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BBEJAEHUE

AKTyaJbHOCTh TeMbl ucciaenoBanmsi. Ha [lansHem Boctoke 3050T0700BIYA
UTPaeT BAXHYIO POJIb B SKOHOMHKE PETHOHOB W 3a4acTylO SIBISICTCS €AMHCTBEHHBIM
MCTOYHUKOM 3aHSITOCTH HACEJIEHUA B OTHAIEHHBIX CEBEpHBIX paiioHax. Hecmorps Ha
CHIDKEHHME JIOJIU POCCHITICH B CTPYKTYpe 3070T0100b1uu (¢ 70-75 % B koHIle XX Beka 10
24-26 % B Hacrosiiee Bpems [1-3]), ux pa3paboTka MO-MpPEKHEMY aKTyaidbHa. DTO
CBS3aHO HE TOJBKO C MPUPOJHBIMH OCOOCHHOCTSMU POCCHIITHBIX MECTOPOXKICHUU U
OBICTPOTOH BBOJIA ITHX MECTOPOXKICHUHN B AKCILTyaTaIMiO, HO M C POCTOM HHTEpeca K
MOBTOPHOMY OCBOCHHIO TEXHOTCHHBIX OOBEKTOB U KOMIIJIEKCHOMY M3BJICUCHUIO U3 HUX
IIEHHBIX KOMITOHEHTOB.

B Teuenue mnoclienHUX NECATUIETUN B 30J0TOAOOBIBaroNIeit oTpaciu Poccun
HaOJIIOaeTCsl yCTOMYMBAs TEHACHIMS TNPEBBIIEHUS OOBEMOB JOOBIYM 30JI0TAa W3
POCCBIITHBIX ~ MECTOPOXKIEHWUH  HaJ  MPUPOCTOM  3alacoB IO  pe3yJibTaTaM
reoJIOTOPa3BeIOYHBIX paboT. B pesynbrare 00mbIras 4acTh JIETKOAOCTYITHBIX POCCHITIEH
C BBICOKMMH COJIEPKaHUSIMU yKe 0TpaboTaHa, a OCTaBIINECS 00bEKThI XapaKTEPU3YIOTCS
aM00 HEOOJBIIMMHU O00BbEMAMH 3aIacoB, JMOO PACHOJOKEHHEM B TPYJIHOAOCTYIHBIX
palioHaxX CO CIIOKHBIMH KJIMMATUYECKUMH YCIOBUSMHU M OTCYTCTBHEM HEOOXOAMMOM
uHppacTpykTypel. OJHOBPEMEHHO  YCIOXHSIOTCS ~ TEXHOJOTHYECKHE  CBOMCTBA
BOBJICKA€MbIX B IEPEPaOOTKY MECKOB, YTO MOBHINIAECT TPEOOBaHUS K YPPEKTUBHOCTU UX
MOJTOTOBKHU U YCTOMYMBOCTH PEKUMOB PabOTHI MPOMBIBOYHOTO 000PY/I0BAHUS.

CrnoxxuBIIMiECs] YCIOBHUS CTUMYJIUPYIOT HEIPOIIOIH30BATEICH K BOBIICUCHUIO B
OKCIUTyaTallMi0 HE TOJBKO TPYJHOMOCTYMHBIX POCCHINIEH CO CIOXHBIMH TOPHO-
I'COJIOTUYECKUMH YCIOBUSMHU, HO M TEXHOTCHHBIX 00pa30BaHU MUHEPAIBHOTO CHIPHSI.
JIist paccMaTpUBaeMBbIX MPUPOIHBIX M TEXHOTEHHBIX OOBEKTOB XapaKTEPHO HAIMUYWE
MEJIKOTO M TOHKOTO 30J10Ta (nanee - MT3) kpynHocthio MeHee 0,25 mm. OcBO€HHE TaKUX
OOBEKTOB TpeOyeT NpUMEHEHUs1 0oJjiee COBEPIICHHBIX M 3HEProd)PeKTUBHBIX
TEXHOJIOTUHA W 000pyJOBaHHUS, 0OCCIICUHBAIONINX 0OJIee IMOTHOEC M3BJICUCHHE IICHHBIX

KOMIIOHCHTOB.



CoBpeMEeHHOE  pa3BUTHE TOPHOW  NIPOMBILUIEHHOCTH U HepepaboTKu
MUHEPaIbHOTO CBIpbSA XapaKkTepu3yeTcs pacipeHneM IPUMEHEHUS
aBTOMATHU3UPOBAHHBIX CHUCTEM YIpaBiCHHs, UU(POBBIX TEXHOJOTUH H CPEACTB
OINIEpaTUBHOTO KOHTPOJISI TEXHOJIOITMUECKUX ITapaMeTpoB. B 3TUX yClI0BUAX NOBBILICHUE
3¢ (EKTUBHOCTH MPOMBIBOUHBIX KOMIUIEKCOB JOKHO pAcCMaTpUBAThCA HE TOJBKO Kak
3ajlaya KOHCTPYKTHBHON MOJIEpHHU3aLMU 00OpYyI0BaHUs, HO U KaK 3ajaya yrnpaBJICHUS
U3MEHSIOIMMUCS TapaMeTpaMM TEXHOJIOTHYECKOI0 IIPoLecca B pealbHOM BpeMeHH [4].

Ha OoNbIIMHCTBE pOCCHIIHBIX MECTOPOXKIECHUN IMO-TIPEXKHEMY IIUPOKO
IPUMEHSIOTCS IIUTI030BbI€ IPOMBIBOUHbIE KOMIUIEKCHI, OTJINYAIOIINECS KOHCTPYKTUBHOM
OpOCTOTOM M MOOWIbHOCTBIO. OpHAaKo mpu mepepaboTKe TMECKOB, COIAEPKAIIUX
3HAYUTEIHbHOE KOJIMYECTBO MEIKHUX W TOHKUX KJIACCOB 30JI0Ta, 3(PPEKTUBHOCTh TaKUX
KOMIUIEKCOB ONpEJENsIeTCsT HE TOJIBKO THUIIOM IPHUMEHSEMOro oOOpyAOBaHHUSA, HO U
3¢ (PEKTUBHOCTHIO TEXHOIOTHYECKOTO pekrMa ero padotsl. CylecTBEHHAas 4acTh OTEPh
30j10Ta 00YCJIOBJIE€HAa HEPAaBHOMEPHOM IMojaued MECKOB, KOJECOAHUSIMH COOTHOLICHHUS
KUAKOW M TBEPAOW (a3 MyJbIbl U HEPABHOMEPHBIM paclpeAesieHUEM I0TOKa II0
HUTI03aM. JTO HPHUBOAMUT K MEPErpy3Ke ILI030B, HAPYIICHUIO TUAPOAMHAMUYECKOTO
peKHMMa MOTOKA ITyJIbIIBI U YXYALIEHUIO YCJIOBUN YJIABIMBAHUS MEJIKOI'O M TOHKOI'O
30J10Ta.

Takum  oOpa3oM, aKTyaJbHOCTb TEMbl  HCCIEIOBAHMUS  ONpeaeNsieTcs
HEOOXOMMOCTBIO PEIICHUs HayYHO-IPAKTUYECKON 3a1auu 00OCHOBAHUS [TapaMETPOB U
PEKHUMOB PabOTHI IUTIO30BBIX TPOMBIBOYHBIX KOMIUIEKCOB IPU HEPABHOMEPHOM MOaue
30JI0TOCO/IEPKAIINX TECKOB M Pa3padOTKH KpPUTEPUEB BBIOOpA OOOPYHAOBAHMS IS
OCBOGHHUSI TMPUPOAHBIX W TEXHOTCHHBIX POCCHIIEH CO  CJIOXHBIMA TOPHO-
TEXHOJIOTHYECKUMHU yCIOBUSIMHU.

Ieabro HacTOSAIIETO UCCIIENOBAHUS ABISETCS pa3paboTKa HAYYHO 0OOCHOBAHHOTO
N0/1X0/1a K OleHKE 3(h(PEKTUBHOCTU MPOLIECCOB MOATOTOBKH 30JI0TOCOIEPKAILKX MTECKOB
U KpUTEpUEB BHIOOpA TEXHOJIOIMUYECKOTO 00O0PYIOBAaHUS NMPU OCBOCHUU MPUPOAHBIX U

TCXHOT'CHHBIX POCCBIITHBIX MGCTOpO)KILGHPIfI.



Hcxons u3 uesm uccjie0BaHusl, aBTOPOM OIpee/IeHbI CleayIoIue 3a1a4u:

1. BBINOAHUTH KOMIUIEKCHBIA aHAIM3 COBPEMEHHOTO COCTOSIHUS POCCBHITHON
3010ToA00buM B Poccuu u Ha JlanpHeM BocToke ¢ OLIeHKOM MPUMEHSIEMBbIX TEXHOJIOTUI
nepepaboTKU 30JI0TOCOAEPIKAILNX ITECKOB;

2. Pa3zpaboTtarh noaxo/1 K olieHKe 3(PEeKTUBHOCTU pabOThI Apar U MPOMBIBOYHBIX
npuOOpOB IIIIO30BOIO THMA MPH OTPAOOTKE 30JI0TOCOJAEPXKALIUX POCCHIMHBIX
MECTOPOXKICHMI;

3. [IpoBectu oneHky 3¢ dhekTuBHOCTH perynupoBanus Konedanuii XK: T B mpouecce
[0JIa4M [1ECKOB Ha MPUOOp M pacHpeesICHUs MYJIbIIbI 110 IIITH03aM;

4. Pa3zpaborath KpuUTE€pUU BBHIOOpPA TEXHOJOTHYECKOTO OOOpYyAOBaHUS MpHU
OTPabOTKE MECTOPOKIECHUI CO CII0KHBIMU FTOPHO-T€0JIOTMYECKUMU [TapaMETPAMH.

5. DBBbINONHUTE TEXHUKO-DKOHOMHUYECKOE OOOCHOBAaHUE BHEJPEHMsS] HOBOMU
CUCTEMBI YIIPABJIEHUSI COOTHOLIEHUEM KUJKON U TBEp10il (ha3 MmyJIbIibl, 101aBa€MOU Ha
UTIO3A.

Nnest nccinenoBaHusi 3aKIIOYAeTCsl B TOM, YTO MOBBILIEHHE 3(PPEKTUBHOCTH
nepepadoTKU 30JI0TOCOJAEPKAIIMUX MECKOB POCCHIMHBIX MECTOPOKIECHUN JIOCTUTAETCS
KOMIUIEKCHBIM COIVIACOBAaHUEM THUIIA MPUMEHSEMOr0 NMPOMBIBOYHOTO O0OPYIOBaHUS C
r€0JIOr0-TEXHOJOTUYECKUMHU YCIOBUAMHU MECTOPOKICHUS U MapaMeETpaMu PEXUMa €ro
paboThl - MOAAYM MECKOB, Pacxo/a TEXHOJOTMUYECKON BOJbI, pacIpeneseHUs! MyJIbIIbl
Mexay uuio3amu U otHomeHuss JKiT, wurto oOecneunBaer yCTOMYMBOCTD
TEXHOJIOTUYECKOTO IIPOLIECCa U CHUKEHHUE ITOTEPh MEJIKOTO ¥ TOHKOT'O 30JI0TA.

O0bexT nccienopanus. Lnr030BpI€ MPOMBIBOYHBIE KOMILIEKCHI, IPUMEHSIEMbBIE
py epepadOoTKe 30J0TOCOAECPKAIIMX TECKOB MPUPOIHBIX U TEXHOTEHHBIX POCCHIMTHBIX
MECTOPOXKICHUM.

IIpeamer ucciaegoBanusi. 3akOHOMEPHOCTH M3MeHeHMs oTHoweHusa JX:T npu
PEryJIMPOBAaHUM PACX0]a TEXHOJIOTHUYECKOM BOJBI B YCIOBHUSAX HEPABHOMEPHOM MOJAYH
IIECKOB W PaBHOMEPHOCTH 3arpy3KH LUIKO30B IPU PETYJIHPOBAHUU PACHPEAECICHUS
NYJIBIBI, a TaKXKEe KPUTEPUU BBIOOpA MPOMBIBOUHOTO 00OpPYAOBaHUS C YUYETOM TOPHO-

TEXHOJOTMYECKUX CBOMCTB POCCHIIIN.



Metoabl ucciaenoBaHuss. MeETOIUYECKYH0 OCHOBY HCCIENOBAaHUS COCTABWIH
CUCTEMHBI M KOMIUIEKCHBIM Moaxoisl. B pabore uCnosib30BaHbl aHaIU3 HAy4YHO-
TEXHUYECKON JUTEpaTypbl M IPOU3BOACTBEHHOIO OIBITA; HATYpPHbIE HAOIIOIACHUS;
00BEMHBIN METOJ 0TOOPA M MCCIEA0BAaHUS IPOO MYJIBIIBI C ONPEAEICHUEM OTHOLICHMUS
XK:T; xpoHOMETpakHbIe HM3MEPEHHS M PAcu€T PacxoJ0B MyJbIbl U TBEPAON (azbl;
CUTOBOM aHAJIN3 30JI0TA; CPABHUTEIIbHBIE IIPOU3BOACTBEHHBIE DKCIIEPUMEHTBI; pacyETHas
U CTaTUCTUYECKast 00paboTKa pe3ysbTaToB; TEXHUKO-DKOHOMUYECKHUM aHaIN3.

JlocTOBEepHOCTL M O00OCHOBAHHOCTH HAyYHBIX [IOJOKEHUH U BBIBOJOB
00€ecreunBarOTCS NPUMEHEHHEM KOMIUIEKCA HAy4YHbIX METOJOB HCCIENOBaHUS,
3HAYUTEIBHBIM OOBEMOM HATYpPHBIX M3MEPEHUH, BBIINOJHEHHBIX B  YCIOBHUSAX
JNEUCTBYIOIIMX TOPHOAOOBIBAIOIIMX MPEANPHUITHI, CTaTUCTUYECKOH 00pabOTKON
HOJIyYEHHBIX JaHHBIX, UCII0JIb30BAHUEM 3aKOHOMEPHOCTEN Pa0OTHI TEXHOJIOTHYECKOIO U
HAaCOCHOTO0 00OpYyIOBaHHUs, MOBTOPSIEMOCTbIO BBISIBICHHBIX 3aKOHOMEPHOCTEW Ha
Pa3IMYHBIX TUIAX [II30BBIX IPOMBIBOYHBIX KOMIUIEKCOB, a TAKXKE MPOU3BOJICTBEHHON
anpoOauyell pa3paOOTAHHBIX TEXHUYECKUX pELIEHUH Ha OOBEKTaX pPOCCHITHON
30510T0100bIM XabapoBckoro kpas u Pecryonuku Caxa (SAxyTus).

3amuniaemMbie HAy4YHbIE IOJIOKEHUSA:

1. VYnopaBneHue KOJMYECTBOM IMOAABaeMOl BOJbI € H3(PQPEKTHUBHBIM €€
pacnpezierieHueM B OyHKepe, a TakKe peryJupoBaHHE IOJa4yd TIOPOAbl 3a CUEeT
COIJIaCOBaHUS PACXOAA TEXHOJIOTMYECKOW BOJBI € W3MEHSIOLIEHCS Harpy3Koul II0
TBEpAON (paze mo3BOISET OOECIEeYMBaTh PAaBHOMEPHOCTh IMOAAYM ITYJIbIIBI HA HUIIO3A.
YrpaBiieHHe paclpelNesleHUeM II0TOKOB IIYJbIIBI C MCIHOJIb30BAHMEM JICJIUTEIICH
o0ecreynBaeT CTa0MIM3aLUIO MMOJau1 MyJIbIIbl B MUTAHUH KaKI0TO LUTI03A.

2. TlpenBaputenbHoe 0O0OCHOBaHHE BHIOOpPAa MPOMBIBOUHOTO OOOPYIOBAHMS JIS
nepepaboTKU NECKOB POCCHITHBIX MECTOPOXKIACHUM 30J10Ta JOJKHO ObITh OCHOBAHO Ha
y4eTe cUCTeMbl KO3(P(PUIMEHTOB, OTPAKAIOIINUX T€0JOr0-TEXHOJIOTMYECKYIO CJI0KHOCTh
00BbeKTa 1 00€CIIeYnBAIOIINX PAHKUPOBAHUE YCIOBUHM MIEPepadOTKU MEJIKOTO U TOHKOTO
30J10TA.

3. /[Inf BBICOKOTJIMHHUCTBIX POCCBHIITHBIX MECTOPOKIECHUM 30J10Ta IOBBIIICHUE

TEXHUKO-DKOHOMHYECKOU H(P()EKTUBHOCTH TMepepadOTKH TECKOB O0eCrednBaeTCs



IPUMEHEHHUEM MPOMBIBOYHBIX KOMIUIEKCOB € perynupoBaHueMm oTHomeHus X:T Ha
IITI03aX MEJKOTO HAmMOJHEHHs, YTO 3a CU€T CTAOWIM3alud THAPOJIAHAMUYECKOTO
peKMMa TOBBIIIACT HM3BJICUYCHHUE MEJIKHX KIIACCOB 30JI0Ta U 00ECIEeYMBAET MPUPOCT
CE30HHOW JOOBIYH.

HayuyHasi HOBH3HA [HMCCEPTAIMOHHOIO HCCJIEJOBAHHS 3aKJII0YaeTcsi B
cieayouem:

1. C wucnonb30BaHUEM YCTAaHOBJCHHBIX 3aKOHOMEpHOCTEH 00OCHOBaHa
BO3MOKHOCTh TOBBIIICHHS PaBHOMEPHOCTH IMOJAaYd TIECKOB M IyJbIBl Ha IUIIO3a
MEJIKOTO HaIlOJIHEHUS 3a CUET COBEPUICHCTBOBAHUSA KOHCTPYKIIUU TPUEMHO-TIOJAIOIIETO
y37a MPOMBIBOYHOTO MPUOOpa, 00ECTIeUnBAIOIIErO MPEABAPUTENBHOE paclpesesieHne
MaTepuana, CHIKEHUE HAIMIAHWSA TJIMHHUCTBIX MECKOB M CTAOMIM3alMI0 MHUTAHUA
IIJTFO30B.

2. IlpennoxeH KOIWYECTBEHHBIN MOKA3aTeNlb yCTOWYMBOCTH PEKUMA TTUTAHUS
IIPOMBIBOYHOTO npubopa ITBIII-100 (mpubop O00uYeUHBIN IUTFO30BOM
npou3BoauTeNbHOCTEI0 100 M3/4), TO3BOJSIOMIMN OIEHUBATH CTENEHb OTKIOHCHHS
napaMeTpoB TMOJA4YM MyJNbIBI OT CPEJHEr0 YPOBHA TMPH PETYIUPYEMOM H
HEeperyJIupyeMoM peskuMax paboTHlI.

3. Pa3paboTtan cnoco® KOJIMYECTBEHHOW OLEHKH PABHOMEPHOCTH 3arpy3Ku
U308 1o pasdopocy otHomieHust JK:T mexmy HuMH Ha ocHOBe Kod(duimeHta
BapUaIiy, MO3BOJISIONINI HCIOIBb30BaTh KO3(PPHUIMEHT 3arpy3Ku ILII030B B KauecTBe
Kputepus 3p(HEeKTUBHOCTH PACIPEICICHUS MYIbIIbI.

4.  IlomydeHbl HOBBIE 3KCIEPUMEHTAIbHBIC [aHHBIE U OICHEHO BIMSIHHE
PETYIHPYIOMUX AJIEMEHTOB CHUCTEMBI paclpeesieHus MyJbIbl Ha CY)KEHUE JMana3oHa
u3MeHeHus: otHomeHus JK:T mo muio3amM M CHIKEHHE BapHallMM MX 3arpy3Kd, 4TO
CIIOCOOCTBYET YMEHBIICHHIO TOTEPh MEIIKOTO U TOHKOTO 30JI0Ta.

5. [Ipennoxkena HoBas cucteMa KOAI(DPPUIUMEHTOB i KOJIMYECTBEHHOTO
PaHXXUPOBAHMSI T€0JIOrO-TEXHOJIIOTUYECKUX YCIOBHUM MepepaboTKU MECKOB POCCHITHBIX
MECTOPOXKICHUI 30JI0Ta U OOOCHOBAaHHUS PAIMOHAIBHOTO BHIOOPAa MPOMBIBOUYHOTO

o0opy1oBaHUsI.



6. YcranoBiieHO BiusgHUE peryiaupoBaHus orHoweHus JK:T Ha mnomro3ax
Mesikoro HanonHeHus [1BIII-100 Ha u3BaeueHre MEJIKOTO U TOHKOTO 30JI0Ta U TEXHUKO-
HKOHOMUYECKHUE MTOKA3aTEeNU NepepadOTKU MECKOB BHICOKOTIIMHUCTBIX POCCHITIEH.

IIpakTHyeckass 3HAYMMOCTb BBIIIOJTHEHHOIO HCCIEAOBAaHUS 3aKIIFOYAETCS B
pa3paboTke M OOOCHOBAHMM PELICHUH MO PETryJIMPOBAHUIO PACHPEACICHUS ITyJbIIbI
MEXy HUTI03aMU M YIIPABIECHUIO PACXOJ0M TEXHOJIOTMYECKOW BOABI B 3aBUCUMOCTHU OT
Harpy3ku 1o TBEpAOMY, oOecrneunBalOmMX cradmmmsanuio cootHomeHuss XK:T,
CHIKEHHE HEPaBHOMEPHOCTU 3arpy3KH IIUIIO30B, YMEHBIIEHUE IOTEPh MEJIKOrO H
TOHKOT'O 30JI0Ta U COKpAIIEHUE AKCILUTYaTallMOHHBIX 3aTpaT P OCBOCHUU IPUPOJIHBIX U
TEXHOT€HHBIX POCCHIIIEH.

[Tonydennsbie pe3yJbTaThl MOTYT OBITh UCTIOJIB30BaHBI:

- TpU BBEJIECHUU B DOKCIUIyaTal[MI0 POCCHIMHBIX MECTOPOXKICHUM, OTpabOTKa
KOTOPBIX 3aTPyJAHEHA CIIOKHOCTBIO T'OPHO-T€OJIOTMYECKOIO0 CTPOCHHUS, a TaKKe
HAJIMYUEeM OOJIBIIIOTO KOJIMYECTBA MEJIKOTO M TOHKOTO 30J10Ta;

- TpU MOJEPHU3ALMH CYIIECTBYIOIIUX IPOMBIBOYHBIX MNPUOOPOB C IIENBIO
MOBBIIIECHUS U3BJICUEHUSI 30JI0Ta, OCOOCHHO MEJIKOI0 U TOHKOTO.

Pexomennanuu, pa3paboTaHHbIE B XOJIe UCCIENOBaHMS, OyAYT CIOCOOCTBOBATH
palMOHAILHOMY HCHOJIb30BAHUI0 MHUHEPAIBHO-CHIPhEBOM 0a3bl PErvMoHa, CHUKEHUIO
ce0ECTOMMOCTH J1I00BIYM ¥ TOBBIMICHUIO d(PGEKTUBHOCTH PaOOTHI TOPHOJ0O0BIBAIOIINX
NPEANPUATANA B YCIOXKHSIOIIMXCS TOPHO-TEOJIOTMYECKUX YCIOBUSX JKCIUTyaTalluH
POCCBIIMTHBIX MECTOPOXKICHUH.

Teopernueckasi 3HAYMMOCTL HCCJIAEAOBAHMS 3aKJIIOYAETCd B Pa3BUTUU
METOJUYECKUX TMOJXO0J0B K KOJMYECTBEHHON OIEHKE HEPAaBHOMEPHOCTH MHUTAHUS
[IUTFO30BBIX MPOMBIBOYHBIX KOMILJIEKCOB U OOOCHOBaHUIO BbIOOpa OO0OpPYIOBaHUS JIs
nepepadoTKU 30J0TOCOAEpKAIMX MeckoB. [IpemioxkeHHble MoKa3zaTead MO3BOJISIIOT
pa3lieIbHO XapaKTepPU30BaTh HEPABHOMEPHOCTh PEXKUMA MUTAHUS TPU HUKIUIHOU
Mo/1aue MecKOB U pa30poC OTHOMICHHUS KUAKOM U TBEP 0 (ha3 MyIIbITBI MKy IITI03aMHU,
oOecrieunBas KOJIMYECTBEHHOE COIMOCTABIICHUE PETYIUPYEMOTO U HEPETYIUPYyEeMOro
pexuMOB paboThl. Pa3BuTMEeM CyIIECTBYIOIIUX TMOAXOAOB K OLIEHKE YCIOBUM

nepepadOTKU  SIBJISICTCS. TMPUMEHEHHE CHUCTEMBI KOA((DHUIIMEHTOB, YUYWUTHIBAIOIINX
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re0JIOrO-TEXHOJOTMYECKUE XAPAKTEPUCTUKA MECTOPOXKACHUS, TJIMHUCTOCTH IIECKOB,
COZIEp/KaHUE MEJIKUX U TOHKUX KJIACCOB 30JI0TA U COIMYTCTBYIOIINX TSKEIBIX MUHEPAJIOB.
Orta cucreMa (OpMaIU3yeT CPaBHUTEIbHYIO OLIEHKY TEXHOJIOTMYECKOW CJIOKHOCTH
nepepabOTKU MECKOB U CIIYKUT METOAMYECKOM OCHOBOW MpEeABAPUTEIBLHOTO BbIOOpA
MPOMBIBOYHOTO 000Dy 1I0BAHUSI.

Crenenp pa3padoOTaHHOCTH TeMbl HccjenoBaHusi. HaydHble OCHOBBI
pa3pabOTKU  POCCHIMHBIX  MECTOPOXKICHUH,  MOATOTOBKM M mepepaboTKu
30JI0TOCOAEPKAIIMX NTECKOB OCBelIeHb! B Tpyaax B. I'. Jlemkosa, K. B. Conomuna, E. W.
bornanosa, O. B. 3amsatuna, A. I'. Jlonatuna u apyrux wuccienoareneil. Borpocsl
OCBOCHMSI TPUPOJHBIX U TEXHOTEHHBIX POCCHINEHN, OLIEHKU UX PECYPCHOTO MOTEHIMAala U
TEXHOJIOTUYECKUX 0COOeHHOCTEeN paccMmorpensl B paborax B. C. JlutBunuesa, 0. A.
Mawmaesa, I'. C. Mup3exanona, I'. I1. [TonHomapuyka 1 UX COaBTOPOB.

B mpenmectByommx MCCIeI0BaHUSIX PACCMOTPEHBI MPOLECCHl AE3UHTETPALINH,
TPOXOUYEHUS U TPABUTAIMOHHOTO 00OTaIIEHUS TIECKOB, ONPEICIICHBl OCHOBHBIE ()aKTOPHI
¢ exTuBHOCTH TUII030BOTO Tpolecca. [lokaszaHo BiMsIHME KPYMHOCTH W COCTaBa
nepepadaThIBAEMOro MaTepuana, yJaeabHON Harpy3Ku Mo TBEPAOMY, OTHOILLICHHUS KUIKOU
u TBEPHOM (a3, CKOPOCTH W TJIyOMHBI IMOTOKA HA YCIOBUS H3BIICUEHUS 30JI0TA.
Pa3pabotanbsl HampaBJ€HUS  COBEPIICHCTBOBAHHUS  MPOMBIBOYHBIX  KOMIIJIEKCOB,
CBSI3aHHBIE C TMOATOTOBKOW MHUTAHUS, YJIYUIICHUEM YJIaBIMBAIOLIUX MOKPBITUA H
TUAPOJMHAMHUYECKUX YCIOBUN PA3EICHUs, MEXaHU3AIMEN U aBTOMATU3ALIMEN CIIOJI0CKA
KOHIIEHTPATA.

Bmecte ¢ TeM MNpPUMEHUTEIBHO K YCJIOBUSAM LMUKIMYHON TMOJAYM IECKOB
JajabHenIel npopaboTKu TPeOYIOT METO bl KOJTUYECTBEHHOM OIIEHKH HEPABHOMEPHOCTH
MUTaHUS [IUTI030BbIX KOMIIJIEKCOB M U3MEHEHUSI OTHOIICHUS KUIAKON U TBEPIOM (a3 npu
pEryJIMpOBaHUM pacxXxojJa BOAbl M pacCIpeleNeHUs] MyJblbl. JIOMOJHUTEIBHOTO
000CHOBaHUsI TpeOyeT MNpeaBAPUTENbHBIM BbIOOP MPOMBIBOYHOTO OOOPYIOBAHUS IO
COBOKYIIHOCTH TOPHO-TEXHOJIOTHMYECKMX XapaKTEPUCTUK POCCHIIA U  CBOWCTB
nepepadaThIBAEMbIX MECKOB. DTH BOMPOCHI ONMPEEIUIA HAMPABICHHOCTh HACTOSIIETO

HCCICAOBAaHUA.
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JIMYHBIN BKJIAJ aBTOpA:

- TOCTaHOBKAa IENHM HCCIEAOBaHUsA, (POPMYIHMpPOBKAa OCHOBHBIX 3a]ad, aHAJIHN3
COBPEMEHHOTO COCTOSIHUSL POCCHIITHOM 30J0TOI00BIYM U 00OCHOBAaHUE HEOOXOIAUMOCTH
COBEPILIEHCTBOBAHMUS CHUCTEMbl YIpaBJCHUS TMpoOIlecCaMU TMOJa4d TMEeCKOB Ha
nepepadaThIBAIOIUN KOMIUIEKC;

- aHAJIU3 TOPHO-TEOJIOTMUECKUX M TEXHOJIOTHYECKUX (DaKTOPOB, BIUSIONIMX Ha
3G ()EKTUBHOCT,  TMPOMBIBKM  TECKOB,  BKJIOYas  TIJIMHUCTOCTh  MaTepuala,
TPaHyJIOMETPUYECKUI COCTaB 30J10Ta, HAIMYHE TKEIBIX MHHEPAIOB U OCOOCHHOCTH
pacnpe/iesieHus 3a1acoB B IPe/Iesiax MECTOPOXKACHHUS;

- olleHKa Y(PEKTUBHOCTH YMPABICHHS MPOIECCAMH MOIa4H IECKOB, OCHOBAHHAs
Ha aHaJIM3€ MPOCTPAHCTBEHHOW HEPABHOMEPHOCTH PACIIpeieJICHHs] TOTOKOB ITyJIbIIbI Ha
[UTI03aX U KOJIeOAaHUM HArpy3KH MOJIayy MyJIbIIbl Ha [UTH03a MKy [IUKIaMU M0/1a4u;

- 000CHOBaHHE M pacyeT KOJIWYECTBEHHBIX KPUTEPHUEB OIECHKHU d()PeKTUBHOCTU
yHOpaBiIeHUs MpoLEeccaMu I0Jayu IE€CKOB, PABHOMEPHOCTH 3arpy3KH IUIIO30B U
CTaOMIIBHOCTH COOTHOIICHHUS KUIKOUW U TBEpIoi (a3;

- pa3paboTKa ¥ BHEIPEHHE TEXHHUUECKUX PEUICHHH M0 PeryIupoBaHUIO
pacmpeneneHrs TOTOKOB IMyJbIIbl HA IUIO30BBIX MPOMBIBOYHBIX MpUOOpax,
00ecneunBarOIIUX MOBBIIICHHE YCTOMUNBOCTH TEXHOJIOTUYECKOTO PEKUMA U CHUIKCHHE
HEPaBHOMEPHOCTH MOJa4uu 30JI0TOHOCHBIX IECKOB Ha IILTI034;

- BBITIOJIHEHHE TEXHUKO-IKOHOMHUYECKOM OLIEHKH MPEJIOKEHHBIX PEIICHUN U UX
000CHOBaHME TPU IKCIUTyaTallMd POCCHIMHBIX MECTOPOXKIACHHUH 30JI0Ta CO CIOKHBIMH
TOPHO-T€0JIOTMYECKUMHU YCIOBUSMU.

Peanm3zauuss pe3yabraroB padorbl. OCHOBHBIE IOJYYEHHBIE HAYYHbBIC
pe3ynpTaThl M pa3pabOTaHHBIE HAa HMX OCHOBE PEKOMEHAAIMHM HCIOIb30BaHbl IMPHU
pa3paboTke (9KCIUTyaTallui) POCCHITHBIX MECTOPOXKIeHUM aprened craparenei (A/C)
«Boctok» u «Human» (XabapoBckuii kpail). BHeapenuwe pe3yiabTaToB B apTeiu
crapareneii «BocTOk» TOATBEPKICHO aKTOM, NTPHUBEACHHBIM B MPUIOKEHUU A.
OTtpaenbHbIE pe3yJbTAThl MCCIEIOBAaHUS anpOOMPOBAHBI U BHEIAPEHBI HA POCCHIMHBIX

mectopoxaeHusx OO0 «l'onapernon» u PIIK Oxorckuii (XabapoBckuii Kpaid).
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AnpobGauuss padorsl. OCHOBHOE COJAEp)KaHWE AUCCEPTAMOHHON pabOTHl H
OTJIETIbHBIE €€ TMOJIOKEHUS TMPEJCTaBISUINCh HA HAYYHO-TEXHUYECKHX KOH(EepeHUHUsX,
cemunapax: XVI Bcepoccuiickoit MOI0IeKHONW HAYyYHO-TIPAKTHYECKONH KOH(pEpEeHIINN
«ITpobnembl Henponob3oBaHus» (r. Xabaposck, 2022 r.), I Beepoccuiickoit HaydHOM
KOH(EpEeHUMH MOJIOABIX YUYEHBIX U aCHUPAHTOB «AKTyalbHble MPOOIEMbI OCBOCHUS
reopecypcoB» (r. Xabaposck, 2022 r.), 9 Bcepoccuiickoil Hay4HOUW KOH(pEpEHIIUU
«IIpobiieMbl KOMILJIEKCHOTO OCBOEHUSI reopecypcoB» (T. XabapoBck, 25-29 ceHTAOps
2023 r.), 16 MexnyHapoIHOH Hay4yHOH ILIKOJE MOJIOJABIX YYEHBIX M CIELHAINCTOB
«IIpob6nembr ocBoenus Heap B XXI Beke rimazamu Mosoasix» (T. Mocksa, 2023 1.), XXV,
XXVI, XXVII u XXVIII kpaeBbIx KOHKypcax MOJIOAbIX yueHbIX (r. XabapoBck, 2023-
2026 r.), XVIII Bcepoccuiickoili MONOAEKHOW HAay4YHO-IPAKTUYECKON KOH(pEpEeHIUU
«IIpo6sieMbl HEIPOTOIB30BAHUS, MPOBOANUMON MHCTUTYTOM TOpHOTO Jesia Y palibCcKoro
otnenenust PAH (r. Xabaposck 2024 r.), Kuralicko-poccuiickoil HaydHOU KOH(pEepeHIUN
«IIpobiieMbl KOMIUIEKCHOTO OCBOEHHUsI TeopecypcoBy» (r. XapOun, Kwurait, 24-27
ceHTsa0ps 2025 1.)

IMyomkanmu. ITo Teme nucceprannu onmy0JInKoBaHo 6 MeYaTHBIX padoT, BKIIOYas
3 cratbM B HAay4YHbIX HW3JaHUSAX, PEKOMEHJOBAaHHBIX BpICHIEH aTTECTalMOHHOU
KOMHUccHed npu MUHHCTEPCTBE HAyKW M BBICHIErO 0Opa3oBaHUS U BKIIOYEHHBIX B
MexayHapoanble 6a3bl HayuHoro ruTupoBanus SCOPUS u Web of Science.

O0beM u cTpyKkTypa padoTsl. J{uccepraius COCTOUT U3 BBEICHHUS, YETHIPEX IJ1aB,
3aKJIFOYEHUS U CIIHUCKA JinTepaTypbl. OCHOBHOE CoOJlep KaHUe padOThl U3J10KeHO Ha 132
CTpaHMIIAX MAIIMHOMMCHOTO TEKCTa, KOTOPBIN BKIOYaeT: 28 pucyHKOB, 29 Tabmui, 29
dbopmyi, 1 mpuioKeHHe, CIUCOK UCIOIb3YEeMbIX UCTOYHUKOB U3 101 HaumMeHoBaHwUs.

ABTOp BbIpaKaeT INIyOOKYH0 NPHU3HATEIbHOCTh HAYYHOMY PYKOBOAMUTENO -
KaHJIUJATy TEXHUYECKHX HAyK, 3aBEIyIOLIeMy J1adopaTopueil pa3paboTKH pOCCHIIMTHBIX
MecTopoxaeHud Mactutyra ropHoro aena JanbHeBOCTOUHOTO oTAeieHus Poccuiickon
akanemuu Hayk (JJBO PAH) Cepomy Pycinany CepreeBuuy 3a HaydHOE PyKOBOJICTBO,
BCECTOPOHHIOIO MOJJEPKKY, HIEHHbIE PEKOMEHAAIMNA U KOHCYJIbTATUBHYIO MTOMONIb Ha

BCEX 3Tanax MOoArOTOBKU JUCCEPTALIMOHHON pabOTHI.
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ABTOp BbIpa)aeT MCKPEHHIOIO OJIar0JJapHOCTh KaHAWJATY TEXHUYECKUX HayK,
3amectuTento aupekropa HMuctutyta topHoro naemna JBO PAH mno nayuHoii u
WHHOBAIIMOHHOW paboTe, BenylleMy HayYHOMY COTPYIHHUKY JIabOpaTOpUHU pa3pabOTKH
POCCBIITHBIX MecTOpoxAcHUN AekceeBy Biannmupy CepreeBudy 3a KOHCTPYKTHBHBIE
3aMeuaHusl, LICHHbIE COBETHI U PEKOMEHIAllMHU, CIOCOOCTBOBABIIINE COBEPILIEHCTBOBAHUIO
JUCCEPTAIMOHHON pabOThI.

3a copepxaTenbHOE O0CYXKIEHHE Pe3ysIbTaTOB UCCIEI0BaHUS, KOHCTPYKTHUBHBIE
3aMEYaHWs W LEHHBIE PEKOMEHIAIMH, CIIOCOOCTBOBABIIHME TOBBIIICHUIO HAYYHOTO
YPOBHS UM KayecTBa JUCCEPTALIMOHHOW paboThl, aBTOpP BBIPAXKAET TIyOOKYIO
OnmaromapHocTh  akageMuky PAH, 10KTopy TeXHMYeCKMX HayK, JAUPEKTOPY
Xabaposckoro denepanbHoro uccienoBarenabckoro mnenrpa JBO PAH PacckazoBy
Hropro IOppeBrnuy; NOKTOPY TEXHHYECKHMX HAyK, 3aMECTUTENI0 AupekTopa MHcTturyTa
ropHoro nena JIBO PAH no nHayunoii pabote CekucoBy Aptypy |eHHanueBuuy;
KAaHAUJATYy TEXHUYECKUX HAyK, PYKOBOJMTENIO CEKTOpa paspylLUEHUs TOPHBIX IIOPOJ
['anmuMbsiHOBY AJsekcero ANMa3oBHYYy; KaHIWIATy TEXHUYECKUX HAyK, TIJIABHOMY
unxenepy Mucrutyra ropnoro gena /IBO PAH BonkoBy Anapero dénoposuuy;
KaHJNJATy TEXHUYECKUX HAYK, BEIyIIEMYy Hay4HOMY COTPYIHUKY MHCTUTyTa rOpHOTO
nena /IBO PAH Yebany Antony FOpbeBuuy.

Oco0yto 6;1aro1TapHOCTh aBTOP BBIPAXKaeT PyYKOBOJACTBY U COTPYJIHUKAM apTesen
craparenei «Bocrok», «Human», «Anbda» u «3aps» 3a coeHCTBUE B OpraHU3aluu U
IIPOBEJCHNN DSKCIEPUMEHTAIBHBIX HCCIEAOBAHUNM B IPOU3BOACTBEHHBIX YCIIOBMSX,
peaocTaBieHue He0OXOUMOM MPOU3BOACTBEHHON MH(pOpMaIlMK, a TakKe MOMOIIb B

anpo6auHH M IPAKTUYCCKOM BHCAPCHUHU ITOJTYUYCHHBIX PE3YJILTATOB UCCICAOBAHMA.
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1 AHAJIN3 COBPEMEHHOI'O COCTOAHUA 30JI0TOJOBBIYM N
HCHOJIB3YEMBIX TEXHOJIOI' M TOJATOTOBKH
30J10TOCOAEPKAIIUX ITECKOB

1.1 lunamMuka MUPOBOIi 30J10TOA00BIYH

B nacrosiee Bpemsi 30J10TO TIpEACTaBIsAeT cOOOM OuH U3 HauboJjee EHHBIX U
JMKBHUJIHBIX BUI0B MUHEPATHHOTO CHIPhS. SBISACH 01aropoJHBIM METAJIJIOM, OHO UMEET
BAXHOE CTpaTeruyeckoe U (PUHAHCOBOE 3HAUYEHHE, MOCKOJbKY BBICTYMAET CPEICTBOM
HAKOIUICHUS, PE3EpPBHBIM AaKTUBOM TOCYJapCTBAa M HWHCTPYMEHTOM OOECIeUYeHUs
(bUHAHCOBON YCTOMYMBOCTU B YCJIOBHUSX SKOHOMHUYECKHUX PUCKOB. BBICOKas IIEHHOCTH
30J10Ta OOYCIOBJEHA TakXe €ro (PU3UKO-XUMHUYECKUMH CBOMCTBAMU W IHIUPOKUM
IPUMEHEHUEM B IOBEJIMPHOM MPOMBIIUICHHOCTH, 3JEKTPOHUKE, MPUOOPOCTPOCHUH,
MEIUIMHE U APYTUX BHICOKOTEXHOJIOTHYHBIX OTPACIISIX.

[To nanubM reonorudeckoit ciayx0bl CIIIA - U.S. Geological Survey, B 2025 .
MUpOBas pyaHuUYHas q00b4a 3050Ta orneHuBaitach B 3300 T mpotuB 3280 T B 2024 r.
Benymumu nnpousBoautensiMu octaBanuck Kurait, Poccusi, ABctpanusi, Kanana u CIIIA,
COBOKYIHO oOecneunBiine okojio 40 % MupoBoro nmpousBojicTsa 30j0Ta. CBeaeHus 00
00béMax M00BIYM 30JI0TA BEAYIIMMHU CTPAHAMHU-TIPOU3BOJIUTEISIMU TPUBEACHBI B

tabnume 1.1 [5].

Tabnuna 1.1 - Jlugepsl MUPOBOTO TIPOU3BOJICTBA 30J10TA

Crpana 2024 rom, T 2025 rom, T
Kurait =377 ~380
Poccus ~330 ~360
ABcTpanus ~290 ~303
Kanana =200 =200
CIIA ~163 =160
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ITo ouenke WGC (BcemupHoro coera mo 30JI0Ty), CYMMapHasi Macca 30J0Ta,
TO0OBITOTO B MUPE 32 BCIO HCTOPHIO YEIIOBEUECTBA, 10 COCTOSIHHIO Ha KoHelr [ kBaprana
2026 roga cocTaBisia OKoJo 222,6 ThIC. T.

Crtpanbl ¢ HaUOOJIBIIIMMU 3arlacaMy 30JI0Ta B HEJpax Mmoka3zaHsl B Tadmuie 1.2 [6].

Ta6numa 1.2 - CTpaHbl ¢ KpyNHEUIIMMU 3ammacaMu 30J10Ta B HEAPAX MO COCTOSHUIO Ha

2025 r.

Crpana 3amacel 30J10Ta, T
ABcTpanus 13 000
Poccus 12 000
FOAP 5000
Nunonesus 3 600
Kurait 3200
Kanana 3200
CIIA 3000
bpazunus 2 500
Kazaxcrtan 2300
VY36exucran 2200

OcHOBOM MHPOBOW H OTEUECTBEHHOW 30JI0TOAOOBIYM OCTAIOTCS PYIHBIC
MECTOPOKICHUS 30JI0Ta, XapAKTEPU3YIOLIUECS BBICOKOW CTEIEHbIO HW3YYEHHOCTH
MUHEPAJIbHO-CHIPhEBOM 0a3bl, Pa3BUTON TEXHOJOTMYECKON OCHOBOW U YCTOMYHBBIM
POCTOM TOKAa3aTeJIed IPOMBIIUIEHHOTO OCBOEHHsS MECTOPOXKICHHU. BMmecte ¢ Tem
BOBJICUEHUE B DSKCIUIyaTallUI0 PYIHBIX OOBEKTOB, KaK IPaBWIIO, XapaKTEpU3YETCs
BBICOKOW KanuTaJo€MKOCTBIO MPOEKTOB U 3HAYUTENIbHBIMU CpoKaMu (OT 6 A0 7 JeT u

60nee) BBOJAa B JKCILTyaTallMIO, 4YTO OIpaHHUYMBACT BO3MOKHOCTH HX OIICPATHBHOI'O
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OCBOCHHSI U, KakK CIJEJICTBHE 3TOT0, OBICTPOTO HapamuBaHUs OO0BEMOB MHPOBOI

30JI0TOA00BIYM.

C yyeToM 3TOro OOCTOSATENHCTBA, HECMOTPS Ha TMOCTOSIHHBIA POCT OOBEMOB
JOOBIUM PYIHOTO 30J10Ta, OCBOEHHE POCCHIITHBIX MECTOPOXKACHUN MO-IPEKHEMY UMEET
BaXHOE 3HaueHue. [IpeuMyIliecTBOM OCBOEHHUSI POCCBHIMHBIX MECTOPOXKACHUN B
CPaBHEHUU C PYAHBIMHU SBIISIOTCS CYIIECTBEHHO MEHbILIME KalHUTaJbHBIE 3aTpPaThl, a

TaKke OoJee KOPOTKHUC CPOKH BBOJA B SKCILTyaTallkuIO U Ha4YadJia ITOJTYUCHUA l'IpI/I6I)IJ'II/I.

1.2 CoBpemeHHOe COCTOSTHME POCCHINTHOM 3010T0100bIYH B Poccun

B Poccuiickoit deneparum MacitaObl TPOSIBICHHUS POCCHIITHON 30JJ0TOHOCHOCTH
HE UMEIOT aHaJOroB B MUPE HU MO IUIOIIAJA PAaCIpOCTpaHEHUs, HU MO Pa3HOOOpa3HI0
TF€HETUYECKUX THUIIOB pocchliield (pucyHok 1.1). JloObIua poCChITHOrO 30J10Ta SIBIASETCS
TPaJAMLIMOHHOM OTpacipl0 3KOHOMMKM JlaneHero Bocroka Poccnm mpakTudecku ¢
MOMEHTa OCBOEHHUS JAHHOU TeppUTOpuU. 3a OoJiee YeM BEKOBOM MEPUOJ U3 POCChINE

tora Jlanpaero Bocroka uzsneueno csoimie 1500 1 30510Ta [7].
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Pucynok 1.1 - Pacnipenenenue 0anaHCOBBIX 3a11aCOB POCCHIITHOTO 30JI0Ta KATETOpUi
A+B+CI1+C2 no pernonam Poccuiickoit denepanuum no cocrosinuio Ha konen 2021 r.,

%

3HAYNTEIILHBIN BKJIad B Pa3BHUTHUC TCOPHUHU W IPAKTHUKH OCBOCHHUSA POCCHIITHBIX

MECTOPOXKACHUM 30J10Ta, BHIOOpA U OSKCIUIyaTalldd IPOMBIBOYHBIX NPUOOPOB,
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MOJTOTOBKM TOPHOM MACChl, a TaK)K€ COBEPIICHCTBOBAHMS IIUIIO30BBIX U APYTUX
IIPOMBIBOYHBIX KOMIUIEKCOB BHeciau oTedecTBeHHble YyuéHble H.A. Illuno, K.B.
Comomun, B.I'. JlemkoB, O.B. 3amsarmn, E.M1. bormanos, HO.A. Mamae, B.C.
JlutBunues, b.B. Hesckuii, A.I'. Jlonatun, B.M. Manbkos, I'.C. Mupzexanos, I'II.
[Tonomapuyk u apyrue. U3 3apyOexxHbIX HUcclieoBaTeNeld, Ybu padOThl MPECTABIISIIOT
HanOOIBIINI HHTEPEC JJI TOHUMaHUS 3aKOHOMEPHOCTEH pabOTHI IITI030B, UX PEKUMOB
paboThI ¥ MOBBIIMICHUS U3BJICUCHHS MEJIKOTO 3050Ta, cieayetr otMeTuTh R.R. Clarkson,
G.K.N.S. Subasinghe, E.G. Kelly, D.E. Walsh, J.F. Hamilton, M.A. Silva u M.T. Styles.

