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®OPMHUPOBAHHUE I'PAHYJIOMETPHYECKOI'Q COCTABA
YIJIS IIPM TOBBIYE EF'O OYHCTHLIMY KOMEBAMHAMMA

bouko H.I'., nokr. Tex. Hayk., ipod.,
HoHenKuit rocy 1apCcTBEHHBIH TeXHHIECKHIT YHHBCPCHTET,
Mapxos H.A., kann. TexH. Hayk, 3A0 «Jlor6accyromsy,
botiko E.H., kanx. rexn. rayk, ®exopos O.B., acnupanr,
JloHenkuii rocy1apcTBEHHENA TEXHUIECKHH YHIBEPCUTET

Paccmompenst 60npocst meopuu (hopmupoeanus paryiomMempuiecko2o
cocmasa y2ns npu 006vive e2o Co8PeMEHHBIMU OHUCKBIMU KOMbatiHaMu
U OCHAWEHUY UX UCNONHUMENBHBIX OP2AHOE Pe3yamu Cyiyecmesyioujeli KoH-
CMPYKYuU U pesyamu ¢ paboyeti 6okoeou 2panbio.

The questions of theory of coal grain-size distribution generation during
it's mining by modern stoping combines with effectors equipped by ordi-
nary cutiers and cutters with working lateral faces is considered.

YTONRHBI MIaCT — JTO CIIOKHAS [OJOCHYATas BHTPEHO-()I03EHO-
JIOPEHO-KIAPEHO-CTPYKTYpa, COAEp:Kallas IOPOJHbIE W YIVIMCTEIE IpO-
CJIOHKH H TBEpPJBIE MUHEPAIbHEIE BIUTIOUCHNWS W HAXO;IAIAsCs B Halps-
MEHHOM COCTOSHHH IIOJ [@BJEHHEM BMEILAIONIMUX €r0 II0pPOJl, MAaCCHB
IUIaCTa MCIEIIPEH TPEUIMHAMY K30 - M 3HIOICHHOro Xapakrepa. [Tocmen-
Hye 00yCIOBIMBAIOT MOABJICHHE B MACCHBE IUIACTA TAK HA3EIBAEMbIX KIIH-
BXCHBIX TPEIIMH M «CTIPYECHHUE» JIaBhl HpHU ero orpaborke. Kpome Toro, B
IUIACTE HAXOIATCA MOJ OONEITHM JIaBI€HHEM raskl, OCHOBHEIM M3 KOTOPHIX
110 00BeMy sBIIsieTcs MeTaH. B ciydae BBIOPOCOOMACHBIX IUIACTOB OHHM
n3 crocoboB OOpEOEI H3 BRIOpOCAMU YT M rasa SBISETCS HArHeTAHHE
BOJEI B IIACT UM NPEABAPHTENEHOE COTPICATENBHOE €0 B3pPEIBAHHUE.

K xapaxkrepHBIM 0COOEHHOCTAM COCTOSHHSA YTOJBHOIO IJIacTa, Kak
MAaCCHEA, MEPBOHAYAIBHOE COCTOSHHE KOTOPOro OBUI0 OTPaHHYEHO CO
BCEX CTOPOH BMEIAIIMMH €ro IopoJgaMy, paspylaeMoro UCIOIHUTENb-
HbIM OpPraHoM KoMmOaiiHa, OTHOCHTCS TO, 4TO JBE H3 OIPaHHYHBAIOIINX
TIOBEPXHOCTEH BBHICOTOM, PABHOH MOINHOCTH ILIACTa, OTCYTCTBYHOT. ITO
MNOBEPXHOCTH: 1 — MOBEPXHOCTH BAONE JIaBEI U 2 — MOBEPXHOCTH TPYAH 3a-
0os, puc 1.

Ilpu 5TOM OIycKaroIIkecs TOPOAbl KPOBIH Pa3iaBIvBalOT YTOALHEIH
IUTacT. 3710 fABJIEHHE HOCHT Ha3BaHME OTXKUMA VIVIA H YYHUTBIBACTCA IPH
ONpeNe/icHHA CHIIBI Ha PEKyIeM HHCTPYMEHTE ITyTeM YMEHBIICHHA CO-
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Pucynok 1. — Cxema oTpaGoTks Imi1acta GuUHCTHEIM KOMOaiHOM

POTHBIAEMOCTH YIJId pe3aHHio. YHcneHHOe 3HaYeHHE YMEHBLIECHHS CO-
NPOTHBIAEMOCTH YTJIA PE3aHUID ONpENENseTcs KOIDOOHUUHMEHTOM OTHHUMA
[ 1 ], ananuTHyeckoe BeIpaKeHKE KOTOPOro MMEET BU/
¢ 2 Ee el
kom =k, +\Ba/H—c_J/\By/H +d,,), (1)

rie ky — 3HaueHne Ko QuiMeHTa 0mKHMa Ha KPOMKe 32001, B3 — mwiMpuHa

3aXBaTa MCIIOMHHUTEIBHOIO Oprana, A/ — MOIHOCTE M1.1aCTa, Cyp dy — BeJlH-

YMHBI, 3aBHCALIME OT XPYNKO-TUTACTHYECKHMX CBOHCTB YIJIS W TOPHO-
TEXHOJIOTHYECKUX YCIIOBHH €ro H00kIYH.

W3 nipuBeIeHHON 3aBHCHMOCTH CNE/YET, YTO KO3 GULHEHT OTKMMA,
a CIeA0BaTe/IbHO, M COMPOTHBIAEMOCTD YIJIA PE3aHHI0 YBETMYHBAKTCA 10
Mepe 3ariybieHus B IuacT (10 Mepe yBeJHdeHWd HWIMPHHBLI 3axBara) W

YMCHBLICHHS! MOIHOCTH I14CTa, MOCKO/LKY CTHOMIEHHE dy fcyg 10.
(DaKTHYECKM K€, MO BU3YyallbHbIM HabmMOAECHHAM, YMEHBIIEHHE CO-

NPOTHBJIAEMOCTH YTIJIA PE3aHHUI0, KOTOPOE, BEPOATHO, MOXKHO OLICHHUBATEL H

C IOMOUIBIO KO2(D(PHUIMEHTA OTHKHMA, KaK HHTEIPANLHOIO 110Ka3aTens, Npu
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ONPEICNCHUU YCHIINH Ha. pe:—*.uax, }Tmlb pdcrmnmlcemmm Ommke K mo-
BEPXHOCTH 1, puc. 1, pasnaBieH u npeicraBiser coGol OTIENBHOCTH,
KyCKOBAaTOCTB KOTOPBIX 3HAYHTENBHO OOIBINE OIMPHHEI Cpe3a, 4 Yrolb,
HaXO/UIIUHCA HA PACCTOAHKH, COCTABIAIONIETO mpuMepHo 20-25 % mm-
'PHHEI 3aXBaTa OT NOBEPXHOCTH 1, B 3aBUCHMOCTH OT MONIHOCTH [71acTa,
XPYTKO-NJIACTHIECKIX CBOHCTB M KPEIOCTH YTJIA, TUIIA M YKECTKOCTH Kpe-
IH, CKOPOCTH IIOJABUTAHHA JIaBhl, THIId BMEIIAKIIMX TOPOd U ap. (akTo-
POB - IIPAKTUYECKHA MOHOIMNT, XOTs, MOXKET OBITH, H OcnabiieH H ¢ yBelIH-
YEHHO! TPEMHHOBATOCTHIO,

‘Ka3aHHOEe MOJATBEPXNACTCA U Pe3yNbTaTaMH pacceBa yris, MpoBe-
JEHHOI'0 B cooTBeTcTBMH ¢ TpeboBanuamu I'OCT 2093-77. TTo naHHBIM
paccesa yrs, qooerroro xombakinom Tuna K-103 B mase Ne 942 mracra Cg
maxTel «3anagHo-onbacckas» ['XK «[lasnorpagyrons», 20,82 % ero
COCTaBa - yrojib, pasMep TpaHyJl KOTOPOro OTHOCHTCH K Kimaccy 50-100
MM, B TO BpeMs#, KaK MIUpPUHAa cpe3a I 3Toro kombaina 45 MM, a MakcH-
MaJlbHas TOMNIMHA ¢pe3a NpH oTOope yriiil COCTABIANA B CPEAHEM 2 CM
(cxopocts nepemMenmienns kombaifna — okono 3 M/MHUH), T.€. MAKCHMAJIbHAS
IIOaAL CE4EHUS cpe3a (CTPYXKKH) — rops,aka 9 cMP. D10 CBUIETENBCTBY-
€T 0 TOM, YT0 yKa3aHHEIE Pa3Mephl IpaHyJl yIisl HE MOTYT OBITH MOTY9eHBI
IyTeM paspylieHus Iwacta pabouum oprasom kombaiiHa, a ABIAIOTCA
CJAEICTBMEM OTKUMA W Pa3NaBIMBAHUS €r0 B 30HE, NMPMWIEralomen K Io-
BepxHOCTH 1, pHe. 1

Crenyer TakKe OTMETHTh, YTO NPOJOIDKUTENEHOCTH OOHAKEHHS
yKa3aHHEIX Ha puc. | mosepxHocTed 1 u 2 3HAYUTENLHO OTIIHYAKOTCS Me-
*1y coboi. Ecnu npoaoinKUTeNnsHOCTE 00HaKEHHS MOBEPXHOCTH 1 M3Me-
psiercs 0OBIMHO YacaMK B MHOTDA JOCTHTAET MPOJOJDKHTENEHOCTH CMEHEI
(0OHORIIEHHE 3TOH IOBEPXHOCTH POMCXONUT IO MEPE CHATHA IONOCHI Y-
Jis, paBHOM INMPHHE 3aXBaTa), TO INPOAOJDKMTEIBHOCTE OOHaKEHUS I10-
BEPXHOCTH 2 — IMPOAODKHTENFHOCTEI0 060poTa NIHeKa (Kak IMpaBHIlo, Me-
Hee 1 ¢). [ToBepxHOCTH 2, TaK Ha3slBaeMasl TPyAb 32005, - 3TO MOCTOSHHO
CO CKOpOCTBIO, PaBHOM CKOpPOCTHM IepeMelleHrs KombalHa u 4actore
BpailieH s paboyero oprasa, oOHOBIAOMAACA IIOBEPXHOCTh HA TOIIIHHY,
PaBHY TOJIMIMHE Cpe3a B JAHAMETPAIBHON MIOCKOCTH pabodero opraxa
(mmuexa).

OTMETHM €Il HECKOJIHK0 0co0SHHOCTEH MPOLECccd H XapaKTepa pas-
pyuieHus miacTa pabogum opraHoM O4UCTHOro KoMbania. Bo-nepBeIX, He
Hapymias oOIMHOCTH 3aJa4d M Aajblle BONPOCH OyaemM paccMarpuBarth
IUIsL OTEpeKaIonero pabodgero oprasa (IIHEKa), KOrja paspylieHHe YacTy
IUTacTa NPOM3BOJAMTICS IO BEICOTE, PAHOM NMAMETPY OpraHa, ¥ KOrja B

i e o | T s e

37

I e i 4 v N T W e R . 5 7 1 B 1 B 8 ot S ST S T




Cepia: 2ipuuyio-eneKmpomexaniuna
mm
paspylIeHUH IUTaCcTa OAHOBPEMEHHO YJacTBYET MOJIOBHHA OT BCEX PE3LIOB,

YCTaHOBJICHHBIX Ha pabouem opraHe ¥ yKaXkeM TOJIEKO Ha OTIHYHTEIbHEIC
OCOOCHHOCTH paspylIeHHs 9acTH IUIACTa OTCTAKLIAM pabouMM OpraHom
(tmHexom). Bo-BTOpPEIX, pe3iibl, YCTAHOB/ICHHEIE Ha pabouem oprase, pas-
ACIAIOTCS Ha JBE IPYNIIBI — IPYITY KYTKOBBLX M IpyImy 3a00HHBIX pes-
110B. [Ipu 5TOM mapameTpsl paspymieHus (TOJIIHEA H MMPUHA cpe3a) mia-
CTa pe3liaMH KyTKOBOH IpYIIbl 3HAYMTEIBHO OTIHYAIOTCS OT MapaMeTpoB
paspylieHHs Iacta pe3namHd 3a0o0HHOW rpymmsl. B KyTkoBo# rpynme
YHMCJIO Pe3LOB B IMHAW pe3aHus B 2-4 paza 00/bIue YHCIa pesios B THHUH
pe3anus 3a00MHOM IpyHimbl pe3lioB. IT0 00YCIOBIMBAET B TO KE HHCIIO
pa3 yMEHBLIEHUE TOMIMHEI Cpe3a pe3il@MH KyTKOBOW rpymsl. [Hlupuna
Cpe3a pe3raMy KyTKOBOM I'DYIIIIBI BCErga IepeMeHHas U 00bI9HO U3MEeHs-
eTCsA OT 15 MM y mepBoH JIMHHH pe3anus 4o 35 MM y nocaeHel KyTKOBOM
nuHUH pesandsa. OOBMHO MMpHHA 3aXBaTa KyTKOBOI IPYIIEI PE3OB Uis
COBPEMEHHEIX paboduX OpraHoB (IIHEKOB) COCTABISIET, KaK IPaBHIIO,
135 mm i 16 % ot o0mieit mupuHEl 3axBaTa N0 cxeMe Habopa pexyiie-
ro HHCTPYMEHTA NPH HOMHHAaIbHOM mupuHe 3axsata (0,8 M u 20 % - npu
HOMMHAJILHOM [uMpHHE 3axBaTta 0,63 M. .

B 3ab0iH0# rpymne pesusl YCTaHABIHMBAKOTCA HA JIONACTAX OpraHa
(mHeKa), KaK IPaBUIIO, ¢ TIOCTOAHHOH MIHPHHOM Cpesa, BETHYHHA KOTOPOi
H3MEHAeTCd OT 45 0 55 MM. YHCno pesnos B MMHHH pe3aHus MOXKET ObITh
1 — npM MIaXMaTHOM M 2 — [PH IIOCNEI0BATEIEHOM Pe3ax.

