBIOTEpHAs! MOZIENb, KOTOpast 10 HanboJee CyNIeCTBEHHBIM XapaKTepUCTHKaM T10-
no0Ha uccieayeMoMy o0beKkTy. Ha Bropom atare ocyniecTBisieTesl IpOBEICHUE BUPTY-
AIBHOTO HKCIIEPUMEHTA C LIEJIBIO OMPEICIICHHUS HArpy>KEHHOCTH 00BEKTa U €ro 3JIeMEH-
TOB B PACCMATPUBAEMBIX YCIIOBUSAX IKCIUIyaTALMH.

Coznanune uncnenHou moaenu 1ig «Coxon 80.01 My, HACHTHYHON peaabHOMY MPO-
TOTHITY, OTIUCaHO B padote [15], HO B CBA3M C TEM, YTO B IAHHOW MOJICIIM HE YUUTHIBA-
eTcst KoJleOaTeIbHbIN XapakTep ABIKCHUS IPy3a, OHA JIOTIONHSIETCS] CUCTEMOH JemMIide-
POB U IPY>KUH, MOJIETTHPYIOIIUX I'Py30BOIl KaHAT U CTPOII.

B 3aBHCHMOCTH OT MOJIOKEHMS MTOPITHS B THJIb3€, AMAMETPOB MOPIIHA U TUIIB3BL, U
3HAYEHUH 3a30pOB BO3MOXKHBI TPU BapuaHTa KOHTakThpoBaHus 3iemeHToB I'1l. Ilep-
BbII BapHaHT HMEET MECTO, KOT/Ia 3a30p BO BTYJIKE OOJIbIIIE 3a30pa B THIIb3€; BO BTOPOM
BapUaHTE 3a30p MEKy IOPLIHEM U THIIb30H MIPEBBIIIAET 3a30P MEXLY IITOKOM U BTYJI-
KOM; IIPU TPETHEM BAPUAHTE 3a30P MEXAY MOPIIHEM U T'MIIb30i PaBEH 3a30py MEKIY
IITOKOM | BTYyJIKOH [13].

Bce Tpu BapuaHTa COOTBETCTBEHHO AHAJIOTHMYHBI JUISl IBYX BO3MOXHBIX CIIy4acs:
nepeMenIeHre MToKa ¢ MOPITHEM MPU OTHOCUTEIHHO HEMOABHKHOM THITb3e 1, HA000-
POT, IEpEMEILEHUE TUIIb3bI IIPU OTHOCUTEIBHOW HENOJBUKHOCTH OCTAJIbHBIX COIIPSITa-
eMbIx 31nemMeHTOoB I'Tl. B ¢BsI3u ¢ TeM, 4TO CyIECTBOBAHUE BCEX TPEX CXEM KOHTAKTHU-
pOBaHUS PABHOBO3MOXKHO, a IPHUHLMII HATPYXKEHMsI 3JIEMEHTOB BO BCEX CXEMax
aHAJIOTM4€H, MTPU UCCIIEI0BAHUY B3aUMOAEHCTBUS MOPIIHSA, Tiib3bl U mtoka I'TIT pac-
CMOTPHM B Ka4eCTBE IIPUMEPA NEPBBIM BAPUAHT KOHTAKTUPOBaHUS d1eMeHTOB ['11.

W3 OCHOBHBIX IIOJIOKEHUI HAYKH O TPEHUU U U3HOCE CIENYET, YTO JOJITOBEYHOCTh
y3J1a TPEHUS ONPENEIAETCS MHTEHCUBHOCTBIO U3HAIIMBAHMS COCTABIISIOIUX €0 JJIe-
MEHTOB, OCHOBHOM IPUYMHOM KOTOPOTO B COOTBETCTBUU C OCHOBHBIM YPaBHEHHEM U3-
HAIIMBaHUS MPHU UMEIOIIEM MECTO YIPYTroM KOHTAKTE SIBJISETCS ACMCTBYIOMIAs B y3JIe
Harpy3ka. B ciyuae ¢ I'l] B kauecTBe Takoll Harpy3kH BBICTYNAIOT COCTABIISIIOLINE €€
peaxiui, BO3HMKAIOIIME B TOIBIKHBIX T€pPMETHU3NPYeMBIX compspkeHusx [l nop-
WEeHb—2UNb3a U WMOK—HANPABIAIOWAs 8MYIKA U ONIPENEIAIOINE HHTEHCUBHOCTD U3-
HAIIMBaHUS 1 MOBBIIIEHHBIE TEMIIEPATYPHI, BOSHUKAIONINE TPU TpeHuH [4].

Taxoke HarpyxeaHocThb ['L] onpeaensercs nedopmanmeii 3jemenToB. [1omHbI mpo-
ru0 'Ll cocramsior: mporu6 I'Ll, 06pa3oBaHHBIN BCIEACTBHE HATUYNUA KOHCTPYKTHB-
HBIX ¥ TEXHOJIOTHYECKUX 3a30POB B COMPSDKEHUSIX;, IIPOTHO, 00pa30BaHHbBIN B pe3yJbTa-
T€ BO3MO)XHOTO HAYaJbHOTO HCKPUBJICHHS UIMHHOMEPHBIX 3neMeHToB I'Ll; mporu®
BCJIC/ICTBUE IKCILTYaTallAOHHOTO UCKPUBIICHUS IITOKA; IPOTUO B pE3yNbTaTe paiualib-
HOM JtehopMaIiiyl IO/ TaBICHUEM KOpITyca; MPOTHO BCIIEACTBHE MOMEPEYHOTO HATrpy-
JKCHUS; IPOTUO B pe3yibrare HaJH4Ksi CHJIOBOTO IMOBOPOTA B OMOPHBIX JJIEMEHTAX;
nporud BeieACcTBUE MPOAOJILHOTO HarpyxeHus [3]; mporu0, BEI3BAaHHBIM MECTHOH Jie-
(dbopmManyell CTEHKH THIIB3bI U CKATHEM HAIPABIISIONIAX MOSCKOB [13].

B cBs3u ¢ 3TUM A1 OLleHKH HarpyxeHHOCTH ['I[T npu yncieHHOM MOAEINPOBAHUN
OyzeT ompenensaThes nedopmariis ero SIEMEHTOB, PEaKIu B y3iax conpspkeHus LT,
cubl potuBoaericteusa mexxay LT u TC, piusHue peakiui Ha HapsKeHHO-1e(hop-
mupoBa"Hoe coctossaue I'TIT.
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Yucaennoe moaenuposanme. YncnenHslid sxcnepument nosopora CCK ¢ mpo-
cajKoi ayTpurepa rmposoautcs B cpene Motion SolidWorks ciemyromum o6pazom: Mo-
Jienb sxene3HogopoxHoro kpana «Cokon 80.01M» pacnosnokeHa Ha TPyHTOBOM OCHO-
BaHUM; NPH BO3IEHUCTBUU KPYTSILIEIO MOMEHTA Ha TIOBOPOTHYIO IIaTGOpPMy MPOUCXOAUT
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Puc. 1. BpemeHHast 3aBUCHUMOCTD peakiuii obnacteil nopiuss nwkHero I'LIT B BepTHKanbHOM
wiockoctu npu nosopotre CCK ¢ npocankoii ayrpurepa
Fig. 1. The time dependence of the reactions of the piston areas of the lower MTC
in the vertical plane when turning the SSC with the outrigger drawdown

MOBOPOT CTPENIOBOr0 000pynoBaHus. B MOMEHT pacroioxeHus rpy3a Haa OJHOHM H3
BBIHOCHBIX OIOP ITOCPEICTBOM MEXaHU3Ma pean3alliy IPOCaIKi MOAEIUPYETCS Bep-
TUKAJIBHOE IIEpPEMEILCHHUE ayTpUrepa B CTOPOHY IPyHTa, cocTaBisitomiee 15 MM, B pe-
3yAbTaTe 4ero HaONonaloTcs KosebaTenbHble MEPEeMELeHNs Ipy3a B BEPTHUKaJIbHON
Y B TOPU30HTAJIbHOM IVIOCKOCTH.
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B pesynbrare MoaenupoBaHMs MOMYYEeHbI: BpeMEHHOM Ipad)rK yIIIOBBIX IIepeMelLe-
HUU IITOKOB, opiiHel u ruse3 I'HT, a Takke cun npotusogeiicTeus noiok TC ¢ T'LT,
crerok ceknuit ¢ nandamu ['UT, mopmras ¢ rune3oit I'LT. OnpeneneHo, 9to Handob-
mue Harpy3ku nedcTBytoT Ha HkHAN [T, Ho Hambonsmme nedopmarim HaOmMOAA-
totcs y BepxHero I'IIT. Yeranosneno, yto Harpyxenue snementoB I'L[T npu BHe3arn-
HOW mpocaake aytpurepa B mporecce BpameHuss CCK mmMeer konmeOaTelbHBIH,
MOCTENICHHO CHIDKAIOIMiica Mo BesmuuHe xapaktep (puc. 1). Taxxke nabmromaercs
pOCT aMIUIUTYZ ONOPHBIX PEaKkUUH M CMEHAa ONOPHBIX B3aMMOJICHCTBHI JJIEMEHTOB
I'IT B ropu30oHTaIbHOM U BEPTUKAIBHOU MJIOCKOCTSX.

[Ipouecc BepTHKaIbLHOTO B3auMoAecTBus nopiuHs ¢ runb3oit ' T npu BHe3anHOU
npocajgke ayrpurepa B npouecce Bpamerus CCK MOXXHO pa3fenuTh Ha HUKINYECKU
MOBTOpsfOIMeCs dTanbl. Jlo Mpocagky BBIHOCHOM ONOPBI KOHTAKT HOPULEHb—2UNb3A
OCYIIECTBIIACTCA B IMAarOHaIbHBIX 001ACTAX Z, (HWKHUMN JICBBIN) U Z, (BEpPXHHUH npa-
BEIi). BTOpoit aTam BepTukanpHOTO B3anMoneicTus snemeHToB I'LIT coorBercTByeT
MOMEHTY Npocanku — nepuony u 3abpocy TC BHM3, HaOIIOOAETCS POCT OITOPHBIX peak-
uuii R, u R,,; TpeTnii stan coorserctyeT 3a0pocy TC BBepX, 00yCIOBICHHOMY BbI-
CBOOOXKICHHEM MOTECHINANBHONW 3HEPIUH YIPYrod nedopManuy KOHCTPYKLHH, U Xa-
pakTepu3yeTcs CMEHOM IMAroHalbHBIX 30H KOHTaKTHPOBAHMSA TOPIIHA C THJIB30MH:
C TUJIb301 KOHTAKTHPYIOT 00/1aCTH HAIPaBJIAIOIIMX MOACKOB: Z, (BEpXHUIA I€BbI) U Z,
(HxHMHN paBblii). YeTBepTHIN STan BEPTUKAIBHOTO B3auMoaencTeus 3neMeHToB L[ T
cootBercTByeT 3a0pocy TC BHu3. Ilpu TakoM Harpy:xeHHH MPOUCXOIUT OdeperHast
CMEHa JUaroHajJbHBIX 30H KOHTAKTHPOBAaHUS MOPIIHS C TWIIB30M, XapakTepusyemas
MaKCHMaJIbHBIM 3HaYeHUEM peakLuii mopiHs (puc. 2).

OTanbl TOpU30HTAIBHOTO B3aUMOIEHCTBUS opIIHA ¢ Thiab30i I'L[T npu BHEe3anHOM
npocajke ayTpurepa B npouecce BpamieHnss CCK cxoxu ¢ 3TanaMu B3auMOAEHCTBUS
CUCTEMBI NOpUieHb—2UNb3d B BEPTUKAIBHOW MIIOCKOCTH, YTO MOYKHO MPOCIEAUTH IO
BPEMEHHOH 3aBHCUMOCTH TOPU30HTAIBHBIX peakuii (puc. 2).

[Monyuennsie B cpene Motion SolidWorks yrnoseie nepemernenusi ruab3sl LT
BKJIIOYAIOT: YTOJI IIEpEeKoca MeX /1y MOPIIHEM U THIIb30M, KOTOPBIN 3a/1aeTcsl pauab-
HBIM 3330pOM (KOHCTPYKTHBHBIM 3a30pOM M 3a30pOM, 00pa30BaHHBIM HU3HOCOM dJie-
MEHTOB CONPSIKEHHS); YTOJl TIEPeKoca MEXITy MOPIIHEM U HITOKOM (BOCHPOHU3BOIUTCS
«puKTHBHBIMU TIapHUpamu» 3 U 5 mozenu [15]), oOycnapnuBaembiii aedopmanmeit
9JIEMEHTOB OT BHEITHETO HArpy>KeHHUs. YTosl U3ruda B HEHTPaJbHON 00JacTH IITOKa
BOCTIPOU3BOJUTCS «(OUKTUBHBIMHU IIapHUpamMu» 4 1 6 Moaenu [15].

B uccrienoBanuy npuHATO HaMOOMbINICE 3HAYCHUE paJnaibHOro 3a30pa. CortacHoO
«Hopmam OpakoBKH MeXaHH3MOB» U3 nacnopTa KpaHa «Cokoin 80.01M» makcumans-
HBI paJuabHbIA 3a30p B conpsbkeHusx 'L nomken cocraBuare He Oonee 0,2 MM,
CJIEIOBATENILHO, YTOJl IIepeKoca, 00yCIIOBICHHBI KOHCTPYKTHBHBIM 3a30pOM U MaKCH-
MaJIbHO JIOIYCTUMBIM U3HOCOM CONPSKEHUS

A
a = arctg—* = 0,0573 rpan, (1)
a

n

e A, —3a30p MeX/Iy IOPIIHEM M T'MIIb30H, MM; a, — 6a3a 3aJIeIKH, MM.

KonrtakTHbIE HaIlpsKCHW, BOSHUKAIOINUE B 30HaX KOHTaKTa OIIOPHO-HAIIPaBJIAIO-
IIMX KOJIEI] MOPIIHS C 3€PKAJIOM IIMIINHAPA, BEI3BIBAIOT MECTHYIO J1e(hOpMAITHIO CTEHKH
THUJIB3bI U CXKAaTUEC HAIIPABJIAOINHNX ITOSACKOB, YTO BEJACT K INOABJICHUIO JOIIOJIHUTEIIBEHOTO
yra nepekoca anemeHToB ['11.

B cBs13u ¢ Tem uto cymectByromas konmemnims Motion SolidWorks paccmarpusaer
KAHEMAaTHYEeCKUE TPYIIBI B BU/IE B3aUMOJICHCTBYIOIUX )KECTKUX DIIEMEHTOB, B (PYHK-
IMUOHAJIC HE YUUTBIBAOTCA CMATUC OIIOPHO-HAIIPABIIAIOMINX KOJICI ITOPIIHA, MECTHAA U
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oOmas pedopManuy THIIB3bI IPU HarpykeHuu. 11o3ToMy ¢ 1enbro onpeaeneHus ne-
(hopMaluK HaNpaBJSFOIUX ITOSICKOB, MECTHOTO U 00MIero 1e(OopMHUPOBaHUS THIIB3bI,
a TaKXKe KOHTAKTHBIX HampspkeHud B sneMeHTax [T, Bo3HMKalOIMX B pe3ysbrare
MpOoCaaKu BBIHOCHOM onopsl npu BpauieHuu CCK, npoBoauTCs MPOYHOCTHOW aHAIINU3
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Puc. 2. BpemenHas 3aBUCMMOCTh TOPU30HTATIBHBIX peakuuii 0061acTel MOPLIHS HIKHETO
T'UT npu noBopore CCK ¢ npocankoii ayrpurepa
Fig. 2. The time dependence of the horizontal reactions of the piston areas of the lower MTC
when turning the SSC with the outrigger drawdown

KOHCTpyKIMU B cpene Simulation SolidWorks (1-s1 cxema kOHTaKTUpOBaHUS, 3-i 3Tan
B3auMoiercTBus AneMeHToB ['L[T) ¢ 1ByMs pacueTHBIMHU CITydasiMU: 10 IPOCAKU ayT-
purepa ¥ B MOMEHT MPOCAJIKH.

UwrcneHHas MO TEIECKOIMYECKOTO CTPEIIOBOTO OOOPYIOBAHUS VISl pacyeTa Me-
TOJIOM KOHEYHBIX JIEMEHTOB BKJIFOUACT: TPU CEKIIUU, MEKCEKIIMOHHBIE OTIOPHI CKOJIb-
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sxkerus, nBa ['1[T. BaxHOCTH BKIIFOUEHHS BCEX AJIEMEHTOB CTPEIIOBOTO O0OpPYIOBAaHHMS
B PacUETHYIO MOZIENb 00ycCIloBIIeHa: orpanndenneM fedopmarwu [T ceknmoHHBIME CTEH-
KaMH | TIOJIKaMIT; CMelieHreM ot ucxonHoro nonoxerns LT B pesynbrare nedopmarmu
CEKIIUI U MEKCEKIIMOHHBIX IEMEHTOB COMPSHKEHMS; TOYHOCTHIO BOCIIPOU3BE/ICHUS TIepe-
JIa4yl CUJIOBOI'O MOTOKA, BBI3BAHHOIO BHEIIHUMHU Harpy3kamu, ot orojioBka TC k I'LTT.

Ta6auua 1. Pacnpenesnenne nanpsikenuii B Humeknem LT
Table 1. Stress distribution in the lower MTC

HarpysxenHocts runs3st LT

JI0 TIPOCAJIKU ayTpHrepa

[OCJIe TIPOCaKH ayTpHrepa

2.0159e+002
1.851e+002
. 1.632e+002
_ 1.574e+002
_ 1.346e+002

- 1.178e+002

- 1,009 +002

L S411e+001
L B72%e+001
_ S.0d7e+001
3.365e+001
1.6582e+001

9.307e-007

Bun ceepxy MIla Bun ceepxy MlIla
2.019e+002 6,105%e+002
1.551e+002 5.597e+002

L 1.632e+002 L 5.088e+002
. 151de+002 . 4.575e+002
Bun cam Bun cam
Jl CHU3Y | 134624002 A CHU3Y _ 40708 +002
- 1.178e+002 . 3.562e+002
1.009e+002
-. -_ 3.053e+002
| 5.411e+00 254404002
L BT729:+001
Bux cnipasa Bux cnipasa 2002
_ 5.047e+0 1.526e+002
e m
1.015e+002
1.652e+001 5.085e+001
Bun cnesa 9,307e-007 Bun cnesa
3.002e-006
Harpysxennocts nopuns I'LIT
IO IPOCAJIKH ayTpUrepa ocJIe MPOCaJKH ayTpUTepa
MlIla MlIla

6,105e+002

5.597e+002

- S.EEe+002
_ 4.57%e+002
- 4.070e+002
_ 3.562e+002
- 3.053e+002
L 2.54de+002
. 2.035e+002
L 1.52Ge+002
1.015e+002

5,065 e+001

3.002e-000

B kauecTBe KpemieHHH MOJAENH, YCTAHOBJICHHBIX B y3JlaX COCAMHEHHS KOPHEBOM
CEeKIIMU ¢ OBOpOTHOU pamoii u 'Ll mogbema, BEIOpaH THIT hukcuposanHwlii wapHup.
Harpy3kamu pacueTHOM MOAENH SIBISIIOTCA BEpTHKAJIbHAS M TOPU3OHTAJbHAS CHIIBI,
MpUIOKEHHbIE K 0rojoBky TC.

B pesynbrare npo4HOCTHOTO pacuyeTa MOKHO 3aKIIIOUUTh, YTO MAKCUMaJIbHAsl KOH-
LEHTpaLus HanpspkeHUH HaOmomaeTcst B 00JacTsIX KOHTAKTa ONOPHO-HAIPABIISIOIINX
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KOJIEII MMOPIIHS € 3ePKAIOM LUJIMHIPA; 10 TPOCAIKH BEIHOCHOH OMOPHI MAKCUMAaJIbHBIE
HaMpsDKEHUS COCTABISIOT IpUMeEpHO 24 % OT BETMUMHEI MTpefiesia TEKy4eCcTH MaTepua-
na (npenen tekyuectu crtanu 30XI'CA I'OCT 4543-71, npumensiemoit anst TUT «Co-
ko 80.01M», cocrapnsier 830 MIla), B MoMeHT nipocaaku — 74 % (tabm. 1).
MaxkcuManbHbIe 3HaYCHUS! YIJIOBBIX MEPEMEIICHU THIIb3bl, 00YCIIOBICHHbBIC Hau-
0O0JIBIINM JIOIMYCKAaEMBIM PaJHaIbHBIM 3230pPOM B COINPSDKEHUH 2Ulb3d—NOpUleHb, J1e-
dopmanuenn wmok—nopuwens 1 aepopManrell TUIb3bI, a TaKKe CKATUEM CHUCTEMBI
ONOPHO-HANPABAAIOWUE KOTIbYA—BHYMPEHHSL CIEHKA 2Ulb3bl, YTO BbI3BAHO BHEIIHEH

Ta6uauna 2. MakcumabHble 3HAaYeHHUs YIVIOBBIX nepeMeleHnii ruib3nl Bepxaero I'IT
OTHOCHTEJIbHO I0JI0KEHHUSl 10 HATPY:KeHHUs
Table 2. The maximum value of the angular displacements of the sleeve of the upper
MCP relative to the position before loading

MaxkcumanbpHOe 3HaYeHHE YIIIOBBIX EPEMEILEHHI THIIb3BI, TPajl

CocTaBsonme
YIJIOBOTO

[P HOPMUPOBAHHOM
HIOBOPOTE

TIpY BHE3AMHOI Impocake

JI0 HOBOPOTA
ayTpurepa

MepeMeIeHHS,
a0COJIOTHOE YTJIOBOE
nepeMeIeHne

B
TOPU30H-
TaJbHOM

TIOCKOCTH

B
BEPTUKAIb-
HOM
IUTOCKOCTH

B
TOPHU30H-
TaJIbHOM

IUTOCKOCTH

B
BEPTHKAIIb-
HOI
IUTOCKOCTH

B
TOPU30H-
TaJIbHOM

TIOCKOCTH

B
BEPTUKAb-
HOU
IUIOCKOCTH

VYromn, obpa3oBaH-

=0

0,05730

0,0573

0,05730

0,0573

0,0573

HBII HAaMOOIBIIMM
JIOIyCKaeMbIM
panuanbHBIM 3a30-
pom

VYromn, obpazoBaH- =0
HBII Aedopmanueit
WUMOK—NOPULEHb

0,06960 0,0172 0,06960 0,0937 0,0745

VYroi, o0pa3oBaH- =0
HBII Aeopmanueit
onopno-
Hanpasisioujue
KONbYa—CMeHKa
2UNb3bL

0,30850 0,1229 0,30850 1,5644 0,3940

VYromn, obpazoBaH- =0
HBIH o0wIeH ne-
(dopmamueii THIb-
3b1

0,00764 0,0082 0,00764 0,0115 0,0107

CymMapHoe yrio- =0
BOE IIepeMelleHIEe
OTHOCHTEJIEHO
TIepBOHAYAIBHOM
ocH

0,47030 0,1892 0,47030 1,7269 0,5365

Harpy3kod Ha ['LIT, ans paccmMarpuBaeMbIX PEKHMOB HArpy>KeHHs MpeICTaBIICHEI
B Tabn. 2. Cxema nedopmuposanus [T nokasana na puc. 3, tae O, — ocs I'IT 110 Ha-
rpyxenus; O, — ock I'lIT, cmemennoro B pesynsrare aedopmanuu cekiuii; O, — och
nepopmuposannoro I'LIT; o — yron MmakcuManbHO#H Aedopmanuy ITOKA; 0 — YTOl
aepopManuu ruib3sl; 6, — ucxoanoe nonoxkenue I'UT; 8, — nedopmanus, odpasosan-
Hasl paJuabHBIM 3a30pOM; 8, — 8, + nedopmanus, oOpa3oBaHHAas HCKPUBIEHUEM IITO-
Ka ¥ CUCTEMBI UmMOK—nopuiens; 8, — 6, + nedopmanus, 0OpazoBaHHas CMATUEM 0N0p-
HO-HANpasasiiouue Konblya—CMmeHKa 2Uib3sl 1 00IINM UCKPUBIIEHHEM THIIB3BL; [ — OCh
runb3bl LT B ucxonnom nonoxenuu (3,); 2 —ock runb3sl LT npu 6,; 3 — 0ch ruiib3st
I'IT npu d,; 4 — ock runk3el I'UT npu 8, + nedopmanus, oOpazoBaHHAsS CMATHEM
ONOPHO-HANPABNAIOUUE KONbYA—CMeEHKA 2unb3bl; 5 — och TUb3bl I'LT mpu d,.
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Ha ocHoBe ananusa koHcTpykTHBHOTO ycTpoiictBa TC kpana «Cokon 80.01M» u
MOJTyYEHHBIX pe3yIbTaToOB YHCIEHHOTO 3KcnepuMenTa BpameHuss CCK ¢ mpocaakoit
ayTpurepa ObuTu pa3pabotanbl cxeMbl Harpyxenus cexiuu TC u T[T B ropuszonTalb-
HOH ¥ BEPTUKAIBLHOU INIOCKOCTSIX.