B Hacrosimiee Bpemss B OOJBIIMHCTBE  30JI0TOAOOBIBAIONIUX  PETHOHOB
JansHeBocTOuHOTO (DenepanbHOro Okpyra mpeoOiagaer Ao0blya 3070Ta U3 PYIHBIX
MECTOPOXKJICHUH, TOrJAa Kak JOJIsI POCCBITHOIO 30JI0Ta, KaK IPaBWIO, HUXKE U
CYIIECTBEHHO BapbHpyeT 1Mo cyObekTaM. B TO ke BpeMs B psjie perHOHOB OKpyra
POCCHIMTHASL 30JI0TO/I00BIYA TMO-MIPEKHEMY COXPaHSET CYIIECTBEHHOE 3HAYEHHUE, YTO
0COOCHHO XapaKTepHO I Maraganckoil m AMypckoi obnacrei [8].

ITo nanubiM PocHenp, 3amacel poccelmHOro 30J10Ta B Poccuu onienuBatorcs B 1,1-
1,2 Teic. T, a exerogHas J00blYa cocTaBisieT OKoJo 80 T, YTO COOTBETCTBYET
00eCreYeHHOCTH OTpaciu 3arnacamMu Ha ypoBHe 14-15 ner. Ilpu sTOM cocrosiHue
MUHEPAIIbHO-CHIPhEBON 0a3bl POCCHIITHOTO 30JI0Ta XapaKTEPU3YETCs] HEOOXOAUMOCTHIO
e€ YCKOPEHHOTO BOCIPOM3BOJCTBA M BOBJICUCHUS] B OCBOCHHE HOBBIX OOBEKTOB, B TOM
YUCJIe TEXHOTCHHBIX. YKa3aHHBbIC OOCTOSTEILCTBA MOATBEPXKAAIOT, YTO POCCHITHAS
30JI0TOJIO0BIYA COXPAHSIET CYUIECTBEHHOE 3HAY€HUE [JIi MHUHEPaIbHO-ChIPHEBOIO
KOMILIEKCA CTPAaHBI M TPEOYET JaTbHEUIIIEro COBEPIISHCTBOBAHUS TEXHOJIOTUI TOOBIYH
U niepepaboTKu NecKoB [9].

BwMmecte ¢ Tem kak B 1iesiom B Poccun, Tak u Ha JlanbHeM BocToke 3HaunTEIbHAS
4acTh MPOCTHIX MO CTPOCHUIO U COCTABY POCCHINEH K HACTOSIIIEMY BPEMEHU YXKE
oTpaborana. BenencTtBue 3Toro ajis MOAAEp>KaHUS JOCTUTHYTOTO YPOBHS JOOBIYM B
AKCIUTyaTallMl0 BCE Yalle BOBJIEKAIOTCS MECTOPOXKIAEHUS CO CIIOXKHBIMUA TOPHO-
re€0JIOTUYECKUMHU YCJIOBUSIMHU, PACIONOXKEHHBIC, KaK MPaBWIO, B TPYIHOJOCTYITHBIX
palioHax M XapaKTEepU3YyIOIIMECsS TMOBBIIICHHBIM COAEPKAHUEM MEIKOTO U TOHKOTO

3oiota (MT3) [10], a Takke 3HAYUTEIbHBIM KOJUYECTBOM TIJIMHHUCTBHIX BKJIIOUYCHHUH B
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30JI0TOHOCHBIX mneckax [11]. B 3Toil cBsi3M NEpCHEKTUBBI Pa3BUTUSI POCCHIMTHOM
3010T0A00BIuM HA JansHeM BocToke cBsi3aHbI C OCBOEHHMEM HOBBIX OOBEKTOB, BKIHOYAs
MECTOPOXKICHUS C MEJIKUM U TOHKUM 30J10TOM [12-15] u TexHoreHHsie oopa3zoBanus [ 16-
19], BHEApEHNEM COBPEMEHHBIX TEXHOJIOTHYECKUX PEIICHUN MPU CTPOrOM COOTIOACHUU
JKOJOTMYECKUX  TpeOOBaHMM, a Takke pelieHueM HMHQPACTPYKTYpHBIX U
aJIMUHUCTPATUBHBIX 3aJa4, ONPEICNAIOIUX JAOCTYMHOCTh OOBEKTOB U YCTOWYMBOCTH
MPOM3BOJICTBEHHOU JesiTenbHOCTH [20-23].

Crnemyer OTMETHTh, YTO 3HAYEHUE POCCHIMTHONW 3070TOA00buM myis Poccuiickoi
®denepanuy ONpeaeseTcs: HE TOIBKO €€ POJIbIO B 00ECIICYEHUH 3aHATOCTH B YAAIEHHBIX
palioHax, HO U CYILIECTBEHHBIM BKJIaJ0M B (hOpMUPOBaHHE OOHKETHBIX MOCTYIICHUN
[24]. CymMa NpsAMBIX HAJIOTOB, YIUIAYWBAEMBIX IPEATPUATUAMU, 3aHITBIMU B OCBOCHUHN
POCCBIITHBIX MECTOPOXKACHUH 30J10Ta, TpeBbIiaeT 120 mapa py6. [25]. O6mume miarexu
B OIOKET coCcTaBIsIIOT He MeHee 20 % oT cyMMbl pean3aiuu 30510T1a. Takum oOpaszom,
npu mnede 10500 py6./r kaxaas TOHHA JOOBITOTO POCCHITHOTO 30JI0Ta O0ECreYnBaET
6onee 2 mip pyO. MOCTYIJICHUH B OFOKEThI PA3JIMUHBIX YPOBHEH [26, 27].

[TokazaTenpHO, UTO JaXe B YCIOBHSAX YCIOKHEHUS CHIPhEBOWM 0a3bl, pocTa JOIH
TEXHOTEHHBIX 00BEKTOB, YXY/IICHHs KadecTBa mepepadaThiBaeMbIX MECKOB U BBICOKOU
KaIUTalI0- U PECYPCOEMKOCTH OCBOEHUS yAAIEHHBIX TeppuTtopuid B nepuoa 2010-2021
IT. pOCChIIIHAs 30510T0/00bIMa B Poccum neMoHCTpupoBaja YCTOMUHMBOE pa3BUTHE
(pucynok 1.2). O6bEM 100BIYM 30J10Ta U3 POCCHINEH 3a YKa3aHHBIN NepUO]] YBEIUUUIICST
c 54,0 no 83,1 T, TOorma Kak YMCIO NPEANPUATUN, OCYIIECTBISIOMIMX pa3padOTKy
POCCBHITTHBIX MECTOPOKACHUM, BO3pociio ¢ 395 no 658, uinu noutu B 1,7 paza. OCHOBHBIM
(bakTopom, 00€CNeUnBIIMM AaHHBIA POCT, CTANIO CYLIECTBEHHOE YJIyYIIEHHE LIEHOBOMN
KOHBIOHKTYpPBI: MUPOBAas LIEHA 30JI0Ta yBenuuuiack B 1,47 pa3za, a BHyTpEHHsIS LIeHA B
pyOnéBoM BbIpakeHUH - B 3,57 pa3za. DTO B 3HAYUTEIHHON CTENEHU KOMIIEHCHPOBAJIO
neicTBue (PaKTOpOB, CAEPKUBAIOLIUMX PAa3BUTUE OTPACIH, BKIIOYAs POCT 3arpaT Ha
rOproYe-CMa304yHbIe MaTEpUalIbl, 3JIEKTPOIHEPIUI0, TEXHHUKY M 3allacHbIE YacTH,
HEO0OXOAMMOCTh MTOCTOSTHHOT'O IPOBEACHUS reoJIoropa3BeIOuYHbIX  pador,
HEJ0CTaTOYHOCTh MEP FOCYIapCTBEHHOMN MOAJIEPKKHA U BBICOKYIO aMUHUCTPATHBHYIO

Har . )51 TOM HOB T JIN TaBJIAIOT TIPCUMYIICCTBCHH MaJlbl
arpys3Ky IT 9TO OCHOBY OTpac cocTta IO CUMYIIICCTBCHHO aJIbIC
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NPEANpUATHS, 3HAYUTENIbHAs YacTb KOTOPHIX OCBAaMBAaeT TEXHOTCHHBIE U paHee
OTpabOTaHHBIE POCCHINH, XapaKTepU3yloluecs 00jee HU3KUM COJEPKaHUEM 30J10Ta U,
KaK CIEJCTBUE, Ooiee BBICOKOM ce0ecTOMMOCThI0 M00bau. B 3THX ycroBusx
OJlaronpusTHas [IEHOBasi KOHBIOHKTYpPaA IJUTEIHHOE BPEMs BHICTYMANIa ONMPEACIISIIONINM
(bakTopoM MHOJJEPKAHUSI IKOHOMHYECKOW YCTOMYMBOCTH POCCHIMTHOM 30JI0TO0OBIYM.
Onnako yxe B 2022 T. yKpemieHue Kypca pyoiis, CHIbKeHue pyOnéBoi eHbl 3010Ta U
BBEJICHUE JHMCKOHTOB K YYETHOM IIeHE MOKYNKH METalla CYIIECTBEHHO YXYAIIUIN
NOJIOXKEHUE MHOTIMX NpPENNpUsATUd, B pe3yibTaTe 4Yero Mnpu ceOecTOMMOCTH
IPOU3BOJICTBA 30JI0Ta Ha ypoBHE 3,2-4,2 ThIC. py0./T 3HAUUTENbHAS YaCTh MPHUHCKOB U
apTesieil okaszajach y TpaHHIbl peHTabenbHOCTH b0 3a e€ mnpenenamu. Ceiiuac
NOJIOXKEHUE 30JI0TOAOOBITYMKOB CHOBA YJy4YIIMIOCHh Ojarojgapsi BBICOKOM II€HE Ha
30J10T0, Oosiee 10 ThIC. pyO./T.

700 11000

658 658 658 658 658
10340
590 oV 10000
%': 518 20 9000
=
O o 500 470
gt 446 448 452 8000 g
g3 427 o
5 3 395 7000 2
2 g 400 g
E = 6000 E
(3]

T 5000 ©
285 ©
=l ] =
g; 200 4000 =t
o ‘§ 3000
g %100 | B, Nos2fb2,s 67,3860 8 BreZ i THRFe o0 S 1 79,5079,5083,18 83 W77.4876,3076,3 2000
T 1195 i B N B

0o = 1000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Mon

= Yuycno npeanpuaTyi sonotoaobblun EI[o6biYa 30M0Ta U3 poccblinel, T —e—LleHa 3onorta, py6./r

Pucynox 1.2 - JluHamMuKa CTOMMOCTH 30J10Ta, KOJUYECTBA NPEANPUATUN U 00beMa

JIOOBIUM T10 TOJIaM B POCCHITTHOM 30J10TO100bIUE *

* C 2022 r. odunumanpHble JTaHHBIE HE MPEIOCTaBIAIOTCA. JlaHHBIE NpEACTaBICHBI IO
3aKJIFOYEHUSAM PA3JIUYHBIX SKCIIEPTOB.

OcobennocTu COBPCMCHHOI'O COCTOAHHA pOCCBIl'IHOfI 30J'IOTOI[O6LI‘-II’I, BKJIIO4as

YCIIOKHCHUEC YCJ'IOBHﬁ OCBOCHMHA MCCTOpO)KI[CHHﬁ, BBICOKYHO 3aBUCHUMOCTD
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HKOHOMHYECKON YCTOMYMBOCTH MPEINPUATHN OT BHEITHUX (PAaKTOPOB M BO3PACTAIONLY IO
pOJIb  TEXHOJOTHYECKOW A(P(PEKTUBHOCTH, B TOJHOHM Mepe MpOSBIAIOTCS Ha
pernoHagbHOM YypoBHE. OJHMM M3 HaumOoJiee NOKAa3aTebHbIX B 3TOM OTHOLUEHUU
cyobekToB Poccuiickoii @enepaniun sBisiercs XabapoBCKUM Kpai.

I'opHonoObIBatoIass oTpacib XabapoBCKOro Kpasi - BaXHEHUIIUNA HUCTOPUYECKU
CJIOKMBIIHNCS 3JIEMEHT 3KOHOMHUKU pPEruoHa, €€ BaXHOCTh OO0YCJIOBJEHA, B IMEPBYIO
ouepelb, HaJUYMEM YHUKAJIbHBIX [0 CTPYKType U MaciuradaM OCBauBaeMOM
MUHEPAJbHO-CBIPhEBOIl  0a3pl  MECTOpOXKACHMH. [ OpHOMOOBIBAIOIUI  CEKTOP
obecnieunBaer 12 % BajgoBOro peruoHaJIbHOTO MPOAYKTA, @ HAJIOTOBbIE MOCTYIJIEHUS OT
ropHoi orpaciu cocrabisitor 21,4 % ot oOumux nepeuucienuii [28]. B XabapoBckom
Kpae HaJOroBble MOCTYIUIEHUs OT TOPHOI00bIBatoNIei oTpaciu B 2024 roy NpeBbICUIN
23,7 mapn pyoise, uto GOpMHUpPYET CYIIECTBEHHYIO JIOJIO JOXOAHOW YacTU KPaeBOTO
oromxkera. [lokazaTenn AOObIYM METAJJIOB M HAJOTOBBIX MOCTYIUICHHN NpPHUBEACHBI B

tabmune 1.3.

Ta6bmuma 1.3 - Ilokazarenu m0OBIYM METAIJIOB M HAJIOTOBBIX IOCTYIUICHHH B

Xabaposckom kpae B 2020 - 2026 1.

30510TO Pynnoe Hanoroseie
Pocceimnoe Cepebpo, | Omnoso,
lon (Bcero), 30J10TO, Menp, T | TOCTYIICHUS,
30J10TO, T T T
T T MJIIpJ pyO.

2020 24,5 3.8 20,7 32,4 2539,1 235,6 9,6
2021 26,9 4,4 22,5 31,0 2907,7 365,8 11,3
2022 27,8 4,2 23,6 44,7 2900 7564,6 11,6
2023 27,9 4,1 23,8 68,5 3003,1 9501,1 14,1
2024 28,1 3.9 24,2 70,2 2466,1 | 49108,8 23,7
2025 34,4 - - - 3500 | <210000 -
2026

*IPOrHO3HbIE 34,5 - - - 3800 | <290000 -

JTAaHHBIC

B 2020-2025 rr. 06muii 006éM 100BIYN 3010Ta IEMOHCTPUPYET YMEPEHHBIN POCT,
Ipyd O5TOM OCHOBHOW BKJIAJl B YyBEJIMYCHHE JOOBIYM OOECIEYMBAIOT PYIHBIC

MCCTOPOKIACHHA, XapPaKTCPUIYIOMIUCCS NHCPIUOHHBIM XapPAKTCPOM pPAa3BUTHA. Ha stom



21

¢dboHe MOOBIYA POCCHITHOTO 30JI0TA TOCHE JOCTHKEHUS MAaKCUMAaJIbHBIX 3HAYCHHH B
2021 r. UmMeeT TEHACHLUMIO K CHUXECHHUIO, COXPAaHSs MHpPU 3TOM 3aMETHYIO pPOJIb B

CTPYKTYpE 30J10T0100buH (pucynku 1.3,1.4).
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Pucynox 1.3 - Tloctymenus B 6romker Xadaposckoro kpas 2020-2024 rr. [29]
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Pucynox 1.4 - JIo6s1ua 30510Ta B XabapoBckoM kpae no roaam 2020-2024 rr. [29]

B 2025 ronmy Ha Tepputopun XabapoBCKOro Kpas ACSTENbHOCTb MO J00bIYe
JPAroleHHbIX W I[BETHBIX METAUIOB ocywecTBIsM 47 mnpeanpustuil. U3 Hux 42

OpraHu3anuu BCJIH I[O6I>qu 30J10TAa, 3 - 0JI0OBa, W 110 OJHOMY HpPCANPUATHUIO
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OCYIIECTBIISUTM JTO0OBIUY TUIaTHHBI U Meau [29]. PocchimHas 3070Tom00BIMa B Kpae
TPaJUIIMOHHO cocpenoToueHa B AgHo-Mariickom, Oxorckom, Hukomaesckom, Tyrypo-
YymukanckoM, BannHckoM, YpucKkoM parioHax U parioHe mMeHM llommabel OCuIieHko
[30]. K gucny nunepoB mo 100bYE POCCHIITHOTO 30JI0Ta OTHOCATCS apTenu «BocToky,
«JlampHEBOCTOUHBIE pecypchl», «3010T0 Kepou», «3apsi» u «Humany.

PecypcHas 6aza 3010T0A00BIYM Xa0apOBCKOTO Kpas MO-TPEKHEMY OCTaETCS
3HaunuTenbHOM. [1o cocrosHuio Ha Hayano 2024 r. rocyAapCTBEHHBIM 0alaHCOM YYTEHO
387 MeCTOpOXIEHUN 30J10Ta, B TOM 4uCie 34 30J0TOPYAHBIX U 353 POCCHINHBIX, C
cymMMmapHbIMU OaniancoBbiMu 3amacamu 807,7 T. Hepacnipenenéunpiii ¢hoHA BKIIOYAET
137 mecropoxaenuit, uiu 35 % OT UX OOIIEro KOJWYECTBa, OJJHAKO MX CyMMAapHbIE
3amachl COCTABJIAIOT UMb 16,5 T, TO ecTh 0K0JI0 2 % 3amacoB 3050Ta 1o kparo. CpenHee
collepkKaHre 30J0Ta B  OajgaHCOBBIX 3amacax JKCIUIyaTHUPYEMBIX POCCHIHBIX
MecTtopoxkaeHuit coctarisier 0,44 r/M?, Torja Kak B POCCHINSX HepacrpeneaéHHOIro
donma - 0,41 r/M>. Tlpm sToM moyis HepacnpeneaéHHOro ¢GpoHAa UMEET TECHIACHIIUIO K
cokpaieHuto: eciu B 2013 1. B Hero BXxoamno 62 % pOCCHITHBIX MECTOPOKIAECHUM, TO K
Havairy 2022 r. - nub 46,4 %.

VYKka3zaHHbIE JaHHbIE CBUJCTEIBCTBYIOT O TOM, YTO B COBPEMEHHOW MHHEPAIBHO-
ChIpbE€BOM  0a3ze  peruoHa MpeodNafalT  CIO0XKHO-CTPYKTYPHBIE  POCCBHIITHBIE
MECTOPOXKICHHUSI M WX TEXHOTCHHBIE KOMIUIEKCHI. D(P(HEKTUBHOE OCBOEHUE TaKUX
MECTOPOXKACHUN TpeOyeT WHHOBAIIMOHHBIX TIOJXOJI0B K BBIEMKE U THepepadoTKe
MPOAYKTUBHBIX MUHEPAJIbHBIX MAcC U COBEPIICHCTBOBAHUSI TEXHOJOTHI MOATOTOBKH,
00ecrneunBaOIIMX SKOHOMUYHOCTh, a TAKXKE MUHHUMH3ALMIO 3KOJOTHYECKOTO yIiepOa
okpyxarouien cpene [31-33].

OpnHoll 13 XapakTEepHBIX OCOOEHHOCTEW Pa3BUTHS POCCHIMHOW 30J0TOAOOBIYU B
MOCJIEHEE  JIECSATUIIETUE  SBISAETCS BO3pPAaCTaHHE POJIM  MAJIOrO0 W CPEIOHErO
npeanpuHuMarenbeTBa (nanee - MCII) [34]. 9To 00ycia0BI€HO CpaBHUTEIHLHO MEHBIIICH
KamUTaTOEMKOCTBIO TaAKUX MPOU3BOJICTB, a TAKXKE MX OOJbIIEH THOKOCTHIO TIPH CMEHE
Y4acTKOB pabOT B 3aBUCUMOCTH OT TOPHO-T€OJIOTHYECKUX, HJKOHOMHUYECKHX U
TexHosornueckux ycnosuidl. Ilpennpustus MCII B nenoMm IeMOHCTpHUpYIOT Ooliee

BBICOKYIO aJallTUBHOCTb K KOJIEOAHHSIM IOCHBI HAa 30J0TO WM H3MCHCHHUAM CTPYKTYPhI



23

CBIPHEBOM 0a3bl, YTO JCNIACT MX BaXKHOH COCTaBIIAIONISH TOPHOIOOBIBAIOIIETO CEKTOpa
peruoHa [35, 36].

Bwmecte ¢ Tem poct posiu MCII He yeTpaHseT He0OXOAMMOCTH TEXHOIOTHIECKOTO
COBEpILEHCTBOBAHUS JOOBIUHBIX M TiepepadaThiBalOUIMX KOMIUIEKCOB. Hamportus,
YXYJIIIEHUE KadyecTBa ChIPhEBOM ©0a3bl M BOBJICUEHHE B OKCIUTyaTallMI0 paHee
HEpPEeHTA0ENbHBIX 00BEKTOB TPEOYIOT BHeApeHus: Oosiee I(H(PEKTUBHBIX TEXHUUYECKUX
penieHuid. B 3Toi ¢BsI3M B IPaKTHKE POCCHIITHON 30710TOI00BIUN BCE IIMPE TPUMEHSIIOTCSI
MOOMJIbHBIE MOJTYJIbHBIE KOMILIEKCHI, TO3BOJIAIOIIME OCBAUBATh yIAJIEHHBIC U CII0KHbBIC
10 YCJIOBUSIM MECTOPOK/ICHHS C MEHBIIMMU KalUTAIbHBIMU 3aTpaTtamu [37].

Oco60€ BHUMaHKE YAEISETCS BONPOCAaM YKOJIOTUH. Y CUJICHUE MPUPOA0OXPAHHBIX
CTAaHJAPTOB U KOHTPOJBHBIX MEPOMNPUITUN CTAHOBUTCS O00S3aTEIbHBIM YCIOBUEM
YCTOMYMBOIO PAa3BUTHS POCCHIMMHOW 30JI0TOA00BIYU. BHeApsIoTcs TEeXHOJIOTHH,
MHUHUMH3UPYIOIIME HETAaTUBHOE BO3JICMCTBHE HA OKPYXKAIOUIYI0 Cpeay, BKIOYas
CUCTEMBI 3aKPBITOTO BOJAO0OOPOTa U COBPEMEHHBIE METOJABl PEKYJIbTUBAIIUU 3EMEIh

nocJie 3aBepiieHus 1o0bruu [38].

1.3 O030p cymiecTBYHOIIHUX CNIOCO00B 100bIYH 30J10TA U3 POCCHIMMHBIX

MEeCTOPOKIACHUMN

JIJIst pocChIled ¢ MEJNKUM W TOHKHM 30JI0TOM, a TaKKe JJIi TEeXHOTCHHBIX
oOpa3oBaHul, HaWOOJbIIEe 3HAYEHHE MMEIOT TEXHOJIOTHH, OOCCIeYNBAIOIIUE:
KaueCTBEHHYIO J€3UHTErPALMIO MECKOB, 3Q(PEKTUBHOE TPOXOUECHHE IO MEJIKUM KJ1accam,
YCTOMYMBOCTh pPEKUMA T0oAaud M 3(PPEKTUBHOCTh pacHpenesieHUs IyJbIBI MEXITY
nuito3amu.  CreoBaTeNbHO,  NPHOPUTET  JIOJDKHBI — TOJMy4aTh  HE  MPOCTO
BBICOKOTIPOM3BOIUTEIBHBIC CITIOCOOBI BHIEMKH MTECKOB, a TAKKE TEXHOJIOTHYECKUE CXEMBI,
B KOTOpbIX o0ecnieunBaeTcs 3P (HEKTUBHOCTh OJATOTOBKM MaTepHalia.

[lenecooOpa3Ho paccMaTpuBaTh HE BCE H3BECTHBIE CIOCOOBI pa3paboOTKH
POCCBHITTHBIX MECTOPOXKICHUH, a TOJIBKO T€ TEXHOJOTHYECKHE PEIICHHS, KOTOPhIC
oOecrieuynBalOT d(PPEKTUBHYIO TEpepadOTKy IMECKOB MPU TMOBBIIMICHHOM COJIEpKaHUU

MCJIKOT'O U TOHKOI'O 30JI0Td, 4 TAKKC IIPHU BOBJICHCHHU B JKCIIyaTAlIUIO TCXHOI'CHHBIX
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pocceiniedi. Takoi moaxoj OOYCIIOBIEH TEM, 4YTO HMMEHHO YKa3aHHbIE OOBCKTHI B
HACTOSIIEE BpEMs  MPEACTABISAIOT  HAWOONBIIMI  MPAKTUYECKUM  HUHTEpeC U
XapaKTEPHU3YIOTCS MOBBINICHHBIMA TEXHOJIOTHUECKUMH TIOTEPSIMU TP UX TTepepadoTKe.
JloOblua  POCCHIITHOTO  30JI0Ta  MPEACTaBIACT COO0OHM  MHOTOCTAJIUIHBIN
HEINPEPBIBHBIN TEXHOJIOTUYECKU N Ipolece, BKJIIOYAIOLIU I [IPOBEAECHUE
re0JIOTOPa3BEIOUYHBIX pPa0OT, MOATOTOBKY M BCKPBITHE MECTOPOKICHUS, PBHIXJICHUE
MOPOJI,  BCKpPBIIIHBIE  PabOTHI, dbopMupoBaHUE€  OTBAJOB,  CTPOMUTEIHCTBO
TUJIPOTEXHUYECKUX COOPYKEHHH, BBIEMKY M TPAaHCHOPTUPOBAHHE IIECKOB K
MPOMBIBOYHBIM TIpHOOpaM, WX MPOMBIBKY, a TakKe 00ecleueHrne TEXHOJIOTHYECKOTO
npoiiecca BOAO-, IHEPTOCHAOKEHUEM M PEMOHTHBIM OOCIyKMBAaHUEM MPUMEHSIEMBIX
TEXHUKH U 00opynoBaHus. I(PPEKTUBHOCTH OCBOEHUS POCCHIIN ONpenesseTcs
COTJIACOBAHHOCTBIO BCEX 3BEHBEB TaKOW MPOU3BOJCTBEHHOW Ienovku. Haumboiee
YHUBEPCAJIbHBIM [IJIs YKA3aHHBIX YCJIOBUW SIBISIETCS OTKPBITBHIA pa3lieNbHBIA CIIOCO0
pa3paboOTKu C MPUMEHEHHEM 3KCKaBaTOPHO-aBTOTPAHCIOPTHON WM OyJIbJI03€pHO-
AKCKAaBaTOPHOW CXEMbl M TOCJIEAYIOIIEH TepepaboTKON MEeCKOB Ha MPOMBIBOYHBIX
npubopax. BaxkeH BbIOOp TEXHHKH, 00ECIIEUMBAIOIICH COBMEIICHUE TEPEMEIICHUS U
IUIAHUPOBKHM BCKPBIIIHBIX M BMEWIAIOIINX IMOPOJ MPU MUHUMAIBHBIX KAMUTAIBHBIX
3aTparax, MoATOMY IIHUPOKO MPUMEHSIOTCS OyJib103epbl. Hapsimy ¢ HUMU HCTIONB3YIOTCS
HKCKABAaTOPHBIE CXEMBbI, OTJIWYAIOIIUECS BBICOKOW TEXHOJOTUYECKONM THOKOCTBIO U
BO3MO>KHOCTBIO aJIalTAllMA K PA3JIMYHBIM TOPHO-T€OJIOTHYECKUM W KIMMATHYECKUM
YCIIOBHSIM, BKJIIOYasl TJIyOOKO3aJETAIOIINe POCCHIMU. BpIOOp THma HKCKaBAaTOPOB,
TPAHCTIOPTHON TEXHUKUA M MPOMBIBOYHBIX MPUOOPOB (PAKTUUECKU OMpPEENsieT 0OIIyIo
TEXHOJIOTUYECKYIO CXEMY pa3pabOTKU POCCHITHBIX MecTopoxaeHuit [39, 40].
TpaHcnopTpOBaHHE BMEMAKOIIMX IMOPOJ MW MNPOAYKTHBHBIX IIECKOB MOYKET
OCYILECTBIISITECA aBTOCAMOCBAJIaMH, KOHBeHepaMu W TruaporpancrnoproM. Haumbomee
pacrpocTpaHEHbl aBTOCAMOCBaJIbl Ojarojaps UX HaJIE&KHOCTU, aBTOHOMHOCTH U
MOOMIBHOCTH. BMecTe ¢ TeM Mo CpaBHEHHIO C AKCKaBaTOPHO-OYJIBIO3EPHOM CXEMOM
MIPUMEHEHHUE aBTOTPAHCIIOPTA XapaKTepu3yeTcs: 0oJiee CIOKHON OpraHu3amueit padot u
JIOTIOJTHUTEIIbHBIMA ~ 3aTPaTaMH, CBSI3aHHBIMM C IIEPEBO3KOM TOPHOM MacChl H

COJIep )KaHUEM JIOPOKHON HHPPACTPYKTYyphl. B 11emoM, mpu pa3paboTKe POCCHITHBIX
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MECTOPOXKACHUH MPUMEHSIOTCSA TPAHCIOPTHBIE, OECTPAHCIIOPTHBIE U CMEIIAHHBIE CXEMBI
NO0OBIYM B 3aBUCHUMOCTH OT TOPHO-T€OJIOTMYECKUX, TPUPOJHBIX, KIMMATHUYECKHX
YCIOBUH MECTOPOXKIEHUS U TPeOOBAaHMW K TMOATOTOBKE JOOBIBAEMOIO IOJIE3HOTO
rckomaemoro [41-43].

['uppaBnuyeckuii cnocod, paHee MUPOKO UCIOJIb30BABUIMIICS, B HACTOALLEE BPEMSI
B 3HAYNUTEIBHOU CTENEHU  yTpaTHI aKTyaJIbHOCTh  U3-3a  Pa3BUTHA
BBICOKOIIPOM3BOJUTENIHON 3€MIIEPOMHON TEXHUKH, XOTS OH OOBEAMHSIET OTOOIKY,
TPaHCHOPT U NPOMBIBKY B €UHBIN LMK [44, 45].

[Ipy Hanuuuu OOJBIIMX 3aMACOB POCCHITHOTO 30JI0Ta W JOCTATOYHOU
OOBOJIHEHHOCTH MECTOPOXKACHUNU 3(P(HEKTUBEH MOJBOJIHBIN CIMOCO0, MPEXKIE BCEro
JPaKHBIN: OH 00ECIEYMBAET BHICOKYIO MEXAHU3ALMIO U IOTOYHOCTH MPOIIECCA, BEICOKYIO
IPOU3BOJUTENBHOCTh TPY/a U CPAaBHUTEIBHO HU3KYIO CE0ECTOMMOCTh Ha KPYIHBIX
JOJIMHHBIX POCCHINAX, HO TPeOyeT 3HAYMTENbHBIX KalHUTAIbHBIX BIIOXKEHUH [46-49].
3eMcHapsibpl pabOTAIOT MO MOXO0XKEH CXeMeE.

B CI0XHBIX TOPHO-T€OJIOTMYECKUX U MPUPOAHO-KIMMATUYECKUX YCIOBUSAX, I/IE
OTKpPBITHIE W TOABOJHBIE CIMOCOOBI HEID(PEKTUBHBI, MPUMEHSETCS MOA3EMHas
pa3paboTKa, IJaBHBIM OOpa3oM s INIyOOKMX W MHOTOJIETHEMEP3IBIX POCCHINEH.
OCHOBHBIMH YCIIOBUSIMH BbIOOpa MOJ3EMHOr0 croco0a sBISIOTCA OoJjblias riiyOuHa
3aJleraHusl M HaJUM4he MHOTIOJIETHEMEP3IBIX IOPOJ; K MPEUMYLIECTBAM OTHOCSTCS
MEHbIIIee HapylLIeHHe JaHAmadTa U CHUKEHHE pa3yOoKMBaHMs, Ye€M IPHU OTKPBITOM

pa3zpaboTKe.

1.4 O0630p NpPOMBIBOYHBIX NPUOOPOB, MPUMEHSIEMbIX HA POCCHITHBIX

MECTOPOKICHUAX, H ONCHKA UX JHEPIrOEMKOCTH

1.4.1 I'mapodJieBaTOPHBbIE U 3eMJIECOCHbIE IPOMBbIBOYHBbIE IPUOOPBLI

I'uposneBaTopHble NUIIO30BbIE IPOMBIBOUHBIE IPUOOPHI C THAPOBALITEPIOM TUIIA
[II'I-50 (ITpubop runposneBatopHbIi-1LI030B01) U [1I'III-75 B TeueHue amuTensHOro
BPEMEHHU SIBJISITUCH OJTHUM U3 OCHOBHBIX BHJIOB 00OpYAOBaHUs, MIPUMEHSBIIEIOCs MpH

pa3paboTKe POCCHITHBIX MECTOPOXKIACHUH 3010Ta. VX mmpokoe pacnpocTpaHeHUe ObLIO



26

00yCIIOBJIEHO KOHCTPYKTHBHOM TIPOCTOTOM, TEXHOJOTHUECKON HAJIE&KHOCTBIO W
MPUCIIOCOOJICHHOCTBI0O K YCIIOBHSIM  OTKPBITOM  pa3fenbHOMl  pa3pabotku. B
HMCTOPUYECKOM aCIeKTE UMEHHO C UCMOJb30BAHUEM MPOMBIBOYHBIX MPUOOPOB JAHHOTO
Tuma Oblj1a 0TpaboTaHa 3HAUUTENbHAS YaCTh pOCCHIMHBIX MecTopoxaenuit B CCCP.

I'mapoBamreps mpeacTaBiser coOOM  HAKIOHHBIM KOpoO, 00OPYIOBaHHBIM
pelmeTkaMu ¢ OTBEPCTUSIMH pa3JIMYHBIX JAUaMeTpoB. B mporecce nepemenieHus
Marepuajga M0 HAKJIOHHBIM pElIeTaM IMPOU3BOAUTCSA OTMBIB TJIMHUCTOW MPUMA3KU H
OTIETICHUE MEJIOYM OT KpymHoro wmartepuana. llomgpemetHas ¢paknus B BHUIE
00BOJTHEHHON cMecH (TyJIbIbI) 10 HAKJIOHHOMY JIOTKY KopobOa momamaer B OyHKep,
OTKYyJla TPOU3BOIUTCS TUAPOTPAHCIIOPTUPOBAHUE MYJIBIIBI THAPOIIEBATOPOM Ha IILII032
rryookoro HanosHenus (ganee IT'H)[50].

[TpoextHas mpouszBoguTensHOCTh 1O TBepAomy IIT'III-50 cocraBiaser 50 m3/4,
OJIHAKO (paKTUYECKasi MPOU3BOAUTEIBLHOCTh MO TBEPAOMY OOBIYHO HE npeBbiiiaeT 40-42
M*/a. TloaTomy omneHKy 3((PEeKTHBHOCTH HEOOXOAMMO IPOBOJMTH HE MO MACHOPTHOM
POU3BOJAUTENLHOCTH, a 10 YPHEProEMKOCTH MPUOOPA U IKCILITYyaTallMOHHBIM 3aTpaTaM Ha
IIPOMBIBKY.

Kak nokazana npakTuka NpUMEHEHHUS U IKCIUTyaTalluu, K HauboJsee Y3HepProéMKUM
(MO0 KOJIWYECTBY TOIUIMBA, 3aTPAuY€HHOMY Ha MPOMBIBKY) OTHOCSTCSI 3JIeBaTOPHbIC
nutto30Bbie pubopsl [I'MI-50, II'MI-75 u 3emnecocHbie nut030Bbie Tpubdopsl [1311-
100, TT31I-130. s [II'T, kak paBuiio, ucnois3yerca Hacoc 1/1-1250-63 ¢ neuraresnem
MOIIHOCTBIO 290 kBrt. [Ipn nu3enpsHOM mpHBOAE HAcOCa CYTOYHBIM PAcXOJ TOIUIMBA
coctaBisier okojgo 1 wm?. HecMoTps Ha IIMPOKOE MPUMEHEHHWE B POCCHIMHOM
30J710TO/100bIue, HabmoAaeTcst cHrbkeHue aoau [ u3-3a X BEICOKON SHEPro€MKOCTH
Y CPaBHUTEJIBHO HU3KOW (PaKTUUECKOW MPOU3BOAUTEIHLHOCTH TPOMBIBKH 30JI0TOHOCHBIX
neckoB [51].

IT31I11, Tak xe kak u [II'T, oTnryaroTcs BEICOKOUM 3HEPro€éMKoCThIO: Ha [13111-100
0o0bryHO TpuMeHsieTcsi oauH Hacoc 1J[-1250-63, na II311-130 - aBa Takux Hacoca.
OpnHako WMX MPUMEHEHHE TEXHOJIOTMYECKH OMPAaBJAHO, MOCKOIbKY OHU 00€CIeurnBarOT

HOI[’béM " TPAHCIIOPTHUPOBKY IICCKOB 110 ITYJIBIIOIIPOBOJAY HA 3HAYUTCIIbHBIC PACCTOAHHA



27

U BBICOKYIO AS(DPEKTUBHOCTH JE3UHTETPAIlM TOPHOMW MAacChl, COMOCTABUMYIO CO
CKpy0Oep-OyTapHbIMH YCTAHOBKAMH.

[Tpu BBIGOpE MpombiBouHOTO 000pyaoBanus mexay [T u TI3I neobxomumo
YUHUTBIBATh HE TOJILKO dHEPronorpedienue, Ho U TexHosoruueckuit a¢dext. [Ipu srom
BBICOKHME IKCIUTyaTallMoHHbIe pacxoabl [I311I cBsi3aHbl Kak ¢ 3HEpro3arparamu, TaK U C
3aMEHOM JOPOrOCTOSIINX U3HAIIMBAEMBIX Y3JIOB (3€MJIECOCOB, TPUBOIHBIX JIBUTATENEH,
MyJIBIIOMTPOBOJIOB).

Orpannuenus [T u I[T311 Hanbosee 0TYETINBO MPOSABIISIOTCS MPU ITepepadboTKe
IIECKOB C BBICOKHAM COJIEP/KAHUEM MEIKOI0 U TOHKOTO 30J10Ta, a TAKKE IPH YCIIOKHECHUU
TOPHO-TEOJIOTUYECKUX YCJIOBHHM. [l Takux OOBEKTOB BO3pacTalOT TPeOOBaHUSA K
MOJHOTE JE3UHTETPAlMKM, KadyeCTBY TPOXOYEHHUs, YCTOMUYMBOCTH pEXKHMaA MOJAYU
IyJIbIIBI U TOYHOCTH PETYJIMPOBAHUS TUAPOJNHAMUYECKUX TAPAMETPOB HAa LIJIF03aX, YETO
HE BCerja yaaeTcs MTOOMThCA Ha THUIPOIJIEBATOpaX U 3emiecocax B CHIY HX
KOHCTPYKTHUBHBIX OCOOCHHOCTEH.

JlanpHeNIUM pa3BUTHEM THUIIPOIJIEBATOPHON IUTIO30BOM CXEMBbI CTaIM MPUOOPHI
tuna [II'"IN-50 u III'MHHA-100 - mpubop TuapO3IeBaTOPHBIN MUTIO30BOM KOHCTPYKIIUU
NpkyTckoro Hay4yHO-MCCIIEIOBATEIHCKOTO HHCTUTYTA OJIArOPOJIHBIX U PEIKUX METAILIIOB
u anmazoB (Mprupenmer), OpUEHTUPOBAHHBIC HAa TOBBIIICHUE HW3BJICYEHUS MEJIKOTO
30JI0TA 32 CYET BBIACIICHUS MNOAPEIIETHOIO MPOAYKTA U €ro MOCIECAYIOUIEH M01a4Yu Ha
nutto3a Menkoro HanomHenws. s TITIIIN-50 npou3BOAMTENBHOCTh O TBEPIOMY
coctapysieT S0 M3/4, MakcuManbHast KpyMmHOCTh utanus - 80-100 mwm, Tutomaap nuio3a
r1yOOKOro HamojHeHus - 3,2 M?, IUIONaJb MHOTOCEKIIMOHHOTO THAPABINYECKOTO
rpoxora - 4,3 M?, lIMprHA 1IENH - 5-8 MM. B cxeme npeyCMOTpEeHO 8 1UII030B MEJIKOTO
HarojaHeHuss oOmeld miomanso 24,6 M2 Jna TIIMINW-100 cooTBeTcTByOMINE
nokasaresiv coctasiisitoT 100 m3/4, 80-100 mm, 6,4 M2, 8,6 M2, 5 MM 1 16 ILTIO30B MEJIKOTO
HAIoJIHEHHU oOmier miomansio 49,3 M2 Takas KOMIIOHOBKA 00€CIIEYMBACT BBIJICIICHUE
KJlacca MEHee 5 MM U MepeBo] HanboJiee IIEHHOM M0 METKOMY 30JI0TYy YacTH MaTepuana
B 0oJiee ynpaBJIsiIeMbIi THAPOAUHAMUUCCKUN pexuM [52].

Texnonornueckoe npeumymecrso I  ompenensiercs HE  TOJBKO

YCIOKHCHHUCM CXCMBI, HO 1 pOCTOM MoKazaTrejiel U3BJICUCHUS 10 MEIKUM KiaccaM. [1o
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nanabiM Uprupenmerta, Ha [IT'IIH-50 u3zBneuenune 3om0ta kpynsaee 1,0 MM cocTaBiser
98-99 %, B kmacce -1,0+0,5 mMm - 94-98 %, B kimacce -0,5+0,25 mm - 80-85 %, B k1acce
meHee 0,25 mm - 45-50 %. Ilo cpaBHeHHIO cO craHgapTHBIM npubopom Tuna [T
noTepu 30j0Ta cHUXkarTcs or 2 1o 3 pa3. Tem cameim [N menecoobGpaszHo
paccMmaTpuBaTh Kak 0osiee 3PpGhEeKTUBHBINA BApUAHT MLIH030BOM CXEMBI 111 00BEKTOB, T
JIOJISI MEJIKUX KJIACCOB METAJlIa y>KE€ HE IMO3BOJISIET OTPAHUYMBATBHCA TOJIBKO IUIFO30M
rJIyOOKOT0 HAMOJTHEHUSI.

KitoueBoe 3Hauenne 11 93QpGHEeKTHBHOCTH TAKMX CXEM UMEET y3el rpoxodcHus. B
POCCBHIITHOM  MPAKTUKE MPUMEHSIOTCS HEMOABMXKHBIE peléra THAPOBAITEpIOB,
OyTapHble M BUOpaIMOHHBIE TPOXOTHI; MPU 3TOM BBIOOpP omperensercs TpedyeMoi
KPYITHOCTBIO MOJPEHIETHOTO MPOAYKTa M YCTOMYMBOCTHIO PabOThl MO TIMHUCTHIM
neckam. J{Jist pocchlniel co CpeAHUM U KPYITHBIM 30JI0TOM pa3Mep nepdopaiuu 00bIYHO
npuHuMaercst B npeaenax 20-30 MM, Torga Kak mpud MEJIKOM U CPEIHEM 30JI0TE€ €ro
yMeHbIIatoT A0 12 mM. OJHako yMEHBIIEHHWE OTBEPCTUH IMOBBINIAET KAuyeCTBO
KJaccu(UKauu 1IEHOM CHUKEHHUS MPOIYCKHOW CIMOCOOHOCTH M POCTa BEPOSTHOCTH
3a0MBaHUs CEIOIIEH MOBEPXHOCTU. [[OMOJHUTENBHO CIEAYET YUYHUTHIBATh COXPaHEHUE
KUBOT'O CEUCHHUS: METAJUIMYECKHE CUTA B AKCILTyaTallii OBICTPO 3a0MBAIOTCS U TEPSIIOT
€ro, TOT/1a Kak MPUMEHEHNE PE3MHOBBIX U MOJUYPETAHOBBIX MOBEPXHOCTEU MOBBIIIAET
CPOK CIIy’KObI, HO TIPH HEYJIaYHOW KOHCTPYKIIMH TaK)K€ MOXKET YMEHbBIIATh MOJE3HYIO
momanas npocesa [S53]. CnenmoBarenbHo, npu cpaBHenuu [ITI'TH, TI3HI wu TIT'THHN
HEOOXOJMMO  Yy4YUThIBaTb  HE  TOJBKO  DHEProéMKOCTb U MACHOPTHYIO
MPOU3BOJAUTENLHOCTh, HO W IUJIOMIAJh TPOXOUYCHHUS, pa3Mep OTBEPCTUH, (pakTHdecKoe
YKMBOE CEYEHHE M BO3MOKHOCTh YCTOWYMBOI'O BBIJICICHUS KJlacca, HAMPaBIIEMOro Ha

1IrF03a MCJIKOI'O HaItIOJTHCHHU .

1.4.2 IlnacTuHYATHIE TPOXOTHI

B pa3Butue paccMOTpeHUs MNPOMBIBOYHBIX HPUOOPOB C THAPOBALITEPIOM
HEOOXOJMMO OTMETUTh OOOpYAOBaHHE C IUIACTUHYATBIM TPOXOTOM (JAEpOKEpPOM),

UCIOJIb3yEeMO€ MTPEUMYIIECTBEHHO MPU OTPAOOTKE BATYHUCTBIX POCCHITEH.
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HaunbGonee wacTto BCTpeuaeMblil MPOMBIBOYHBIA KOMILIEKC C JIEPOKEPOM - HTO
IpoxoT ruapoMexaHuzupoBanHblil ' TM-3 u npubop npoMbIBOUHBIA MOy IbHBIN [TTIM-
5. VIX macmnopTHas IpoM3BOJUTENBHOCTE COCTaBIAeT 10 70 M>/4, (JaKTUUECKH 9acTO HE
npeBbINIacT 65 MY/ u.

