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BBEJIEHUE

AKTYaJIbHOCTh TeMbl HCCJIAeA0BAHUA. B yCIOBUAX yBEIMYEHUS MHUPOBOIO
cpoca Ha  KalulHble yAOOpeHus B CBA3M C  pacUIUpeHueM  O00BEMOB
CEIbCKOXO3IMCTBEHHOIO MPOU3BOJCTBA BO3HHMKAET aKTyallbHasl 3ajadya pa3paboTKu
HOBBIX BBICOKOI((EKTUBHBIX TEXHOJOTHUN BEICHUSI TOPHBIX PAOOT C MOBBIIMICHHUEM
IIOJIHOTHI M3BJICUECHUSI KAIMMHBIX coiiei. [IpupoaHsie MuHepanbHble pecypcsl Poccun,
OCOOCHHO YHUKaJIbHBIE MECTOPOXKICHUSI KaTUWHO-MAarHUEBBIX COJIeH, MPEICTaBIISIOT
3HAYMUTENIbHBIM SKOHOMUYECKUM MOTEeHIIHANI. Pa3BUTHE TEXHUKU M TEXHOJIOTUN JOOBIUU
U nepepabOTKKU KaTUNWHBIX COJIEH OCHOBAHO HAa COBEPIICHCTBOBAHUM TEXHOJIOTMYECKHUX
KOMILUIEKCOB, MAallMH W 00OpyJIOBaHMs, OOECHEUYHBAIOIIUX TMOBBIIICHUE TOJHOTHI
U3BJICUCHHS 3aM1acoB, O€30MaCHOCTh, BRICOKYIO CTENIEHbh MEXaHU3allUU U aBTOMAaTU3AIUN
BCEX MPOU3BOJICTBEHHBIX TMPOIIECCOB, UYTO B COYETAHUU C  TMEPEIOBBIMU
IF€OTEXHOJOTUUYECKUMU  PEHICHUSIMU  TO3BOJISIET  MakCUMallbHO  A(P¢heKTUBHO
UCIIOJIb30BaTh MPUPOAHBIE PECYPCHI IPU MUHUMAJILHOM BO3JICHCTBUU Ha OKPYKAIOIYIO
cpeny. OT0 0COOEHHO Ba)XKHO IS IKCIUTyaTalluy Ty00K03aleraronmx MECTOPOXKICHUM
KaJTUHHBIX cose, Takux Kak ['pemMsunHckoe MecTopoxkaenne B Bonrorpaackoii o6iacTu,
IIE CII0XKHBIE TOPHO-TE€OJIOTMYECKUE, T€OMEXAHUYECKUE U TOPHOTEXHUYECKUE YCIIOBHS
ONPEAEISAIOT T€OTEXHOJIOTUUECKHUE BbI3OBBI.

Uccnenosanusi, npoBefeHHbie B MHCTUTYTE MpoOIeM KOMILJIEKCHOTO OCBOCHHS
Henp Poccuiickoi akagemun Hayk um. akajgemuka H.B. MensnukoBa (MIIKOH PAH),
[IOKA3aJId, 4YTO TPAJUIMOHHBIE JUII OCBOCHHMS COJISIHBIX MECTOPOKIECHUU METOMBI
TUAPABIMYECKONW 3aKIaJKU B JAHHBIX YCJIOBHUSIX MOIYT IPUBOAUTH K JErpajalvu
MEXIYKaMEpHBIX M OapbepHBIX IIEJMKOB, PAa3PYIICHUIO TMOPOJA TOYBHI BBIPAOOTOK,
U3MEHEHUIO (U3UKO-MEXaHHUUECKUX U Je(hOPMAIIMOHHBIX CBOMCTB BMEMIAIOIINX MTOPO/T
MO/ BIMSHUEM pACCOJIOB, OCJIA0JICHUIO KpPOBIM TOPHBIX BBIPAOOTOK, HM3MEHEHHUIO
COCTOSIHUS PYIHUYHOM aTMoc(epbl, 9TO MOTCHIIMAIHFHO TOBBIMIAET PUCKK aBapuii. B
OTBET HAa O3TH BbBI30OBBI pa3padOTaHbl HOBBIE MOAXOAbl K TEXHOJIOTMHU 3aKJIaJKu
BBIPaOOTAaHHOTO MPOCTPAHCTBA, MpeaycMaTpuBaromye (GOpMHPOBAHWE MOHOIUTHOTO

KOHCOJIMAUPOBAHHOI'O 3aKJIaJOYHOI0O MaCCHBa Ha OCHOBC COJICOTXOAO0B C I[O6aBJ'IeHI/IeM



paccoyioB Ha TpaHULE BIAroOTAAYM, YTO MPEAONpeAesseT HeoOXOIUMOCTh
COBEPIIEHCTBOBAHUS M ONTUMHU3ALMH JIOTUCTUUECKUX CUCTEM MOA3EMHBIX PYIHUKOB JJIs
YIPABJIEHUS. OCHOBHBIMU M BCIIOMOTaTEIbHBIMU MUHEPAIbHO-CHIPHEBBIMU MTOTOKAMU C
o0OecrieyeHueM KOHTPOJII M YINpaBIEHUS HMX KadeCcTBOM, B TOM 4YHCJIE IIOTOKOB
3aKJIaJOYHBIX MAaTEPUAJIOB U CMECEH.

O0o0CHOBaHHE palMOHAIBHBIX MAapaMEeTPOB MPOLECCOB TPAHCIOPTUPOBAHMS
3aKJIAaI0YHBIX MAaTepUaloB Ha OOJbIIME TJIyOWHBI, BKJIIOYash JOCTaBKY, NEPEIMYCK,
TPAHCIIOPTUPOBKY, IPUTOTOBIIEHUE U YKIIAJIKY 3aKJIaJ0YHOM CMecH, MPEACTABIISIET COOOM
CJIOKHYIO JIOTUCTUYECKYIO 3a/1a4y W BJIEUET COMYTCTBYIOLIME PUCKU Ha Ka)XJOM 3BEHE
TEXHOJOTUYECKON CXEeMbl. ODTH AacCHeKThl MOJYEPKUMBAIOT BaXXHOCTh HHHOBALIMI B
TEXHOJOTUU U OOOpYAOBAHMM [JIsi TOBBIIIEHUS 3P(HEKTUBHOCTH U OE30MaCHOCTH
BEJICHUS 3aKJIaI0YHBIX paloT.

Bompoc ontumuzanuu napaMeTpoB  JIOTUCTHYECKHMX CHCTEM  TOJ3EMHBIX
PYIHUKOB, BEAYIIUMX pa3paboTKy T1y0OKO3aJIeralouX MECTOPOKIACHUN KaIUMHBIX
cojiei, C Yy4eTOM OCOOCHHOCTEH TOPHO-T€OJOTHYECKUX, TE€OMEXaHUYECKUX U
TOPHOTEXHUYECKUX  YCIOBHA C  OOECIEYEeHHUEM  TEXHHKO-IKOJIOTHYECKUX U
HKOHOMHYECKUX TPEOOBAHUI MPECTABISET aKTyaAIbHYIO HAYYHO-TEXHUUECKYIO 3a/auy.

Heabo pabGorhbl sBisieTcss pa3paboTka METOAUWKH BbIOOpa ¥ 00OCHOBAHUS
napaMeTpoB JIOTUCTUYECKOM CHCTEMBbl KaJUWHOTO pPyAHHKA, oOOecreduBaroniei
TpeOyemMyl0  TPOU3BOJIUTEIBHOCTh  3aKJIAJOYHOTO KOMIUIEKCA, HAAECKHOCTh H
3 PeKTUBHOCTH €ro PyHKIIMOHUPOBaHMS, O€30MIaCHOCTh TOPHBIX padoT.

I[Ipy »STOM KIIIOYEBBIMM  3a/lauaMH  CHUCTEMbI SIBIIIIOTCS  Oe3aBapuiiHas
JKCILTyaTalysl TPAHCHOPTHOTO KOMIUIEKCA, KOMIUIEKCOB MPUTOTOBJIEHUS W JIOCTaBKHU
3aKJIaJIOYHBIX MaTEPHAJIOB U CMeceil B BbIpaOOTaHHOE MPOCTPAHCTBO MOA3EMHBIX Kamep,
B COOTBETCTBUU C TPEOOBAHUSAMHU ITPOMBIIIJICHHON U AKOJIOTHYECKON 0€30IacHOCTH MpHU
BEJICHUH MO/I3€MHBIX TOPHBIX PadoT.

Nnest padoTsl 3aK1109a€TCS B TOM, YTO NEPEMELIEHUE 3aKJIaIOYHBIX MAaTEPHUAIIOB
Ha OCHOBE COJICOTXOJIOB OpPraHMW3yeTCs Kak €IWHas JIOTHCTUYECKas CHCTeMa
3aKJIaJOYHBIX palbOT, YUYUTHIBAKOIIAS BJIAKHOCTh MEPEMENIAEMOro MaTepuana,

JAHAMWYECKWE HAarpy3Kd U YCIOBUSI TPAaHCHOPTHUPOBAaHHMS Ha BCEX 3BEHbAX, B
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COBOKYITHOCTM HE U3MEHSIOIAs CTPYKTYpY COJ€OTXOAOB, HE BbI3bIBAIOIIAA
MOBBIIIEHHOTO  TbUIGHUS U oOecrneuwBaromas  (GopMHUpOBaHHME  MOHOJIUTHOTO
KOHCOJIMAUPOBAHHOTO 3aKJIaJOYHOTO MaCCHBA.

JlocTKeHre TMOCTaBICHHOW LENW W peajv3alus UJCH CBSI3aHbl C PEIICHUEM
CIEAYIOIINX HAYYHO-TIPAKTUYECKUX 3a0a4:

- aHaJIM3 MHUPOBOTO ONBITA M COBPEMEHHBIX IIOJIXOJ0B K pa3paboTke u
GbopMUPOBaHUIO  JIOTUCTHUYECKOW CHUCTEMBl TMOJ3EMHOIO0 pPYJHHUKA C  Y4ETOM
0COOEHHOCTEW OCBOEHHUS TIYOOKO3aJEraloluXx MECTOPOXKIACHUM KaluHWHBIX COJed ¢
3aKJIaIKOM BHIPAOOTAHHOTO MPOCTPAHCTBA;

- aHallu3 CTPYKTYPhl JIOTUCTUYECKOM CXEeMbl M METOJIOB OOOCHOBAaHHS €€
napaMeTpoB C y4eTOM TPeOOBaHUM K COCTaBY M CBOMCTBAM 3aKJIaJOYHBIX CMECEH;

- KJaccu(UKaMK JIOTUCTUYECKUX CXEeM 3aKJIaJKd Ha TOJ3€MHOM PYJAHUKE H
000CHOBaHHE YCJIOBUH 0€30MacHOTO MPUMEHEHUsI JOTUCTUYECKHUX CXEM Pa3IMYHBIX
KJIACCOB;

- olIeHKa (haKTOPOB, OMPEIEISIONINX MTapaMeTPhl JIOTUCTUYECKONW CXEMbI 3aKJIaJIKH
npu pazpaboTKe rTy0oKo3aNeraronnX KaIuHHBIX MECTOPOKICHU;

- pa3paboTka MaTEeMaTHYECKOM MOJENN JOTUCTHYECKOM CXEeMbl IOJI3€MHOTO
pyIHUKAa Ha OCHOBE MCCIEOBAaHHBIX (DUINKO-MEXaHUYECKUX U TEXHOJOTUYECKUX
CBOICTB 3aKJIaIOYHON CMeCH U (POPMHUPYEMBIX 3aKJIaIOYHBIX MACCUBOB;

- pa3paboTka anroputMa BbIOOpa MPUOPUTETHOTO BAPHUAHTA JIOTUCTHYECKOM
CXEMBI 3aKJIaJIKU TOJ3EMHOT0 PYJHUKA;

- CPABHUTEJBHBIA aHAJIN3 CXEM TPAHCIOPTUPOBAHMS 3aKJIAJOYHBIX MAaTEPUAIIOB U
cmecedd s (OPMHUPOBAHUS MOHOJHMTHOTO KOHCOJWIUPOBAHHOTO 3aKIJIAJOYHOTO
MacCHBa W BBIOOp MPEAMOYTUTEIBHOTO JJs1 pa3paboTKu [ PeMSYHMHCKOTO KaJIHITHOTO
MECTOPOKICHUS

O0beKkT mHccaeN0BAHUN: [BWKCHUE BO3BPATHBIX PECYPCHBIX IOTOKOB MpPH
dbopMHUPOBAaHUN MOHOJUTHOTO 3aKJIAJOYHOTO MAacCHBAa B TOA3EMHBIX PYIHHKAX IMPU
OCBOEHUHM TJ1yOOKO3aJerarouuX MECTOPOXKACHUN KadUHBIX COJIeW C  LEeJbio
obOecrieueHus: TpeOyeMBbIX TPOYHOCTHBIX, PEOJOTHUECKUX U JAehOPMAIMOHHBIX

XapaKTCPUCTHK, a4 TAKIKC ITOBBIIICHUS ITOJTHOTHI U3BJICUCHUA 3aIllaCOB.
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IIpeamer wuccjieoBaHMA: MapaMeTpPhbl JIOTUCTUYECKOM CUCTEMBI IMOJ3EMHOIO
pyaHUKa C (OPMHUPOBAHMEM MOHOJUTHBIX 3aKIaJ0YHBIX MAaCCHUBOB IPU OCBOCHUU
rN1yOOKO3aJIeralluX MECTOPOKIECHUN KadUMHBIX COJel ¢ ydyeToM TpeOOBaHMM K
MPOYHOCTHBIM, PEOJIOTUYECKUM U 1e(HOPMAIIMOHHBIM XapaKTEPUCTUKAM COJIEOTXO/I0B.

MeToabl  HMCCIIeIOBAHMSA: Ananus napamMeTpoB  IMPOU3BOJICTBEHHO-
OpraHU3alMOHHON CTPYKTYpPBbI pYyIHUKA BHITIOJIHEH HA OCHOBE MPOEKTHOM TOKYMEHTALlUU
Y UHCTPYMEHTAJIbHBIX U3MEPEHUI C MPUMEHEHUEM JiazepHoro aansHomepa Leica DISTO
D510 u mapkmeitnepckoit peiiku Invar B coorBetctBuu ¢ 'OCT 26433.2-94. Onenka
yCIOBUH TpyJla B MOJA3EMHBIX BBIPAOOTKAX OCYIIECTBIISIIACH MO JIAHHBIM 3alblJIEHHOCTH
Bo3ayxa (nmbuieynoButens [IKA-01), temneparypsl 1 BiaxxHocTH (TepmomeTpbl AR-360,
rurpometrpel  Benetech GM1362). T['eonorunueckue (axTopsl H3y4daIuCh uepes
KOMIUIEKCHYIO ChbEMKY HapylICHUH, BKJIIOYAs JIA3epHOE CKaHMPOBAHWE M BU3YaJIbHYIO
dukcanmio negopmanuii mopo.

OU3MKO-MEXaHUYECKUE CBOMCTBA COJIEOTXOOB MCCIIEOBAINCH C OMpeIeSIEHUEM
BJIQXXHOCTH (MeToj| BbICyIuBaHMs), HacbimHOM mmoTHOCTH (ITOCT 32721-2014) wm
¢dbpakIMOHHOTO cocTaBa (MOKpPBIM cuTOBOM aHanu3 Ha MamuHe EML 200). YmiotHenue
COJIEOTXOJIOB HMCCJIEIOBAHO Ha ruapasinueckoM mpecce Instron-300DX, CKIOHHOCTH K
KOHCOJIUAAIUU — IEHETPOMETPUYECKUM METOJIOM, a U3BHOCOCTOMKOCTh OILIEHUBAJIACH T10
metonuke mpod. JL.U. bapona u A.B. Ky3HemoBa. YTrom ecTecTBEHHOTO OTKOCa
ompenessics ¢ ucnoyib3oBanueM kapetku YBT-3 mo metoanke PCH 51-84.

PacuerHble MeTOIBl BKJIIOYAIM OIPEIEICHUE NapaMeTpoB JIOTHCTHYECKON
CHUCTEMbI 3aKJIaJJOYHBIX pabOT, MPOrHO3UPOBAHHE YIJIOTHEHUS COJEOTXOAOB NPHU
NepernycKe, pacueT KPUTHUECKUX CKOPOCTEH MaJeHUs B 3aKJIaJJOYHOM TpyOOIpoOBOJE, U
pacueTr pekuMoB pabOThl TOPHOTO 00OPYIOBaHUS (CKUIIOBBIE YCTAHOBKH, KOHBEMeEpHI,
TpyOomnpoBoabl). Ha ocHOBe mosieBbIX U 1aGOpaTOPHBIX JaHHBIX pa3paboTaH alropuTM
Bb10Opa noructudeckoit cxemsl (COCT 19.701-90), TeXHUKO-IPKOHOMHYECKOE CPAaBHEHUE
BApUAHTOB JIOTUCTUYECKHX CXEM 3aKJIAJOYHbIX pabOT BBIIOJHEHO METOJO0M
IIPUBEACHHBIX 3aTpaT. PekomeHaarenpHas KaJleHAApHO-CETEBas MOJIENb pean3aluu
JIOTUCTUYECKON CXEeMBI 3aKJIaO9YHBIX paboT coctaBieHa B coorBerctBuu ¢ ['OCT P

56716-2015 u meromonorueit Numeric Schedule Levels.
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ITos10:keHusi, BBIHOCUMbIE HA 3aIIMUTY:

1. OOGocHoBaHHBII BBIOOpP HapamMeTPOB JOTUCTUYECKOM CXEMbl 3aKJIAJIKH MpPH
pa3palboTKe TiyOOKO3aJeralinX MECTOPOKACHUN KaIMHUHBIX cojiel o0ecreunBaeTcs
MIPUMEHEHUEM METOJMKH, IOCTPOCHHON Ha MPUHIHMNAX YUETA BIAKHOCTH 3aKJIaI0YHON
CMECH U BIUSHHUS JIUHAMUYECKMX HArpy30Kk Ha (PU3NKO MEXaHHMYECKHE CBOMCTBA
COJICOTXO/OB.

2. IlpornosupoBanue (HU3UKO-MEXAaHUUYECKUX CBOWCTB COJICOTXOJIOB B XOJI€
TPAHCIOPTUPOBAHUS B 3aBUCUMOCTH OT BJIAXKHOCTU U JUHAMUYECKUX HArpy30K JOJKHO
IIPOBOJIUTHCS HA OCHOBE Pa3padOTaHHOW MaTeMaTUYECKOW MOJEIH, KOTOpasi MO3BOJISET
YUYUTHIBATH MPOLECCHl CAMOYIUJIOTHEHUSI MaTepralia, CHUXKas PUCK €ro HEpaBHOMEPHOTO
OCaXJCHUS U U3MEHEHUS PEOJIOTUYECKUX XapaKTEPUCTHUK.

3. OnTtumuzamus MapaMeTpoB BEPTUKAIHHOTO TPYOONPOBOIHOTO TPaHCIOPTA
3aKJIAJOYHBIX CMECeM C TPUMEHEHHEM pPa3padOTaHHBIX JEeMII(PEPHBIX YCTPOMCTB
MO3BOJISICT CHU3UTH JWUHAMUYECKUE HArpy3ku Ha 3aKIaJOoYHbId TpPyOONpoBOaA U
PEIOTBPATHTh TMPEKIESBPEMEHHYIO KOHCOJIUAAIIMI0 COJICOTXOJOB B OyHKepax-
HAKOIUTEIAX, UYTO OOECIECUYMBAET ITOBBINIEHHE HAACKHOCTH JIOTHCTHYECKON CHCTEMBI
pyAHUKA.

4, O60CHOBaHHME JIOTUCTUYECKOW CXEMBI 3aKJIaJIOYHBIX PaboT mpH pa3padboTke
[TyOOKO3JICTAIOIINX MECTOPOXKACHUN KAJIMHHBIX COJICH JOJKHO OCYIIECTBIATHCS Ha
OCHOBE CPAaBHUTEJILHOTO TEXHUKO SKOHOMHUYECKOTO aHAJIN3a THAPABINYECKOTO, CYXOTO
¥ KOMOMHUPOBAHHOTO CITIOCOOOB TPAHCTIOPTHUPOBAHMS 3aKJIaJ0YHOTO MaTepHralia U CMECH
C IPUMEHECHUEM CPEACTB MEXAHU3AIUH IUKJIMYHOTO, IOTOYHOTO Y IUKJIUYHO ITOTOYHOTO
MpUHIMIA AEHCTBUSA, PU ATOM JOCTATOYHBIM KPUTEPHUEM BBIOOpA MPEATOUYTUTEILHOTO
BapuaHTa JIOTUCTUYECKON CXEMBI SIBJISIETCSI MUHUMYM YJIEIbHBIX SHEPTE€TUUECKUX 3aTpaT
Ha IepeMeIleHUE B BEIPaOOTaHHOE MPOCTPAHCTBO 1 M3 3aKIIaJOYHON CMECH.

Hayuynasi HoBH3Ha padoThI

1. Knaccudukanus JTOTUCTHYECKHUX CXEM 3aKJIaJOYHBIX paOOT MpPU OCBOCHUU
COJITHBIX ~MECTOPOXKJCHMM, Oasupyromascs Ha crnocodax TpaHCIOPTHPOBAHUS
3aKJIaJIOYHBIX MAaTEPUAIOB U CMECEMN, OTIUYUTEITBHON 0OCOOCHHOCTHIO KOTOPOH SABISETCS

yY4ucT CHCI_[I/I(I)I/IKI/I COJICOTXOO40B OJIA (1)OpMI/IpOBaHI/I$I MOHOJIMTHBIX 3aKJIaJOYHBbIX
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MAacCHUBOB, TIyOUHBI 3aJieraHusi MECTOPOXKIEHUSI, PACCTOSIHUS TPAHCHOPTUPOBAHMUS, a
TaK)K€ pACIOJIOKEHUS M THUMA MOJYJsSI OOE3BOKMBAHUSA 3aKJIaJOYHOU CMECH, YTO
MO3BOJIIET BBIOpATh CpPEJICTBA JIOCTABKU W YKJIQJAKA CMECH JUIsi (POPMHUPOBAHUS
KOHCOJIMAUPOBAHHOTO 3aKJIaIOYHOTO MACCHBA C YYETOM TOPHOTEXHUYECKHUX YCIOBUU
pa3pabOTKU MECTOPOKIECHUN BOJIOPACTBOPUMOT'0O MUHEPATBHOTO CHIPhSI.

2. Meroauka 000OCHOBaHUS MapaMETPOB PAIMOHATBHONW JIOTUCTUYECKOM CXEMBbI
3aKJIaKU TpU pa3paboTKe TiIyOOKO3aJeraroluX MECTOPOXKICHUM KalUWHBIX COJIEH,
OTJIMYAIOMIASICA YYETOM BIAXXKHOCTHM CMECH, BIIMSHUS JIMHAMHUYECKUX HArpy3o0K Ha
(u3MKO-MEXaHUYECKHUE CBOICTBA COJIEOTXOAOB M YJEIBHOIO IHEPronoTpeOseHHs] Ha
TPAHCMIOPTUPOBAHUE 3aKJIaIOYHBIX MaTepUaJoB B BBIPAOOTAHHOE MPOCTPAHCTBO
NOJ3EMHOI0 pyJAHHUKA.

3. Maremarudeckass MOJE/b MPOTHO3UPOBAHUS (PUZUKO-MEXaHUYECKUX CBOWUCTB
COJIEOTXOJIOB B IPOLIECCE HUX TPAHCIOPTUPOBAHUSA, OTIMYAIOLIAACS TEM, YTO OHA
YUYUTBHIBAET MPOLECCHhl CAMOYIUJIOTHEHMS 3aKJIaJOYHOTO MaTepuala, CHUXKask PUCK €ro
HEPAaBHOMEPHOT'O OCAXIEHUS U N3MEHEHUS PEOJIOTUYECKUX XapaKTEPUCTHK.

4. Meronuka OIEHKH JOMYCTUMOM BBICOTHI OJWHOYHOTO TIepermycka 0e3
IIEPBUYHON KOHCONMMAALUU H ;on KOMIIOHEHTOB 3aKJIAJIOYHON CMECU 10 BEPTUKAIBHOMY
TpyOONIpOBOAY, OCHOBaHHAasg Ha YCTAHOBJIECHHOW 3aBUCHUMOCTH OTHOCHUTEIIBHBIX
BEPTUKAIBHBIX Je(opManuii ChITYyIUX MaTEPHAIOB OT YACIBHOM KOMIIPECCHOHHOM
HArpy3KH MPHU pa3IndHON BIaKHOCTH W KOMIIOHEHTOB 3akianounoi cmecu (0,05 - 8 %)
U KojaumdecTBa JeMmndepHbIX racutelned N Uil TpedoTBpAIlllCHHS TEePBUYHOU

KOHCOJUAAIUU COJEOTXOA0B, BEIPAKAIOUIEHUCS YPABHEHUEM

Hog
NW) = oom -k .
w) 6,64-W2-90,58-W+384,71 ~ >aflaca

JlocToBepHOCTL HAYYHBIX MOJIOKEHHH, BbIBOAOB M PeKOMEHIANUM
oOycioBieHa 00O0OIIEHHMEM MPEAMISCTBYIONIUX HAayYHBIX JOCTIKCHHUH B 00JIaCTH
MPOEKTUPOBAHUS JIOTUCTUYECKUX CHUCTEM, MPEIACTABUTEIBHBIM OOBEMOM HCXOIHBIX
JIAHHBIX, JIOCTOBEPHOM CXOJAUMOCTBIO TEOPETHYECKUX MATEMATUUYECKUX pPACUYETOB
BO3BPATHBIX PYJIHBIX IIOTOKOB, pe3yJbTaTaMH JIA0OPATOPHBIX MCCIICAOBAHUN IS

YTOYHCHHA IIapaMETPOB HUCXOIHOI'O MOACIHMPOBAHMA, HUCIIOJIB30BAHUCM COBPCMCHHOI'O
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BBIYHCIUTEIBHOTO 000pYyIOBaHHUA U  anpoOUpPOBaHHBIX METOAUK, BHEAPEHUEM
pE3yJIbTaTOB HCCIEAOBAHUI B MPOEKTHUPOBAHWE W IUIAHUPOBAHHE TOPHBIX paboOT Ha
II1yOOKO3aJIeTaloUX KaTUHHBIX MECTOPOKACHUS.

IIpakTnyeckass  3HAYUMOCTHL  padoTBI  COCTOMT B  OOOCHOBaHUU
MPEANOYTUTENILHOIO BapHaHTa JIOTUCTUYECKOM CXEMbl 3aKIaJoYHbIX paboT Ha
I'pemsiunHcKOM pyaHuke. B pamkax uccnenoBaHusi pa3paboTaHa HUKIMYHO-TIOTOYHAS
JOTUCTUYECKAss CXeMa TPaHCHOPTUPOBAHMUS  3aKJIaJOYHBIX  MaTepUaOB  JUIS
rJ1yOOKO3aJIeTaloUX MECTOPOXKJICHUN KAIMMHBIX COJIeH, BKIIIOYAOMIas pa3ielbHYIo
nojiayy 00€3BOKEHHBIX CONE0TX010B (BIakHOCTH 0,05 %) U CONSHBIX pacTBOPOB uepes
MOJYJbHBIA 3aKJIaI0YHBIA KOMIUIEKC. B coctaBe cxemMbl OOOCHOBaHO MPUMEHEHHE
KOHUYECKUX JeMM(PEPHBIX YCTPOUCTB C JIBYXCIIOMHBIM HM3HOCOCTOMKHUM IOKPBITHEM,
CUCTEMBbl TMHEBMATHUYECKOW MPOAYBKH ISl MPEIOTBPALEHUS 3aKyMOpPKH OYyHKEpPOB-
HAaKONUTEJNEH M aiNropuTMa peryJdpoBKH [aBJIEHUS BO3JyXa B BEPTUKAIbHOM
TpyOOIPOBOJIE, YTO 0OECHEUUBAET MPOU3BOAUTENBHOCTD 10 446,17 M3/4.

Hayuynasi 3HauuMocTh PadoThl COCTOUT B TOM, YTO BIEpBbIE OOOCHOBaHa U
peanun3oBaHa CUCTEMA 3HAHHUM M TIOJIX0JI0B, MMO3BOJIsIONMAs Y)PEKTUBHO MPOSKTUPOBATH
U (QopMUPOBATH JIOTUCTUYECKYIO CHUCTEMY 3aKJIaJIOYHBIX paboT mpu pa3paboTke
rIIyOOKO3aJIeTAIONUX MECTOPOXKACHUN KaJIMWHBIX COJIeH. DTa CHCTEMa YYUTHIBACT
MOCJIEIOBATENIBHOCTD CTA/IUI: OT OPTaHU3ALIMH [IEPEMEIICHUS 3aKJIaI0YHbIX MaTEPUATIOB
Ha OCHOBE COJIEOTXOJOB C YYETOM HX BJIAXHOCTH, JWHAMHYECKHX HArpy30K U
(U3UKO-MEXaHUYECKUX CBOMCTB J0 MAaTeMaTUYECKOTO MOJCIHUPOBAHUS MPOIECCOB
CaMOYIUIOTHEHHS] U ONPEIENICHHUs] ONTUMAJIbHBIX MapaMeTpPOB TPAHCIOPTUPOBAHUA, a
Takke obOecreunBaeT HAAEKHOCTh U HHEProd(PhEeKTUBHOCTh BCEH JTOTUCTHYECKOM
CUCTEMBbI pYAHHKA, YTO B pe3yibTaTe MO3BOISET (HOPMUPOBATH MOHOJIUTHBIH
3aKJIaJOYHbI MACCUB C YIPABISEMbIMUA KOHCOJIUIALIMOHHBIMA CBOWCTBAMU.

Peanu3zanusi pe3yjbTaToB. OCHOBHBIE IOJOXKEHUS JHCCEPTALMOHHOW paOOTHI
HCIIOJIb30BAIMCH B MPOEKTHBIX PEIICHUSIX BHIOOPA JIOTUCTUYECKOW CUCTEMBI PY/THUKA B
MpaKkTUKE OTPaOOTKHU [ peMSIYMHCKOTO MECTOPOKICHUS KaTUHHBIX COJIEH.

AnpoGanusa padorbl. OCHOBHBIE pPE3YyJbTaThl, IMOJOKEHUS U  BBIBOJbI

JNOKJIAJbIBAINCh, W 00Cyxaanuch Ha X MexIyHapoJHOW Hay4yHOU KOH(epeHIuu



12

MOJ0IbIX YueHbIX «Momnojbie - Haykam o 3emie» (MockBa, 2022); Ha MexyHapoHOM
HayyHoH wkone akagemuka K.H. TpyOenkoro «IIpoGnembl M mHepCHEeKTUBBI
KOMILUIEKCHOTO OCBOCHHUSI M coXpaHeHMsl 3eMHbIX Heap» (Mocksa, 2022, 2024); nHa
Mexnaynapoguom cumnosuyme «Henmenst ropasika» (MockBa, 2023); wa XIX
MexayHapoJHOM HayYHO-TIpaKTUUeCKOM KoHpepeHnu «Monoaéxs u Haykay (HuxHui
Tarun, 2023); wna XII Mexnaynaponnoit koHdepenuun «KomOuHMpOBaHHAS
T€OTEXHOJIOTUS: KOMILJIEKCHOE OCBOCHUE TEXHOTEHHBIX 00pa30BaHUM U MECTOPOKIACHUN
noJie3HbIX uckomaembix» (Marnutoropck, 2023), na XI Poccuiicko-Kuraiickoii
MeXTyHapoaHOU KoHpepeHunu «[IpobiieMbl HEMMHEHHON T€OMEXaHHKHU Ha OOJBIINUX
riryounax» (HoBocubupck, 2023).

Myoankanumu. Martepuansl auccepranuu omyonukoBansl B 11 paborax, 5 u3
KOTOPBIX — B U3JIaHUX, pekoMeHayeMbix BAK.

JInuHbIi BKJIaJ aBTOPA 3aKII0YACTCS B TOCTAHOBKE 11U U 33]1a4 UCCIICAOBAHUS
U ONpeACNICHUU IyTel HUX perieHus, B (QOopMyIHpoOBaHUU HJEU IS JOCTHKCHUS
NOCTaBJICHHOM  LIEJIM, OINpPEAECICHUHM OCHOBHBIX IIApaMETpPOB,  MO3BOJISIIOLINX
c(hOpMHPOBATH JOTUCTUYECKYIO CHUCTEMY BEACHHS 3aKJIAJIOYHBIX padOT Ha KaJIMMHOM
PYIHUKE C YUETOM ONPEEISIONMX YCIOBUN U (AaKTOPOB, a TAK)KE BUJA 3aKJIAJIOYHBIX
MaTepuajIoB U CMECEH.

O0bem u cTpykTypa padorsl. Jluccepramusa npeacrTaBieHa Ha 175 cTpaHuiax,
COCTOMWT U3 BBECHU, 4 T1aB, 3aKIIFOUCHUS U COACPKUT 39 pUCYHKOB, 24 TabIINII, CITHCOK

WCTOYHUKOB U3 145 HanMeHoBaHUH.
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I'aasa 1. OBOBIIEHUE OIIBITA 1 OBOCHOBAHUE NNEPCIIEKTUB
PA3ZBUTHS JOT'UCTHYECKOUN APXUTEKTYPHI HOJA3EMHOI'O
PYJHUKA ITPU TOJA3EMHOM PA3SPABOTKE C 3AKJIAJKOM COJISIHBIX
MECTOPOXJIEHUI

1.1. CucremaTu3anus TEXHOJOIHYECKUX cXeM (GOPMHUPOBAHUA MOHOJIMTHBIX
3aKJIaJIOYHBIX MACCHBOB B IPAKTHKE OCBOEHHS IJIy00K03aJ1eralonux
MeCTOPOKIEHHUI TOI3eMHBIM CITOCO00M

B coBpemenHOl ropHO00BIBaIOIICH MPAKTUKE 0€30MacHOCTh U 3()PEKTUBHOCTD
TOPHBIX Pa0OT SBISIOTCSA KIIOYEBBIMH TPHOPUTETAMH, a YCTOHYMBOCTH TOPHBIX
BBIPA0OTOK WIPAET KPUTHUYCCKH BAXKHYIO POJIb B OOECIEYCHUH OE30MaCHOCTH TOPHBIX
pabot. ObOecrnieyeHne YCTOMYMBOCTH TOAPAOOTAHHOTO MAacCHMBa TOPHBIX TIOPOI,
MUHUMU3AIMS JeopMaIuii 3¢eMHOM TTOBEPXHOCTH M OXPaHSAEMbIX OOBEKTOB, a TaKKe
yIPaBJICHUE TOPHBIM JaBJICHUEM U CHUKCHUE BEPOSTHOCTH BOZHHUKHOBEHUS U Pa3BUTHS
aBapHii, TaKMX KaK OOPYIICHUE, IMOJ3EMHBIC TIOKaphl U BHE3AITHBIC BHIOPOCHI YIS HIIH
raza o0ecreunBaeTcsi MyTeM BO3BENIEHUSI B BHIPAOOTAHHOM MPOCTPAHCTBE IMOJ3EMHOTO
PYJIHUKA 3aKJIAJJOYHBIX MAaCCUBOB C TPEOYEMBIMU MTPOYHOCTHBIMU U JAe(OPMAIIMOHHBIMU
xapakrepuctukamu [60].

[IprMeHeHne MOHOMTHBIX 3aKJIaJ0YHBIX MACCUBOB C 3a/IaHHBIMU MPOYHOCTHBIMU
XapaKTepUCTUKAaMU  CTAHOBUTCS  OCOOCHHO  aKTyaJbHBIM  TIPU  pa3paboTKe
MECTOPOKICHUM COJIeH TT0I3€MHBIM CITOCOOOM Ha ITyOHMHax CBhIIIE 1 KM, rae TpedyeTcs
obecrieueHnEe MaKCUMAJIbHOW HA/IC)KHOCTH TO/IePyKaHMs TOPHBIX BIPAOOTOK M OCOOBIH
KOHTPOJIb 32 COCTOSTHMEM TOpHOro MaccuBa. Ha Takux riayOMHAaX KPUTHYECKH BaKHO
KOHTPOJUPOBATH U YIPABISTH TOPHBIM JTaBJICHUEM, YTO TPEOYET CO31aHUSI MOHOJIMTHBIX
3aKJIaIOYHBIX MACCUBOB, CITOCOOHBIX BBIJEPKUBATH HATPY3KU HA BCEX CTAIMSIX BEIICHHUS
TOPHBIX pabOT W MpeA0TBpaIIaTh AeGOopMalui KOHTYpa BEIPa0OOTAHHOTO MPOCTPAHCTBA.
dopMupoBaHUE 3aKJIaJJOYHOTO MACCHBAa Ha OCHOBE COJICOTXOJIOB MO3BOJISIET HE TOJBKO
CHU3UTH DJKOJOTUYECKYIO HArpy3Ky Ha OKPYKAIONIIYI0 Cpeay 3a CYET YTHUIIM3aIHH
OTXOJIOB JOOBIYM, HO W 3HAYUTEIHHO TIOBBIIIAET YKOHOMUYECKYIO 3((PEKTUBHOCTH
TOPHOI00BIBAIOIIETO MTPOU3BOICTBA 32 CYET COKPAICHHS TOTEPH MOJIE3HBIX HCKOTAEMBbIX

[49]. MoHomMTHBIC 3aKIaJ0YHBIE MACCUBBI MPEICTABISAIOT COO0W WHTETPHPOBAHHYIO
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4acTb ~ COBPEMEHHBIX  TOPHOJOOBIBAIOMIMX  TIE€OTEXHOJOrMH, 00ecrneurBaIOUIUX
YCTOWYUBOCTB U 0€30MacHOCTb MoA3eMHBIX padoTt. ["amuenko 1O. I1. u AitnO6unnep U. U.
[30, 52] cuctemaTU3UpOBaIX MOHOJUTHBIE 3aKJIaJ0YHbIE MACCUBBI IO CIOCO0Y YKIAIKH,
BUJy CMECH, YCJIOBHUSIM NpPHUMEHEHHS U (HOPMHUPOBAHUIO. TEXHOJIOTHMU 3aKIAIKH
MOJPA3JIENAI0TCS Ha JIBAOMOPOJHBIE, TBEpACIOLME, OyTOOETOHHBIE, HUHBEKIIMOHHBIE U
TUIPABIMYECKUE, C OLICHKOM UX TEXHOT€HHOr0 BO3JEHCTBUS HA T€OJOTUYECKYIO CPENY.
Ha 3apy0exHbIX U 0OT€YeCTBEHHBIX NPEANPUATUAX HAKOIUIEH 3HAYUTEIbHBIN OIBIT
NpUMEHEHUs JIbaonopoAHon 3akmanaku [125, 3, 129]. B pabore [97] omumcan ombIT
NPUMEHEHHS YCOBEPIICHCTBOBAHHOM TEXHOJIOIMH BO3BEICHUS JIbJAONOPOIHON 3aKIa KU
Ha pyaHuke «banpan» 3A0O «'opHopynHas komnanus 3ananHas». [Ipu 3aknanke kamep,
PaCIoOIOKEHHBIX B MEP3JIBIX TOPOAaXx, MOCje pa3MelIeHusl B KaMepe IMyCTO mopobl, B
BbIPa0OTaHHOE MPOCTPAHCTBO MOJAETCS BoJia B KonuuectBe 11-23% ot ee oObema. Jlms
TPAHCTIOPTUPOBAHMS  JIHJIOMOPOJAHON  3aKJIAJKA TMPUMEHSAETCS  TPyOONpPOBOIHBIN
TpaHcnopT. Tak Kak MCTOUHUKH TOJIa4d BOJbI U3HYTPU TOPHOTO MACCHBA OTCYTCTBYIOT,
BOJA IS 3aKJIAJIOUYHBIX paboOT MOAa€Tcsi C MMOBEPXHOCTH MO TPyOONpOBOAY H
pacnpeensieTcs o TOPU30HTAIbHBIM M HAKIIOHHBIM BBIPaOOTKaM uepe3 MPOpPe3nHEHHbIE
pykaBa. IlonmydyeHHas 3akiago4yHass CMeCb W3 TMOPOAbI M BOJBI TIIATEIBHO
NEPEMEIINBAECTCS CKPETIEPHON YCTAHOBKOM 10 COCTOSIHUS IIIYTOBOM CMECH.
[IpombIlIEHHOE BHEAPEHHE METOJIa JbAOTOPOAHON 3aKJIaJKH B 3HAYUTEIbHBIX
o0beMax ObUIO OCYIIECTBICHO MpHU AKCIUTyaTanuu pyaHuka Ne 3/6 Ha TeppuTopuu
Hopunbsckoro roprHo-metamnyprudeckoro npeanpusarus [109]. O6pazoBanue neAssHBIX
MacCHBOB IPOUCXOJMJIO NP IMOAJEPNKAHUU IITATHOTO BEHTHWISALIMOHHOTO pPEXUMa M
UCITIOJIb30BAaHUM €CTECTBEHHBIX TEMIEPATYPHBIX YCIOBUN BHYTPU Kamep, IZ€ JETOM
¢dukcupoBanoch okoiuo —2,5 °C, a 3MMOM TeMIepaTypHbIe 3HaU€HUS CHIKAINCH 110 —6 °C,
NPy CPEAHErOoJOBBIX IOKazaTelsix B auamnazoHe ot —4 go —5°C. nsa peanuzaiuu
TEXHOJOTMH B TYNHKOBOE IPOCTPAHCTBO PEryJAPHO IOAABaIM BOJHBIE MacChl C
MOBEPXHOCTH, NpUOMMKass Temneparypy xuakoctd 10 0,5-1°C u co3naBag
ONTUMANIbHBIE YCJIOBHS JJISi OCTENEHHOTO (POPMHUPOBAHUS JIEASHON MOPOIBI BHYTPU

pe3epByapoB, OpPraHU30BAHHBIX IMEPEMbIUKAMU. 3aMOPAKMBAHUE MPOUCXOIUIO YEPE3
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crenuanbHble OTBEPCTUSl B CTEHKAaX KaMep, a oOIMil mpouecc He TpeOoBal BHECEHUS

M3MEHEHUI B CUCTEMY MPOBETpUBaHUs maxThl (puc. 1.1).

YcioBHbIe 0003HAYEHUS: A-A
5 Shone N oy B Gion
B S50 B o —» Notow sosaye

Jlbpo3aknagka

Mhaw Kameps!

2| | Hamopanusanme
8| [ neaa e ramepax
|

I

7 Buiemka uenwuxos

5| | Hamopane

n
&| o subpanno
| npocrpancree uenucos

Pucynok 1.1 - TexHoyoruueckasi cxema opraHu3aiiii padoT 110 3aKJIaJIKe
BBIPA0OOTAHHOTO MPOCTPAHCTBA: | - pyAHBIC IETUKH; 2 - pacIPEeACIIUTEIbHBIN 0acCeliH B
kamepe (006EM 50 M3); 3 - BomonpoBo; 4 - LEHTPOOEKHBII HAacoc; 5 - BO103a00PHbIIH
IIJIAHT; 6 - BEHTWJISAIMOHHBIA KaHAIT; 7 - BBIEMKa MEKKaMEPHOTO IIeJINKa; 8 - Kamepa-
6acceiin (066EM 10 1000 M3); 9 - oteepcTus (d = 4-6 mm); 10 - BogoHETPOHKIIAEMAs
nepembruka; 11 - cOotika; 12 - BeHTHIISITOP; 13 - OrpaxkaeHue U3 10COK.

ITetpoB A.H u IlerpoB JI.H B pabore [98] momuepkuBaroT OrpaHHYEHHOCTH
NPUMEHEHHS JIBAOMOPOIHON 3aKiIaJKu OT KIMMAaTUYeCKHX (PaKTOpOB, TaK Kak s
dbopMHpOBaHUs 3aKJIAJOYHOTO MaccuBa TPEeOYIOTCS HHU3KHE TeMIEpaTyphl, KOTOPHIE
BO3MOKHO JOCTHUYb €CTECTBEHHBIM METOJIOM 32 CUET CE30HHOIO CHUKEHUSI TEMIIEPATYP,
160 GopMUPOBaHMEM HMCKYCCTBEHHBIX HU3KUX TemmepaTyp. pyruM HeMaraoBa>KHBIM
¢daktopoM, npu GOPMHPOBAHUHU JIJOTIOPOJHOTO MACCHBA, SIBISICTCS 3HAYCHUE
HOPMAaTUBHOW MPOYHOCTH HA OJHOOCHOE CxkaTue, KoTopoe He mnpebimaer 3,0 Mlla.
[IpoaOIKUTENBHOCTh €CTECTBEHHOIO MPOMEP3aHUS 3AJI0KEHHBIX IEPBUYHBIX KaMep
cocTaBisieT 4 - 8 Mecsnes. 1 Takke CyliecCTBEHHBIM MUHYCOM SBJISIETCS OTPAHUYEHHOCTh
NPUMEHEHUS] TIpU  pa3pabOTKe MECTOPOXKACHUN BOJOPACTBOPUMBIX  IMOJE3HBIX
HMCKONIA€MBIX.

B mpakTrke BemeHHs 3aKJIaIOYHBIX pa0OT MCHOIB3YIOTCS TBEPACIOIINE CMECH C
KPYIHBIM HATOJHUTENIEM, a TaKXe C MEJIKAM HAMOJIHUTENIEeM, (OPMHPYEMbIC JUTHIM

criocoboM. Cmecu C KpEenKMM KpPYIHBIM HaIOJIHUTENEM OO€CIeUnBalOT BBICOKYIO
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MIPOYHOCTH CO3/IaBAEMOTO TBEPJICIOIIETO MACCHBa, HO TPEOYIOT 3HAUUTEIHLHOTO pacxoja
noporocrosimnero Bskymero memenra [38, 50, 54, 71, 95]. CymiecTBEHHO OCIOXHSET
TPAHCTIOPT TAaKUX CMECEH B TIOJ3EMHBIX YCIOBHSIX: OMACHOCTH 3aKyNMOPKH, H3HOCA
TpyOOIIPOBOIOB M OTKA30B B CHCTEME THApOTpaHcnopTupoBanus [59, 39, 82].

Ha 3apy0eXHBIX M OTEYECTBEHHBIX MPEIMPUATUAX HAKOIUICH 3HAYUTCIIHHBIN OIIBIT
NpUMEHEHHUs TBepacromed 3akmanku [2, 25, 63, 20, 24]. Teepactomias 3akiagodHas
CMeCh MPENCTABISIET COO0M CMEeCh MHEPTHBIX MaTepuajoB (TIECOK, OTCEB, IpoOJieHas
MopojAa) ¢ BSDKYIIMMHU BeliecTBaMU (IIEMEHT, HW3BECTh, IIUIAKH, 30JIbI) M BOJOM.
KimtoueBbIM TEXHOJIOTHYECKUM ITapaMeTPOM JIJIsi TBEPJACIOIICTO 3aKJIaJOYHOTO MacCHBa
SBJIICTCSI €r0 MPOYHOCTh HA OJIHOOCHOE CXKATHUE, KOTOPYH0 HEOOXOIWMO JIOCTUYDL B
YCTaHOBJICHHBIN CPOK.

B pabGorax [35, 124] omnmcaHa TeXHOJOTHYECKAass CXeMa IMPUTOTOBIICHUS
3aKJIQJIOYHON CMeCH JUIsl (POPMUPOBAaHMS TBEPACIOIICTO MOHOJMTHOTO 3aKJIaI0YHOTO

MaccuBa Ha ["aiickoM pynnuke (puc.l.2).

[Topoaa
o Hement Hlnax

B crTeON IWaxTh

Pucynok 1.2 - TexHonoruueckasi cxeMa npUroTOBJICHUS 3aKIaJ0YHON CMECH Ha

komruiekce Ne 2: 1 — npuemHBbIi OyHKEp APOOMIBHOTO OT/IETEHUS; 2 — MUTATEIh
TJIACTHHYATHIN; 3 — ApoOuIiKa mHeKoBasi; 4 — KOHBEHWep JICHTOYHBI; 5 — npoOuika

KOHYCHasi; 6 — mmbep; 7 — TpOXOT MHEPIIMOHHBIN; 8 — IpOOMIKa KOHYCHAs; 9 —

IpueMHbIe OyHKepa Apo0aeHo# mopoasl; 10 — mo3atop mopoasr; 11 — menpHUIA
CTepxHEBas; 12 — cMecuTeNb rpaBUTALlMOHHBIN; 13 BarOHOONPOKUABIBATENb; 14 —

NpueMHbIe OyHKepa Iutaka; 15 — nuraTenu kavaromuecs; 16 — mradbeneyknaaauk; 17 —
dKCKaBaTop; 18 — OyHKep MpUEeMHBIN caMOXOaHbIN; 19 — OyHKepHaKOTUTEND; 20 —
Bechl; 21 — MenbHUIA IapoBasi; 22 — XONeP-LIEeMEHTOBO3; 23 — OYHKEPHAKOIUTEIb
1eMeHTa; 24 — mHeBMOOETOHOHACOCHI; 25 — eMKOCTh ISl IIEMeHTa; 26 — 103aTOPbI
IeMeHTa; 27 — cKJiaJ IIEMeHTa.
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3aKIaJOYHyI0 CMECh MOJIal0T B KaMephbl C BBIMIEJIEXKAIIETO TOPU30HTA WIH C
MOBEPXHOCTH MO BEPTUKAIBHBIM TpyOompoBoiaMm. CMech MOCTYyMaeT ¢ (iaHra KaMephl U
yKJIaJbIBaeTcs ciosaMu. Jlo3akiianky BeAyT uepe3 TpyObl WIIM CKBKHHBI, TOJBOJISIINE
pacTBOp K BbICHIEH TOYKE Kymousa. [Ipon3BOAUTENIBHOCTh 3aKJIaJ0YHOU YCTAaHOBKHU
OTpaHUYUBACTCSl MPOU3BOAUTEIBLHOCTRIO y3ja MoMoJja muiakoB. KauecTBo pacTBopa
KOHTPOJUPYIOT B TAOOPATOPHUH.

Baxxubim gakropoM npu (pOpMUPOBAHMM TBEPACIOIIETO 3aKJIAJOYHOTO MaccuBa
SIBJISIETCSL TIOAOOP COCTaBa 3aKjIaJ0YHONM CMECH M OOecIieueHHue ero CTabMiIbHOCTH Ha
BCEM MapIIpyTe TPAHCTIOPTUPOBAHMS.

3HaunTenbHble ycuius B paborax [32, 112] mocssmieHsl Mmoadopy cocraBa
TBEPJCIONICH CMECU M M3YYCHHIO UX PEOJIOTHYECKHX CBOWCTB; BHIOOPY COOTHOIICHUS
KUJKOW M TBEPAOM COCTABJISIONIUX CMECH, a TaKXe METOJaM MPUTrOTOBJICHUS
TBEPJCIONINX 3aKJIaIOYHBIX CMECEN ¢ UCTIOIB30BaHNEM B KQU€CTBE 3aIMIOJIHUTEIISI OTCEBa
JIOMEHHOTO MeTaJuTyprudyeckoro Iniaka, ¢pakiuu 0-5 mMm, 0e3 mpenBapuTEIbHOM
TEXHOJOTUYECKON MOATOTOBKM (HampUMep, OTCEBa MOCIe MPOMBIBKM, TIOMOJa U T.I.).
Hcnonb3yemble B HACTOAIIEE BPEMsI CIIEIIMATBHO MOT0OTABIMBAEMbIE JIJISl 3aKIa0YHBIX
pabor matepuansl (1eOeHb, NMECOK, TPaBUi, IEMEHT) XapaKTepU3YIOTCS TOCTATOYHO
BBICOKOW CTOMMOCTBIO. WX mpHUMEHEHHEe CHI)KAET KOHKYPEHTOCIOCOOHOCTh W
OTpaHUYMUBAET 00JIACTh UCIIONIB30BAHUS CUCTEM Pa3pabdOTKH C TBEPCIOUIEH 3aKiIaKon
npu A00BIYE PyI HE BBICOKOH enunoctu [67, 82, 132].

JlocTaTo4HO MEpPCIEeKTUBHBIM CIIOCOOOM 3aKIJIAJIKK SIBISIETCS MOTYypa3eabHbIA —
OyTOOCTOHHBIN ~ METOJ] BO3BEIEHUSA  TBEPJACIONUX  3aKIaJOYHBIX  MACCHBOB,
MpeaycMaTpUBAIOIINI CMEIIEHNEe KOMIIOHEHTOB, MPEUMYILIECTBEHHO MYCTON MOPOAbI U
[IEMEHTHOTO MOJIOYKa B TIPOIECCe YKIAIKH HEMOCPEICTBEHHO B BBIPaOOTAaHHOM
MIPOCTPAHCTBE, OO Tepes cOPOcOM B BBIpaOOTaHHOE MPOCTPAHCTBO. Mcroap30BaHue
MyCTHIX MOPOJ B KOMIUIEKCE C IEMEHTHUPYIOIIUM MaTE€pUajoM MO3BOJISET HE TOJIBKO
obOecrieunTh 0€30MACHOCTh TpOIlecca BEAEHUS TOPHBIX PAbOT 3a CYET CHUKCHUS
HETaTUBHOTO BJIMSIHUSI MPOLIECCOB CABUKEHUSI TOPHBIX MOPOJ MpHU MOAPaOOTKE, HO U
CHU3UTH ILJIOIIA/IN, 3aHUMAEMBIE M0 OTBAJIbl OTXOJaMH, BbI1aBAEMbIMU Ha TOBEPXHOCTh.

Haubonee u3BeCTHBIMU pyIAHUKAMU 3a PYOEKOM, HCHOIB3YIOIIMMU OYyTOOETOHHYIO
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3aKJIaJIKy, SABJISIOTCS aBcTpaiuiickue pyaauku: «Cosmos» u «The Ballarat Gold Project>
[18, 17].

B pabote [83] paccMoTpeHa TeXHOJIOTHYECKasE CXeMa JIOCTABKU U IPUTOTOBIICHUS
OyTOOETOHHOM 3aKjIaJKy B MIaXTHBIX yciaoBusx. CorimacHo cxeme (puc. 1.3), memMeHT ¢
MPOMIUTOIIAJIKK TOJ36MHOI0 PYAHHKA TOCTaBISCTCS 10 CIEIUAIBHO IMPOUICHHOTO

3ymIi(a B TOPHBIX BBIPAOOTKAX.

IR = R V4
RO = G — B waxrty 10 ==

symrda — -
y 2 ~mgroo
JlocTaBka nopobl ¢ 3ymnd

ITepemerunBanune npoxojayeckux 3aboen
LeMeHTHoro mosouka [1IM

Symnd 3ymnd
[MepemeriuBaHme nNopobi ¢ JlocTaBka roToBoii 3aKan04HO
LIEMEHTHbIM Mosioukom IT/IM CMeCH 10 O4YHCTHOrO MPOCTPAHCTBA
Jlo ouncTHOTO
NPOCTPAHCTBA <= @zmjv
Symnd Symng

OuncTHas

S—rC !:lro‘; EToN\, Kamepa

Pucynok 1.3 - Texnonoruueckas cxema MpuroToBIEHUsI 0yTOOETOHHOM 3aKJIaIOYHON
CMECH Ha pyJHHKE.

Jlanee mNpOU3BOAMUTCS TMEPEMEIIMBAHUE LIEMEHTAa € BOJOW NpU I[OMOUIIA
norpy3ouHo-gocraBoyHoid Mammael  (ITIM). Co ckmama wim ¢ JACHCTBYIOIIMX
MPOXOTYECKUX 3a00€B MycTas Mopoja 10 3yMmiida JOCTaBISETCS CaMOCBajaMu WU
ITJIM. Ilopona, BeITpyKeHHas B 3yMmrid), IEpeMEITUBaeTCs C IIEMEHTHBIM PaCTBOPOM IPHU
oMoty [IJIM. /lanee roroBas 3aknanodnas cmech nocpeactsom IIJIM nocraBisieTcs k
MOJITOTOBJICHHOM IS 3aII0JIHEHUST OTKPBITOM Kamepe.

B anpTepHaTHBHOM BapHaHTE, COTJIACHO TEXHOJIOTHH, MPEJCTABICHHON B paboTax
Amnabepauaa A.b [85, 31], 3amonHSAIOT JUINB YYaCTKH, TPAaHUYAIIUE CO CMEXHBIMHU
0JIokaMH, a B OCTaBIIYIOCS YaCTh JKCILUIyaTAI[MOHHOTO OJIOKa TMOJAI0T TMOPOIHYIO
3aknanky. PaBHoMepHoe (QopMupoBaHWE YIUIOTHEHHOTO IOPOJHOTO  IITa0ess
OCYILIECTBIISIETCS, UCIIOJb3Yys aBTOCAMOCBall, OOOPY/IOBAHHBIM METATENEM ChIIy4ero
Marepuana. ABTOp OTMEUYaeT, YTO MPUBJIEKATEIbHOCTh OyTOOETOHHOW 3aKJIaJIKU
00yCIIOBIIEHA OTCYTCTBHEM HEOOXOAMMOCTH CTPOUTEIHCTBA 3aKIaI0YHOTO KOMIUIEKCA U

HpOCTOTOﬁ HU3TOTOBJICHUA BaKHaHOQHOﬁ CMCCH B IOA3CMHBIX YCIOBHAX, a TaKXKC
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MUHHMAJIbHBIM PAacXoJOM BOJbI, YTO HMEeT OOJbIIOe 3HAYCHUE [JIi CHUXKCHUS
OTHOCHUTEJIbHOW BJIAXHOCTH PyAHUYHOU aTMoc(epbl. OQHAKO CIIOXKHAs MEXaHU3aIus
paboT orpaHUYMBaeT 00JIACTh €€ TPUMEHEHMUS.

[Ipy TEXHOJIOTMM CKBAXKUHHOW 3aKJIQJKH, KOTOpas MPOTUBOMOCTABIIAECTCS
TBEpACIOMUM U OYTOOETOHHBIM croco0aM, MPOILIECC HAYMHAETCS C 3aIlOJIHCHUS
BBIPAOOTAHHOTO TMPOCTPAHCTBA CYXUM MAaTEpHUAJIOM, Yallle BCEro MEJIKO(PPaKIMOHHOU
Wi caMmooOpymieHHoM mopoaoi. Ha cremyromeMm »stame yepe3 TpyOONmpoOBOABI C
MOBEPXHOCTH BBOJAUTCA IEMEHTHBIN paCTBOP, CBOMCTBA KOTOPOI'O O3BOJISIIOT MPOHUKATH
B MEX3E€pHOBOE MPOCTPAHCTBO, MOCIE YEro MPOUCXOIUT (POpMHUPOBAHUE MOHOJIUTA 3a
CYET CBSI3BIBAHUS MOPOJIbI B €IMHBIN MACCHUB.

B wuccrnenopanun Aninoungepa WM.M. u Ilankeswua IL.I. [29] omwmcan ombiT
MPUMEHCHMsS] CKBRXMHHOW 3aKJIaJKd BBIPAOOTAHHOTO MPOCTPAHCTBA Ha PYIHHUKAX
komnanun HopHukenb. {15 mojgaun 3akiialoyHONM CMECH HCHOJIB3YIOTCS CIICIMaIbHbIC
CKBQ)XMHBI WJIM CTBOJIbI, BBIJICJICHHBIE I dTux wenei (puc. 1.4). Hampumep, B
Tananaxckom kimacrepe HopHukenss HacuuTbiBaeTcs 34 CTBOJIA pa3HOIO HAa3HAuYCHWS,

00CTy>KUBAIOIINX 6 PYAHUKOB.

Pucynoxk 1.4 - Ilnan ropusix paboT npu oTpabOTKE yAapomacHbIX y4aCTKOB CO
ckBaxuHHOM 3aknankoil. MK «HopHukenb» 1- ropu3oHT BbIlTyCKa; 2- pyaa; 3-
3aKianKa; 4- BepTUKaIbHAS CKBAXUHA; 5 - 00ypeHHBIH 010K (00K, MOATOTOBICHHBINA K
0TOOIKe); 6 — BeepHBbIE CKBAXUHBI; 7 - OTOMTAs pyJa; 8 — OTKATOYHBIE BHIPAOOTKH; 9 —
(GpOHT pa3BUTHS TOPHBIX PadOT.

OnnuM  #3  KIIOYEBBIX  (PAKTOPOB TMPU  HCMOJIB30BAaHUU  BEPTUKAIBHBIX

TPpyOOTIIPOBOAOB /ISl IEPEMEILICHUS 3aKJIQI0UYHOI0 MaTepHraja sSBISETCS oOecrneyeHne u
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YBEJIMYCHUE JATbHOCTH €r0 TPAHCIOPTUPOBAHUS 3a CYET CO3/aHUs JaBICHUA
BEPTUKAJIBHOTO CTOJI0A MO/ AEHCTBUEM COOCTBEHHOW CUJIBI TSYKECTH.

B pabore, BeinmonnenHou rpynnoit yuennsix u3 MU'/ um. H.A. Yunakana CO PAH
[126] s ycnoBuit  pyaHuka «OKTSOpPbCKHI» — TPEJIOKEHO  KCIOJIB30BaHUEC
THUAPOJMHAMHYCCKUX aKTUBATOPOB IS YIPABICHUS TEKYYECTHIO PA3JIMYHBIX THIIOB
3aKJIaJJOYHBIX CMecell (pacxoj, BS3KOCTh, HAMPSOHKEHHE CABHUra), YTO IMO3BOJIUAIIO
YBEIIMYHUTH JAIBHOCTh €€ TPAaHCIIOPTUPOBAHUS MOA3EMHBIM TPYyOOTPOBOIOM 10 3,5 KM.
OpmHaKo METOJ UMEET PsAJl OTPAaHUYCHUIN: OH dP(PEKTUBEH TONBKO I MIAXTHBIX MOJICH
wiomaabio 10 3-4 KM? u3-3a BBICOKOTO pacxojia IieMeHTHoro Mosouka (mo 40% ot
00BEMa cMecH) U psifia TEXHOJIOTUIECKUX U SKOHOMHYECKUX (PakTopoB. i KpymHBIX
MECTOPOXICHUN (CBBIMEe 4 KM?) PEKOMEHJOBAaHO THAPOTPAHCTIOPTHPOBAHHE: MyJIbIIa
nogaéTcs uepe3 BEPTUKAIBHBIN CTBOJ U 110 KPOBJIE BHIPAOOTOK, I/I€ JaBICHUE CO3TaéTCs
3a Cu€T pa3HMIIBI BHICOTHBIX OTMETOK Hayaja M KOHIIA TPyOOIpoBOja, oOecrieunBas
JIOCTaBKy MaTepHalia Ha 3HaYMTeJIbHbBIC paccTosiaus [34, 77].

Ha opHOM M3 caMbIX NPOU3BOJUTENBHBIX IOA3EMHOM IIMHKOBOM pPYIHUKE
«Garpenbergy (IlIserus) [5] ¢ mepexomom Ha Oosiee TiTyOOKHE TOPU30HTHI 100bIYH ¢ 800
M Ha 1250 M BO3HHKaJla HEOOXOJUMOCTh B HMCIIOJIb30BAHHM 3aKJIAJOYHBIX CMECEH C
OOJbIIe HOPMATUBHOW MPOYHOCTHIO MJIA TPENOTBPAIICHUS OOPYUIEHUN MOpOJ U
3aKJIaJIOYHOTO0 MAacCHBa. YBEJIMYEHHE COJCPKaHUS IIEeMEHTa B CMECAX BBI3BAJIO
3HAYUTEIBHOE YAOPOKaHHE MOOBIYM M YBEIMYMIIO BpEeMsl Ha 3aKJIaJ04yHbIe PaOOTHI.
[Toxosxast koMmOuHaIMS TIPOOJIEM MPOSBUIACH MPH J100BIYE METHO-HUKEICBOW PyAbl HA
mecropoxaennn «Kidd Creek» (Kanaga). Tonbpko B OTIU4ME OT MEPBBIX ABYX PYIHUKOB,
VBEJIMYCHHE TJIYyOMHBI BKJIIOYAIO B ce0sS pa3paboTKy TpexX JOTMOJTHUTEIBHBIX
MIPOU3BOJICTBEHHBIX YPOBHEH U yriy0iieHue pamibl yxke ¢ ypoBHs 2700 M 1o 2900 M, yTto
BBI3BIBAJIO TPOOJIEMBI C TOPHBIM JAaBICHHEM W BOJOOTBEJCHUEM IPU 3aKIAJTOYHBIX
paborax.

Kpome Toro, cremyer mMeTh B BHIY, YTO NMPUMEHEHHUE 3aKJIAJIKW TPU J0OBIUC
MOJIE3HBIX HCKOMAEMbIX CONPSIKEHO CO CTPOUTEIHCTBOM 3aKJIAJOUYHBIX KOMIUIEKCOB,
TpeOyIONUX 3HAYUTEIbHBIX (UHAHCOBBIX 3aTpaT, a TakkKe C YCIOKHEHUEM

TEXHOJIOTHYECKON CXEMBI IPOLIECCOB JIOOBIYH ITOJIC3HBIX HCKomaeMbIx [128].
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BaxHo, uto Oosbiliasi A0JiE B CTOUMOCTH 3aKJIQJOYHBIX pabOT MPUXOJIUTCS Ha
TPAHCIIOPTUPOBAHUE 3aKJIAJOYHOW CMECH B BbIpaOOTAaHHOE MPOCTPAHCTBO. PaszBuTue
TOPHBIX PabOT MPUBOJUT K yaajeHUto (yriyOJIeHHI0) MecTa YKIaJKh CMECH OT MecTa
MIPUTOTOBIICHUS U, COOTBETCTBEHHO, K YBEJIMUCHUIO JIJTUHBI TPAHCIIOPTUPOBaHUs. Tak, mo
naHHBIM  uccienoBanmid  [115, 116], mnposeaéunbix Ha bypubOaesckom I['OKe
(bamkoprocTaH), pa3BUTHE TOPHBIX Pa0OT MPUBEIO K YAAICHUIO MeCTa OYHCTHOM
BBIEMKH OT 3aKJIaJIOYHOro KoMiuiekca Ha 2,5-3 kM. Takoe ypaneHue craenano
Hed(DPEKTUBHBIM U Helleaeco00pa3HbIM MPUMEHEHUE CUCTEMBI C 3aKIaKON Ha JaHHOM
PYIHHKE.

Jle Coy3a u coaBTOpbI [61] oTMETHIIH, YTO TOPHOIOOBIBAIOIIAS KOMIIAHUS MOXKET
notpe6saTh 10 100 000 TonH 1ieMenTa B roja. CienoBaTelibHO, €CTh BeCKas MPUYUHA TSI
M000M TIOTMBITKH CHU3HUTH COJIEpXKAHUE CBA3yHOIIero, Xxots Onl Ha 1%. Ilomumo
OOJIBIIIOTO YTJIEPOHOTO CJea, CBI3aHHOTO ¢ MPOM3BOJICTBOM IIEMEHTA, U3-3a BHICOKHMX
3aTpar Ha TPAHCIIOPTHPOBKY €ro J0 MecTa J0OBIUHU, IIEMEHT, JaXke B HEOOJIBIIIUX J1032X,
yBEJIMYMBACT 3aTPaThl HAa 3aKJIAJIKy BBIpaOOTaHHOTO MpocTpaHcTBa Ha 3—6%. Kak BuaHO
U3 TPUBEJCHHOTO aHajau3a, IPUMEHEHHE TEXHOJIOTUHW C 3aKiIajJKoil CBS3aHO C
CYILIECTBEHHBIMU 3aTpaTaMu U d(PPEeKTUBHO, KaK PaBUIIO, MTPU pa3paboTKe TIIyOOKUX U
CBEPXTIIYOOKHX MECTOPOXKICHUM MOJIE3HBIX HCKOTIaeMbIX. [IpuMeHeHre mpupoIHoTO U
TEXHOTCHHOTO CBHIPhsS, 00Pa3yIOIIETrocs HEMOCPEACTBEHHO Ha MECTOPOKJICHUHU WU B
X0JIe TIPOM3BOJICTBA, CIIOCOOCTBYET 3HAYUTEILHOMY CHIDKCHHIO PAcXOJIOB, CBSI3aHHBIX
KaK C BBITIOJITHCHUEM 3aKJIQJIOYHBIX OTIEpaIliid, TaK U C TOAJIepKaHueM HHPPACTPYKTYPhI
JUIS. CKJIaJMPOBAaHMUSl OTXOJIOB, UTO, B CBOIO OY€pe/lb, MO3BOJSET COKPATUTH IUIOMIAAN
3eMeJib, BOBJIEKAaEMbI€ B TOPHBIM OTBOI.

B npuMeHeHnn TeXHOJIOTHH KOHCOJIMIAIIMOHHON 3aKJIaIKi HAanOOIBIITNI HHTEPEC
MPEACTaBIsACT CIOCo0, TPH KOTOpOM 0Opa3oBaHWE MOHOJHUTHOW CTPYKTYPBI
OCYIIECTBIIICTCS 3a CUeT 00PaOOTKH CyXOT0 3aKJIaJOYHOr0 MaTepHalia, peaABapUTEIHLHO
Pa3MEIIEHHOTO B OYKMCTHOM MPOCTPAHCTBE, MAaPOBBIMM WM XHMHYECKH aKTUBHBIMU
pacTBOpamMu, MUHYS MCIOJIb30BaHUE LIEMEHTHOTO BSDKYIEro. Bo3meiicTBue peareHTOB
Ha TMOpOJAYy NPHUBOJUT K TMpoleccaM NepeKpucTauM3aiu U (GOPMUPOBAHUIO

YVIUIOTHEHHOM MacChl HEMOCPEJICTBEHHO B IMpejenax BbIpabOTaHHOrO oObema uepe3
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ONIPENICIICHHBI BPEMEHHOW HHTEpBaid. METOJ KOHCOJUIAUPOBAHHOW 3aKIAIKH, XOTS
M3HAYQJIbHO HE TOJYYWJ IIMPOKOrO0 MPUMEHEHHS U3-3a €r0 BBICOKOM CTOMMOCTH B
YCIOBUSIX Pa3pabOTKU TBEPABIX MOJE3HBIX MCKOMAEMBIX, MPOIIEa TpaHCHOpPMAIUIO B
METOJI HCKYCCTBEHHOTO YIPOYHEHHUS TOPHBIX IOPOA BOKPYT BBIPAOOTOK 3a CYET
CO3JIJaHUSI  CBEPXMPOYHBIX  HDKPAHUPYIOIIMX  CJIOEB, KOTOpbIe  0OECIEeYMBAIOT
JOTIOJIHUTENbHYIO TIOJIJIEPKKY U CTAaOUITU3AIMI0 TOPHBIX BHIPAOOTOK.

Cnoco6 XMMHYECKOTO YKPEIUICHHS TIOpOJ| 3aKII04YaeTcs B HarHeTaHUU
3aKPEIUISIONIEr0 COCTaBa Ha OCHOBE PA3JIMUYHBIX CMOJ B 3aKOHTYPHBIM MacCUB uepes
3apaHee MNPOOYpECHHBIE CKBAKHUHBL. D(PPEKTUBHOCTh TNPUMEHEHHUS IOJMMEPHBIX
COCTaBOB JUIsl TIOBBIIICHUS YCTOWYMBOCTH TPEIIMHOBATBHIX IOPOJ OMpPEACIIsIeTCS
MIPOYHOCTHIO AJT€3MOHHON CBSI3M MOTPAHUYHOTO CJIOS «IIOJUMEp — TOpHasi opojia». B
HauOoOJNIBIIIE Mepe JTOMYy TPEeOOBAaHUIO YAOBJICTBOPSIOT AIMOKCHJIHBIC CMOJIBI.
[TpermyiecTBOM XHMHUYECKHX pPAacTBOPOB SBJIICTCS WX BBICOKas CIOCOOHOCTH
NPOHUKHOBEHHUS B TpemuHbI ¢ packpbitieM o 0,01 mMm. B TO ke Bpems, BbICOKas
CTOUMOCTh XMMHUYECKHX MAaTEPHAJIOB, a B PAJE CIIy4aeB UX TOKCUYHOCTH, CACP>KUBAIOT
NpPUMEHEHHE JTOr0 YHUBEpPCATbHOTO U 3(PGEeKTUBHOrO crocoba B IIAXTHOM H
rHapoTexXHUYeckoM crpouTenscTBe [131, 62]. C menbio NpeojosieHUs yKa3aHHBIX
HEJIOCTAaTKOB HWHCTUTYTOM beproay-®opmynr (Occen, ®PI') paspabotan cmocob
YKPETUICHUS YIJIsi ¥ BMEIIAIOMIUX MOPOJ HETOKCUYHBIMH MOJMYPETAHOBBIMU CMOJIAMHU
[103].

UccnenoBanust B o6mactu (GOpMHPOBAHUS KOHCOJIMAMPOBAHHBIX 3aKIaJ0YHBIX
MacCHBOB IOJYy4YalOT B MOCIEIHUE roAnl Bce Oonbiiee pazputue, Tak B UIIKOH PAH
obuta BeIIBUHYTA Hzes [106, 107, 42] hopMupoBaHUsS MOHOJIUTHOTO KOHCOJIUANPYEMOTO
3aKJIaJIOYHOTO0 MACCHBA Ha OCHOBE COJICOTXOJIOB YMEHBIIIEHHOW BIaKHOCTH 10 §-10%.
OTO TpemIOKeHHE OCHOBAHO Ha aHajiM3e TEXHOJIOTMYECKUX CBOMCTB TaKUX
COJIEOTXO/IOB. BBUIO BBISIBIIEHO, YTO TPH 3aTBOPEHHHM BOJOW COJEOTXOJ]OB, BKIIOUAS
[IUTaMbl, TPOUCXOJUT TIOBTOPHAS KPUCTAJUTM3AIMS MacChBa 3a CYET XUMUYECKUX
peaknuii MeXIy KOMIIOHEHTAMHU CMECH, YTO TMPUBOIUT K (HOPMHUPOBAHUIO 0OpA3IOB C
NPOYHOCTHID Ha OJHOOCHOE cxartne A0 S5 MIla. Ilpu Takol BIIAXKHOCTH pacxon

3atBopuTens cocrapisger 280 kr/m3. CMech 06€3B0KEHHBIX COIEOTXO0/0B, YBIAKHEHHAS
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METOJIOM Pa30phI3TUBAHUS paccojia U TMOABEPrHyTasi MEXaHUYECKOMY BO3JICHCTBHIO,
yIuioTHsieTcs Ha Oosiee yeM Ha 40% OT nepBoHavaaIbHOro o0beMa. OIHaKo, I CO3aHus
TaKoro MacCcHBa Ha KaJUHHOM MECTOPOXKIECHUU TPEOYETCs TOMOJIHUTEIBLHOE Pa3BUTHE
JOTUCTHYECKUX cUcTeM pynHuka. B pabore [108] ormedeno, uro chopMUPOBAHHBIN
TaKUM 00pa30M 3aKJIaJJOYHONU MacCUB 00JIaJjaeT TOCTATOYHO BRICOKUMU MPOYHOCTHBIMU
XapaKTEPUCTUKAMU, KOTOPbIE COXPAHSAIOTCS MPHU JJIUTEIbHOM 0OBEMHOM HArpyXEHUU
HaJeralolMH MOPOJAaMH, TAKKEe OTMEYAETCs] HEOOXOAMMOCTh Pa3padOTKX HOBOTO (MU
noadopa aJeKBaTHOT0) TEXHOJOTHMYECKOro 00OpyaOBaHUsS, CIHOCOOHOTO CMEIIUBATH,
TPAHCMIOPTUPOBATh U  YKJIQAbIBATh  YBJIAXKHEHHBIE COJICOTXOJBl B  OYHUCTHOM
IPOCTPAHCTBE OTPAOOTAHHBIX KaMep.

AHanu3 JIUTEPaTypHBIX UCTOYHUKOB TMOKa3aj, 4TO A(PGEeKTUBHBIE TEXHOJIOTHUU
YTHWIM3ALUU OTXOJ0B PAaCCMAaTPUBAIOTCS B HAyYHO-UCCIETOBATEIbCKUX W OIBITHO-
KOHCTPYKTOPCKHMX paboTax, a Takke B mareHTax. OmHaKo, OOJBITUHCTBO pabOT CBA3aHO
C M3y4YCHUEM M BBIOOPOM ONTUMAJBHBIX U AKOHOMUYHBIX KOMIIOHEHTOB 3aKJIaJIOUYHOMN
CMECH Ha OCHOBE MepepabOoTKH OTXO0/I0B MUPO- U THAPOMETAITYPTrUYECKUX TPOU3BOJICTB,
a TaKXe C UCTOJIb30BaHUEM IIEMEHTA U €T0 MPOU3BOJIHBIX B KAUECTBE BSLKYIIIHX.

B coBpemeHHOW HaydyHOW JUTEpaType HEIOCTATOYHO OCBEIIEHA TeMma
UCIIOJIb30BaHUSI MOHOJIMTHOM TBEpACIOUIEH 3aKiaJKd Ha OCHOBE COJIEOTXOJOB.
[laTenTHast aKTMBHOCTH B YAacTH TEXHOJIOTHMM TPAHCIOPTUPOBAHUS U MOAOOpa
3¢ PEeKTUBHOM LIETTH aIllapaToB Ha TOPHBIX MPEANPUITHIX BeChMa HU3Kas, 0COOCHHO MpHU
BHIOOpPE TEXHOJOTHMH TPAHCIIOPTHUPOBAHMS KOMIIOHEHTOB CMECH BO B3aUMOCBSI3H C
XapaKkTepUCTUKaMU MaTepuanoB. OTCYTCTBYIOT palOThl, B KOTOPBIX HPUBOASATCA
PE3YNBTATHI UCCIIEIOBAHUS TAPAMETPOB JIOTUCTUIECKON CUCTEMBI TTTy00K03aJIeraroIiero
pyaHUKa pu HOPMUPOBAHHUH 3aKIATOYHOTO MACCHBA.

Nmeromuecss maTeHThl B 00sactd (OPMHUPOBAHUS MOHOJIUTHOTO 3aKJIAJ0YHOTO
MacCHBa Ha OCHOBE 00€3BOKEHHBIX MAaTEPUATIOB HE MOICPKUBAIOTCS 3asIBUTEISIMU, UTO
CBUJIETENILCTBYET O TOM, YTO paHEE 3alaTEHTOBAHHBIE TEXHOJIOTUU HE ObLUIM BHEIPEHBI
Ha TOPHBIX MPEANPUATHIX MHpPA, H3-3a OTCYTCTBHS PALMOHAIBHOTO Ccrocoda HX
TPAaHCMIOPTUPOBAHUSL CMECEH U, KaK clie/IcTBHE, (POPMUPOBAHUS 3aKJI1aJOYHOTO MacCUBA.

DTO yKa3bIBaeT Ha HEOOXOJMMOCTh JAIbHEUIINUX HCCIETOBAHUN U pa3pabOTKU HOBBIX
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METO/IOB, KOTOpble oOecrnedar 3(P(EKTUBHOE U 3IKOHOMHYECKH LEJIECO00pa3HOe
MCIIOJIb30BAaHUE JIaHHBIX TEXHOJOTHA B TOPHOAOOBIBAIONIEH NPOMBILUIEHHOCTH. B
YaCTHOCTH, TpeOyercs JAeTalibHasg NpopadOTKa JOTMCTHYECKUX CXEM U MapaMeTpoB
TPAHCIOPTHBIX CUCTEM JJisi 00ecTeueHus: CTAOMIBHOCTH U 1IEJIOCTHOCTU 3aKIaJ0YHOTO
MacCuBa, ero Hecyuei cnocooHoct. Ocoboe BHUMaHUE CIEAYeT YIAEIUTh crienuduke
3aKJIaJKH  BbIpaOOTAaHHOTO MPOCTPAHCTBA MPU OCBOCHUHM TIIyOOKO3aJIETaIOIINX
MECTOPOXKJICHUIN KAIMMHBIX COJiel, TpeOOBaHUSIM K COCTAaBY U CBOMCTBAM 3aKJIaJOUYHBIX
cMecell B KOHTEKCTE JIOTMCTHMYECKOW CXEeMbl PYJHHUKA, MOAOOpPY LENH anmapaTtoB Jis
oOecrieyeHus: 0€30MACHOCTH, HAJEKHOCTH W YCTOWYMBOCTH BEJIEHUS 3aKJIAJOYHBIX

paboT.

1.2. Cneunduka 3akj1a1K1u BLIPA0OTAHHOT0 MPOCTPAHCTBA NMPHU OCBOEHUN
ri1y00oKo3a/ieraloiux MecTOpPOKAeHNH KAJIMHHBIX CoJIeld, TPe00OBaHMSA K COCTABY U
CBOICTBaM 3aKJIAJ0YHBIX CMeceii.

Cnemuduka 3akiagkd  BBIPAOOTAHHOTO  MPOCTPAHCTBA MPU  OCBOCHHUU
MECTOPOXKJICHUN KaJIMWHBIX COJei, a Takke TpeOOBaHUS K COCTaBy U CBOWCTBAM
3aKJIaIOYHBIX CMECEH, B MEPBYIO Ouyepellb, 00YCIOBIEHA OCOOCHHOCTSIMHU 3ajleTaHUs
COJISIHOTO TUIaCTa U MPUMEHIEMBIMH METOAaMU Pa3paOOTKH KaTUIHBIX MECTOPOXKICHUH,
KOTOpbIE€ SIBIISIFOTCSL  JIOTUYECKUM  CJIEICTBUEM YHUKAJIbHBIX T€OJIOTUYECKUX U
TEXHOJIOTMYECKHUX YCIOBUHM, XapaKTEPHBIX JIJIs1 HUX.

OCHOBHOI OCOOCHHOCTBIO PAa3padOTKU KAJIMMHBIX MECTOPOXKIEHUM, U, Kak
CJIEJICTBHE, BEJCHHS 3aKJIAIOYHBIX PAOOT, SBISAETCS HEOOXOAUMOCTH COXpaHEHHUS U
ucKiIroueHus nedopmaruii BogozamutHo Tommm (B3T) [70]. Dra Tomma wurpaer
KPUTUYECKHU BaXKHYIO pPOJIb B IPEAOTBPAILICHUN MPOHUKHOBEHHUSI BOJ B TPOMBIIIJICHHbIE
IJIACThI, YTO OOECMEUMBAET COXPAHHOCTh COJISIHBIX IUIACTOB, 0€30MacHOCTh TOPHBIX
paboT W 3alUTy DKOJIOTHYECKOM OOCTaHOBKM B palioHE MOOBIYM W YKIAIKU B
0TpabOTaHHBIE OYMCTHBIE KaMePhl TPeOYIOT 0c000TO MOAX0/a.

AHaMM3 CTaTUCTUKHN KaTacTPOPUIECKUX TIPOPHIBOB BOJ M PACCOJIOB B BRIPAOOTKHU

KaJIMUHBIX PYJIHUKOB MOKa3bIBa€T, 4yTo 3a nociegHue 100 ner B MUpe Takue ciaydau
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GuKcHpoBaIUCh B cpeaHEeM pa3 B 3-5 jer, B Poccun u cTpaHax OIMKHETO 3apyOeKbs —
pa3 B 10-20 net (Tabmn.1.1) [77].