IIpu noBopote pacuerHas cxema cekiuu TC B TOPU3OHTAIBHON IIOCKOCTH Tpes-
CTaBJIsieT cOO0M YETHIPEXOMOPHYIO KOHCTPYKIIMIO, TAK KaK OMMPaHHUE COTPSKEHUS CeK-
yus—I'l]T ocymecTBisieTcs B ceueHusix: [ — kpemenue mroka ['L[T, 2 u 6 — obnactu
pacmonoxeHus onopHbIX 31eMeHToB TC, 3 — pacmonoxeHnue Hangsl TUIB3E]; B Kade-
CTBE BHELIHEH Harpy3Ku BBICTYIAeT KacaTeJbHas CWila WHEpLHHU rpysa (puc. 4, rae
S,=S, — onopusle snementsl TC; P\—P, — yrnoBble 001acTu NOPIIHS; F; — BHELIHHE
Harpysku (F, . — CHJIbI HHEPLUHMH IPH IIOBOPOTE; [, — HArPy3KH, BbI3BaHHbIE F W
HEPENAOLIMECS YEPE3 COMPSHKEHHBIE DJIEMEHTHI); M = — MOMEHT MOBOpOTa; R\—R, —
CHJIBI peakuu; K, — KECTKOCTh OIIOPHOIO DIEMEHTA B 3-M ceueHuu; K, — IpuBeIeHHas
xecTKoCcTh I'L[T B ropu30oHTaNIBLHON IIIOCKOCTH; K, — JKECTKOCTH OIIOPHOIO 3JIEMEHTA
B 6-M CEUCHUN).

a O,
0,
03
Olyy
Ol
o6

3,

Puc. 3. Cxema nedopmupoanust ['L[T:
a — obmas cxema aedopmuposanus ['1[T; 6 — cxema cymmupoBanus nedopmaruii LT
Fig. 3. The scheme of deformation of the MTC:
a — the general scheme of deformation of the MTC; 6 — the scheme of summing
deformations of the MTC

B Takom ciyuae peakuuu omopHbIX dneMeHToB TC W y37a conpsbkeHust yanga
TI'l][T-cmenku cexuuu sapngroTca Harpy3kout juist I'LT. TIpu BpaitieHnu cTpeaoBoro kpa-
Ha ['I{T B ropU30HTAIBHOM [IJIOCKOCTH CJIEAYET PaCCUUTHIBATH [10 TPEXOIMOPHOU CXEME,
ONHUPAaHHUE B KOTOPOU MPOUCXOIUT B CEUCHMSIX: [ — KpEIUIEHUE IUTOKa, 4 U 5 — 30HbI
B3auMojeicTBus 3aemenToB 'L, 17151 paccmaTrpruBaeMoit cXeMbl KOHTAaKTUPOBAHUS dJie-
MeHTOB ['1] — oOymacTu KOHTaKTa CONpsDKEHUs nopuieHv—2uvsa (puc. 4). [pu stom
HaMMCHBUICC 3HAUYCHUEC IPUHUMACT pE€aKHs OIIOPLI ], HauOoJIbIIEE — PpCaKuuAa OIopbL
4, MaKCUMaJIbHYIO BEITMYMHY W3THOAIOMNI MOMEHT MPUHUMAET B CEYCHWH J, MHHU-
MaJbHYIO — y OIOpHI /.
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Crnemyet OTMETHTD, TP JHCTBUY BHEITHEHN HATPY3KHU B HAIIPABICHUH «IIPOTHB Ya-
COBOM cTpenkn» (puc. 4) HarpyKeHUe TeJIESCKOIMMIECKOTO CTPEIOBOTO 000pYIOBAHIS
OCyIIECTBIIsAETCA B obnactax S,—S; u P\—P,, Npy MPOTHBOIOIOKHOM HAIpPaBICHAN
BHEIIHEH CUIIBI — B 00nmactax S-S, u P—P;.

IIpu neiicTBMY BHEITHUX CHJI B HAIIPABIEHWN CHIIBI TSDKECTH MPHU CTAaTHIECKOM U
JTUHAMUYECKOM PeXUMe HarpyKeHus pacueTHas cxema cekiuu TC B BepTHKaIbHON
TJIOCKOCTH TIPENCTaBIsieT co00il TPEeXONmOpHYH KOHCTPYKIHIO, TaK KaK OMHpaHUE
cekruu TC ocymecTBIeTCs B CEUCHUAX: 2 U 6 — 00JIaCTH PACTIONOKECHHS OTTOPHBIX
anemenToB TC, 7 — 30Ha KOHTakTHpOBaHUs KpoHIITeHHOB ['I[T ¢ mONKON CeKmmu
(puc. 5, tne F',... F5 o I'7 — BHEIIHME Harpysku). B Takom ciryuae LT cTonT pac-
CUMTHIBATH 110 YETHIPEXOTIOPHOU CXeMe, ONMMPAHUE KOTOPOM TPOUCXOIUT B CEUCHUSX:
1 — KpenuieHue WToKa, 3 — pacnojoXeHrne Handsl TUIb3bL, 4 U 5 — 30HBI B3aUMOJIEH-
ctBus >meMenToB L], nns paccmarpuBaeMoil cXeMbl KOHTAKTUPOBAHHSI 3JIEMEHTOB
I'l — oOmacTi KOHTaKTa CONMpPSDKEHUS nopuienv—euav3a (puc. 5). CTOUT OTMETHUTH,
HanMCEHbIIee 3HaYCHHE MPUHUMAET PeaKkus onopsl /, HanOoblee — peakus orno-
pHl 4, MakCHUMaJbHYIO BEJIWYMHY HM3THOAIOIIMHA MOMEHT NPUHUMAET Y OMOpHI I,
MUHHMAaJIBHYIO — Y OTODHI /.

1 2 3 4 5 6 7
s e
| 1 A0 Z
| Moo I p P[]
|| gr—, E e E
Ly - 1
| SR 4 =

| I T —— 4
Ll : 2 s, Fanen

6 | F;
Ry | Rs

Puc. 4. Cxema Harpyxenust cekuuu TC u I'LIT B ropn30HTaNBHOM TIIOCKOCTH:
a — KOHCTPYKTHBHAs CXEMa; 06— pacueTHas cxeMa CEKIMHU; 6 — pacueTHas1 cXeMa THT
Fig. 4. The loading scheme of the vehicle section and the MTC horizontal plane:
a — structural design; 6 — the design scheme of the section; 6 — the design scheme of the
MTC

B ciyuae, ecnu BHeHss Harpy3ka, AeiictByromas Ha TC, HanpaBieHa BBEpX, pac-
YeTHasl CXeMa TeJIECKOMMUYECKOH CEeKIMM MPEACTaBisieT co0oW MATHONOPHYIO KOH-
CTPYKLHIO, ONTUPAaHNE KOTOPOH OCYIIECTBISETCA B CEUEHHX: | — KpEIUIEHUE IITOKa,
3 — pacnojokeHue Uandgsl TWIB3BL, 4 U 5 — 30HBI B3auMojeicTBus 3nemeHToB [,
7 — 30Ha KoHTaKkTUpoBaHus kpoHmTeitHoB ['1[T ¢ monkoii cexuuu (puc. 5).

Crnenyer OTMETUTB, )KECTKOCTh K B CEUEHUHU 3 3HAYUTEIHHO MEHBIIIE KECTKOCTH
B ceueHMsIX 2 1 6 (puc. 4, 6), a )KECTKOCTb CEeYEeHUsI 7 3HAYNTEIBHO MEHBIIIE, YeM B ceue-
Husix 2 u 6 (puc. 5, 0).

BeiBoa. B mpouecce uccienoBanuii paccMmarpusanachk HarpyxeHHocTs [T mpu
CIEYIOIUX peXUMax HarpyxeHus: noopot TC, mpocajaka OMOPHON MOBEPXHOCTH
MOABEMHO-TPAHCIOPTHON MAIIMHBI [TPH BpaIleHHH paboyero TenecKoInIecKoro cTpe-
JIOBOTO 000PYJI0BaHUSI.

B pesynbrare 4uciaeHHOro MOAESIUPOBAHUS IS KAKOTO PACCMATPUBAEMOTO PEKHU-
Ma YCTaHOBJICH XapakTep HarpyxkeHus anemMeHToB I'I[T: monydyeHsl BpeMEHHbIE 3aBU-
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CHMOCTH YIJIOBBIX IEpEMEIIEHUM IITOKOB, TopiiiHel 1 ruiib3 I'T, a Takke cui npoTH-
BoneticTBus nojiok TC ¢ I'IIT, crenok cekmuit ¢ mandamu [T, mopmHsa ¢ runs30it
T'IIT B TOpu30HTAIIBHON M BEPTHKAIBHOW IUIOCKOCTH. OrmpenenieHa 3HAYUMOCTE CO-
CTaBJISIIOIIMX YIIIOBBIX NepeMentennit rusnb3nl I'IT.

1 2 3 45 6 7 Fisnen
o | l
MHOB
© ; -] |

\H \ Fouen

o | Fluuem I
KR, % l | l ; , | R
| %K(»Rs % K3R;

y-y Bk

R Re | Rs|
ISR Pt /%7% KRy ”T

Puc. 5. Cxema narpyxenus cekuuu TC u ['LIT B BepTHKaIbHOH TUIOCKOCTH OT NEHCTBUS
nsrubaronell Harpys3KH:
a — KOHCTPYKTUBHas1 cxeMa; 0 — pacueTHas cxema cekiuu TC; 6 — pacuetnas cxema ['LT; 2 — pacuetHas
cxema cucteMsl cekyus TC—-I'L]T oT neHCTBUS BHEIIHEH HATPy3KU BBEPX
Fig. 5. The loading scheme of the vehicle section and the MTC in the vertical plane from the
action of the bending load:
a — structural design; 6 — design scheme of the vehicle section; 6 — the design scheme of the MTC;
2 — design scheme of the system “section TS-MTC” from the external load up

a

i

B pesynbrare pacdera METOIOM KOHEYHBIX 3JIEMEHTOB YCTAHOBJIEHA KapTHHA Ha-
MPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUS THIB3BI M mopiras [T mis xakmoro pe-
JKUMa HarpyxeHus. Pa3paboransl pacueTHble cxembl Harpyxerus cekmun TC u I'L[T
B TOPH30HTANBHON M BEPTHKAIBHOW TIOCKOCTAX MPH ACWCTBUU M3THOHBIX HATPY30K
¢ yueToM B3aumojeicTBus cekiuit ¢ I'TIT.
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Telescoping hydraulic cylinder loading during boom equipment rotation

Egor A. Potakhov!
! Emperor Alexander I St. Petersburg State Transport University, St. Petersburg, Russia.

Abstract
Introduction. Currently, hydraulic equipment for telescopic boom equipment is widely used as working
equipment for road, construction, hoisting-and-transport and mining machines. However, not all sides of
the dynamic loading of the telescoping hydraulic cylinder have been studied.
Research aim. The aim of the work is to study the loading of the telescoping hydraulic cylinder (MTC)
taking into account the interaction with the telescopic boom during normalized rotation of the boom
equipment and during subsidence of the supporting surface of the hoisting machine during the rotation of
the working equipment.
Methodology. To study the dynamic loading of the MTC, numerical modeling is carried out in the
environment of the specialized Motion functional (complex dynamic and kinematic module)
of the SolidWorks software package and the SolidWorks Simulation finite element calculation module.
Results. The nature of the loading of the MCP elements was established: the time dependences of the
angular displacements of the pistons, as well as the forces of counteraction of the shelves of the sections
with the MTC, the walls of the sections with the trunnions of the MTC, the piston with the sleeve of the MTC
in the horizontal and vertical planes were obtained. The diagram of the stress-strain state of the MCP
under normalized and non-normalized loading is established. Design schemes for loading the section and
the central heating circuit in the horizontal and vertical planes are developed.
Conclusions. The results will improve the reliability of the MTC during operation, increase the reliability
of the description of changes in the technical condition of the MTC, more reasonably determine the
overhaul periods, and clarify the values of the diagnostic parameters, which contributes to the improvement
of the system of maintenance and repair, as well as the design of the MTC.

Key words: telescopic boom; telescoping hydraulic cylinder; SolidWorks; numerical simulation.
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MoaepHu3sauua BubpoBo3byautens rpoxora M’MCI npu nepexoge
Ha HOBbIW PeXUM paboThbI
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Peghepam
Ieny pabomel. B cmamve paccmampusaiomes KuHemamuieckue u OUHAMu4eckue napamempul 2poXomd
THCJI-62 ¢ yenvlo ycosepuleHCmeosanus YCmpoucmed, npeOHaZHAYenHo20 Ol 8030YHCOeHUs.
Mexanudeckux KoaeOauull, U BO3MOICHOCMU IPHEKMUBHO20 UCHONLIOBAHUA 2POXOMA 6 C6A3U
€ HeobX00UMOCMbIO Nepesooda e20 HA pPexdCum pabomvl ¢ NOBbIUEHHOU YaACMOMmMOU 8pAUjeHUs 84108
8UOPAMOPa U YMEHbUEHHOU aMNAUMYO0U Kolebanuil kopooa.
Memoouka nposedenusn uccinedosanuii. B pabome Ona onpedenenuss nacmpouku epoxoma npu
HeoOX0OUMbBIX KUHEMAMUYECKUX NAPAMEMPAX UCHONb308AHbL MEMOObl AHANUMULECKO20 UCCTE008AHUSA
¢ 21eMeHmamu OUHAMUYECKO20 U KUHEMAMUYeCcKo20 CUHMe3d.
Pesynomamet. /s nonyyenuss mpe@yemou amniumyosl Koaebanuil Kopoba 2poxomda u 4dacmonvl
epawjeHus  6an08  8ubpamopa  npogedemvl  UCCIe008anus  OupdepenyuarbHo20  ypasHeHus
ycmanogugwe2ocs osudicenus epoxoma. Onpedenensvi HeOOX0OUMAS B03MYWAIOWASL CULA, CO30A6aeMas
BUOPAMOPOM,  6eIUUUHA — CIIAMUYECKO20 ~ MOMeHma  0ebanauncos;,  mpedyemoe  KOAUYECHBO
BUOPOU3ONAMOPOE 6 ONOPaAx Kopoba epoxoma; pacuemuas MOWHOCMb O8ueamenei u opyaue
napamempul pedxcuma padbomst gubpamopa. C yuemom Oeicmeus 3HAUUMeNbHbIX 03MYUAIOWUX CUT,
€030a8aembix de6anlanHcami, npoU3BedeHbl pacuemsl Ha NPOYHOCMb U HCECMKOCHb 64108 8UGPAMOpa.
Onpeoenen koapguyuenm ounamuunocmu epoxoma.
Bu1600vb1. KomniekcHo peuienbl 60npoChl, CEA3aHHbIE C OnpedeieHueM napamempos pabomsl 2poxomd,
HeoOX00uMblx 0/ Nepegoda e20 Ha HOBblll PedCcUM padbomul.

Knroueewvie cnoesa: zpoxom, eubpososzbyoumens; debananc; amniumyoa xonebauuil, uacmoma
8palyerus; 603MYWanwas cuid, 8ai euOpamopa, sUGPOU3OIAMOp, UOPaAmMop epoxomad.

BBenenne. BuOpaunoHHbIe TPOXOTHI IIMPOKO HCHONB3YIOT B TOPHOAOOBIBAIOIIEH H
METAUTYPruYeckoil OTpacisx Uil KJIAacCU(HUKAMA KaMEHHBIX YIVIEH, aHTpaluTOB,
TOPIOYMX CIIAHLEB, MICOHS U JIPYTHX CHITyYUX MaTepuanoB. DakTopbl, BIUSIONINE HA
3¢ PEeKTUBHOCTH TPOXOUYCHHUSI, 3aBUCAT KaK OT CBOWCTB MCXOTHOTO CBHIPbS, TaK U OT OCO-
OeHHOCTEl 000pyI0BaHuS (XapaKTEPUCTHK IIPOCEHUBAIOIIECH TOBEPXHOCTH, yIIa HAKJIOHA
rpoxoTa, mapameTpoB Bubpauii padbouero oprana) [1, 2]. B cBs3u ¢ 93TMM MHOTHE MIpea-
OPUATHS TPUXOIAT K HEOOXOAMMOCTH POBENICHNS] MOACPHU3ANH UMEIOIIErocst 000py-
JIOBaHUS JJIs BBITIOJIHEHHSI HOBBIX TIPOM3BOJICTBEHHBIX 33/1a4, IOBBIIIAS (PPEKTHBHOCTh
MCTIOb30BaHMsI UMEIOIIET0Cs TapKa CBOMX MPOU3BOACTBEHHBIX MOIHOCTEH. 3BecTHO,
YTO MPH TPOXOYEHHM KPYMHOIO Marepuaja aMIUIMTyAa KojieOaHWid Kopoba rpoxoTa
JOJDKHA OBITH OOJbIIE, @ YacToTa MeHbIle. [Ipu pacceBe MeNKOpa3MepHBIX cMecel Hao-
00opoT — amMIIMTY/Ia KOJIeOaHUi MEHbIIIe, a YacToTa Oosblie. Tak, HHEPIIMOHHBIH caMo-
Ganmancupit TpoxoT ['MCJI-62, mpeaHa3HaueHHBIH A TPOXOYEHHs KaMEHHBIX YIIeH,
AHTPALIITOB U TOPIOYMX CIIAHIIEB, pa0OTaET B PEKMUME C YAaCTOTOH BpAIllCHHS BAJIOB BHU-
Oparopa 750 06/MHH 1 aMITTUTYI0H KoseOaHuit kopooa 4,5—8 mM. HoBble TexHOMOTHYC-
CKH€ TPOLIECCHI TPOXOYEHHSI, CBA3aHHBIE C N3MEHEHHEM TPaHyIOMETPHUUECKOTO COCTaBa
COPTHPYEMBIX MaTepUaIOB (TPOXOUEHHUE ITECUaHbIX CMECei), TPeOyIOT IepeBoja rpoxoTa
I'NCJI-62 Ha pexxuM pabOThI ¢ TOHWKEHHOW aMILUTUTYIOH KollebaHui kopoba (10 2 MM)
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Y TIOBBIIICHHOW YacTOTOW BpalieHus BajoB BuOparopa (1o 1500 o6/mMuH). OnHuM U3
MyTel pemieHus: mpoOlieMbl, CBI3aHHOM ¢ MOJEPHU3AIMEH TPOX0Ta 10J] HOBBIE TPOMU3-
BOJICTBEHHBIC 3a]1a4H, SIBISIETCSl YCOBEPILICHCTBOBAHKME YCTPOMCTBA, MPeIHa3HAYEeHHOTO
JUTSE BO30YKICHUSI MEXaHUUECKUX KoJieOaHwmii (BUOpaTopa). DTo Mo3BoJseT 000UTUCH O3
M3MEHEeHHS METAIUTIOKOHCTPYKIMHU KopoOa Kak Hanbosiee MeTaJUIOEMKOH 1, CIIeIOBaTEIb-
HO, HanOoJIee TOPOTOM €ro YacTH.

Hean padoTsl. Llenbio 1anHo# pabOTH SBISIIOCH MPOBEACHUE aHATUTUIECKUX HIC-
CIICIOBAaHMH KMHEMATHUECKUX W AUHAMHYECCKHX MAapaMeTpoB paboThl BUOPOBO30OYIH-
tesst rpoxora ['MCJI-62 nipu ero mepeBojie Ha HOBBIH pexXHM paboThI ¢ 3aJaHHOW aM-
TUTUTYJOH B 9acTOTO# KoJeOanuii Kopooa.

Puc. 1. Pacuernas cxema rpoxora
Fig. 1. Calculation model of the screen

B paboTe KOMIUIEKCHO pemaiuch 3aJa4yi, CBI3aHHbIE ¢ TIOA00OPOM ONTUMAIBLHOTO
KOJIMYECTBA BUOPOUBOIISITOPOB B OMOpaxX rPOX0Ta; ¢ oNpeaeieHueM TpedyemMoil Benu-
YHHBI BOBMYIIAIOIIEH CHIIBI, CTATHYECKOTO MOMEHTA Jie0alaHCOB, MOIIIHOCTH JJIEKTPO-
JIBUrareiel BUOpaTopa; ¢ pacueToM KpUTUYECKOH YacTOTHI BpaIlleH!s BaJloB BUOpaTo-
pa ¥ UX TIPOBEPKOH Ha KECTKOCTh M MPOYHOCTb.