[TpuGopsl Ha 6a3e MIACTUHYATOTO TPOXO0TA TUIIA «AEPOKEP» UMEIOT 3HAUNUTEIIbHBIE
MOKa3aTeIu DHEPToNnoTPeOIeHUs, TaKk Kak HCHoJib3ytoTcss Hacochkl 1/1-1250-63 ms
npubopa mpomMeIBOYHOTO MoayabHOTO I1TIM-5 1 Hacoc 1/1-800-56 mis nmpubopa I'TM-3.
[Ipubopel 3TOro THUIAa MMEIOT BBICOKME SKCIUTyaTal[MOHHBIE PACXOJbl, CBSI3aHHbBIE C
BBICOKOW CTOMMOCTBIO CHJIBHO H3HAIIMBaeMbIX JIeHT. Ha Takux mnpubopax dacto
CIIy4aroTCs MOJIOMKH, TaKue Kak 00JIOM KpaeB JIEHT, OOPbIB IIJIAHTOB TUAPOLMINHAPOB
u T.4. [laHHble npuOOpbl UMEIOT OYEHb Y3KYI0 00JacTh NPUMEHEHHUsS (BalyHHCTHIE
MECTOPOXKACHHUSI CO CPEIHUM U KPYIHBIM 30JI0TOM), W HCIOJb30BaHUE HX Ha
MECTOPOXKACHUIX JaXe C HEOOJBIIMM COJIEp)KaHUEM TJMHBI B TMECKaX MPUBOAMUT K
PE3KOMY POCTY MOTEPh 30JI0Ta, HO Ha MPAaKTHKE HAOJI0JaeTCsl KApTUHA TOBCEMECTHOTO

UX HCIOJIb30BAaHUS Jake€ HA MECTOPOXKACHUAX C MEIKUM 3010ToM[S51].
1.4.3 BuOporpoxorsl

B nocnegnue roasl B POCCHITHON MPOMBIIUIEHHOCTH TOJYYHIIA MPUMEHEHUE
BUOPAITMOHHBIC TPOXOTHI, HCIIOIB3YEMBIC JIJISI TPOXOUYCHUS U JIC3UHTETPAIIMH ITOPO/IBI.

PaGoune opranel BHOpPAIMOHHOTO TPOXOTa, cHUTa (WIH peElIeTa), >XECTKO
3aKperuieHbl B KOpOoOe, KOTOPOMY COOOINAIOTCS TMEepUOAMYECKHEe KoyieOaHus, B
pe3ynbTare 4Yero MW MNPOUCXOAMT KiacCU(UKAIMS COPTHUPYEMOro MaTepuaia,
IPOCEUBAHKE €r0 Yepe3 sIeUKU CUT, T.€. pa3jeseHue Ha (pakiuu mo kpynHoctu. Cuta
pacrionaratorcsi OObIYHO B 2-3 sipyca; KaXKAbld CIETyIOMUi (HMXKE PacrofioKEHHBIN)
SpyC UMEET CUTa C MCHBIIUMU stuciikamu. [IpocenBarorye moBepXHOCTH CUT - CTATBHBIC
IIPOBOJIOYHBIE CETKH, PEIIET - JUOO CTaJbHOM IITaMIIOBAHHBIN JIUCT C OTBEPCTHUSIMH,
1160 HAOOP KOJOCHUKOB (CTAJIBHBIX, PE3UHOBBIX WJIU IMJIACTMACCOBBIX ).

B npakTuke pocChIMHON 30JI0TOI00BIYU UCTIONB3YIOTCS BUOPOTPOXOTHI TAKEIOTO

KJlacca - TPOXOT MHEpUHOHHBIM TspKenwsl (I'UT), cpeaHero - rpoxoT MHEPIHMOHHBIM
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cpeanuii (I'MC) m nerkoro - rpoxotr uHepuuoHHsli serkuit (I'MJI). IlepBbie nBa
MOJTYYWJIU HauOoJIbIlIee pacpOCTPaHEHHUE.

[Ipumenenue BUOPOrpoX0TOB HaNbOOJIEE ONPaBAaHO NpU epepabOoTKe XOPOILIo- 1
CPEIIHEIIPOMBIBUCTBIX TE€CKOB. Bmecte ¢ TeM TMpu MOBBIIIEHHOW TJIWHUCTOCTH,
CKJIOHHOCTH MECKOB K HAJUIAHUIO U HAJIMYWMU 3HAUUTEIIBHOU JO0JIU MEJIKOTO0 U TOHKOTO
30JI0Ta B  CIIOKHOMPOMBIBUCTBIX Te€CKaX, BHOPOTPOXOTHl TEPSIOT B  CBOEH
3¢ PeKTUBHOCTH.

[Tpubops! Ha 6a3e Bubporpoxora [UT-42, TUT-52 u [UT-62 sBnsroTcst HaumeHee
SHEProeMKHUMH. PacxoJi TeXHOJOTMYECKOM BOJBI COCTaBIISIET, Kak mnpasuio, 300-1000

M>/4, MOIIIHOCTL HACOCHOM yCTaHOBKY - 10 160 kBT [51].
1.4.4 Cxpy006ep-0OyTapsbl

Cnegyromum paccMaTpuBaeMbiM —THUIOM OOOpYIOBaHUS Uil  MOATOTOBKU
POCCBHINIHBIX TECKOB SIBISAIOTCS CKpyOOep-OyTapbl, TexHonorudeckas 3()(QpeKTUBHOCTh
KOTOPBIX ONpENENAeTCsl, B TOM YHUCJE, IOJHOTOM JI€3UHTErpalui M KayeCcTBOM
IPOXOYEHHUSI.

O(PGheKTUBHOCTh  JE3UHTErpAllMU  OMNpPEIESeTCS  MPOU3BOJAUTENIHHOCTHIO,
pasMepaMu rpoxoTa U pabo4yuM KUBBIM CEUEHUEM CEIOIIel MOBEPXHOCTH, YACTOTOU
BpallleHUs IE3UHTErpaTopa, yriioM HaKJIOHA MPUOOpa, KOHCTPYKIMEH U KOHPUrypamue
JIE3UHTErPATOPOB, KOJUYECTBOM M HAIIOPOM I10JIaBAEMOM BOJbI, BPEMEHEM HAXOXKICHUS
Marepuaia B ckpyooep-Oyrape.

MHTEHCUBHOCTDH JIE3UHTETPAIlMN B MPOMBIBOYHBIX TprOOpax O6apabaHHOTO THIIA
MO>KHO TOBBICUTH 3a CUET YBEJIMUYEHMS 4acTOThl BpalleHus Je3uHterparopa (1o 70 %
KPUTUYECKOM YacTOThl BpalleHMs), YMEHBIIEHHUs YyIJla HakJIOHAa CKpyOOep-OyTapsl,
YBEIIMYEHUS JUIMHBI W JIUaMETpa JE3UHTErpaTtopa U BBICOTHI KOJBLEBOTO MOpora
CKpyOOep-0OyTaphl.

CremneHp A€3UHTErpallid MaTepuana, MoJAaBaeMoOro Ha MPOMBIBKY, BO3PACTaET C
YBEJIMYEHUEM YacTOThl BpallleHHWs, HO, KaK IIOKa3bIBalOT HCCiIeA0oBaHus [54],

3(1)(1)€KTI/IBHOCTL I'POXOUYCHUA IICCKOB B 3TOM CJIydaC CHUKACTCA 3HAYUTCIIbHO 6I>ICTp€€,
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4yeM mnoBbIaeTcs 3((HEeKTUBHOCT Jie3uHTerpaunu. Benenctsue storo odume mnorepu
MEJKUX (pakuuid MeckoB ¢ rajeil moBblmatoTca. IloaToMy wyacToTy BpalieHus
OapabaHHOTO TPOXOTa HEOOXOJUMO BBIOMpATh HMCXOAS W3 YCIOBUH ONTHMAaJIbHOTO
I'POXOYEHUSI MUHEPAJIBHOIO MaTepuaa, 8 UHTEHCUBHOCTh J€3UHTETpallii YBEIUUYUBATh
YCTAaHOBKON JE€3MHTErPUPYIOLUIUX YCTPOMCTB, YBEJIMYEHUEM BpPEMEHH MNpPeObIBaHUS
MIECKOB B TPOXOTE U T. 1. [55].

Ha ckpy0606ep-OyTapax NpoU3BOAUTENLHOCTBIO IO nepepaboTke meckos 100 M>/g
PacxoJi TEXHOJIOIMYECKOH BOJbI cocTaBiser or 500 M*/u no 800 m*/4, mcmosnb3yercs
Hacoc 1J1800-566, mommuocThio 110 kBT. I[IpomMbIiBOuHBIC TprOOPHI Ha 6a3e ckpyOOep-
oyrtapsl (IIBLU, Cb) sBastorcss HamboJiee yHUBEpPCAIbHBIMM, TaK Kak OOECIEeYUBAIOT
BBICOKYIO ITPOU3BOAUTEIBHOCTD U XOPOUIYIO JE3UHTErPALMIO ISl CPETHETPOMBIBUCTBIX
TIIECKOB, UMEIOT HEBLICOKHUI yAENbHBIN pacxo Tomusa (mopsaka 0,3 xkr/m?) [51].

Takum oOpa3om, ckpyOOep-OyTapbl cleAyeT OTHECTM K 4HCIy Hauboliee
NEPCIEKTUBHBIX U YHHUBEPCAIbHBIX PEIIEHUHN [Js MepepabOTKU MECKOB POCCHIMHBIX
MmecTtopoxkaeHuil. Ckpy00ep-OyTapbl 00ecrednBalOT KaueCTBEHHYIO AE3UHTErpaluio,
YCTOMYMBOE TPOXOYEHHE U TEM CaMbIM CO3JAI0T YCJIOBUS JJI NOBBILIEHUS U3BJICUEHUS
MEJIKOTO U TOHKOTO 30J0Ta. VIMEHHO MO3TOMY B paMKaX HACTOSILIEIO MCCIIEIOBAHMS
npuOOpsl  OOYEYHO-LLIO30BOrO0 THUMA MPEACTABISAIOT HAUOONBIIMA MPAKTHUYECKUI
MHTEPEC KaK OCHOBA JUIS JAIBHEMIIEr0 COBEPIICHCTBOBAHUS PEXUMOB ITOJA4YH ITYyJIbITBI

U YNPaBJICHUS COOTHOUICHUEM KHUAKON 1 TBEPOM (a3 HA IUTIO3aX.

1.5 Anauau3 padoTbl 000pya0BaHMs, IPUMEHAEMOI0 IS NepepadoTKu

30J10TOCO/AEPKALIUX MIECKOB
1.5.1 Ill;1r030BBIE MPOMBIBOYHbIEC KOMILICKCHI

[1I1:030BbIE TPOMBIBOUHBIE TPUOOPHI COCTABJISIIOT A0COIIOTHOE OOJIBIIMHCTBO
cpenu obopynoBanus B Poccun m 3a pybexxkoM [56]. HemoaBkHBIN 1ITI03 SBIISIETCS
IPOCTEUIIUM anmnapaToM MU MPEACTaBIseT cOO0M HAKJIOHHBIA KENoO MPSIMOYTOJbHON
dbopmbl ¢ mapayieasHbIMUA OopTamu [57]. Ha mHO mimro3a yKiaaslBaloTCs PpE3HHOBBIC WITH

IMOJINYPCTAHOBBIC KOBPHUKHU, KOTOPBIC MOT'YT UMCTb Ba(beJIBHI)Ie, JCCTHHUYHBIC, éJIOLIHI)IG,
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ryOuateie win tetéusie puduu. dopmy TpadaperoB, pazMep U TIIYOHMHY SYEEK
BBIOMPAIOT UCXO/SI U3 KPYMHOCTH U (DOPMBI YIIaBIUBAEMBIX 3EPEH POCCHIITHOTO 30J10Ta.
Ha xoBpukH ykiaaplBarOT MeTainueckue Tpadapersl BbicoTo oT 30 10 55 MM ¢
paccTosiHueM Mexy TiaHkaMu ot 40 10 60 MM ¥ YyIiI0M HakJI0OHA TJIaHOK OT 45° 10 60°.
Ha npaxxHbIx 1UII03aX MEJIKOTO HAMOJHEHHUS B KadecTBEe TpadapeToB IIMPOKO
UCIIONB3YIOT METAUIMYECKYH0 LEIbHOTSIHYTYK0 PELIETKY C  3JUIMICOBUIHBIMU
oTBepcTUsiMU [58].

VYo HaKJIOHA IUTI030B TyOOKOr0 HAMOJHEHHUS JJ1sl IECKOB KPYMHOCTHIO OT 50 70
100 MM cocraBimsier oT 9° go 13°, mUIIO30B MEJKOrO HAIIOJHEHUS JJII IIECKOB
KpyIHOCTBIO MeHee 20 MM cocTaBiisgeT ot 5° o 8° [59, 60].

[lynpna mpu onTUMalbHOM COOTHOIIEHWH XKUIKOW (ha3bl K TBEpAOM Ooisee 6:1
(OK:T) moma€rcst B BEpXHIOIO 4acTh IUTI03a. B HAaKIIOHHOM MOTOKE 3€pHAa MHUHEPAJIOB
pa3aensoTes Mo MIIOTHOCTH U KpynmHOCTH. B mpornecce paboThl 111032 3€pHA TSHKEBIX
MUHEPAJIOB 3aIOJIHSIOT MOCTENbh MEXAY TpadaperaMu, BBHITECHSS JIETKHE MUHEPAJIbI.
[lepuonuueckn  MPOU3BOAUTCS  CIOJOCK  OCAaXACHHOTO  KOHIIGHTpaTa st
BOCCTaHOBJICHHSI YJIaBIIMBArOIICH criocoOHocTH moctenu [61]. Iloctens mumo3a - 310
chOpMHUpPOBAHHBIM B YJaBIMBAIOIIEH 30HE IIII03a CIOM THKENBIX MUHEPAJIOB,
HaKaIUIMBAIOIIUICSA 110 TpadapeTaMu U MEXy HUMU B IIpoIiecce epepabOTKu MyJIbIbI
U 00EeCIeYuBAOIINA yACp>KaHUE YacTHUI] 30JI0Ta M JPYTUX MHUHEPAIOB BBICOKOUN
IJIOTHOCTH.

O} dexTUBHOCTh U3BICUYCHHS 30JI0TA HA IITI03aX OMPEACIICTCS COBOKYITHOCTHIO
¢dakTopoB. K OCHOBHBIM OTHOCAT YJIEJIBHYIO HATPY3KY TBEPIOM YACTH, PACCUUTHIBAEMYIO
Ha METP UIMPHUHBI WK Ha KBAJPaTHBIN METP YJIABJIMBAIOIIECH MOBEPXHOCTH; CKOPOCTh U
NIyOMHY MOTOKA MYJIbIIbl, KOTOPBIE 3aBUCAT OT CTEIECHU PA3KUKECHUS MYJIbIbI U YKIOHA
IIUTI030B; TUII YJIABJIUBAIOLIETO MOKPBITHS; a TAKKE CONEePKAHUE TSHKEIBIX MUHEPATIOB U
IPaHyJIOMETPUUYECKUN COCTaB 30J10Ta B NepepadaTbiBaeMbIX neckax [62].

[Ipu omenke pabOTHl INUIIO30BBIX IMPOMBIBOYHBIX MPUOOPOB HEOOXOAUMO
YUHUTBIBATh CKOPOCThb U IIyOMHY IMOTOKA, YKJIOH LUTI03a, CoJiep KaHue TBEPIoM (asbl,
KPYITHOCTb MMUTAHUSI U PABHOMEPHOCTH MOJja4uu MyJibhbl. [Ipy HapylieHuu 3TUX yCIOBUiA

BO3PACTAET BEPOSITHOCTh BBHIHOCA MEJIKMX YaCTHUI] 30JI0Ta B XBOCTHI [63-65].
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Ha nuiro3ax Menakoro HaroJdHEHUsI OCHOBHAs YacTh KPYIHOTO M CPEAHErO 30J10Ta
3aJIEpXKUBACTCSA Ha MEPBBIX ABYX METpax, MOATOMY s 3()PEKTUBHOIO HU3BICUCHUS
MENKOW (pakiuu He0oOXoAMMa JJIMHA MITI03a He MeHee 5-6 M. Ha mutro3zax rimy6Gokoro
HAIOJIHEHUA MPAKTUYECKH TTOJTHOE YJIABJIMBaHUE ToCcTUTaeTcsa npu aiuHe 15-20 m [65].

Ha B0O3MOXXHOCTH CYIIECTBEHHOTO TMOBBIIMICHUS M3BJICUCHUS] 30JI0TA 32 CUET
YMEHBIIICHUS MaKCUMaJIbHONM KPYHMHOCTH IECKOB M COOTBETCTBYIOIIETO CHUXEHUS
CKOPOCTH MOTOKA yKa3bIBaCT MPAKTUKA UCIIOIb30BAHUS UTIO30B TIIYOOKOTO U MEIKOTO
HanoyiHeHusl. [IpenBapurenpHas kiaccupuKalys MeCKoB 0 KPYIHOCTH YacTHIl 8-16 MM,
oOlIenpuHATas Ha Jparax, HaxOJUT BCE OOJbIee MPUMEHEHHWE W Ha MPOMBIBOYHBIX
npubopax. VccienoBaHus MOKa3bIBaAIOT, YTO OTPAHUUYCHUE MAKCUMAJIbHOW KPYMHOCTH
MECKOB, Hampumep 110 4-6 MM, SIBISICTCS OJHUM U3 OCHOBHBIX CIIOCOOOB IMOBBIIICHUS
s pexTuBHOCTH PabOTHI NUTHO30B [59].

Uccnenoanus, nposeneHubie KoBanesbiM A.A., 3amsatunbiM O.B., JlonatuabiM
A.T'., UyryHnoBsiM A.Jl., TOKa3bIBAIOT, YTO MOTEPU MEIKOTO TOHKOTO 30JI0Ta CHUKAIOTCS
npu Oosee 4acTol CMEHE YJIABJIMBAIOLIErO MOKPHITHUS (CHOJOCKax) - 3-4 paza B CyTKH
BMECTO OOBIYHOUN OJHOKPATHOMW, W TIPH YMEHBIIICHUH CKOPOCTH MyJibibl 10 0,6-0,8 m/c,
YTO CTAHOBUTCS BO3MOKHBIM IIPU CHUKEHUH MaKCUMaJIbHON KPyIHOCTH UTaHus [59].

Tak, wuccnemoBanuamu Ha 210-m1 1gpare omnpeneneHo, 4YTO NPU  3aMEHE
YJIaBJIMBAIOLIETO TIOKPBITHS YePe3 KaKAbIA 9ac U HArpy3Ke U308 OKOJIO 5 M>/d Ha 1 M
IIMPUHBI M3BJIeYeHUE 30i0Ta kiacca -0,25+0,074 mMm coctaBisuio 80-87 %, a mpu
cniojiockax yepe3 30 MuH oHO noBbIIANIOCH 10 90-95 %. HecMoTpst Ha yCTaHOBJIEHHBIE U
SBHbIE TPEUMYIIECTBA YaCTbIX CIIOJIOCKOB, OHHU JOJITOE€ BpEMsI HE BHEAPSIIUCH
BCJICICTBUE 3HAUUTEIBHBIX 3aTPAT HEMEXAHU3UPOBAHHOTO Tpyia [66].

B nmemax cokpamieHusi MpoCTOEB Jpard HAa NEPUOJ CIIOJOCKA YIABIMBAOLIUX
NOKPBITUM OBUTM CO37aHbl MEXaHU3MPOBAHHBIE 032, OCOOEHHOCTHIO KOTOPBIX
SBJISIETCS BO3MOXXHOCTh CIOJIOCKA KOHIIEHTPATOB ©0€3 CHATHUS YJIABJIMUBAIOIIETO
MOKPBITHS, ITyTEM IMOBOPOTA IUTIO30B M OOMBIBA WX HAMTOPHOW BOJION C MUHUMAJIbHBIMU
3aTpaTaMu BpeMEHU U TpyJa. [[pumeHeHne noaBMKHBIX METAUNIMYECKUX 110308 [IIMC
Y [UTI030B C MOJABHXXHBIM pe3UHOBBIM NOKpbiTHEM - LIIIPII nckmrouaer pyuyHon Tpya

IIpH CIIOJIOCKC M ITO3BOJIACT aBTOMATU3UPOBATH CIIOJIOCK HIJIFO30B.
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[TonBmwxuBIe MeTauMueckue nuro3a [IIMC npeactaBiastoT codoi cTarmoHapHbIC
U032, YKPEIUJICHHBIE Ha IByX O€CKOHEYHBIX IIEMSX, HATIHYTHIX HA YEThIPE 3BE3/10UYKH,
HACA)KEHHbIC HA BEAYIUUM W BeAOMbIM Baibl. [lociieHMN CBA3aH C HATSXKHBIM
YCTPOMCTBOM, PETYJUPYIONIUM HATSHKEHUE LENd. Bemymmi Ball TPUCOEAUHEH K
AIEKTPOJIBUTATENIO, C MOMOIIBIO KOTOPOTO OCYILIECTBISIOTCS MOBOPOTHBIC JIBUKECHUS
IUJTF030B B IIEPUO/T CIIOJIOCKA. Y JIaBIMBAOIIEE MOKPHITHE AHATIOTUYHO ITPUMEHSIEMOMY Ha
CTAllMOHAPHBIX HUII03aX. [lepruoguuecknii CroJIOCK MPOU3BOIUTCS HAIIOPHOU BOJIOU M3
OPOCUTEHHOU TPYOBI TIPU OTHOAHWY TTUTFO30M HAIpaBJIsIoNIeH 3Be31049ku. KoHmenTpar
cobupaeTcs B MOAOHE | 10 KeJI00y HAMpPaBISAETCS Ha IOBOJOYHYIO YCTAaHOBKY.

HemocraTkoM MOABMKHBIX METAUIMYECKHUX IIIJIIO30B  SABJISAETCA  OOJbIIAast
METAUIOEMKOCTh KOHCTPYKIIUH, HEBO3MOKHOCTh X Pa3MELICHUS B JBA Spyca HA JIparax
CYILECTBYIOLIEH KOHCTPYKIIUU.

nro3 ¢ nonBuxkHbIM pe3nHoBbIM TOKpeiTHeM ITPIT (unu [IHPK-nuto3 ¢
HEMPEPBIBHON  pasrpy3KoM KOHIIGHTpATa) TMPEJCTAaBISIET CcO00M OECKOHECUHYIO
KOpOOUYaTyt0 pE3WHOBYIO JICHTY, BBINOJHEHHYIO C OOpTaMM U YJIaBIWBAIOUTAM
MOKPBITUEM B BUJIE Psia IIOPOTOB W SYEEK MEXIAY HUMH, HATIHYTYIO Ha J1Ba OapabaHa,
3aKperyieHHble Ha pame. K omHoMy 13 GapabGaHOB MPUCOEAUHEH MPUBOJ, K JPYTroMy -
HaTsOKHOE yCTpoucTBO. [Ipu cronocke nuito3a jgeHTa co ckopocthio 0,8 M/MHUH (MOXKET
U3MEHATHCS) JBIDKETCS HaBCTpedy HaOeraromeMy I0TOKY Bojbl. I[lpu orubGanum
OapabaHa JIEHTa IMOJHOCTHIO OPOIACTCSl BOJOM, KOHIIEHTPAT CMBIBACTCS U IO JIOTKY,
YCTAHOBJIEHHOMY II0JI JIEHTOW, IOCTYNaeT Ha JOBOJKY. [lid yMEHbIICHMS 4Yucia
MPHBOJIOB MX YCTaHABJIMBAIOT HA JIBa U032 (BEPXHUN W HWKHUU MPU JIBYXbSIPYCHOM
ux pacnojioxenun) [67-70].

K pgocromHcTBaM pe3MHOBBIX MOABHXKHBIX IUIFO30B CIEAYET OTHECTH BBICOKYIO
TEXHOJIOTHYECKYIO 3(PHEKTUBHOCTD, BOBMOKHOCTH ITPOBEJICHUS BHIOOPOYHOTO CII0JIOCKA,
MPOU3BOJUTEIIBHOCTD U MPOCTOTY B UCIOJIb30BAHUMU.

Henocratkamu 1UIH030B ¢ MOABHKHBIM PE3WHOBBIM TMOKPBITHEM  SIBJISIFOTCS:
BBICOKAs (ITOYTH B JIBA pa3a) MO CPABHEHUIO C METAJUTMUYECKUMH IO IBIXKHBIMHU IITI03aMHU
CTOMMOCTb H3TOTOBJICHHS; OOJIBIIIOE KOJIMYECTBO MPUBOJAOB, a CJIEIOBATEIbHO, U

MyCKOPETYJIUPYIONIEH anmapaTypbl; CJI0KHOCTh 3aMEHBI PE3MHOBOM JIEHTHI IIPU OOPBIBE;
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HETOJIHBIN CMBIB 30JI0Ta C KOBPUKOB MPH CITOJIOCKE 3€PEH 30J10Ta, KOTOPBIE K TOMY ke
MOTYT YHOCHTBCSI TIOTOKOM BOJIBI B XBOCTHI IIPH OTCYTCTBHH 3aCTHJIKH KOHTPOJBHOTO
UTI03A.

[TpoBenennsiMu Uprupeamerom u YpaiabCKUM HAay4YHO-HCCIEAOBATEIBCKUM H
MPOCKTHBIM WHCTUTYTOM METHOUW MPOMBIIUICHHOCTH «YHUIIPOME/IbY» UCIIBITAHUSIMH Ha
Jparax MUTF030B C MOABUKHBIM PE3NHOBBIM MOKPHITHEM U METATUYECKUX MMOBUKHBIX
IIUTFO30B YCTAHOBJICHO, YTO AK€ MPU 3HAYUTEIBHBIX YISIbHBIX Harpy3Kax myJbmsl (10-
13 M*/4 Ha | M IIMPHHBI IIUTFO3a) IIPU TPEXPA30BOM CIIOJIOCKE B CYTKH U3BIEYEHHE 30JI0Ta
noBbeimaercs Ha 3-4 %. Ilpu mepepaboTke TIECKOB € OTHOCHUTEIBHO OOJBIINM
KOJIMYECTBOM MEJIKOTO 30JI0Ta YaCThIH CITOJI0CK Y()PEKTUBEH U IPH MEHBIITUX HArPy3Kax
myJbIbl HA nwiro3a [70, 71].

B pesynbrare mnpoBeNeHHOTO aHaJdM3a YCTAHOBJIEHO, YTO OCHOBHBIMHU
TEHJCHIIUSAMHA COBEPIICHCTBOBAHUS IIIFO30BBIX arperaToB B HACTOSIIEE BpeMs
SIBIISTFOTCSI:

1. VYaydileHue TUAPOJIUHAMUYECKUX PEKHUMOB pa3AeiCHUsT MHUHEpaIbHbIX
3epeH MPOMBIBAEMBIX TIECKOB MMYTEM YBETHMUCHHUS TIOMIAHN YIIABIHBAHUS KOHIICHTPATA U
peryJIMpoBaHMs yTila HaKJIOHA,

2. HenpepbiBHast pa3rpy3ka KOHIIEHTpaTa C MOCJIECAYIOIIMM COKpalleHueM
o0beMa MPOMBIBKHM Ha IPYTUX TPABUTAIIMOHHBIX alapaTax;

3. MexaHu3aiys 1 aBToOMaTU3aIUs IPOIECCOB CIIOJACKMBAHMS KOHIICHTPATA,

4. CoOBepILICHCTBOBAHHE YJIABIMBAIOIINX TOKPBITUM HA NUTKO3aX.
1.5.2 Pa3Burtbie cxeMbl epepadOTKH MECKOB

Pa3BuThie cxembl  1€1€CO00pa3HO  paccMarpuBaTh Kak  COBOKYIHOCTb
MOCJIEOBATENBHO BKIIFOUEHHBIX aIapaToB, KAXKIbIA U3 KOTOPBIX 3P PEKTUBHO padboTaeT
B OIPEACIIEHHOM JIMANA30HE KPYITHOCTH MUHEPaIbHBIX YacTull. OTcal04YHble MAllUHBI,
BUHTOBBIE CENapaTopbl, KOHIIEHTPALUOHHBIE CTOJBI U LEHTPOOEKHbIE KOHLIEHTPATOPbI
pasiauyaloTcsd MO0 MEXaHU3My pasJelieHus, TpeOOBaHMSIM K IOATOTOBKE IHUTaHUS,

9YBCTBHUTCIIBHOCTH K COACPIKAHUIO TJIMHUCTON q)paKHI/II/I n YCTOfI‘II/IBOCTPI BOJHOTO
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pexxuma. [loaTomy BeIOOp anmapaToB B COCTaBE PA3BUTOM CXEMBbI JOKEH BBIIOIHATHCS
C YY€TOM TrpaHyJIOMETPHUUYECKOTO COCTaBa 30JI0TA, COACPKAHUS TAKEIBIX MUHEPAJIOB,
IPOMBIBICTOCTH TIECKOB M TPEeOYEeMOil CTETIeHU MpeIBApUTEIbHON KiIaccupuKanuu [72-
74].

BxiroueHue oTcajioyHbIX MAIlIMH B COCTAB Pa3BUTHIX CXEM NEpepadOTKU TpedyeT
OLICHKM HUX PpalHOHAIBHOIO NPHUMEHEHUS W TEXHOJOTHYECKHX OIPAaHWYEHUH IpH
nepepaboTKe POCCHINTHBIX ECKOB.

B orcagouHbIx MamMHaxX NPOMCXOJUT I'PABUTALMOHHOE Pa3/ejI€HUE MUHEPAJIOB
10 IUIOTHOCTH B MYJIBCUPYIOIIEM MOTOKE BOJBI. TsKenple 4acTULbI 30J10Ta OCENAIOT B
HWKHUE CJIOU, 00pa3ys KOHILIEHTpAT, a JIETKHE MYCTbIe MOPOAbl BBIHOCSATCS BEPXHUM
NOTOKOM. DTO MO3BOJISAET 3PPEKTUBHO OTAEIATh METAILI OT MECKa U IIUHBI [75].

ITpu oboraiieHnu 30J10TOCOAEPKAIMX ITECKOB Ha OTCAJOUHBIX MAIIMHAX OOBIYHO
NPUMEHSETCS MCKYCCTBEHHas mocteiab TommuHod 10 30-40 MM M3 craimbHOM Apobu
IuaMeTpoMm 4-6 MM U METAIITNYECKON CTPYKKH, PEePPOCHIULIMS U JPYTUX MaTEPHAIIOB
Ha IEMEHTHOM pacTBope. B kauecTBe MocTeNn HHOT1a UCIIOJIB3YIOTCS KpYITHbIE PpaKkuu
IUINXOBBIX MUHEPAJIOB: TUPUTA, MATHETUTA, IMMOHUTA U T.A. TOJIIMHA IOCTEIN 3aBUCUT
OT KPYNHOCTH, IJIOTHOCTU U ()OPMBI 3€peH, (GPOPMUPYIOLIUX MTOCTEND [76].

D¢ hekTUBHOCTH PabOTHl OTCATOYHBIX MAIIMH 3aBUCUT MPEXKJE BCEro OT
COJIEP>)KaHMS IIOJIE3HOTO MHMHEpajga B POCCHIIM, BOJAHOTO pPEXHMAa IPOMBIBKH,
PaBHOMEPHOCTH UTaHUsI OTcaiku, oTHoIIeHus JK: T B mysibIie, Xapakrepa 100bIBAEMOI0
3om0Ta (pasmep 3€peH, ¢opma, HAJIMYME CPOCTKOB M JIp.), a TAKXKE OT CKOPOCTH
IIPOXO0KJICHUS ITyJIbIIBI YEPE3 OTCATOUYHYIO MAILIKHY.

bonpmioe BiausHME HA TEXHOJOTMYECKUE [OKa3aTeldd OTCaAKh OKa3bIBAET
IPaHYyJIOMETPUYECKU COCTAaB Marepuaja, NpekIe BCEro CoOJEpKaHUE TJUHBI B
oOoramaembix neckax. HeoOXoauMbIM yCcI0BHEM YCIIEIIHON pabOThl OTCA/IKU SIBISIETCS
npeaBapuTeNbHas MOATOTOBKAa - 00€3bUIMBaHUE M 00€3BOKUBAHUE HUCXOJHOTO
MaTepuaia.

HccnepoBanusimu  Mprupeamera  yCTaHOBJIEHO,  4YTO  NPEABAPUTEINBHOE
00€3BOKHMBaHUE MECKOB, cojaepkamux 10 30-40 % dacTuiy MEeJIKOro 30J10Ta, MO3BOJISET

MOBBICUTH ero u3BiedeHue Ha 8 -10 % (Tabmmma 1.4) [77].
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Ta6muma 1.4 - PexxuMbl OTCAIKH ¥ TIPOU3BOIUTEILHOCTD

Hcxonnabie Ilecku nocie yganeHus WINCTOU
PexxuMm otcanku
IIECKU bpaxkuuun
HpOI/ISBO,Z[I/ITeJIBHOCTL3OTCa,Z[O‘-IHOI/I MallUHEI, 3.6 42 32 3.4
M /4
K:T B nutannu 6,5:11]6)5:1 6,5:1 6,5: 1
KpynHocTs nutanus, Mm 840 | -8+0 -8+0,074 -8+0,074

H3Bneuenwne 3o01o0ta, % 87,1 | 90,3 93,8 95,5

CrnenoBaTenbHO, IPUMEHEHHUE OTCAJKHU B PA3BUTHIX CXEMax 0OOralleHHs JOJIKHO
000CHOBBIBAThCS HE TOJIBKO pacueTHOM (P PEKTUBHOCTHIO ITPOLIecca, HO U TPEOOBAHUSIMU
K MOATrOTOBKE MHUTAaHMS, oOecrneynBaomuMi 3P QpekTuBHy0 paboTy o0OpyAOBaHUS U
MPUPOCT U3BIICUEHUS.

B pa3ButhIx cxemax oOoramieHus UCIoiIb3yI0TCA HE TOJIBKO OTCAJOUHbIE MAIIUHBI,
HO Y BUHTOBBIE cenapaTopbl. BUHTOBBIE cenapaTopbl OTHOCSTCSA K annapaTaM, B KOTOPBIX
pazziesieHue MaTepuala IporuCXoIUT B O€3HAIOPHOM HAKIIOHHOM MOTOKE MYJIbITbl MAJION
r1yOuHbl. OCHOBOM KOHCTPYKIIMU ammapara CIY>XWUT CHUPAJIbHBIN TIaJKui Kenod C
BEPTUKAIBHON OCBHIO, 10 KOTOPOMY 3arpyskaemasi B BEpXHIOIO YaCTh YCTAHOBKH ITyJIbIia
CTEKaeT BHU3 TOHKUM CJIOEM, & HA MUHEPAJIbHbIE YaCTUIIbl, TOMUMO IPaBUTAIMOHHBIX U
TUJPOJIMHAMUYECKUX CHUJI, IEUCTBYET LIEHTPOOEkKHasi cuiia. B CBSI3U ¢ 3TUM TSKEbIC
MUHEpaJIbl KOHIICHTPUPYIOTCA y BHYTPEHHETO OOpTa CIUpaid, a JIETKUE - Y BHEITHETO.
[TonepeuHoe cedyeHue xeynobda COOTBETCTBYET YETBEPTU OKPYKHOCTH WJIM BBITSIHYTOMY
AIUTUIICY .

Pa3HOBUAHOCTD 3THUX anmapaToB - BUHTOBBIE 11LJTI03a (HAIIPUMED, ABYXKEITOOHBIHI
[IIB-2-1000A) - otnuyaeTcs 0ojee MMPOKUM KeT0OOM C MEHBIIIUM HAaKJIOHOM JHA, YTO
oOecrieunBaet 3¢ HeKTUBHOE 0OOTaIICHNE MUHEPATLHOM Macchl KpYMHOCTHIO <0,074 MM
MIPY HU3KUX CKOPOCTSIX MOTOKa [78].

[IpeumyiiiecTBaMU BUHTOBBIX CENApaTOPOB IO CPABHEHUIO C OTCAJOYHBIMU
MalIMHAMU SIBJISIOTCS: OTCYTCTBHE JBIDKYIIMXCSA JAeTalleld, MPOCTOTa KOHCTPYKIIUH,

HarjsiAHOCTD IMponecca, IMpoCcToTa 06CJ'Iy>KI/IBaHI/I$I, HHU3KHUC SKCILTYaTallTHOHHBIC pACXOABbI.
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Huzkas mpous3BOAMTENHHOCT, BUHTOBBIX CEMApaTopoB TpeOyeT yCTaHOBKH
KacKaJla TaKuX anmnapaToB, 3aHUMAIOIIETO 3HAUUTEIbHBIN 00beM. Takxke K HejocTaTKkam
(CpaBHUTENBHO C OTCAJOYHBIMU MAaIllMHAMHU) CJIEAYET OTHECTH: OOJIBIIMK BBIXO]I
KOHIIEHTpaTa, HU3KOE M3BJICYEHHE YACTHUI[ 30JI0TA OKPYIJIOM KOMKOBATOH (HOPMBI,
3HAUMUTENIbHBIN Tepenaja TMyJblbl B amnmapare, 4YTO 3aTPYAHSIET KOMIIOHOBKY
00opy0BaHuUs HA 000TaTUTENbHBIX YCTAHOBKAX.

BxitoueHue BHHTOBBIX CENapaToOpoOB B COCTAaB PAa3BUTOM CXEMbl OOOTralieHus
JOJDKHO OTPENEISIThCS KOHKPETHBIMHA CBOWCTBAMH TepepadaThIBAEMbBIX TECKOB U
napaMeTpaMHu TEXHOJOTHYECKON BOJbI, MPU KOTOPBIX MX HMCHOJb30BAHHE CTAHOBUTCS
TEXHOJIOTUYECKH 00Jiee 11eeco00pa3HbIM MO0 CPABHEHUIO C OTCAKOM.

B cocrtaBe pa3BUTBIX cXeM OOOralieHHs OTAEIBHOIO PACCMOTPEHUs TpeOyeT
OpUMEHEHUE  KOPOTKOKOHYCHBIX  THJIPOLMKIOHOB.  Pe3ynbrarel  UCHBITaHUN
KOPOTKOKOHYCHBIX THAPOLMKIOHOB Ha POCCHIMHBIX MECTOPOXKACHUSAX MMOKA3bIBAIOT, YTO
1m0 3((PEeKTUBHOCTH H3BICYEHHUS 30JI0TA STH amnmaparbl HE YCTYMAIOT OTCAJO0YHBIM
MaIllIMHaM U J1a’Ke€ KOHIIEHTPAIIMOHHBIM CTOJIaM. Y CTAaHOBJIEHO, YTO MPHY 3HAUYCHHUSX yTiia
KoHycHocTH 90 rpagycoB u Oosee B TMAPOLMKIOHE BO3MOYKHO pa3/ielieHUuE 3€peH I10
mwiotHocTH [59,62]. B Tabmume 1.5 mpuBeneHbl pe3ysbTaThl OOOTAICHHUS IECKOB
KPYITHOCTBIO -1 MM OJHOTO M3 POCCBHIMHBIX MecTOpoxkaeHui. Coaep:kaHue 30J0Ta B

oboraraeMoM MPOAYKTe cocTasiisiio okoo 0,8 r/T [59].

Tabmuma 1.5 - HM3BimeueHue POCCHITHOTO  30JI0TA  Pa3IMYHONM  KPYIHOCTH

rpaBUTAIMOHHBIMU anmapaTaMu [59]

Pacnipenenenue 3o0m0ta %, 1o
IIpou3BOANTENIHLHOCTD Brxon KIIaccaM, MM
Amnmapar p ir /qn ’ | KOHLIEHTpaTa, 10.5 -0,5 -0,25 -0,1
% ’ +0,25 +0,1 | +0,05
MM
MM MM MM
KoruenTpaunoHeIi 30-50 7,9 100 100 93,5 | 79,3
CTOJI
OTtcagouHas MalImHa 200 9,1 100 100 96,5 79,3
KopoTKoKOHYCHBIM
TUIPOLHKIIOH
(@=120°, A=22/4 n, 600 9,4 100 100 98,5 76,7
D75 Mmm)
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[Tponomxenue Tadauibl 1.5

Pacnipenenenue 3omo0ta %, o
IIpon3BOAUTEILHOCTD Brxon Kraccam, MM
Anmapar p I1I<r Jq > | KOHLIEHTpaTa, 10.5 -0,5 -0,25 -0,1
% ’ +0,25 +0,1 | +0,05
MM
MM MM MM
To xe (@ 50 MM, 200 7,4 100 100 95,0 83,0
0=120°, A=16/4 mm)

Baxxupsim TpeboBaHMeM Mpu 000TAIIEHNUU B THAPOIUKIOHE SIBJISIETCS TTOATOTOBKA
Marepuana 1o KpynHoctu. CyliecTByeT ONpeieIeHHOE COOTHOIIEHUE MEXKY Pa3MEPOM
TUAPOLUKIIOHA M BEJIMYMHOM HamOOJBLIEro 3epHa oboramiaemMoro marepuana. Tak, B
TUAPOIUKIIOHE TUAMETPOM 75 MM MOKHO 00Oramiath Marepuai He KpymHee 1,5 M.

Ha mnocnexyromux cragusix pa3BUTOM CcXeMbl O0OOralleHHs] pPEelIaloIuM
MOKa3aTejIeM CTAaHOBUTCA HE MPUPOCT MPOU3BOJIUTEIBLHOCTU MpUOOpa, a MOBBIIICHUE
CEJIEKTUBHOCTM OTJEJICHUS YaCTUI[ 30JI0Ta OT IIyCTOM MOPOJbI, YTO BBI3BIBAET
HEO0OXOAMMOCTb MTPUMEHEHHUSI KOHLIEHTPAIMOHHBIX CTOJIOB.

Cronbl, Kak U3BECTHO, 00ECIIEYMBAIOT BHICOKYIO CTEIEHb KOHIICHTPALIMU LIEHHBIX
MUHEPAJIOB, HO UMEKOT CPABHUTEIBHO HEBBICOKYIO MPOU3BOJMTEIBHOCTh, BCIEACTBUE
Yero He MOTYT MPUMEHSTHCA JJIsI OCHOBHOM KOHIIEHTpalMu OCIHBIX MaTepuayioB. B
OCHOBHOM KOHIEHTPALMOHHBIE CTOJIbI MPUMEHSIOTCS B MEPEUYUCTHBIX U JTOBOJOYHBIX
oneparusx.

CrereHp KOHIICHTPAIIMM  MEJIKOTO  30JI0TAa TIpW  ero oOorameHud Ha
KOHIEHTPALIMOHHBIX CTOJIAX 3HAYUTENIBHO BBILIE, YEM HA BCEX IPYIHMX NPUMEHSIEMBIX

I'paBUTAOMOHHLBIX aIlllaparax.

1.6 BeiBoanI no riaase 1

1. B 2021-2025 rr., HecCMOTpsi Ha CYIIECTBEHHBIA POCT IIEH Ha 30J0TO,
HAO0JII0/1aeTCsl TIAaHOMEPHOE CHIKEHHE OO0BEMOB JIOOBIUM 30J10Ta U3 POCCHIMHBIX
MeCTOpOXAeHUN. JlampHEHIUH pOCT 30JI0TOJAOOBIYM MOXET OBITh oOecreyeH
IPEUMYIIECTBEHHO 3a CUET NOBBIIICHUS 3 (HEKTUBHOCTH OTPAOOTKH MECTOPOKIACHUHN CO

CJIOKHBIMU T'OPHO-T'COJIOTHUICCKUMH YCIIOBHAMU, B TOM YHUCJIC TCXHOT'CHHbIX.
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2. AHanuz CYIIECTBYIOIIUX Croco0oB OTpabOTKHU POCCBIIHBIX
MECTOPOXKJACHHM MOKA3bIBAET, YTO OCHOBHBIM M HaHOO0JIe€ PaCIPOCTPAHEHHBIM SIBIISIETCS
OTKpPBITBII  pa3feibHbli  crnoco0 pa3palOTKM C  HUCHOJIB30BAaHUMEM  IIIJIIO30BBIX
IIPOMBIBOYHBIX KOMIUIEKCOB, 10J51 KOTOPBIX MpeBbIiaet 80 %.

3. AHanu3 NpUMEHSEMbIX TEXHHUYECKUX PEIICHUN MOKAa3bIBAET, YTO K YUCIY
Hanbosiee YHUBEPCAJIbHBIX IPOMBIBOYHBIX HPUOOPOB AJii OTPAOOTKH POCCHITHBIX
MECTOPOXKACHHUIN OTHOCSTCSI CKpyOOep-OyTaphl CO MITH03aMH MEJIKOTO HATIOJIHEHUSI.

4.  Ananu3 AUTEPATypHBIX JAHHBIX [OKa3aj, YTO IOBBILIEHUE HW3BJICUYECHUS
MEJIKOTO M TOHKOI'O 30JI0Ta Ha HUII030BBIX NMPUOOpaX CBSA3aHO C COBEPILIEHCTBOBAHHEM
TUAPOAMHAMUYECKUX PEXKUMOB PpA3ACICHUS, OrPAaHUYEHUEM KPYMHOCTU MUTAHUA,
YBEIMYEHHEM  IUIOLIAAM  YJIABJIMBAHMS, COBEPIICHCTBOBAHMEM  YJIABJIMBAIOIIMX
NOKPBITUM, a TakKe MeXaHu3aluel W aBTOMAaTh3alued MPOIECCOB CIOJOCKa
KOHLIEHTpaTa. DTH HaIllpaBJIEHUS CIEIyeT paccMaTpUBaTh Kak HanboJiee NepCreKTUBHbIE
OpU  COBEpPUICHCTBOBAHWM  TEXHOJIOTUH  mepepabOTKM  MECKOB  POCCHIMHBIX
MECTOPOKICHUN.

3. VY CTaHOBJIEHO, YTO B YCIOBHUSX YCJIOKHEHHS ChIPhEBOM 0a3bl POCCHITHON
30JI0TOJO0BIYM M YBEIWYEHUS JOJIM MECTOPOXKICHUN C MEIKMM M TOHKHM 30J0TOM
KJIFOUEBOE 3HAYEHUE MPUOOpPETAEeT COBEPIIEHCTBOBAHME NapaMeTpOB NEpepadOTKH,
HoJlady U paclpesiesieHusi MEeCKOB Ha IUI030BbIX IPOMBIBOYHBIX MHpHOOpax,
00ecreynBaIINX CHIKEHUE MTOTEPh METalllIa Ha CTaJIUAX JE3UHTETPAIMU, TPOXOUCHUS

W IIJIFO30BOI'0 yJIaBJIMBAHUA.
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2 PABPABOTKA U BHEJAPEHUE CUCTEMBbI YIIPABJIEHUA KAYECTBOM
HOJABAEMBIX IIECKOB HA HIJIFO3A

2.1 Ouenka 3¢ppekTUBHOCTH PAdOTHI HUII030BbIX IPOMbIBOYHBIX KOMILJIEKCOB

B  ycioBusix  BOBIE€YEHMsT B IepepabOTKy  30J0TOHOCHBIX  IIECKOB,
XapaKTEPU3YIOUIUXCSl TOBBIIICHHBIM COACPKAHUEM MEJIKMX M TOHKUX KJIACCOB
KPYIMHOCTH 30JI0Ta, OCOOYI0 aKTyaJlbHOCTh NPUOOpETaeT HE TOJBKO BBHIOOP THUIIA
IPOMBIBOYHOTO 000OPYAOBaHUSA, HO U pa3pabOTKa HayyHO OOOCHOBAHHOIO MOJXOAa K
ouenke d¢pdexTuBHOCTH ero paboTel. IlpakThka SKcITyaTanud —IUTIO30BBIX
IPOMBIBOYHBIX PUOOPOB B XabapOBCKOM Kpae MOKa3bIBAET, YTO 3HAYUTENIbHAsl 4acTb
noTepb MeTajula O0yCJIOBJI€HAa HE TOJbKO KOHCTPYKTUBHBIMU OCOOEHHOCTSIMHU
000pyI0OBaHUsl, HO U OTKJIOHEHHSIMU TEXHOJOIMYECKOTO PEKMMa OT PalUOHAIBHBIX
3HaueHuil. K unciny Hambonee cyiecTBeHHbIX (PaKTOPOB OTHOCATCS HEPABHOMEPHOCTh
M10/1a4Y¥ MECKOB, KOJIEOAHUsI COOTHOIICHUS KUAKON U TBEPOH (ha3 MmyJibIibl, U3MEHEHUE
YAEIBHON Harpy3Ku 10 TBEPAOMY M HapyLIEHUE YCTOWYMBOCTU TMAPOJUHAMUYECKOTO
pexxuMa Ha nutro3ax. [Ipu 3ToM B IPOM3BOJCTBEHHBIX YCIOBHSX yKa3aHHbIE (PAKTOPbI
4acTO HE YYMTBIBAKOTCS, YTO 3aTPYIHSET BBIABICHHE NMPUYUH CHU)KEHHUS M3BJICUEHUS
3os0T1a [33].