Tabnuua 1.1 - XpoHosorus aBapuii Ha KaIMMHBIX pyAHUKax Poccun

l'on aBapuun Pynnux Tun 3anexu IIpoucuiectBue
1979 ;SJIL_HHGHKHH PYIHHK KynonbHoe 3aroruieHue
1986 BKPV-3 [T1acToBoe 3arormieHue
1995 CKPY-2 [T1acToBoe Oo6pymienne
2006 BKPV-1 [T1acToBoe 3arorieHne
2014 CKPY-2 [1nactoBoe [TpopsIB HaACONEBBIX BOJ

Amnanus mupoBoit ipaktuku [40, 14] cBuaEeTEIBCTBYET O CEPhE3HBIX MOCICACTBHUIX
3aTOIUICHUSI KAJIMHHBIX PYJIHUKOB, CBS3aHHBIX C (OPMUPOBAHUEM TEXHOTCHHBIX
BOJIOTIPOBOIAIINX KAaHAJIOB B PE3yJIbTaTe MOAPa0OTKU BOAO3AIIMTHOM Tommu. bonee 80
COJISHBIX PYIHUKOB, BKJIFOYasi TP OOBEKTa Ha BepxHEKaMCKOM MECTOPOXKICHUU
KaJIMHO-MarHUEBBIX COJICH, ObUTHM 3aTOTUICHBI U HE TIO/JICKATM BOCCTAHOBICHUIO. ITO
npuBesio k notepe A0 50% KamuiHBIX TMPEANPUITUNA B MUPE 10 OKOHYAHMSI CPOKa MX
sKcruryatauu. HekoHTposmpyemMoe 3aTOIUVIEHUE, BBI3BAHHOE IPOPBIBOM pacCOOB,
BEJIET K SKOJOTHYECKUM KartacTpodaM, TOTEepe 3amacoB MOJE3HBIX HCKOIMAEMbIX U
3HAYUTEITLHOMY 9KOHOMHYECKOMY yIIepOy. YIpaBieHHe COCTOSHUEM MOAPa00TaHHOTO
MacCHBa MOCPEACTBOM 3aKJIaJIKK BEIpa0OTAaHHOTO MPOCTPAHCTBA BO BCEM MUPE MTPU3HAHO
(G ()EKTUBHBIM CPEACTBOM JUISI CHUKEHUS PUCKAa BO3HMKHOBEHHUS BOJIOMPOBOISAIINX
KaHAJIOB U MPEIOTBPALIECHUS 3aTOIUIEHUS IMOJ3EMHBIX COISIHBIX PYAHUKOB.

I'maBHOW O0COOCHHOCTBIO TPHUPOTHBIX MHHEPAIBHBIX COJICH, OIpPEACISIONINX
cnoco0 WX pa3pabOTKM, SBISETCS  BBICOKAs  pPacTBOPUMOCTH B  BOAE U
HEKOHIIEHTPUPOBAHHBIX pacconax. [lpu pa3paboTke KanMHBIX W MarHUEBBIX
MECTOPOXKICHUM COJICH TMOA3EMHBIM CIIOCOOOM TJIABHBIM TpeOOBaHUEM SIBIIACTCS
WCKITIOUEHUE TIOMAlaHus BOJABI M PACCOJIOB B TOPHBIE BBHIPAOOTKH, BCIEICTBUE YETO
YYaCTKH BEJCHHS TOPHBIX PabOT MOKHBI OBITh M30JMPOBAHBI OT BOJOHOCHBIX HWJIH
PaCCOIBHBIX TOPU30HTOB JOCTATOYHOMW MO MOIIHOCTA M YCTOMYHMBOCTH BOJIOYIIOPHOM
samuTHOH Tommie [145]. Tlpm pa3paborke ['peMSYMHCKOTO MECTOPOXKICHHUS

MuHUMaTbHas: MomHOCcTh B3T npunsrta 60 metpos [87].
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Henpononb3zoBaTenu BbIHYXAEHBI CHIXKATh KOI(PPUUUEHT U3BJICUEHUS COJIEH 10
000CHOBaHHBIX TipeieioB (B psae ciaydaeB a0 30 %) u OpUMEHSTH IIAASIIYIO
TEXHOJIOTUIO pa3pabOTKM KOPOTKUMHU 3a00SMH C OCTaBICHUEM DPYIAHBIX LEIUKOB IS
COXpaHeHHs 0E30IMMaCHBIX YCIOBHIA MOAPAOOTKH BOA0O3AMUTHON Tosu [69].

Kpome Toro, onHONM U3 OCJOXKHSAIOIIMUX MPOOJEeM SBISETCA HAPYIIEHHOCTh
reoJIOr0-CTPYKTYPHOTO CTPOEHUSI MOApa0aThIBAEMbIX TOPHBIX MOPOJ, HAJIU4YUE Ha
o ipadaThIBAEMbIX TEPPUTOPHUIX OXpaHsIEeMbIX 00bekTOB [114].

Asropamu  [141] paccmorpena  chmernuduka — paspabotku  Hermckoro
MECTOPOXKJICHUS, KOTOPOE OCIOKHEHHO HanuuueM Oojiee 10 BOJIOHOCHBIX TOPU30OHTOB,
4acThb U3 KOTOPbIX - HanopHble. Ha rimy6une 750-1000 M npucyTCTBYET peruoHaNbHbIN
BOJIOYTIOP, MPEJCTaBICHHBIM aHTUAPUTAMH, (HOPMUPYIOIIUMU BOAO3AIIMTHYIO TOJIIILY.
OtmedeHo, YTo B X0/i€ OTPaOOTKHM MECTOPOKIEHUS Ja)Ke KaMEpHbIMH CHCTEMaMH, B
COJISHOM TOJIIE W MEXKIyKaMEpHBIX IEIHKaX MOTYT BO3HUKATh KPUTHUYECKUE
HANpsDKeHUsI € TOocieayomuM obpa3zoBanueM TtpeniuH. Ha rimyO6unax cseime 1000
METPOB KaAMEHHAs COJIb HAUMHAET NPOSABIATH NOBBIICHHYIO TeKy4YecTb. HecMoTps Ha To,
YTO MO cBoemMy Tumy conu KanuHuHTpajckod oOJacTd OTHOCATCA OoJibllie K
«XapT3anapLam», pe3yJbTaTbl TEOMEXaHUUYECKOTO MOJICIMPOBAHUS B JUHAMUKE Pa3BUTHS
nedopMalfii MOKa3bIBAIOT CKOPOCTH CMEIIEHHUS KPOBJIM OJIMHOYHOM BBIPAOOTKH 3a
1rox—97.23 mm; 3a 5 mer — 122 mm; 3a 10 et — 155 mm; 3a 20 et — 253 mm. [TogoOHEBIE
nedopMalii MPUBOAST K KOHBEPI'EHIIMM CTEHOK OYHCTHBIX Kamep, MPOCEIaHUI0
MacCHBa, a BO3MOXHBIE TPEUIMHBI UMEIOT CBOICTBA MPOrPECCUPOBATh B HANPABICHUU
BOJO3AILMTHON TOJIIIN U MPEACTABIATE YIPO3y IS €€ LEIOCTHOCTH.

B nccnenoBanusax cocraBa 3akiaanouHoi cmecu [11, 28] Obu10 oApoOHO U3YYEHO
BIIMSIHUE Pa3IMYHBIX CIIOCOOOB €€ MPUTOTOBIICHUS, COIEPIKAHUS TUIICA U COOTHOILLICHUS
KUJKOCTH K TBEPIOMY Ha NIPOLECC TBEPACHHUS, a TAKXKE Ha CBOMCTBA CMEIIAHHBIX
TUTICOMAarHE3WAIBHBIX BSDKYIUX MaTepUalioB, TPEIHA3HAYCHHBIX I OTPAOOTKH C
3aKJIaIKOM MECTOPOXKAEHUW B COJSHBIX panoHax. lccinegoBanus mnokasainu, 4YTO
ontumainbHoe cooTHomeHre JK:T B coctaBe 3aknamounon cmecu cocrasiset 0,45:1, npu
3TOM JIOCTUIAeTCs] HAWIy4dlllee COYETAaHUE €€ MJIACTUYHOCTH U BPEMEHH CXBaTbIBAHHS.

IIpu conmepxkanum runca 20% ot o0mIel Macchl 3aKJIaJOYHOM CMECH MPOUCXOAMUIO
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YBEIIMYEHNE HAYAJIBHOW MPOYHOCTH BsDKyIIero marepuana Ha 30% 1o CpaBHEHHIO €
KOHTPOJIbHBIMU O0pa3iiamu. B Xoje SKCnepuMeHTOB ObLIO BBISIBIIGHO, UTO BBEJACHUE
IJIaCTU(UKATOPOB B COCTAB CMECH YMEHbIIAET BpeMs Hauajna TBepjaeHus Ha 15%, 4to
KPUTUYECKH BAXKHO JIJIsI OTIEPATHUBHOM 3aKJIaJKU BbIPaOOTAHHOTO MPOCTpaHCTBaA. Takxke
OBUTO OOHAPYKEHO, YTO J00ABICHUE HAMOJHUTENCH, TAKUX KaK MEJIKOU3METbYCHHBIN
KBapIl U OapuTOBasi MyKa, YBEJIMUUBAET TUKCOTPOITHBIE CBOMCTBA CMECH, OOecIeunBast
0oJiee BHICOKYIO YCTOMYMBOCTD K Cerperaiuu KOMIIOHEHTOB MO/ ACHCTBUEM BUOpAIIUU U
JIPYTUX TUHAMUYECKUX HArPy30K B MIPOIIECCE THAPOTPAHCIIOPTUPOBAHUS CMECH.

B MupoBoli mpakTHKe BEICHHUS TOPHBIX padOT B MOCJEIHEE BpPEeMs MPOU3OILTU
U3MEHEHHS, CKa3aBIINECs Ha TPOCKTUPOBAHUU U CTPOUTEIIHCTBE MOJ3EMHBIX PYTHUKOB
no no0bue KanuiHbIX cosiel. Kak mokaspiBaer craructuka (Tab.1.2), riyOouHa
pa3pabOTKH BHOBb BBOJIMMBIX B DKCIUTYaTAI[UIO0 KATMHHBIX MECTOPOKICHUN HEYKIOHHO
pacrteT u yxe nocturiia 1200 MeTpoB. ITO CBSI3aHO C TEM, YTO JUIEH3UOHHBIE YUaCTKU
PYIHUKOB C OJIATONPHUSATHBIMU T€OJOTHYECKUMH YCIOBUSIMH BO MHOTHX CIIydasix YKe
0TpabOTaHbI UM BBEJICHBI B OKCILTyaTaIuio. B cBs3u ¢ 3TUM B pa3pabOTKy BOBJIEKAIOTCS
MECTOPOKIEHHUS CO CIIOKHBIMU TOPHO-TEOJOTMUYECKUMH YCIOBUSAMU, PACIOJIAratOIINECs
Ha OOJIBIIMX TIIyOMHAX, YTO BBI3BIBAET YCIOKHEHUE TEXHOJIOTUN BEJCHUS TOPHBIX PaboT.
B nmauuHblii MOMeHT q0oOBIYa KAJIMWHBIX coJiell B Poccuu BeneTcs MOA3€MHBIM CIIOCOOOM
HA YHUKAJIBHBIX CBEPXKPYITHBIX MECTOPOKACHUSAX — BepxHekamckoM U ['peMsUmHCKOM,
HuBeHckoM, MIaHUpyETCsl BBEACHUE B AKCILTyaTallMI0O MECTOpOXKAeHU B CapaTOBCKOM
obnactu u HoBo-I"peMsAunHCKOTO, pacoOKEHHOTO B HEMOCPEICTBEHHON OJIM30CTH OT
['pemsianHckoro 1 3aneratomero Ha 200 M rmy0xe.

B tabnume 1.2 npuBenena nHbopMarys 0 MECTOPOXKICHUX KaTUHHO-MarHUEBBIX
conmeit Poccum, pacmpeneneHne uxX MO KPYyMHEHIIUM TOPHBIM KOMIAHUSAM, TIIyOWHE
pa3pabOTKH M CPOKAM BBENICHUS B IKCIUTyaTanuio. YacTh MECTOPOXKACHUI B HACTOSIIIEE
BpEMs HE BBEICHBI B OKCILTYaTAIHIO B CBSI3M C 0CO00 CIIOKHBIMH YCIOBUSIMHE Pa3pabOTKH
U OoTCyTCTBHEM D(G()EKTUBHBIX TEXHOJOTHH TOOBIYM MHUHEPATLHOTO CBHIPhS B JTUX

YCIIOBUSX.
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Tabnuma 1.2 - XapaktepucTuka pa3padaTbiBaeMbIX KAIMHHBIX MECTOPOXKIeHUI Poccuu

T'ayouna Tox Hayaya
YyacTok KoMmmnanus BiajaeJjien Cratyc
Pa3padoTKu, M | pa3padoTKu
BepxHekaMCcKoOe MeCTOpPOKIeHH e
Hoso- OAO «Ypankanuii» OcBausaetest 450 1932, 2014
ConmkaMcKuit
COTUKaMCKHIA OAO «Ypankamuii» OcBauBaercs 349-385 1931
JypbiMaHCKH OAO «Ypankamuii» OcBauBaeTcst 345 1970
B -
HreHLCK? OAO «Ypankanuii» OcBauBaeTcs 320 1987
Tpounkuii
BanaxoH1eBCKHIT OAO «Ypankanuit», AO MXK «EspoXum» OcBauBaercs 474-548 2011
Bepe3nukoBckuii OAO «Ypankanuii» OcBauBaercs 250-320 1954
Vcrb-SIABUHCKUT OAO «Ypankamuii» He ocsansactcs 422-522 2023
(cTpowuTcst)
[Tanamepckuit AO MXK «EppoXum» OcBauBaercs 474-564 2011
Tanunknii 000 «BepxHekaMmckasi KaJInitHass KOMITaHHSD) OcBauBaeTcs 364-416 2018
TTosioBOTOBCK M OAO «Ypaskanuii» He ocBauBaeTcs 286 -
I'peMsiuMHCKOE MeCTOPOKAEHHE
I"'pemumHCKHIA | AO MXK «EppoXum» | OcBauBaercs | 1150 | 2015
HoBorpeMsiYuHCKOe MeCTOPOKIAEeHHE
Hogo- . AO MXK «EBpoXum» He ocBaunBaetcs 1200 -
I'peMsiunHCKUI
HuBeHCKOE MeCTOpPOXKACHUE
HupeHckuii-1 K-IToram Cepsuc OcBauBaercs 1100 2021
HuBeHckuii-2 K-Tloram Cepsuc OcBauBaercs 1100 2021
TTomnyoHBII 000 «KanuauHTrpaJackas KaauiiHas komnaaus» | He ocBamBaeTcst -
3anaauo-IleTpukoBcKOe MeCTOPOsKIe HUS
3anagHo- . AO MXK «EBpoXum» He ocBauBaetcs 1000 -
IlepentoOckuii
B _
OCTOMHO . AO MXK «EpoXum» He ocBauBaercs 1000 -
IlepentoOckuii
LIeHTpaJ'II;HO-u AO MXK «EBpoXum» He ocBauBaetcs 1000
BaHHXHHCKUI
3 -
anazHo . AO MXK «EppoXum» He ocBauBaercs 1000 -
VBaHUXWHCKUM
3arla11Ho-v AO MXK «EBpoXum» He ocBanBaeTcs 1000 -
IenuHHABIN
B _
OCTOqHOV AO MXK «EBpoXum» He ocBauBaetcs 1000 -
LlenuHHBIT

[Ipun yBenmuueHWM ri1yOMHBI pa3paObOTKU crenuduka 3aKiIagkd BHIPAOOTaHHOTO
MPOCTPAHCTBA KaJUHHBIX MECTOPOXKICHUM paCHIMPAETCA PSIAOM HETPUBHAIBHBIX
npobiem. HenaBHO BBen€HHOE B IKCIUTyaTalMio Tiyboko3aneratomiee [ peMsunHcKoe
Mectopoxenne kanuitHeix coneit (MKC) ocBauBaetcst 0oTHOUMEHHBIM [ peMIUYNHCKUM
ropHo-oboratutenbHbiM  koMOuHaToM (I'OKom). VcmoBus ocBoenuss ['MKC
MPUHIIMITHAIBHO OTJIMYAIOTCS OT YCIOBHM JOOBIYM COJNEH Ha pyJHUKAX P pa3paboTke
BKMKC u HeBHHHOMBICCKOTO MeCTOpOXIeHUN psigoM (akTopo. B padore [107, 108]
OTMEUEHA B3aMMOCBS3b TIHyOMHBI W ycnoBuil paspaborkn 'MKC. Otmeueno, yto
MECTOPOXKJICHHE XapaKTepU3yeTcsl JOCTATOYHO CIOXHBIMU TOPHO-T€OJOTMUYECKUMH,

IruaporcoJIOrn4cCKuMHU, I'COMCXaHNYCCKHMMU, ra3oJuHaMH4YCCKNMU "
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TOPHOTEXHUYECKUMU YCIOBUAMU pa3pabOTKH, KpaillHEH HEOJHOPOIHOCTHIO CTPYKTYPHI U
JUTOJIOTHYECKOT0 COCTaBa MPOJAYKTUBHOTO IJIACTa, PUIBTPAIIMOHHBIX CBOMCTB MOPOJ,
KaK 10 BEpPTUKAIM, TaK M MO MpOoCTHpaHuio 3ainexu. bonee Toro, ['pemsumHCKOE
MECTOPOXKICHHE XapaKTEePHU3YeTCsl CIOKHOW Mopdosorueil NpoayKTUBHOM TOJIIH,
IJIACThl  XapaKTEePU3YIOTCA OOJBIIMMH TEKTOHHYECKMMHU HApYUIEHUSIMH B BHJIC
CKJIATYATOCTH, BBIKJIMHUBAaHUS, (PICKCYpHBIX HapylieHUW. J[pyruMm OCIOKHSIONIUM
dbakTOpOoM BeIEHHUS TOPHBIX PabOT Ha ['peMAYUHCKOM PYIHHKE, PACCMOTPEHHBIM B
pabotax [51], sBiseTCS HalWYKWe TOJ IUIACTOM CHJIBBUHHTA IOJCTHIIAIONICTO CJIOs
KapHaJUIUTa, XapaKTEPHU3YIOIIETOCs TPU  TOBBIIIEHUU BIAXHOCTH IMyYCHHEM,
PacKpBITHEM TOP, MPOSBICHUEM T'a30JMHAMHUCCKUX siBJICHUNA. ABTOpamu padoTsl [80]
OTMEYaeTCsl, YTO, KAYECTBEHHBIM MPU3HAKOM TIIyOOKO3aJIEeraroiero MeCcTOPOKICHHUS
KaJIMWHBIX COJICH SBIISCTCS, KaK TNIyOHMHA, TaK U MPOYHOCTHBIC XapaKTEPUCTUKU COJISTHBIX
MOPOJI, COMOCTAaBHMbBIE CO 3HAYEHHEM MAaKCUMAJIbHBIX CKUMAIOIIUX HAMNpsDKCHUN B
MaCCHBE TOPHBIX MOPOI.

Tak, nanpumep, mecropoxkaenne BKMKC He cumTaeTcs riry0oKo3aieraroimm,
TaK KaK COOTHOIIEHHE IMPOYHOCTH COJIEH Ha OJIHOOCHOE CXKaTue 2-2,5 BhINIE, YeM
3HAYCHUs TPABUTALMOHHOW COCTABJISIOIIECH HanpspkeHud. [IpoyHocTh conel Ha
OJIHOOCHOE CkaTue coctanisieT 32-37 Mlla, B To BpeMs Kak MakcHUMallbHas KOMIIOHEHTA
CXKUMAIOIINX HaIPSOKCHUH B MacCHBE TOPHBIX TOpoJ Ha riayomHax B 350-450Mm
HaxoauTcs Ha ypoBHe 10-15 MITa [120].

IIpoBencuurie uccienoBanus [137, 87] yka3pIBaloT Ha aHOMAJIbHO BBICOKHE
TEMIIEPaTypHbIE PEKHUMBI, BO3HHUKAIONIHE HA TOPU30HTE JOOBIYHBIX  padoT,
npesbimaromux 1000 M, rae TemnepaTypa MaccuBa TOpHbIX nopof apocturaer 38 °C, B
TO BpeMs KaK BJIAXKHOCTh MPOJAYKTHUBHOM TONIIHA B OKPECTHOCTH KOHTYpa BBIPaOOTOK
u3mensiercs B quamnaszone 0,07-0,15 %, yTo o0yciioBIeHO OOJBIION NTyOMHOM 3aeraHus
KaJIMHHBIX COJIEH.

Bwmecte ¢ Tem, B pabote [33] oTMEUEHO, YTO U3MEHEHHE BIAQKHOCTH PYJIHHYHOIO
BO3/TyXa MPH UCIIOIH30BAHUH THAPABINICCKON 3aKJIa KA BEIPAOOTAaHHOTO TPOCTPAHCTBA
MOXET MPUBECTH K PHUCKY Jerpajaluyd LEJIUKOB 3a CUeT KOHTAKTa C MPECHBIM

KOHJIGHCAaTOM, MpPUYEM 3TOT IMpOIECC Mporpeccupyer co BpemeHeM. boree Toro,
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PacIONOKEHHE B MOYBE KOPKU CUIIBBUHHUTA, OCTABIISIEMON B X07I€¢ KOMOAHOBOW BHIEMKHU
HaJl TA30HOCHBIM KapHAJJTUTOBBIM ILJIACTOM, OMPEAEIIsIET HEOOXOAMMOCTh OIICHKH PUCKa
HapylIeHUsl 3allUTHOM MayKd CUJIbBUHUTA U WM3MEHEHUS CBOWCTB KapHaUIUTa B
pe3ysbTaTe BO3IEUCTBUS PACCOIIOB.

ABropamu nokazaHo [139], uTO yBIa)XHEHHE COJIIHBIX IIOPOJ OKAa3bIBAaCT
3HAUYMUTENIPHOE BIUSHHE HAa MX MEXaHWYECKHUE CBOMCTBA, MPHUBOAS K CHIDKCHUIO
MPOYHOCTHBIX M J1€(POPMAIIMOHHBIX XapPaKTEPUCTUK TMOPOJ CUILBUHUTOBOTO U
KapHAJUTUTOBOTO TUIACTOB IMPH KOHTAaKTe C THAPO3aKIaAOYHBIMU paccojamu. [lpu
3aMOJIHEHUM KaMep THAPO3aKIaJ0YHOM CMEChI0 MPOUCXOAUT MPOHUKHOBEHUE BJIard B
MEXyKaMEpHbIC IIEJIMKH, YTO BBI3BIBAET PA3BUTHE B HUX MOBBIIICHHBIX JepopMariuii u
CHI)KEHHE HeCyIIeil CloCOOHOCTU. DTO MOJYEPKUBAET BAXKHOCTh y4eTa BIAKHOCTHOT'O
COCTOSIHUSI COJISTHBIX TIOPOJI, 3aKJIaJ04YHOM cMecu M (OpMUpPYyeMOTO MaccuBa TpH
pa3paboOTKe TEXHOJOTHH JOOBIYM U 3aJ0KEHHUS BBIPAOOTAHHOTO MPOCTPAHCTBA B
KaJIMAHBIX PYTHUKAX.

JlonmomHUTENbHOU TPOOJIeMON, BO3HHKAIONIEH IPU OCBOCHHH [ peMSUYMHCKOTO
MECTOPOXKJICHHUS, SIBJIIETCA BBHICOKOE TOpHOE JaBiieHne Ha rinyoune 6omee 1000 m., yto
TaK)Ke ONpeJesieT He0OX0IUMOCTh 3aKJIaJIKU BRIPAOOTAaHHOT'O MPOCTPAHCTBA, MPUYEM,
3aKJAJOYHbIA MAaCCUB JOJDKEH CTaTh KOHCTPYKTUBHBIM 3JIEMEHTOM CHUCTEMBI
pa3pabOTKH, BOCIPUHUMAIOIIMM YacTh TOPHOTO NaBlieHWs. Takye JIOMOJHUTEITbHbIC
TPYJHOCTH CBSI3aHbI C TbUICOOpA30BaHHEM, TEMIIEPATypOll PYIHUYHOTO BO3JyXa U
NEPEeMEHHON BIIAXKHOCTBIO PYAHUYHOM atmocdepsl, cocrtapisomen 30-35%, mnpu
BJIQXKHOCTH MPOAYKTHBHOTO TutacTa cuibBuHUTA MeHee 0,5. Takum oOpa3om, ycioBus
pa3paboTku Takux MectopoxaeHuil, kak ['pemsumackoe ('MKC), Bepxuexamckoe
(BKMKC) n Henickoe cytiecTBeHHO pa3ianvaroTcs 1o (pakTopaM cocTaBa TOPHBIX MOPOJT
U CrierupUIeCKUX MmapamMeTpoB pyaHuaHo# atMochepsl [91]. Dto pazHooOpasue TpedyeT
KOMILUIEKCHOTO COIMOCTABJICHUS JTIYYIIUX MPAKTUK U TEOPETUUYECKUX UCCICAOBAHUM ISt
BO3MOKHOW KOPPESIIMU U UHTEPHOJISIIIUUA YCIOBHI pa3pabOTKU MEXAY pa3IudHbIMU
oowektamu. Kpome Toro, HE0OXOMMMO MPOBENCHUE WHAWBUAYATbHBIX WCCIEIOBAHHMI

A HOOATBCPKIACHHUA MW YTOYHCHHA  JaHHBIX OCO6€HHOCTCI>1, qTO  IIOMOXKET
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ONTUMU3UPOBAThL TEXHOJOTMYECKUE TMPOLECChl U YBEJIMYUTh O€30MacHOCTh U
3 PEeKTUBHOCTH JOOBIYM HA KAXKJIOM K3 MECTOPOKICHU.

[Tpu BEIOOpE, 00OCHOBAHWHU U MOJICTUPOBAHUU JIOTUCTUUYECKON CUCTEMbI PYTHUKA
HEOOXOJUMO TaKX€ YUYUTHIBaTh JOCTYMHOCTh W SKOHOMHUYHOCTH KOMIIOHEHTOB
3aKJIaI0OYHON cMecH, olecreunBaroleil TpeOoBaHud K OCOOEHHOCTAM (POPMUPOBAHMS
3aKJIaJJOYHOTO0 MAacCHBa, €ro MPOYHOCTHBIM, AePOPMAIIMOHHBIM M PEOJOTUYECKUM
XapaKTEPUCTUKAM.

BaxxHo oTMeTuTh 0OJIbIIINE BEPTHKAIbHBIC U TOPU3OHTAJIBLHBIE PACCTOSIHUS TIPU
TPAHCIIOPTUPOBKE CHITyYUX MAaTEpUAJIOB [0 TPYOONpPOBOAY C TEPENYyCKHBIMU U
HAKOIMUTEJIbHBIMU OyHKEpaMH U KOHBEUEPHBIM JIMHUSM, UYTO YCJIOXKHSIET COXPAHHOCTh
KOHCOMIUPYIOIINX CBOMCTB 3aKJIaJIOYHOTO MaTepralia Ha BCEM TEXHOJIOTHYECKOM Iy TH
JIOTUCTHYECKON CXEMBI 3aKJIaJIKH.

JlpyruM Ba)XKHBIM acCHEKTOM YIPAaBJICHHS Ka4eCTBOM TMPSMBIX M BO3BPATHBIX
MUHEPAJTbHO-CHIPHEBBIX MOTOKOB SIBJISIETCS ONTHUMU3AIMS MapaMETPOB JOTUCTHUCCKUX
IPOIIECCOB M CXEMbl TPAHCIOPTUPOBAHMS, BKJIIOYAs pallMOHAIBHOE IUIAHHMPOBAHUE,
CBOEBPEMEHHYIO0 KOPPEKTUPOBKY U KOOPJMHALIUIO MTEPEMEIICHUS] PYIHUYHBIX TTOTOKOB,
ONTUMAJILHOE WCIIOJIb30BAaHUE TEXHUKU U OO0OpYyIOBaHMS, a TaKkKe KOHTPOIb 3a
YCIOBUSMHM XPAaHEHUSI U TIEPEBO3KU CHIMYYETO CHIPhS, MUHUMU3HUPYIOIINX MbUICHUE U
NPOCTOM TEXHUKH, a TaK)K€ PHUCKHM BO3HHKHOBEHHUS aBAPUNHBIX CHUTYyallMil B XOje
AKCILUTYaTalMH COJISTHBIX MECTOPOKICHHIMA.

VYrpaBieHne KayeCTBOM MUHEPAIbHO-CHIPHEBBIX IMOTOKOB SIBISIETCS 3HAYMMOMN
npoOaemMoil pa3pabOTKH JIOTUCTUYECKONW CHUCTEMBI TIIyOOKOTO PYAHHKA TO J00bIde
KUIMAHBIX cosiel. [Ipu 3TOM, KauecTBO JOOBIBAEMOTO CHILBHHHUTA M COJICOTXOJOB JIJIs
3aKIaJKM  BBIPAOOTAHHOTO  TMPOCTPAHCTBA  OKa3bIBa€T MPsIMOE  BIUSHUE Ha
3G (PEKTUBHOCTH TPOLIECCOB TMEpepadOTKM KATMHWHBIX COJEH W XapaKTePUCTUKHU

BO3BOJIMMOTO 3aKJiajgouHoro maccusa [138].
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1.3. Oco0eHHOCTH M MapaMeTPbI JTOTMCTHYECKHUX CXeM MOA3EMHOI0 PyAHUKA NPHU
pa3padoTKe COJAHBIX MECTOPOKIACHHUI C MCII0JIb30BAHNEM 3aKJIAJ0YHBIX CMecei ¢
TPedyeMbIMH XaPAKTEPUCTUKAMHU BJIA’KHOCTH, IPOYHOCTH, PEOJIOTHH.

K nHacrosimemy BpeMEHM B MUPOBOW INPAKTUKE HAKOIUIEH 3HAYMTENIBHBIN OIBIT
NPUMEHEHUS CYXOM UM THAPABIMYECKOM 3aKiafKd TMpU pa3paboTKe KalIUHHBIX
MECTOPOKICHUM. 3aKiaaKa MPOU3BOAUTCS C LEJIbI0 YMEHBUIEHUS OCENAHUs 3E€MHOU
MOBEPXHOCTH MOJ] TOPOJCKON 3aCTPOMKON U MPOMBIIUIEHHBIMUA O0BEKTAMHU, @ TAKKE JJIS
YaCTHUYHOM YTUIIU3ALMU OTXOA0B JOOBIYM U oboramieHus. JJis nosydeHus 3aKiag0qHbIX
cMeceil B TOPHOJOOBIBAIOIIEH MPOMBIIIIEHHOCTH MPEUMYIIECTBEHHO HCHOIb3YIOT
noOOYHbIE MPOAYKTHI, K KOTOPBIM OTHOCSITCSI TaJIUTOBbIE MaTepuabl, MOSBIISIONINECS B
npolecce MPOXOAKK TOJ3EMHBIX BBIPAOOTOK, a Takke (paklUuu, OTIAEISIEMbIE MpPH
00OTraleHud MUHEPAJBHBIX PECYpPCOB METOJaMU (JIOTALlMUA WM Talypruu, MpUYeM B
Ka4yecTBE JOMOJIHUTEIBHOIO KOMIIOHEHTAa HEPEIKO 00aBISIOTCS TIMHUCTHIEC HIJIaMbl,
CIIOCOOCTBYIOIIUE JOCTUKEHUIO HEOOXOAMMBIX NPOYHOCTHBIX M TEXHOJOTHUYECKUX
XapaKTEpUCTHUK F'OTOBOIO 3aKJIaJ0YHOI0 MaTepHaIa.

JlokazaHO, 4TO B OTJIMYME OT MHOTHX JAPYTHUX OTpaciedl TOPHO-XUMHYECKOM
INPOMBIIUIEHHOCTH, KaJMHHAs XapakTepu3yercss OOJbIIMM KOJIMYECTBOM OTXOJOB,
HOJy4aeMbIX B pe3yibTaTe A0ObIYM, NepepalOoTKM M O0OraiieHus KaJuiHbBIX coield,
CKJIQAUPYEMBIX B OTBAJIAX, KOTOPBIE OKa3bIBAIOT HETATUBHOE TEXHOTEHHOE BO3/CHCTBHE
Ha OKpYKaromym cpeay. Tak, Hampumep, 1mo aaHHeIM pabor [66, 99, 81, 88] mpu
noyrydeHuu 1 T mpomykra oOpasyercs 3,5—4,5 T TajJuTOBBIX OTXOJIOB, a C YYETOM
IOCTOSIHHOTO Pa3BUTUS KaJUHHBIX IPOU3BOJACTB, BHEIPEHUS HOBBIX TEXHOJOTHU
MHTeHCU(UKAIMK JOOBIYHBIX pabOT U yBENWYEHHUS MPOU3BOJCTBEHHBIX MOIIHOCTEH,
o0BbeM 0TX0A0B Hensz0exHO pacTeT. CoJIeoTXOAbl OOBIYHO CKJIAJAMPYIOT HAa 3E€MHOU
MOBEPXHOCTH B COJICOTBAJIAX WM pa3MeUlaloT B BbIpaOOTaHHOM MPOCTPAHCTBE.
[Inomanu CymecTBYIOIMX COJEOTBAIOB M NUIAMOXPAHWIMIL OIPAHUYEHBI, HX
pacivpeHre TpeOyeT 3HaUMTENbHBIX KalIUTAIBHBIX BIOXkeHUH. K TomMy e pazmenieHue
OTXOZ0B Ha 3¢MHOM ITOBEPXHOCTH BEJIET K HETaTUBHBIM JKOJIOTUYECKUM ITOCIEACTBUAM,

CBA3aHHBIM C 3aCOJICHHUECM 3CMCIIb.
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Hag nmpoOGnemMaMu BO3BEIEHHS 3aKIaJ0YHBIX MACCHUBOB M TPAHCIOPTHUPOBAHUS
3aKJIaI0YHBIX CMECEH M3 COJSHBIX MOpOoJ padoTald U3BECTHBIE ydeHble ANHOMHIEP
N.N., Akcenos H.U., baiikonypos O.A., bop3akosckuil b.H., bponnukos /[.H., Beckosa
M.U., BogonwsinoB B.JI., I'apkymun [1.K., I'abapaes O.3., ['onuk B.U., 3amecoB H.®D.,
3umudn B.H., 3otree O.B., KaszukaeB /[.M., KammbeikoB B.H., KpaBuenko B.II.,
Kpasuenko I'.U., KpaBuenko 1O.I'., Kpynuauk JI.A., Ky3smun E.B., Mupomnuk K.B.,
MoutsnoBa A.H., ITanynos JL.M., Ilepmskos P.C., Paguenko /I.H., Pyaenko B.B.,
Pycakos M.U., PruibHukoBa M.B., CaBuu WN.H., Cuokons E.Il., Ilpiraios M.H.,
Muainep M.®. u np. Umu uccnegoBansl nporecchl (POPMUPOBAHUS 3aKIATOYHBIX
MAacCUBOB, TMpPEUIOKEHbl METOJIbl pacyeTa mapamMeTpoB CHCTEM pa3paboTKu B
3aBUCUMOCTH OT CBOMCTB 3aKJaJ0YHBIX MaTepuajoB, pa3paboTaHbl HampaBIICHUS
U3bICKaHUS HOBBIX BApPUAHTOB CHUCTEM pa3pabOTKM M CO3[aHUs JOOBIYHBIX H
3aKJIaJOYHBIX KOMIUIEKCOB, PACCMOTPEHBI PA3IMYHBIE COCTABBI 3aKJIaIOYHBIX CMECEN Ha
OCHOBE OTXOJOB JI0OBIYM COJIEH U IPOU3BOJICTBA KATMUHBIX YI0OpEHUH.

AHaiy3 MHPOBOTO OIIbITA Pa3pabOTKN MECTOPOXKACHNUN KAIMHHBIX COJIeH moka3a,
4YTO B HacTrosiiee Bpems Okojdo 85% 00BbeMOB TpPaHCHOPTHPOBAHUS 3aKJIAJOYHBIX
MaTEepUaIOB OCYILECTBISIOT THUIAPABIMYECKUM CIOCOOOM, a ocTajbHble 15% -
MEXaHUYECKUM CIIOCOOOM.

MHOrOMMJUIMOHHBIE MAacChl BTOPUYHBIX OTXOJOB MOTYT OBITh YTHJIM3UPOBAHbI
TOJIBKO II0CJIE CO3/1aHUs] MTHHOBALIMOHHBIX COCTABOB 3aKJIaJOYHBIX CMECEH U TEXHOJIOTUU
(GopMupoBaHUS W YKIaJKH 3aKJIaJ0YHBIX MAacCHBOB, HAIIPaBJICHHBIX Ha MOJIHYIO
YTUIM3ALUIO COJISIHBIX OTXOJOB, BO3Bpalllasg MX B INPOU3BOACTBEHHBbIM LukiI. [locie
U3YUYEHHs BELIECTBEHHOTO COCTaBa M CBOWMCTB TaKUX OTXOZOB BO3MOKHO CO3JaHUE
TEXHOJIOTUM TPAHCIOPTUPOBAHHWS W, KaK CJIEICTBHE, E€IUHOM COCIMHECHHOU
COOOIIAIOUICICST  JIOTUCTUYECKOM ~ CHUCTEMBl € YTWIM3AalMe  COJIE0TXOMOB,
IIPEUMYILECTBEHHO B paHEe MPOUJIEHHBIX U CHELHMAIBHO CO34aBA€MbIX BBIPAOOTAHHBIX
npocTpancTBax [96].

3aknazo4yHble padOThl HA OTEUYECTBEHHBIX KAJIMMHBIX MECTOPOKICHUSAX BEILYTCS
ceoitre 60 ner [68]. 3a 9TO BpeMsi HCIBITHIBAINCH U TIPUMEHSITUCH PA3IMYHBIE METOIBI

MECXaHM3alluM 3aKJIaaO04YHbIX pa60T: OT CKpCIICPOBaHHA A0 TPAHCIOPTHUPOBAHUA C
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MPUMEHEHUEM CaMOXOJHBIX BaroHOB, TPYyOOIMPOBOJHOTO TPAHCIIOPTA M METATEIBHBIX
ycTpoiictB. Ho, He3aBUCUMO OT pa3HOOOpa3usi TEXHOJIOTUN MeXaHU3alluu, TJIaBHBIM U
OOBEUHSIONIUM THIPABINYCCKII W MEXaHMUYECKHA CIOCOOBI BEICHUS 3aKJIaJOYHBIX
paboT SBISIETCS CIMOCOO TPAHCIOPTUPOBAHMS 3aKIQJOYHOW CMECH OT 3EMHOM
MMOBEPXHOCTH JI0 OYHCTHBIX TOPHU30HTOB pa3padaThIBAEMOr0 MECTOPOXKACHHUS — TIO
CKBOXMHAM, 3aKJIQJJOYHOMY BOCCTAIOIMIEMy WM CTBOIY. B HHX pa3memaercs
BEPTUKAIBHBI COCTaBHOW TPyOONpPOBOJ, [JII KOTOPOTO Yalle BCEro HCIOJIB3YIOT
O€CIIOBHBIC CTAJIbHBIC, PEXKE UYTYHHBIC U MOJIUITUIICHOBBIC TPYOsI [37].

JIOTIOTHUTENIBHO B HCCIIEOBAHUSAX PACCMOTPEHBI IMEPCIIEKTHBHBIC MAaTEPHAIIBI JIJIS
W3rOTOBJICHUS W KOMIIOHOBKM MarMCTPajibHBIX TPYOOTPOBOJOB M PacCOJIONPOBOJIOB
[105]. OtmedeHo, 4YTO TOJUAITHICHOBBIE TPYOBI, HE IMOABEPKCHHBIC KOPPO3MH,
3HAYUTEIBHO JIETYe CTAIbHBIX, JJOCTATOYHO MPOYHBI U 00J1aaf0T MCHBIIIUM YCITbHBIM
COMPOTHBIICHUEM JBHKCHHUIO 3aKJIQJOYHOH CMECH, YTO II03BOJISICT 3HAYUTEIBHO
YBEJIMUUTHh  JAJIbHOCTh €€  TpaHCHmopTupoBaHus. Kpome TOro, CTOMMOCTH
NOJMMATHIIEHOBBIX TpyO Ha 20—-30% HIKe, 4eM CTalIbHbBIX.

Ha tpancnopTabenbHOCTh MaTEpHAIBHBIX TTOTOKOB IO TPYOOIPOBOIY B YCIOBUAX
MOJI3EMHOT0 pPYJHUKA B 3HAUYUTEIBbHON Mepe BIMAET HE TOJBKO MaTepuan s
U3rOTOBJIEHUSI TPYOONPOBOIOB, HO U reoMeTpuueckas KoH(GUTrypalus BbIPaOOTOK, YTO
KOPPEIUPYET C ONTUMAIBHBIM TPACCUPOBAHUEM PACTIPECITUTEIbHBIX TPYOOIPOBOTHBIX
cucreM. B paborax [9, 10] ormMedyeHO BiMsHHE HU3MEHCHHS YKJIOHA TPyOOMpOBOJa Ha
3¢ (HEeKTUBHOCTH BCEHl TOTUCTUYECKON CUCTEMBI TIOJI3EMHOTO PYTHUKA, & TAKXKE JOKa3aHa
HEOOXOIMMOCTh CHIDKEHHUS YKIOHAa TPYOONMpOBOJA IO HAMPaBICHUI0O K KOHEYHBIM
TOYKAM paclpeaeanuTeNIbHON ceTH. boiiee Toro, B pabore [92] yTBepikmaercs, 4TO
mpouiib KaMephl MO MPOAOIBHON OCH JOHKEH OBITh TOPU30HTAIBHBIM C JTOMYCTUMBIM
YKJIOHOM B CTOPOHY nepeMbIuku. [Ipu 60b110M yKIIOHE MOBBIIIIAETCS PUCK HET03aKIIa1a,
a TpEBBHINICHWE JaHHOTO 3Ha4yeHws 10 8—10 rpag u Oosiee 3HAYUTEITHHO CHUKACT
3¢ (HEeKTUBHOCTH 3aKIagKd B 1eloM. 3aBeoMo HeadheKTUBHO 3amoiiHeHue kamep U-
o0Opa3Hoit u S-o0pa3Hoi (POPMBI THAPABIMICCKON 3aKITaIKOH, a TAKXKE € TPUMEHCHHE B
Clly4a€ WHTEHCHBHOTO W3MEHEHHS (OpPMBI, MOIIHOCTH ¥ HAIpPaBJICHUS TMaJCHUS

IMPOAYKTUBHOI'O iacra, KOTOPLBIC PaCipoCTPaHCHbI IIOBCEMECCTHO Ha
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INIyOOKO3aJIeTaloUX KaJTMUHBIX MECTOPOXIECHUAX. M3MeHeHne Mop(osioruu 3auexu
TpeOyeT KOPPEKTUPOBKH TPacChl MPOKJIAJKH KOMMYHHUKAIUU A1 TUAPO3aKIag0YHbIX
pabor. B pspe ciaydaeB 3TO TOBJIEUET PUCK 3aKYMOPKUM TpyOONpPOBOJAOB WU
HEBO3MOXHOCTh TPAHCIIOPTUPOBAHUS THAPO3AKIAT0YHON CMECH.

JlonoaHUTENBHO, B paboTe [35] paccMoTpeHa BO3MOKHOCTD PUMEHEHUS OYPOBBIX
CKBOKUH JJIs TEpPerycKa 3aKJIaJJOYHbIX CMECE C BEpXHUX TOPU30HTOB, TEM CAMBIM
oOecrieuynBaercs IPaBUTAILIMIOHHOE TPaHCIIOPTUPOBAHUE u MUHUMU3AIUS
AHEPronoTpedIeHUsI. ITO CIOCOOCTBYET HE TOJBKO AKOHOMHUYECKOH 3((PEeKTHBHOCTU
3aKJIaIOYHOr0 TMpoliecca, HO W TMOBBIIIAET €ro 0e30MacHOCTb 3a CYET CHUKCHHS
JTUHAMUYECKON HArpy3Ku Ha TPYOOTPOBOAHYIO HHPPACTPYKTYPY.

Jloructuyeckue cxeMmbl THAPO3AKIATOUYHBIX pab0T 0O0BEIWHEHbI OCHOBHBIMU
TEXHOJOTUYECKUMHU OTNEpalMsIMH: MPUTOTOBJICHUE IMYJbIbl, €€ TPaHCIOPTUPOBAHHE,
3aKjiazika KaMep M BO3BpaT paccosia. 3akJaJOuHbIii MacCUB BO3BOJST MYyTEM HaMbIBa
nynenel. [lyaema B kKamepbl MNOJAETCS  HEMOCPEICTBEHHO C BBIEMOYHOTO WIIH
BEHTWISIIIMOHHOTO IITPEKa 3aKjIaJbIBAEMOro IUIacTa, U3 KaMep WM MOATOTOBUTEIbHBIX
BBIPA0OTOK BBIIIEPACTIONOKEHHOT'O0 OTPabOTaHHOTO TOPU30HTA.

TexHomornveckass cxema THIPO3aKIaI0dHON ycTaHOBKM pyaHuka CKPY-2
npencrapisier coOOW  TUMOBOE  pelIeHHEe, KOTOpOE€  HMHTETPUPYET  CIOXKHYIO
UHOPACTPYKTYpY sl O0OpabOTKM U TPaHCHIOPTUPOBAHUS paccojioB W muiamoB. C
NPUMEHEHHEM THAPOTPAHCIIOPTA MPOU3BOAUTCS MEpEMENICHIE YKa3aHHBIX MaTepUaIoB

MIOCPEJICTBOM CIEIUATN3UPOBAHHBIX KOHBEHEPOB U TPYyOOIPOBO0B. (puc.1.5)

Pucynok 1.5 - TexHonornueckasi cxeMa ruip03akiiaIOyHOro KOMIUIEKCA pyJHHUKA
CKPY-2
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B cocrtaB 3aknagoyHOro KOMIUIEKCA BXOJAT YYaCTKOBBIE U ILIEHTPalbHbIC
pacconocOOpPHUKH, OCHAIIICHHbIE HACOCHBIMU arperaraMd B KHCJIOTOCTONKOM
WCIIOJTHEHUH, 4TO N03BOJsieT 3G (PEeKTUBHO MepekaunBaTh paccoii. [Iponecce pa3aeneHus
U OIpENEIICHUs HAIpaBICHUSI MOTOKOB OCYHIECTBISIETCS C MOMOIIBIO pPa3ae/IUTENei
MOTOKAa THUMA «Kayaromeecss BeApo», KOTopble 3(PGEKTUBHO MACNSIT IMOTOKH IO
HanpaBJICHUSIM 3aknajaku. JIsi cMemuBaHuUs W TOATOTOBKM 3aKJIaJIOYHOW TMYJbIIbI
WCMOJIB3YIOTCSL CMECUTENIbHBIE BOPOHKH, [JI€ IIJaM M Paccoll MEPEeMENIUBAIOTCS, a
yOpaBJICHUE TOTOKAMU OCYHIECTBIISICTCS 4E€pe3 psii HACOCHBIX YCTAaHOBOK C
obecrieueHMEM TOYHOW Mojayu maTepuaioB. CucrteMa Takke BKIIOYACT aBapUUHBIC
MapHipyThl JJii paccojia U CHUCTEMbI OBICTPOrO CTOKAa JJIs 3allUThl B HEIITATHBIX
CUTYaIUsX, 00eCIIeunBasi BRICOKHI YpOBEHb 0€30MaCHOCTH TEXHOJIOTUUECKUX OTIEpAITUH.
VipaBieHue OTXOJaMH OCYILIECTBISIETCS 4YEpe3 CUCTEeMATUUYECKOE pas3feieHue u
bunpTpanrio, YT0O MHHUMH3UPYET OKOJOTMYECKOE BO3JACHCTBHE U  TOBBIIIACT
3 PEKTUBHOCTD 3aKIAJKH, TMOJAUYEPKUBAsS MHHOBAIIMOHHBIE W 0€30MacHBbIC MOJXOIbI K
YIPABIECHUIO OTXOJIAMU U PECYpPCaMU B YCIIOBUAX MOA3EMHOM T00BIYH.

Pe3ynpraThl aHalv3a TPOEKTHBIX PEIICHWH MO pa3pabOTKe OTEHYECTBEHHBIX U
3apyO0eKHBIX MECTOPOKICHUH BOJOPACTBOPUMBIX MOJIE3HBIX HCKOMAEMBbIX TOKA3bIBAIOT,
YTO MPU TOPU3OHTAJIBHO HAIPABICHHOM TPAHCIOPTUPOBAHUM KaK MPSAMBIX, TaK U
BO3BPATHBIX PECYPCHBIX MOTOKOB, ONTHMAJIBHBIM PELIEHUEM IMPU MEXaHU3HUPOBAHHOM
croco0e BeICHMs 3aKIaJ0YHBIX padOT SBIAECTCS MPUMEHEHUE JIOTUCTUYECKUX CHCTEM
TPaHCIIOPTUPOBAHUSI, Yallle C UCIOIb30BaHUEM KOHBeHepHOoro TpancmnopTa [104].

Tak, mo TumoBomy mpoekty pa3pabotku pymauka CKPY-2 [36], coneoTxoss
nocyie (aOpuKu JIGHTOYHBIM KOHBEHEPOM TPAHCHOPTHUPYIOTCS K BEHTUISIIMOHHOMY
CTBOJIly W 3areM To TpyOam, nuamerpoMm 250 MM, mepemyckaroTcs B pyaHuk. s
JIOCTaBKH OTXOJIOB B PYJHHUKE OT CTBOJIA JI0 3aKJIaJbIBAEMbIX KaMep MIPEyCMOTPEHA CETh
JICHTOYHBIX KOHBEWEPOB. Pa3melieHne 3akinajouyHoN CMECH B Kamepax NpeayCMOTPEHO
MPOU3BOJUTh MPU MOMOUIM CKPENEPHBIX YCTAHOBOK M MHEBMATHYECKUX MAIUH (pHUC
1.6). Jlamee TpaHCHOPTUPOBAHME 3aKJIaJOYHOM CMECH HEMOCPEACTBEHHO B

BBIPa0OTaHHOE MPOCTPAHCTBO MPETYCMOTPEHO OCYIIECTBIISITH CAMOXOIHBIMU BarOHaMH,
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00 Y4aCTKOBBIMH TCJIICCKOITNYCCKUMHA KOHBefICpaMH. 3a1<nam<y [MpOU3BOAAT B OIUH

WM JIBA CJIOS1, IPU MPSIMOM M OOPAaTHOM XOJI€E.

Pucynok 1.6 - Cxema konBeliepHoro tpancnopra pyaauka CKPY-2. YciosHsie
0003HauYeHUs: 3aKpallIeHHbIE - MAaTUCTPaIbHbIE KOHBEHEphI; MyCThIE - yYACTKOBbBIE
KOHBEMNEPHI

B pabGorax [45, 46, 117] oTmeueHO, YTO MIPUMEHEHHE CYXOH 3aKIaJKH IIPH
UKJIUYHOW  TEXHOJIOTMM  TPAHCIOPTUPOBAHMS MaTepualioB ©  (HOPMHPOBAHUSA
3aKJIaIOYHOT0 MacCHBa XapaKTEPU3YyeTCsS HU3KOW HWHTEHCHUBHOCTBIO M BBICOKOU
ce0ECTOMMOCTBIO 3aKJIaJJOUHbIX paboT. [Ipu 3TOM, BBUAY HU3KOW MOTHOTHI 3aMOJTHEHUS
BBIPAa0OTAHHOTO TPOCTPAHCTBA, 3aKJIAJOYHBIA MACCHUB HE SBISETCS KOHCTPYKTUBHBIM
AIIEMEHTOM CHUCTEeMbI pa3paboTku. OpHako, KadyecTBO OOKOBBIX KOHTAKTOB U
MIPOYHOCTHBIE CBOWMCTBA 3aKJIAJOYHOTO MAacCCHBA, IMPOJOJDKUTEIBHOCTD 3aKJIaIOYHBIX
paboT TpH MEXaHUYECKOM Ccrocobe, B psje CIIy4aeB, XapaKTePU3YEeTCs ITyUIIMMHU
TEXHUKO-3)KOHOMHYECKUMH TOKa3aTeIsIMH, IO CpPaBHEHUIO C TUIPABIWYECKUM
crioco6oMm. st COBEpIIEHCTBOBAHUSI TEXHOJIOTHUH CYXOW 3aKJIAJKU TMOA3EMHBIX Kamep
HE00X0IMMa OIIEHKA MEPCIIEKTHBBI UCTIONBb30BAHUS COBPEMEHHBIX MAIIIMH METATEIIHHOTO
JCUCTBUSL W THEBMOTPAHCIIOPTAa JUIsi (OPMUPOBAHUS 3aKIaJOYHOTO MacCHBa W3
00€3BOKEHHBIX COJICOTXOJIOB, YCIEIIHO TPUMEHSIEMBIX B MHPOBOW TIPAKTHKE

COJIEIOOBIYH.
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B pab6orax [1, 4, 12, 130] oTmMeueHa Ba)KHOCTH (POPMHUPOBAHHUS JIOTHCTUICCKUX
CUCTEM U CIIOCOOOB TPAHCTIOPTUPOBAHUS 3aKJIaIOYHBIX MAaTEPUAJIOB sl POPMHUPOBAHUS
3aKJIQJOYHBEIX MACCHBOB U3 OTXOIOB oOorameHus. JlokazaHa HE0OXOIHMMOCTh
F€OMEXaHMYECKOT0 U TEeO(PU3MUECKOIO MOHUTOPUHTA COCTOSIHHMSI MacCHMBa TOPHBIX
MOpoJl, B MEpPBYI oOdYepelb, MJis BBIOOpa CXEMbl MEXaHU3alMU pPaboT, a TaKkKe
obecnieueHust 0€30MacHON TPAHCIIOPTUPOBAHUS TEXHOTEHHOT'O ChIPhS 110 MOBEPXHOCTHOM
YacTU MaplIpyTa U Jajiee y>Ke TOTOBOT0 3aKJIaJI0YHOTO MaTepuaia 1o noJ3eMHOMY IyTH
CJIeIOBaHUsI BO3BPATHOTO PECYPCONOTOKA MpH (POPMUPOBAHUH 3aKIAJOYHOT'O MAaCCHBA.

[TpoTsIKEHHOCTD TOTUCTHYECKUX CXEM 3aKJIaJKH BRIPaOOTAaHHOT'O MPOCTPAHCTBA B
MO/J3EMHBIX PYIHMKAaX MOXET JocTUrath 15 kM. MecTopoxkaeHusi, B CBOIO OuYepe/lb,
XapaKTePU3YIOTCS  HAJIMYMEM  CIIOKHBIX  T€O0JIOTMYECKUX  YCIIOBHM,  BKIIHOYas
HECTAOWJIbHBIE YYaCTKM C PHUCKOM OOpYIICHHS W 30H C BBICOKHM COJIEp)KaHUEM
MyJbIIOOOPa3HBIX MacC, YTO CO3/1aeT ONPEACIICHHBbIC PHUCKU. BaXHBIM acleKTOM
SIBJISIETCSI HETIPEPHIBHBI MOHUTOPUHT COCTOSIHUSI T€0JIOTUYECKOU CpPeJIbl U MapaMeTpOB
TEXHOJIOTHYECKUX TPOIECCOB, 4YTOOBI obOecrmedynTh Oe30macHoe MPOJBMKEHUE U
2 PeKTUBHOE WCIOJIB30BAHKUE 3aKJIaJIOYHBIX MarepuaioB. (OjHako, HECMOTps Ha
3HAYMTENIPHBIC YCUJIUS 1O KOHTPOJIIO M ONTHUMHU3AIMHU MapaMeTPOB TEXHOJIOTHUYECKHUX
IIPOIIECCOB 3aKJIaJIKU, 3aKOHOMEPHOCTH WX PAa3BUTHUSI B paMKax €IMHOU JJOTUCTHYECKOMN
CHUCTEMBI, a HE TOJIBKO Ha €€ OTJIEeIbHBIX YJacTKaX, 10 HACTOSIIETO BPEMEHH HE N3yUYeHbI

B MOJIHOM MEpE.

1.4. MeToabl 000CHOBaHMSI IAPAMETPOB JJOTUCTHYECKHX CXeM 3aKJIAAKHU B
MOA3eMHBIX PYAHUKAX.

Cuctema TpaHCIIOPTUPOBAHUS 3aKJIAJOYHOTO Marepuasa B MOJ3EMHBIN PYJIHUK
TUAPABINYECKUM TPAHCIIOPTOM TPeOyeT MPOBEACHUS CHEIMAIIBHOTO KOMIUIEKca padoT,
HaIpaBJICHHBIX Ha BBIOOP U 00OOCHOBaHUE MapaMeTPOB TPyOOIpPoOBOIa U 000PYIOBaHUS,
oOecrieunBaromux Hanobosuee 3GpHEeKTUBHYIO 3aKIAJIKY.

B 3aBHCUMOCTH OT KPYNHOCTH TPAHCIIOPTUPYEMOTO B JKUJIKOM cpelie MaTepuala
UCIIOIB3YIOTCSl pa3jIMuHble METOJUMKH pacyeTa NapaMeTpOB OCHOBHBIX 3JIEMEHTOB

TUIPOYCTAaHOBOK u TpyOOIIPOBOAOB. s pacyeToB YCTaHOBOK
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TUAPOTPAHCIIOPTUPOBAHUS MPOAYKTOB oOorameHust ((hJoTalMOHHbIE KOHIIEHTPATHI,
OTBAJIBHBIE XBOCTBI, IIPOMEXKYTOYHBIE MNPOAYKTHI, KpynHocTeo 0,03-0,3 MwM,
NPUMEHSETCS METOJuKa, pa3paboraHHas WHCTUTYTOM «MexanoOp» [102]. TIlpwm
MPOEKTUPOBAHUH THAPOTPAHCIIOPTHBIX CUCTEM 3o0Jonuiakoyaanenus TOC, KpynmHOCTbIO
0,025-10 mM, ucnons3yrorcs «PeKoMeHIalUy MO TUAPABIMYECKOMY pacyeTy CHUCTEM
HAIIOPHOT'O THUAPOTPAHCIIOPTa 30JIOILIAKOBBIX MaTepuanoBy I161-77 [111]. Ilpwu
pacyerax TUIPOTPAHCHOPTHBIX CHCTEM JUIsl MEpEMEUICHUS HEPYIHOTO ChIpbs W3
KapbepoB HCHOJB3YeTCs METOAMKa, Hu3JIokeHHass B «MHCTpyKuuuM 10 pacuery
TUIPOTPAHCIIOPTA TECYAHBIX W MECYaHO-TPABUIHBIX MaTepHalIOB», pa3paboTaHHAas
uHCTUTYTOM «[IpoekTrumpomexanusamus» [72].

OCHOBHBIMM ~ MapaMeTpaMu THAPABIMYECKOrO0 TPAHCIOpPTa  3aKJIaJ0YHOTO
MaTepuajia B TMOJ3EMHOM pPYAHHUKE SBISIOTCS MOTEPH HANopa Ha TPEHUE U MECTHBIC
COMPOTHUBIICHHSI, KPUTUUYECKAS] CKOPOCTH IBHIKEHUS MYJIBIIbI, TUAMETP MYJIbIONPOBOAA U
JANbHOCTh TPAHCTIOPTUPOBAHMUS.

IIpy  TpaHCHOPTUPOBAHMHM  OJHOPOAHBIX  3aKJIAJOYHBIX  MaTEPHAIOB
ONpENENSIIoNIee 3HAYEHHWE IpPU pacdyeTe IapaMeTpoOB KOMIUIEKCA HUIPAaeT TIOAoBast

IMPOU3BOAUTCIbHOCTD, PACCYUTBIBACMAs 110 (1)OpMy.H€:

Arks
Vrr. = ky - kg, (1.1)

prkp
rne  Ks - KOOPQUIMEHT 3aloJIHEHUs IYCTOT  3aKJIaJ04HOr0o  MaTepuala,
ks = 095 k, - ko3pduuMeHT paspeixiieHus ~Marepuana, kp=1.4-1.6;

peKoMeHIyeMble 3HaueHus ky = 1.08-1.12, x,= 1.02-1.1.
Otcioma paccuuThiBaeTcs TpeOyemasi YacoBas HPOU3BOAUTENBHOCTh (Qr),

HCIIOJIb3yeMas B JalbHeIIeM IIPU pacdeTe pacxoa IyJIbIIbl, Mo/4:

Qn = Q;[1 —m] +n, (1.2)
rie Qn — o0OBeMHBI pacxoj NyIbmObl, M>/4, N - YAedbHBIH pacxoj BOAbl Ha
3 3

TpaHCHOpPTHpOBaHWE | M° TBEpIOro Marepuaisa B MacCHUBE, M°, MPUHUMAETCS IO
COOTBETCTBYIOIIIMM HOPMaM TEXHOJIOTUYECKOTO IPOCKTUPOBAHUSA, M - MHOPUCTOCTH
TBEPJIOT0 MaTepuaia, onpenenseMas mo Gopmysne:

m= (. —1.)/%, (1.3)
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1€ I - ITIOTHOCTh MaTepuaia (OTHOIICHHUE TUIOTHOU TBEPAOH OCHOBBI CKEJIETa K 00heMY
3TOrO CKeNeTa), T/M; I - IIIOTHOCTh NOPOJKI B €CTECTBEHHOM COCTOSIHUM, T/M°.

Kputnyeckas cKopocTb IBHXKEHHSI TUIPOCMECH Vi M/C:

Vip = 4,950'36(\/§D/4\/C:), (1.4)

e s - 00beMHasi KOHLEHTPALMs THAPOCMECH; g - YCKOPEHHE CBOOOTHOrO NafeHus, M/C?;
D - nuamerp tpybonposoaa, M; Cj - cpequuii koappuuueHT 1000BOro COnpoTUBICHUS
(k03 GUIIMEHT COTPOTUBIICHUS YaCTHIl PA3HOPOIHOTO TPYyHTA MPU CBOOOTHOM TaICHUH
B BOJIC).

Huametp TpyOONpoBOJa Ha3HA4YaeTCS NPEIBAPUTEIBLHO B COOTBETCTBUU C
HOPMAaTHBHBIMU 3HAUYCHUSMH, 00bEMHAsT KOHIICHTPAIMS S ¥ TUIOTHOCTbD ITYJIBITBI Iy

OTIPEIEIISIIOTCS TI0 POopMYyJIaMm:

S = (m—m)/(rr —18) (1.5)
= [nrg+r(1—m)]/[n+ (1 —m)] (1.6)
Jlanee ornpeiensieTcsi pacueTHasi CKOPOCTh JBMKEHHUS MYJIbIIBI VP 1O GopMyie:

v, = 4Q/(pD?3600). (1.7)
HpOBep}ICTC}I OTHOILICHUC Vp/VKp = 1,1, IIpu 3HAYUTCIIBHBIX OTKIOHCHUAX

NOJIy4eHHON BeauuuHbl OT 1,1 momOupaeTcss HOBBIM AMAMETp MYJIBINONPOBOAA H
NEpEeUnCIICHHBIC BhIIIE MapaMeTPhl PACCUYUTHIBAIOTCS 3aHOBO.

Omnpenenstorcs OTEpU HANOPA 1 PHU Vip.

in = ig{1+ 1655[v2J;p/gD]_1'4}, (1.8)
TJIC 1 - yJIeTbHBIE TTIOTEPH HAIIOpa JJIS )KUJIKOCTH, M/M:
i, = v?/(2gD), (1.9)

TJI€ V - CKOPOCTh JBIKEHUS KUAKOCTH, M/C; 1 - KO3 (PHUIIMEHT COMPOTUBICHUS TPEHUS
TUTSI TAAKUX TPYO, ompeensieMblil mo Gopmyse:

l=1/(1,81Re — 1,52)?, (1.10)
rae Re - uncno Peitnonpxaca.

CrenytouuyM 3TarnoM pacCUUThIBAIOTCA MOTEPU HAMOpPa MYJIbMbI 1y IPU pacueTHOU
CKOPOCTH Vp.

Ipu v, > vy, MOTEPHU HATOPA Iy KOPPEKTUPYIOTCS 1O (hopmyIie

in = Te(ingp = Lexp)y/Vip/Vpr (1.11)
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7€ lexp - Y/ICNbHBIE TIOTEPU HANOPA HA TPEHHUE B MYJIBIONPOBOJIE JUIS XKUIKOCTH TIPU V),

= Viep, M/M.,

Ha ocHoBe mosy4eHHBIX JaHHBIX MPOU3BOAUTCS pacyeT JaBJIeHHs, HEOOXOAUMOTO
JUTSL IBUSKEHMSI ITYJIBITBI, @ TAKKE PACCTOSHUS JJOCTABKH 3aKJIaJ0OYHONM CMECH CAaMOTEUHBIM
CocOOOM MOJ; BO3ICHCTBMEM BEPTUKAJIBHOTO JaBIECHHMS CTON0Aa HaJeraromux
MaTepHualoB. Paccrosinue CaMOTEYHOTO JIBU>KCHUS TUAPOCMECH (unu

MECTOPACIIOJIOKEHHS PaOOYNX THEBMOBPE30K), B M, PACCUUTHIBACTCS:

_ kPg

Lc = 1.12
rac k - KOB(I)(I)I/H_[I/IeHT 34IIOJIHCHHUA BCPTUKAJIIBHOI'O CTaBa. Ilo PECKOMCHOAIIN N

K. IO. Perina k = 0,87.

PaccrosHue JTOCTaBKM  TBEPJACKIOIICH 3aKIaJKH  CaMOTCYHBIM  CIIOCOOOM
OTpaHUYCHO BBICOTOM BEPTHUKAILHOTO cTaBa. [103TOMY Ha MpakTHKE OOBIYHO TPUMEHSIOT
CaMOTEUHO-TTHEBMATUYCCKUH  CITOCO0 JIOCTAaBKM THUIPOCMECH TP  PACCTOSHHSIX,
OOJBIIMX MaKCUMaJbHO JOIMMYCTUMOTO CaMOTCYHOTO PACCTOSIHHS TPAHCIIOPTHPOBAHUS
CMEcCH.

B pamMkax ropHoro mnpeanpusTHs 3a4acTyl0 BOIPOCHI JIOTUCTHUKHU CBSI3aHBI C
TPAHCIIOPTUPOBAHUEM YK€ JOOBITOTO MHUHEPAJIBHOTO CBIPbS JUISI TOCTEAYIOIIeH
peanu3anun K koHedHomy motpebutemo [101, 100, 55, 64, 6], B MeHbIIeH CTeneHn
paccMaTpUBaeTCsl BOMPOC PECYPCHOM JIOTUCTHKH MPU BEJACHUS TOOBIYHBIX padoT, eIie B
MEHBIIICH CTENEHU CTOAT BOIPOCHI PECYPCHON JIOTMCTHKW NMPU YTHIM3AIMA OTXOJO0B
IIPOU3BOICTBA M BEACHUH 3aKJIaJOYHBIX paboOT.

Ha ocHoBe aHa/mM3a CymecTBYIONIUX TEOPETHICCKUX MOAX0I0B K 000OCHOBAHUIO U
BBIOOPY JIOTUCTUYECKON CHUCTEMBI PyJHHUKA TP pa3pabOTKe MECTOPOXKIECHUN B paboTe
[140] npeanoxena kiaaccupuKaiys, YIUThIBAIOIIAs TCXHOJIOTHYCCKUE U DKOJIOTMUYECKUE
ACIEKThl JIOTUCTUYECKON CHCTEMBI PEeCypcHOM Joructuku. Kiaccuduxarums mOTOKOB
OCHOBaHAa HA MHOXKECTBE KPUTEPHUEB, TAKUX KaK CTCIICHb HEIIPEPHIBHOCTH (HEIPEPHIBHBIC
WU JUCKPETHBIC), PETYIIPHOCTH (JIETCPMUHUPOBAHHBIE WM CTOXACTHYECKHUEC),
CTaOUJIBHOCTH, HW3MEHUYMBOCTH (CTAallMOHApPHBIE WM HECTAI[MOHAPHBIE), a TaKXe

YUYUTHIBAET XapaKTep MEepPEeMELICHUs 3JIEMEHTOB (PaBHOMEpPHbBIE MM HEPAaBHOMEPHBIE).
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Taxxke yduTHIBAIOTCS TIEPUOAUIHOCTh, COOTBETCTBUE 33JaHHOMY PUTMY, CIIOXKHOCTh H
YIPABISIEMOCTh MMOTOKOB. TEXHOJIOTUHU ABMKCHUS MAaTEPHATBLHBIX IIOTOKOB OXBATHIBAIOT
HE TOJIBPKO TPAHCTIOPTUPOBKY M XpaHEHUE MATEPUATBHBIX PECYPCOB, HO M OTICPAIUU TIO
M3MEHEHUIO 3aracoB, pa3MepoB, GOpM U CBOWMCTB 3JIEMEHTOB MAaTePUATBHOTO MOTOKA.
JlorucTuveckue  OmepanuH, KaK HEIEIMMbIE YacTH  TEXHOJIOTHYCCKUX  WIIH
OpPraHU3alMOHHBIX TPOIECCOB, BBIMOJHSIIOTCS C HCIIOIB30BAHUEM TOPHBIX MAIlUH |
MOTYT BKJIIOYaTh JOOBIYY, IEpPENycCK, MOTPY3KY, pasrpy3Ky, (acoBKy, YIIaKOBKY,
COPTUPOBKY, XpaHCHHUE U IPyTHe JCHCTBUS.

B MeHbIIIeH cTereHn pacCMOTpEeHa pecypcHast JOTUCTHKA TIPU BEJCHUU TOOBIYHBIX
pabor. OYEeBUIHO, YTO B MPAKTUKE TOPHBIX pa0OT M3bICKaHWE 0oJiee parMOHAIBHBIX
TEXHOJOTHYCCKUX CXEM TPAHCIOPTUPOBAHUS MHHEPAIbHO-CHIPHEBBIX ITOTOKOB IPHU
OYHCTHOUM BBIEMKE, B IEPBYIO O4Yepelb, OOYCIIOBJICHO IICJIbIO TOBBIIICHUS O00BEMOB
JN00BIYM MHHEPATBHOTO CHIPHSI.

C yBennueHreM TIIyOMHBI TOPHBIX pa0OT BO3pacTarOT TPEOOBAHUS K TEXHOJIOTHH
BO3BEACHHUS W CBONCTBAM 3aKJIaJOYHOr0 MaccuBa. OJHAKO YpOBEHb MEXaHH3AINH,
aBTOMATH3aIIMN M JIOTHCTUKH OCTAJICS MPEKHIM, JCNIAeT IMPOLIECC BEICHHUS 3aKIIaI0THBIX
pabor emé Oosiee OTATOIMICHHBIM. B 23TOil  cBs3m, TpedOyeTcss pa3paboTka
BBICOKOTIPOU3BOAUTEIFHOW JIOTUCTHUECKOW CHUCTEMBI BEJCHHS 3aKJIaJOYHBIX padoT,
KOTOpAsi MIO3BOJUT HE TOJBKO CHU3UTh CTOMMOCTH TEXHOJOTHYECKUX IMPOIECCOB, HO H
YBEIIMYUTh  M3BJICUCHHUE IIOJIE3HBIX  KOMIIOHEHTOB, OKa3blBas OJHOBPEMEHHO
IKOJIOTHYCCKUH A(P(DEKT 3a CYeT YTWIM3AIUU TEXHOTEHHOTO CBHIPhS W COKpAIICHHUS
TEPPUTOPHUIA, UCTIONH3YEMBIX JJISI CKIAIUPOBAHUS COJIEOTXO0B.

OcHOBHOE BHMMaHUE B W3BECTHBIX TPYyNax yaeiaeHo pa3paboTke 3¢ HeKTUBHBIX
MEXIEXOBBIX JIOTUCTUYECKUX CHCTEM, KOTOPbIE TO3BOJISIIOT ONTUMH3UPOBATH
BHYTPEHHHE TMOTOKHU CHIPhS M MAaTEPUAIOB, TEM CaMbIM OOECIeYrBasi HEMPEPHIBHOCTH
MIPOU3BOJICTBEHHBIX TIPOIIECCOB.

ABropamu [92] paccMoTpeHa JIOTHCTHYECKas CcXema 3akKIaJ0vHBIX padorT,
paboraromiass MO TPUHIMITY TOJKAIOMEH W TIHYIMEH CHUCTEMBI YIpaBICHUS
MaTepUAbHBIMA TOTOKAMU TP KOMOWHHPOBAHHOW pa3pabOTKe MEeCTOPOKIACHUI

MeaHO-KomdeaaHHbIX pya (puc. 1.7). Onaum u3 Hambonee 3 (PEKTUBHBIX MOIX0J0B B
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JIOTUCTUKE PYIHHUKA SIBJISICTCS MCIIOIB30BAaHUE PA3TUYHBIX METOJO0B MOACIUPOBAHUS
(GYHKIIMOHUPOBAHUS JIOTUCTUUECKUX OMepanuif. ITo BKIIOYAET B ce0s MOCTPOCHUE U
aHanu3 MoOJeNed JIOTHCTUYECKHX CHUCTEM M IPOLECCOB, KOTOpPbIE MOMOTAIOT
BU3YQJIM3UPOBATh U ONTUMU3UPOBATH MOTOKH PECYPCOB, KaK Ha YPOBHE OTHEJIBbHBIX
Y4acTKOB, TaK U B MaciliTade BCEro rOPHOTO MPEANPUSITHS.

B paGore [134] aBTOopamMu mpejio)KeHA HMHTAIIMOHHAS MOJACIb J0O0BIYU
MUHEPAJILHOTO CBhIPhSl B TMOJ3EMHOM KaJWWHOM pyaHUKe. [lockonbKy, MO MHEHUIO
aBTOPOB, CO3/]JaHUE JIOTUCTUYECKONW CHUCTEMBbl PyAHUKA JOKHO Oa3upoBaThbCs Ha
JTOCTHYKEHUU MAaKCUMaJIbHOW MPOU3BOAUTEILHOCTH TP 33IaHHOM MOCIEI0BATEIbHOCTH
BBITIOJIHEHUSI TTPOU3BOJICTBEHHBIX MPOIECCOB M OINEpalnii, B JIOTUCTUYECKOU CHCTEME
JOJDKHBI UMUTHPOBATBCS TPOLIECCHl M3BJICUCHUS] MUHEPAJTBHOTO CBHIPbSl U3 OYHUCTHBIX
KamMep KoMOailHaMHu, C €ro TPAaHCIOPTUPOBAHMEM CAMOXOJHBIMH BaroHaMu K
pylnociyckaM, 3aTeM - II0 CHCTeME KOHBEHEpOB [0 CKHUIIOBOTO TIOJbEMHHKA,
COTPOBOXK/JIAIOIINECS IUKIOM TOPHO-TIOJATOTOBUTEIBHBIX PAabOT M BCIOMOTATEIIbHBIX

orepanuii, peMOHTOM 00OPYJOBaHUS U IPOUYUMHU IIPOIIECCAMHU.

a) OTrP: - BXOOAmMMIT anemedT (Bx) -MCTOMHME MOTOKOE PYOEI M IIOPOIET

T-Mexaiexorrie
I PY30I0TOKH

H
Tyneno- |__|| ImocTo— |
HpHEMHHﬁ HH |‘ KCI[ |_» HaCcOoCHaA HpaHHIIHIC

J bynxep OD Cxarag -—| Totpebutens
T-Buytpi- H -makonmrensHeii IT - nepepabareiBaromie H rotoeoit  Bremx-prmxonamuii
LIEXOEEIE IMEMEHT 3IEMEHTEI TIPOTYELIHH 3NEMeH

ITOTOEI

) OI14: - Exonamrit snemeHT ( Bx) -MCTOYHMK [TOTOKOE PYOEL M [IOPOIEL

HarxomiTensHeI -H T-Mexarexorste
AHOMEHT TPV 0TOTOKH

Hpremurit Lol M7
Gynxep OD | KCA

H
Ilymeno- HmocTo—
rlzacocnas EpaHHIHIIE

[Morpeburems |

II -mepepabateearomme  H ToToBOH  BrIX-BRIXoDamumii
3MEMeHTE] TIPOAYEIIHE 3MEMEHT

T-Buytpu-
LIEXOBBIE
TIOTOKM,_

H-HaxonmuTensHBIH
3MEMEHT

E) IITP : - BXOnAmiil 3ireMenT ( Bx)-MCTOYHUK [TOTOKOR PYIEL M TTOPOJIET

: 5
Faprep I'pyzonoTok 5
T-Buyrpn- = | .

LIEXOBEIS T-Mesxarexoerie ]
HOTORIT I PYIOIOTOKH ymemo- XmocTo—
HpaHL HIE

I 1,2,3,4 IIpueman# | | Tnasaui /P'HECOCH&S
Gymeep OB [7] wopmye N[ Gorag ] +{[Horpetireems |

e — I
H-naronmMTenBHEIT [I-mepepabateizatromre H n;%??\%?f,m Brx-pemxonamui
3MEMEHT ITEMEHTEI d 3NeMeH

Pucynok 1.7 - Jloructuueckasi cxema rpy30MoTOKOB OTKPHITBIX TOPHBIX paboT (OI'P)
(a), otkpeiTo-iog3emuoro spyca (OILA) (0), momgzemubix TopHBIX padoT (III'P) (B)
CpEeACTBa MEXaHMU3aLUK: | -KapbepPHBIN KEIIE3HOIOPOKHBIN WU JOKOMOTHUBHBIN
MOJ3EMHBIA TPAHCIIOPT; 2-KAPbEPHBIE UJIU MMOJI3EMHBIE ABTOCAMOCBAJIBI; 3-KapbEepPHbIE
WJIU TIO/I3€MHbIE JIECHTOUHbIE KOHBEWEpbI; 4-KapbepHbIE HAKIIOHHbBIE UJTU [IAXTHBIC
MOJbEMHBIE MAIIUHBI; 5- TUAPOTPAHCTIOPT MYJIBIIBI



44

belna onmcaHa JIOTMCTHYECKAsl CUCTEMa C HCIIOIb30BAHUEM MHOTONOAXOIAHOMN
Cpellbl UMUTAIMOHHOTO MOoeInpoBaHus AnyLogic ¢ BOCIIPOU3BOACTBOM HENPEPHIBHBIX
MPOLIECCOB, TOJBKO Ha 0a3ze JUCKPETHO-COOBITMMHOIO Moaxoaa. B mpennosxkeHHON
MOJENN PEAIU30BAH IPOLECC MApPUIPYTU3ALUH MOJEIMPOBAJICS AJITOPUTMHUUYECKU Ha
B3BEIICHHBIX Tpadax, a OpraHu3aMOHHO-YIIPABICHUYECKUE MPOLECCH UMUTUPOBAIKCH B
JUHAMUYECKUX COOBITHUSIX.

B uccnenoanuu [79], MOCBAIICHHOM JUCKPETHO-COOBITHIHOMY MOICIIMPOBAHUIO
TPAaHCIOPTHBIX TOTOKOB B TNOA3EMHBIX pPYIAHUKAX, OCHOBAHHOMY Ha NPUHLMUIIAX
pacrpeneneHuss Norpy304HO-JI0CTaBOYHBIX MAIIMH M IIAXTHBIX aBTOCAMOCBAJIOB IO
NYHKTaM T[OIPY3KH, OCYIIECTBJIEH YYET CTOXAaCTHYECKOTO XapakTepa IOrpy304HO-
TPAHCIIOPTHBIX TMPOILIECCOB. 3a OCHOBY OpallCh HENpPEpPhIBHbIE W JTUCKPETHHIE
NIPOM3BOJICTBEHHBIE TMapaMeTpbl. B KkauecTBe 00bekTa HUCCIENOBaHUN ObUI MPUHAT
pynuuk «Komcomonbckuit» B KpacHosipckom kpae. Ilo maHHbIM HccieoBaHus ObLIO
YCTAHOBJIEHO, YTO «KOJMYECTBO BEEPOB 3a CTAJMIO B3PbIBA» 3HAUMTEIBHO BIMUSET Ha
IPOU3BOAUTEIBLHOCTh BHYTPUIIAXTHOTO TpaHcmoprta. OmnpeneneHne MHHUMAJIbHO
JONYyCTUMBIX 3HAUYEHUM JOTOr0 IapameTpa, KPUTHUYHO U CHHJKEHUS PUCKOB
HEBBIMTOJIHEHUS MPOU3BOACTBEHHOIO IIaHA. ABTOpaMHU OTMEYEHO, YTO HUCIOJIb30BAaHUE
AnyLogic no3BossieT co3aBaTh JeTaTU3UPOBAHHBIE HMUTAIIMOHHBIE MOIENH, OJ1aroapst
HOJIJIEP)KKE OOBEKTHO-OPUEHTUPOBAHHOTO s3bIka Java. DTO 1aeT BO3MOXHOCTD
3G ()EKTUBHO MOJEIMPOBATH CIIOKHBIE TEXHOJOTUYECKHE MPOLIECCHl U CHUCTEMBI, YTO
CIIOCOOCTBYET MOBBIIICHUIO TOYHOCTHU TUIAHUPOBAHUS U ONTUMU3AIMHA TOPHBIX PadoT.

B pabGore [135] BBIMONHEHA SKCIIEPUMEHTATbHAS MPOBEPKA pPe3yIbTaTOB Ha
TpaHcopTHoi cxeme pyanuka bBKIIPY-4, Oasupyromascs Ha aeTanu3aiiuu
MMUTALMOHHOW MOJIEIHN 100BIYM U TPAHCIIOPTUPOBAHUS CUIILBUHUTA B ITOA3€MHOM YacTH
KaJIMAHBIX pyAHUKOB. MOIeNb OCHOBaHA HAa UCIIOJIb30BAHIHN KOMOAHHOBBIX KOMILIEKCOB,
KOHBECUEPHOTO TPAHCIIOPTA M MEPErpy304YHBIX IIYHKTOB JUII  MOJEIMPOBAHHUS
HENPEPBIBHOTO rpy3onotoka. Ha pucynke 1.8 mpeacraBieHbl OCHOBHBIE COCTABIIAIOIINE

AMHUTAIIMOHHOUN MOJIEIIH.
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Pucynok 1.8 - OCHOBHBIE COCTaBISAIONINE UMUTALIMOHHOW MOJIENN

OnpenensoomuUM NapaMeTpoM JJisi pacyeTa HMMHMTAIMOHHON MOJENH MPUHST
no00p ONTUMAIBHOrO pa3Mepa OYHKEPOB MEPEerpy30uHbIX IYHKTOB M MECT UX
PacroIOKEeHHsI, pacyeT MapaMeTpoB KOHBEUEPOB, U OIpeIesIeHHEe TPAHCTIOPTHOM CXEMBbI
Y TEXHOJIOTMHM OTPaOOTKH IJIACTOB C 3aKJIAJIKOW BEIPAOOTAaHHOTO MPOCTPAHCTRA.

B paborax [21, 26] cnenmanucramu u3 Kwurtas paccMOTpEHbI TEOPETUYCCKHE
acreKkThl u Bo3MokHOCTH mpumeHeHus cuctembl CBTC (Communication-Based Train
Control) B ycnoBusX MOJ3EMHBIX YrOJbHBIX IAXT, OCHOBAHHOW HA CTOXACTUYECKOU
OpUPOJE TPAHCIOPTHBIX IMPOLIECCOB C BapUaTUBHOM ajanTauued U MoAuduKanuei
cucreMbl CBTC 14 moa3eMHbIX yCIIOBUH, BBIPA)KEHHOM B MaTeMaTHYECKOM ammapare
11 pacueTa napaMeTpoB TPAHCIOPTHBIX CPEACTB B YCIOBUSX MOA3EMHBIX IIAXT.

Takum o006pa3oM, MOAETUPOBAHUE M MPOUYME METOJbl CHUCTEMHOIO aHalIMu3a
HO3BOJISIIOT PYAHUKY HE TOJIBKO aAalTHPOBATHCSA K U3MEHEHUSIM B YCIOBUAX TOOBIUU, HO
U MpeIBUIETh MOTPEOHOCTM B MaTepuaiax M OOOpYAOBaHUHU, a TAaKXKE YNPaBIATh
CJIO’KHBIMH JIOTHCTUYECKUMHU LEISIMU C BBICOKON CTENEHBIO0 TOUHOCTH U 3 (HEKTUBHOCTH.
OTH  MeToAbl  SBJSIIOTCS  KJIIOYEBBIMU I THOJAEpPXKaHUS ~ HENPEPbIBHOCTH
MIPOU3BOACTBEHHBIX MPOLIECCOB M MUHUMM3AIMH 3aTpaT Ha BCEX YPOBHSAX YIPABICHUS
pecypcamu pyJHUKA.