MeTtoanka mnpoBeaeHHs] HccaeA0BaHMil. B CcoOBpeMeHHBIX HCCIeNOBaHUSIX,
MOCBAIICHHBIX TPOXOTaM, JIOMUHHpYIOLIee 3HaYeHUE PUOOPETar0T MPOOIeMbl JHHA-
MUK [3—7], ¥ IO3TOMY BOTPOCHI, CBSI3aHHBIC C MPOCKTUPOBAHUEM BUOPOTPAHCIIOPT-
HBIX MAIllFH, BCe CHJIbHEE YBS3bIBAIOTCS C 3aJadaMy TUHAMHUYECKOro cuHTe3a. B Ha-
CTOSIILIEH paboTe ONHMCaHbl aHAJTUTUYECKUE HCCIICIOBAaHNS C TPUMEHEHNEM JIEMEHTOB
JUHAMUYECKOT0 M KWHEMaTHYECKOTO CHHTE30B, MOCBALICHHBIC ONpPECIICHHI0 Ha-
CTPOWKH TPOXOTA MPH HEOOXOJUMBIX KHHEMATHYECKHX MapaMeTpax.

HccnenoBanus )KECTKOCTH IUHAMUUECKOW CUCTEMBI U OTIpe/IeTICHUE TIapaMeTPOB pa-
00ThI BUOPOBO30YAMTEISI TPOXOTA MPOBOIMINCH ITyTEM aHaIK3a perieHus quddepeH-
[IHAJIBHOTO ypaBHEHMs ABIKEHHUS KopoOa IpoxoTa B YCTAHOBMBILEMCS pexxume [8].
PacueTsl Ha MPOYHOCTH ¥ KECTKOCTH BAJIIOB BUOpATOpa C Y4eTOM OIpEAETICHHON B pa-
00Te HACTPOWKU I'POXOTa BBHITOIHIUCH 110 M3BECTHBIM METOAUKAM C MPUMEHEHUEM
T depeHInaILHOTO YpaBHEHHS YIIPYTOi JTMHUH 110 METOAY HadalbHBIX ITapaMeTpoB
u[9, 10].

Pe3ynbTarel. Bubparop co3maeT MOCTOSHHYIO 110 HAIllPaBICHUIO BO3MYIIAIOIIYTO
CHITy, BEJIMYMHA KOTOPOW M3MEHSETCS 10 CHHYCOUAAbHOMY 3aKoHy. J{Jsi momydeHust
HaINpaBJIeHHOW BO3MYIIAIOINICH CHIIBI IPUMEHSIOT BUOpaTop TUMA camobanaHc, KOTo-
pBIf yCTaHOBJIEH HEMOCPEACTBEHHO Ha KOpoOe IpoXoTa M pacrioyiaracTcs BBIIIE IIPO-
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cerBaoIel moBepxHoctu (puc. 1). B xauecTBe BUOPOU30IATOPOB UCTIONB3YIOTCS I~
JUHJPUYECKHE BUTHIE MNPYXHUHBL. BUOpPOMU30IATOPEl CHMMETPUYHO pPaclOIOKEHBI
OTHOCHUTENIFHO JABYX B3aWMHO MEPNEHIAUKYIAPHBIX MIOCKOCTEH, MPOXOIANINX UYepe3
HEHTP TSHKECTH rpoxoTa. [IpudeM HeHTp TSHKECTH IpoXoTa M LEHTP JKECTKOCTH IMpy-
JKHH JIe)KaT Ha OTHON ocH. Bubparop rpoxora npeacTaBiisieT co00i 4eThipe CHHXPOHHO
Bpalarouxcs jfedanaHca, pacrolioKeHHBIX KOHCOJIBHO Ha JIByX Basax. IIpuBox Bu-
OpaTopa oCyIeCTBISIETCS OT JABYX JABHUTrareicii. Jledanancel B BUOpaTOpe yCTaHOBJICHBI
TakuM 00pa3oM, 4TO TPU WX BCTPEUHOM JBM)KEHHH MHEPIHUOHHBIEC CHJIBI, BO3HHUKAIO-
M€ BAOJIb OCH JIeHCTBHSA BO3MYyUIAlOMEN CUIIBI F, CKIIaJbIBAIOTCS, a B MEPIEHIUKY-
JApHOM HanpasjieHuu (Baonb ocu O,0,) — ypaBHOBEIIUBAIOTC.

10

A
| //

AwmruuTyza KonebaHui, MM

100 000 200000 300000 400000 500000 600000 700000
Bosmymaromas cuna, H

—-750 06/MuH, Ky 1000 06/muH, Ky ; 1500 o6/muH, Ky

Puc. 2. 3aBUCHMOCTD aMILTUTY bl KOJICOAHUH KOPOOA OT BO3MYIIAIOIICH CHIIBI
Fig. 2. Dependence of the vibration amplitude of the screen box on exciting
force

Jlis osy4YeHus OJHOPOIHOTO OIS KoJeOaHUH MOJI0KEHHE J1e0aaHCOB BEIOpaHO
TaK, YTO BEKTOP PE3YABTUPYIOIICH BOZMYIIAIOIICH CUITBI TPOXOIUT Ye€pe3 LICHTP TKe-
CTH TpOoX0Ta moj yrioM 45° k ropu3oHTabHoi ocu [11]. [Ipu Bpamennn BajgoB Kax-
JIplii U3 e0aancoB BUOpaTopa co3aaeT EHTPOOSKHYIO CHITY

F=025mro?,

rae m — Macca aedanaHca; ¥ — SKCIEHTPUCHUTET JefanaHca; o — YIoBasi CKOpOCTb Bpa-
IIEHUs Baja BUOparopa.

Hns ompenenenus TpeOyeMOH BO3MYLIAIOLIEH CHIIBI HCIOJIB30BAHO H3BECTHOE
mddepeHInaNbHOE YpaBHEHHE YCTaHOBUBLIETOCS BIKEHUS KopoOa rpoxora [9], co-
JeprKaliee CUIIbl HHEPLUU OT CYMMAapHO# Macchl Kojie0aTenbHON CHCTEMBI BHOPOUHED-
OUMOHHOHN MammHbl (M + m) x" ¥ cuiibl, JeHCTBYIOMIKE Ha KOPOO rPOX0Ta: BO3MYILAIO-
Y0 CUITy BHOpaTopa mrm?; BOCCTAHABIUBAIONIYIO CHJIY MPYXHH BHOPOU30STOPOB
K W cuy conpoTHBJIEHHUH YyHIPYyTHX 3J€MEHTOB rpoxora c,. Pemennem nuddepennu-
aJIbHOTO YPaBHEHUS SIBIISIETCS 3aKOH K0JIEOATENIbHOIO ABUKEHUS IPY30HECYILEro opra-
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Ha, B KOTOPOM BEJIMYMHA aMIIJIUTY/Ibl BBIHYXKJICHHBIX KOJIeOaHMit Kop06a rpoxoTa ompe-
ACIIACTCA BBIPAKCHUEM

2
qro

A=
\/4n2m2 + (p2 - 032)

e g = m/(M + m) — cOOTHOIIIeHHe Bpararomieiics (poTop) u o0mIel Macc Koedarenb-
HOW cHCTeMbl; M — Macca KONeOMONIIXC s YacTe HHEPIIMOHHOTO TPOX0Ta; 1 — TIPUBe-
JIEHHBIN KO3(DPHUIIMEHT COMPOTUBICHUN YIIPYTOH CHUCTEMBI, 1 = ¢/2(M + m); p — co0-

, (1)

CTBEHHAs YacToTa KojebarenbHoit cucteMsl, p =K /(M +m).

Amnanu3 ypaBHeHHs (1) MOKa3bIBaET, YTO BEJIMUMHA aMIUIUTYAbI IEPEMEIIEHUS KO-
poba rpoxoTa MpONOpLUMOHATBHA BO3MYLIAIOLIEH cuile BUOparopa, 0OpaTHO MpPOIOp-
[HOHAJIbHA 001Iel Macce rpPoX0Ta, a TAKXKE CYLIECTBEHHO 3aBUCHUT OT BEJTUUMHBI JACH-
CTBYIOILMX CONPOTHBIICHUH 71, YMEHBIIASCh C UX POCTOM. BirsiHME 4aCTOTHI BpalleHHsI
BAJIOB BUOpaTropa W BO3MYLIAIOLIECH CHJIBI HA aMIUIMTYLy KosebaHuil kopoba rpoxoTa
NpPEeACTaBICHO Ha pucC. 2.

Kak BuaHO 13 ypaBHeHus (1), Ans yMEHbLICHUS] aMIUIUTYIbI KOneOaHui cienyeT
YBEJIUYUTH KECTKOCTh AMHAMHYECKOH cUcTeMBbl. B pabote paccmaTpuBaiuch 1Ba BO3-
MOYKHBIX BapHaHTa YBEINYEHUS KECTKOCTH OMOPHOW KOHCTPYKLUHU IPOXOTA: YCTaHOB-
Ka JBYX WJIM TPeX BUOPOHM30JIATOPOB B KOKIOH M3 YETHIPEX OMOP, KOTOPBIC NP MPO-
BE/ICHUH MCCIICAOBAHUS CUNTAIM O€3MACCOBBIMHU YIIPYTUMH 3JI€MEHTaMU C JIMHEHHOM
YIOPYTro# XapaKTepUCTUKON. YIIpyrue CBOHCTBa BUOPOU3OISTOPOB YUUTHIBAIHUCH MPHU-
BEJIECHHBIMU KOO(Q(ULMEHTaMH IIPONOJIbHOK xkectkocth K = 1019,6 xH/M n
K ,, = 1529,4 xH/M cootBeTcTBEeHHO [8]. B 3aBUCMMOCTH OT OTHOIIEHHH BBICOTHI LIPY-
KUH K UX THAMETPY, OCaIKH MPY>KUH MO ASHCTBHEM pacyeTHON HArpy3KH K UX BBICO-
T€ OIpeesieHa KECTKOCTh NPYKUH B TOPU30HTAILHOM HAIPABICHUH, KOTOPas COCTa-
Buna 0,73 OT uX NPOIOIBHOM KECTKOCTH. B pesynbrare NpoBeAeHHBIX PacueToB ObLIO
MOKa3aHo, YTO [UIsl ONy4YeHus1 TpeOyeMoil aMIIUTy bl KoineOaHui kopoda rpoxoTa Ao-
CTaTOYHO B KaXKIOM M3 YETHIPEX ONOP YCTAHOBHTH IO JBa BUOPOM30IATOpA C MpUBE-
neHHol kectkocthio K =1019,6 kH/Mm.

[IpuHuMas Bo BHUMaHHE TO, YTO IOJ JEHCTBUEM BO3MYIIAIOLICH CHIIBI BUOpaTOpa
LEHTP TAKECTH AUHAMUYECKOH CUCTEMBI ITOJy4YaeT YCKOPEHHE X', ONIPENEeNINM BETUIHN-
HY BO3MYILAIOIIEH CHIIBI KOJIe0aTeIbHONH CUCTEMBI:

F=m (rco2 sino? — x”).

Torz[a AMIIIMUTYAHOC 3HAYCHUC BO3MyI].IaIOI]_Ief/’I CHIJIBI

5 4n*o’ + [pz -0’ (1 - q)]2

P =mro >
4n’n’ + (p2 - 0)2)

BugHo, 4TO BeNMYMHA BO3MYIIAIONICH CHIIBI OTPEACISCTCS HACTPOUMKOM Koieba-
TEJIbHOW CUCTEMBI. PCI‘y.]]PIpOBaHI/IC BCJIMYHHBbI BOSMYHlaIOHlCﬁ CHJIbI MOXET ITPOU3BO-
JIUTHCSI TIPU U3MEHCHUU MACChI, SKCICHTPUCUTETA J1e0aJIaHCOB, a TaKXe B3aWMHOTO
MOJIOKEHHS 1e0alaHCOB MPH BPAIlCHNH.

[pu Takol X€CTKOCTH BUOPOM3OJISITOPOB ISl YCTAHOBUBIIETOCS PeKUMa PabOThI
ompejencHa TpedyeMast BO3MYyIIaromias Cuiia, co3iaBaemas Buoparopom, P =610,6 kH,
a TaKKe BeIMYMHA CTAaTHUYECKOTO MOMEHTa MAacChl OTHOTO Jebananca mr = 6,6 KT - M.
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C y4yeToM mepedynciIeHHbIX TapaMeTPOB pa3padoTaHa paloHalIbHast KOHCTPYKLUS Jie-
Oananca, IOy CKaloUIas JETKyI0 PeryIupOBKY CTaTHYECKOTO MOMEHTA.

Hactpoiika rpoxora, T. €. COOTHOLLCHHE BBIHY>KICHHOH W COOCTBEHHON 4aCTOTHI
KonebaHu ®/p, onpenenseT pexxuM ero padbotel. M3BecTHO, YTO I TPOXOTOB IpH-
eMJIEMBI TPU pexkrMa PabOoThI: TOpEe30HAHCHEIH (®/p < 1), 3ape3oHaHCHBIH (0/p > 1) 1
pexuM pe3oHaHca (© = p). 13 Beipakenus (1) ciaenyet, 4To B ciiyyae pe30HaHCa aM-
TUINTYJa TIepeMEIIeHUs] UMEeeT MaKCUMalIbHOE 3HaueHHe. B To jke BpeMs nepeMerieHust
nebanaHcoB BUOparopa v KopoOa rpoxoTa MOTYT HE COBMAJAaTh 1o Qase (yroy caBura
¢a3 ¢ He Bcerna paBeH Hymo) [13]. [IpoBefcHHBIC aHATUTUYECKUE UCCIICAOBAHUS T10-
Ka3bIBaIOT, YTO TPOXOT, UMEIOIINK TpeOyeMylo aMIUTUTYAy Konebanuii 4 = 2 MM U To-
BBIIICHHYIO YacTOTY BpallleHus Baia BuOparopa 1500 06/mMuH, paboTaeT B 3ape30HaHC-
HOM PEXHME, Tak Kak COOCTBEHHasi 4acToTa Konebanuii cuctemsl p = 10,3 ¢!, 4o BoO
MHOTO Pa3 MEHBIIIC YaCTOThI BBIHYKICHHBIX Koebanuit ® = 152 ¢

[TpakTHKa SKCITyaTallii TPOXOTOB B 3apE30HAHCHOM PEKUME [8] MOKa3bIBaeT, YTO
NpU yCTAaHOBUBIIEMCS peXUMe paboThl M 3HAYUTENBHBIX M3MEHEHUSX HArpy3Kd Ha-
Omromaercst ycToiumBas pabota rpoxorta. [Ipu mepexome pe3oHaHCa BO3MYLIAIOIIAs
cuiia BUOparopa yMEeHbIIAETCs, TaK KaK OHa MPONOPLUOHANbHA KBaApaTy YIIIOBOH CKO-
pocTu, TeM He MeHee OHa MOXKeT HpeBbiiaTh 60 kH. YMeHblIeHHe BpeMeHr pa3roHa
MyTEeM YCTaHOBKH JABHTATelNsl C OOJIBIIMM MYCKOBBIM MOMEHTOM JIaeT HEOOXOTUMBIi
3¢ eKT yMeHbIICHUS aMILTUTYAbI Kojebanuii npu mycke [14, 15].

HcTOYHMKOM JBMKEHHS paccMaTprUBaeMOl MEXaHHMYECKOH CHCTEMBI SIBISETCS MO-
MEHT ABHTaTelis, TPUIOKEHHBIH K POTOPY, KOTOPBIM MPH YCTaHOBUBLIEMCS IBUKESHUH
o0ecreunBaeT MPaKTHYECKU MOCTOSHHYIO YIIIOBYIO CKOpOCTh. M3 ombITa mpoekTupo-
BaHHA [§] M3BECTHO, YTO BEIOOP MOIITHOCTH ABUTATEIS JOIKEH OCHOBBIBATHCS HA SHEP-
THH, PaCXOAyeMOH Ha Mmojiepanue konedanuii kopoda rpoxoTa ¢ MaTepualioM U Mo-
Tepb Ha MPEONOJICHNE COMPOTHBICHUN B MeXaHW3Max BHOpaTopa. OCHOBHBIE MOTEPU
SHEPIUH MPOUCXOIAT 3a CUET TPEHUs B MOALIMITHUKAX poTopa. B uccnexyemom rpoxo-
T€ MOMEHT TPEHHS B MOAIIMITHUKAX, PACCUUTAHHBIN C yYETOM MAaKCUMAaJIbHOW BO3MY-
miaronield cuiibl BUOparopa, Tepefarolieiics Ha MONIIUIHAKKA KaueHUs, paBeH
195,2 H - m. B pe3ynbrare onpeneneHa pacueTHasi MOIIHOCTD, 3aTpayuBaeMas Ha 1ojI-
OpacbIBaHUE, TPAHCIIOPTUPOBKY Marepralia 1 MPeoJoIeHUe CHUII TPEHHSI B MOAIIHNITHHU-
Kax BHOparopa mpy HOBOM peXuMme paboThl BUOPOBO3OYAMTEIS, KOTOpask COCTaBHIIa
30 kBr. [ToaTomy B mpuBoie BUOpATOpa JIOCTATOYHO YCTAHOBUTS JIBA AJICKTPOJIBUrATe-
7151 1o 15—16 kBT ¢ NOBBIIIEHHBIM ITyCKOBBIM MOMEHTOM.

B mporuecce rpoxoueHus Baibl BUOPOBO30YIUTENS TPOXOTa paboTalOT B YCIOBHAX
JEHCTBUS 3HAUUTEIIHHBIX BO3MYLIAIONINX CHII, CO3/1aBaeMbIX nebanancamu. [loatomy
B HAaCTOSIIEH padoTe MPOBEAECHBI IPOBEPOYHBIE pACYEThI BAJIOB BUOpATOpa Ha KECTKOCTD
Y TIPOYHOCTD C YUETOM TMHAMHUYECKHUX Harpy3oK. B kauecTBe pacyeTHON CXeMbl KaxK-
JIOTO BaJjia MPUHATA Oalika Ha JBYX OMOpax CTYNEeHYaToro MepeMEeHHOr0 CEYeHUsI C pac-
NpeAeICHHBIMU H COCPEJOTOUEHHBIMH MaccaMy, MOABEPTaIOIIAscsl BO3ACHCTBHIO BO3-
MYIIAIOIINX CHJI U CHJI MHEPIUH, Pa3BUBAIOIIMXCS B HEH OT JBIDKEHHUS Bajla BMECTE
¢ rpoxotoM. OCHOBHBIM BHIOM AedopMmannu Baja BUOpaTopa sIBISETCS MOTIEPEYHBIH
n3ru6. PacyeTHas cxema 1 SIIOphI ToNepeyHbIX el O M U3rH0aroIx MOMEHTOB M 1o
JUTHHE OaJIKU NIPECTABIICHBI Ha PUC. 3, d.

Pacuer Ha mpouyHOCTH BajiOB BHOpaTOpa, MPOBEAEHHBIN C Y4eTOM HauOOJBIIEro
3HAYEHHSI BO3MYILAIOIIEH CHIIBI, CO3JaHHOM Ae0alaHCcoM, TIOKa3al, YTO B OITACHOM ce-
YEeHUH N0/ TTOIIUITHUKOM (pHC. 3, 6) BEIMUMHA PACUETHBIX HOPMAJIbHBIX HAPSKEHUH
n3ruba cocrasuna 87 Mlla, yTo 3HAUUTENBHO HUXKE JOITyCKAEMbIX HAPSKEHUH.

B pacuere BajoB BUOparopa Ha KECTKOCTh IPH OIPEACTICHUN BEIUYHHBI MPOrHOa
Basa moj JebanaHcamMH CTyreH4aras Oajika MpHBeJeHa K YCIOBHOW SKBHUBAJICHTHOM
0anke TOCTOSIHHOTO CEYEHHsI C YYETOM MOMEHTOB HHEPIHH CEYEHHH YYacTKOB
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Puc. 3. K pacuery Bana BuOpaTopa:
a — pacyeTHasi CXeMa Bajla U AITFOPBI MONEPEYHBIX CHJI M H3THOAIOMINX MOMEHTOB; O — IPHUBE/ICHHASI SKBHBAJICHT-
Has 0aJIKa MOCTOSIHHOT'O CEYEHHs C AIMIOPOi U3rMOaroIMX MOMEHTOB
Fig. 3. To the calculation of the vibrator shaft:
a — calculation model of the shaft and shear and bending moment diagrams; 6 — reduced equivalent beam
of constant cross section with a curve of bending moments
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Oanku /, u xo>3dppunuentos npusenenus K, = I,/ I , onpeeaeHHBIX UCXOas U3 TOTO,
4TO MOMEHT MHEPLMH CEYEHMs SKBUBAJICHTHOH Oanku [, paBeH MOMEHTY MHEPLHU
ceuenus /, yuactka 6anku ¢ quamerpom d = 140 mm (tadm. 1).

JononuutenbHble BHEIHUE Uikl AQ, 1 MOMEHTBI AM , IeHCTBYIOIME HA TPaHH-
[[aX y4acTKOB SKBHBAJIEHTHOH OajKH, OpeesieHbl ¢ y4eToM K03(h(UIIMEHTOB pUBe-

nenust K.
Ta0auna 1. PacyeTHble napamMeTpsl Bajia BUOpaTopa
Table 1. Calculation parameters of the vibrator shaft
Homep JnameTpsl MoMmeHTB! HHepIHUH Koadduumentst Jlononxu- JononHu-
y4JacTkKa Y4aCTKOB CEUCHHI Y4acCTKOB NPUBCACHHUA y4acT- TCJIBHBIC TCJIBHBIC MO-
Bana d,, MM 6anku 1,, cm* KxoB Oanku K, cuitsl AQ, MeHTEI AM,
1 130 5712,2 1,35 +035P 12.59P
2 140 7683,2 1,00
+0,41P +6,437P
3 160 13107,2 0,59
0 +0,636P
4 180 20995,2 0,62

Benuuuna nporuba Basa moj fedanaHcoM, HaiiieHHas ¢ UCII0Ib30BaHUEM YpaBHe-
HUs ynpyroi imuauu 6anku, cocraBuna 0,074 cMm. OnpezneneHue KodQQHUIMEHTA TTO-
JATIMBOCTH BaJia Py M3rHOHBIX Kosebanusx A = 0,2817 - 1076 mo3Bonuio paccunrarh
BEJIMYMHY CTaTMYECKOro nporuda sana mnox aedanancom y, = 0,018 cM, B pesynsTare
4yero ObUT ompeesicH Ko3pPUIMeHT JMHAMUIHOCTH HCCIISAYyEeMO MEXaHMIeCKOH CH-
CTeMbl BUOpOBO30yauTeNs, paBHbIN 4,1. DTa BelMYMHA COOTBETCTBYET TpeOyeMbIM
HOpMaM Ui FpoXoToB [9].