Torma, ecnu cpeansas TONMIMHA Cpes3a pesliaMH 3a00HHOM rpyIIbl
COCTaBJIAET, Hanpumep, 1,5 cM , 9T0 COOTBETCTBYET CKOPOCTH IepeMele-
HUA KoMOaiHa okono 3,6 M/MuH NpH 2-X pesliax B NHHWM pe3anMs W vac-
TOTe BpamieHus oprada 80 MuH ' (HPHHATAS TACTOTA BPAICHMUS LIHEKOB Y
xombaiinoB Tuma 1K-101 u K-103), a cpeasisi BeMYHHA CEYE€HHdA Cpesa
IUISL STOH IPYIITBI pe3nos — 6,75 ¢cM® , TO JUIA PE3LOB KyTKOBOM Tynnm
BEJIMYHHA 3TOr0 NapamMerpa usmenserca or 1,1 y nepsoit 1o 5,2 em” y no-
cenHen Juaun pesanus. [loaromy mponece gopMHUpoRaBus: rpaHyJIOMeT-
PHYECKOTO COCTaBa YIisl, paspymaemoro paboydm opranom kombaiina
uenecooOpa3HO paccMaTpHBaThE A/ TPyINbl 3a00MHBIX PE3LOB, TaK Kak
IpaHyJIOMETPHUYECKHUI COCTAB BCEro 00BheMa paspyLUCHHOIO yriis pesiamMu
KYTKOBOM T'pYIIbI, KaK MOKA3bIBACT MPAKTHKA HCIIOJIB30BAHHUA COBPEMEH-
HBIX OYMCTHBIX KOMOaifHOB M coOcTBEeHHEIe Ha0MIONe s aBTOPOB paboThl,
COCTABJISIET MTHIO (pa3Mep HYacTHI pajpymIedHOrO yris He IPEeBbIacT
6 MM), KOTOpPBIil 3aTeM HEOOXOMMMO Y4YMThIBATE B 00iem obneme yris,
paspymerHoro pabouuM opraHom. UM, B-TpeTBHX, paspyuniacMas 4actb
IIACTa, MPEJICTABJAIONIAs, KAK OTMEYAJIOCh BLILIE, YCTYI TONIIHHOH paB-
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~ HOI TONIIMHE Cpe3a M IMPUHOH PaBHOM HOMHMHAIBHOM MIMPHHE 3aXBaTa
pabodero oprana M HAaXOJAIMIENOCA B €CTECTBEHHOM HANPSIKEHHOM CO-
~ CTOSIHMHM CXATHS, OJHOBPEMEHHO IOABSPraeTCs TOUCHHOMY, ECIIH HE YUH-
TBIBATh MIMPHHY PEXYyMIEH YacTH pesnd, KOTopas /A pe3lOB CyLIEeCT-
. BYIOHIEH KOHCTPYKINMH cocrasisiet 20 MM i okoo 2 % OT MIHpUHEI 3a-
XBaTa IO cxeme Halopa pexKywmiero MHCTPYMEHTA, BO3JEHCTBHIO B pas-
JIMYHBIX MECTaX Kak N0 MOMHOCTH IUIACTd, TaKk W MO IIHPHHE 3aXBaTa.
Ilpa 5TOM 10 MOIIHOCTH (BBICOTE) IUIACTa PE3LBI OTCTOAT APYT OT ApYyra
Ha BEJIHYHHY hp = I'iga, ,TAC [ — MIKPUHA CPe3a, @, — YI'OJI NoJAbeMa JI0ma-
CTH II0 pE3Mam, a Mo MIMPHHE 3aXBara — Ha MUPHHY cpe3a ¢ . YcTaHoBIIeH-
HBIC TAKUM 00pa3oM pesilkl, BpAamaich ¢ YaCTOTON PaBHOI wacToTe Bpa-
ICHUS OpraHa M MEpEMEINasack B CTOPOHY rpylu 3alod CO CKOPOCTHIO
PaBHOH CKOpPOCTH II€peMeIieHys KomOaiiHa, OpoM3BOAAT paspylIeHUE
YKa3anHOro yCTyIla [IacTa M NPAKTUYECKH SKECEKYHIHO ee 0OHOBISIOT.
9Ta NOBEPXHOCTH MNACTA, KaK HETPYHO BUJIETH, ABIAETCA KaK [TOCTOSHHO
OOHOBIIIEMOM, TAK M ITOCTOMHHO HAXOAAMIEHCA B ABIDKEHHK CO CKOPOCTEIO
pPaBHO CKOPOCTH HEPEMEIISHAA KOMOanHa.,

Xot1s paspymiesue miacta pabo9uM OpraHoM OYHCTHOI0 KoMOaiiHa
IIPOM3BOSUTCS OJHOBPEMEHHO IPYIIOH pe3loB, YHCIO KOTOPEIX JOCTUra-
eT 25, TEM HE MEHEE, KKNBIM pe3ell MPOM3BOJIUT pazpyUICHUE TONBKO
«CBOEIo» ydactka luacra. IloaTomy paspyumieHHe Iuiacra OJMHHOYHBIM
PE3LOM IIPEACTABIACT MHTEPEC KaK B TEOPETUYECKOM, TaK U MPAKTHYE-
CKOM IIJIaHe.

MaKTHYECKOE pPa3pyIICHHE MAaCcCHBa OJMHOYHBIM pPE3i0M, KaK yCTa-
HOBJIEHO 3KCHEPUMEHTAIBHO, IPOMCXOIMT CKOJAMH €ro, a pacrpeiele-
HHUE BEPOATHOCTEH IMHBI CKOJIa HE NIPOTHBOPEYMT 3aKory Beibynna [ 2 ].

Paspymenue naacma pesyom cyujecmeyiowiei Koncmpykyuu. Be-
POATHOCTE MOSBIEHKS CKONOB pa3Mepa OT [;; N0 I ONPENeNATCs U3 BbI-
PaKEeHMs

l
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OllieHAM BO3MOXKHBIE 3HAUSHHS! CKONOB [;; ¥ [y, TlpenensHas MUHH-
MaJIbHAS BEJMYHHA CKoONa - /j;, - McXond W3 (PM3MKH mpolecca paspyire-
HUS, MeHbIne By Obrte He MOxkeT. CIenoBaTensHO, [PEHIEIbHOC MUHH-
MansHOe 3HadeHnue [;; = (). [IpenenpHad MakCHMaIbHAA BEJMIHHA CKOJIa -
l5; — obycnoBnuBaeTcs psaaoM (axKTopoB, U B MEPBYIO0 OYEpenn, TPEIHHO-
BaTOCTHIO, KPENOCTHIO (COMPOTUBIEMOCTEIO PE3AHHIO) MACCHBA, HATHIN-

" ﬁﬁﬁﬁmﬁmﬂmiﬁﬁw



Cgin: zﬁ;nwmemmm L ey
€M TPEIIMH, HX BEIHINHONH H HANPAaBJICHHEM, XapaKTepPOM paspyllieHus —
MO0 HAIUIAaCTOBAHHMIO HIIH BKDPECT MpocTHpaHksi nnacta. OTMeTM cpasy,
9TO paspylIeHHE [JIacTa PACCMATPHBACMEIME HCMNOMHHTENLHBIMA (pabo-
YHUMH) OpraHaMH — IIHEKaMH — NMPOMU3BOJAHTCA BKPECT MPOCTHPAHHS HIIH
HartactoBaHus. [Ipu uMeromeM mMecTo (aKkTHYecKH caydaiHOM pacnono-
YKEHWM, HAIIPABJICHWHM H BEIIMYKMHE TPEIIMH B MACCHBE IUIACTA, CaydaiHOM
BEJIHYMHE CONMPOTHBIIIEMOCTH YIJIA PE3aHHUIO NPEAEIbHAY MAKCHMANbHAS
BEMYHHA cKoja OyZeT Benu4uHOMH Ciydaiinoi. MuoxkecTBO (axTopos,
BJIMSIOINMX Ha NPEAENbHYIO BEIWYHMHY CKOJIOB, NpA4eM (PaKTOpPOB Cay-
YalHEIX 110 CBOEH NPUPOJEC HE NMPOTHBOPEUMT, HA OCHOBAHMH NPEACNLHOM
HEHTPAJBbHOM TeopeMEl [ 3 ], ToMy, 9TO 3T0 HOPMANBEHO pacnpeeneHHas
CiTy4aiiHasi BEJIMYKHA, T.€. PacIpe/ICiICHHE BSPOATHOCTEH 3navenuit /;; He
MPOTUBOPEYHUT 3aK0HY [ aycca,
¥ 2N
I l -0,5(!2I. —!2].) / a'qu ;
O , )
i 2i
rae 1,0, —COOTBETCTBEHHO MATEMATHYECKOE OXHI(@HHE M CPEIHEKBAJ-
paTHYHOE OTKJIIOHEHHE MPEACIbHON0 MaKCHMAILHONO 3HAYCHHS JUIHHEI
CKOJIa.

ITo maHHBIM KCIEPMMEHTAJIBHBIX HCCIEJIOBAHAN paspylucHMs Mac-
CHMBa OJJMHOYHBIM PE3IOM CYIIECTBYIOIEH KOECTPYKIlHH (pesen Tina 3P4-
80) npenensHOE MAaKCUMAIbHOE 3HAYCHHE JUIMHBI CKONA C BEPOATHOCTHIO
nopsaka 0,65 - 0,75 cocraewino Bemauuny O0<I[l;<h(p) n ¢
BeposaTHOCTEIO 0,35 — 0,25 — Bemauuny A(@) < I Skh(p), k =3.

Torna OCHOBHEIE CTATHCTHKM — MaTeMaTHdeckoe oxuaanue M n
pucrnepcust D — IUIMHBL CKOJIA OTMPEASTATCS U3 CIE/YIOMHX BhIPAKCHHM!

l

2i
MII' = ..-Iff(xf)d}.vl‘ ;
a (4)
b
2i D
Df.l' = .[ (Xf_'*"‘ﬂfj f(XI)dX,
0
VyutsiBas ocobennoctd 3akona Beibynna (6onee HHTCHCHBHOE Ha-
pacTaHde BEPOATHOCTH IIPH YBEIMYCHHH apryMeHTa 0T Hy s JI0 MareMa-
THYECKOTO OXKHAAHASA M 3HAYMTEILHO ME/UICHHOE S€ HAPACTAHME IPH yBE-
TMYEHHH apryMeHTa [0C/Ie MATCMATHYCCKOro OMCHAAHUA), MOXKHO HA Ka-

YECTBEHHOM YPOBHE TOBOPHTE 0 Go0Jsiee BEPOSTHOM MNOABJACHHH paspy-
M
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IIEHHOr0 Yriifl, pasMepsl rpaHyJl KOToporo 6imke K pasmepam mTei6a, T.¢.
yrad ¢ pasMepamu rpanyit 13, 18 mm, yem yruis, pasMepsl rpaHyit KOTOpo-
ro 25 u 6onee MM.

C Uensr0 MpOBEPKM MONYYEHHOTO HA OCHOBAHKM MCCIIEHOBAHHS
| IPHBEJEHHBIX BBILIC 3aBHCHMOCTEH BBIBOJA PACCMOTPHM Goniee NeTaabHO
(u3MEeCKyI0 KapTHHY MpOlEcca paspylIeHHs MacCHBa OIHHOYHEIM pes-
oM. FICX0o/ist H3 COBPEMEHHOTO 1PEICTABISHHS Pa3pyIIEHKS YT PE3LOM
B HocieaHeM oOpasyeTcs Oopo3sa pe3aHus ¢ pa3BaioM ee GOKOBEIX CTO-
POH, yroji paspaja M IUIOIAb Cpe3a KOTOPHIX ONpPEeIAeTcs M0 3aBHCH-
. MOCTAM [1]

y=yp+ CAh + hg) —d4,,

S(g;) = h(ﬂ')[bp + h(g,)igy;], (5)
tne vy C, hp, d — NOCTOAHHBIC BEIMYMHBI ISl Yriel JaHHBIX XPYIKO-
IUIACTHYECKHX CBOKMCTB, A, -—— CONPOTHBIAEMOCTS YIIII PE3AHMIO.

[1pu sTom Ha mIomanky b, h(¢@;) naBuT nepeaHss rpaHb pesla, co3-
JiaBasi B MacCHBE HaNpPDHKEHUE CKATHA, U B pa3Mepax 3TOM ILIOMIAIKH
Haubosee BEPOATHO TNOSBICHHE CKOJNOB (IPaHyi), pasMepsl KOTOPHIX
GIM3KM K TOJIIUHE CPe3a. '

[IpencraBum
1
O =b hp.)!S(p.)= : 6
s, p(qor} (2,) 1-+h(cﬂf)fbpfgwf (6)

Hanee, 3ammucaB yron paspaiia Dopo3asl pesaaus B sujie [ 1 ], 6yaem
HMETH

1
T - Ho.))—dd_] )
Otkyna crenyer:
1. OrHOmIeHHE Jf; -— BENMYHMHA, MAKCHMAIEHOE SHAYEHHE KOTOPOH

paBHO /. DU3HYECKH 3TO O3HAYACT, YTO IUIOMIAJAb, OrpaHHYEHHAs Iapa-
METpaMH IIMPUHBI PEXYIIEH YacTH pe3na ¥ TOMIIMHEI cpe3a (CTPYIKKH), H
HOJIHAsA TUIomans O0po3ak! pa3Bana yrisi paBHEI MEXTy CODOH.

2.1lpu h(p) -» 0 d5; — 1, T.6. ¢ YMEHBIICHUEM TOJIIIUHLI Cpe3a
(CTpyKKHM) MPOMCXOAMT BEIPABHHBAHHME YKA3aHHBIX IIOMANEH C  YMEHb-
MIEHHEM HX BEJIHYMHBI, A CHEHOBATEIBHO, M YMEHBIIEHHE IIOMANKH, B
napamMeTpax KoTopod HanbGosjee BEPOATHO TOSBIIEHHE CKOJIOB (IpaHyi) ¢
pasmMepamu, OJHM3KHMX K TOMIHHE cpe3a (CTPYXKKH). A NOCKOJIBKY IOCIEe-
HASL CTPEMMTCS K HY/II0, TO M Pa3MepEl CKOJIOB (IpaHyIt) pa3pylieHHOTO

YUIIsL CTPEMATCA K HYJIHO.
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41



CeEin: zﬂ' HUY0-e1eKMPOMEXaHiYHa :
3. C yBenM4eHHEM MIMPHHBI PEXYINEH YaCTH pe3la OTHOLICHHE O
yBenuauBaerca. @U3HYecKu 3TO 03HAY2ET VEENHYECHHE [UIOMANKH, B na-
pameTpax KOTOpOii HauboJiee BEPOATHO MOABJICHHE CKONMOB (TpaHyn) pas-
PYUIEHHOTO YIJIsi C pasMepamMH, OTH3KHX K TOJINIHHE cpe3a (CTPYKKH).

4. C yBEeIMYCHHEM COTIPOTHBIISIEMOCTH YTJIS PE3AHMIO Oy YBEIHYH-
BaeTcA. PU3HICCKH 3TO 03HAYACT YMEHBUICHHE IUIOIIANKH, 00YCIOBJIEH-

HOH pa3BaioM OOpO3JEI pe3aHH:A, H OTHOCHTEIBHOE YBENIHYEHHE IUIOman-
KH, B TTapaMeTpax KOTOpOi HanboJjiee BEPOATHO IMOSBNEHUE CKONOB (rpa-
HyJI) PaspyLu€HHOTO YTJIA ¢ pa3sMepaMH, GI3KHX K TOJNIUMHE CTPYKKH
(cpe3a).
IIpu h(p) = b, , XapakTepu3yrOUIEeH KHTEHCHBHYIO paboTy xombaiina
(npu ABYX pe3lax B JIMHWH PE3aHMSA M NPHHSTHIX YACTOTAX BPAICHMHs
mHekoB kombainos Tuna 1K-101 i K-103 ckopocts HX nepemMemeHus co-
cTaBJseT 3,2 M/MUH)
1

0g = ,
S; L+ igly —dA ]

Otkyna cnenyer: B MHTEHCHBHLIX pexxumax paborel kombaitaa rpa-
HYJIOMETPAYECKHI COCTAB yIJilsl, paspyLueHHOI'0 O IHHOYHEIM pe3noM, 00y-
CJIOBJIMBAETCS COMPOTHBIIAEMOCTBIO YIUIA PE3aHUIO — C YBEJIHYECHHEM CO-
IPOTUBIIIEMOCTH YIUII PE3aHMIO OTHOMICHHE Jy; yBennumsaercsa. Cneno-
BaTEJIbHO, YMEHbIIAETCA IWIomaas 6opo3el, 00yCIOBIEHHAs €€ PA3BATIOM,
Y OTHOCHTENBHO YBEIWYMBACTCS IUIOANb, 00YCNOBICHHAS IIHPHHON pe-
JKYLIEH 4acTH pe3la u TONILHHON cpe3a (CTPYIKKH), T.e. IJIOMAAKH, B na-
paMerpax KOTopoi Hauboliee BEPOSTHO MOABJICHHME IpaHys (CKOJIOB) ¢
pa3Mepamu, OJIM3KUX K TOJIIHHE cpe3a.