B cBs3u ¢ 3tuM 3¢ PexTUBHOCTH pabOThl HUIIO30BbIX MPOMBIBOYHBIX MPHOOPOB
1eJIeCO00pa3HO ONpeNesITh Ha OCHOBE KOMIUIEKCHOI'O aHajh3a B3alMMOCBS3aHHBIX
TEXHUYECKUX M TEXHOJIOIMUECKHUX I1apaMEeTPOB, HENOCPEICTBEHHO (HOPMUPYIOIINUX
YCIIOBHSI OCAXKJEHUA M yJAEp)KaHUs 30JI0Ta Ha IUI03aX. Takod Moaxoj IMO3BOJSET
YCTaHOBUTh IPUYHMHHO-CJIEICTBEHHBIE CBSI3W MEXKIY PEKHMOM IOAAYU ITyJbIIBI,
pacupeneneHueM Harpy3Kd IO LUTI03aM, [apaMeTpamMd MOTOKa U (DaKTHYECKUMU
NOTEPSAMH 30JI0Ta, IPEXKAE BCErO €ro MEJIKUX U TOHKUX (Ppakiuil.

Hcexons w3  3TOro, mpeularaéMblii  MOAXOJ PEAIM3YeTCsl IOJTAHO U
Ipe1ycCMaTpUBAET IOCIEAOBATENIbHOE HCCIEI0BAHUE [apaMEeTPOB, ONpPEAESIOMUX

YCTOMYUBOCTh TEXHOJIOTUYECKOTO PEXUMA pabOTHI IILTIO30B.
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Ha mnepBom »5Tame BBINOJHSETCS aHaIM3 TEXHUYECKUX U TEXHOJIOTHYECKUX
XapakTepUCTUK oOopyAoBaHus. [IpM 3TOM yCTaHABIMBAIOTCA THUI MPUMEHSIEMBIX
IPOXOTOB, MOIIIHOCTb IMOTOKA ITYJIBIIBI HA NUIK03aX MEJIKOTO HAIlOJIHEHMS, YTIJIbl HAKJIOHA
IIJIF030B, KOHCUCTEHIMS MyJbIIbl, onpeaensieMas oTHomenueM JK:T, THI u cocTosiHME
yJIaBJIMBAIOUIMX MOKPBITUNA, a TaKXe THUIl HAcoca U €ro padboyue XapakTEpPUCTHKU.
JIOTIOJTHUTENBHO C MTOMOIIBIO OTCEYKH ITYJIbIIBI CO LUI03a OINPENEISIETCS COACPKAHUE
TBEPIOH U KUAKON (ha3 Ha KaXJIOM IUIF03€ B peaJbHOM BPEMEHHM - KaK B IEPUOJ [10AAYU
nopozsl B OyHKEp, TaK U B MHTEpPBAJIAX MEXKIY LUMKIAMU MOJAa4yd JUIsl CTallMOHAPHBIX
IPOMBIBOYHBIX TIPUOOPOB.

Ha BTOpoMm 3Tare, Ha OCHOBE MOJYYEHHBIX UCXOAHBIX JIAHHBIX, PACCUUTHIBAIOTCS
00BEM BBIXOJA MyJIbIBI Ha IUI03a U yJE€lbHAs Harpys3ka mno TBépaomy. BwineneHue
UMEHHO 3THX II0Ka3zarened oOOyCIOBJIEHO TEM, 4YTO OHU B HauOOJIbLIEH CTENEeHU
XapaKTepU3yloT YCJIO0BUA (PYHKIMOHUPOBAHUS ILI030BOro oOopyaoBaHus. OO0bEM
BBIX0/1a MYJIbIIBI OTPAXKAET MapaMeTpbl TUAPABINYECKOTO PEeXUMA, TOTAA KaK yeIbHas
Harpyska Mo TBEPAOMY XapaKTepU3yeT WHTEHCUBHOCTb IOCTYIUIEHUS TBEPIOTO
MaTepHuasia Ha padouyro MOBEPXHOCTh LUTH03a. IX COBMECTHOE pacCMOTPEHHE MTO3BOJISET
OLIEHUTh, B KaKOH cTeneHW (aKTUYECKUH PEXUM pabOThl COOTBETCTBYET YCIOBHSM,
HEO0OXOAUMBIM JUTs 3PHEKTUBHOTO OCAKICHUS U yIepKaHUs 30J10Ta.

CrnenyeTr OTMETHUTb, YTO NMPHU COOMIOACHUN PAllMOHATBHON y/IE€IbHONW HArpy3KH 110
TBEPAOMY Ha 1UI03€ (QopMHUpyeTCsl yCTOWuYMBas IOCTEIb, OOECIeYUBaIOLIas
3¢ deKTUBHOE yNaBIMBaHUE THKENBIX MHUHEpANOB U 30j0Ta. [Ipu n30biTouHON momave
MaTepuaia MOTOK YTPAayUBaeT CIHOCOOHOCTh K CEJIEKTHMBHOMY pa3lelIeHUIO YacTHII,
BCJIEZICTBUE YEr0 30JI0TO HAUMHAET MEPEMEILIATHCA COBMECTHO € JIETKUMU (pakUUsIMH B
XBOCTbl. OCOOEHHO CYHIECTBEHHO 3TO MpOSBISETCS NpH MepepadOTKe IECKOB,
XapaKTEePU3YIOIINXCS MOBBIIIEHHOMN MNMHUCTOCTHIO, BHICOKUM COAECPKAHUEM LHUINXOBBIX
MUHEPAJOB U MpeoOIagaHueM MEJIKUX KIacCOB 30JI0Ta.

Kpowme Toro, pacuér y1eiapHoi Harpy3Ku o TBEPAOMY UMEET 3HAUEHUE HE TOJIBKO
JUISL OLIEHKHM TEKYILIEro pexuma pabdoTbl, HO M AJii OOOCHOBAaHUS I'€OMETPUUECKUX
napameTpoB 1UII030B. Ha ero ocHoBe MOryT ObITh ompeeneHbl TpeOyemas IIoIa b

pa60qe171 IMOBCPXHOCTH, HIMPHUHA U OJIMHA 0308, a TAKXKC H€O6XOI[I/IMOCTB YCTAaHOBKH
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HECKOJIbKMX 1UII030B. Takoi moAXOoJ TO3BOJIAET YBSI3aTh HPOU3BOJUTEIBLHOCTD
IPOMBIBOYHOTO Mpubopa ¢ (PaKTUUECKUMHU BO3MOXKHOCTSIMU YJIABJIMBAHMS 30JI0TA U
n30exaTh CUTYyalMil, MPU KOTOPBIX POCT MPOU3BOJUTEIBHOCTH HE CONPOBOXKAAECTCS
COOTBETCTBYIOIIMM MOBBIIIICHUEM U3BIICUCHUS.

Onnako camu 1o cebe MmoKazaTesv BhIX0/1a MyJIbIIbI U HATPY3KHU MO0 TBEPAOMY eIl
HE MO3BOJIAIOT B ITIOJTHOM MEPE OLIEHUTh YCTOMYMBOCTh TEXHOJIOIMYECKOTO pexkuma. s
ATOr0 HEOOXOJIMMO YUUTHIBATH COTJIACOBAHHOCTh MOCTYILJICHUS KUIKON U TBEpAOH (a3,
MIOCKOJIBKY TOJIBKO MPHU MX PAIIMOHATIEHOM COOTHOIICHUU (HOPMHUPYIOTCS YCIOBHSI, TIPU
KOTOpBIX JErkue ¢pakiuu 3GhHEKTUBHO YIAISIOTCA, a TsDKEIbIE MUHEPAIbl U 30JI0TO
KOHLEHTPUPYIOTCS B 30HE puduieid 6e3 pa3MbIBa MOCTENH.

Ha tperbem 3Tame aHaIM3UPYIOTCS MOJIYYEHHBIE PE3YNbTAThl U MPOU3BOJUTCS
orieHKa 3 (HEKTUBHOCTU U PaBHOMEPHOCTH pabOThI IITI030B 10 cooTHomeHuto XK:T mis
Ka)KJI0T0 11IJTF03a B OTJEIBHOCTH, BKJIIOYAsi HHTEPBAJIbI MEXK]TY LIMKJIAMU M0J1a4d OPOJIbI
B OyHKEp JUIsi TPOMBIBOYHBIX MTPHOOPOB, pabOTAIONIMX B YCIOBUSX LUKIMYHON
TEXHOJIOTUM TOJauMd TECKOB. Takoi aHanu3 TO3BOJISIET YCTAHOBUTH CTENEHBb
PaBHOMEPHOCTH pACHpPECNCHUsS TyJIbIbl MEXIy IIII03aMH, BBISBUTH KOJIEOaHUS
pexuma paboThl U ONMPENEIUTh, HACKOJIBKO ATH OTKJIOHEHHUS CIOCOOHBI MOBIUATH Ha
U3BJIEYEHHUE 30J10TA.

[IpuHIMNIUATPHO Ba)KHO, YTO JaHHBIM TOAXOJ NPUMEHHUM HE TOJBKO K
MECTOPOXKACHUIM, COJIEPKAIIUM NMPEUMYIIECTBEHHO MEJIKO€ U TOHKOE 30JI0TO, HO U K
oOBeKkTaM ¢ 0osee KpyNHbIM 3010TOM. OJIHAKO MMEHHO NPU HAJIUYHUHM 3HAYUTEIBbHOMN
JIOJIM MEJKMX KJIACCOB HEPABHOMEPHOCTh pACIPENENCHUs] MyJbIbl MO LUIKO3aM H
koneOanust otHoumieHuss JK:T oka3piBatoT HamOoliee CYyIIECTBEHHOE BIMSHUE Ha
3¢ (HEKTUBHOCTH PaOOTHI HUIFO30BBIX TPOMBIBOYHBIX IPUOOPOB. B CBA3M ¢ 3TUM OlLieHKa
yKa3aHHBIX [MapaMeTpPOB JIOJDKHA pPACCMATPUBATBHCS KaK HEOOXOIUMBIH 3JIEMEHT
TEXHOJIOTMYECKOTr0 aHaJIn3a MPH UCCIIEIOBAHUU MPUYMH NOTEPh 30J10Ta U 000CHOBAHUU

HaIpaBJICHUI COBEPIIIEHCTBOBAHUS peXUMa PabOTHI 000PYT0BAHHS.
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2.2 UcciienoBaHue mapaMeTpoOB U Pe:KUMOB HIJTI030BbIX KOMILJIEKCOB

2.2.1 UccaenoBanue pes;KUMOB PpadoOThI HIJIIO30BOI0 MPOMBIBOYHOI0 KOMILJIEKCA HA

0ase apar /I-250 B ycJI0BHAX TEXHOT€HHOT'0 MECTOPOKICHMSI

UccnepoBanusi NOpOBOAMINCH Ha  JICWCTBYIOIIEM  POCCBHIITHOM  OOBEKTE,
pa3pabaTbiBaéMOM  JpaxkHbIM  crmocobom.  JlpaxkHas ~ oTpaboTka  Benércs
MHOT'OYEpIIAKOBBIMU JIparaMd C HOMMHAaJIbHOM BMECTUMOCTBbIO uepraka 250 i,
TEXHUYECKUE XapPaKTEPUCTUKU KOTOPBIX MpEJCTaBiIeHbI B Tabnuie 2.1, Ha 1uiomamsx,
MPEACTABICHHBIX TEXHOTEHHBIMU 3(ENbHBIMU OTBaJaMu, MepepadoTKa KOTOPBIX
CONpsDKEHA CO  CIOKHBIMU ~ TOPHO-T€OJIOTUYECKHMMHU  YCIOBUSMH U BBICOKUM
COJIEp>KaHUEM MEJIKOTO M TOHKOTO 30JI0Ta B 30JI0TOHOCHBIX IECKaX.

B nensax npenapurenbHoi oneHKU 3¢ dexkTuBHOCTH padoThl apar Ne 45 (p. Oura,
XabapoBckuii kpait) u Ne 4 (p. Arma, XabapoBCKuil Kpail) MpPOBEICHBI H3MEPEHUS
OTHOUIEHUS >KUAKOM M TBEepAOW (a3 myJiblibl, MOCTyHalOUIEd Ha MII03a MEJIKOro
HaronHeHus (mamee - IIIMH), BeimonmHeHa oOmias oleHKa padOThI JIaHHBIX JIpar,
BKJIIOYAIOIIAs aHalu3 (haKTOPOB, BIUSIONINX HA MPOU3BOJUTEIHHOCTD JAParu: XapakTep
30JI0TOCOJIEpKAIIMX TECKOB M BCKPBIIIHBIX IOPOJ, M3BIEKAEMbIX JparaMd |

MOCTYTNAIOIINX IS JIC3UHTETPALUK B IPKHYI0 004Ky U najiee Ha [IIMH.

Tabnuua 2.1 - TexHuueckure XxapakTepUCTUKU Jparu

ITokazaTenn 3HaueHue

HomuHasibHas BMECTUMOCTD YepIIaka, JI 250
Uuciio uepnakoB B LIEMH, IIIT. 77-85
CKOpOCTb JBM>KEHUS UYEPIIaKOBOU IIeTIH, YepIl./MUH 21-30
CpenneuacoBasi IPOU3BOAUTEIBHOCTh, M*/4 320-350
[IpenenpHas moABoIHAS TTyOWHA YepHaHUs, M 12-15
MoIHOCTh pa3pabaTbIBaeMOii TOIIIIH, M mo 15,5
B TOM YHCJIE ITIOJIBOJHAS YaCTh, M mo 12,0
JlmrHA TTIOHTOHA, M 42.8
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[Tponomxenue Tadauibl 2.1

[Toka3zarenn 3HaueHne
[[luprHa MOHTOHA, M 18,2-18,8
Bricorta 6opTa, M okoJ0 3,0
Ocajnka B paboueM COCTOSTHUU, M okoto 2,0

[IpocenBanmne nuMxoBOTO 30J10Ta, U3BIeUeHHOro ¢ [IIMH apar Ne 45 u Ne 4 yepes
JabopaTopHble CUTa MOKAa3allo CJEAYIollee pachpeesieHue Mo KilaccaM KPYMHOCTH

4acTHIl 30J10Ta (pUCYHOK 2.1).
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Pucynok 2.1 - CutoBasi xapakTe€pUCTHKa 30JI0TA, U3BJICUEHHOTO CO MUII030B Apar Ne 4 u

No45

Ha pucynke 2.1 BugHO, YTO 3HAUMUTENbHAS JOJIA YACTHUI[ 30JI0Ta, JOOBITHIX
Jparamu, HaXOJUTCs B Kilaccax KpymHocTd oT -1,0 o +0,5 mm (xpara Ne 4 - 394 % u
npara Ne 45 - 50 %) u ot -0,5 no +0,0 mMm (mpara Ne 4 - 32,8 % u apara Ne 45 - 20,7 %).

[IpoBeneHHbIE U3MEPEHUS W pacueThl TEXHOJOTHYECKOro O00O0pYI0BaHUS
(Tabnuibl 2.2-2.7), pUMEHAEMOr0 Ha JOOBIYHBIX yYacTKaX MPU OTPa0OTKE MOJUTOHOB

30JI0TOCOACPIKAINUX ITCCKOB, ITIOKAa3aJIn, 4YTO HA [HIMH Apar mMpoucxoauT HCPAaBHOMCPHOC
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MOCTYIIJICHUE U PACTIPEICIICHHUE TYJIBITBI, YTO B CBOIO O4€pelb 00YCIOBICHO CIIECTYIOITUM
psazoM (HaKTOpOB:

- HEpAaBHOMEPHOW MOJa4yeil TOpHOW Macchl u3 3a00s (pa3MyHas 3arpyKeHHOCTh
YepI1aKkoB);

- paboTOM 1III030B B YCIOBUSIX MUHUMAJILHOW MOJJaYU WM MPEKpaIeHUs Mo1aun
TOPHOI MaccChl Ha TPOMBIBKY MPHU MPOXOJKE MEP3IIbIX TPYHTOB, MOA3GETNBAHUN JIparH,
MOJIOMKAaX JTMOO OTCYTCTBUU B HEOOXOJUMOM KOJIMYECTBE 3eMJIEPOIHOM TEXHUKU U JP.;

- NOCTYIUIEHHEM Ha MPOMBIBKY Pa3JIMYHBIX MO I'PAHYJIOMETPUYECKOMY COCTABY
nopoz (Topdsl, mecku, e, MEP3IIbIE, a TAKKE KOPEHHBIE MOPOJIbI U3 PUILIOTUKOBOM
4acTH).

[Tepeuncnennbie pakTOpPbl 3HAUUTENBHO BIUAIOT Ha 3()(PEKTUBHOCTH MOJTOTOBKH
nynbnbl Ha [IIMH u, kak crnenctsue, Ha 00bEM JOOBIYH MTOJIE3HOTO UCKOIIAEMOTO.

Ha ocHoBanuu BpeMeHM HANTOJTHEHHUS ITYJIBIION OTCEUKH, CKOPOCTH MOTOKA MYJIbITBI

Ha [IIMH paccuntan 06bem Beixoaa myiabibl (Qnymwna) Ha IIIMH Ha mpare Ne 45.

Ta6muma 2.2 - [Tokazarenu nogaun mysbibl Ha [IIMH Ha npaBoit ctopone aparu Ne 45

N Howmep uccnenoBanus — Pacxoa mystbrb! Ha IIMH
Vi V2 Vs ’ (Quysmensn M° /1
MOPOJIbI, J1 | MOPOJBI, 1 | MOPOJBIL, J
1 1,20 1,40 1,20 1,50 66,2
2 0,50 0,50 0,30 1,50 66,2
3 0,20 0,20 0,20 1,40 71,0
4 0,20 0,30 0,20 1,40 71,0
5 0,15 0,15 0,15 1,60 62,1
6 0,10 0,10 0,10 1,60 62,1
7 0,15 0,20 0,15 1,35 73,6
8 0,15 0,15 0,15 1,40 71,0
9 0,30 0,30 0,30 1,40 71,0
10 0,25 0,25 0,30 1,40 71,0
11 0,10 0,10 0,10 1,40 71,0
12 0,40 0,40 0,30 1,40 71,0
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Pacuernsiit 06bem Beixoza mysbnel Ha IIIMH Beraucnsiics no gopmyne (2.1):

3600

t by,
QHYJTI)HI:I = 1000 = | X R ) (2.1)

I/OTC(E!‘{KI/I *

bOTCE‘{KI/I

e Vi rceqxu - OOBEM OTCEUKH, I,
tcex - BPEMsSI OTCEUKH, C.
b1 ni0sa - IIMPUHA LUTIO32, M;
byrceuxy - ITUPUHA OTCEUKHU, M;
[Tono6HBIM 00pa30M TaHHOE 3HAYEHUE BBIYUCIISIIOCH U JJist iparu Ne 4.,
PacueTHbI 00beM BbIX0Aa MyNbIbl (Quymna) Ha IIIMH (M%/4), mokaseiBaer, uTo
06bem nepepadborku nmynbnel Ha [IIMH Haxoautcs B npenenax 62,1-73,6 m*/4 (pucyHok

2.2).

80,0 |
70,0 |66,2 66,2
60,0 |
50,0
%40,0 :

30,0

© 200
10,0 -

0,0 T T T

1 2 3 4 5 6 7 8 9 10 11 12
Homep muiro3a

71,0 71,0 73,6 71,0 71,0 71,0 71,0 71,0
] [] 62,1 62,1 1 1 ] 1 [

M3/ gac

Pucynok 2.2 - Pacuetnsiit o0beM Bbixoja myibiibl Ha [IIMH (paBasi ctropona) nparu

Ne 45

Tabnuua 2.3 - [Tokazarenu noxauum nyinensl Ha IIIMH Ha neBoit cropone aparu Ne45

Howmep uccrnenoBanus

Ne nnrrosa Vi v Vi Bpems, ¢ Pacxon nynener Ha [IIMH

(QHyJ’IbeI), M3 /a

IIOpOJabI, JI IIOpOJbI, JI | IOPOABI, JI

1 1,30 1,50 1,30 1,50 66,2
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[Tpomomxenue Tabauis! 2.3

N Howmep uccnenoBanus - Pacxon mysbret Ha LIMH
Vi V2 V3 ’ (Quysmom, M> /4
TIOPOJIbI, 1 | TMOPOJIBI, 1 | MOPOJIBI, JI
2 1,10 1,00 1,00 1,50 66,2
3 1,10 1,40 0,70 1,40 71,0
4 0,50 0,50 0,60 1,40 71,0
5 0,30 0,30 0,30 1,60 62,1
6 0,10 0,15 0,10 1,60 62,1
7 0,15 0,20 0,30 1,35 73,6
8 0,05 0,05 0,10 1,40 71,0
9 0,15 0,15 0,15 1,40 71,0
10 0,20 0,30 0,15 1,40 71,0
11 0,10 0,15 0,10 1,40 71,0
12 0,15 0,10 0,15 1,40 71,0
80,0 1 71,0 71,0 73,6 71,0 71,0 71,0 71,0 71,0
700 (06,2 662 = m e 621 11 1 1 T
£ 60,0 1 [
T 50,0
240,0 .
5300
20,0 -
10,0 -
0,0 S B

1 2 3 4 5 6 7 8 9 10 11 12
Homep muiroza

Pucynox 2.3 - Pacuernsiit 00beM Bbixoja mynbiel Ha [IIMH (eBast cropona) mparu Ne

45

OmuH W TOT K€ pacxold MyJdblbl (PUCYHOK 2.3) MOXET COOTBETCTBOBATH

Pa3NIUYHBIM 3HAYECHUAM Quopors BCIEICTBME HW3MEHEHUS KOHIIEHTPALUU TBEPIOTO;



no3ToMy Tocie onpeneineHus  Quymsnm
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KOHIICHTpaIuio TBEPAOH (a3l u onpeaeauTb Quopossi-

HCO6XOI[I/IMO AOIIOJIHUTCIIBHO H3MCPHUTDH

Hwuxe npencraBieHbl AuarpaMMmbl pacnpeeieHusl Harpy3Kd 1O FOpHOM macce

(Quopona) Ha IIIMH ot 1 10 12 nuto3a aparu Ne 45,

Ta6nuna 2.4 - Ilokazarenu nogaun nopoasl Ha IIIMH nHa npaBoit ctopone aparu Ne 45

N - Homep I/IC(\)Z@HOB&HI/I}I - Bpens, ¢ Pacxon ropHoit Macc351 Ha
IIMH (Quopoms) M” /9
MOPOJIBL, 1 | TIOPOJBL, J1 | TMOPOJIBI, JI
1 1,20 1,40 1,20 1,50 7,3
2 0,50 0,50 0,30 1,50 2,7
3 0,20 0,20 0,20 1,40 1,1
4 0,20 0,30 0,20 1,40 1,4
5 0,15 0,15 0,15 1,60 0,8
6 0,10 0,10 0,10 1,60 0,5
7 0,15 0,20 0,15 1,35 1,1
8 0,15 0,15 0,15 1,40 0,9
9 0,30 0,30 0,30 1,40 1,9
10 0,25 0,25 0,30 1,40 1,6
11 0,10 0,10 0,10 1,40 0,6
12 0,40 0,40 0,30 1,40 2,3

Pacxon TBEp0# (pa3kl onpeaensics yepe3 00bEMHYI0 KOHIEHTPALMIO TBEPAOTO B

nyJsbne. O0bémMHas 101 TBEpAOro Cy BBIYMCISIIACH KAK OTHOIIEHHE CPEAHEro 00bEMa

ocazika TBEpIOH (a3bl, MOTYYCHHOTO MO TPEM 3aMepam, K O0BEMY MyJIbIIbI.

O6mneM Bbixoaa ropHoit maccel Ha [IIMH Beruucisuics no gpopmyiam (2.2) - (2.4):

Qnopoz[a = Ql’Iy}IbeI X C’U’

|4

Imop.cp.
C, = 1P
I/OTCOBLIKI/I

ViVt

)

nop.cp. —

3

)

(2.2)

(2.3)

(2.4)
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rae V; - 00beM mepBoro u3MepeHus, ;
V, - 00beM BTOpOTro U3MepeHus, Ji;
V3 - 00beM TpeTbero u3MepeHus, Ji;

Vnop.cp

- 00beM MOPOJIbI CPESTHUH, T,

Vi rceuxn - 00BEM OTCEUKH, 1.

[Tono6HBIM 00pa30M TaHHOE 3HAYEHUE BBIYUCIISIIOCH U JJist Aparu Ne 4.,

Ha pucynkax 2.4 u 2.5 BugHO, 4yTto Ha npasou crtopone IIIMH 3arpy»eHHOCTB

TIOPOJIOH BBIIIE 3HAYEHUS 2 M>/4 XapakTepHa BCero g 3 muro3oB (Ne 1, 2, 12).

8,0 73
7,0

6,0 -

; 5,0 -
=40
Z
23,0 2,7 23

S 2,0 - 1.4 1.9 16
L1 2 o8 L1 09
1,0 I 3 5 ) I 0,6
00 | ] B m [N 0

1 2 3 4 5 6 7 8 9 10 11 12
Homep nuiro3a

Pucynok 2.4 - Beixon ropsoii maccel Ha IIIMH (nipaBast ctopona) aparu Ne45

Tabnuma 2.5 - [Tokazarenu nogaun nopoasl Ha IIIMH na neBoii ctopone aparu Ne45

Howmep uccnenoBanust .
Pacxon ropHoii maccel Ha

Ne mutro3a Vi V) Vs Bpewms, ¢ IIIMH (Quopoxun M /4
TOPOJIBL, 1 | TIOPOJIBI, JT | MOPOJIBI, JT
1 1,30 1,50 1,30 1,50 7,8
2 1,10 1,00 1,00 1,50 6,1
3 1,10 1,40 0,70 1,40 6,6
4 0,50 0,50 0,60 1,40 3.4
5 0,30 0,30 0,30 1,60 1,6
6 0,10 0,15 0,10 1,60 0,6
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Howmep uccnenoBanus .
No mosa Bpews, ¢ Pacxon ropHoii maccel Ha
- Vl V2 VS > IIIMH (Qnopouu) M3 /a
TOPOJIBL, 1 | MOPOABL, 1 | TOPOJIBI, JI
7 0,15 0,20 0,30 1,35 1,4
8 0,05 0,05 0,10 1,40 0,4
9 0,15 0,15 0,15 1,40 0,9
10 0,20 0,30 0,15 1,40 1,3
11 0,10 0,15 0,10 1,40 0,7
12 0,15 0,10 0,15 1,40 0,8

OcHOBHas Harpy3ka o TBEpIOMY Ha JieBoW cTopoHe aparu Ne45 cocpenoroueHa
MMEHHO Ha TEPBBIX YETHIPEX nuTro3ax. HaunHas ¢ maroro mnuto3a HaOII01aeTCs pe3Koe
cHKeHue 3arpy3ku Jjo 0,4-1,6 ™3/4, UYTO CBHJETEIBCTBYET O BBIPAKCHHOU
HEPABHOMEPHOCTHU pacmpenencHus TBEpaon ¢aspl no mmHe [IIMH u cymecTBenHON

HCOOI'PY3KC IMMOCIICAYIOMNX MIJI030B.

9,0
8,0 7,8
- 7,0 N 6,1 6,6
")\ 6,0 N
= 50 -
2
g 490 N 3,4
(=%
g 3,0
20 1,6 1,4
1’0 N I 0’6 I 0, I 7 0 8
0,0 n T T . T T
1 2 3 4 12

Homep nurro3a
Pucynok 2.5 - Beixoa ropaoit maccel Ha IIIMH (s1eBast cropona) aparu Ne 45

Otnomenue XK:T sBaseTCS MHTErpajIbHBIM MTOKA3aTEIEM peXUMa padoThI ILTI034,
MOCKOJIbKY 0000IIIaeT BIMSHUE pacxoj]a IMyJbIbl U KOHLEHTpauuu TBEPAON (a3el u

XapakTepu3yeT CTPYKTYpPY ABYX(a3HOr0O MOTOKA B LIEJIOM.
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Tabnuna 2.6 - Ananmu3 uzmepenuii XK:T na [IIMH na npaBoii ctopone aparu Ne 45

Howmep nccnenoBanust
Ne nmroza Vi V) V3 Bpewms, ¢ K:T, cpennee
IIOPOJIbL, J1 | NOPOJBL, J | NOPOJBL, J

1 1,20 1,40 1,20 1,50 8

2 0,50 0,50 0,30 1,50 24
3 0,20 0,20 0,20 1,40 65
4 0,20 0,30 0,20 1,40 49
5 0,15 0,15 0,15 1,60 76
6 0,10 0,10 0,10 1,60 114
7 0,15 0,20 0,15 1,35 68
8 0,15 0,15 0,15 1,40 76
9 0,30 0,30 0,30 1,40 37
10 0,25 0,25 0,30 1,40 42
11 0,10 0,10 0,10 1,40 114
12 0,40 0,40 0,30 1,40 30

K:T cpennee Beruncisioch mno gopmyse (2.5):

W T = VOTcquH - Vnop.cp. ’ (25)
Vnop.cp.

i€ Vyrceuxu - 00BEM OTCEUKH, JI.
Viop.cp - 00bEM TIOPOJIBI CPETHUM, JT;
[Ipy OTHOCHUTENIBHO PAaBHOMEPHOM pACHIPENEICHUH ITyJbIbl Ha IUII033aX, Ha
pucyHKax 2.6 u 2.7 MpOCHexKNUBACTCS sIBHAS TEHJICHIMS PE3KOr0 YBEIWUYCHHS 3HAUCHUS
®uaKoi ¢assl B mynbne aparu Ne 45, mocrynatomieit Ha [IIMH, nauunas ¢ 3-4 nuiro3a u

10 12. IIpuyem Ha HEKOTOPBIX HITK03aX 3Ha4YeHUs 10XoAaT 10 100 u BiwIe.
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120

100 -

114 114
76 76
65 68
B 60 - 49
=% 37 42
40 |
24 el
20 8 I
0 7—- I I I I I I I
1 2 3 4 5 6 7 8 9 10 11 12

Homep uuiroza

Pucynok 2.6 - Otnomenue X:T (k ogHoM yacTu TBep10# (ha3wl), paBasi CTOpOHA

IIIMH nparn Ne 45

Ta6muma 2.7 - Ananuz uzmepennit JXK: T na [IIMH na neBoii cropone aparu Ne 45

Howmep uccnenoBanus
No nutroza Vi Vs Vs Bpewms, ¢ K:T, cpennee
MOPOJBL, 1 | TIOPOABI, 1 | MOPOABIL, J

1 1,30 1,50 1,30 1,50 8

2 1,10 1,00 1,00 1,50 10
3 1,10 1,40 0,70 1,40 10
4 0,50 0,50 0,60 1,40 20
5 0,30 0,30 0,30 1,60 37
6 0,10 0,15 0,10 1,60 98
7 0,15 0,20 0,30 1,35 52
8 0,05 0,05 0,10 1,40 172
9 0,15 0,15 0,15 1,40 76
10 0,20 0,30 0,15 1,40 52
11 0,10 0,15 0,10 1,40 98
12 0,15 0,10 0,15 1,40 85
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200 +
160 -

120 -

172
98 %8
% g | 76
52 52
37
g 10 10 I
074- - I - I .\ I I I I
1 2 3 4 5 6 7 8§ 9 10 11 12

T

T
Homep uuiro3a

Pucynox 2.7 - Oranomenue X:T (x onHOM wacTu TBep0it a3bl), neBas cropona [IIMH

nparu Ne45

N3 MHoOrosieTHeW NpPakTUKU Jpa)KHOM 30J0TOI0OOBIYM HAMA30H HOPMAJILHOIO
3HaueHusi cootHomenus AK:T mns IIMH npunumaercs ot 6 go 15. 3nauenus XK:T,
MPEBBIIAIONINE JaHHBIE BEJIWYWHBI, TPUBOJAT K CBEPXHOPMATUBHBIM MOTEPSIM
MOJIE3HOTO0 MCKOIMAaeMoro. 3HadeHus B Juamna3zoHe oT 15 go 20 CcOOTBETCTBYIOT
3HAYEHUSIM, IPUEMIIEMBIM JIJI paOOTHI IUTI030B TITyOOoKoro HanodHeHuss. COOTHOIIEHNE
K:T Bemire 20:1 cuntaercsa HexxenareapHbIM U Ut T H.

Ha ocHoBanum BeiBeneHHBIX OTHOWEHHHN JK:T B mysblie, BpEMEHNU HANOJHEHUS
NyJIIIOW MEPHOM €MKOCTH, CKOpPOCTH moToka myJibnbl Ha IIIMH Obuin paccunTanbl
00beMbl BbixoAa MyAbIbl (Quysena), TOPHOU MACCHI (Qropora) ¥ ZK:T na IIIMH na npare
Ne4 (Pucynok 2.8 - 2.13).

Pacuernbiii 00beM Bbixoga Hynblbl (Quymna) Ha IIIMH (M%/4), B koTopoii
OCHOBHYIO JIOJIIO COCTABJISIET XKUAKas ¢a3a, IOKa3bIBaeT CIeAYIOLIee:

- Ha mpaBoit cropoHe IIIMH - 3HaueHuns 0OBEMOB BBIXOJA IMYJIBIIBI, UMEIOT
COIOCTaBUMBIE 3HAUCHUs, 0€3 PEe3KUX MEePEernaoB, IUIABHO BO3PACTAIONINE OT MEPBHIX K

MOCJIEHUM IUTI03aM (PUCYHOK 2.8);
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90,0
80,0 - 74,7 74,1
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2 40,0 -
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Homep uuiro3a

80,1

68,5 67,6 68,1
— 61,7 645 058 B0 T2 6o

57,8

Pucynox 2.8 - PacueTHsiit 00beM Beixoza myibnbl Ha IIIMH (npaBast cropona) aparu Ne4
- Ha neBod ctopoHe IIIMH o00BEMBI BBIXOJA MyJbIbl UMEIOT COMOCTAaBUMBbIE
3HAYEHHUsI, HO HEPABHOMEPHO BO3PACTAOIIME OT MEPBBIX K MTOCIEIHUM IILI03aM, KpOME

2,3,4.

70.0 62,1
60,2 "~
60,0 |81 56,1 .
] 50,4 494 50,2

| 43,2 43,0

40,0 7] 35,6 34,1
o 30,0 27,4
20,0 -

10,0 -

0,0 \ \ T
1 2 3 4 5 6 7 8 9 10 11 12
Homep muiro3a

Pucynok 2.9 - PacueTHbiit 00beM Bbixojia mynbiiel Ha [IIMH (s1eBast cropona) aparu Ne 4

PacueTHOE pacnpenencHue ropHoit Macchl (Qnopora) Ha IIIMH Ha mpare Ned (m3/4)

MpeACTaBICHO Ha pucyHkax 2.10, 2.11.
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Ha pucynkax 2.10, 2.11 BugHO, 94TO pacueTHbII 00BEM BBIXOJIa TOPHOU MACCHI
(Quopora) HA IIIMH XxapakTepusyercs clieTyomuMm:

- Ha IpaBoii cTopoHe 00beM NepepaboTKu cocTaBiseT or 1,3 go 2,6 M*/4 (3a
UCKJItoueHueM 3 U 6 1UTI030B, T1ie 00beM nepepaboTku 6oJiee UeM B JiBa pa3a MpeBhIIIACT
o0beM nepepaboTku Ha Apyrux nuirozax HIMH);

- Ha neBoii cropone, Ha IIIMH mnepepabarsiBaercs or 1,1 go 2,8 m*/u (3a
UCKJIIOUEHHUEM TIEepBOT0O IUII03a, IIe 00beM MepepadOoTKU TOPHONM MAacChl MPEBBIIACT

nepepaboTKky Ha Apyrux momo3zax HIMH B 2,1-5,5 paza).

<o 5,0
. 4,5
= 40 -
=
§~30
g JY 2,6
o 2,4 2.3 2.3
2,0 - 1,7 1.8 18 14
g I
0,0 - ‘ ‘ ‘
1 2 3 4 5 6 7 8 9 10 11 12

Homep nuiro3a

Pucynok 2.10 - Beixon ropuoit maccsl Ha LIIMH (mipaBast cropona) aparu Ne4
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Pucynok 2.11 - Beixon ropnoit maccsl Ha LIIIMH (nieBast cropona) aparu No4

B nanHoMm ciydae nonyudennsie oTHoueHus JK: T B myinbne aparu Ne 4 (pucyHku
2.12 u 2.13) uMeroT 3HAYUTENIbHBIA pa30poc 3HaYCHUM (KpoMe TpeX IUII030B C 00enX
CTOpOH), a Takke Bbicokue 3HaueHus JK:T, npespimaronue 30:1 na muorux IIIMH.

Takxe HEOOXOIUMO OTMETUTh, YTO B IEJIOM IPU OTHOCUTEIHHO PABHOMEPHOM
pacmpeneneHnd 00bEMa MyJNbIB MO TUTI03aM ¢ obenx ctopoH IIIMH, mabmromaercs

BbICOKOE 3HaueHue oTHoueHus JK:T npaktuyecku Ha Bcex nuitozax [IIMH gparu Ne 4.

40 132 37 37 37 37 37
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28 28
e
15 11
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Pucynoxk 2.12 - Otnomenue X:T (k ogHOM yacTu TBep0it ¢asbl), paBasi CTOpOHA

[IIMH nparu Ne 4
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Pucynok 2.13 - Otnomenue X:T, neBas cropona IIIMH aparu Ne4

Busyanbuble HaOmonenust 3a padorod IIIMH BeisiBUIM chepyromiee: HUT03a
[IIMH gpar 3acTunarTCd PE3MHOBBIMU  JPAXHBIMM  KOBpaMH, MPHUKATBIMU
METANIMYECKUMH Tpadaperamu JIECTHUYHOIO THIA C BBICOTOM pudiet 25 mwm.
Mexanudeckoe KperieHue TpadapeToB K nepeBopaunBaemMbiM Ha 180° nutrozam (mpu
cnosiocke [IIMH) npousBoauTcs ycTaHaBIMBAEMbIMU 1O KpasiM IILTI03a JEPEBSIHHBIMU
Opyckamu pazmepoM 50x50 MM U KIMHBSIMU, IPUKUMAIOIIMMU OpYCKHU K TpadapeTam.

K HegocraTkam JaHHOHM CXEMBbI KPEIJIEHUSI MOYKHO OTHECTH TO, YTO IPH LIMPHUHE
nuto3a 760 MM, paboyas (IpOayKTHMBHAS) YacTh IILUII03a, YYACTBYIOIIAS B OCAXKICHUU
MECKOB, yMeHbIaeTcs 10 660 MM, T.e. 6osiee uem Ha 13 %. Kpome sToro, metamnndeckue
TpadapeTsl MOABEPraroTCs MHTEHCHBHOMY a0Opa3sMBHOMY H3HOCY U KOPpPO3WH, UTO
BBI3bIBAET HEOOXOJUMOCTh 3aMeHbl TpadapeTroB B TEYEHHE MPOMBIBOYHOIO CE30HA,
OPUBOJIS K IPOCTOSIM JIparv M JTIONOJIHUTEIbHBIM 3aTpaTaM Ha W3rOTOBJIEHHE U MOHTaX
HOBBIX TpadapeToB.

[IpoBenennsie n3mepenus cootHomenus JX:T mynsnel Ha [IIMH gpar Ne 4 u 45
NOKa3aJM TO, YTO MPU OTHOCUTEIHHO PAaBHOMEPHOM 00BbEME KUAKOW (PPaKIUU IYJIbIIbI
(xosnebanus B npenenax 20-30 %) u 06beMe ropHoii Macchl (konebanus ot 40 1o 60 mM>/4),
MOCTYMNAIOMIMUX Ha MPOMBIBKY, Kosiebanue otHomeHus JK:T n3amensercs ot 8:1 mo 172:1.

[TonydyeHHbIE pe3yJIbTaThl YKa3bIBaIOT HA HEPABHOMEPHBIM XapakTep paclpelesCHUs
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IyJBIBI 110 JJMHE 3(eTbHONM BaHHBI, BCIACACTBHE Yero OOJbIIMHCTBO muIr030B [TIMH
HEJIOTPYKEHBI TIECKaMHU.

Tak, Ha MOMEHT npoBeAeHus u3mepennil Ha apare Ne 45 cymMmapHas pacueTHas
MPOU3BOAUTENLHOCTh MO TepepaboTke ropHoil mMacchl (Quopona) Ha IIIMH cocTaBuna
0KOJIO0 54 M>/4, IPU OJHOBPEMEHHOM IIPOXOXKIECHHH KUAKOHW (ha3bl 4epe3 BCE NIII03a
IIMH B 06beme okoio 1600 M*/4 , T.e. 00beM Mo1auu BOABI HA U032 N30BITOYEH B 3
pa3a.

AHaslorn4yHass CcHTyauums cioxwiacb W Ha gpare Ne 4. PacuerHas
MPOU3BOAUTEILHOCTE 1O TepepaboTke ropHoi Macchl (Quopona) Ha IIIMH coctaBuna
0K0JIO 57 M*/4, pu OJHOBPEMEHHOM NPOXOXKIEHMHU KUIAKOM (asbl (BOII) uepes BCe
mmoza [IIMH B o6beme okono 1 260 m/u, T.e. 0ObeM Momaud BOABI HA LUIIO3A
n30bITOYEH B 2,2 pasa.

Takum 00pa3oM, B XOJie mpoliecca AC3UHTErPallM TOPHOW MacChl B JIPaKHOMU
O0ouke HEOOXOIMMO ONEpaTHBHOE (aBTOMATHU3WPOBAHHOE) pErylMpOBaHUE OObeMa
10JaBa€MOU HACOCHBIMHM YCTAHOBKAMH TEXHOJIOTUYECKON BOJIBI.

B mporiecce uccrnenoBanus yCTaHOBICHO, 9TO HEOOXOIUMO:

- U3MEHUTh KOHCTpyKumio pacnpeaenurens IIMH, ontumusupoBaTh paboty
HACOCHOTO 00OpyoBaHMs il MUHUMU3aUK konebanus XK:T u amanranuu pexumMoB
oJa4y BOJbI HA LUTI034;

- OMpENEeIUTh JMaINa30Hbl PEryJMpPOBOK OOOPOTOB JBUTraTele HAaCOCHBIX
YCTAHOBOK Jpar Jyisi MUHHMAJIbHbIX, HOMHHAJIBHBIX M MAaKCHUMAaJbHO JOMYCTHUMBIX
PEXUMOB MOJ1a41 BO/JIbI;

- pa3paboTarh QIrOPUTMBI JJII ABTOMATUYECKOTO YMPaBICHUS YaCTOTHBIMU
npeoOpa3oBaTeIIMU PEKUMOB PaOOTHI ABUTATENICH HACOCOB JIpar BO BpeMs mepepadOTKu
TOPHOM MAacCBhl.

Kpome »sroro, HeoOXOIUMO pPacCMOTPETh BO3MOXKHOCTh MOJIEPHU3ALUU
TEXHOJIOTUYECKOTO 000py/IoBaHus (JApaXHBIX OOYEK, BOJOMOAAIONIMX MaTPyOKOB,
[IIMH, »denpHON BaHHBI U Ap.) U OCBETJICHHS 3a00pPTHOM BOJbI, IMOJaBacMOM Ha

IPOMBIBKY FOpHO# Macchl [79].
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2.2.2 UccaenoBaHue pe:KUMOB Pad0ThI HIII030BOT0 MPOMBIBOYHOT0 KOMILJIEKCA HA

0aze 'UT-52 B yci10BHIX MHOTOJIETHEMEP3JbIX IECKOB

JUist oneHkr paboOThl LITIO30BBIX IMPOMBIBOYHBIX KOMIUJIEKCOB B YCJIOBHSX
nepepaboTKU  JIETKOTPOMBIBUCTBIX TE€CKOB OBLIM MPOBEACHBI HCCIEAOBAaHUS Ha
POCCBIMMHBIX MecTOpokaeHusx ceBepa Pecnyonuku Caxa (Skytus). JlaHHbIe OOBEKTHI
0TpabaThIBAIOTCS MPEUMYIECTBEHHO OTKPBITHIM pa3/elbHbBIM CIHOCOOOM; MOJATOTOBKA
MECKOB OCYIIECTBIISETCS HA TPOMBIBOYHBIX MPUOOpax ¢ BUOpaoHHbIM rpoxoToM ['UT-
52, mocie 4ero noapemeETHhIN MPOAYKT MOCTYIIAET HA IIUIFO3bI MEJIKOTO HAIlOJHEHUS.

Texunueckue xapakrepuctuku Buoporpoxora ' UT-52 npuBenenst B Tabmure 2.8.

Tabnuua 2.8 - Texuuueckue xapakrepuctTuku Budporpoxora 'NMT-52

IToka3zarenn 3HaueHHne

Uucno sipycos 2-3

BepxHUil sipyc 1750%3915;

Pasmep mpocenBaromieii moBepXHOCTH, MM st apye 17504100

BepxHUil 6,85;

[Tmomaae mpocenBaroel MOBEPXHOCTH, M? .
P p ’ HIKHIN 7,18

JonycTumMasi KpynmHOCTb MUTaHUS, MM 1o 400
[Tpon3BOIUTEINBHOCTD, M/, 220-260
Vrom HakioHa, © 10-30
AMruinTyaa Koyie0aHuid, MM 5-8
YacTtoTa xojiebanui, ¢! 12-16+0,25
MouHocTs npuBoaa, KBt 18,5-22
Macca, kr 5560

[To JaHHBIM TEXHUYECKOTO MPOEKTa, 30JI0TO HA JAHHOM MECTOPOXKICHUHU XOPOIIIO
OKaTaHHOE, KpynHoe (MeJInaHHasi KpymHOCTh 30J10Ta - 3,8 MM). Ha ftonto menkoro kiacca
kpynHoctH (-0,5+0,0 mm) mpuxoautcs Becero 10 % 3o0ioTa.