BaxxHoll muHaMU4eckol XapaKTepUCTHKOW Bana BHOpaTopa SBISETCS KpUTHUE-
CKasi 4acToTa BpameHus. C yBeIMICHHEM YaCTOTHI BPAILICHNS BAJIOB JI0 /1, POTHOBI
Baja OynyT BO3pacTaTb HEOIPAaHMUYEHHO, YTO MOXET INPUBOJUTH K BUOPALUSIM U TIO-
nomke. KpoMe Toro, npubmimkeHne 4acToThl BpaleH!s] K KpUTHYECKOMY 3HAUEHHUIO
OTIaCHO M3-3a BO3pacTaHUs CUJI Ha oTnlopax. BennunHa KpuTHyeckoi 4acToThI Bpalie-
HUS Bajla BUOparopa, ompeaeeHHas C y4eTOM Macc JaebaiancoB U koddduimeHTa
NOAATIMBOCTH Baja, cocTaBuiaa 2216 00/MHUH, 4TO COOTBETCTBYET TpeOOBaHUAM 0€30-
nacHocTH [9], Tak kak pabodas yacToTa BpameHus, pasaas 1500 0o6/MuH, cocTaBusieT
menee 0,7 n, ..

BeiBonbl. B pesynbrare mpoBeaeHHBIX HCCIICIOBAHM OIIPeAeICHBI ITapaMeTphl pado-
TBI TPOXOTA, HEOOXOAMMBIE [UIS IEPEBOIA €TO HA HOBBIN PEKUM PaOOTHI C MEHBILIEH aMILTH-
TyZIOM (2 MM) 1 TIOBBILLIEHHOW YaCTOTOM BpatieHus BasioB Budparopa (1500 o6/mun):

— TpeOyeMBblif CTaTHUeCKUt MOMEHT OIHOTO Jiebananca — 6,6 KT - M; BeTMUYMHA MaK-
CHMaJBLHOM BO3MYIIAIOMIEH CHIIBI, co3maBaeMoit nebarancamu — 610,6 kH;

— HeoOXoIuMast JKECTKOCTh OMOPHOI KOHCTPYKLIMH I'POXOTa 00ecredeHa yCTaHOB-
KOH B OIopax IpoxoTa Mo ABa BUOpOU30isTOpa (IPYKUHBI) C IPUBEICHHOM KECTKO-
cteio K =1019,6 kH/Mm.

[IpoBepounble pacdeTsl BAIOB MOJEPHU3UPYEMOTO BHOPOBO3OYIAMTENS HA MPOY-
HOCTB U )KECTKOCTh ITPU AMHAMHUYECKUX HArpy3Kax IOKa3aJ, 4To:

— MIPOYHOCTH U KECTKOCTh BaJIOB BUOpATOpa B HOBBIX YCJIOBUSIX pabOTHI 00ecIieyeHa;

— KpUTHYeCcKasl 4yacToTa BpalleHHUs Baia BUOparopa cocrasisieT 2216 06/MuH, 4TO
COOTBETCTBYET TPEOOBaHUAM OE30IIACHOCTH 1 b S 0,7n_ o

— k03¢ PULMEHT ANHAMUYHOCTH MEXaHUYECKOH CUCTEMBbI BUOPOBO30OYANTEIIS paBEH
4,1, 9TO COOTBETCTBYET TPeOyEeMBbIM HOpMaM JJIsl TPOXOTOB.
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PesynpraTsl IpoBeeHHBIX B paboTe MccaeJOBaHUN MCIIONB30BaHBl HA TPOU3BOI-
ctBe npu MoaepHuzauu rpoxota 'MCJI-62, koTophiii ObUT IepeBeeH B HOBBIH PEKUM
paboThl U ycrnenHo paboTaeT B HACTOSIIEE BpEMsL.

BUBJIMOI PAGMYECKHUI CIIMCOK

1. Baiicoepr JI. A., banmaesa T. M., UBanoB K. C., Otpomenko A. A. DhpeKTHBHOCTD IPOXOUCHHUS
NP KPYTOBBIX M MPSIMOJIMHENWHBIX Kostebanusix // Oboramenue pya. 2016. Ne 1. C. 3-9.

2. Levchenko P. V. Experimental determination of vertical vibrating screen classification efficiency
dependence on complex of dominating factors // Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu.
2012. No. 2. P. 64-68.

3. HOmun A. B. K 060cHOBaHH IO TapaMeTPOB BUOPALIMOHHOTO TPOX0Ta ISl TPYAHOTPOXOTHMOM Macchl //
W3Becrus By3oB. ['opuslii xypran. 2016. Ne 4. C. 68-74.

4. FOnun A. B., lllecrakoB B. C., AOxynkapumoB M. K. Pa3paboTka pacueTHOIl cXeMbl U OITUCaHuE
JBIDKEHHS IPOX0Ta ¢ KaCKaIHOU MPOCENBAIONIEeH TOBEPXHOCTHIO Ha OCHOBE JIByXMACCHOH KoyieOaTeTbHON
cuctemsl // U3Bectus By30B. [opHbiit sxypHan. 2018. Ne 4. C. 82-86.

5. AdanaceeB A. U., KazakoB }0. M., CycmoB JI. H., UupkoBa A. A. Ilepuommdeckue perieHus
BBIHY’K/ICHHBIX KOJIeOaHHi pabodero oprana BUOPOTPaHCIIOPTHOM MAIIMHBI C yIE€TOM JEHCTBHS BOMYILAIOIICH
Harpy3KH U CIJIBI TPeHWs B oropax // VI3Bectust By3oB. [opHslii xkypHam. 2018. Ne 1. C. 71-77.

6. IOmur A. B. MopenupoBanue BBIHYXAEHHBIX KoJeOaHMH TpOCEHBaIOUIel IMOBEPXHOCTH
MHEPIOHHOTO TPOXOTa C KOHCOJIBHO 3alIeMJICHHBIMU KOTOCHUKaMH // I3BecTus By30B. [OpHBIit xKypHAIL.
2016. Ne 6. C. 63-69.

7. Kremer E. B. Slow motion in sistems with modulated excitation // Journal of Sound and Vibration.
2016. Vol. 383. P. 295-308.

8. Tonuapesnu U. ®., 3emckoB B. [I., Kopemxos B. 1. BubOparuoHnHsle TPOXOTHl M KOHBEHEPEL.
M: Tocroprexuszaar, 1960. 145 c.

9. Uocunesnu I'. b. Jleranu mammu. M.: MamuHoctpoenue, 1988. 368 c.

10. I'mymkoB I'. C. IHxkeHepHBbIe METOIBI PACUETOB HA IIPOYHOCTH M KECTKOCTh. M.: MammHocTpoeHue,
1971. 384 c.

11. IpsxonoBa B. f1., Kanunosckas T. I, Koconanosa C. A., [IpsikonoB M. H. MonepHu3anus rpoxorta
C 2JIEMEHTaMH JMHAMHYECKOIO CUHTE3a. YCIEXH COBPEMEHHOro ecrectBo3Hanus. 2012. Ne 9. C. 88-91.

12. Bubpauuu B TexHuke: cripaBouHuk B 6 T. T. 4. BuOpaunoHHbIe NpOIEcCH U MAIIWHbI / TTO]] pel.
9. 3. JlaBenzaena. M.: Mammnoctpoenue, 1981. 510 c.

13. Dresig H., Holzweissig F. Dynamics of machinery. Theory and application. Berlin, Heidelberg:
Springer, 2010. 544 p.

14. bnexman U. U., baexman JI. U., Spomesny H. I1. K aunamuke npuBoaa BUOPaMOHHBIX MAIIUH
C HHEPIMOHHBIM B030y>xaeHneM // O6oramenue pya. 2017. Ne 4. C. 49-53.

15. Yaroshevich N. P., Silivoniuk A. V. About some features of run-up dynamic of vibration machines
with selfsynhronizing insertion vibro exciters // Naukovyi Visnik Natsionalnoho Hirnichoho Universytetu.
2015. No. 4. P. 3745.

ITocrynuna B pepakuuto 23 uionst 2019 roga
Caesienus 00 aBTopax:

JpsikoHoBa Bepa SIkoB/1eBHA — KAaHIUIAT TEXHUIECKUX HAYK, TOLUCHT Ka(eaphl TEXHNUECKOH MEXaHUKH
MHcTuTyTa TOpPHOrO Jeia TeoJIOTMH M reoTexHoioruit Cubupckoro ¢enepanbHOrO yHHUBEpPCUTETA.
E-mail: z-dyakonova@mail.ru

KannnoBckast Tatbsina I'puropbeBHa — KaHAMAAT TEXHUYECKUX HAyK, JOLCHT, 3aBEAYIOLIast Kaheapb
TEeXHUYECKOH MeXaHUKU MIHCTUTyTa TOPHOTO [ieIa Fe0IOTHHI M Te0TeXHOI0THi CnOupcKoro ¢enepansHOro
yauBepcutera. E-mail: ktgrig@rambler.ru

JApsikonoB Makcum HukonaeBH4 — KaHOUIAT TEXHHYECKUX HayK, aupekrop Kommanmn «M2M-
Tenemaruka Cubups». E-mail: kps09@yandex.ru

BonuxkoBa Hpuna BukTopoBHa — crapmmii mpemomaBarenb KadeApbl TEXHUYECKOH MEXaHUKH
MHcTuTyTa TOPHOrO Jeia TeoJIOTMH M reoTexHonoruit Cubupckoro enepanbHOr0 yHHUBEpPCUTETA.
E-mail: vol.ira-58@mail.ru

DOLI: 10.21440/0536-1028-2020-2-99-108
Modernization of the GISL screen exciter in conversion to new operating mode
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Abstract

Research aim. The article considers the kinematic and dynamic parameters of the screen GISL-62 in order
to improve the device for exciting mechanical vibration and the effective use of the screen because of the
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need to transfer it to the operation mode with increased frequency of vibrator shafts rotation and reduced
amplitude of the box vibration.

Research methodology. Methods of analytical research with the elements of dynamic and kinematic
synthesis are used to specify the adjustment of the screen with the necessary kinematic parameters.
Results. The studies of the differential equation of the steady-state screen motion are carried out to obtain
the required amplitude of the screen box oscillations and the vibrator shaft rotation frequency.
The necessary disturbing force created by the vibrator, the value of static moment of unbalance, the required
number of vibration dampers in the screen box supports, the calculated power of motors and other
parameters of the vibrator operation mode are determined. The strength and rigidity of the vibrator shafts
is calculated considering the significant exciting forces created by the unbalance. The coefficient of the
screen dynamics is calculated.

Conclusions. The questions connected with defining parameters of the screen, necessary to transfer
to a new operation mode are comprehensively settled.

Key words: vibration screen; vibration exciter; unbalance; vibration amplitude, rotation frequency;
disturbing force; vibrator shaft,; vibration damper, screen vibrator.
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0630p KOHCTPYKLMIA TATOBLIX aKKYMYNATOPHbIX GaTtapen,
NPMMEHAEMbIX Ha WaXTHbIX 3MEeKTPOBO3aX

l'yrapesuy B. 0., Pa6ko K. A.?*, Psi6ko E. B.2, 3axapoB B. A.?
1 [loHeL|KuiA HaLMOHANbHBIA TEXHUYECKMIA YHUBEPCHTET, T. [loHeuK
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Peghepam
Beedenue. Axmyanvnvim 6 nacmosiyee 6pems AGNACMCA UCTONb308AHUE WELOYHBIX U CEUHYOBO-
KUCTIOMHbIX AKKYMYISIMOPHLIX Oamapeil Ha 21eKmpo603ax, NPUMEHAEMbIX HA 20pHO000bIEAIOUUX
npeonpusimusix. Boznuxaem neobxooumocms 6 usyuenuu mpebo8aHull K UWAXMHBIM IJeKMPOBO3aAM,
BbISGILEHULU NPEUMYULECIE U HEOOCAMKOE DNIeKMPOXUMUYECKUX CUCTIEM.
Ienv pabomoul. I[lposecmu cpasHumMenbHblll AHAAU3 UCHOLLIYEMbIX ILEKMPOXUMUYECKUX CUCMEM
WAXMHBIX TOKOMOMuU60s. Paccmompems npeumywecmsa u HedOCMamyu akKymMyIsmophvix bamapeti,
NPUMEHACMbIX HA WAXMHBIX JleKmpogo3ax. Mzyuums npoyeccel, npomexaroujiue npu 3apsaoke-pazpsioxe
AKKYMYISMOPO8.
Memooonozus. Beinonnsemes 0630p Cyuecmeyiowux s1eKmpOoXuMULecKux CUCeM, NPUMEHACMbIX HA
LEKMPONOOBUNCHOM COCMABE 8 YCI0BUAX 20PHBIX 8bpabomok. Pacecmampusaiomes npoyeccor 3apsoa-
Pa3psoa weLoYHbIX U CEUHYOBO-KUCIOMHBIX AKKYMYIAMOPHLIX bamapeil.
Pezynomamol. B 0annoti cmamove GbINOIHEH AHAAU3 SAEKMPOXUMUYCCKUX CUCTIEM, NPUMEHSAEMbIX HA
waxmuvlx  onekmpogozax.  CEUHYOBO-KUCIOMHbIE — AKKYMYISAMOpHble — Gamapeu  umeiom  psio
CYWecCmBeHnbIX HEOOCMAMKO8, KOMOpble 02PAHUMUEAIOm YClosus ux oxcnayamayuu. Illenounvie
AKKYMYIAMOpHble Hamapeu Roayuuu 0onee wupokoe pacnpoCmpaHenue 8 Kauecmee UCMOYHUKA
9Hep2ul Ol WAXMHBIX NIeKMPOBO308.
Bb1600bl. Boidenenvt 0cHogHble 6UObL DNEKMPOXUMUHECKUX CUCMEM, NPUMEHSAEMble HA UWAXMHbIX
nokomomusax. Pacemompenvt ux npeumywecmea u nedocmamiu. Onpedeneno, umo OamHwvie GUObL
AKKYMYNAMOpPHBIX — bamapeti  pabomaiom ¢ UCHOIb308AHUEM eOKUX Gewecms, umo mpebyem
OONONHUMENbHBIX Mep NO obecneuenuio Oe30nACHOCMU IKCHILYamayuu.

Knroueevle cnosa: onexmposos; axxymyiamopnas 6amapes; napamempuvi, yuki, 3apso;
63pbl806E30NACHOCTb.

BBenenue. Kak m3BeCTHO, aKKyMyJIITOPHBIE 3JIEKTPOBO3BI INpeIHA3HAUYEHBI NI
TPAHCTIOPTUPOBKH BaroHETOK C ITOJIE3HBIMHU MCKOMIAEMBIMH, ITOPOIOH, BCIIOMOTaTeb-
HBIMH MaTepHaJlaMH, a TAKXKe JIJIS TICPEBO3KH JIFOACH IO TTIaBHBIM W BCIIOMOTaTeIIbHBIM
OTKaTOYHBIM T'OPHBIM BBIPA0OTKAM ILIAXT, OMACHBIX 10 ra3y Wi ObLId. K akkymysiTop-
HBIM 3JIEKTPOBO3aM IPEABABISIOTCS TpeOoBaHus [lpasun 6ezonacnocmu no npumeHe-
HUIO ANIeKMpP0o80308 nosvluennol Hadexcnocmu (PII) unu e3pvisobesonachvix (PB).
OmHUM U3 TOPOTOCTOAIINX Y3JIOB IMIAXTHOTO JIOKOMOTHBA SBJISIOTCS] aKKyMYJISITOPHBIE
Oarapen, KOTOpPBIE IMEIOT OTPaHUYEHHSI IMKJIOB 3apsaa-pa3psiia ux eMeHToB [1].

Oco0y10 aKTyaTbHOCTh MPEACTABIISIOT MCCIIEIOBAHNS, HAIIPABIEHHbIE Ha TTOBBIIIICHNE
HOPMaTHBHOTO CpPOKa CITY>KOBI aKKyMYNSTOPHBIX Oarapeil W WX B3pbIBOOE30MACHOCTb.
[laxTHBIE aKKyMYJIATOPHBIE 3IEKTPOBO3bI, KaK IMPABUIIO, KOMILUIEKTYIOTCSI SJIEKTPO00OpY-
JIOBaHWEM C YPOBHEM B3pbIBO3AIIHIIICHHOCTH PB (pyaHIYHOE B3pBIBOOE30ITACHOE), OTHA-
KO M3-32 IPUMEHEHUsI aKKyMYIISITOPHOI Oarapen JaHHbBIE AEKTPOBO3BI OTHOCST K KIIAcCy
6e3omacHocty PII (pymHIYHBIE TOBBIIICHHON HAACKHOCTH) [2].

[ITaxTHBIC aKKYMYIIATOPHEIE 37IEKTPOBO3HI (prc. 1) B uconaernu P11 npuMeHsoT-
cs [3]:

— B OTKaTOYHBIX BEIpaboTKax maxT I u 11 kareropuii 1o rasy Wix ONacHBIX I10 ITBLIH;
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— B OTKarOYHBIX BbIpabOTKax co cBexed crpyed Bo3myxa maxt III xareropun
Y CBEPXKaTErOPUIHBIX 110 rasy;

— B OTKaTOYHBIX BBIPAOOTKAX CO CBEXKEH CTpyeil Bo3ayxa Ha IjiacTax, HE OMacHbIX
M0 BHE3AITHBIM BBIOpOCaM, 1 Ha [IaXTax, OMAaCHBIX IO BHE3AIHBIM BEIOPOCAM.

[TaxTHBIE aKKyMYJISITOPHBIE JJIEKTPOBO3bI B UCTIONHEHNH PB npumMenstores:

— B OTKAaTOYHBIX BBIpAOOTKaX MIAXT, OMACHBIX 110 ra3y WM MbUIH;

— B BBIPAa0OTKax MIAXT C UCXOAALICH CTpyel BO3AyXa U TYMUKOBBIX, POBETPUBAc-
MBIX BEHTHJISITOPAMH MECTHOTO IPOBETPHBAHMUS;

— na maxrax [1I kareropuu, cCBEpXKaTerOpUHHBIX 110 T'a3y U OMACHBIX 110 BHE3AIMHBIM
BBIOpOCaM.

a

Puc. 1. lllaxTHBIE aKKYMYJISITOPHBIC JOKOMOTHUBBI:
a— APIl14; 6 — APIT7
Fig. 1. Mine battery locomotives:
a—ARP14; 6 — ARP7

3agaun uccaenoBanus. [IpoBecTH CpaBHHUTENBHBIN aHAN3 MPUMEHSEMBIX DJIEK-
TPOXMMHUYECKUX CUCTEM INAXTHBIX JJOKOMOTHBOB. PaccMOTpeTh mpeuMyIecTsa U He-
JIOCTAaTKU aKKyMYJIATOPHBIX OaTapeli, MpUMEHSIeMbIX Ha IIaXTHBIX 3JIEKTpOoBo3ax. Pac-
CMOTPETH MPOIECCHI, TPOTEKAIOIIUE MPH 3apsIKe-pa3psiKe aKKyMyJISTOPOB.

OcHoBHOWl MaTepuaJ ucciaeqoBaHusa. Kak npaBuio, Bce MeKTpooOOpyI0BaHUE
AKKyMYJISTOPHBIX DJICKTPOBO30B, 32 UCKIIFOUCHHEM aKKyMYJSTOPHBIX Oarapeii, nMeeT
B3pBIBOOE30MIACHOE UCIONHEHHE, YTO onpenenseTcss Hopmamu be3onacnocmu Ha oc-
HOBHOE 20PHOMPAHCNOPMHOe 000pyoosanue 0 yeoabHuix waxm P 05-325-99 u
JIOJDKHO COOTBETCTBOBATh MX TpeOoBanusM. [Ipu Haimynu B 000pyI0BaHUH Y3IIOB, BbI-
JISNISFOIIUX TIPU paboTe TeIwI0, JOKHBI IPEAYCMaTPUBATHCS CPENICTBA, UCKITFOYAIOIINE
HArpeB HAPYXKHBIX MOBEPXHOCTEH CBEPX AOMyCTUMOM Temrneparyphl. [IpenensHo mo-
MyCcTUMas TeMIIepaTypa HapyKHbBIX 4acTel 000pyIOBaHHS B HOPMAJIBHOM PEXUME pa-
00THI He noykHa nmpesbimarh 150 °C.

YpoBeHb HarpeBa yacTeil 000pyI0BaHus, COIIPUKACAIONIUXCS C TOPIOYMMU CMa304-
HBIMH M pa0OYHMU KUAKOCTSIMHU, HE JIOJKCH MpeBbimarh 80 % TeMrepaTypbl CaMOBOC-
TUTAMEHEHUS TIPUMEHSIEMBIX JKUIKOCTeH. boree neranbHO TpeOOBaHUS K AJIEKTpUYC-
CKOMY 00OpYIOBaHHUIO 3IEKTPOBO30B paccMarpuBaloTcs B Hopmax 6e3onacnocmu Ha
OCHOBHOE 20PHOMPAHCNOPMHOE 000pYy008aHue 01 yeoavHulx waxm P 05-325-99.