IIpn compotuBnseMmoctn yris pesannio 200-250 naH/cm, nanbGonee
XapakTtepHoi s mmactoB JlonGacca, M yka3aHHONH TOMIMHE Cpesa
Osi =0,5—0,6 pna BA3KuX yriei. OU3NYSCKH 3TO 03HAYAET, YTO MPH pas-
PYLIEHHUH YIS OOWHOYHBIM PE3LOM C YKa3aHHOH TOJMIUMHOH cpesa
(h(@y) = 2 cm) ¢ BEPOATHOCTBIO NpumMepno (),3-0,6 BO3IMOKHO NOABICHHE
pasmepa ckooB (rpanyn) ot 0 1o 2 cm, 910 BecbMa OMM3KO K JIAHHBIM,
MOJIyYEHHBIM 3KCIIEPUMEHTANBHO.

Y aenbHBIE SHEPro3aTpaThl paspylieHHs IUIACTa OAMHOYHBIM PE3LOM

¥/
Wy =S @112, (9. ©
IIpencrasnss Iomaahb cpe3a OAMHOUYHEIM pe3tioM S(@;) B Buae (5),

MOJIHYIO CHIIY pe3aHus Z,(¢) ¥ €€ COCTaBIAIIINE — COOTBETCTBYIOUIHM
i . i . £ | R B U 5 A i B = 14 4l i iy o s o S e e . i b e
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obpasom, Tociie HHTETPHPOBAHHS M IPHBE/IEHHA K yHOoGHOMY AiIs aHaM3a
BHILY, ITOJIYYHAM

Wpi =kw{[F +

M

h(wf)[bp +h(p; gy + C/I(h(p,) + hy) - dd ol
i N

h(@;)[bp +h(g;)ig(py + C(h(p,) + hy) —dd pi]

rae k,, — pasMepHsbii Ko3dduupent, , M, N — OCTOSHHLIE BETHMIMHEI.

Orkyna cienyer, 910 yAeNbHEIE SHEPTO3aTPATHl PA3PYIICHHMS TUIACTa
OAMHOYHbLIM PE3IOM ABILIIOTCA B OOUIEM Clydae HEJHHEHHOI mapabou-
YECKOr0 THIA (QYHKIMA CONPOTHBIAEMOCTH YIVIsi PE3aHHI0 ¥ THIIEpOOIIH-
YECKOI'o THIA (YHKI(MENH TOJIIIHHEI Cpe3a aCHMITOTHYECKH CTPEMAIIEHCS
K H’rpimin . ka‘ Api .

Henunelnocts 3asucumoctH (10) 06yciioBneHa nepeMeHHOCTHIO YT-
JIOBOTO KOO((HIMEHTa, KOTOPEIM SBISETCA COMHOXHTENb IPH A, CO-
CTOSIIIMI U3 JIBYX YaCTEH - IMOCTOSHHOM U 1epeMenHoi. X0Ts nmepeMeHHas
9acTh YIIOBOr0 KO3(M(HUIMEHTA U U3MEHAETCS IIPH H3MEHEHHH CONPOTHB-
JIEMOCTH YIJIA PE3aHMIO, OJHAKO, 00INas €ero BeIWYHHA ¢ YYEeTOM TOro,
HTO NIPAKTHYECKH CONPOTHBISLEMOCTh YTJIS PE3aHHUI0 01 HYJSI HE W3MEHS-
ercsl (€e M3MEHEeHHE HaXOAMTCs B Oosiee y3KHX NpPENendx), SBIAeTCsS Me-
JICHHO MEHSIOMICHCS BEIMYHMHOM B HE3HAYMTENBHBIX mIpeaenax (He Oolee
10 %) u ¢ pocTaTodHOM i MEDKEHEPHBIX PACYETOB TOYHOCTHIO, HE Ha-
pymas QH3MKH Iponecca, MOXeT OBITH MPHHATA MOCTOSHHON /1A TAHHOMH
TOJIIHHE] Cpe3a.

C yderom ckazanHoro Beipakenue (10) sanumem E BAme

W .=k {[F+-—-]4 .+-l},

Bt S(g)) P' S(p))
| KOTOpO®€ ABIACTCA MPAKTHYECKH JIMHEHHONH (DYHKUMH COMPOTHBISIEMOCTH
YIiil pe3saHuio, apryMeHT KOTOPOM — BeJMYHHA CiIydaiiHas ¢ pacrpeere-
HMEM BEPOATHOCTEHM IO HOpManbHOMY 3akoHy. Torma, cormacHo [3 ], #
YACIBHBIC SHEPro3aTpaTsl PaspylIeH s yIJid OJUHOYHBIM PE3IOM SIBJISTFOT-
Csl BEJIMIHHOM CIIyYaifHO# ¢ pacipeaciieHHeM BEPOSTHOCTEH 110 HOPMAJIb-
HOMY 3aKOHY

14 .+
pi
(10)

b

(11)

_05W_.—W_)*/o*
e ek RN (12)
pi _ﬂ' \/ﬂ

w
pi
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Cepin: zipnuuo-enexmpomexanivna :
I T T W S v v | M D g T ) T
¢ IlapaMeTpaMHu:

MaTeMaTHIecKoe oxkumane W .=k {[F + —iM——]E .+—N—-},
Lo S(p,)" Pt S(p)
M
CpEeIHEKBaIPaTUHYHOE OTKIIOHEHHE O =k [F+—]lo, .
w_. W S(p. p:
pi g A

Paspywenue nnacma pesyom ¢ paboueii Goxosoii zpanwvio. Ipu
Pa3pyIICHHH IUIACTA 3THM Pe3LioM PabouuMU SBAAIOTCA YIke TPH TPaHHA —
Nepearss, 3aqHAsd ¥ OfHA U3 OOKOBEIX rpaHed. IIpu 3ToM paspymenue
IU1acTa NPOU3BOANTCA JBYMA IPaHAMH — Nepe/JHei u pabogel 6oxoroii. C
3TOH LEbIO MOCIEAHAS PACIIONATaeTCs II0J{ YTIIOM HAKIOHA B, puc. 2.

/

Pucynok 2 - Cxema paspymeHHs Iacta pesiiom ¢ pabodei
OOKOBO# rpaHBIO

Paspyliienre muacra nepefHed IpaHBI0 pPacCMAaTPUBAEMOro pesla
MPOHCXOAHMT AHANOIMYHO €ro paspyileHHI0 MEpenHei TPaHBI0 pe3loM
CyIIECTBYIOLIEH KOHCTPYKLMH. B 9T0ii cBA3M, mapaMeTprl paspymicHH:
MAacCHBa [EPEAHEH IPaHbIO H AJIS 3TOTO pe3lia aHaJOTHIHEI IIPHEEIECHHBIM
BBILLIC IapaMeTpaMm JId IEpeJHEH I'paHH pesla CYIIECTBYHOINEH KOHCT-
pykuun. Ocraromuiics He pa3pylleHHEBIH MeXIIeJIeBOM 1enuK (IpH BbI-
6ope COOTBETCTBYIOIHM 0Opa3oM MapaMeTpor paspymieHHd) Gyaer pas-
pymatecs pabodell 60KOBOM rpaHbi0. PaspyiieHue MeXIIENeBoro meauKa
TIPOMCXOJHT ITyTeM CABHTa €ro M, Kak I0Ka3ald CrielHaibHEIE TEH30MET-
- s o i s A W A i i s T S L LA o s i
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PHHECKHE HCCIEA0BAHMSA, TAKOKe CKoJamMu. Pacnpenenerue BeposTHOCTEMH

JUIMHBl CKOJia paboderd OOKOBOk I'paHbI0 HE IPOTHBOPEYHT 3aKoHy Beii-
Oy/ia. Torza BEpOATHOCTH IIOABJICHMsI CKONOB C pasMepaMH oT /. (1o
TEM K¢, YUTO M BhIIIE, COOOpaxeusaM [;; = () no I;.; olpenenuTces u3 Bhl-
PAKEHHAS!

£2c:i :
PA)="f(x )y (13)
0

[lpenensHas MaKCHMalbHAsA BEIMIHHA [; OOYCIOBIMBAETCA TEMH
Jke, 4TO W MpeJebHAS MaKCHMalIbHAA BEMMUKHA [5;, ¥ N03TOMY pachpeje-
JICHHE €€ BEPOATHOCTEH HE MIPOTHBOPEUUT HOPMATEHOMY 3aKOHY

B i mn )

] =
fd, )=—————F—ce «Cl (14)
2ci o J2r
ok
2ci
()CHOBHEIE CTATHCTMKH JUIA 3TOW BEIWUHHBI OMNPEICIIATCS U3 BBIpa-
JKEHUH

2“,0_22

nsid
2ci
= Ta, .S (),
0 3
/

2ci : 2
D{ci T {{ (Zcr;' ‘jmc.i) / (ch)dxcz"

ci

(15)

OrMmeTuM, HO KpaiiHeil Mepe, Be 0COOCHHOCTH Pa3pyILICHUs MacCH-
Ba paboueii 60KOBOM I'PaHBI0 PE3lA M B ATOM CBA3M Ipoecc hopMUpoBa-
HUs JUIMHBI cKoNa. Bo-Mepesix, paspylleHHe MaccHBa OOKOBOM IpaHbIO
NPOMCXOLUT IIPY HANPSHKEHUH C/ABHUTA, paspyLIarouas BEIMIUHA KOTOPOTro
MPHMEPHO Ha MOPANOK HIDKE paspylIaoNei BENHINHBl HANPKEHUS CKa-
THs. IToaromMy ckoibl MaccHBa, BEpOATHEH Bcero, OyayT MPOUCXO/IUTE MO
TpempHgam OOoNBUIMX pa3sMepoB. ITO 00YC/I0BIMBAET MMOBBIIEHHYIO BEPO-
ATHOCTB ITOSIBIICHHS CKONOB Oojiee KpyMHBIX pasMepok. Bo-BTopsix, d¢-
(GEKTUBHOE paspylIeHHe MacCHBA TIPOMUCXOJUT IPU HAJWUUM JOIOJHH-
TENbHOH 00OHaKEHHOH ITOBEPXHOCTH ¢O CTOPOHEBI pabo4cii 00KOBOI rpaHy.
IMosTomy mpenenpHas BeIMYUHA CKOJIa MaccuBa /,; = t/cosf 1o jmaHHBEIM
CIIENUANBHBIX TEH30METPUYECKUX UCCIIENOBAHIH YCTaHOBIEHO, pa3pyie-
HHE MACCHBA PE3LOM C paGouei OOKOBOM rpaHbI) MPOMICXOAWT IPH pac-
CTOSAHWHA 10 CBOOOMHON MOBEPXHOCTH, PaBHOMY YJABOCHHOMY 3HAYEHHIO

T | R 1 B o e s B A 1509 1 11 s | L 1 S B 8 L ST 15 11 ) £ e 1 L S W
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Cepin: z:}muuﬂ-mwammduﬂa

IIMPHHBI CPE3a, NPUHUMACMOM JUIA PE3LOB CYIIECTBYIOMEH KOHCTPYK-
upd. Torga B oOmeM ciygae MOXKHO 3aUCaTE, 910 1,,; =k, t/cosf, k, <2.
[lepexons k TomupHe cpesa U 0603Havasx orHomerue /A gepes ky, , ky <
3, TpeNenbHYI0 BEIMYHHY CKONa [, 3anumeM B BHAC . = kkyh/cosp .
ITo manueIM TEX K€ 3KCIEPUMEHTANBHBIX HCCIEIOBAHMI YCTAHOBIEHO,
9TO0 ¢ BepoaTHOCTEIO 0,5-0,6 mmiHa ckolla Haxogumack B npeaenax ot 0 1o
kynh 1 ¢ BeposTHOCTBIO 0,4-0,5 — 0T kb no kikyyh/cos .

YuurbiBas Te )xe 0co0GEHHOCTH 3aKoHa Belbyiuia, MOXKHO HA Ka4yecT-
BEHHOM YPOBHE I'OBOPHUTE O 00JIE€ BEPOATHOM IOSIBJICHAH Pa3spyIIEHHOrO
YIJIS, pa3Mepel rpadyi KoToporo o/mmke K paszmepam 0 — kyh, 9eM yris,
pasMepsI rpaHy 1 KOTOPOTo HaXONATCs B penenax kyh — kkyh/cosp .

Otciona Takke chemyer, 9To IpaHYJIOMETPHYECKHM COCTaB YIud,
pa3spymeHHoro pe3nom ¢ pabodeit 60K0BOI rpaHbio, BHIIE IO CPABHEHHUIO
C €ro rpaHyJOMETPHYECKHM COCTaBOM, pa3pylIEHHOTO PE3NOM CYyIIecT-
BYIOIIEH KOHCTPYKIIHH.

Y IenbHEIe 9HEPro3aTpaThl PaspyLueHUs yIid pesioM ¢ pabouei 6o-
KOBOM I'PaHBIO

i |
opi = ) 501125, (7)o (16)

ITnomaae cpesa paccMaTpHBaeMBIM PE3LOM C JOMyCKaeMOM mno-
rpEIHOCTEIO (€3 yyera momany passaia 60po3zer pesanus ¢ Hepaboueii
OOKOBOM rpaHy pe3na)

Sﬁ(qol.):h(:(pf)(bp+krk”hfcusﬁ).. (17)

IIpu paspymeHdd mnacra OJMHOYHEIM pe3uoM ¢ padouei OOKOBOi
IPaHbl0 OTHOWICHHE IJIOMIAAH, HA KOTOPOM paspyIueHHUE VIl MIPOMCXOMAT
IyTEM pasfaBiavBaHui (CKATHA) K IUIOMAIH Cpe3a,

5 S == 1;-' .
6; 1+ krkffh f(bp cos ff)

OTKyaa clenyer, 9T0 Npu U3MEHEHUH Ky , TP W3MEHEHHH, cO0CT-
BEHHO, TOJIHHEI cpe3a (CTPYKKH) BEIMYAHA Ogs; “3MeHsercsa ot 0 npu
h(,) = 0 (ky, = o) no 1 ipu h(@) =co (ky = 0). Pu3auecku 310 03HAYAET,
YTO C YBEJIMYECHHEM TOJIIMHEI cpe3a (CTPY)KKM) yKAa3aHHBIE MIOMIAN Bbi-
PABHUBAIOTCHL.