Ananu3 paboT OTEYECTBEHHBIX U 3apyOESKHBIX YUEHBIX MOKa3aj, YTO BHEApPEHUE
COBPEMEHHBIX TE€XHOJIOTHH yNpaBieHHUs] TOPHOTPAHCTIOPTHBIMU CHCTEMaMH IO3BOJIIET
3HAYUTEIbHO MOBBICUTH MPOU3BOAUTEIBLHOCTh U 3(PPEKTUBHOCTH JOOBIYU TMOJE3HBIX
uckomnaeMmbIX. Vicronp30BaHne MHTEUIEKTYAIbHBIX CUCTEM M METOJI0OB MMHUTALMOHHOTO

MOACIUPOBAHUA CHOCO6CTByeT OIITUMH3AllMU JIOTHUCTHYCCKUX IIPOOCCCOB, CHUKCHHUIO
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OKCIINTyaTalluOHHBIX 3aTpart )51 YIY4YIICHHUIO YCJIOBI/Iﬁ IIIaHUPOBAHHA nux

(YHKIMOHUPOBAHHUS

Ha ocHOBaHMM BBINIOJIHEHHOI'O aHajW3a MHMPOBOIO OIbITA HCCIEJOBAaHUN B
Tabiuue 1.3 npuBeneHbl HAYYHBIE U MPAKTUYECKUE MOJAXOJbl K COBEPIICHCTBOBAHUIO
JOTUCTUYECKUX CXEM U HMMHTALMOHHOTO MOJEIMPOBAHUSA B TOPHOAO0OBIBAIOIIEH
oTpaciu.

Tabmuua 1.3 - AHanu3 Hay4yHbIX HCCIEJOBaHUI M pa3paOdOTaHHBIX TEXHUKO-
TEXHOJIOTUYECKUX PEIICHUI B 00JACTH TOPHO-TOTUCTUYECKUX CHUCTEM, UMHUTAIMOHHOTO
MO/JICITMPOBAaHKS 1 00OCHOBAHHS MTapaMeTPOB JOTUCTHYECKOM cxeMbl [13, 19, 22, 27, 48,

79, 84, 86, 92, 123, 118, 127, 134-136].

ABTOpPBI Hayunble ucciaeroBanus

HOJ’ly‘-leHHI)Ie peuaicHust

1 2

3

Cumynsauus onepanui 1o
3aKiIaJKe MyCTOT JUIs
MOI3€MHON JOOBIYH.

Saurabh Parakh,

Pazpaborana JUCKPETHO-COOBITHITHAS
MMUTAIMOHHAs MoJielh Ha 0aze AnylLogic mms

TPaHCIIOPTHBIMHU

Nicole Russell N3ydenwne mporecca TeHepallil  pacluCaHus 3aKJIaJKd  ITyCTOT.
(CIIIA) 3aKJIAJIKN Ha TIOJI3EMHBIX | MoJielh BKJIFOUAeT OOBEKTHI, MPEICTABIISIONINE
TJIATHHOBBIX PYIHHUKAX TOpHBIC PA0OTHI, 3aKJIAJKy, HW3MEIbYCHHE U
KomnaHuu Sibanye- JIOTUCTUYECKHE OTepaIiy.
Stillwater
Pa3paboTanbl ¥ BHEJPEHbl HMHTEIEKTyaJbHBIC
CUCTEMBl YIpPaBJICHHUS TOPHOTPAHCIIOPTHBIMU
KOMILJIEKCaMH, BKJTIOUAst HCIIOJIb30BaHUE
[Ipumenenne MeTo10B
areHTHBIX CUCTEM TUIs MOBBILIECHUS
HCKYCCTBEHHOTO s dextuBHOCTH pPabOTHI KapbepoB. CHCTEMbI
Kneb6anos /[.A., WHTEJJICKTA B p PbEPOB.
MO3BOJISIIOT ONTUMHU3HPOBATD MapuIpyThl
Temkun E. . yIpaBJICHUHU TOPHO-

TEXHUKH, KOHTPOJUPOBATH IIPOU3BOJACTBCHHLIC

cucremsl CBTC s
MOA3EMHBIX IITAXTHBIX
TPAHCIIOPTHBIX CUCTEM

Yu, Li (Kurait)

MPOIIECCHl B PEXKHUME pEaTbHOTO0 BPEMEHH,
CHUCTEMaMH B Kapbepax
CHW)KaTh  JKCIUTyaTallMOHHBIE  3aTpaThl M|
MUHHMH3UPOBAThH y4acTue YeJI0BeKa B
YIpaBJICHUH.
OO6ocHOBaHUE Pa3BUTHSA Pazpaborana 3KOHOMUKO-MaTeMaTUyecKas
JIOTUCTAYECKOM CUCTEMBL | MOJEIb onpenessroas onTUMabHbBIE
PrutpHukoBa M.B., ’ p N
Crovios K1 CBETJIMHCKOTO Kapbepa ¢ | MmapaMeTphbl JIOTUCTHYECKOW CcXeMbl. Mojenb
PYK R Y4ETOM MEePCIEKTUB MO3BOJIICT ~ MHUHUMHU3HMPOBATh  3aTpaThl  Ha
beprep P.B., Ecuna
EH nepexoja Ha MEPEeBO3KY W  MOBBICUTH  KOHOMHYECKYIO
o KOMOMHHPOBaAHHYIO 3¢ pexTHBHOCTh pabOTHI Kapbepa MpH MEPEeXoe
T€0TEXHOJIOTHIO Ha KOMOWHHUPOBAHHYIO T€0TEXHOJIOTHIO
[IpoextupoBanue [Ipennoxkena  QyHKIUMOHANBHAs  CTPYKTypa

cucrembl CBTC s ynyumenust 6e3onacHocTy,
3G PEKTUBHOCTH U MOHUTOPUHIA TPAHCIIOPTHBIX
orepanuil B MOJA3EMHBIX IIaxTax
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[Iponomxenue Tabnuist 1.3

3

CenusepcroBa H.C.,
CaoutoB P.A.,
Cwmupnosa I'.C.

[Toaxons! K yIpaBiIeHUIO
JOTUCTUYECKUMHU
IIPOLIECCAMM B YCIOBUAX
U (POBOH IKOHOMUKHU

OmnpeneneHbl OCHOBHBIC HANPABICHUS U METO/IbI
UCCIIEIOBAaHUM 1U(PPOBU3ALMH  JIOTHCTUYECKUX
IIPOLIECCOB, BBISIBIICHBI MEPCIEKTHBHBIE
HaNpaBJICHUs] Pa3BUTHS MOJENEH YIpaBICHUS
JOTHUCTUKOM, TMPEUIOKEHBl PEKOMEHJAINH  T10
NOBBIIIEHUIO 3()(HEKTUBHOCTH  JIOTHCTUYECKUX
IPOLIECCOB B YCIOBHSAX pPOCTa 3JIEKTPOHHOM
KOMMEPIIMH U BHEITHUX (OPC-MaKOPOB.

. OOocHOBaHBI ~ TMapaMeTphl  HCIOJb30BAHUS
AHanu3 JTOTUCTHYECKOMN
JKEIIE3HOAOPOKHOTO, aBTOMOOUMIIBHOT'O u
CXEMBbI TOPHO- .
JEHTOYHOTO  KOHBEMEepHOro TpaHCHoOpTa B
Onu3zapenko B.B., 000TaTUTEIHHOTO
3aBUCUMOCTH OT XapakTepa MepeMelaeMbIX
Kpacasun A.B,, HPE/PHATIA U rpy3oB. OmnpeneneHsl aBJIsieMbIe TTapaMeTpPhI
AbnpaxmanoB P.1, | xoMmOMHMpOBaHHOMN py3 et ynp P p
JIOTUCTUYECKOW CHCTEMBI, TaKHe KaK BHJIIbBI U
lNoneioB B.B. pa3paboTKe MeTHO-
XapaKTEPUCTUKU KOHEYHOTO MPOJYKTa, 0ObEMBbI
KOJTYETaHHBIX
. U Macca TOBapHBIX MPOAYKTOB, CPOKHM U MecTa
MECTOPOKIECHUI
JIOCTaBKH, a TAaKXKe SKCIUTyaTallMOHHbIE 3aTPATHI.
N VYcranoBneno, uyto mapamerp «KommyecTBo
JIcKpeTHO-COOBITUIHOE
BEEPOB 3a CTAIUIO0 B3PbIBa» SIBISETCS Y3KUM
MOJIENTUPOBaHNE
Kosnosa O.10. MecToM. OnTumusanus napaMerpa IO3BOJISIET
TPAHCIIOPTHBIX TIOTOKOB
HMKa MOBBICUTD MIPOU3BOIUTEIBHOCTD
Py BHYTPHIIIAXTHOTO TPaHCIOPTa
JuckperHo-coObiTuiiHOe | Pa3paboTrana uwMmHTAanMOHHAsT MoOJAETb  JUIS
UepHeHko B.E., | MogenupoBaHue TOpPHOM | ONTUMHU3ALUU IPOU3BOIUTEILHOCTU 00BN PU
ManbixanoB A.A. N0ObIYM B MOJ3EMHOM | 3aJJaHHOM  MOCHEA0BATEIbHOCTH  BBINOJHEHUS

KaJIMAHOM PYIHHUKE

IIPOIECCOB

JlaBeukoB B.C.

MO,Z[eJ'II/IpOBaHI/Ie IIOTOKOB
MHHCPAJIBHBIX BEHICCTB B
TOPHOTCXHHUYCCKUX
CUCTCMAX C YUCTOM UX
MUTI'paliu B

OKPYKAIOIILYIO Cpey

OrmpeiesieHbl METOIBI MO ICTUPOBAHHUS
MHTPAIiF MHHEPATBLHOTO BEIIECTBA U
IPEUTOKEHBI PEIICHUS 10 CHIKEHHUIO €ro
9KOJIOTHYECKOTO BO3IEHCTBHSL. (C
ucnojp3oBannem AnyLogic)

Yynunos I'.B.

Pa3zpaboTka cuctembl
WMHTALIMOHHOTO
MO/JICTTUPOBAHUSI 11O
no0bIYEe U
TPaAHCIOPTUPOBAHUIO
PYIHOM MaccChl B
MOA3EMHOM YacTH
KaJIMAHBIX PYJITHUKOB

Pa3zpaborana cucTema MMHUTAIAOHHOIO
MOJICITUPOBAHUS IIK "PYJOIIOTOK",
BKJTIIOYAtomIasi JT0ObIYy COJICH KOMOAaWHOBBIMU
KOMILJICKCAMH, HCIOJb30BaHHE KOHBEHEPHOIO
TPaHCHIOPTAa M TEPErPy30YHBIX ITYHKTOB ISt
MOJICIIUPOBAHMS HEMPEPHIBHBIX T'PY30MOTOKOB.
YureHbl JUIMHA KOHBeWepa, e€ro IIMpPUHA,
MaKCHMaJbHas CKOPOCTh, YTOJl HAKJIOHa OOKOBBIX
POJIMKOB, a TaK)KE€ COCTOSIHUE PYIHOM Macchl Ha
pa3IMYHBIX dTaNax TPAaHCTIOPTUPOBAHUS
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[Tponomxenue Tabnuusl 1.3

1 2 3
MogenupoBanue u Pazpaborana MMHTALMOHHAS MOJEJIb
CUMYJISLUS TPaHCIIOPTHOM CUCTEMBI, 103BOJISIOIAS
Xu, Ye, Lu, Zhang TpchnopTuHoﬁ CUCTEMbI | ONTUMHU3UPOBATH rapameTpbl
(Kyaii) NOJI3€MHON JOOBIYN B TPaHCIIOPTUPOBAHUS MUHEPAIbHO-ChIPbEBbIX
yrosbHbIX maxrax Datun | moToxos
Jloka3zaHo, 4TO BHEJpPEHUE LUKINYHO-NIOTOYHOMN
TEXHOJIOTUU HO3BOJISIET YBEJINYUTD
CoBepiieHCTBOBaHUE IIPOU3BOJICTBEHHYIO MOILIHOCTh KaphepoB H
Manpynos A.T'., JIOTUCTHYECKOU CXEMBI 000TaTUTENbHBIX (abpuk, CHU3UTH
Caonés C.A., CBETIIMHCKOTO Kapbepa cebecTonMocTh J00bun Ha 25-35%, MOBBICUTH
[TerTanes U.A., MIpU TIepexojie Ha MPOU3BOIUTENHHOCTh Tpyna B 1,4-2  pasa.
Opunpuxcon O.B. | IMKINYHO-IOTOYHYIO PexoMeHI0BaHO  HMCNOJIB30BATH  JICHTOYHBIE
TEXHOJIOTHIO KOHBeWepbl U JApOOMIBHO-TIEPETPYy30UHbIE
OYHKTBl JJI  ONTHUMM3AIMM  TPAHCHOPTHBIX
MIOTOKOB
O6ocHoBaHUE PaspaboTan yHuBepcanbHbIi KoHTpOUiep GAL,
Baranos B.C., WHHOBAITMOHHBIX oOecrieunBarONIMii  MOJHBIA ~ KOHTPOJh  3a
T'odpdapt T.B. penIeHni o MaxTHON IepeMeNIeHUeEM Tpy30B M TpPaHCIOpPTa B
JIOTUCTHKE YrOJIbHBIX [IAXTax.
O6ocHoBaHUE
rapaMmeTpoB MUHepanbHO- | Pa3paboranbl kinaccudukanuss 1 METOAUKH s
CBIPBEBBIX TOTOKOB MpHU panuoHanbHOr0  (DOPMUPOBAHUS MHUHEPAIHHO-
Munkun [I.A. MPOEKTUPOBAHUM CBIPBEBBIX MOTOKOB, YTO MOBBIIIAET KAYECTBO U
KOMIUIEKCHOTO OCBOCHHS | 3PPEKTUBHOCTH TOOBIUM U MepepabOTKH METHO-
MEJHO-KOJT4YeJaHHBIX KOJTYEJAHHOTO CBHIPBS.
MECTOPOKICHUI

Anamus3 TaOnIUIbBI

1.3 CBUACTCIBLCTBYCT, 4YTO IIPHUMCHCHHC HMHUTAIHMOHHOI'O

MOJICTUPOBAHMSI W YCOBEPIICHCTBOBAHHME JIOTUCTHYECKUX CXEeM TIpH pa3paboTke

rIIyOOKO3aJIeTAIOMUX — KaMWHBIX ~ PYAHUKOB B  TOPHOAOOBIBAIOIIEH  OTpaciu

CIOCOOCTBYET: MOBBIILICHUIO MPOU3BOJCTBEHHOM MOIIIHOCTH, CHIDKCHUIO
AKCIUTYaTallHOHHBIX 3aTpaT, YAYYIICHHUIO IUIAHUPOBAHUS W JHUCIETYCpHU3AlUA padoT, a
TaK)Xe TO03BOJISICT MHHHUMH3UPOBATh SKOJOTHYECKOE BO3JICHCTBHE TOPHBIX pabOT Ha
COCTOSIHAE OKPYKAIOIIEH CPEIBbI.

Taxum 00pa3om, BCE BBIIIIEU3IIOKEHHOE YKa3bIBACT HA aKTyaIbHOCTh U BaXKHOCTH
pa3pabOTKU W BHEAPECHUS €IUWHBIX JIOTUCTHUYECKMX HWHTEIUICKTYaJbHBIX CHCTEM
YIIpaBJICHUSI TOPHOTPAHCHOPTHBIMU KoOMILIeKcaMu. COBpEMEHHbIE M TEPCIEKTUBHBIE

TCXHOJIOTHYCCKUEC PCHICHHA IIO3BOJIAIOT HC TOJBKO OITHMHU3UPOBATH IIaAPAMCTPhI
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TCXHOJOITMYCCKHUX IPOHCCCOB, HO M CO3JdaBaTb YCJIOBHUA I MCPEXoJa K Oonee

3 PEKTUBHBIM U YCTOMUUBBIM TOPHO00BIBAIOIINM T'€OTEXHOJIOTUSIM.

1.5. Heab, 3aqa4n ¥ MeTOAbI MCCJIEOBAHUS

AHanu3 COBPEMEHHBIX TEXHOJOTHUECKUX cXeM (OPMUPOBAHUS MOHOJUTHBIX
3aKJIAJOYHBIX MACCHUBOB MpPHU TOA3EMHOM pa3pabOTKE COJISTHBIX MECTOPOKIACHUN
MTO3BOJINJI BBISIBUTH KIIOUEBBIC MPOOJIEMBI U IEPCIIEKTUBBI B TAaHHOM 001acTH. BhIsiBieHa
KpaliHe HU3Kas W3YYE€HHOCTb BOMPOCA TPAHCIOPTUPOBAHUS 3aKJIaIOYHBIX MaTEPUATIOB
npu GopMHUPOBAHUHN KOHCOJHUIUPOBAHHBIX 3aKJIaJI0OYHBIX MAaCCHBOB, a TAKXKE BIUSHUE
[UIyOUHBI 3aJIETaHUs] MECTOPOXKICHUN U TPOTSHKEHHOCTH TPAHCTIOPTHBIX MapIIPyTOB Ha
3 PEKTUBHOCTH 3aKIaJOUYHBIX PAOOT.

B  pesynpraTe mpoBeseHHOro 0030pa  yCTaHOBJIEHO, 4YTO  HauOolee
pacrpoCTpaHEHHbIE METOJbI 3aKJaJKh, TaKUe Kak JbJOMOpOHAs, TBEpACIONIas,
OyToOCTOHHAsI, WHBEKIIMOHHAS W THUAPABIMYECKAs 3a4acTyl0 HE MPUMEHHUMBI JIJIs
YCIOBUM OCBOECHHS TJIyOOKO3aJIETAIOUX MECTOPOKICHUN KAIMMHBIX COJEH BBHUIY
cnenuUKi TOPHO-T€OJIOTUYECKUX, TOPHO-TEXHUUECKUX U TEOMEXaHNYECKUX (haKTOPOB.
Puck napymenus uenoctHoct B3T, BausHHE BIaKHOCTH Ha LEIOCTHOCTH LIEJIMKOB,
BBICOKME TpeOOBaHUS K MPOYHOCTHBIM XapaKTEpPUCTHKAM 3aKJIaJJOYHOTO0 MacCCHBa,
npUIeOOpa3oBaHNe W KpailHe HEOJarompHATHBIM TEMIIEPATYPHBIM PEXKUM, a TaKKe
BBICOKAsi CTOMMOCTb, a TAK)K€ HEOOXOAMMOCTh TPEOI0JICHUS 3HAYUTEIBHBIX TPYTHOCTEH,
CBS3aHHBIX C JOCTABKOM 3aKJIaJIOYHBIX MaTEpPHAIIOB Ha OOJbIIME TIYyOWHBI, W HX
BBICOKYIO €c€0€CTOMMOCTh, 4TO TpeOyeT pa3pabOTKH CIENHATBHBIX TEXHOJIOTHYECKHUX
pelIeHu g TIIyOOKHMX TOPU30HTOB MECTOPOXKICHHM M COBEPIICHCTBOBAHMS Kak
COCTaBa 3aKJIaJOYHbIX CMECEH, TaK U JIOTUCTUYECKUX CXEM MX TPAHCIIOPTUPOBKH.

HecmoTpss Ha JOCTUTHYTBIE pE3yJibTaTbl, B MCCIEIOBAHUSAX HEJOCTATOUYHO
mpopaboTaHbl BOMPOCHI OOOCHOBAHHS TApPaMETPOB JIOTUCTUYECKUX CXEM BEICHHS
3aKIaIOYHBIX paboT Ha OoNpmMX TIyOWHAX, BKJIIOYAs TPAHCIIOPTHUPOBAHHE
3aKJAJJOYHOTO0 MaTepualia Ha 3HAYUTEIbHBIE PACCTOSIHUS, COXpPAHEHHE €ro

PEOJOTUYECKUX CBOMCTB M MPEAOTBPALICHHUS W3MEHEHUW CBOMCTB B IPOIIECCE
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TPaHCHIOPTUPOBKH, a TAKKE MUHUMU3ALMK BBIXOJA U CTPOA 000pYyIOBaHUs U MoAdOpa
ONTUMAJIBHOTO PEXHUMa padOThI U BEIOOPA CPEICTB MEXaHU3ALIUH.

B cooTBeTCTBHMM C BBIIIEU3IO0KEHHBIM, LENbI0 PAOOTHI SBISETCA MOUCK U
000OCHOBaHME  MapaMeTPOB  JIOTUCTHYECKOM  CHCTeMbl  KaMWHOTO  PYJHUKA,
oOecrieynBaolield  TpeOyeMyro MNPOU3BOJUTEIBHOCTh 3aKJIAJOYHOTO  KOMILIEKCa,
HAJKHOCTh U 3P (HEKTUBHOCTH €ro (YyHKIHOHUPOBaHUS, 0€30MaCHOCTh TOPHBIX PalOT.

[Ipu »sTOM, KIIOYEBBIMH 3a/JlayaMUd  CUCTEMBI  SBIIAIOTCS  Oe3aBapuiiHas
AKCILTyaTalysi, TPAHCIIOPTHOTO KOMIUIEKCA, KOMIUIEKCOB MPUTOTOBIEHUS M JOCTABKU
3aKJIaI0OYHBIX MATEpUAJIOB U CMecel B BbIpaOOTaHHOE MPOCTPAHCTBO MOJA3EMHbBIX KaMep,
YTO CIOCOOCTBYET MOBBIIIEHUIO MOJHOTHI OCBOEHUSI HEAP U BBINOJHEHUIO TPEOOBAHUIM
IPOMBIIIJIEHHON MU 3KOJIOTMYECKOW 0e30MacHOCTU MpU BEAEHUHU TOA3EMHBIX T'OPHBIX
paboT.

JlocTkeHue TOCTaBICHHOW 1LIeNM W peanu3alus WJEU CBA3aHbl C pElICHUEM
CJIEIYIOIINX HaYYHO-TIPAKTUYECKHUX 3a/1ay:

— AQHAJIW3 COBPEMEHHBIX TOJXOJ0B K pa3paborke U  (HOPMUPOBAHUIO
JIOTUCTUYECKON CHUCTEMBI IMOJ3EMHOIO PYyJHHUKA C YYETOM OCOOEHHOCTEH OCBOEHUS
riTy00KO3aJIeraloMX MECTOPOXKJIECHUN KaJUWHBIX COJIEH C NPUMEHEHHEM CHCTEM C
3aKJIaJIKOM BBIPA0OTAaHHOTO MPOCTPAHCTBA;

— OLleHKa ()aKTOPOB, ONPEAEIIAIOUIUX TapaMETPhl JOTUCTUUECKON CXEMbI BEICHUS
3aKJIaJ0OYHBIX pabOT IPH pa3pabOoTKe TITYOOKO3IETAIOIINX KATHIHHBIX MECTOPOKICHHUH;

— aHaJlu3 CTPYKTYPhI JIOTUCTUYECKON CXEMBI C y4eTOM TpeOOBaHMI K COCTaBy U
CBOMCTBAM 3aKJIaJOUYHBIX CMECEH U MPOrPECCUBHBIX METOA0B 0OOCHOBAHMS ITAPaMETPOB
JIOTUCTUYECKUX CXEM;

— pa3paboTka MaTeMaTH4ecKod Mojaenu (YHKIUOHUPOBAHMS JIOTUCTUUYECKON
CUCTEMBI ITOJI3EMHOT0 PyTHUKA Ha OCHOBE MCCJIEIOBAHUS IAPAMETPOB TEXHOIOTMUECKUX
cxeM (popMUpOBaHUS 3aKJIaIOYHBIX MACCUBOB;

— MCCJIEIOBAaHUE 3aBHCUMOCTEH MEXKIy IMapaMeTpamMu JIOTUCTHYECKOW CXEMBbI U

() PEKTHBHOCTHIO OCBOCHUS TTYOOKO3JICTAIOIINX MECTOPOKICHUN KAIMIHHBIX COJICH;
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— CPaBHUTEJIbHBIN aHAJIN3 CXE€M TPAaHCHOPTUPOBAHMS 3aKJIAJOYHBIX MaTEepUaIOB
npyu  (HOPMUPOBAHMH MOHOJHUTHOTO TBEPJCIOIIETO 3aKJIAJ0YHOIO MAacCuMBa IIpH
pa3paboTKe ri1y00KOo3aIeraroiero KaiuiiHOro MECTOPOXKACHUS;

— pa3paboTka aJropuT™Ma BBHIOOpAa MPUOPUTETHOIO BAapUAHTA JIOTUCTUYECKOU
CUCTEMBI MTOA3EMHOTO PYAHUKA C YYETOM TPEOOBaHUI SKOHOMUYECKOU 3(h(PEKTUBHOCTH,
0€301acHOCTH OCBOEHHSI MECTOPOKICHUI KAIIMUHBIX CONEH.

Pemienrie moctaBlieHHBIX 3a/lad B JUCCEPTAIlMOHHOM paboTe 0a3upoBajoch Ha
KOMIUIEKCUPOBAaHUM METOJI0B MCCIICIOBaHUS, BKIIOYAIOIIMX IOJEeBble, JaOOpaTOpHBIE,
AKCIIEPUMEHTAIbHbIC, AHAIUTUYECKHUE, HHCTPYMEHTAJIbHBIE M pPAaCUETHbIE MOAXO/BbI.
[TapameTpbl MPOU3BOICTBEHHO-OPraHU3al[MOHHON CTPYKTYpBI pyJIHUKA
aHAIM3UPOBAIIUCH C UCTOJIB30BAHUEM MPOEKTHON JOKYMEHTAIIMN U UHCTPYMEHTAIbHBIX
u3Mmepenuid. OneHka pa3MepoB BBIPAOOTOK MPOBOAMIOCH TPSIMBIM METOIOM C
npuMeHeHneM jaszepHoro nambHomepa Leica DISTO D510, mapkmierimepckoil peku
Invar B coorBercTBuM ¢ TpeboBanusiMu ['OCT 26433.2-94 «KoHTpoJib reoie3nd4ecKux
u3MepeHui». [ OlleHKH YCIOBHM Tpyla B MOA3EMHBIX BBIPAOOTKAaX M BO3MOKHOTO
BJIMSIHUS TIBLJIEBOM OOCTAHOBKU Ha pabOTy MEXaHU3MOB M 00OpYIOBaHUS MPOBOJAUIOCH
U3MEpEeHne 3albUICHHOCTH BO3ayXa ¢ momoinsio neuieynosutens [IKA-01, mpu stom
JaHHBIE O KOHLIEHTPAIMHU NbUTH (PUKCUPOBAIUCH C YIETOM 00BEMHOI0 pacxojia BO31yxa
gepe3 MmpoOoOTOOpHBIM 30HA. TeMmreparypa W BIQXKHOCTb PYIHUYHON aTtMochepsl
U3MEPSUTHCh TIOpTaTUBHBIMU TepMoMeTpamu AR-360 u rurpomerpamm Benetech
GM1362 B kIIt0UYEBBIX 30HAX PYAHHMKA, BKIIOYAs paboune y4aCTKH U BEHTUISIIMOHHBIC
BBIXO/IBI.

JUIs OLEHKU BIIMSHUS T€0JIOTHYECKUX (PAKTOPOB HA HAIEKHOCTh TPAHCHOPTHOU
CXEMBI ITPOBOJNIACH KOMIUIEKCHAsI Ch€MKa I'€0JOTrMYECKUX HAPYIICHHUH, BKIIOYAomas
BU3YalbHYIO (PUKCAIMIO Pa3iOMOB, OOBAJIOB M CTPYKTYPHBIX nedopmaiuii mopom, a
TaK)K€ UX JIOKYMEHTUPOBAHUE C IPUMEHEHHEM JIa3€PHOI0 CKAHUPOBAHHS.

OgHuM W3 KIHOYEBBIX STAlOB HCCIENOBAHUS SBISUIOCH H3ydeHUE (PU3UKO-
MEXaHUYECKUX CBOWCTB COJIEOTXOJAOB, BKJIIOYas ONPEIAEICHUE PEOJOrHYECKUX
XapaKTEPUCTUK, BIMSIOIIMX HA TPAHCIOPTUPOBAHUE MO MOBEPXHOCTU U TMOJ3EMHBIM

BBIpa6OTKaM. BnaxHocTh 3aKJIaJO4YHBIX cMmeceit onpeaciiailaCb € HCIIOJIbB30BAHUCM
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BlIaromMepa, paboTaroIIero o METOAY BhICYIIMBAHUSI UCTEPTON HABECKU J10 TTOCTOSTHHOM
MacChl, C IPEABAPUTEIILHON CYIIKON B CYIIMJIBHOM MIKady U MOCIEIYIOUUM PACYETHBIM
YBIIQXXHEHHUEM J10 33JJaHHOT0 YpOBHA. HachlmHast MIIOTHOCTh U3MEPsIIach B COOTBETCTBUU
c TI'OCT 32721—2014, a ¢pakuMoHHBIM COCTaB 3aKJIaJOYHOIO Marepuaia
aHAJM3UPOBAJICA  METOJIOM MOKpPOTO CHUTOBOI'O aHaJIW3a Ha aBTOMAaTHYECKOM
npoceuBaronieit Mamrae EML 200 npu HenpepbIBHOM Mojaue 000pOTHOTO paccoda.

JIns  OIEHKM BIUSHHUS JUHAMHYECKUX HArpy30K Ha TpaHCIOPTHUPYEMbIC
COJIEOTXO/Ibl TPOBOIMIIMCH UCCIICIOBAHUS YIUIOTHEHUSI 3aKJIaIOYHON CMECH B YCIIOBUSIX,
UMUTHUPYIOIIUX BEPTUKAJIbHOE TpaHcnmopTtupoBanus. OOpasibl COJIEOTXOJIOB C
Pa3IUYHON BJIAXKHOCTBHIO TMOJIBEPrajuCh CTaTUUECKOMY CXKATHIO Ha THAPABIMYECKOM
npecce Instron-300DX ¢ mnporpammubiM  obecnieuenueM Bluehill. CxmonHOCTB
COJICOTXOJIOB K OOpa3oBaHHWIO TMEPBUYHONW KOHCOJUIAIMU TIPU TIEpPErmycKe II10
TpyOONIPOBOJHOMY  TPAHCIIOPTY  OIEHHMBAJIach C  KCIOJIb30BAHUEM  YCTAHOBKHU
MIEHETPOMETPUIECKOTO aHaJIM3a, pa3padOTaHHOM 10 IPUHIUAITY U3MEPEHUS 3ariyOIeHHs
KOHTPOJBHOM cHHII B 0Opaser] mociie ero cxkarus. YTroJl €CTeCTBEHHOTO OTKoca
OMpENEISIICS C UCTIOJIB30BAaHUEM CIIENAIbHOMN KapeTku Y BT-3 ¢ perynupyeMbIM yriioMm
HaksioHa mo Metroguke PCH 51-84. AOGpa3uBHOCTH COJICOTXOJOB OIICHHBAJIACh I10
meroauke mpod. JLU. bapona u A.B. Ky3HemoBa MeToJa0M HCTHpaHUsI STAJOHHOTO
CTAJIBHOTO CTEpPKHA, TJI€ KpUTEpUeM aOpasuBHOCTH CIY>KHUJIA TOTEPS MAacChl CTEP>KHSA
10CJIE UCTUPAHMUSL.

K pacuetHbiM MeTO/1aM, UCTIOJIB30BAHHBIM B IUCCEPTAIIMOHHON paboTe, OTHOCITCS
OnpeieJICHHE MapaMeTPOB JIOTUCTUYECKON TOPHOTEXHUUYECKOM CHCTEMBI 3aKJIaI0YHBIX
paboT, pacueT KPUTHYECKUX CKOPOCTEH TaJeHUs MaTephala B BEPTUKAILHOM
3aKJIaJJOYHOM TPyOONpOBOJIE, MPOrHO3UPOBAHUE CTENEHU YIJIOTHEHUS Marepuaja Mpu
nepenycke uepe3 OydepHble YCTPOHCTBA, a TaKKE€ pacyeT PEeKUMOB pPabOThI TOPHBIX
MallliH 1 O0OpYJOBaHMUsI, BKJIIOYAs CKUIIOBYIO MOABEMHYIO YCTAaHOBKY, KOHBEHEpBHI,
MOTPY304YHO-I0CTABOYHbIE MAIIMHBI M TpyOOnpoBOAHBIM Tpancmopt. Ha ocHoBe
MOJIEBBIX, JTAOOPATOPHBIX M PACUETHBIX MCCIEIOBAHUM, a TAKXKE aHAIN3a TEXHUYECKOU
JOKYMEHTAIINH, ObLT COCTABIICH AJITOPUTM BBIOOPA JTOTUCTUIECKON CXEMBI 3aKJIaI0YHBIX

pabot B cootBeTcTBUM ¢ [[OCT 19.701-90 «Cxembl anroputMoB, MPOrpaMm, TaHHBIX U
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cuctem». [lo uToram KOMIUIEKCA HCCIIEAOBAaHUN MPOBEICHO TEXHUKO-IKOHOMHUYECKOE
CpaBHEHHE TMPEJIOKEHHBIX JIOTUCTUYECKUX CXEM TPAHCIOPTUPOBAHUS 3aKIAJOUYHOIO
Marepualjia Ha OCHOBE METOJIa NPUBEJEHHBIX 3aTpaT. PekoMeHmaTenbHas KajieHAapHO-
ceTeBas MOJIeNIb peaju3allid MOTOYHOU JIOTUCTHUYECKON CXEMbl TPAHCIOPTHUPOBAHMS
3aKJIaJ0YHOr0 MaTepuayna paspaborana B coorBerctBUuM ¢ ['OCT P 56716-2015
«TexHuka ceTeBOro IUJIAHUPOBAHUS» W MEXKIYHApOJIHOW MeTomojoruet Numeric
Schedule Levels.

Takum 006pa3oM, B pabOTe MCMOJIB30BaH KOMILJIEKC METOJI0B, 00ECIEeUnBaIONIUX
JIOCTOBEPHOCTh M OOOCHOBAaHHOCTH IOJYUYEHHBIX pPE3YyJIbTATOB, a TakkKe HX
MPAKTUYECKYI0 MPUMEHUMOCTh ISl PEIIeHUs 3ajlad, CBS3aHHBIX C OOOCHOBaHUEM
napaMeTpoB  JIOTUCTUYECKOM CHCTEMBbI TIOJ3€MHOTO pYyJHHKAa TIPU  OCBOCHUU
[TyOOKO3aJICTAIOIINX MECTOPOKJACHUN KaJIMMHBIX COJICM ¢ MOHOJUTHON 3aKjiIajKon

BBIPAOOTAHHOTO TPOCTPAHCTRA.
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I'naBa 2. PASBBUTUE HAYUHO-METOJINYECKHNX OCHOB
®OPMUPOBAHMUS JIOTUCTUUYECKON CUCTEMBI PYJTHUKA ITPHU
IMOJ3EMHOM PABPABOTKE COJISIHBIX MECTOPOXKJIEHUI C
3AKJIAJIKON

2.1. IToHsiTHE JIOTUCTUYECKOM CHUCTEMBbI MOJA3EMHOI0 PYJAHUKA, €€ CTPYKTYPhbI,
(GyHKIHOHAJILHBIX 0CO0EHHOCTEH U 32124, KJIACCU(PUKALMS JJOTHCTHYECKHUX CXeM
BeJACHHUS 3aKJIaJJ0YHbIX pa0oT npu pa3padoTke COJSHbIX MEeCTOPOKICHMIA.

N3BecTHO, uTO mpornecc GOpMUPOBAHUS 3aKIaJOUYHOIO MACCHBA COCTOUT U3 TPEX
OCHOBHBIX TEXHOJIOTUUECKUX ONEpaluili: MOATrOTOBKA CMECH, TPAaHCIIOPTUPOBKA
KOMIIOHCHTOB W/MJIM CMECH K OTpaOOTaHHBIM OYHUCTHBIM KaMepaM U 3aIoJHEHUE
BbIPAOOTAHHOTO MPOCTPAHCTBA 3aKJIAOYHON cMechio. OHAKO, aHAIU3 OTEYECTBEHHBIX
Y MUPOBBIX HaYYHBIX UCCJIEOBAHUM, MPEICTABICHHBIX B pa3aenax 1.1. u 1.2. nacrosieit
JIYCcCepTaly, TTOKa3all, YTO 3a4acTyI0 BCE DJIEMEHTHI JIOTUCTUKU U TPAHCIIOPTUPOBAHUS
paccMaTpuBaIOTCSl KaK BCIIOMOTaTEbHbIE B KOHTEKCTE MPOLIECCOB MOATOTOBKUA CMECH U
3alOJIHCHHUST €W BBIPAa0OTaHHOTO TPOCTpaHCTBA. B 3Toil  cBsizu, Tpebyercs
JOTIOJIHUTENIBHOE TMOSICHEHWE MOHSATUHHOIO amnmnapara, ONpEeAeJeHUA U TEpMHHOB, a
TAK)K€ YTOUHEHUE CTPYKTYpPbl TEXHOJIOIMYECKHX IPOLIECCOB BEICHHUS 3aKJIaJ0OYHBIX
paboT MPUMEHUTENIHHO K KAJTMIUHBIM PYIHUKAM.

B cTpykType rOpHOTEXHHYECKOW CHCTEMBI MOA3EMHOr0 PYAHUKA C 3aKIAIKON
BBIPAa0OTAHHOTO TPOCTPAHCTBA 3HAYUMOE MECTO 3aHMMAET JIOTUCTUYECKas CHCTEMA,
KOTOpasi MPEJCTaBIsAeT COOOM KOMILJIEKC B3aMMOCBSI3aHHBIX IMPOIIECCOB U ONEpPAIHii,
HaIlpaBJIEHHBIX Ha oOecTledYeHrue HENmpephlBHOTO W A((PEKTUBHOTO TMEPEMEIICHUS
MaTepHuayioB, 000pyAOBaHMUS, JTIOCH U HHGOPMAIIUU BHYTPH pyaHUKa. OCHOBHOH IIEIBIO
JIOTUCTUYECKOM CHUCTEMBI SIBJISIETCS CO3JaHUE YCIOBUM JUISI HENPEPHIBHOM U
b (PEeKTUBHON HKCITyaTalk pPYyAHUKA, MHHHUMH3AIMA BPEMEHHBIX M ()MHAHCOBBIX
3aTpaT, peaju3alid BCEX MPOM3BOACTBEHHBIX IPOIIECCOB, a Takke OOecTedeHue
YCTOWYUBOTO (DYHKITMOHUPOBAHUS BCEX T€OTEXHOIOTUUECKUX OTICPAITHA.

B noructudeckyro cuCTEMY BXOJUT JIOTUCTHYECKAS CXEMA, UJIM TEXHOJOTMYECKas
CXeMa TPAaHCHOPTUPOBAHMS BCEX MAaTEPUAIBHO-CBHIPBEBBIX MOTOKOB. EE€ cTpykTypa u

COACPIKAHNC 3aBUCAT OT THIIA MCCTOPOKACHUA U FJ'IY6I/IHBI €ro 3ajfraHusAa, a TakKkKE OT
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MIPUMEHSEMBIX TEXHOJIOTHI TOOBIYH, 94TO TpeOyeT yuéTa MHOKECTBA (DaKTOPOB, BKITFOUAS
OpraHu3alMOHHBIE OCOOCHHOCTH M IPOM3BOJCTBCHHYIO MOIIHOCTh PYIHWKA, €ro
HHOPACTPYKTYPy W TEXHOJIOTHYECKHE TMPOIECCHl, CXEMy MEXaHU3alHuH TOPHO-
TPaHCIOPTHBIX ~ paboT. Jlormcrmdeckas cxemMa — 3TO  JIeTaIM3WpOBaHHAs
TEXHOJIOTHYECKAsT MOJIENb IBFOKCHUS MaTepUaJIOB, PECypCOB, MAIlTiH U 000OPY/I0BaHHMS.

JlorucTU4ecKrue CXeMbl KaJIMWHOTO PYAHHMKA 1O THITYy Ha3HA4YCHUS NEIATCS Ha
CXEeMBl JTOOBIYHBIX, BCIIOMOTATEIBHBIX, 3aKJIQJOYHBIX pa0OT M CXEMBI YIpaBICHUS
JIOJICKUMHE pecypcamu. JIOOBIYHBIE JTOTUCTHYCCKUE CXEMBI BKITFOUAIOT B ce0s oreparuu
10 TPAHCIOPTHUPOBAHUIO IIOJIC3HBIX MCKOMAEMbIX M TOPOABI OT 3a00€B [0
OKOJIOCTBOJIBHOTO  JIBOpa ¥ IOBEPXHOCTHM INAaXThl, a TakKKe JIOCTaBKy U
TPAHCIIOPTUPOBAHKE TOPHON MAacChl 1O TOBEPXHOCTH JI0 O00OraTUTEbHOU (haOpuku -
CKJIaJia I JI0 MECT MOTPY3KH B BarOHBI XKEJIE3HOIOPOKHOTO TPAHCIIOPTA U MTOPOBI - B
oTBaJl. BcromoraTteabHbIC JOTMCTHYECKHUE CXEMBI BKJIIOYAIOT B ceOs omepanuud TI0
TPAHCTIOPTUPOBAHMIO C IIOBEPXHOCTH IIAXTHI K OYUCTHBIM U TTOJITOTOBUTEIILHBIM 32005IM
1 00paTHO B MOJI3EMHBIN PYJHUK BCTIOMOTATEIBHBIX TPY30B PA3IMYHOTO HA3HAYCHUS U
0o0OpyOBaHUS, TaKWX KaK WHCTPYMEHTBHI W TIPUCIOCOOJICHUS, TOPIYe-CMa304YHBIC
marepuansl (I'CM), 3amyacTé W KOHTPOJIBHO-U3MepHuTenbHbIe mpubopsl (KUII).
3aknagouHble JIOTUCTHYECKHE CXEMbl MPeIyCMAaTPUBAIOT TPAHCIIOPTHPOBAHUE C
TIOBEPXHOCTH INAXThl 3aKJIaJO0YHBIX MAaTEpPHaIOB M CMECH K MECTaM HX YKIIAJIKH.
JlorucTHYecKue CXEeMbl YIPABICHUS JIIOJCKHUMH pPecypcaMu BKIIOYAIOT B ceOs
nepeMenieHne 00OpyJIOBaHUS U COTPYIHUKOB K MecTaM HX paboTel U 0OpaTHO.
[leHTpaIbHBIMU AIEMEHTAMH B JIOTUCTHYECKOU CXeMe JOOBIUHBIX U 3aKIaJ0YHBIX padOT
SBIIIETCS. MUHEPATbHO-CHIPhEBBIE TOTOKH. J|0OBIYHON MOTOK — 3TO ABMKEHHE JOOBITHIX
MOJIE3HBIX HMCKOMAEMBIX B COOTBETCTBHM C TEXHOJOTHYECKUM IMPOIIECCOM IO
OTIPEJICIICHHON TPAacCe U B OIMPEICIEHHOM HAIPaBJICHUH B 3aJJaHHOE BpEMS.

[Ipsimbie MUHEPATBHO-CHIPHEBBIC TIOTOKU HAMPABIEHBI HA JOCTABKY MaTEPHAIIOB
OT WX UCTOYHHUKOB (HAMPUMEp, OT MECT JOOBIUM) K MECTaM HMX HWCIIOJH30BAHUS WIIN
nepepaboTku. Bximouator B ce0s mepeMenieHne MUHEPATbHOW MacChl OT 3a00€B 110
MOBEPXHOCTHBIX CKJIAJOB WM OOoratutenbHbIX (pabpuk. Bo3BpaTHbIe MUHEPATBHO-

CBIPBCBLIC IIOTOKHM CBA3daHbBI C IICPCMCINCHHUCM MATCpPHAJIOB, HC HCIIOJIB30BAHHLBIX B
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MPOU3BOJACTBE, OTXOJIOB, a TAaKXKE C BO3BpAaTOM OOOpYAOBaHUS M HHCTPYMEHTOB Ha
CKJIaabl WM MecTa uUX XpaHeHus. OJHAKO, TaKOW MOIXOM SIBISIETCS YCTapeBIINM U
TpeOyeTr  mepecmorpa. HeoOxogumMo  BKIIOYUTH  BO3BpAaTHbIE  TMOTOKH B
MIPOU3BOACTBEHHBIN LUK, a TAK)KE 00ECIICUNTh UX WHTETPAINIO C TPSIMBIMH MTOTOKaMU
U1l TO00pa ONTUMAJIBHOTO CII0CO0a TPaHCIIOPTUPOBAHUS.

Bo3BpaTHbie MUHEPATBLHO-CHIPHEBBIE IOTOKHU JOJDKHBI OBITH BKIIOUCHBI B SAHMHYIO
TEXHOJIOTUYECKYIO CXEMY 3aKJIaI0YHBIX paboT, KOTOpasi OXBaThIBAET MIPOU3BOICTBEHHO-
TEXHOJIOTUYECKUE TPOIECChl, TaKWe Kak MPHUTOTOBJICHHE 3aKJIaJOYHOU CMecH, &
TPAHCIIOPTUPOBKA M YKJIaJIKa B BRIpAOOTaHHOE MPOCTPAHCTBO (puc. 2.1).

TexHOIOrn4ecKue Mpouecchl
3aKJIAIOYHBIX DAOOT

— \’ T~

HpPIFOTOBJ]CHI/IC 3aKJIaJ0YHbIX TpchrIop'mpOBKa a0 3aknaaka BBIpa6OTOK

MaTepHaJIoB 3aKJIaJI0YHBIX BEIPAOOTOK
[TonroroBka | Jlo3upoBanue | [ToaroroBka BeIpaOOTOK
| O6e3B0KUBAHYEC | | TpaHCIOPTUPOBKA | YcTaHoBKa 3aK/1aJI09HOTO
Vv 000DVIOBaHUS
JpobGienne
Vknanka

| CmenBanue | YcraHoBKa MOHUTOPUHIOBOTO
oGopyoBaHus

V

| 3aKIII0YUTENILHBIE PA0OTHI |

Pucynoxk. 2.1 - TexHomornueckue mporecchl 3aKkIaaKyd BEIpaOOTaHHOTO MPOCTPAHCTBA
Ha KAIMUHBIX PYJHUKAX

Jloructuyeckass cxema 3aKIaJoYHBIX paboT TpPH OCBOCHUH MECTOPOXKICHUMN
KaJIMAHBIX COJIEH COCTOMT W3 4YEeThIpeX 0a30BBIX MOMAYJEH, BKIIOYAIONINX:
MMOBEPXHOCTHBIN, BEPTUKAIbHBIN, TOPU3OHTAIIbHBIA MOJ3EMHBIA U KaMepHbIU (puc.2.2)
[119]. PaccMoTpuM KaXKIIbIif U3 BBITIICTICPEIUCICHHBIX MO YIICH.

IToBepxHocTHBIN JiorucTudeckuii moayab (IIJIM) — 5310 KOMIUIEKC
o0opynoBaHusl U MHOPACTPYKTYPHI, MPETHAZHAUYCHHBIN ISl XpaHEHUS, TIEPEMEIICHHUSI,
00€3BOKMBAHUS W 3arPy3KH 3aKIag0YHBIX MaTepuaioB. ITJIM cocTOMT M3 HECKOJIBKUX
MOAMOJYJIEH, KaXKIbI W3 KOTOPBIX BBITIONHIET ompenencHHyro (yHkmuio. Momynb

xpanenuss (MX) — 3T0 MoAynb, MpeAHA3HAUYCHHBIM MJi1 XpaHEHHUs 3aKJIaJ0YHBIX
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MaTepuaioB B OyHKepax, KOTOPbIE UMEIOT 3aJaHHYI0 BMECTUMOCTb, 00€CIEUMBAIOLIY IO
CBOEBPEMEHHYIO TMOJauy 3aKJIaJOYHbIX MAaTEpPHAJIOB, CO3JaHUE€ U XPAHEHHE UX

HOPMAaTHUBHOTO pe3epBa.

Jlorucrrueckas cxema 3aKial09HbIX pa60T Ha
KaJIMAHBIX MECTOPOKIACHUAX

— N

IToBepXHOCTHBII MOYIIb BeprukainbHblil 10A3EMHBbIH T'opusoHTaNBHbIH KawmepHslii moazeMHblit
(IJIM) Moxyis (BIIM) nozxzeMHbIi Moxyib (I'TIM) moxys (KIIM)
Xpanenus (MX) 3aky1a104HOro Konseiieprsrii (KM) IMueBmaruyeckuii (ITM)
Tpydonposona (M3T)
Tpancroprposict (MT) ITonHOTBI 3aMOJH eHUS
Cxopoctu ramenus (MCI) Ieperpysia (MII) (MIT3)
—’l Jlo3uposanus (MT) |
Haxonnenust (MH) Koutponst (MK)
—PI 3arpysku (M3) |
Jlo3upoBaHHOM pasrpy3Kku MonuTopunra
N KOHTPONIbHO-U3MEePUTENBHBII (MII13) 6e3onacuocti (MMB)

(MKI)

VYrpasnenus (MY)

Pucynok. 2.2 - CTpyKTypa JJOTUCTHYECKONU CXEMBI 3aKIaJOUYHbIX pabOT Ha KaJTUIHBIX
MECTOPOKICHUAX

Moayns TpancnoptupoBanus (MT) — 3To0 MOaynb, KOTOPBIA IO3BOJISIET
nepeMelarh 3akiajouyHble Matepuansl BHyTpu [IJIM mpu moMomm TpaHCHOPTHBIX
CPEACTB HEMPEPHIBHOIO WM LUKJIMYHOIO AEHUCTBHS. TpaHCIOPTUPYIOIIUE YCTPOWCTBA
MOTYT OBITh Pa3HBIX TUIIOB, HATIPUMED, JICHTOUYHbIE, IIEMTHBIC UM BUHTOBBIC, YaIlle BCETO
OHHU TIPEJICTABJICHBI JIEHTOYHBIMU KOHBeWepamu. Moayns no3upoBanus (MJ) — 3to
MOZYyJIb, KOTOPBIM MpEIHA3HAYEH IJI1 TOYHOI'O JO3UPOBAHUS 3aKJIaJ0YHBIX MAaTepUaIiOB
nepea 3arpy3kol B 3aKIaJOYHBIM TPyOONpPOBOA WJIM HWHBIE CPEICTBA JOCTaBKH.
OGopynoBaHue IS JO3UPOBAHUS MOXKET OBITh HENPEPBHIBHOTO WM IHKIUYHOTO
NEUCTBHSI, aBTOMAaTUUYECKUM, MEXaHUUYECKUM HIIA PYYHBIM.

Mopayne 3arpy3ku (M3) — 3TO MOIy/ib, KOTOPBI MO3BOJSET pPa3rpyxaTb
3aKJIaJ0YHbIE MAaTepUaJIbl B CPEACTBA UX NEPEMEILECHUS B BBIPAOOTaHHOE MPOCTPAHCTBO.

KontponsHo-uzmepurenbusiii. Moayiab (KMM) — 5310 MOmynb, KOTOpBIU
MpeaHA3HAuYEH JJI KOHTPOJISl U U3MEPEHUS pacxXo/ia 3aKJIaIOYHbIX MAaTEPUAIIOB, a TAKXKE

(bHBHKO-MeXaHI/I‘-ICCKI/IX XapaKTCPUCTUK, TAKHUX KaK BJIAKHOCTb W IIIOTHOCTD.
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KOHTpOonbHO-U3MeEpUTENbHBIE MPUOOPHI MO3BOJSAIOT MOJAYy4YaTh MOJHYHO U TOYHYIO
MH(OPMAIMIO O 3aKIaJ0YHBIX MaTepHalaXx U PeryjJupoBaTh INPOLECC MX 3arpy3Kd U
[IEpEMELIEHHUS.

Monynb ynpasiaenus (MY) — 3To MOyJib, KOTOPBIM MO3BOJISIET KOHTPOJIUPOBATH
u ynpaBisaTh BceMu y3namu [IJIM. Moaynbs ympaBiaeHUST MOXKET ObITh PY4YHOM,
[IOJTyaBTOMaTUYECKU WM aBTOMAaTHYECKH. ABTOMarnueckuidi MY, kak mnpaBuio,
BKJIIOYAET B c€0s1 KOMIBIOTEDP U CIIELUATILHOE TPOrPaMMHOE 0OeCTIeueHHE.

BeprukaabHblid Joructudeckuii moxyuasb (BJIM) — 3To 4acTh JIOTUCTHYECKOU
CUCTEMBI, IIPEAHA3HAYCHHAs Il BEPTUKAJIBHOIO NEPEIyCKa 3aKiIaJ0YHbIX MaTEPHUAIOB
VI CMECH C IMIOBEPXHOCTH 3€MJIM Ha MaruCTpajbHbIE NIOA3EMHBIE TPAHCIIOPTHBIC JINHUU
U COCTOSIIIAs U3 BEPTUKAIBHOTO 3aKIaouHoro Tpyoomnposoaa (M3T), BHyTpu KOTOporo
pPacroyiO)KeH Beep HSHEProracUTENbHBIX Y3JI0B, OOECMNEYMBAIOIIUX CTAOUIBHYIO U
0e30MacHy0 TPaHCIIOPTUPOBKY MaTepuana, JIM00 CKUIIOBOTO WU KJIETHEBOTO MOIHEMOB
DT0 MO3BOJSIET PETYIMPOBATH CKOPOCTH MEPEMEIICHHS CMecel 1 n30exaTh Neperpy3Ku
WIM TPOCTOS HA TPAHCHOPTHBIX JUHUAX. OJHOM U3 KIIOYEBBIX OCOOEHHOCTEMH
BEPTUKAJIBHOTO 3aKJIaJ0YHOTO TPyOONpOBOJA SIBISETCS CIOCOOHOCTH OOEecreYnBaTh
JO3UPOBAHHYIO IIOJa4y 3aKJIaJOYHOM CMECH Ha TPAHCIOPTHBIE TOPU3OHTAJIBHBIE IIYTH,
oOecrieunBas HaJIeKHOCTb, pPUTMUYHOCTh, YCTOMUMBOCTh U HETPEPHIBHOCTH 3aJaHHOTO
peXuma JIOTUCTHYECKOro Ipouecca. ['Opu30HTaNIbHBIE TPAHCIOPTHBIE JUHUA MOTYT
OBITh OCHAIIEHBI 3aKJIAJOYHBIMU TPYOOINPOBOJAMH, YAaCTO COMPOBOXKIAEMBIMU
IIHEBMAaTUKOW JUUI1 YCKOPEHHsI NOTOKA JBMKEHHUS CMECH, a TaKKE€ KOHBEHEpaMmu,
CaMOXOJHOM TEXHUKOW LIMKINYECKOTO ICHUCTBHUS.

I'opu3oHTAJBHBIA JIOTUCTHYECKMH MOA3EMHBIM MOAYJb — 3TO 4YacTb
JIOTUCTUYECKON CUCTEMBI, UCIIOJIb3yeMas ISl JOCTaBKH 3aKJIaJ0YHOTO MaTepualia Uiu
CMECH OT OKOJIOCTBOJIBHOTO JIBOPa J0 BEIPaOOTAHHOTO MPOCTPAHCTBA MO TPAHCTIOPTHBIM
BBIpa0OTKaM, paHee NPHUMEHSIEMBIX IS TPAHCIOPTUPOBAHUS JTOOBITHIX TMOJIE3HBIX
MCKOIIA€MbIX U3 OYUCTHBIX KaMmep, TU00 mapasiIeIbHBIX FM.

['opu30HTANIBHBIN JTOTUCTUYECKAN MOAYJIb MPEIYyCMATPUBAECT TPAHCHOPTUPOBKY
00€3BOKEHHBIX 3aKJIaI0YHBIX MAaTEpUAJIOB MU CMECEH U pa3zesieH ¢ TEXHUYECKOU TOUKU

3pEeHUs Ha ABE COCTABJISIONIME — MArUCTPAJIbHYIO U YYaCTKOBYIO.
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Koungetiepuniit monyns (KM) BkitoyaeT HamboJiee 4acTO MNPUMEHSEMbIE Ha
COJIIHBIX PYAHUKAX TPAHCIOPTHBIE CPEACTBA, KOTOPBIE MEPEMEMIAIOT MaTEpUalbl IO
BbIpaboTKaM. B 3aBUCUMOCTH OT yrjia MpOCTUPAHUS TOPHBIX BHIPAOOTOK OHU MOTYT OBITh
KaK TOPU30HTAIbHBIMU, TaK U HakJIOHHBbIMU. [leperpy3ounsiii moayns (MII) — Mmoayib,
r7ie MPOUCXOIUT MIEPETPy3Ka MaTepUaIoB ¢ OJHOTO KOHBeWepa Ha Ipyrou, JInbo Ha UHbIS
TPAHCIIOPTHBIE CPEACTBA.

Monayne kontpons (MK) — 310 06opynoBaHue, KOTOPOE CIEIUT 3a MPOIECCOM
TPAHCIOPTUPOBAHUSI MATEPUATIOB WJIM CMECHU UM KOHTPOJHMPYET UX KauecTBO. K Hemy
OTHOCSITCSl JaTYUKKU BUOpAIMU, YPOBHS 3arpy3Ku MaTepuaia, CHCTEMbl CKAHUPOBAHUS U
IpyTHe.

Mopayne MouuTopuHra Oe3omacHocT (MMB) — »3TO0 MOaynb, KOTOpBIN
obecrieunBaeT cOOp JaHHBIX, 00PabOTKY, aHAIN3, KOHTPOJIb 0€30MaCHOCTH MepcoHaa u
JIOTUCTUYECKONW CXEeMBbI B LIEJIOM BO BpeMsi TPAHCHOPTUPOBAHMS, BKJIIOYAS CHUCTEMBbI
IIPOTHUBOIIOKAPHOM 3aIlUThI, aBTOMAaTUYECKOW MOMXKAPHOM CHUTHAJIW3AlMU, ABAPUNHOU
OCTaHOBKHM KOHBEWEPOB H TIp.

KamepHbiii  JIOTHCTHYECKHIT  MOAYJb  INPEIYCMAaTpUBAET  MOATOTOBKY
3aKJIaJJOYHON CMECH B COOTBETCTBHH C MIPUHATON PELENTYPOU U PEKUMOM, TIOCTABKY A0
TOUYEK MOJIaYyu CMECH B OTpabOTaHHBbIE KaMephl, MOJauy W paclpeelieHne CMECH MOJ
JaBJICHUEM B BBIPAaOOTAaHHOE MPOCTPAHCTBO C OOECMEYCHNEM MAKCHUMAJIbHON MOJHOTHI
3al0JIHEHHS] KaMep U J03aKIaJKy IOCJIE peain3aluy IMPOLECCOB KOMIPECCHOHHOIO
CKaTHsl M yCaJKH 3aKJIaJI0OYHOr0 MaccuBa. Takum 00pa3oM, JIOTUCTHUYECKAas CHCTEMa
MOI3EMHOTO PYJHUKA TIPEJICTABIISAET COOOM CIONKHYI0 U MHOTOYPOBHEBYIO CTPYKTYPY,
I KaXIbli KOMIOHEHT CHCTEMBl B3aUMOJECUCTBYET C APYTHUMH, GOPMUPYS €IUHYIO
LEeNb TEXHOJIOTUYECKUX MPOLECcCcOB. Bece mponeccesl B ENK HAIPaBIEHBI HA JOCTUKEHUE
obOment menn — obecrneueHne SOQPEKTUBHON W HEMPEPHIBHOM U 0O€30macHOM
AKCIUTyaTallHM MECTOPOXKAEHUSI, UTO SBJISETCS OCHOBOW JJISl CO3/1aHUs LUKIWYHOTO U
0€30TXOJHOTO MPOU3BOICTRA.

[Tocne ycTaHOBIIEHUS €AMHOW M YETKOW TEPMHUHOJIOTUH JTOTUCTUUECKON CUCTEMBI

H CXCM, a4 TAKXKC CTPYKTYPbBI TCXHOJOIMYCCKHX IIPOHOCCCOB, CBA3AHHBIX C BCACHHCM
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3aKJIaJI0OYHBIX PA0OT B YCIOBUSIX MOA3EMHOU pa3pabOTKU COJITHBIX MECTOPOKIACHUM,
0COOEHHO BaXKHBIM CTAHOBUTCS CHUCTEMaTH3allsd HapaOOTAHHBIX MOHSITUUHBIX PS/IOB.

B oroit cBs3u mpeiokeHa KiacCU(UKAIMS JIOTUCTUYECKUX CXEM BEJICHHS
3aKJIaI0YHBIX pabOT MpH pa3pabOTKE COJSHBIX MECTOpPOXKJEHUW. B cooTBeTcTBHM C
MpeCTaBICHHON KilaccuduKaluen Bce JOTUCTUUYECKHUE CXEMBI ICNISITCS Ha TPU KPYITHBIX
KJIacca, pa3IMyaronIuxcs Mo crnocody TpaHCIOPTUPOBAHUS 3aKIAJOUYHBIX MaTepUasIoB U
cmeceil. Kinaccudukamnus Takke YYUTHIBACT CIENU(PUKY 3aKJIaJI0YHBIX MaTEepUasOB,
UCIIOJIB3YEMBIX CPEJICTB MEXaHM3allUuM, ITyOUHY 3ajieraHus MECTOPOXKICHHS, a TaKkKe
OMMCAHUE KaXJOro Kiacca € YKa3aHHMEM MaKCHMaJbHO JOIIYCTUMOTO PacCTOSHUS
tpancroptupoBanus  [117].  OrauunTenbHOW  OCOOCHHOCTBIO  KiIacCH(UKAIUH
JIOTUCTHYECKUX CXEM BEJICHUS 3aKJIaJOUYHBIX pabOT MpHU pa3padOTKe BOJIOPACTBOPUMOTO
MUHEPAJIBLHOTO CBIPbSl SBISETCS 00s3aTEIbHOE HAIMYUE MOJYJSI O00€3BOKMBAHMS
3aKJIaIOYHOM CMecH, OOYCIIOBIIEHHOE BBICOKMMU TpPEOOBAHUAMH K CTaOMIBHOCTH
CBOWCTB 3aKJIaJIOYHOIO MacCHBa W €ro JOJITOBEYHOCTH B YCJIOBUAX BO3JACHCTBUS
NOJ3EMHBIX BOJI, XapaKTEPHBIX ISl CONSIHBIX MECTOPOXKIAEHUW, KOTOPBIMA, KPOME TOrO,
HANPSIMYIO BIUSET HA TPAHCTIOPTAOEIbHbIE XapaKTEPUCTUKU BO3BPATHOI'O MUHEPATIHLHO-
CBIPBEBOTO MOTOKA (Tab. 2.1).

I kiacc mnpegycMaTpuBaeT MeXaHU3MPOBAHHBIM-UUKJINYHBIA CIOCO0
TPAHCHOPTUPOBAHUA. DTOT KJIACC XapaKTEPU3YETCS MCIOJIb30BAHUEM MEXAHUYECKHUX
CPEIICTB MJisi TPAHCIIOPTUPOBAHUS 3aKJIaJ0YHOr0 MaTepuana. Moayinb 00e3BOKUBAHUS
pacrionaraeTcsi Ha TOBEPXHOCTH WJIM B TOA3EMHBIX Kamepax M IMpeaycMaTpUBaET
TEPMHUYECKYI0 00paboTKy cMecu. Tepmuyeckasi Cylika MO3BOJSIET TOOUTHCS HYKHOTO
YPOBHS BJAQXHOCTH INI€pell TPAHCHOPTUPOBKOW MaTepHalia K MECTy YKIAJIKHU,
CIIOCOOCTBYET aKTHBAIIMU BSIKYIIUX CBOMCTB COJICOTXOMOB. JIOTHCTHYECKHE CXEMBI
JAHHOTO KJlacca moApa3AesitoTes Ha aABe rpynmbl — 1.1 u 1.2:

I'pynmma 1.1 npeagycmaTrpuBaeT LMKIMYHYK) CXEMY TPaHCIOPTUPOBAHUS
COJIEOTXOJIOB, JIMOO TOTOBOM 3aKialoyHOM cMmecu. B »3TomM ciaydae wmoayib
00€3BOKMBAHUS PACIIOJIATAeTCsl HAa TMOBEPXHOCTH, TJ/I€ HCIIOJIB3YeTCS TEPMHYECKas
oOpaboTka. JlaHHas cxema MpUMEHNUMA JIJIT MECTOPOKICHUH C TIIyOMHOMW 3ajeTaHus 10

500 M, a MAKCUMAJIBHOE PACCTOSIHUE TPAHCIOPTUPOBAHUS COCTABIISIET O 3 KM.
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I'pynma 1.2 — OMKIMYHO-NIOTOYHAS CXE€Ma TPAHCHOPTHpPOBaHMs. B 3TOM cxeme
MpeIBapUTEIbHO 00€3BOKEHHBIE 10 TPEOYEMBIX MO YCIOBUAM MEPEMEICHUS 3HAUCHUM
COJIEOTXO/Ibl TPAHCIOPTUPYIOTCA MO BEPTUKAIBHBIM TPYOONPOBOAAM C TACHTEISIMH
CKOPOCTH JI0 IPOMEKYTOUHBIX OyHKEpOB. 3aTeéM CMeCh MOCTyMHaeT Ha KOHBEHephl U
TPAHCIOPTUPYETCA 1O 3aKIAJOYHBIX BBIPAOOTOK C HCIOJB30BAHUEM MOTPY3UMKOB U
Oynbpao3epoB. JlaHHas cxeMa MPUMEHUMA Il MECTOPOXKJICHUN ¢ TIIyOMHOW 3ajieraHus
no 1000 M ¥ MakCHMaJIbHBIM PACCTOSSHUEM TPAHCIIOPTUPOBAHUA IO MOJI3EMHBIM
BbIpa0OTKaM, KaK MpPaBUIIO, 10 5 KM.

Il xi1acec — NMKJINYHO-TIOTOYHBIN CMOCO0 TPAHCMOPTHPOBAHMS. DTOT KJacc
UCIOJIb3YyeT KOMOMHAIIMIO THUIPABIMYECKUX W MEXaHU3MPOBAHHBIX CPEACTB IS
TPAHCTIOPTUPOBAHMS 3aKJIaJ0YHBIX MaTepUaioB B BHJIE NYJbIBI € TpeOyeMbIM
conepkanremM  Binard. (OO0e3BOXKMBaHME 3aKJIAJOYHOM CMECH  OCYIIECTBISETCA
HEMOCPEICTBEHHO B MOA3EMHBIX YCIOBUSAX C MPUMEHEHUEM MEePEIBUKHBIX 3aKJIaJOUHBIX
komruiekcoB (IITI3K). B Takux cxemax mokeT OBITh NpeaycMOTpeHa IOTOYHAs U
IUKJINYHO-TIOTOYHASI TEXHOJOTHs. B IpaHUUAX Biarootgayu. CxeMmbl JAHHOIO Kiacca
NOAPA3AEISIOTCS Ha ABE TPYIIIIbL:

I'pynma 2.1 — moroyHasi cxema TpaHCIIOPTUPOBaHUs. B 3Tol cxeme 3aKiIagouHbIi
MaTepuasl TPAHCIOPTUPYETCS B IyJbIIE€ C HCIOIB30BAHUEM TPYOONPOBOAOB H
mHEBMOBpPe30K. COOp M3JIMIIHUX PAcCOJIOB OOECIEYMBACTCS 3a CUET TUIPOU3OJISALUU
nHUIA Kamep. JlagHas rpynmna npuMeHnMa JIsl MeCTOPOKICHHUH ¢ TITyOMHOM 3ajleraHus
10 1000 M 1 MakCUMaJIbHBIM pacCTOSIHUEM TpaHcnopTupoBanus 10 10 kM. ['pynna 2.2 —
LIUKIMYHO-IIOTOYHAs CX€Ma TpaHCHopTupoBaHus. B 3r0oil  cxeme, NOMUMO
TpyOOIIPOBOJOB ¥  IHEBMOBPE30K, HCIIOJIB3YIOTCS METAaTelbHblE MAIIMHBI U
nHeBMOHacochl.  OO0€3BOKMBAHME  3aKJIQJIOYHOTO  MaTepuana IPOUCXOIUT  Ha
THJIPOLIMKIIOHE. DTa cXeMa MPUMEHHUMA Il MECTOPOKICHHUM ¢ TIIyOMHOM 3aneraHus 10

1200 M 1 MaKCUMaJIbHBIM PACCTOSIHUEM TPAHCIIOPTUPOBAHUSA 10 15 KM.
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Tabmuua 2.1 - Knaccudukanus JOruCTUYECKUX CXEM BEACHUS 3aKIaJ0YHBIX padOT MpHU pa3pabOTKE COJIIHBIX MECTOPOKIEHUU U
aHaJIn3 CPENICTB MEXaHU3ALUU
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CKHIL, TLIM TPaHCIIOPTHPOBAHUE  CYXOTO  3aKJIaJOYHOTO
N ’ ’ Marepuaga B Owr-Oorax c mociexyroniei
1.1 IUKITAYHAS MIPUHYAUTEIIbHBIN g CaMOXOJHbBIE . 1o 10 xm
g BAFOHBI TpaHcroptupoBkoil ITJIM 1o 3akmampiBaeMbIX
o g BBIPabOTOK
MeXaHU3UPOBaHHBI- o
| POBar] z TEePMHIECKHI TpyOOIpOBO, Npe/IBapUTENILHO  00E3BOKEHHBIE  COJIEOTXOIBI
IUKJTAYHBIA e >
S — 5 racuTeny, MepeITyCKaloTCs TI0 TPYOOIIPOBOAY C TACHTEISIMH
2. HOTOuHAs CaMOTEYHBIH T KOHBEHepHI, CKOPOCTH B  HPOMEKYTOYHBIH kep, ¢ | mo 10 km
1.2 T 0 10
- =3 5
TOTPY3YHKHY, MOCTIEYIOIINM TepPeIryCKOM Ha KOHBEUp | jaiee
Oysb103ephl TPAHCIIOPTHPYIOTCS 10 3aKIa0YHBIX BEIPAOOTOK
TPaHCIOPTHUPOBAHUE 3aKJIaJ0YHOIO MaTepHaa B
THIPOU3OIIALMSA Tpy6OmpOBOx MyJbIIe ¢ MUHHMAJIBHBIM COOTHOIIEHUEM BIIATH
2.1 MOTOYHAs CaMOTEUHBIH JHUILA ngBMog e31<I:1 JO  BbIPa0OTAHHOrO IPOCTPAHCTBA, OTKUM | 10 10 km
KaMepbl P paccoioB MPOU3BOJUTCS 3@ CUET TUAPOU3OIALIN
JIHUILA KaMep
1 HUKITMYHO-TIOTOYHBIN Tpy6ONpOBO TPaHCIOPTUPOBAHUE 3aKIIaOYHOIO MaTepHana B
=
e - E:eBMOS e31<1; MyJbIIe ¢ MUHHMAJIbHBIM COOTHOILIEHUEM BIIAru
29 LUKITTYHO CAMOTCUHbI @ THIPO- verare Jil—u:le’ JIO0 BBIPA0OTaHHOI'O IPOCTPAHCTBA, AAIBHOCTh 10 15 Ky
- -[I0TOYHAs g IIUKOHHUPOBaHUEM MALLHEL TPaHCIOPTHPOBAHUS obecrednBaercs
E( HHCBMOHaC(’)CbI ITHEBMOBpE3KaMU, OTKUM paccomna
MPOU3BOAUTCS HA THJIPOLMKIIOHE
TPaHCIOPTUPOBAHUE 3aKJIAJ0YHOIO MaTepuana
P Tpy6ONpOBO MPOU3BOAUTCS 10 MPUHLUINAM JBIKECHUS BOJBL,
11 HOTOUHAL 3.1 MOTOYHAS CaMOTEYHBIH cOop paccomnoB HEBMOB e31<1:1 00€3BOXKHBaHHE 3aKJIaI0YHON cmecd | 10 20 km
P HOPOU3BOAUTCS 3@  CYET  €CTECTBEHHOrO
00e3BOKMBaHUS M cOOPOM PACCOJIOB B IPHAMOK
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1l k1ace — ruapaBIMYeCKUIT-IOTOYHBIN CIOCO0 TPaHCOPTHPOBaHUs. B 3ToM
KJIacCe  3aKIaJ0YHbI  MaTepuan TPaHCHOPTHPYETCs IO TpyOoompoBoJaM ¢
UCIIOJIb30BAaHUEM BOJABI B KAuECTBE TPAHCIOPTHON Cpenbl. DTOT Kiacc IpPEICTaBJICH
rpymnmou 3.1:

I'pynma 3.1 — mnoToyHas cxema TpaHCHOPTUpOBaHMs. Tperuil Kiacc,
MPEACTABIAIOIINN THUAPABIUYECKUNA CMOCOO TPAHCIOPTHUPOBAHHUSA, TAKKE BKIIOYAET
00s3aTeNbHBIA MOAYJb 00€3BOKMBAHUS, HO €ro (DYHKLHMS peaju3yeTcsi MOCPeICTBOM
NPUMEHEHHS] CUCTEM NEPEMBIYEK M SKpAHU3AIMKU €CTECTBEHHOE 00€e3BOKMBaHKE, cOopa
OTXKUMHBIX paccoiioB. [IpuMeHnmMa 151 MECTOPOXKAEHUH ¢ rTyOrHoM 3aneranus a0 1200
M U MaKCHUMAaJIbHBIM PAacCTOSIHUEM TPaHCHOPTUPOBAaHUS 10 20 KM.

B 3aBucumocTH oT crieniuUKM U yCIOBUHM KaXA0T0 KOHKPETHOTO MECTOPOKIACHUS
CXeMbl MOTYT TpaHC(OPMHUPOBATHCS C MPUMEHEHHWEM HHIMBUIYAIbHOTO TMOJX0Ja U
UCIIOJIb30BAHUSI COBPEMEHHBIX METOJIOB MEXaHW3allud U aBTOMaTH3alud  JJid
noBbieHUsT 3GOEKTUBHOCTH 3akiafkd. Mcxons W3 BBIIIEU3IOKEHHOTO, TpeldyeTcs
pa3paboTKa METOJIMKH ONpPEIENICHUs] MapaMeTPOB JIOTUCTUYECKOW CXEMBI MOJI3€MHOIO

PYIHHKA C 3aKJIaJIKOM.

2.2. MeToauka onpe/eJieHUs MapaMeTPOB JIOTHCTHYECKOI cXeMbI MO3¢MHOI0
PYAHMKA € 3aKJIAAKOM.

Kaxk u nrobas cucrema, TOrucTUYECKas CUCTeMa MOABEPIKEHA BIUSHUIO BHEITHEH
Cpelibl, MOATOMY HEOOXOJAMMO YUUTHIBATH TOPHO-TEOJOTUUECKHE U MPOU3BOJCTBEHHO-
OpraHu3alMoOHHbIe yclIOBUS pynHuKa. Ocoboe BHHMaHHE CIENYyeT YAEIUThb (U3HKO-
MEXaHUYECKUM XAPAKTEPUCTUKAM BO3BPATHBIX MHMHEPAJIbHO-CBIPBEBBIX IIOTOKOB,
KOTOPBIE YUYHUTBHIBAKOTCS MPHU CO3JAHUM MATEMATUYECKOM U MMUTALMOHHOW MOJEIU, U
OTIPEJICISIIOTCS.  UCKIIOYUTENIbHO JTA0OpAaTOPHBIMU ~ METOJaMH, a TakkKe TOPHO-

re0JIOTUMYECKUM YCIOBUSIM, KOTOPbIE UCCIIEIYIOTCS B MOJIEBBIX YCIOBUsX (puc 2.3).
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Pucynok 2.3 - CtpykTypHas cxeMa METOJIUKH BbIOOpA JTIOTUCTUYECKON CXEMBbI BEJICHUS
3aKJIaJ0YHBIX paboT

J1JIs TOYHOTO TIOCTPOCHHUSI MATEMAaTHIECKOM MOJICIIH U KOPPEKTHOM Bepu(UKAIINN
COCTaBJISIFOIIMX HMMHTAllMOHHOW MOJEeNH ObLT pa3paboTaH KOMIUIEKC MPOrpaMM |
COOTBETCTBYIOITUX METOIUK BKITFOYAS:

- UCClieIoBaHue (PU3UKO-MEXaHUYECKMX CBONCTB KOMIIOHEHTOB 3aKJIaJ0YHON
CMECH C IIEIIBI0 OIICHKH €€ PEOJIOTUICCKUX XapaKTePUCTHK MPHU TPAHCTIOPTUPOBAHUH TIO
MOBEPXHOCTH M MO3€MHBIM BBIPa0OTKaM;

- ICCJICIOBAaHNE KOPPEJSIIIAM HArpy3kKd W BIAKHOCTH Ha CJICKHUBAEMOCTh
3aKJIJJOYHOW CMECH, a TakKKe UCCICJJOBaHUE IIOKa3aTelel aOpa3suBHOCTU IS
oOecrieueHus: 6e3aBapuiiHON pabOTHI CPEICTB MEXaHU3AINH;

- aHAJIM3 BIUSHUS MTPOU3BOJICTBEHHO-OPTraHU3AIMOHHBIX U TOPHO-TEOJIOTHUSCKHIX
(GakTOpOB Ha TAapaMeTphl JIOTHCTUYCCKOW CXEMBbI BEICHUS 3aKIaJ09YHBIX padoT Mmpu
MOJI3EMHOM pa3pabOTKe KATMMHBIX MECTOPOKICHUM.

Kommutekc paboT 1o ormeHKe (HH3MKO-MEXaHUYECKHX CBOWCTB BKIIOYACT PSIJI
7a00paTOPHBIX WCCICAOBAHMNA: BIAKHOCTH 3aKJIAJOYHBIX CMecel, (PaKIMOHHOTO
COCTaBa, HACBIITHOW M UCTHHHOM IJIOTHOCTH, CIICTICHHS U yTIJia €CTECTBEHHOTO OTKOCA,
CJIOKUBAEMOCTH, aOpa3sMBHOCTH, Kod(h(duImeHTa BHYTPEHHETO TPEHUS O TBEPbIC

HECYIHC ITOBCPXHOCTH.
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B wuccnenoBaHMsX BIAXHOCTh OOpa3LoOB KEPHOB OMNpeleNsiach cpaszy Iocie
BCKPBITUSL U OOpE3KM KEPHOB, HA BJIArOMEPE IyTEM BBICYIIMBAHUS UCTEPTOM HABECKH,
macco 30 T [0 TOCTOSHHOM Macchl. Jlmsg 3amaHus HEOOXOAWMOHN BIIAKHOCTHU
COJIEOTXO0/IaM, OHHM MPEIBAPUTENIBHO BBICYIIMBAIUCH JO YCIOBHO BO3AYIIHO-CYXOTO
COCTOSIHUS B CyHIIMJIbHOM MKady npu temmnepatype a0 105°C, 4uroObl yaaluTh BCIO
cBoOOHYyI0 Biary. llocne oxmakaeHuss B SKCHUKAaTOpPE COJIEOTXObl B3BEUIMBAIOT Ha
aHAIMTUYECKUX Becax, MCIOJb3ysl TAPUPOBAHHYIO MOCYAY, ISl onpeneneHus 0a30Bon
Macchl. 3aTeéM, pacyeTHOE KOJIMYECTBO JUCTUJUIMPOBAHHOW BOJbI PAaBHOMEPHO
paclpUIsIETCS HaJl COJIEOTXOJaMH C TOMOILIBIO TOHKOJMCIEPCHOTO PACHBLIATENS.
HeoOxonumass Macca po0aBieHUS BOJBI C LETBIO TOJNyueHUs TpeOyemoil s

KOHCOJIMJallnun 3aKHaJIO‘IHOﬁ CMCCH PACCUYUTBIBACTCA 110 @OpMYﬂC:

mcyxoe BelecTBo xw
m = r 2.1
BOJA 100 1 ( )
I‘}IC mBoﬂa — Macca lIO63BJI$I€MOﬁ BOJIBI nJIn paCCOHa, I mcyxoe BEIIIECTBO ~ Macca

00€3BOKEHHBIX COJICOTX0J10B, T; W — jxenaemast BIaXXHOCTb, %.

[locne yBna)xXHEHUsI COJEOTXOIBbI TIIATENBHO TEPEMENINBAIOTCS W TOBTOPHO
B3BEIIMBAIOTCA JIJIS1 KOHTPOJISI JOCTUTHYTOMN BIQXKHOCTH.

B HacTofmeM wuccieoBaHUM OCHOBHBIM YCIOBHO CYXHM MaTepHalioM, st
UCIIOJIb30BaHMS B COCTaBE 3aKJIa0uHOM cMecu o0e3BoxkeHHbie 10 0,05% coneoTxomasl, a
coneoTxoabl ['pemsunHCKOM oborarutenbHoON (pabpuku co cpenHel BIaxxHOCTh 7,6 %
IpU JOMyCTHUMOW BepxHel rpanuiie - 9%. [losTomy, B cilydae MPUHATHS pEIICHUS 00
UCIIOJIb30BaHUM VI TPOM3BOJICTBA 3aKJIAJOYHBIX CMecel 00e3BOKEHHBIX YCIOBHO
CyXUX COJICOTXOJIOB, TaK KaK MpU BIAKHOCTH 6% W BBIIIE PE3KO YXYIIIAIOTCA
TpaHCIopTabenbHasi XapaKTepUCTUKa cojeoTxonoB [113], HeoOXomammo OIpeneIuTh
CH0C00 WX JTOTIOTHUTEILHOTO 00€3BOKMBAHUS JI0 BIAXHOCTH 5% 1 MeHee [75].

HaceimHass TmJIOTHOCT, CMeCH It MPOTHO3UPOBAHUS  TOBEJACHUS  TPHU
MEepPeMENICHNN W YKIIAJKe W Harpy3Kd Ha TPAHCIOPTHBIE MEXaHU3MBI OMPEIEsIach
cormacao ['OCT 32721—2014 [56]. TlpumeHsuHCh: BEChI DJICKTPOHHBIC MTOBEPEHHEIE,
CUTO C SYCHKaMU pa3sMepoM 4 MM, COCYJl METAUTMYECKUN MUIMHAPUICCKON (HOPMBI

BMecTUMOCTBIO | M3, nuHeiika MeTaTdeckas, COBOK MeTaumndeckuii (puc. 2.4).
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HaceimHast IimOTHOCTH OMpeesiiach MyTeM B3BEITMBAHUS COJICOTXOI0B B MEPHOM
cocyne. IloaroroBneHHble 00€3BOXKEHHBIE COJICOTXOIBI MPOCEMBAIMCH Ha cure. Ha
AIIEKTPUYECKUX Becax TapUpoBajics MepHbIM cocyn. Ilpm momomm coBka cocyn
3aMOJIHSJICSI COJIEOTXOJJaMH C BBICOTOM OT BepxHero obonka +3 cm (puc. 2.4, B). C
MOMOIIBI0 METAJUIMYECKON JWHEHKHM aKKypaTHO YJAJsICS M3JHIIEK COJICOTXOI0B
BPOBEHb C BEPXHUM 000IKOM IIUIUHIPUIECKOTO COCY1a IBMKEHHEM K cebe (puc. 2.4, 1).
YianeHue IWIIHETO MaTepuaia IMpoBoaWiIock Oe3 ymiaotHeHus. Ilocie yero cocyn c
coneorxofgamMu B3BemuBaics (puc. 2.4, e). HacplmHyI0 TUIOTHOCTH COJICOTXO/IOB
OTIpeIETISUTH 110 PopMyJIe

p=m/V, r/cm® (2.2)
IJIe M — Macca TApUPOBAHHOTO COCY/Ia ¢ IPOOoi, T; V- 00beM cocyna, cm®,

a) o) B)

Pucynok 2.4 - Xon BeIMOTHEHUS pabOTHI IO ONPEISTICHNI0 HACKIITHOM MIIOTHOCTH
COJICOTXOJIOB: a) MPOIMYCK COJCOTXOI0B YEPE3 CUTO; 0) TapHUPOBaHUE MEPHOTO COCY/Ia;
B) 3aIOJTHEHHUE COCYJla Ha 3 CAaHTUMETpA BBIIIEC OT BEPXHETo 000/1a cocya; I') yaajleHue
U3JIMIIKA COJICOTXO/IOB; /1) aKKypaTHO 0e3 yTpaMOOBKH 3aMJICHHBIN COCY/I; €)

B3BCIHINMBAHUC TAPHUPOBAHHOI'O COCyZa C COJICOTXOAaMH

Pa3Mmep vactuil onpeaensieT BO3MOKHOCTh UX EPEMENIECHUS B PA3JIUYHBIX BUAX
TPaHCIIOPTa, BKJIIOYasi KOHBEWEPHI, TPYOOPOBOABI U APYTHUE CPEACTBA MEXaHU3AIUHU U
onpenensuics coriaacHo 'OCT 12536-2014.