CuTOoBOH aHaIU3 M3BJIECKAEMOIO 30JI0Ta IOKa3biBaeT, 4yro Ooiee 50 % 3o1orta
HaxOJMUTCs B Kiacce kpymHoctH -5,0+1,0 MM, a Ha pomro menkoro (-0,5+0,0 mm) 30510Ta

npuxoautcs okosio 14 % (pucyHok 2.14).
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—e-lo gaHHbIM cUTOBOro aHanuza —i-Io gaHHbLIM reoniorM4eckomn pa3BeakKn

Pucynok 2.14 - Pactipegenenue 30710Ta o KjlaccaM KpyIHOCTH

[1[;11030BBIE TPUCTABKH, UCTIOJIB3YEMbIE HA ’TOM MECTOPOKIACHUHU, TPEX BUIOB:
- IBa IUTI03a UAPUHOMN 10 | M 1 qyiuHOu 7 M,
- TpUY 1UTI03a WHUPHUHOU 110 0,72 M U JJIUHOHN 7 M,

- OJIVH LUIK03 HIMPUHOMN | M, mepexoadIui B 1Ba NUTKO3a CyMMAapHOW JIMHOU 11

ITonaya neckoB Ha NpUOOP OCYIIECTBISAETCS ABYMsI CIOCOOAMMU:

- IOrpy34MKaMK ¢ 00BEMOM KoBIna 3,9 M>;

- aBTOCaMOCBaJlaMHd B TPHUEMHBIN OyHKEp C THAPABIMYECKON PETyJIMPOBKOU
BBIITyCKa OPOAbI HA TPUOOP.

AHanu3 paOoThl TPOMBIBOYHOIO HpHOOpa MOKa3ajl, 4TO IMpH IOJa4ye INECKOB
IOTPY34MKOM B OJMH MJIM JBa 3axona (2,5-3 m°), 3arpyska npoucxoaut 3a 20-30 c, B
T€YEeHUE KOTOpBbIX MOoJpemeTHas (pakmus mnocTtymaer Ha numo3a v 3a 50-60 ¢
npombiBaeTcs Ha HUX. OcTanbHOE BpeMs B IIMKJIE MOJauyM Ha IILIK03aX WIET Bojaa 0e3
noponbl. Takum o0pa3oM, npu LuKIE nojadud 2-2,5 MHH, NPOMBIBOYHBIN INPHOOD
TI0JOBMHY BPEMEHH paboTaeT B peskuMe Teperpy3ku (10 200 M>/4), a BTOpyIO MOJIOBUHY
BPEMEHM B LHMKJIE MOJAYM - C HYJIEBOM HPOU3BOAUTEIBHOCTBIO. OTH JIaHHBIE
NOATBepKAatoTca npousenéHHbMU 3amepamu JK:T Ha xBocTax 3¢enbHbIX (ppakiuit

(pucyHok 2.15). IIpu kaxaoM 3aMepe KOJIUYECTBO TBEPAON PpaKuu B CIUBE 3PEITbHBIX
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XBOCTOB cOCTaBIsLI0 4-5 u Oojyee 1, uro coorBercTByeT 3Hauenwto K:T 2:1 (mpu

HopmatuBe 7:1-10:1) u moka3bpIBaeT neperpys3Ky MUTIO30B MO MOPOJIE.

Pucynok 2.15 - TBepaplii octatok B myJbne Ha cnue [AT-52

[Ipu paGoTe MPOMBIBOUHBIX TPUOOPOB OTMEUECHO:

- MpUMa3Ka MeCKOB HE MOJTHOCTHIO CMBIBACTCS C TajeqHON (DpaKIIHH;

- CHCTEMa OpOIICHHUS HE YUYUTHIBAET XapaKTEPUCTUKH HACOCOB, HAMOp Ha
OpOCUTEINbHBIX (POPCYHKAX HE oOecreunBaeT ux 3(PGheKTUBHONU pabOTHI;

- METATMYCCKUE CUTa C pa3MepoM siueku S0 MM JaroT OOJIBIIYIO HArpy3Ky Ha
UTI03a, T.K., COTJIACHO TPaHYJIOMETPUYECKOMY aHAJINU3y MecKoB, (pakmus -55+0,0 mm
coctasisieT 90 %.

- CKJIOHHOCTh METAJUTMYECKHUX CUT K 3a0UBAHUIO;

- HEpaBHOMEPHOE pacmpeiesieHne Harpy3Ku MKy IUTI03aMu (ISl PUCTaBOK C 2
1 3 IIUTI03aMH );

- HHU3KOE KAadeCTBO TEXHOJOTHYECKOM BOJBI BBHJY MalbIX 00BEMOB
UJIOOTCTOMHHUKOB.

HecMoTpst Ha GOJIBIIIOE KOTMYECTBO KPYITHOTO 30JI0Ta B 30JJOTOHOCHBIX TECKaX,
noTepu ¢ 3eapHON (PpakiIueil coCTaBISIIOT OKOJIO 15 %, 4TO NMpeBHIIACT pacUCTHBIC
TEXHOJIOTUYECKHUE TOTepU I JaHHOW KpynHOocTH 3070Ta (3,8 %) Gonee yem B 3 pasa.
[IpyurHAMU 5TOTO CTAJI0 HApPYIICHHWE IapaMeTPOB CMBIBA TOPOABI C OYHKEpa H

PacnpCaAcCiaCHus ITyJbIIbI 110 TIJIF0O3aM.
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2.2.3 UccaenoBaHue pe:KUMOB Pad0ThI HLII030BOT0 MPOMBIBOYHOI0 KOMILJIEKCA HA

0ase IIBIII-100 B ycj10BHsAIX BBICOKOI'O COACPKAHUSA TJIHHbBI

B mpomecce wucciemoBaHmii  BBIMOMHEH aHamu3 A(G(OEKTUBHOCTH PaOOTHI
ITF030BOTO 000PY/I0BAHUS HAa BHICOKOTJIMHUCTOM MECTOPOXKACHUN XabapoBCKOro Kpast
(pyu. CeIpan), rae oTpabOTKa BEIETCS C HCIOJIb30BAHUEM IMPOMBIBOYHOTO MpUOOpa
[TIBII-100.

Pocceinie pyu. JleBbiii CblpaH OTHOCHTCS K MENKO3AJIETAOIIMM aJUTFOBUAIBHBIM
pPOCCHITIIM ~ JOJMHHOTO  THUMa W  TPEACTaBICHAa  JICHTOOOpa3HOW  3aJiekKblo,
XapaKTEepU3yOLENHcs HEBBIIECPKAHHOCTHIO IIUPUHBI U MOIIHOCTH MPOAYKTUBHOTO
1J1acTa, a TakkKe HEpaBHOMEPHBIM pacmlpeiesieHreM 30J0Ta. [IpoTskEHHOCTh POCCHITH
cocraBisieT 6440 M, cpenHsis mMUpUHA - 53 M, CpeIHsS MOIITHOCTH TOPPOB - 5,3 M, IECKOB
- 0,7 m. 3anacel neckoB kareropuu C2 coctaBistoT 249,5 Teic. M?, 3amacsel 30510T1a - 265,6
KT IpH cpeHeM conepxanuu 1065 mr/m?.

Pa3paboTka MECTOpOXKIEHUS OCYIIECTBISETCS OTKPBITHIM CIIOCOOOM M BKJIFOYAET
OCYIIIEHHE Yy4YacTKa MOCPEICTBOM PYCIOOTBOAHBIX M HArOpHBIX KAHAJIOB, BCKPBITHE
TOpOB, TOATOTOBKY MPUOOPOCTOSIHOK, TPOMBIBKY TI€CKOB W  IOCIEIYIONTYIO
pekyJbpTuBanuio. [1o TaHHBIM TEXTIPOEKTA, 7151 pocChinu pyd. JIeBbIil ChlpaH XapakTEpHO
30J10TO ¢ MpoOHOCThIO 813, mpu 3TOM B MOpdoJsioruu npeodsiaaroT OKaTaHHOE U
CpPEIHEOKaTaHHOE 30JI0TO, a JoJisi Cl1ab00KaTaHHOTO M HEOKAaTaHHOTO MeTailia
He3HauutenbHa. Ha nmomro 3omota kpynuee 0,5 mMm npuxoautca 61,2 %, a Ha oo
kiaccoB MeHee 0,5 MM - 38,8 %, 4TO yka3bIBaeT Ha 3aMETHYIO POJIb MEIKUX KJIACCOB B

dbopMHUpPOBAHNY TEXHOJIOTUYECKHUX MOTEPH MO JAHHBIM Ta0IUIIb 2.9.

Tabnuua 2.9 - Pacnpenenenue 30510Ta o ppakuusm, o JaHHbIM CUTOBOT'O aHAIU3a PyY.

Ceipan

Kiacce
KPYITHOCTH +2,0 -2,0+1,0 -1,0+0,5 | -0,5+0,25 | -0,25+0,125 | -0,125+0,0 | Utoro

,MM

Beixon, % 8,2 223 30,7 29,8 7,9 1,1 100
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[TpomsbiBounsiit mpudop [TBII-100 (pucynok 2.16) npeanazHaydeH st XOpOIIo- U
CPEIHETIPOMBIBUCTBIX IECKOB. 3a CYET TMPUMEHEHUS TIOJUYyPETaHOBBIX  CHUT
obecreunBaeTCs BICOKAst TPOU3BOAUTEILHOCT MPOMBIBKH (71 XOPOIIIO MPOMBIBUCTBIX

neckoB 10 150 m3/u).

» ~—

-

Pucynok 2.16 - I1BIII-100 co nuir030B0i NpUCTaBKOM

B Tabmuue 2.10 mpeacTaBieHbl OCHOBHBIE TEXHUYECKHUE XapaKTEPUCTUKH

puodopa.

Ta6muma 2.10 - Texunueckue xapakrepuctuku [1BII-100

Ilokazarens 3HaueHue
CpeHss TIPOM3BOAUTENLHOCTD MO TIeCKaM, M>/4 100
Macca npubopa, T 23
CyMmMmapHasi yCTaHOBJICHHAs! MOITHOCTh TIPUBOA CKpyOOep-0yTapsl, KBT 60
Perynupyemas yactoTa BpaueHus ckpyooep-0yrapbl, 00/MuH 9,5-14
["abGapuTHble pazmepsl pudopa B coope, Ax1IxB, Mm 1300‘?; 02(;‘ 00~
["abapuTHbIe pa3mepsl HecyIIel pambl - caneit, <11, mm 10500%2400
Jliinaa 604Ku CKpyOOep-OyTapbl, MM 9300




65

[Tpomomxenue Tadauib 2.10

[Tokazarenn 3HaueHue
JlmaMeTp BXOJHOTO OTBEPCTHs CKpyOOep-OyTapsl, MM 900
HuameTtp ckpy00ep-OyTapbl, MM 1900
JlnmuHa e3uHTEerpupyromero craBa, MM 3500
JlmuHa cerorero craBa, MM 4500
BHyTpeHHSs TOBEPXHOCTH JIC3MHTETPUPYIOMIETO CTaBa PyTepoBaHa 120
HOJIMYPETaHOBBIMU JINPTEPAMHU-JIC3UHTETPATOPAMH, LT

[Tpuemnslit OyHkep (3arpy3ouHas yacts) Jx1, mm 2400%2400
Tpy0Oa opocutenbHas 3aBaJIOYHOTO OYHKEpa, TUaAMETP, MM 50
Tpy0a opocutenbHas cCkpy0Oep-0OyTapsl, TuaMeTp, MM 159

Ha nannom mpubope peann3oBaHO TPOXOYECHHE MO ABYM KiaccaM: - 20 MM U -
70+20 mm (tabmuma 2.11). Tlecku xpymHOcThiO -70+20 MM MOJaOTCA Ha IIUIIO3
CaMOpOJIKOYJIOBUTEIb, HAa KOTOPOM YCTaHOBJIEH IIUIFO3 CPEIHEr0 HAIOJHEHUSA C

MeTaNIn4yecKUMH Tpadaperamu BoICOTON 50 MM.

Tabmuua 2.11 - TexHuueckue XxapakTepUCTHKH 1UTI030B0M npuctasku [1BI1-100

[Toka3aTenb 3HaueHUe
Cura nonmypeTaHOBBIC C 3AIIUTHBIMHA PEOPaMH, IIT. 168
Pa3smep oTBepcTHii MONMYPETAHOBBIX CUT, MM 7-20
[Inro3a menkoro HamonaHeHus 4 mt. X1, mm 8000x750
BricoTa TpadapeToB 1€CTHUYHBIX, MM 25
KOBpBI ipakHbIe, M 21
I[IpousBoauTensHOCTH Hacoca 1J1-800-566, M>/u 700
Hanop, pazBuBaemsbIii HacocoM, M 40

B pamkax olieHKH paBHOMEPHOCTH paclpeesieHus MyJIbIIbl MO MIJIH03aM MEIKOI0
Hanosinenusi [1BIII-100 aBTOopoMm OBUTM TMPOBENEHBI 3aMepbl COAECPKaHUS TBEPAOU U
KUJIKOM (a3 Ha KaXIoM IUI03€ B Tmpolecce paboTel mpubopa (Ttabmuna 2.12).

HBMepeHI/IH BBIIIOJIHAJIMCH B p€aJIbHOM BPEMCHU B TCUCHUC HECCKOJIbKUX IMUKJIIOB ITOAa4YH
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nopoAasl B OyHKep, 0e3 NpUMEHEHHUs KaKUX-TUOO PpEeryJIUpyroIMX YCTPONCTB
pacmpesiesie s OTOoKa.

Omnpenenenre COOTHOMICHUS XKUAKOW u TBepmoit ¢az (K:T) ocymiecTBisioch
METOJIOM OTCEUKH MYJbITBI Ha KaXJIOM IIII03e ¢ mociexyrommmM pacuérom X:T (Bce

U3MEpPEHUs MPOBOJAUIIUCH B TUTPAX).

Tabnmuna 2.12 - XK:T na [IBII-100 6e3 pery1upoBKH, TiepBas UTepaIus

Howmep\l1Lmt03 ! 2 3 4
Vr Vi Vr Vi Vi Vi Vi Vi
1 1,5 11,5 0,9 11,0 1,0 11,0 1,5 10,5
2 1,5 12,0 0,9 11,5 0,4 11,6 1,4 10,6
3 1,4 11,5 1,0 11,5 0,8 11,2 1,8 10,2
KT 8 12 15 7

]_—[aHHBIC HCCIICAOBAHUSA ITOKA3BbIBAIOT, YTO 3aJa49 PABHOMCPHOT'O pPACIIPCACICHUA
ITYJIbIIBI, CTa6I/IJII/ISaI_II/II/I 3arpy3Ku MCXKAY HUKIIaMHU ITIOJa49U U JC3UHTCTPAllhN (pa3MI>IBa)

Ha OOJBITMHCTBE TPHUOOPOB OCTAIOTCS HEPEIIEHHBIMH.

2.3 OnTuMu3anus padoThbl HLTI030B 32 CYET PABHOMEPHOCTH MOAAYH IYJIbIIbI HA

HbBII-100
2.3.1 CoBepiuieHCTBOBaHHE CUCTEMBI 3aIPY3KH MECKOB B CKPY00ep-0yTapy

Bo3MOXHOCT, BHEApEeHUs MUTaTeIed U  KOHBEHEpOB, 00ECIeYMBAIOIIUX
PAaBHOMEPHYIO IOJady IIECKOB M IIyJIbIIbI, HA MHOTMX MECTOPOXIEHMAX JlampHero
Bocroka Poccum orpanuuuBaercs psaoMm (aktopoB. Pexxum paboTbl nutareneid u
KOHBENEPOB YaCTO ONPEAEISIETCA TOPHO-TEOJIOTUYECKUMU YCIOBUASAMH MECTOPOKICHU:
pasJIMYHbIEC 110 TPAHCOCTABY IIECKU, HAJIMYUE ITIMHBI U BAJlyHOB, HAJIMYUE MEP3IIbIX IIOPOL
YCIOXKHAIOT IPUMEHEHUE TPAAULIMOHHBIX IIUTATENIEN C KOHBEUEPHBIMU JICHTAMMU.

JIOTIOJIHUTENBHBIM ~ OTPAHUYEHUEM BBICTYNAET SKCIUTyaTallMOHHBIA (haKTop.

PaBHOMCpHOCTL nmogadyn JOCTHUTACTCA HC TOJIBKO HaJINM4YHNCM O60py,Z[0BaHI/ISI, HO U CIo
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HACTPOMKOW: HEOOXOIUM IOAOOpP CKOPOCTH JBHMIKCHHUS JICHTBI/TUIACTHH, YacTOTHI H
aMIUIMTYJbl KoyneOaHuil BUOponuTaTens (€clii OH TMPUMEHSIETCS), COIVIACOBAHHME C
00bEMOM IOJa4M BOJIbI U ONIEpAaTUBHAS KOPPEKTUPOBKA ITPU U3MEHEHUU CBOMCTB MECKOB.
HexBarka KBaJM(PUIIMPOBAHHOIO TMepcOHANa Ha MeECTaX NPHUBOJUT K IIPOCTOSIM
000py10BaHUSI.

B 3Tux ycnoBusSX MOBBINICHHE PAaBHOMEPHOCTH TOJAYU TECKOB IEIECO00pa3HO
o0ecreuynBaTh HE TOJBKO 3a CUET MPUMEHEHUs CIEIUATN3UPOBAHHBIX MUTATENIel, HO U
NyTEM COBEPILICHCTBOBAHUSI CaMOro MNpuéMHO-Noaaroniero ysma. OZHUM U3 TaKUX
perieHuii sBnsieTcs OyHKEp YIy4IIeHHOW KOHCTpykiuu (pucynku 2.17 u 2.18),
obecrneunBarOIINi IpeABApUTEILHOE paclpeieSieHne MaTepraia, CHIKCHUE HaTUTaHUS

TJIMHUCTBIX MECKOB U 0oJiee cTabMIbHOE MOCTYIUICHHUE MIECKOB B CKPy0Oep-0yTapy.

/

W
»

=50

Pucynok 2.17 - MoaepHusupoBaHHbiii OyHKep npombiBouHOro npudopa [IBII-100 By

cOOKy
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Pucynok 2.18 - MonepausupoBanHusiii Oynkep mpomeiBouHoro npudopa [1BII-100 Buxg

CBEpXy

Kpeutest Oynkepa 1, pacmonoxeHHbIE B BEpXHEM YacTH, YBEITUYHUBAIOT
3P (GEeKTUBHYIO 30HY 3arpy3Ku, NMpeAOTBpaIlaloT MPOCHIIAHUE MaTepuaja 3a Mpeaesbl
OyHKepa, HampaBJSIOT MOTOK MECKOB K IEHTPaJbHOW YacTH 3arpy304HOrO y3la
CHoCcOoOCTBYIOT 00JIee paBHOMEPHOMY paclpeAesIiCHUIO MaTepHaa Mo MupruHe TPUEMHOM
30HBI, YTO CHIKAET JIOKaJbHbIE NEPErpy3KH M YIJIY4UIIAeT YCJIOBUS MOCIEAYIOIIEH
JIC3UHTETPAIIIHN U TPOXOUCHHS.

B npuémuoit yactu OyHKEpa YCTAHOBJIEHBI KOJOCHHUKH 2, 00ecreduBarollue
NpeIBAPUTEIbHYI0 KIACCH(UKAIIMIO 3arpy’KaeMoro Marepuaia: OHHU OTICNSIOT
Hera0apuTHbIE W KPYMHOKYCKOBBIE BKJIIOYECHHS, OTPAHUYMBAS HMX TOCTYIJICHHUE B
CKpyOOepHyI0 dacTh, OOecmeuMBalOT OoJjieeé pPaBHOMEPHYIO I0Jady TEeCKOB IO

KPYIHOCTH, CHUXKAIOT BEPOSITHOCTh MEPETPY3KU U yIAPHOTO U3HOCA (QyTEPOBKHU.
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CucrtemMa nomauu BOJbI ISl OPOIIEHUs 3 MpeaHa3HaueHa JJis IPEeABAPUTEIBLHOIO
YBJIQKHEHHUS MOCTYMAIOIIEr0 Marepuana B mpefenax npuéMHoro OyHkepa. TpyOa
BCTPEYHOTO OpOIIEHUS 4 C yCTaHOBJICHHBIMH (OPCYHKAMHU 00€CIEUHBAET MOCIOWHBIH
pa3MbIB  3arpy’KaeMbIX IIECKOB, IPEABAPUTEIBHYIO IE3UHTErPALMI0 TJIMHUCTBIX U
CLIEMEHTUPOBAaHHBIX KOMKOB, a Takxke (opmupyeT Oojee paBHOMEPHBIE YCIOBHS
nuTaHus CKpyoOep-Oyrapel. Tpyba OokoBoro opomeHuss S5 ¢ (opcyHKamu,
YCTaHOBJICHHAsI B OOKOBBIX 30HaX OYHKepa, MpeHa3HaueHa JJisl pa3phIXJICHUS U CMbIBA
IIECKOB M3 IMPUCTEHOYHbIX oOnacteil. E€ mpumeHeHue NpeaoTBpalaeT HaKOIUIEHUE
MaTepHalia y CTeHOK OyHKepa U ObICTpBIN CMBIB TIecKoB. [lommypeTtanoBas ¢pyTtepoBka 0,
pacnoJiokKeHHasi Ha BHYTPEHHUX MOBEPXHOCTAX OyHKepa, CIY>KHUT IS 3alUThl CTEHOK,
JHUIIA U pabouyMx NOBEPXHOCTEH OT adpa3WBHOrO HM3HOCA M YIApHBIX HAarpys3ok,
BO3HUKAIOLIMX IPU 3arpy3Ke U MepeMelleHnd Marepuana. Ee npruMeHeHne NM03BOJISET
CHU3HUTh WHTEHCHUBHOCTb HW3HAIIMBAaHUS CTEHOK, JHHUIIA U PabO4YMX IMOBEPXHOCTEH,
YMEHBIIUTh BUOPAIIMOHHBIE BO3JCHCTBUS TP KOHTAKTE C KPYIMHOKYCKOBBIM
matepuasioM. Kpome Ttoro, monmumyperanoBas (yTepoBKa CIOCOOCTBYET CHIKEHHIO
HAJIWTIAHUS BIIAXKHBIX TTIMHUCTHIX TIECKOB HA TOBEPXHOCTH 3a CUET OoJiee OIaronpHusITHBIX
aHTUAJT€3UOHHBIX CBOMCTB MaTepuaa.

BrixoaHoit y3ein 7, pacnoyio;KeHHbBIN B HUXKHEHW yacTu OyHKepa, MpeIHa3HaueH IS

BBIITyCKa MIPEIBAPUTEIHLHO Pa3MBITOIO MaTepuaia B CKpyOOEpHYIO 4acThb.

2.3.2 PeryinpoBaHue KOJIMYECTBA MOJaBaAeMO BOJAbI B 3aBUCHMOCTH OT 3arpy3KHu

cKpy00ep-0OyTapsl mopoaoii

Jlaxxe npu pPEKOMEHAYEMOM YKIOHE IUII030B, pPacxoJe BOAbI U Harpyske
ycToiunBocTh napamerpoB JK:T ocraércst ys3BUMOW K KOJEOAHMSIM MOJAYU IECKOB:
JH00BIE OCTAHOBKHM 3KCKaBaTOpa, MEPECMEHKH WM IMEPEPBIBBI HAa TEXOOCIIyKHUBaHUE
MI'HOBEHHO HapymaroT cooTHomeHue X:T .

JIns coXpaHeHust ONITUMAaJbHBIX YCIOBUM IIPOMBIBKU 30JI0TOCOAEPIKAIIUX [TECKOB

pa3pa60TaHa N BHCAPCHA CHUCTCMA ABTOMATHYCCKOI'O PCTYIIHPOBAHMA IIOJAa4YH BOJELI,
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KOTOpasi CHHXPOHU3HUPYET MPOU3BOIUTEIHLHOCTh HACOCOB C (DAKTUYECKON HArpy3KOi
MeCKaMHU COTJIACHO PACCUUTAHHBIM 3aBUCUMOCTSIM.

Jnst  oOydeHHMsT ~ CHCTEMBI  BBIIONHSIOTCS ~ HW3MEpPeHHUS  (HaKTHUIECKOM
IPOU3BOAUTENLHOCTH IKCKaBaTOpa U 3HAYCHHI 3arpy3Ku MMPOMBIBOYHOTO IprOOpa, Mo/
KOTOpPBIC TOAOUPAETCS HEOOXO0IUMOE KOJTUYECTBO BOJIbI, COIJIACHO MACIIOPTHBIM JIAaHHBIM
HACOCHOTO 00OpYyIOBaHUSA C Y4E€TOM HM3MEHEHHUs 4acToTbl. OOy4eHHas B KOHKPETHBIX
TOPHO-TEOJIOTMYECKUX YCIOBUSAX CHCTEMa B aBTOMAaTHYECKOM peXuMe uepe3 mikad
YOpaBJICHH 3a7acT MapaMeTphl padOThl HACOCOB M IMOJACPKUBAECT CKOPOCTh MOTOKA U
otHomienue JK: T mynbpIibl B 3aJJaHHOM JIMAa30HE B MPOIECCE pabOThI B TEUYEHUE CYTOK.

PerynupoBka pacxoja BOJbI OCYIIECTBISETCS MYyTE€M HW3MEHEHHUS 4YacCTOThI
Bpalll€HUsI HACOCOB C UCIOJIb30BAHUEM MpeoOpazoBaTesisi 4acToThl. B 0CHOBY anroputma
MOJIOKEHBI 3aKOHBI MMOJO00MS LEHTPOOEKHBIX HACOCOB, COTJIACHO KOTOPBIM IPHU
W3MEHEHUH YaCTOThI BPAIICHUS pOTOPA AICKTPOABUTATENS BBIMOJHSIOTCS COOTHOIIICHHUS,

KOTOPBIE MOYKHO OIIPEACIIUTh 10 popmyiam (2.6) - (2.8):

Q2 ny

—= ==, 2.6
Q1 nq ( )
Hz _ E 2

= (n) , 2.7)
P, ny\3

—~=(=2), 2.8
P; (nl) (2:8)

rae Q - mogaya Hacoca, M/,

H - nanop, m;

P - momHOCTH Ha Bany, kBrT;

N - YaCTOTa BpAIIECHUS POTOPA ICKTPOIBUTATENS, 00/ MHUH.

C y4eToMm TOoro, 4To 4acToTa BPaIllEHUS POTOPa ACUHXPOHHOTO 3JIEKTPOIBUTATEIS
MPOTNOPLMOHANIEHA YAaCTOTE KOJIEOaHUM DJIEKTPUUYECKOr0 TOKa, ClpaBemyiuBa ¢opmylia
(2.9):

B2 L2 (2.9)

Trac f - aT0 yacrora QJICKTPHUYCCKOI'O TOKaA, I'll.
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Ha ocnoBe ¢dopmyinbl (2.9), 3aBUCUMOCTH pacxojia BOJbBI, HAIlOpa U MOITHOCTH
Hacoca OT YacTOThl DJEKTPUUECKOTO TOKA MOXKHO TMPEACTaBUTh CIAEAYIOUUMU

dbopmynamu (2.10) - (2.12)

f
Q,=Q, x7", (2.10)
i
2
H, = H, x f2 , (2.11)
fy
3
P, =P, x fy ) (2.12)
fy

Takum oOpazoM, myTeM U3MEHEHHS YacTOThl f JJIEKTPUYECKOro TOKa
obecrieunBaeTcsl MPONOPIMOHATIBHOE PETYJIUPOBAaHUE PAcXoja BOAbI, YTO IOBBIIIAET
3¢ PEKTUBHOCTH MTOATOTOBKH TOPHON MaCCHI.

3Has HOMHUHAJIBHOE KOJMYECTBO OOOPOTOB, 4YAaCTOTYy BpAIlEHUS pPOTOpa
ANEKTPOJIBUTATENSA, IPOU3BOAUTEIIBHOCTh HAcOCA MOXKHO OIPEIACIUTh 4YacToTy,
COOTBETCTBYIOIIYIO 3aJJaHHOM MTPOM3BOIUTEILHOCTH Hacoca. Hampumep, 1i1s Hacoca 1/1-
800-56b yacToTa BpaieHus 3aeKTpoaBUrarens cocrapiser 1450 o6/muH, pacxon - 700
M>/4, yacTtoTra sneKkTpudeckoro toka - 50 I'm. IIpu 4acToTe JIEKTPUYECKOro TOKAa Ha

anekTpoaBuratese Hacoca B 40 I'i, mo dhopmyie (2.10) cautaeM pacxon:
40
Qaory = 700 X - = 560 M3 /a

B pesynbrare o00pabOTKM JaHHBIX TMOJy4Y€HAa 3aBUCHUMOCTh KOJIMYECTBA
[0JIaBaeMOl BOJBI OT MPOM3BOAMTEIBLHOCTH MpHOOpa MO MepepadOTKE IECKOB.
KopuuneBbiM rpaduxom (pucynok 2.19) mokazanel kojeOaHHsS MOAAaYd TECKOB B
peaqbHOM BpPEMEHH, CHHHM TrpapuKoM TOKa3aH OO0BbEeM MOoJauyd BOJABI, KPAacHBIM

rpaukoM MokazaHa HOMUHAJIbHAS! TPOU3BOJAUTEILHOCTH HACOCA.
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—IIpou3BoauTeILHOCTH MPUOOPA MO MeckaM, M>/4
—IIpou3BoauTEIBLHOCTH HACOCA 11O BOAe, M3/4
¢ eHomuHa/IbHASl MPOU3BOAMTEIBHOCTH HACOCA MO BoOJe, M*/4

Pucynok 2.19 - Jlunamuka nogauu neckoB v Boasl HacocoM 1/] 800-56b - 110 kBt

Ha rpadukax BUIIHO, 4YTO U3MEHEHMS 3arpy>KEHHOCTH Ipubopa no nepepadoTke
MECKOB MPUBOAIT K CHHXPOHHOMY CHMKEHHIO 00beMa moJiauu Bojbl. B cBoo ouepenp
CUHXPOHHBIE KOjeOaHus Mojauu BOJbl MO3BOJISAIOT CHMKATh konebanus X:T. Takue
KoseOaHUsl CBsA3aHbl C HEPABHOMEPHOHM TOJavyeil MEecKOB Ha mepepaboTKy, HO
TEXHOJIOTHUYECKas cucreMa paboTaeT B Mpejesiax HOPMBI, obecreynBasi MUHUMAJbHbIE
OTKJIOHEHHUSI PEXXUMOB nepepadboTku. [lynbcauu cBsi3aHbl ¢ U3MEHEHUSIMU HAarpy3Ku U
COIrJIACYIOTCS C LIUKIIOM MOJIa4H MECKOB.

ITo nannbIM rpaduka Ha pucyHKe 2.19 BBINOJIHEHA OLIEHKA YCTOMYMBOCTH YCIOBUM
NOJaYu MYJbIbl [0 HEPABHOMEPHOCTH MOJAYM MYJbIBl U BOJbl HA MPOMBIBOYHBIN
puoop.

B texnonornueckom cmbicie Kpn - KO3QPUUUEHT HEPABHOMEPHOCTH PEKHUMA
nuTanus 1o nokasarento JK: T, KOTOpbIN MO3BOISAET KOJMMYECTBEHHO OLIECHUTh, HACKOJIBKO

3G (}HEKTUBHO pEryiaupoBKa MOJaYM BOJLI Ha MPOMIIPUOOP KOMIEHCUPYET KOJeOaHUs
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IIPOU3BOJIUTEIILHOCTH MPHUOOpa 0 TIeCKaM M YIEPKUBACT THIAPOJIUHAMUYCCKHN PEKUM
BOMM3u ontumaabHoro JK:T.

CrnenoBatenbHOo,  yBenuwdeHue Ky  CBHIETEIBCTBYET O  BO3pacTaHUU
HEPAaBHOMEPHOCTH PEXUMa MHUTAHUS, TO €CThb O 0o0Jyiee BBIPAXKEHHBIX OTKJIOHECHMSIX
apaMeTpoB IMOTOKAa OT YCTOHYMBOTO COCTOSIHHSI. DJTO O3HA4aeT, YTO B OT/ACIbHBIC
MOMEHTBI BPEMEHH BO3PAacTaeT BEPOATHOCTh MEPETPY3KHU IIII030B IO TBEPAOMY KOO,
HA00OPOT, YPE3MEPHOTO PA3KIKECHHUS MYJbIbI, YTO COMPOBOXKIACTCS HApPYIICHHUEM
ycinoBuid (hopMupoBaHUs pabodeil MOCTeNW W YyXyANICHUEM YISp)KaHHsS 30J0Ta Ha
nuro3ax. Hambostee 9yBCTBUTEIBHBI K TAKMM OTKJIIOHSHHSIM MEJIKME W TOHKHE KJIACCHI
30J10Ta, JJIT KOTOPBIX YCTOMYMBOCTh THAPOIUHAMUYECKOTO PEKUMA UMEET peliaroniee
3HAYCHHE.

Jns pacuéra TpeOyercs MokaszaTesib, KOTOPbIM (YHKIIMOHAJIBLHO CBSI3aH C
cootHomenreM JK:T W T0O3BOJISET OICHWUBATH KOJICOAHWS YCJIOBHH THUTaHUS
IIPOMBIBOYHOTO TIprbOpa Bo BpeMeHH 1o popmyie (2.13).

_ QBo,qa,i

0, (2.13)

- Qi
rae  0;- coornomenue X:T npomeiBounoro npudopa I1BIII-100 ¢ perynupoBkoi u 6e3
pPEeryJIMPOBKYU MOJa4M BOJbI B Pa3HbII MOMEHT BPEMEHU;
Qgozaji - T0Ja4a BOABI HACOCOM B i-if MOMEHT HAOIIIOCHNS, M°/4;
Qnpw i - TpoussoauTesbHOCTH mpudopa ITBII-100 mo meckaM B TOT K€ MOMEHT,
M/,
[Ipu pacuére nckmroueHa Touka ¢ Qpp=0, TOCKOJIBKY B 3TOM cilydyae OTHOILIEHHE O He
onpeaeseTcs.
PaccmarpuBarorces nBa pexuma - ¢ peryJIMpOBKOM NOAA4YU BOJAbI U HOMUHAJIbHBIN

pexuM paboThl Hacoca, paccuuTanHbie 110 hopmysie (2.14) u popmyne (2.15).

er
QBo,qa,,ip

er = , (2.14)

Qnibiwi
rje @fer- cootHomrenune JXK:T mpomsiBounoro mpudopa I1BIII-100 ¢ perymupoBkoi

XK. T;
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P nomaua Bombl HAcocOM B i-i MOMEHT HAONIOACHHS, M>/4, C
BOJa,,l ’ s
pPETyIUPOBKOM YaCTOTHI.
Q _HOM
BOJa, i
grom — <BoAal (2.15)
Qnbi,i

rie  0;°"- coorHomenne JK:T mnpomeiBounoro mnpubopa IIBII-100 s
HOMHHAJILHOTO PEXKMMa pabOTEHI;

Q Eg;“a .- TojaYa BOIBI HACOCOM B i-i MOMEHT HaOMIONEHMA, M/4, i

HOMHMHAJIBHOTO pexuMa paboThI.
Cuuraercs cymma nokazareneit st cootnorneHus JK: T mpoMbeiBouHoTO mpudopa
[TBIII-100 nns pexxuma padboTsl ¢ peryaupoBkoit JK: T
Y, 0P'=1962,40
Jlanee cunraercs cpenuee 3HaueHue nokazarens 0)° u O™ no 239 Toukam

Cpennee 3nauenue X:T 3a paccmaTpuBaeMblii HHTEPBA HAOIIOICHHIA

— 1962,4
Oper = e 8,21

JUist kaxaoro HaOMIOJEHUS PACCUUTHIBACTCS KOI(P(GUUMUEHT OTKIOHEHHUS OT

cpeanero yposus XK:T o hopmye (2.16)

0, 0
K; = max (:l,—>, (2.16)
0 6;

Hpumep pacuera mpu Q=73 M*/4, Qg0 =579,3 M*/4

orer =275 _ 794
73
K: = 794 821\ _ (0,97,1,03)
i = max 8,21'7,9 = max(0,97,1,

3areM cuuTaeTcs UTOTOBBIN KOA(D(HUIIMEHT:
n
Kpn = Kl = Ki: (217)

i=1

Sl

rI€ N - YUCIIO YYUTHIBAEMBIX HAOIIOACHHUN pexxumMa paboThI;



75

> K = 29034

290,34
KPer = 22222 0y,
pu 239 ’

3areM TakuM JK€ CIIOCOOOM paccUuTaHbl KO3(P(QULUHUEHTH! ISl HOMHHAJIBHOIO
pexuma oJ1ayu Hacoca.

Pacuér koaddunmenta HepaBHOMepHOCTU OTHOIIEHUsT JK:T Ha mpOMBIBOUHOM
npubope [1BII-100 (mpu uckiItoueHUN TOYKH C HYJIEBOW 3arpy3Koil mpubopa) moxasal,
qTO ISl pekruMa paboTel Hacoca mMoimHocThio 110 kBT ¢ perynmupoBanuem Kyi=1,21,
TOrAa Kak Jid HoMuHanbHOM mnonxadn Boawl Kpn=1,35. IlomywyenHsli pesynbrar
CBUETEIBCTBYET O TOM, YTO PETYJIMPOBAHKE NOJa4M BOAbI CHIKaeT konebanus XK:T mo

CPaBHEHUIO C PEXKMMOM IOJa4H BOJIbI 0€3 pEeryJIupOBKH.

2.3.3 PazpadoTka u npuMeHeHnne 3PPeKTUBHONH CHCTEMBbI JIeJIeHUs MYJIbIIbI B

NIUTAHUH NIJIIO30B

Perynuposanue XK: T B muTaHUM IUTIO30B CJIEAYET pacCMaTPUBATh KaK yIIPaBICHUE
TUAPOJMHAMUYECKUMHU TapaMeTpaMu, OT KOTOPBIX 3aBUCHT IOBEAEHUE TBEPAOU H
xuakoi Qasel B motoke. Ilpu mneperpyske TBEpabM (Hu3koe XK:T) npoucxomut
3aMJIMBAaHKUE WU 3a0yTOpPUBAHWE ILII030B M BO3PACTAIOT MOTEPH MEIKOTO W TOHKOTO
3omoTa. [Ipu upesmepHom pazxumxkeHuu (Boicokoe JK:T) TeueHue BOJBI MEHSAETCS C
TypOyJE€HTHOTO Ha JIaMHHapHOe, yxyamaercs ¢GopMupoBaHHE padoudeil MmocTenu u
cHmKaeTcs: AP(HEKTUBHOCTh yIepKaHUS TOHKUX (pakiuid Ha KOBpHKax. B oOomx
CIIy4asiX OTKJIOHEHHE OT YCTOMYMBOI'O PEKMMA MOBBIIIAET IMOTEPHU 30J10Ta.

B npombiBounbix npudopax tuma [IBII-100 perymuposanue XK: T nienecoobpasHo
BBITIOJIHATHh HETIOCPEJCTBEHHO B 30HE BBIXOJa MYJbIBI ¢ 3(PebHON BaHHBI HA IILIIO3A.
[Ipu caMOTEUHOM pexUMEe MUTAHUS NUTIO30B paclpeaesieHUe MyJbIbl B 3HAUUTEIBHOU
CTEIECHH OMpPEeAeIIIeTCs CydallHbIMU (paKTOpaMu (MI3MEHYUBOCTh TPAHYJIOMETPUUECKOTO
coCTaBa, MyJIbCAllUM MOJAYM U Jp.). YCTAHOBKA PEryJUPYIOMIMX IHUOEPOB (PUCYHOK
2.20) B 30HE pacnpeaeseHus MyJbIbl NEPEBOJUT LUII03a K YIPAaBISIEMOMY PEXUMY, B

KOTOPOM OIICPaTOP MOKECT LHCICHAIIPABICHHO U3MCHATD I1apaMCTPhI I1IOJa4H.
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Iubep mpexacrapnsieT coO0M 3aCIOHKY, BBOJUMYIO B MOTOK, U C TOYKU 3PEHUS
TUAPABIMKN pabOTaeT KaK 3allopHO-PEryIUpyroliee yCTpoicTBO. M3MeHsst mpoxoaHoe
CEUYECHME KaHaja, [nOep U3MEHSET BEIMUYMHY MECTHBIX NOTeph Hanopa. [Ipu yactuunom
3aKpBITUU MIUOEpa MPOXOAHOE CEYECHUE YMEHBIIIAETCS, IIOTEPH BO3PACTAIOT U PACXOJ 110
JAHHOMY HAaIIpaBJICHUIO CHMKaeTcA. l[lpM Hamnumy mMmapajienbHO YCTaHOBJIEHHBIX
LIUTFO30B CHM)KEHUE PAcX0Ja B OJHOM IUIIO3E€ COIPOBOXKIAETCA IEepepaclpeeIeHueM
YacTH MOTOKA B IPYTOM 1IUTI03 IPU YCIOBUHU, UYTO CyMMapHas 1oia4ya Ha pacipeiesIuTelie

OCTAETCS MPUMEPHO MTOCTOSHHOM.

P —
A —

/

Pucynok 2.20 - Pacnpenenurens nyinbens! Ha [IIMH

Ha pucynke 2.20 mpezacTtaBieHa cuUcTeMa paclpeleieHUs MyJbIbl HA HUTIO3BI
MeKoro HamojHeHus. [lynmerna u3 s@enbHONW BaHHBI MOCTYMaeT 4epe3 BbIXod 1 B
pacnpenenuTenb 2, TOoclIe 4ero e€ nojavya peryjaupyercss MarucTpaibHbIMK HIMOepamMu 3.
Jlanee moOTOK HampaBisieTcs B pacnpedenuTesnb Thuna Y 4, Ha BETBAX KOTOPOTO

YCTaHOBJICHBI PETYJIUPYIOIIKe MUOEPHI 5, 00eCTIeUBAIOIINE U3MEHEHHE MTOJa4H MY JIbITBI
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110 OTZAEJIBHBIM HampasiaeHusaM. [lociie npoxoxaeHus pacupeneurens Tuna Y IIyJblia
yepes3 BBIXOAbI 6 TOCTYNAET HEMOCPEACTBEHHO HA IITIO3bI MEIKOIO HAIOJIHEHMUS.

[To mpubopam tuma I1BII-100 onenena 3¢p¢GeKTUBHOCTh YCTAHOBKH MIMOEPOB Ha
BBIXO/I€ C 3(pesIbHOM BaHHBI Ha IUII03a U AECTAJIbHO MPOAHAIM3UPOBAHO UX BIIMSHUE Ha
PaBHOMEPHOCTb PACHPEIEICHHUS TYJIBIIBI.

@OyHKIMOHAIBHO BBIJIEIUM JIBE TPYMIIbI IHOEPOB:

IlepBas rpynmna - MaructpaibHble (001IMe) HMOEphl, paclOI0KEHHBIE HA BHIXOE
¢ 2denpHOIl BaHHBI A0 30HBI pa3BeTBICHHUS. OHU CHUXKAIOT CKOPOCTb IYJBIBI H
BBIPABHMBAIOT IIOTOK HAa KaXAYH0 Iapy LUIO30B IEPE] paclpelneiauTesceM Tua Y Ha
nuito3a.  MarucTtpanbHble  MHMOEphl  MO3BOJIIIOT — CTAOMJIM3UPOBATH  THIPOIOTOK,
yMEHbIIAasi BEPOSTHOCTh TOTO, YTO OJHA Iapa LUI30B CUCTEMATUYECKH padOTaeT B
peXHUMe Ieperpysa, a apyras - Heporpysa. [Ipu 3Tom mumbepbl co31ar0T yCiIoBUs, pU
koTopbix K:T Ha BXozae B LUIIO3 CTAHOBUTCS Oosiee CTAOWUIBHBIM M YIPaBISEMbIM B
IIPOLIECCE DKCILTYaTaluH.

Bropas rpynna - mubepsl Ha paciipeieanTene Tuna Y, yCTaHOBICHHbIE Ha KaK 101
BETBU PACHPEACINUTEIS MIEPE BBIXOAOM IYJIBIIBI HA U034,

Iubepsl B pacupenenuresne tuna Y MO3BOJSIOT ONEPATHUBHO NEpEpacipeeisaTh
NOTOK MYJIbIIBI MEXY LHUIF03aMH, 3@ CUET YEro U3MEHsAETCS (PaKTUYECKOe COOTHOUIEHUE
K:T Ha xaxxnoM u3 HHUX. YCTpaHsAETCs OJHA U3 IPUYMH TEXHOJOTMYECKUX IOTEPh:
HEPaBHOMEPHAsI 110/1a4a NMPUBOIUT K NIEPETPY3y WIM HEAOTPY3Y LILIK03a U BBICOKON MIIU
HU3KON CKOPOCTH MOTOKA, TJI€ 30JI0TO HE YCIEBAET OCeAaTh Ha IUII03aX, TM00 YHOCUTCS
B OTBAJL.

Takum 00pa3oM, MarucTpajgbHble MUOEPHI 33al0T OOIIMKA PEXUM PadbOThHI MpHU
BBIXOJI€ MyJbIbl C 3(EIpHON BaHHBL, a IMKMOEpbl Ha pacmpeaenurene tumna Y -

o0ecreuynBalT paBHOMEPHOCTH pacrpeenenus no nuio3am (Pucynok 2.21).
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1 - mor03a, 2 - pacnpeaenuTens THHA Y, 3 - mmMOEpsl Ha pacupeaeuresne Tuna Y, 4 - pacipeaeinTeb

IyJIBIIBI Ha BBIXO/IE € A(ENbHOM BaHHBI, 5 - MarucTpajabHble MHOEPHI

Pucynox 2.21 - Pacnipenenuresnsb noToka ¢ mudepamMu B MOJIEBBIX YCIOBUSAX

JIns KOMMYECTBEHHOW OLEHKM PABHOMEPHOCTH PACHPEAECIEHUS] HArpy3Kd IO
[UTI03aM aBTOPOM HM3MEpPEH U TMPOAHAIM3UPOBAH Pa30OpPOC COOTHOIICHHS KHUIAKOU U
TBEpION (a3 mo 4veThlpéM nuIto3aMm (pucyHok 2.22). Bee u3mepeHusi mpoBOIUIUCH B
muTtpax. Ha HauwanpHOUW cTammm perynupoBaHus (tabmumbl 2.13-2.15) 3navenus XK:T
BAPBUPOBAJINCh B Juana3oHe OT 5 10 15 K OJHOMYy, YTO CBUAETENBCTBYET O
CYHIECTBEHHOM HEPAaBHOMEPHOCTH THPABIMYECKOTO PEKUMA.

I[To pesynbTaram

perynupoBku (Tabmutiel 2.14-2.16) nuanazon usmenenus XX: T cysuncs no 11-14.