[Ipencrasisis IIOJIHOE YCHIIHE Zeni( ) B BHJIC
Zoni = L + (Y5 + Xgicosp), mociie MHTErpMpoBaHisi M NPUBEACHHUS MO-
JMOOHBIX, MOJy9HUM

(18)
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.= o ik e 19
e S R (19)
rae £, Mz, Ny - IOCTOSHHBIEC BETHYHHEL.

Beipaxenue (19) apiasercs MuHeiHON GYyHKIHEH COTPOTUBILEMOCTH
yIIA PE3AHMIO M rHIepOOIMIeCcKOr ()yHKINACH ILTOmaH (TOMIMHLL) Ccpesa
(ctpysxkn). 1loaToMy M 1A HETO CIpaBeAIMBO ITOJIYYEHHBIH BEIME (CM.
BeIpakeHus (12)) 3axoH pacnpeneneHus BEpOATHOH sl yAENbHBIX 3Hep-
ro3aTpar paspylIeHHs MacCHBa Pe3lloM CYINECTBYIOINEH KOHCTPYKIHH -
3aKkoH [‘aycca mapameTpamu;

Hayxosi npayi JouATY eunyck 27
m

MAaTEMATHYECKOE OXKHUIAHHE Wﬁm =k {[F, + ——ﬁf—h Zm ——_}
S5(;) Sq(9;)
M
CPE/IHCKBA/IPATHIHOE OTKIOHEHHE 7 =} kw[F +——-———] | G
5pf 5( pz

V(3 cpaBHeHus BbIpaxcenu# (11) u (19) nonydaem: yaenpHeIe SHED-
ro3aTpaThl paspymields MacCHBa pesliaMu ¢ paboyed OOKOBOH IpaHBIO
3HAYHTEIIEHO HIDKE YAENLHLIX JHEPro3aTpar ero paspylleHus; MOCKOIbKY
IIPH HE3HAYMTEILHOM YBEJIMYECHHH MMOTHOM CUiIbl pe3anns (mopsinka 20 %)
IUIOHIaAb cpes3a (CTPYI)KKH) YBEIHYUBAETCS AOBOJIBHO 3HAYHTENBHO (B
CpenHeM ImopaaKa 5-7 pas).

Taxum 00pa3zom, K3 BBHIMOJIHEHHBIX HCCHEIOBAHUHA W TIOIYy9EHHBIX
PE3yILTaTOB, MOATBEPIHACHHBIX NAHHLIME CIHENHAIBHEIX TEH30METpHYE-
CKHX HCCJIEIOBAHHH, CIIETYET:

Paspymienue miacra OAMHOYHEIM PE3IOM Kak CYLIECTBYIOMIEH KOH-
CTPYKIIHH, TaK U ¢ paboucii O0KOBOH rpaHB0 MO BceM paboduuM rpaHiam
IPOM3EO/MTCS CKOJaMH, BEIHYMHA KOTOPEIX 00YCIOBIIHBAETCA, B IEPBYIO
O4epenb, M Pe3loB CYMIECTBYIONICH KOHCTPYKIUHW - TOJLIMHON cpesa
(eTpyxKu), AN pe3noB ¢ paboucit GOKOBOH I'PaHBI0 — U PACCTOSHHEM OT
pabogeit H0KOBOM TpaHy /{0 CBOGOIHON MOBEPXHOCTH.

JnuHa ckosa ¢ 60nbIed BEPOATHOCTHIO MPUHAMAET 3HAYCHHS OJIH-
Ke K pasmepam Menrux (paxuui yrms (13, 18 MMm) nms pe3uoB cymiect-
BYIOIIEH KOHCTPYKIMH M K pasmepaM Oonbumimx (paximi s pesmnoB C
pabodeit HOKOBOM TpaHbr0. [IpH 3TOM abCONFOTHEIE 3HAYMEHHA TOH BEpO-
ATHOCTH JJIs1 pe3la ¢ pabodeli 00KOBOH rpameio Oonbie.

Y JenbHbIe SHepro3arparhl paspymeHus yriisd JUIS PpaccMaTpHBaeMBIX
THIIOB PE3IOB — BENHWYMHA CIy4YaHHasd, pacipene]eHHe BEPOATHOCTEH KO-
TOpOH HE MPOTHBOPEYMT HOpPMaibHOMY 3aKoHY. Ilpy 5TOM ynenpHEIE
SHEPro3arpaTel pa3pylIeHHs YIJIA pPe3loM CYUIECTBYIOINEH KOHCTPYKIIHH

i e e 1 T By s s L L e e ) L TR T T L L e e W L G W
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Cepin: 2ipuuso-enekmpomexaniuna
BBINIC yNCNBHEIX SHEPro3aTpat €ro paspyluenns pe3noM ¢ paboueit Goko-
BOH I'PaHEIO.

[Ips paspymenun miacta paGounM (HCIOJHHTENBHBIM) OPraHOM
O4YHCTHOTO KOMOaliHa B IPOLECCE €0 PA3PYIIEHKS OAHOBPEMEHHO Y9acT-
BYET HECKOJIbKO PE3NOB (Kak MPaBwiio, N0 25 st oiHOro pabouero opra-
Ha). Ka/ipiii W3 y4acTBYIONIMX B NPOLECCE paspylIeHHs niacta pe3nos,
3aHMMasl «CBOE» MECTO HA OpraHe 0 €ro JUIWHE, paspymacT W «CBOM»
Y4acTOK 10 MIMpHHE 3axBata. [Ipy 3ToM ToMIpHa cpesa KaKIsiM PesloM,
M3MEHAACH 110 OIM3KOMY K CHHYCOHMAQJIBHOMY 3aKOHY, IPHHMMAET 3Ha4e-
HUA oT () Npu BXOjie (BBIXO/E) pe3lia B KOHTAKT (M3 KOHTAKTa) C IUIACTOM,

T.€ IPH yIJIe €ro NoBopoTa 0 M & | Ay = Vi/(nopny,) B Tax HaswIBaeMoi
JHAMETPATIBHOH TLTI0CKOCTH, T.€. NIPH YIUIE NOBOPOTa 7/2. 31ECh N,y U Ny,
—— COOTBETCTBEHHO YaCTOTa BPAINEHUS OPTAHA W YHMCJO PE3LOB B JIMHUU
pe3aHus cxeMbl Habopa pexkyIero HHCTPYMeHTa,

B 3aBHCHMOCTH OT YMCJa PE3LOB B JIMHHH Pe3aHds cXeMbl Habopa
PEXYIIEro HHCTPYMEHTA Pas3iHYalOT IOCTIEA0BATENLHbIA — NpPH JBYX H
Oornee pesnax B IMHKM Pe3aHUS M NIAXMATHENT PE3 — NPH OXHOM pE3LE B
JIMHUH Pe3aHUs.

3nech, Kak ¥ paHee W 10 TeM Ke [puurHam, GyleM paccMaTpuBaTh
(opMHpOBaHKE rpaHyJIOMETPHIECKOTO COCTABA YITIA s Pe3noB 3a6oii-
HOM rPYIINEL.

[Ipu mocnenoBaTensHOM pese peslsl MIYT «cnem B cneay. IToaromy
paspyuIeHHe IUIaCTa NPOU3BOAUTCS C NapaMeTpaMi

h(p) = hmax sing, ¢= ty ; (20)

[Ae I, — [Iar yCTaHOBKH Pe3l0B Ha paboyeM oprade mo ero MIMHE (IMpu-
HE 3aXBara).

[Tockonbky IMpHHa cpe3a peslaMi BoIOHpaeTcs Takum 00pasom,
9T00BI OCTAIONIAACH BHE BO3AEHCTRBHS MHCTPYMEHTA YacTh IJIacra (Mex-
IEIEBOH LENHK) camo paspyliajack INOj ASHCTBHEM ECTECTBEHHOro Ha-
MPSHKEHHOI0 COCTOSIHUA YA, IUIOAME Cpe3a B 3TOM Cliyyae

Sn(ga)zh(qa]ty, O<op<m. (21)

Otkyna crneiyert, 4To IIOmank cpesa pe3namu pabodero oprana u3-
MEHAOTCA OT 0 10 Spax = Aypexl, TIPA N3MEHEHHH YITIA 1IOBOPOTA PE3IIOB B
YKa3aHHEIX [Ipenenax.

['panysioMeTpUYECKMii COCTAB YIiisi, paipymnieHHoro paboumm opra-
HOM, Oynet o0ycCloBIMBATHECA IUIOLAIBK) ONPEACTICHHOrO Takum 0b6pasom
cpesa. [ToaTomMy ans JanbHelmero aHaiauza yao0HO BBECTH OJHOMEpPHLINA

napaMeTp rpaHyJaoOMETPHYECKOro COCTaea yrijia — MeEJIHAHHBIN JAHAMETP,
e i s i R B 7 RS 3 R A L A1 A o . L i s i 2 2
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L
— KOTOphIN aXeKBaTHO oToOpaxan Ol M3MEHEHHE OCHOBHOTO NapameTpa

paspynIeHus IiacTa paboyHM opraHoM — mwiowank cpesa. C 31ok nenso
onpeenM MEIHaHHBIM UAaMETp U3 YCIIOBHs PaBEHCTBA IUIOLIAAH Cpes3a
98] (03106691 54 ycnuBHﬂru Kpyra ﬂHaMeTpnM, PaBHBIM MEIHAHHOMY,

d, =21/zh,t,sing, 0<p<rm, (22)

max y

Hayxoegi npayi JonJJTY gunyck 27
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BENHYMHA KOTOpOro m3mensiercs o 0 no d,™ =2./1/ah,, t, npu usme-

HEHHUH yria [IOBOPOTA B YKA3aHHEIX [IPeeIiax.
VY nensHeie BHE:pI‘DSa'IpHTLI paspyleHis miacTa pabouuM OpraHoM
/4 [Sop =2Z,n, /[S(pn,]1=2,/5(p) , (23]}

pop ~ n op

| [JIE UHOCKCOM «Op» uﬁmnatlen.a COOTBETCTBYIOLIAsA BEIMYHHA, OTHOCH-

masics K pabouemy oprany. M3 npuBeAeHHOM 3aBMCHMOCTH CIEAYET, YTO
YAENBHBIE DHEPro3arparhl paspyLUCHHs IlacTa OPraHoM OIpPEIE/ISIOTCS
Yyepe3 yACIbHBIC SHEPro3arparbl €ro paspymieHHs OJMHOYHBIM PE3IOM H
YHCIEHHO MM paBHBL Torna yAenbHBIE SHEPro3arpaThl pa3pylleHHs IUia-
cTa pabounuM OpraHoM C y4eToM BeIpakeHus (11) 3anuuieM B Buje

aMY . 4N
WP-QP = kw F‘i‘;r;i'z’ AF _’_E 5 (24)

PELIHMB KOTOPOE€ OTHOCHTEIEHO d,, , Oy1eM UMETH
k, (M+N)A, k
=2
R‘(W —k, FA )
3necs k, =k,(M+N)/x, WP S

OTkyna cnemyer, 5T0 MEAMAHHBIM AdaMeTp IpaHys paspyLIeHHOro
yras paboyuM OopraHoM IIpONOPIMOHANIEH KOPHIO KBAaJpPaTHOMY M3 COIpO-

(25)

. THBJIEMOCTH YIJi pE3aHWI0 U 0OpaTHO IPONOPLHOHANIEH KOPHK KBal-
| paTHOMY W3 YJEJBbHLIX 3HEpro3aTpar paspylleHHs IUIacTa, T.€. MEIHaH-

HbII AHAMETP IpaHy)l yIjisl, pa3pyLIEHHOr0 pabouuM OpraHoM, yBEIHYH-
BACTCs C YBEIMYCHUEM CONPOTUBIIAEMOCTH YIUIs PE3aHMIO U C YMEHbIIE-
HHEM YAEIBHBIX SHEPro3arpar ero paspylleHus, 4To, B OOIMEM-TO, HE
NPOTHBOPEYUT IKCIIEPUMEHTANIBHEIM JAHHEIM,

TlockonbKy yA€JBHEIE SHEPro3aTpaThl PaspylUeHHs MIACTa SBIISIOT-
¢l runepOonyecko (pyHKUMEH TOMIMHB! cpe3a (CTPY)KKM) aCHMIITOTH-
YECKH CTpEeMAIICHCS K MUHUMAILHOM BEIHUIHMHE C €€ YBCIHICHUEM, MEIH-
aHHBIN AuaMeTp rpamyn yris Oyner ypenudusarbed. CleI0BaTenBEHO, O/-
HHEM W3 IyTE€H YJIyYIIEHHs rpagyJIOMETpPHUYECKOro (CopToBOro) cocrasa
YIS, A0OBITOro OYMCTHLIM KOMOaiHOM, paboyue opraHel KOTOPOro oc-

R e T —— ] i i i T 0 P - . o B 1 | 8 B | e 1 | e w1
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HAIICHB! PEXYIUM HHCTPYMEHTOM CYHICCTBYIOMIECH KOHCTPYKIHH, SBIIS-
eTCA CHIDKEHHE YAEeIbHEIX SHEPT03aTpar paspyieHus miacra.

YCTAaHOBHM 3aKOH paclpe/ie]IeHus] BEPOATHOCTEH MEJHAHHOro Jua-
MeTpa TpaHyl paspymeHHoro yrjs. C 3TOM LENBI0 3aBHCHMOCTH (25)
NpeACTaBAM B BUIE

1/2 T
d,=C 4~ , C,, =2k [W (26)

WP
Cornacto [ 3], ana MOHOTOHHOH (QYHKUMH, B TOM YHCJIE M HEIH-
HEMHOM, APryMEHT KOTOPOH ABJAETCSA CllydalHON BENMYHHOM, IUIOTHOCTH
pacrpeiesieHusl BEPOATHOCTEM Mcnnaﬂnuro JHamMeTpa

203%d 0,562 (d2=d )R o
g(dm): o e ; s ’ Cm :IICWP’ (27)
0.2 A 21
rae d, - MaTeMaTHIecKoe OXKHIAHUEe MeIMAaHHOTO AUaMeTpa.

Wnu, o6o3nauus C, /o =1/0, , nONy9UM

cod

g(d,)= -gcmdm_efﬂ.ffdf, ~32) o}

0, N27

(28)

[TormyueHHOE BEIpQXEHHE HE SABIAETCS CTPOro HOPMAILHO pacmpene-
JIEHHOW BEMUMYMHOM H3-3a MHOxuTend 2C,d,. [Ipu 2C,d, — I Bepaxe-
Hue g(d,) CTPEMHTCS K HOPMAJBHOMY paciipejleNIiCeHUI0 BEpPOSTHOCTEH.
Opnako, ¢ 1OCTaTOYHON IS MEDKEHEPHEIX PacueToB TOYHOCTRIO H IOJIY-
YCHMS OLIEHOYHBIX 3HAYECHMN MEIUAHHOIO JHaMETpa rpaHyJl paspylleHHO-
ro yrjiig MOXKHO CUMTaTh, YTO €r0 pasMephl YKJIAALIBAKTCH B HHTEpBAl
d, =36, =d, =dihda e

[Inomane cedenus cpesa (CTPYKKH), ONpeaciieHHas Kak Mpon3Bee-
HHE TOJILIMHEI CP€3a Ha IIar YCTaHOBKH PE3L0B, BCIENCTBUE MEPEMEHHO-
CTH TONMIMHBI CTPYKKH 10 Mepe ImoBopoTa paboucro opraHa Oyaer nepe-
MEHHOH M U3MEHSIONIEHCS 110 32KOHY H3MEHEHHA ’[ﬂ.T"-LI.II}IHI:I cpesa, T.€.