B xome HawanpHOro »Jrama WCCIENOBAaHUN TI'PAaHYJIOMETPUUECKOIO COCTaBa
COJIEOTXO/IOB OBLIO YCTAaHOBJIEHO, 4YTO pPACCEB HX CYXHUM CIIOCOOOM HE Jaer
pEe3yJIbTAaTUBHOCTH, BBUAY 3HAYUTEIBHOW arperupoBaHHOCTH MHMHEpPAJIbHBIX 3€peH. B
ATOW CBS3U TPAHYJIOMETPUUECKHI COCTaB COJIEOTXOAO0B ObUT M3YYEH METOJOM MOKPOTO
CUTOBOI0 aHAIM3a Ha aBTOMAaTHYeCKOW IpocenBaromerd mamumHe EML 200 npu
HEIPEPHIBHOM Mmojjaue 000POTHOTO paccoyia 000raTUTENbHON (GaOpUKK HA BEPXHEE CHUTO.
OTtBOa M cOOp paccosra Mocyie HWKHEro cuTa ¢ pazmepom siaeek 0,044 MM IpOU3BOIUIICS

TAaKKC HCIIPCPBIBHO 4YCPE3 CIICHUAIIBHO IMPCAHA3HAYCHHOC I IIPOBCACHHA MOKPOI'O
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aHanuza gaHume (puc.2.5). OcraTku Ha CHUTax MOCJ€ T[OJHOrO0 JPEHUPOBAHUS
BBICYIIMBAJINCh B CYIIMJIBHOM IIKady 10 IOCTH)KCHHS MOCTOSHHONW MaccChl, 3aTeM
B3BELIMBAJINCH HEMOCPEACTBEHHO Ha cuTe. Macca KaXJIoro Kiacca KpYyIMHOCTH

onpeaciaaach IyTEM OLCHKHU PAa3HUIIbLI MACChI CUTA C MAaTCPHAJIOM K MAaCChbl CaMOI'0 CHUTA.

Pucynok 2.5 - IIpoceunatomiasi mammmia EML 200 ¢ BO3MOKHOCTBIO HETIPEPHIBHOTO
0TBOJIa paccoJa (a) ¥ OCTaTKU Ha CHTaX MOCJIe MPOBEICHUS pacceBa MPU MOKPOM
CUTOBOM aHaju3ze (0)

JIns OLIEHKH CTENEeHW YIUIOTHEHUsS CYXOro 3akKjaJO4YHOro MaTephaia IoJ
BO3/ICHCTBHUEM HArpy30K, MOJYyUYEHHBIX B XOJ€ €ro CIycka B TPyOOIIPOBOJI€ B YCIOBUAX
TIIyOMH 3aJIeraHusl COJITHBIX MECTOPOXAeHUH, peBbimatomux 1000 M, Obu1H IpOBEIECHBI
AKCHEPUMEHTAIBHBIE HCCIEAOBAaHUS HAa CMECHU COJIEOTXOJIOB C BIAXKHOCTBIO 8%
(COOTBETCTBYET CpeaHEH TeKylied BIAKHOCTH  COJEOTXOJ0B [ 'pemMsunHCKOM
oborarurensHoil (abpuku), 5% (B COOTBETCTBUM C ONTUMAIBHBIMH YCIOBUSMHU
ITHEBMATUYECKOTO TPAHCHOPTUPOBAHUS CMECH M KOHCOJMJAIMU B 3aKJIaJbIBAEMbIX
kamepax) u 0,05% (ycioBHO cyxas cMech). MeTonuka HCHBITAHUN 3aKiIOYaiach B
CIEAYIOIEM:

— TPOU3BOJUIOCH PAaBHOMEPHOE 3allOJIHEHHE CTaHAAPTHBIX (OpPM, C pasMepoM
rpaneii 70x70x70 MM, TOATOTOBICHHBIM COCTaBOM CMeCH TpeOyeMoOil BIIaKHOCTH,
Maccoir 365 r. BepxHsAs OTKpbITasg rpaHb HAKpbIBaJaCh METAUIMYECKOW TIJIACTUHOM,
pazmepom 70x70x10 MM, KOTOpas B AaJbHEHIIEM CITy>KHJIa OMOPOU JIJIi PABHOMEPHOM
nepefaynl Harpy3kd OT THAPABIMYECKOrO Mpecca Ha HMCCieAyeMblid oOpasel] cMecH

COJIEOTXO/IOB;
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— 00pa3lpl yCTaHABIMBAIUCh MOJ TuapaBiuueckuid mpecc Instron-300DX ¢
nporpamMmHbIM obOecrieueHreM Bluehill (puc.2.6, a), koTopsiM 3a1aBaniock nepeMenieHIe
omnopHOM miacTuHskI ¢ marom 5, 10 u 15 mm. Cxema Harpy»keHust oOpasiia MnpecTaBieHa
Ha puc. 2.6, 0;

— Janee MPOU3BOJIWIIACH MPOBEPKA CTEMCHH YIJIOTHEHHWs o0paslia Ha CIeNUaTbHO
CO37aHHOW ycTaHOBKe (puc.2.7), MpUHLHUI pabOThl KOTOPOW Oa3upyercs Ha MPUHIUIIAX
paboTHI MEHETPOMETPA, IJIe MPOU3BOAUIIACH (PUKCAIUS CTETICHH 3ariayOieHust B 0Opasell

CIIMIbI, TMaMCTPOM 3 MM, OTHYIJ_ICHHOI\/'I C SaHaHHOﬁ BBICOTBI.

70mm

Pucynok 2.6 - Cxema Harpy>keHus o0pasia B UCIIBITaTeIbHOM KOMIUIeKce Instron nmpu
3aJIaHHOM TIepeMelIeHnn: 1 — oOpaser] CyXoil 4acTu 3aKiIaIoYHON cMecH; 2 —
Kyouudeckas popma; 3 — UCXOAHOE MOJIOKEHUE OTIOPHOM MIIACTUHBI; 4 — KOHEYHOE
MOJIOKEHHE TIACTUHBI; F — BepTUKaibHAas CHIa CIaBITUBAHUS

(W O
Pucynok 2.7 - YcraHOBKaA 1JIsl ONPEAEIEHNs CTENEHU YIULIOTHEHUS COJIEOTXO0B B
KyOmdeckoit popme: a — HanewatanHas Ha 3] mpuHTEpe rOpU30HTANIbHAS TpaBepca C
YCTAHOBJICHHOM B Hee CIUIlEl; O —yCTaHOBKA Ha HAIMPAaBIIAIONIUX U C U3BMEPUTEIIHLHOM
HIKAJIOW MEPEMEILIEHUS TPABEPCHI
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JIist CpaBHUTENLHON OIICHKH CTEICHHW YIUIOTHCHHS COJICOTXOOB pPAa3THUIHON
BJIQXHOCTH OBLI TMPOBEACH CIACAYIOMMNA dTal HWCIBITAaHUH, MPEAyCMAaTPUBAIOIIHNA
KOMILJIEKC paboT:

-IO/IBIDKHASL  matgopma  pa3paOOTaHHOTO  HM3MEPUTENBHOTO  YCTPOMCTBA
BBICTABJISIACh B TOPU30HTAIb 110 YPOBHIO WM OTBECy. BIob HampaBIsIONIAX
yCTaHaBIMBAIACh JIMHEWKA, GUKCHPYIOIIas MEPEMEIICHHIE TIAT(HOPMBIL;

-U3MepsUTach HadajdbHAs TOYKA KOHTAKTa CIUIBI C HMCHBITYEMBIM 0O0pa3Iom,
Harpy>XeHHBIM TIOJ] TPecCOM. Pe3yabTaThl UCIIBITAHNN 3aHOCHIIMCH B CBOJIHYIO TaOJHUITY
OMbITAa KaK «HYJieBas TO4Yka». JIJisi yMEHbIICHUs 3HAYCHHUS KOd(UIIMEHTa TPEHUS O
CTCHKH MEPHOTO COCYy/Ia MPHU NMEPEMEIICHUH JIBIKYIIICH YaCTH HANPABJISIFOIINE CTEPIKHU
CMa3bIBAIUCH.

JIIsi  OLIGHKW BO3MOXKHOCTH TIEPEMCIICHUs MaTepuaja Ha KOHBEHEPHOM
TpaHCIIOPTE M BBIOOpPA MaKCHUMAaJbHO JIOMYCTHMOTO yrja TOoJbeMa WIH CITyCKa
KOHBEHEPHOTO TPAHCIIOPTA OMPEEIISIICS YroJl €CTeCTBEHHOTO OTKOCAa COJICOTXO/IOB B
YCIIOBHO BO3/IyIITHO-CYXOM COCTOSTHHH B COOTBETCTBUU ¢ Metoankoid PCH 51-84.

VYToJl €CTeCTBEHHOTO OTKOCA CHIMYYEero MaTepuana B Mokoe (1) KOPpeIupyer ¢
YIJIOM €CTECTBEHHOTO OTKOCa B IBIKEHUH () hopmyie:

¢=1(0,35...0,7) @1, = (2.3)
JInst onpejiesieHus] yrila €CTECTBEHHOIO OTKOCA COJIEOTXOJOB HCIOJIh30BANIACE

crielimaabHasi yCTaHOBKa KapeTka (puc.2.8), cocTosias u3 JOTKa C PETyJIUPYEMbIM YIIIOM
HAKJIOHA, EMKOCTH JIJIS 3aCHINKU MaTepuaa, JMHEUKHU WU TPAHCTIOPTHPA IJIs1 H3MEPEHUS
yria eCTECTBEHHOTO OTKOCa HUCIbITyeMoro marepuana. Ilepen Hauamom wusmMepeHUi

CMECH COJIEOTXOIOB MPEABAPUTEIHHO 00€3BOKHBANIACH /10 BiIakHOCTH 0,05%.

Pucynok 2.8 - KapeTka miig onpeneneHus yria eCTeCTBEHHOIO OTKOCa
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3areM mMaTepHual MeIJICHHO BBICHITAJICS B TOPU30HTAIBHO PACIIONOKECHHBIHN JIOTOK,
o0pa3ys paBHOMEPHYIO HAChIb 0€3 KPYThIX CKaToOB. JIOTOK MOCTENEHHO HAKIOHSJICS Ha
yroin 45, moka He HAYMHAETCS CKOJIbKEHUE MaTepuana. B aToT MoMeHT ¢ukcupoBacs
yroJl HAKJIOHA MEXy MOBEPXHOCTHIO JIOTKA U TOPU3OHTATBHON TIOCKOCTHIO, KOTOPBIH
OTIpe/IeTIsICS KaK YroJl eCTeCTBEHHOro OoTKoca MaTtepuana. lIpomemypa moBTopsiiach 3
pa3a ¢ HOBBIMH MOPIUSAMHU MaTepuasa Ui 00eCHeUeHUsl TOCTOBEPHOCTH PE3yIbTaTOB
AKCIIEPUMEHTA, a OKOHYATEIhbHOE 3HAUYCHUE YyIJIa OMPEeNIOCh KaK CpeaHee U3 Tpex
U3MEpPEHUN.

AOpa3uBHOCTh - 3TO TOPHO-TEXHOJOTMYECKOE CBOWCTBO, XapaKTEpH3YIOIee
CIIOCOOHOCTh TOPHOM MOPOABI M3HANTUBATH KOHTAKTUPYIOIINE C HEH MOBEPXHOCTH, OHO
SBJIICTCS HEOOXOAMMOWM XapaKTEPUCTHKON I OICHKA PHCKOB TNPHUMCHCHUS
TOPHOTPAHCIIOPTHBIX M TOPHOMNPOXOMYECKUX MaluH [loCKOJIbKY HE CYIIECTBYET
rOCyJlapCTBEHHOTO CTaHIapTa JUIsl ONpeJesieHuss aOpa3WBHOCTH TOPHBIX TOPOJ, a
NPOBEJICHUE HATYPHBIX OSKCIECPHUMEHTOB C TOPHBIM OOOpPYJAOBaHHEM OKa3aioCh
HEBO3MOXXHBIM B paMKax JaHHOTO HCCIIEIOBaHUS, ObLII MPUMEHEH METOJI OTpeIeICHHUS
a0Opa3MBHOCTH MO WUCTUPAHHUIO CTaJbHOTO CTEpXkHsS, paszpaboranHbii mnpod. JLU.
bapornom u A.B. Ky3uenossim [89].

CyTp MeTOAa 3aKII0YaeTCs B CICAYIOIIEM: TOpEll IJIMHIPUYECKOTO CTaIbHOTO
CTEpP)KHS MCTHpAICI O HeoOpaOOTaHHYH0 TIOBEPXHOCTh oOpasla 3aKJIaJ04HOTO
MaTepHalia Ha OCHOBE COJICOTXOJIOB MOPOJIBI MPHU BPALIEHUU €r0 BOKPYT MPOJOJIbHOU
OCH, TIOCJI€ YETr0 U3MEPSIICA U3HOC CTeprKHsI. VcTbITaHNe MPOBOAMIOCH HA CIIEIUATBHOM
yCTaHOBKE, OOOpyJOBaHHOW Ha ©0a3e OOBIYHOTO CBEPIUIBHOTO CTaHKa C
HE3HAYNUTEIbHBIMA  KOHCTPYKTHBHBIMM  W3MEHEHUsMH. VIcTupanue  CTEpxKHS
MPOU3BOIUIIOCH TIPH OCEBOM Harpy3ke 15 Kr mpu ckopocTu Bpamienus oOpasma 400
0o0/mMuH. B kauecTBe 00pa3IoB UCMONB30BAINCH MITYYHBIE KYCKH MOPObl, BecoM 0,1-2
Kkr. CTepKeHb B3BEIIMBAJICSA HA aHAJTUTHYECKUX BECaxX ¢ TOYHOCTHIO 10 0,1 MT, 10 1 mociie
ucneiTanus. Kpurepruem abpa3suBHOCTH TOPHON TTOPOJIBI CITYKHIIA TTOTEPS BEca CTEPIKHS,
BBIPKEHHAS B MIUIJTUTPAMMaX, 32 CTAaHJAPTHOE BpeMs UCTIbITaHus — 10 MUHYT.

[Tokazatenp aOpa3sWBHOCTH TOPHOW TIOPOABI BBIUMCISUICS HA OCHOBaHUHU

PE3YIBTATOB OIBITOB MO CIEAYIONIEH popmyIe:
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T qq
1
a==—"—"——,Mr (2.4)

2n
r7e, 1 — TMOTEPS B BECE ITAJIOHHOTO CTEPKHS 3a KaXK/bIi MapHBINA OMBIT (UCTUpaHUE
CHayaja OJIHOTO, a 3aTeM JPYroro KOHIIA CTEPKHS), MT'; T — YKCJIO TAPHBIX OMBITOB.

[Tpon3BOACTBEHHO-OPraHU3aAIMOHHBIE  MApaMETpPbl  JIOTUCTUYECKOM  CXEMBI

3aKJIaJOYHBIX PAa0OT Ha KAJMWHOM PYIHHUKE OMPENEISIIOTCS HAa OCHOBE KOMILIEKCHOTO
aHaJIN3a IPOCKTHOW JOKYMEHTALUM U TOPHO-TEOJOTUUECKUX YCIOBUH MECTOPOKACHUS,
B COOTBETCTBUU C pa3pabOTaHHBIM TEpPEYHEM XapaKTEPUCTHK, MPEJICTABICHHBIX B

tabnuue 2.2 [93].

Tabnuua 2.2 - OCHOBHBIE TPOU3BOICTBEHHO-OPTraHU3aIlMOHHbIE TApaMETPhl KaJIUIHOTO
pPYJIHUKA, BIUSIONINE HA BIOOP JJOTUCTUYECKON CXEMbI 3aKJIJIKH.

Ne .. ITapameTp O6o3nauenue | PazmepHocth

1 roJI0Basi MOITHOCTh PYIHUKA MO Py/e Qpyx MJTH T/TOJT

2 KOJIMYECTBO pabOYMX JHEH B TOY Tx bi

3 KOJIMYECTBO pab0YMX YaCOB B CYTKH te !

4 IJIOTHOCTh MMUHEPAIBHOTO CBIPhSI B MACCUBE Pu KT/M°

5 IJIOTHOCTH paccoJia B IMyJIbITe Pp Kr/m®

6 TUIOTHOCTD BJIAYKHBIX COJICOTXOJIOB Ox Kr/m°

7 TJIOTHOCTH COJICOTXOJIOB B y3J1€ Pc Kr/m®
MYJBIONPUTOTOBJICHUS

8 KOJIMYECTBO JTHEU pabOTHI cod U Nau THEH
TUAPO3aKIIaI0YHOTO KOMIUIEKCa B TOJ1y

9 r0/I0Basi MPOU3BOIUTEIHLHOCTh KOMILIEKCA TI0 Qron 1 MJIH T/TOX
TBEP/AbIM TaJIMTOBBIM OTXOJaM

10 MaKCHUMaJbHas 4acoBasi 10Jla4ya COJIEOTXOMI0B C | tec MJIH T/4
(habpuku

K OCHOBHBIM T'OPHO-TCOJIOTHYECKUM (haKTOpaM, OKAa3bIBAIOIIMM pEIIaroiee
3HAYCHHE Ha BHIOOP JIOTHCTUYECKOW CXEMbI BEJICHUS 3aKIaJOYHBIX PabOT, OTHOCATCS:
pasMep | IUIONIa[b CEYEHHs, JJIMHA TOPHBIX BHIPAOOTOK, YKIIOH TOPHBIX BBIPAOOTOK,
TUIICOMETPHS IIJIACTOB, YCTOMYMBOCTH OOKOBBIX TIOPOJ W HAJIWYHE T'€OJOTHUYCCKHX
HapyuieHui (tadiu. 2.3).

N3mepenune pa3Mepa cedeHHs] TOPHBIX BBIPAOOTOK MPOBOJMIIOCH B JBa JTara:
MOJITOTOBUTENILHBIA M TTOJE€BOM. Ha MOAroTOBUTEIFHOM 3Tall€ BBIMOJHSAIOCH U3YYEHHUE
re€0JIOTMYECKOM JTOKYMEHTAIMK y4acTka. lloneBoil aTanm BKIIIOYAN HEMOCPEICTBEHHBIE
M3MEPEHUS B TOPHBIX BhIpaboTKax. J[J11 mpoBeneHuss paboT ObLI BRIOpaH MPSMOU METOT
M3MEPEHMS, TOCKOIbKY MMEJICS HEMOCPEICTBEHHBIN JOCTYN K BhipaOoTkaM. M3aMepeHus

MPOBOJWIIUCH C TIOMOIIBIO KOMIUIEKTa OOOpYAOBaHUsS, BKIIOYAIOIIETO PYIETKY,
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Ja3epHBIA TaJbHOMEP U MapKLIEHAEPCKYIo peiKy. [lepBoHauanbHO 3aUMILAIUCh KPOBIIS

M T1OYBAa IUIAaCTa. 3aTeM BBIIOJHAIMCH 3aMepbl MOIIHOCTH B HalpaBICHUH
MIEPIIEHNKYJIIPHO K KPOBJIE U MOYBE IIAacTa. Beero mpoBoamIocs 3 U3MEpPEHUs B TpeX
BbIpAa0OTKAaX — TPAHCHOPTHBIM IUTPEK, KOHBEHEPHBIH IITPEK U Yy MNpU3ab0HHOTO
MPOCTPAHCTBA, IO TPU U3MEPEHUS B KAKI0M BbIPAOOTKE.

Tabnuua 2.3 - OcHoBHblE ropHo-reonorundyeckue ¢akropsl ['pemsunnckoro ['OKa,

BIIUSIOLIME HA BBIOOD JIOTHCTUYECKOM CXEMBbI 3aKJIaJJOUYHbIX padoT.

Ne | ®dakrop O06o3Hauenune | BiusiHue HA TPAHCIIOPTHYIO CXeMy
ILIL.
1 pa3mep cedeHus u MHA | M1 BIIUSICT HA BUJ, THII W THIIOpPa3Mep IIaXTHOTO
TOPHBIX BBIPAOOTOK TPaHCIOPTHOT'O 000py10BaHUS u
MIPOU3BOJICTBEHHON MOIIIHOCTH PYJAHHKA
2 yrojl TaJCHUS TOPHBIX | O OTpaHUYUBAET chepy MIPUMEHCHHUS
BBIPaOOTOK TPAHCIIOPTHBIX CPEJICTB; BIUSET HA BHIOOp THIIA
KOHBEWEpPOB
3 TUIICOMETPHUS IJIACTOB Gn BIIMSIET HA KPUBOJMHEHHOCTD BBIPAOOTOK U BBIOOD
4yHcia KOHBEEpOB
4 YCTOWYMBOCTh OOKOBBIX | K y BIIMSET HA BHIOOP KOHCTPYKTUBHOTO MCTIOJTHEHUS
opoa CTAIMOHAPHBIX TPAHCTIOPTHBIX YCTAHOBOK
5 BJIAKHOCTh u|W,D BIIMSIET Ha MOKAa3aTeM HAJIECKHOCTH IIAaXTHOTO
3aIbUICHHOCTD, TPAHCIIOPTHOTO 000PYIOBaAHUS
pyIHUYHOM aTMOoChephl
6 Te0JIOTHYECKUE Fr MOTYT BBI3BaTh COOM B pabOTe TPaHCHOPTHOTO
HapyIIeHUs 00opynoBaHHS U TPEOYIOT 0co00Oro moaxona K
IJIAHUPOBAHUIO TOPHBIX paboT

Onpenenenue yriia mnOaAeHUs IUIACTOB MPOBOJMUIOCH C HCIHOJIB30BAHHEM
BBICOKOTOYHBIX T€0A0JIUTa. C MOMOIIBIO HUBEJIMPHBIX PEEK HU3MEPSIIUCH MPEBBIINICHUS
BBICOT MEXJy TOYKAaMHU KpOBJIM U TMOYBBI IUIACTa, a PACCTOSIHUE MEXAY HHUMHU
OMPENIEISIIOCH PYIETKON WU JAIIBHOMEPOM TE€OA0JIUTA. 3aTEM BBIIIOJIHSIICS pacyeT yria
MaJICHHUs.

W3mepeHre 3ambIICHHOCTH BO3AyXa MPOBOJIWIIOCH C HMCIOIB30BaHHEM MpHUOOpa
[IKA-01 (puc.2.10). Toukum wu3MEpeHUS BBHIOMPAIUCH B Y3JaX COCPEIOTOUYCHUS
TOPHONPOXOAYECKON TEXHUKU M B KOHBEMEPHBIX rajiepesx MpsMbIX I'Py30MO0TOKOB. B
KaKJIOW BBIOPAHHON TOYKE BBIPAOOTKH IMPOM3BOJIMIICS OTOOp MpPOOBI, BpeMs OTOOpa
MpoObl YCTaHABIMBAIOCH B 3aBUCHUMOCTH OT MPEIOIAaraeMoil KOHIEHTPAIMHN MBUIA U
OOBIYHO COCTABIISIIO 2-5 MUHYT, THOO 10 OCTAHOBKH TPHOOpPA M3-3a 3aCOpeHUs QUIbTpa,
YTO CBUJETEIBCTBYET O CBEPXBBICOKOW 3amblieHHOCTH. [locie KakIoro uaMepeHus

(UKCUPOBAINCH TMOKAa3aHUs MPUOOpa, BKIIOYAsT MAcCy YJIOBIEHHOW MbUIM U 00bEM
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IIPOKAYaHHOI'O0 BO34yXa. /[y MOBBIIEHNS AOCTOBEPHOCTU PE3yJbTaTOB U3MEPECHHUI B

KaXJ10M TOUKE IMPOBOJANIIOCH HEC MCHEC TPEX IMOCICA0BATCIbHBIX 3aMCPOB.

Pucynok 2.10 - U3mepenune 3anbuiénHocT Bo3ayxa npudopom ITIKA-01 B ycnoBusix
I'pemstunnckoro I'OKa.

JIJisi ipoBeIeHUsT UCCCAOBAHMIA 1O OMPECICHUIO TEMITepaTyphl M BIAKHOCTH
PYIHUYHOTO BO3JyXa HCIIOJB30BAIMCH IOPTATUBHBIC TPHOOPHI:  AICKTPOHHBIN
tepmomerp AR - 360 um rurpomerp. Benetech GM1362 (puc.2.11). C yyactuem
CHEIUANMCTOB [ PEeMSYMHCKOTO pYyJAHHMKA OBUIM ONPECICHBI KIIOYEBBIC YYaCTKU
pyIHUKa JUIS TPOBSACHUS W3MEPCHWM, BKIOYas pabodnWe 30HBI, TYINMHKH U
BEHTHISIIUOHHBIE BHIXOJIBI.

6)

Pucynok 2.11 - Dnextponusriii TepmomeTp AR — 360 (a) u rurpometp Benetech
GM1362 (6)

JIns u3MepeHust TemMIepaTypbl BO3AyXa 3JIEKTPOHHBIM TEPMOMETP pa3MEILAIICS Ha
BbicoTe 1,5-2 M OT ypOBHSA TOYBHI BBIPAOOTKM B KaxK[oil Touke 3amepoB. I[locie
cTabminu3anuy  TMOKa3aHWW  mpubopa  MPOJMOJDKUTEIBHOCTHIO  1-2  MHUHYTHI,
(UKCUPOBATUCH TOKa3aHUSI TeMIepaTypbl. M3MepeHus MpOBOAWINCH MO BCEU CETH
BBHIOpDAHHBIX yYacTKOB. AHAJOTUYHBIA TPHHIMI W3MEPEHHUS TMPOBOJIWICS IS

OTIpeIeNICHUs] OTHOCUTEIIBHOM BIIAXKHOCTH C TIOMOIIBIO TurpomMeTpa Benetech GM1362.



74

Jlist onpeneneHysi TeoJOrnYecKux HapyluIeHWi Ha Haubosee OMacHbIX y4acTKax
TOPHBIX BBIPAOOTOK, TOJIBEPKEHHBIX CTPYKTYPHBIM HAPYIICHUSIM, TaKUX KaK 30HBI
pPa3JIOMOB, KOHILIEHTPALIMM TEKTOHUYECKUX HANPSDKEHUNW W yYaCTKOB C AKTUBHBIM
oOpylIeHneM Mopo, ObUI MPOBEJEH BU3YaJIbHBIM OCMOTpP BhIpaOOTOK. B Xxome storo
ocMoTpa (DPUKCUPOBAIMCH BUIAUMBIE MPHU3HAKH T'€OJOTMYECKUX HAPYIICHHWH, BKIIOUYas
TPEILLMHbI, CMELIEHUs, O00Bajbl MOPOJA, MPOCEAAHMS W B3AyTHUS IOYBBI, MPOTUOBI U
U3JIOMBI.

Takum o00pa3om, BBHIOOp palMOHAIBHOM JIOTUCTUYECKOM CXEMBbl 3aKJIaJI0YHBIX
paboT JOJDKEH MNPOM3BOJUTHCS HAa OCHOBE pa3pabOTaHHON METOAMKHM C Y4YEeTOM
BJQXHOCTH, A TakK€ OLEHKM BIWSAHUS  JUHAMHYECKMX  HArpy30K  IIpHU
TPAHCIIOPTUPOBAHUM  HA  (PU3UKO-MEXAaHUYECKHME  CBOWCTBA  COJEOTXOAOB  C
MaTE€MAaTUYECKUM MOJIEITMPOBAHUEM Mpoliecca MEPEMYCKa CMECH MO BEPTUKATBHOMY
3aKJIaIOYHOMY TPYOONpPOBOAY JUIsl CHIDKEHHSI pHUCKa KOHCOJMIAIMU COJIEOTXOJOB B
NEPErPY30YHBbIX y3J1laX M MX 3aKynopuBaHus. Ha oOCHOBE BBISBICHHBIX paHee
XapaKTepUCTUK U YCIOBUN JKCIUTyaTalluu pyJHUKa ObLI pa3paboTaH MaTeMaTUYeCKUi
amnmapaTr [Jis MOJENHMPOBAHMS IPOLECCOB INMEPEMEIIECHHUS] BO3BPATHOTO MUHEPAIbHO-

CBIPBCBOTI'O ITOTOKA.

2.3. MaremaTH4yecKHuii anmapar pacuera pallMOHAJbHBIX IApaMeTPOB
JIOTUCTHYECKOM CXeMbI MOJA3€MHOI0 PYJTHMKA € 3aKJIATKOU

MaremaTuueckue MOJEIN ra3o-, reo- U TUAPOAUHAMUKHU IIUPOKO MCIIOIb3YIOTCS
B HayKe M TEXHUKE M SABISIIOTCA 0a30i AJi WCCIEAOBAHMS TPUPOIHBIX SIBICHUU U
TEXHOJIOTUYECKHX TMporeccoB. OCHOBOW TPaJWLIMOHHBIX MOJEJEH BBIUUCIUTEIBHOM
ruapoanHamMuku (CFD) aBnsroTcst 3aKOHBI COXpaHEHUS MACChl, UMITYJIbCa M dHEPTHUH
CIUIOIIHOM cpenibl. B cirydae BSI3KOM Cpelibl 3TH 3aKOHBI 3aIIUCBIBAIOTCS B BUJIE CUCTEMBI
muddepeHnuaIbHbIX YpaBHEHUN B YACTHBIX MPOW3BOIHBIX, HA3BIBAEMBIX YPAaBHCHHSIMU

HaBbe — Croxkca. Cuctema BKIIIOUaeT B ce0s ypaBHEHUE HEPa3phIBHOCTH:
] .
a—’; + divpv = 0, (2.5)

rie p — IIOTHOCTB CPeibl, KI/M3, t — BpeMsi, ¥ — CKOPOCTb CpPeJIbl; a TaKkKe ypaBHEHHUE

JABMOKCHUSA XKUAKOCTH.
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ov
p [— + (- V)v] = —Vp + nAv + pf (2.6)
Jt

rie p — IUIOTHOCTh XHUAKOCTH, Kr/M*, v =(U,V,W) — BEKTOp CKOPOCTH IOTOKa;, Vp —
TpaJNeHT AaBJICHUS; 1] — TMHAMHUYECKas BA3KOCTh, [la-c; f — BHenIHMe cuitbl (Hampumep,
cuia Tskectu pg), H.

OcCHOBOI BCEX YMCIEHHBIX METOJOB SBISIETCS MaTeMaTU4ecKas MO/JEb,
cocrosiljasi M3 CUCTEMbl JUPPEpPeHIHATBHBIX WM HHTErpo-audepeHranbHbIX
ypaBHEHUW B YACTHBIX MPOU3BOJHBIX C y4Y€TOM TPAaHUYHBIX YCJIOBUH U KPUTEPHUEB
ONTUMAJIbHOCTH, ONMUCHIBAIOIIMX KOHKPETHYIO 3ajauy. B 3aBUCHMMOCTH OT ypOBHS, Ha
KOTOPOM MPOUCXOAUT OINKCAaHHEe MOAeNed W 3aJay, MPUMEHSIOTCA pPAa3JIHYHbIE
BBIUMCIUTENIbHBIE METOABL. Pa3iensioT MakpOCKONMUYECKHH, MHKPOCKOIMMYECKUH H
ME30CKOIUYECKU YPOBHU MojenupoBaHus. Ha MakpocKonmuueckoM YpOBHE, Kak
NpaBWIIO, Cpella paccMaTpuBaeTcs Kak cruiomHas. K ypaBHEHHSM, ONUCHIBAIOLIUM
oI00HBIE 3a/1a4M, OTHOCSITCSL YIIOMSHYTHIE BhIle ypaBHeHus: HaBbe — CroKkca.

[TapameTpbl 3aKiafoYHBIX TPYOONPOBOAOB M PACXOJ 3aKJIaIOYHOM CMecH B
YPaBHEHHSIX ONPENENSIOTCS, UCXOJ W3 3HauYeHUs pabouyell CKOPOCTH MepeMelleHUs
CMECH Vpas, M/C, KOTOpAs 3aBUCUT OT 3HAUEHUS €€ KPUTUUECKON CKOPOCTH IBUKEHUS Vi,
m/c.

Kputnueckass CKOpOCTh 3aKJIaJOYHOW IMYJbIBI — CKOPOCThb, IPU KOTOPOH
coJiepKaluecs: B HECYIIEH KUAKOCTH B3BEIICHHBIC TBEP/IbIE YACTUIIBI HE BBIMAIAIOT U3
NOTOKa W HE HapyllaeTcss pPeXUM JIAMUHAPHOTO [IBIDKEHHMSI CMECH. 3HAuYeHUE
KPUTHYECKON CKOPOCTH JABUKEHHS CMECH MOKA3bIBAET, IPU KAKOM CKOPOCTH JIBHIKCHHUS
cMecu OyneT NPOUCXOAMTH 3alMBaHUE TPYyoOmpoBoAa (Vpws < Vip) WIM HHaYe
MPOUCXOAUTH TOTEPs] CTAOUIBHOTO MpOLEcca IBUKEHUS MYIbIBI (Vpas > Vip). [103TOMY
pEeKOMEHJyeTcs MMoAOupaTh TpyOONpOBOA, a UMEHHO €ro YCJOBHBIM MNpoxon
(BHYTpEHHUH JUaMETp) TaK, YTOOBI €T0 3aMoJTHEHUE 3aKJIaJOYHON CMEChIO ObLIO TaKHUM,

9T00BI 00€CTICYMBAIOCH IIPEBBIIICHNE padoUeii CKOPOCTH Ha ypoBHE 0K0j10 10 %:

Vpas = 1,1 Vp, M/C (2.7)
Cornacao «[locoOui0 1O MPOEKTUPOBAHHUIO THIPABIMYECKOTO TpaHcmopra (K

Cuull 2.05.07-85)» [102], kpuThdeckas CKOPOCTh JBHIKCHHS CMECH 3aBHCHUT OT

IPaHyJIOMETPUYECKOr0 COCTaBa TBEPJIOM (Ppakuuu B MEepeMellaeMoil mMacce, a TaKkKe
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IUVIOTHOCTH (pakuuMid B MyJdblle M BHYTPEHHEro JuaMmerpa TpyoompoBoaa. [ns
VOPOUIEHUS ~ PacyeTroB,  HapaMmeTpbl,  ONHUCHIBaKOIIUME  (HU3UKO-MEXaHUUYECKUE
XapaKTEePUCTUKU CMECH CBOJSTCS K ONpeeeHHo ko3 duuuenTa k u Toraa BelpakeHHe
JUISI ONIpEICNIEHNUS KPUTUYECKON CKOPOCTU UMEET CIAEAYIOIIUNA BUT:

pr =k- DBH, M/c (28)
rae K- koadduipent, xapakTepu3ylmuid (QU3NKO-MEXaHUYECKHE XapaKTEPUCTUKH

ruapocmecu, aig  coieBoil mynbnbl  k1=10,58; Dy, - MakcuManbHbI BHYTPEHHUUN
JIUaMETp y4acTKa MyJbIONpOBOJa, M

Jnst  onpeneneHuss KPUTHUECKOW UM COOTBETCTBYIOUIEH paboueld CKOpOCTH
JIBUKEHUS 3aKJIaJI0YHOM CMECH HEOO0XOAMMO TNEpPBOHAYAIBHO 3aJaThCsi BHYTPEHHHUM

IUaMeTpoM TpyOONpoBOAa U ONPENEIUTh PAcXo] CMecH Mo (popmyre:

.Nn2
Qun = Vpag " 24+ 3600, M3/a (2.9)

3aTeM MPOBEPSIOTCS 3HAYCHUS TIOTYUCHHBIX KPUTUYECKOU (Vyp) M paboueid (Vpas)
ckopocTH 1o ¢opmyinam (2.8) u (2.7). B ciayuae, ecnu pabodasi CKOPOCTh OyJ1eT MEHbBIIIE
KPUTHYECKON CKOPOCTH B KXKIOM M3 HHUX, TH 3HAUCHUS CPAaBHUBAIOTCS C PACCUNTAaHHOU
panee pabodeil CKOpPOCThIO. B cilydae HECOOTBETCTBHS KPHTHYECKOW CKOPOCTH
BBIOMpAETCs NPYrod auamMeTp TpyOONpoBOJa, W pacueT NPOU3BOAMTCS HAa HOBBIX
YCIIOBHSIX.

Paboyas ckopocTh o TpedyeMoMy pacxo 1y 3aKJIaIoOYHON CMECH JIJIsE 00eCTICUCHHS
rOMIOBOM  MPOM3BOJMTENBHOCTH  TPYOONPOBOAHOTO  TPAHCIIOPTA,  Vpas, M/,

paccuuThIBaeTCs 1O MpeoOdpa3zoBaHHOM Gopmyrie (2.9) 1 onmuckIBaeTCs BEIPAXKCHUEM

Vpas = % , M/c (2.10)
JInd  TuapOMEXaHW3MPOBAHHOIO BHJA TPAHCHOPTUPOBAHUS  3aKJIAJ0OYHOIO
Marepuaiia 1mo TpyOONpoBOJAaM HCIIOJIB3YIOTCS MaTeMaTUYeCKHE MOJIETH, KOTOphIE
y‘-II/ITBIBaIOT OCHOBHBIC @HBHKO'MGX&HI/I‘IGCKI/IC CBOﬁCTBa MaTepHana u HapaMeTpI)I
Tp&HCHOpTHOﬁ CHUCTEMBI, a TaKXKE IJIs1 OOCHKH HUX BKCHHyaTaHI/IOHHBIX XapaKTepI/ICTI/IK.
Jlns ompeaeneHus: MpOIyCKHOW CIIOCOOHOCTH TPyOONpOBOJIa HEOOXOAMMO PacCUUTATh
ImIomanab €ro Honepequro CCUCHU, UYTO BBIIIOJIHACTCA 110 (bopMyne:

S = nR?, M? (2.11)
rjae S — IUIoIIaab MOIEPEUHOI0 CeYeHMs TpyObl, M%; R — paguyc TpyObI, M.
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CKOpOoCTh JBHKEHHUSI MaTepuajia M0 BEPTHKAIBHOMY TPYyOOIPOBOJY 3aBUCUT OT

CUJIBI TSDKECTH M KOd(h(PUIIMEHTa TPEHUS U paCCUUTHIBAeTCs 10 hopmyJie:

2-g-h (2.12)
1+u’

re V — CKOPOCTh JBWKCHHUS, M/C; § — YCKOPEHHE CBOOOJTHOrO majaeHus, mM/c%;, h —

M/cC

BbICOTa TPyOONIPOBOJA, M; L — KO3 PUIIMEHT TpEeHUsI MaTepraia O CTEHKU TPYOBI.
JIJist OLIEHKM Harpy3ku Ha TpyOONpOBOJ PACCUMUTHIBAIOTCS CHUJIbI TPEHUSI U CHIIBI
TSKECTH Ha €IMHUILY JJIUHBI TPYOBI:

Fp=uXpxgxS,H (2.13)
e Fr, — cuna tpenns, H; p — HachIlHas IIOTHOCTH Matepuana, Kr/m>.

Pacuér npoM3BOAMTENHHOCTH CIycka Marepuala uepe3 BepTUKAJIbHBIN
TpyOonpoBoa ¢ ko3 durmentom 3anonnenus 0,25 npousBoauTcs no popmyne:

Q=v-S-p-P, 1/ (2.14)

riae Q — MPOM3BOAMTENLHOCTD, T/4; V — CKOPOCTh JBW)KCHHS MaTepuaia, M/C; \y—
K02()PUITMEHT 3anOTHEHUS TPYOOIPOBO/IA.

Ecnu nBmkeHHE YacTHIL COIEOTX0I0B HE ONUCHIBACTCSI CBOOOHBIM ITaJ€HHEM, TO
OHO TIpuoOpeTaeT 0oJiee CIOXKHBIM XapakTep, CBA3aHHBIH C MHOXKECTBOM (haKTOPOB,
KOTOpBbIE€ CYIIECTBEHHO BJIMSIOT HAa KUHETHKY CHUCTEMbl. B TakoMm ciydae IBIKCHHE
CBIIIyUero Marepuajga Yepe3 BEepPTUKAIbHBIH TPyOOIPOBOA CTAHOBHUTCS IPOIECCOM,
MOTUYUHSIIONTAMCS crieluPpuaeckuM GU3NIECKUM 3aKOHOMEPHOCTSIM, OTJIMYHBIM KaK OT
TEUYCHUS KMIKOCTEH, TaK U OT JBM)KCHUS ra30B. [[1s1 obecrieueHrs cTaOuiIbHOM paboTh
CHUCTEMBl BBITIOJIHEH Pacy€T NPOU3BOAUTEILHOCTH BEPTUKAIBHOTO TPYOOIPORBOIA,
VYUTBIBAIOIIMKA KJTIOYEBBIC (AKTOPHI, BIUSIONIME HA MPOIECC TPAHCIIOPTHPOBAHUS.
Cpenu HHX: TpEHHE MEXIYy CTEHKaMd TpyOOINpoBOJa M 4YaCTHIIAMH MaTepHaa;
COTNIPOTHBIICHUE BO3AyXa B TpyOe, OOYCIOBJICHHOE HEBEHTHIIMPYEMOCTBHIO CHCTEMBI;
IOTEPH HAmopa, CBA3aHHBIE C JIMHOW TpyOOmpoBoJga H  XapaKTEPUCTHKAMH
TPAHCIIOPTHPYEMOT'0 MaTepHaIa.

Jlns pacu€ra IBMOKCHHS CHITyYero MaTepualla B BEPTHKAJILHOM TPYOOIPOBOIC
MOYKHO HMCIIOJIb30BaTh MOJICIIH, YIUTHIBAIOIINE TPCHHE W CBOMCTBA MaTepuana. OgHuM
13 MOAX00B SIBJSCTCS MCIOJIB30BAaHUE TCOPHH TICEBIOCKMKCHHOTO CJIOS MM METOJIOB

pacuéra MaccoBOTO pacxoja 4epe3 BepTUKAIbHBIC IIaXThl U OyHKepsI [41].
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Meton pacuéra ¢ UCIMOJIB30BAHUEM YTOYHEHHOM (POPMYIIBI MacCOBOTO pacxoja
CBIIyYEero Marepuajia B BEPTUKAIbHOW TpyOe ¢ ydyeToM Ko3(ppuuueHTa TpeHus u
CONMpOTHBIECHUS Bo3ayxa. Jluamerp TpyOocmycka 3aBUCUT OT HEOOXOAMMOM

MPOU3BOIUTENLHOCTH U OIpeessercs 1no Gopmyie:

Q
Dpr6 = m, M (215)

rae Dy — nuamerp Tpybocmycka, M; Q¢ - mojada COJEOTXOMI0B, T/4; Vs - CKOPOCTh

COJICOTXOJIOB Ha BXOJIe¢ B TPYOOCITYCK, M/C; pn — HAChIMTHAs TUIOTHOCTh COJIEOTXOJIOB,

T/M?; Yy— KO3 (HULIUEHT 3al0JTHEHUS TPYOHbI.

Koadpumment y 06srano nmpunumarot 0,9. BxogHyo ckopocTh Ha AEHCTBYIOIMIMX
TpyOocmyckax npuHumarot 1,5—2,0 m/c.

Teoperndeckne OCHOBBI [IBIDKCHHUS CBITYYEro MaTepuaia IO BEPTUKAIbHBIM
TpyOocmyckam Toka pa3paboranbl HemocTaTouHo. COrjlacHO MPENJIOKEHHOM CcXeme,
Martepuai B TpPyOOCITyCKE pa3TOHSETCS 3a CUeT pa3peKeHusi, Co37aBaeMoro B Tpyoe, mpu
ATOM COIPOTHUBJICHHE BO3/lyXa MOCTEIIEHHO CHIDKAET ero CKopocTh. [[ns mepexona ot
BEPTUKAJIBLHOTO TPyOONpoBOAa K JICHTOYHOMY KOHBEHEpy HEOOXOIMMO OOECHedUTh
IUIABHOE TaJieHue OO0E3BOKEHHBIX COJEOTXOJO0B Ha TPAHCIIOPTHOE CPEICTBO. ITO
IpeIoTBpaIllaeT MOBPEKIECHUE JICHTHI U MPOOJIEMBI C TPAHCTIOPTUPOBKOI, 0COOCHHO MpHU
BBICOKOW BJIAKHOCTH MaTepHajia, MUHUMU3UPYS PUCKH YIJIOTHEHHS M 3aKyIOPUBAHUS
MOTOKA.

Jlns koHBetiepoB maiuHOM 10 30—50 M CKOpPOCTH JICHTBI JOJKHA OBITH HEe Oosee 2
M/C, B IPOTUBHOM CIIy4ae MpU TPAHCIIOPTUPOBAHUU Psijia TPY30B BO3ZHUKAET MpodiemMa
yoopku mpockinu [78], Tak Kak MpH IauHE KOHBeHepoB Oosnee 50 MeTpoB, COTIIACHO
dbopmyie:

B 2 (2.16)
Q=v-pH-k-k,B-(——O,05) ,T/C
1,1
riae B — mmupunHa seHTsl, M;  — MPOW3BOJMTEIIBHOCTh KOHBEHEpa, T/C; U — CKOPOCTh
JNIEHTHI, M/C; Py — HACBIIHASA INIOTHOCTh MaTepuana, T/M>; k — kod(ppuuUeHT, 3aBuCIIHii

OT yrjla €CTeCTBEHHOTO0 OTKOca matepuana; kf— xodpduiimeHT, 3aBUCSIIINN OT yria

HaKJIOHA KOHBeMepa.
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®opmyna o0nEéMa OyHKEpa, HCXOHsl U3 MHUHUMAJIBLHOW MPOU3BOAUTEIHLHOCTH
KOHBelWepa W Pa3HUIIbl C MPOU3BOIUTEIBHOCTHIO TPYOOTIPOBOIAa BBITIISIUT CJICTYFOIIHM

o0Opazom:

Vo = (Qr — Q) - toM° (2.17)
ByHkep orpanudeH mo BBICOTE BBIPAOOTOK OKOJOCTBOJIBHOTO JABOpa: h < 5M;

Bepxuuit paauyc (R1): 5™ qns ycroituuBoit popmel; Hsknuii paauyc (R2) 0.2 M. Yron
HAKJIOHA CTEHOK HIDKHEHW yacTu OyHKepa JJis MpeAOoTBpAlleHUs 3aJUIIaHus MaTtepuana
OTHOCHUTEJIBHO TOPU3OHTAIM JIOJDKEH OBITh OOJIbLIE yIJla E€CTECTBEHHOIO OTKOCA

MaTepuana ;. [Ipy mpoeKTHpOBaHUK HCIIOJIB3YIOT IMITUPHUYECKOE MpaBmio [65]:

(900 — ¢¥1 + 1) = PDcrenox (218)
T71€ QPerenox - YTOJ HAKIOHA CTEHOK HUWKHEN yacTu OyHKepa, °.

O6BEM OyHKepa:
Vreom = %nh(Rf + R{R, + R%), M? (2.19)
Jlns cornmacoBanus o0bEMa OyHKepa C MPOHM3BOJUTEIBLHOCTHIO TPyOOMpOBOAA
pemum ypaBHeHue 2.17 OTHOCHTENBHO Q!
Vs = (Qr — 3}() it gg%
O = Qut o’ |

O06BEM OyHKEpa, HEOOXOIUMBIH IS HOBOTO PEXUMA:

Q; = Vg Xt,+ QM3 (2.22)

PacueT paunoHaIBHBIX TAPAMETPOB JJOTUCTUYECKON CXEMbI IIOJA3EMHOTO PYIHHUKA
C TNPUMEHEHHEM MEXaHH3UPOBAHHOTO OO0OpYNOBaHUA UUKIWYHOTO  JEHCTBUS
OCHOBBIBAE€TCS MAaTEMaTUYECKOM MOJICTUPOBAHUM COTJIACOBAHHON pal0OTHl CPENICTB
MeXaHHU3alluu ¢ obecreueHreM TpedyeMoil TPOU3BOIUTETHLHOCTH.

OnpeneneHue TUIAa CKUMIOBOM YCTAaHOBKH, OOECHEUYHMBAIONICH MepeMeIeHUe
3aIaHHOTO 00bEMa COJIEOTXO/I0B, TPOU3BOIUTCS B CIAEAYIONIEH OCIEI0BATEIbHOCTH:

1. HacoBas npou3BOAUTENIBHOCTh MOIbEMA:

K, A
Q, = =5 1/q, (2.23)

Nt,
rae Ky = 1,15 +1,25 - koo durment HepaBHOMEpPHOCTH PabOTHI MOAbEeMa; Ar — TO0Bast
MPOU3BOJICTBEHHAS MOIIHOCTh IMaxXThl, T/ToA; N - 4ncino pabouux NHEW B romy; tr -
MIPOIOJDKUTENHHOCTD PA0OTHI IOIbeMa B CYTKH, H.

2. MakcumanbHasi CKOPOCTb JIBUKEHHUS TPYKEHOTO CKHUIIA IO CTBOJY:
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Viax < 0,4VH, M/c, (2.24)
H=H.+ h,m, (2.25)
rae H - BeicoTa moawsema, M; Her - rinyOuHa cTBOMA 1IaxThl, M; hyp - BBICOTa MPUEMHOM

IJIOIIA/IKU HAJl yCThEM CTBOJA, M.
3. CpenHsisi CKOPOCTh IBUYKECHUS CKUIA:

VCP = Vmax/1149 M/Ca (226)
4. IIpoIOIKUTENIBHOCT ABUKEHUS CKUIIA 32 OJUH IOJBEM IO CTBOIY C YYETOM

YCKOPEHHUS U 3aMEJICHHUS:

toe = 2425, c, (2.27)
cp
5. IIpogomKUTENBHOCTD OJJHOTO LIUKJIA TOABEMA:
ty =t + 0,c, (2.28)

rae © — OpoJOJKUTENBHOCTD May3bl HA 3arPy3Ky U pa3rpys3Ky CKUIa.

6. Uncio noapEMOB B 4ac:

ny = 3000/ t, mT. (2.29)
7. I'py30n10AbEMHOCTD CKUIIA:
Qex = Qu /Ny, T. (2.30)
8. BmectuMocCTh ckuna
VCK:qCK 'Kp/p, M3, (2.31)

rae Kp - xoadduumeHt pa3pbIxJieHHs] TOJE3HOTO HCKOMAeMOro WA TOPOABL, p -
IUIOTHOCTH HOPOJBI, T/M°.

PacueT 0CHOBHBIX MMapaMeTpPOB CAMOXOJHOTO 000PYI0BAHUS, UCTIONB3YEMOTO JIJIs
JOCTaBKU (paCOBAaHHOTO 3aKJIAJOYHOTO MaTepuaja OT CKUIa JO MECTa ero YKIaIKd
IPOU3BOAUTCA B CIEAYIOIIEH MOCIEA0BATEIBHOCTU: HAXOAUTCA HKCIUTyaTallMOHHAs
CMEHHasi TPOU3BOAUTEIBHOCTD (T) OJTHOM TPAHCIIOPTHOM MAILIUHBbL:

Q3:6OVKy3k3.1< 'YTCMkM / (tpkH) (232)

1€ Tey — JUTMTENBHOCTH CMEHBI, Y; V xy; — BMECTHMOCTD Ky30Ba, M>; K; x— K03 pumuenT
3aIlOJIHEHUST Ky30Ba (IUIsI CAaMOXOIHBIX BaroHoB - Ks, = 0,8); y-HacHIHAs TUIOTHOCTH
ropHoii Maccsl, T/M%; Ky — K03 (HIMEHT HepaBHOMEPHOCTH TPy30H0TOKA, PAaBHBIA 1,5
u 1,25, COOTBETCTBEHHO, MPU OTCYTCTBUU U HAIMYUHU aKKyMYJIUPYIOIIeH eMKocTH; ky =
0,7-0,8 — ko3 PUIMEHT KUCIONBb30BaHUs MAIIMHBI; t, - MPOJOIKUTEIBHOCTD OJHOTO
perica TpaHCIIOPTHOW MallvuHbI, MUH.

[TponomxuTeIbHOCTH (MUH) OJHOTO peiica TPAaHCIIOPTHOM MAIINHBI:
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U= tuorp+ but tpast bt tupt tpasw (2.33)
Bpemsa t, 3arpaunBaeMo€ Ha TOTPY3KY MAIIMHBI, 3aBUCUT OT €€
IPY30II0ABEMHOCTH U IIPOU3BOAUTEIIBHOCTU CPEICTB MOIPY3KHU.
[Ipu paboTe KoMILIeKca ¢ MOrpy304YHOM MAITUHOW HENPEPHIBHOTO IEUCTBUS BpEMS
Norpy3ku (MUH):

tH:V1<y3 k3K/ QH, (234)
rae Qu — TIPOU3BOAUTEIBHOCTHh NOTPY30YHOM MaIIMHBI HENPEPBIBHOIO JEHUCTBUS,

M3/MUH.

Bpewms aBvkeHust MauHbl (MUH):

¢ :6OL(L+ 1 ) (2.35)

B kc.x Urp Vnop
CpenHue CKOpOCTH JBUKEHUS MOTPY30-A0CTAaBOYHON MALIUHBI Vip U Viep (KM/)

OTIPEJIEIISIIOTCS IO XPOHOMETPAXKHBIM HAOIIOJIEHUSM WIIH 110 TSITOBBIM XapaKTEPUCTHKAM
neuratens Mamubbl. KoadduumeHt cpeaHexomoBod CKOpocTH JBMKEHUS  Kex
npuHUMAarOT paBHbIM 0,6 npu qnuHe TpancnoptupoBanusa L < 0,3 xm u 0,75 npu L > 0,3
KM.

Bpems pasrpysku tpa; I aBTOCAMOCBAJIOB C ONPOKHIHBIM KY30BOM COCTaBIISET
okoJjo 0,7 MuH, 7151 CAMOXO/IHBIX BarOHOB — 2-3 MUH.

Bpems (MuH) MaHEBpoB B 3a00€ tys; U Yy MECT pasrpy3kd typ, ONPEAeNsioT B
KOHKPETHBIX  YCIIOBUSAX OKCILIyaTallMM COIVIACHO  JAHHBIM  XPOHOMETPAKHBIX
HAOJTIOIEHUHA.

[Ipy nBUKEHHMM HECKOJBKMX MAalIMH B OJHOIOJIOCHOHW BbIpAaOOTKE BpeMs

OKHUAaHHAd Ha PAa3MHHOBKAX:

1:pa3M= npa3Mtl, (2 . 36)
TAC Npazy — YUCIIO PASMUHOBOK; 1= 3 MUH — BpCMi OXKHIAHWA HAa PAa3SMHUHOBKC.

Bo3moxxHOE 4nCIio peiicoB MaIllMHbI 32 CMEHY:

np:6O(TCM'TH.3)/tp, (2.37)
rae Tey — JVIMTEIIBHOCTh CMEHBI, U, Tn; = 0,7-0,8 — Bpems, 3aTpauriBaeMoe Ha MpUEM U

caady CMEHBI U TPO(PMIAKTHIECKOE 00CITY)KUBAaHUE, U.

[ToTpeGHOE CyMMapHOE YnCI0 PEHCOB B CMEHY:

Ne=KuQon / (VicysKsy), (2.38)



82

rae Qcy — CMEHHAs MPOU3BOUTEIBHOCTD MOATOTOBUTEILHBIX 3a00€B MO TOPHOU Macce,
T.

[ToTpeOHOE YKCIIO OJHOBPEMEHHO Pa0OTAIONINX MAIIUH Z = N/ Np.

NHuBeHTapHOE YKMCIIO CAMOXOIHBIX MAIIUH:

Zum=KpY Z, (2.39)
rae X7 — oOmee uyMciao OAHOTUNHBIX MamuH; k, = 1,25+15 — ko3dduuuenrt,

YUUTBHIBAIOIIUNA HAXO0XKJIEHUE MAIMHBI B PEMOHTE M pe3epBe (MEHbIEeEe 3HAUCHHUE
OPUHUMAIOT IIPU IBYXCMEHHOM pexXuMe padboThl, O0Jblee — MPU TPEXCMEHHOM ).
Pa3paboTtanHasi KOMIUIEKCHasi METOJUMKAa MAaTEMaTHYECKOTO MOJEIUPOBAHUS U
pacyeTa palMOHAIBHBIX MMAPAMETPOB JOTMCTUYECKOM CXEMbI MOJ3EMHOIO PYIHHUKA C
(opMUpOBaHMEM MOHOJIMTHOIO 3aKJIaJ04YHOTO MacCUBa BKIIOYAET pa3paboTKy
MaTEMaTUYECKON MOJENIM KPUTHUECKOW M paboyeil CKOPOCTU JIBHKEHMS 3aKJIaI0YHON
CMECH, YYMUTHIBAIONICH TIpaHyJIOMETPUUYECKHI COCTaB, IUIOTHOCTh (Qpakuuil U
BHYTPEHHUI JuamMeTp TpyOompoBoja, a TakKe MHTErpanuio METOJ0B pacuera
IPOU3BOJUTEILHOCTH BEPTUKAJIBHOTO TPYOONpPOBOAA C YYETOM CONPOTHUBIICHUS
BO3JlyXa, TPEHUsS Marepuasa O CTEHKH M IIOTEPb HAINOpa, 4YTO I103BOJISIET
MUHUMM3UPOBATh PUCKH 3aKyNOPUBAaHUS U OOOCHOBATH MapaMeTphbl JIOTUCTUYECKOU
CXEMBI TPaHCIIOPTUPOBAHUS 3aKJIaJ0YHOI0 Marepuaia IUTs yCJIOBUH

[TyOOKO3JICTAIOIINX KATUHHBIX MECTOPOKICHUM

2.4. IIporpaMMa-MeTOAMKA ONBITHO-NPOMBIIIJICHHBIX HCCICJ0BAHUNA CHCTEMBI
THAPOTPAHCIIOPTHPOBAHNSA KOMIIOHEHTOB 3aKJIaJIOYHON CMeCH B PYJIHHUK
I'pemsunnckoro I'OKa

3amada ompenesieHus] TUAPABINYECKUX CONPOTUBICHUN TPEHHUIO IPU JBHKEHUU
BOJbI WU JPYTOM OJHOPOJHOM JKHUIKOCTH M TBEPABIX (a3 HE MOAAACTCS TOYHOMU
TEOPETUYECKON CXeMaTh3aluu M TpeOyeT SKCIEPUMEHTAIbHBIX HCCIEIOBAHUN C
MOCJICTYIONINM aHATUTHYECKUM 0000IIeHNeM Pe3yIbTaTOB, KaK IKCTICPUMEHTAIBHOTO,
TaK U TEOPETHUYECKOTO MOAXO0Aa, YTO MNPEJONPEeAeNHIO HEOOXOAUMOCTh MPOBEIACHUS
ONBITHO-ITPOMBIILIICHHBIX uccleI0BaHU I TPaHCIIOPTUPOBAHUS KOMIIOHEHTOB
3aKJIaJJOYHOW CMECH B YCJIOBUSAX MOJ3eMHOr0 pynmHuka I'pemsuamackoro ['OKa [47].

Pa3paborannasi mporpaMMa METOJMKA OMBITHO-NPOMBIIUICHHBIX HUCCIEIOBAHUM
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BKJIFOYAET B ce0sl KOMIUJIEKCHBIH MepevYeHb UCCIIE0BAHNI, OCHOBAHHBIN HA ONPEIEICHUU
3aBUCHMBIX U HE3aBUCHMBIX ITIEPEMEHHBIX:

- OIIPEJETIEHUE KOHTPOJIMPYEMBIX XapaKTEPUCTHK M IMAapaMeTPOB CMECU IIPH
M3MEHEHUH MapaMeTpoB TPyOOIPOBOA;

- ACCNIEIOBAHUE BIUSHUA COOTHOIICHMS JKUJAKOM H TBepaod ¢a3 Ha
XapaKTEPUCTUKH TPAHCIIOPTUPYEMOCTH 3aKJIaJ0YHOM MyJIbIIbI 10 TPYOOIIPOBOY;

- ICCJIEIOBAHUE BIIMSIHUSA TE€OMETPUM TPACChl HA TOPU30HTAIBHOM 3aKJIaJOYHOM
MOJYJIE HA NTOTEPU HATIOPA CMECH;

B pamkax wuccieoBaHMil Ha TOBEPXHOCTH ['pEMSYMHCKOrO pyAHUKA C
UCIOJIb30BAaHUEM JBYX CHEHHAIBbHO CHOPMUPOBAHHBIX JJI NPUHITHS CMECH TpaHIIEH
JOJKHBI OBITh OILIGHEHBI MapaMeTpbl W IOKa3aTesld IEepeMEeIIeHUsl 3aKIa0yHOro
MaTepuala ¢ MPUMEHEHHEM TPYOOIIPOBOHOTO TPAHCIIOPTA, BKIIIOYAsI OLIEHKY: CKOPOCTH
JIBUKEHHSI CMECH HAa OCHOBE COJIEOTXOJOB M PACCOJIOB PAa3IMYHON KOHUEHTPALHH I10
BCel Tpacce TpyOOINpoBoja, AaBiCHUS B TPYyOOIMpPOBOJE, PHEPro3aTpar, TEMIEpaTyphl
CMECH JI0 U TOCJE€ TPAHCHOPTUPOBAHMS, U3MEHEHUS KOHCUCTEHLUU U COCTAaBA CMECHU
[OCJIE TPAaHCIOPTUPOBAaHMS, MU3MEHEHUs JaBJIEHUS CMECH TP  HEIMHEHHOM
TpacCUpOBaHUU TPyOONpOBOJA, MPOU3BOAUTEIIBHOCTH TPUMEHAEMONW TEXHUKH,
(aKTUYECKOrO COOTHOIICHHS >KHIKOTO M TBEPJAOTO B COCTABE CMECH, XapaKTEPUCTHK
IUIOTHOCTU U BSI3KOCTU CMECH, a TAK)K€ BPEMEHHM U YCIIOBUW TBEPJEHHUS CMECU TOCIE
TPAaHCIIOPTUPOBaHMs. Takke JOJKHBI  OBITh  OMpENEJeHbl  KOHTPOJIUPYEMBbIE
XapaKTepUCTUKH M TapaMeTpbl CMECH MPU H3MEHEHUHW MapaMeTpoB TPyOOIpoBOA:
IUaMeTpa, [JIMHbI TPAHCIOPTUPOBaHUS, panuyca. OmpenelieHHe KOHTPOIUPYEMBIX
XAPAaKTEPUCTUK M IAPAMETPOB CMECH JOJDKHO IPOU3BOAUTHCA IPU H3MEHEHHUH
napaMeTpoB TpyOOINpoBOAa: KPUBU3HBI TPAacChl B BEPTUKAIBbHOW M TOPU30HTAJIbHOU
IJIOCKOCTSIX, Pa3HUILIBI BBICOTHBIX OTMETOK Havyayla U KOHIA TPACCHI TPAHCIIOPTUPOBAHMUSL.

KonTtponupyembie B X0/1€ IKCIIEpUMEHTA XapaKTEPUCTUKH MTPEACTaBIICHbI B Ta0nuiie 2.4.
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Tabnuua 2.4 - KoHTposnpyemble XapaKTEepUCTUKH U YCIOBUSA MPOBEACHHUS OINBITHO-MPOMBIIIJIEHHBIX HCHBITAHUM TEXHOJOTHH
TPaHCHIOPTUPOBAHUS 3aKJIAJOYHOM cMecH Mo TpyOOmpoBOJaM MpPU MOJETUPOBAHUU JIMHEHHBIX W HEJIMHEWHBIX TPaCCUPOBOK

TpyOOIPOBOAOB IIPU OCBOCHUU [ pEMSIYMHCKOTO MECTOPOKICHHUS

Buael npoueccos Bapbupyembie KonTposmpyemsble nokasaresu Pa3mepHocts | OneHuBaeMble HapaMeTphbl KonTpoibHO-u3MepHTeIbHbIC
XapaKTEePHCTUKH npudopsI
I'eorexHOMOrMUIECKHE PerynupoBanue pexxnma rmotoka | CKOpocTb TpaHCHOPTHPOBAHUS CMECH m/c CKOpOCTh JIBIDKEHUSI CMECH W3mepurens CKOpPOCTH TIOTOKA,
MaHOMETPHI
JlaBnenue B Tpybonposoze Ia JlaBnienue B TpyOOIpoBoJie Ha BXOzie | MaHOMETpbI, JaTYNKHA JIaBJICHUS
Temnepatypa cmecu Temneparypa cmecu < Temnepatypa cmecu 10 M mnocie | TepMOMeTpsl, TEIIOBU30PHI
TPaHCIOPTHPOBAHUS
I'pancocraB cmecu Mm Cpennuii pa3mMep 4acTHIL Curo
Peonornueckue KoHncucrenuus cmecu KoHncucreHnus, BIaXHOCTh CMECH Ta-c Bsizrkocts cmecn BuckosumeTpsl
IInoTrHOCTH Kr/m* IInotHOCTB CMeECH ITnoTHOMEPEI
V3menenue rpan cocraBa mpu | O0beM wumu Macca TBepAblx uacru, | [la-c CocraB TBEpIOro Peomerpsr
TPaHCIIOPTUPOBAHUI Mo | copiep KaIuXxcst B MyJIbIle
TpyOOIpoBOaY MormHOCTh OCaXJICHHOTO CIosL | MM CokpamieHre TOJNIIMHBI  JTuamerpa | TolmuHOMETp
COJIEOTXOJI0B TpyOonpoBoza
I'mppomuHamMudeckue Jluneiinple ToTepu Hamopa B | V3MeHeHue maBieHust B 3aBucuMocTH oT | Ila, MM JlaTunku naBineHus
MyNbIONPOBOAE T'eOMETPHHU TPAcChl TpyOorpoBosa
JaBnenue mynbnsl  BHYTpH | BnmstHume amamerpa TpyOonpoBoza Ha | Ila, Mm JlaBnenne M NIPOU3BOMMTENBLHOCTE | MaHOMETpBI, MEpPHBIE EMKOCTH,
CHCTEMBI JIABIIEHUE TpyOonpoBozaa CEKYHAOMEp
CkopocTh TOTOKa Mynbnbl B | JlMHaMuka W3MeHeHHUsl ckopoctu nortoka | Ila MaHOMETpBI, TaTYNKU JABICHHS
TpyOonpoBozae npu Ppa3sHbIX COOTHOIIEHUSIX
KOMIIOHEHTOB
Bnustaue quamerpa | BrnusiHume nuamerpa TpyOompoBoma Ha | M/c CKOpOCTh IBH)KEHHSI CMECH W3mepurenu ckopocTu NOTOKa
TpyOOIpOBOAA Ha CKOPOCTb | CKOPOCTB IOTOKA
MOTOKA
VYcnoBus TBepAeHus | Bpems u ycnoBust ¢unbTpaimu | Bpems TBepuenus cmecu q Bpewms cxBaTbiBaHMs CeKyH0MEepbI
cMecH U TBEpIAEHUs cMecH Tocne | JluHamuka QUIbTpaLi cMecH M/ IMapameTps! GpuibTpayu EMKOCTHOMEpBI, UI'JIa BHKA
TPaHCIOPTUPOBAHUS VYcnoBus TBepAEHHU CMECH %; C Brnaxxnocts u TeMneparypa cMecu TepmomeTpsl, aHaJIU3aTOPhI
BIIQXXHOCTU
O0611e napameTpsl [IpousBoaUTENEHOCTD u | IlpousBomurensHOCTH MpUMEHsieMo | M*/4 IIpousBoauTenbHOCTD u | Pacxogomepst
9HeprodhHeKTUBHOCTD TEXHHUKH JHEpro3aTparhbl
AOpa3uBHbBIE CBOICTBA H3menenue TonmuHbl | M3HOC TpyOompoBoaa MM M3menenue tommunsl TpydonpoBoaa | TommuHOMEp
TpydonpoBona nocrne
TPAHCIIOPTUPOBAHUSI ITYIIBIIBI
VenoBust xonpMmaTtaimu | Hapacranue mouHocTH | TpyOompoBoa, HAcOCk MM TonmuHa CONAHOTO OTJIOKEHUS Ha | YIIBTPa3ByKOBOW  TONILIUHOMED,
TpyOomnpoBoaa HaJIUMAIONIUX COIE0TX0I0B CTEHKax TpyOoIpoBoia TOJIIMHOMED
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[Ipu wuccienoBaHUM BIUSHUS COOTHOIIEHUS >KUAKOM W TBepaod ¢a3 Ha
TPAaHCHIOPTUPYEMOCTh 3aKJIAJOYHOM CMECH IO TpyOONmpoBOAY B XOJ€ OIBITHO-
MIPOMBIIIJICHHBIX HCCJIEIOBAHUN OIICHUBACTCSl BIUSHHUE COOTHOIICHUS KUIAKOW U
TBEP10i1 (a3 Ha MOKa3aTENM TPAHCIIOPTUPYEMOCTH 3aKJIaJI0YHON CMECH B TPYOOTIPOBO/IE.
J171s1 SKCTIepUMEHTa TOTOBSATCSI COCTaBbI C Pa3IMYHBIM COOTHOIICHUEM >KUJIKOU U TBEPIOH
da3z OK:T): Nel =3:1; No2 = 2:1; Ne3 = 1.6:1; Ned = 1.3:1.

Cootnomenne X:T B cmecu Ne 2 npeacrasisier co0o0il pabodnie XapaKTepUCTUKH
3aKJIaJJOYHON CMECH, UCIIOJIb3yeMbIe Ha pyHUKax BepxHekaMbs npu rugpo3akiaake. B
yCJIOBUSX [ pPEeMSYMHCKOTO MECTOPOXKJCHUS, TJe HEO0XOJUMO MHUHUMU3UPOBATH
COJICp>KaHME KUJIKOM KOMIIOHEHTHI B MYJIbIIE, COXpaHss MPHU 3TOM €€ CIOCOOHOCTh K
3pPeKTUBHOMY  TPaHCHIOPTUPOBAHWIO,  CHIWKEeHWEe  cooTHomenus KT B
TPAHCIIOPTUPYEMOW CMECH OTHOCHUTEJILHO MPHUHSATOrO B IMpoekTe coctaBa No2, Bieuer
CYLIECTBEHHOE CHIKEHHE OO0BEMa OOOPOTHOrO paccoiyia, KOTOPBIM HE00XO0AUMO
MOTHUMATh HaBePX MEPBOHAYAIILHO Yepe3 MPUEMHYI0 EMKOCTh B OKOJIOCTBOJIBHBIN JIBOP
M 3aTeM - Ha MOBEPXHOCTh MJIA TMOBTOPHOI'O MCIOJB30BaHUS Ha O0OTaTUTEIHHON
¢abpuke. CornacHo naHHBIM OT4€Ta [94], B IpoekTHOM BapuaHte cooTHorneHus XK:T,
CYTOUYHBI pacxoJl paccojoB [Jsl MPUTOTOBIICHUS 3aKJIAJOYHOM CMECH COCTaBISET
nopsiaka 13000 m3.

YMeHblIeHuE KUIKOro KOMIIOHEHTa B cocTaBe cMecH Ne 4 ObUTO OmpeiesieHo Ha
OCHOBE TEOPETHUECKHUX pacu€ToB, BhINOIHEHHBIX OO0 «IIpoTex MHKUHUPUHT» TyTEM
BapbupoBaHus cootHomeHus A:T. [Ipu 3TOM pe3yabTaTel UCCIENOBAHNN JOKA3AIH, YTO
CKOPOCTb IBUYKEHUS CMECH B TPYOOIIPOBO/I€ MPpH BEIOOPE cocTaBa No4 Oblia 3HAYUTEITBHO
HIKE MO CpaBHEHHIO ¢ cocTaBoM Ne3 — B Heckoibko pa3. Hampumep, mina cmecu Ned
CKOPOCTbh T€YEHHSI CMECH COCTaBmia 5,2 M/c, B TO BpeMsi Kak i coctaBa Ne3 oHa Obuia
9yTh BbIIIE (5,23 M/C COOTBETCTBEHHO).

D70 OBLIO CBS3aHO C YBEIIMUEHUEM COJIEp>KaHUs TBEPIOM (asbl, UTO MOBIHSIIO HA
CHUYKEHHUE PEOJIOTHUECKUX CBOMCTB MyJibIibl. OHAKO YMEHBIIEHUE COJIEPHKAHUS KUIKOU
(ba3bl BBI3BAJIO TIOBBINIEHNE KPUTUYECKONW CKOPOCTU JBHKEHUS CMECH, YTO BAXKHO JJIS

npcaoTBpalCHus OCCIaHNA TBépI[BIX qaCTHl1l.
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Komnencanusi CHI>KEHUSI CKOPOCTH JIBMXKEHUS MYJIBITBI MOXKET OBITh 0OecreyeHa
3a CYET MHUIMALIMM €€ POCTa BO3JCHCTBUEM IMHEBMOBPE30OK. JIJisl OIIEHKH BIUSHUS
T€OMETPUH TPACCHI HA TOTEPH HAMIOPA HA TOPU3OHTAIIBHBIX Y4acTKaX TPyOOIPOBOAHOTO
CTaBa MPEJyCMOTPEHO BapbUPOBAHUE [JIMHBI Tpacchl TpyOompoBoAa IyTeM €€
m3Menenud ¢ 10 7o 20 m ¢ marom no 5 M. [Ipu 3ToM 3KCHIEpUMEHTATIBHO TPOU3BOAUTCS
OIICHKA JIaBJICHUS HA BXOJE U Ha BBIXOJIe TPYOOIPOBOTHOM TPACCHI.

Jlns ucciienoBaHUsl TEXHOJIOTMU TPAHCHOPTUPOBAHMS 3aKJIaIOYHOM CMECH U
OTXOJOB JIOJKHBI OBITH TOCTPOEHBI TECTOBBIE TPYOOMPOBOIbI HA TOBEPXHOCTH PYAHHUKA,
KOTOpbIE TMO3BOJISIT U3MEPUTHh M MPOAHAIIM3UPOBATH OCHOBHBIC MapamMeTphl JBHKCHUS
NyJbIbl, & TAaKKE OLICHUTh BIUSHHE MapamMeTpoOB TPyOONMpPOBOJA - JUAMETPA, JJIUHBI,
BBICOTHI TIOJIa4M MYJbIbI, KPUBU3HBI (JIMHUW TPyOONpPOBOJa B TUIaHE U B mpoduiie) u
KOHCUCTEHI[MU CMECH Ha MoKa3aTeau padoThl TPYOOIPOBOAHOIO TPAHCIIOPTA.

Jlns mpoBeneHUsl PKCTIIEPUMEHTAa HAa TEPPUTOPHH MPOMIUIONMIAIKH MOHTHUPYETCS
cucreMa TpyOONPOBOJOB € TIEPEMEHHBIMU JUAMETpaMU W HM3MEHSIONIUMHUCS
KoH(urypanueid. B kadecTBe TecTOBOTO ydactka OyAyT BHIOpaHbI TPU METAJUIMUECKUX
TpyOOIpoBOAa ¢ TOJIIMHON CTEHOK 27 MM c auameTpamu 273 mm, 311 mm, 168 mm.
[lpuHnunuanbHas cxeMa pa3MelleHus OO0OpYyIOBaHUSA [JIsi TPOBEIEHUS OMBITHO-

IPOMBIIIJIEHHBIX UCTIBITAHUH MpUBEIeHa Ha pUCyHke 2.12.

1

%
2

15m

Pucynok 2.12 - [IpunnunuansHas cxema pa3MenieHus: 000pyA0BaHUs IS IPOBEICHUS
OIIU: 1- cmecutenp; 2- mUTaTENb; 3- BOPOHKA; 4- BEPTUKAIBHBINA TPYOOTIPOBOJI; 5-
TOPU3OHTANTBHBIN TPYOOTIPOBOJI; 6- COEAMHUTENBHOE KOJICHO; 7- (hiaHer]

Junametps 273 MM 1 311 MM COOTBETCTBYIOT BHYTPEHHEMY JUAMETPY COJIECITYCKa
Y PaccoJIONPOBO/IA MO NMPOEKTY MOJACPHHU3AMU KaHAJIa MyJIbIIONPOBOAA B KAHAJI OJAAYU
COJIEOTXOOB H  paccosioB, paszpadareiBacMomy OOO  «lIpoTexmxuHUpUHTY.
BapsupoBanue nuamerpa B 3HaueHusAx - 168, 273, 311 MM mO3BOJUT yCTAaHOBUTH

3aKOHOMEPHOCTH BIIUSIHUSA AUaMeTpa TPyOOIPOBOJHOTO TPAHCIIOPTA HA XapaKTEPUCTUKH
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TPAHCIIOPTUPYEMOW  3aKJIAAOYHOM  cMmecu. [IpuHATBI ~ OCHOBHBIE  mApaMeTPhI
AKCIIEpUMEHTA: 001Ias IJIMHA Kaxa0ro Tpyoonposoa coctasisieT 30 M. TpyObl JOIKHBI
OBbITh M3rOTOBJEHBl M3 MeTalyla C MapKUpoBKOW cramm X27, obOecrneunBaromien
JOCTaTOYHYIO MPOYHOCTh CTEHOK IPH MPOBEACHUM JKCIepuMeHTa. KOHCTpyKTMBHAas
CXeMa YCTaHOBKH BKJIFOUAECT: MPSMOJIUHENHBI BEPTUKAJIBHBIA Y4aCTOK BbICOTOM 18, 15
u 12 M; OpsSIMOJMHENHBIA TOPU3OHTAJIBHBIM YYAaCTOK JJIMHOM 15 M, 1 OLIEHKH
KPUTHYECKON CKOPOCTH OCAXJACHUS YaCTHUI] U W3MEHEHHMs Haropa IyJblbl 110 JJIUHE
TpyOONpoBOAa MPSIMOJIMHEHHOTO TOPU3OHTAILHOTO ydacTka anuHoit 30, 60, 90 M u
KPUBOJIMHEWHBIX YYaCTKOB, COOTBETCTBYIOIIUE CXEME TPAHCIIOPTUPOBAHUS THAPOCMECH
Ha PYJHHUKE.

Jlist peanu3anuy JaHHOW CXEMbl BBIOPAaHO MECTO Ha MPOMBIILIEHHON TJIOMIAIKe
I'pemsiunnckoro 'OKa, kotopoe coorBercTByeT TpeOoBaHusM I[IporpamMMbI-MeTONUKH
OIIN, Takux kak BeicoTa yctyna: 12, 15, 18 M (puc 2.13), BepTUKaIbHBINH TPYOOIIPOBO/]
JOJKEH pa3MeIaThes 1moj yriaom, oiu3kum K 90 Jlns u3yyeHus U3MEHEHHUs Haropa
3aKJIaIOYHONM CMeCH OBbUIO MPEMJIOKEHO YCTAaHOBUTHh BEPTHUKAIBHBIM TPYyOONpPOBOJ Ha
paszHoit BeicoTe: oT 12 mo 18 wm. ITlocie momydeHus: pe3yiabTaTOB CTPOUTCS Tpaduk

3dBUCHUMOCTHU ITOTEPU CKOPOCTU CMCCHU IIPHU TICPCITYCKC HA PA3HYIO BBICOTY.

9) % o _'ﬁ B)

Pucynok 2.13 - CxeMa BEpTUKAJIBHOTO YYaCTKa TPYOOIPOBOAA IS U3YUCHUS
CKOPOCTHBIX XapaKTEPUCTHUK 3aKIaJOUYHONW CMECHU MIPU UBMEHEHUHU BBICOTHI
TPAHCTIOPTUPOBAHMSI: BEPTUKAIBHBIN TpyOompoBog a - 18 M; 6 - 15 m; B - 12 M, rae: 1-
CMECHUTEIb; 2- TUTATElb; 3- BOPOHKA; 4- BEPTHKAIBHBIN TPyOOTIPOBOJI; 5-
TOPU3OHTANTBHBIN TPYOOTIPOBO/I; 6- COEAMHUTENBHOE KOJICHO; 7- (hiaHer]

JInrHa rOpu30HTaIbLHOIO TPYyOOIIpoBOAa NpeaycMoTpeHa nepemenHoit: 15, 30, 60,
90 m. CMeHa MJIMHBI MO3BOJISIET ONMPEENUTh PealbHbI KOA()PUIUEHT COMPOTUBICHUS
JBUKEHHSI CMECH, MOTEPI0 HAmopa CMECH MNpHU MEPEMENICHUU MO TOPU30HTAIbHOMY
Y4aCTKy NEPEMEHHOW JUIMHBI, KOJUYECTBO OCEAAHUsl TBEPAbIX YACTHUI[ HA CTEHKaX

ruapomnpoBoga, 4TO0O B COBOKYIIHOCTH IIO3BOJIMT PACCUHUTATh KPUTHYCCKYIO CKOPOCTH
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JBIDKEHUSI CMECH B TypOYJIECHTHOM pEXHUME TMEpea HadaloM OCaXKICHUS TBEPABIX
COJISIHBIX YaCTHIL.

Ilepexon OT BEpPTHUKAIBHOTO YyYacTKa K TOPHU30HTAIbHOMY OCYIIECTBIISIETCA
MOCPEICTBOM COE€IMHUTEIIBHOTO KOJIEHA, TPUHIIMIIMANIBHAS CXEMA KOTOPOI0 ITOKa3aHa Ha
pucyHke 2.14, coelMHeHNE BEPTUKATIBLHOTO U TOPU30HTAIBLHOTO Y4aCTKOB TPYOOTPOBO1a
MIPOU3BOJIUTCS MOCPEACTBOM (DJIAHIIEB.

JInsi OUEHKM XapaKTEpPUCTUK ABMXKEHUS M OCAXKICHUS 3aKJIaJOYHOM CMECH Ha
y4acTKax, € MPOUCXOJUT MU3MEHEHHE HAINpaBJICHUSl €€ JABUWKECHUS, MPEICTABISACTCS
11eJ1€CO00pa3HbIM PACCMOTPETh TPU BO3MOXKHBIX yria MOBOPOTA TPACCHI, MIPUHATHIX B

COOTBETCTBHUH C T€OMETPUEN TPACCHI THAPOIIPOBOA.

Pucynok 2.14 - [lpuHnunmuansHasi cxema pa3MenieHus: BTOPOro COSTMHUTEIHLHOTO
KOJIeHA: a) BUJI COOKY, 0) BUJ CBEPXY

CoeauHenue TpyOONpOBOa MPU CMEHE YIJIa MIPOU3BOIUTCS TaK¥Ke TOCPEICTBOM
¢dnanneB. Pa30op ¢aaHIEBBIX COCIMHEHUN IO3BOJISET OICHUTh XapaKTep IBHKCHUS
CMECH ¥ HHTCHCUBHOCTh OCaXJACHHUS TBEPJIBIX YACTHII.