Ta6mmma 2.13 - Mcxonusie uamepenus JK:T Ha nutro3zax

Howmep\I1L103 1 2 3 4
Vr Vix Vr Vix Vr Vix Vr Vi
1 1,5 11,5 0,9 11,0 0,8 12,0 1,7 12,0
2 1,5 12,0 0,9 11,5 0,8 11,5 1,7 11,5
3 1,4 11,5 1,0 11,5 0,8 12,0 1,6 11,5
KT 8 12 15
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Tabnuna 2.14 - Bropas uteparnus perynmupoBanus JK:T Ha nutro3ax mmbepamu

Howmep\I1lmt03 1 2 3 4
Vr Vi Vr Vi Vr Vi Vr Vi
1 1,6 11,5 0,8 11,5 0,8 11,0 1,4 11,5
2 1,6 11,0 0,9 12,0 0,7 11,5 1,4 11,5
3 1,7 11,5 0,8 12,0 0,7 11,0 1,5 11,0
KT 7 14 15 8

Tabnuna 2.15 - Tpetss utepanus perynupoBanus JK:T Ha nuro3ax mmbdepamu

Howmep\I1lmt03 1 2 3 4
Vr Vi Vr Vi Vr Vi Vr Vi
1 2,3 12,0 1,2 11,0 0,9 11,5 1,7 12,0
2 2,4 12,0 1,1 11,0 0,9 12,0 1,7 11,5
3 2,4 11,5 1,1 11,5 0,9 11,5 1,7 12,0
KT 5 10 13 7
Tabnuna 2.16 - Pesynbrar perynupoBku XX: T Ha mumo3ax mmbdepamu
Howmep\Il1lmt03 1 2 3 4
Vr Vi Vr Vi Vr Vi Vr Vi
1 1,1 11,5 1,0 12,0 0,8 11,0 0,9 11,5
2 1,0 11,0 1,0 12,0 0,8 11,5 0,9 11,0
3 1,0 11,5 1,0 11,5 0,8 11,5 0,8 11,0
KT 11 12 14 13
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1 2 3 4
Homep muno3a

EIK:T no peryJinpoBku HK:T nociie peryJmpoBKu

Pucynox 2.22 - Paznuna B XX: T 10 1 mociie ycTaHOBKHY mdepa

Jlns mepexoja OT KAyeCTBEHHOM K KOJWYECTBEHHOM OLICHKE HEOJHOPOIHOCTH
pacrpesiesieHus UCTOJb30BaH Kod(PhUIMEHT 3arpy3ku 1UT030B Ki, BEIYUCISEMBIN 1O
dbopmyie (2.18) depe3 kodhHUITMESHT BapualMK paclpeeiCHUs MyJIbIIbI M0 MUTI03aM
MEJIKOro HarojaHeHus V;, ompeaenseMmbii no Qopmyne (2.19) kak OTHOIIEHHE
CpPEAHEKBAAPATUYECKOI0 OTKJIOHEHUSI K CPEJHEMY 3HAUEHHUIO MOKAa3aTessi U3MEpPEHUM
JK:T na nuro3ax.

i

K;=1 ) 2.18
Koaddunment Bapuanum nzmepennii XK: T Ha nutro3ax:
0j
V= 7 100% , (2.19)
i

€ 0; - CPEIHEKBAApATUUECKOE OTKJIOHEHHE n3Mepenni JK: T Ha nmurro3ax.
X;- cpennee apudmernueckoe uamepennii JK: T Ha nutro3ax.

Cpennee apudmerndeckoe miaMmepenuit JK:T Ha mUI03ax pacCUMTHIBACTCS IO

dbopmyite (2.20):
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n
1
Z = _Z X;, (2.20)
n -

rae  xi-3Hauenud JK:T mig xaxqoro muiro3a.

N - YKCIIO 1LUTI030B B pacCMaTpUBAaeMOM rpymie.

OTKJIOHCHHUC I/IBMepCHI/Iﬁ KT Ha JIr03ax

CpGZIHCKBaI[paTI/ILICCKOC

paccuuTtbiBaercs 1no ¢popmyie (2.21):

o= %Z(xi — %2, (2.21)

1-s urepanus nuamepenunii XK:T Ha nutro3zax, cuuraem no ¢popmynam (2.18)-(2.21)

8+12+15+7
= 10,5

x_1= 4

01 =

\/(8 ~105) + (12— 105)* + (15 - 105)* + (7 = 105)* __
4 ~ 9,

3,2
10,

*100% =~ 30,5%

V1 ==

vl

K —1+30’5—1305
37 100

4-5 urepauusa usmepenuit JK:T Ha numo3ax (pe3ynbrar)
11+12+14+13
=125

x_4= 4

(11— 12,5)2 + (12 — 12,5)2 + (14 — 12,5)% + (13 — 12,5)2
0, = 7 ~ 1,12

—_
[\S]

1
12,

* 100% =~ 8,96%

V4_ =

vl

K —1+8'96—10896
3 100
VYcTaHOBJIEHO, YTO Ha MEPBOM HUTEPALMHM PEryJMPOBAaHUS LUIIO30B LIMOEpaMu

kodpduiment Bapuanuu KT cocraBun okomo 30 %, UYTO COOTBETCTBYET

HEPAaBHOMEPHOCTU paclpe/iesieHuss Harpy3ku 1o muio3am. [lo uroram peryaupoBKH
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kodhunreHT Bapuanuu cHU3UICA 10 ~8,96 % u kodhPuimeHT 3arpy3ku nuio3oB K;~
1,0896, uto xapakTepu3yeT Maiblil pazopoc kosedanuii XK: T Mex 1y HuIr03amu.

[To pe3ymbTaTam PETyIHPOBKH IUIIO30B TOCTUTHYTO CYIIECTBEHHOE CHIDKCHHE
pa3opoca X:T B mysnbiie, 9T0 cO30aET MPEANOCHUIKH Il YMEHBIICHHUS MTOTEPh MEITKOTO

¥ TOHKOT'O 30JI0Ta, 00YCIIOBJIEHHBIX MEPErPy3KON UM HEAOTPY3KOIl 1ILTI030B.

2.4 BeiBOJbI K TJ1aBe 2

1. VYcTaHOBIEHO, YTO KIIIOUEBBIMU Mapamerpamu 3PEGEeKTUBHOCTH PabOThI
IIUTFO30B SBJISIIOTCS: yAeabHas Harpy3ka o Teépiomy u cootHouenue X:T. OTkiionenue
XK:T npuBOAMT K HapyUIECHUIO THAPOAMHAMHUKU IMOTOKA, YXYAIIEHUIO (POpMUpOBaHUS
MOCTEJIM U POCTY MOTEPh MEIKOTO U TOHKOTO 30JI0Ta.

2. Hns gpar Ne 45 (p. Onra) u Ne 4 (p. Arzma) ycTaHOBIIEHA BbIpa)KE€HHas
HEPaBHOMEPHOCTH pacnpezenenus mynbisl o IIMH; pazopoc K:T nocturaer ot 8:1 1o
172:1, mpu 3TOM CymMMapHas rogada BoAs! Ha [111r03a sBiisieTcst u30BITOUHOM (7151 Aparu
No 45 - mpumepno B 3 pasza, mis aparu Ne 4 - npumepHo B 2,2 pa3a OTHOCUTEIBHO
(bakTHUUECKOW 3arpy3KHu 1o TBEPAOMY).

3. Ha npumepe IIBII-100 mnoka3aHa mpakTHYeCKas pPeanu3yeMOCThb
ynpasinenust K:T 3a cuér perynupoBanus pacrnpeneieHus noroka. [Ipu orcyrcTBuun
perynnpoBku 3HadueHus JK:T mo uerblpéM momro3am cocraBiusmm 8; 12; 15; 7, yto
CBUJIETEIIbCTBYET O CYIIECTBEHHOW HEPABHOMEPHOCTH 3arpy3Ku; MOCIE PEryJIHpPOBKU
muoepamu auanaszod JK: T 6bu1 cyxen go 11-14 (11; 12; 14; 13).

4. OOocHOBaHa, omucaHa M BHEAPEHAa CHUCTEMa pEryJIMPOBaHUS pacxoaa
TEXHOJIOTUYECKOUM BOJbI B 3aBUCUMOCTH OT HArpy3Ku IO TBEPAOMY, pealiu3yemas uepes
mkad ynpasieHUs U IpeoOpa3oBaTeslb YaCTOThI AIEKTPOBUTATENS.

3. B pesynbprare npoBeIEHHBIX MCCICIOBAHUWA M COMOCTABJICHUN TAHHBIX O
paboTe mpuOOpPOB OBLIM BHIBEJICHBI JBa TEXHOJIOTMYECKUX KOd(pHUIIMEHTa, KOTOpHIE
MOKa3bIBAIOT PABHOMEPHOCTH MOAA4H MECKOB MEX1Y LIMKJIAMH PabOThI SKCKaBaTOpa U UX

OTHOCHUTCIIBHOC PACIIPCACIICHUC MCKAY IIJII0O3aMH.
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3 OOCHOBAHME U PAH’KUPOBAHUE KPUTEPUEB BbIBOPA
HPOMBIBOYHOI'O OBOPYIOBAHUA JJISA IEPEPABOTKHA IIECKOB
POCCBIIHBIX MECTOPOXJIEHUHA 30J10TA

3.1 ®opMupoOBaHHUE CUCTEMBI MOKA3aTe/eld BHIOOPA MPOMBIBOYHOT 0

o0opynoBaHusl

[To pe3ynabTaram aHamu3a COBPEMEHHOI'O COCTOSIHUSI POCCHIITHON 30J0TOA00BIYH
YCTaHOBJICHO, YTO B TMepepabOTKy BCE dallle BOBJIEKAIOTCS MECTOPOXKACHHUS CO
CJIOKHBIMH FT'OPHO-T'€0JOTMYECKUMH YCIOBUSMU, OBBIILIEHHON TJIMHUCTOCTBIO NMECKOB U
3HAYUTENIbHBIM COJIEP)KaHUEM MEJIKOTO M TOHKOro 3o0sioTa. s Takux OOBEKTOB
3¢ (HEKTUBHOCTh PabOTHI MPOMBIBOYHBIX KOMIUIEKCOB OMPEAENAETCS HE TOJBKO THUIIOM
IPUMEHSAEMOT0 000PYAOBaHMS, HO U €r0 COOTBETCTBUEM CBOICTBAM MepepadaThiBa€MbIX
MECKOB, a TaK)Xe€ BO3MOXKHOCTHIO MOJJEpKaHUs 3PPEKTUBHOTO TEXHOJIOTHYECKOTO
pexuma mpoMbIBKH. Ha mprmepe BBICOKOTIIMHHCTOIO MECTOPOXKIAeHUs: pyubs ChipaH
MOKa3aHO, YTO MOBBIIIEHNUE TEXHOJOTHYECKON 3(P(PEKTUBHOCTH JOCTUTAETCA HE TOJIBKO
3a CYE€T 3aMEHBbl MPOMBIBOYHOTO NpuOOpa, HO W 3a CYET PaAIMOHAIBHOIO BHIOOpA
000pyI0BaHUsI C YYETOM CBOMCTB IECKOB M BO3MOKHOCTH PETyJIHPOBAHUS MOJAYU U
pacrpeneneHus MmyJbIIbl.

[TockonbKy ycinoBHs TepepadOTKU  POCCHIMHBIX IECKOB  OMPENESIOTCS
COBOKYITHOCTBIO MHOTOYHUCIIEHHBIX MPHUPOJHBIX M TEXHOJOTMYECKHX (HaKTOpOB, B
HACTOSIIIIEeH paboTe /s MOCIEYIOIEro aHalu3a BhIJIEJICHBI TOJIBKO T€ U3 HUX, KOTOPHIE
HauOoJjiee CYUIECTBEHHO BIMAIOT Ha M3BJICYEHUE MEJIKOr0 W TOHKOIO 30J10Ta,
OTIpECISAI0T MPUTOAHOCTH 000PYAOBaHUS K pabOTe B KOHKPETHBIX YCIOBHUSIX U MOTYT
ObITh YCTAHOBJEHbl HAa PAHHUX CTAAUAX [POEKTUPOBAHUS IO Marepuaiam
reoJIOrOpa3BeIKM U TEXHOJOrnyeckoro onpodosanus. K takum ¢akropam OTHECEHBI:
TAIl WU YCIOBHUSL 3aJ€TaHUS  POCCHIMHOTO  OOBEKTa, TJIMHUCTOCTh  IIECKOB,
I'PaHyJIOMETPUYECKUI COCTAB 30JI0Ta, IPEK/IE BCETO A0S €r0 MEJIKUX U TOHKUX KIIACCOB,
a TaKKe CoJAepKaHHE COMYTCTBYIOIIMX TSKEIBIX MUHEPAJOB. YKa3zaHHbIE (DAKTOPHI

Pa3indaroTCs 110 CBOEH npupoac U HC MOI'YT OBITh HCIIOCPCACTBCHHO COIIOCTABJICHBI
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MEXIy co00i, MOITOMY Il UX (POPMATU30BAHHOW CPaBHHUTEIILHOW OILIEHKH B paboTe
UCIIONb3YyeTCsl cucTeMa K03 (UITMEHTOB, MO3BOJISIIOIIAS PUBECTH OCHOBHBIE I'€0JIOTO-
TEXHOJIOTUYECKUE MPU3HAKK MECTOPOXKICHUS M TNepepadaThiBa€MbIX IECKOB K
COMOCTaBUMOMY BHUIY U BBIMIOJIHUTH UX PAHKUPOBAHUE 110 CTETICHU BIUSHUSA Ha BHIOOP
00opyaoBaHus. MeTo10JI0OTHYECKOM OCHOBOM TaKOTO MOAX0/1a mocayxkuiu padoTsl I'.C.
MupsexanoBa [11, 16, 36], B KOTOpPBIX BIUSHUE PsAJa YKa3aHHBIX (PAKTOPOB YUUTHIBACTCS
MOCPEJICTBOM TMOMPABOYHBIX KOIP(GUIMEHTOB TPHU OIEHKE TEXHOJOTUYECKUX MOTEPh
30710Ta. B HacTosileM ucciea0BaHuU JaHHbBIN MOIX0/1 aJallTUPOBAH JIJIsl PEIICHUS UHOU
3aladyu - HE MPSAMOro pacyéra MOTeph, a MPEIBAPUTEIHLHOTO OOOCHOBAHUS BHIOOpA
MIPOMBIBOYHOTO 00OPYAOBaHUS U PAHKUPOBAHUS YCIOBHI MepepabOTKU MO CTENEHU UX
TEXHOJIOTUYECKON CIIOKHOCTHU. [IpakThueckass 3HaYMMOCTh MNPEMJIOKEHHONM CHUCTEMBI
3aKJIFOYAETCSI B BO3MOXHOCTU €€ NMPUMEHEHUS HA PAaHHUX CTAAMSAX MPOCKTUPOBAHUS,
KOTJ[a TIOJIHBIM O0OBEM MCXOJHBIX JAaHHBIX JJIs JIETATbHBIX TEXHOJOTHYECKUX PacuéToB
eme OTCYTCTBYET, HO YK€ MMEKOTCS CBEACHUS, JOCTATOUHbIE ISl TIPEABAPUTEIBLHOIO

0T60pa HauoOoce paduOHAJIbHBIX TCXHUYCCKUX pGHIGHPlﬁ.

3.2 OHeHKa BJIUAAHUA TOPHO-TECOJOINIECCKHUX MMAPAMETPOB MECTOPOKACHUSA Ha

BbIOOP TEXHOJOTMYECKOro 000PyI10BAHUSA

Pa3paboTka pOCCHIMHBIX MECTOPOXKACHUI 3070Ta B COBPEMEHHBIX YCIOBHSIX
XapaKTepU3yeTCsl CHIDKEHUEM pPEHTA0eIbHOCTH, 4YTO OOYCIIOBJIEHO COBOKYITHBIM
BIUSIHUEM  OPraHU3alMOHHO-TEXHUYECKUX M  PECYpPCHBIX (DaKTOPOB:  BBICOKOM
CTOMMOCTBIO HOBOTO O0OOPYJOBaHHSA, COKpAIEHUEM OOBEMOB T'EOJIOTOPa3BEIOYHBIX
paboT, HEAOCTATOYHBIM MCIOJIb30BAHUEM pE3YyJbTaTOB HAYYHBIX HWCCIEIOBAHUA U
cnabbiM BHeApeHUEeM HOBbIX TexHojoruit [80-82]. B »Tux ycnoBusix Bo3pacraer
3HAYEHUE HAyYHO 0OOOCHOBAHHOT'O BHIOOPA TEXHOJIOTHYECKUX PELIEHUH, YUUTHIBAIOLIETO
HE TOJIBKO TEKYIIHE NMPOU3BOJCTBEHHBIE BO3MOYKHOCTHU MPEANPHUITHS, HO U T'E€OJIOro-
CTPYKTYpHbIE OCOOEHHOCTH KOHKPETHOTO 00BbEKTa pa3paboTku [83].

OnHoil W3 KIIIOYEBBIX TEHJEHIMA POCCHITHONW 30JI0TOJO0OBIYM  SIBISIETCS

IMOCTCIICHHOC HMCTOLMICHUC 3aIlaCOB TpadUuLMOHHBIX (OTHOCI/ITCJIBHO IMpOCTBIX 11O
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CTPOCHHIO U YCJIOBHSM OCBOCHMSI) MECTOPOXACHUH M CMELICHHE ChIphEBOM 0a3bl B
CTOpOHY OoJiee CIOXKHBIX 00BeKTOB [84, 85]. B HacTosiee BpeMs 3HaYUTEIbHAs YacTh
OCTAaTOYHBIX M BHOBb BOBJIEKAEMBIX 3allaCOB NPHUYpPOUEHA K TIIyOOKO3aJIeraroluM M
TEXHOTEHHBIM POCCHIMSM, OCBOEHHUE KOTOPBIX TpeOyeT MpuMeHeHus 0oJiee CIOKHBIX U
3aTPaTHBIX TEXHOJIOTUM [82]. DTO MPUBOIUT K POCTY IHEPrOEMKOCTH U C€0ECTOMMOCTH
JN0OBIYM, OCOOCHHO B YJAIEHHBIX M TPYAHOIOCTYNHBIX paliOHaX, W, CJIEI0BATENIbHO,
NOBBIIIAET TPeOOBaHUSI K OOOCHOBAaHHOCTH BbIOOpa O0OPYIOBaHUS YXE€ Ha CTaauu
IPEIBAPUTEIHHON OIICHKH O0BEKTA.

B o1oil cBA3M (akTOp THMA MECTOPOXKACHUS IO TNPOUCXOKICHHUIO JOJIKEH
paccMaTpuBaThCA KaK OJWH M3 0a30BBIX IPHU MOAOOpPE 00OpYAOBAHMS, MOCKOIBKY OH
MHTErpajJbHO OTPaKaeT YyCJIOBUA (DOPMHUPOBAHMS, CTENEHb HAPYLIEHHOCTH CTPOCHUS
POJYKTUBHOTO nJacra TEXHOT€HHBIX MECTOPOK/ICHHI, 0COOEHHOCTH
IPOCTPAHCTBEHHOI'O pACIpEAENIeHHUs] 3alacoB U CIOKHOCTbh TEXHOJIOTHYECKOTO
OCBOCHHMSI.

Jlns 1eneit npeaBapuTesbHOW CPaBHUTEIIBHOM OIEHKH YCIIOBHUM INepepadOTKU B
HacToALIeH paboTe MPUHATO YCIOBHOE JEIEHHE POCCHIMHBIX OOBEKTOB IO CTEMCHH
TEXHOTEHHON HapyIIEHHOCTH B IIpelieNiax KOHTypa OTpa0OTKU: MpPU OTCYTCTBUU
HapyLIEHHOCTH OOBEKT pacCMATPUBAETCS KaK HPUPOAHBIA, MPU J0JIe TEXHOTEHHO
HapyleHHoU yactu MeHee 50 % - Kak NpUpOJHO-TEXHOTEHHBIN, a IIPU J0JI€ HAPYILICHHOU
yactu Oosiee 50 % - KaKk TEeXHOTEHHBIH.

[ToporoBoe 3Hauenue 50 % mpuUHATO Kak IpaHUIa IpeoOsagaHusi TEXHOTEHHO
HapyIIEHHON YacTH B Mpeneiax paccMaTpUBaeMOro KOHTypa OTpabOTKH, IPU KOTOPOii
TE€XHOTE€HHbIE OCOOEHHOCTH CTPOEHHUSI U COCTaBa MECKOB HAYMHAIOT ONPEAENSITh 00U
XapakTep yCIOBHI nepepaboTKH.

JInsi MHTErpaJibHOM OLICHKH BIIMSIHUS OCHOBHBIX TOPHO-TEOJIOTUYECKHX U
re€0TEXHOJIOTMYECKMX OCOOEHHOCTEH 00BEKTa Ha BBIOOp 0OOPY/IOBaHHSA B HACTOALIEH
pabore  mpemsiokeH — KOA(P(GUUIUEHT  TIeoJIOrO-TEXHOJOTHYECKOW  CIIOKHOCTH
mecTopoxaeHus Ky, paccuntsiBaembiii o gopmysie (3.1) kak npou3BeileHUE YaCTHBIX
KOA(PUIIUEHTOB, XapaKTEPU3YIOMIUX THI OOBEKTa MO MPOUCXOXKICHHUIO, YCIOBHS

3aJICraHus U CTCIICHb HCOAHOPOAHOCTH PACIIPCACIICHHA 3aI1aCOB.
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Kpr = Knp X Kaan X KHpS' (3.1)
rie Ky - xapakrepusyeT TUI 00bEKTa MO MPOUCXOXKICHUIO (TPUPOTHOE, TPUPOTHO-

TEXHOTE€HHOE, TEXHOT€HHOE);

Ksan - ycnoBus 3aneranus (B TOM YHCIIE MEJIKO- WIIN TNIyOOKO3aJIerarollee);

Kips - cTenieHb HEOJTHOPOJHOCTH PACIPEACIICHUs 3aMacoB B IMpefesiax KOHTypa

O0TpabOTKH;

Boinenenue kordpduuuenta Kyp 00ycnoBiIeHO TE€M, YTO MPUPOHbBIC, PUPOIHO-
TEXHOTEHHbIE M TEXHOTC€HHBIE POCCHINU CYUIECTBEHHO PA3IMYAIOTCS MO YCJIOBHUSIM
OCBOCHMS. [|J1s1 TEXHOTEHHBIX U IPUPOTHO-TEXHOTEHHBIX 00BEKTOB OOBIYHO XapaKTCPHBI
0oJiee CII0KHOE CTPOCHUE W HEOJHOPOJIHBIN COCTaB BCKPHIIIU U 1MeckoB. [loaTomy mist
uX oTpabOTKH TpeOyeTcs 0ojiee YHUBEpCaaIbHOE 000pyA0BaHNE, KOTOPOE MOKHO JTyYIIIe
MOJICTPAaWBATh TIOJ] Pa3HbIE TOPHO-TCOJOTHUYECKHE YCIOBHUSA. B CBS3M C 3THM THI
MECTOPOXKIACHHUS 110 TPOUCXOKICHUIO OKAa3bIBAET HETIOCPEACTBEHHOE BIUSHKUE Ha BEIOOD
KJ1acca 000pyI0BaHMSI U JOMYCTHMBIE PEKUMBI €ro PadOoTHI.

[Moakoapdunuent Ki., BBOAMTCS misg y4d€Ta BIUSHUSA TIIYOWHBI U XapakTepa
3ayieraHusl MPOMYKTUBHBIX TUIacToB. C yBeNMYEHHUEM IIIyOWHBI 3ajeraHusi, HATMYUEM
NOTPEOEHHBIX YYACTKOB M YCJIOKHEHHEM TOPHO-TCOJIOTHYECKHUX YCIOBHH BO3pacTaeT
TPYIOEMKOCTh JOOBIYHBIX Pab0T. OMHOBPEMEHHO YCIOXKHSIOTCS TIPOIECCHl BCKPHITHUS U
TPaHCTIOPTUPOBAHUS ITECKOB, a TAK)KE MOBBIIIAIOTCS TPEOOBAHMS K TPOU3BOAUTECIIEHOCTH
U YHUBEPCAIHHOCTU 000pyaoBaHMs. B pe3ynbraTe qake mpu COMOCTaBUMBIX 3amacax H
OJIMHAKOBOM TUIOMIAJAM MECTOPOXKACHHS pPa3IuuMsi B YCJIOBHUSX 3aJieraHusi MOTYT
00yCJIOBIIMBAaTh BBIOOpP pa3HBIX TEXHUYECKUX PEHICHUH IO THUIYy IPOMBIBOYHBIX
pudOpOB.

Ocoboe 3HaueHne mNpu OOOCHOBAaHMHM BBIOOpA O0OpPYIOBaHMUS  MMEET
HEOTHOPOJHOCTH PACIpe/IeJICHHsI 3allacOB B TPAHUIAX MECTOPOXKICHUS, yUUThIBACMast
koappureHToM Kyps. 3HaueHue ganHoro kod3PuireHta NpUHUMAETCS B 3aBUCUMOCTH
OT BEJIMYMHBI OTHOIIEHUs R, paccunTeiBaemoro no gopmyre (3.2).

JIyist GONBITMHCTBA POCCHIMHBIX OOBEKTOB XapaKTepHa CIOXKHAs CTPYKTypa ¢
BBIP&KEHHON HEPABHOMEPHOCTBHIO COJAEpKaHUsI MeTaiia B neckax [86-89]. CornacHo

JAaHHBIM Pa3JIMYHbIX HCCHGI{OBaHHﬁ, YHaCTKHU HNPOAYKTHUBHOI'O IJIACTa C IMOBBINICHHBIM
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CoZiepKaHUEM 30JI0Ta 3aHUMAIOT, Kak IpaBuio, juilb 25-40 % ruiomaad pocchInu,
OJIHAKO B UX Ipeaenax cocpeaoroueHo 65-80 % 3anacoB metasia [86].

VYka3zaHHOE COOTHOIIECHUE CBUACTEILCTBYET O HEPABHOMEPHOCTH PACIIPEACIICHUS
3amacoB POCCHITHOTO 30J10TA U UX KOHIICHTPAIIMHU B TIpeeiaxX OTACIbHBIX Y4aCTKOB, YTO
00ycloBIMBAaeT HEOOXOAUMOCTh JU(PIEepEeHIIUPOBAHHOTO TOAX0Ja K OCBOCHHIO

MECTOPOXKICHHS U BBIOOPY TEXHOJOTUYECKUX PEIICHUN.

PBHI'I
R = ) (3.2)
Pl'[f[

rae P - 0714 3amacoB 30710Ta, COCPEOTOUCHHASI B 00OTaEHHBIX 30HAX, %0;

Pus - oIt mmotmaym MEeCTOpOXKACHMS, 3aHUMaeMast STUMH 30HaMH, Y.

Hampumep, ecnu B oboraméHHbIX meckax cocpenorodeHo 40 % 3amacoB 305710Ta, a
3aHuMaroT oHU 20 % IIoOmAaM, TO MCXOAHBIM MOKa3aTelb HEOAHOPOAHOCTH R
cocrasisieT 40/20 = 2,0. Takoli 00bEKT OTHOCUTCS K UHTEepBany 1,5-2,0, u 11 Hero B
tabnuie npuauMaercs Kyp,=1,05. Ilpu nanbHeiiem yBenudeHUN OTHOIICHHS 3a11aCOB K
wiomaan Kod(pQUIMEeHT Bo3pacTaeT, MOCKOJbKY BO3pACTaeT PUCK PE3KUX M3MCHEHUI
KauyeCcTBa MECKOB, MOCTYMAIOIINX Ha TPOMBIBKY.

C mnpakTHYecKOM TOYKM 3pEeHHs ATO O3HAyaeT, YTO MNPUMEHEHHE €IMHOIO
TEXHOJIOTHYECKOTO pENICHUS] Ha BCEH IUIOMIAAM POCCHIMM HE BCErAa SBISETCS
pauroHanbHbIM. [IpyM HanMuMM y4acTKOB € Pa3IMYHOM KOHIIEHTpPALMEH 3alacoB H
pa3IMYHON  CIIO)KHOCTBIO CTPOEHHUS IIeJIeCOO0pa3sHO  paccMaTpuBaTh  BapHAHTHI
i pepeHInpoBaHHOTO MOAO00pa 000PYI0BAHUS U PEKUMOB padOThI, B IEPBYIO 0Yepe/b
opueHTupys 6osee r3¢hPpexkTuBHBIC (M, KaK MpaBuiIo, 0ojiee KaUTAIOEMKHE) PEIICHUS Ha
30HBI C TIOBBIIICHHBIM COJICP’)KAHUEM POCCBHIITHOTO 30JI0Ta. TakuMm oOpasom,
kodpummenT Kip; mo3Bomiser ¢popManu3oBaTh MPOCTPAHCTBEHHYIO HEOJIHOPOIHOCTH
00BEKTa M WCIIONB30BaTh €€ TPH PaHKUPOBAHWHM YYACTKOB IO TMPUOPHUTETHOCTH
MPUMEHEHUS TEX UM UHBIX TEXHOJIOTUYECKUAX CXEM.

JlonoaHuTEeNbHBIM  (DAaKTOPOM, YCHIIMBAIOUIUM HEOO0XOAUMOCTh YueTa Kips,
SIBIIICTCSI BAJIOBasl BHIEMKAa MHHEPAJIbHOW MacChl Ha CIIOKHO-CTPYKTYPHBIX ydYacTKax,
KOTOpasi MPHUBOJUT K TMEPEMENIUBAHUIO 0oJiee MPOAYKTUBHBIX M PSIOBBIX IMECKOB, a

TAaKXKC K HX paBY60}KI/IBaHI/IIO HCKOHIWIIMOHHBIMU ITIOPOJAMMU. 210 COITPOBOKIACTCA
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yBeJIMYeHHUEM OOBEMOB TmepepabaTbiBaeMO TOPHOM MAacChl, CHUKEHHEM CpPEIHEro
colepKaHUsl MeTalsla B NMUTAHHUM U POCTOM CE€0ECTOMMOCTH KOHEYHON MNpPOAYKIHUU.
CrnenoBarenbHO, IPEABAPUTENIBHAS OLIEHKA NPOCTPAHCTBEHHOM HEOJHOPOIHOCTH
3aI1acoB UMEET HE TOJBKO TEXHOJOTHUECKOE, HO U MPSIMOE SIKOHOMUYECKOE 3HAYEHUE.
[IpakTyeckoe 3HAYEHHWE NPENIAraeMoro IOAXOJA IPOSBIISETCS INPU AHAIU3E
KOHKPETHBIX ~ POCCBIMHBIX OOBEKTOB, JJII KOTOPBIX HEOOXOJUMO  YUWUTHIBATH
IPOCTPAHCTBEHHYIO CTPYKTYPY MHHEpAIU3AlMU U COOTHOIICHUE paHee OTPabOTaHHBIX
U TIEPCIEKTUBHBIX YYacTKOB. B KkauecTBe WIUIIOCTPaTUBHOTO OOBEKTa B HACTOSLIEH
pabote paccMoTpeHo MecTopoxaeHue p. bom (Amypckast 06;1acTh), TOCKOJIBKY ISl HETO
XapaKTEpHbl JUIMTENbHBIA MEepUOJ] JKCIUTyaTallid, HaJIU4YMe paHee HapyUIEHHBIX
IUIOIIAIEH, & TAaK)Ke BBIPAKEHHAS IIPOCTPAHCTBEHHAS HEOJAHOPOIHOCTH 3aJIETaHUs H
pacnpenenenus 3anacoB. Cxema paclojoKEeHUsI pa3BeAaHHBIX OJIOKOB M IUIOIIAJIEH
MPOILIBIX OTPabOTOK B OacceiiHe HIKHEro TeueHus p. bom (pucynok 3.1) mpuBeneHa
KaK mnpuMep 00beKTa, Ha KOTOPOM MPOCTPAHCTBEHHAs HEOJHOPOAHOCTh U CTEIEHb
TEXHOTEHHON HApYIIEHHOCTH OKa3bIBAIOT CYLIECTBEHHOE BIMSHUE Ha BBIOOD
TEXHOJIOTHYECKON cXeMbl u oOopynaoBaHus. [IpeacTaBieHHBI PUCYHOK MOKA3bIBACT
COOTHOIIIEHHE paHee OTPaOOTaHHBIX YYAaCTKOB U BHOBb BBISIBIICHHBIX MEPCHEKTUBHBIX
IJIOLAACH, a TakKe MX pacupelnesieHue B mpenaenax OacceilHa, 4TO MOATBEPKIAET

CJIOKHYIO TPOCTPAHCTBEHHYIO CTPYKTYpY poccbinu [90].
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Pucynok 3.1 - Cxema reonoruyeckou pa3BeliIku poCCBHIITHOIO MECTOPOKIAEHUS p. bom

[Ipunsiteie  3HaueHus  KOAPQPUIMEHTOB,  XapPaKTEPU3YIOUUX  T€OJIOTro-
TEXHOJIOTUYECKUE  XAPAKTEPUCTUKU  MECTOPOXKJICHMS, YCIOBHUS  3ajieraHus W
HEOJIHOPOJIHOCTh paclpelieNieHUsT 3amacoB, C(HOPMUPOBAHBI HA OCHOBE JKCIEPTHO-
AHAJTMTUYECKOTO PAHXXUPOBAHUSL T'€OJIOTO-TEXHOJOTHUYECKON CJIOKHOCTH POCCHIITHOTO

oObekTa. 3a 0a30BO€  COCTOSHUE TPHHITO MPHUPOJHOE  MEJKO3aJeraromiee
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MECTOPOXKJACHUE C OTHOCUTEIBHO PABHOMEPHBIM PACIIPEAECIICHUEM 3aI1aCOB; JAJI TAKOTO
BapuaHTa K03 UIMEeHTh TpUHUMaKOTCs paBHbIMU 1,00, MOCKOJIbKY YCIIOBUSI BHIEMKH,
NOATOTOBKM M TMOJAa4d TMECKOB HAa MPOMBIBOYHBIM MpPUOOp SABISIIOTCS HaUMEHEe
OCJI0KHEHHBIMMU.

JUJiss  IpUPOJIHO-TEXHOTEHHBIX MECTOPOXKIECHUNH KOADPUIMEHT KOIP(PULIUEHT
re0JIOr0-TEXHOJIOTUYECKOUN CIIOAKHOCTU MECTOPOKIECHUS NMPUHAT B npenenax 1,10-1,20,
YTO OTpakaeT YyBEJIMYEHHE CIIOXKHOCTH TmepepaboTku npumepHo Ha 10-20 % mo
CPAaBHEHUIO C MPUPOJHON POCCHINbBIO BCIEICTBHE YACTUYHOW HAPYLIEHHOCTH CTPOCHUS
MECKOB, MMEPEMEIINBAHUS MPOAYKTUBHOTO MaTepHalia U IMOBBIIICHUS HEOJHOPOIHOCTH
ero cocrana. J{Ji1 TEXHOTE€HHBIX MECTOPOXKAeHU K03 duineHT yBenuyeH 1o 1,20-1,40,
IIOCKOJIBKY ~ Takhue OOBEKTBl, Kak NPaBWIO, XapaKTEpPU3yIOTCd MOBTOPHBIM
NepPEeMEIICHHEM TMECKOB, CHUKEHUEM CPEIHEr0 COJEp)KAHHS METailjia, MOBBIIICHHON
JI0JIE MEJIKOTO M TOHKOI'o 305I0Ta U 0Oojiee BBIPAKEHHOM HM3MEHYMBOCTBIO KadyecTBa
MaTepuaia, MOCTyalulero Ha nepepadboTky.

Koaddurment ycnouit 3aneranust npuHat paBHbiM 1,00 1t MeIKo3aneraronmx
pocceineit u 1,20 pis rimyboko3aneraromux. YBeaundeHue Ha 20 % cBsI3aHO HE C MPSAMbIM
CHI)KEHHEM M3BJICUCHHUS 30JI0TA, a C YCI0KHEHUEM TOPHOTEXHUYECKUX YCIOBUI: POCTOM
00BbEMa BCKPBIIIHBIX PadOT, YBEJIMYEHUEM IUI€YA TPAHCIOPTUPOBAHUS, YCIOKHEHUEM
BOJ/IOOTBEJICHUS, CHIYKEHUEM ONEPATUBHOCTH I10/1a4H NECKOB U OO0JbIIEH BEpPOSITHOCTHIO
KOJI€OaHUI MPOU3BOIUTEIHLHOCTH MPOMBIBOYHOTO KOMILJIEKCA.

KoadduimenT HEOAHOPOAHOCTH pacCHpEeNICHUs 3alacoB OMpeNesieTcs depes
OTHOCHUTEJbHYIO KOHIIEHTPAIMIO 3alacoB B Ipejaenax oOoraméHHbeIX 30H. s sToro
UCIIOJIb3YETCsl OTHOLIEHUE JOJM 3alacoB 30JI0Ta, COCPEIOTOYEHHON B 0OOTraméHHBIX
y4acTKax, K J10J1€ IUIOLIAA1, 3aHUMAaeMOl 3TUMHU ydacTKaMu. [Ipyu 3HaYyeHUU TaHHOTO
OoTHOUIeHUS 110 1,5 pacnpeneneHue 3anacoB CUUTAECTCA HU3KOHEOTHOPOIHBIM, TOITOMY
kod(ppunreHT npuHAT paBHbIM 1,00, Tak KaK TaKue yCJIOBUS HECKOJIBKO OJIarOnpusiTHEE
cpennero BapuanTta. [Ipu otHomennn 1,5-2,0 koaddunuent npuasaT paBHbM 1,05, uTo
COOTBETCTBYET YMEpEeHHOM HeonHopoaHocTH. [Ipu otHomenun 2,0-2,5 kosdduimeHT
yBennuuBaercss A0 1,20, TOCKOIBKY 3HA4YMTENbHAS 4acTh METajla COCPENOTOYEHA Ha

OFpaHquHHOﬁ miomaar, 4TO ITOBBIMIACT BCPOATHOCTL PC3KHUX W3MEHECHUI KadyecTBa
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MECKOB B mporiecce BeieMku. [Ipu otHOmenuu 6omee 2,5 k03 GUIMEHT NPUHAT PaBHBIM
1,35, Tak Kak BBICOKAs KOHIIEHTpPAIIMS 3allacoB B JIOKAJBHBIX OOOTAIIEHHBIX 30HAX
NPUBOJNT K HanOoJiee BBIPAKCHHOW HEPABHOMEPHOCTH TOJAYM TECKOB PA3IMIHOTO
KauecTBa Ha TMPOMBIBOYHBIN mnpubop u Tpebyer Oosiee THOKOW HACTPOUKH

TEXHOJOTNYCCKOI'O pCKUMaA.

3.3 OneHKa rJIMHUCTOCTH NepepadaTbiBaeMbIX NECKOB

['muHucTOCTH TIepepabaThIBaeMbIX MECKOB SIBISETCS OAHUM U3 OINPEICIISIONINX
(GakTopoB, BIMSIONIMX HA BBIOOP TEXHOJOTUYECKOHW CXEMBI M OOOpYIOBaHUS TPHU
O0TpabOTKE POCCHITHBIX MecTopokaeHuil [91, 92]. B omimmume oT mapameTpos,
XapaKTEPU3YIOUIUX YCIOBUS 3aJ€raHusl POCCHINU, TIMHUCTOCTh HEMOCPEICTBEHHO
onpeaensieT 0cCOOEHHOCTH MOATOTOBKH IECKOB K MepepaboTKe, MPEX/Ie BCEr0 MPOLECCHI
NE3UHTETpalli, TPOXOoueHUs U (OPMHUPOBAHUSA YCTOWYUBOIO pEXKHUMa MOJAYU
MUHEPaJIbHOW MAaCChl Ha POMBIBOYHBIE TPHUOOPHI.

Henocrarounoe pazpylieHUe TJIIMHUCTBIX YacCTHUI[ HPUBOJUT K HEMOIHOMY
PACKPBITHIO MUHEPATIbHBIX 3€PEH, YXYAIICHUIO TPOXOUYEHUS U TTOBBIIICHUIO BEPOSITHOCTH
BBIHOCA 30JI0Ta B Tayie-3(enbHbIe OTBAIBI. [109TOMYy i TaKWX MECKOB HEOOXOIUMO
OPUMEHSTh MPOMBIBOYHBIE KOMILIEKCHI, 00ECIIeUnBAIOIIIE MHTEHCUBHOE pa3pylLICHUE
IJIMHUCTOM COCTaBIIAIONIEH, 2 (PEeKTUBHYIO Kilaccu(PUKalMio MaTepraia U BO3MOKHOCTh
peryJMpoBaHus BOAHOTO pexxuma [93].

BcenenctBue 3TOro yuder TriIMHUCTOCTH HEOOXOIMM YK€ Ha CTaauu BBIOOpA
000py/IOBaHUs, MOCKOJbKY HMMEHHO OHa B 3HAYUTEIBbHOW CTENEHU OMNpPEeeIseT
BO3MOXHOCTh OOecreueHuss TpeOyeMoil TeXHOJOTHYeCcKor J(PGEKTUBHOCTH MPHU
3aJIaHHOM MPOU3BOJIUTEIBLHOCTH KOMIUIEKCA.

OOHOBPEMEHHO TJIMHUCTOCTh CIEAYET paccMaTpuBaTb HE TOJBKO Kak
JUTOJIOTUYECKYI0, HO M KAk TEXHOJIOTMYECKYI)  XapaKTepUCTUKY  IIECKOB,
HEMOCPEJICTBEHHO CBS3aHHYIO C BEJIIMYMHON MOTEph IMOJE3HOro KoMmmoHeHTa. Kak
nokazano B paborax [.C. MupsexanoBa [94], mpu TMOBBIIMIEHHOM COJEpPXKAHUU

INIMHUCTOIO MaTCpHalla YXyAIIArOTCA YCIIOBUA AC3UHTCIPAllUU IICCKOB, 06pa3y}0Tc;I
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YCTOMYMBBIE TJIMHUCTBIE arperarbl U KOMKH Pa3IM4HOrO pa3Mepa, BHYTPU KOTOPBIX
MOTYT YJIEepKUBaThCs 3epHa 30si0Ta. [Ipu HemocTtaTouHo 3¢h(PEKTUBHOM pa3pylIeHUU
TaKuX 00pa30BaHUI METaJl HE YCIEBAET BHICBOOOXKAATHCS U BMECTE C HUMU BBIHOCUTCS
B XBOCTBI, 4YTO 00YCJIOBIIMBAET 3aKOHOMEPHBIN POCT TEXHOJOTUYECKUX TTOTEph [95].

B nmpakTuke K ITMHUCTBIM OTHOCSIT MMOPO/Ibl, B KOTOPBIX COJEPKaHUE YACTUL] MEHEE
5 MM mipeBbImaer 3 %, a K COOCTBEHHO TJIMHAM - MOPOJIbI, B KOTOPBIX COJEpKAHUE
nanHoM (pakiuu npebiaeT 30 % [96]. BMecte ¢ TeM B TEXHOJIOTMYECKOM OTHOILIEHUU
CYIIECTBEHHOE 3HAUYEHHE HMEET HE TOJIbKO MHUHEPAIOTMYECKOE OIpeeTeHUe
[NIMHUCTOCTH, HO W CTENEHb BIHSHUSA TOHKOAMCIEPCHON TIIMHUCTO-WIMCTOM
COCTABJSIIOIICH HA MPOMBIBUCTOCTh TE€CKOB, TOJHOTY WX JIE3UHTErpalud |
3 (HEKTUBHOCTH NOCIEAYIOIIEr0 TPOXOYEHUSI.

ITo nanubiMm b.B. Hesckoro u JL.II. Mamyesa [97, 98], NpOMBIBUCTOCTh MECKOB
MOXKET OBbITh OIICHEHA MO 3aTpaTaM SHEPruu, HEOOXOAMMOM JIsl UX JC3UHTETpallud B
O0apabaHHOM TpPOXOTE CTaHIAPTHBIX pa3MepoB. [IpuBenennnie gaHHbIC B Tadmuie 3.1
MOKAa3bIBAIOT, YTO C YBEJIIMYECHUEM COACPKAHUS TITTUHUCTO-UIIMCTOMN (hpakiiuy BO3pacTaroT
MPOJOIKUTEIBHOCTh W DHEPrOEMKOCTh IPOMBIBKH, OJHOBPEMEHHO CHUXKACTCS
KO3 PUIIMEHT TPOXOYEHHST HAJPEIIETHOTO MPOAYKTa. DTO YKa3bIBaeT HA TO, YTO POCT
[JIMHUCTOCTH 3aKOHOMEPHO OCJIOXHSET MOATOTOBKY MECKOB U MOBBIIMIAET TPEOOBAHUS
KaK K TEXHOJIOTMYECKOW CXeMe, TaK M K XapaKTEepUCTUKAM [PUMEHIEMOIO

o0opyIoBaHUSI.

Tabnuua 3.1 - 3aTpaThl SHEPTUH 1Sl HPOMBIBKH Pa3HBIX THUIIOB MECKOB

Pacxon
3arpaTsl
AIIEKTPOIHEPTUH Koaddunument
BeIxoa rMHACTBIX U BPEMEHH Ha
CreneHpb . TSt rpoxoueHus ppaxiuu
WINACTBIX (ppaKiuii MIPOMBIBKY B
MIPOMBIBHCTOCTH o MEXaHU4IEeCKOTO >0,5 MM B OapabaHHOM
(<0,005 mm), % OapabaHHOM o
paspeixienus | rpoxote, %
(xBt-4)/m? p ’

JlerkonpoMbIBUCThIE <10 0,15 50 >80
CpenHenpoMbIBUCTHIE 10-15 0,3-0,4 70-80 70-75
TpyaHonpoMbIBUCTHIE 15-20 0,6 100 50-60

Becbwa >30 - 120 40

TPYAHOIIPOMBIBUCTHIE
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Cy1iecTBeHHOE BJIMSHUE TJIIMHUCTOCTH HA BEIWYUHY TOTEPh MOATBEPKIACTCS
TaK)K€ OTMBITHO-IKCIIEPUMEHTATBHBIMH JAHHBIMH 10 THIPOSJIEBATOPHBIM TPOMBIBOYHBIM
npudopam, COTJIACHO KOTOPBIM TP COJACPKaHUU TIIMHUCTOTO MaTepuana 10 % morepu
MIOJIE3HOI0 KOMIIOHEHTa Bo3pacTaroT B 1,4 pa3za, npu rimaucrocty 12 % - B 1,8 pa3sa, a
npu coaepxanuu 23 % - B 2,8 paza [90]. [IpyuHuunuanbHO Ba)KHO, YTO B MOJOOHBIX
yCIoBUSIX (haKTHUECKHE MOTEPU MOTYT 3HAYUTEIILHO MPEBBINIATh PACYETHBIC 3HAUCHUS,
ompejnensieMple 0€3 JIOKHOIO yuyeTa TJIMHUCTOCTH, YTO CBHJETEIHCTBYET O
HEOOXOIMMOCTH CIIEIIMAIBHOTO YUeTa JAHHOTO (PaKTOpa Mpy TEXHOJIOTHIESCKOW OIICHKE
MIECKOB U BBIOOpE 000PYI0BaAHUS.