S(Qﬂ) thlﬂ‘{ ¥ Sll’l P = \) max Siﬂ @, ma': hmax Jo (29)

B stom ciyuae yno6Ho mepeitti k cpefHeil BeTHYHHE IIOMIANU Ce-
YEHHS cpe3a (CTPYKKH)

S, =1/wS,, |sinpdp=2/%S_, . (30)
0
Torna cpeanss Benyunna MEJIHHHHD[‘G JMameTpa rpaHyJi

s = 2 AR (31)
[Ipu ckopoctu nepememenust kombaitna, Hanpumep, 3,2 M/MAH U

NPUHATHIX NapameTpax pabodyero oprana y xomOaitnor Tuna 1K-101 wuu

S s s e i W S o el ol i i s i
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K-103 (uactora Bpaluerus oprasa 80 MuH , 2 pe3la B JIHHHH PE3aHHsI U
Iar ycTaHOBKH pesloB 4,5 cM) ceuenrie cpesa u3Menseres ot 0 1o 9 cm”
npy CpejlHer ero BenuduHe 5,7 oM’ [Ipy 3TOM BEMUYMHA METHAHHOTO
JHaMETpa IpaHyJl paspylieHHoro yrns usmeHsercs oT 0 go 3,4 cMm mpu
cpenHei ero BenHdauHe 2,7 cM. PH3MYECKH 3TO O3HAYAET, YTO NPH YKa-
3aHHOM pexuMe paloTel KOMOAHMHOB BEPOATHOCTHBIM TPaHYIOMETPHUE-
CKHMH COCTaB paspyILEHHOIO YIJIA OLEHOYHO HE IMpeBBICUT Kiacca 25-50
MM IpH Haubonee BEpOsATHOM ero cocTane () -25 Mm.

IlonyyeHHEIH Ha OCHOBaHHMH TCOPETHYECKHX MOJIOKEHHH pe3ybTar
HOATBEPKAAETCH JAaHHBIMH pacceBa yris, Ho0biroro xkoMbaiHoM THia K-
103 B maBe No 841 mo mmacry Cg «HIKHMID) Ha ImaxTe <«3amaHo-
Honbacckas» I'KX «IlaBiorpanyroiis», NpoBEISHHBIH B COOTBETCTBUHU C
tpedoBanmsiMu 'OCT2093-77. ITo nanubM pacceBa 63,23 % — yrous,
pasMepsl rpaHysl KOTOPOro HaxoauTcs B npenenax ot 0 so 25 MM, u 15,94
% — ¢ pasMepamu rpany 25-50 MM.

CHwxeHne yAenbHBIX JHEPro3aTpaT pa3pylIeHHs mnacta pabogmm
OpraHoM IIpH YBEJIWYEHHHM IUIOINAaN ce9eHHus cpesa (cM. (24)) miu, 9ro 10
e, TpY YBEJIHYEHUK TONIIMHBL cpe3a (CTPYKH) [PH (IOCTOSHHOM [Iare
YCTAHOBKH PE3LOB MO 3aBUCHMOCTH, ONM3K0# K runepbosie, 1 aCHMITTOTH-
YECKOe CTPEMIIEHHE HX K MHHHUMAJIBHOMY (1A AaHHOH COMpPOTHBISEMOCTH
Yl pe3aHHI0 BENHYMHE, a Takyke 3aBHCHMOCTh MEIHAHHOIO AHamerpa
rpaHyJl paspyLIeHHOT'O YIS OT YAEIbHBIX SHEPro3aTpat paspyiieHus 00y-
CJIOBITMBAXOT TOT (DAKT, 4TO €CJIM JOCTUTHYT (BBIOpaH) Takoii pexkum pabo-
TBI KOMDaWHa (Takas TOMILKHA cpe3a), IPH KOTOPOM V/IEbHEIC SHEPro3a-
TpaThl paspyimeHus OIu3KH K MUHMMAIBHBM, JATbHEHIIAT MHTeHCUHKa-
usl pexvMa paboTel kombakiHa (abHeltiee YBelIHdenHe TOJIIHHBL cpe-
3a) HE JIaET JKeNaeMbIX PE3yAbTATOB II0 YIYYIIEHHIO TPAaHyIOMETPHIECKO-
ro (COpTOBOro) cocraBa yris. JIHCTBHTENLHO, HA OCHOBaHWH (25) 3amu-
mem

e

A sl o= NUSYA Y (32)

Ijﬂﬂﬂmm Woir = ksWomin, by 1,2 4 Wyy = Wy pin , 910 JOCTUTA€TCS

B 5TOM 30HE€ H3MEHEHHWsA TOJIIHMHBEI Cpe3a IMOYTH I0JYyTOpa KpaTHBIM €e
YBEJIHYECHHEM, TIOTYIUM

A e el Tl 7 e (33)

T.€. DOYTH IMOJIYTOpa KPaTHOE YBENWYEHHUE TOJIIHMHEI Cpe3a 00yCIOBINBA-
€T YBENHICHUE MEAHAHBOrO JuamMerpa rpanya yriaa go 10 % .

Orciona crnenyert, 4to npu pabore xombaiiHa B pPaAMOHAIBHOM HIIH

OM3KOMY K HeMy peskuMe (yaenbHbIe HEPro3aTparhl paspylIeHHs IIacTa
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OJTM3KH K MMHHMAalbHBIM) JaIbHEHInas ero HUHTEHCH(HKALUS HE 3Kejlaema,
TaK KaK IPH 3HAYUTENLHOM YBETHYCHHH HArpy3kd KoMOaiiHa He NOCTHIa-
CTCs JKEIACMOr0 pe3y/IbTaTa Mo YIy9IIeHHIC FPaHyJIOMETPHYECKOro (Cop-
TOBOI'0) COCTaBa I0OBITOr0 5TAM KOMOAHHOM yrimd.

YBEIHMYEHHE TOMIMHBI cpe3a o6ycIOBIHEaeT IPONOPUHOHAIBHOE
YBEJMHYCHHE ITOMA/H CeYeHHA cpe3a. Torna ucnone3ys 3aBucaMocTs (22)
umm (31), Oynem umers

dm?. dml k.i’r a dml‘\/L_S = lizzdml ’ (34)
e kj— yBEINYEHHE TOMIHHEI cpe3a (CTPYKKH).

Orcrona cnenyer, 4To XOTs yBEIHUEHUE METHAHHOrO aHameTpa rpa-
HYJ1 H HE MPOIIOPLMOHANBHO YBENMYCHUIO TOIIIMHEl CPE3a, TEM HE MEHee
3HAYUTENIBHO OONbIIe, 9eM 32 CUET YMEHBIICHHS yAENbHBIX SHEPro3aTpar
paspyIleHHs IiacTa.

[TomyqeHHbli HA OCHOBAHMH Pa3paGOTaHHBIX TEOPETHYECKHX TOJIO-
JKEHUH PEe3yNbTaT MOATBEPIK/AAETCA HAOIIONAEHHBIME JAHHBIMU HATYPHBIX
HCTIBITaHUH paboTsl kombaiina Tuma K-103 ¢ mpocTpaHCTBEHHO AWHAMHE-
YCCKH YPaBHOBELICHHBIMH I[IHEKAaMH, O00ECHEYMBAIONIMMM [ORBBIIICHHE
IpAMEPHO B 1,5 pasa CKOpPOCTH €ro IepeMerneHHd, NPOBEACHHLIMH HA
maxTe «3anagHo-/lonbacckas» B nase Ne 841 mnacty Cg «HIDKHEID), IIpu
TOBBILICHAH CKOpOCTH mepememenns B 1,5 pasa (¢ 3,0 go 4,5 m/mun) Ha-
OiroAaI0Ck yIyHnieHHe rpaHyIOMeTPHYSCKOTO (copToBoro) cocraea yris
C O/THOBPEMCHHBIM CHIDKEHHEM 3aIbUIEHHOCTH DYAHAYHOMN aTMOCHEpEI.

Ha ocHOBaHMM BENIOMHEHHBIX KCCIIEAOBAHKE K IMONYYEHHBIX pe-
3YJIETaTOB MOXHO CHENaTh CHCAYIOLICE 3aKI0YEHHE: IPaHyJOMETpUYe-
CKHH (COPTOBO#) COCTaB yriud, pa3pymieHHOro paGouHM OPraHoOM, OCHA-
MEHHBIM PEXYIHM HHCTPYMEHTOM CYIIECTBYIOUIEH KOHCTPYKIMH, MOX-
HO OICHHBATE MEJMAHHBIM IHAMETPOM I'paHyll, SBASIOMIMHCH CaydaiHol
BEJIMIMHOH, 3aBHCSLIEH KAK OT YJEIBHEIX SHEPro3aTpar paspymeHus, TaK
H IUIOM@AH CeueHus cpesa (CTpyxkH). [Ipu pabore xombaiina B panuo-
HAJIbHOM WJIH OJH3KOMY K HEMY PEXHMY NalbHEHIIas HHTeHCH(HKAIHs
PeXxHuMa ero paboThl He BEJET K NMPONOPUHOHAIEHOMY YBEIHYEHHIO HH-
TEHCHQHKAMK peXHuMa paGoThl KOMOAHA VIyHIICHHIO TPaHyIOMETPH-
4ECKOro (COPTOBOI0) COCTaBa yIJIs.

Jist obecniedenns maxMaTHOrO pesa pexyNIHii HHCTPYMEHT Paciio-
JIaraeTcA Ha JIONAcTAX IIHEKA ¢ WAroM, PpaEHEIM YIBOCHHOMY 3HAYCHHIO
LIMPHHBI CPe3a 110 cxeme ero Habopa, T.e. f,= 21, r1e ! — LIMPHUHA Cpe3a.
[Ipu 5TOM pesikl, YCTAHOBNEHHBIE HA PA3HBIX JOMACTIX, CMENIEHBI APYT
OTHOCHMTEJIBHO Apyra 1o JUIMHE IIHeKa (IIHPHHE 3aXBaTa) Ha IIHPUHY cpe-
3a. TakuM obpasoM, pakruyeckoe paspylIeHHs IACTa MPOHCXOANT C IIH-

w_

22



W — e sunyck 27

PUHOHM Cpe3a, paBHOW YNBOCHHOMY 3HAYEHHIO ITHPHHLI Cpe3a IO CXeMe
Habopa pexcyniero uacTpymenTa. Kpome Toro, npu takom pese paspyie-
HHE IJ1acTa NPOHCXOOHUT ¢ PasIM4HOM ero 00HKeHHOCTLIO. YacTh Iacra,
paBHas. IOJIOBHHE TOJIIHHLI CpPe3a, paspylmiaeTcs NpH OOHAXKEHHH €ro ¢
TpEX CIOPOH, BTOPas €ro 4acTh, paBHas TOXKE IOJOBHHE TOINIMHEI cpesa,
paspyliaeTcs NpH OOHAKEHHH TOJBKO C OJHOH CTOPOHBI, KAK U IPH IIO-
CIeIOEATEIBHOM pese.

[losTomy (OpMHpPOBaHHE rpPaHyIOMETPHUCCKOTO COCTaBa YIjis MpH
IIaXMaTHOM pe3e, BEPOATHO, HajI0 pacCMaTpUBaTh Kak IBe da3wl mpoiec-
ca, O/IHa U3 KOTOPEIX. POUCXOIHUT NPH TPEXCTOPOHHEM OOHAXKEHHWH YacTH
IJIaCTa, BTOPas — aHaJIOrMYHO IMPOLECCy €ro paspyimeHEst Py HoCcie 0Ba-
TEIBHOM pe3e, NpHYeM (DAKTHYECKHE MapaMeTphl pesa | 1A MepBoi U ams
BTOPOii ()a3 mpouecca Oy yT: MONOBMHHAS TOJINIMHA CPE3A OT MOJIYIaeMO¥
pacIeToM MO CKOPOCTH MEpPEMEIICHMA KoMOaHHa M YacTOTe BpalICHHS
IIHEKA W yNBOCHHAs NIMPHUHA Cpe3a 10 CXeMe Habopa pexyIero WHCTpy-
MEHTA, T.C.

b
h(9)=—~—sing, t, =1, =2t (35)
HDPHP-"T :
Ilmomaayu cedeHus cpesa (CTPYXKKH) ISl pasmudrsix (a3 mporecca
paspyuIeHHs I1acTa, BEPOSATHO, OYIyT pasnuaHbIMU M PABHLIMM:
LTSt IEPBOM (hasel

r

S,(@) = (91, =—2sing, (36)
Hop,

IJist BTOpOH (hazpl
S, (@) =k, (p)lb, +h, (p)gy]. 37)
Ilocnennee o6ycmoBieHO TeM, 9TO pe3 (HaKTHIECKH MPOUCXOMMT IIPH
YABOCHHOMY 3HA9Y€HHIO MIMPUHBL Cpe3a M, BEPOATHO, OyaeT OJIH30K K Io-
JTy- WITH J{aXKe OJIOKHUPOBAHHOMY.
Torga MeaquanHBIe qHAMETPEI IPAHYIT

d, =21/zS, (p), d, =2/1/z%S (p). (38)

Paspywenue nnacma é nepeoi ¢paze npoyecca NPOKCXOAUT NPH
TPEXCTOPOHHEM OOHKEHUU pa3pyllnaeMOoM 9acTH IUiacrta — ¢ 0OKOB M co
CTOPOHEI pabodero cprasa. [Ipu 3TOM pe3moM IHOpaspyIlaercs Ta 9acTh
MEXINEIEBOro IEIMKa, KOTOpasg HE CaMO pa3pyILIHIachk IIOH ACHCTBHEM
€CTECTBEHHOI'0 HAIIPSKEHHOIO COCTOSHHS YIJUi, H HMEIOLIas B He pa3py-
MEHHOM COCTOSHUH TPaneUeHAaIbHOE CeI¢HME (C yIeToM pa3Baia 60po3-
OBl pesanist). B3auMoaeHcTBHe pesia ¢ 3TOM YacThIO ILIACTA IIPOMCXOMUT

FemiiE e T mmr
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0 CPpeAUHE YCTYyNa, B KOTOPOM CO3HAETCS HANPSDKEHHE CXATHUA B IOJ
NEHCTBHEM KOTOpPOro oH paspymaercs. [TockoneKy Ha pasMepel rpaHy.
paspyIIArOIIErocs TakuM 00pasoM YVl MEXIIENEBOro LENHKa OKa3bIBACT
BIIMHHE, KaK OTMEYAJIOCh BHIIE, MHOTO (DaKTOPOE, OONBIIMHCTBO M3 KO-
TOPBIX SABJIAIOTCA CITy4alHBIMHA, OYEBHUJIHO, PACIPEACHCHUE BEPOATHOCTEH
MX pasMepa, COrjiaCHO LEHTPATLHON NpeaeNnbHOM TeopeMsl | 3 |, He mpo-
THBOPEYUT HOPMaIBHOMY 3aKoHy. Ha ocHOBarWM 37TOro 3amumem

1 —~0,5(d}, ~d'y, ) [}

fdei) IWE sy (39)

C IapaMeTpaMu:

MaTEMaTHYECKOE OIKUIaHHE d, =yliaSt. ()= Il
CpeIHEKBAAPATHYHOE OTKIIOHEHHE og =1/ Eﬁahmr .