Bce anexkrpoobopynoBanue 3mmekTpoBo3oB B ucnonHeHun PIT u PB momkHO m3ro-
TaBJIMBATLCS B COOTBETCTBUU C JICHCTBYIOIIMMH HOPMATUBHO-TEXHUYECKUMU JIOKY-
MEHTaMH Ha PyITHUYHOE B3PHIBO3AIIMIIEHHOE 3JIeKTpooOopyaoBaHe. BHOBE co3naBa-
€MBbIC 3JICKTPOBO3bl B HCIOJIHCHUM PB IOMKHBI MMETh aBTOMATUYECKYH) T'a30BYHO
3aIUTYy, & KOHCTPYKIIMs OarapeiHbIX SIIUKOB U aKKYMYJISTOPHBIX OaTaped IOJhKHA
OTBeYaTh TPEOOBaHUSAM JIEHCTBYIONICH HOPMATHBHO-TCXHHUYECKOW JOKYMEHTAIIHMH,
a TaKkXKe BBIJCP)KUBATh HCIBITAaHUA, TpeaycMoTpeHHsie PTM Obopydosanue snexmpo-
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MmexHUYecKoe 83pbleo3auguiyerHoe u pyoHuuroe. Memooul ucnoimanuii (OAA.638.013-71).
[o cornacoBaHuIO C UCIBITATENBHON OpraHU3alMei JOIyCKaeTcsl B OTCeKax Oarapeii-
HBIX SIIIUKOB HampsbkeHue cpbilie 40 B, eciau mpUHATH OMONHUTEIBLHBIC MEPBI 110
00ecreYeHUI0 BEICOKOTO COIIPOTHUBIICHUS M30JISIMH aKKyMYIATOPHBIX Oarapeil OTHO-
CHUTEJBHO Kopryca smuka. CxemMa paccTaHOBKH aKKyMYJISITOPOB JTOJKHA OBITH TaKoH,
9TOOBI HCKITIOUATAaCh BOBMOKHOCTD TIPUKOCHOBEHHS YEI0OBEKa K TOKOMIPOBOASIINM Ya-
cTsM ¢ HampsbkeHueM cBbilie 40 B. barapelinble sSIIMKKM TOMKHBI M3TOTaBINBATHCS
C Y4ETOM BO3MOXKHOCTHU CHSTHSI UX C JIEKTPOBO3a Ha 3apsiTHBIN CTOI U 00paTHO KpaH-
0anKoi, a 3MeKTPOBO3bI CIeHON Maccoil 10 5,09 T ZOMKHEI 000PYAOBATHCS MPHUCTIO-
COOJICHUSIMU JIJIsI MEXaHHMYECKOTO CKaThIBaHUS OaTapeiHBIX SIIIUKOB C AJIEKTPOBO3a Ha
3apsHBIN cTOd U 00patHO (Hopmbl 6e3onacnocmu Ha 0CHOBHOE 20PHOMPAHCNOPIHOE
0bopyoosanue 07 y2onvrvix waxm PIJ 05-325-99). CoenuHeHue akKyMyJIITOPOB B 0a-
Tapelo JOJDKHO BBIMOJHATHCS C TOMOINBI0 THOKHX HW30JMPOBAaHHBIX IIEPEMBIUCK,
nocJeHre He JOJDKHBI HECTH HUKaKOH MEXaHMIEeCKOW Harpy3KH.

Puc. 2. MOHOPEIBCOBBIE aKKYMYJISITOPHBIC JIOKOMOTHBBI
a—DLZA90F; 6 — LZH 120 D5.1
Fig. 2. Monorail battery locomotives
a—DLZA90F; 6 — LZH 120 D5.1

Ha maHHBI MOMEHT IIMPOKO PaclpoCTpaHEHbI IEKTPOBO3bI CO CLEMTHONH Maccoi
7,1;10,19; 14,27, 28,5 1, umerorue obo3unauenus API17; APB; APII10; APII; APII114;
APII128; APII8 [4]. Takxke Ha TOPHOIOOBIBAIOIINX MPEANPUATHSIX TPUMEHSFOTCS JIOKO-
MotuBsl cepuu 4,5APIT; SAPB; AM8/I; 2AMS]I; AK2V [5].

Y4uuThIBas TUHAMUKY Pa3BUTHS MOJBECHBIX MOHOPEILCOBBIX JOPOT [6], HeoOxoam-
MO BBIJEIUTH HIaXTHBIC MOHOPENHCOBHIE MOABECHBIE aKKyMYIATOPHBIE JTJOKOMOTHBEI,
CITy’Kalllue [ MepeBO3KH Kak Jrofel, Tak u rpy3oB — Scharf, DLZA90F, LZH 120
D5.1 [7, 8] (puc. 2). Ha naHHBIX JTOKOMOTHBAaX MPUMEHSIOTCS aKKyMYJISTOpPBI T
TZH4/8F-ZA.

[Ipoananu3upoBaB SKCITyaTUPYEMBbIi B TOPHOIZOOBIBAIOIINX YCIOBHSIX MOABHKHON
COCTaB, BBISIBHJIM, YTO CYIIECTBYET OOJNBIIOE KOJIWYECTBO IIAXTHBIX JIOKOMOTHBOB
C IPUMEHEHHNEM Ha JICKTPOIOABIKHBIX PYJHHYHBIX SJIEKTPOBO3aX [3] akKyMyJIsITOp-
HeIx Oarapeir 36THX-300; 66THXXIII-350; 88THK-400-Y5; 90THXK-55-V5;
154THKII-550VY5; 7 PzS 420-4b; 7 PzS 630-4b; 8 PzS 720-4b; TZH4/8F-ZA wn npy-
THX, B KOTOPBIX UCIIOJIB3YIOTCS IBE OCHOBHBIE IEKTPOXUMHUYECKUE CUCTEMBI, & UMCH-
HO: 0aTaper MOTYT OBITh IIEIOYHBIMU U CBUHIIOBO-KUCIOTHBIMH [9] (pHC. 3).

PaccMoTpuM OCHOBHBIC MPOLIECCHI, TPOTEKAIOIINE B CBHHIOBO-KUCIOTHBIX aKKY-
MYJISITOPHBIX OaTapesx. Bo BpeMsi XuMHUYECKOH peakiy MOJI0KUTENbHBIE 3JIEKTPO/BI
UCTIONB3YIOT B 1,6 pa3a Gonblie KUCIOTHI, YeM OTpHIaTenbHble. Korma akkymynsTop
paspskaercsi, 00beM JJIEKTPONIUTa PACTET, a IPH 3apsiike HaA00OPOT — YMEHBIIACTCS.



112 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 2. 2020 ISSN 0536-1028

TakuMm 00pazoM, HAET XMMUYECKask PeakLusl, U aKKyMyJIATOp IPUHUMAET, a IOTOM OT-
JaeT 3IEKTPUUECKYIO SHEPTUIO.

IIpu 3apsne meaoyHoro akKyMysasTopa MoJ AEHCTBUEM DJIEKTPUUYECKON IHEPIHH,
MOJBOAVMOM OT BHEIIHETO NCTOYHHKA TOKA, IPOUCXOIUT OKUCICHHE aKTUBHON MacChl
MOJIOKUTENBHBIX IUIACTHH, CONPOBOXAAEMOE MEPEXOJOM THAPOOKCHAA HHKEISI
Ni (OH), B NiOOH.

B T0 e Bpems akTHBHas Macca OTPULATENILHBIX TNIACTHH BOCCTAHABIMBAETCS € 00-
pasoBanueM xene3a Fe unn kaamust Cd. DneKTpoXxuMHUeCKUe peakluy pu pa3paiae u
3apsijie HUKENb-)KEIEe3HOTr0 aKKyMyJIATOpa MOTYT OBITh BBIPaXKEHBI yPaBHEHUEM:

2Ni(OH), + 2KOH + Fe <> 2Ni(OH), + 2KOH + Fe(OH),;
JJIs1 HUKEJIb-KaIMHUEBOT'O:
2Ni(OH), +2KOH + Cd < 2Ni(OH), + 2KOH + Cd(OH),.

DONeKTPOXUMHYECKUE PEaKLUH NIPH 3apsiie CBUHIIOBO-KHCIOTHOM aKKyMYIIATOPHOM
Oarapeu:
JUTS Katoaa

PbO, +SO; +4H" +2¢~ < PbSO, +2H,0;
JJIA aHoAa

Pb+S0> 2¢” <> PbSO,.

YuTas 3T0 ypaBHEHHUE ClieBa HalpaBo, MOJIy4aeM MIPOLEecC pa3psiaa, ClipaBa HaJleBo —
npouecc 3apsja.

[NonoXHTeNBFHBIM KaueCTBOM LIEJIOYHOTO aKKYMYIISTOPA SBISETCS TO, YTO BCE KOM-
MIOHEHTBHI, 00pa3yIoIHecs B IPOLEcce 3apsiia U pa3psiaa, MPaKTHIeCKH HEPaCTBOPHMEI
B JJIEKTPOJIUTE M HE BCTYNAIOT B KakUe-THMOO XMMHUYECKHE PEeaKlHud. DIEKTPOJIUT
B IpolLiecce AIEKTPOXUMHUUECKUX PEaKlnil He pacXOAyeTcsl, TOATOMY TUIOTHOCTD €ro He
M3MEHSAETCS. JTO MO3BOJISIET COKPATUTD KOJIMYECTBO 3JIEKTPONINTA, YTO BIUSAET HA KOM-
MaKTHOCTh aKKyMYJISITOPOB TI0 CPAaBHEHHUIO C KHCIOTHBIMHU.

PaccMoTpuM mpeuMmylecTBa M HEJOCTATKH NMPHMEHSEMBIX JJIEKTPOXHUMUYECKUX
CHCTEM.

OCHOBHBIE IPEUMYIIIECTBA CBUHIIOBO-KHCIIOTHOM aKKyMYJISITOPHOH Oarapeu:

— CpaBHUTEIHHO HEOOJbIIAs CTOMMOCTD BBHLYy MPOCTOTHI TEXHOJIOTUU U3TOTOBJIE-
HUs (comacHO pacuery cebectommoctn 1 BT/4), uTo nemaer MX HKOHOMHYECKH
BBITOTHBIMU;

— HaJIe)KHOCTh U IPOCTOTA B 0OCITYKHBaHUU;

— Majas camopa3psaAHOCTh, Oojee HHM3Kasg MO CPaBHEHUIO C APYTMMH THUIIAMH
Garapeii;

— He TpeOyIOT MOCTOSHHOM JONUBKHU 3JICKTPOJINTA;

— ofecreueHne CpaBHUTEILHO BEICOKOTO TOKA pa3psija.

Hapsiny ¢ npeumy1iecTBaMy CBUHIIOBO-KUCIIOTHBIE aKKyMYJISITOPHBIE OaTapen uMe-
I0T CJIEJIyIOIINE HEIOCTaTKU:

— XpaHeHHe OaTapeil OCyIECTBISETCS B 3apsHKEHHOM COCTOSIHUY;

— OOMIBILION YNIENbHBIN BEC AIIEMEHTOB aKKyMYIATOPHOH Oarapeu;

— OrpaHMYCHHOE KOJINYECTBO [IUKIJIOB MOJTHOTO Pa3psaaa;

— HEeTaTUBHOE BIIMSIHAE KUCIOTHOTO AIIEKTPOJINTA Ha OKPYKAIOIIYIO CPEay;
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— meperpeB OaTapeu Mpu HEeNIPaBUIBHOM 3apsiIKe;

— He0OXOAMMOCTh CHELUATbHBIX YCIOBHM Uil YTHJIM3ALMU aKKyMYISTOPHBIX
Oarapeii.

Hcxons n3 cka3aHHOTO MOYKHO CAENaTh BBIBOJ, YTO CBUHIIOBO-KHCIOTHBIE aKKyMY-
JSITOPBI UMEIOT PSiI IPEUMYIIECTB, OMHAKO M3-3a CIIEU(UKN PadOThHl HAa TOPHOIOOBI-
BAIOUIUX MPEANPHUATHIX U CYLIECTBYIOIIMX HEJOCTATKOB CBUHIIOBO-KHCIOTHOM AJIEK-
TPOJIUTHYECKOH cucTeMbl BBUAY TpeboBanuii PJ] 05-325-99 [10] nmpumeHeHnue
AKKyMYJISITOPHBIX OaTapeil ¢ JaHHOH 2IeKTPOXUMHUYECKOM CHCTEMOH 3aTpyaHEHO.

leno4ynple akKyMyasiTopHBIe OaTape [11] moixy4nny mMpokoe pacupoCTpaHeHUe
Ha OTEYECTBEHHBIX IIAXTHBIX 3JIEKTPOBO3ax. PacripocTpaHeHs! kenne30-HUKeIeBbIE ak-
KyMYJISITOPBI, IPEUMYIIECTBAMH KOTOPBIX SIBIIAIOTCA:

— IJIMTEJILHBINA CPOK CITY>KOBI ITPH MPaBUIILHON IKCILTyaTalllu;

— BO3MOXHOCTb IITyOOKOTO pa3psija;

— paboTa pu HU3KHUX TeMIIepaTypax 0e3 MOTepH CBOMCTB;

— HeOoMIbIIOH camopa3ps;

— HeOONBLION YeTbHEIH Bec.

Puc. 3. O0muii BU 2IeMEHTOB aKKyMYJISITOPHBIX OaTapeit:
@ — IIENIOYHBIE; 6 — CBUHI[OBO-KHCIIOTHBIE
Fig. 3. General view of the battery cells:
a — alkaline; 6 — lead acid

Hapsny ¢ mpenMyIiecTBaMu JaHHAS SIEKTPOXUMHUYECKAs CHCTEMa MMEET TaKHe He-
JIOCTATKH:

— IIeHa Ha MIETOYHOH aKKyMyJSTOp TOpas[ o BHINIE, YeM Ha aHAJOTHYHBINA
KHCIIOTHEIN;

— CTOMMOCTbH 3aps/IHOTO YCTPOWCTBA ISl TaKUX Oarapei MpEeBHIIAeT CTOMMOCTh
3apsAIHOTO YCTPOHCTBA IS KHCIOTHBIX aKKyMYJISTOPOB;

— B IIPOIIECCE 3aPSIKH MOTYT BBLICTISTHCS €AKHIE TTaphl, KOTOPBIE HAPYIIIAIOT paboTy
3apsAIHOTO YCTPOMCTBA, €CIM OHO PacHoJOKEeHO ONM3KO K 3apsbkaeMoil Oarapee
(mo1st 3apsiTKK HEOOXOIMMO BBIAETISITH XOPOIIIO MTPOBETPHUBAEMOE TIOMEIIICHHUE, a PACCTOs-
HUE MEXIy 3apsITHBIM YCTPOHCTBOM U aKKyMYJISITOPOM JIOJDKHO OBITH HE MEHEe ISATH
METPOB);

— menbas JJIC.

Taxoke Ha JaHHBI MOMEHT B POJIH TATOBBIX aKKYMYJIATOPOB AJIEKTPOIIOIBUKHOTO
COCTaBa aKTyaJbHBIM SIBIISIETCS MPUMEHEHUE HOBBIX JJIEKTPOXUMHUYECKHX CHUCTEM,
a IMEHHO JTUTUH-UOHHBIX, PTOPUI-HOHHBIX, TOTUMEPHBIX U JPYTHX.
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Haubonbmee pacpocTpaneHue MOMTydHIA TUTHH-HOHHBIE aKKyMYJISATOpHBIE Oara-
pen, KOTopbIe ke ObLUTH HCITBITaHbl Ha TOPHOMOOBIBAOIINX MpeanpuaTusaX. Ha pyaan-
ke «IHTepHAMOHATBHEINY, TpuHaIIeKameM kommnanun «AJIPOCA», B TedeHHe 1o-
Jyrofia TPOBOAWIMCH TPOMBIIUICHHBIE WCIBITAHUA YHUKAJIBHOTO IIAXTHOTO
3NIeKTPOBO3a Ha akkymysstopax komnannu POCHAHO «JInotex», mocne yero 0bL10
MIPUHATO PEUICHHE O TePEX0/Ie IPYroro 000PyIOBaHHS Ha NEKTPOTATY. [Ipu 3TOM KOM-
naunn «JInorex» u «benA3» moamucaniy MEMOPAaHIYM O COTPYIHHYECTBE, B PaMKax
KOTOPOTO HOBOCHOHMpCKas KOMITAaHUS MPUMET y4acThe B CO3aHWHU TATOBBIX Oarapeit
JUTSL KaphepHOH U TOPHOPYAHOM TeXHUKH. B wacTHOCTH, OyIyT pa3paboTaHbl aKKyMy-
JIATOPHBIE TPOJIEHBO3BI U MTOA3EMHBIE MTOTPY30YHO-I0CTaBOYHBIE MALITMHBI [T YTOJIb-
HBIX pa3pe30B, PYAHUKOB U IIAXT.

Kak u Bce anexrpuueckne O0aTapeu, TUTHH-NOHHAS COCTOUT U3 aHOoAA (OTpHIIATEINh-
HOTO 3JIEKTpoja) U Karoaa (TIOJ0XKHUTEIBHOTO MIEKTPO/Ia) M DJICKTPOIUTA B KaueCTBE
nmpoBoaHUKa. Karom mpencTaBiseT co0oi OKCua MeTaia (JTUTHH-TIEpEXOIHbBIN MaTe-
pHai: OKCHJI JTUTHS-KOOANBTa MM IUTUH-OKCH]T MapraHiia), a aHoJ[ COCTOUT U3 TIOpH-
cToro yriiepoaa. Bo BpeMs pa3psia HOHBI IBUXKYTCA OT aHOJA K KaTOy Yepe3 IEKTPO-
JIMT U CerapaTop, Ipu 3apsizie Mpoliecc MEHSET HallpaBJIEHUE Ha POTUBOMNONOXKHOE [12].
Br10op maHHO# AIEKTPOXMMHUYECKOH CHUCTEMBI OOYCIIOBICH €€ XapaKTepUCTHKAMH,
€MKOCTb JINTHI-HOHHBIX aKKyMYIISITOPHBIX Oarapeit coctapmsier 100—-180 Bt - w/kr u
250-400 Bt - u/n, pabouee Hanpspxerne 3,5-3,7 B 1 HIOKHUI TOPOT HATIPSKEHUS €1~
HUYHOTO 31eMeHTa 2,5-2,0 B, mpu 3TOM MOIIHBIE JTUTUH-MOHHBIE aKKyMYJISTOPHEIE
Oarapen pabOTOCIIOCOOHBI IPH TOKax paspsina a0 10-20 °C, unrepsasl pabounx TeMIie-
patyp coctasisget oT —20 1o +60 °C. Camopa3psa1 JaHHBIX aKKyMYJISTOPOB COCTaBIISIET
4-6 % 3a mepBbI Mecsl], a 3aTeM CyLIeCTBeHHO cHIbkaercs 1o 10-20 % B rox, mpu
9TOM aKKyMynsTOps! MeroT pecype 500—-1000 muxnos.

PaccMoTpyuM AIIEKTPOXMMUYECKHE PEAKINH, TPOTEKAIONIUE B TUTUH-NOHHBIX aKKY-
MYJISTOPHBIX OaTapesix, KOTOpbIe MOTYT OBITh BBIPAXKCHBI yPaBHEHUSIMH:

Ha TOJIOKUTEIBHOM JJIEKTPOIE

Li, CoO, +xLi" +xe” < LiCoO,;
Ha OTPHUILATEILHOM JIEKTPOJIE
LiC, & Li,_ C,+xLi" +xe;
CyMMapHasi peaKius
LiC, +Li, CoC, <> Li, C, +LiCo0,.

[IpenmymiecTBa TUTHH-HOHHBIX aKKYMYJIITOPHBIX Oarapei [13]:

— BBICOKasl IJIOTHOCTH HAKAIJIMBAEMON SHEPTHH U Pa3psAHBIX TOKOB;

— BbIJa4a OoJsiee BBICOKOTO HAMPSKEHUS (110 CPABHEHUIO C aKKyMYJISITOpAaMH THUIIOB
NiCd u NiMH);

— MOCTOSIHHAS] TOTOBHOCTH K 3()(EKTHBHOM IKCILTyaTallH;

— MUHUMAaJBHBIN camopaszpsa —4—6 % 3a mecsi, 10-20 % 3a rog;

— OTCYTCTBHE <A PEKTa MaMITH» — BO3MOKHOCTh PerysipHON HeOOIBIION Mo/A3a-
pAAKY;

— OTCYTCTBUE HEOOXOIUMOCTH B «TPEHUPOBKEY;

— IIUPOKHIA Auana3oH pabounx temmneparyp — ot —20 g0 +50 °C;

— 3¢ deKTUBHOE COXpPaHCHUE HAKOIUICHHOM 3HEPTUH, oTeps He Oonee 5 % Hakor-
JICHHOW €MKOCTHU B MECSIL;
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— BO3MOXHOCTb co31aHus Li-lon akkyMysIsITOpoB pa3iuyuHbIX (JOPM U pa3MepoB;

— JIETKUH BeC;

— BO3MOXHOCTb JUIUTEILHOTO XPAHEHUS B YCIOBUX, PEKOMEH/JOBAaHHBIX MIPOU3BO-
TUTETIEM;

— HEe3HAUUTEIbHOE cTapeHue 0e3 perymnsapHoil sxkcruryaranuu — 10 20 % B rog;

— OOMIBILION IKCILTYaTallMOHHBIH pecypc — okoio 10 neT;

— CYIICCTBEHHBIH 3arac pabo4mx IUKIIOB pa3psa-3apsaa — oomee 1000;

— IIPOCTOTA B YXOJI€ U UCTIOIH30BAHUH.

OpnHako JaHHas dIEKTPOTEXHUUECKas CUCTeMa He JIMIeHa HeAOoCTaTKoB [14]:

— OTHOCHTEJbHAS JOPOTOBU3HA;

— HH3Kasl yCTOWYMBOCTD K M30BITOYHOMY 3apsily ¥ IOJTHOMY pa3psay, HO3TOMY «yM-
Hele» Li-lon Garapem ocHamaroTcsi BCTPOEHHBIMH CHCTEMaMH aBTOMAaTHYECKOTO OT-
KIIIOUCHHUS;

— OrpaHUYEHHBIN Iuana3oH padounx temneparyp (ot —20 mgo +60°C), yxynienue
paboThl U BBICOKUX TEMIIEpaTypax, CHUKEHUE EMKOCTH IPH HCIOIb30BaHUU B OT-
pUIIaTENbHBIX TEMIIEpaTypax;

— 3aTPYOHEHHOCTbH 3apsAKH IIPU OTPULIATENIBHBIX TEMIIEPATYPax;

— B3pBIBOONIACHOCTD MPH OBPEXKICHUH KOpITyca (IIPOKOJIe MU APYTOM HapyILIEHUH
TepPMETUYHOCTH);

— 3aBHCHMOCTH CPOKa CIIy>KOBI OT BpeMEHH, a He OT YKCia [UKIJIOB Pa3paIKy U 3a-
PSLIKH, C TEYEHUEM BPEMEHH NIPOUCXOIUT MOCTEIICHHAs! TOTEPS EMKOCTH.

[Ipy mpuMeHEeHNH KU IKOCTHBIX JEKTPOXUMHYECKIX CUCTEM B KAY€CTBE TATOBBIX
AKKyMYJISITOpHBIX OaTapeil BOSHMKAET 3a/1a4a OTBOJA BBIJEIISIEMBIX Ta30B B MPOLECCE
3apsaAku. B pexnMe TOPMOXKEHHS aKKyMYJISATOPHOTO 3JIEKTPOBO3a JJIEKTPUUYECKUI
IPUBOJ IIEPEBOIUTCS B T€HEPATOPHBIM PEXUM, T. €. BBIIIOIHIETCS PEKyNepaLus 1 aK-
KyMyJISITOpHast OaTapest HepexonuT B peskuM 3apsaku. Kak onucaHo panee, B mporecce
3apsIKi CBUHLOBO-KHCJIOTHBIX M IIENOYHBIX OaTapeil NpOMCXOAMUT BBIAEICHUE BOJO-
poaa. BogoponHo-Bo3ayIIHas cMeCh SIBIISIETCST B3PBIBOOIMACHOH, YTO TPeOyeT AOTOI-
HHUTEIBHOM B3PHIBO3ALIMIICHHOCTH AKKyMYJSITOPHOIO OTCEKAa MU €ro BEHTWJLILHUU.
Takum oOpazoM, mpoOiieMa B3pPHIBO3AIIMINEHHOIO HCIONHEHHUS aKKyMYJISTOPHBIX
Oarapeii [15, 16] sBisieTcst akTya bHOM U TpeOyeT AaNbHEHIINX UCCIEIOBAHUH.