CnemyeT OTMETUTb, YTO TECKHM C TOBBIIMIEHHON TJIWHUCTOCTHIO HEPEIKO
bopmMupytoT d3denbHbIE OTBalbl, MPEACTABIAIONIME HHTEPEC [JIsi TMOBTOPHOMU
nepepaboTKU. DTO CBSI3aHO € TE€M, YTO B IMPOIECCE JUIMTEIBHOTO BO3JACUCTBUS
BBHIBETPUBAHUS M MHOTOKPATHOTO MPOMOPAXKHUBAHUSI TJIHWHHUCTAas COCTaBISIONIAs
MOCTENEHHO pa3pyllaeTcs, BCIEACTBUE YEro paHee 3aKOHCEPBUPOBAHHOE B arperarax
30JI0TO MOKET OBITh BBICBOOOXKICHO.

Pestomupyst BblllleCKa3aHHOE, B HACTOSIIEH paboTe (akTop TIMHUCTOCTH
YUHUTBIBACTCA TOCPEACTBOM  Kod(pduuumenta K, XapakTepu3ylolmero ypoBEHb
TJIMHUCTOCTH TIECKOB IO COJEPNKAHUIO TJIMHUCTO-WIHCTON (pakiuu. Mcnonb3oBaHue
naHHOTO  Kod(duimenta  mo3BoisieT  (GopMann3oBaTh  BIHMSHUE — TJIMHHCTOU
COCTAaBJIAIONICH Ha TEXHOJOTUYECKUE YCJIOBHUS MEpPepabOTKM U MPUMEHATH €ro MpH
CPaBHUTEJILHOW OILIEHKE BAPUAHTOB OOOPY/IOBAHUS U CXEM MOATOTOBKHU MECKOB.

Jns  mpaktudeckoro mnpumeHenus koddpdunuenta K. 1enecoobpasHo
MCII0JIb30BaTh UIKAy, OCHOBAHHYO Ha COJIEP >KaHUH TJIMHUCTO-WINCTOM (PpaKIu Kiacca
(-0,005 wmM), MOCKONBKY HWMEHHO OJTOT TOKa3aTelb HamOoJiee TECHO CBS3aH C
00pa3oBaHMEM yCTOMUYMBBIX arperaToB, yXyAIIAIOUUX JE3UHTErPALNI0 U IpoxoueHue. B
paMKax TMpeiaraéMoro paHXUPOBAaHUS TPU HUBKOW TJIMHUCTOCTU 3HaudeHus K,
NPUHUMAIOTCS PAaBHBIMH E€IUHUIE, YTO COOTBETCTBYET OJAronpusiTHBIM YCIOBHIM
nepepadOTKU; MpU 0a30BBIX YCIOBUSX - OJM3KMMHU K €AMHUIIE; MPU MOBBIILICHHON U
BBICOKOW TJIMHUCTOCTH - OONBIE EOUHUIBI, YTO OTpakaeT BO3pacTaHUE

TEXHOJIOTUYECKON CIIOKHOCTH TEpepadOTKH, TpeOOBaHUI K OOOPYIOBAaHHUIO U PHCKA
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HOTEPh 30JI0Ta IPU HEJOCTAaTOUHOM 3(P(PEKTUBHOCTH MOJArOTOBKM MECKOB. B kauectBe
JUTEPATYPHOU OCHOBBI TAKOI'O PAHXKMPOBAHUSA MOTYT OBITh MCIIOJIb30BaHbl JAHHBIE O
NOMPABOYHBIX KO3(PUIMEHTaX BIUSHUS TJIMHUCTOCTH HAa TOTEpPH MeTaa,
npuBeaeHusie I'. C. MupzexanosbiM [90].

3HaueHus Ko3(PPUUUEHTa TJIMHUCTOCTH OTPAXKAIOT CTENEHb YCIOXHEHUs
IPOLIECCOB JIE3UHTErPALUU, IPOXOYEHHS U IIII030BOr0 00OTallieHusl Mpu yBEINYCHUH
MacCOBOM JIOIM TJIMHUCTOM COCTaBIISIIONIEH B meckax. ba3oBomy COCTOSIHHIO
COOTBETCTBYIOT HECKH C COAEpX)aHHEeM TIUHUCTOW (pakuuu 10 3 %, mpu KOTOpoOM
TJIMHUCTOCTh HE OKAa3blBAE€T ONPEIENSIONIEr0 BIMSAHUS Ha paboTy MPOMBIBOYHOTO
npubopa, nostomy kKodhduiuent npunumaercs paBHbiM 1,00. Ilpu yBenmueHuun
conepxkanus rimuubl 10 3-10 %, 10-20 %, 20-30 % u O6onee 30 % ko3ppuuumeHt
BO3pACTaeT, MOCKOJbKY BO3PACTAE€T BEPOSTHOCTH OOpPa30BaHMs CIIEMEHTHUPOBAHHBIX
KOMKOB, HEMOJIHOM JI€3UHTETpalliy MeCKOB, 3a0MBAHMS MTPOCEUBAIOIUX TOBEPXHOCTEH,
YXyALIEHUS KilacCU(PUKAIMM M HapyUIeHWs YCTOWYMBOCTH TMOTOKAa Ha IILIH033X.
[ToBbIIeHHBIE 3HAUYCHUS KOAP(GULIUEHTA JJIs1 BHICOKOTJIMHUCTBIX MECKOB OTPaXXKAIOT HE
OpsIMyI0 BEJIMYMHY TIOTEPh 30JI0T4, @ OTHOCHUTENIbHBIA POCT TEXHOJIOTMYECKOMN
CJIIOKHOCTH TIepepabOTKh M HEoOXOJMMOCTh NPUMEHEHHs 000pyloBaHUA C OoJee

Pa3BUTOM CUCTEMOM JI€3UHTErpallii, TPOXOUYECHUS U PETYIUPOBAHNS BOJHOTO PEKHUMA.

3.4 OueHka cogep:KaHUs MeJKHUX U TOHKUX KJIACCOB KPYIMMHOCTH 30J10TA

[Ipu onieHKE TEXHOJIOTUYECKUX MTOTEPD 30J10Ta CYLIECTBEHHOE 3HAUEHUE UMEET HE
TOJIKO TPAHYJIOMETPUUYECKUN COCTaB METaia, HO U MOP(OJOTHUECKHE OCOOCHHOCTH
30/10TUH. Hannumne miacTUHYAThIX, UTOJIbYATHIX M HMHBIX YIUIOMIEHHBIX (OpM MOXKET
00yCJIOBJIMBAaTh yBEIMYECHHE (HAKTUUECKUX IOTEPHh IO CPABHEHUIO C PACUETHBIMU
3HAYEHUSMHU, TOJTyYEHHBIMH TOJIBKO HA OCHOBAaHWH CUTOBOT'O aHAJIN3a. ITO OOBSICHIETCS
TEM, YTO YACTHIIbl TaKOM (POPMBI Jerde YHOCSTCS IMyJbIION U XyXKE yAEpKUBAKOTCS Ha
[UTI030BbIX M OTCaJOYHBIX MPOMBIBOYHBIX HpubOopax. Bmecre ¢ Tem mnpu BbIOOpE

IPOMBIBOYHOTO  OOOpY/JOBaHMSI  TEPBOCTENEHHOE  3HAYCHHE HMEET HMEHHO
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rpaHyJIOMETPUUYECKUN COCTaB 30JI0Ta, IOCKOJIBKY COJIEPKAHUE MEJIKUX M TOHKHX
KJIACCOB B 3HAYUTEJIBHOW CTETIEHH OTIPEEIISIET KayeCTBO YJIaBIMBAHUS 30J10Ta IJTI03aMU.

3HAUMMOCTh  COAEpPKaHWA MEJIKMX M TOHKMX KJIacCOoB 30JI0Ta  Kak
TEeXHOJIOTUYecKoro  (akropa st noadopa oOOpyIOBaHUS — MOATBEPIKIAETCS
pe3yibTaTaMu aHaJIn3a MUHEPAIbHO-ChIPbEBOM 0a3bl POCCHITHBIX MECTOPOXKACHUH [86],
U JIaHHBIMM TI0 HW3BJEYEHUIO 30JI0Ta IO KJaccaM KPYHHOCTH [JIsi MPOMBIBOYHBIX
NpUOOPOB PA3IUYHBIX THUIIOB, IIpeACTaBiIeHHbIMU B Taomuie 3.2 [97-100]. B Teuenue
JUIMTEILHOTO  BPEMEHW B  TMPAKTHUKE  POCCHIMHOW  30J0TOAOOBIYM  IIUPOKOE
pacmpocTpaHEeHHuE WMEH THIPO3JIEBATOPHBIC MPOMBIBOYHBIE MpuOopbl. Hecmotps Ha
NOCTENEHHOE CHUKEHUE UX JI0JIM, Ha pAJE NPEANPUATUN OHU 10 HACTOALLETO BPEMEHU
COCTaBJIAIOT OCHOBY IPOMBIBOYHOTO OOOpPYAOBAaHMS, YTO JENAET COMOCTABICHUE HX
TEXHOJIOTUYECKUX  BO3MOXXHOCTEH ¢  0Oojiee  COBPEMEHHBIMH  LUIIO30BBIMU
npoMbIBOYHBIMH KoMIiekcamu T1BII oco6eHHOo akTyanbHbIM.

[To mpuBenEHHBIM HaHHBIM B Tabymile 3.2, mepexoa K 004eUHO-IILTI030BOM CXeMe
MO3BOJISIET CHU3UTH NoTepu no kiaccy -0,5+0,25 mm ¢ 30,0 no 14,5 % u no knaccy -

0,25+0 Mm - ot 65,0 1o 39,7 %.

Tabmuua 3.2 - HopmatuBHble KO3(h(UIMEHTH U3BJICYEHUS 30J0Ta HA MPOMBIBOYHBIX

npubdopax no Kjiaccam KpymnHOCTH

Cpemsist Bun npomsiBouHOTO miprbopa
Knace xpynHocTH, MM | KpynmHOCTSH d.p,
MM ['upposnesBaropHbie boueyHo- n1TI030BBIE

-50+30 40 0,950 1,000
-30+20 25 0,980 1,000
-20+10 15 0,991 0,970
-10+5 7,5 0,995 0,995
-5+2 3,5 0,994 0,995
-2+1 1,5 0,964 0,980
-1+0,5 0,75 0,905 0,931
-0,5+0,25 0,35 0,700 0,855
-0,25+0 0,1 0,350 0,603
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[IpuBenéHHbIE AaHHBIE MOKA3bIBAIOT, YTO 110 MEPE YBEJIWYECHHS JOJIH MEJIKUX U
OCOOEHHO TOHKMX KJACCOB 30JI0Ta BO3pAcTaeT BIUSHHUE THIA MTPUMEHIEMOTO
000pyI0BaHUs HA UTOTOBOE M3BJIeUYeHHE MeTaia. Clie10BaTENbHO, COAEPKAHNE METKUX
U TOHKHX KJIACCOB 30JI0Ta JOJIKHO pacCMaTpHUBAThCsS HE TOJIBKO KaK XapaKTEpUCTHKa
IPaHyJOMETPUYECKOIO COCTaBa METalsla, HO M KakK IOKa3aTeldb TEXHOJOTHMYECKOU
CJIOKHOCTH NMEepepabOTKU POCCHITHBIX IIECKOB.

Oro  comacyercs € MX  IOJApa3[elieHUEeM  Ha  JIETKOOOOraTuMbIe,
CpelHe0O0raTUMBbIE U TPYAHOOOOTraTUMBIE, I/I€ COAEPKAHUE MEJIKOTO 30J10Ta BHICTYIAET
OJHUM M3 OIpeAesomux nokaszareneil. [ns yuéra ganHoro ¢akropa npeaiaraercs
UCIO0JIb30BaTh KOA(P(MUIIMEHT BIUSIHUS IPAaHYJIOMETPUUECKOTO COCTaBa 30J10Ta Ha BHIOOP
npoMbIBOYHOTO 000pynoBanus Kip. Koadduument yuntsiBaeT 1071 3070Ta KIIACCOB -
0,5+0,25; -0,25+0,125 u -0,125 MM B o00mIeli Macce 30/J0Ta B MCXOAHBIX MECKaxX M
XapaKTEpU3yeT TEXHOJIOTHYECKYIO CJIOHOCTb ero U3BJICUEHUS o
IpaHyJIOMETPUYECKOMY IIPU3HAKY.

3naueHune Ky CIyKUT OTHOCUTENIBHON OLIEHKOW TpeOOBAaHUN K IMPOMBIBOUHOMY
000pyI0BaHNIO, OOYCJIOBIIEHHBIX pAacHpeiesieHUEM 30J0Ta IO YKa3aHHbIM Kjaccam
KPYITHOCTH, U HE SIBJIAETCA MOKa3aTelleM (akTU4YeCKUX norepb Metaiia. [loBbimeHue
3HaYeHUs KO3((PUIMEHTa COOTBETCTBYET BO3PACTAHHIO TPEOOBAHMM K CIOCOOHOCTH
IPOMBIBOYHOTO TPUOOpa yIaBIUBATh 30JI0TO PACCMAaTPUBAEMBIX KJIACCOB, IPEKIE BCETO

MEJIKO€ U TOHKOE 30JI0TO KpynmHOCThI0 MeHee 0,25 mm. [101] (tabauna 3.3).

Tabmuma 3.3 - Kareropun 060raTUMOCTH TTECKOB

Kareropus neckos Conepxarnne Conepxarnne Brixon adeneit Coneparne
10 o6oratimocry | MEIKOro 3010Ta BAJIYHOB (-15 mm), % CaMOPOJKOB
(-0,25 mm), % (+400 mm), % ’ (+10 mm), %
Jlerxo Memnee 3 0-5 Mesnee 40 0
Cpenne 3-10 bounee 5 40-70 0
TpynHo bonee 10 bonee 5 Bbonee 70 1

[Tockonbky ko3pduuuent Ky, npenHasHaden s noadopa panuoHAIBHOIO

MIPOMBIBOYHOTO MPUOOPA, B €T0 COACPIKATEIBHBIM CMBICH JOJIKHBI BKIFOYATHCS TOJIBKO
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MPU3HAKH, XapaKTepU3yIolue o0bEeKT nepepaboTku 10 Havana oboramenus. [lo sToit
MpUYUHE TTapaMeTphbl MOJATOTOBKH MECKOB U THAPOJUHAMHYECKOTO PEXKUMA, TaKUe Kak
KPYIHOCTh MMUTAHMSI TIITI030B, COOTHOIICHUE KUAKON U TBEPAOH (ha3 MyJIbITbI, yAeTbHAS
Harpy3ka W CKOpPOCTb TIOTOKAa, HE BXOIAT B cocTaB Kkodpdummenta Ky, a
paccMaTpUBaIOTCS KAaK YCJIOBHS peaM3alliid TEXHOJOTMYECKUX BO3MOMXHOCTEH YiKe
BBIOPaHHOTO 000PYAOBAHUS.

Bmecre ¢ TeMm 3HaueHHME YKa3aHHBIX MMAPAMETPOB MJI HM3BJICUCHUS] MEIKUX U
TOHKMX KJIACCOB 30JI0TA SIBISICTCS MPUHIMUIUAIBHBIM, TOCKOJbKY HMMEHHO OHHU
OTIPEJICIISIIOT, B KAKOW CTETICHH MOTEHITMANIbHAS CKJIOHHOCTh METallJIa K MOTepsiM OyaeT
peanu3oBaHa B KOHKPETHBIX TEXHOJOTMYECKHX VYCIOBHUSX. OTO MOATBEPKIAETCS
pe3yabTaTaMyu UCCIEOBAHUM, BHIMOJHEHHBIX HA OJTHOM M3 MAJOJUTPAXKHBIX Jpar npu
00OTalllEeHNHU TMECKOB Pa3IMYHON KPYyNMHOCTH Ha nuto3ax. [lo manueim 3amsituna [59], B
NEPBOM Clly4yae Ha IIIt03a MOCTYIMadu NeCKH U3 APaKHOH OOYKH KPYMHOCTBIO -16 MM
npu cootHomieHuu X:T = (20-24):1, npu 3TOM yzAenbHas Harpy3ka cocrasisuia 2,0-2,5
M*/d Ha 1 M mupuHBl 1UTI03a. Bo BTOpOM cilyyae Ha HUII0O3a MOJABaJICd MaTepHal,
JIOTIOJTHUTENBHO — MPOIIEAUIMIA  BTOPYIO CTAaQuI0 TPOXOUYEHHUS HAa TPOXOTEe C
MHOTOKaMepHbIM IToAA0HOM. [locne ABOMHOTO rpOX0UeHMs Ha 1LII03a TOCTYNalu NECKH
KPYIHOCTBIO -4 MM, YTO MO3BOJIMJIO YMEHBIIUTH pazxikenue mynbnbl 10 K:T = (8-
12):1, CHU3UTH MOBEPXHOCTHYIO CKOPOCTh MOTOKA 10 1 M/C M mpH 3TOM O00ECHeYnTh
yACNBHYI0 Harpy3ky okojio 3,0-3,5 M*/4 Ha 1 M MIMPUHBI IIUTIO3A.

[lo pe3ynbTaTam onpoOOBaHUS U aHAIM3a POCCHITHOIO 30JI0TA YCTAHOBJIEHO, YTO
BO BTOPOM clIydae 00IIee U3BJISCUCHUE 30JI0Ta COCTaBUiIo 94-95 %, Toraa Kak B IIepBOM
- 88-90 %. Takum oOpa3oM, MOBBIIIIEHNE O0IIIETO U3BJICUCHUS COCTABUIIO 4-7 %. AHanu3
pacnpeieseHus 30J10Ta Mo KjaccaMm KPYIMHOCTH MOKa3bIBAET, YTO IPUPOCT U3BJICUEHUS B
paccMaTpuBaeMoOM cllydyae oOecreunBaeTcsl MPEMMYIIECTBEHHO 3a CUET 0oJiee MOJIHOTrOo
yJIaBIMBaHUS MEJIKOTO M CpPEJHEro Mo KpymHocTu 3o0soTa. CremoBarenbHO, NpU
MOBBIIIIEHHOM COJICP)KAaHUHM MEJNKUX W TOHKHX KJIacCoB 30J70Ta 3(P(HEKTUBHOCTh HX
U3BJICUCHUS OTMPEIEISICTCS HE TOJBKO caMHM (PAKTOM MX MPUCYTCTBUS B COCTaBE

MeTajia, HO ¥ COCOOHOCTBIO BBIOPAHHOTO MPOMBIBOYHOI'O MPUOOpa 00ECIEUnTh TAKUE
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YCJIOBUSI TMOATOTOBKH W JIBUXKEHUS IYJIBIIBI, IPU KOTOPBIX MOTEPU JAHHBIX KIJIACCOB
MUHUMHU3UPYIOTCAL.

KoadduimenTsl, xapakTepusyiouiiue colep:kaHue MEJIKHX U TOHKUX KJIacCOB
30J10Ta, Ha3HauYeHbl AUPPEPEHLHUPOBAHHO IO KilaccaM KPYNHOCTH, KaK yKa3aHO B
dbopmyne (3.3). s xmacca -0,5+0,25 MM BiusHHE Ha BbIOOp O0OpYAOBaHUS
OLIEHUBAETCSl KaK YMEPEHHOE, TaK KaK TaKMe YaCTUIbl MpU MPaBUIbHO MOAOOPAHHBIX
peXHMMax IUI30BOT0 oboraiieHus emé 1ocTaTouHo 3 (eKTUBHO ynaBiauBatoTcs. Jis
kiaccoB -0,25+0,125 mm u ocobenno -0,125 MM k03P PUITMEHTHI YBEIHUEHBI, TOCKOIBKY
C YMEHBUICHHMEM KpPYIHOCTH BO3pacTaeT BEPOATHOCTh CHOCA 30J0Ta MOTOKOM H
NOBBIIIAETCS YYBCTBUTENBHOCTh Ipolecca K kojedanusm JK:T, cKOpoCTH MOTOKa U

YACIbHOU HArpy3KH 10 TBEPAOMY.

Kip = Kip-0,5+0,25 T Kip-0,25+0,125 T Kip-0,125, (3.3)
rne  Kyp_o,5+0,25 - YACTHBIN KOIQOUIMEHT, YUUTHIBAIOLINIA COJIEPIKAHUE 30J10Ta Ki1acca
-0,5+0,25 mm;

Kyp—0,25+0,125 = YaCTHBIA KOI(DPUIMEHT, yIUTHIBAIOUIMN COIEPKAHUE 30JI0TA

xnacca -0,25+0,125 mmMm;

Kyp—0,125 - 9aCTHBIN KOIPHUIMEHT, yUNTHIBAIOIIMA COIEPIKAHHUE 30J10Ta KIlacca -

0,125 mm.

I'pamaruu 10 CoAepKaHWIO 30J0Ta B YKa3aHHBIX KJIaccax MPHUHSATH Kak
OTHOCUTEJIbHBIE UHTEPBAJIBI TEXHOJIOTMYECKOW 3HAYUMOCTH: 110 3 % - HU3KOE BIIMSHUE,
3-10 % - 6a3zoBoe, 10-30 % - nmoBsiieHHOE, Oosiece 30 % - BbicOKOe. TakuM oOpazom,
npuBeAEHHBIE KOI(PPUIIMEHTH OTPaKarOT OTHOCUTEIHHOE YBelIWYeHHE TPeOOBaHM K
cXeMe mepepadoTKH PH BO3paCTaHUH JOJU MEJIKOTO U TOHKOTO 30JI0Ta, a HE SBIISIOTCS

HOPMAaTUBHBIMH MOKA3aTEISIMU U3BJICUCHUSI.
3.5 Ouenka HATUYHUSA COMYTCTBYIOIIMX THAKeEJIbIX MUHEPAJIOB

Hapsny ¢ ¢pakropamu, XapakTepu3yOIUMH T'PaHyJIOMETPUUECKUI COCTaB 30J10Ta

N TJIHMHHUCTOCTb IICCKOB, CYIICCTBCHHOC BJIMAHHC Ha 3(1)(1)6KTI/IBHOCTI> HOIJIFO30BOIO
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oboraieHusi OKa3bIBaeT COAEpKaHUE THKEIBIX MUHEPATIOB B UCXOJIHON TOPHOU Macce.
JlanHbIil  QakTOp oOmpenenseT HMHTEHCUBHOCTh 3alOJIHEHHSI TMOCTENW IUI03a, e
(aKTUYECKyl0 €MKOCTh, OOBEM TMOJIy4a€MOro KOHIIEHTpaTa W CJOXKHOCTb €ro
noclieytonieil JoBoAKU. B CBsi3U ¢ ATUM IpU BBIOOPE MPOMBIBOYHOTO 000PYA0BAHUS U
CXEMbI MEepepadOTKU MECKOB HEOOXOAMMO YUUTHIBATH CPEIHEE COJIEpkKAHUE TKEION
dbpakuuu B UCXOTHOM MaTepuae.

KosnnuecTBO HITMXOBBIX MUHEPAJIOB B 30JIOTOHOCHBIX POCCHIISIX M3MEHSAETCS B
OYeHb MHUPOKUX Mpefenax - ot 25-40 r/m® mo 15-50 kr/m® u 6oee. COOTBETCTBEHHO, TTPU
cyTouHoit nmpombiBke 1000 M? ropHOI Macchl BMECTE € 30JI0TOM MOKET U3BJIEKATHCS OT
HECKOJIBKUX JIECSITKOB KHJIOIPAMMOB JI0 JIECATKOB TOHH Tsk&énoi ¢pakiuu. Takas
W3MEHYUBOCTh IIUIUXOBOM HArpy3Kd CYIIECTBEHHO BIUSET Ha YCJIOBUS pPabOThI
[UTI030BbIX TPUOOPOB, 3P(HEKTUBHOCTH YJIABIMBAHUS 30JI0Ta U BHIOOP paIlMOHATILHON
TeXHOJIOTUU TiepepadoTku. I[losToMy nmaHHBIM (QaKTOp MAOJMKEH YUYUTHIBATHCS B
KOJIMYECTBEHHOU hopme.

JIisi  KOJNMYECTBEHHOro Yy4éTa YKa3aHHOro (Qakrtopa B HacTosIIel pabote
MPEIIOKEHO HCIONIB30BaTh KOAIDPUITMEHT HAMMYUA COMYyTCTBYIOMIMX — TSHKETBIX
muHepanoB Ky, Xapakrepusyromuii oOIMKA ypOBEHb NUIMXOBOM HAarpy3ku IO
COJICP)KAHUIO TSDKENBIX MHUHEPAIOB B HMCXOJHBIX Meckax. HeoOXoauMocTh BBeJEHUS
JTaHHOTO Kod(hduIMeHTa moATBepKAaeTCs KaK MPAKTUYECKUM OIBITOM HCCIIEIOBAHUA,
Tak W JHUTEpaTypHbIMU JaHHbIMU. B uactHocTH, B paborax I'. C. Mupsexanona
OTMEYAeTCs, YTO MPHU TOBBIIIEHHOM COJIEPKAHUHM TSDKEIBIX MHHEpAIoB, OCOOCHHO
OJM3KUX IO KPYITHOCTH K 30JI0TY, IOTEPU METAJJIa BO3PACTAIOT BCIICICTBUEC YXYIICHUS
YCJIOBUM €r0 OCAXKACHUS U yJIepKaHus B ITocTenu uuio3a [90].

Heobxoaumocts BBeneHuss Kiw Takke MNOATBEPKAAECTCS PACUETHON OLIEHKOM
€MKOCTH MOCTENM 1UII03a. B KayecTBe nmpumepa pacCMOTPEH NUIO3 MUpUHOM 0,75 M,
JIMHOM 6 M 1 TosmuHo noctenu 0,07 M, 11 KOTOpOro o0bEM MOCTEIN COCTABIISET
0,315 m*. Ognako akTuyeckas EMKOCTh MOCTENHN HIKE T€OMETPUUECKOM, TTOCKOJIbKY B
HEl HaKaIllJIMBaIOTCS HE TOJIBKO TSDKENbIE MHHEpabl, HO M Ooyiee JETKUE YaCTHUIIBI
MECYaHO-TPABUITHO-TANICUHBIX OTJIOKEHUMN, yACPKUBAEMbIe KOBpUKAMHU U TpadapeTamu.

CrnenoBarenbHO, J1a)K€ NPU OJUHAKOBBIX T€OMETPUUECKUX I[MapaMeTpax ILUII030B
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daktrueckas A(PGEKTUBHOCTh YJIABIWBAHMUS 30JI0TA B 3HAUYUTEIBHOM CTETNCHH
OIIPEAEIAETCSA BEJIMYMHON [IIJIMXOBOW HAIPy3KH.

MexaHu3M OTpPULATENBHOTO BIUSHUSA TMOBBIIIEHHOTO COACPKAHUSA TSHKEIBIX
MUHEPAJIOB 3aKirodaercs B caenyromeM. C OTHON CTOPOHBI, 30J0TO B TOTOKE IYJIBIIBI
HaxXOJUTCS B oOIIel macce TSkENOW Gpakiuu, YTO 3aTPYAHSET €ro CBOCBPEMEHHOE
OCAXJICHUE U 3aKpEIJIEHUE B IIOCTEN! 1UTt03a. C Apyroi CTOPOHBL, IO MEpE HAKOIUICHUS
TSKENBIX MUHEPAJIOB STYEHUKHU MOCTENIN 3aNOJIHIIOTCS U YIUIOTHSIOTCS, BCJIEICTBUE YETO
YXYALIAIOTCS YCIOBHS yJI€p KaHUs 30J0Ta yJIaBIMBAIOIIUM MOKpbITUEM. B pesyibrare
METaJJI, MPEXIEC BCEr0 MEJIKWUW, TOHKWM, YCIIYWYaTbld W HaXOJSIIUKUCS B CPOCTKax,
HAYMHAET BBIHOCUTHCS B XBOCThl. AHAJIOTMYHbIE BBIBOJIbI MPUBOJATCSA U B JINTEPATYPE,
IZI€ TIPU NOBBIIIEHHON IUIMXOBOW HArpy3Ke PEKOMEHIYETCS MHOTOKPATHBIM CIIOJIOCK
HUTIO30B JIJIs PEeAYNpexaeHus pocta noreps [90].

[Ipu HU3KOM cojep» aHUU TSKENBIX MUHEpasoB - He Oonee 100 r/m® - u 00bEMeE
npoMbiBKH 710 1000 M*/CyT CyTOYHBIA BBIXOJ NUIMXOB cocTaBisieT meHee 100 kr, 4to
COOTBETCTBYET OJArONpHUSATHBIM YCJIOBHSIM pabOThI HUIIO30BOM MOCTENH: €€ EMKOCTh
ABIIIETCSL JOCTATOYHOM, TOTEPH 30JI0Ta CPABHUTEIBHO HEBEIHUKH, a 00bEM KOHIIEHTpaTa
Ioclie Crojocka oOcTaércss HeOosbMM. B 3TuUX ycloBUAX I MOCHEIyIOEen
nepepabOTKM KOHLEHTpaTa, Kak MpaBUJIOo, JOCTATOYHO IMPUMEHEHUS OTHOCHUTEIIbHO
IPOCTBIX CXEM JOBOJKH.

[Ipu noBbIlIEHHOM cojepxkaHuu HUIMXOB (1-2 Kr/mM?) K KOHILy CMEHBI MOCTEIb
IIJTI03a OKA3bIBACTCS 3HAYMTEIBHO 3allOJIHEHHOW TKENON (pakiueil, e€ moBepXHOCTb
CTaHOBUTCS OOJI€€ MIIOTHOM, BCIEACTBUE YETO CHUKACTCS yACpKHUBAIOIIasi ClIOCOOHOCTD
KOBpUKOB U TpadaperoB. C nanbHEHIIMM POCTOM COJEPKAHUS TSHKENBIX MUHEPATOB
YCKOPSIETCS 3alI0JIHEHUE NOCTENIM M paHbLIE HAYMHAETCA CHOC 30J0Ta. [Ipu BhICOKOM
cojiep>kaHuM TsoKENoN Gpakuuu - nmopsiaka 20-30 kr/m> - UTF030BBIE TPUOOPHI K KOHITY
CMEHBbI CcrOCOOHBI A()PEKTUBHO yAECPKUBATH MPEUMYIIECTBEHHO Oojiee KpYIMHOE U
3€pHUCTOE 30JI0TO, TOTJa KaK MEJIKUE U TOHKUE (POPMBI B OOJIbIIEH CTENIEHN BBIHOCSTCS
B XBOCTHI. B 3THX yCNOBUSIX CHI)KEHHE MOTEPh MOXKET ObITh JIOCTUTHYTO JIMOO 3a CUET
0ojiee 4acToro CHoJIOCKa IMUTI030B, JIMOO 3a CUYET COBEPLUIEHCTBOBAHUS KOHCTPYKIUHU

yJIaBJIUBAIOIEH TTOBEPXHOCTH M OOIIECH CXEMbI epepadOTKH TIECKOB.
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Takum oOpa3om, copepkaHue TSHKETBIX MUHEPAIOB B UCXOIHBIX TIECKaX CIEAYyeT
paccMaTpuBaTh KaK  CaMOCTOSITEIbHBIM  TEXHOJIOTMYECKH 3HAYMMbIA  (akTop,
ONPEACIIIIONUN YCIOBUS PaOOThI HUTKO30BBIX MPHUOOPOB U MOJHOTY U3BJICUCHHS 30J10TAa.
[Io Mepe pocTa HITMXOBOM HAarpy3KH yXyJIIIAIOTCS YCIOBUS OCAKICHUS U yIEpKaHUS
MeTajljia, BO3pacTaeT CKOPOCTh 3alOJIHCHUS TOCTENM IUII03a W yBEIUYUBAKOTCS
TEXHOJIOTUYECKHE TTOTEPU, YTO 0OOCHOBBIBAET HEOOXOAMMOCTh BBEICHHUS TTOBBIIIAOIINX
3HaYeHuM kodpdunmenTa K.

3nadeHus Kod(hduIMeHTa BIUSHHUS COMYTCTBYIOMMX TSDKEIBIX MHUHEPAIOB
MPUHATHI C YYETOM NUIMXOBOW HArPY3KH HA YJIaBIMBAIOLLYI0 TOBEPXHOCTH LITI030B. [Ipn
conepkanuu TskENo dpakiuu 10 0,10 xkr/M® e€ BiIMsHUE Ha 3aMOJHEHHE MOCTEIU U
CHIDKCHHE YJIABJIMBAIONIEH CIIOCOOHOCTH TITI03a MUHUMAIBHO, TIOITOMY KOA(DPHUITUEHT
npuHAT MeHbie eauHuIbl. Jlmanazon 0,10-1,0 kr/m® paccmarpuBaeTcsi Kak yCJIOBHO
0a30BbI{, TPU KOTOPOM COJICpIKAHUE TSKEIBIX MUHEPAJIOB HE TPEOYeT CYIIECTBEHHOTO
YCJIOKHEHUSI TEXHOJOTMYECKOU cXeMbl. lIpy nanpHENMIeM yBEIWYEHUHM COJEPKAHUSA
TsDKENON dpakuuu Ko3(p(GUIIMEHT BO3PACTAET, TOCKOJIbKY MOBBIINIAETCS HUHTEHCUBHOCTh
3aMOJIHEHUS TMOCTENU I[UIMXOBBIMA MUHEpalaMUu, YXYAIIAIOTCA YCJIOBHUSI OCAXICHUS
YacTHIL 30J10Ta, COKpamaeTcs 3pPpexkTuBHOE BpeMsi pabOThI U032 MEXTY CIIOJIOCKaMU
1 BO3PACTAET BEPOSITHOCTh CHOCA MEJIKUX KJIacCoB 30J10Ta. [103TOMY BBICOKHE 3HAYEHUS
kodpdunmenta s uHTEpBaoB Oosee 2,0 Kr/mM® oTpakaroT HEOOXOIUMOCTH
npuMeHeHus: 0ojiee YCTOMYMBBIX PEKHUMOB IPOMBIBKH, YBEJIMYEHHUS IUJIOLIATU
yJIaBIUBaHUs, OOJEe YacTOro CIOJOCKAa WM BKIIOYEHUS  JOTIOJHUTEITHHBIX

IMIJINXOYJaBJIMBAIOIIHUX allllapaTOB B CXCMY 060FaII_[eHI/I$I.

3.6 UnTepnperanusi paH;KMPOBAHHBIX KPUTEPUEB U 000CHOBaHME BbIOOpa

NMPOMBIBOYHOI'0 oﬁopyszaHlm

IIpoBenénnas B moapaszaenax 3.2-3.5 oOlLEHKA BIUSHUS OTACIBHBIX TOPHO-
I€OJIOTUYECKUX W TEXHOJIOTHYECKHX (PAKTOPOB MO3BOJIAET MEPEUTH OT PACCMOTPEHUS
YaCTHBIX MPU3HAKOB K HMX KOMIUIEKCHOM HWHTEpHpeTallui MPUMEHHUTEIbHO K 3ajaye

BBIOOpA MPOMBIBOYHOTO 000pYy10BaHUs. Pe3ybTaThl paH)KUPOBaHUS, IPEJCTaBICHHBIC B
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tabmuie 3.4, TO3BOJSIOT CUCTEMATHU3MPOBATH COBOKYITHOE BIMSHHUE MPUPOIHBIX U
TEXHOJIOTUYECKUX (PAKTOPOB M HCHOJIB30BaTh MX B KA4eCTBE OCHOBBI A
PEIBAPUTEITHLHOTO OOOCHOBAaHUS PAlMOHATBHOW O0JaCTH TPUMEHEHHS Pa3IUIHBIX

THUIIOB ITPOMBIBOYHOT'O 060py,ZIOBaHI/IH.

Tabmuua 3.4 - @akTopbl BBHIOOPA NPOMBIBOYHOIO OOOPYIOBAaHHA U 3HAUCHUS
K03 (ppUIIeHTOB
HaumenoBanwue akropa Ycnosue Koaddumment
[Ipuponnoe mectopoxaeHne 1,00
Koadduruent
MIPOUCXOKICHUS [IpupoaHO-TEXHOTEHHOE 1,15
MecTopoxaeHUs Kip TexXHOreHHOe 130
MECTOPOKICHUE ’
Koaddumment
CCOTOrO- Kosddumment yCITOBHIA Menko3aieraroiiee 1,00
TEXHOJIOTHYECKOH 3aneranust Ksan I'my6oko3aneraromnee 1,20
CJIO’)KHOCTH
MecTopoxkaeHus Krr Huskas <1,5 1,00
Koadduiment neognopon-
HOCTH pacrpeeeHust VYwmepennas 1,5-2,0 1,05
aracos B TPaHULAX | TToppmennas 2,0-2,5 1,20
MecTopokaeHUs Kips™
Bricokas >2,5 1,35
<3 % Huzkuit 1,00
>3-10 % Cpenuuit 1,30

I'muancTocTh  mepepabaThiBaéMbIX — IMECKOB  (TI0
MAacCOBOM J0jiIe TJMHUCTOM cocTtaBiptomied B | >10-20 % IloBblmeHHbIi 1,80
nepepadaThIBaeMBbIX Meckax, %) K

>20-30 % Bricokmuii 2,40
>30 % OuyeHb BLICOKHH 3,00
<3 % Huzkuii 1,00
>3-10 % bazoBrlit 1,05
-0,5+0,25 Mmm
>10-30 % IloBEITICHHBIH 1,10
Koadpumment BITUSTHUSI
PaHyJIOMETPUIECKOro >30 Bricokuii 1,15
cocrtaBa 30JI0Ta Ha BBIOOP
TIPOMBIBOYHOTO <3 % Huzkuii 1,00
0bopynosarms >3-10 % Basosbiit 1,10
-0,25+0,125 MM
>10-30 % IloBbIICHHBIH 1,25
>30 Bricokmii 1,35
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[Tponomxenue Tadauib 3.4

HaumenoBanwue akropa VYcnosue Koaddumment

<3 % Huskunii 1,00

Koadpumment BITUSTHUS . y

IpaHyJIOMETPHYECKOTO coctasa | oo >3-10 % basospii 1,20

30J10Ta Ha BBIOOP MPOMBIBOYHOTO ’ ~10-30 % TTOBBILICHHbII 135

obopynosanust Kyp
>3( BrIcokuii 1,45
<0,10 xr/m® (1o 100 /M) 0,90
>0,10-1,0 kr/m? 1,00

Koaddurment BIIASTHHS COMYTCTBYIOIIHUX

TSDKEJBIX MUHEPAIOB Ky >1,0-2,0 xr/m3 1,20

(mo conepkaHUIO TsDKEJIOW (Ppakiuu B TecKax,

Kr/M®) >2-10 xr/m3 1,50
>10-30 kr/m? 2,00
>30 xr/m? 3,00

['pannuHOe 3HaueHne nokasarenei K oTHOCHTCS K HHTEpBAJIAM, Il KOTOPBIX OH
ABJISICTCS BEpXHEHN rpaHulied. Hanpumep, npu 3Ha4eHUH noKasaressi HEOJHOPOAHOCTH
pacopeaenenus 3anacoB 2,0 mpuHumaerca Kips = 1,05, mockonbky 3Hauenue 2,0
SIBIIIETCS BEPXHEU IpaHulield HHTepBalla yMepEeHHOM HeogHOpoaHOCTH (cBbite 1,5 mo 2,0
BKJIIOUMTEILHO).

JUis KOJIWYECTBEHHOTO OOOOIIEHHUSI COBOKYIIHOTO BIUSIHUS PAaCCMOTPEHHBIX
(bakTopoB B HacToOsAIIEH padoTe Mpe/IaraeTcs CIoIb30BaTh HHTETPAIbHBIN MOKA3aTENb
TEXHOJIOTUYECKOM CJIOKHOCTU mepepabOoTKu TecKoB Kuur, oOmNpenensieMblid  Kak
MPOU3BEJCHUE OCHOBHBIX YAaCTHBIX KOA((UIMEHTOB, PACCUMUTHIBAEMBIN MO (opmye
(3.4):

Kunr = Ker X Ky X Kyrs X Kpy, (34)
rae Ky - koapdpunuent re0JIOr0-TEXHOJIOTUYECKOM CJI0KHOCTH
MECTOPOKIACHUS;

Kix - k09 purmeHT rmmHuCTOCTH IepepadbaThiBaEMbIX TIECKOB;
Kip - K03ddULMEHT BAUSHUSA TpaHyJIOMETPUYECKOr0 COCTaBa 30JI0Ta Ha

BBIOOP POMBIBOYHOI'O 000PY/I0BaHHUS;

Kin - K09 duieHT BIusHUS COMYyTCTBYIOMINX TSHKETBIX MUHEPAJIOB.
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Bennuuna Ky HE SBISIETCS TPSMBIM TMOKa3aTeIeM TEXHOJOTHYECKHX MOTEPh
30J10Ta ¥ HE 3aMEHsIeT cO00M eTanbHble Pacu€Thl U3BICYECHUS, OJHAKO XapaKTepU3yeT
COBOKYIHYI0 TEXHOJIOTHYECKYI0 CIIOXKHOCTh IEepepadOTKH IECKOB M  MOXKET
UCIIOJIb30BaThC ~ Kak  OOOOMIEHHBIM  KpUTEpHl  NpeIBapUTEIBLHOTO  BbIOOpa
palMOHAIBHON TEXHOJIOTMYECKON CXEMbl U THUIA IPOMBIBOYHOTO oOopynoBanus. [lpu
atoM Kodhdumment Ky ompenmensiercs Kak cymMMa YacTHBIX KOI(DQPHUIIMEHTOB 110
OTJIETBHBIM KJIACCaM MEJIKOTO ¥ TOHKOTO 30JI0Ta, BCJIEACTBHE YEero MHUHUMAJIbHO
BO3MOKHOE 3HaueHHe Kuur Jaxke st HanbOosee 01arompusATHBIX YCIOBUN MPEBBIIIACT
EIMHMUILY.

[Tpu 3nauenusx Kuur B penenax 2,7 < Kuur < 5,0 ycinoBus nepepaboTku cieayeT
OTHOCHUTb K CPAaBHUTEJILHO OJIaroNpUATHBIM. [{7151 TaKuX OOBEKTOB XapaKTEPHBI POCTHIE
re0JIOTO-CTPYKTYPHBIE ~ YCIIOBUSA, HU3Kas TJIWHUCTOCTh TECKOB, OrPaHUYEHHOE
coziepKaHue THKENBIX MUHEPAJIOB M CPABHUTEIBLHO HEBBICOKAS JJOJISI MEJIKOTO U TOHKOTO
3070Ta. B JaHHBIX YCIOBHSX JOMYCTUMO NPHUMEHEHHE TPOCTHIX IIUIIO30BBIX U
THIPORJIEBATOPHBIX CXEM, €CIIM COJIEp)KaHHe TOHKUX KJIACCOB 30JI0Ta HE SBISIETCS
onpeaensomuM (akTOpOM TEXHOIOTHYECKUX MOTEPD.

ITpu 3Hauenusx Ky B tuanaszone 5,0 < Kiuwr < 10,0 ycnoBus nepepaboTku cienyer
paccMaTpuBaTh Kak YMEPEHHO CJIOXKHbIe. JlJig TaHHOW rpynmbl 0ObEKTOB XapaKTEPHbI
CPEIHsSIsI WIN MOBBIIIAIOIIASCS TJIMHACTOCTh NIECKOB, YMEPEHHOE COJIEPHKAHUE MEIKOTO
30J10Ta, HaJU4YHM€ TMPUPOJHO-TEXHOICHHOW HAPYIIEHHOCTH, a TaKXe YCUJICHUE
IPOCTPAHCTBEHHOW HEOJAHOPOAHOCTH PaCIpeIeiCHHs 3amacoB. B momo0OHBIX yCIOBUSIX
HamOoJiee pAIMOHAIBHBIM PEIICHHEM CTaHOBUTCS HCIIOJIb30BAaHUE CTaHJIAPTHBIX
00UYEYHO-IITI030BbIX JIMOO CKPYOOEPHO-IILITF030BBIX MPUOOPOB.

[Ipu 3HaueHunsX Kuur B ipepenax 10,0 < Kuur < 15,0 00BEKT clleqyeT OTHOCUTD K
KaTeropuu TEXHOJIOTMYECKH CIOXKHBIX. JIJisi JTaHHON 00J1acTH XapaKTEPHBI MOBBIIICHHAS
[JIMHUCTOCTh, CYUIECTBEHHAs JOJS MEJIKOr0 U TOHKOrO 30JI0Ta, a TaKK€ BO3pacTaHue
[UIMXOBOW Harpy3ku. B Takux ycCIOBHUSIX paIlMOHAIBHBIM pEIICHUEM SBISICTCS
npUMeHEeHUEe OOYEYHO-IIUTIO30BbIX TPUOOPOB C Pa3BUTON CXEMOW MOJATOTOBKH MECKOB,
oonee  »¢G(deKTUBHONW  JAE3UHTETpalMeld, JOMOJHUTEIbHBIM  TPOXOYCHHEM U

BO3MOKHOCTBIO PCTYJIHMPOBAHNA pacxoda BOAbI U PACIIPCACICHUA ITYJIbIIBI.
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[Tpu 3nauenusx Kuur> 15,0 ycrnoBus nepepaboTku ciaeayeT OTHOCUTh K KaTETOpUH
BBICOKOW  TEXHOJOTMYECKON  CIOXKHOCTH. (OOBIUHO 93TO TEXHOTEHHBIE  JHOO
rry0oko3aneraione OOBEKThI, XapaKTepU3YyIOIIUecs] OJHOBPEMEHHO  BBICOKOM
TNIMHUCTOCTBIO, 3HAYUTEIBHON JTOJIEM TOHKOTO 30JI0Ta M MOBBIIMIEHHBIM COAEpKaHUEM
TSOKENBIX MUHEpanoB. B mMog0OHBIX YCIIOBUSX PallMOHAIIBHBIM SIBISIETCS MPUMEHEHUE
TEXHOJIOTUYECKH dA(PPEKTUBHBIX TPOMBIBOYHBIX KOMIUIEKCOB, 00€CIEeUNBAIOIINX
peryJupyeMbiii peXuM paboThl, YCTOMYMBOE COOTHOIICHHUE KUJKOW U TBEpION ¢a3
MyJbIIbl, PABHOMEPHOE pachpeieieHue MOTOKa M0 MUI3aM W MOBBIIIEHHYIO
3¢ (HEKTUBHOCTD YJIABIWBAHUS MEIKOTO0 W TOHKOTO 30JI0Ta (MPUMEHEHUE OTCAIOYHBIX
WJIM UHBIX CXEM C HEMPEPHIBHBIM BBIXOJIOM KOHIIEHTPATA).