Pa3paboTanHas mporpaMma-MeTOJUKa OIBITHO-IPOMBIIUICHHBIX HCCIICIOBaHUN
napaMeTpoB TPAHCIOPTUPOBAHUS KOMIIOHCHTOB 3aKJIaJOYHOH CMECH TIO3BOJIICT
OIICHUTH TIOKA3aTEIM TPAHCIIOPTUPYEMOCTH B IMPOMBIIUICHHBIX YCIOBHSX, BKIIFOYas
HCCIIeIOBAHUE XapaKTEPUCTUKH CKOPOCTH JIBIKCHHS CMECH, TIOTEPH HAIlOpa M BIUSHUE
COOTHOIICHUS XKUIKOW W TBEPAOW (a3 ¢ Ienbl0 ONTUMHU3AIMK TTapaMeTpoB Ipoliecca

MIEPCMCIICHHUA BO3BPATHBIX MUHCPAJIBbHO-CBIPBCBBIX ITIOTOKOB.

BriBoasbI mo riase 2

1. Anams TCPMHHOJOIMYCCKOIro aIiIrapaTta JJOTUCTHYCCKUX CHUCTCM IIOA3CMHOIO

pyaAHHKa, B YaCTHOCTH JIOTUCTUYECKOM CXEMBbI 3aKJIIaJOYHbIX pa60T, ITO3BOJINI



89

ONPENEIINTh €€ KIIOYEBbIE JJIEMEHTBHI: IMOBEPXHOCTHBIM JIOTUCTUYECKUHA MOIYJIb,
BEPTUKAJIBHBIN JIOTUCTUYECKUN MOA3EMHBIN MOAYJIb, TOPU30OHTAJIBHBINA JIOTUCTAUYECKUI
[IOJ3EMHBIA MOJYJIb, KAMEPHBIN JJOTUCTUYECKUN ITOA3EMHBIN MOAYJIb, IIPEAIIOJIararoue
MHTETPALMI0O Y CUHXPOHM3ALUUI0 MPSAMBIX M BO3BPATHBIX MHUHEPAIBHO-CHIPHEBBIX
MIOTOKOB B E€JIWHYI0 JIOTUCTUYECKYIO CHCTEMY MOA3EMHOr0o pyJaHuKa. Pa3zpaboTtaHa
KJaccuduKaius JIOTUCTUYECKUX CXEM BEJEHHUS 3aKIaJ04YHbIX paboT MpU OCBOCHUU
COJISHBIX ~MECTOPOXKICHMM, Oaszupyromascs Ha Ccrnocodax TPaHCTOPTUPOBAHUS
3aKJIaJJOYHBIX MATEPUATIOB U CMECEH, OTIMYUTEIILHON 0OCOOEHHOCThIO KOTOPOU SIBJISIETCS
ydeT crnenuduKd COJICOTXOJOB B COCTaBE 3aKJIAJIOYHON CMecCH, TJIYOWHBI 3ajieraHusl
MECTOPOXKIAEHUS, PACCTOSIHUSI TPAHCIIOPTUPOBAHUSA, A TAKXKE PACIHOJOKEHHUS W THIIA
MOAYJIs 00€3BOKUBAHUS, YTO IMO3BOJISIET BEIOPATH CPEJICTBA, IOCTABKU U YKIIAJIKH CMECH
U1t GOpMUPOBAHUS KOHCOJIUAMPOBAHHOTO 3aKJIAJOYHOTO MAacCHMBa B 3aBUCHMOCTH OT
TOPHOTEXHUYECKUX  YCIOBUU  pa3pabOTKHM  MECTOPOXKIEHUNU  BOJOPACTBOPUMOIO
MHHEPAIIBHOTO ChIPbS.

2. BpIOOp paloHanbHOM JOTUCTUYECKOM CXEeMbl 3aKJIaJOYHBIX paldoT AOJKEH
NPOU3BOJIUTECA HAa OCHOBE pa3pa0OTaHHOW METOJIMKH OIpe/eNieHUs IMapamMeTpoB
JIOTUCTUYECKOM CXEMbl PYIHHMKA C Y4YETOM BIJIQXKHOCTH 3aKJIaJOYHOM MaTepUaloB U
CMECH, BIUSHUSA JTUHAMUYECKUX HArpy30K MpU TPAHCHOPTUPOBAHMM Ha (HU3UKO-
MEXaHMYECKUE CBOMCTBA COJEOTXOJ0B C MaTEeMaTUYECKUM MOJEIMPOBAHUEM IIpolecca
Nepernycka CMECH IO BEPTHKAJIbHOMY 3aKIaJ0YHOMY TPYOOMpPOBOAY /JI CHUIKEHUS
PUCKa KOHCOJIMAALUM COJIEOTXOI0B B IEPETrPY30UYHBIX y3J1aX U UX 3aKYIIOPHUBAHUS.

3. JlokazaHo, 4Yro0  OCHOBHbIM  TpeOoBaHmeM i  3PHEKTHBHOTO
(GYHKITMOHUPOBAHMS JIOTUCTUYECKOM CXEeMBblI 3aKJIaJOYHBIX paloT, mpu pa3paboTke
rIIyOOKO3aJIETAONMEr0  MECTOPOKICHHUS ~ BOJAOPACTBOPUMOIO  CBIPbS  SIBISIETCA
OTIpEJICIICHHE MECTa Pa3MEIICHHs] MOJIYJsI O0€3BOKMBAHMS COJEOTXOAO0B, KOTOPBIU
oOecreunBaeT 3aJJaHHyI0 CTENEHB BIAKHOCTH 3aKIaI0YHBIX CMECEH, HEOOXOAUMYIO JIIIS
WX TPAHCTIOPTUPOBAHWS W YKIAIKH B BBIPAOOTAHHOE MPOCTPAHCTBO, a TaKKE
KOHCOJIUJIAIIMA CMECEe Ha OCHOBE COJICOTXOJIOB C (HOPMHUPOBAHHEM HEOOXOIUMOM

MIPOYHOCTH U J1IePOPMAITMOHHBIX XapaKTEPUCTHK.
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4. Pa3zpaboTaHa KOMIUIEKCHAsI METOJMKAa MaTeMaTUYECKOrO0 MOJEIHUPOBAHUS U
pacuera palMOHAIBHBIX [APaMETPOB JOTMCTUYECKOM CXEMBI MOA3EMHOIO PYIHHUKA C
MOHOJIMTHOH 3aKJIaJIKON BEIpa0OTaHHOI'O IPOCTPAHCTBA, KOTOpAsk BKIIOYAET pa3paboTKy
MaTeMaTUYecKOl MOJENM OLEHKHM KpUTHYECKOW M pabodeil ckopocTed JBHXKEHHS
3aKJIaJIOYHOM IYJIBIBI, YYUTBHIBAIOLIEH TIPAHYJIOMETPUYECKUN COCTAB, IUIOTHOCTH
¢paxkuuii, BHyTpeHHUHN TuaMeTp TpyOOnpoBoja, TPEHHUE MaTepuaia O CTEHKU U MOTepU
Haropa, a TakXe MHTErPALI0 METOJ0B pacyeTa IPOU3BOAUTEIIBHOCTH BEPTUKAIBHOIO
TpyOONpPOBO/A, YTO MO3BOISIET MUHUMHU3UPOBATH PUCKU 3aKYOPUBAHUS TPAHCIIOPTHOM
CHUCTEMBI.

5. Pazpaborana nporpamma-MeTO/IMKa ONMBITHO-TIPOMBIIIJIEHHBIX HCCIIEIOBaHUN
IIPOLIECCOB TPAHCIIOPTUPOBAHUS KOMIIOHEHTOB 3aKJIaJ0YHON CMECH, KOTOpast II03BOJISIET
OLICHUTH I[I0Ka3aTeayd TPAHCIIOPTUPYEMOCTH 3aKIaJO4YHBIX MAaTepUalioB U CMECH B
IPOMBIIUIEHHBIX YCIIOBUSAX, BKJIKOYasl MCCICIOBAHUS XapaKTEPUCTUK CKOPOCTH
JIBUKEHUS, IOTEPU HATopa U BIMSHUE COOTHOLIEHUS KUAKOW U TBEPAON (a3 c 1enbio
ONTUMU3ALMU [apaMETPOB IIpoLEecca IMEPEMELIEHNUs BO3BPATHBIX MUHEPAJIbHO-

CBIPBCBLIX ITOTOKOB.
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I'JIABA 3. UCCJIEJOBAHUE ITAPAMETPOB JIOTUCTUYECKOMH
CUCTEMBI 3AKVTAZIKA HA IOA3EMHOM I'PEMAYUHCKOM PY/HUKE.

3.1. KonuenrtyajibHble TPEOOBAHUSA K JIOTHCTHYECKOM CXeMe 3aKJIAJ0YHBIX padoT
PYAHMKA

AHanyu3 MHPOBOTO ONBITA MPUMEHEHUS THUAPABINYECKOTO U MEXaHUYECKOTO
criocoOOB  TPaHCHOPTUPOBAHUS  3aKJIAJOYHBIX  MATepUAIOB MpU  pa3paboTKe
[IyOOKO3aJIETAIOIINX MECTOPOKACHUN MHHEPAIBHOTO ChIPbs, TPEACTaBICHHBIN B
OpEeABIIYIINX TJIaBaX, CBUJIETEIILCTBYET O HEOOXOJAMMOCTH COBEPIICHCTBOBAHUS
TEXHOJIOTUH TPaHCIOPTUPOBAHUSI U JIOTUCTUYECKOM CXEMBI MOJ3EMHOTO pyJAHUKA Ha
0aze MpUMEHEHUS QJaNTUBHBIX CHUCTEM, CIOCOOHBIX YYUTHIBATH OCOOCHHOCTH
ICOJIOTHYECKUX YCIOBUM, TpeOOBaHUS MO CHIKCHHMIO JKOJIOTHYECKOW HArpy3Ku U
MOBBIMICHUIO YKOHOMUYECKONU 3((HEKTUBHOCTH TOPHBIX PAaOOT M MOJHOTHI U3BJICUEHUSI
MOJIE3HBIX HCKOMaeMbIX M3 HeAp. OpHako, MPElEJCHTOB MO CUCTEMHOMY aHalIU3y
napaMeTpoB B3aUMOJICUCTBUS PA3IUYHBIX CXEM TPAHCIOPTUPOBAHMS, B YACTHOCTH, JJIS
rIIyOOKO3aJIeTaAI0ONMX MECTOPOXKIECHUN KaJTUMHMHBIX COJIEH JI0 HACTOSIIErO0 BPEMEHU
BBISIBIICHO HEIOCTATOYHO [76].

KpynHenmnum  MecTOpoXIeHMEM KaMMHBIX coyed B Poccum  siBisieTcst
I'pemsunnckoe mectopoxaenue (I'MKC), paspabatbiBaemoe kommanueil «EBpoXum
Bonra-Kanuii» moazemubiM crocooom Ha riayomHe Oosiee 1100 metpoB. Cetb
KOMMYHUKaIIH 10 HanOoJiee yajJeHHOM aHe n Ha 3a11aJHOM HAIIPaBICHUH COCTABIISIET
11 250 M, a 1o HanboJee yaaneHHON aHean Ha BocTouHoM Harpasiiennn — 9 800 m. B
HACTOSIIIIMA MOMEHT PYJTHUK HCIIBITHIBACT 3HAUUTEIHHYIO MOTPEOHOCTh B pa3pabOTKE H
BHepeHNH AI(P(EKTUBHONW  CXeMbl  3aKJIAJOYHBIX paboT BBHUIY CHEIUDUKU
I'COJIOTMUECKUX M TEXHUKO-9KOHOMHUYECKUX (akTopos [121].

B cootBeTcTBHMM ¢ pa3paboTaHHON KiIacCH(pUKAIMUEH JOTUCTHYECKUX CXEM
BEJICHUS 3aKJIaJ0YHBIX PabOT mpH pa3pabOTKe TIIyOOKO3aJIETAIONUX MECTOPOXKICHUN
KAJIMAHBIX COJIEH BBIIETSIOTCS TPW HauWOOJee TPHEMIIEMbIE CXEMbI BEICHUS
3aKJIaJ0OYHBIX pa0OT: UUKINYHAS, [UKIUYHO-IOTOYHAS U TOTOYHAS.

[luknuyHas cxema npeaycMaTpuBacT NPUMEHEHWE MEXaHU3HPOBAHHBIX CPENICTB

OUKINYHOI'O I[CﬁCTBHH IIpHU TPAHCIIOPTHUPOBAHUH 3aKJIaJOYHOI'O MaTCpHUaIa J0 MECTaA €10
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yKiaankdn. B kadecTBe 3aKiIallouHOTO MaTepuana HCIOJB3YIOTCS — OCYIICHHBIC
€CTECTBEHHBIM CIIOCOOOM Ha COJICEOTBAJIC TaTUTOBBIE OTXO/BI.

TexHoNnOrM4eckudi NpoLecc UUKIWYHOM CXEeMbl HAuyMHAETCA C pa3pabdOTKU
TaJUTOBBIX OTXOJIOB HAa COJIEOTBAJE C WCIOJIB30BAaHUEM OYyIIbI03EPa-PHIXIUTEIS.
[Ipon3BOANTENEHOCTh W KOJMYECTBO OYyIbI03€pOB TOKHBI OBITh COTJIACOBAHBI C
00BEMOM MaTtepHaia, He0OXOAUMOTO AJis 00eCIeYeHUs] HEMPEPHIBHOCTH MOCIEIYIOIINX
omepanmii  3akianku. [loMydeHHBI MaTepuan TMepeMeIIaeTcs MOTPY30YHBIM
00Opy/IOBaHUEM LUKIUYHOTO JICUCTBUS B TEpErpy)KaTellb, MOCIE Yero momaércs Ha
KOHBEHEPHYIO JIMHUIO NIl TPAHCIOPTUPOBAHUS K HAIIIAXTHOMY KoMIuiekcy. Ha atom
dTare YYUTHIBACTCS KPYIMHOCTh MaTepHala: MPH MPEBHIIICHUN JOMYCTHMBIX 3HAYCHUN
(o6bryHO 50—70 MM) TpeOyeTcs omneparus ApoOIeHuUs sl 00eCTieYeHUs PAaBHOMEPHOTO
3aIIOJIHEHUSI MATKUX KOHTEHHEPOB (OUT-03TOB) U MOBBIIMICHUST TPAHCTIOPTOTIPUTOTHOCTH
MmaTepuana. Jlanee Our-0srm BPEeMEHHO CKJIAIUPYIOTCS Y CKHIIOBOTO CTBOJIA, IJIE HMX
HAKOIUICHUE OIpPEeNesieTCs TPY30M0IbEMHOCTRIO CKUIIOBOM TOIBEMHON YCTAaHOBKU U
BMECTUMOCTBIO MPUEMHOTO OyHKepa. BMecTUMOCTh CKiiafa pacCUMTHIBAETCS C yU4ETOM
5—7 HMKIOB pabOThI CKUIIOBOTO CITyCKa-MOAbEeMa, YTO MO3BOJIsIET N30€KaTh IPOCTOEB.

[locne mocraBku OWr-0roB Ha MOA3EMHBIM TOPU30HT, HMX Ppa3TPyKalOT C
UCIIOJIb30BAaHUEM CHEIUATH3UPOBAHHOTO O00OPYAOBaHMS. ITOT MPOIECC BKIIOYAET
nepeMelleHne KOHTEHHEPOB M3 CKHUIA B MPUEMHBIM OyHKEp, BMECTHMOCTH KOTOPOTO
orpannyeHa Kod(PUIMEHTOM 3amaca, pacCYUTAaHHOTO Ha OO0ECIEeUYCHHE HECKOJBKHUX
IIUKJIOB paOoThl ckuma. M3 nmpuémHoro OyHkepa OUT-03rH MOCTYNAlOT Ha CAMOXOJIHBIC
TPaHCIIOPTHBIE CPEICTBA.

[Tpon3BOANTENEHOCTh TPAHCHOPTUPOBAHUSA M YKJIAJKU OWUr-03roB 3aBUCUT OT
CUHXPOHH3AIIUU IHKIa PAOOTHI CKUTIOBOM MOABEMHON YCTAaHOBKH, BPEMEHH 3arpy3Ku U
pasrpy3ku II/IM, a Takke XapakTEpUCTHK 3aKJIaJOYHOr0 MaTtepuania.

HI/IKJ'II/I‘—IHO-HOTO‘-IHaH BKJIIOYAaCT BBIINICOIIMCAaHHBIC HOBerHOCTHBIﬁ, CTBOHOBOﬁ,

TOPU3OHTAJIBHBIA W KaMEpPHBIM MOJYJIH, KAXKIbIA M3 KOTOPBIX BBIMOJHAET CBOIO
KITFOUYEBYIO (PYHKIIMIO B paMKaX €IMHOM JIOTHCTUYECKON CHCTEMBI.
Ha HavampHOM 9Tame, COJICOTXOHBI, IOCTyHaromue ¢  (HIOTAIMOHHOMN

oborarutenbHOM (padpuKH, a TaKXKe MOATOTOBICHHbBIC, PU HEOOXOIMMOCTH, MOPOIBI OT



93

MPOXOAKH TOPHBIX BBIPAOOTOK KOHBEHEpOM MOMAIOTCS K MECTy CKJIaIupOBaHUs Ha
coneoTBaje. B yCIOBUSX OTKPBITOTO XpaHEHHUS TaJUTOBBIE OTXOABl YaCTUYHO
00€3BOKHUBAIOTCS, HO UX OCTATOYHAsI BIAXKHOCTH (9%) MpeBbIlIaeT JOMYCTUMBIN IS
TPaHCIIOPTUPOBKHU YPOBEHB (5—6%), uTO TpeOyeT KOHTPOJISI CKOPOCTH 0OE3BOKUBAHUS U
YCTIOBUM XpaHEHHs Ui TPEJOTBPAIICHUS CIEXUBAHUS W CHIDKCHHS MPOMYCKHOU
crocoObHocTH cucTeMbl. llocie ckiagupoBaHUsi TaJWUTOBBIE OTXOJbBI TOJBEPraloTCA
MEXaHUYECKOM o0paboTke c UCIIOJIb30BAaHUEM OyJb103€pa-phIXJIUTEIS,
00eCneunBalOIIEro pPHIXJICHHE YIUIOTHEHHOTO MaccHMBa W IMOJady MaTepuaia K
neperpyxarento. KoHBelepHass JHHHSA, COCIWHSIONIAS COJEOTBAJ C HAJIIAXTHBIM
3[laHUEM, TIEPEMEIIACT MPEBAPUTEIHHO TIOTOTOBICHHBIE OTXO/IbI K IIYHKTY JIPOOICHUS
M TPOXOYCHHsA. 3areM Marepuall TOJaeTcsi Ha HWHEPIUOHHBIA TPOXOT, TIe
OCYIIIECTBIISETCS OTACIICHNE HEKOHAUIIMOHHBIX (Ppakmuii. [Tocine moaroToBku Marepuan
HampaBJsieTCsl B 3arpy30YHBI MUTATeNlb, KOTOPBIM O3UPOBAHHO TONAET €ro B
3aKJIaJJOuHbId TpyOompoBoja. Jlmamerp TpyOompoBoma MOMKEH OBITh ONpenenéH B
3aBUCUMOCTH OT TpeOyeMol MpOU3BOAUTEIILHOCTH CHUCTEMBl U 00BbEMa TOJaYu
MaTepuana ¢ y4éToM IPOIYCKHON CIOCOOHOCTH TPyOOINpOBOIa, TUIOTHOCTH MaTepuaia
U CKOPOCTH €T0 MOTOKA.

B noazemMHOM mpocTpaHCTBE MaTepuall aKKyMyJIHpPYeTcsi B TpUEMHOM OyHKepe,
KOTOPBIM CIYXXUT JJi1 PAaBHOMEPHOW I0Ja4d HA MAaruCTPAIbHBIE KOHBEUEPHI.
BmectumocTh OyHKEpa pacCUUTBHIBAETCS MCXOAS M3 TpeOyeMoil MpOU3BOIUTEIHLHOCTH
3aKJIaIOYHBIX padOT U TOJKHA 00€CTIeYnBaTh HEMPEPHIBHOCTD MOIa4M CMECH.

3aKIIOYUTENIbHOE 3BEHO MpEeayCMaTpUBAET YKIAJKy Marepuaia B 3aKJIaJOuHbIC
KaMephl C UCTIOIH30BAaHUEM TIEPEABIYKHOTO ITHEBMOKAMEPHOTO 3aKJIaJOYHbIN KOMIUIEKC,
o0ecneurBaroero MOArOTOBKY M IepeMEelIMBaHHEe CMECH, €€ paclpeiesieHHe B
BBIPaOOTAaHHOM IIPOCTPAHCTBE U YIUIOTHEHHE B COOTBETCTBHH C 33JJAHHBIMH MTPOCKTHBIMHU
napamerpamu. [Ipm HEOOXOAMMOCTH CMECh OpPOIIAETCS PACCOJIOM ISl JAOCTHXKCHHUS
3aJIaHHON KOHCUCTEHIIMU U TIPEIOTBPAICHHS THIJICO0pa30BaHUA.

JIist mogadu paccojoB B 30HY 3aKIaJOYHBIX PabOT HCIOJB3YETCS OTACIbHBIN
TpyOOIIPOBO/A, KOTOPHIH OOEcreuynBaeT IMoAayy 3aTBOPUTENS U3 TOBEPXHOCTHOTO

KOMINICKCA K IICPCABHUKHBIM 3aKJIaJOYHBIM KOMIIJIICKCAM.
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IloToynas cxema. Jlns peanu3aliy MOTOYHOM CXEMbl 3aKJIAJIOYHBIX palbOT Mpu

pa3palboTKe TIIyOOKO3aJETaIINX MECTOPOXKIACHUSAX KaJIMHHBIX coyiel pa3paboTaHa
TEXHOJIOTHYECKasi CXE€Ma, OCHOBAaHHAsi Ha MEPEMEICHUM 3aKJIaJO4YHOr0 Marepuana U
paccoioB  yepe3  TpyOONmpoBOABI C  MNPUMEHEHHEM  TPaBUTALMOHHOTO WU
MTHEBMATHYECKOT'O BO3JICHCTBUS.

[Ipomiecc HauMHaeTCsT Ha TOBEPXHOCTH, TJI€ TaJUTOBBIE OTXOIBl U3
oboratutenbHOM (GaOpuKK MOCTyHmalT 0€3 MpeaBaApUTEIHLHOTO 00€3BOKUBAHUS.
Pacconbl 3abupatorcst u3 pe3epByapoB padpuKu, UX XUMUUYECKUN COCTaB, BA3KOCTh U
IUIOTHOCTh TPEBAPUTEIIPHO AHAIM3UPYIOTCA I 0OECreYeHUss COBMECTUMOCTH C
TIUTOBBIMHU OTXOJIAMH.

[Tocne  MOATOTOBKM  KOMIIOHEHTOB  cMeCh  (GopMUpYyeTCsl B MOAYJeE
MYJBITOTIPUTOTOBIICHHSI, TJIC TAJMTOBBIC OTXObI U PAcCObl CMEIITMBAIOTCS B 3aJIaHHBIX
nporopiusax. IDIOTHOCTE cMecrn W €€ PEeoJIOTHYECKHE CBOMCTBA OMNPEACNSIOTCS B
3aBUCUMOCTH OT JIJIMHBI M TEOMETPUH MapIipyTa TPaHCIIOPTHUPOBAHHS W JUaMeTpa
TpyOonpoBoaa. TpyOompoBoa AOMKEH OOECeYuTh NPOMYCKHYIO CIIOCOOHOCTD,
JOCTaTOYHYIO JIJIsl MPOEKTHOM MPOU3BOUTEILHOCTH 3aKIaJOUYHBIX paboT, 6€3 co3nanus
TUIPABIMYECKUX 3aCOPOB MM M30BITOUYHBIX TOTeph JaBieHusa. M3 kopmyca
MyJBIMONPUTOTOBIICHUSI CMECh  HANpaBJseTCss B BEPTUKAIBHBIA  TpyOONpPOBOA
(conecnyck), MO KOTOPOMY OHa TPAHCHOPTUPYETCS HA TOPU3OHT BEJCHHSI OUMCTHBIX
pabor. Ilocie  MOCTHIKEHHMS  OYHUCTHOTO TOPU30HTA CMECh  IOCTYNMaeT B
pacipenenuTeNbHYI0 crucTeMy. MaructpalibHble TpyOONpPOBOIBI HAMpPABISIOT €€ K
YYaCTKOBBIM JIMHHSAM, OTKyJa CMeCh MmomaéTcss B OJOKHM s 3akiaikd. KoHTpoub
PaBHOMEPHOCTH TIOTOKA, JABJICHUS M CKOPOCTH CMECH Ha JAHHOM JTare KPUTHYECKH
Ba)KEH, YTOOBI UCKIIFOUUTH HAPYIICHUE CTPYKTYPBI MaTepHaia U PaCCIIOEHUE CMECH.

B 3akmagouyHoM OJIOKE CMeCh TIOCTYNaeT B CMECUTEIBHYIO KaMmepy, TIe
npousBoauTcs €€ puHanbHas moAroToBka. Kamepa dopMmupyercs ¢ yKIOHOM, YTOOBI
o0OecreunuTh CTEKAaHWE W3JIUIIKOB KUJKOCTH B  HAKOMHUTEIBHBIH  pe3epByap.
['Mapon30aAMOHHBIN  CJIOM, YJIO)KEHHBIM Ha JHUILNE KaMepbl, MNPeJOTBpPAIIACT
MIPOHUKHOBEHUE XUIAKOCTH B MACCHB MOJCTUJIAIONIUX Topoa. Pacconmsr u3 pesepByapa

OTKAQYMBAIOTCA Ha IMOBECPXHOCTh U BKIIIOYAIOTCS B O60p0THBII71 THKII.
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J171s1 Bcex TPEX JIOTUCTUUECKUX CXEM 3aKIaJ0UYHBIX pad0T — MOTOYHOM, IUKIMYHOU
U UUKINYHO-TIOTOYHOM — oOecleueHre 3aJaHHOM MPOU3BOAUTEIBLHOCTH SBISIETCS
KJIFOYEBBIM ACHEKTOM IUIAHUPOBAHMSA. ITOT MPOLECC MNPEANONATaeT IMOCTENEHHOE
JOCTMKEHUE TPOCKTHOM MOIIHOCTH 3aKJIaJIOYHOTO0 KOMIUIEKCAa Ha KaXJOM JTare
JKCIUTyaTallu¥, HayuHas C MHHUMAJbHBIX  TIOKa3arejed, o0ecrneYrBaroIImux
TECTUPOBAHUE U HACTPOMKY OOOpYIOBaHMS, M 3aKaHUMBas BBIXOJOM Ha TMOJHYIO
MPOU3BOACTBEHHYIO MOITHOCTh PYHHUKA.

B uukniuuHONM cxeme 3akKialouHbIX paboT Habop MPOU3BOAUTEIHLHOCTH
COIIPOBOXKAETCS YBEJIMUYEHUEM KOJIMYECTBA IIUKIIOB 3arpy3KH U pa3rpy3ku. Ha nepBom
JTane CcucTeMa TECTUPYETCA MpU MHUHUMaIbHOM 3arpyske. [lo Mepe yBenuueHus
IPOU3BOUTEILHOCTH KOPPEKTUPYIOTCS KOJUYECTBO €IMHOBPEMEHHO pPabOTAIONIUX
cranuus 3atapuBanusg MKP u [1/IM, a Takke cTeneHb 3arpy3Ku CKUIa.

B 1ukinyHO-IOTOYHON cXeMe cTaauu Habopa MPOM3BOJUTEIBHOCTH 3aBUCSAT OT
CHHXPOHHM3AIMM IUKJIMYHBIX M MOTOYHBIX mpoiieccoB. Ha mepBoM stame mpoBOAUTCS
ONTUMM3AIMS B3aUMOJICUCTBUS KOHBEMEPOB W TPYOOMPOBOAOB, UTOOBI HCKIIOYUTH
HEpPaBHOMEPHOE pacupezereHne Harpy3ku. [1o Mepe yBeanyeHus: npou3BOAUTEIBHOCTH
BO3pacTaeT MOTPeOHOCTh B MOJade MaTepUaAOB, YTO OOECHEYMBAETCS YBEIMYECHUEM
CKOPOCTH TPAaHCIIOPTHUPOBAHUS Ha KOHBeHepax, /1aBlieHUs B TpyOOnpoBogax U 00beMOB
CMEIIMBAaHUSI KOMIOHEHTOB. [l JOCTHMXKEHUS MaKCUMalbHOW 3(()EKTUBHOCTH Ha
3aBepIiaroleM »JTane TpeOyeTcsi KOMIUIEKCHBbIE ITYyCKO-HallaJouHble paboThl Bcex
AJIIEMEHTOB CUCTEMBI M UX CHHXPOHHU3AIIHS C OOLIUM PUTMOM 3aKJIaJ0YHBIX padoT.

Brei6op parmonanpHOro crocoba TpeOyeT neTaiu3aldd MPOEKTHBIX PAacueTOB
KOKJOTO BapHaHTa C YYETOM CHEIU(DUKHA MECTOPOXKIACHHS, 00HEMOB H3BICKAEMBIX U
YTUJIU3UPYEMBIX OTXOJOB, a TAaKXE€ TEXHHYECKUX XApPAKTEPUCTUK IPUMEHSIEMOTO
obopynoBanusi. DopMHUpPOBaHWE KOHIICTITYAIbHBIX TPEOOBAHWM K JIOTMCTUYECKOU
CHUCTEME 3aKJIaJKH JOJHKHO 0a3MpoBaThCS HE TOJIBKO HA YY€TE€ TEXHOJIOTHUYECKHX
[apaMeTPOB, HO TAK)KE HAa BCECTOPOHHEM AHAJIU3E€ TOPHO-TEOJIOTMYECKUX YCIIOBUM H
AKCIUTyaTallHOHHBIX XapAaKTEPUCTUK TOPHBIX MAILIVH.

BaxxHbIM acniekToMm Ipu BbIOOpE pallMOHATBHON JIOTUCTUYECKOU CXEMBI SIBIIIETCS

y4eT YPOBHS 3albUICHHOCTU PYJHUYHON aTMOC(hEpbl, KOTOPbI HANpsIMyIO BIUSET Ha
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YCIIOBUS TPyZAa M Ha 3KCIUTyaTalMOHHbIE XapaKTepUCTUKU oOopyaoBanus. [IpenensHo
nomyctumble konueHtpanuu (I1/1K) neiiu B pynauuHoit atMocdepe cocTaBisior 6 mr/m?
st KouBeriepoB u [1/IM, u 2 mMr/m?® st TpyOOnpoOBOOB U YCTAHOBIIEH B COOTBETCTBUU
¢ CanlluHom 1.2.3685-21 [122].

JI71s1 olleHKU yCJIOBUHM pabOThI BOJIM3U TPAHCIIOPTHOTO 000PYAOBaHUS U pacxoja
MoJa4M CBEXKETO BO3/yxa ObUIM MPOBEIECHBI 3aMephl KoHIeHTpauu nbuin (C, Mr/m?) u
o0wveMa Bo3ayxa (V, am?) Ha paccrosiHusX 5, 10 u 30 MeTpoB OT KOHBEHEPA U MOTPY30-
noctaBouHou mamuuel (I1IJIM). PesynbTaTel npencrasiens! B Tabauie 3.1.

Ta6nuua 3.1 - Pe3ynabTaThl M3MepeHus KonuenTpauu e C, Mr/m® u o6bema Bo3ayxa
V, am? BOAM3U JOCTaBOYHOTO 00OPYA0BAHMUS

Ne zamepa | C, mr/m® V, om3 C, mr/m? V,am* | C,mr/m® |V, om®
Paccrossaue ot ) 5 5 10 10 30 30
000pyIOBaHUS, M
1 24,5 20,4 20,1 18 14,1 22,6
Komngetiep 2 23,1 20,7 19,2 18,2 13,2 22,8
3 22,3 21 18,7 18,5 12,5 23,1
1 849,1 3,31 158,5 9,05 72,2 17,1
M 2 861,5 3,1 224,1 8,39 79 17,31
3 820,3 3,45 284.,9 7,03 87,7 13,93

N3mepenus mnokaszaiu yMEpeHHOE IMbUieoOpa3oBaHUME BOKpYr KoHBeidepa. Ha
PacCTOSTHUM 5 M OT KOHBeMepa KOHIIEHTpAIMs MBI BapbupyeTcs B npeaenax 22,3—24,5
MT/M?, TIOCTENIEHHO YMEHbIasch 1o 12,5—-14,1 mr/m® Ha pacctosauu 30 M. Ilpu sTom
obbem Bo3ayxa (V, am?®) mpomymieHHOro d4epe3 u3MmeputenbHbI mpubop ITTKA-01
OCTaeTCsI OTHOCUTEIIBHO CTAOMIBLHBIM U KoJieonercs ot 20,4 no 23,1 nm3, He3aBUCUMO OT
paccrosiHus. BbICOKMI ypOBEHB IMBLICOOpa30BaHUS W CTAOWIBHBIA O0BEM BO3ayXa
CO3/al0T OIACHBIE YCJIOBHS TPYy/Aa, TPEOYIOMUX MPUHSATUS MEp JIJISl MBLJIETOIaBICHUS C
MaKCHUMaJIbHBIM NPUBBILICHHEM B 2 pa3a.

Pa6ora ITJIM, HampoTHB, CONMPOBOXKIACTCS 3HAYUTEIBHO 0OJiee WHTEHCHBHBIM
nbuteoOpazoBanueM. Ha paccTossaun 5 M KoHIeHTpanus mpuin cocrasiser 820,3—861,5
MI/M?, 4TO Ha TOPSIOK BBINIE MOKa3aTenel, 3adMKCHPOBAaHHBIX y KOHBeiiepa. O0beM
BO3/lyXa IpPH 3TOM 3HAYUTEJIBLHO HUXEe — Bcero 3,1-3,45 aM’, 4TO ykKa3pIBaeT Ha
HEJIOCTAaTOUYHYI0 BeHTWIsinui0. Ha pacctosinun 10 M KOHUEHTpaLUsl bUTH CHHXKAETCS B
6 pa3, nocturas 158,5-284,9 mr/m?, a 00beM Bo3myxa Bo3pactaeT 10 7,03—9,05 nv>. Ha
pacctostauu 30 M MbIIe00pa3oBaHUE CHIKACTCA ellle Ooublie, 10 72,2—87,7 Mr/m?, npu

yBeJIM4YeHUH o0bema Bo3ayxa 1o 13,93-17,31 am3,
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[IpoBeneHHble HCCAEAOBAHUS MUKpPOKIMMATa IMOA3EMHOIO pyJIHHUKA OBLIU
HaIlpaBJIeHbl Ha CO3/IaHHE ONTHUMAJIBHBIX YCIOBUH JUIsl BbIOOpa M MPOEKTUPOBAHUS
YCTOMYMBBIX TPAHCHOPTHBIX CHUCTEM, a Takxke g oOecrieueHus: O0€30MacHOCTH H
3¢ (PeKTUBHOCTH UX padOThl, PE3yJbTaThl W3MEPEHHH TEMIEPATyphl M BIAXKHOCTH
BO3/lyXa B pa3JIMYHBIX 30HAX MOJ3EMHOr0 py/HUKA CBEJEHBI B Ta0. 3.2.

Tabnuua 3.2 - Pe3ynbTaTbl U3MEpEeHUN TeMIepaTypbl M BIAXHOCTH BO3AyXa B
Pa3JINYHBIX 30HaX MOJ3EMHOI0 PyIHHUKA.

Mecrto °
— Howmep 3amepa | Temneparypa (°C) | Bnaxuocts (%)
[Tpuzaboitnoe 1 50,1 25,5
MPOCTPAHCTBO 2 46,8 27,3
YPAJI-20 3 47,5 26,8

1 29,2 29,5
Tynuk 2 29,5 28,9

3 29,4 29,2
Comnpsixenne 1 28,3 28,8
TOPHBIX 2 29 29
BBIPA0OTOK 3 24,2 30

1 33,1 27,5
Vyactok ¢ I[TIM | 2 36,3 26

3 38,2 25
Kongeiiepnas 1 31 27,8
ranepes 2 28,5 28,5

3 27,2 29

N3yuyenue temmepaTypbl M BIAXHOCTH BO3JlyXa B PA3JIMYHBIX 30HAX PYIHHUKA
MO3BOJISIET aIaTUPOBATh BEHTUJISILIMOHHBIE CHUCTEMBI M METO/bl TPAHCTIOPTHUPOBAHUS
KOMITIOHEHTOB W 3aKJIAJJOYHON CMECH K CIECIM(PUUYECKUM YCIOBHUSM IKCIUTyaTallud B
KaJIMHHOM pyAHUKE. MakcuMmanbHas TeMmreparypa B MpHU3a00MHOM MIPOCTPAHCTBE
coctaBmwia 50,1°C npu MUHUMaJIbHOW BiaXHOCTH 25,5%, 4TO CBSI3aHO C MHTEHCHUBHOM
TEIUIOBON HArpy3Ko# OT paboThl KOMOAHOB.

B xonBeiiepHoii ranepee, riae TeMnepaTypHbie kojaebanus coctaBuwiu 27,2—-31C,
a BIAXHOCTh jocturia 27,8-29%, ONTUMAIBHBIMU OCTalOTCS KOHBEHEpHl C
TePMETUYHBIMHU YKPBITUSIMU, KOTOPBIE MPEIOTBPAIIAIOT MbUICOOPA30BAHNE U CHIDKAIOT
3aTpaThl Ha BEHTWISLUIO. YCJIOBHUS B 30HE palbOThl MOTrPY30-J0CTABOYHBIX MAIIUH
(ITAM), rne temnepatypa nocturia 38,2°C npu BiaxkHoCcTH Bo3nyxa 25%, Tpedyercs
yCUJIEHHAs BEHTWIALUS U UCIIOIb30BaHUE YBIAXKHSIOUIMX CUCTEM JIJIsl CHUKEHUST YPOBHS

MbUIe00Opa30BaHUSI.
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OnpeneneHue ONTUMAJIbHOM TEXHOJOTUM TPAHCHIOPTUPOBAHMS 3aKIad0YHBIX
MarepuaioB TpeOyeT yuéra TOPHO-TEOJIOTMYECKUX YCIOBHH  ['peMsUMHCKOrO
MECTOPOXKIEHHSI, KOTOPbIE MOT'YT CYIIECTBEHHO BIIMSATh HA YCTOMYMBOCTH BHIPAOOTOK U
3¢ (PeKTUBHOCTH PabOTHI TPAHCHOPTHBIX CUCTEM, B CBSI3U C YEM B BhIPAOOTKaX pyJHUKA
MPOBEJICHBI UCCIIEI0BAHUS F€OJIOTMYECKUX U THAPOT€0JI0rHYeCKUX (PaKkTOpOB.

OcHOBHOI (akTop, BIMUSIONIUN HA YCTOWUYMBOCTH BBIPAOOTOK, 3aKJIIOUAETCS B
HaJIMYUMA KapHAUIUTOBBIX M KapHAJUITUT-TAIUTOBBIX MOPOJ, KOTOPBIE MOJBEPKEHBI
pa3mbiBaHuIO HacklieHHbIMU paccojiamu NaCl u KCl, a taxxe Hacpimenuto no MgCla.
Takue moOpoAbl  XapakTEepPHU3YIOTCS  BBICOKOM  UYyBCTBUTEJIBHOCTBIO K  JIaxe
HE3HAUUTEIbHBIM YTE€YKaM pPAacCOJIOB M3 TPyOOMpPOBOAOB, UYTO MOMKET MPUBECTU K

PaspymiCcHUIO MaCCHBa IMOPOJ U IMOTCPC C-)KCHJIyaTaHI/IOHHOﬁ MMPpUTOAHOCTH BBIpa6OTOK.

HOCHCI{CTBI/IH TAKUX Pa3MbIBOB IIPEACTABIICHBI HAa pPUCYHKC 3.1.

2) 5)

Pucynoxk 3.1 - IlocneacTBust mpopsiBa TpyOOIIPOBOIOB U Pa3MEIIEHUIN BOTIOMPUTOKOB
(Trexnonorudeckoe BogocHabxkenue) Ha OO0 «EBpoXum-BonraKanuit» npu
nuametpax Tpyo: a —100 mm, 6 — 108 Mmm

Kpome TOro, momMmmMo HCKYCCTBEHHOIO BO3JEUCTBHS PAacCOJIOB U IYJIbIIBI Ha
COCTOSIHHE BBIPAOOTOK MIPH pa3pbiBe TPYOOTPOBOAOB (UTO MPEACTABISIET 3HAUYUTECIIHHBIN
PUCK HM3-32 OOJBIIONW TIYOWHBI U BBICOKOTO JABJICHHUS B TPyOax), MOMOJHUTEIHHBIM
(hakTopoM, CIOCOOCTBYIOIUM YXYAIIEHUIO COCTOSHUS TOPHBIX BBIPAOOTOK, SIBIISETCS

nedopmarys X KoHtypa (puc. 3.2).



Pucynok 3.2 - YcnoBus nogaepxkanus Ha pyaHuke OOO «EBpoXum-BonraKanuit» u
BBIPAOOTOK: a — IJIaBHBIX BBIPAOOTOK, O — MaHEIbHBIX BHIPAOOTOK.

[lygyenue mOYBBI BBIPAOOTOK CO3MAET BBICOKHME PUCKH (DYHKIIMOHUPOBAHUS
TPAHCHOPTHBIX TeXHOJOrui. IIpu HCHONB30BaHMM KOHBEMEPHOIO TpaHCIOPTA
3aKJIaJOYHBIA MaTepuan mojaaércsi B 00€3BOKECHHOM BHJIE, YTO CHUXKAET BEPOSTHOCTH
pa3MbIBaHUs TTOPO/I, OJHAKO CYIIECTBYET PUCK MOBPEXKACHUSI KOHBEUEPHBIX JIMHUN TTPU
nedopMaluy MoYBbl. ITO MOXKET MOBJIEYh OCTAHOBKY paboT, IEMOHTaX U 00YCTPOMCTBO
HOBBIX KOHBEUEPOB, YTO BBI3BIBAET CYIIECTBEHHBIN POCT 3aTpar.

B ornuume oT KOHBEHEpPHOro TpaHCIOPTa, TPYOONPOBOIHBIN TPAHCIOPT HE
NOJBEP)KEH BO3JCHUCTBUIO IYyYEHHUs, TaK KaK €ro KOHCTPYKLHS KPEMUTCS B KpOBIE.
OpHako 3akiaZOYHBIE PACCOJIbl, TPAHCIOPTUPYEMBIE MO TPYyOONpOBOJaM, MPU yTEUKe
MOTYT HPOHHUKATh B TPEIIMHBI MOPOJ, YTO BJIEUYET HAPYIICHHE LIEITOCTHON CTPYKTYpHI
MaccHBa.

AJBTEpHAaTUBHBIM MOAXOJOM MOXET CTaThb UCIOJb30BaHUE MOTPY30YHO-
noctaBouHbIX MalvH (ITJIM) nig TpaHCcmOpTUpOBaHUS 3aKJ1aJI0YHOT0 MaTepuana. Takoin
C1oco0 MO3BOJIAET HE TOIBKO 00€CIeYnuTh MOOMIBHOCTH B IIEPEMEIIIEHUN MaTepHaa, Ho
U CO371aTh MPUTPY3 MOYBKI B BRIPAOOTKAX, YTO CIIOCOOCTBYET CHUKEHUIO PUCKA MTyUYCHUS
MTOYBHI ¥ TIOBBIIIIEHUIO YCTOMYUBOCTH BBHIPAOOTOK.

Takum 00pa3om, BEIOOp ONTUMATIBLHOW TEXHOJIOTUN TPAHCIIOPTUPOBAHUS JOHKECH
OCHOBBIBAThCSI HA KOMILUIEKCHOW OLEHKE MEXaHMYECKOW YCTOWYMBOCTH MOPOJ IMPU UX
B3aMMOJICHCTBUM C PACCOJIAMHU M YUUTHIBATH SKCIUTyaTallMOHHBIE TPEOOBAaHUS PyAHUKA.
[IpencraBnsercss BO3MOXKHOW Takke KOMOWHUPOBAHHAs CXeMa, TAe TPyOOIpOBOIBI
MPUMEHSIOTCA B YCTOMYMBBIX MAaCCUBaX, KOHBEHEPHl — ISl YYACTKOB C MUHUMAJIbHBIM

pUCKOM myueHust nous, a [IJIM — 1151 30H ¢ BBICOKOM JIepOpMaIITMOHHON aKTUBHOCTBIO.
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OpnHako 3Ta cxema SIBJII€TCd MHOTO3BEHbEBOW M HamOOJIEe CIOXKHOW B IKCILTyaTallMH.
JI1s ycnenrHo# peanu3aiuu J1000ro BU/1a JIOTUCTUYECKONM CXeMbl HEOOXOUMO JIETaTbHO
U3YYUTh (PU3UKO-MEXAHUYECKHE CBOMCTBA 3aKJIaJJOUYHOI CMECH, KOTOPBIE OIIPEACIISIOT €€
MOBEJCHUE TMpPU TPAHCHOPTUPOBAHUM U  YKJIAAKE. OITO TMO3BOJSET OLECHUTH
PEOJIOTUYECKHE XAPAKTEPUCTUKM CMECH TIPU THAPABIMYECKOM M KOHBEUEPHOM
TPaHCMIOPTUPOBAHUHU, a TakXKe pa3paboTaTh METOIUKY OIpEACICHUsT MapamMeTpoB

JIOTUCTUYECKOMN CXEMBbI, aIallTUPOBAHHOM K YCIOBUSAM MOA3EMHBIX TOPHBIX BHIPAOOTOK.

3.2. Pe3yabTarhl uccjiea0BaHus GU3HKO-MEXaHNYECKHUX CBOMCTB 3aKIA109HOM
CMeCH € HeJIbI0 OLIEHKH €€ Pe0IOrMYeCKUX XapaKTEePUCTUK NPH TMAPAaBIHYEeCKOM
U KOHBEepHOM TPAHCIIOPTHPOBAHNH B YCJIOBUAX MOA3€MHbIX FOPHBIX
BBIPA0OTOK.

Pa3paGoTtanHasi ~ KOMIUIEKCHasi ~ METOJIMKA  ONpENEJICHUS  MapaMeTpoB
JIOTUCTUYECKON CXEMBbI MOJA3EMHOTO PYJIHUKA C 3aKJIaJIKOM, YUUTHIBAIOIIAsl COBOKYITHOE
BJIUSIHUE TOPHO-TE€OJIOTHYECKUX M TMPOU3BOJICTBEHHO-OPTraHU3AIMOHHBIX (PAaKTOpPOB, a
TakKe PU3NKO-MEXaHUYECKHUE CBOMCTBA TPAHCIIOPTUPYEMOTO 3aKJIaJJ0YHOT0 MaTepuania,
npeaycMaTpuBalia TPOBEJECHUE CEpUU JIaDOpAaTOPHBIX U TOJIEBBIX HCCIIEIOBAHUM,
HAIPABJICHHBIX HA BBISBIICHUE MTAPAMETPOB, BIUSIONIMX HA BHIOOP JIOTUCTUYECKON CXEMBI
BEJICHUSI 3aKJIAJOYHBIX pabOT MpPHU OCBOCHUU TITyOOKO3aJErarolfuXx MECTOPOKICHUN
MHHEPAIBHBIX COJIEH.

[TonyuyeHHbIE pe3ysbTaThl OLIEHKH BIAXHOCTU 3aKJIaIOYHBIX CMECEH MO3BOJIMIN
YCTAHOBUTb, UTO CPEAHSS BIAXKHOCTb MPUPOJHOTO CUIBBUHUTA B MacCHUBE COCTABIISIET
0,1-0,15%, a mopox, MpeuMyIIeCTBEHHO TauTOBOTO cocTtaBa — 0,07%. YauteiBas, 4to u
CUJIbBUHUT, W TajUT SABJISAIOTCA JOCTATOYHO T'UIPOCKONMYHBIMUA MAaTEpUaaMH,
OTpPEJICNICHHYI0 B J1a0OpaTOpuu BIAKHOCTh MOXHO JIMIIb YCIOBHO HAa3BaTh
€CTECTBEHHOM.

[IpoBeneHHbBIE WCCIENOBAaHUS TPAHYJIOMETPHUUYECKOTO COCTaBa COJIEOTXOOB,
0oTOOpaHHBIX Ha obOoratutenbHOUW (abpuke ['pemsumnckoro ['OKa, mokazamm, uTO
OCHOBHAsl Macca Marepuaia COCpeloTOYEHa B Auana3zoHe KpynHocTtd oT 0,5 mo 1 mwm,
KoTOpbIi coctaBisieT 30% o0011eil Macchl, a COBOKYIHAS J0Js1 YaCTHI, TPEBBIIIAIONINX

0,25 mMm, nocturaet 77,93%. Huzkoe comepkanue TOHKOAUCIIEPCHBIX (Dpakiuii (MeHee
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0,1 mM) — 8,73% — yka3plBaeT Ha MHMHHMMAJIbHYIO CKJIOHHOCTh MaTepHuaja K
00pa30BaHUIO MbUIM, YTO HMEET 3HAUYMTEIbHOE 3HA4YE€HHE JUIsI MPOU3BOJICTBEHHOU
AKOJIOTUM U 0€30MaCHOCTH TOPHBIX paboT (Tadi. 3.3).

Ta6nuna 3.3 - Pe3ynbraTsl rpaHyI0METPUUYECKOT0 aHAIN3a COIE0TX00B I " peMIunHCKON
oOorarurenabHON Gadbpuku

Kitace kpynnoct, mm | Beixox knmacca, r | Beixon kitacca, CymmapHas
% XapaKTepuCThKa, %

+1 17,19 17,19 17,19

-1+0,5 30 30,00 47,19

-0,5+0,25 30,74 30,74 77,93

-0,25+0,1 13,33 13,33 91,26

-0,1+0,071 3,11 3,11 94,37

-0,071+0,044 2,53 2,53 96,9

-0,044-0 3,1 3,10 100

Htoro 100 100

['paHyiOMETpUYECKHUI COCTaB  COJICOTXOJIOB TIPSIMO  BIMSET Ha  BBIOOD
TPAHCIIOPTHOTO 00OpymoBaHMs. Hu3kas J0JsA TBUICBUIHBIX YaCTHI[ CHWXKACT
HEOOXOJUMOCTh  JIOTIOJTHUTCIBHBIX ~ MEp  MBUICTIOJABICHUSA, YTO  yMCHBIIACT
AHEPro3aTpaThl Ha BEHTWIAINIO U 0OecriedyrMBaeT Oe30IacHbIe YCIOBHS pabOThl BOIU3H
TPaHCIIOPTHBIX JWUHMK. Bbicokas mons KpymHo3epHUCTBIX dYactull (77,93% ponu
dbpakuuu kpynmHOCThIO 60s1ee 0,25 MM) CITOCOOCTBYET BBICOKOM CHIITY4YECTH MaTepHasa,
YTO YMPOIIAET MPOIECCHI 3aTPY3KH U Pa3rpy3KH, B YaCTHOCTH, MPHU UcToyib3oBanuu [1/]M.

I'mapoTpaHCIOpTUPOBAaHUE TaKXKE MOXET OBITh YCIENIHO pPeaIu30BaHO IS
COJICOTXOJIOB JIAHHOTO TPaHYJIOMETPHYECKOrO cocTaBa. Matepuai, ¢ noyei ¢pakimii
kpynHee 1 MM - 17,19 %, a gactunr menee 0,25 mm — 22,07 %, COOTBETCTBYET
TpeOOBaHUSAM JIJIs MTOEP KaHUS JTAMUHAPHOTO TCUSHUSI B TPYOOIIPOBOIAX.

[IpoBenéHHbple M3MEPEHHUST HACHIITHOM IMIOTHOCTH COJICOTXO/OB, BBICYIIEHHBIX 10
MOCTOSIHHOM Macchl npu temnepatype 1050 °C, mokaszanu auana3oH 3HAYEHUH OT
1133,22 no 1178,11 kr/m®, d9ro yka3plBaeT Ha CTaOWIbHBIC (PU3NKO-MEXaHHUCCKHUE
cBoiicTBa Marepuana. CpemHsisi HachIHAas IUIOTHOCTh coctaBuia 1150 xr/m3, 4to
XapaKTEPHO JIJISl CPEIHETUIOTHBIX ChIMy4rX Macc. MccaeqoBanus ObUTA TPOBEACHBI JIS
OIICHKH TEXHOJIOTHYCCKOW TPHUTOJHOCTH MaTepuaja K Pa3IudHbIM  METOJaM

TPAHCTIOPTUPOBAHMS M OOECTICYCHHS CTAOUIBLHOUM paboThl 000opyaoBaHus (Tadm. 3.4).
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Tabnuua 3.4 - Pe3ynbraThl U3BMEPEHNUN HACBITHOM IMJIOTHOCTU COJIEOTXOOB

Howmep o6pasia [InoTHOCTH, KI/M° Cpennsis, kr/m®
[Taptus ot 02.06.2022

1 1140,85

2 1178,11

3 11716 1154,27
4 1140,01

5 1140,80

[Taptus ot 04.10.2022

6 1133,22

7 1139,56

8 1148,01 1147.27
9 1157,8

10 1157,8

N3mepenus HaCBhIMHOM MIIOTHOCTH, Bapbupytouieics B mpenenax 1140—1150 kr/m?,
NoKa3ajld OJHOPOJAHOCTh MaTepuaia, HEOOXOJAMMYIO JUIsi MPOTHO3UPOBAHUS €Tro
MOBEICHUS IIPU TPAHCTIOPTUPOBKE. J{J1s1 TpaHCTIOPTUPOBAHUSI MaTepUaIoB KOHBeepaMu,
HachblllHasg IUIOTHOCTH B jauamaszoHe 1133-1178 kr/m® oOecrneuynBaeT COOTBETCTBUE
CTaHJApTHBIM TPEOOBAHUSM K Harpy3KaM Ha JICHTY U YCTOWYMBOCTH MIOTOKA MaTepuana.

JI71s1 OLIEHKHU TOMYCTUMOM BBICOTHI MEPENYCKa KOMIIOHEHTOB 3aKJIaIOYHON CMECH
0 BEPTUKAJILHOMY TpPYyOONpPOBOAY C IENbI0 TPAaHCIOPTUPOBAHUS MaTEPUATIOB C
MOBEPXHOCTH JI0 OKOJIOCTBOJBHOTO JIBOpa 0O€3 pHUCKa CIEKHUBAHMS U YPE3MEPHOTO
yiioTHeHus: Ha 6aze B smaboparopun DKOH PAH 6mimo mpoBeneHo uccieaoBaHHe
3aBUCUMOCTH OTHOCHUTEIBHBIX BEPTUKAIbHBIX AehOpMAIMA CHITYYHMX MaTepUajoB OT
yJIeTbHON KOMIIPECCHOHHON HArpy3KH MpH BIaKHOCTH cojieorxoa0B 0,05 %, 4 % u 8§ %
(puc. 3.3) [74]. CocTaB 00€3BOKEHHBIX COJIEOTXOI0B B OIBITHON HAaBECKE 3aKJIaJT0YHOM
CMECH Tpe/icTaBiieH B Tabuuiie 3.5.

Tab6auma 3.5 - CoctaB 00€3BOKEHHBIX COJIEOTXOOB B OIBITHOW HABECKE 3aKJIAJOYHON
cMecHu

KommoueHTsl Kosmuecto, rp.
CoJ1e0TX0 b1 1550
HImamer 250
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&
3
&
[=]

380,6
371 376,7 2

&
5

3425 150

y =328,44x - 524,55 314
2=
R*=0,9765 200

2854

22873

8

g

250

199,8
200
1712

142,7 y = 109,83x - 253,57 150

R*=0,9689
1900 1a1

57,1
y =75,484x - 208,25
500 28,50 El R?=0,9407 %

YaenoHas Harpyska, kH/m?
BbicoTa cnycka no Tpybonposoay, m

0 1,4 2,9 a3 5,7 7,1 26 10,0 1,4 125 143 157 17,1 186 20,0 21,4
OTHOCUTENbHAA BepTUKanbHaa Aedopmauma, %

1 (0,05% BnaxHOCTb) 2 (4% BnarkHOCTb) 3 (8% BnamHOCTL)

Pucynok 3.3 - 3aBUCHMOCTD y/ICIbHON HArpy3Ku KOMITPECCHOHHOTO CYKATHUS U BBICOTHI
neperycKa 1mo TpyoornpoBOaYy OT OTHOCUTEIIBHON BEPTHUKAIBHOM JTeGOopMaIiU ChITYyYnuX
COJICOTXOJI0B MpH paznuyHoi BiaakHocTH (0,05% — 1, 4% — 2, 8% — 3)

Pe3ynbpTaThl Hccne0BaHUM TOKA3alld, YTO JJIA MaTepuaia ¢ BIaXXHOCTbIO 8% mpu
abCOMIOTHOM BepTUKaIbHOU nedopmanuu 5 MM TpeOyeTcsi yneinbHash Harpyska BCEro
138,78 xkH/M?, uTO COOTBETCTBYET BBICOTE mepemycka mopsiaka 14,2 merpa. B To xe
BpeMs, IUIsl MaTepraia ¢ BiaxHocTbio 0,05 %, TOT e nokazaTenb yAeIbHON Harpy3Ku
nocturaet 1061,22 kH/M?, uTo cooTBeTCTBYET BhICOTE Tepenycka B 102,3 metpa — B 7
pasa BBIILIE.

C yBenuueHueM abCOIIOTHOM BepTUKAIbHOU nedopmaruu 1o 10 MM aHamornyHas
TEHJECHLMS COXpaHsETCs: I MaTephala C BIAXHOCTBIO 8 % BbBICOTa MEpemycKa
cocraBisieT 62,1 merpa, B TO BpeMs Kak Isg yciaoBHO cyxoro matepuana (0,05 %)
JaHHBIM TTOKa3aTenb nocturaet 302 MeTpos, uTo B 4,8 pasa Beiiie. [Ipu MakcumManbHOM
MCCJIEIOBAaHHON BepTHKAIbHOUM nedopmaruu B 15 MM Marepuan ¢ BIaXHOCThIO 8 %
JIOTTyCKaeT BBICOTY mepemnycka 92,2 MeTpa, a MaTepual ¢ BIaKHOCTBIO 4 % — 142 meTpa.
Jns ycnoBHO cyxoro Marepuana ¢ BuaaxHocTeio 0,05 % BbeicoTa mnepemycka,
o0ecrieunBaroIas aHaJOTUYHYIO JAedopMainio, coctasiseT 399,6 merpa.

AbcomotHas nedopmarliis B yclioBusx OyHkepa B pazmepe 15 mm (oTHOcHTETbHAS
21,4 %) sBI€TCS KPUTUIECKOM, TAK KaK MIPH MPEBBIMICHUH 3TOTO 3HaYEHUS ehopmarus
nepenaércsa Ha HIKEJNeKalllie CJIOU, YTO MPUBOJNUT K UX 3HAYUTEIIbHOMY YIUIOTHEHHIO,
YMEHBIIICHUIO TOPUCTOCTH, YBEIUUCHUIO CIEXUBAHUS U, KaK CJIEACTBUE, 3aTPyIHEHUIO

BBITPY3KH Matepuajia [/]. DTo BBI3BIBACT INMOBBINICHHBIC IMHAMHUYCCKUAE HArpy3KH Ha
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KOHCTPYKIIMIO OyHKepa U CHIDKACT Y PEKTUBHOCTh TPAHCIIOPTUPOBaHUsI MaTtepuaia [44].
B mpoBeneHHOM HUCClEIOBaHUH, HA OCHOBE TEOPUHU KJIACCHYECKOW (PU3MKH, CKOPOCTh
COJIEOTXO/IOB TpH Tnepenycke Ha riayOuny 1135 MeTpoB 1o BepTHKaIbHOMY
TpyOonpoBoay coctaiseT 149,03 m/c npu AMHaAMUYECKOW yneiabHOM Harpyske 12,8
MIIa. Ha ocHoBe »TuX JaHHBIX ObUla cocTaBieHa Tabnuna 3.6, ompeaensronas
JOIMYCTUMYIO BBICOTY MEpENyCKa COJEOTXOJAOB C PA3JIMYHOM BIAXHOCTBIO 10
AKCTIEPUMEHTAIBLHOMN yIEeIbHOU HArpy3Ku Mpu abcontoTHOM Aedopmariuu 21%.

Tabnuua 3.6 - Jlomyctumas BbICcOTa IEpeycka Ipy TEOPETUUECKON yIeNbHON Harpys3Kke
0e3 00pa3zoBaHMs NEPBUYHON KOHCOJIMJALMH COJIEOTXO00B B 3aBUCUMOCTH OT BJIAXXHOCTHU
COJIEOTXO/I0B

Brnaxnocts VnenvHast Cxopoctb Homyctumast MuHUMaIbHOE KOJI-BO
COJIEOTXOJI0B, % | Harpy3ka (o), | yaapa (v), M/c | BbICOTa neMIipepHbIX

kH/m? nepenycka (H), m | yctpoiicTB Nmin, IIT
0,05% 4285,714 86, 3 380,2 3
4% 1448,98 50,2 128,6 9
8% 959,184 40,8 85,0 14

Tak, nns mepernycka yCiIoBHO Cyxoro marepuania (¢ Braxxoctbio 10 0,05 %) c
BbICOTHI 1150 MeTpoB JOCTaTOYHO NMPUMEHUTH 3 Oy(PEepHBIX YCTPOWCTBAa MO BBHICOTE
CTBOJIA, PACIONIOXKEHHBIX Yepe3 380 METpoB Apyr OT Jpyra. YBEJIMYEHUE BIAKHOCTU
coJIe0TX0/10B 110 4 % CHUXAET JOMYCTUMYIO BBICOTY Iepenmycka 10 86 MEeTpoB, 4YTO
TpeOyeT yBeIn4eHHsI KonrndecTBa 0y(pepHbIX yCTPOHCTB MUHUMYM B 3 pa3a a0 9 wr. [Ipu
BIXKHOCTU 8 %, TOTPEOHOCTh B Oy(QEepHBIX yCTPOMCTBAX BO3pacTaeT B 5 pa3 A0 14 mrt.
Ha ocHoOBe »sKkcriepuMeHTa bHBIX JaHHBIX, MOTy4YeHHBIX B snadoparopun DKOH PAH,
OblJJa TIOCTPOEHA 3aBUCHUMOCTH JOIMYCTUMON BBICOTHI TEpemycka OT BIAXKHOCTH
conmeorxonoB (W) mpu kputhueckodd oTHocuTenbHOU aedopmanmu €=21,4 %. dna
anmpOKCUMAIINHU JAHHBIX UCIIOIB30BaH MOJMHOM BTOPOU cTeneHu (METO ] HAauMEHBIITNX
KBaJpaToB), OTPAXKAIOLIUNA HEIUHEWHOE CHUYKEHHE JIONMYCTUMOM BBICOTHI C POCTOM

BIaXHOCTH:

Hog
NW) = = ‘Ksanac, TOIT 3.1
W) 6,64-W2-90,58-W+384,71 - a¢ (3.1)
rae N (W) — KOIM4eCcTBO TaCUTENCH JIJIs TPEI0TBPAIICHHS KOHCOJIMIAIINH COJICOTXOI0B,
mT; W — BIaxHOCTh cojcorxonoB; a=6,64; b=—90,58; c=384,71 — ko3 PuireHTHI,
MOJTy4YEeHHBIE METOJIOM perpeccud; Ksanac (W) - koaddummenT 3amaca, yIuTHIBAIONIIUI

AUHAMHUYCCKUC HAI'PY3KHW U IIOI'PCIIHOCTH.
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®opmyna 1o3BoJdsieT paccuuTaTbh Hyon I8 J11000H BIaXXHOCTH B JUana3oHe
0,05%<W<8%. [ns 3nauenuit W>8 % TpebyeTcsi JOMOJHUTEIbHOE UCcieAoBaHue. B
pacuérax BBeIEH KOX(PUIMEHT 3amaca, yYUTHIBAIOIIUNA BO3MOXKHBIE MOTPEUTHOCTH U
JOTIOJIHUTENIbHBIE TUHAMHUYECKHE Harpy3Kd, BO3HHKAIONIME Mpu mepemycke. OmHako
yTOYHEHUE JaHHOTO KOA3(PPHUIMEHTa BO3MOXKHO TOJBKO TO pe3yibTaTaM HaTypPHBIX
WCTIBITAHUH TIepenycKa 1Mo BEPTUKAILHOMY 3aKJIaJOYHOMY TPyOOIIPOBOIY.

[Ipu HakomaeHnn marepuana B OyHKEpe IMOcCie Mepemycka MO0 BEPTUKAIbHOMY
TpyOOIIPOBOAY BO3MOXXHO 3HAYUTEIBHOE YBEIUYCHHE €ro HACHIMHOW IJIOTHOCTH.
CornacHo paboueit mHCTpyKiMu "Mertoasl nadopatopHoit nenerpauun PU 06-2015",
TUIOTHOCTh (p) CHIMYYUX MOHO(PPAKIIMOHHBIX TPYHTOB TMPSMO MPOMOPIHUOHATBHA
yIeIbHOMY compoTuBieHuo neHerpamuu (R). Jlns u3ydeHuss maHHON 3aBUCUMOCTH
OBUTH TIPOBEICHBI UCCIICIOBAHUS, BBIIIOJIHCHHBIE B COOTBETCTBHH ¢ TpeOoBaHusiMu PU
06-2015 «I'pyntel. Mertonsl nabopatopHoii mnenerpauuu» [58]. TlomydeHHbie
pe3yNbTaThl IpeiCcTaBIeHbI B Tabnuue 3.7.

Tabnuua 3.7 - Pe3ynpTaThl 9KCIIEPUMEHTA TI0 OMPENEIICHUIO YACIBHOIO COMPOTHUBIICHHUS
U TJIyOMHBI MPOHMKHOBEHUS KOHYCa B COJIEOTXOABl MPU PA3TUYHON BIAKHOCTH H
Harpyske.

YaensHOe CONPOTUBIICHHE ['myOuHa MPOHUKHOBEHUS ITPH
Harpyska,

H TICHETPAIMY IPH BJIAXKHOCTH, K[1a BJI&JKHOCTH, CM

0,05% 4% 8% 0,05% 4% 8%
0 0,00 0,00 0,00 0,00 0,00 0,00
20 15,09 25,64 138,89 0,36 0,28 0,12
40 19,93 37,87 138,41 0,45 0,33 0,17
60 20,73 40,31 123,97 0,54 0,39 0,22
80 18,82 40,58 128,00 0,65 0,44 0,25

Cpennee 18,64 36,10 132,32

[lo pe3ynpTaTaM HCCIIEIOBAHUN YCTAHOBJIEHO, YTO C YBEIWYEHUEM BIAXKHOCTH
COJICOTXO/I0B 3HAYUTEIHHO YMEHBIIIACTCS TIIyOHHA TPOHUKHOBEHUS KOHYCA B HACBITTHYIO
Maccy, YTO CBHJIETEJIbCTBYET O TOBBIINIEHUU COMNPOTUBISIEMOCTH MaTepuaia Ipu
BO3AelcTBMU Harpy3ku (puc. 3.4). Jlns martepuana ¢ BIaXHOCTBbIO 8% yaenabHOE
CONPOTHUBIICHUE JOCTUTaeT MakcuManbHbIX 3HaueHuit (138,89 klla mpu narpyske 20 H),
YTO yKa3bIBaeT Ha (hOPMHUPOBAHUE TUIOTHBIX MEXYACTUUHBIX CBS3EH, MPETATCTBYIONTUX

JajabHeneMy 3aray0JIeHHIO KOHYCA.
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7,00
6,00
5,00
4,00
3,00

2,00

I'nyﬁwHa NPOHUKHOBEHWUA, MM

1,00

0,00
0] 1 2 3 4 5 6 7 8

Harpyska, Krc

1 2 3

Pucynok 3.4 - 3aBUCUMOCTD TNTyOMHBI IPOHUKHOBEHUS KOHYCA B COJICOTXO/IBI OT
Harpy3ku npu Brnaxsoctu: 1 - 0,05%;2-4%,3-8%

B 10 xe Bpemsi, MmaTepuai ¢ MUHUMaIbHOU BiaxkHOCThIO (0,05 %) nemoHcTpupyer
OTHOCHUTEJIBHO HU3KOE YACIbHOE CONMPOTHBIEHHUE, Tak, npu Harpyske 80 H rmybuna
3arnmy6sienust cocrapisgeT 0,652 cM, B TO BpeMsl Kak JJIsl MaTepualia ¢ BIaKHOCThIO 8 %0
aHaJIOTUYHBIN Moka3aTenb paBeH 0,250 cM, 4TO yka3bIBaeT Ha yBeIMUYCHUE Mex(pa3HOU
CBSI31 YaCTHIl B 00JIee BIAKHOM MaTepuale.

[locne mepemycka COJIEOTXOJOB MO BEPTUKAIBHOMY TPYOONPOBOAY HACHITHAS
IUIOTHOCTh MaTepuaia CYIIECTBEHHO yBelnuyuBaercs. JlaHHBIA mpoliecc 00YCIOBIEH
YIUIOTHEHUEM MaTepuajia TOJl BO3JAEHCTBUEM COOCTBEHHOM CHIIBI TSKECTH U
JAMHAMHUYECKUX HArpy30K BO BpeMs mepernycka [73]. B pe3ynbTare HachImHAs IIOTHOCTh
st matepuana ¢ BnaxHoctbio 0,05 % mocturna 1650 kr/m?, ipu 3ToM KO3 PHUITMEHT
ymioTHeHus: coctaBuil 1,43, TloBbIlIEHHE HACBIMHOM IUIOTHOCTH W CKJIOHHOCTH
MaTepuaia K KOHCOJIUAAINH MPEAONPEACNISIOT He0OX0AUMOCTh OCHAIIEHUS OYHKEpOB
CHEIUANTM3UPOBAHHBIMA ~ CHUCTEMaMH  BHOPAIIMOHHOTO  PBIXJICHHUS, aKTHBAaTOpaMU
MaTepHaia uiau CKpeOKOBBIMU MeXaHn3MaMi. Ha OCHOBaHMM TaHHBIX SKCIIEPUMEHTOB H
aHaJu3a 3HaYCHUM yJIeNbHOT0 conpoTuBiieHus nenerpaunu (138,89 klla) yctaHoBnEHO,
YTO ONTUMAaJbHAs YacToTa BHOpalMU JUIsl pPa3pylICHUS MEXYACTUYHBIX CBS3EH
HaxoguTcs B auamnazoHe 25-35 ['m. DToT Jauama3oH YacTOT MOATBEPIKIAETCs
uccienoBanusvu biexmana .. [43] u paccumtan Ha ocHOBe 3dekra pa3pylicHHS
KPUCTAJUTMYECKUX CTPYKTYp MaTepuaa.

JIns yTOUHEHUS CTENEHU BO3JEHCTBUS COCTaBa 3aKJIaJOYHOrO MaTepuaia Ha

o0opynoBaHnue ObUIM  MPOBENEHbI  JIAOOpPATOPHbIE  HMCHBITAHUS ~ aOpa3MBHOCTHU
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cosieorxo/ioB. [loTepu wMacchl CTEp>KHS BCIEACTBUE UCTUPAHUS O TOBEPXHOCTh
COJIEOTXOJIOB B CEPUU MCIBITAaHUUN coctaBwin: 2,4 mr; 2,5 mr; 2,3 mr; 2,6 mr; 2,5 Mr.
CpenHee 3HaueHUE, PACCUUTAHHOE IO WUTOraM HCIBITAHUHM, cOCTaBWIO 2,46 Mr. OTO
cooTBeTCcTBYeT | Kilaccy aOpa3sMBHOCTH, 4YTO XapaKTEPU3YeT COJICOTXOMbl Kak
Maj0a0pa3uBHbBIE TOPOIBI.

PesynbTaThl HccnenoBaHUs JIEMOHCTPUPYIOT, YTO COJEOTXOIbl OKa3bIBAIOT
MUHHMAaJIbHOE BO3JIEMCTBHE HA H3HOC JJIEMEHTOB TPAHCIOPTHBIX cUCTeM. [laHHBIE
XapaKTePUCTUKU  TO3BOJSIIOT  3(P(EKTUBHO  NPUMEHSITh  MEXaHU3UPOBAHHBIM,
TUAPABIMYECKUM U TUIPOMEXAaHU3UPOBAHHBIM BUABI TPaHCIOpPTa 0€3 HEOOXOIUMOCTU
MPUMEHEHUs YCUJICHHOTO U3HOCOCTONKOT0 000PY/I0BaHMUSI.

J17151 OLIEHKH YCTOMYMBOCTH COJICOTXO0B KaK B ITOKOE, TaK U B IBUKEHUHU, a TAKKE
JUISL  OTNPENENICHUS] BO3MOXXHOCTH WX TPAHCIIOPTHPOBAHUS C HCIOJIb30BAaHUEM
KOHBEMEPHBIX CUCTEM O€3 BBIBAJIOB IO paHEee OMHWCAHHOW METOJMKE ObUIM MPOBEICHBI
3aMepbl YIjla €CTECTBEHHOIO OTKOCAa CMECH COJIEOTXOJ0B BiIaXHOCThbIO 110 0,05%.
Cpennee 3Hau€HHE yTia €CTECTBEHHOI'O OTKOCA B MOKOE (1) cocTaBmiio: 39°.

MaxkcuManbHbII 1 MUHHUMAJIbHBIN YTOJI €CTECTBEHHOT'O OTKOCA B JABMIKECHUH ((i):
Omin = 0,35 X 39 = 13,65° = 14°
Omax = 0,7 X 39 = 27,3° = 27°
CornacHO  peKOMEHJAlUsAM IS  MPeJOTBPAILEHUS  CaMOMPOU3BOIHLHOTO

CKOJILKEHMSI MaTepuania, yroja HakJIOHa KOHBeHepa JODKeH ObITh MEHbIIE
MAaKCUMAaJIbHOTO 3HAY€HHs yIJla €CTECTBEHHOIO OTKOCAa B JBHXKEHUU Qpqy = 27° C
ydeToM 3anaca. Ha nmpakTuke 3TOT 3amac cocTaBisgeT 2—3°, 4To onpeaenseT NpeacabHbIN
YTOJ1 HaKJIOHA ISl TPAHCIIOPTUPOBAHUS COJIEOTXOJIOB paBHbIM 24—-25°. Yron HakiIOHA B
nBwkeHnn s koHBeepoB Tuna KJI-1200, KJI-1000, »skcrmyaTHpyOIMIMXCS B
Hactosmee Bpemsi Ha ['pemsumHckom ['OKe, coctaBiser 30°, © BO3MOXKHOCTh HX
MIPUMEHEHUS JJIsl TPAHCIIOPTUPOBAHUS COJIEOTXOJIOB C YIJIOM €CTECTBEHHOI'O0 OTKOCa B
JIBUKEHUH TpeOyeTcs CHU3UTH 110 27°.

[Tomy4yeHHbIe JaHHBIC CBUIETEIHCTBYIOT O HEOOXOAMMOCTH OCHAIICHHS OYHKEPOB
CUCTEMaMHU BHOPAIIMOHHOTO pBIXJEHUsI ¢ 4actoro 25-35 T'm ansg paspylieHus
KPUCTAJUTMYECKUX CBSI3€M M MOPENOTBPAILICHHUS KOHCOJNMAAIMU MaTepuasna, 4To

o0ecrnieurBaeT CTaOMIbHOCTh TPAHCIIOPTUPOBAHUS 3aKIAJOYHON CMECH U MUHUMU3AIIUIO
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JUHAMUYECKUX HATPY30K Ha KOHCTPYKIIMIO OyHKEpa, a TAKXKE MOBBIIIAET 3(PPEKTUBHOCTD
3aKNafo4YHbIX pabor Ha ['pemsiunHckoM MectopoxaeHuu. g 3¢ddexTuBHOTO
IUIAHUPOBAHUS 3aKJIAJOUYHBIX pabOT HEOOXOJMMO MPOBECTH BCECTOPOHHUM aHaJIU3
UUKIIMYHO-TIOTOYHOM, TOTOYHOW U [IUKJIMYHOU CXEM TPAHCIIOPTUPOBAHUS 3aKJIAJ0YHOTO

Marepuana.

3.3. UccienoBanue TEXHOJIOTMYECKHUX IAPAMETPOB TPAHCIIOPTHPOBAHMS

3aKJIAJ0YHBIX MATEPHUAJIOB NIPH HUKJIUYHON JJOTUCTHYECKOH cXeme

[Ipeqnaraemass ~ UMKJIMYHAS ~ JIOTUCTUYECKAass  CXeMa  IPEAYyCMAaTpUBAET
UCITOJIb30BAHUE B KA4€CTBE 3aKJIAJOYHOIO0 MaTepHaia COJEOTXOJ0B, Pa3MEIIAEMBbIX B
COJIEOTBAJIE M  OCYIIA€MbIX €CTECTBEHHbIM TnyTeM. JloOblya  COJIEOTX0/I0B
OCYIIECTBIISIETCSI ¢ UCMoOJIb3oBaHueM Oyipao3epa tuna UETPA T20 ¢ peixnurenem,
norpy3unka SDLG L975F nns TpancnmopTupoBaHHs maTepuaia B MPUEMHBIN OyHKep
MOOUITBHOUM poOUIIbLHO-cOpTUpOBOYHON ycTaHoBkH (MJICVY), a Takxke skckaBaTtopa
SDLG E6500F ns obecniedeHust MOCTOSSTHHON 3arpy3KH.

M/ICY npenHasHayeHa JJId M3MEIBYCHHUSI COJIEOTXOJI0B J0 (Gpakiuu 1-5 MM u
nojiayu mMatepuaina Ha konseiepsl Kcc-6 miu Kee-7 ¢ npousBogutenbHocthio 600 /4.
Jlanee Marepuan mneperpyxaerca Ha KoHBeiiep Kcc-8 u TpaHcmopTupyeTcss Ha
MarucTpanbHbli koHBelep (mo3. 384.CVO01.1.A) B koHBeiiepHoii rainepee (00. 383).
O6mas cxema mporiecca mpejcTaBiieHa Ha pucyHke 3.5.

Hns  ycnosuit  I'pemsumnckoro ['OKa TpeOyemass mpou3BOAUTENBHOCTH
3aKJIaIOYHOTO0 KOMIUIEKCA OTMpENesieTcsi 00beMOM BBIXO/Ia TaJUTOBBIX OTXOJOB C
oborarutenbHON (PabpUKH, KOTOPBIN COCTABISET B COOTBETCTBUHU C TIPOeKTOM 3,431 MutH
TOHH B T'OJI, CPEIHSSI BIAXKHOCTh COJIC0TX010B — 7,6 %.

Pexxum  paboThl  3aKiaOYHOrO  KOMIUIEKCAa TpPU  [HUKIMYHOH  CXeMe
TPAaHCMIOPTUPOBAHUSL OrPAHUYMBACTCA PEKUMOM palbOThl CKUIOBOM MOABEMHOMU
ycTaHOBKH U cocTaBisieT Ha ['pemsiunHckom ['OKe 340 nueli B roay, 20 4acoB B CYyTKHU.

Takum O6p330M, JacoBad IMPOU3BOAUTCIBHOCTL 34dKJIaJOYHOI'O KOMIIJICKCA COCTABHT!

Q4=3431000 340 20=504,56 1/u.



. 3 moonuea (5%)
S — S
T e e |

+130m

Pucynok 3.5 - CxeMa ckiaia cosieoTxo10B Ha npomiuiomaake I'pemsunnckoro 'OKa

MakcumalibHO JOMyCTUMasi Macca rpysa JJisi THIOBBIX OUr-063roB coctasiseT 1,5
T. [Ipu HACBIMHOW MJIOTHOCTH COJIEOTXOJIOB C BIAXKHOCTBHIO 5% B cpegneM 1680 Kr/M°,
00beM OJHOro KoHTeiiHepa cocraBiuseT: Vi =150041680=0,89 m® npu pasmepax
100x100%90 cm. Torga mpou3BOIUTEILHOCTD 3aKJIAOYHOTO KOMILIEKca 1o Our-63ram
cocraBuT 504,56/1,5=337 xoHTeiHEPOB B Yac.

AHanu3 TEXHUYECKUX XapaKTEPUCTHK CYIIECTBYIOUIETO OOOpYIOBaHUS IIO
¢dacoBke Markux KoHTeitHepoB (MKP) mokasai, 4to CymiecTBYIOT pelieHus, CIoCOOHBI
o0ecreynuTh HOMHUHAIBHYIO MpousBoauTenbHOCTs 120 MKP/u. Jlns oOecneuenus
TpeOyeMoil  MPOU3BOIUTENBHOCTh IO 3aKIaJ0YHOMY MaTepHaly HeoOXO0AUMO
pa3MelleHne Ha MOBEPXHOCTH Tpex craHumi 3atapuBanus MKP. Tpancriopruposanue
COJICOTXOJIOB  C  MECTa  CKJIaAUPOBAHUS  MPOU3BOAUTCS  KOHBEMEpOM ¢
MPOU3BOAUTENHHOCTHIO 505 T/4. C KOHBeWepa ¢ MOMOIIBIO JEIUTENs TOTOKa MaTepral
noctymnaet B Oyakep (3 mr). V3 OyHKEpOB COJIEOTXOBI MIEPETPYKAIOTCS HA CKPEOKOBHIE
KOHBEWepbl, HOMUHAIbHAS MPOU3BOIUTEIHHOCTD KaXKJOTO U3 KOTOPHIX cocTaBisieT 169
T/4. CKkpeOKOBBIC KOHBEHEPHI, TOCTABISIOT MaTepHUall Ha CTAHIIMK 3aTapUBAHUs, OTKYIa

MKP TpaHcnopTHpyrOTCA OO MECTa CKJIQAUPOBAaHHS JICHTOUYHBIMHA KOHBEHEpaMU

MPOU3BOAUTEIHLHOCTHIO 169 T/4 mimm 113 MKP/4.
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TexHuueckne XapaKTEpUCTUKHU CKUIIOBOM MOJABEMHOU YCTAHOBKH, IOCPEICTBOM
KOTOpOM IPENYyCMOTPEHO TPAHCIOPTUPOBAHUE 3aKIaJOYHOIO Marepuajga B MATKUX
KOHTEHHEepax, BBIOUPAIOTCA B COOTBETCTBUU C TOAOBOM MPOU3BOAUTEIBHOCTBIO PYIHHKA.
Jlns ycnosuii noazeMHoro pyasuka I'pemsunHckoro I'OKa rogoBast MOITHOCTB 10 pyJie
NpoeKTOM TpuHATa 7,3 MuIH T/roa. [IpoekToM NpeaycMOTPEeHO MPUMEHEHUE CKHITOBOM
YCTAaHOBKH, XapaKTEPUCTUKHU KOTOPOM MpeACTaBICHbI B Tabiuie 3.8.

Tabnuua 3.8 - TexHHMuecKUe XapaKTEPUCTUKU CKUIIOBOM MOIBEMHON ycTaHOBKH No 1
I'pemstunnckoro I'OKa

HanmenoBanue xapakrepuctuku | [IpoexkTHoe 3HaueHue
CkopocTb noarema 16,5 m/c

Pexum paboTsl ;goqu;in B romy
Macca rpysa 59T

EMKkocTh 44 m®

BeicoTa nopsema 1129 m

B cooTBeTcTBHU ¢ MPOEKTHBIMHU XapaKTEPUCTUKAMU CKUIIOBON yCTaHOBKH, 00IIee
BpeMsi IBMKEHUS CKUIIA MPU MIPOEKTHOU ckopocTh 16,5 M/c coctaBisieT Ty =104,69 ¢, a
BpeMs LMKJIa C Tay3od Ha 3arpy3ky paBHo T, =134,69 c. B cBsizu ¢ TeMm, 4TO
TPAHCTIOPTUPOBAHKUE OUT-03TrOB C COJEOTXOJaMH B TMOA3EMHBIM PYIHUK MPU JTAHHOM
croco0e MPOU3BOJAUTCS C TMOMOINBIO CKHIMA, HEW30€KHO YBEIMYEHHE BpPEMEHU
HAXOXJICHHS CKUIAa B BEpXHEN U HIKHEH Touke. Toraa ¢ yueroM yBeIMdeHHUs nay3bl Ha
3arpy3Ky M pasrpy3Ky BpeMsi OJHOTrO ITMKJIa pabOThl CKUIIOBOW YCTaHOBKH COCTABUT
T,=164,69 c.