Ha gaHHBII MOMEHT BOIPOC 3KOJOTMYHOCTH U CTOMMOCTH MI'PaeT BaXKHYIO pOJb
B MAIIMHOCTPOEHHH U y’Ke BEyTCs pa3paOOTKH MO MPUMEHEHUIO HETPAIUIIIOHHBIX BO3-
OOHOBIISIEMBIX HICTOYHHKOB HEPTUH U CynepKoHAeHcaTopoB [17, 18]. OgHako maHHBIE
UCCIICZIOBAaHUS HE JOCTUIVIM MOMEHTa MacCOBOTO BHEAPEHUsS. AHAJIOTMYHO HE MOIYy-
YK BHEAPEHUE HA PEIbCOBOM TPAHCIIOPTE KOMOMHUpPOBaHHbIC [ 13] qu3enb-akkymy-
JIITOPHBIE JOKOMOTHBHI, UMEIOIINE BO3MOKHOCTH NIEPEX0/1a C OHOTO BUAA SJHEPTHHU Ha
JpYyTOi ¥ OMHOBPEMEHHOM paboThl Ha IBYX BHJAX 3HEPTHUH, YTO B CBOIO OYEpPENb CHU-
JKaeT pacxo]] TOIUIMBA IU3EIbHON CUIOBOM YCTaHOBKHM JOKOMOTHBA M COKpAILAET KOJIH-
YEeCTBO BBIXJIOIHBIX Fa30B TAKUX JIOKOMOTHBOB.

BobiBoabl. BeimonHeH aHanu3 3JIeKTPOXUMHYECKUX CUCTEM, TPUMEHSIEMBIX B Kade-
CTBE TATOBBIX aKKyMYJSTOPHBIX Oarapeil IIaxXTHBIX JIEKTPOBO30B, KOTODPBIM CBHUIE-
TEJICTBYET, YTO CBHHIIOBO-KUCIIOTHBIC aKKYMYJISITOPHBIE OaTaped MMEIOT psiji Cylie-
CTBEHHBIX HEJIOCTaTKOB, KOTOpHIE OTPaHMYUBAIOT YCIOBHMS HX OSKCILIyaTalHH.
[lemounbie aKKyMyISTOPHBIC OaTapew MOMYUYMIH OoJiee MHUPOKOE pacipoCTpaHEHUE
B Ka4€CTBE NCTOYHMKA SHEPTHHU JUIA IAXTHBIX JEKTPOBO30B. OIHAKO NPUMEHEHHE €1l
KHX BEIECTB B PACCMOTPEHHBIX AEKTPOXUMUYECKHX CUCTEMaX CBUACTEIBCTBYET 00
aKTyaJIbHOCTH TOBBILICHHUS 0€30MaCHOCTH JAHHOTO y3J1a 10 TPEeOOBaHUAM, TIPS bIBIIS-
E€MBIM K DJIEKTPOBO3aM, DKCILTYaTUPYyEeMBbIM Ha TOPHOAOOBIBAIONIMX TPEANPUSATHSIX.
Ha naHHBII MOMEHT IOSBHIACH BO3MOXHOCTH IIPUMEHEHUS HOBBIX JIMTUH-MOHHBIX
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3NEKTPOXUMHUYECKUX CHCTEM, JIMIIEHHBIX HEJOCTaTKa BBIJENECHUS BOAOPOAA, CYyIIe-
CTBYET ONBITHBINA 00pa3zen akKKyMYJISITOPHOTO SJIEKTPOBO3a, HA KOTOPOM MPHMEHEHEI
aKKyMyJsITopsl «JInotex». OnHako mpoOiema B3phIBOOE30MAaCHOCTH MPH TOBPEXKIe-
HHUH KOPITyCa JIUTHUI-MOHHBIX aKKyMYJISITOPHBIX OaTapeil ocTaeTcs HepelleHHOH, 1aH-
HBII BOIIPOC TpeOyeT AEeTaNbHOTO aHalu3a, KOTOPBIH OyleT BBHIMOJIHEH B AaJbHEUIINX
HCCIICZIOBAaHUSIX.
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Abstract
Introduction. The use of alkaline and lead-acid batteries in electric locomotives of mining enterprises is
currently relevant. There is a need to study the requirements for mine electric locomotives and identify the
advantages and disadvantages of electrochemical systems.
Research aim is to conduct a comparative analysis of the applied electrochemical systems of mine
locomotives, consider the advantages and disadvantages of batteries used in mine electric locomotives,
and consider the processes that occur when charging and discharging batteries.
Methodology. A review of existing electrochemical systems used on electric rolling stock in the conditions
of mine workings is carried out. The processes of charge-discharge of alkaline and lead-acid batteries are
considered.
Results. This article analyzes the electrochemical systems used in mine electric locomotives, of which two
can be distinguished. Lead-acid batteries have a number of significant drawbacks that limit their operating
conditions. Alkaline batteries are more widely used as an energy source for mine electric locomotives.
Findings. The main types of electrochemical systems used in mine locomotives are highlighted. Their main
advantages and disadvantages are examined, from which it follows that the data on the type of batteries
operate using caustic substances, which requires additional measures to ensure safe operation.

Key words: electric locomotive; battery,; parameters; cycle; charge; explosion safety.
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OnbIT yyactua YITY B MexayHapoaHOW Hay4yHO-00pa3oBaTenbHOMN
nporpamme dpasmyc+ MUHEPAI «MogepHu3aums reonorn4eckoro
0bpa30BaHKA B POCCUUCKUX U BLETHAMCKUX YHUBEPCUTETaX»

Bensies B. ."*, CunuHa T. C.", MopsiguH O. A.'
1'Ypanbckuil rocyaapCTBEHHBIN FOPHLINA YHUBEPCUTET, T. ExatepuHbypr, Poccust
*e-mail: ief.flk@m.ursmu.ru

Peghepam
Ieny pabomer. Ananuz onvima 8y306-y4acmHUKO8 NPOEKMA NO CO30AHUIO HA OCHOBE COBPEMEHHbIX
UHMepHem-mexHoN02Ull eOUH020 00PA306aMeNbHO20 NPOCMPAHCIBA U COBMECMHO20 00YYeHUs 6 HeMm
CMyOenmos no 06paz0eamenbHbIM NPOSPAMMAM, PA3PAOOMAHHBIM 8 COOMEEMCMEUU CO CMAHOAPMAMU
FBononckozo npoyecca.
Axmyanvhocms ucciedosanuil. Bueopenue 31eKmpoHH020 00yueHus u OUCMAHYUOHHBIX MEXHOLO2UL
AGNAEMCA OOHUM U3 OCHOBHBIX HANPAGIEHUL NOBbIUIEHUA dPdekmusHocmu 06pa30eamenbHO20
npoyecca u e2o 21006aIU3AYUU.
Memoouka npoeedenusn ucciedosanuil. /[is aHaIU3a ONbIMA POCCUNICKUX U 3aPYOENHCHBIX 8)308 NO
BHEOPEHUI0 IeKMPOHHO20 O0YUeHUs U 21eKMPOHHOU OOKyMeHmayuu Obll NpuUMeHeH Memoo
9KCHEPMHBIX OYEHOK U UCHONb308AHbL (PaKMUYeckue NOKA3amenu MeHeONCMeHma obyuenus 8 y3ax-
VUACMHUKAX NPOEeKma.
Pesynomamul. Anpobayus UHHOBAYUOHHBIX MEXHONO2UL NPOedeHa NOCPEOCMBOM Op2aHU3aAYUl
HAYYHO-MeMOOUYeCKUX CeMUHAPO8 YHACMHUKO8 KOHCOpyuyma. Ycmanoeneno, umo Haubonee
ahPexmusHbIM CPeOCmeoM OpPeaHU3AYUU CUCTEMbL MENCOYHAPOOHO20 COMPYOHUYECHBA S8IAemcs
MEXaHU3M pacnpoCmpaHenus pesyibmamos npoekma — ouccemunayus. Chopmynuposansvi 0CHO6HbIE
uncmpymenmol  ouccemunayuy. Beipabomanvl npakxmuyeckue pekomeHOAyuu NO  BHEOPEHUIO
9NEKMPOHHO20 00YUEHUS.
Oonacme npumenenus peszynbmamos. Pesyiomamvl ucciedosanus moeym 0Oblmb UCHONIbI0BAHbL
6  PA3MUYHBIX  MENCOYHAPOOHBIX — NPOSPAMMAX — AKAOEMUYECKOU MOOUTLHOCMU U  NPUMEHEHb
6 06pPA306aMeNbHOM NPOYecce POCCUNICKUX U 3aPYOENCHBIX 8)308.

Knroueevle cnoea: ouccemunayus; onexmponnoe obyuenue; ModepHusayus;  cobLIMUSA;
UHMepHAYUOHATU3AYUsL 00PA308AHUSL, MEMOOUYECKUNl CeMUHAD, MHOLOHAYUOHANbHASL 6e0-cemb,;
sumnss wkona «FOuwil 2eonoey,; KoHcOpyuyM 8308, MoOelb 00PA308aAHUSL.

VY4acTre B MEXIyHapOAHBIX HAYYHO-00pa30BaTeIbHBIX MPOEKTaX U TPaHTaX SIBIS-
eTcsl OJHUM M3 HauOoJjiee MEepCHEeKTUBHBIX HAIMPAaBICHUM EATENbHOCTH POCCUMCKHUX
YHUBEPCUTETOB. YPaJIbCKUH TOCYAAPCTBEHHBII FOPHBIM YHUBEPCUTET B TEUEHUE TPEX
nert, B iepuof ¢ 2017 mo 2019 rox, ydacTBoBaJl B IIMPOKOMACIITAOHOM MEXITyHapO.I-
HoM nipoekTe Dpasmyc+ MUHEPAJI «MonepHu3aius reojioruueckoro o0pa3oBaHus B
POCCHIICKMX M BbETHAMCKUX yHHBepcuTeTax». CHenualucTsl YpajabCKOTo rocyaap-
CTBEHHOI'O FOPHOI'O YHHMBEPCHUTETAa UMEKT YHUKAJBHBIM OIBIT 10 TOPHO-TE€0JIOTHYE-
CKOW TeMaTHKe, YTO MO3BOJIMIIO KOJUIEKTHBY YHUBEPCHUTETA BOMTH B 4HCIIO 9 poccuii-
CKUX M 3apyOeKHBIX BY30B, 0J0OpeHHBIX Komuccuid EBpocoro3a (ipu orbope u3 736
MOJJAaHHBIX 3asBOK). J{J1s peanu3anmu JaHHOTO MPOEKTa OB CO37[aH KOHCOPLIUYM POC-
CUHCKHUX U 3apyOexkHBIX By30B, B KoTophlii BMecTe ¢ YIT'Y Bonumm: HarmoHaabHbIH
HCCIIeZIOBaTeNbCKUI TexHonornueckui yausepeurer « MU CuCy», FOxuo-Poccuiickuit
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TOCYJapCTBEHHBIA MONUTEXHUUYECKUNA yHUBepcuTeT uMeHn M. U. Ilmatosa, CeBepo-
KaBka3ckuil MHCTUTYT TOPHOTO Jefla W METAJUTyprHM, TeXHUYECKHH YHHUBEPCUTET
«®Dpaitbeprckas ropHas akagemus» (I'epmanus), TopHbelit yHuBepcurer JleoOeHa
(ABctpus), Typunckuit yauBepcuteT (Mrtamus), XaHOWCKHHA YHHUBEPCHUTET TOPHOTO
nena ¥ reonorud (BretHam), YHHUBEpCHUTET HayKH M TEXHOJOTMU Ipu BbeTHamckoi
Axazemun Hayk. Koopmunatopom mnpoekra sBisieTcss TeXHUYECKHH YHHUBEPCUTET
«®Dpaiibeprckas ropHas akageMus», CTapeHInnii TopHbINA By3 EBpOITBL.

Thasnas yenv npoexma dpazmyct+ MUHEPAJI — co3nanue npu noMoIy COBPEMEH-
HBIX MHTEPHET-TEXHOJIOTUH €AMHOr0 00pa30BaTelIbHOIO MPOCTPAHCTBA IS BY30B-
YYaCTHHUKOB IIPOEKTa ¥ COBMECTHOE O0yYeHHE B HEM CTYICHTOB IO 00pa30BaTEIbHBIM
nporpamMMam, paspaboTaHHBIM B COOTBETCTBUH CO cTaHIapTamu bojoHckoro nporecca.

3adauu npoexma:

— CII0COOCTBOBATh MHTEPHALMOHAIN3AUN 00pa30BaHMs U COTPYIHHYECTBA B 00-
JIACTH TEOJIOTUH U Te0(U3UKH IIyTeM CO3[aHUsI MHOTOHAIIMOHAIBHOM BEO-CeTH;

— TOBBIIATH MPUBIEKATEIBLHOCTh MPO(ECCHOHAIFHOTO 00pa3oBaHusl B 00JACTH
T€OJIOTHH U Te0(U3UKH;

— MOZAEPHU3UPOBATH J1a00PaTOpHY0 0a3y YHHBEPCUTETOB COBPEMEHHBIM 000pyI0-
BaHHEM.

YpanabckoMy ToCyaapcTBEHHOMY TOPHOMY YHUBEPCUTETY Ha OCHOBAaHUHM MOAMUCAH-
HOTO y4YacTHHKaMH Mpoekra llapTHepckoro corameHus O COTPYIHHYECTBE OBLIO
OIIpEIesICHO OCHOBHBIM HAllpaBJICHUEM AEATENILHOCTH pacnpocmpanerue ungopma-
YUl U ONBIMA YHACMHUKO8 NPOEeKMA (OUCCEMUHAYUS Pe3YTIbIamos).

Cmpameeus ouccemunayuy — pacupoCTpaHEHUs Pe3yJIbTaTOB MPOEKTa — BKIIIOYAIA
B ce0s1 TPH OCHOBHBIX ATala:

Oman 1. HayanpHas (aza pacopocTpaHEeHHUs — 3TO 03HAKOMJICHHUE 3aUHTEPECOBAH-
HBIX CTOPOH, B TOM YHCJI€ CTYACHTOB U NperoaBaresicii By30B, C IUIAHOM OCHOBHBIX
Meponpusatuil o nporpamme Opazmyct MUHEPAJL [Tomumo u3yueHus creuuanib-
HBIX OpOIIIOp W OPYTHX WHGOPMALIMOHHBIX MaTepPHajoOB, [TABHBIM MEXaHHU3MOM JUC-
CEMMHAINHU cTasa pa3paboTka LleHTpoM AMCTaHIMOHHBIX TEXHOJIOTUH U 3NEKTPOHHO-
ro ooyuenus YITY cnenumansHoro caiita Opazmyc+ MUHEPAJL, koTopslii pa3merian
HEOOXOIMMYIO 7Sl BCEX YYaCTHHKOB KOOPAMHUPYIOIILYIO HH)OPMALIMIO HA PYCCKOM H
AQHIJIMICKOM SI3BIKAX, IPUYEM HOBOCTHOM OJIOK MMOCTOSIHHO OOHOBIISICTCSL.

Oman 2. IlpomexxyTouHas ¢aza pacrpoCTpaHEHUsI — 3TO PETYISPHBIA BBIITYCK Ha
caiite OroJIeTeHeH, OTpaXKaroIX OCHOBHBIE COOBITHS MPOEKTa (events) 1 MHHOBALU-
OHHBIC HMJeHu npoekra. [lyOnukanus Ha caiiTe MarepuajoB O MpOrpaMMe MMeja He
TOJIBKO JIOKAJBbHBIA XapaKTep B PacCMOTPEHMU MH(OpMauuu Ajsl CTYACHTOB, IpEo-
JaBatesnieil, aIMUHUCTPALMU By30B-IIapPTHEPOB, HO U MPEAToJiaraia pacliupeHne Lee-
BO ayTUTOPUH NPOTPaMMBI IJIsl BOBJICUCHHUS APYTUX POCCHUICKUX U 3apyOeKHBIX BY-
30B M, B CBOIO oOdYepelb, MX HAPTHEPOB (aAMUHHUCTPALUH, OPraHOB MECTHOTO
caMOyIpaBJICHUsI, IPEANPUATHIA, 3aMHTEPECOBAHHBIX B 00YUYEHHH IIEPCOHAIIA).

Oman 3. 3aKIIOUUTENBHBIA 3TANl PACIPOCTPAHEHUS OCYIIECTBISUI LENb JOCTUXKE-
HUSl YCTOMYMBOCTH pE3ybTAaTOB MPOTrpaMMbl B LIEJIOM. DTO CBS3aHO C IPHUMEHEHUEM
pa3paboTaHHBIX By3aMH-IApTHEPAMHU KypCOB, MAaT€pPHaIOB, METOAUK B YU€OHOM IpoO-
1ecce ¢ BO3MOXKHOCTBIO UX aJaNTally U UCIOJIb30BaHUS B APYTHX Iporpammax ooy-
yeHus. JlaHHBIA 3Tan BKIIIOYAd KaKk OPraHU3alUio CIEHUaNbHBIX MEPONPUATHH, CIIO-
COOCTBOBABIIMX MPOABIKEHUIO MPOEKTA, TaK M IMyONMKAaIMIO CTareil B BEOYIIHMX
Hay4HBIX XypHaJlax YYaCTHHKOB KOHCOpPIMYMa, IPOBEICHUE Ha UX IJIOLIAAKaX Hay4-
HBIX KOH(EpEeHIHNH, KPYIIIBIX CTOJIOB, CUMIIO3UYMOB. Bompockl, cBsI3aHHBIE C OCBelle-
HUEM OCHOBHBIX MEXaHU3MOB JMCCEMHUHALINH, KPOME MaTepuaJoB B HHTEPHETE U TENe-
BU3MOHHBIX MPOrpamMMax, ObUIM M3JIO0KEHBI B HAYYHBIX MYOMHKALUSX POCCHHCKHX H
3apyOeKHBIX MpeacTaBuTeNei koncopuuyma [1-3].
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O hexTHBHOCT NPOESKTHON ESATEIBHOCTH YIaCTHUKOB KOHCOPLIMYMa IO peann3a-
UM TieTielt u 3amad mporpammsl Jpasmyc+ MUHEPAJI o6cyxnanack n aHaIM3upoBa-
Jach BO BpeMsl IIaHOBBIX pabounx Berped. dpaiibeprekasi ropHast akaieMust Kak Koop-
JIUHATOp IpOoeKTa opraHu3oBaia B ¢eBpaine 2017 1. Ha cBOeH IUIOIIA/IKE CTAPTOBOE
COBEIIaHue, Ha KOTOpoM Obulo moamucaHo CorvamieHue yYacTHUKOB KOHCOpLUyMa
C yKa3aHHeM X (yHKIMOHAIBHBIX 00s13aHHOCTel. Ha mepBoii BcTpeue Bo Dpaiibepre
napTHEpH! OOCYIUIIN IUIaH IUCCEMUHALMU U yCTOWYMBOCTHU MIPOEKTA, CTPYKTYpY caid-
ta. Ha coBermannu Obuti BeIpaOOTaHBI HHCTPYMEHTHI (MEXaHU3MBI) PaclipoCTpaHEeHu,
KOTOpbIE BKIIIOUAIN CIIeyoue (OopMbl AeSITEIbHOCTH:

— MOITrOTOBKA, CONPOBOXKACHUE U OOHOBJICHHE CalTa;

— pasmernieHne MH()OPMALMOHHBIX MAaTE€pHajOB O DIIABHBIX COOBITHSX MPOEKTa
(events);

Tabauna 1. Meroguueckue ceMHHAPDI
Table 1. Methodological seminars

JlaTta u mecTo OpraHuzaTop IToBecTka

Oespans 2017, | Dpaiibeprekas ropuas OO6cyxaeHne y4eOHbIX MJIaHOB MaruCTePCKOit

Dpaiibepr aKajemMus MPOTPaMMBI; 00CYKICHUE MPEJIOKCHHUIT O aiar-
TaIlMU U MOJICPHU3ALIHN CYIIECTBYIONINX KypCOB

Cents6pp 2017, | TypuHCKH YHUBEPCUTET [Nony4yenue u 0OHOBIICHNE IPAKTUIESCKUX HABBIKOB

Typun, 11a00paTOPHBIX UCCICAOBAHUN B Ay AUTOPHBIX U

Cunmust TIOJIEBBIX YCIOBUSIX

Hostbps 2017, VYuusepcuter JleobeHa W3ydeHne HHHOBAIIMOHHBIX METOIHK 00YUYCHUS

JleoGen JUTS IpoBeeHUs 3UMHeH mikonbl «FOHBIN reomor»

Wrons 2018, OxHO-poccuiickuii rocy- PazButie Web-cetn koHCcOpIyMa

BnangukaBkas JTapCTBEHHBII TEXHUUECKUIT

YHHUBEPCUTET

Oxts16ps 2018, | XaHO¥WCKUI YHUBEPCUTET Armnpobanys npakTHYecKOro Kypca o0yueHus

XaHnoit TOPHOIO JieJa U Te0JIOTUU

OxTs16ps 2019, MUCuC Pa3paboTka pekoMeHIaluii 10 IporpaMmam JBoii-

Mocksa HBIX JUITIOMOB, ITOJIIACAHNE COTJIAIICHUH O HaMe-
PEHUSIX [0 peann3alii MporpaMM JBOHHBIX AH-
IUIOMOB, 00CY>XKIeHHEe CTaOMIBHOCTH IIPOEKTa

— uH(pOpMaIKs 0 BCTPEeUax Mo KIOUEBBIM BOMPOCAM ACATEIbHOCTH KOHCOPIIMYMa;

— MOJIrOTOBKA HAyYHBIX ITyOIHKAIUA;

— y4acTHe B MEKAYHAPOAHBIX MEPONIPUATHSIX U KOHPEPEHIIUSX;

— mepenava OMbITa M pacipeeiieHne KOMIIETCHIIUH Cpean By30B LIS pa3paboTKu
CBOMX MOAYJIEH €IMHON MaruCTepCKOM MpOorpamMmel.