IIpynss, HanpuMep, pexkyM paboTsl kKomMOaiHa TaKO#, MPH KOTOPOM
MakCHMalNbHOE CEedeHHe Cpe3a PaBHO PEKOMEHIYEMOMY OCT 12.44.258-
84 [4] m cocrasiger 15 cM”, MOMyHUMM: MaTeMAaTHYECKOE O)KHJAHHE
dy, =218 cm, cpemHeKBajpaTHuHOE OTKIOHEHME 0, =0,73.cm.

Torna pacnpeneneHue BepOSTHOCTEH pasMepa rpaHyll pa3pylIeHHOrO
TIIPH TPEXCTOPOHHEM O0HAYKEHHUHU YT/IA OLEHOYHO COCTABMT:
Pazmep epanyn, mm 0-6 6-13 13-18 18-25 25-50
Bepoamnocmob, % 2 14 26 24 34
B obmieM ciydae BeposSTHOCTE FPpaHy oboro pasMepa B 3TOM Cly-
qae ONnpeaenuTcs 3 BeipaxkeHud | 3 |

P <d <d 3=o| Dz |_ g Doun ~Dma | (40
(1] 4!

i @ e
rae (*) — pynknua Jlamnaca.,

Paspywenue naacma 6o émopoii (haze ppoyecca MPOUCXONUT NPH
OOH&XEHWHM MACCHBA IUIACTA C OJHOM CTOPOHEI — CO CTOPOHEI pabodero
OpraHa U pe3 OCyHIECTBJISETCA C YABOSHHOH [HPHEON ¢pe3a Mo CXeMe Ha-
Oopa pexcymero MHCTPYMEHTA M, BEPOATHO, Byner 630K K GIOKHpoBaH-
HoMy. IToaTomy mmomanes cpesa B 3TOM ClydYae paBHA IUIOMAAM pa3Baja
OOpO3/IBl pe3aHMs M ONMpPeNeNAThes Mo 3aBHCHMOCTH (37), a MeIHaHHEIH
AuaMeTp rpaHyn — no 3asucumoctH (38) nma 4! . V3 atoro cienyer, uro
pa3pylieHue IracTa BO BTOPOH (a3e — 3T0 pa3pyIlleHHe MaccHBa OIHHOY-

HBIM PE3LIOM CYINECTBYIOLIEH KOHCTpyKumHu. [Toaromy mns 3Toi (asel
[pouecca paspymeHMs Iuiacta pabodumM OpraHoM HMEIT MECTO IpHBE-

T T B L s e R ¥ B S T IR P 95 B 1 e e L i B G L i
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JIEHHBIE BBIIIE cunmumenﬁﬂ B TOM HHCIIE W ,rum I'paHyJIOMETPHIECKOTO
cocTaBa paspyleHHOro YIJis.

ITpu conpoTHEIAEMOCTH YTV pesaHuio, Hampumep, 200 gpaH/cm u
yKasalnHOM I HepBod (pasel paspyuienus pexaaMe paborel koMOaiina
MaKCHMAJBHAs ILIOLNa/b passaia 60pOo3abl PE3aHMs COCTABISIET 5,6 oM’
MAaKCHMaJIbHOE 3HAYCHHE MEIHaHHOro AHaMETpa rpaHyi — 2,7 cm. Toma
BEPOATHLIM TPAHYJIOMETPHYECKHH COCTAaB Pa3spylICHHOr0 YIS BO BTOPOM
dasze oneHo4HO cocraBuT: okono 60 % c pasmepamu rpadyn ot 0 go 13
MM 1 40 % ¢ pasmepama rpaHyi ¢Bbime 13 M.

BeposTHBIM TpaHyJIOMETPHYESCKHH COCTAB YL, pa3spylIEHHOTO
IMaxXMATHEIM PE30M Il YKA3aHHOIO pexxuMa padoTsl KoMOaiHa H MpHHS-
TOH CONPOTHBIAEMOCTH YIUIA PE3aHHID OLEHOYHO cocTaBuT: 28 % c pas-
Mepamu rpanyn 10 13 MM, 47 % c pasmepamu rpasyn 13-25 mm u 25 % c
pasMepaMH rpaHyJl CBBILIE 25 MM.

Pe3yneTaTel BRIIONHEHHBIX CHEIUANGHBIX, B TOM YHCJIE H TEH30MET-
PUYECKHX MCCIENOEAHMH IMpoLEecca paspylICHUs Kak YIJIEeHmeMEeHTHOIo
Broxa (mabopaTopHEIE HCCIIEHOBAHMA), TAK W IUIACTA (IAXTHHIE HCCIIEN0-
BaHHs) IIOATBEPKAAIOT JAaHHBIE, NOXYYECHHBIE PACYETOM 110 pa3paboTaH-
HOW MaTEMATHIECKOM MOJENH, OIMCHIBAIOIEH (GopMypoBaHye IpamHyiio-
METPHYECKOr0 COCTaBa yIiid IPH paspymeHuH ero pabouum opraHoM O4u-
CTHOTO KOMOakiHa, OCHALIEHHOI'O PEXYIIMM HHCTPYMEHTOM CYIECTBYIO-
OIEH KOHCTPYKIMM (MaxcHMalhHad BEJIMYHMHA PACXOKIEHHUS YHCIOBBIX
nokasareneu He npessimaet 12 %), Ilpu 3ToM Kak pacueTrom Io MaTema-
THUYECKOM MOJENH, TaK M SKCIEPUMEHTAIBHO IOJIYYEHO, YTO IPaHyIOMET-
PHYECKHil (COPTOBOIA) cocTaR yriif, paspylIeHHOro MmAaXMaTHBIM PE30M,
BCEr/la BHILIE TPAHyJIOMETPHIECKOr0 €ro COCTaBa, pa3pyLIEHHOro IPH 10~
ClIe/IOBAaTENLHOM pE3e.

Taxum obpasom, pazpaboTanHas MaTeMaTHUECKas MOJAETb Ipolecca
paspyrueHus nnacra paboduM opraHoM O9HCTHOTO komMOaitHa 1 GOopMHpPO-
BaHUs IPaHyJIOMETPUYECKOr0 COCTaBa YIUIA IPU BO3MOXKHBIX M IIPHMeE-
HAEMBIX B HACTOAILIE: BPEMA pe3ax — MOCIEH0BATEIFHOM WIH NIaXMaTHOM,
- TpecTaBiIsieT co00M MHOTOMEPHBIA CAy9YailHBH MPOLECC, CIyJaiHbIH
XapaKkiep KOTOpOro O0yCHOBIMBAETCA CIIYYalHEIM XapaKTepoM €ro co-
CTABIAIOIIMX H YYHTBIBAIOIIMM: XapakTep pesa (MOcHeOBaTENbHbBIA HIIH
IMAXMaTHbIH), CONPOTHBIIEMOCTE YIVIS PEe3aHMI0 (HOPMAIBHBIN 3aKOH
pacnpeaeneHus BEPOATHOCTEH) M €ro XpPYIKO-IUIaCTHYCCKUH CBOHCTBa
(BSI3KHH, XPYIKWUIA WM BECEMA XPYHKHii), FOPHOTEXHHYECKME YCIOBHS OT-
paboTku 1acTa (ko3dduireHT 0TKIMA IIACTA), TPEIIHHOBATOCTE I1ACTa
(cmydaitnas Benuumna), pexxuaM paboTel kombakiHa (TO.IMMHA Ccpe3a), mna-
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paMeTphl CXeMBbl Habopa pexymiero MHCTpyMeHTa (MpHHA Cpe3a) u psj
ApYTHX (axTopoB. Pe3ynsrarhl, mosyqaeMbie 0 MATEMATHYECKONH MOJIe-
Jd, H NAaHHBIC 3KCNICPHMEHTAJILHBIX HMCCIEAOBAHHM C AOCTATOYHOH JUIS
HIDKCHCPHBIX pacdeTOB TOYHOCTHIO (MaKCHMANLHAS BEJMYMHA OIMHOKH
YUCIOBBIX JaHHBIX He npeBbmmaeT 12 %) coBnaparor. CrnemoBaTensHo,
€CTh OCHOBaHMs CYHMTaTh, 9TO paspaboTaHHas MOJIENE NPOIEcca paspyiie-
HUA TUTacTa pabOYMM OpraHOM OYMCTHOro KomGaiiHa M (OpMHpOBaHHS
TPaHyJIOMETPHIECKOIO COCTaBa Pa3pylICHHOrO YIUIA ANEKBATHA WIH, MO
KpaiHE# Mepe, He TIPOTHBOPEYMT PEAIbHBIM NPOIECcaM.

PaspaboTaHHbiii pexyimii MHCTPYMEHT ¢ paGoueii 60KOBOH IpaHbIo
OTJIMYAETCs OT PEXYIIEro WHCTPYMEHTa CYLIECTBYIOMEH KOHCTPYKIHH
OTHOH NPHHIMIHAILHOH 0COOCHHOCTBIO, @ MMEHHO: PA3PYIIEHHE IUTacTa
NPOU3BOJMTCA MYTEM CO3JaHMs B €ro MacCHBE CIIOXKHOIO OOBEMHOro
KOMOWHMPOBaHHOTO HANPKEHHOTO COCTOSHMA, COYETAIOMEr0 HANpPsIKe-
HUA CoKaTHA M capura. [Ipy sToM HanmpsKeHKe C:KaTHs B MacCHEE CO3Ja-
FOTCA TEMH JKE NepeHeH M 3a[Hel rPaHAMH, HaupsDKEHUe cBura — pabo-
defl O0koBo# rparbio. [TockoIsKy CONPOTHBIEHHE INOPHBIX TOPO, B TOM
YMCJIE H YTJiA PaspyIICHHIO CBHTOM 3HAYHTENBbHO (TIPUMEPHO Ha MOps-
JIOK) HIDKE CONpPOTHBIIEHHA PA3PyIIEHHIO CHKATHEM, NPONECC Pa3pyIICHHs
yriIsl pes3toM ¢ pabodeli GOKOBOH IpaHEI0, KAk IOKa3aIH MCCIIeOBAHNS,
MEHEE IHEPIrOEMOK.

Pacnonosxenue pexyinero HHCTpyMeHTa ¢ paboyeii 60KOBOI rpaHbIO
Ha paboueM opraHe NoDkeH OBITH Takum, 9roOsI ero paGouwas Goxosas
TpaHb BCETa HaXOJHJIaCh CO CTOPOHB!I RHOBE OOHAMKEHHOW MOBEPXHOCTH
pEe3sIoM, pacIiOIONKEHHBIM BIIEPE/IH.

IIpu 5TOM KyTKOBas rpymnma pe3noM MOKET COCTOATH KaK M3 PE3LOB
CYIIECTBYIOINEH KOHCTPYKLMH, TaK M PE3IoB ¢ pabo4eii 60KOBOM rpaHbIo.
HeobxoxumimM ycnoBreM amst 5GQEKTHBHOIO paspyIIeHHs [UIacTa siBiisi-
€TCs TaKOE PacCIOJIOMNKEHHE PE3l0B, NPH KOTOPOM BCEIrJa Co3haBancs Obl
OIEpeXxalMUK BpyO, T.e. HadanpHAs NONOJHMTENLHAA OOHAKEHHAS T0-
BEPXHOCTE. B KkawecTse pexylero MHCTPYMEHTA JUIS CO3NaHMs omnepe-
KAIOMEro BpyOa JOJDKEH HCMOMB3OBATHCA PEKYIUHA HHCTPYMEHT MM
CYIIECTBYIOINEH KOHCTPYKIMH, WK aHANOTHTHBIH My [0 KOHCTPYKI[HH H
napamMeTpam.

Teoperudecku paspymenue mnacta paGoYMM OpPraHOM, OCHAIIEH-
HBIM PeXYIIHM HHCTPYMEHTOM ¢ pabo4ei 60KOBOM rpaHbiO, MOXKET Mpo-
M3BOIUTECS KaK MO CXEME ITOCIeI0BATeIEHOIO, TAK H IIaXMaTHOI'O pesa.
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Paspywienue nnacma no cxeme namedﬂﬂame_ua HO pe3a TIPOUCXO-
JMT IPH ABYX H Oonee peslax B IMHUMA pe3anust. [Ipr 3ToM KaxasM pes-
oM pabo4ero oprana paspymniaercsa 4acTh Iacra oosemom
V pﬁ(qp} = k,lﬁkm“zy sec fsing = Vipmat siip, (¥ = klsho .t secB. (41)

Benu4uHa paspylnaeMoro KaxabiM pes3ioMm pabodero oprasna oGne-
Ma, Kak crneayer u3 (41), nsmensercd ot 0 10 V,gpq TPH H3MECHEHUH YTTIa
ero moBopora ot 0 0o /2 M 0T Vpgpee A0 (0 TIPH WBMESHEHHH YTIIa IOBO-
pora or 7/2 no m. Ilpw 3TOM pa3spymieHse — C{BUT — ITOro obGbema mpo-
MCXOJMT MO IIOMAMM Sgy = kilgt,Secl , MAKCHMANEBO BO3MOXKHAS, T.€.
peJebHas AJMHA CKOJia, 00YCIOBACHHAA pa3pyIIEHWEM IUIACTA PEXKY-
UM HHCTPYMEHTOM, MOXKET COCTABIBITE lgye: = Kty secf. Dakruueckoe
PaspylIEHUE YKa3aHHOro o0bema yrns OyAeT ImpPOHMCXO1MTh ¢ MapaMeTpa-
MH, KOTOpBIE OOYCIOBJIEHEI TPEIHHOBATOCTHEI0O MACCHEA [1I4CTa, COIPO-
THBJISICMOCTBIO YIUIsl PE3aHUI0 B MECTE YCTAHOBKM peslla M APYIHX yKa-
3aHHBIX BBIIE (aKTOpPoB, GONBUIHHCTBO M3 KOTOPEIX SIBJISIOTCS CITyJaii-
HBEIMH.