[IpakTyeckoe  3HAUY€HWE  MOpeAJlaraéMoro  MOJAXoJa  MOXET  ObITh
MPOUJUTIOCTPUPOBAHO HA YCJIOBHOM INPUMEPE POCCHITHOTO 0OBEKTa CO CIIEAYIOUIUMU
XapakTepucTUKaMu: MecTopoxaeHue texHorenHoe (K, = 1,30), riyboko3aneratoiiee
(Ksan = 1,20), ¢ BBICOKON HEOAHOPOAHOCTHIO pactpeneneHus 3anacoB (Kiups = 1,35),
TJIMHUCTOCTHIO TTeckoB 18 % (K = 1,80), coneprkanuem 3o00ta kiacca -0,5+0,25 MM Ha
ypoBHe 15 % (1,10), knacca -0,25+0,125 mm - 12 % (1,25), knmacca -0,125 mm - 8 % (1,20),
a TakkKe cojyiepkaHueM TsokEnbx munepaioB 1,5 kr/m? (K = 1,20). B aToM cinydae

K. =130x% 1,2 x 1,35 = 2,106;
Ko =110 + 1,25 + 1,20 = 3,55
TOrJa:
Kur = 2,106 x 1,80 x 3,55 x 1,20 = 16,15

[TonydyeHHoe 3HaY€HUE COOTBETCTBYET BBICOKOW TEXHOJIOTHYECKOW CIIOKHOCTH
nepepaboTKu, NpU KOTOpoM Haumbosiee OOOCHOBAHHBIM PEUICHUEM  SIBISIETCS
UCIOJIb30BaHUE OOYEYHO-IIUII030BOr0 KOMIUIEKCA C Pa3BUTON CXEMOW MOJATOTOBKHU
neckoB, A((PEeKTUBHON AE3MHTErpalUeid, PEryJIupyeMbIM pacXxoJ0M TEXHOJOTUYECKON
BOJIbI 1 BOBMOXKHOCTHIO CTAOMIIM3AIIMU TTapaMETPOB ITYJIbITBI, TI0/IaBa€MOM Ha MUTIO3A.

Takum o0Opazom, MNpensioKeHHAs CHUCTEMa DPaHXUPOBAHHBIX KPUTEPUEB U HX
KOMITJIEKCHAsI WHTEPIPETANNs MO3BOJSIOT YCTAHOBUTH HAYYHO OOOCHOBAHHYIO CBS3b
MEKy T€0JI0Tr0-TEXHOJIOTUYECKUMH XapaKTEPUCTUKAMH POCCHITHOTO MECTOPOKICHHS U

paHHOHaHBHOﬁ 0071aCTBIO IPUMCHCHUA Ppa3INYHBIX THUIIOB IMIPOMBIBOYHOT'O
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obopynoBanus. IlpakTudeckas IIEHHOCTh JAHHOI'O IIOJXO0Ja 3aKIIOYaceTCs B
BO3MOKHOCTH YK€ Ha CTaJ1U MPEIBAPUTEIIHHOTO MPOESKTUPOBAHUS ONPEICTUTh, B KAKIX
YCJIOBUSIX JIOMYCTUMO HCIOJIB30BaHUE IMPOCTBIX ITPOMBIBOYHBIX CXEM, a B KaKHUX
TpeOyeTcsi Tepexoa K 0oyiee COBEPIICHHBIM OOYEUHO-IIUTIO30BBIM KOMIUIEKCAM C

Pa3BUTOM CUCTEMOW MOJATOTOBKH IIECKOB U PETYJIMPOBAHUS TEXHOJIOIMYECKOTO PEKMUMA.

3.7 BeiBoaBI IO IJ1aBe 3

1. YcraHoBiieHO, YTO BBIOOP MPOMBIBOYHOIO OOOpYJOBaHUS ISl mepepaboTKu
IIECKOB POCCBIMHBIX MECTOPOXKACHUI 30J0Ta JIOJDKEH OCYIIECTBIATHCS HAa OCHOBE
KOMIUIEKCHOTO y4€Ta TOpPHO-T€O0JOIMYECKHX M TEXHOJIOIMUECKHUX YCJIOBHM OOBEKTa.
[TokazaHo, 4To ompenenstollee 3HaYeHUE Il 0OOCHOBAHUSI TEXHOJOTUYECKOM CXEMBI
UMEIOT THUIl MECTOPOXKICHMS, YCJIOBHS €ro 3ajeraHus, CTENEeHb HEOJAHOPOIHOCTH
pacrpenesneHus 3anacoB, INIMHUCTOCTh MECKOB, TPaHYJIOMETPUYECKHUI COCTAB 30J10Ta U
coJiepKaHUe COMYTCTBYIOIIUX TSKEIBIX MUHEPAJIOB, OCKOJIbKY HIMEHHO COBOKYITHOCTh
TUX (PaKkTOpoB (GOPMHUPYET TEXHOJIOTHUYCCKYIO CIOKHOCTh MEpepabOTKH U BIUSET Ha
MOJIHOTY M3BJICYEHUS 30JI0TA.

2. JImg KONMMYECTBEHHOW OIEHKH YCIIOBHMA TEpPEepadOTKU TMpEJIoKeHa CHCTEMa
ko3¢ puLreHToB, BKIOYatomas Kod(h(UIIMEHT reosoro-TeXHOJIOTHYECKOH CI0KHOCTH
Mectopoxkaenuss Kr, koadpdumueHnt rimHUCTOCTH T1eckoB K., Koadduiment
colepKaHUsl MEJIKHX M TOHKUX KiaccoB 3ojoTa Kip, KodhduimeHt BiusHUSA
CONYTCTBYIOIIUX TSKENBIX MHUHEpanoB Ky, a TakkKe HHTErpajbHbI I10Ka3aTellb
TEXHOJIOTMYECKON CIIOKHOCTH TnepepaboTku Kiwr. Ilokazano, 4Tro ucnomab3oBaHue
JAHHOW CHUCTEMBI TIO3BOJISIET (HOPMAIM30BaTh BIWSHUE OCHOBHBIX MPHUPOAHBIX U
TEXHOJOTUYECKUX (AKTOPOB, CONOCTABUTH OOBEKTHI 1O CTENEHU CI0KHOCTU
nepepabOTKM U HCIOJIb30BAaTh PE3YyJbTaThl PAaHKUPOBAHUS [UIsl NPEABAPUTEIBHOTO
BbIOOpA PalIMOHATILHOTO TUIIA POMBIBOYHOTO 000PY/I0BAHUS.

3. VYcTaHOBIIEHO, YTO MO MEpEe YCIOXKHEHHUS YCJIOBHH mepepaboTKu - Mpu
NOBBIIIEHUH NNIMHUCTOCTU NIECKOB, YBEIUYEHHUH JIOJIM MEJIKOIO ¥ TOHKOTO 30J10Ta, POCTE

IJIUXOBOM Harpy3kKm, a TaKiKXC IIpH TEXHOT€HHOM HAapyYIICHHOCTH U BBICOKOM
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HEOJHOPOJTHOCTH  pAaclpesiesieHHs]  3almacoB -  BO3pacTaloT  TpeOoBaHMs K
TEXHOJIOTUYECKOU A(PPEKTUBHOCTH W aJAaNTUBHOCTH MPUMEHSEMBIX MPOMBIBOYHBIX
KOMIUIEKCOB. DTO MOATBEPKAAET, YTO HCIIOJb30BAHUE MPOCTHIX MPOMBIBOYHBIX CXEM
palMOHAIBHO JIMIIb MPU CPABHUTEIHHO OJIATONPUSITHBIX YCIOBUSIX, TOTJA Kak MJis
CJIO)KHBIX OOBEKTOB TpeOyeTcs NpUMEHEHHE O00Jiee COBEPIICHHBIX TEXHUYECKUX
pELICHUMN.

4. B pe3ynbTaTe HWHTEPHPETALUHU PAHKUPOBAHHBIX KPUTEPUEB YCTAHOBJIICHA
HAay4YHO OOOCHOBAaHHAsl CBSI3b MEXKIY I€0JOr0-TEXHOJOTHYECKUMHU XapaKTepUCTUKAMU
POCCBHIITHOTO MECTOPOXKJICHUS U PAlMOHAIBHONW OOJACThIO MPUMEHEHUS Pa3IWYHBIX
TUIIOB MPOMBIBOYHOTO 000pyaoBanusl. [lokazaHo, 4To mpu Bo3pacTanuu Koddduiiuenta
WHTETPAJIbHON TEXHOJOIMYECKONW CIOKHOCTH HauboJiee OOOCHOBAHHBIM SIBISIETCS
nepexoj K 004eUHO-IIITI030BbIM KOMILIEKCAM C Pa3BUTOM CXEMOMW MOJATOTOBKHU MECKOB,
3 PeKTUBHON AE3UHTETpaLNCH, PETyIUPYEMbIM PACXOJOM TEXHOJOTHUYECKON BOIBI U

BO3MOXHOCTHIO CTAOMIIM3AIIMU TTApaMETPOB ITYJIBITBI, TI0JIABAEMOM Ha IILTI03A.
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4 TEXHUKO-9KOHOMHNYECKHUE ITIOKA3SATEJIN DOPPEKTUBHOCTH
BHEJIPEHMS IBIII-100 C CACTEMOM YIIPABJIEHUSA XK:T

4.1 CpaBHeHue 3¢ PeKTUBHOCTH NPUMEHEHNSI HA BLICOKOTJIMHHUCTOM

MecTOpOKIeHNH Pyubsi ChipaH npomMbiBOYHbIX pudopos ' u ITBII

B pamkax nuccepraiinoHHOM paOOThl OCHOBHOW aKIIEHT C/eJIaH Ha 0OOCHOBAHHUH
aKTyaJlbHOCTHU M OKOHOMHUYECKON S()PEKTUBHOCTH MOJIEPHUBAIMH TPOMBIBOYHOTO
o0opynoBaHus Ha ydyacTke pydbs CeipaH (XabapoBCcKuii kKpail), HEOOXOIUMOCTb KOTOPOH
0o0yCJIOBJI€HA CHM)KEHUEM DSKCIUTYyaTAl[MOHHBIX 3aTpaT W TMOBBIIICHUEM W3BJICUYCHUS
30J10Ta TPU COXpaHEHUH O00BEMOB n0ObuM. Jlo 2022 r. TexXHOJIOrHYecKas cxema
Bimouyana  aBe  ycraHoBku  [ITHI-II-50,  oOecneumBaromye  CyMMapHYIO
MPOU3BOAUTEILHOCTE OKoo 100 M*/4, ogHako TpeOyrolue MOBBIMICHHOTO Pacxoja
TOIUIMBA U 3HAYUTEIBHBIX TPYA03aTpaT Ha 0OCITYKUBAHUE U UMEIOUTUE OOJIbIIINE TOTEPU
POCCBIITHOTO 30J10Ta, HAYWHAS C KJIacCOB KpynmHOCTH 0,5 MM 1 HHUXKE.

JI71st 00bEKTUBHOM OlEHKH SKOHOMUYecKoi dddextuBHOoCcTH TIepexoaa Ha [1BIII-
100 u cpaBHeHHs MOKa3zaTeNed ATUX JBYX MPOMBIBOUYHBIX MPUOOPOB JIOTUYHO CHayasa
MpOAHAIN3UPOBATh, KAK B AHAJIOTMYHBIX YCIOBUSIX paboTaeT 0a30BbIA BapUaHT -
aneBaTopHbI  mpoMbiBouHbIA  mpubop  [IT'IH-II-50, wucnons3yromumiics  Ha
MeCcTOpOkaeHUHN pyubsd Chipad. Takol aHanu3 MO3BOJSAET KOJWYECTBEHHO ONPENEIUTD
KOHCTPYKTUBHBIE OTPAaHUYEHUST M TEXHOJOTMYECKUE IOTEPU HMCXOJHOM CXEMbl H
dbopmupyeT UCXOAHYIO0 0a3y JIsl TOCIEAYIOIIEr0 CPAaBHUTEIBHOTO UCCIEIOBaHUS.

OneBatopHble mpombiBouHble TpuOopel TII'II-II-50 Ha MecTopoxkaeHUU pyu.
ChIlpaH WMEIOT MPAKTUYECKH OJMHAKOBBIC MapaMeTphl (AJMHA IILII030B, IIUPHUHA,
pa3Mepsl BalrepaoB). @akTuyeckasi MPOU3BOUTEIBLHOCTb COCTaBIseT NpuMepHO 40-45
M>/a. Bce mpubophl paboTaloT B mape ¢ HacOCHOM ycTanoBkoi 1J1-1250-63 ¢ qeurarenem
AM3-240M2.

[TpomeiBounbIit ipubop IIT'II-I1-50 coctout u3 muIt03a riry0bOKOro HarmoJIHEHUS
nuHOM 7,6 M u mmpuHoi 1 M. TlepBast TpeTh U032 OTAEIEHA TOPOTrOM, BTOPOU TOpOT

YCTAHOBJICH IICPCA cerolen IMOBCPXHOCTBIO B KOHIIC IUIKO34, OAJICC HACT CCrolas
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MOBEPXHOCTh, HA KOTOPOM MPOUCXOJUT PACCEB MO KIACCy KPYNHOCTH -12 MM (-16 Mm).
Ceromas IIomab COCTABIAET OKONIO 1,6 M, IIOCII€ KOTOPO# yCTAHOBJIEHO TPH HIIIO34:
LHEHTPAJIbHBIN NUTI03 (KOHTPOJIbHBIN) - mupuHO# 0,6 M 1 JyinHOM 3,5 M; ciipaBa U cieBa
YCTaHOBJICHBI JIBAa IIUIK03a MEJIKOTO HAIOJHEHUs IUMpPUHON 1 MeTp u juunHoit 3,5 meTpa.
[Tocne pacceBa ppakuus -12 mm noctynaer Ha IIIMH, a ¢ppakius -70+0 MM noctymnaer
Ha KOHTPOJIBHBIN 1UTI03. CyMMapHas 1Iomaas yaaBIuBaHus Ha mpudope coctapisier 16
M2,

I1o KOHCTPYKTUBHBIM OCOOEHHOCTSM NpUOOpPA CTOUT OTMETUTH, YTO O0OTaIllEHHE
3o70t1a ¢paknuii -0,5 MM Ha MUTI03aX TIyOOKOro HamoJlHeHus OyaeT Manod(pPeKTUBHO,
BBHJly OOJIBIION CKOpPOCTH MOTOKa (2,5-3 M/c), OONMbLION KOHUEHTpaluud B3BECH B
ob0opoTHO# Boze (50 1/11 1 BbINIE), YTO MPUBOIUT K 3HAUUTEIBHOMY CHOCY METaJlIa CO
IIIT'H. T'poxoueHne Ha MONMYPETaHOBBIX cuTax B mutanuu [IIMH mnomanso 1,6 m?
HEJIOCTATOYHO, 4TOObI A(PGEeKTUBHO NPOU3BECTH PACCEB TAKOTO KOJIUYECTBA
nocTymnapmux Ha Hux neckoB. Kiaccuueckass xkoHcTpykius [ITII-11-50 ¢ GoxoBoit
YCTaHOBKOM 4-6, a nHorga u 10 HUTI030B MENKOIO HAIOJIHEHUS MMEET, KaK IpPaBUIIo,
ceromyro miomans 4 m> um Gonee, yro B 2,5 pasa Oonblie, 4eM Ha mpuOOpax
MeCTOpOXaAeHUs pyd. ChIpaH.

[Tnomans ynasmusanus IIIMH cocrasisier Bcero 7 M2, Ipu 5TOM Ha IpHOOpax ¢
6okoBeIM BeIxozoM IIIMH wmx mmomans cocrasiser ot 10 mo 22,5 m2. Ilpu stom
yYBEJIMYECHHE TUIOMIAAN TPOXOYEHUSI HA TaKUX MPUOOpax MPHUBEIET K MEperpy3ke ABYX
HIMH, nosTtoMy KOHCTpyKLus mpubopa pazpaboTaHa TakuM 00pa3oM, YTO OOJbIIas
4acThb MMOPOJIbI MPOXOAUT IO KOHTPOJIBHOMY LIUTO3Y IIMPUHOMN Becero 0,6 MeTpa, MUHYS
[IIMH.

B pesynbpraTe aHaiM3a CUTOBBIX XapaKTEPUCTHUK, MPEACTABICHHBIX HA PHUCYHKE
4.1, BUAHO, YTO MIECKU, OOOTAI[aEMBbI€ HA TPOMBIBOYHBIX MPUOOPAX MECTOPOKIACHUS PYY.
CeIpan, cozepkar, B OCHOBHOM, YaCTHIIbI 30J10Ta B KJIACCE€ KPYMHOCTH -1,0 MM, BBIXOJI
aTOro Kjacca coctapisieT ot 70 % no 75 %, a knacca kpynHoctu meHee 0,5 mm ot 33 %

10 38 %.
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Brixon kiaacca, %

4 -4,042,0 2,0+1,0 -1,0+0,5 -0,5+0,25 -0,25+0,125 0,125
Kiaace kpynmHocTH, MM

—HI'tI-11-50 —+=IIbII-100c peryiuposkoii AK:T  —IIBII-100

Pucynok 4.1 - CpaBuenue cutoBok ¢ mpubdopos I[TBII-100 u IT'TII-11-50 mo xacce

Y CTaHOBIICHHBIE U YK€ PAHEE M3BECTHBIE KOHCTPYKTUBHBIE W TEXHOJIOTUYECKUE
orpannyenus [II'TI-II-50 npegompenensroT CclIeayronlylo 3aaady HCCICAOBAHUS -
ONpPENENINTh, KAaKWUE€ HMEHHO OHKCIUIyaTallMOHHBIE ITapaMETphbl MII030B BbI3BIBAIOT
HauOOJBIINE TIOTEPHU JPArolleHHOTO METaljla U B KakOW Mepe peryJupoBKa 3THX
napameTpoB Ha [1BI11-100 cnocoOHa X CHU3UT.

OnHa U3 OCHOBHBIX NMPUYMH MOBBIMIEHHBIX NOTEPH 30J0Ta BO BPEMS MPOMBIBKU
IIECKOB - CHOC YaCTHI[ 30JI0Ta CO LIJIIO30B BCIEACTBHE NEPETPYKEHHOCTH ILIIO30B IO
XK:T, a Takyke HEPaBHOMEPHOCTH UX 3arpy3Kd M 3a3(enrBaHus. Y Ka3aHHbBIE MPOIIECCHI,
B CBOIO OY€pelb, 3aBUCAT OT YKJIOHA MUI03a, 00BbeMa pacxoia BOJAbI, HAarpy3Ku M
KPYITHOCTH MaTE€pHAJIa, MOCTYNAOIIETO Ha IUTIO3.

Ha rungposneBaropubix npudopax tuna [1I'I u3 yeTbipex Ha3BaHHBIX TAPaAMETPOB
TPU SIBIIAIOTCS TOCTOSTHHBIMU. Y KJIOH IIUTIO3a 3aJak0T B Iipeaenax 6-8 rpagyco. Pacxon
BOJbl ONpEAENIIETCS OCTAaTOYHBIM HANoOpOM Ha HacaJkax THApPOd3JEBaTopa H
TUAPOMOHUTOPA U UX MPOXOJHBIMU C€YEHUSIMU. TOIBKO OHMH MapaMeTp - Harpy3ka Ha

IUII03 - MOKCT H3MCHATHLCA B MHIMPOKUX IPCAciax BCICACTBUC HCCOBCPIICHCTBA
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YCTPOMCTB I JO3UPOBAHUS NHUTAHWS TUIAPO3JIEBATOPAa M, JIOCTUIasl MpPEAEIIbHON
TPaHCHOPTUPYIOIIEH CTOCOOHOCTH MOTOKA, BHI3BIBATH A()EJICHUE LIUTI03A. Y UUTHIBAS, YTO
o0ecreynTh paBHOMEPHOCTb M0J1a4M MUTAaHUS B OYHKEp r'HIPO3JIEBATOPA BECbMA TPYIHO,
PEKOMEHAYETCSl TMPUIAEPKUBATHCS CpeaHeld Harpy3ku, kotopas Ha 40-45 % Humxe
MPENEIbHON HArPy3KHU.

B ornnume ot rumgposneBaTopHbiXx ycTaHoBoK, Ha IIBIII-100 Bce wuyeTkipe
napamMeTpa MOTYT pPEryjJupoBaThbCsi M, CIEJOBATEIbHO, TOJDKHBI TMOIOUpAThCS B
ONTUMAJIBHBIX COYETAaHUSAX, HCKIIYAIUX 3(eleHne LUI03a U 00eCHeYrBaIOIINX
HauOoJIblIee U3BJICUEHNE KaK KPYITHOTO, TaK U MEJIKOTO 30J10Ta.

Ho wna IIBII-100 nmpenoTBpamieHue cHoca 30J10Ta JOCTUTAETCsl COBMECTHOM
KOPPEKTUPOBKOM YKJIOHA, pacxoJa BOJAbI, KPYNHOCTHM NWTaHUS M HArpy3ku, C
oOs3aTenbHOU perynupoBkoil JXK:T. [loanepkanue 3TUX mapaMeTpoB B PEKOMEHYEMbIX

npenenax ooecneyrBaeT CTabMIbHYI0 padboTy IIII030B 1 MUHUMAJIbHBIE TOTEPH 30J10Ta.

4.2 OueHka 3k0HOMUYeCcKOi 3¢ PeKTUBHOCTH BHEIPEHHS CHCTEMbI

peryJMpoBaHus MYJbIbl HA MLTH03aX

KoppektupoBka pacxoma BOAbl B pealbHOM BpPEMEHU CTaOWUIM3UpOBaa
rugpoanHamudeckuii pexum Ha [IIMH IIBII-100, 4yro HampsiMyr OTpa3ujaoCh Ha
U3BJICYCHUHU MEJIKOTO 30710Ta (Tadmuiibl 4.1-4.3). JlanHble TpeACTaBIEHBI 32 CYTKH.

Comnocrasienue tabaui 4.1-4.3 mo3BossieT CACIaTh BBIBOJ, YTO HAWOOJIBIIMI
abdext perynupoBanue XK:T oka3piBaeT MMEHHO Ha H3BJICYEHHE TOHKHX KIIACCOB
3ono0T1a. Tak, macca ¢pakuuii menee 0,25 mm yBennuuBaetrcs ¢ 27,84 r na [I'I-11-50 no
36,71 r na I1BIII-100 6e3 perymupoBku u g0 48,05 r Ha [1BI1I-100 ¢ perymuposkoii X:T.
DTO MOATBEPKIACT, YTO COBEPIICHCTBOBAHUE PEKUMA T0/IauH MYJIbIIBI U CTa0UIu3aIus
COOTHOILICHHSI XKUAKON U TBEPAOU (ha3 Ha LLTI03axX oOecrneunBaroT Oosee A3P(HEeKTUBHOE
yJIaBJIMBaHUE MEJIKOTO U TOHKOTO 30JI0Ta, KOTOPOE B HAMOOJBIIEH CTETIEHH MOABEPKEHO
MOTEPSIM MIPU HAPYIICHUHU THAPOJUHAMUYECKOTO PEKUMA.

[IpencraBieHHbIE TaHHBIE MO3BOJISIIOT 3aKIIOYUTh, 4TO nepexoa oT IIT'I-I1-50 k

[TBII-100 y>xe cam 110 ce0e MOBBIMIACT U3BJICUCHUE TOHKUX (hPaKIIHii, a JOTIOJIHUTEIHHOE
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perynmupoBanue JK:T ycunuaer 10T 3¢dext. CrenoBaTelbHO, PA3IAYUST MEXKIY
tabmunamu 4.1-4.3 oTpakatoT HE MPOCTO U3MEHEHUE TPaHYJIOMETPUUECKOTO COCTaBa
[UINXA, a IOATBEPKIAIOT TeXHoIornueckoe npenmyiectso I1BII-100 ¢ perynupyemsim

PECKHUMOM pa60TBI Ipu nepepa60TI<e IMCCKOB, COACPKAIIHUX 3HAYUTCIIbBHYIO OOJIXO

MCECJIKOI'O 1 TOHKOT'O 30JI10TAa.

Tabnuna 4.1 - CutoBoit aHaM3 pOCCHITHOTO 30J10Ta ¢ mpubopa [1BII-100

Knacc kpynaoctu, Mm
Bcero
+4,0 | -4,0+2,0 | -2,0+1,0 -1,0+0,5 -0,5+0,25 | -0,25+0,125 | -0,125

Macca

[IJIMXOBOTO | 6,35 4,81 28,06 115,34 55,05 33,08 3,63 246,31
30JI0Ta, T

I[OMO 2,58 1,95 11,39 46,82 22,35 13,43 1,47 100,00
nxa, %

Tabmuna 4.2 - CutoBOoil aHanmu3 pocchimHOro 3o0so0ta ¢ npudopa I[IBII-100 c

perynupoBkoit X: T

Kiacc xpynHoctu, MM
Bceero
+4,0 | -4,0+2,0 | -2,0+1,0 | -1,0+0,5 | -0,5+0,25 | -0,25+0,125 | -0,125
Macca
IIUTAXOBOTO | 4,65 3,70 19,35 104,85 57,95 44,10 3,95 238,55
30J10Ta, T
Hons
nutxoBoro | 1,95 1,55 8,11 43,95 24,29 18,49 1,66 100,00
30510Ta, %
Ta6nuia 4.3 - CutoBoit aHanu3 pocchimHOro 3o0j0ta ¢ npudopa [I'I-1I-50
Knacc kpynaoctu, Mm
Bcero
+4,0 | -4,0+2,0 | -2,0+1,0 | -1,0+0,5 | -0,5+0,25 | -0,25+0,125 | -0,125
Macca
HUTHXOBOTO | 5,61 3,04 35,33 106,89 88,58 25,87 1,97 267,29
30J10Ta, T
Jons
numxosoro | 2,10 1,14 13,22 39,99 33,14 9,68 0,74 100,00
30710Ta, %
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['panynomMeTpuyeckuil aHaiM3 MUIMXOBOTO 30J0Ta, OTOOPAHHOIO CO IILIIO30B
o0onx mpuOOpPOB, TMOKa3ajd CYIIECTBEHHBIH HPHUPOCT COACPKAHHUS TOHKOTO 30JI0Ta

(ppakumu < 0,25 mm) ipu padote [TBII-100 (Tabnuna 4.4).

Ta6numa 4.4 - Macca ToHKHUX Kj1accoB U npupocT uspnedenus mo [1BII-100 u TTT'TI-II-

50 3a cyTkmn
Macca, r b z il Tlons @ .
HaunmenoBanue npudopa ] PARIITH O Dpariin
nuImxa 0.25+0,125 -0,125 MM -0.25 Mm, -0,25 mm, %
MM r
[T'T-11-50 267,29 25,87 1,97 27,84 10,42
[1B111-100 246,31 33,08 3,63 36,71 14,90
[TBII-100 ¢ perynmupoBkoi XK:T | 238,55 44,10 3,95 48,05 20,15
Pa3nwuma B Beixoze Tonkux ¢pakuumii [TBIII-100 u TTBII-100 ¢
. 11,34 5.25
perynupoBkoi XK:T

[lo nanabiM Tabmuusl 4.4, npu npumenenuun IIBII-100 ¢ perynupoBanuem
oraomenust JX:T macca u3Bneu€HHBIX (Ppakiuii 3010Ta KpynHocThio MeHee 0,25 mm
coctaBuia 48,05 r, yTo npeBbiaetT cooTBeTcTByOMKE Mokazarenu [II'I-11-50 u [TBII-
100 6e3 perynupoBanust Ha 20,21 u 11,34 r, unu Ha 72,6 u 30,9 % coorBercTBeHHO. 014
yKa3aHHBIX (ppakuuii B o0IIeH Macce U3BJICUEHHOTO 30JI0Ta MPU 3TOM YBEIMUUIIACH C
10,42 % nns IIT'HH-11-50 u 14,90 % nns TIBII-100 6e3 perynupoBanus 1o 20,15 % npu
ucrnionb3oBanuun [IbIII-100 ¢ perymupoBanuem JK: T, 94TO COOTBETCTBYET pPOCTY HOJIH
dbpaxuuii -0,25 mm Ha 93,4 1 35,2 % OTHOCUTENBHO UCXOIHON AOTU 3TUX (DPAKIIHIA.

OcHOBHOE BIMSHUE Ha YBEJIMYEHUE U3BJICUEHUS OKa3ajlo pEryJIupoBaHue
COOTHOWIEHHUSI KHUJKOTO K TBEPAOMY B ITyJIbII€ HA LUI03aX MeJIKOro HanoiaHeHus [IbIII-
100 MOAEpHU3UPOBAHHOTO.

C DJKOHOMHMYECKOM TOYKM 3pEHHsSI YBEIMYECHHE JOJM MEJIKOro 30J0Ta B
KOHIICHTPATE€ HEMOCPEICTBEHHO OTPa)XaeTcs Ha WTOrOBOM H3BJICYEHUHM MeETalljia H,
CJIEI0BATEIbHO, HAa BBIPYUYKE MPEAIPUITHS.

[Tpupoct xonudecTBa ToHKOU (hpakimu koHreHTpara st [IBII-100

MozaepHuzupoBanHoro u [II'I-11-50 MmoxHo onpenenuts o Gopmyse (4.1):
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AMyopy = Mppim-100M ~ Marw-1-sos (4.1)
II€  MsL-100M- MacCa TOHKON (pakIuy KOHIIEHTpAaTa, oJyuyeHHas: Ha puodope
[IBII-100 MoiepHU3UPOBAHHOM, I/CYT;
Mmrmso - Macca TOHKON (paKIMy KOHILIEHTpATa, MoJy4YeHHas Ha mpuodope
[T'H-11-50, r/cyT.
Amy,y,, = 48,05r/cyt.— 27,84 /cyT.= 20,21 1/CyT.
Tak kak MPOMBIBOYHBIN CE€30H B cpeaHeM mintcs 150 CyT., CE30HHBIA PUPOCT
JOOBIYHM MOYKHO OTPEAENUTh 1o dhopmyie (4.2):
Qpon = AMyouy X D, (4.2)
rae D- AnmurenbHOCTh MPOMBIBOYHOTO CE€30HA, CYT.
Quon = 20,21r1/cyT X 150 cyt = 3031,5T
[Tocme 3ameHbl MPOMBIBOYHOTO TpubOopa u BBeAeHHS peryaupoBku K:T
JOTIOJTHUTENBHYIO BBIPYYKY MOXHO OIPEAeNuTh 1o ¢popmyie (4.3):
AR = Qpon X P, (4.3)
rae P - nena peanusaruu 3o0mo0Ta.
AR = 3031,5rt X 12,2 TeIiC. py6./T = 36984,3 ThIC. pYO.
[Ipupoct macchl TOHKOHN Ppakuuu KOHIEHTpaTa it MoaepausupoBantoro [1BI1I-
100 u I1BII-100 B 6a30B0¥ BepcUM MOXKHO ONIPEACIUTE 0 Gpopmydie (4.4):
AMyeony, = Mppm-100M — MIBLI-100, (4.4)
[A€ Mmpi-100M- Macca TOHKOU (Dpakiuy KOHIIEHTpaTa, oJIy4eHHas Ha mpubope
[TBIII-100 ¢ perynuposkoii XK:T, r/cyT;
MIIBLI-100 - MACCa TOHKOW (PpaklMy KOHLIEHTpaTa, 0JydeHHas Ha pudope
[TBII-100, r/cyT.
Amyoyy = 48,051/cyT.— 36,71 1r/cyr.= 11,34 1/CyT
Ce30HHBIN TPUPOCT AOOBIUK MOKHO ONPENETUTh 1o popmyiie (4.2):
Quon = 11,341/cyT * 150 cyT = 1701r
[Tocne 3ameHnpl NPOMBIBOYHOTO mpubopa M BBeAeHHs peryaupoBku K:T
JIOTIOJIHUTENIbHYIO BBIPYUKY MOKHO ONpeAeUTh o popmyde (4.3):

AR = 1701 x 12,2 = 20752,2 TrIC. pyO.
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Takum oOpazom, gaxe 0e3 yd€Ta MPOUYMX HKCILTyaTAIlMOHHBIX MPEUMYIIECTB
[1BIII-100 moaepHU3UPOBAHHOTO, OAHA Julllb peryiupoBka JX:T yBennuumBaer oo
MEJIKOT0O W TOHKOTO 30JI0Ta B IIJIUXE OTHOCUTEIHLHO CpPAaBHUBAEMbBIX BapUaHTOB
obopynoBanus Ha 93 % no cpaBuenuto ¢ [II'MI-II-50 u Ha 35 % no cpaBuenuto ¢ [1BII-
100 6e3 moxepuuszanuu. Ilpu niaaHoBom 00bEMe H0OBIYM 35 KI' 30J0Ta PEryiavpoBKa
cootHomeHus JK:T obecnieunBaeT JONMOIHUTEILHOE U3BJIeUeHHE 0K0JIo 3,03 Kr 30510Ta
s TIFH-11-50 w 1,7 xr gos [IBII-100 B 6a30BoM BapwaHTE, YTO COOTBETCTBYET
OPUPOCTY TOOBIYM U, COOTBETCTBEHHO, 10Xoaa Ha 8,7 % u 4,9 %.

[IpoBen€HHBINM aHATU3 U pacUeThl MOKA3aJIM, YTO OCHOBHBIM HCTOYHHUKOM MOTEPh
nparoiieHHoro wetauia Ha ycraHoBkax [IT'TI-II-50 sBnsiercss HecTaOMIBHOCTH
TUAPOJMHAMUYECKOTO  pEXHUMa  IUII030B, OOYCJIOBJIIEHHAst  KOHCTPYKTUBHBIMU
0COOEHHOCTSIMU MPUOOPA, a TAKKE MEPUOANUECKON HEPABHOMEPHOCTHIO MTO/1aYH MECKOB.
dukcUpoBaHHBIE 3HAYCHMS YKJIOHA IIUIFO30B, pacxoja BOJAbl U KPYMHOCTH MHUTAHUS
OrPaHUYMBAIOT BO3MOXXHOCTH ONIEPATUBHOM HACTPOUKH mpolecca peryanpoBku XK:T.

ITepexon na ITBIII-100 mo3BoJisIET B 3HAYUTEIBHOM CTENIEHU YCTPAHUTh YKa3aHHbBIC
OTpaHUYCHMSI 32 CUET BO3MOXKHOCTH PETYJIHPOBAHUS OCHOBHBIX TEXHOJIOTHYECKHUX
napaMeTpoB MpoLecca, BKIKYas YKIOH, pacX0[ BOJIbl, KPYITHOCTb TUTAHUSI, HATPY3KY 110
TBEpoMy 1 K:T Ha 1UTI03aX MEXKy UKJIAMU MOJa4u U BO BPEMs MOJIau MECKOB. ITO
CO3J1a€T YCIIOBUS JJIs NMOAACPKAHUS PAllMOHAIIBHOTO COOTHOIIEHUS KUIKOW U TBEPAOU
¢da3 nynbIbl Jaxe Npyu U3MEHEHUU TTPOU3BOAUTEILHOCTH MPOMBIBOYHOTO MTPUOOpA.

JIOTIOTHUTENIbHYI0 CTAaOUITU3AIMIO0 TEXHOJOTUYECKOTO peknMa o0ecreunBaeT
pa3zpaboTaHHas ¥ BHEAPEHHAS aBTOPOM CHCTEMA aBTOMATHYECKOTO YITPABJICHHS MToauen
BOJAbl B mpoMbiBouHbIM  mpubop IIBII-100, cuHXpoHU3upyOmas pacxon
TEXHOJIOTUYECKOU BOJIbI C (PaKTUUECKUM OOBEMOM TMOJJaBAEMBIX MeCKOB. [Ipu cHuxkeHun
MOAAa4M 30JI0TOCOJIEPKAIIUX [TECKOB CUCTEMA YMEHBIIAET pacXo BOJbI, YTO MO3BOJISAET
yaepxuBaTh oTHomieHue JK:T B pacy€THBIX mpejenax U CHMXaTh BEPOSITHOCTh CHOCA
YaCTHI] 30JI0Ta B A()eJIbHBIE OTBAJIBI.

COBOKYITHOCTh YKa3aHHBIX TEXHUYECKUX peLeHui MOATBEPKAAET
TEXHOJIOTUYECKYID U 3KOHOMMYECKYIO 1eJIeco00pa3HOCTh  MOJAEPHU3ALNHU

npombeiBOUHOr0  obopynoBanus. I[Ipumenenue IIBIII-100 ¢  BO3MOXXHOCTBIO
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perynupoBanus oTHomeHus JK:T obOecrmeunBaer Oojee MONHOE WM3BICYCHHE 30J10Ta
pPa3IMUHBIX KJIACCOB KPYIMHOCTH, CHOCOOCTBYET CHIDKCHHUIO JHEPreTUYECKUX U
OKCITYyaTallMOHHBIX 3aTpaT, MOBBIIIAET IKOJIOTHYECKYIO0 3(PGPEKTHBHOCTH Tpoiecca U
co37aT HAIEKHYIO SKCHEPUMEHTANIbHYIO 0a3zy i JaJbHEWIIUX HCCIIeOBAaHUH,

HaIpaBJICHHLIX HAa ONITUMH3alUI0 PCKUMOB pa6OTBI IMPOMBIBOYHBIX HpI/I60pOB.

4.3 BeiBoanl o riiase 4

1. YcraHoBIIEHO, 4YTO  KOHCTPYyKTHBHBIE  ocoOenHoctu  [II'TII-II-50,
OPUMEHAEMBIX Ha TOPHOAOOBIBAIOIIEM YYacTKe, OrPaHUYHMBAIOT 3(PPEKTUBHOCTDH
U3BJIEYEHUS] TOHKOTO 30J10Ta.

2. [Io pe3ynpTraTaM CHUTOBOTO aHajdW3a I[IOKa3aHO, 4YTO B IIECKax
MeCTOpOXKJIeHUs pyd. CbIpaH OCHOBHAs JI0JIS 30JI0TA COCPEAOTOUEHA B Kiacce -1,0 mm
(70-75 %), nmpu srtom pnonst kimaccoB MmeHee 0,5 mm cocrtaBusier 33-36 %, 4TO
000CHOBBIBAET HE00OXOAMMOCTb 1eJIeHaPaBICHHOTO yIPABJICHUS
TUAPOJMHAMUYECKUMH TapaMeTpaMl WMEHHO JJIs TOBBIIMIEHUS HW3BJICUCHHS] TOHKHUX
bpakmuii.

3. Hoka3zano, uro perynmupoBanue cootHomenus JK:T na IIBII-100 B
COUETAHUU C PETyJIHPOBKOW 00bEeMa pacxojia BOAbI B aBTOMATHUYECKOM PEXUME
cTabunu3upyeT rugpoauHaMmuyeckuid pexxum Ha IIMH u npuBOguT K CylIECTBEHHOMY
pOCTy u3BJe4YeHUs: Menkoro u ToHkoro 3onota. [ns IIBII-100 ¢ perynupokoit XK:T
cymma Menkux ¢pakuuii coctaBuna 48,1 r (20,2 %) npotus 27,8 r (10,4 %) na I1T'TL-11-
50u 36,71 (14,9 %) na I1BIII-100 6e3 peryaupoBKu. AOCOIOTHBIN TPUPOCT U3BICUECHHUS
3oi0Ta coctaBuia 20,2 r u 11,3 T, otHOCUTEIBHBIN - 93 % 1 35 % COOTBETCTBEHHO.

4. BrInonHeHHass 5KOHOMHMYECKas OLIEHKA IToKa3ana, yTo BHeapenue [1BII-100
¢ perynaupoBkoi XK:T obecrnieunBaeT CyeCTBEHHBIM MPUPOCT CE30HHOM T00BIUM 30J10Ta
U KaK CJIEJICTBUME ITOTO YBEIMYEHHUE BBIPYUKH: IPHU IIUTEIbHOCTH ce30Ha 150 cyTok
JOTOJIHUTENBHBIM NpupocT no cpaBHeHHto ¢ [II'TI-II-50 cocraBisier okoso 3030 r u
36984,3 tic. py0., a o cpaBHenuto ¢ [IBII-100 6e3 perymupoBku - 1701 1T u

20752,2 teic. py6. PerymmupoBka momaunm meckoB u cootHomieHus JK:T mo3Bosser
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HOBBICUTh H3BJICYEHUE 30JI0Ta, a 3HAYUT, SABISETCA OAHUM U3 Haubosiee MNPOCTHIX
croco0o0B yBennueHus 3QPEKTUBHOCTU TPOMBIBKH.

5. Pesynbrarel 171aBbl NOATBEPKIAIOT, YTO YIPABIEHUE MPOLECCAaMU NOJAYn
IIECKOB Ha IUIK03a M PACIpeAesieHUs] MyJbIbl (2 HE TOJNBKO 3aMeHa 00O0pYI0BaHMs)
aBigeTcsl 3PQPEKTUBHBIM CIIOCOOOM TMOBBIIIEHUS W3BJICYEHUS 30J10Ta B KOHKPETHBIX

TOPHO-T'COJIOTHYCCKUX YCIIOBUAX.
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3AK/IIOYEHUE

B nmuccepranumonnoit pabote peiieHa Hay4HO-TEXHUYECKas 3aja4a 000CHOBAHHUS
IapaMeTpoB U pEXHUMOB pabOThl IUIIO30BBIX IMPOMBIBOYHBIX KOMIUIEKCOB IIPH
HEPaBHOMEPHOM MOJIa4ye 30J0TOCOAECPKALIMX IECKOB U pa3pabOTKU KPUTEPUEB BbIOOpA
00OpyI0BaHUsl ISl OCBOEHUSI MPUPOAHBIX M TEXHOTEHHBIX POCCHINEH CO CIOKHBIMU
TOPHO-TEXHOJIOTHYECKUMH YCIOBUSMH.

OcHOBHbIE HAy4YHBIE M MPAKTUYECKUE PE3yJbTaThl TUCCEPTALMOHHON pPabOTHI
3aKJIIOYAIOTCA B CIEAYIOIIEM:

1. Pa3paboran mnoaxonm Kk oneHke 3¢P(EKTUBHOCTH paldOThl Jpar H
IPOMBIBOYHBIX MNPUOOPOB ILIO30BOTO THIA, OCHOBAHHBIA Ha Y4Y€Te KIHOYEBBIX
TEXHOJIOTHYECKHUX IIapaMETPOB.

2. VYcraHoBieHo, 4To OobllIoe BIMSHHE HA 3(PPEKTUBHOCTh M3BJICUCHHUS Ha
LUII03aX OKa3blBAIOT yJAEJIbHAasE Harpy3ka no TBEpAoMy, cooTHouieHue XK:T,
PAaBHOMEPHOCTb PACHpEACIICHHs MyJbIbl M0 LUIK03aM, I'PAHYJOMETPUYECKHM COCTaB
30J10Ta, TJIMHUCTOCTh NECKOB M COAECP/KAHUE COIYTCTBYIOIIMX TSKEIBIX MUHEPAJIOB.
[TpennoxeHHbI TOAX0/ MO3BOJSET OLEHUBATh padOTy OO0OpPYIOBaHMS HE TOJBKO IO
BAJIOBOM ITPOU3BOJIUTEIILHOCTH, HO U 110 YCTOMYHUBOCTH T'HIPOJAMHAMUYECKOTO PEKUMA U
YCIIOBUSIM, OJIarONpPUATHBIM ISl U3BJICUEHUS MEJIKMX U TOHKHX KJIACCOB METalia.

3. Jloka3aHO, 4YTO peryJUpOBaHUE PACHPEIEICHUS IOTOKA IO3BOJISAET
CYLIECTBEHHO COKpaTUTh aAuamna3zoH konedanuii K:T u obecieunts 0osiee paBHOMEPHYIO
3arpy3Ky nuto3oB. [IpoBenénnas onenka 3(hPEeKTUBHOCTH peryJupoBaHUs KoJieOaHUM
COOTHOILIEHHSI TBEPION U KUAKOW (a3 B mpouecce Mmojayd NEeCKOB Ha MpUOOp U UX
pacrpeneneHus o MUIr3aM IoKasana, 4to HepaBHoMepHOCTh JK:T sBisieTcss onHOU U3
OCHOBHBIX IIPUYMH HApyLIEHHs THUIPOJAMHAMHUYECKOTO PEKHUMA,  yXYILICHUS
(dbopMHpoOBaHUs MOCTENIU U POCTa NOTEPh 30J0Ta. Ha mpumepe neldcTByOMUX 00bEKTOB
YCTaHOBJICHO, YTO TIPH OTCYTCTBUU peryiupoBanus pazopoc 3Hauenuii XK:T mo nuro3zam
JOCTUTAET 3HAUUTEIbHBIX BEJIMUYUH, a [10J1aya BOJIbI HEPEKO OKA3bIBAETCS N30BITOYHON

M0 OTHOIIICHHIO K (PAKTHUYECKOM 3arpy3Ke 1o TBEPAOMY.
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4. VYcranosineno, yto npumeHeHue IIBIII-100 c¢ perynupoBanuem X:T u
yIOpaBIEHUEM PACXOJOM TEXHOJOTHYECKOM BOJbI AT MPUPOCT CE30HHOU I0OBIYM
30JI0Ta ¥ OOECHEeUNBAET 3HAYUTEIBHBIN 3KOHOMUYECKHI 3PQEKT, 4TO MOATBEPKIACT
MPAKTUYECKYIO LIETECO00Pa3HOCTh pa3padOTaHHOTO PEIICHUS.

5. Pa3paboTanbl KpuTepuud BHIOOpAa TEXHOJOTHMYECKOTO0 OOOpYyJOBaHUS JIs
O0TpabOTKU MECTOPOXKAECHUN CO CIOKHBIMU TOPHO-T€0JIOTMYECKUMU MapameTpaMu. s
KOJIMYECTBEHHOM OLICHKHU YCJIOBUH MepepaboTKU MpeIiokeHa cucteMa Ko3(ppuIueHToBs,
BKJIFOYAIOIIASl TOKA3aTeNu TI€0JOr0-TEXHOJIOITMYECKON CII0KHOCTH MECTOPOKICHUS,
IJIMHACTOCTH TECKOB, COJEPKAHMS MEJIKUX W TOHKHUX KJIacCOB 30JI0Ta, BIIMSHUS
COMYTCTBYIOIIUX TSKENBIX MUHEPAIOB U MHTETPAIbHBIA MTOKA3aTeNlb TEXHOJIOTUYECKON
CJIOKHOCTH MEepepadOTKH. Y CTAHOBJIEHO, YTO 110 MEPE YCI0KHEHHSI YCIOBUN OTPAOOTKHU
BO3pacTaeT HEOOXOAMMOCTh NpPUMEHEHUsi 00Jie€ COBEPIIEHHBIX ITPOMBIBOYHBIX
KOMILJIEKCOB, CIIOCOOHBIX 0OecrieunBaTh 3QPEKTUBHYIO AE3UHTErPALIMIO, PETYIUPYEMBIT
pacxo BOJbI U CTAOMIIM3AIMIO TApaMEeTPOB ITYJIbIIbI, [10/1aBAEMOM Ha LIUTI03a.

6.  Pesynmbrarel = uccneoBaHUST  MOATBEPKAAIOT,  YTO  TOBBILICHHUE
3¢ HEeKTUBHOCTH MEPepabOTKU IECKOB POCCHIMTHBIX MECTOPOKICHHM 30J10Ta JOCTUTACTCS
HE TOJBKO BBIOOpOM Oo0Jiee COBEPIIEHHOTO MPOMBIBOYHOTO 0O0OpYIOBaHUSA, HO U
OpraHu3alyel ynpaBisieMOro peXHUMa IOJa4yM IMECKOB, PACIPENCICHUS MYJbIbl U
perynupoBanus cooTHowmeHus JK:T. DTo mo3BoisieT paccMaTpuBaTh NPEIJIOKEHHYIO
CUCTEMY yMNpaBlieHUs Kak 3()(PEKTUBHBIA MHCTPYMEHT CHUKEHHUS TEXHOJIOTHYECKUX
NOTEph M TOBBIIUEHUS TEXHUKO-d)KOHOMHYECKMX TIOKa3zaTejled 3KCIUTyaTaluu

POCCHIITHBIX MGCTOpO)KI[eHI/Iﬁ 30J10TA.
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