B nensx 3ppekTUBHOTrO BBHIMOJIHEHUS pabOT MO MPOEKTY JUIsl Y4aCTHHKOB KOHCOP-
yMa ObUT OpraHN30BaH LENbIA psill y4eOHO-MEeTOANYEeCKIX ceMuHapoB. Ha Hux pac-
CMaTpUBAIKCH BOMPOCHI COTPYAHHUYECTBA BY30B W MPOBOAMIMCH KOOPIMHAIIOHHEIC
MEPOTIPHUSATHSL.

Kaxnp1il By3-y4acTHUK KOHCOPIIMYMa, IIPOBOAMBILINI Ha CBOEH IIJIOLIA/IKE IJIaHO-
BBII METOJUUECKUI cCeMUHAp U PabOvMX TPyl YHUBEPCUTETOB, OTBEYAN 32 €ro 10-
BECTKY, KOPpEIUpYs €€ C APYTMMHU yJYaCTHUKAMH KOHCOpPIHyMa. DTO OTPa)KeHO B Iie-
peUHe MIaBHBIX METOJUYECKHX CeMHHApOB (Tadm. 1).

Bo Bpems mIaHOBBIX BCTpEY MPEICTaBUTENEH KOHCOPIMYyMa MOABOIUINCH HTOTH
JTaNoB JUCCEMHUHAIIUH, IUHAMHUKA U Y3Q(PEKTUBHOCTh NESITEIBHOCTHU 110 €€ OCYIIeCT-
BIICHUIO (pean3alium).

Inasnviii npeomem Oouckyccuti BO BpeMsl TUIAaHOBBIX BCTped (CoBeLIaHMii) pabounx
TPYI YHUBEPCUTETOB-TIAPTHEPOB — ATO COMOCTABIEHUE MAarHCTEPCKUX MPOrPaMM I10
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T€OJIOTHH B POCCUHCKHX, €BPONEHCKIX U BRETHAMCKHUX yHUBepcuteTax. Jlist BhIsiBIE-
HUSI OOBbEKTHBHBIX U CyObEKTUBHBIX TPYIHOCTEH, HICTOPHUHU U XapaKTepa BO3HUKAIOIINX
npoOseM pabourMy TPyNIIaMu BO BPEMS JTaHHBIX MEPOIPUATHHA ObUI MPOBEIEH BCe-
CTOPOHHUI CPAaBHUTEIbHBIN aHAIN3 CYILECTBYIOINX MarHCTEPCKUX MIPOrPaMM HCXOS
u3 TpeboBaHuil (meckpunropo) bomonckoro mpouecca. Kaxxnomy yHuBepcurery-
4JIeHy KOHCOpIIMyMa ObLiIa ompeeneHa poib ((hyHKIHOHAIbHBIE 005S3aHHOCTH) B TIO/I-
TOTOBKE MAaTE€pHajIOB IJIsi MarucTepPCKON MpOrpaMMbl Ha OCHOBE 3JIEKTPOHHOM ILIat-
¢dopmel o0yuenus: (OPAL), BBeaeHa OpUEHTUPOBAHHAS HA YYalIUXCsA CHCTEMa HaKoO-
wieHnst O6awtoB (cucrema ECTS) — ocHoBa anst obecnieueHHs «IIPO3PAYHOCTH
pe3ynbTaToB 00yUeHUs, U Pa3padoTaHO PYKOBOACTBO 110 CTPYKTYPHU3ALMU CONCPKAHUS
o0y4Jaromux nporpaMm. Y4eOHast mporpaMma coiepxaia: oOmmi MoayIib, ClIeLHaI-
3UPOBAHHBIN MOYJIb, BKIIOYAIOLINH IPAKTUKY, U UCCIIEIOBATEIbCKUN MOAYIIb, BKIIIO-
YarOIIUI MarucTepCKyro quccepranuio. s JocTymHOCTH pecTaBIsieMbIX MaTepHa-
JIOB Kbl YYaCTHUK KOHCOPLMYyMa pa3padboTai 6 yueOHO-METOINYECKUX MOMIYJIEH,
COZAEPIKAIIUX IEKTPOHHBIE YUeOHbIE PecypChl, BKIIIOUas 3 CIIELUAJIbHBIX MOLYIS Ha
aHTmiickoM si3bike. Momynu YI'TY orpaxens! B a0 2.

Tabauna 2. YueGHO-MeTOAMYECKHE MOLYJIH
Table 2. Academic modules

1. | Methods and technologies of MeTobl 1 TEXHOJIOTHH 00pabOTKU 1 1 cemecrtp,
processing and interpretation of HWHTEpIpeTanun reojoro-reopumsmdecknx | 5 3ET
geological and geophysical data JTAHHBIX

2. | Modelling of physical processes in | MeTtoabl MoaenupoBaHus GU3HIECKUX 2 cemecrtp,
the rock mass MPOIIECCOB B TOPHOM MacCHBE 73ET

3. | Fundamentals of geophysical OCHOBBI T€OH3UIECKIX METOIOB 2 cemecrp,
methods 73ET

KomnexktuBoM mpemnogaBateneii u ydeHbIX Kadeapwsl reomnpopmarukun YITY
(3aBenyromuii kadenpoii — npodeccop B. b. [Mucerkuii) 6b1a pa3paboTana Marucrep-
ckas nporpamma 09.04.02 «MuadopMannoHHbBIe CUHCTEMBI U TEXHOJIOTUH B HedTeraso-
Boil oTpacnu». YuTaemble paHee Kypchl OBUIM CYHNIECTBEHHO MepepadoTaHbl
B COOTBETCTBUHU ¢ 3a7a4amu npoekta Dpazmyct+ MUHEPAJI u B KOHTEKCTe H3MEHEHU,
MPOUCXOSIINX B COBPEMEHHOM HayYHO-00pa30BaTeIbHOM 3aKOHOAATEIIbCTBE.

YHUKQJIBHOCTh JJAHHOM MarucCTEpCKOW MPOTrpaMMbl COCTOUT B €€ NPaKTUYECKOU
OpPUCHTHUPOBAHHOCTH Ha JICATEIBHOCT BEIYIMX POCCHHCKUX U MUPOBBIX HedTeraso-
BbIX KoMmaHuid. [lonmydeHHBIE 3HAHUS SIBUJIHCH PE3yIBTaTOM MHOTOJIETHETO Tpyaa
YPaNbCKUX YUCHBIX, IPETIOIaBaTeNIei U CIENUAINCTOB, a TAKKE MTOTYYHIIH arnpooauio
Ha MHOTOYHCIICHHBIX HAyYHBIX KOH(EpPEeHLUSIX, MpPEeXIe BCErO Ha TPaIUIMOHHOM
Ypanbckoii ropHonpombiiuicHHOM aekaze. [Iposenennsiit B YITY 10 nekadps 2018 .
JKCIepTaMu HanuoHaJdbHOTO oduca Dpazmyc+t MUHEPAJI B Poccun mpomexyTou-
HBIA MOHUTOPHHT pean3alliy IPOEKTa MoKa3all HaJndue Ha Kadeape reonHdopmaru-
KM COBPEMEHHOTO MPOTPaMMHOTO M TEXHHUYECKOro obOecreueHus, d3PPEeKTUBHO HC-
MOJIB3YEMOTO JJISl OCYIIECTBICHUS TPOEKTHBIX MEPOTIPUSATHH, & UMEHHO:

— Hay4YHO-HCCIIeIoBaTeNbCKIe ((PYHKIIMOHUPYIOMKE L{eHTp TOpHOTO MOHUTOPHHTA
YTOJBHBIX NMPEIIPUITUR);

— kommyHukanuoHssle (cait AT u D0 narpaxnen qumomom Oxford Summit of
Leaders «Science and Educationy);

— yueOHO-MeToruecKue (JabopaTopHbIi U KOMIBIOTEpHBIH QoHI Kadeapsl reo-
UHQOPMATUKHU U JPYTHX Kadeap YHUBEPCUTETA).

B 4nTaeMbIX TUCIMTUIMHAX MarHCTEPCKOTO Kypca ObUT UCIIONB30BaH OMBIT HAyYHO-
UCCIIeIOBATEIHCKOTO U MPAKTUYECKOTO COTPYJHHYECTBA C BLETHAMCKHMH HEPTeI00bI-
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BaloOIIMMH KoMItaHusMU. 1o okoruanny oO0ydenus B Mmaructparype YITVY mo mexmy-
HapoIHOM MarucTepckoit nmporpamme «I eonHopMaLOHHBIE CHCTEMBI B HE(TETra30BoM
OTpacian» BBITYCKHUKU OyayT MMETh NPaBO MOJIYYEHHS ABYX AWUIUIOMOB — THUILIOMA
YITY u MexayHapOIHOIO MarkuCTEpCKOro IUILIOMa 3apyOeXHOIo By3a-yyacTHHUKA
KOHcOpuuyMa. Bropoii 1umioM npenoctaBuT poCCHMCKMM MarucTpaM BO3MOXHOCTD
JalpHenero o0yueHus B 3apy0eKHbBIX By3ax, a TAKXKE IPEHOAaBaHNs B HUX.

OnHUM U3 KIIFOYEBBIX MEPONPUSATHI 110 AUCCEMUHALIMY PE3YJIBTaTOB IPOEKTa Dpas-
myct+ MUHEPAJI crana nanenpHas quckyccus «IlepcreKTuBbI peruoHaabHON U MEX-
OYHapOOHOH MHTerpauuu B oOnacTu o0pa3oBaTeNIbHOM M HAyYHOW AEATENBHOCTH,
npoBenernHas 13 wronst 2017 . YITY coBmecTHO ¢ MUHUCTEPCTBOM 00pa3oBaHUS
CaepanoBckoii oomacTi 1 MUHHCTEPCTBOM IPOMBIIIIIEHHOCTH U Hayku CBEPIIIOBCKOM
o0J1acTy B paMKax JA€JI0BOW MPOTPaMMBbl MEXIYHAPOIHON HPOMBILIUICHHON BBICTABKH
NHHOIIPOM-2017. Ha Heli npenofaBaTeNy U CIIELUAIUCThI LIEHTPa JUCTAHIIMOHHO-
ro o0yuenust YI'TY monenunucek OnpITOM U METOJaMU ITPUMEHEHUS! MHHOBALIMOHHBIX
00pa3oBaTebHBIX TEXHOIOTHH.

OtmeTnM, 4TO B pamkax XVI Ypaibckoll TOpHOPOMBINUIEHHON JeKaabl (armpeib
2018 1) cocTosutack MeTogudeckas TUCKyccust «OIBIT, POOIEMbI ¥ IEPCIIEKTUBBI Pa3-
BUTHS 3JIEKTPOHHOTO 00Y4EHHS B MEKAYHAPOAHOM 00pa30BaTeIbHOM IPOCTPAHCTBEY,
KOTOpasi ONpeAenia BO3MOXKHBIC IEPCIEKTUBBI Pa3BUTHS COTPYAHUYECTBA C IPYTUMH
By3aMmu, a B anpeiie 2019 r. B pamkxax XVII Ypanbckoil TOpHOIIPOMBIIIIEHHOM €Ka bl
cocrostack MeTonuueckas quckyccus «llepcriekTuBsl pa3BuTus e-learning B Mexay-
HapOIHOM MH(OPMALIMIOHHOM 00pa30BaTelbHOM MPOCTPAHCTBE», HA KOTOPOH paccMa-
TPUBAJIMCH MEPCIIEKTUBBI PA3BUTHS CUCTEMBI 3JIEKTPOHHOTO 00YYEHHUS U AUCTAHLIUOH-
HBIX 00pa3oBaTelbHBIX TEXHONOTWil. Pe3ynbTaTel wHccienoBaHWM, CBS3aHHBIX
C BOIPOCAMHU 3JIEKTPOHHOTO 00y4eHUs!, ObUTH M3N0KeHb! npenctasuressiMd YITY u
JIPYTUX POCCHICKHX BY30B B psife padbot [4-9].

Armpobanmeti mporpammsl Ipazmyc+ MUHEPAJI crana st Bcex y4acTHUKOB KOH-
copuuyMa 3uMH:sA mKkona «FOHbIH reonory, KoTopas NpPOBOAMIACE ABA FOfa MOAPAT U
nokasaja cBoro 3ddexruBHOcTh. Cdepa pacnpocTpaHeHUs] 3UMHEH MIKOJBI (OXBaT
MacCOBOH ayJUTOPHH) — TIOJIOBHHA 36MHOTO IIIapa B IIECTH YACOBBIX MosAcax, oT EBpo-
el uepe3 Poccuro 1o FOro-BocTounoit Azuun. B 1ByX 3UMHUEX IIKOJaX MPUHSUIA y4a-
cThe 372 MOJNOABIX YUEHBIX U CTYAEHTOB, 115 U3 HUX MPEACTABIIN YPaIbCKUN TOCY-
JapCTBEHHBIA TOopHBIM yHUBepcuTeT. B 2019 1. penerunueil 3uMHEN HIKOIBI cTaja
XXVI CepaiioBekast obnactHast mkona «FOHbI reosory, kotopas npouwia 11 ¢espa-
151, B AeHb Poccuiickoii Hayku, u coOpana cBeire 150 mkoapHuKoB U3 CBEpAIOBCKOH,
UYensounckoii 1 TromeHckol obnactei. OprannzoBaHHas Ha OnuMITHAE TPE3CHTALINS
nporpammsl Opazmyct MUHEPAJI nokazana BO3MOXHOCTH MEXAyHapOIHOTO oOpa-
30BaTEILHOTO COOOIIECTBA M COACHCTBOBANA MPOGOPHUEHTALMOHHON pabdoTe ¢ Oyay-
MU a0UTypHUEHTAMH YHUBEPCUTETA.

3UMHSS IIKOJa BKIIOYala BHUPTYaJbHBIE JIEKIIMU 110 T€OJOTUYECKOM TEMaTHKE OT
BCEX YHHMBEPCUTETOB-Y4aCTHUKOB IpoekTa. YI'TY moxaroroBun g Hee 4 BUAEONEK-
min: « MuHepajgoruyeckoe 60rarcTBo Ypainay; «JlparoneHHnbple MeTaibl 1 KaMHU Ypa-
na»; « YHUKaJIbHBIE T€0JIOrHYecKre 0OBeKThl Ypanay; «/HHOBaunoHHBIE ceficMuyue-
CKME TEXHOJOTMH B  pa3BeAKe MHHEPAJIbHBIX  PECYpcoB»  (COBMECTHO
C IPOMBIIITIEHHBIMU TapTHepamu YITY).

OnekTpoHHas cucteMa o0ydueHHs W ympasieHus Kypcamu Moodle namna Bo3MOx-
HOCTh YYaCTHUKaM 3MMHEH IIKOJIBI 3HAKOMHUTHCS C JIEKIUAMHU U KOHTPOJIBHBIMH 3372~
HUSIMU B OHJIAWH-PEKUME KaK B yIeOHOM KJlacce, Tak U B JIIOOBIX IPYyTrUX MECTax, Ha-
npumep y cebs noma. B 3uMHed mikone CTYIEHTH YHHUBEPCHTETOB IOYUHIIH
YHHUKaJbHYIO BO3MOXKHOCTh CIYLIATh JIEKIMHU M OOIIATHCS C BEXYLIMMHU MPErnoaaBaTe-
MU U cnenpanuctamu u3 Utanuu, ['epmanny, ABCTpun, H3ydars NIporpaMMHBIE TIPO-
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IYKThl MUPOBBIX TPEHIOB B 001acTH reojorun u reodusuku. Ilocie camocrosTensHo-
IO OCBOEHHS Y4eOHOI0 MaTepHrasa yYaCTHUKH IIKOJIbI OTBETHIIN Ha TECTOBBIE BOIPOCHI
Ul TIPOBEPKH CBOEH KOMIIETEHLIMH B Teojorndeckoi obmactu. Ilo uroram 3umuei
mkoJbl «FOHBIH reonor» u «HOHBIN reonor-2» ee akTUBHBIM y4acTHHKaM ObLIIH Bpyde-
HBI MEXTyHApOJHBIE CEPTU(HUKATHI MporpaMMbl Dpazmyc+ MUHEPAJL

3amaun 3UMHEN IIKOJIBI:

1. [onynspusanus Bcero KOHTeHTa nporpammel pazmyct+ MUHEPAJL, B ToM vuc-
JIe TIOmyIsipu3alus HaydHo-o0pa3oBarenbHoro roreHimana YI'TY, onHoro u3 crapeii-
HIMX TEXHUYECKUX By30B Poccum.

2. 3HaKOMCTBO POCCHSIH M MHOCTPAHHBIX I'pakaaH ((akTHUECKOE M BH3YaJIbHOE)
C YHHUKaJbHBIMHU SKCIIOHaTaMH reojorudeckoro mysest YI'T'Y, 4to oTKpbIBaeT nepcenex-
TUBBI COBMECTHOW MY3€HHOH 1€ TeTbHOCTH By30B-YUaCTHUKOB KOHCOPLIUYMA.

3. ®opMupoBaHre yCTOWYMBOrO HHTEpEca K BOCTPEOOBAaHHOM BO BCEM MHUpE IPO-
(heccun reoor.

Heo0xoouMo OTMETHTBH, YTO JalbHEHIIee HCIONb30BAHUE IPEICTABICHHBIX Ha
3UMHEH LIKOJIe MaTepHajoB B MAarHCTEPCKUX MPOrpaMMax POCCHHCKUX YHUBEPCHUTE-
TOB U MX 3apyOeXHBIX IAPTHEPOB JACT UM BO3MOXKHOCTh YUaCTHsl B Pa3IMYHBIX MEX-
OYHapOIHBIX MPOrpaMMax akaJeMHYecKOil MOOMIBHOCTH, a TAKXKE B MPOrpamMMax Jo-
MOTHUTENBHOTO 00pazoBanus (post graduate education).

IIpoBeneHre 3MMHEH IIKOMIbI BBISIBUIIO CIIEAYIOIINE TPoOIeMbl, KOTOpble HE00X0au-
MO YYHTBIBaTh NP OpPraHU3alUN MEpPONpUATHs. B dacTHOCTH, B CBSI3M C 0COOECHHBIM
CTHJIEM M3JIOKEHHsI MaTepHalia, IPUHATHIM B 3apyOeKHBIX YHHUBEPCUTETaX, POCCHUM-
CKUM y4YacTHUKaM OBUIO TPYZHO IPyNIUPOBAaTh M aHAJIU3UPOBATH IOIYyYaeMYyIO WH-
¢dopmaruio, BELIEIATH INaBHBIE BONMPOCHL. [Ipeononenne KOrHUTHBHOTO AMCCOHAHCA
HanpsIMyl0 CBSI3aHO C HEOOXOAMMOCTBHIO MOBBIIATH SI3BIKOBYIO MOATOTOBKY POCCHMA-
CKMX YYaCTHUKOB U ()OPMHUPOBATH Y HUX HABBIKK CUCTEMHOI'O KPUTHYECKOTO MBIIILIIE-
Hus1. HeoOXommmo Takke COBEpILIEHCTBOBATH BUACOKYDCHI, mHpeanaraembie YITVY
YYaCTHUKAM 3MMHEH MIKOJIBI C UCIOIb30BaHUEM BU3YalbHBIX 00pa30B MpH Iepenade
MHQOPMAIMY ¥ ONITUMH3ALMN MaTepHaja JJisl ero JOCTYITHOCTH IUPOKOH ayJUTOPHH.

Bb11 mpoBenieH BEIOOPOUYHBIH ONIpOC yuacTBOBaBIIUX B Hell ctyneHtoB YIT'V. 1o nx
MHEHUIO, MPOBEICHNE 3MMHEMN IIKOJIBI CII0COOCTBOBAJIO:

— Pa3BUTHIO 3HAHUH MO T€0JOrMYECKOH TeMaTHKE;

— 3HAKOMCTBY C HOBBIMU HH()OPMaLlMOHHBIMHU TE€XHOJIOTUAMH;

— MOJIyYCHHIO HayYHOH MH(POPMALMH MO T'e0J0ro-reopu3nuecKoil TeMaTHKe, CBSI-
3aHHOU c Oyayuied mpogecCHOHANbHOW JEATENbHOCTBIO CTYACHTOB, HAlpUMEp, IO
cneunanbHocTH «l'eodu3nyeckre MEeToab! IOMCKOB U PAa3BEAKI.

Opranuzanys MexayHapoJHOU 3uMHeEN Kokl «FOHBIN reoaor» HoMKHa CTaTh pe-
rynsapHoi B YITVY, Tak Kak y4yacTue B HEH MO3BOJIAET MOJIy4aTh BCECTOPOHHIOK HH-
dopManuio MO TEeOJOTHH MECTOPOXKIEHHH IOJNE3HBIX HCKOIAeMbIX, 3HAKOMHUTHCS
C OIIBITOM BEAYILHUX 3apyOeKHBIX U OTEUECTBEHHBIX YHUBEPCUTETOB, YIIIyOJISITH yPOBEHb
SI3BIKOBOM MOArOTOBKU. OMBIT npoBeaeHus 3uMHen mkonbl « Oubii reomor» B YITY
CBUJETEIBCTBYET O TOM, YTO €€ YYACTHUKH MTOJYy4YaroT BOZMOYXKHOCTb BOWTH B MUPOBOE
00pa3oBaresibHOE IPOCTPAHCTBO M MUPOBOE T€0JIOTHYECKOE COOOIIECTBO, 3HAKOMUTh-
Csl C COBPEMEHHBIMH OOYYaroIMMH TEXHOJIOTHUSIMH, IPHOOpETaTh HaBBIKK MEXKIyHa-
POAHON KOMMYHUKaMU. TakuM 00pa3oM, 3UMHSS LIKOJa CTaja OAHUM U3 KITFOUEBBIX
MHCTPYMEHTOB IPOJBUKEHUS MarMCTEPCKOM MPOrpaMMBbI B paMKax NMpoeKTa Dpa3Myc+
MMUWHEPAJL.

Koneunvim pezynomamom yuactua YI'T'Y B npoekre Opazmyc+ MUHEPAIJI cTaner
cozganue B 2020 r. MeKAyHapOAHOW MarucTepckoil mporpaMmsl «l eonHpopManoH-
HBIE CHCTEMBI B HE)TEra3oBOi oTpacim». 3alyCcK JaHHOH COBMECTHOM MaruCTepCKoi
MporpaMMBbl KOHCOPLIMYM By30B IaHupyeT B 2020 I. 1o eAUHBIM CTaHJapTaM CTpaH-



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 2, 2020 125

yuacTHuL. B Hee BoiinyT oOmue, crienaIn3upoBaHHbIE, MPAKTHUECKUE U UCCIIeI0Ba-
Tesnbekue Monynu. OOydeHne OyAeT BECTHCh Ha aHIIIMICKOM SI3bIKE C MPUMEHEHHEM
COBPEMEHHBIX TUCTAHIIMOHHBIX TEXHOJIOTHH.