JU1st XapaKTEPHCTUKHM IPaHyJIOMETPHUIECKOT0 COCTABA Pa3pyIISHHOro
pabodriM OpraHOM Yrisi BEGAEM MeIHAHHBIH AHAMETp YCJIOBHOTO Inapa,
00BEM KOTOPOr'o paBeH 00BEMY paspylaeMoro KaXcabsIM pe3oM Y,

ds (@) = 1823[1/7V ;.. sing. (42)

Besnuuna sToro mapamerpa usmensierca or 0 10 duysmee H OT
Amomax 00 0 TIPH UZMEHEHHH yI'JIa IIOBOPOTA opraHa (pesua) ot (0 1o 7.
Xapakrep MeJMaHHOTO AMaMeTpa, KOTOpEIi 0OYCIOBICH MHOTMMH (ak-
TOpaMiK K OOJBIIHHCTBO M3 KOTOPBIX SIBISIFOTCS CIIydaliHbIMHU, OyHer ciy-
qaliHeiM. HecMOTps Ha TO, 4TO COCTaB/AIONIHE MEAMAHHOIO AuaMerpa
HNOMYHHAIOTCA Pa3IMYHRIM 3aKOHaM PACIIPENENeHUs] BEPOSITHOCTEH, IPH
COBMECTHOM HX NPOABIEHHMH B IIPOCTPAHCTBE H BO BPEMEHH, YTO M MMEET
MECTO IPH paspymIEeHHH ILUIACTa PEXCYIIMM HHCTPYMEHTOM, COITIACHO LIeH-
TPANBEOH OpeneabHOH TeopeMe [ 3 |, Oyler HOOYMHATHLCA HOPMaIbHOMY
3aKOHY pachpejeieHnus BeposTtHocred. [losromy B manbpeiimem, Kak u
PaHBLIe, i1 XapaKIEPUCTHKH I'PaHyJIOMETPHYECKOIO ¢ocTaBa YIIisd, pas-
PYLIEHHOro pabo4MM OpPraroM, OCHALEHHOTO PEXYIIUM HHCTPYMEHTOM C
paboueii 6oKOBOMH rpaHblo, OyHEM CUMTATH MEIAHAHHBI AUAMETp TPaHYII
HOpPMAa.IEHO pAacCHpeAeNeHHON CNydaiiHOW BEIMYMUHON ¢ MJIOTHOCTBIO pac-
MpeJEIEeHUs BEPOATHOCTEIH

f (dm'o ) _Tﬁ Exp[_o!ﬁ (dmﬁ oo gmﬁ )2 / Jj g (43)
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Cepin: zz' nuwmw‘m
C mapaMeTpamu:
maTemaTuaeckoe oxuiarue  d,; =1/2d,; . =093kl ;h 1, sech

CpeIHEKBAJIPaTHIHOE OTKIIOHEHHE 04, = O,B{Ik,lﬁhmry secf .

CpaBHuBas IOJY9EHHYIO BBILIE 3aBHCHMOCTD /I MEIHAHHOIO AMa-
METpa IpH NOCJIENOBATENLHOM PE3E Pe3laMH CYLIECTBYIONIEH KOHCTPYK-
UMM ¢ MEIMaHHbIM AHAMETPOM [UlA TAKOro e pe3a pe3uaMu ¢ paboueii
OOKOBOH IrpaHpIO UL MAKCHMAJIBHLIX HX 3HAGEHWUH, OyaeM UMeTh

0,931/ 7tk Iy Py, SEC ,6‘
Pl ™ i,

JU1d NpUHATHIX TApaMETPOB CXEMBI Haﬁnpa PSIKYIIEro HHCTPYMEHTa
CYIUECTBYIOIIEH KOHCTPYKIIMH M JPYIHX MAPAMETPOB COBPEMEHHBIX OYH-
CTHbIX KOMOaiHOB, Hanpumep, Tuna 1K-101, K-103 i pexume ux paGors,
[MPH KOTOPOM MaKCHMAaJIbHasA TOJIIHHA CPE3a COCTABIACT, HAPHMEP, 3 CM
(ckopocTb nepeMemenns kombaiina 4,8 M/MHH) i MapaMeTpax PexyIero
MHCTPyMEeHTa ¢ pabodeil GOKOBO# rpaneio: I = 45 um, f = 45° nomydaem
My, =17, lna oTHX Ke napamMeTrpoB M pexuMa paborsl kombakina oT-

HOIICHHUA MATEMaTHYECKHX OXMIAHHH M CPEIHEKBa,JPATHYHOrO OTKIIOHE-
HHA MEIHAHHBIX JHAMETPOB, COOTBETCTBEHHO, coctaBimsiior [,7 w 1,6
pasa. Torna BeposTHBIH rpaHy/IOMETPHYSCKHI COCTAB YU OLEHOYHO Oy-
NEeT:

(44)

i max

[PH Pa3pylIeHHH CYIUECTBYIOIHUM PEXYIIHM HHCTPYMEHTOM
pasmep cpanuyn, mm 0-7 7-14 14-21 21-28 28-35 35— 42
eepoamuocms, % 2 14 34 34 14 2

[pH pa3spylIeHHH pe3uaMu ¢ pabogeii 60k0BOI rpaHBIO
pasmep 2pawyn, wu 0—-11 11-22 22-33 33-44 44-55 55- 66
geposmuocmy, % v 14 34 34 14 2

[lepeiias npmmmﬁ rpajaluHH rpaHyJIoOMETPHYECKOro cocTaBa yr-
Js1, TIOJIYYHM:
pasmep epaviyn, Mm 0—6 6-13 13-18 18-25 25-50 50-100

NpH paspylleHNH CYIIECTBYIOIHM PEXkKYIUM HHCTPYMEHTOM

eeposmuocms, % 2 16 28 34 20 —
NpHU paspylleHHH pe3namu ¢ paboyei 60X0BoIi rpaHEBIO
gepoamuocms, % 1 4 9 25 < 4 9

Otkyna cienyer, 9TO NPHMEHSHHE PEXYIIEI0 AHCTPYMEHTa ¢ pabo-
qed OOKOBO rpaHBI0 3HAYUTENBEHO YIYUIIAET MPaHyIOMEeTPUYECKHii (cop-
TOBOH) COCTaB JOOBITOrO Yriisi COBPEMEHHBIMH OYHCTHBIMH KoMbOaiiHaMu.
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C yueroM rpaHyJIOMETPH4YECKOro cocrasa (mThiba, pasMep rpasyi
0 — 6 Mm) yris, pa3pyllaeMoro pesliaMH KYTKOBOH TI'pyImiibl, BEPOATHBIN
rpaHyJIOMETPHYCCKHH COCTAB YIJIs OLEHOYHO OyjeT:
pasmep epavyn, mm - 0-6  6-13 13-18 18-25 25-50 50-100  ce.100

rpH PaspyICHAH CYMECTBYIOUIUM PEXKYILHUM HHCTPYMEHTOM
gepoamuocms, %o 22 13 22 27 16 - —

TIPH pa3pyLIeHNH pe3liaMu ¢ padoyeii 60KOBOH rpaHbIO
geposmnocme, % 21 3 Yy 20 42 7 -

Paspymenue nnacma no cxeme waxmamnozo pesa peslaMu c pa-
Goueii 6OKOBO# rPaHbIO, OY9EBUIHO, SBAACTCH HEPALUMOHAILHLIM, JTO 00Y-
CIOBIIEHO cieayiouuMi obcrositesiscTBaMK. Bo-nepBriX, onpeaecnsiembie
pacdeToM ¥ MHOIOKPaTHO IPOBEPEHHBIE W MOATBEPIKIACHHEIC HA TPAKTHKE
3Ha9eHHs MUPHHBI cpe3a, cocTasigomme or 40 10 55 MM Y COBPEMEHHBIX
OYHCTHEIX KOMOAMHOB, WCIIOJIHATEIbHBIE OPraHel KOTOPBIX OCHAIAKTCH
PEXYIIAM HHCTPYMEHTOM CYMIECTBYIOMIEH KOHCTPYKLMM (peslbl THIA
3P4-80), nas pesuon ¢ paGoueii 6okoBoii rpansio (Tuna 3Pb2-80) maxe
MpH COXPAHEHUH TEX JKE€ OCHOBHBIX MOJOKEHHH, KOTOPLIE HCIOIHL30BaHbI
NpH ONpE/IeNEHHH IWHPHHBI Cpe3a Ui Pe3LOB CYECTRYIOMEH KOHCTPYK-
MM, DpaKTHIeCKH yapausatorca u cocrasnsior 80 — 110 mm. [lpn max-
MAaTHOM pe3e (pakTHHecKkas IHpHHA cpe3a pe3liaMH yapauBaercsa u Oyuer
cocrapiark 160-220 MM. 310, BEpOSTHO, MPHBEAET K PEKUMY TaK Ha3bl-
BaeMOro OJIOKMPOBAHHOIrO pe3a, CaMOro HEBBINOJHOIO paspylICHHUA I11a-
CTa KaK C CWIOBBIX (3aKJIMHMBAHME HHCTPYMEHTA), SHEPreTHYECKHX napa-
METPOB (BBHICOKHE YIENbHBIE JHEPro3aTpaThl), TAK H H3HOCY H MPOYHOCTH
HHCTpYMEHTa. BO-BTOpBIX, 3HAYMTENLHOE YBEIWYCHHE INHPHUHBI Cpe3a
(WM moara yCTaHOBKH) pe3LOB OOYCIIOBIHBAET 3HAYMTCIEHOC YMEHBIIE-
HHE PEXKYIIEro HHCTpyMeHTa Ha pabo4yem opraHe, a 9T0 B CBOIO OYEpEb
OpUBEJIET K YBEIHYCHHIO HEPABHOMEPHOCTH HOPMHMPYHOLICHCS Ha OpraHe
HArpy3KH M, KaK CJIe/ICTBME, — K YBCJIMYCHHIO IHHAMUAKH KomOaiiHa B ne-
noM. B o1o0it cBA3M BOnpoc 0 GOPMHPOBAHHM IPaHyJIOMETPUYECKOro CO-
cTaBa yris NPH paspynieHuy miacta pabounm opraHom kombaiiHa, OCHa-
IIEHHOO PEXYIMM HHCTPYMEHTOM ¢ pabodeit GokoBOi rpaHbio B paboTte
HE paccMaTpUBaJICH.

Takum oOpazom, pazpaboraHHas MaTeMaTH4YeCKas MOJAEIb Mpolecca
GopMHPOBAaHHS TPAHYJIOMETPHYECKOTO COCTAaBa Yris Mp4 paspylieHHH
miacra pabouum opraHomM OYMCTHOroO KomOarHa, OCHAIEHHOro PeXyIHM
MHCTPYMEHTOM ¢ paGoueii 60koBO# rpaHBIo, NpeJcTaBiieT C060H MHOTO-
MEPHYIO CIYYaiHyl0 BEJMYMHY ¢ pacrpee]eHHeM BEPOsSTHOCTEH, He Ipo-
THBOPEYAIEro HOPMATLHOMY 3aKOHY, ¥ SBJISACTCA aJCKBATHOH PEabHOMY

Wmﬂ
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npoueccy ero GOpMHPOBAHMA I PACCMATPHBAEMBIX HCIIONHHTENBHBIX
OpraHoB M OYMCTHBIX KOMOAHHOB.

BonemuucTBo (68 %) rmacrop Jlonbacca, paspabaTeiBaeMEIX B Ha-
cTosmiee BpeMsi i HaMe4yaeMbIX K paspaborke B Gumoxaiineii nepecnexruse,
- [I71aCTHI CJIOXHOTO CTPOSHHS, CoAepXkatue npocnoiixku nopoas: (no 10 %
OT MOLIHOCTH TUIACTA) U TBEPALIE MHHEPATbHLIC BKIIIOYSHHS B BUJIE HPH-
Ta, KBApLUMTa, CEPHUCTOrO KoMueaaHa M Ap. PacmosioikeHue mpociIoikos
10 BBICOTE (MOMIHOCTH TMJIACTOB) MPAKTHYECKH PaBHOMEPHOE, pacrnojoxe-
HHE TBEPHABIX BKMOYECHHH — cirydyaiHoe. Hanbonee pacnpocTpaHeHHBIMH
I0pOIaMi NIPOCTOMKOB SABIAKOTCS: YIJIMCTHIE CIAHNBI, apriJUTAT H anes-
POJIHT, COMPOTUBIIIEMOCTL PE3AHHIO KOTOPHIX COH3MEPHMA C CONPOTHE-
NIIEMOCTBIO YTJISI PE3AHHIO.

[Ipy pacmonoXeHuu MpoCnoika MOMHOCTLEIO f,, B BEpXHEH HIH
HIDKHE# 9acTH (y KPOBJIA WJIH y TIOYBHI) IJIacTa yron NoBopoTa Oprasa, Ha
IPOTSHKEHWH KOTOPOTO MPOM3BOAMTCS €r0 paspyleHAN

2H 24
@ = arcco ——2 |=arccod 1 - _b"fi ’ (45)
v D, D,

rjie 0 - OTHOCHUTENIbHAA BEJIMYMHA MOLUHOCTA MPOCJIOHKA OT MOIIHOCTH
nnacta H.

Torga BenMYHMHA MENMAHHOIO JHAMETpa IpaHyJ Mopoa paspyiae-
MOTO mpociaoika Oyner:

[PH pa3pyLICHHH PE3llaMH CYILECTBYIOEH KOHCTPYKIIMH

I Zv'?lf' why, b, sing, (46)
NpH pa3pymeHun peznamMiu ¢ pabouscit 60K0BOMH rpaHkIo
dyly =1823/1/ wk Jsh,t, sec Bsing,, . (47)

W B TOM M B Apyrom ciay4ae, T.e. OpH paspylICHKH nnacta pabouum
oprasoM komOaiHa, OCHAUIEHHLIM KaK pe3laMd CYLECTBYIOUICH KOHCT-
PYKIIHH, TaK H pe3uamu ¢ pabodueii OokoBoll rpansio Ha GopMHpoOBaHUA
rpaHyJIOMETPUYSCKOr0 COCTaBa paspyLIEHHON NOpPo bl MPOCIOHKa OKa3ki-
BA€T BIMAHHE NOBOJIBHO MHOIO (aKkTOpPOB, TKHX, HANpUMeEp, Kax pacro-
JIOJKCHHE M MOIIHOCTH MPOCIOMKA, THII M CTPYKTYpa TNOpOJibl, COMPOTHR-
JISEMOCTE €€ PE3aHUIO U Pl APYTUX, OOJBIIHHCTEO M3 KOTOPKIX ABJIAIOTCA
ciydaiHeiMU. [looTOMy ecTh BCe OCHOBaHMSI CYHWTATH, YTO NMPH COBME-
IEHHOM B IIPOCTPAHCTBE U BO BPEMEHHM MX NPOABACHMH, YTO, COOCTBEHHO,
M MPOMUCXOMUT B IMPOLECCe paspyLIeHHs IUiacta pabovyMM OpPraHoM KO-
OaiiHa, pacripejieNieHHe BEPOATHOCTEH MEXAMAHHOrO QHAMETpa rpaHy’l no-
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POJibl, @ CIIENOBATENLHO, W FPAHYJIOMETPHYECKOr0 €€ COCTaBa He NPOTHBO-
peunt 3axkony ["aycca, a
f(dn,)=N@, .0, }, fd%)=N{d%.0,,} (48)
i il

¢ mapaMeTpaMH:
MaTeMaTHIECKOE OMKHMIaHHE

By =AU Tty > Ay = 0,931/ 7k, lht, s B
CpeHEKBAAPATUIHOS OTKJIOHEHNE
0, =033 VUnhyt, , 0,0 =03031/7k];h,,t,sech

m. max”" ¥

[Ips MOUIHOCTH MPOCIIOIKA, HANPHMEP, 5 CM H pexHMe pabOThHI
kom0OaifHa, Mp¥ KOTOPOM TOJINIHHA CPe3a COCTaBIseT 2 ¢M (ans kombai-
gos thna 1K-101 u K-103 ckopocts nepememmenua 3,2 M/MHH), ¥ JIpyTHX
napaMerpax, INPHHATBIX Y COBPEMEHHBIX OYMCTHBIX KOMOAHWHOB, dpny =
235 cm u d = 4,72 cm. Torga, COrIacHO pacdery, ¢ y4eTOM IOpPOJB,

paspyllcHHOW pe3slaMM KyTKOBOW TIpPYINBI, BEPOATHOS pacnpeiesieHHe
IPaHyJIOMETPHYECKOrO COCTaBa PaspylleHHON MOPOLI NPoCcHoiiKa Oyner:
npumepro 25-27 % mrsiba (0-6 Mm) u 32-35 % rpanyn knacca 6-13 Mm B
nepeoM ciygae u 22-23 % mreiba u 12-15 % rpanyn inacca 6-13 MM Bo
BTOpOM cnydae. Hanuuue noBosibHO GONBIIOro 00beMa MENKHX (paKi(Hi
[OPOJkl B PaspylIEHHOM yrjie 3HAYMTENbHO 3aTPY/HAET BIIOCICACTBHH
ero oforamenue. CymecTBYIOIHe B HacTofIEee BpemMdA oboraTurTelbHbIe
MAlIMHBl ¥ TPOLECCHl NPaKTHYeCKH HE MOryr oboraruarb CMEIUaHHBIE
MeJKHe (paKi|| yris | IOpOJsl M BECh YIOJib 9THX ()PaKiHH H mopoja
YXOIAT B OTBAJIBI.