Taxkum 006pa3oM, YHUCIIO MOJBEMOB B 4ac COCTABUT Ny uac = 3600+164,69 = 21,8 —
CKHUIIOB B Yac.

st obecrieuenus TpeOyemMoW MO YCIOBHIO TOJHOW YTHIIM3AIMH COJIEOTXOJ0B
Mpou3BOAUTENEHOCTH - 505 T1/4, macca (acoBaHHOTO 3akKJaJOYHOTO Marepuana,
TPAaHCIIOPTUPYEMOIO B  paMKax OJHOrO IMKJIA CIyCKa-MoJbe€Ma, COCTaBHT:
m=505 21,8=23,2 T, yto cooTBeTcTBYeT Macce 16 xoHTeitHepoB 1o 1,5 T. Tpebyembrit

JUTS TIepEMEIeHHs] YKa3aHHOK MacChl (pacOBaHHBIX COJICOTXO0B 00bEM CKHIIA COCTABUT

23,213
1,68

=18 m°.

Ve

Takum 00pa3oMm, TEXHUYECKUE XAPAKTEPUCTUKU CKUIIOBOM MOABEMHOMN

YCTAHOBKHM, TNIPEAYCMOTPEHHOM pa3pa0OTaHHBIMU MPOCKTHBIMU PEIICHUSIMU Ha
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I'pemsiunackom I'OKe, B mos1HOM Mepe y10BIETBOPSIOT TPEOOBAHUSM MIPU MTEPEMELICHUU
B HeH (pacoBaHHBIX COJEOTXOJOB IS MOCIEIYIOMIEH 3akiaJKd BbIPaOOTaHHOIO
IIPOCTPAHCTBA.

Pasrpy3ka ckuma mOpOW3BOAMTCS B MPUEMHBIH OyHKEp, OTKyJa MsTKUe
KOHTEUHEPBI C TOMOUIBIO NIEPETPYKATEIS TPY3ATCS B CAMOXOIHBIE BATOHBI.

Ha pucynke 3.6 mpuBeAeHbl CXEMbl MPEAINONAraeMbIX MapHIPYTOB ABUKEHUS
CaMOXOJ/IHBIX BaroHOB OT OKOJIOCTBOJIBHOTO JIBOpa 10 Haubosiee OTJaJICHHBIX MaHeIen
IJIaBHBIX HaNpaBJICHUM: A riaaBHoro 3amagHoro Hampasienus (I'3H) nampHOCTB
nepeBo3ku A0 nanenu 9 3II cocrtaBnser 11,5 kM, HaJIbHOCTH BO3BpaTa MOPOKHETO
TpaHcnopTa - 12,2 kM; i riaaBHOro BoctouyHoro HampasieHuss (I'BH) mambHOCTB
nepeBo3ku 1o nanened 9 BII m 13 BII — 9,8 kM, manbHOCTh BO3BpaTa MOPOKHETO
TpaHcnopTa - 12,1 km.

BoInonHEHHBIE B COOTBETCTBUM C METOJUKOM, IPEICTABIEHHOM B IJ1aBe 2, pacueThl
NOTPeOHOTO 4YHCJa CaMOXOJIHBIX TITHEBMOKOJIECHBIX BaroHoB Tuna 10BC-30M,
o0ecneunBaIUX TPAaHCHOPTUPOBaHUE (HaCOBAHHOIO 3aKJIaJ0YHOIO Marepuaia o
HaunOoJiee y/laJeHHbIX MTaHeJel, IpuBeIeHbl B Tabuuue 3.9.

Takum 00pa3zom, 4YMCIO CaMOXOJHBIX BAaroHOB, OOECIEUUBAIOIINX JIOCTABKY
(pacOBaHHOTO 3aKJIAZIOYHOIO MaTepHuaja OT MecCTa pas3rpy3KH M3 CKUIla 10 Hauboiee
OTJAJICHHBIX [TAHEJIEH BOCTOYHOIO M 3aI1aJHOTO IVIABHBIX HAIIPABICHUMN IPU MPOEKTHOM

IPOU3BOUTEILHOCTH PyIHHUKA 7,3 MIIH T/TOJ, COCTAaBUT 27 IIT.
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Pucynok 3.6 - CxeMa MapiIpyToB CaMOXOHbIX BaroHOB i nepeBo3ku MKP



marepuana B MKP
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Ta6J'H/II_Ia 3.9 - PacyeTr xou4ecTBa CaMOXOHBIX BarOHOB JJISI JIOCTaBKM 3aKJIaJJOYHOTO

TokasaTems En. O6o3Hauenue, Gpopmyna 3HaveHue
U3M. pacuera I'3H | I'BH
1 2 3 4 5
Yacosas MIPOU3BOAUTEIBHOCTD | T Q 505 505
3aKJIQIOYHOTO KOMILIEKCA
JImMTenpHOCTh CMEHBI Ten 7 7
CMmeHnHas MIPOU3BOUTEIIEHOCTD | T Q1 3535 | 3535
3aKJIIOYHOT0 KOMILIEKCA
BMeCTHMOCTb ~ Ky30Ba  CaMOXOJZHOTO | M° Vigs 23 23
BaroHa
[Ipon3BOIMTENBHOCTH norpysounoii | M3/m | Q 193 | 193
MaIlMHbI HENPEPBIBHOIO ACUCTBUS VH ’ ’
CKOpOCTh IBMKEHUS MTOPOIKHETO BaroHa | KM/4 | Vyop 7 7
CKOpoCTh JBMKEHMSI TPY’KEHOTO BaroHa | KM/4 | Vap 7 7
Koadpurment CPeITHEX0I0BOH Ke.x 08 08
CKOPOCTH JIBWKECHUA ' '
KoadurmenT 3anotHeHUs Ky30Ba Ks.x 0,8 0,8
Koaddumment HEPaBHOMEPHOCTH Ky 13 13
rpy30I0TOKA ’ ’
KoaddumumenT ncnonp3oBanus MauHbI K. 0,7 0,7
DKCIUTyaTalldOHHAs CMCHHAs | T Q=60V,q5Ks.x yTerka I (tpK.) 363 |388
MIPOM3BOIUTEITHLHOCTD OJTHOTO BaroHa ' '
[IpopomxurenbHOCTE  OOHOrO  peiica | MUH |t = tuoopt tost thust st Lypt 3133 | 292.7
TPAHCIIOPTHOM MAaIIUHbI tpasn ’ ’
Bpewmst morpysku MHUH | £ =Viys Ko/ Qu 1 1
Bpewmst nBr>KeHUs] MaIIMHbI MUH 60L ( 1 1 )
ts = —+ 270,9 | 250,3
kc.x Urp  Vnop
Bpewmst pazrpysku MUH | pas 15 15
Bpemst maneBpoB B 3a00¢e MUH | tys 5 5
Bpemsi MaHEBPOB y MECT pa3rpy3Ku MUH | Ly 5 5
Bpems oxuanus Ha pa3MUHOBKaX MUH | pasn=Npasaly, 30 30
Uuncno pa3MUHOBOK 1T Npasm 10 10
Bpewms oxxuganus Ha pa3MHUHOBKE MuH | 1 3 3
Bo03MOKHO€E YHCIO PEWCOB MAIIMHBI 3a | IIT Ny=60(Tex - Trs)/ty, 19 13
CMEHY ’ ’
[TorpebHOE CyMMapHOE YHCIIO PEiCOB B | HIT Ne=KQcxi ! (VieysKs 1), 204 | 204
CMEHY ’ ’
[Totpe6bHOE  4YMCIO  OAHOBPEMEHHO | LIT z=ndn, 21 21
paboTaroNMX MaIiH
NuBeHTapHO€  YMCIO  CaMOXOJHBIX | IIT Zu=Kp) Z, 7 7
MalIiH
Kosdduuuenr, YUUTBIBAIOIINH Kp
HaxOXKJICHWE MallUHbl B PEMOHTE U 1,3 1,3
pesepse
HacrimHas mioTHOCTE Kr/m® p 1,68 1,68
JlivHa TpaHCTIOPTUPOBAHUS KM L 237 | 217
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Bmecte ¢ TeM, cineayer OTMETUTh, YTO YBEIMYEHHE BPEMEHM LMKJIA paOOThI
CKUIIOBOM YCTAaHOBKH, CBSI3aHHOE C HEOOXOJUMMOCTBIO 3arpy3ku u pasrpy3ku MKP c
COJIEOTXO/IAMH BJIEUET 32 COOOM CHUYKEHUE MTPOU3BOIUTEIBHOCTH YCTAHOBKH 110 BblAaue
II0JIE3HOTO KOMIIOHEHTA Ha IIOBEPXHOCTb.

Torga oOmee BpeMs JIBHXKEHUS CKUIA MPU MPOEKTHOW ckopoctu 16,5 wm/c
coctaBisieT Ty =104,69 c, a Bpemsa umkna ¢ naysou t =30 ¢ paBno T, =134,69 c.

KonuuecTBO CKHUIOB B YaC COCTABUT:

3600 _ 3600
Nipgae=——= = 26,73 — CKHUIIOB B 4yac
T, 134,69
[Tpu sTOM YacoBasi MPOU3BOUTEIBHOCTH MObEMA:
Aqac = Nu.qac x QFp (3'2)

Auaec = 26,73%55 = 1470 1/4
KonnuecTBo UKIIOB oibeMa (CKUIIOB) B CYTKH TIpH OecniepeboitHoii paboTe (0e3

IPOCTOEB):

NL[. = Nu.qac ><’1-‘(3}"1" (3-3)
Ny = 26,73>%20,0 = 534 - cKuMOB B CYTKH,

rae: Teyr. =TI+ TIL + THI = 7,5 + 5,0 + 7,5 = 20,0 yac. — HopMaTUBHOE BpeMsl pabOThI
CKHMIIOBOTO TIO/beMa B CYTKH B COOTBETCTBHUH C MPUHITHIMHU IPOCKTHBIMU PEIICHUSIMH.

HpI/I ITUX YCIOBUAX IOA0BasA ITPOU3BOAUTCIBHOCTD CKUIIOBOT'O ITOJAbEMA COCTABHUT!

Aoy, = Salroa: (3.4)
K
Avop = 2232955 7 396 890 1/rox,

1,35
re: Npoy = 340 — yncmo paboumx gHEHW B TOJy C yY4ETOM pErJIaMeHTHBIX paboT u

TeXHUYECKOro oociayxkuBanus; ky = 1,35 — xkoadpuiineHT HepaBHOMEPHOCTH MOBEMA;
Qrp.= 55T — Bec rpy3a ¢ yueroM K03 PUIMeHTa HAOTHEHHSI CKUIIA.

Takum 00pa3oM, pacueTHas MPOEKTHAS T0I0BAs MPOU3BOJUTEIHHOCTh CKUTIOBOTO
nmoabeMa OO0ecCreyrBaeT MOJAbEM Ha TMOBEPXHOCTh A0 7,3 MIH.T pynabl B rox. Ilpwm
YBEJIMYCHUH BPEMEHU IIUKJIa CKUTIOBOM yCTaHOBKM Ha 30 CEKyHJ KOJUYECTBO CKUIIOB B

qacC COCTaBUT.

3600
Niyuac = N (3.5)
3600
Nigac = = Tenco 21,86 ckuroB B yac uin 437,2 CKHIOB B CYTKH.

Torz(a rogoBas MpoOU3BOAUTCIBHOCTE CKUIIOBOI'O IIOABEMA COCTABUT:
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A joy = 222222 6 056 030 T/ron

[ToBbIlIIEeHNE BpeMEHU IUMKJIA paOOThl CKUIIOBOM YCTAHOBKH 3a CUET YBEJIMUYCHUS
BPEMEHHM 3arpy3Kd U pasrpy3kH 3aKJIaJIOYHOrO MaTepualia BICYET 3a COOOUM CHUXKEHUE
00BEMOB BBIJJABAEMOI'0 Ha TIOBEPXHOCTh IIOJIE3HOrO0 KoMIoHeHTa Ha 18%. Jlus
KOMIICHCAIIUU ATUX MOTEePh TPEOYeTCs M3MEHEHUE MPUHATHIX MapaMeTPOB CITyCKa-
nogbemMa. Tak Kak MakCHUMajibHas CKOPOCTh CYIIECTBYIOIIMX HA CETOJHSIIHUN JeHb
CKHUIOBBIX YCTAaHOBOK OrPAaHUYMBACTCS HX TEXHUUYECKUMU XapaKTEPUCTUKAMU U
coctanisier 20 m/c, To ob11Iee BpeMs IBMKEHUS ckuma coctaBisieT T, =112,9 ¢, a Bpems
nukia ¢ naysoi t =60 ¢ pasno T'11=172,9 c.

KonmuecTBO CKUIIOB B YaC COCTABUT:

3600
N’ uae = ———
I.9ac 172.9

rpySOHO}I’beMHOCTB CKHUIIa OJId AOCTHKCHUA Tp€6yeMOﬁ MMPpOU3BOAUTCIIBHOCTHU

= 20,8 — ckuIoB B yac

JOJIZKHAa COCTaBJIATD.

. _ 14493

Qek= 208 =69,7T1
OO0BeM CKHUIIA C YYETOM IUIOTHOCTH U KO3 PUITMEHTA 3aII0JTHEHUS ;
, 69,7
= ——=46,1 M°
1,68-0,9

Jlns obecrieuenus mnpousBoauTeabHOCTH 1449,3 T/u mpm ckopoctu 20 wm/c
HeoOXouM 00beM cKkuila He MeHee 46,1 M?, 4To BechMa 3aTPyIHUTENHHO B YCIOBUSIX
JEUCTBYIOIIETO CKUITOBOTO nmoabeMa pyaHuka I'pemsunnckoro I'OKa. CrnenoBarensbHo,
TpeOyeTcsi KOPPEKTUPOBKA JPYTUX MapameTpoB, HANpPUMEp, COKpAIleHHE BpPEMEHU
3arpy3Ku/pasrpys3Ku.

[Ipu u3BecTHOM TpeOyeMol NPOU3BOAUTEIBHOCTH U 33IaHHOM MTPOEKTOM 00BbEME

CKHUII4, PaCCYHUTBIBACTCA BPCMA LIUKJIA:

Ty = 3600665 _ 165,2
14493
2H 2-1129
T"'nB=— =———=1129c
1% 20

T"=T"uy—T'ns =1652—-1129 =52,3¢
Jlns  nmoctwkeHus mpousBoamTelbHOCTH 1449,3 T/a mpu  ckopoctu 20 M/c u

oOwveMe ckuma 44 M> cyMMapHOE BpeMs 3arpy3Ky B pa3rpy3KH JOJKHO COCTABIATh ~52,3

CCKYHIbI, BMCCTO HCXOOHBIX 60 CCKYHA, 4YTO O3HA4YacT HGO6XOI[I/IMOCTB COKpalCHuA
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BpemMeHu Ha /,/ cexkyHna (Ha 12,8%). IlukauuHas cxemMa TpaHCHOPTUPOBAHUS

npejcTaBieHa Ha (puc. 3.7).
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PucyHnok 3.7 — LluknnyHas JIOTUCTUYECKAs CXeMa ABUKEHHUS 3aKJIAI0YHBIX MaTEPUAIIOB
U cMecu: | - caMOXO/HBIN BaroH; 2 - meperpyskarenb; 3 - OyHkep; 4 - ckut; 5 - korep; 6
- CTaHIIUS 3aTapUBAHUS MATKHX KOHTEMHEPOB; 7 - MATKHUI KOHTENHEp; 8 -
MarucTpajibHas KOHBeWepHas JuHus; 9 - guotanmonnas odorarurensHas padpuka; 10 -
bpoHTaIBHBIN MOrpy3uuK; 11 - Oynbro3ep-poIxanuTens; 12 - coneoTBal.

Takum oOpazom, NpH IUKIUYHOW JIOTUCTUYECKOW CXeMe TPaHCIOPTHUPOBAHUS
3aKJIAJOYHBIX MaTePHAIIOB JOCTHXKEHHE TpeOyeMOW 4YacoBOW MPOWU3BOAUTEIHLHOCTH
noJabeMHON ycTaHoBKH B 14493 1/u wim 690,13 M>/4, oOecrieunBaromeil rOJIOBYIO
IIPOU3BOJCTBEHHYI0 MOIMHOCTh pyaHuka I'pemsumnckoro 'OKa B 7,3 MaH TOHH,
JIOCTUTAETCS MOJCPHHU3AIMEH CKUIMOBOTO IOJhEMa, BKIIOYAIOIICH ONTHUMHU3AIMNIO H
BapbUPOBAHKE KIIOYEBBIX TEXHOJIOTMYECKHX MApaMETPOB pPeKMMa pabOThl CKHIIOBOM
YCTAaHOBKH: CKOPOCTH JBMIKCHHsI, BPEMEHHU 3arpy3KHU-pa3Tpy3Kd U o0beMa CKHIIa, YTO
TpeOyeT KOMIIJIEKCHOTO aHaJIM3a ¢ YYeTOM ADKCIUTYaTallHOHHBIX PHUCKOB U TpeOOBaHUM

0€30I1aCHOCTH.

3.4. HcciaenoBaHnue TeXHOJOTMYECKHMX MapaMeTPOB TPAHCIOPTHPOBAHMS
3aKJI20YHBIX MATEPUAJIOB IPH HUKJIUYHO-TIOTOYHOM JIOTHCTUYECKOM cxeMe

Peanuzanusa  UMKIMYHO-TIOTOYHOM  CXEMBI  3aKJIAJOYHBIX  pabOT  Ha
rIIyOOKO3QJIETAIONUX ~ MECTOPOXKIEHUSX  KaJUHWHBIX  COJied  C  pa3AeibHOMN
TPAHCIOPTHUPOBKOW COJIEOTXOJIOB B YCIOBHO CYXOM COCTOSIHMM WU COJISIHBIX PacTBOPOB

npeaycMarpuBacT HCIIOJb30BAHHC OAHOI'O 3aKJIaJO4YHOI'0 KOMIIJICKCA, KOTOprﬁ GyneT

oOecrnieunBaTh BeChb OOBEM 3aKIaJOYHBIX padoT Ha pyaHuke. Jlns 3akianku
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PEKOMEHJIOBAaHO HCIO0JI30BaTh COJEOTXOAbl U3 COJIEOTBANA M COJEO00raTUTENbHON
dadbpuku (COD) [144]. Bechb 3akmagouHbIi KOMILUICKC pa3jielieH Ha 4 MOIyJs:
[IOBEPXHOCTHBIM, CTBOJIOBOM, NOPU3OHTAJIBHBIA IOA3EMHBIA M KaMepHblii. Ha3sanue
KOMILIEKCOB COOTBETCTBYIOT X (PYHKIIMOHATILHOMY Ha3HadeHUIo (puc. 3.8).
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Pucynok 3.8 — [{lukiInuHO-TIOTOYHAS JIOTUCTHYECKASI CXeMa JABUKEHUSI 3aKJIaI0YHBIX
MaTepuajoB U cMecH: 1 — TexHuveckas kamepa; 2 — KOHBEUep JJis 1Mojjauu
COJIEOTXO0/I0B; 3 — OyHKEp-MHUTaTelNb; 4 — MUTAIOUIUN KOHBEWep; 5 — y4acTKOBBIN
TPYOOIPOBOJI C PACCOJIOM; 6 — CMECHUTEINb; 7 — Y4aCTKOBBIN 3aKJIaI0YHBINA KOHBEep;
8 — marucTtpanbHasi KOHBeHepHas JIMHUs; 9 — npueMHbIil OyHkep; 10 — conecnyck;
11 — OydepHnsIii racutens; 12 — moa3eMHbBINA paccononpoBoi; 13 — CTBOIOBOM
KOMIUIEKC MO/Iauu COJIEOTXO0/I0B; 14 — MOBEpPXHOCTHAS YacTh paccoyonpoBoja; 15 —
oboratutenpHas ¢adpuka; 16 — Moaysb 00€3BOKMBAaHKS OTXOA0B oboramieHus; 17 —
KoHBelep; 18 — ¢poHTanbHBIN MOrpy34nK; 19 — coneoran; 20 — Oynba03ep-
PBIXJIUTENb

[TocTynenune matepuana Ha MOBEPXHOCTH OPraHU30BAaHO U3 JBYX MCTOYHHKOB.
[lepBpIM HMCTOYHUKOM CIyX)uUT coieorBan (19), rme Oynpmosep-peixiurens (20)
paspabatbiBaeT OTKOC W (QopmupyeT mmTadens, a (poHTambHbIH morpy3unk (18)
Meperpy’aer CoJIEOTXO/bl Ha MpueM Yy31la KoHBelepa (17), mociae Yero mMOTOK
HaIpaBisieTcsl Ha MOMAYJh o00e3BokuMBaHMsS (16) ais JOBeACHHS BIAXHOCTH O
TpeOyembixX 3HaueHUi. Jlasiee 00BENMHEHHBIN MMOTOK TPAHCIIOPTUPYETCS KOHBEHEpamu
(17) B HaaIIaxXTHYIO rajepero CTBOJIOBOro Komiuiekca (13) u mepenaercs B CTBOJIOBOU
MOAynb. BTopeiM wucTOUYHMKOM sBiseTcss paccon ¢ (abpuku (15), KoTOpBIi
TPaHCIIOPTUPYETCS IO TPYOONPOBOAY K cTBOIY (14).

Cryck CcyX®mX COJICOTXOJOB BBINONHSETCS 1O cosecimycky (10) crtBomoBoro

komiutekca (13). Ha moroke ycranosneHsl Oydepabie racutenu (11), uto crabumm3upyet
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CKOpPOCTh W CHHKAET YyJapHble HArpy3ku IMpU MEpPenycKke B OKOJOCTBOJIBHOE
npoctpancTBo. [lapamiensHo monaetcs paccon no auHun (14) u 3aTeM 1Mo noa3eMHOMY
paccosonpoBoay (12) oH HampaBIsSeTCsS K MECTY MPUTOTOBJICHUS CMECH.

B cTBOIOBOM MOMys€ COEOTXOAbI MOCHE ralleHUs] CKOPOCTH AKKYMYJIHUPYIOTCS B
npuemHoMm OyHkepe (9). M3 OyHkepa [O3UpOBaHHbIE NOPLUMU MOCTYMAIOT Ha
MarvucTpajibHyI0 KOHBEHEpHYIO JTUHUIO (§), KOTOpasi o0ecrneunBaeT TPAaHCIIOPTUPOBAHUE
B palloH BeJeHHus 3akiafouyHbIX pabor. Ha ywactke paborT marepuan mepenaercs Ha
y4acTKOBbIE KOHBeHepsI (2) u (7) yepe3 muTaromuil Kouseiiep (4), mocie 4ero nojaaercs
B cmecurenb (6). B cMecuTens mogaercst ¥ paccodl Mo y4acTKOBOMY TpyoOornpoBoay (95).
B pesyapraTe (¢dopmupyeTcs 3akiajoyHas CMechb TpeOyeMoW TOJABUKHOCTH U
KOHIIEHTpALMK TBepAOH (a3bl. '0TOBas cMech B 30HE 3aKIaI0YHBIX pa0OT HAMPaBIIsETCS
B TEXHUUYECKYIO Kamepy (1) st yKiaaku.

B npouecce ykiagku 3akiaJioYHOrO0 MaTepHalia HMCIOJIb3yeTCsl OJIOKOBBIN
KOHBEHEp  KOPOTKOM  JUIMHBI, OOECNeYMBAIOUMKA  MOJadyy  COJEOTXOJI0B B
THEBMO3aKJIaIOYHbIA nuTateab. OJHOBPEMEHHO C O3TUM OCYIIECTBISETCS Iojaya
pPaccoJioB B CMECHUTEIb JJIS MOTyUYEHHUs 3aKJIaJOYHON cMecH TpeOyeMol KOHCUCTEHITUH.
TpancnopTrpoBKa MaTepuana MPOU3BOJIUTCS TOCPEACTBOM ITHEBMOHACOCOB Yepes
TPYOONPOBOJAHYIO CHUCTEMY, MPEANOYTUTEIBHOCTh KOTOPOW MOITBEPkACHA OMBITHO-
POMBIIIUICHHBIMH HCTIBITaHuIMH [91].

Hcxonubie qanHbIe U1 pacyeTa KOHCTPYKTUBHBIX TAPAMETPOB CXEMBbI MEPEIyCcKa,
00€3B0OKEHHBIX COJIEOTXO0JI0B CBEeICHBI B Ta0uIry 3.10.

Tabnuna 3.10 - Mcxonuble naHHBIE ISl pacueTa TPAHCIOPTUPOBAHUS 00E3BOKEHHBIX
COJICOTXOJIOB I10 3aKJIaJI0YHOMY TPyOOIpOBOY.

[TapameTtp O6o3HaueHue 3HaueHue
I'myOuna TpybomnpoBoaa h, m° 1110,3
YckopeHnre cBOOOTHOTO MaeHUs g, M/c? 9,81
Koaddumuent tpenus aius cramu Ct3 q 0,03
Jnametp TpyOomnpoBoa D, M 0,273
HaceinHas nioTHOCTh MaTepuana p, Kr/m° 1150
VcTuHHas INIOTHOCTh MaTepualla p, Kr/™m° 2100
HauanbHas ckopoCTh ABMXKEHHS MaTepualia V, m/c 2

Pacuer KOHCTPpYKTHMBHBIX MapaMeTPOB CXEMbI CIYCKAa COJIEOTXOJOB IO CTBOJY
BBIIOJJHEH B COOTBETCTBHMM C METOJMKOM, OIIMCAHHOM B TJIaBe 2 HACTOAIIECH

JMCCEePTaITUH.
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1. Pacuér nonepyeHHOro ceyeHus TpyOsbl:
S =3,1416 x (0,1365)2 = 0,0585 m? (3.6)
2. Onpenenenue nNpeesibHONM CKOPOCTH NaJCHUS ¢ YUYETOM JEUCTBUSA CUIJI TPEHUS:

2-9,81-1110,3
= ’ ! = 37
v 1003 145,46 M/c (3.7)

3. Cuna TpeHus:
F,=0,03 -1150-9,81-0,0585 = 19,75 H
Cuiia TSDKECTH Ha €MHUILY JJIUHBL:

F, = 1150-9,81-0,0585 = 658,26 H

Bnusiaue Tpenus MmuHuMansHoO (okoiio 3%).
4. Pacy€T mpOW3BOIUTEIHLHOCTH CXEMBI CITyCKa MaTepuaia 10 BEPTUKATBHOMY

TPyOOIpPOBOY:
Q = 7-0,0585-1,150 - 0,3 =508 T1/4
[To pe3ynbraTam HCCIEIOBaHUHN CICKUBAEMOCTH 00E3BOXKCHHBIX COJICOTXO/IO0B U

aHanu3a YCJIOBUH mblIeoOpa3oBaHus B pynHuuHoil cpene ['pemsiumnckoro ['OKa
MOJITBEPKICHA HEOOXOJAMMOCTh Pa3pabOTKM KOHCTPYKIMU OYyHKepa € BKIIOYEHUEM
nemrnepHbIX 3J1eMEeHTOB. [IpumMepoM Takoro yCTpOWCTBA SIBISIETCS MPYKUHHBIM
nemrndep, KOTOPbI CHOCOOEH YMEHBIIUTh JHEPrUI0 MaJCHHS BBICOKOCKOPOCTHBIX
YaCTUL] 3aKJIaJOYHOrO Marepuajga U, TEeM CaMbIM, HCKIIOUYNUTH pAa3pyLICHUs U
U3MEJNIbYCHUE COJIEOTXO0B U CHU3UTH BO3/ICHCTBUE HA OYHKEP-HAKOMUTENb, 00ECIeYNB
6e3omnacHy0 ¥ 3((PEKTUBHYIO TPAHCIIOPTUPOBKY YACTHI] 3aKJIAIOYHOrO MaTepuala C
IIOBEPXHOCTH B ITOJ3EMHBINA PYJHUK.

Ha ocHoBe aHanm3a CyIIECTBYIOIIMX PEIICHUMN BBIACICH AeMI(pep KOHMYECKOTO
tuna. Takoro poja yCTPOMCTBO ISl TallleHUs YHEPTUU COCTOUT U3 JAEMM(PEPHOro U
orpaHuuuTeNnbHOr0 Mexanmsma (puc. 3.9). JlemndepHbiii MexaHU3M BKIIOYAET B ceOs
KOHMYECKHM TracuTeiab CKOPOCTH 2, AeMII(pepHOE OCHOBAHHE 5 M aMOPTU3HUPYIOIIHE
NpYyKUHBI 6, a TakkKe OrpaHUYUTENbHBIH MEXaHU3M, COJEpKAlIUi BEPXHIOIO
OTPAaHUYUTENBHYIO TaliKy 4, HIXKHIOI OIpaHUYUTENbHYIO Tailky 7 U Hampasisioniue 3.
Konwnueckuii racutens 2 3aKpervieH Ha AeMIpEepHOM OCHOBAHUU 5, KOTOPOE COSTUHEHO
C HampaBISOMIMMH 3 TOCPEACTBOM IEPEXOJHBIX KOJIel. BepXHss W HWXKHAA
OTPaHUYUTENFHBIE TallKW KpemsTcss K OyhepHOMY OCHOBAHHWIO W HAMPABISIOIIAM.
Hampapinsitonue KpemsiTcsi K HapyXHOM CTeHKe TpyOompoBojna - | wim K HHOM

HETOJIBUKHOU MOBEPXHOCTHU MOCPEACTBOM KECTKOU (pUKCAIUU.



Pucynok 3.9 - OCHOBHBIE KOHCTPYKTUBHBIE JIEMEHTHI AeMII(epHOro ycrpoictea: 1 —
TPaHCHOPTHBIN TPYOONIPOBOI; 2 — KOHUYECKHM racuTenb; 3 — Hampasisitonue; 4 —
BEPXHUI OTpaHUYUTEND; 5 — AemndepHas 6a3a; 6 — aMOPTU3UPYIOLUE PYKUHBI; 7 —
HWKHUW OTPAaHUYMTEND; 8 — TPAHCIIOPTUPYEMBII MaTepura

Kak noka3aHo Ha pucyHke 3.9, yaCTUIbI 3aKJIaJI0YHOTO MaTepralia MOCTyNaT Ha
neMiepHoe YCTPOMCTBO MO TPyOOMpPOBOJY, TNI€ YacTh YAApPHBIX W BHOPAIIMOHHBIX
KoJeOaHu TOTJIoNIaeTCsl KojaeOaTeIbHBIMU HArpy3KaMH, CO3/1aBa€MbIMU KOHHMYECKUM
TaCUTEJIEM CKOPOCTH, KOTOPBIM C YMEHBIICHHON CKOPOCTBHIO JIBUKEHHUS 3aKIaJ0YHOTO
MaTepuana a0 7 M/C Janee MoJaeT ero B HAaKOMHUTENbHbIN OyHkep. [emmndepHsiii
MEXaHHM3M 00eCIleYMBaeT MHOTOKpAaTHOE TralleHHe U BOCCTAHOBIICHHE TOJ JEHCTBHUEM
aMOpPTU3UpYIOLIEd MpYyKUHBL. CTOUT OTMETUTH, YTO paccMaTpuBaemas KOHCTPYKLHS
TpeOyeT OMBITHO-IPOMBIIUIEHHON anmpoOaluu B PyJIHUYHBIX YCIOBUAX, HO PEau3yeT
MPUHIIUI CTPOEHUS AeMII(EPHOro YCTPOMCTBA B IPUEMHOM OyHKEpeE.

Konnueckuii racutens (puc. 3.10) co cBoelt CTOPOHBI SBIISICTCS COCTABHOMN YaCThIO
nemnidepa, HAXOASAMIETOCS B HEMOCPEACTBEHHOM  KOHTAKT€ C  YacTUIAMU
TpaHCHOpTHUpyeMoro Marepuaina. CiemnyeT OTMETHTb, YTO YaCTHUIbl NEPENyCKaeMbIX
COJIEOTXOJIOB SIBJISIFOTCSI arPECCUBHOM CPEIOM U NMPU KOHTAKTE C KOHUYECKUM IacUTEIEM
W3HAIIMBAIOT €r0, MO3TOMY OH JOJDKEH 00J51ajaTh BBICOKOW H3HOCOCTOMKOCTHIO H
MIPOYHOCTHBIMU XapakKTepucTUKamMu. Ho, mpu 3TOM, BO3HHMKAIOT MNPOTUBOPEUYUBBIC
TpeOOBaHMS K MaTepuany, TJIe TMOBBIIICHHE W3HOCOCTOMKOCTH BIIEYET 3a COOO0M
YBEJIMYEHUE TPOUYHOCTH, a TIOBBIIICHHAS IPOYHOCTh, B CBOIO OYEPEb, YCIOKHSAET CBAPKY
KOHMYECKOTO 3alllUTHOrO MOKPHITUA. [103TOMYy, KOHHYECKUH racuTeiab HUMEET CMBICIH
pacCUMTHIBATh B JIBYXCJIOMHOM HWCIIOJHEHWH. BHYTpEHHMHN CIOM — CTajb, & BHEIIHUU

CJION 2— M3HOCOCTOMKMU Marepuall. [Ipu 3TOM, ONTUMAIIBHBIN YroJl KOHYCa, COTJIACHO
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uccienoBanusaM [23], cocraBimser 60 HO Tak Kak TpeOOBaHUE TEXHOJOTHUYCCKOM
paboTOCTIOCOOHOCTH COCTOUT B TIPEBBIIIEHUH YTJIa €CTECTBEHHOTO OTKOCA MaTepHaa, Imo
pe3yiabTaTaM Ja0OpaTOPHBIX UCIBITAHUM [ COJIEOTXOJIOB ToiyueHo ¢ = 399
CJIEIOBATEIbHO, YTOJN KOHYCa JUIsl CAMOTEYHOTO CKOJIBKEHHUS O3 3aKyNOpUBaHUS H
CBOJI0OOpa30BaHUs paBeH @rc =100< I'eomeTpuyeckue napaMeTpbl KOHHUYECKOTO

racuTess ykazaHbl Ha pucynke 3.10.

"L 1000 )

\ ; (;;ac

) 820 ‘
7/ 760 SN

H80mm

Pucynok 3.10 - ['eomeTpudeckue napameTpbl KOHUYECKOTO racutTens: 1 — BHYTpEHHHM
CJION; 2 — BHEITHUM CJIOH

[IpuMeHHUTENBPHO K TMOJ3EMHBIM YCJIOBHUSIM MPEICTABISIET HMHTEpec OydepHoe
YCTPOMCTBO, KOHCTPYKIMS KOTOpOTro mpuBeaeHa Ha pucyHke 3.11. VYcrpoiicTBo
Ipe/ICTaBsieT cOO0M yAapONpPOYHYIO MOBEPXHOCTH, 3aKPEIJICHHYIO Ha HEMOJBMXKHOU
TpaBepce uepes AeMrdupyroiiee Npucnoco0IeHnue, KOTopoe He0OX0IUMO JIJIs TallleHUs]

CUI IaACHUA, KOTOPBIC CbIITYYHC COJICOTXOAbI Ha6I/IpaIOT Inmpu ICpCeIyCKEe II0

TpyOompoBoay (puc. 3.11).

KonTakTnas nmoBepxHocTh [pyxiHBl

Onopnast Ganka \( f\‘/k

Pucynok 3.11 - [IpuHnunuansHas cxema KOHCTPYKIIMUA OyPepHOTro yCTpOHCTBa

[Tocne mporiecca nepenycka u 1eMn@epHOro raieHus: SHePTUy MaJCHHs U yiapa
CBIITYYEi CMECH COJICOTXO0/I0B HEOOXOUMO €€ aKKyMYJUPOBaTh, MIPEXKIIC YeM M01aBaTh
Ha CJIEAYIONIYIO CTYIICHb TPaHCTIOPTUPOBaHUs. Takoil (GyHKITMOHAI BBITIOIHSAET OyHKEP-
HAKOIUTEIh, KOTOPHIH B pa3pe3e MPECTaBIACT COOOW KamUTaIbHOE COOpPYKEHUE

KOHYCO00pa3Hoil (GopMbI, 00OPYAOBAHHOE J103aTOPOM JIsl BBIMMYCKAa CHITYYEeH CMECH,
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CUCTEMOM CXaToro BO3AyXa ISl MpPeNoTBpallleHUs] 3aKylnopuBaHUE OYHKepa,

AeMI(EPHBIM YCTPONCTBOM JUIS TallICHUs SHepruu cMecH (puc. 3.12).

Lineenan nos-ms

Pucynok 3.12 - [Ipennaraemasi KOHCTPYKITUS TIOJ3EMHOTO OyHKepa-HAKOMTUTEIS C
AeMI(UPYIONIUM YCTPOUCTBOM: a — EPEMYCKHOM TpyOomnpoBo, O — Kopmyc OyHKepa-
HAKOMHTENS, B — JeMII(ep IS TalleHus] JHEPTUU CHIITy4el CMeCH

Jl1s1 mpeioTBpaIieHus MPEBBIMICHHS TON KPUTHYECKON BRICOTHI CMECH B OyHKEpe-
HAKOMUTEJIe HEOOXOAMMO MPEAYCMOTPETh YCTAHOBKY YPOBHEMEPOB, KOTOPHIE B PEKUME
pEaJbHOTO BPEMEHH IMPOMU3BOMAAT 3aMEpP YPOBHSI COJIEOTXOAOB M NEPEAAIOT CUTHAN Ha
NOBEPXHOCTH ISl IPEKPAILECHUS MMOJaYu MaTepraia B cojenpoBoi. ClieyeT OTMETHTb,
YTO, YIUIOTHEHHE CMECH SBJISETCS HEM30eKHOW MpoOeMON NpHU TPaHCIIOPTHPOBKE
COJIEOTXO/IOB «CYXHM» CIIOCOOOM, IMOATOMY HEOOXOAMMO MPEAYCMOTPETh CHUCTEMY
pa3pbIXJICHHUS] 3aKYIOPEHHOM Macchl B N03aTOpHOM 30HE. C 3TOH LENbI0 B MOJIOCTU
OyHKkepa HEOOXOOUMO MPEAYCMOTPETh MOPTHI I mpoayBku  (puc. 3.13),
IpeICTaBISONIME CO00M TpyOUaThie MPOBOIHUKH CKATOTO BO3AYyXa, MOCTYIAIOIIETO U3
MMHEBMATUYECKUX PE3epPBYapoOB MOJI BHICOKMM AaBieHueM. s addekTuBHO ynaneHus
M30BITOYHOTO JABJICHUS BO3JyXa B CHUCTEME HEOOXOAMMO MPEIyCMOTPETh CHUCTEMY

cOpoca Bo3ayxa B BEpXHEH yacTn OyHKepa HaKOITHTEIS.
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Pucynok 3.13 - Cucrema JIMKBUAALNHN AECETPETAIMHN COIEOTXOI0B B J03aTOPHOM YacTH
OyHKepa-HaKOMUTEIIS

OnrcaHHasi TEXHOJIOTHUSI MPEBAPUTEIBHOTO TallleHUsI YHEPTUH ChIMyYyeld CMecH
HYKJIa€TCS B MPOMBIIICHHBIX UCTIBITAHUAX, TOCKOJIBKY W30BITOYHOE JaBJICHHUE BHYTPU
OyHKepa MOXET HETaTHUBHO CKa3aTbCsl Ha YIUIOTHEHWH MaTepualia, a TakkKe Ha
IIEJIOCTHOCTH KOHCTPYKTHUBHBIX AJIEMEHTOB CaMOTro OYHKepa.

Jlanee  marepuan w3  OyHKepa TMoOcCTymaeT Ha  KoHBeilep.  Pacuer
IIPOU3BOUTEILHOCTH M peKUMa padOThl KOHBeMepa Mmpous3BoauTcs mo dopmyne 2.21
IIPH 33JJaHHOM CKOPOCTHOM Juaria3zoHe JieHTol oT 0,8 m/c 1o 3,15 m/c.

Jlns MuaumanbsHOM ckopoct v=0,8 m/c:

2
- 0,05) = 684,9 T/4

)

1,1

Q =0,8-1150-0,85-1,0-(

Jl;1s1 MakCUMaIbHON CKOPOCTH V=2 M/C:
2

- 0,05) = 1442,5 T/4

)

1,1
[Ipou3BoauTEeIbHOCTh KOHBEWepa MakcumanbHast: Q. = 1442,5T/4 , 3amac

Q=2-1150-0,85-1,0-(

BpeMeHHn g OyHkepa t3 =14 . byHKkep orpaHudeH BBICOTOH BBIPaOOTOK
OKOJIOCTBOJIBHOTO JIBOpa: h < 5M — COOTBETCTBEHHO JIJIsl YCTOWUMBON (POPMBI BEPXHHUIA
pamuyc (R1) momxken ObITh paBeH 5 M, a HmxHHNA paguyc (R2) — 0,2 M. Yron HakioHa
CTEHOK HIKHEH uyacTh OyHKepa JUisl MpedOTBpPAICHUS 3alHulaHus MaTepuana
OTHOCHUTEIHHO TOPU3OHTAH onpeersuics mo Gopmyne 2.18 u paBeHn

Pcrenox = 50°

B cooTBeTCTBUY C 3THM OIpeaeuM MPOCKTHBIN 00hEM OyHKEpa:

Vieow = 2 X 3,1416 X 5 X (52 +5 X 0,2 + 0,22) = 139,36 m°
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W nponyCkHyt0 cioOCOOHOCTb:

Q. = 14425 + 136,39 = 1578,89 T/u
rae Qs — rpy30Mn0ABbEMHOCTb OyHKepa:

Qs =V06 X p; (3.8)
Qs = 136,38 - 1150 = 156837kr = 156,8 T
C yueroM OOOCHOBaHHOW IPOU3BOJUTENBHOCTH TPyOONpPOBOAA IPOIMYCKHAs

CIOCOOHOCTh OYHKEpa COCTABUT:

Q. =Vs X t3+ Ok, (3.9)
Q, = 1735,69 T/4
Ha ocHOBe NpOBEIEHHBIX PAacYETOB M aHajIM3a TEXHOJOTMUYECKUX IapamMeTpOB

CUCTEMBbl  TPAHCIOPTUPOBAHUSI  OOE3BOKEHHBIX  COJICOTXOJOB B YCIIOBHSX
I'pemsiumackoro ['OKa  Obuin ompeneneHbl  KIIOYEBBIE — XapaKTEPUCTHUKH,
obecnieunBaromue 3QPEeKTUBHOCTh U pPUTMUYHOCTH MpoIlecca IKcruryaTanuu (tadma. 3.11).

Tabmuuna 3.11 - TexHonormyeckue mnapamMeTpbl CUCTEMbl TPAHCIIOPTHUPOBAHUS
00€3BOKEHHBIX COJIEOTXO0JI0B MPH IIUKIMYHO-TIOTOYHOMN cXeMe

IMapametp Oo0o3Havyenue |[3HaveHme
1 2 3
BeprukanbsHbiil TpyOoOTIpoBOa
JluameTp TpybompoBoaa D, m 0,273
[Tomaap MOMEepevyHOro CeUeHUs S, M? 0,0585
[TpenenbHast CKOPOCTh MaJIEHUs MaTepraia V, M/c 145,46
CKkopocTh MaTepuaia Ha BBIX0JIe U3 TPyOOTIpOBOIa V, M/c 7
Cuiia TpeHUS Ha €AMHUILY JUTUHBI Frp, H 19,75
[Ipou3BOINTEIHLHOCTh Q, T/4 508,5
byHkep-HakonuTeab
["'ecomeTpuueckuii 00bemM VreoMm, Mm> 139,36
Macca akKyMyJIupyeMoro MaTepuasia Vo, T 156,8
'YT0J1 HaKJIOHA CTEHOK 0, © 50°
Kownseitepnas cucrema
[Ipou3BOIUTEIHLHOCTh (MHHUMAJIbHAS ) QMuH, T/4 450,9
[Tpon3BOIUTEIBLHOCTD (MAKCUMAJIbHAS ) Qmakc, 1/4 14425
[[IuprHa JEHTHI B, m 1,0

HemndepHbie ycTpoiicTBa
YT0JI KOHYCHOT'O TacCUTENs |a, < ‘100

OO111ast TPOU3BOIUTENEHOCTH CHCTEMBI
CornacoBaHHasi IPOU3BOJAUTEIBHOCTh |Q061u, T/4 ‘506,9

TakuMm oOpaszom, peanu3anus MUKIMIHO-TIOTOYHON CXEMbl TPAHCIIOPTUPOBAHUS
3aKJIaIouHbIX MaTepuaiioB Ha I['pemsunHckom ['OKe, uHTErpupyromeid MOayIbHYIO

CTPYKTYpY (TIOBEpPXHOCTHBIM, CTBOJIOBOM, TOPU30HTAJIbHBIN, KaMEpHBIA MOIYIH) C
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UCIIOJIb30BaHUEM O0E3BOKEHHBIX COJIEOTXOJOB M COJISIHBIX PAacTBOPOB, O00ECHEYUBAET
MIPOU3BOJUTENHLHOCTH 10 684,9 T/4 3a cueT onTUMU3AIMU AuamMeTpa TpyodomnpoBoaa 273
MM, OYHKEpOB-HaKONUTENEH reomeTpuueckum obbemoMm 139,36 M* u cucremoi
MTHEBMATUYECKON MPOAYBKH, YTO MO3BOJIIET MUHUMU3UPOBATh CIEKUBAaHUE MaTepuasa,
CHU3UTh MU3HOC 000PYJOBaHUS U O0ECNeYuTh O0E30MACHOCTh MPU TPAHCHIOPTUPOBKE HA

riyoune 1110,3 M, COOTBETCTBYIOIIEH MPOEKTHHIM TapaMeTpaM pPyIHUKA.

3.5. UcciienoBaHme TEXHOJIOTMYECKHUX NAPAMETPOB TPAHCIIOPTUPOBAHMSI
3aKJIaJ0YHBIX MATEPUAJIOB TP MOTOYHOI JIOTHCTHYECKO cXxeme
TPAHCTIOPTHPOBAHUS

Jist cobntoieHnsi mapaMeTpoB TEXHOJOTMHU 3aKJIagku Ha 0aze (popMUpOBaHUS
KOHCOJIMJUPOBAHHBIX 3aKJIQJ0YHBIX MAaCCHBOB TpeOyeTCs TMOWUCK pEIIeHUuH 1o
BBICOKOIIPOM3BOIUTENBHON MOJja4e COJIEOTXOA0B U paccojia B €AMHON JIOTUCTUYECKOU
CUCTEME IIPSIMBIX ¥ BO3BPATHBIX I'PY30ITOTOKOB PYIHHUKA.

[Ipn peanu3anvyi TOTOYHOW CXEMbI TPAHCIIOPTHPOBAHUS IOJydYeHHAas Ha
MOBEPXHOCTHOM KOMIUIEKCE THUAPO3AKIAJKU IyJblla TPAHCIOPTUPYETCS B KIETHEBOMN
CTBOJI, OTKy/la HANpaBJIIeTCS B BBIPAOOTAHHOE MPOCTPAHCTBO pyaHuKa (puc. 3.14).
[locTynnenue 3akiaioyHOrO MaTepuaia OpraHU30BaHO U3 JIBYX MCTOYHHUKOB. [loTok c
coieorBania (14) dopmupyercs OylIbI03epOM-pHIXJITENIEM 15, Tmociae  4ero
dbpoHTANIBHBIM TOTPy34ynK (13) mMogaeT coNCOTXOAbl HA MAaruCTPAIbHYIO KOHBEHEPHYIO
auauio  (12) B cTOopoHy Kopmyca myJbnonpurotoBieHus. llapamiensHo wu3
daoranmonHo oboratutenbHOM (adbpuku (11) mo paccononporoay (10) mocrymaroT
nulaMbl UM OOOpPOTHBIM paccoil. B kopmyce myJabHNONMPUTOTOBICHUS MaTepual
CMEIINBAETCS C PAcCOJIOM JI0 PETJIAMEHTUPYEMOM TUIOTHOCTH ITYJIBIIBI, & JIBE €MKOCTH -
AKKyMYJISTOPbl 00€CIIeUMBAIOT HEMPEPHIBHOCTh Pa0OTHl U CTaKHBaHUE KoJeOaHWI
noaaun. ['oToBas mysbIia HAMIPaBJIsSETCs B HAJIIAXTHYIO YacTh CTBOJIOBOTO KOMIUIEKCA y

korpa (9) u nanee o MyJabNONPoBOAY (8) mepenyckaeTcs Mo BEPTUKAIBHOMY MOJIYIIIO.
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Pucynok 3.14 — [loTouyHast JorucTUYECKas cxema JABMKCHHSI 3aKJIaJJOUHbIX MaTepUasoB
u cmecu: 1 - TexHuueckas kamepa; 2 - MOrpy>KHOM HACOC JIsi OTKAYKU M30BITOUYHBIX
pacconos; 3 - NpUAMOK; 4 - MeTaTelNb; S5 - TMAPOLMKIIOH; 6 - IEHTpaJibHAsl HACOCHAs

CTaHIMs; 7 - paccoJonpoBo; 8 - mMyabnonpoBo; 9 - konep; 10 - paccononpoox; 11 -

¢dnoranmonHas odorarurensHas Gadbpuka; 12 - maructpanbHas KOHBeepHas TUHUS; 13

- ppoHTaNBHBIN OTPY34HK; 14 - coneoTBal; 15 - Oyiba03eP-PHIXJIUTEIb.

Ha moazeMHOM ropu30HTE MOTOK IMYJBIIBI PACHPEACISIETCS M0 TOPU30HTATBLHBIM
KOMMYHHUKaIUSIM K pailoHaMm BeJieHus1 paboT, pU 3TOM LEHTpalibHAsl HACOCHAsI CTAHLIUS
(6) mognmepxuBaeT TpeOyemble pacXolbl U HAMOPBI, a TaKKe OO0eCleYyMBaeT BO3BpaT
U30BITOYHOTO paccojia. B kamMepHOM Mojylie HCHOJB3YIOTCS THIPOUMKIOH (5) ains
KOPPEKTUPOBKH IPaHCOCTaBa U 00E3BOKUBAHHMS J10 TpeOyeMOH BIaXKHOCTH, MEeTaTelb (4)
JUISL pacTpeiesIeHns OTOKa 1Mo (POHTY YKIAAKH, TpUAMOK (3) s cOopa KUIKOCTH U
NOTPY>KHOM Hacoc (2) aid ee OTKauyKd. YKIaJKa BEJEeTCS B TEXHHUUYECKOW kKamepe 1 ¢
KOHTPOJIEM YPOBHS U CKOPOCTH MOCTYIUICHUS, OTBOJ, M3JIMILKOB paccoia BO3BpalaAETCs
B 000pOT Yepe3 cucrteMy paccononpoBoaoB (7) [16, 143].

Ncxona u3 mpoekTHOM mpousBoauTenbHoCcTH ['peMsuunckoro ['OKa mMoniHocTh
TUAPO3aKIAOYHOT0 KOMIUIEKCa ycTaHOBIEeHa B 00beMe Qray 3, 431 MuH. ToHH (11O
TBEPJAOMY) TATUTOBBIX OTXO0B U Quan 0, 340 MIIH. TOHH (IO TBEPIOMY ) IINIAMOB B TO/I.
I'omoBoit ¢GoHA pabOTHl TUIPO3AKIATOYHOTO KOMILIEKCA MPUHAT COTJIACHO PEKUMY
paboTel oboratutenbHOU (pabpuku u coctaBuseT 340 nueii (8160 vacon).

I'omoBoit dona 3aknamodnHbix padot Tm.im., COOTBETCTBYIONMIUIA BPEMEHH TO/IaYU
MyJIbIbL, C YYETOM O0053aTEIbHBIX TEXHOJOTHUYECKUX IPOMBIBOK MYJIBIONPOBOJIOB,

OIIpeIeIISICTCS 110 CIIeayoeH hopMmyIe:
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Ton =1 - (Tieyr — Npp * Tip) 4, (3.10)
rae: N, — KOJAMYEeCTBO JHeW paborel (abpuku B romy (340 gHei);
T, cyr — TPOIOIKUTENLHOCTE PabOTBHI THAPO3AKIANOYHON YCTAHOBKUA B CYTKH, U,
NIpP — KOJUYECTBO NPOMBIBOK B CYTKHU; Ty, — MPOJOIKUTENIBHOCTD OJIHOM MPOMBIBKH
MyJIBIIONPOBO/JIA, Y.

[IpombIBKa MyJBIIONPOBOAOB IPOU3BOAUTCS OJIMH pa3 B CYTKU B TEUECHHE 2
4acoB.
T, =340-(24—1-2) = 7480 u.

B coorBeTcTBUM C PEKUMOM pa6OTBI IIOA3CMHOI'O 3aKJIaZOYHOI'O KOMIIJICKCA
mpeanojIaracTCsa BBIITOJIHCHUC 3aKJIaJOYHbBbIX pa60T OIHOBPCMCHHO Ha TPCX YUACTKAX
MIaXTHOT'O I10JIA. HpI/I 9TOM Ha ABYX Y4ACTKaX OCYIICCTBIIACTCA 3aKJIaAKa COJICOTXOO0B,
d Ha TPCThCM BCAYTCA IOATOTOBUTCIILHBIC pa6OTBI.

YacoBas MPOU3BOAUTCIIBHOCTE THUAPO3AKIAJOYHOTO KOMIIJICKCA Qc, T/‘I, I10

COJICOTXOJaM OIIPCACIIACTCA 110 (1)OpMy.HC:

o - TQe e (3.11)
I1.11.
_3771000 _
¢ = 7zg0 -~ C0b14T/4,

rae Qe — rogoBasi MOITHOCTb TUPO3AKIATOYHOTO KOMILIEKCA IO COICOTX0AaM U
nuramam, T; TI.I. — rogoBoi GoHa paboThl THAPO3aKIATI0IYHOTO KOMILIEKCa, 1.

MoHOCTh, KOMILJIEKCA B M3/TOJT A1 TAJIMTOBBIX OTXO/IOB:

. 3,431 - 10° kr/rop
ra T 2100 kr/M3

~ 1633 -103M3/rop

MoIIHOCTh KOMILJIEKCA B M3/TO JUIS IUIAMOBBIX OTXOOB:

- 0,340 - 10° kr/roj
ratT 1577 kr/M3
qaCOBaﬂ MMPOU3BOAUTCIBHOCTE 3aK/IaJOYHOI'0 KOMILICKCA II0 COJCOTXOdaM H

~ 215,633 - 103 M3 /rop

1JIaMaM JI0JKHA COOTBETCTBOBAThL = 247 M%/u ipu pabote 340 nHeil B roxy no 22 yaca.

[TnoTHOCTH 00OPOTHOTO paccosia ¢ oboratuTenbHON (adpuku cocraBusier 1230
kr/m%. IIpu crangapraom otHomenuu XK:T B 2:1 pacxox paccona X - 494 m3/4, pacxon
tBEpaoH azer T - 247 M*/4, cymmapHbIii 00bEMHBINA PacXo YCTAaHOBKH paBeH 741 m3/4,

MacCOBbIi pacxoj paccoia coctaBut 607,62 1/dac
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IIpy monmaye mysblbl HAa JIBa y4acTKa 3aKjIaJKd MPOU3BOAMTENBHOCTH OJHOMU
YCTAaHOBKU IYJIbIONPUTOTOBIEHUsT cocTaBisier 252,07 T1/yac. [Ipon3BOAMTENBHOCTD
TUAPOTPAHCIIOPTHOM CHCTEMBl MMOJAYM I[IJIAMOB, MNOCTYNAIOIIMX B BHUJAE MYJIbIIbI,
pPacCUMTHIBAETCA HA OCHOBE MCXOJHBIX JAHHBIX U COCTaBIsAET 00bEM MOJAUH MYJIbIIBI OT
70 no 85 m*/u. OCHOBHBIMHM TMapamMeTpaMH TPYOONPOBOJHOIO TPAHCIIOPTA SIBISIOTCS
MPOU3BOIUTENBLHOCTD, JIUAMETp TPyOONpoBoJa, JJIMHA TPAaHCHOPTHUPOBaHUS U 1p. B
KauecTBE HAYaJbHOTO 3HAYEeHHs auamerpa TpybompoBoaa 3anaH Dg,=250 Mm, 4TO
COOTBETCTBYET NPAKTUKE, TpUMeHsieMoi Ha mecTopoxkieHusx BKMKC.

JlanHble 171 pacuera Mokaszaresieldl TMApPO3aKIaJ0YHOr0 KOMIUIEKCA CBEJEHBI B
Tabnuiry 3.12.

Tabmuma 3.12 - VcxoaHbie naHHBIC JIs pacdyeTa TPAaHCIIOPTUPOBAHMS COJICOTXOJIOB IO
3aKJIaJJOYHOMY TPYOOIIPOBOY.

ITapameTp O06o3HaueHne 3HayeHue
I'ny6una Tpy6onposoa h, m° 1110,3
YckopeHne cBOOOHOTO Ta/ICHUS g, m/c? 9,81
Koadduument tperns ans cramm Ct3 q 0,03
HacpimHas mmoTHOCTh MaTepuana P, kr/m° 1150
TIIOTHOCTE TBEPIOH (asbl p¢, KT/M® 2100
[1OoTHOCTH  CyCHEH3WH  IIJIAMOB asrpyska
CTYCTUTEIS CDOy(D) (peorpy? Pu KT/M 1577
[TnoTHOCTH 06OPOTHOTO paccosa Pps Kr/M° 1230
HauanpHast ckopocTh ABMKCHHS MaTepHalia V, M/c 1

Kputnueckas CKOpOCTb IyJbIBI (Vip), IPH KOTOPOW TBEPABIC YaCTUIBI HE

BBITIAJIAIOT U3 TIOTOKA, pacCUUThIBaeTcs o gopmyne 2.13:

Vep = 10,58 - 0,25 = 2,65 M/c, Torna
Voas = 2,65 1,1 ~ 2,92 M/c,
ITpoBepka pacxoa MyJbIIbl M°/4,

2

Q, = 3600-# .2,92 ~ 515 M3 /4
PacueTHblii pacxon mynsIsl (515 M3/4) okasanca MeHblIe TpeOyeMOro 3Ha4eHUs
(741 M3/4). DTO yKa3bIBaeT HAa HEOOXOAMMOCTH yBEIMUEHHs IUaMeTpa TpyOoIpoBoaa
TUTsE O0ecTieYeHHs 3aJaHHOU MTPOU3BOAUTEIIBHOCTH.

D, = |—2* _=031wm

900 -3,14-2,92

s HoBoro nuamerpa DBH = 310 MM mepecuuTaeM KpUTHYECKHE U padbouue

napaMeTpbl, KpUTUYECKAS] CKOPOCTh:

Ve = 10,58 0,31 ~ 3,28 m/c
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Pabouas ckopocTs:

Vpas = 1,1+ 3,28 = 3,61m/c.

[Ipotecc  momauM  CONEOTXOMOB  TUAPOTPAHCIOPTOM  MpPEayCMaTpUBAET
o0si3aTeNbHOE TTPOBECHNE TEXHOJIOTHYECKUX TPOMBIBOK MYJIBIIOMPOBOIOB paccoyioM. B
IITATHOM PEXUME JUIsl MPOMBIBKH IYJIBIIOIMPOBOJIOB UCIIOIB3YETCS PacCoyi, KOTOPBIN
II0JAeTCsl M3 LUEHTPAJIbHOW HACOCHOW CTaHLMHM IIOA3EMHOIO0 KOMIUIEKCA pyIAHHKaA. B
Cllyyae aBapUUHBIX CHUTYallMil MPOMBIBKA THUIPOMPOBOJA OCYIIECTBISECTCS PaccojoM,
KOTOPBIA XpaHUTCS B CHEIUAIbHBIX 0akaxX, pa3MEIIeHHBIX BOJM3U KOpIlyca
NyJbIONPUroToBieHus. Ilone3nbiii 00beM Takux OaKOB PACCUUTBHIBAETCS C YYETOM
HEOOXOAMMOCTH OJTHOBPEMEHHOM MPOMBIBKU JIBYX MYJBIIONPOBOJOB, a TAKXKE OJHOTO
nuiaMmonpoBoza. Takxke HEOOXOIUMO MPEIYCMOTPETh €MKOCTh Il cOopa pacTBOPOB
MOCJI€ MPOMBIBKH THAPOIIPOBO/A.

Jlns oOecriedeHus ITMTEILHON SKCITyaTallud CUCTEMbl I MUHUMU3AIMN PUCKOB
IIPU aBaAPHUSX PACUETHBIN CPOK CITYKObI OAKOB MPUHST C YYETOM MEPHOJIa IKCITyaTalluu
B 25 ner. C ydeToM O0OCIYyXMBAa€MOTO y4yacTKa MIAXTHOTO TOJIA JJIMHA OIHOTO
MyJBIIONIPOBO/IA 10 HanboJIee yIaaeHHOM MaHeI Ha 3a1aTHOM HaIllpaBIeHUN COCTABIISIET
11250 M, a no HamboJsiee ymaJ€éHHOW IMaHENW Ha BOCTOYHOM HampaBieHUU - 9800 M.
HeoOxonumblit 00BEM paccona JJIsi MPOMBIBKY ABYX MYJBIIOMPOBOAOB auameTpoM 310
MM ¢ yueToM ko3 duimenta 3amaca 5%:

Ve =1,05-11250-(2-0,785-0,3102%) = 1783 M°

Pa3paGoTtanHast JOrUCTHYECKas CXeMa TPAHCIOPTUPOBAHUS  3aKJIaJ0YHBIX
MaTepuajIoB i1 KaJIMUHBIX PYJHUKOB, OCHOBaHHAs HA HMHTErpAllMU MNPSIMBIX U
BO3BPATHBIX TPY30MOTOKOB C  HCIOJB30BAaHUEM OOE3BOKEHHBIX  COJIEOTXO/OB
(BmaxxHocTteio 8-9%) M paccona, obecreunBaeT (GOPMHPOBAHNUE KOHCOJIUIHUPOBAHHBIX
3aKJAJOYHBIX MAaCCMBOB C 33JaHHBIMU  PEOJIOTMYECKMMH W  IPOYHOCTHBIMH
XapaKTepUCTUKAMU, TOCTHTasl TipousBoautensHocT 504,14 1/4 mo coneorxomam u 247
M*/d MO0 muIamMam, TpH 3TOM HCKITI0Yas HEOOXOAMMOCTH MPOMEKYTOYHOTO XpPaHEHUS
MaTepHaJIoB MpU padoTe B O€3 aBapUITHOM PEXUME 3a CUET aBTOMATH3aIIUU MPOIIECCOB,
ONTUMU3AIMU [ruameTpa Tpyoornposoaa (310 Mm) U KpUTHYECKOM CKOpOCTH TOTOKA (3,28

M/C),
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3.6. Pazpa0dorka ajnropurmMa BbI00pa JJOTHCTHYECKON CXeMbI 3aKJI104YHbIX PadoT

Kak ykazano panee, npu BbIOOpE ONTUMAaTbHOM JOTUCTUYECKON CXEMBI 3aKIIaJIKU
HEOOXOJUMO YYUTHIBATH IIMPOKUN CHEKTP B3aUMOCBSI3aHHBIX (HaKTOPOB, BKIOYAs
MPOU3BOJAUTEIIBHOCTh CHUCTEMBI, T€OJOTUYECKUE, TOPHOTEXHUUECKUE XAPAKTEPUCTUKU
MECTOPOXKJICHHS, 00BEMBI U TEXHOJOTHUYECKUE CBOMCTBA 3aKJIaJOYHBIX MAaTEpHaJoOB, a
TAaK)K€ OrpPaHUYEHHUS, CBSA3AaHHBIE C WX BIAKHOCTbIO U (PU3UKO-MEXaHUUECKUMHU
XapaKTEPUCTUKAMMU.

Ha ocHoBEe W3y4YeHHBIX MaTepUajoOB U PE3YJbTATOB BBINOJIHEHHBIX PACYETOB
pa3palboTaH aIrOpuTM BbIOOpA JJOTUCTUUECKON CXeMbI BEJICHHS 3aKJIaIOUYHBIX padoT Mnpu
pa3paboTke TiIy0OKO3aJerarolX MECTOPOXKIACHUM BOJOPACTBOPUMBIX IMOJE3HBIX
uckormaemeix (puc. 3.15). JlaHHBIM anropuT™M TpeAycMaTpUBaeT YYeT pPacyeTHBIX
napaMeTpoB TpPyOOIPOBOJOB M KOHBEHEPOB, XapaKTEPUCTUK BIAXKHOCTU U (PU3HKO-
MEXAHUYECKUX CBOMCTB 3aKJIAJOYHBIX MATEPHUAJIOB, a TAKKE OrPAHUYEHHUS, CBA3aHHBIC C
BJI&YKHOCTBIO COJIEOTXOOB.

Ha nepsom »3tame mnpoBOAATCS  KOMIUIEKCHBIE  HCCIIEOBAaHUS  TOPHO-
reoJIOTUYECKUX YCIOBUI MeCTOpOoXKaeHus. B paMmkax uccinegoBaHuii ocoboe BHUMaHUE
ylnensiercss TIyOWHE 3ajieraHusl COJSHBIX IUIACTOB, a TaKXkKe YIIy WX TMaJIeHus,
F€OMEXaHUYECKUM XAPAKTEPUCTUKAM H YCTOMYMBOCTM MACCHUBA TOPHBIX IOPOJ.
CymiecTBeHHOE BHUMAHUE YHAENAETCS XapaKTEepUCTUKAM TPEUIMHOBATOCTH W HHBIX
CTPYKTYPHBIX HAPYLICHUM 3alUTHBIX NAYEK KApHAJUJIMTA, CUJIBbBUHUTA U HAJETAIOIIUX
nopoA. OTH XapaKTEepUCTUKH HUMEIOT MEPBOCTENEHHOE 3HAYEHHWE INIPU OLEHKE

CKJIOHHOCTH TIOPOJI K TyYEHHUIO U JIepopMaIusim.



Onpenenenne JOrHCTHYECKOMH CXeMbI
Be/IeHHs1 3aKJI2I049HBIX PaboT NpH
PpaspaboTke riIy6oK03a1eralonmx

MeCTOPOKIeHHil BO0PACTBOPHMBIX Py
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Teoornyeckasi oueHka
MeCTOPOK/IeHUSI

pa3paboTke MeCTOP OK/ICHHST

OueHKa YKCILTY TAMOHHBIX yCJIOBHI NpH

JlaGopaTopHbIe
HCCIIEIOBAHMST COJICOTX0/10B

TexHoJornueckasi peainzanus
JIOTHCTHYECKOH CXeMbI
3aKJIaJ09HbIX padoT

OnpeaeieHne JIOTHCTHY €CKOM
cXeMbI TPAHCTIOPTHP OBAHH S

/1M He KAPHALINTA B

noaer il mayKm ragura
HJIH CHJIBBHHHTA

Tay6una saneramns
ecTopowaenms > 1000 m

IIA

Tpkmramaas

TOJ HAKTOH
TOPH30HTAILHBIX

BLIpadoToKR
>30°

‘eMnepaTypa
PpyHMIHO
atMocdepbt
10 20° C

v

Monyns
> 00e3BokMBa

BaaxHoCTh
PYAHHYHOT
atocdepbt
10 20%

TMyuenne
nous
BbIPAGOTOK

/@m)m

HET

€0.1€0TX010B.
W < 5%

HUS
v
Bydeproe
YCTPOICTBO B
BEPTUKAILHOM
coJlectycke
h 4
Bynkep
HaKOIUTEb
A 4
Cetp

"| BBesie Hus 3aKI1a{04HbBIX
pabor

HOTO‘IHO'L[I/IKJ'H/I‘IHHS[
JIOTUCTUYECKasA CXeMa

JIOTUCTHYECKAsA CXeMa |

BbIGOp JIOTHCTHYECKO CXeMbI
BeJIeHHs1 3aKJIa/I04HbIX PaboT npu

BBE/ICHHSI 3K/ J0YHBIX
pabor
A

KOHBeepoB

I'naposaknanou
HET—¥ HBII
KOMILIEKC

<

I'unposaknanou

HbII
TpyGompoBox

pumax > 30°

JIA:

IoTounast

BBEJICHHUSI 3aKIIAZ0YHBIX
paGot

JIOTUCTUYECKaA CXeMa

paspadoTrke r.iry6oKko3ajeraiommux
MeCTOPOKIIeHHii BOA0PACTBOPHMBIX
pya

Pucynok 3.15 - Anroputm BeIOOpa JIOTUCTHYECKON CXEMBI 3aKIaI0YHBIX pabOT Mpu pa3padoTKe TIy00K03aIeraronmx
MECTOPOXKICHUIN BOJOPACTBOPUMOIO ChIPhS
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Ha cnenyromeM stame NMpoU3BOAMTCS OLIEHKA SKCIUTyaTal[MOHHBIX YCIOBHM C
MOBBIIIEHHBIMU puckaMu jaedopmanuid. s Takux 30H peKOMEHIYeTCs UCMIOIb30BaTh
VKPEIUIAIONINE KOHCTPYKIHUH TPYOONPOBOJOB B  KPOBJE, BBHINOJHEHHBIE U3
KOPPO3UOHHOCTOMKUX MaTepHAJIOB, CIIOCOOHBIX BBIJIEPKUBATH JUHAMUUECKHE HATPY3KHU.
Kongeliepsl B TaKUX YCIOBHUSX MOTYT MCIOJIL30BAThCS TOJBKO MPU CTAOMIBLHOMN MOYBE,
TaK KakK MOBPEXJICHHUS JICHT U3-3a MTyYEeHHs] MOTYT MPUBECTU K 3HAYUTEIHHBIM MIPOCTOSIM,
100 3aKPeIUIATHCS B yCTOMUMBOM Kposiie. {15 obecnieueHus: 6ecriepeboitHoCTH pabOThI
HIIT nenecoo6paszno npeaycMoTpeTs 0ydepHsie OyHKepbi-HaKonuTenau oobemom oT 300
10 500 M3, 9TO MO3BOJIUT BHIPABHUBATH MOTOK MAaTE€pUANIOB Jaxe MPU HEPUTMUUYHOU
nojayve.

Jlanee nms  BbIOOpa TIPUOPUTETHOM JIOTUCTHYECKOHW CXEMBI  MPOBOMASTCS
nabopaTOpHBIE HUCCJEIOBAHMUS BELIECTBEHHOIO COCTaBa, CTPYKTYpbl U CBOMCTB
3aKJIaIOYHOr0 MaTepuana. Pe3yibTaThl BBINOJHEHHBIX J1a0OPATOPHBIX HCCIEIOBAaHUMN
MOKa3aliy, YTO MPHU BIAXKHOCTH 3aKJIAJOYHOI0 MaTepuaia B Ipejesiax BIarooTaadu — 8-
9% BeposITHO 3aKylmopuBaHUE TpyOONpoOBOJa, IMOITOMY TpeOyeTcs NpUMEHEHHE
MEXaHU3UPOBAHHBIX CHCTEM II0 YCTPAHEHUIO HAJIUMAHWI0O Ha CTEHKH OYHKepa,
ONMMCAaHHBIX B Maparpade 3.4 HacTosIIel riaaBbl, MO0 moHWkaTh cooTHoeHue XK:T,
YBEJIMYMBAsl BIAXKHOCTh CMECH 3a IIPEAEIIOM BJIArOOTAAYH.

OkoHYATeNbHBI BBHIOOP JIOTUCTUYECKON CXEMBI OMpPENeNsieTcs pe3yibTaTaMu
IPOEKTHBIX TEXHUKO-’KOHOMHUYECKHX pacyeToB IO MaKCUMyMy IIOKa3aTelen
3 PEKTUBHOCTH, PACCUYUTAHHBIX B COOTBETCTBHHM C JICHCTBYIONIEH METOJIUKOM.
[uknuuHast cxeMa pPEKOMEHIyeTCs IS 30H C  TOBBIIIEHHBIMU  pPUCKaMU
TPEIIMHOOOPA30BaHUS W IIYyYEHUS, TaK KaK OHa TIO03BOJISIET MWHUMH3UPOBATH
Bo3zeiicTBUe Ha MaccuB. [lOTOYHO-IIMKIMYHAs CXeMa SBISIETCS KOMIIPOMHUCCHBIM
pEIIeHUeM TSl yCIOBUH KOMOMHUPOBAHHOTO BO3ICHCTBHS, 0OecTieunBasi OTHOBPEMEHHO
BBICOKYIO TPOU3BOJUTEIBHOCTh U YCTOMUMBOCTH cHUCTeMBbl. [loTouHass cxema c
MIPUMEHEHUEM TPYOONPOBOJHOIO TPAHCIOPTA  XapaKTEPU3YeTCs] MHHUMAJIbHOMU
TPYJIOEMKOCTBIO U HAaMOOJbIIEH TPOU3BOAUTEIBHOCTHIO TEXHOJIOTUYECKUX MPOIIECCOB.

Takum o00pazoM, TPENTIOKEHHBIN alTOPUTM BBIOOpA JIOTUCTUYECKON CXEMBI

3aKJIaJOYHBIX paboOT 1mpu  pa3paboTke IIyOOKO3aJIEeTaloluX  MECTOPOKIACHUN
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BOJIOPACTBOPUMOTO MUHEPAIHLHOTO CBIpDbSl ~ HMHTETPUPYET  TEOJOTUYECKHE,
OKCIUTYaTallMOHHBIE W TEXHOJIOTHYECKHnEe (HaKTOpbl M O00ECIeYMBACT BO3MOXKHOCTH
BbIOOpa MPUOPUTETHOTO BapHAHTA JIOTHCTUYECKOW CHUCTEMBI MOA3EMHOTO PYIHHKA Ha
OCHOBE MPOBEJCHHS CHEIHAIBHBIX HCCIEI0BAaHUI B COOTBETCTBUU C pa3padOTaHHOU
METOIUKOH.

Tak »xe pa3paboTaH anropuT™M OOOCHOBAHMS MAapaMETPOB BEPTUKAIBHOIO

1o 13eMHbIN MotyJist (BIIM) 17151 HUKITMYIHO-TIOTOYHOM JIOTUCTHYECKOU cxeMbl (puc 3.16).

Havano

v

OnpeseneHme BNaXXHOCTM CONEOTXOA0B Ha TEXHOIOMMYECKMX LLeNOYKaX TPAHCNOPTUPOBaHNA:
- Npwu pobbiye ¢ coneotsana (Wc)
- Npw BbIxoAe ¢ oboratuTensHoi dpabpuke (W)
- Mpy1 GOPMMPOBAHIUM KOHCONMAMPOBAHHOIO 3aKNAA0YHOro Maccusa (Wm)

v

HET- Wm>9,%

aa

80170X1091/02 MLIOHKEeLE ENLBHY

TpebyeTca MoAyNb 06€3B0XXMBaHUA ANA GOPMUPOBAHUA
KOHCO/IMANPOBAHHOTO 3aKNa404HOMO Maccnea

ViccnenosaHue 3aBMCMMOCTY YAe/IbHO M Harpy3Ki KOMMNPECCUOHHOTO CaTUA U BLICOTbI Nepenycka no Tpy6onposoay ot
OTHOCWUTE/IbHO BEPTUKaNbHOW AedopMaLMm CONeOTXOA0B Npu BaaxkHocTn (Wc, Wf, Wm)

J H_do H_o6us 1

OnpepaeneHue yaenbHOM Harpy3sku () NPy MakCUMasibHO A0MYCTUMOM OTHOCUTEN bHOM BEPTUKAbHOM Onpepenerue BbICOTbI Nepenycka no BepTUKabHOMY
Aedopmaumni (€) = 21% 6e3 KOHCONUAALUN CONEOTXOA0B Tpy6onposoay (Hobw)
PacuéT 10nyCTMMOIA BbICOTbI NEPEMyCKa CONEOTXOA0B MO BEPTUKANbHOMY Tpy6onposogy 6e3 PacyéT yaenbHoi Harpysku (o) npu nepenycke no
06pa3oBaHKA NEPBUYHOI KOHCONUAauuK (Hdon) BEPTUKA/IbHOMY TPy6OMnpoBoay C BbICOTbI (HOGW)

| > H_obuw > H_don, m

l a .

Tpebytotca aemndepHble ycTpoiicTea

+

PacyéT HeobX04MMOr0 MUHUMAN bHOTO KONMYECTBa AemndepHbix ycTpoicts (Nmin)
ANA NpefoTBpalleHns 06pa3oBaHua NepBUYHON KOHCONMAALMW NPU Nepenycke [JemndepHble ycTpoiicTsa He Tpebytotca
C0/Ie0TXOA0B N0 BepTUKanbHomy Tpy6onposoay: H_obw / H_don

v

WccnepoBaHue No onpeAeneHuio yrna ecTeCTBEHHOTO 0TKOCA COIE0TX0A0B ()

AosoduogAdL AwoHarexmnidas ou woAuadayy

Pacuét yrna HaknoHa racuTena: ., = (90— {(p+l))'2 ANA TAlEHWA SHepPrUK NnaaeHus 6es
06pa3oBaHMA 3aKynopuBaHua

Onpep N0THOCTU MaTepuana nocne Harpysku (p1) <+—

HET- (p1) >(p)-1,3, T/m3 —_— A —
! :
H
TpebytoTca BUBPALMOHHBIE PbIXAUTENN S
=
¥ \ &
OnpeaeneHue yaenbHOro CONPOTUBAEHUA METOA0M neHeTpauu (R) He Tpe6yiotca BUBPaLMOHHbIE pbIXAUTENN E ;
v B
°
Onpeaenexune 4acToTbl BUBpaLUmM BUGPALMOHHOTO PLIXAUTENA ANA PAa3pyLUeHUA 3
NepBUYHOMN KOHCONMAALMM CONEOTX0A0B B ByHKepe no Baexmany U.U: f=C-V(R/p) 3
@

\—b OnpeseneHue yrna HakNoHa BbIMyCKaKoLWWX 403aTOPHbIX YCTPOICTB (pabin) 4

(psbin) > (@), °

Pacuét napameTtpos 6yHkepa

BUBLMLONEH BdaNHAQ
€u ervendalew HoAuiag

Koneu,

Pucynok 3.16 - Anroputm BeIOOpa 1 000CHOBAaHUS MAPAMETPOB BEPTHKATHLHOTO
MMOJ3EMHOT0 MOYJISI TPAHCIIOPTUPOBKH COJIEOTXOAO0B ISl IUKJIMYHO-TIOTOYHOU
JIOTUCTUYECKON CXEMBI
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OcHOBHas 1ie/b aJIropuTMa 3aKJI0YaeTcss B pacyeTax, HEOOXOIMMBIX IS
MpeA0TBpaIlleHUs] 00pa30BaHUs MEPBUYHON KOHCOIUAAIMU COICOTXO0B B MPOIECCE UX
TPAHCIIOPTUPOBKH, & TAKKE B OLICHKE TPEOYEeMOTO KOJIMUECTBa JEeMII(PEPHBIX YCTPOUCTB
U pexuMa paboTbl BHOPALIMOHHBIX PBIXJIUTENCH, HEOOXOAUMBIX sl OOecreyeHus
0e3aBapuitHOTO TPAHCIIOPTUPOBAHUS MaTepualia B BEPTUKAIBHOM TPYyOONPOBO/IE.

[Iporecc HaunHaeTcs ¢ onpeieNIieHUs BIaXKHOCTH COJIEOTXO0/I0B Ha pa3HBIX dTarax
TEXHOJIOTMYECKOT0 TMpolecca. 3aTeM, Ha OCHOBE TOJYUYEHHBIX JAHHBIX, MPOBOIUTCS
pacyeT BBICOTHI TMEPEMyCKa COJEOTXOM0B. Takke alropuTM BKJIOYAaeT B cels
BBIYKCJICHUS ISl BBISIBJICHUST MUHUMAJILHOTO KOJIMYECTBA JeMI(EpHbIX YCTPOUCTB U
pexuMa paboThl BUOPAITMOHHBIX PHIXJIMTEINICH, YTO MO3BOJIIET N30€KaTh KOHCOIUAAIIUN
COJICOTXOJIOB U MOJJIEPKUBATH TpeOyeMble TTapaMeTphbl TPAHCTIOPTUPOBKH.

Ha 3aBepmaromux 3Tanax oCyIIECTBISICTCS ONMpPEAC/ICHUE TUIOTHOCTH MaTepuasa
MOCJIE HArpy3Kd M yIjla HaKJIOHA BBIMYCKHOT'O YCTPOWCTBA, UTO SIBJISIETCS BaXKHBIM
AJIEMEHTOM JIJIsl TOYHOTO KOHTPOJIS 3a IMPOIECCOM TPAHCIOPTUPOBKU W HAKOILJICHUS
MmaTepuaia B OyHKepe. AJITOPUTM 3aBepIlIaeTcs pacuyeToM MapaMeTpoB OyHKepa, 4To
ABIIETCS KIIFOUEBBIM I JaibHeuero 3pOeKkTUBHOTO (yHKIIMOHUPOBAHUS CHUCTEMBbI

BCPTHUKAJIBHOI'O ICPCITYCKaA.

BeiBOabI O rJ1aBe 3

1. PazpaboTanbl KOHIENTyalbHbIE TpPeOOBAaHUA K JIOTUCTUYECKON CXeme
3aKJIaJ0OYHBIX Pa0OT MpHU pa3padboTKe riyOboKo3aJIeTaroluX MECTOPOKACHUN KaTuHHBIX
CoJiel, OTIMYAIONIMECS YYeTOM TUIYOMHBI 3ajJeraHus MPOJAYKTHBHBIX IIJIACTOB,
YCTOMYUBOCTH BBIPAOOTOK, (IIEKCYpHBIX HM3MEHEHU, PUCKOB IYyYEHUS TIOYBBI U
HapylIeHus: pexuma paboThl TPyOOMPOBOJHOTO TPAHCIOPTA, MBUIEBOH OOCTAaHOBKH,
MUKPOKIUMATHIECKUX XapaKTEPUCTHK, a TaKXe MIPOU3BOIUTEIHLHOCTH,
9HEProd(PHEeKTUBHOCTH 1 IKOJOTHIECCKON OS301TaCHOCTH.

2. PesynpraTel aHanmm3a TPaHYJIOMETPUYECKOTO COCTaBa  COJEOTXOJOB
obOorameHuss CWIBBHHHMTA TMoOKa3zamud, 49ro 77,93% wmarepmana COCTOUT U3
KpynmHO3epHUCTBIX (pakiuit (>0,25 mm). Takoe cooTHOLIEHHE YacTUIl 00ECIEeUnBaET

HHU3KYIO CKIOHHOCTBb K CIIC)KMBAHHMIO M IIOATBCPIKAACT BO3MOKXHOCTH HCIIOJIB30BaHUA
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KOHBEWEPHOTo TpaHcnopTa. ['mapaBinyecKuil TpaHCIOPT MOXKET ObITh MPUMEHEH IpPU
MpeBAPUTEILHON TMOJATOTOBKE CMECH, IpU A3TOM Tpedyercs s (GOpMUpOBaHUS
KOHCOJUUPOBAHHOTO 3aKJIaJIOYHOTO MAaCCHBA CHUYKEHUE BIAXKHOCTH MEPE] YKIAAKON B
BBIPAOOTaHHOE MPOCTPAHCTBO KaMephl, COOp U OTTOK OT)KUMHBIX paccojioB. TpaHcmopT
[UKJIMYHOTO JEUCTBUS MOXKET OBITh MPUMEHEH [JIsl MEepPEeMEIICHUs COJICOTX0J0B 0e3
JOTIOJTHUTENIbHOM TIOATOTOBKHU U XapaKTEepPU3yeTCsl HAaMOOJbIIEeH YHUBEPCATBHOCTBIO 10
YCJIOBUSIM TIPUMEHEHHUsI, HO HAMMEHbIIEeH MPOU3BOJUTEIBHOCTHIO U TMOBBIIICHHBIMU
TpeOOBaHUSMH K CUCTEME BEHTUJISIIUH.