CymecTByeT peanbHas BO3MOXKHOCTH PacHpOCTPaHEHUS JAAHHOM MarmcTepCKOi
IPOrpPaMMBl, IPEXKIIE BCETO B MPOPUIBHBIX TEXHUUECKUX YHUBEPCUTETaX U HAyUHBIX
LEHTpax CTpaH azuarckoro pervioHa (BeerHam, Kuraii, Jlaoc u np.). AKTyanbHOCTh
NOA0OHOI MPOrpaMMBbI CBsI3aHa C PEILICHUEM 3aa4 110 IOATOTOBKE BHICOKOKBATHU(HIIU-
POBaHHBIX KaJIpoOB JUIS Pa3BUTHUs pecypcHoi 6a3bl ctpaH LlenTpanbhoii u KOro-Boc-
TOYHOM A3HMM, YTO COOTBETCTBYET MPOU3BOIACTBEHHBIM HHTEpPECaM HALMOHAIBHBIX
KOMIIaHUH He(TerazoBoro KOMILIEKCA.

Oco0blil uHTEpEC pe3yIbTaThl IPOEKTOB HMPEACTABISIOT AJIs1 BCEX 3aUHTEPECOBaH-
HBIX OpTraHu3aluil (By30B, MPOMBIIUIEHHBIX MPEANIPUATHN, HAyYHBIX [IEHTPOB) Pecmy-
omuku BretHam. Tematuka npoekra Opazmyc+ MUHEPAJI HermocpencTBeHHO cBsi3aHa
C HEoOXOAMMOCTBIO Pa3BUTHS I'€OJIOTHUECKOTO 00pa3oBaHMs M TOPHOAOOBIBAIOLICH
NPOMBIIUIEHHOCTH Pa3InYHBIX pernoHoB PecrmyOnmuku BreTHam, cTpaTernueckoro
naptHepa Poccun. OtMerum, uto B ExarepunOypre cymectByeT OO0IIecTBO poccuii-
CKO-BhETHAMCKOU JIpykObI. B CBepmIoBCKyI0 001aCTh PETYISIPHO MIPUE3KAIOT MTPaBH-
TEJIbCTBEHHBIE AeJIeranry u3 BeeTHama, ¢ KOTOPBIMU IPOBOASTCS IIEPETOBOPHI M KOH-
CYJIBTALIUH 110 Pa3BUTHIO COTPYAHUYECTBA B chepax 0Opa3oBaHUs, HAYKH, TPOM3BOACTBA
U KyJIbTypbl. JlaBHIE UCTOpHUYECKUE TPAJAULIMU COTPYIHNYECTBA ABYX CTpaH, Poccun u
BrerHama, npennonaraior JajabHEHIIee pa3BUTHE IIOAOTBOPHOTO U B3aUMOBBITOIHO-
IO COTPYIHHUYECTBA B aKTyaJbHOH IS CTpaH-MApTHEPOB FOPHOAOObIBaOLIEH cdepe.
VYuensle-cienuanuctel YITY yxe HMMEHOT MHOTOJETHUN OIBIT COTPYJHUYECTBA
¢ mpeanpuiATHIMA BbheTHama, KOTOpBIN OTpaXkeH B OONBIIOM KOJIUYECTBE CEPHE3HBIX
Hay4HbBIX IIyOIUKaLuil.

B nponomxenne coBmecTHOH paboTsl 1o mpoekty Ipazmyc+ MUHEPAJI mnanupy-
eTcst yuactue yueHbx MHcTuTyTa reodusnku BeeTHaMCKOM akageMuu HayK B Ypalib-
CKOW TOPHONPOMBIIIIJIEHHO!N JeKaJe U MOATOTOBKAa COBMECTHBIX HAy4HBIX TPYIOB IO
JAaHHOMY HalpaBJieHUIO. B nepcriekTuse ecTh peasbHas BOSMOXKHOCTh Pa3BUBATh Hap-
THepckue cBs3u YITY ¢ BeicmMMu y4yeOHBIMH 3aBECHHAMHU M HEaKaIeMUYECKUMHU
napTHepaMu pecnyonuku BeetHam ¢ ucnonszoBanuem [T-texnonoruit B cdepe mon-
TOTOBKH T'€0JIOTOB, YUNUTHIBass 0COOEHHOCTH PernoHOB. OTBIT pasBUTH MEXTyHAPO/I-
HOTO COTPYAHHMYECTBAa OTpakeH B HaydHbIX myOmukanusx [10—13]. Takum obpazom,
€CTh OpPraHU3aLMOHHbIC U y4eOHO-METOANYECKIE OCHOBAHMS [Tl MHTETPALIMH OIbITa
VYITY u ero mapTHepoB U3 POCCHHCKUX M €BPOINEHCKHX BY30B B YUEOHBII mporecc
By30B BbeTHaMma.
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Abstract
Research aim is to analyze the experience of the universities participating in the project which, on
the basis of modern Internet technologies, creates a single educational space and co-education under the
educational programs developed in accordance with the of the Bologna process standards.
Research relevance. The introduction of e-learning and distance technologies is one of the main directions
of increasing the educational process effectiveness and globalization.
Research methodology. To analyze the experience of Russian and foreign universities in the implementation
of e-learning and electronic documentation, the method of expert assessments was applied and actual
indicators of training management in the participating universities were used.
Results. The testing of innovative technologies was carried out by organizing scientific and methodological
seminars of the consortium participants. It has been established that the most effective means of organizing
a system of international cooperation is the dissemination, mechanism of project results distribution. Main
dissemination tools have been formulated. Practical recommendations for the implementation of e-learning
have been developed.
Scope of the results. The research results can be used in various international programs of academic
mobility and applied in the educational process of Russian and foreign universities.

Key words: dissemination; e-learning;, modernization; events; internationalization of education;
methodological seminar; multinational web network; Young Geologist winter school; consortium of
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WCTOPUA. UHOOPMALIUA. PELIEH3UW

®opyM ropHAKOB W B3pLIBHUKOB Ypana

Acconmanus «B3peiBHEKH Ypana» u MactutyT ropaoro aena (MI'J] YpO PAH) cu-
CTEeMaTUYEeCKH OPraHU3yI0T HAyYHO-TIPOM3BOJICTBCHHBIC KOH(EPEHIIMA U CEMHHAPEI,
NPaKTUKYIOT BBIE3IHbIC MEPONPHUAITHS HAa TOPHOZOOBIBAIOIINE MPEANPHUITHS Ypallb-
CKOTO pervoHa.

4-5 wronst 2019 roma Ha 6a3e AO «kEBPA3 Kaukanapckuii ' OK» B Kaukanape yka-
3aHHbBIE OpPraHU3aLlUM COBMECTHO C YpalbCKUM ympaBieHueM Poctexnansopa mnpu
nogaepxxke OO0 «ABT-Ypam» npoBenu ABYXTHEBHBIA BBIE3THON HAyIHO-ITPOU3BO/I-
CTBEHHBIH CEMMHAp MO B3PBIBHBIM pabOTaM Ha NPEANPUATHIX Ypana, B OCHOBHOM IO
MIPOU3BOJICTBY U IPUMEHEHHUIO SMYJIbCHOHHBIX B3phIBYATHIX BemecTB (OBB).

B pabote cemnnapa npuHsN yyacTre 42 crierraincTa B3pHIBHOTO Jiena oT 18 Ha-
YYHBIX, IPOEKTHBIX M MPOU3BOACTBEHHBIX MPEANPUATHI Ypana U eBponeickol yacTu
Poccun. Ilo nytu B KaukaHap y4acTHUKH CEMHHapa COBEPIIWJINA 3KCKYpPCHIO Ha
HeBpsiHCKYI0 HAKIIOHHYIO OAIIHIO.

Otkpeutn cemuHap B. B. 'apunos, 3amectutens riapHoro umkeHepa AO «EBPA3
KI'OK», u nupexrop UI'J] YpO PAH, npe3unent Acconuanuu «B3pbeiBHUKH Ypaiay
C. B. Kopuunkos. [IpuBetrcTBoBanu ydactHUKOB ceMunapa A. C. TpodumoB, raBHbIH
ropusk AO «EBPA3 Kaukanapckuit 'OK», u C. JI. Mans0epr, reHepanbHbBIH TUPEKTOP
000 «ABT-¥Ypam». Ha cemunape 3acinymasno 13 J0KIa10B ¥ COOOIIEHHI B OCHOBHOM
no mpurorosieHnio BB B 3aBOACKHUX yCIOBHAX, IO MPOU3BOACTBY, IPUMEHEHUIO U
U3YyUYEHUIO JAECTOHALMOHHBIX XapakTepucTuk OBB Ha mpenmpustuax Ypana. Paccmo-
TPEHBI BONPOCHI MOBBIICHUS () (HEKTUBHOCTH U 0€30macHOCTH OypOBBIX padoT, orpa-
HUYEHHS CEHCMHUYECKOTO IeHICTBUS TEXHOIOTHYECKUX B3PBIBOB Ha [10JJ3¢MHbIE TOPHbIE
BBIPaOOTKH.

YuacTHUKH ceMuHapa noceTmm my3ei Kaakanapckoro ['OKa, rye ero mupexTopom
B. M. I'eoprueBbiM ObIIH PEACTaBICHBI JOKYMEHTBI i BUAEO 110 HCTOPUH CTPOHUTEINb-
ctBa Kaukanapa, npoueccam OypeHusi U B3pbIBAaHUS TOPHBIX ITOPOJ, TIOITYIESHUIO aryio-
Mepara 1 OKaThllIel, pabouuM npoueccaM Ha Kapbepe U B3pbIBHBIM padoTaM, a TaKkKe
pacckazaHo o Oynymem «EBPA3a». Ha 3aBoge mo mpou3BoAcTBY dMyabcuOHHOTO BB
«Hutponnt» mmaBHbl mkeHep OO0 «ABT-Ypam»y M. M. becmamoB o3HaKOMHI
Y4aCTHHKOB C NPOU3BOACTBEHHBIM NPOLIECCOM — OT 3aBO3KHU CBIPBS JI0 3arpy3KH B 3a-
PSAHBIE MAIIMHBI TOTOBOM MPOAYKIINU.

B nenom 3agaun, mocTaBieHHbIE OpraHU3aTopaMy KOH(GEepeHIrH, ObIIN JOCTUTHY-
Thl — aKTHBHU3MPOBAHBI JANbHEHIINE KOHTAKThl MEX]Y CHEIHATIUCTaMH, BEAYIIHUMU
paboThI 1o OypeHnto 1 B3pbIBaHUI0. OTHAKO IIOKA HE PEIIEHB! BOIPOCH O MUHUMAJILHO
0e30IacHBIX PacCTOSHUAX IO PAa3JIeTy OCKOJIKOB MPH MPHUMEHEHHUHU MPeJOXPaHUTEINb-
HBIX YKPBITUM.

6—8 Hos0ps B MBI «EkatepunOypr-Okcno» npu noaaepxke MuHHCTEpCTBa Mpo-
MBIIIUIEHHOCTH U Hayku CBepAJIOBCKOM o6nacTu M opraHuzanroHHoM ydactuu UI/]
VYpO PAH, Ypanbsckoro rocygapCTBEHHOIO TOPHOIO YHHUBEpPCUTETA, [ OpHOMPOMBIILI-
JIEHHOM acconnanuu Ypana u Accoruannu «B3peBaHuky Ypana» npomutu VI Ypans-
CKH TOPHOTIPOMBITIUICHHEIH (GOpyM U CTienHaIn3upoBaHHas BeIcTaBka «l opHOE memo/
Ural Mining’19».

B otkpeiTHu Qopyma npussanu yuactue: B. A. fzes, npesunent HII «oprompo-
MbILIUIEHHUKN Poccun», npeacenarens Poccuiickoro HalfmoHaIbHOTO KomMuTera Mu-
poBoro HedTsHOTO coBeTa; U. JI. MamXypoB, pyKOBOIAUTETh YPAIbCKOTO TEPPUTOPHU-
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aNbHOTO ymnpasieHHss MHHHCTEpCTBa HAayKM M Bblcuiero oOpasoBanust Poccum;
C. B. Kopnunkos, conpezacenarens ['0OpHO-METalTypruueckoro coBeTta YpajbCKOTro
(denepaIbHOTO  OKpyra, MpPe3uJCHT [OPHONPOMBINUICHHOW accolualuu Ypana,
B. JI. SIxoBnes, uneH-koppecnonaenT PAH, uien npe3unuyma YpaabCKOTO OT/IEIEHUS
PAH, npencenarens Ypanbckoro oraeneuust Akagemuu ropasix Hayk; U. B. Cokonos,
Bpro aupekropa UI'J YpO PAH; P. A. Anakames, npopektop YITVY; A. 4. XKeranun,
HayaJlbHHUK TOPHO-METAJUTyprudeckoro oraesna MuHHCTEpCTBa MPOMBIIUIEHHOCTH U
Hayku CBepIIOBCKOI 00macTu.

Ha BrIcTaBKe Obla MpeacTaBiIeHa NPOLYKLINS BEAYIIUX MPEANPHUITHI, KOMIAaHUH,
Hay4HBIX U UCCIIEAOBATENIbCKUX LIEHTPOB U3 15 pOCCHIICKMX PETMOHOB, a TaKXe 3apy-
OexHbIX npennpustuii u3 Pecrryonuku benapyce, [epmanun n Kuras.

Ha ¢dopyme npoBeneno 3acenanue ['opHo-metammtyprudeckoro coera Yp®O mo
BOIIPOCY «AKTyallbHbIE IPOOJIEMBI TOPHO-METAUTYPIUYECKOT0 KOMIUIEKCA YPaJIbCKOTO
(enepanbHOTO OKpyra B 001acTH 00ecredeHns 0e30I1acCHOCTA OCBOSHUS U TiepepadoT-
KM MUHEPAJIbHBIX pecypcoBy. Temaruky 3acenanus onpenenuio 300-n1etue co AHS BbI-
xoma uMmeHHoro ykasa [lerpa [lepBoro «O6 yupexnenun bepr-Komnermyma st Beme-
HUSL B OHOM JIeJ O pydax M MHHEpajax», HOCIY)KUBIIETO OCHOBOM IUIS CO3NaHMS
TOCyAapCTBEHHOM TOPHOH cITy»KObI B Poccum.

B 3aBepmenue 3aceqaHusi paOOTHHKaM TOPHO-METaJUTypTHYE€CKOTO KOMILIEKCa
VYpana ObuTH BpyUCHBI MEIAIHN JIAypeaToB « YpalIbCKO TOpHOU pemur». Harpaas! mo-
ayuunu: I. I1. bepceneB, reHepaibHbIN AUPEKTOP accoluanuu «B3pbhIBHUKHU Ypamay;
B. B. babGenko, nexan ¢axynprera reojorun u reopmuku YITY; B. A. BopoObes,
re"epanbHbiil aupexTop OO0 «HOxYpanB3pesnpom»; C. B. Kopaunkos, npe3uaeHt
TopHonpomeItieHHOH accoranuu Ypana; F0. U. Jlens, 3aBeayronuii kageapoi pas-
paboTKH MecTOpoXKIeHnH OTKPEITEIM criocodom YITY; U. C. Comoboes, ymnpasisio-
it aupekrop OAO «CYAJD», npesuneHT OO0 «CYAJI-Xonnuur-Ypan»; E. @. LpI-
MIUH, [TaBHBIN peaakTop uzganud «/3sectus By30B. [opHBIH KypHAI».

B pamkax ¢opyma coctostnace «VII Beepoccuiickas HaydYHO-IPOU3BOJICTBEHHAS
KOH(pEPEHIIHsI B3PHIBHUKOB. J[0CTIKEHUS B3pBIBHOTO JelIa Ha Ypajey, B KOTOPOH Mpu-
a5 yuactre 130 criennanuctoB-B3peIBHUKOB OT 40 npeanpustwii. Kondepeniuto mo
BBP otkpsut npe3unaeHt Accoruannuu «B3peBaHuKkN Ypana» C. B. KopHumkos, nanee
ee Bel reHepaibHbiid nupektop Accommanmu [ I1. bepcenes. Ero moknan 6611 mocss-
meH pabore Acconnanmu. Haunnas ¢ 2009 roga nposeneHo 10 HaydHO-TEXHHYECKHX
(mpON3BOACTBEHHBIX) CEMHUHAPOB U 7 HAyYHO-IPOM3BOACTBEHHBIX KOH(EPEHIHH IO
Pas3IM4HBIM HaIlpaBICHUSM OypOB3pBIBHBIX padoT. 1o MaTrepuanam ceMUHapoOB U KOH-
(epeHIri MOATOTOBIEHO M U3AaHO 9 eKEeroAHBIX COOpHUKOB crarell « TexHomorus u
0e30macHOCTh B3pPBIBHBIX paboT». B HacTosiee BpeMs K MeJaTH TOTOBUTCS AECITOE
aHaJIOTMYHOE U3JaHHE.

Acconmanys opraHuzoBana u nposesa 19 skckypcuii ¢ moceuieHneM 28 00beKTOB
B TOPHSALKKUX ropoaax CeepanoBckoi u YensOWHCKo# obnacteil, B ToM umcie 4 3KCKyp-
cun B 2019 rony. biarogaps moesnkam crenuanucTbl 03HAKOMUIIACH ¢ paboTOH TOPHO-
MOOBIBAOIUX MpeAnpuaTHidi. OCHOBHAS 3a7ada HEKOMMEPUECKOTO O0bETHHEHHUS — T1e-
penartk ONBIT COBPEMEHHOTO M 0€30IacHOro BeAeHUs OypOB3pBIBHBIX PadOT
HBIHEITHEMY ITOKOJIEHHIO B3PbIBHUKOB.

7 HOsIOps1 KOH(EPEHIWISI TPONODKIIack Ha twiomaake npeapusitist OO0 «HOxYpai-
BapeiBnpom» B Uensouacke. OTKPBUIH 3aceIaHue TeHEPATbHBIN TUPEKTOP MPEATIPH-
arus B. A. BopoObeB ¢ mpeseHTaleil CBoeli KOMIIAHUN W T€HEPalbHBIA TUPEKTOP
Accormmaruu I I1. Bepcenes.

Oco0oe BHUMaHWE TPUCYTCTBYIOUIMX MPUBICKIN BBICTYIUICHHS PYKOBOTUTEIS
HT® «B3speierexnonorus» (. Mocka) B. X. Kantopa m M. B. Kyapseresa



130 "Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 2. 2020 ISSN 0536-1028

(OO0 «bpuzant-OKO», 1. ExarepunOypr). Ha kondepeniuu B. X. Kanrop npeacra-
BUJI OYEPEIHYIO pa3padOTKy CBOEH KOMIAHWW — MPOMEKYTOUHBIE JAETOHATOPHI JUIS
WHHUIIMUPOBAHUS CKBXHHHBIX 3apsJI0B, B 3PPEKTUBHOCTU KOTOPHIX YYaCTHUKH KOH-
(depernn cMmorm  yOemuThCS TIO3[HEE, MPH IOCEIMICHWH Oa3WCHOTO CKiIaja
000 «lOx¥YpanB3peBrpom».

Brictyruienne M. B. KynpsiBrieBa o npuMeHeHNN pyKaBOB MPH 3apsyKaHUM B3PBIB-
YaThIMH BEIIECTBAaMU OOBOAHEHHBIX CKBa)KMH BBI3BAJIO0 HEOIHO3HAYHYIO PEaKIHIO.
ITo MHEHUIO CITEIINATUCTOB, ATa TEXHOJIOTHS TPEOyeT maabHEHTIIeH T0padoTKy.

Ilocne 3acemaHusi yY4YacTHUKH KOH(EPEHLMHM IOCETWJIM CKJIaJ B3PbIBYATBIX
BEILIECTB, IJI€ CO3JaHbl 00pa3lOBbIE YCIOBHSA AJISl XPaHEHUS M U3TOTOBJICHHS POCTEH-
mmx BB B 3HaunTenbHOM 0OBbeMe. B 3TOM 3acimyra pykoBoAuTeNned MpeArpHsTHS |
OCHOBHBIX HCIIOJHUTEJICH — HaualbHUKA U 3aBexnymomiero ckiagoMm A. A. JlutBuna
u Il. A. Kannnuna, Mactepa IICY A. b. MapkuHa.

8 HOs10ps B3pbIBHUKH Ypana nocetunu Koneiickuit «3ason [lnactmaccy, rae o3Ha-
KOMHJIMCH C U3TOTOBJIEHHEM IIAIIEK-IeTOHATOPOB, ITOOBIBAIM HAa CTPOUILIOIIAIKE HO-
BOTO 3aBOJIa IPOMBIIJICHHBIX IMYJIbCHOHHBIX B3PbIBUATHIX BelecTB. COBETHUK I€HIU-
PEKTOpa MO MPOU3BOACTBY MPOLYKIMH IpaxkAaHckoro HazHaueHus M. B. [lenucos u
raBHBIN TexHousor 3aBoga B. O. HetecoB pacckazanu o jaMHeNke NPOAYKIIHMHU, BBITY-
CKaeMOMW MpeANPHUATHEM JIJIs1 TOPHOI MPOMBIIUIEHHOCTH, NPH 3TOM I HAIISAHOCTH
HagansHUK 11exa Oll-1 Jlepuenko I. M. mpomeMOHCTpHpOBaIa TOCTIM TPOIECC H3TO0-
TOBJICHUS IIAIIEK-JETOHATOPOB.

Hakanyne 3Tux MeponpusaTiil Accouuanueil mpoBeAeHbI Moe3Kn Ha MuxeeBcKkuit
I'OK (YensOunckas o6i.) 1 ManbimieBckuil npunck (p. . Maibimesa 1. AcOecra).
Ha I'OKe ropHsIK# 03HaKOMUJIFICH C TIEPEIOBBIMH TEXHOJIOTHSIMH TOPHBIX U B3PBIBHBIX
paloT, Ha IPUHCKE — C COBPEMEHHBIMH CIIOCOOaMU MOA3EMHON NOOBIYN, 00OTaIeHUs
U nepepadOoTKU LIEHHOTO OEpUIUTHEBOTO CHIPBSI.

bepcenes I 11,

KAHOUOAm MexXHU4eCKUX HayK, 2eHepanlbHulll OUPeKmop
Accoyuayuu «B3pvisnuxu Ypana», cmapwuii nayyniii compyoHux
Hnemumyma eopnoeo oena YpO PAH

Kymyes B. A.,

Hayunwlil compyonux Uncmumyma eopnoeo dena YpO PAH
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