B ci1ygae npucedky BMEIMAIIUX MOPO ¢ LENbK 00ecnedeHns Tak
HA3LIBAEMOM BIHMCBHIBAEMOCTH MEXaHH3MPOBAHHOH KpeIld B MacT paspy-
EHHE MX HPOMCXO/MT, KAK MPABHJIO, MPH HE3HAYUTEIBHBIX CEYEHHAX
Cpesa, a CIEJOBATENbHO, W MajbIX MEJAHAHHBIX AMAMETPax rpanyll, H9TO
00yCNOBIHMBAET 3HAYMTENIBHOE KOJIHYECTBO TOPHOH Macchl MENKHX (pak-
[ ¢ BBITEKAIONMMH OTCIO/1a NOCE/(CTBHSIMHU MPH €€ 0DOTAILICHHH.

[lpn pacmonoiesud MpOCAOMKa MO CPEAMHE MOIIHOCTH IUIAcCTa
IVIOLIAIb CeYEHHE cpe3a Wid 00heM, paspymiaeMbld pe3liaMH, paBHbI MakK-
CHMaNbLHEIM MX 3HAYECHHAM ¥ ONPENSJIAIOTCA 0 NPHBEIECHHBIM BhLIIIE 3a-
BHCHMOCTsM (46) — (48), nonoxus @,, =n/2. IloaToMy rpaHynOMETpH-
YecKuil (CopToBOM) COCTaB MOpOMIL! Pa3pyIIEHHOIO MNPOCIOHKa B ITOM
clydae yaydiuaercs.. Tak, AJS pacCMaTpHBAeMOro BHINIE IPHMEpa
Scp.max=9 cM” W Voma=11J em’ , 4 BEPOATHLIA (PAKLHOHHBIN COCTaB I0-
POl MPOCIIOIKA ¢ Y9ETOM MOpPOJLI, PaspylCHHON peslaMH KYTKOBOH

mﬁﬁ
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rpynisl, coctaBiser: 28-30 % mreiba u 12-15 % rpanyn kiacca 6-13 MM
B mepBoM H 15-17 % wrreiba u 9-10 % rpanyn knacca 6-13 MM Bo Bropom
ciy4dae. [Ipu 3TOM, ClIEYET OTMETHUTH, IPOHCXOIHUT 3HAYHTELHOE YBEIIH-
YeHHE OTHOCHTEJILHOIO 00beMa rpaHy/l KpyNHBIX KIaccoB, ocobeHHO, BO
BTOPOM CJIy4ae, T.e. MPH paspyllicHHH [iacta pabo4yHM OpraHoM, OCHa-
[EHHbIM pe3laMH ¢ paboyei O0KOBOI IpaHEIo.

[Ipu paspyumieHHH NPOCIOHKOB, COCTOSIIMX M3 YINIHCTHIX CHAAHIEB,
MpeACTaBIAIOMMX COOOM APKO BBIPAKEHHYIO CIOMCTYIO CTPYKTYPY TOJ-
[HHOM CJIOA, M3MEHAIOIIErocs B NpejeliaX HECKONBKHX MHUIHMETPOB
(0o0brqHO 3 — 7 MM), JOBOJIEHO XPYMNKONO MaTepHaia, MaKCHMAaJbHbIE
pa3sMepbl €ro NpH paspyIleHHH PEKYIIHM HHCTPYMEHTOM 00YCIIOB/HBa-
I0TCS napameTpamH pesanus. ToT GpakiMOHHLIH COCTAB YINIMCTBIX ClIaH-
11eB, KOTOPBIH MOMY4aeTcs MOC/Ie MOrpy3Kd ero HCMNOJHHTEALHBIM Opra-
HOM KoMOaiiHa Ha KOHBEHEp M TPAHCHOPTHPOBKH KOHBEHEPOM MO Jiase,
OTHOCHTCS, KaK NMpaBuilo, K MENKUM (pakumsM — rnopsaka 0 — 13 mm.

[IpakTHYeCcKM BCE MJIACTBI CIOKHOTO CTPOCHHS COJEPIKAT TBEPJbIE
MHHEpaibHble, KaK ITPABHJI0, HE MPOPE3aeMble M3-32 OYCHE BBICOKOI CO-
MPOTHBIIAEMOCTH pe3aHnio Biunoyenus. s yronsneix mactos Jlonbacca
YIEJIBHOE COAEpIKAHUE TBEPABIX BKITIOYCHHH AOCTHTAET 0,4 % npm cne-
JYIOIMX MX NapameTpax: riomans — 5-150 cm® , amana — 5-25 cM, Bal-
cora — 1-6 cm, gucno BmoyveHuii — ot 10 go 120 va 100 M miMHB! Bk
[ 5 ]. M3 aToro cnexyer, 4To BCTpeUa PEKYIIEr0 HHCTPYMEHTA C TBEPIBIM
BKJIFOYEHHEM OTHOCHTCS K KJIACCY TaK Ha3bIBaMBIX PEJIKHUX SBJICHHH. D10
00YCNIOB/ICHO KaK HX HE3HAYHTENBHBIM 00BEMOM H OTHOCHTENHHO Mapa-
METPOB JIaBbl M HCMOJHHTENBHOrO Oprasa koM0aiiHa He3HaAYMTEbHBIMH
pa3MepamMH, Tak H TeM, 4TO HAJIHYHE B TIJIACTE TBEP,ILIX BKIIOYEHMH HE AB-
JIAETCA MOMHOH rapaHTHEH TOro, YTO PEeXKYIIHl HHCTPYMEHT 00s2aTeNLHO
C HHM JIOJDKEH BCTPETUTHCA. ITO 0COOEHHO OTHOCHTCS K pe3iiam ¢ pabo-
e OOKOBOH IpaHblo, NIMPHHA CPe3a KOTOPBIX 3HAYMTENBHO GOabINE HIH-
PHHBI Cpe3a pe3llaMH CYIIECTBYIOIEH KOHCTPYKIIHM W COCTABNSET B CPeji-
Hem 90 — 110 mm.

BeposaTHocTe BeTpeun pesna ¢ TBepHsIM BKIKOYSHHEM, OTHOCSIASCS
K PEAKHAM SBJICHHAM, C JOCTATOYHOH /ISl MPAKTHKM ¥ NOHUMAHKA huinge-
CKOH KapTHHBI IPOUECCa TOYHOCTBIO MOXKeT GbiTh onucana 3akorom Ily-
accona [ 3 ]

—A—e T Y B T
n'
rae A - MaTeMaTHYECKOe O3KH/IaHHE.

. (49)
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3 XapaktepHo#i ocobenHOCTbIO 3akOoHa IlyaccoHa sBisieTcs TO, 4TO

JUISi HETO MAaTeMaTHYeCKOe OKHMIAHWE M JAWCTIPCHs CIyYaiHOH BETHYHHBI
paBHBI MediTy €060 [ 3 ], T.e.
M{CB} = D{CB} = A. (50)
3nech CB — cny4daitnas BeIMYHHA.

Ecim MaremaTHYeckoe OKujaHue (CpeiHsas BENHIHHA) YHCIIa TBEp-
JBIX BRIIOYEHHH Ha | M JUIMHEI JIaBbl COCTABISIET K, , TO BEPOATHOCTH XO-
1 GBI OJIHOM BCTPEYM pe3lia ¢ TBEPALIM BKIKOYEHHEM

Bt e, (51)

Tak, Hanpumep, AIs MAKCHMMAILHOH BEIHYHHBI MAaTEMAaTHYECKOTO
OKHJIAHHA YMCNIA TBEPUBIX BIIIOYEHHH, [IOJTY4a€MOIo U3 IPHBE/JICHHOIO
BBIIE CPEJHEro 9mcna Teepablx BkmodeHuit Ha 100 M jiaBbl, W paBHOTO
4 M, cormacho (50), BepoaTHOCTH XOTs OBI OJHOH BCTPEYH peslia C
TBEPABIM BKITFOUCHHEM Ha NPOTSHKEHHH | M JaBel COCTABHT 0,36.

AHAJIOrHYHO MOMKHO OMPENENHTL BEPOATHOCTH APYIHMX XapaKTepH-
CTHK WJIH NAapaMeTpoB TBEpJBIX BKIIOYEHUH, HANPUMED, PacroNOKEeHHe
HX 10 MOIIHOCTH TUIacTa, rabapuTos u T.11.

Hanwune TBEpABIX BKIIOYEHHH B (UIACTE enle He ABIACTCH rapaHTHel
TOro, TO PEXYIIMH HHCTPYMEHT 0053aTE€IIBHO NO/DKEH ¢ HHMM BCTpe-
THTBCH. DTO OTHOCHTCS B NEPBYIO Odepeas K pesnaMm ¢ pabodei GOKOBOH
rPafbio, NapamMerpsl paspylieHHs KOTOPHIX COM3SMEPHMBIMH M JaXKe
Gonsine napaMeTpoB (pa3MepoB) TBEPABIX BKIIOYCHUH MK NPH paspyiie-
HHM TUiacTa pabovMM OpPrasoM [0 CXeMe MaxXMaTHOrC pe3a s pPes3LoB
CYIIECTBYIONIEH KOHCTPYKIHMH. 370, COOCTBEHHO, H TOJATBEPIKIAETCA
NPUBEEHHOM BEMYMHON BEPOATHOCTH BCTPEYH Pe3ia ¢ TBEPABIM BKIIIO-
YeHHeM Ha MPOTHKeHUH 1 M JIaBbl.

[Ipu BcTpede pe3ua ¢ TBEPABIM BKIHYESHHEM IOCIEAHEE HIH BbIOH-
BAETCH W3 IUIACTA, WM NPOMCXO/MT ONMPOKHbIBAHKE BHIaTe/s (MIN JBH-
raTejieiil MPH MHOTOJIBHraTelbHOM IIPUBO/IC) HCIIOJHUTEILHOrO KoMbaiina
B 3aBHCHMOCTH OT NAPAMETPOB TBEPAOrO BKIKOUYeHHA. ¥ B TOM, K B JIpy-
FOM Cllydasix 4acTh WJIM MPAKTHYECKH BCH DHEPrHs BPAILAIOIKXCA 3J1C-
MEHTOB KOHCTPYKIMM NPUBOJA WCTIOJIHHTEILHOIO OpraHa M poTopa /BH-
ravens (jBurateneii) pacxojgyercs Ha JOTNONHHUTENbHYIO e(OopMarHio
CHCTEMBI MPHBOAA M, KaK CleACTBHE, O0YC/IOBIMBACT YBEIHYEHUE HArpy3-
KH 9TO/ CHCTEMBI, IIPOMCXOMT TAK HA3BIBAEMBIV BBIOPOC HAIPY3KH BBILIC
YCTAHOBJISHHOTO Ul HOPMAJBHOIO peskuMa paborel kombaiiHa ypoOBHA.
Vkazapneie sBNEeHUA, XOTH M OTHOCATCA K PEIKHM (Majas BEPOATHOCTDH
BCTPEYH), ABJISIOTCH, OJIHAKO, BXKHBIMH Jisi MPOYHOCTH YKa3aHHBLIX 3JIe-
MEHTOE KOHCTPYKLIHM M MPAKTHYECKH HE OKa3bIBAIOT BJIWAHHSA HA IPOLIECC
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GopMHpOBaHHS TIPaHyIOMETPHYECKONO (COPTOBOrO) COCTaBa paspymien-
HOro pabouum opraHoM kombaiiHa yris.

Takum 00pa3’oM, H3 BEIICH3NOKEHHOTO H IIONYYEHHEIX PE3yIbTaTOB
cieyeT, 9T0 (GOpPMHpPOBAHHE IPAHYNOMETPHYECKOIO COCTaBA YINA NpPH
Pa3spyWIEHHH NTACTOB C/IOKHOH CTPYKTYPEI SBJISETCH CAy4aiiHBIM 1porec-
COM, OCOOCHHOCTBIO KOTOPOrO SBJSETCH paspymicHHe M (GOpMHpOBaHHE
IPaHYJIOMETPHYECKOrO COCTaBa MOPOABLI NOPOJHLIX MPOCIOHKOB K BCTpe-
YH Pe3UOB C TBCPALIMH HE MPOPE3aEMEIMK PEXYIIHM HHCTPYMEHTOM
BKJIIOYCHHAMH. Y CTaHOBIIEHO, 9TO NPONece POPMHPOBAHHMA TIPaHyIOMET-
PHYCCKOrO COCTaBa pa3pyIiiaeMoil OPO/ikl NPOCIOHKOB ABASETCH Cyudaii-
HBIM, Pacnpe/ie/IiCHHE BEPOATHOCTEH KOTOPOTO HE INPOTHBOPEYHT HOP-
MaJbHOMY 3aKOHY H HAa KOTOpEIH OKa3biBaeT BIHsHHe psi (aKTopos u B
NEPBYIO OYEPE/b — PACTIONOKCHHE MPOCHOHKA MO BHICOTE (MOUIHOCTH)
[U1aCTa, €ro MOLIHOCT, THII NOPO/E! M T.1. MMeromne MecTo BIGpock Ha-
PY3KH, 00yCNOB/IEHHBIE BCTPEYEH PEXYIIEro HHCTDYMEHTA C TBEP/ILIMM
HE MPOPE3acMbIMH TBEPABIMH BKIIOYEHHAMH, NPAKTHYECKH HE OKA3BIBAIOT
BIMSHHA Ha QOPMHPOBAHMS IPaHYNOMETPHYECKOro (COPTOBOro) cocrana
Yris NpH paspymieHHH IUIACTOB CIOXKHOIO CTPOSHMS HCIONHHTEILHBIMM
OpraHaMM COBPEMEHHBIX OYHCTHBIX KOMOaiHOB,
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