3. Ha ocHoBaHMM SKCHIEpUMEHTAJBHBIX JaHHBIX OOOCHOBAHO HEOOXOIUMOE
KOJIMYECTBO U PACIIOIOKEeHHE Oy(EepHBIX YCTPOICTB ISl Mepermycka 3aKjIaIoYHON cMecH
0 BEPTUKAIBLHOMY TPYyOOINPOBOAY, YUYUTHIBAIOIEE 3aBHCUMOCTh BEPTHKAJIBHBIX
nedopManuii ChIMyYUX MaTEPHAIOB OT YAEJIbHOM KOMIIPECCHOHHOW HArpy3Kd IpHU
paznuuHOi BiaxHOCTH cosieoTxo10B (0,05%, 4%, 8%), 4TO TO3BOJIAET MPEIOTBPATUTH
NEPBUYHYIO KOHCOJMJAIMIO U  CHEKUMBAHME Marepuaja W MUHHUMHU3UPOBATH
JUHAMUYECKHE HAarpy3Kd Ha KOHCTPYKIHMIO MIPHUEMHOro OyHKepa, a Takke 00OCHOBATH
NpUMEHEHHE CUCTEM BUOPAIIMOHHOTO PBIXJIEHHS ¢ YacToTon 25-35 ' juist pa3pyrieHus
NEPBUYHBIX KPUCTAJUTUYECKHUX CBA3EH U oOecrieueHus CTaOMIILHOCTH
TPAHCTIOPTUPOBAHMS 3aKJIAJJOYHON CMECH B YCIOBUSX Pa3pabOTKH ri1y00Ko3aleraronmx
MECTOPOXKIACHUN KaJUMHBIX COJICH.

4, JlaGopaTopHbie HCCNEOBAaHUS MEXaHUUECKOW aOpa3uBHOCTH COJIEOTXO/I0B
METOJAOM HCTUPAHUS STAJOHHOTO CTaJIbHOTO CTEP)KHS IO3BOJIMIIM YCTAHOBUTH, YTO
COJICOTXO/bI OTHOCATCS K | Kimaccy aOpa3suBHOCTH (BeCbMa Maoadpa3uBHBIE TTOPOBI) C
MOTEPEl MacChl METAINIMYECKUX JIEMEHTOB CTEP)KHS B CpeIHEM Ha ypoBHE 2,46 MT 3a
UMK HCCIENOBAHUSA. DTO TMO3BOJAET MNPEANOJI0XKUTh HEBBICOKMII H3HOC pabodymx
AJIEMEHTOB TPYOONMpPOBOAOB, KOHBEHMEPHBIX JIEHT W JAPYIHUX Y3JIOB TPAHCIIOPTHOTO
000pyaOBaHMS, YTO OCOOCHHO BAXKHO TSI POJIOJDKATETLHOM IKCIUTyaTaIluU B YCIOBUSIX
MOA3EMHBIX BBIPAOOTOK M JIOJXKHO OBITH MPOBEPEHO B MPOMBIIUICHHBIX YCIOBHUSX.
JlaHHBIE XapaKTEPUCTUKU MO3BOJSAIOT A(P(HEKTUBHO TPUMEHSIThH MEXaHU3MPOBAHHBIM,
TUAPABINYECKUN U THIPOMEXAHU3UPOBAHHBIN BUABI TpaHCIOpPTa 0€3 HEOOXOJUMOCTHU

MIPUMEHEHUS] YCUJIIEHHOTO U3HOCOCTOMKOTO 000PY10BaHUSI.
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5. AHanu3 BapUaHTOB TPAHCIOPTHBIX CXEM IOKa3ajd, YTO MOTOYHas CXema
SABJISIETCS HauOojee paIlMOHAIBHOW MJii NPUMEHEHUsS B 30HAX C YCTOWYMBBIMHU
MacCUBaMM TOPHBIX MOPOJI, XapaKTePU3YIOUIMXCS MUHUMAJIbHBIM PUCKOM MyYEHHS U
CTPYKTYpHBIX  HapylleHH#, 4ro oOecreynuBaeT CTAOWJIBHOCTh  OMOPHBIX U
HaIpaBJIAIONIUX JIEMEHTOB TPAHCIOPTHOU cucTteMbl. l{uknndHas cxema MOXKET ObITh
HCTIOJIb30BAHA B YCJIOBHUSX MOBBIIIEHHOW T'€OMEXAHUYECKOU HAIPKEHHOCTH, THE
CYILIECTBYET PHUCK pa3pylI€HUs MacCHMBa BMENIAIONIUX MOpoa. [loTouHO-IMKINYHAs
cxema TpejCTaBisieT co00i cOamaHCHPOBAHHOE PEIIeHUE, CoYeTaroee HaEKHOCTh U
POU3BOUTEILHOCTD, U MOXET OBbITh PEKOMEHIOBAaHA JJISI CJIOXKHBIX I'€OJIOTHYECKHUX
ycioBuil. O1HaKO €€ BHEAPEHHE COMTPOBOXKAACTCS MOBBIIIICHHBIMH YKCIUTyaTaIlMOHHBIMU
3aTpaTaMu, BEICOKOW TPYJTOEMKOCTBIO U CIIOKHOCTBIO TEXHUUECKOTO 00CITYKUBaHUSI.

6. HccnenoBanusi 3KCIUTyaTallMOHHBIX XapakTepucTuk [IJIM BbIsIBUIIH, YTO
IpU CKOPOCTH 7 KM/4 U rpy3omnoabeMHocTH 30 T aiia oOecrnedyeHus] PUTMUYHOCTH
3aKJIaJKA TIPU MaKCUMaJIbHOM JIJTMHE TpaHCHOpTUpOBaHMs 10 12 kM, morpedyercs 27
CaMOXOJIHBIX BaroHoB. Ha moBepxHOCTH pynHHMKa TOTpeOyeTcs 3 3artapuBaTess s
MKP, uro obecrieunBaeT CHHXPOHHU3ALMIO TIPOIIECCOB TPAHCITIOPTUPOBAHUS U 3aTPY3KH,
HO XapaKTEePU3yeTCs BHICOKOUN TPYA0EMKOCTHIO.

1. PazpaGoran anroputm BbIOOpa JIOTUCTHYECKOM CXEMBI C Y4eTOM
pe3yabTaTOB  JIAOOPATOPHBIX  HUCCIAEAOBAHUM, TIOJEBBIX OMBITHO-TIPOMBIIIJICHHBIX
UCIIBITAHUNA M TEOPETUYECKUX PACUYETOB. AJITOPUTM YUMTHIBAET B3aMMOCBSA3b TaKHX
dakTOopoB, Kak (PU3NKO-MEXaHUYCCKUE CBOMCTBA 3aKJIAJOYHBIX MaTepUajiOoB U CMECH,
BJI&KHOCTD, rpaHyJIOMETPUUYECKUN COCTaB, TOPHO-TE€O0JIOTHYECKHE u
TUJPOTECOJIOTHYECKUE  YCIIOBUS MECTOPOXKJICHHH, a TakKe TOPHOTEXHUYECKHUE
TpeOoBanus. Peamu3aiys anropuTMa TO3BOJSET BBIOPATh PAlMOHAIBHYIO CXEMY
TPAHCIIOPTUPOBAHUS Ha 0a3e MUHMMHU3AIMN I€OMEXaHUYCCKUX PUCKOB M JOCTHIKCHUS
MaKCHUMAaJIbBHOW SKOHOMHYECKOH 3()(PEKTHBHOCTH.

8. [ToneBbie 3amephbl MBUICOOPA30BAHUS W MHUKPOKIMMATHUUYECKHX YCIOBHI
MMOKa3aju, 4YTO HCIIOJIb30BaHUE KOHBEHEPOB M TPYOOIPOBOJOB 3HAUMUTEIBHO CHIIKACT
KOHIIEHTPAIMIO TBIIM B PYAHUYHOW atMmocdepe, mo cpaBHeHuto ¢ padoroit [1]IM.

Hanpumep, xkOHUEHTpanus NbUIM Y KOHBEWEpPAa HAa PACCTOSSHHM 5 M cocrtaBisier 24,5



137

mr/m?, Torga kak y IIJIM stor mokazarens gocturaer 861,5 mr/m®. Oto ompenensier
HE00XOIUMOCTh UCTIOJIb30BaHUS 00JI€€ CIOXKHBIX M 3aTPATHBIX CUCTEM IbUICTIOAABICHUS
W BEHTWIIIUU s oOecreueHuss Oe30macHbIX YCIOBHM Tpyaa MpU NPUMEHEHHUH
CaMOXOJHOMN TEXHHKH.

Q. PazpaboTtka u pacuetr napameTpoB OYHKEPOB-HAKOMUTENICH MPU LUKIUIHO-
IIOTOYHOM CXEME TPAaHCHOPTUPOBAHMS TOKA3aJIM, YTO HX BMECTUMOCTH 156,8 T
COJIEOTXO/IOB JIOCTaTOYHA JJii OOECHedYeHHUs] PUTMUYHOCTH MOTOKOB MaTepuasa MNpu
KpPaTKOBPEMEHHBIX cO0sX B pabote cucteMsbl. [Ipu 3ToM OyHKEpHI BHITOJIHAIOT PYHKIUIO
aBapuilHBIX  HAKOIUTEJEH, MUHUMU3UPYS  PUCKM  HapyLIEHUS  pexuma
POU3BOJICTBEHHBIX MPOIECCOB.

10. Teopernuyeckoe 00OCHOBaHHUE KOHCTPYKIUH Oy(QepHBIX YCTPONCTB H
neMn(pepHbIX MEXaHU3MOB BBIIBHJIO HMX BBICOKYIO A3()(PEKTHUBHOCTh B CHHXKEHHUH
JUHAMUYECKON Harpy3ku Ha 3JE€MEHThl BEPTHUKAJIBLHOTO MOIYIS IUKIUYHO-TIOTOYHOMN
CXeMbl TpaHcTiopTUpoBaHus. [lemidepHbie ycTpoiicTBa U KOHMYECKHE TaCUTEN SHEPTUU
NO3BOJIAIIOT MHUHUMHU3HMPOBAaTh IIOBPEXKACHUS KOHCTPYKTHBHBIX JJEMEHTOB IpHU
BBICOKOCKOPOCTHOW TOJAa4ye 3aKJIaJ0YHOM CMECH, IEPCHEKTUBHOCTb IPUMEHEHUS
AeMI(QUPYIOIMIMUX YCTPOUCTB JOJIKHA OBITh OLIEHEHA AKCHEPHMEHTAJIbHO B ONBITHO-
IIPOMBIIJICHHBIX YCJIOBHSIX.

11. Pa3paboraHHbIE JOTMCTHMYECKHE CXEMbI BEJCHHUS 3aKJIaJJOYHBIX padoT, a
TaKXKe aJrOpUTM BBIOOpA MPUOPUTETHOI'O BapHaHTa, CPOPMHUPOBAHHBIH HA OCHOBE
pacueTHBIX MapaMeTpoB, OBUIM AaJalTUPOBaHbl K IPOEKTHBIM YCJIOBHUSM OCBOCHMS
I'peMAYNHCKOTO MECTOPOKIACHMS KAJIUMHBIX COJEH M HCIOJIb30BaHbl B TEXHUKO-
SKOHOMHMYECKOM  CpPaBHUTEIBHOM  aHanu3e. HToroBele  pe3ysbTaTbl  OLEHKH
3¢} (HEKTUBHOCTH peaNn3yeMbIX JOTHCTUYECKUX PEHICHUH H3JI0KEHBI B IMOCIETYIOIIEH

CTPYKTYPHOM YaCTH TUCCEPTALHH.



138

I'JIABA 4. PA3PABOTKA TEXHOJOTMYECKUX PEKOMEHJIALIA MO
OBOCHOBAHMUIO MAPAMETPOB JIOTUCTUYECKOI CUCTEMBI
I'PEMSITUMHCKOI'O PYJHUKA C 3AKJAJIKOI U OIEHKA EE
YKOHOMUYECKOI'O D®PEKTA

4.1. O60ocHOBaHMe BHIOOPA TOPHOTPAHCIIOPTHOIO 00OPY/I0BAHUS M PEKOMEHIallM U
10 peKMMAaM ero HKCIIyaTauuu

Ha nauvamo 2025 roma, B yCIOBHAX TEKyIIEH TIE€ONOJIMTHYECKOM CHUTyallUd W
CJIIOUBIINXCS OTPaHUYEHUN HA 00CITy>KMBaHUE U MOCTABKY 3amyactei ist 3apy0eKHON
TOPHOTPAHCIIOPTHOM TEXHUKH, B YACTHOCTH, TaKuX MpousBoautenen, kak Caterpillar,
Epiroc (Atlas Copco), Sandvik, Hitachi, Bo3nukia 00bekTHBHAsS HEOOXOAMMOCTH
nepexo/ia K UCIOJIb30BaHUIO OTEYECTBEHHOTO 000PYI0BaHNUS, a TAKKE TEXHUKHU U3 CTPaH,
BXOJSIMX B TApTHEPCKHE JKOHOMHUYECKHE coro3bl ¢ Poccueil, 4yTo crocoOCTByeT
TEXHOJIOTUYECKOMY CYBEPEHUTETY, CHHUXEHHIO YPOBHS HMIIOPTO3aBUCUMOCTU U
obecrieueHuto Oecriepe0oHOTO (YHKIIMOHUPOBAHUSI TEXHOJIOTUUYECKUX 3aKJIaI0YHBIX
KOMILIEKCOB Ha JICHCTBYIOIIMX M MEPCIEKTUBHBIX pyaaukax [110].

B cBsi31 ¢ 3TUM B pamMKax HacTOsIIEeH AuccepTaiuu ObUT IPOBEIEH aHAIN3 U BHIOOP
PEKOMEHIyeMbIX €JIMHUIl TEXHOJOTHYECKOr0 TpaHCIoOpTa M O000pyIOBaHUS IS
JIOTUCTUYECKUX CXEM BBEACHUS 3aKJIaJ0YHBIX padoT mpu pa3paboTke ['peMsunHCKOTO
MECTOPOXKICHUSI KaIMUHBIX cojieil. OCHOBOW BBIOOpa SBHWJIMCH TEXHUYECKHUE
XapaKTepUCTUKH U PEKUMBI pabOTHI, TOJIYYCHHBIE B pe3yJbTaTe HCCIEAOBAHUIM,
npuBeIeHHBIX B maparpadax 3.3-3.5, m macmopTHas TPOM3BOIUTEIBHOCTh TOPHBIX
MalmMH W MexaHu3mMoB. CBOAHBIA TepeueHb OOOpPYAOBAaHMS, HCIOIB3YEMOTO B
UMKJIMYHOU CXEME TPAHCTIOPTUPOBAHMS 3aKJIaI0YHBIX MATEPUAJIOB, PUBEACH B TA0IUILIE
4.1.

Tak, B KauecTBe PEKOMEHIYEeMOro OOOpYyIOBaHUS [JISi TPAHCIIOPTHUPOBAHUS
3aKJIaIOYHOT0 MaTepuaia i [UKINYHOW CXEMbl Ha TOBEPXHOCTHOM MOAYJE OBLI
PacCMOTPEH KOMIUIEKC MEXaHU3UPOBAHHBIX CPEACTB, 00ECIIEUMBAIOIINI HEPEPHIBHOCTD
MMOTOKA W COIJIACOBAaHUE MPOU3BOJUTEIBHOCTE IO BCEM 3BEHbAM, MPU 3TOM
YYHUTHIBACTCS BBICOKAS TUIOTHOCTH coeoTx010B (1133—1178 kr/M*) u uX CKIOHHOCTH K

CaMOYINUIOTHCHHIO IIPHU XPaHCHHH.
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Tabmuua 4.1 - Pexomennmyemblil nepedeHb OOOpPYAOBAHMS ISl LUKIUYHOW CXEMBI
TPaHCHIOPTUPOBAHMS 3aKJIaJOYHbIX MaTepuanoB I'pemsunnckoro ['OKa

OobopymoBanue Tun/Monens Koz | Tlpoussonu- Texnuieciue [Ipumeuanue
BO TENbHOCTh XapaKTePUCTHKH
Tosepxnocmuwiti MOOyb
MormHocTh
nsurarens: 200-300
Bysb03ep B10M (HETPA T20 2 710 2000 M2/ | mc., ruTy6iHa PrIxieHHE yniaoTHEHHOTO

nIn aHanor) MaccCHBa COJICOTBAJIOB.

peixyienus: o 500
MM; 21,6 1/Marin.-4ac

coﬂﬂifﬁizzz;ﬂ Opaxiust Hnst A3MENbYCHHS
I;CTI;HOBKa YMJIC-250-0 2 500 1/4 m3MmenbueHus: 3—10 | comeoTxomoB 10
(MJICY) MM TpedyeMoii (pakiuu.
. I'py3onoabeMHOCTb: Jnst morpy3ku Matepuana
PpoHTATLHEIH YETPA TIK-6 2 10500 /9 | 6T, 00beM KOBIIA: 3,5 | B TIpHEeMHBIA  OyHKep
HOTPY34YHK e MJICY.
[Hupuna nentsr: 1000 TpancriopTHpoBKa
HeHTOtIHHe KJI-1000 2 500-600 t/a | M .MOHIHOCTL Matepuasia ot MJICY
KOHBeHepbl («Pyaropmarnn») neurarens:  75-150 CHTOUHOMY KOHBolie
«BT y Py-
. TpancnopTupoBka oT
JlenTouHBIN Jmana: 1360 o | comeorBana k ctBoiy Ne 1
. KJIC 140 1 600 1/4 yroi HakioHa: 0-7
KOHBe#ep K KOpIIyCYy 3aTapuBaHHs
COJIEOTXOJIOB
Kopnyc 3amapusanus coneomxo0os
Cranuus C3-500-10/1-J1-4 3 o 120 Bec KOHTeWHepa: lcloJ;HeOTxo o8 B qﬁfﬁiﬁ;
3arapuBanusi MKP MKP/4a 500-2000 «r, KOHTeﬁHe?)H
JI1-600 Perynupyemoe s PaBHOMEPHOM
Jenurenp noroka («Pyaropmai») 1 1o 600 1/94 pacmpeseneHune moJjauyM MaTepuaja Ha
YATop MOTOKa MaTeprasa CKpeOKOBBIE KOHBEHEPHI.
[Mupuna nentsr: 00— Jis TPAHCHOPTHPOBKU
CkpeOKOBBIii CK-800 1000 MM, MOIIHOCTE p PTHP
o 3 10 169 1/94 MaTepuasia K CTaHLUSIM
KOHBelep («Pyaropmarm») JIBUTATENS: 30-50 S-S—
kBT )

Bepmukanvuwiii noozemmusiti Mooyns
CKopocTh ToAbeMa:
16,5 w/c, Macca

s TpaHCHOPTHPOBKU

CxurioBas yCTaHOBKa 3aKJIaJ0YHOr0 MaTe€puraja

CKHIIOBOI MOABEM No 1 1 1o 600 /94 Zﬂy:;a: f/{? T, elv::;);;; s 110 HOI3EMHOTO
noagbeMa: 1129 m TOpH3OHTa
Topusonmanshuiii no03eMHbll MOOYIb
. : Jns pasrpy3kH CKuIa H
TpremHeIi bII-60 1 mo 180 T BmectumocTts: 180 m® | meperpysku MKP  Ha
OyHKEp («YpanCneuMarm)
CaMOXOJIHbIE BaTOHBL.
[eperpyxarenn ) 1o 360 Bec koHTeitHepa: | s 3arpysku MKP nHa
g MKP HM CP-1000 1 MKP/4 500-2000 xr CaMOXOIHbIE BarOHBI.
CaMOXoaHbIe 023 EMZ(;TMOCTZZ o Hna  nmocraBku MKP ¢
ITHEBMOKOJIECHBIE 10BC-30M 27 H3 - y30Ba: > | 3aKI1a0YHBIM
m>/peiic CKOPOCTH JIBFDKCHUS: .
BaroHbI 7 em/ MaTepHajoM JI0 TTaHeNeH.

Pa3zpaboTka oTKOCa coseoTBalia BRITIONHSIETCS Oyiba03epoM perximrenem YETPA
T20 ¢ rmyOunO#M MpoHUKHOBEHUs poixiuuTels 10 500 MM, popmupyroTcs mpu3Mel 3amnaca,
nanee ¢ppontanbubiid norpy3uuk YETPA TIK-6 obecnieunBaet nogauy a0 500 ToHH B yac

Ha TpUEeM Yy3jJa KOHBeWepa M Ha Moaylb ob6Oe3BoxkuBaHusi [133]. C yuerom
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rpanynomerpuu, rae 77,93% wactun kpynuee 0,25 MM U Hamboliee pacupoCTpaHEH
nuana3oH 0,5—1 mwm (cM. maparpad 3.2), 1id cTabuIn3anuy 3arpy3Ku rneperpyxarenei u
JICHT BKJIFOYAETCSI MOOWJIbHAsE APOOUIBLHO cOpTHpoBOYHas yctaHoBka YMJIC-250-0 ¢
nosenenreM (pakmuu 10 1-5 mm. [lanbHeilmas TpaHCHOPTUPOBKA K HAAIIAXTHOMY
koMmruiekcy BeimosiHsieTcsi koHBedepamu KJI-1000 u KJIC-140 ¢ daxtuueckoit
npou3BoanuTeNbHOCTHIO 500—600 TOHH B 4ac.

V3en 3atapuBaHus Qopmupyer NnoToKk MArkux KoHtedHepoB (MKP) mnon
BEPTUKAJIbHBIN TPAHCIIOPT. bazoBas CTaHLUA C3-500 oOecreynBaer
npousBoauTeENsHOCTH 120 MKP B yac npu 06beMe ofHOro KoHTeinepa 0,9 M3, Pacuetnas
notpedHocTh cocTaniseT 337 MKP B yac, mosToMmy nmpuHUMAaeTCs napauienbHas padoTa
TpeX CTAHLUHUK ¢ cymMMapHOU npousBoautesnbHOCcThI0 360 MKP B wac, pacnpeneneHue
MaTepHaa MeXay JUHUSAMU BRIMOJIHAET aenureis noroka JAI1-600, yto npeaoTBpamiaet
JIOKaJIbHBIE TIePEerpy3bl MPUEMHBIX OYHKEPOB 1 BHIPABHUBAET TAKT 3arpy3KH.

BepTukanbHbli TpaHCHIOPTHBIH MOJYJb, B COOTBETCTBHM C TPOCKTHBIMHU
pemeHusaMH ['peMsIYMHCKOTO pyIHUKA, PEACTABIEH CKUITOBOM MOABEMHON YCTaHOBKOM
Ne 1. IIpoexTHble mapameTpbl COOTBETCTBYIOT TPAHCHOPTHPOBAHUIO 3aKJIAJOYHOTO
Marepuanga Ha riayouny 1135 wmeTtpoB mnpu ckopoctH mnoasema 16,5 wm/c. Ilpu
MPOJAOJKUTENILHOCTU LMK 134,69 ceKyHIbl KOJIMYECTBO MOABEMOB COCTaBIAET 26,73 B
Jac, 9To 3KBUBaJICHTHO 1470 T/4ac u ¢ 3a11acoM MOKPBIBAET MOTPEOHOCTH 3aKIAA0YHOTO
KoMmiutekca Ha ypoBHe 505 t/dac. [Ipu yBenuueHnn BpeMeHH IuKiIa 10 164,69 cekyHIbI
rojioBas IMPOU3BOJAMTEIBHOCTh CHIDKAeTCA mpuOnm3urenbHo Ha 18%, manHOE
OTKJIOHEHUE KOMIIEHCUPYETCSI KOPPEKTUPOBKOW PEKUMOB 3arpy3KH, ONTHUMHU3AIUEH
TaKTa 3aTapuBaHMs U BeIpaBHUBaHHEM Trpaduka nogauyn MKP Ha ckwur.

['opu3oHTaNBHBIA MOA3EMHBIN MOJIYJIH OPUEHTUPOBAH HAa OBICTPYIO MPUEMKY U
pa3Bo3 Marepuania o (POHTY 3aKIaJO4YHBIX paboT. Pasrpy3ka BBIMONHSIETCS B
npuemuslii 6yakep BI1-60 ¢ BMecTHMOCTBIO 60 M3, UTO 0OECEeYnBaeT CUHXPOHU3AIIMIO
CO CKHIIOBBIM TpadUKOM U CrJaXWBaeT Myibcanuu moToka. Ileperpyska MKP Ha
caMoxoJHbIe MHeBMOKoJecHbIe BaroHbl 10BC-30M ocymiecTBisieTcs neperpyxareiem
YCM-120 ¢ HoMuHanbHOU mpom3BoauTeabHOCTRIO 120 MKP B wac [142]. C yderom

pacueTHbIX AanbHOCTEN 10 11,5 kM mo 3amagHOMy HampaBiieHHIO U 10 9,8 kM 1o-
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BOCTOYHOMY, a TaK»e MPHU CKOPOCTHU JABUKEHHUS MOJIBUKHOTO COCTaBa 7 KM/4, Tpebyemoe
KOJIMYECTBO OJIHOBPEMEHHO padOTarolMX BaroHoB coctaBiseT 27 enunull. [Ipunsras
HOMEHKJIaTypa OO0OpyJOBaHUS U TMPHUBEACHHBIE PEXKUMbI pabOThl 00ECIEeUUBaIOT
HEMPEPHIBHOCTH JIOTUCTUYECKOM LIETIOYKH OT COJIEOTBAJIA U MOTOKA OTX010B (habpuKu 10
y3JI0B CMEILICHUS U TIOJIa4l B KaMephl, MPU dTOM COXpaHseTcs TpeOyeMasi mpoImycKHas
CIIOCOOHOCTh OTJICJIbHBIX 3BEHBEB M OOIIMI OajaHC MPOU3BOAUTEIBHOCTH IO BCEH
CXeMe.

[Ipy UUKINYHO-TIOTOYHOM cXeMe JJoO0bl4a M TOATOTOBKA COJIEOTXOJ0B Ha
COJICOTBAJIC OPraHU3YIOTCA TaK >K€, KaK B IMKIMYHOM BapuUaHTE, OJIHAKO MO BCel
JIOTUCTUYECKOH 1IETI0YKEe MaTepuall MepeMeniacTcss HEMpPepbIBHBIM MTOTOKOM, ITOATOMY K
IPaHYJOMETPUU U  BJIAXKHOCTH TMPEIBABISIOTCS Oojiee  KECTKue TpeOOBaHUS.
CtraOuibHOCTh (DU3UKO-MEXaHUYECKMX CBOWCTB CTAHOBHUTCS KPUTUYECKU BaXHOM,
MOCKOJIBKY OTKJIOHGHHSI IO KPYIHOCTH WJIM BJIQKHOCTH MPOBOIUPYIOT 3aKYIOPKY
TpyOOIPOBOJIOB, MYJIbCAIIMKM Ha KOHBeWepax U cOOU MPH TUAPOTPAHCIIOPTUPOBAHUU B
KaMmepax 3aKiaaaku. Pe3ynbpTaTel pasaena 3.2 moka3blBatoT, YTO ONTUMAJIbHAS KPYITHOCTD
orpannuuBaetcs ¢ppakuuend 3—10 MM, TOCKOJIBKY MPEBBIIICHUE BEpXHEH TPaHULIbI BEAET
K HEpaBHOMEpPHOMY XOJAYy IO JIEHTaM KOHBeHlepa M pPOCTy pHCKa 3aCOpPEHUN B
TpyOompoBoaaxX. BiaxxHOCTh pernmaMeHTupyeTcs B ipeaeniax 5-6%. 3nauenus Boire 6%
MOBBIIAIOT CIEKUBAEMOCTh U YXYAMIAIOT CHITy4eCTh, TOT/A KaK 3HAYCHHs HIke 5%
YCWJIMBAIOT MbUICOOPA30BaHNUE M CHUXKAIOT KOHCOJIUIAIIMI0O MAacCHMBa B BHIPAOOTAaHHOM
IPOCTPAHCTBE.

Hnst  nmoBeneHust  GpakUMOHHOTO cOCTaBa JO TpebyeMoro jamamna3oHa
11eJ€CO00pa3HO MPUMEHSATHh JPOOMILHO COPTUPOBOUYHYIO ycTaHOBKY YMJIC-250, uto
o0OecreuynBaeT YCTOMYMBYIO 3arpy3Ky Teperpykateieii W MarucTpajbHBIX JICHT.
PerynupoBanue BIaXHOCTM BBINOJHSAETCS JAByMs KaHaimamu. llepBeiii  kaHan
MpeHa3HaueH JJIsl IOTOKA C COJIE0TBala M BKJIIOUAET ra30oBble Oapabanuble cymuiaku bH
3.5 27. Ilo omerty BKMKC Takue 6apabanbl 06ecieunBarOT JOCTHKEHUE BIAKHOCTH S-
6% mpu ynenpHOM pacxoje raza okoio 7,8 M*/1, 4To Aemaer cxemy 3G (HEKTUBHON s
HEMpephIBHON To/aun. BTopoi kaHanm oOCTy>KWBAaeT NMUIAMOBBIA MOTOK C (aOpHUKU U

peanuzyetcs BakyyM-bunbtpamu J1OO. s obecnieueHnss TPONyCKHOM CIIOCOOHOCTH
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3aKnao4Horo komruiekca 600 T/4 npuHUMaeTcs AT MapaluIeIbHbIX CYIIUIBHBIX TUHUN
C pacrpeaeNeHueM MUTAHUS 110 JEIUTENIO MOTOKA.

BepTukanbHblii MOAYJIb OPUEHTHPOBAH Ha Oe3yAapHbI NEpenyck NOTOKa B
TOPU3OHTANBHBIA TOJA3EMHBIA MoOnynb. s mogaun 00€3BOKEHHOIO Marepuaia
UCIIOJIb3YETCs 3aKJIaI0YHbINA TPYOOIPOBO 1UaMeTpoM 273 MM C pacu€THOM POMYyCKHON
CIIOCOOHOCTBIO, COTJIACOBAHHOM € MOBEPXHOCTHBIM moayieMm (145,46 m/c). C yuétom
BBICOKOM KHWHETUYECKOW SHEPrMM YacTHUIl NPEeIyCMOTPEHAa CHCTEMa KOHHYECKUX
neMngupyrmmx ycTpouctB ¢ yriaom packpeitus 100 uepes kaxasie 387 M, 4TO
CHU)KA€T CKOPOCTb, TaCUT YJapHbIe HArpy3Kd M 3alllMIIAeT 3JIEMEHTbl MPUEMHOIO
oyHnkepa. [lomauy paccosoB Jij1s1 KOHCOJIMJALMN MAacCUBa 00ECIIEYUBAET PACcCOIONPOBOL
nuamerpom 200 MM, paccuuTaHHbIi Ha nasiaeHue 10 Gap u pacxox o 500 m%/u4, uTo
MOKPBIBAET MOTPEOHOCTH CMECUTENBHBIX y3JI0B Ha TOPU30HTE.

['opu3oHTaNBHBIA MOA3EMHBIH MOAYJIh (POPMUPYET YCTOWUYMBBHINA HENPEPHIBHBIN
NOTOK OT MPUEMKH K YYAaCTKOBBIM JIMHUSAM. AKKYMYIIAIMS MaTepHalia BBITIOJHSIETCS B
oyukepe Hakomurtene BII 60 c¢ reomerpuueckoil BmMectuMocThio 139,36 M3, uTO
NO3BOJISIET aKKyMyJIHpOBaTh 10 156,8 T mnpu NpUHATON HACBIMIHOW IUJIOTHOCTH H
o0OecrieynBaeT  CIUIAKMBAaHWE  TakTa  BEpTUKAIbHOW  mojaud.  JlanmpHelas
TPaHCIIOPTUPOBKA BeAETCA Mo MaructpaibHoMy KoHBerepy KJI 1000 c¢ pacu€rtHoit
IPOU3BOAUTEILHOCTEIO 605,5 T/4 M mocnemyromeld pa3gadyeil Ha y4acTKOBBIC JICHTHI.
Yron tpacc Ha mogbémax orpaHuuMBaeTcs 24-25° 4To corjacyeTrcs ¢ yriom
CCTeCTBCHHOTO OTKOCa MaTepuajia B JBWKeHud (279 W mpeaoTBpamiacTt
CaMOITPOU3BOJIbHOE CKOJIBKEHHE 10 JICHTE.

Pacnpenenenne 3akiagodyHONM CMECH B KaMepax BBIMOJHSAECTCS MEPEIBUKHBIM
MMHEBMOKaMepHbIM 3akianouHbiM KomIiuiekcoM [IT13K 150 ¢ no3upoBanHoii nmoxauen 10
150 /4. Jlns mpenoTBpaiieHus pacciauBaHUs KOMIIOHEHTOB IMPH BBIMTYCKE U3 THOKUX
PYKaBOB IIpelyCcMaTpHUBAaeTCsl OpoOILIEHHWE BoAOW. B KadecTBe HacocHOro arperara
NpUMEHUM camoBcachiBaronuii Hacoc HC2 250/375.375-15/8-400, pabouum naBieHUEM
3-5 Oap m pacxomoMm pacconma a0 10 M*/a Ha nuHHMIO. Bo3mgymiHas cuctema JOJKHA

oOecrieunBaTh MOAady Ckaroro Bo3ayxa mo0 500 m3/u mpu maBnennn 4-5 Gap. D10
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CTAaOMIM3UPYET BEIIECTBEHHBI COCTaB,

UCKJIIOYAeT 3aBUCaHUsl B OyHKepax u

noaACPKUBACT HCIIPCPBIBHOCTD ITIOTOKA HA BCEM ILICYE OT HpI/IeMKI/I 10 KaMCpBhI.

CBOaHBIN mepeyeHb 00OpYyIOBaHUSA, PEKOMEHIYEMOrO K HCIOJIb30BAHHUIO MPU

pcain3anuu HHKHH‘IHO-HOTO‘IHOP'I CXEMbI TpPAaHCIIOPTHUPOBAHUSA 3aKna):[qu0171 CMECH,

npuBeeH B Tabmuue 4.2.

Tabnuua 4.2 - PexomeHaaTeNbHbI IEpeueHb 000PYI0BaHUS ISl [TUKIMYHO-TIOTOYHON
CXEMBbI TPAHCTIOPTUPOBAHHUS 3aKJIaJ0uHbIX MaTepuanoB [ pemsunnckoro 'OKa

Oobopynosanue | Tun/Mopean Koa- | Ilponssoan- | OcHOBHBIE MapaMeTpPBhI IIpumeuanue
BO TeJBHOCTh
IToBepXHOCTHBIN MOAYIB
1 2 3 4 5 6
bynbnozep B10M (YETPA | 2 10 2000 M?/a | MomHocTh asurarens: 200— | Peixienue
T20 WIH 300 m1.c., TTyOMHA PHIXJICHUS: | YIUIOTHEHHOI'O MAacCHBa
aHaJIor) 110 500 mm; 21,6 n/marn-yac | COIEOTBAIOB.
JpobunsHo- YMIC-250-0 2 10 500 /4 Opaknus u3MenbyeHus: 3— | M3menbucHne
COpPTUPOBOYHAS 10 MM COJIEOTXOJIOB 10
yCTaHOBKa TpedyeMoii dhpakiyu.
OpoHTAIBHBIN YETPA 2 10 500 1/9 I'pyzonogsemuocts: 6 T, | Ilorpy3ka matepuana B
HOTPY3UHK [1K-6 o0beM KoBia: 3,5 m* MPUEMHBIN OyHKep
Jlentounsle KJIC1400 2 500-600 1/a | IIupuna nentsr: 1200-1400 | TpancropTupoBKa
KOHBEMepbl MM, MOIIHOCTb JaBuratens: | matepuana ot MJCY «
75-150 kBt KOHBeHepy.
JlenTouHBIN KJIC 1400 1 600 1/4 Jmuna: 550 M, yron HakjioHa: | TpaHCHIOPTHpPOBKa oT
KOHBelep 0-7< CoJIieoTBaNa K KOPIYCY
00€3BOKHMBAHMSI.
bapabannast BH 3,5-27 5 600 1/4 Pacxon rasa: 7,8 m*/1, mmuna: | Jlns CHIDKEHUS
CYIIMIIKA 27 m, nuametp: 3,5 M BJIaKHOCTH COJIEOTXOOB
200 kBt 1o 5—6% c coneoTBana.
JlenTouHBIN KIJIC 1400 1 600 1/4 Jmnuna: 550 M, yron HakjioHa: | TpaHCIOPTHpPOBKa oT
KOHBelep 0-7< coneoTBaia K crBoiy Ne
1 x xopmycy momayu
COJICOTXOJI0B
Kopmyc mogauu coneorxomon
Wnepumonnsiit | TUC-62 1 10 600 1/9 Pasmep stueiiku: 10-20 Mmm [penBaputenbpHOE
IPOXOT IPOXOYEHHE
COJICOTXOJIOB.
CKpeOKOBBIi T[ICH3100 2 300 1/g Juna: 30 meTpoB
KOHBEHEp
JloHHBII JT1-600 1 110 600 1/9 Perynupyemoe PaBHOMepHass — mojaua
JeTUTEIb Pyaropmam pacnpeneneHre MOTOKA | MaTepHaia Ha IUTaTelb.
MarepHana
[Turarens MIIB 8x34 4 1o 100 1/ Mupura nentsr: 1000 MM, | Jlo3upoBanHast —momada
morttHoCcTh Apuratens: 30-50 | marepuana B
kBT TpyOOIPOBOS.
BepTukanbHblii MOYIb
3aKaI0IHbIH Cranp Cr3, |1 o 35244 1/a | Jmmra:  1110,3 ™, yrom | TpaHCHOpTHpOBKA
TpyOOIPOBO JTaMeTp (momuOE HakioHa: 90° COJICOTXO/IOB B
273 MM 3aII0JTHCHHE) TIOJ3EMHBII PYITHHK.
Bydepnsie Konmueckuit 4 - Yron komyca: 100°, (mpum | Iammenue SHEpPrun
yCTpoiCcTBa nemriep BITaXKHOCTH <5—6%) COJICOTXO/IOB npu
nepemnycke. Pacnonoxen
bl yepe3 300-350 m.
Paccomonposon | 1 1 1o 500 M*/a | Juamerp: 200 MM, naBnerue: | TpaHCHIOPTHPOBKA
10 6ap pacconos k [13K.
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[Tponomxenue Tadbauupl 4.2

1 2 | 3 ] 4 | 5 | 6
Topu3oHTaNBHBIN MOAYIIb
Bynkep- BII-60 o 156,81 Bmectumocts: 139,36 M3, | AKKyMYJIHpOBaHHE
HaKOMUTEb YTOJI HaKJIOHa CTEeHOK: 50° COJIEOTXOJIOB nepen
nojavyel Ha CKpeOKOBBIH
koHBeiiep. Iloramenue
CKOPOCTH U JIOKaJIH3aIHS
TTBLTH.
CKpeOKOBBI CK-800 10 169 1/9 Juumua: 25 ™, mmpuHa | TpaHcopTHpOBKa
KOHBeMep Pyaropmarn JICHTBIL: 800-1000  mwm, | maTepuana K
MorHocTh auratens: 30-50 | marucTpaisHOMY
kBT KOHBEHepy.
Maructpanbhbii | KJI-1000 Ho 14425 [Mupuna nentsi: 1000 MM, | TpancmopTUpoBKa
KOHBeHep T/4 MOIIIHOCTh JIBUTATENsA: 75— | CONEOTXO0B K
MOIIHOCTh 150 kBT, anmuaa: 10000 m YYaCTKOBBIM
IJIEKTPOJBHUT KOHBelepam JI0
atens: 2x132 3aI1aJJHOr0 ¥ BOCTOYHOI'O
kBt Ha 1000 HarpaBJICHUS.
M
KamepHslif Monyib
IT13K II13K-150 10 150 1/94 BmectrMoCTS: 15 M3, | Pacnipenenenunesakianod
MOIITHOCTD ABUratens: S0—75 | Ho¥ cMecH B Kamepax.
kBT
BiiokoBEIi KJI-600 110 600 1/9 upuna nentsl: 600 mM, | [lomaya coneoTxomoB B
KOHBeMep MonrHocTs asurarens: 30-50 | TITI3K
kBT
Cucrema P3-1 Jo 10 M3/ Hasnenue: 3—5 6ap, pacxon | OpollieHHE CONEOTXOI0B
OpOLICHHS Bogbl: 10 M3/u npu (hopmupoBaHum
3aKJIaJIOYHOTO MAaCCHBA.
JlononuurensHoe 000pyAOBaHUE
Cucrema Komnpeccopnas n0 1000 m3/u | JlaBnenwue: 8-10 Oap, | [IponyBka OyHKEpOB u
CKaToro CTaHLINS MomHocTh apurarens: 100— | mpenorBpamieHus
BO3yXa 150 kBt 3aKyOPHBAHHUS.
YpoBHEMEpPHI Jatunku - Tounocts u3mepenust: +1 cm | Kontpons YPOBHS
COJICOTXOJIOB B OyHKEpe
[IpenyiokeHHBIE TEXHUYECKUE PELICHUS] COTJIACYIOT MPOU3BOAUTEIBHOCTH
MMOBEPXHOCTHOTO,  BEPTUKAIBHOTO W  MOA3EMHOI0  MOXYJEHW,  YIEPKUBAIOT

IPaHYJIOMETPUYECKHE U BIIAXKHOCTHBIE MapaMeTphl B Y3KHX JOMYCKaX M TEM CaMbIM
obecrieurBalOT YCTOMYMBYIO paOOTY HEMPEPHIBHOM JJOTUCTUYECKOM IIEMTOYKHU B YCIOBHUSIX

TJIyOOKUX TOPU30HTOB.

JIns  MOTOYHOM JIOTMCTHYECKOW CcXeMbl J00blYa M TI0Jada  COJICOTXOJIOB

OpPraHU3yIOTCA MO TOMY € HPHUHIUIY, YTO U B LUKIUYHOM U IUKIWYHO-TIOTOYHOM
KoH(purypanusx. VICTOUHNKaMU MOCTYIUICHHS CITy’KaT COJIEOTBAT U MOTOK OTXOJOB C
oboratutensHON (haOpHKH, KOTOpPHIE CBOJSTCS B OOIIMH TPAHCIOPTHBIA MOTOK 0e€3

MPEIBAPUTEIBHOTO 00€3BOKHBaHUS Marepuana. Onnako, B KopIryce

MyJLIONPUTOTOBICHUSI ~ HEOOXOJIUMO  MPEAYyCMOTPETb  €MKOCTH  BPEMEHHOIO

aKKyMyJIUpOBaHHS MaTepuana oobéMoMm 20 M3, Hampumep, OyHkepbl b-20, oTkyna
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JIojkHa OBbITh oOOecredeHa paBHOMEpHash Iojlaya MaTepuanga B 3aKJIaJO0YHBIN
TpyOonpoBoa BerpsxuBaTenmsiMu  BM-3,0 u  nentounsiM nutarenem [1JI-1000,
CUHXPOHU3UPOBAaHHBIMM IO  MPOU3BOAUTENBHOCTU.  [lnamerp  3aKkiazo4yHOrO
TpyOOIpoBOa 11€JIeCO00Pa3HO MPUHATH 273 MM, IJIe CKOPOCTh MOTOKA COCTABUT 2,92—
3,61 m/c.

Ha noazeMHOM TOpU30HTE B LEHTPAJbHONW HACOCHOW CTAHLIMH MPETYCMOTPEHO
pa3MenieHue YeThIpeX IEHTPOOEKHBIX HACOCOB MPOU3BOAUTENBbHOCTRIO 200 M/4
KOKIbIA, M (QYHKIMOHUpYIOIIMX B cooTBercTBUU C TpedoBanusimu DHII N 505
«[IpaBua 06€30MacHOCTH MPHU BEICHUU TOPHBIX padoT...» [90]. Yka3zaHnubie TpeOOBaHUs
PErlaMeHTUPYIOT OTKAYKy CyTOYHOro nMpuToka 3a 20 yacoB, 4To 00yClIaBIUBAET pacyéT
POU3BOJIUTEILHOCTH arperaroB Ha OCHOBE CPEAHECYTOUHOIO MPUTOKA, Pa3AeTEHHOTO
Ha 20 yacoB. YuuThIBasi HEOOXOAUMOCTh pe3epBUPOBaHUS (TpU pabOUMX HAacoca, OJIUH
pPE3CepBHBIM M OJMH Ha OOCIYy)XMBaHWM), MOTpeOHOe KojuyecTBO HacocoB B [[HC
JOCTUTAeT YeTHIPEX €NMHMIl, YTO TapaHTUpyeT OecnepeOONHOCTh IMpoliecca
TPAHCTIOPTUPOBAHMS 1aXKE B CIyyae aBapUHUHBIX CUTYAIIHi.

B xamepHOM Moyse HEOOXOIUMO MPEAYCMOTPETh CUCTEMY KOHTPOJIS KUIKOCTH
Ha OCHOBE pacCOJIOCOOPHUKOB BMECTUMOCTbIO 4 M U IIEHTPOOEKHBIX HACOCOB
MoIHOCTBI0 50—75 KBT, KOTOpBIE MpeoTBpaIlaloT 3aTOIUICHUE 3aKIaJ0YHBIX KaMep U
o0ecreynBalOT OTBOJ HM30BITOYHOrO paccojia. JlOMOJHUTENBHO PEKOMEHIyeTCs
IPUMEHEHHE CHUCTEeMBbI cxkatoro Bo3ayxa (1000 m*/4, 8—10 Gap) u yJIbTPa3BYKOBBIX
ypoBHeMepoB (1 cM) ans crabunuzanuu pexuma. CBOAHBIN MepedeHb 000pyI0BaHMUS,
MCIIOJIb3yeMOT0 B TOTOYHOW CXEME€ TPAHCIOPTHUPOBAHMS 3aKIAJOYHBIX MAaTEepHasoB,
MpuBEJIeH B Tabnuie 4.3.

Takum oOpa3oMm, MpPUBENCHHBIE JTAHHBIE O KOJIMYECTBE, MPOU3BOAUTEIBHOCTH H
cnenuuKaIy dKCIUTyaTUPYEeMOTo 00opyAoBaHus (POPMUPYIOT UCXOAHYIO 0azy s
CPaBHUTEIIPHOTO aHAM3a TEXHUKO-DKOHOMHUYECKHX IIOKa3aTele TPEeII0KeHHBIX
JOTUCTUYECKUX  CXE€M  TPAHCTOPTUPOBAHHWS  3aKJIQJOYHBIX  MAaTepUaNOB  JJIS

I'pemstunnckoro I'OKa.



146

Tabnuua 4.3 - PexomeHaaTelbHbI NEpedYeHb OOOPYNOBAHMS JIJIi NOTOYHOU CXEMBI
TPaHCHIOPTUPOBAHMS 3aKJIaJOUHBIX MaTepuanoB I'pemsunnckoro 'OKa

ObopynoBanue Tur/Monens Kon | IIpousBomu- | OcHOBHBIE MapaMeTpPhI IIpumeuanue
-BO | TENBHOCTH
1 2 3 4 5 6
Tosepxnocmuwiti MOOyb
bynbnozep B10M (YETPA | 2 10 2000 M?/4 | MomHOCTb nBuratens: | PoIxiieHMe YIUIOTHEHHOTO
T20 WA 200-300 .c., mTIyOMHA | MacCHBA COJICOTBAJIOB.
aHa’or) peixsienus: o 500 wmwm;
21,6 n/mari.-vac
JpobunsHo- YMJIC-250-0 2 10 500 /4 Opaknus m3MenbdeHus: 3— | M3MenpueHue
COPTUPOBOYHAS 10 MM COJIEOTXOJIOB hils)
yCTaHOBKa TpedyeMoii pakiuu.
@OpoHTaIBHBIN YETPA TIK-6 2 70 500 1/9 I'pyzonogsemuocts: 6 T, | Ilorpy3ka martepuana Ha
TIOTPY3YUK o0beM KoBIma: 3,5 m° KOHBEHEPHI.
JlenTounsie KJIC-1400 2 500-600 t/a | Iupuna nents: 1200- | [lepemenieHne raJuTOBBIX
KOHBeEHepbI (Pyaropmari) 1400 MM,  MOIIHOCTH | OTXOZOB K MECTY
nsurarens: 75—-150 kBt MOATOTOBKH ITYJIBIIBI.
JlenTOUHBIH KIJIC 1400 1 600 1/4 Hmuaa: 550 wm, yron | TpaHcmopTupoBKa oT
KOHBeHep HakJsoHa: 0—7° coleoTBaia K  KOpIycy
00€3BOKHMBAHMSI.
Kopnyc nynenonpuzomosnenus
bynkep mmns b-20 2 - O0wem: 20 M3, TabapuThI: BpemenHoe xpaHeHue
XPaHEHUS 5600x3300x2150 mMm 3aKJIaJOYHOI CMECH
BcerpsxuBartens BM-3,0 8 - MoIHOCTh ABUTATENEH: O0ecnieueHue
10 3,0 kBt paBHOMEPHOH MOoAaYH
MaTepuana
[TurtaTens I1J1-1000 2 600 1/4 [Tupuna nentsl: 1000 MM, | Jlo3upoBaHHas mogaya
JIEHTOYHBIN mmHa: 5850 MM MaTepuaa
Henurens motoka | JI1-600 1 - MouHocts aBuratens: 1o | PerynupoBanue nmoroka
3,0 kBt MaTepuaa
Bepmuxanvnviii moodyno
3axsiaI0YHbIH TpyOs 1 500 1/4 Huna: 1100,3 m, I'upporpaHcnopTHpOBaHKE
TpyOOnpoBOA IyJIBIIONPOBOJA 3aKJIaOYHOr0 MaTepuaia
(273x10) 10 CTBOITY
bax Pezepsyap PC- | 1 O6wem: 50 m? bak gns  HakoruieHUs
pacconoc6opruka | 50 paccona Uil aBapUAHOM
HPOMBIBKH
Tlo03emHblii 20pu30HMANLHBIN MOOYb
3aksaI0YHbIH TpyOs 2 500 /4 Jumaa 10000 m I'uapoTpancnopTHPOBaHKE
TpyOOnpoBOA MYJIBIIONPOBOAA 3aKJIagOYHOr0 MaTepuaia
(273x10) OT CTBOJIA JI0 Kamep
HentpanpHas Hentpobexusie | 4 200 m3/a MormaocTts: 250 kBT OTkayka U30BITOYHOTO
HAacOCHas HAcOCHI paccona
CTaHIUS
Kamepnutii mooynw
Kamepnsrit Bak mis | 4 BMmectumocts: 4 M3, Bbak mis c6opa m3numHero
pacconocOOpHUK | yHaJIeHUs paccona oT
KHIKOCTH THAPO3aKIIaI09HOH
YJIBITBI
Hacoc AH 12/10AM 3 2 Momwmnocts asurarensd: 50— | Hacoc I OTKA4KH1
75 kBt M30BITOYHOTO paccolia
JlononnumenvHoe obopyoosarue
Cucrema cxaroro | Kommpeccopras | 1 mo 1000 m*/a | JaBmenme: 8-10  Oap, | [IpogyBka OyHKEpOB ®
BO31yXa CTaHLHA MOIIIHOCTb JBHTATEIS: | MPEIOTBPAICHHS
100-150 kBt 3aKy[OpPUBaHMUSI.
YpoBHEMEpPHI VYibTpa3BykoBbl | 2 - Tourocte m3mepenns: +1 | Korrpons YPOBHS
€ JATYUKH cM COJICOTXOJIOB B OyHKepe




147

4.2. Pac4éT U CPAaBHUTEJbHBIA AHAJIU3 TEXHUKO-IKOHOMHUYECKUX MOKa3aTe1ei
BAPHAHTOB JIOTUCTHYECKOH CHCTEMBI

Tak Kak B OTHUX M T€X K€ TOPHO-reoornueckux ycnosusax [ pemsunnckoro 'OKa
BO3MOXHO NPUMEHEHHUE PA3IMYHBIX TEXHOJOTMYECKUX CXEM BBEIICHUS 3aKIIaJOYHBIX
paboT, BO3HUKAET HEOOXOJUMOCTh B MX YKOHOMHYECKOW OLEHKE IJIsI 0OOCHOBAHHOTO
BbIOOpa crnoco0a TPAaHCHOPTUPOBAHMS 3aKJIAJOYHBIX MaTepUaoB W CMECH [0
BbIpaOOTaHHOTO MPOCTPAaHCTBA. MeTo/ika SKOHOMUYECKOIO0 CpaBHEHUsI Oa3upyercs Ha
aHaJu3e MPSMBIX 3aTPaTHBIX KOMIIOHEHTOB, TaKUX KaK KaMUTAJIbHBIX WHBECTUIIUNA B
TEXHUYECKOE OCHAIIEHUE U BCIOMOTATENIbHYI0 WH(PACTPYKTYpy, a TaKkKe TEKYIIUX
OINEpallMOHHBIX PACXOJ0B Ha cojiepKaHUe W (PYHKIIMOHHUPOBAHUE MPOU3BOJICTBEHHOIO
KoMIuiekca. Ilpu 3ToM wHccnenoBaHME HaMEPEHHO OrpPaHUYMBAETCS PAaCCMOTPEHUEM
TOJIBKO 3aTpPaTHBIX IOKa3aTeled, HCKIKoYas W3 aHalu3a: CTOMMOCTHBIE MapaMeTphbl
CBIPbEBBIX KOMITOHEHTOB 3aKJIaJI0YHON cMecH, KOA((PUIIMEHTHI MOJHOTHI 3alOJIHCHUS
BBIPAOOTAHHOTO TPOCTPAHCTBA, IOTEHIIMAIbHBIE JKOHOMUYECKHE J(PPEKThl OT
BOBJICUCHUS LIETUKOBBIX 30H B MPOMBIIUIEHHYIO OTpaboTKy. Takoe orpaHuueHue
NPOJUKTOBAHO HEOOXOJUMOCTHIO BBIJICTUTH BJIUSHUE WMEHHO JIOTMCTUYECKOMU
COCTaBIIAIONIEH Ha OOLIYI0 SKOHOMHUYECKYI0 A(P()EKTUBHOCTH TOPHOTEXHUYECKON
cucTeMbl. Bce JeHekHbIe MOKa3aTelu BBIPAKEHBI B POCCHUMCKUX PYOJISIX MO II€HOBBIM
ypOBHAM niepBoro kBaprana 2025 r. [{ns nepecyera BaIFOTHBIX KOMIIOHEHTOB CTOMMOCTH
PUMEHSUICS POTHO3HBIA 00MeHHBIN Kypc aosuiapa CIIA: 97,86 py6./USD.

st 000CHOBaHHOTO BBIOOpA JIOTUCTUYECKON CXEMBbl TNPUMEHSETCS METO]
MIPUBEJICHHBIX 3aTPaT, KOTOPBIM HMHTETPUPYET KaNUTaIbHbIE MHBECTULIMM U TEKYIIUE
OTIepallMOHHBIE PACXOAbl B EIUWHYIO COMOCTABUMYIO BEJIMYMHY. JTO OOecrednBacT
O0OBEKTUBHOE CpaBHCHHE aJIbTEPHATUBHBIX BAPUAHTOB HE3aBUCUMO OT UX
KalUTaJOEMKOCTH U CTPYKTYPbl 3aTpaTHBIX KOMIIOHEHTOB. [IpuBeneHHbIE 3aTpaThl
OnpeNeIItoTCs Mo GpopmyJie. :

I3 =3+ K- E, 4.1)

rae: D — roAOBbIE JKCIUTyaTallMOHHbIE 3aTparbl; K — kamurtanbHble 3aTpaThl; En —

HOPMAaTUBHBIA KOA(DPHUITUEHT CpaBHUTEIBHON 2()(PEKTUBHOCTH KAMMMTATBHBIX BIOKCHHM
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(oObruHO mpuHUMaetcs B auanaszone 0,1-0,15, 1 HOBOM TeXHUKHU U TexHoJoruu E, =
0,15).

B cTpykTypy TrOJOBBIX OINEpAllMOHHBIX H3JEPKEK BKIIOUEHBI 3aTpaThl Ha
coiep)kaHe M (PYHKIMOHUPOBAHUE TEXHOJIOTMYECKOTO OO0OPYIOBaHUS, U IUIAHOBBIC
PEMOHTHI TOPHBIX MAIlIMH, PACXOJAbl HA AJIEKTPOIHEPIHIO, TOTUIMBHOE oOecriedeHrue u
omiaTy Tpyla nepcoHana. [Ipu KanbKyJsSIMU KCMOJIb30BaHBI ClEAYIOIINE 0a30BbIC
napaMeTpbl: CTOUMOCTb KOHBeepHOro nojiotTHa — 600 USD/m.m., aiekTposHeprus —
6 py0./kBt-u [53], ntuzensHoe TOomuBo — 71 py0./11, YNCIACHHOCTh pabOYHMX OIpeaecHa
HOPMAaTUBOM OOCITyXHBaHUSI 000OPYy/IOBaHUs, CpeaHeMecsuHas oruiata Tpyna — 120
ThIC. pyO./denoBeka. KoMIuiekcHasi Ol€HKa CTOMMOCTH BHEJIPEHUSI KaXKIOro H3
aHAJTM3UPYEMbIX BAPHUAHTOB JIOTUCTUYECKUX CXEM Ipe/cTaBieHa B Tadnuie 4.4.

Ta6J11/111a 4.4 - KanuranpHble U 9KCIIYAaTallMOHHBIC 3aTpaTbl JId PaA3JIMYHBIX

JIOTUCTHYECKUX CXEM TPaHCIIOPTUPOBAHUS 3aKJIQJOYHOTO MaTepuayia ['peMSYnHCKOTO
I'OKa

3aTparsl BapuaHThI 10rHCTHYECKOH CXEMBbI
MoTounasi, Thic. py6 MukanyHo-norouHasi, | IlukauuHas, ThIC.
ThIC. py0 pyo
KanuranpHabie 3aTpaThbl 565 403 2152 385 2 159 350
IKCILIYaTAUNOHHEIE 211 444 243 272 633 132
3aTpatsl (TOJ0BHIC)
[TpuBeneHHbIC 3aTpaTHI 296 255 566 130 957 034

TakuM 00pa3oM NpUBENECHHBIE 3aTpPaThl [JIsI MOTOYHOM CXEMbI COCTaBIISIOT:
296 255 TeIC. pyO, HMUKINYHO-TIOTOYHOM — 566 130 ThIC. YO, mukmmuHOM - 957 034
ThIC.py0. ['McTOorpaMma pacrpesienieHus 3aTpar MO0 BapHaHTaM JIOTUCTHYECKUX CXEM
3akIagouHbIX paboT ['pemsunmackoro 'OKa npencrabnena Ha pucyHnke 4.1.

2500 000 2152385 2159350

2 000 000

1500 000

957 034
1000 000

33aTparthl,ThiC.py6

565 403 566 130 633 132

296 255
500 000 11444 243272

0
loToyHan cxema Ll,VIKﬂVILIHO-I'IOTOLIHaﬂ cxema uMKﬂMHHaH cxema

anBe,ﬂ,eHHble 3aTpaThbl aKCI'Il'I\/aTaLI,VIOHHbIe 3aTpaThbl (I'OAOBbIe) KanutanbHble 3aTpaThbl

Pucynok 4.1 - 'uctorpamma pacrpeeieHus 3aTpaT AJisi CPaBHUBAEMbIX BAPUAHTOB
TPAHCHOPTUPOBKH 3aKIaq0YHOTO MaTepuaina Ha [ pemsunackom ['OKe.
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JleTanu3upoBaHHBINM pacueT rOJOBBIX IKCITyaTAlMOHHBIX U KalTUTAIbHBIX 3aTpaT
IIPEACTABIIEH B PUIIOKEHUAX A-E.

BBuay TOro, 4ro BbIOOp MPEANOYTUTEIHLHOIO BapHUaHTA JIOTUCTUYECKOU CXEMBbI
SIBJISIETCS. MHOTOKPUTEPUATBHOMN 3a7auel, 1e1ecoo0pa3Ho JOMOJHUTEIBHO YYUTHIBATh
Pl KPUTEPUEB, TMO3BOJIAIONIUX BCECTOPOHHE OLIEHUTh, KaK HSKOHOMHYECKYIO
3 PEeKTUBHOCTh BapHaHTa, TaK U €Tr0 IKCIUTyaTallMOHHbIE XapaKTepUCTUKU. B pamkax
HACTOSIIEr0 MCCIEIOBAaHMS, TTOMUMO CYMMAapHBIX MPUBEIEHHBIX 3aTpar, B KAaueCcTBE
KPUTEPHUEB ONTUMATBHOCTH PACCMOTPEHBIL:

- JI0JI1 KalmuTaJbHBIX 3aTpaT Ha peaju3alldio BHIOPAHHOTO BapuaHTa B OOIIeH
CTOMMOCTH JIOTUCTUYECKOW cuctemMbl s l-oro roaa oskcmnyatauun Ck, %,

paccuMThiBaeTcs 1o ¢popmye:

C, = —— -100 % (4.2)
K+3
- yZIeNIbHAs SHEPrOEMKOCTh TPAHCIIOPTUPOBAHUS 3aKIaJ0YHON CMECH:
g E (4.3)
v

rae: V — 00bEM TpaHCIIOPTHPOBAHHKIX 3aKJIa09HBIX MaTEpHAoB, M°; E — HeoOxoaumas
BBIJICJIEHHAsI MOILIIHOCTh, KBT;

ITo naHHBIM KpUTEPUSIM NIPUOPUTETHBIMU SBIIAIOTCS MUHUMYMbI 3HAUEHUN, TAKUX
KaK 3aTpaThl Ha TPAHCTIOPTUPOBKY 1 M3, 10JIs KaUTaIBHBIX 3aTpaT B OOIIEH CTOMMOCTH
JIOTUCTUYECKON CXEMbl W TMOKa3aTelb HJHEPreThudeckod 3(PQexkTuBHOCTU. 3HAUYCHUE
KPUTEPUEB ONTHUMAIBHOCTU [JJs1 KaXJOro BapUaHTA JIOTUCTUYECKOW  CXEMBbI
TPaHCIIOPTUPOBAHUS 3akKjagouyHoro marepuana ['pemsunnckoro ['OKa cBenensl B
Tabnure 4.5.

Tabnuna 4.5 - Kputepun ONTUMAmbHOCTH [JISl PA3IWYHBIX JIOTUCTUYECKUX CXEM
3akianku Ha ['pemsiunnckom ['OKe

Kpurepuit onTuManbHOCTH ITotounas | HuknmumuHo-notouHas | [lukianyHas
Jons kamuTajabHBIX 3aTvpaT B oO0en 72.8 89 8 7.3
CTOUMOCTH JorucTuueckoit cxeMsl Cy, %

DHeproemkocTs Ee, kBT-u/M® 55 6,6 10,1
3aTpathl Ha TPaHCHOPTUPOBKY 1M°, py6/m° 23,3 32,4 52,8

[{uKkIMYHO-TIOTOYHAST W IHMKJIMYHAS CXEMBI XapaKTepU3YIOTCS 0oyiee BBICOKON
KallUTAIOEMKOCTBIO W JEMOHCTPUPYIOT  HHM3KHA  YPOBEHb  IKOHOMHYECKOMN

3(1)(1)6KTI/IBHOCTI/I BBHUAY 3HAYUTCIIbHBIX IICPBOHAYAIbHBIX I/IHBCCTI/II_II/Iﬁ N OTHOCHUTCIBHO
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BBICOKHMX JKCIUTYaTallMOHHBIX 3aTPAT, UTO AENAET UX BHEAPEHNE MEHEE IEPCIIEKTUBHBIM
B TOPHO-TEOJIOTHYECKUX YCJIOBHUSAX M INPU SKOHOMHYECKHX OTPAHHYCHMSIX OCBOCHUS
I'peMAYMHCKOr0 MECTOPOKIACHUA KaTUHHO-MarHUeBbIX COJIEH.

[IpeanodTuTENbHBIM BapUaHTOM [0 PE3YJbTaTaM TEXHUKO-3KOHOMHYECKOIO
CpPaBHEHHUsI SIBISECTCS MOTOYHAs JIOTHCTUYECKAS CXEMA, TaK KaK OHAa XapaKTepU3yeTcs
npuBeAEHHBIMU 3aTpaTaMu Ha ee peanu3auuio B 1,91 u 3,23 paza Huxke uyeMm st
LIUKJIMYHO-TIOTOYHOW M UUKIWYHOW JIOTUCTUYECKUX CXEM, COOTBETCTBEHHO, a TaKkKe
MMEET CaMblii HU3KHI YPOBEHb DHEPTOEMKOCTH TpaHCHOpTUpoBaHus 5,5 kBr-u na 1 M3
TPAHCIOPTUPYEMOTO 3aKJIAZJOYHOTO0 MaTepuaina, oOecrneuuBas IPUOPUTET IO BCEM

NoKa3aTessiM SKOHOMUYECKOM, TEXHOJIOTMYECKOW U OpraHUu3allMOHHON 3 (hEKTUBHOCTH.

4.3. PexoMeHaaTe/IbHASI KAJIEHIAPHO-CeTeBasi MOJe/Ib Pean3aliu MOTOYHOM
JIOTHCTHYECKOH CXeMbl TPAHCIIOPTHUPOBAHUS 3aKJIAJ0YHOr0 MaTepraaa u
000CHOBaHMe €€ TEXHOJIOTHYEeCKHX MapaMeTpPoB

Jns  peanuzanMM B NOPOEKTE€ PEKOMEHJIOBaHA K BHEAPEHUIO TOTOYHAs
JOTHUCTHYECKAsl CXeMa TPaHCHOPTHUPOBAHUS 3aKJIAJOYHOTO Martepuana. [us 3toro
pa3paboTaHbl KaJIEHITapHO-CETEeBAsI MOJIENb C PEKOMEHIALMSIMHU 110 TIOCIE0BATEIbHOCTH
U CpOKaM BBITIOJIHEHUS paboT (puc. 4.2), a Takke YKPYMHEHHBIN TJIaH UX peau3alui,
YUHUTHIBAIOLIIUNA pPACOpPENCIICHUE TPYyAo3aTpaT IpPU IOCIEIOBATEIBHOM BBITIOJTHEHUN
TEXHOJOTUYECKUX Olepanuil 0003HAYCHUEM KIIIOYEBBIX BEX W IMpeaycMaTpUBaloUIiei
KOHTPOJIb TEXHOJOTHMYECKUX MapaMETpPOB, OINPEIECICHHBIX IMPOEKTHBIMU pPacyeTaMHu.
Kanennapro-ceteBoit rpaduk chopmuposan B I[1O Oracle Primavera B cooTBeTCTBHH €
MEXTYHAPOTHBIMU PEKOMEHAAIMSIMU M0 YPOBHIO HEpapXHUH TPaQUKOB U METOI0IOTHEH
Numeric Schedule Levels [8, 15, 57].

JJ1st pecypCHOTO TUTaHUPOBAaHUS U 00Jiee TOYHOM OIIEHKHU TPYA03aTpaT BHEIPEHUE
MIOTOYHOW JIOTHCTUYECKOM CXEMbl TPaHCIOPTUPOBAHUS 3aKIaJOYHBIX MaTEepUAJIOB,
JICKOMTIO3UIIUS TIPEJICTABIIEHA 10 3-0T0 ypOBHS. J[71 KOMIUIEKCHOTO TUIAHUPOBAHUS U
YIOpaBJICHUS  NPOEKTOM  peanu3aluss  MOTOYHOW  JIOTUCTUYECKOM  CXEMBI
TPAaHCMIOPTUPOBAHUS 3aKJIaI0YHBIX MaTepuanoB Ha ['pemsunnckom I'OKe Bkirouaer B
cedsi psiA  KIIOYEBBIX JTAloOB. MPOEKTHO-U3BICKATENbCKUE pabOThl,  3aKyIKa
000py/I0BaHUSI U MAaTEPUAJIOB; CTPOUTEIIBHO-MOHTaXKHbIE pa0OThI; 3JIEKTPOMOHTAXKHBIE;

nyckoHanagounbie padoTsl (ITHP); onbITHOM M POMBILIIIEHHOMN SKCILTyaTallUH.
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GREMGOK.RED 1000 Opadmiayrs paborns SecnapuaHTansHom yHac T 5 01.0625 050625
GREMGOK RED 1010 Morrass TovEonnoson He T0scs | oBooiosaHitd 15 060625 200625
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TPAHCIIOPTUPOBAHUS 3aKJIaJOUHBIX MaTepuaioB s ['pemsiunnckoro 'OKa (niepeuens onepanuid, tuarpamma ['anTa)
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B mpomecce omnbITHO-TpoMbilieHHbIX — ucnbiTanuil  (OIIM)  HeoOxomumo
ONpEJENUTh 3HAYEHHS] CKOPOCTH JBMXKEHHS 3aKJIaJIOYHOM CMECH, KOTOPbhIE HE JTOJKHBI
OBITh HM)KE€ KPUTHUYECKON CKOPOCTH OCAXJIECHMSI TBEPABIX YAaCTHI], YTO OOYCJIOBIIEHO
HEOOXOIMMOCTBIO MPEAOTBpPALIEHUSI 00pa30BaHUsl JOHHBIX OTJIOXKEHUH M 3aKyNOPKH
TpyOonpoBoaoB. CorjacHO pacyeTHbIM JIaHHBIM, [UIsl 3aKJIaJJOYHOM CMecu ¢
cootHomenueM JK:T 2:1, nmpu miotHOCTH 060pOoTHOTO paccona 1230 kr/mM* U MIOTHOCTH
TBepaor ¢azbl 2100 kr/m>, kpuTHuYecKas CKOpocThb coctaBisieT 3,28 m/c, a pabouas
CKOPOCTh J0JIKHA OBITh HE MeHee 3,61 m/c.

Kontpons »TOoro mapamerpa B XOJA€ UCHBITAHUM TpeOyeT HCIOIb30BaAHUS
yJIBTPAa3BYKOBBIX PAcCXOJIOMEPOB M JATUUKOB JABJICHUS, YCTAHOBJIICHHBIX B TOYKaXx
U3MEHEHHUS HaIpaBJICHUS TPACChl, MOCKOJBbKY HMEHHO B AITHUX MECTaX BO3HHUKAET
MaKCUMaJibHasi BEPOSITHOCTh OCAXKICHUS TBEP/IbIX YACTHII.

JlonosHUTENbHO HEoOX0AMMO 3a(UKCHPOBATH IMOTEPH HAMOpa Ha Pa3IMYHBIX
y4acTKax TPacChl, KOTOPBIC SABJISIIOTCS (DYHKIMEH JUIMHBI TPYOOTPOBO/IA, €T0 TUAMETPa,
IIEPOXOBATOCTH BHYTPEHHEW TOBEPXHOCTH M TEOMETPUM TPAacCHUPOBKU. B xome
UCIIBITAHUM TPEOYETCs OMPENeNUTh peaabHbIi KO3()PUIIUEHT COTPOTUBIICHUS JBUKEHUS
CMECH, KOTOpBIA He IoJDKeH mpeBbimarh 1,2-1,4, B 3aBUCHUMOCTHM OT Xapakrepa
MOBOPOTOB Tpacchl. Peosornyeckue CBONCTBA CMECH JOJKHBI OBITH UCCIIEIOBAaHBI C
TOYKHM 3PECHHS JTUHAMHKUA M3MEHEHHS €€ KOHCUCTEHIIMU TOCie TPaHCIOPTHUPOBAHUS,
MOCKOJIbKY JITUTEIBHOE TIEPEMEICHUE IyJbIbI MOXET MPUBOAUTH K YaCTHUYHOMN
KOAryJIsiIUU U CTPYKTYPOOOPa30BaHUIO, YTO OCOOCHHO KPUTUYHO TPHU MCTOIB30BAHUU
CMECU C MHUHUMaJIbHBIM cojepxanueM >kuakoctu (KT = 1,3:1). B xoxe ombiTHO-
MIPOMBIIIVICHHBIX UCTIBITAHUN JTOJKHBI OBITh 3a(pUKCUPOBAHBI BETUYMHBI JUHAMUYECKON
U CTPYKTYpHOW BSI3KOCTH, OIpEIEsieMble Ha BXOJIE U BBIXOJE CHUCTEMBbI
TPAaHCIIOPTUPOBAHUS C HUCIIOJIB30BAHUEM POTALMOHHBIX BUCKO3UMETPOB, MOCKOJIBKY HX
n3MeHeHue Oosiee yem Ha 15% ykaspiBaeT Ha HapylIeHHE TEXHOJOTUYECKHX CBOMCTB
cMecH U TpeOyeT KOPPEKTUPOBKH MapaMeTPOB MOIAUH.

Ha stane myckoHananoyHbIX pabOT MPOUCXOAUT HACTPOWKA U TECTUPOBAHUE
TEXHOJIOTUYECKOTO 000PYI0BaHMUS, BKITFOUAIOIIETO B ce0sI HACOCHBIE CTAHITNH, 3aTIOPHYTO
apMaTypy, TpyOOIpOBOJIbI M CUCTEMBI KOHTPOJIS ITapaMeTpoB cMecH. B xoze ucnbiTanuit

JOJKHBI OBITh 3a)UKCHUPOBAHBI MapaMeTpbl pabOThl HACOCHBIX arperaToB, BKIIHOYas
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pacxon cmecu (Mm*/4), cozmaBaeMoe namieHue Hamopa (Ila) u morpebasiemyro Ha
ANEKTPOCHAOKEHUE CUCTEMbl MOIIHOCTH (KBT). [Ipuuem nanHbie 3HAaUCHUSI HE TOJHKHBI
OTIMYATBCS OT PACUETHBIX MapaMeTpoB Oosee, ueM Ha 5%.

HononuurensHo B xone [THP gomxHbl ObITH MpOBEEHBI UCIBITAHUS 3alIOPHON
apMaTypbl, BKJIOYas TECTUPOBAHHE pPabOTOCIOCOOHOCTH 3alOPHBIX KJAMaHOB MPHU
MaKCUMaJIbHOM ¥ MHUHHUMaJIbHOM pPacxoJi¢ CMECH, IMPOBEPKY T'epPMETUYHOCTHU
YIUIOTHEHUH U aHAJIU3 BPEMEHU cpabaThIBaHUS apMaTyphl B aBapUITHBIX peKUMaX.

N3 ananusza pauarpammbel [anta (puc. 4.2) cneayer, 4YTO dTam  OIBITHO-
npombiiuieHHbIX ucnbiTanuid (OIIN) 3anumaer 75 nuedd, a atan [THP — 124 nHs, yTto
O0OyCJIOBJICHO NPUHIMUIHAIBHBIM pPA3UYUEeM B XapaKTepe BBIMOJHIEMBIX padoT.
[Tyckonanamoynbsie pabOTHl MPOBOASTCS Ha JICUCTBUTEIBLHOM MOJEIM B pPEaTbHBIX
yCIIOBHUSX pyJHMKA, ¢ MacmTabamu, mnpessimammumu moxaens OIIM, u yxe ¢
YCTAHOBJICHHBIMH MMapaMeTpaMu CUCTEMBI, UYTO O3HAYAET, YTO OCHOBHOM 11EJIbIO JJAHHOTO
JTama SBJSETCS HE BBISBICHUE, a TMOATBEPKIACHUE COOTBETCTBUS TEXHOJOTHMYECKUX
XapAaKTEPUCTUK TPOEKTHBIM 3HAYEHUSIM U BBIXOJ JIOTUCTHYECKOM CHUCTEMBl Ha
NPOEKTHBIA pexuM paboTel. B TO ke Bpems, OMBITHO-TPOMBIIIJIEHHBIE HCIBITAHUS
BKJIIOUAIOT B ce0s oOmpejielieHne, aHajdu3 W KOPPEKTHUPOBKY TEXHOJOTHMUECKHUX
napaMeTpoB, 4TO TpeOyeT MpPOBENEHUS CEpUU TECTOB, HANPABICHHBIX HA H3Y4YCHUE
BJIUSHUS CKOPOCTH JBWKEHHUSI CMECH, MOTEph HAmopa, TUAPOJIUHAMUYECKUX
XapaKTEPUCTUK TPAHCTIOPTUPYEMOM MYJIbIIbI, IAPAMETPOB OCAXKACHUS TBEPABIX YACTHUIL
U CTAaOMILHOCTH KOHCUCTEHIIMU CMECH B X0Ji¢ TpaHcnopTupoBanus. Mimenno stan OITU
dbopmupyer ocHoBy s mocnenyromero ITHP, obGecrnieunBasi yTouHEeHHE pacUeTHBIX
JAaHHBIX W aJanTalyi0 TapaMeTpoB paldOThl 00OpYyIOBaHUSA TION  peajbHBIC
AKCIUTyaTallMOHHBIE YCIIOBUS, TOTJIa KaK Ha dTare IMyCKOHAIaJ0YHbIX padOT OCHOBHOM
3a/la4eil SBISETCA HE HACTPOWKA CHUCTEMbl, a MOATBEPXKICHUE €€ TOTOBHOCTH K
MIPOMBIIIJIEHHON 3KCIUTyaTallud MyTEM JOCTHXKEHUSI CTAOMIIBHBIX MapamMeTpoB IMOJ1auu
cMecu U (PyHKIMOHUPOBaHUS 000pya0BaHUs 0€3 OTKIOHEHWH OT 3aJaHHBIX PEKUMOB,

BeIABIIEHHBIX HA dTane OITN.
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BeiBOabI o ri1ase 4

1. OO6ocHOBaHbI TapaMeTpPbl, COCTAaB M TEXHUYECKHE XapaKTEPUCTUKU
TEXHOJIOTUYECKOTO0 000pYAOBaHUsA, PEKOMEHIOBAHHOIO JJIsl pealv3aluu ITUKIUYHOMH,
IUKINYHO-TIOTOYHOM M  TOTOYHOW JIOTUCTHYECKUX CXE€M TPaHCIOPTHUPOBAHUS
3akjajouyHoro matepuania Ha I'pemsunnckom ['OKe, Bkitouas BBIOOP OCHOBHOTO
TEXHOJOTUYECKOTO 000PYI0BaHUS.

2. B kauectBe OCHOBHOTO 00OpPYAOBaHHUS MOBEPXHOCTHOT'O MOJIYJIS ISl TPEX
NPEJIOKEHHBIX JIOTUCTUYECKUX CXEM PEKOMEHIOBAHO MCHOJIb30BaHUE Oyibao3epa
b10M (UETPA T20 unu ananora), 1poOuIbHO-COPTHPOBOUHOM ycTaHOBKU Y M/JIC-250,
¢ponTansHoro norpyzunka YETPA [1K-6, nentounbix kouseitepoB KJIC1400, In:
IIUKJIMYHO-TTIOTOYHON CXEMbI HEOOXOIMMO JOTIOHUTEIIBHO TPEAYCMOTPETh 0apabaHHYIO
cymunky BH 3,5-27 nnis cHUKeHUs: BIaXKHOCTH COJICOTXOA0B 10 5—6%.

3. JI71st MUKITMYHOM JIOTUCTUYECKOM CXEeMbI TPAaHCIIOPTHUPOBAHUE MaTepHrasa J0
3aKJIaJbIBAEMbIX KaMep W  YyKJIaJKa 3aKJIaJOYyHOM CMECH  OCYIIECTBISIETCS
neperpyxareiasimu st MKP C3-500 1 camMmoXoHBIMU MTHEBMOKOJIECHBIMU BaroHaMu
10BC-30M. [lnst motouHo¥l — Tpybamu myibnonpoBoaa (273x10) ¢ uCmoyib30BaHHEM
TUTIOBBIX IIEHTPOOEKHBIX HACOCOB. JIJI MUKIMYHO-TIOTOYHON CXEMBI - MaruCTpaJIbHBIM
koHBeriepoMm KJI-1000 1 nepeaBr>KHBIM THEBMOKAMEPHBIM 3aKJIaJ0YHBIM KOMILIEKCOM
III3K, ykmagka COMPOBOXKIAETCS OPOIISHHEM COJICOTXOJO0B C (opMHupoBaHHEM
3aKJIaJIOYHOI0 MaccuBa cucteMou oporenus: P3-1.

4. [IpoBenén neramu3upOBaHHBIA CPABHUTEIBbHBIM AHAIU3 KalMUTAIbHBIX M
AKCIUTyaTallMOHHBIX 3aTpaT, HEOOXOMWMBIX MJisi BHEAPCHUS PA3NTHUYHBIX BapHAHTOB
JIOTUCTUYECKOM CHUCTEMBI. Y CTAaHOBJIEHO, YTO MPUBEIEHHBIE 3aTpaThl ISl MOTOYHOMU
CXeMbI cOCTaBISOT 296 255 ThIC. pyO., YTO SBISETCS MUHUMAIBHBIM 3HAYCHUEM CPETU
paccMaTpUBaeMbIX BapUAHTOB, TOTJa KakK JJs IUKIAYHO-TIOTOYHOW CXEMBbI 3TOT
nokasarelnb qocturaet 566 130 tric. py0., a mist mukaunaHoi cxeMbl — 957 034 Thic. pyo.
[Toroynas cxema TpaHCHOPTUPOBAHHSI UMEET CaMblii HU3KUN YPOBEHb SHEPrOEMKOCTH
TPaHCIIOPTHPOBaHUs Ha 1 M TpaHCIOPTHPYEMOro 3aKIaf04HOro MaTepuana - 5,5 kBr-u.

d. OrnpeneneHa npeanoyTUTEIbHas JOTUCTUYECKAs CXeMa 3aKJIaIOYHbIX paboT

- IIOTO4YHAas TCXHOJIOT A TPaHCIIOPTUPOBAHHA 3aKJIaJO4YHOI'O MaTtcpuala,
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oOecreunBarollas HauMEHbIINE NPUBEAEHHBIE 3aTPAThl U YACIbHYIO YHEPrOEMKOCTb.
JlaHHBI BapHaHT XapaKTEPU3YETCS HAUIy4YlIUM COOTHOUIEHHWEM WHBECTHLIMOHHBIX U
AKCIUTyaTallUOHHBIX HW3JIEPKEK, 4YTO TMOJATBEPKAAECTCA €ro CpPaBHUTEIBHO HU3KUMU
KanmuTaabHeIMU 3aTtpatamMu (565 403 Thic. py0.) ¥ HmpHUEMIIEMBIM YPOBHEM T'OJIOBBIX
AKCIUTyaTallMOHHBIX pacxonoB (211 444 Tteic. py0.), B TO BpeMs Kak JUIsl IUKIUYHO-
MMOTOYHOW U LIUKIUYHOM CXEeM 3TOT MOKa3aTeslb 3HAUYUTEIbHO BhIle — 243 272 ThIC. pyo.
1 633 132 ThIC. py0., COOTBETCTBEHHO.

6. Pa3paboran KOMILIEKC pPEKOMEHJAlMK 10 BHEJIPEHUIO TMOTOYHOMU
JIOTUCTUYECKON CXEMbl, BKIIIOYAIONIMI TIOCTPOCHHE KaJeHJAPHO-CETEBOM MOJeNn
NOCJIEIOBATEIbHOCTA  BBIMOJHEHUS  palbOT, ONpeleseHUEe  KIIOUEBBIX  JTaloB
MyCKOHAJIAJIOUYHBIX MEPONPUATUN U MEPOIPHUSTUN MO0 MUHUMHU3AIUN TEXHOJIOTHUYECKUX
PHUCKOB, B YAaCTHOCTH MPEJOTBPAIICHUIO 3aKYIIOPUBAaHUS TPYOONPOBOAOB, CHIKEHHUIO

NOTeph HATMOPa U CTAOMIIM3AIMU TApaMETPOB ABUKECHUS 3aKJIaJOYHON CMECH.
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SAKVIIOYEHUE

B nuccepranuu, sBIAIONIEHCS 3aKOHYEHHOM  Hay4YyHO-KBaIU(UKAIMOHHOU
paboToil, pelieHa akTyajlbHas Hay4HO-IIpaKTUYeCKas 3ajadya - 000OCHOBAHbI MApaMETPhbl
JIOTUCTUYECKON CHCTEMBbI MOJ3EMHOr0 PYJIHUKA MPU OCBOEHUHU TIyOOKO3aJerarouiux
MECTOPOXKICHUM KaJIMMHBIX COJEH C MOHOJMTHOM 3aKJIaJIKOW BbIpaOOTaHHOTO
IIPOCTPAHCTBA, YTO MMEET BAXKHOE 3HAYEHUE I PACIIMPEHHUS MHUHEPAIBHO-CHIPHEBOM
0a3bl TOPHO-XUMHUYECKOW MPOMBILIUIEHHOCTH B Poccuu.

OcCHOBHBIE ~ pe3yJIbTaThl INPOBEJCHHBIX  MCCIEAOBAHUM  3aKIIOYAKOTCA B
CIEAYIOIIEM:

1. Pa3zpaboTana knaccudukaius JOTUCTHYECKUX CXEM 3aKJIaJOYHBIX padoT,
KoTopasi Oa3upyercss Ha croco0ax TpPaHCHOPTUPOBAHUS 3aKJIAIOYHBIX MaTepualioB
(xOHBEHEpHBIN, TUAPABINYECKUAN, IUKIWYHBIN), TITyOUHE 3ajieraHusi MECTOPOXKJICHUS,
MAaKCUMaJIbHO JONMYCTUMOM pACCTOSSHMM TPAHCIOPTUPOBAHUS M TUIE MOIYJS
00€3BOKMBAHMUS, UYTO  TMO3BOJIAET  AJaNTUPOBAaTh  BBIOOP  TEXHOJOTUYECKOTO
0o0OpyZOBaHUS W METOJOB YKJIAJIKH 3aKJIaJIOYHOIO0 MacCHMBa TMOJi KOHKpPETHBIE
TOPHOTEXHUYECKHE YCIIOBHUS, BKJIIOUAsl yCTOWYMBOCTh MAaCCHUBA U PUCKU ITyYEHUSI.

2. O6ocHOBaHAa KOMIUIEKCHAs METOJMKAa MaTeMaTH4YeCKOro MOJECIUPOBAHUS
napaMeTpoB JIOTUCTUYECKOW CUCTEMBI, BKIIKOYAIOIIAsl IPUMEHEHUE METO/1a HAMMEHBIINX
00BEMOB /111 MOJICIMPOBAHMS MEPEMyCKa 3aKIaJJ0YHOT0 MaTepraa Mo BepTUKAIbHBIM
nyJbrnonpoBogaM auamerpoMm 310 mm, kputrdeckoit (3,28 m/c) u paboueit (3,61 m/c)
CKOPOCTEH JBMXKEHHS IYJbIBl C YYETOM T'PaHyJIOMETPHUYECKOIO COCTAaBa, IIOTHOCTHU
bpakuii, cootHomenuem JK:T 2:1 , a Takke UWHTErpalyi0O METOJOB pacyeTa
MPOU3BOAUTEILHOCTH BEPTUKAIBHOTO TPYOOIPOBO/AA C YY4€TOM, TPEHHs MaTepuaja o
CTEHKM W MOTEPh HAIlOpa, YTO MO3BOJSIET MHUHUMHU3UPOBATH PUCKHU 3aKYIIOPUBAHUA U
00OCHOBaTh MapaMeTpPbl JIOTUCTUYECKOW CXEMbl TPaHCIOPTHPOBAHUS 3aKJIaJ0YHOTO
Marepuana Jyisl yCJIOBUM r1yOO0KO03aeralinX KaTUHBIX MECTOPOXKICHUI.

3. [TontBepxkaeHa »h(HEKTUBHOCT OyPEpHBIX YCTPOMCTB W JeMIipepHBIX
MEXaHHU3MOB, BKJIIOUast KOHMUECKHE TaCUTEIN CKOPOCTH ¢ yrioMm HakioHa 100°, kotopsie
CHIDKAIOT JTUHAMUYECKUE HATPY3KH HA KOHCTPYKTHUBHBIE 3JIEMEHTBHI CUCTEMBI, & TAKKE

MIPUMEHEHUE BUOPAIMOHHOTO pBIXJEHUA ¢ yactoTtor 25-35 ['m ans paspyuieHus
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MEPBUYHBIX  KPHUCTAUIMYECKUX  CBs3EH u o0ecrnievyeHus CTaOMIIBHOCTH
TPAHCIIOPTUPOBAHUSA 3aKJIAJOYHOW CMECH, YTO OCOOCHHO Ba)XXHO B YCIOBHUSIX
BBICOKOCKOPOCTHOTO MIEpeIycKa MaTepraa 1mo BEpTUKaIbHBIM TPYOOIIPOBOIaM.

4, Omnpenenensl TpeboBaHUS K OyHKEpaM-HAKOMUTENSAM, KOTOPbIE BKIIIOUAIOT
reoMmerpuueckuii 0obem 139,36 M?, yron HakioHa creHOK >50° uisi mpenoTBpalleHus
3aTUMaHds MaTepuaia, a TakKe MHTETPAIHI0 CUCTEM BHOPAIIMOHHOTO PBIXJICHUS IS
JUKBUIAIMM 3aKyMOPOK, YTO OOECIEeYMBAET HEMPEPHIBHOCTh TEXHOJIOTUYECKOTO
npoliecca U CHIKAeT PUCK HAPYIIEHUS! pPUTMUYHOCTH 3aKJIaI09HBIX PaboT.

5. Pazpabortan anroputm BeIOOpa pariuoOHaIbHONW CXEMbl TPAHCIIOPTUPOBAHUS,
KOTOPBIM YYUTBHIBACT B3aWMOCBSI3b TakKuX (DaKTOPOB, KaK (PU3HKO-MEXAaHHUSCKHUE
CBOICTBA 3aKJIaJ0YHbIX MaTepuaoB (BiaaxHocTh 0,05 %, rpaHyIOMETpUYECKUN COCTaB
c mpeobnagaHueM KPYMHO3EPHUCTHIX (pakiuii - 77,93 %), ropHO-TEOJIOTHYECKUE U
THJIPOTCOJIOTUYECKHE  YCIOBUS  MECTOPOXKICHHUS, a TakkKe TOPHOTEXHHYECKHE
TpeOOBaHMS, YTO TIO3BOJISIET MUHUMH3UPOBATh T€OMEXaHUYSCKUE PUCKH M 00ECIICUUTh
MaKCUMAaJIbHOM 3 (HEKTUBHOCTH JIOTUCTUYECKON CUCTEMBI.

6. [IpoBeneH TEXHUKO-DKOHOMHMYECKHI aHalIW3 JIOTHCTUYECKHX CXEM,
KOTOPBIM MOKa3aJl, YTO MOTOYHAS CXeMa TPAHCTIOPTUPOBAHMSI 3aKJIAIOYHOTO MaTepHaia
XapaKTepU3yeTcsi MUHUMaJIbHBIMU MPUBEAECHHBIMU 3aTpaTaMu (296 255 Teic. pyo.), 4To
B 192 u 3,23 pa3a Hmwke, 4eM ISl IUKIAYHO-TIOTOYHOM W LHKIMYHOM CXeM
COOTBETCTBEHHO, a TaKXe€ WMEET CaMblii HU3KUH YPOBEHb HHEPrOEMKOCTHU
TPaHCIIOPTHPOBaHMs Ha 1 M® TPAaHCIIOPTHPYEMOTO 3aKJIa0YHOr0 MAaTEpHaa, 4To JeIaeT
MOTOYHYIO CXEMY MPEANOYTUTENbHON sl BHeApenus Ha ['pemsiunHckoM ['OKe npu

npousBoauTensHocTd 444,17 M3/4 110 coneoTxomaM.



158
CIIMCOK JIMTEPATYPbBI

1. Bak, P. The Optimal Transportation Option in an Underground Hard Coal Mine:
A Multi-Criteria Cost Analysis / P. Bak, M.C. Turek, L. Bednarczyk, I. Jonek-Kowalska
I/ Resources. - 2024. - Vol. 13, no. 1. - P. 14.

2. Cheng, A. Study on the nonlinear deformation characteristics and constitutive
model of cemented tailings backfill considering compaction hardening and strain
softening / A. Cheng // Journal of Materials Research and Technology. - 2022. - Vol. 19.
- P. 4627-4644.

3. Davis, C.H. Progress with thin seam mechanization / C.H. Dauvis, J.H. Paterson
/I Mining Engineer. - 1965. - Vol. 61, no. 5. - P. 54-58.

4. Domaknina, Yu.A. Systematization of factors of strategic development of
logistics complexes of mining and chemical enterprises / Yu.A. Domaknina // Economics
in Industry. - 2022. - Vol. 15, no. 4. - P. 466-472.

5. Eriksson, C. Garpenberg mine — 10 years of mining with paste backfill /
C. Eriksson, A. Nystrém // Paste 2018: Proceedings of the 21st International Seminar on
Paste and Thickened Tailings (Perth, Australia, 11-13 Apr. 2018) / eds. R.J. Jewell,
A.B. Fourie. - Perth: Australian Centre for Geomechanics, 2018. - P. 323-336.

6. Goncharenko, S.N. Optimization of Ore Concentrate Transportation Indicators
of a Mining Enterprise Based on a Logistic Analysis of Alternative Options for
Organizing a Transportation System / S.N. Goncharenko, A.M. Ivakhnenko // 2022
Intelligent Technologies and Electronic Devices in Vehicle and Road Transport Complex
(TIRVED): Proceedings. - Moscow: IEEE, 2022. - P. 1-6.

7. Hansen, F. Granular Salt Summary: Reconsolidation Principles and Applications
| F.Hansen, T.Popp, K.Wieczorek, D. Stthrenberg; moarorosieno mis U.S.
Department of Energy, Used Fuel Disposition; Sandia National Laboratories. - July 2014.
- Report No. FCRD-UFD-2014-000590.

8. International Organization for Standardization. 1SO 21511:2018. Work

breakdown structures for project and programme management. - Geneva: 1SO, 2018. - 16

p.



159
9. Janda, A. Pipe transport in underground mining: an experimental approach /

A.Janda, . Zuriguel, J. Bienzobas, A. Garcimartm, D.Maza // AIP Conference
Proceedings. - 2013. - Vol. 1542, no. 1. - P. 710-713.

10. Janka, S. Simulation of material flow using vertical transport by a double-action
mine hoist / S. Janka, M. Ondov, J. Kova¢, M. Szucs, M. Betus$ // Acta Simulatio. - 2022.
-Vol. 8, no. 4. - P. 47-50.

11. Jin, R. Slurry Transportation Characteristics of Potash Mine Cemented Paste
Backfills via Loop Test Processing / R. Jin, X. Wang, S. Zhang, H. Huo, J. Li, W. Ni //
Processes. - 2024. - Vol. 12, no. 12. - Art. 29209.

12. Jinyang, L. Application of data mining in logistics industry in the era of big
data / L. Jinyang // Proceedings of the 2023 IEEE 2nd International Conference on
Electrical Engineering, Big Data and Algorithms (EEBDA), Changchun, China, 2023. -
[S.1.]: IEEE, 2023. - P. 10-14.

13. Parakh, S. Simulating Backfill Operations for Underground Mining / S.Parakh,
N.Russell // Proceedings of the 2021 Winter Simulation Conference / eds. S. Kim,
B. Feng, K. Smith, S. Masoud, Z. Zheng, C. Szabo, M. Loper. - Phoenix, AZ, USA:
IEEE, 2021. - P. 385-396.

14. Poborska-Mlynarska K. Water disasters in salt mining worldwide: causes,
countermeasures, consequences / K. Poborska-Mlynarska // Mining Review. — 2018. —
Vol. 74, no. 6. — pp. 33-41.

15. Project Management Institute. A Guide to the Project Management Body of
Knowledge (PMBOK Guide). - 6th ed. - Newtown Square, Pennsylvania: PMI, 2017. -
756 p. - ISBN 978-1-62825-184-5.

16. Ryl'nikova, M.V. Backfill Technologies and Designs for Deep-Level Sylvinite
Mining/ M.V. Ryl'nikova, R.V. Berger, 1.V. Yakovlev et al. // Journal of Mining Science.
- 2024. - Vol. 60, no. 2. - P. 332-340.

17. Sainsbury, D.P. Design and implementation of cemented rockfill at the Ballarat
Gold Project / D.P. Sainsbury, B.L. Sainsbury // Proceedings of the 11th International
Symposium on Mining with Backfill (Minefill 2014), Perth, Australia. - Perth: Australian
Centre for Geomechanics, 2014. - P. 205-216.



160
18. Saw, H. Characterisation of cemented rock fill materials for the Cosmos nickel

mine, Western Australia / H. Saw, S. Prentice, E. Villaescusa // Proceedings of the
International Conference on Advances in Construction Materials through Science and
Engineering, Hong Kong, 5-7 Sept. 2011. - Hong Kong, 2011. - P. 1-8. - ISBN 978-962-
367-734-6.

19. Wang, J. Optimization of Parameters for Rheological Properties and Strength
of Cemented Paste Backfill Blended with Coarse Aggregates / J. Wang, A. Wu, Z. Ruan,
R. Bilrger, Y. Wang, S. Wang, P. Zhang, Z. Gao // Minerals. - 2022. - Vol. 12, no. 3. -
Art. 374.

20. Wu, A. Coupled effects of cement type and water quality on the properties of
cemented paste backfill / A. Wu, Y. Wang, H. Wang, S. Yin, X. Miao // International
Journal of Mineral Processing. - 2015. - Vol. 143. - P. 65-71.

21. Xu, L. Modeling and Simulation of the Underground Mining Transportation
System / L. Xu, S. Ye, G. Lu, Z. Zhang // Advanced Research on Computer Education,
Simulation and Modeling: proc. of the CESM 2011 Conf. / eds. S. Lin, X. Huang. -
Berlin; Heidelberg: Springer, 2011. - (Communications in Computer and Information
Science; vol. 176). - P. 153-159.

22. Xu, L. Modeling and Simulation of the Underground Mining Transportation
System / L. Xu, S. Ye, G. Lu, Z. Zhang // CESM 2011, Part Il, CCIS 176. - 2011. - P.
116-121.

23. Yang, T. The influence of gangue particle size and gangue feeding rate on the
dynamic response of suspended buffer and engineering application / T. Yang, S. Guo,
B. An// Journal of Geophysics and Engineering. - 2019. - Vol. 16. - P. 275-288.

24. Yilmaz, E. Curing time effect on consolidation behaviour of cemented paste
backfill containing different cement types and contents / E. Yilmaz, T. Belem,
B. Bussiege, M. Mbonimpa, M. Benzaazoua // Construction and Building Materials. -
2015. - Vol. 75. - P. 99-111.

25. Yilmaz, E. Editorial. Advances in the Design and Implementation of
Cementitious Backfills / E. Yilmaz, S. Cao, D. Wu // Frontiers in Materials. - 2022. - VVol.
9. - Art. 964111. - 5 p.



161
26. Yu, H. The Function Design for the Communication-Based Train Control

(CBTC) System: How to Solve the Problems in the Underground Mine Rail
Transportation / H. Yu, S. Li // Applied System Innovation. - 2021. - Vol. 4, no. 2. - P.
31.

27.Yu, H. The Function Design for the Communication-based Train Control
(CBTC) System: How to Solve the Problems in the Underground Mine Rail
Transportation? / H.Yu, S.Li /[ Preprints. - 2021. - DOL:
10.20944/preprints202104.0428.v1.

28. Zhao, Y. Long-term strength and deformation size effect of gangue cemented
backfill in acid mine water / Y. Zhao, Y. Guo, G. Feng, C. Li // Structures. - 2023. - Vol.
57. - Art. 105114,

29. Aitnbunnep, U.W. 'eotexHonoruu otpaboTKu TiyO0OKUX TOPU30HTOB MOIIHBIX
Pa3HOCOPTHBIX 3alie)keld KOMIUICKCHBIX MEIHO-HHKENeBbIX pyn Hopwibcka /
N.N. Aiinbunnaep, ILT. [MaukeBuu, A.b. KoBanbckuii // T'opHbIii uH(pOpMaImoHHO-
aHanutuyeckuit Oromnerens. - 2009. - N 6. - C. 320-325.

30. Aiinbunnep, M.M. K Bompocy knaccudukamuu TEXHOJIOTHH W COCTABOB
saknanku / .U, Aninbunnep, U.H. CaBuu, O.W. CaBuu // ['opHbIli UHpOpMAITMOHHO-
ananutnyeckuit Oromnetens. - 2000. - N 1. - C. 186-195.

31. Amnabepnun, A.b. Cnoco0 3akiajgkyd BbIpaOOTaHHOTO MPOCTPAHCTBA MPH
BOCXOJIAIIEM TMOpSAKEe OTpabOTKM pyaHbIX 3anexedt / A.b. Annabepaun // Ycmexu
coBpeMeHHoro ectecTBo3HaHus. - 2021. - N 2. - C. 64-69.

32. Anmnabepnun, A.b. Cioco6 3aknaaku BeIpaboTaHHOTO MpOoCcTpaHcTBa: nat. RU
2603992 C1/ A.b. AnnaGepaus. - Poccuiickas @enepanus. - 3assn. 05.11.2015; omy6ur.
10.12.2016. - bron. N 34.

33. Augpetiko, C.C. T'azogmHaMHUuYecKHEe SBJICHUS B KAIMWHBIX PYyJIHHKAX:
TeHEe3UC, MPOTHO3 M YIpPaBJICHHE: TUC. ... A-pa TexH. Hayk: 2.8.6 / C.C. Anapeiiko. -
Comuropck, 1999. - 431 c.

34. AaymenkoB, A.H. IIpom3BoacTBo 3akiagovHbIXx pabdoOT Ha TpuUMEpe
Tamraronbckoro MoOA3eMHOTO pyaHUKA: yued. mocobme / A.H. AHymieHKoB. -

Kpacnosipck: Cubupckuii peaepasibubiii yausepcureT, 2016. - 136 c.



162

35. AnymieHkoB A. H. OcHOBBI po1ieccoB MPOU3BOACTBA U TPAHCTIOPTUPOBAHMS
3aKJIAQI0YHBIX CMECEed TMpu MOJA3EMHOM pa3pabOTKE MECTOPOXKACHUM MOJE3HBIX
UCKomnaeMsbIX : yueO. mocodue. / A. H. Anymenkos, A. 0. CroBmanenko, E. I1. Bonkos.
— Kpacnosipck : Cubupckuit ¢penepanbubiii yuusepeuret, 2015. — 208 c.

36. Acnextbl moBblIeHUS 3(dekTuBHOCTH  pa3paboTku  BepxHekamckoro
kaymitHoro mectopoxaeHust / B.A. Conossés, B.H. Antykos, J[.C. UepHonasos u ap. -
Hosocubupck: Hayka, 2019. - 182 c.

37. Atpomienko, B.A. Ilobiienue 3 PpeKTUBHOCTH IKCIUTYyaTAlMK 3aKIaJ0YHOTO
KOMIUIeKca (PyTepOBKOM MOJUYypETaHOM TPAHCIOPTHBIX TPYOONPOBOMIOB: JIUC. ... KaH].
TexH. HayK / B.A. Atpomenko. - Cankt-IletepOypr, 2023. - 150 c.

38. bamax, P.B. Mexanudeckue CBOWCTBA 3aKJIaJIKH U3 XBOCTOB 00OTaIIEHUS PY/I
Jlxeskasrana / P.B. banax, I'.A. [Ipokymes, P.I1. CtpensuukoBa // T'opHBIi XypHa. -
1985. - N 6. - C. 45-48.

39. bapanos, [0.J[. ObocHOBaHME MapaMeTPOB U PEKUMOB paldOTHl CHCTEM
ruapoTpancropTa ropubix npeanpustuii / FO.J1. bapanos, b.A. bitocc, E.B. Cemenenko,
B.J. lllypeirun. - [[Iaenponerposck]: Hosast uneonorus, 2006. - 416 c.

40. bapsx, A.A. O6ocHOBaHHE BO3MO>KHOCTH TIOBTOPHOW OTpPaOOTKH 3aracoB
kanmuiHbIX pya / A.A. bapsx, H.JI. beasTiokoB, H.A. Camonenkuna, B.H. Tokcapos //
OuU3MKO-TEXHUYECKUE MPOOIEeMbI pa3pabOoTKH mose3Hbix uckonaemsuix. - 2020. - N 3. - C.
85-97.

41. bamra, T.M. I'mnpaBnuka, TuaApoMamdHbl U ruaponpuBoasl / T.M. bamra,
A.B. T'oxman, B.W. Kapako3os. - 2-¢ u3a., nepepad. u gom. - M.: MammHOCTpoeHHUE,
1982. - 423 c.

42. beprep, P.B. Hcnomnp3oBaHue COJICOTXOJOB B 3aKJIagKe BBHIPAOOTAHHOTO
MPOCTPAHCTBA  MOJA3EMHOIO0  PYJHHKAa KaK CpEICTBO  TOJHOM  YTWUJIM3alUU
chopMUpOBaHHBIX Ha IMOBepxXHOCTH cojieoTBaiioB / P.B. beprep, B.W. Tatapaukos //
KoMmOuHupoBaHHasi ~ T€OTEXHOJIOTHSI:  KOMIUJIEKCHOE  OCBOCHHE  TEXHOTE€HHBIX
o0pa3oBaHWK M MECTOPOXIACHUHN TIOJE3HBIX HMCKOMAEMbIX: MaTepHallbl HAyY.-TIPAKT.

KoH(.: Te3. 1oki. - Marautoropck: MI'TY um. I'.H. Hocoga, 2023. - C. 106-109.



163

43. bnexman, U.U. BubGpanuonnas mexanuka / I.W. biexman. - M.: ®uszmarnur,
1994. - 400 c.

44, bnexman, W.W. Teopuss BHOpallMOHHBIX MPOIIECCOB U  YCTPOMICTB.
BuOpanmonnas mexanuka u Bubpanonnas texuuka / I.W. baexman. - CI16.: /] «Pyna
u Metamib», 2013. - 640 c.

45. bop3akoBckuii, b.A. HoBblii 3aknajoyHbBlii Marepual U3  OTXOJ0B
Mpou3BOJACTBA  KanmuiiHbIXx  yaoOpenuit /  B.A. bop3akoBckuii, M.U. Pycakos,
M.B. I'enkun // OAO «"anyprusi» — 40 jer nyTH: 3aauu, perieHus, JOCTHKEeHus: cO.
Hayud. Tp. - HoBocubupck: Hayka, 2012. - C. 169-173.

46. bop3akoBckuii, b.A. OneIT pasmenieHus: TIUHUCTO-COJEBBIX IIJJAMOB Ha
KaTuUHBIX pyIaHuKax Bepxnekamckoro MecropoxaeHuss / b.A. bop3akoBckui,
M.U. Pycakos, A.B. lllunos // U3Bectus By30B. I'opHbIii xxypHai. - 2009. - N 6. - C. 7—
12.

47. bproxoseukuit, O.C. PyaHHYHBII HAMOpPHBIA THAPABIUYECKUA TPAHCIIOPT
ropHOM Macchl: yueb. nmocooue 1yst By30B / O.C. bproxoBerkuii. - 2-e us., crep. - CaHKT-
[TerepOypr: Jlanb, 2022. - 196 c.

48. BaranoB, B.C. IllaxtHas noructuka — HoOBble pemieHusi / B.C. Baranos,
T.B. 'odpdapr // Yrons. - 2018. - N 8. - C. 60-61.

49, Bonkos, E.I1. PazpaboTka TeXHOJIOTMH 3aKJIa KK TOPHBIX BBIPAOOTOK JTUTHIMHU
TBEPJCIOMMMH CMECSIMH Ha OCHOBe XxBocTtoB obOoramenus / E.Il. Bonkos,
A.H. Anymenkos. - Kpacnosipck: Cu0. denep. yu-t, 2020. - 176 c.

50. Batkun, A.H. Tsepnaetomas 3aknmanka Ha pyaaukax /  A.H. Batkus,
J.I'. Topb6aues, B.H. Pybuos. - M.: Heapa, 1983. - 192 c.

51. 'a3omuHaMuuecKkre  SBJICHUS B KAJIMHHBIX  PYAHHKAX:  METOJBI
MPOrHO3UPOBAHMS M CIOCOOBI MpefoTBpamieHus: yued. mocobue. - Ilepmb: M3n-Bo
II'TY, 2007. - 128 c.

52. T'amaenko, FO.I1. T'eoskonornueckre 0COOEHHOCTH OCBOSHUS MHHEPATBHBIX

pecypcoB B kpuonuTo3oHe / FO.I1. 'araenko, I'.B. CabsHuH // DKOIOTHYECKIE CHCTEMBI

u ipubopsl. - 2006. - N 6. - C. 22-27.



164

53. I'Boznsnsiif, C.E. Metoauka onpeenaeHus IeH000pa30BaHUs SHEProOpecypcoB
Ha npumepe ADC «Axkkyro» / C.E. I'Bo3nsnsiii, U.B. SIkoBneB // Monoaexs n Hayka:
Marepuanbl XIX MexayHap. Hayd.-MPakT. KOH(Q. CTapIICKIACCHUKOB, CTYIACHTOB H
acriupanToB (26 mas 2023 r., r. Huxuuih Tarun). - Hwkauit Tarun: HTU (dunman)
YpdV, 2023. - C. 173-174. - ISBN 978-5-9544-0142-4.

54. I'eptman, B.I1. Bausinue pacxoja BOJAbI U 3€pHOBOTO COCTaBa 3aloOJIHUTENEH
Ha kaudectBo 3aknaaku / B.IL I'eprman, C.A. Atmanckux, K.H. CBetnakoB // 'opHblii
xypHain. - 1982. - N 5. - C. 28-31.

55. I'orun, /I.}O. Jloructuka MatepuanbHbIX 3al1aCOB FOCYAapCTBEHHOTO pe3epBa:
ocuoBsl Teopuw / JI.}O. I'orun // [IpoGiieMbl coBpeMenHo# skoHOMuUKH. - 2013, - N 1(45).
- C. 132-136.

56. 'OCT 32721-2014. Jloporu aBTOMOOUJIBHBIE 00IIEeT0 ToOJib30oBaHUs. [lecok
PUPOIHBIN U 1po0sE€HbINH. OnpeneneHrne HaChITHON TIJIOTHOCTH U IMYCTOTHOCTH. - BBe.
2015-01-01. - M.: Crannaptundopm, 2015. - 9 c.

57.TOCT P 56716-2015. Texnuka cereBoro mianupoBanus. OOIIHe MOJ0KEHUS
u Tepmunosiorus. - Been. 2016-01-01. - M.: Crannaptundopm, 2015. - 14 c.

58. I'pynThl. MeToasl mabopaTopHoil neHeTpanuu: padoyas uHcTpykuus P 06-
2015 / OxoTtuHCKOE OOIIECTBO TPYHTOBEAOB, TpecT reoae3nueckux paboT u
uHxeHepHbIx u3bickanuit («Tpect I'PUN»). - CII6., 2015.

59. I'yrrep, A.A. HccnenoBanue CBOWCTB — 3aKJIAI0YHBIX  MaTepHAJIOB,
OTIPEJISIISIIONINX YCIOBUS TPAHCIIOPTUPOBAHUS U BhIMMycka u3 OyHkepoB / A.A. ['yrrep,
N.N. bapcyxos // [TogzeMHas pa3zpaboTka MOIIHBIX YTOIBHBIX MIACTOB. - 1976. - Beim. 3.
- C. 71-78.

60. [lapounsia, T.II. Tekymee cocTossHUE W TIEPCICKTUBHBIC HAMpPaBICHUS
COBEPIIIEHCTBOBAHUS KOMIUIEKCA 3aKIaJ0YHBIX pad0T Ha MOA3eMHBIX pyaHukax 3® [TAO
«I'MK Hopunsckuit wukenb» / T.IL JapounsH, B.A. Jlosunkwmii, JI.B. 'orones,
B.B. bamannun // I'opusriii xxyprai. - 2022. - N 1. - C. 40-45.

61. Jle Coy3a, D. DKOHOMHKA W TEPCHEKTUBBI MPAKTUKH OOPATHOW 3aKIIaJIKH

MOA3CMHBIX PYIHMKOB B KaHajackux Imaxtax / 3. Jle Coyza, JIx.®D. Apunbanbi,



165

A.IL upur // Matepuansl 105-ro exeronnoro oOmero cobpanus Kanaackoro
WHCTUTYTa TOPHOTO Jiefia, MeTAJLTypruu u Hetu. - Monpeais, 2003. - C. 1-12.

62. lemun, B.®. IIpuMeHeHue 3akperuisiONIMX CMOJ IS CTaOWIN3alUU
HEYCTOMYMBOTO TOPHOTO MaccuBa B yroibpHbIX maxtax / B.®. Jlemun, B.A. Kan,
H.A. Koxabek, K.A. I'pomkoB // CoBpeMeHHBIE TEHJICHLIMM U WHHOBALlUM B HAyKEe U
npou3BojicTBe: MaTepuaibl [X MexayHap. Hayd.-nipakT. KoH}., MexaypedeHck, 15 anp.
2020 r. - KemepoBo: Kyz0acckuii roc. TexH. yH-T uMm. T. ®@. T'opbauena, 2020. - C. 113—
116.

63. Imutpak, O.B. IloBbimenne >P¢GEeKTUBHOCTH aKTUBALMK KOMIIOHEHTOB
TBEpJACIONICH  3aKIaJlOYHOW  CMECH C  HUCIOJb30BaHHMEM  OTXOAOB  TOpPHO-
metamtyprudeckoro mnpousBoacta / FO.B. [Imurpak, B.IL I'omuk, B.U. ®panuyk,
B.U. JIsmenko // I'opuerit xkypuan. - 2021. - T. 77, N 10. - C. 1023-1031.

64. Jlomaxuna, FO.A. Cucrematuzanusi (akTOpOB CTPATETHYECKOTO Pa3BUTUS
JIOTUCTUYECKUX KOMIUIEKCOB TOpHO-XMMUueckux mnpeanpusaruii / FO.A. Jlomaxuna //
DKOHOMHKA MPOMBITIUIEHHOCTH. - 2022. - T. 15, N 4. - C. 466-472.

65. A.Jl. KonctpyupoBaHnue u pacuer xumudeckux anmapatoB / A.Jl. JlomarniHes.
- M.: T'oc. Hay4.-T€XH. U3/1-BO MAIlIMHOCTPOUT. JIUT., 1961. - 624 c.

66. Epemuenko, O.3. [IpupoaHo-TeXHOT€HHAs OpraHu3alis MOYBEHHOTO MOKPOBa
TEPPUTOPUU  BO3JEUCTBUS COJIEOTBAJOB M nuiamoxpaHununl B CoJuKaMcKo-
bepe3nunkoBckoMm skoHoMmueckoM paiione / O.3. Epemuenko, H.B. Murpakosa,
N.E. lllectakoB // BectHuk IlepMckoro rocymaapcTBeHHOro yHuBepcureTa. Cepus:
buonorus. - 2017. - N 3. - C. 311-320.

67. 3aiines, O.H. CoBepiieHCTBOBaHKE 3aKJIaIOYHBIX PaboT Ha J[>Ke3Ka3raHCKOM
ropHo-meramuryprudeckom komoOmHate / O.H. 3aiines, E.W. HukomaeB // T'opHbrii
xypHain. - 1983. - N 5. - C. 23-25.

68. 3aitiieBa, M.A. ConukaMCKHi KaJTUWHBIA KOMOWHAT — IEPBEHEIl KaJTUHHOMN
MIPOMBITINICHHOCTH Ha Ypane [DnexkTponnsiid pecypce] / M.A. 3aiinieBa, XX.A. Aramosa //
IlepMCkuii TOCYIapCTBEHHBIM apXWB HOBEHIIEW HCTOpHM. - Pexum gocryna:

https://www.permgaspi.ru/deyatelnost/stati.html (maTa o6pamenns: 18.10.2024).



166

69. 3yoos, B.Il. IlpumeHsiemble TEXHOJOTMW M aKTyaJbHblE MPOOJIEMBI
pecypcocOepexeHnss TMpu MOA3EMHOM pa3pabOTKe IUIACTOBBIX MECTOPOKICHUM
nosie3ubix uckonaembix / B.I1. 3y6oB // ['opusiii xkypnai. - 2018. - N 6. - C. 77-83.

70. 3yooB, B.II. CHukeHHe pHUCKOB 3aTOIUICHUS KAJIUWHBIX PYIHUKOB TIPH
MpopbiBax B TOpHBIE BhIpaOoTkM mnoa3eMHbiX Boja / B.IL 3y6oB, A.Jl. CMbluHUK //
3anucku ['opHoro uncruryta. - 2015. - T. 215. - C. 29-37.

71. Umommn, A.Il. OGocHOBaHME TEXHOJOTUYECKUX CBOWMCTB TBEpCIONICH
3aKIaJKUM € KpYIOHBIM 3aloJIHUTENEeM: aBToped. nauc. ... KaHJ. TEXH. Hayk /
A.IL. Unrommn; CBepaioB. rOpH. UH-T. - CBepioBCK, 1984. - 24 c.

72. IHCTpyKIMM TIO pacyeTy THAPOTPAHCIIOPTA MECYAHbIX U MeCUaHO-TPAaBUMHBIX
marepuanos: [1P 34-70 / BHUUI um. b.E. Beneneena. - JI.: BHUUI, 1970. - 66 c.

73. NupopManimOHHO-TEXHUYECKUN CIPABOYHHUK [0 HAWIYYIIUM JOCTYITHBIM
texHosiorusiM. JloObiua u obOoramenue xenesnbix pya: UTC HAT 25-2021. - M.:
denepanabHOE areHTCTBO MO TEXHUYECKOMY peryInupoBaHuio U metposoruu, 2021. - 287
C.

74. Kuszekun, E.A. VccnenoBanue BIHAHMS BJIQKHOCTH COJEOTXOJIOB HA
3¢ (PEeKTUBHOCTH TMpollecca TPAHCHOPTUPOBKU IO 3aKIaJ0YHOMY TpyOOompoBoay /
E.A. Kasspkun, U.B. SlkoBneB // Marepuansl XVI MexayHap. Hayd.-ipakTH4. KOH(Q.
«HoBble uneun B Haykax o 3emiuex». - M.: MI'PU, 2023. - C. 52-54.

75. Kuszpkun, E.A. OOGocHOBaHME KOPPEKTUPOBKU JIOTUCTHYECKON CXEMBI
['peMsiuMHCKOTO TMOA3ZEMHOTO pPYIAHUKA C Y4ETOM JOCTaBKM JUIsl 3aKJIAIKA CYXUX
conmeotrxonoB / E.A. Kuszpkun, U.B. SlkoBnes // Matepuansl 5 MexayHap. Hayd. MIKOJIbI
akan. K.H. Tpybeukoro «IIpoGreMbl M TEpPCHEKTUBBl KOMIUIEKCHOTO OCBOCHHS W
coxpaneHus 3eMHbIX Henp». - M.: UTIKOH PAH, 2022. - C. 203-206.

76. KasaspkuH, E.A. OcOOCHHOCTH JTOTHCTUYECKON CXEMBI MOJ3EMHOTO PyIHUKA
Ha OOJBIIMX ITyOMHAX MPH 3aKJIaJIKe BRIPAaO0OTAHHOIO MPOCTPAHCTBA COJIEOTXOJAMHU U3
chopMUpOBaHHBIX TEXHOTeHHBIX oOpa3oBanuii / E.A. Kusspkun, W.B. fxoBner //
Martepuanbl Hayd.-ipakTHd. KoHG. «KoMOMHMpOBaHHASI TEOTEXHOIOTHS: KOMIIJICKCHOE

OCBOCHHC TCXHOI'CHHBIX 06p330BaHHﬁ u MeCTOpO)KI[eHI/II\/'I ITIOJIC3HBIX HCKOIIACMBIX». -

Marnautoropck: MI'TY um. I'.11. Hocoga, 2023. - C. 101-102.



167

7'7. KoBanbckuid, E.P. Pa3paboTka TEXHOJOTMM 3aKJIaJKH BbIpaOOTaHHOTO
IpocTpaHCcTBa Npu BhleMke KanuiHbIX pya / E.P. KoBansckuii, K.B. I'poMues // 3anucku
I'opaoro uncturyta. - 2022. - T. 254. - C. 202-2009.

78. Koxymiko, I'.I'. PacueT n npoexkTupoBaHue JJEHTOUHBIX KOHBEHEPOB: yUEOHO-
Metoaudeckoe mnocobue / I'.I'. Koxymko, O.A. Jlykamyk. - ExarepunOypr: MU3n-Bo
VYpan. yn-ta, 2016. - 232 c.

79. KoznoBa, O.}O. JIuckpeTHO-COOBITUHHOE MOJAEIUPOBAHUE TPAHCIOPTHBIX
notokoB pyauuka / O.}O. Kosnora // Yromas. - 2021. - N 12 (1149). - C. 12-14.

80. KoncrantnaoBa, C.A. Hexotopbele 3amaun MeXaHUKH AehOpMHpOBAHUS U
paspymenns consiHeix mopoxa / C.A. Koncranturosa, B.H. Antykos. - HoBocubupck:
Hayka, 2013. - 200 c.

81. Kpaiines, b.A. Cnoco0 JIMKBUAAIIMU COJICOTBAJIOB HAa KAIMHHBIX PYAHUKAX:
nat. PO N 2355887 / B.A. Kpaitnes, C.II. [IpsixoB, A.U. lllymaxep, B.B. benkun;
sasiButesib OAO «Ypankanuity. - Omy6s. 20 mas 2009 r. - bron. N 14. - 5 c.

82. Kpynnuk, JI.A. TexHoorust 3aKJIaJOYHbIX padOT C MOJHBIM HCIOIB30BAHUEM
xBocTtoB  obOoramenns / JLLA. Kpynuuk, I'.B. CoxonoB, B.C.I'epacumoB //
CoBepI1IeHCTBOBaHUE TEXHOJIOTUH T0OBIYH PY/I € 3aKJIaJIKoN Ha pyaHukax Kazaxcrana. -
Anma-Ara: Hayka, 1986. - C. 81-106.

83. Kyapsa, A.O. byrobeToHHas 3akiiajika Ipu KaMEpPHBIX CHCTEMax pa3paboTKH
MaJIOMOIIHBIX KPYTHIX W HAKIOHHBIX pyaHbIX 3anexed / A.O. Kymps // T'opnbiii
nH(GOpPMAIMOHHO-aHAUTHYeCKui Orometens. - 2013. - N S1. - C. 45-52.

84. JIasenkoB, B.C. Pemenue 3amaun MOJeNMpOBaHUS MMOTOKOB MHHEPAIHLHOTO
BEIIECTBA B TOPHOTEXHUYECKUX CHUCTEMaX M €r0 MUTPALMU B OKPYXKAIOIIYIO Cpely ¢
ucrnonb3oBanueM cpeasl AnylLogic / B.C. JlaenkoB / NUMMO/-2017: Tpyast
MexayHap. Hayd. KOH(]. 10 MUTaIIMOHHOMY MoaenupoBanuio. - CI16., 2017. - C. 446—
451.

85. Memepsxkos, 2.10. Meroa popmupoBanust KOMOMHUPOBAHHOTO 3aKIaI0YHOTO
MaccuBa MPH KaMEPHOW CUCTEME pa3paOOTKH KPYTOMAJAONIUX PYIHBIX TET Majlod U
CpeaHel MOITHOCTH Ha TIIyookux ropuzoHTax / 3.10. Memepskos, A.b. Annabepaus //

I"opHEbIi nHDOpMaMOHHO-aHAIUTHYECKNH OroiuteTeHs. - 2014. - N S1-1. - C. 112-118.



168

86. MunkuH, J[.A. OOocHOBaHME NapaMeTPOB MHUHEPATbHO-CHIPHEBBIX MOTOKOB
pU TPOSKTUPOBAHUU KOMILJIEKCHOTO OCBOEHUSI METHO-KOTUYEaHHBIX MECTOPOKICHUN:
aBToped. nuc. ... kaua. TexH. Hayk / J[.A. Munkus. - M., 2009. - 30 c.

87. Mopo3zoB, M.A. OueHka yCTOMYMBOCTH TOPHBIX BBIPAOOTOK B COJSHBIX
nopoaax ['peMsUMHCKOro MECTOPOXKIECHHUA: AUC. ... KaHAd. TexH. Hayk / 1.A. Mopo3oB. -
Ilepmsb, 2022. - 153 c.

88. Hukonaesa, T.H. MuxxenepHo-reosornyeckoe 000CHOBaHUE PALMOHATIBHOTO
pa3MeIleHNs OTXOJ0B KaJMHHOIO MPOU3BOJCTBA: JIUC. ... KaHJ. T€0J].-MUHEPAJ. HAYK:
04.00.07 / T.H.Huxomaena. - M., 1998. - 148 c.

89. HoBuk, I'.5l. AOpasuBHOCTh TrOpHBIX moOpoja // bonblias poccuiickas
sHimKIoneaus. - M.: bPO, 2024. - T. 2. - C. 121-123.

90. denepanbHbie HOPMBI M TIpaBUiIa B 00JaCTH MPOMBIIIJICHHON 0€30MacHOCTH
«[IpaBua 0€30MaCHOCTH TPH BEICHUU TOPHBIX pPAa0OT». YTBEPKIEHBI MPHUKA30M
Pocrexnanzopa ot 08.12.2020 Ne 505. — Mocksa, 2020. — 114 ¢

91. OGocHoBaHMEe © BBHIOOp BHJA, CMoco0a MW TEXHOJOTUM  3aKJIAIKH
BBIPa0OTAHHOTO MPOCTPAHCTBA B CIOKHBIX TOPHO-TEOJIOTMUECKUX U TOPHOTEXHUYECKUX
YCIOBUSAX BEJEHUS TOPHBIX pabOT Ha ['PEeMIYMHCKOM MECTOPOKIECHUU KaJTUHHO-
MaraueBbIx coiieii: oruer 0 HUP no norosopy Ne BK-22/251A/8000441100 ot 25.02.22
r. mexay OOO «EspoXum-BonraKamuit» u HWIIKOH PAH / mnayud. pyk.
M.B. PeutsaukoBa. - M.: UTIKOH PAH, 2022. - 195 c.

92. Onuzapenko, B.B. AHanu3 JOTHCTHYECKOH CXEMBI TOPHO-O0OTaTHTEIHLHOTO
MPEeANPUATHS npu KOMOWHUPOBAHHOU pa3paboTke MEIHO-KOIYETaHHbIX
Mectopoxaennii / B.B. Omm3apenko, A.B. KpacaBun, P.U. A6apaxmanos, B.B. ['onbos
// CoBpeMeHHbIE MPOOIEeMBbI TPAHCIIOPTHOT'O KoMIuiekca Poccuu: MexBy3. c6. Hayd. Tp. -
Beim. 4. - Marauroropck: MI'TY um. I.1.Hocoga, 2013. - C. 88-94.

93. 000 «TOMC-mpoekT». ['opHO-00OTATUTETHHBI KOMOMHAT TO JOOBIUE U
00O0TaIIeHNI0 KaTUHHBIX coyieid MomHOCThI0 2,3 MiH T/Tog 95% KCI I'pemsunnCcKoro
Mectopoxkenusi KorenbHuKOBCkOro paiioHa Bousrorpaackoit oOnactu. PynHuk

I'pemsiannckoro I'OK. - 2017. - 245 c.



169

94. OcHOBHBIE TEXHMUYECKUE pEUICHUS PAa3IUYHbIX BAapUAHTOB TPAHCIIOPTA
TaJUTOBBIX OTXOJIOB OT CHJIBBUHUTOBOW (pabpuku (cosieoTBana) A0 MeCTa BEACHUS
3aKJIaI0YHBIX pa0OT BBIPAOOTAHHOI'O MPOCTPAHCTBAa B HamOoJiee yNaN€HHBIX MaHEsAX
BOCTOYHOTO U 3alaJHOro y4acTkoB B pyaHuke I'pemsiuunckoro ['OK: otuér mo HUP /
E120-0016-8000586352-1111-01-OTP1. - Canxt-IleTepOypr, 2024.

95. IlapmmkoB, A.M. K Bompocy HCIOIb30BaHUS PA3IMYHBIX MaTepUATIOB IS
3aKJIaKM BbIpaOOTaHHOTO MPOCTPAHCTBAa Ha YrojibHbIX maxtax / A.M. Ilapmukos. -
Honeuk: Joneu. yu-t, 1983. - 19 c.

96. IlepeBouukoBa, A.A. YnpapiieHHe OTX0/1aMH KaJUHHBIX TOPHOA00BIBAIOIINX
npeanpusituii /  A.A. IlepeBomuxoBa, P.JI. [lepeBomukoB, E.E. Manbikuna,
H.B. MutpakoBa // W3Bectuss ToOMCKOro TOJUTEXHUYECKOTO YHHUBEPCHUTETA.
WNuxunupunr reopecypcos. - 2024. - T. 335, N 1. - C. 19-35.

97. IlerpoB, A.H. CoBepiieHCTBOBaHME TEXHOJOTMU 3aKJIaJKH BBIPAOOTAHHBIX
KaMep JIbJOTIOPOIHOM cMechio B kproiauTo3oHax / A.H. Ilerpos, [I.H. Iletpos // I'opHbIit
xKypHai. - 2015. - N 4. - C. 26-28.

98. IletpoB, A.H. TexHonorudeckue pemieHus 1Mo OTPabOTKE MECTOPOKIACHUS
banpan / A.H. Ilerpos, JI.M. Anekcees, J.H. Iletpos, C.I'. KonecuukoB // T'opHbIii
xkypHai. - 2016. - N 9. - C. 46-49.

99. Iletpoa, T.A. AHamM3 BO3ACHCTBHS XPAHWIHIL OTXOJOB KaJIUWHOTO
IIPOM3BOJICTBA HA OKPYKAIOIIYIO CPEAy M MOIXOAbI K BEIOOPY pallOHAIBHOTO CIocoba
ux cknaguposanus / T.A. Tlerposa, T.C. Actanenko, A.A. Konorpusko, A.C. Jlonrux //
BectHuk eBpaszuiickoii Hayku. - 2022. - T. 14, N 3. - C. 185-198.

100. [MnotkmH, b.K. CBs3p NpOM3BOACTBEHHBIX W TOBapHBIX  3aIacoB
MIPOMBIIINICHHOTO mpeanpusaTus: teopetndeckuit acnekt / b.K. ITnotkun, JI.}O.I'orusn //
[Tpo6membr coBpemenHo# 3koHoMuKH. - 2011. - N 1(37). - C. 112-118.

101. IMnotkun, b.K. ®opmupoBanre u pa3BUTHE TEOPUU MUHEPATHHO-CHIPHEBOI
noructuku / B.K. [Tnotkun, M.M. Xaiikun // 3ammcku ['opHoro unctutyta. - 2017. - T.
225. - C. 693-699.

102. [TocoOue mo mMpOEeKTUpOBaHUIO THApaBiIudeckoro Tpancmopta (k CHull

2.05.07-85) / ITIpomtpancuuumpoext I'occtpos CCCP. - M.: Ctpoiiuznar, 1988. - 92 c.



170

103. [Ipaktuka ympaBieHuss TropHbIM naBieHueM / nox pen. B.Jl. Causa,
B.B. [lantokoBa. - M.: Hexpa, 1985. - 215 c.
104. Ilyxos, I'.1. Pynuuunsiii Tpancnopt / I'.1. Ilyxos. - M.: Henpa, 2006. - 287

105. IlyxoB, FO.C. PynuuuHbIil TpaHcmopT: yueO. JJig ydallluXcsi TOPHO-PYII.
TEXHUKYMOB MO cHell. «JKCIUlyaTaluss U PEMOHT TOPHOIO 3JIEKTPOMEX. U aBTOMAT.
yctpoiictBy» / FO.C.IlyxoB. - 2-¢ u3a., nepepad. u gom. - M.: Heapa, 1991. - 352 c.

106. Paguenko, JI.H. Beibop coctaBa 3akianodHbix cmeced s GOpMUpPOBaHUS
KOHCOJIMTUPOBAHHOIO ~ 3aKJIaJ0YHOTO  MaccuBa MpU  TOJA3EMHOM  OTpalboTKe
I'pemsiunnckoro mecropoxaenust / J[.H. Paguenko, B.W. Tarapuukos // TIpobiembl u
NEPCIIEKTUBbI KOMIUIEKCHOIO OCBOCHHUS M COXpPaHEHHUS 3€MHBIX HEAp: Marepuayibl V
Kou¢. Mexnynap. nayu. mkoinsl akaa. PAH K.H.Tpy6eukoro, Mocksa, 14—18 Hos0.
2022 r. - M.: UTIKOH PAH, 2022. - C. 222-225.

107. Paguenko, JI.H. OO6ocHoBaHue HOBOW TexHOJOTMH (OPMHUPOBAHUS
BBICOKOIJIOTHBIX 3aKJIaJ0YHBIX MACCHBOB Ha OCHOBE COJICOTXOJOB ISl oOecreueHus
BBICOKOH TOJTHOTHI BBIEMKH KaJIUHHBIX coJiel mpu noazemHuoi gooerde / JI.H. Paguenko,
B.U. TarapuukoB, B.B.Tl'aBpunenko //  KomOuHUpOBaHHas  T€OTEXHOJIOTHS:
KOMIUIEKCHOE OCBOCHHE TEXHOTE€HHBIX O0pa3oBaHUNW M MECTOPOXKICHUU TMOJE3HBIX
UCKoMmaeMbiX: Mateprasnbl XII Hayd.-mpakT. KoH(). ¢ MEXIyHap. YydacTHEM. -
Marnautoropck: MI'TY um. I''1. Hocosa, 2023. - C. 103-106.

108. Paguenko, JI.H. OxcnepuMmeHTalbHOE HWCCIEAOBAHHME XapakTepa H
MOCJIEACTBUN B3aUMOJCHCTBUSI COJISTHBIX MTOPOJI C TUAPO3aKIIAaJ0YHBIMHU PACCOIAMU MPU
MOA3EMHOM  pa3paboTKe MeCTOpOXKIeHWd KamuhHbix cojerd /  JI[.H. Paguenko,
P.B. beprep, B.W. Tarapuukos, [1.0. 3yOxoB // Mapkieiaepust 1 HeIpONOIb30BaHUE. -
2023. - N 6(128). - C. 60-67.

109. Paiic, B.B. Omnpenenenue mapamMeTpoB TEXHOJOTHH C 3aMOpPaKMBAEMOU
3aKJIaJKOW BBIPAOOTAHHOTO MPOCTPAHCTBA MPU OTPAOOTKE LIEHHBIX PYI KUJIbHBIX
MECTOPOXKJACHUN B KPHUOJUTO30HE: AMWC. ... KaHA. TexH. Hayk / B.B. Paiic. — Cankr-

[Tetepbypr, 2019. — 178 c.



171

110. PactannukoBa, E.B. MupoBoii ppIHOK CHELTEXHUKH U TOPHOA0OBIBAIOILIETO
o0opynoBanust B 2022 r.: cmoxer nu Kuraii obGecneunth nocraBku B Poccuro? /
E.B. PactannukoBa // Boctounas anaiautuka. - 2022. - T. 13, N 4. - C. 156-172.

111. PexoMeHmanuu 1O THUAPABIMYECKOMY pacueTy CHUCTEM HalOpHOIO
TUAPOTPAHCIIOPTA 30J011IaKk0BbIX Matepuanos: 11 61-77 / BHUUI um. b.E. Beneneesa,
YxkpHUUT uapoyrons. - JI.: BHUUI um. b.E. Beneneesa, 1977. - 52 c.

112. Py6amkuna, T.M. Cnoco6 moiydeHUss KOMIO3UIIMOHHOTO Marepuana s
3aKJajKku BbIpaboTaHHOTrO mpocTpaHcTBa: mat. RU 2747753 C1 / T.W. PyGamkuna,
M.A. Koctuna. - Poccuiickas ®enepanus. - 3assi. 09.10.2020; ony6s. 13.05.2021. -
bron. N 14.

113. PycakoB, M.I. UccnenoBanue TpaHCTOPTaOEIbHOCTH 3aKJIAJOUYHBIX CMecen
U3 OTXOJOB KAJIUWHOTO MPOU3BOJACTBA M XJjopucrtoro kambius / M.U. Pycakos,
b.A. bop3akosckuii, A.B. llunos, B.B. Tapacos, B.C. IlectpuxkoBa // W3BecTus
Tynbsckoro rocynapctsennoro yausepcuteta. Hayku o 3emie. - 2014. - Boin. 1. - C. 65—
70.

114. Puibak, . IIporHo3upoBaHne reOMEXaHUYECKOIO COCTOSIHHUS MacCHBa MpU
OTpabOTKE COJITHBIX MECTOPOXKIeHUM ¢ 3akiankoit / . Peibak, M.M. XalipyTauHoB,
I.A. Kysues, U.b. Konrap-Cropron, H.B. ba6wipp // 3anucku ['opHOro mHCTHUTyTA. -
2022. - T. 254. - C. 210-218.

115. PeutbHuKOBa, M.B. 3aKOHOMEPHOCTH THIIEPIEHHOTO0 MHUHEPAIO00pa30BaHUS
B MOJEIBHBIX CHUCTEMAx KYYHOTO BBIIIECTAYMBAHHUS TEXHOT€HHBIX OTXOJOB MEIHO-
KOJIYEJTaHHBIX MECTOPOKICHUN / M.B. PsuibHMKOBA, E.A. T'opbaToBa,
E.A. EmMenbsanenko // I'opHbIl nHGOPMAIIMOHHO-aHATUTHYECKUH OroiieTeHs. - 2011, - N
9.-C.44-52.

116. PeutbankoBa, M.B. HccnenoBaHue MpOIIECCOB BBINIEIAYMBAHUS IIEHHBIX
KOMIIOHEHTOB U3 TEKYHUIMX XBOCTOB OOOTaleHUs] MEIHO-KONYEAAHHBIX pyx /
M.B. PeutbankoBa, JI.H. Paguenko, JI.A. Munkun // TopHBI HHpOPMAIMOHHO-

ananutndeckuii orosuierenb. - 2010. - N 2. - C. 19-27.



172

117. PeutbHukoBa, M.B. Kiaccudukainus TeXHONOTHM 3aKIaJKu ISl yCIOBHM
MOJ3EMHOIN pa3pabOTKU COJSHBIX MecTopokaeHui / M.B. PeuibHukoBa, P.B. beprep,
N.B. SxoBnes, E.M. Caxapos // I'opHast npombIieHHOCTb. - 2024, - N 5S. - C. 64—/0.

118. PouibaukoBa, M.B. OO6ocHOBaHME pPAa3BUTUS JIOTHCTHYECKOW CHUCTEMBI
CBETIMHCKOrO Kaphepa C YYE€TOM MEpCHEeKTHB IMepexoja Ha KOMOMHHMPOBAHHYIO
reorexHojioruto / M.B. PeutbnukoBa, K.H. Ctpykos, P.B. beprep, E.H. Ecuna // 'opnas
npombiniieHHOCTh. - 2019. - N 6. - C. 106-111.

119. PouibaukoBa, M.B. OGocHOBaHME CTPYKTYpPbI U TApaMETPOB JIOTUCTHYECKON
CXEMbl MOA3EMHOI0 pyJHHMKA MpHU pa3paboTke TiyOOKOo3aJeraroumx MeCTOPOXKACHUN
KaJUUHBIX COJIEH cHUCTeMaMHM C 3aKJaJKod BbIpaOOTAHHOTO MPOCTpaHcTBa /
M.B. PeuibaukoBa, W.B. SxoBneB, E.M. CaxapoB, P.B.beprep // Topnas
npoMeblieHHocTs. - 2023. - N 2. - C. 134-1309.

120. PoutbauikoBa, M.B. OcoOGeHHOCTH JIOTMCTHUYECKOW CXEMbl pPYIHUKA MpH
OCBOCHHUHU TJIYOOKO3QJIETAIOIIEr0 MECTOPOXKACHUS KaJIMMHBIX COJell ¢ 3aKiaakon
BBIPAa0OTAHHOTO TMPOCTPAaHCTBA Ha OCHOBE coieorxoqoB / M.B. PeuibHuKOBa,
P.B. beprep, 1.B. SkoBnes // 'opHas npombIuieHHOCTb. - 2025. - N 2. - C. 47-54.

121. PeutbHukoBa, M.B. TeXHHKO-TEXHOJOTHYECKHE PEIICHHS TIO0 3aKJIaJIKe
BBIPAa0OTAHHOTO MPOCTPAHCTBA MpU OTPabOTKE TIIyOOKO3aJeTralIInX IUIacTOB
cunsBuHEUTa / M.B. PeuibamkoBa, P.B. beprep, W.B. flkoBnes u nap. // ®dwusuko-
TEXHUUYECKHUE MPOOIeMBbl pa3pabOTKH MOe3HbIX uckomaembix. - 2024, - N S2. - C. 167—
176.

122. CanlluH 1.2.3685-21. T'uruenudyeckue HOpMAaTHBBI U TpeOOBaHUA K
obecrieueHuto0 0e30MacHOCTH U (WiK) 0e3BpeIHOCTH (HaKTOPOB Cpeabl OOMTAHHS IS
yenoBeka: yTB. ['naB. roc. canurap. Bpauom P® 28 auB. 2021 r.; BBen. B aericteue ¢ 01
mapta 2021 1. - M.: ®enepanpHas cinyx0a mo Hag3opy B cdepe 3aluThl TpaB
notpeduTenei u 6naronomyuns yenoneka, 2021. - 298 c.

123. CenusepcroBa, H.C. [Togxoap! K ynpaBIeHUIO JOTUCTUICCKUMU TIPOIIECCAMU
B ycioBusax mudpooir skoHomukun / H.C. CenmuBepcroBa, P.A. Cabutop// Russian

Journal of Economics and Law. - 2022. - N 3. - C. 114-121.



173

124. CmupnoB, K.A. OnbelIT npumeHeHUs TBepAerolleil 3akiagku Ha [ alickom
pyanuke / K.A. Cmupnos, K.1O. Penn. - M.: [[HUHusetmeT, 1966. - 89 c.

125. Crénun, A.A. CocTosiHME M TMyTH COBEPLIEHCTBOBAHUS TEXHOJOTUU
MOJ3EMHBIX TOpPHBIX pabOT B ycloBUSAX Be4yHOW Mep3noTel /  A.A. Crénun,
1O0.B. Muxaiinos // B ¢6.: ITHUHUuBetmer sxkoHomuku u uHpopmanuu. COOpHUK
Hay4HBIX TPYIOB. - Beim. 2. - M.: [[HUUnBer™eT, 1987. - C. 18-25.

126. Tancues, A.Il. Pa3BuTtue pecypcocOeperarmnmx reoTexXHoJIOrui pa3padoTKu
MOIIIHBIX TIOJIOTONAJAaoONINX 3aJeKel MOoJTUMEeTAIUIMYECKUX py B yciaoBusix Hopunbcka
/A1l Tancues, A.M. @peitnun, B.A. YckoB, A.H. Anymenkon, [1.A. ®ununmos,
A.A. Heepos // ®u3nko-TeXxHUUECKHE MPOOIeMbl pa3pabOTKHU MOJIE3HBIX HCKOMAEMbIX.
-2014. - N 5. - C. 622-634.

127. Temxun, E.W. HHrennekTyanbHble CUCTEMBl  YIpaBICHUS  TOPHO-
TPAHCIIOPTHBIMA KOMIUIEKCAMH: COBPEMEHHOE COCTOSIHWE, 3a7a4d W MEXaHH3MBI
pemenus / E.M. Temkun, [I.A. Kne6anos // Yrons. - 2014. - N 8. - C. 257-266.

128. Tpy6enxkoii, K.H. OcobeHHOCTH METO0JIOTHH CO3JaHUsI M TPUMEHEHUS
IPUPOIONOAO0HBIX TOPHBIX TEXHOJOTHHM TPH OCBOCHHMM MHUHEPATBHBIX PECYpCOB
Apktuku/  K.H. Tpy6enkoit, FO.I1. Nanuenko, I'.B. Kanabun//®u3znko-TeXHUYECKHE
poOJIeMbl Pa3pabOTKH MOJIe3HBIX UcKomaeMbIX. - 2019. - N 3. - C. 53-62.

129. ®anrenp, X. 3akiaaka BeIpabOTaHHOTO MPOCTpPaHCTBA JibaoM / X. DaHrens //
B kn.: Pa3zpaboTka MectopoxkaeHuit ¢ 3aknanakoii / mog pea. C. ['paaxonsma. - M.: Mup,
1987. - C. 486-504.

130. XadipytnunoB, M.M. Ilom3emMHass TreoTEeXHOJOTHS C  3aKJIaJKOM
BBIPA0OTAaHHOTO TIPOCTPAHCTBA: HEIOCTATKH, BO3MOKHOCTH COBEPIICHCTBOBaHUS [/
M.M. Xaitpyraunos, UK. llaiimspasaoB // ['opHbIii nHOOPMAIIMOHHO-aHATUTHYECKUT
oromterenb. - 2009. - N 1. - C. 240-250.

131. [u6aen, C.C. OcoOeHHOCTH MPUMEHEHUS TMOJMMEPHBIX M OPraHHYECKHX
CKPEIUISIIONINX COCTAaBOB MIPH PEMOHTE MOA3EMHBIX TOpHBIX BbIpaboTok / C.C. [{ubaes,
J.B. 3opkun, A.A.PaneB, Il. Banr // W3Bectuss TOMCKOTO NOJHUTEXHHYECKOTO

yauBepcuteTa. Mmxunupunr reopecypcos. - 2020. - T. 331, N 10. - C. 113-119.



174

132. Opiranos, M.H. Bnusinue maTepranoB Ha Ka4eCTBO MOHOJIMTHOM 3aKJIagKu /
M.H. Upiranos, N.T. Cnaunus, I'.J1. 3amockoBueBa // I'opHbiii sxypHai. - 1981. - N 5.
- C. 27-28.

133. YensOunckuit TpakTOpHBIN 3aBoA. [[eHbI Ha TEXHUKY [ DNEKTPOHHBIN pecypc].
- Pexxum gocrtyma: https:/chtz-trak.ru/ceny-na-texniku.html (mata oOpamieHus:
05.01.2025).

134. Yepuenko, B.E. JIuckpeTHO-COOBITUIHOE MOIETMPOBAHKE TOPHON JOOBIUU B
nop3eMHoM KanuiiHoMm pynaHuke / B.E. Uepnenko, A.A. ManbsixanoB // Marepuaiibl
KoH(}. «MMUTaNMOHHOE MOJAETHpoBaHue: Teopus W mnpaktukay (MMMO/]-2013),
Kazanp, 1618 okt. 2013 1. - Kazans, 2013. - C. 292-296.

135. Yyaunos, I'.C. ApxutexTypa CHUCTEMbl MMUTALMOHHOTO MOJEIHPOBAHUSA
rpy3onotroka B KanuiHbIX pynHukax — [IK «Pymonorok» / I'.C. Yyaunos // BectHuk
[lepmckoro ynuBepcutera. Marematuka. Mexanuka. Madopmaruka. - 2011. - N 3. - C.
67-73.

136. [llanpynoB,  A.I'.  CoBeplIeHCTBOBaHUE  JIOTUCTUYECKOM  CXEMBI
CBETIMHCKOTO pyAHMKA TpPHU TMepexojeé Ha HIUKINYHO-TIOTOYHYIO TEXHOJOTHIO /
A.l'. lagpynos, C.A. Ca6nés, 1. A. ITeiTanes, O.B. ®punpuxcon // U3sectus Tynl'V.
Hayku o 3emite. - 2020. - Boim. 4. - C. 535-546.

137. lllumnsaaukos, JI.M. CoBepuieHcTBOBaHME OOOpPYAOBaHHUS W PEKUMOB
paboThl  MPOXOAUYECKO-OYHCTHBIX  KOMOAMHOB  KaNWWHBIX  PYJHUKOB  Kak
sHeprod(pGheKTUBHBIX 00BEKTOB (YHKIIMOHUPOBAHMS: JIUC. ... I-pa TexH. HaykK: 05.05.06
/ .. Humsaaukos. - M., 2012. - 273 c.

138. llIkyparckmii, [I.H. Hcnonb3oBaHMe OTXOJIOB MPOU3BOACTBA KaTUHHBIX
yIOOpEeHHI B TOPOJHBIX CMECSX IS 3aKJIaJKd BbIPaOOTaHHBIX MPOCTPAHCTB /
J.H. lllkyparckuii, M.W. Pycakos // U3Bectus Tynl'Y. Hayku o 3emie. - 2015. - Boim.
3. -C. 87-98.

139. lllysanos, KO.B. K Bompocy cHWXEHHS WHBECTHUIIMOHHBIX PHUCKOB TIpHU
paspaboTtke kanuitHbIX MecTopoxkaenuii / F0.B. llysanos, O.B. Kosanes, C.I1. Mo3ep u

ap. // Topuerit uaopmanmonHo-ananutudecknii 6romterens. - 2010. - N 11. - C. 366—
372.



175
140. lymaes, B.A. OcHoBwl noructuku: y4ed. nmocooue / B.A. lllymaes. - M.:

IOpunnueckuit nacruryr MUUT, 2016. - 314 c.

141. lllep6ansb, I1.C. Pa3paboTka TEXHONOTMU BEIAECHUS 3aKJIAJOYHBIX pabOT Ha
MeCTOpOoXaeHUsIX mnonuMmuHepaibHbix coseir / I1.C. HlepOanb, C.B. PazymoBuy//
Texuuka u TexHosorus roproro gena. - 2018. - N 3(3). - C. 4-18.

142. DxckaBatop Py. [lorpy3ouno-gocraBounsie mamuHsl CATERPILLAR 6/y u
HOBBIE [DNIeKTpOHHBIN pecypc]. - Pexxum nocryna: https://exkavator.ru/trade/karernaya-
tehnika/pogruzochno-dostavochnye-mashiny/caterpillar/ (nata ooparienus: 11.01.2025).

143. SIxoBneB, W.B. OOocHOBaHHME mapaMeTpPOB JIOTUCTUYECKOHM CHUCTEMBI
['peMsiunHCKOrO  pyJHUKAa C  THAPABIMYECKOM  CXEMOM  TpaHCHOPTUPOBAHUS
3akiagouyHoro wmaccuBa // Marepuanbt VI MexayHap. Hayd. IIKOJbI — akaj.
K.H. Tpy6enkoro «I[Ipo0GiaeMbl 1 mepCreKTUBbI KOMIUIEKCHOT'O OCBOCHUS M COXPaHCHUS
3eMHBIX Henp». - M.: UTIKOH PAH, 2024. - C. 246-249.

144. sixosneB, WM.B. OOocHOBaHHME YCIOBUH TpPAHCIOPTUPOBAHUS CYXUX
KOMITOHCHTOB 3aKJIaJ0YHBIX CMECeH B KaIUUHbIN pynHuK / Matepuansl 16 MexmyHap.
Hay4. IIKOJIbI MOJIOJIBIX YUYE€HBIX U crienuanuctoB. - M.: UTIKOH PAH, 2023. - C. 207-
2009.

145. SIkoBneB, 1.B. CoBepiieHCTBOBaHHE TEXHOJIOTUM T€PMETH3ALMU CTBOJIOB
npu npoxoake keinb-kpanuem / WM.B. SIxosne, C.B. Unaxun, O.C. bproxoBerkuii //

Momnonbsie — Haykam o 3emiie: Te3uchl 1okiaanoB X MexayHap. Hayd. KOH(. MOJIOIBIX

yueHbIX. - M.: MI'PH, 2022. - C. 52-54.



176

HHPUJIOKEHUE A. 3arpaTsl Ha npuo0pereHre 000py10BAHUA IS HMKJIMYHOMN JIOTHCTHYECKOMN CXeMbl

TPAaHCNIOPTHPOBAHMS 3aKJIa109HOro Matepuaja I'pemsiunnckoro I'OKa

11\/{(1’; HaunmenoBanue 000pymoBaHUs Tun/Mopeinb KOHHI?IiCTBO’ Hnuna, M Iena 3a equnumIty, ThIC.$ Cymma, pyo.

1 2 3 4 5 6 7
[ToBepXHOCTHBII MOTYITb 159 418 400
1 Bynsnozep YETPA T20 2 - 250 49 325 000
2 JpoOuiIsHO-COPTUPOBOYHAS VMJIIC-250-0 9 i 30 5 919 000
YCTaHOBKaA

3 @poHTATBHBIA TOTPY34HK YETPA TIK-6 2 - 150 29 595 000

4 JIeHTOYHBIE KOHBEHEPHI KJI-1000 2 550 0,6 65 109 000

5 JIeHTOYHBIN KOHBEHEP KJIC 140 2 80 0,6 9470 400

Koprryc 3atapuBanusi coieoTxo/10B

6 Crannus 3arapuBanus MKP ATM-1000 3 - 50 14 797 500

7 JleauTens moToka JI1-600 1 - 3 295 950

8 CkpeOKOBBIN KOHBEHEP CK-800 3 25 4 29 595 000

BepTukanbHblil TOA3€MHBIN MOIYIb
9 | Cxumosoii mogpem ﬁ‘yl‘“‘ma" YOTAHOBEE 1 1 : 320 31 568 000
I'opHu30oHTANBHBIN TOA3EMHBIH MOTYJIb

10 [Ipuemuslii OyHKED BII-60 6 - 50 29 595 000

11 [Ieperpyxarens s MKP YCM-120 6 - 50 29 595 000

19 CamoxoaHbIe MHEBMOKOJIECHBIE | | (a3 1 97 i 200 1 864 485 000

BaroHsbl

Hrtoro

2 159 349 850
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HPUJIOKEHUE b. 3aTtparsl Ha npuo0peTeHue 000py10BAHUA IS HMKJIHMYHO-TIOTOYHOM JOTHCTHYECKOH CXeMbI

TPAaHCNIOPTHPOBAHMS 3aKJIaJ04HOro MarepuaJa 'pemsiuunckoro I'OKa

Ne

Komnaectso,

HnuHa,

[lena 3a enuHULy,

o HaumenoBanue obopynoBanus Tun/Moneinb e . THIC.S Cymma, pyo.

1 2 3 4 5 6 7
[ToBepXHOCTHBII MOTYITb 180 233 550

1 Bbynbnosep YETPA T20 2 - 150 14 797 500

2 JpobunbHO-copTHpoBOUYHas ycraHoBka | YMJIC-250-0 2 - 3 295 950

3 @DpoHTATBHBIH TOTPY3UHK YETPA I1IK-6 2 - 150 14 797 500

4 JIeHTOYHBIEC KOHBEHEPHI KJIC 1400 2 80 0,7 11 048 800

5 JIeHTOYHBIN KOHBEHEP KJIC 1400 1 550 0,7 37 980 250

6 bapabanHas cymuika bH 3,5-27 5 - 17 8 385 250

7 JleHTOYHBIN KOHBEHEP KJIC 1400 1 550 0,7 37 980 250

Koprmyc momaum cosieoTxo10B 46 069 550

8 WHepuroHHBIH TPOXOT I'cC-62 1 - 2 197 300

9 CkpeOKOBBIi KOHBEHEp CIILI-300 2 30 0,7 4143 300

10 | JloHHBIH enHuTETh J11-600 1 - 3 295 950

11 | IluraTens [1J1-1000 1 - 4 394 600
BepTukanbpHbIi MOTYTb 149 652 050

12 | 3aknamouHsblil TpyOOTIPOBOI Crans C13, quamerp 273 mm | 1 1110 0,7 76 651 050

13 | Bydepusie ycTpoiicTBa Konunueckuit nemmndep 4 - 5 1973 000

14 | PaccononpoBoa Cranb, tuametp 200 MM 1 1200 0,6 71 028 000




178

[Ipononxenue TaOaUIbI

1] 2 3 | 5 7
l'opuzoHTaNBHBINA MOTYIb 1382 066 770
15 | PaccomonpoBon Crainp, quametp 200 MM 2 10000 0,19 374 870 000
16 | byHkep-HaKOTIUTENb BIT-60 1 - 7 690 550
17 | CxpeOKoBBIif KOHBEIEp CIILI-271 4 25 0,7 276 220
18 | MarucrpanbHbIif KOHBEHED KJI-1000 2 10000 | 0,7 1 381 100 000
KamepHs1it MoTysh 18 348 900
19 | IlepenBmxHON nHeBMokamepHsbiid | [TI13K-150 3 - 16 4 735 200
3axsagounblil komiuiekc (I1T13K)
20 | BriiokoBeIit KOHBEHEp KJI-1000 6 30 0,7 12 429 900
21 | Cucrema opoiieHust P3-1 3 - 4 1183 800
JlononaurensHOE 000pyI0BaHUE 1144 340
22 | Cucrema c)XaToro Bo3ayxa Komnpeccopnas cranius 1 - 8 789 200
23 | YpoBHEMepHI VYabTpa3ByKOBBIC 18 - 0,2 355 140
Hroro 2 152 385 160
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HNPUJIOKEHUE B. 3aTparbl Ha npuo0peTreHue 000py10BAHUSA JJIA MOTOYHOM JTOTHCTHYECKON CXEMbI

TPAaHCNIOPTHPOBAHMS 3aKJIa109HOro Matepuaja I'pemsiunnckoro I'OKa

Ne i/ | HammeHnoBaHue o0opyI0BaHUS Tun/Moneins KomugectBo, T | [nuHa, M Ilena 3a equnwmILy, Cymma, pyo
ThIC.$
1 2 3 4 5 6 7
[ToBepXHOCTHBII MOTYITb 159 418 400
1 Bynbno3ep YETPA T20 2 - 250 49 325 000
2 JpoOMITbHO-COPTHPOBOYHAS
YCTaHOBKA YM/IC-250-0 2 - 30 5919 000
3 DpOHTATHHBII TTOTPY3UYHK YETPA TIK-6 2 - 150 29 595 000
4 JleHTOUYHBIE KOHBEHEPHI KJIC 1400 2 550 0,6 65 109 000
5 JIeHTOYHBIN KOHBEHEp KJIC 1000 2 80 0,6 9470 400
Koprmyc myipmonpuroToBieHus 2 466 250
6 bynkep mist xpaneHus b-20 2 - 3 591 900
7 BcerpsxuBarens BM-3,0 8 - 1 789 200
8 ITuTaTenp T€HTOYHBIN 11J1-1000 2 - 4 789 200
9 JleauTens motoka JI1-600 1 - 3 295 950
BepTukanbpHbIil MOTYIb 21 012 450
10 3aka0uHbIN TPYOOIIPOBOI 273x10 MM 1 1100 0,19 20 617 850
11 baxk paccomocbopHuka PC-50 1 - 4 394 600
[Toa3eMHbIN MOTYITH 378 816 000
12 3aKI1aJOuHBIi TPYOOIIPOBOT 273x10 MM 2 10 000 0,19 374 870 000
13 ITHC 250 kBt 4 - 10 3946 000
KamepHnsrit Mogynb 1479 750
14 Kamepnslie paccosnocOopaukn | 4 M3 6 - 1 591 900
15 Hacocsl I{enTpoOeXHBIi 3 - 3 887 850
JlononauTensHOE 000pyIOBaHNE 2 209 760
16 Cucrema ckaToro Bo3ayxa Komnpeccopnast craHnus 2 - 8 1578 400
17 VpoBHEMEPBI VIbTpa3ByKOBBIC 32 - 0,2 631 360
Hroro 565 402 610
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HPUJIOKEHHUE I'. OkcmiyaTanMoOHHbIE 3aTPATHI IS HUKIMYHON JIOTHCTHYECKOM ¢XeMbl TPAHCIIOPTHPOBAHMS

3akaag04Horo marepuaja I'pemsaunnckoro 'OKa

No HaumenoBanue Tun/Monenb Koun- | Cpox TOuP (10%), | Dnexrpo- Tommgo, Paboyas Uroro, pyo.
n/m | obopymoBaHus BO, CIIyXObl, | pYO. SHEpPruUs, pyo. cuia, pyo.
mT | JeT pyo.
1 2 3 4 5 6 7 8 9 10
[ToBepXHOCTHBIN MOIYJIb
1 Bynbnozep UETPA T20 2 10 1479 750 0 13 812 768 | 8 500 000 47 585 036
2 Hpoo6uibHO- YMJIC-250-0 2 10 5919 000 40800000 |0 2 880 000
COPTHUPOBOYHAS 25 198 000
YCTaHOBKA
3 ®poHTAITBHBII YETPA IIK-6 2 10 3946 000 20400 000 | 3 600 000 2 880 000 32 892 000
MOTPY3YUK
4 Jlentrounslie koHBeiieprr | KJI-1000 2 15 4 340 600 60600000 |0 0 21 881 200
5 Jlenrounsiit kouseitep | KJIC 140 2 15 947 040 10200000 |O 0 4294 080
Kopmyc 3aTapuBanus coieoTxo10B
6 Crannust  3arapuBanus | ATM-1000 3 12 5919 00 20400000 |0 4 320 000 21 935 700
MKP
BepTukainbHbIil TOA3€MHBIN MOAYIb
7 CKHUIIOBOH MMOIBEM Ckunosas 1 20 1183 200 30600000 |0 0 5783 200
yctaHoBka Ne 1
l'opuzoHTaNbHBIN 10A36MHBIA MOy
8 [Ipuemnsliii OyHKED BII-60 6 15 295 950 0 0 0 1775700
9 [leperpyxarens s | YCM-120 6 15 295 950 0 0 8 640 000 5935950
MKP
10 CaMOXOJHBIE BaTOHBI 10BC-30M 27 12 1553 737 320400000 | O 38 880 000 | 465 850 899

Hroro

633 131 765
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NPUJIOKEHHUE /1. DkciuiyaTaliuOHHbIE 3aTPAThI IS HUKJIUYHO-TIOTOYHOM JIOTUCTHYECKOM CXeMbI

TPAaHCNIOPTHPOBAHMS 3aKJIa109HOro Matepuaja I'pemsiunnckoro I'OKa

No | HaumenoBanue Tun/Monenb Koun- | Cpok TOuP DneKTpo- Tomumgo, Paboyas Uroro, pyo.
n/m | obopymoBaHUs BO, | CIYXKOBI, (10%), py0. | sHeprus, pyo. cuia, pyo.
mT | JeT pyo.
1 2 3 4 5 6 7 8 9 10
[ToBepXHOCTHBIN MOIYIb
1 Bynbnozep UETPA T20 2 10 1479 750 0 13812768 | 8500 000 | 47 585 036
2 Hpoo6umsHO-coptupoBouHas | YMJIC-250-0 2 10 3200 000 3800 000 0 2880000 |19 760 000
YCTaHOBKA
3 OpOHTATBHBIN MTOTPY3UHK YETPA IIK-6 2 10 3946 000 2 400 000 3 600 000 6 500 000 | 32892 000
4 JlenTouyHbBIE KOHBEHEPHI KJIC 1400 2 15 4 340 600 6 600 000 0 0 21 881 200
5 bapabanHnas cymmika bH 3,5-27 5) 15 947 040 12000000 |O 0 25 894 080
Kopmnyc nogaum coneoTxo10B
6 WHepuroHHBIH TPOXOT I'cC-62 1 12 82 208 120 000 0 1440000 | 1642208
7 CkpeOKOBBIi KOHBEHEp CIILI-300 2 15 276 220 2 400 000 0 1440000 | 8232440
BepTtukanbHbiii MOTyb
8 3aknagounbiit Tpyoonposoa | Cranb Cr3,
1 20 383 255 480 000 0 0 863 255
nuameTp 273 MM
9 Bydepnsie ycTpoiicTBa Konunueckuit 4 20 98 650 0 0 0 394 600
nemrndep
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[IponomxeHue TaOIUIBI

1| 2 3 | 4 | 5 | 6 7 9 10
['opu3oHTANBHBIN MOLYIIb
10 | PaccomomnpoBon Cramp,  mmamerp | 2 20 118 380 760 000 0 1 756 760
200 MM
11 | Bynkep-Hakonurenb BIT-60 1 15 44 064 0 0 484 701
12| MarncrpanbHeii KJI-1000 2 B 789 200 12 000 000 0 25 578 400
KOHBeliep
Kamepnsiit Moynb
13 | [lepenBmxHOI II13K-150 3 12
HHEENOKAMCPHEIT 157840 | 4800 000 4320000 | 27833520
3aKJIaJJOYHBI  KOMILIEKC
(TTI13K)
14 | brokoBBIN KOHBElEP KJI-1000 6 15 710 280 3 600 000 0 25 861 680
JlomoTHUTEIBHOE 000PYIOBaHHE
15 | Cucrema cxatoro Bo3ayxa | Kommpeccopras 1 15 52 613 2 400 000 0 2 452 613
CTaHIUSA
16 | YpoBHEMEDHI VYapTpa3ByKoBbIE 18 10 8 878 0 0 159 804
Hroro 243 272 297
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HPUJIOKEHUE E. JDxcniryaTanMoOHHbIE 32aTPAThI AJIsl IOTOYHOM JIOTHCTHYECKOM CXeMbl TPAHCIIOPTUPOBAHMS

3akaag04Horo marepuaja I'pemsaunnckoro 'OKa

No | HaumenoBanue Tun/Monenb Kon-Bo, | Cpox TOuP DneKTpo- TormmmBo, | PabGouas Uroro, pyo
/1t | 000pyIOBaHUS T cyx0s1, et | (10%), py0. | aHeprus,py0. | pyo. cuia, pyo.
1 2 3 4 5 6 7 8 9 10
[ToBEpXHOCTHBIN MOAYJIb
1 Bynbrozep UETPA T20 2 10 1479 750 0 13812 768 | 8 500 000 | 47 585 036
2 | MpobubHo- YMAC-250-0 1, 10 3200000 |3800000 |0 2880000 | 19 760 000
COPTHUPOBOYH. YCTAHOBKA
3 ®ponTaneHelii morpy3unk | YETPA T1K-6 2 10 3 946 000 2 400 000 3600000 | 6500000 | 32892000
4 JIeHTOYHBIEC KOHBEHEPHI KJIC 1400 2 15 4 340 600 6 600 000 0 0 21 881 200
Kopmyc myasnomnpuroToBiIeHAS
5 | Bynkep ans xpaHeHUs b-20 2 12 65 767 0 0 0 131 534
6 BerpsxuBarenb BM-3,0 8 12 32 883 400 000 0 0 263 064
7 [TuTaTenp JEHTOYHBIN 11J1-1000 2 15 65 767 1 200 000 0 0 2 531 534
8 Jlenutens MoToKa JT1-600 1 12 65 767 305000 0 0 370 767
BepTukanbHbIii MOTyIb
9 3akaag0uHbIN TPYOOTIp. 273x10 mm 1 20 379 803 480 000 0 0 859 803
10 | bak pacconocbopHuKa PC-50 1 20 49 325 0 0 0 49 325
ITonzemMHbIN MOYIb
11| Saranoumi 273x10 M 2 20 6905500 | 100 000 0 0 14 011 000
TpyOOIIPOBOI
12 | IHC 250 kBt 4 15 789 200 12 000 000 0 0 51 156 800
Kamepnsliii Moysb
13 | KamepHsbiid 4 m?
6 12 65 767 120 000 0 0 1114 602
paccoyiocOOpHUK
14 | Hacocsr IlenTpoOexkHbIli | 3 10 493 250 4 800 000 0 0 15 879 750
JlononauTenpsHOE 000pyIOBAaHUE
15 | Cuctema cxkaroro | Kommpeccopnas 1 15 52 613 2 400 000 0 0 2 452 613
BO3JIyXa CTaHIUS
16 | YpoBHemepbl VYibTpa3BykoBbie | 32 10 15784 0 0 0 505 088
Uroro 211 444 116




