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HAPAMETPHYECKASA BEPOSATHOCTHASA MOJIEJIb
PABOYEN MMOBEPXHOCTHU ABPA3UBHBIX MHCTPYMEHTOB

Po3rnsiHyTo muTaHHS MOAETIOBAaHHS poO0Y0i MOBepxHI abpa3sMBHHX IHCTpPYMEHTIB Ha 0asi
CTAaTHCTUYHOI MapaMmeTpu3alii 3aKkOHIB  pPO3MOALTY po3MmipiB 3epeH. CTarucTuyHa
napaMmeTrpusaiis 3ade3neuyeTbcsi MoAU(DIKaIier0 MapamMeTpiB MacIiTabDOBYBaHHUX 3aKOHIB
pO3MOAiTy, 13 MPUBEIEHHIM iX J0 TPHOX: XaPaKTEPUCTUYHOTO PO3Mipy aOpa3sWBHUX 3E€pEH,
KOoe(iIieHTy 3CyBYy MaTeMaTHYHOTO OYIKYBaHHS MIOJ0 XapaKTEPUCTUYHOTO po3Mipy M
koediieHTy Bapiamii. OTpUMaHO PO3paxyHKOBI 3aJI€KHOCTI JJI1 BUZHAYCHHS XapaKTEPUCTUK
PO3MOJLTY 3epeH Ha poOoUiii MOBEpXHI a0pa3sUBHUX IHCTPYMEHTIB.

PaccMoTpensl Bompochl MoJienpoBaHus pabouell MOBEPXHOCTU a0pa3UBHBIX MHCTPYMEHTOB
Ha 0a3e CTAaTUCTMYECKOW MapaMeTpHu3allid 3aKOHOB pacIpelesieHUs] pa3MepoB 3€peH.
Cratuctuyeckas  mapaMmeTpusanus — obecnedrBaeTcss — MOJAUQHKAIMEed  MapaMeTpoB
MacIITaOMPyeMbIX  3aKOHOB  paclpelelieHus ¢  NpUBEIEHUEeM HuX K  Tpem:
XapaKTePUCTUYECKOMY  pa3Mepy  alOpa3uBHBIX  3€peH, KOI(DPHUIIMEHTY  CMEIICHHS
MaTEMaTUYECKOTO  OKUIAHWS  OTHOCHUTEIBHO  XAapaKTEPUCTHUYECKOTO  pa3Mepa U
kodpduuuenty Bapuauuu. IlomydeHbl pacyeTHble 3aBUCHUMOCTH JJsl  ONpEAETeHUs
XapaKTepUCTHK pacIpesielIeHHs 3epeH Ha paboyeil MOBEPXHOCTH a0pa3suBHBIX HHCTPYMEHTOB.

Questions of modelling of a working surface of abrasive tools on the basis of statistical
parametrization of distribution laws of grains sizes are considered. Statistical parametrization
is provided with modification of parameters of scaled laws of distribution with their reduction
three: to a characteristic size of abrasive grains, factor of displacement of a expectancy
concerning the characteristic size and to coefficient of variation. Functional relations for
definition of characteristics of distribution of grains on a working surface of abrasive tools are
received.

CoBpeMeHHBIN a0pa3uBHBIN MHCTPYMEHT 00JIaJlaeT IHUPOKUM CIEKTPOM
TEXHOJOTMYECKMX  BO3MOXHOCTEH MO  BHJAAM, THUIIAM,  pa3Mepaw,
XapakTepUCTUKaM M COOTBETCTBEHHO CBOHMM PEXYIIMM cBoilcTBaM. Ero
MHOTrooOpa3ue  aJiekBaTHO  OTOOpakaeT  HEOoOXOAMMOCTb  BBITIOJIHEHHMS
TEXHOJIOTUYECKUX TpeOOBaHUM pa3IMYHBIX MPOLECCOB a0pa3uBHOW 00pabOTKU
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0 CKOPOCTH PE€3aHUsl, TPOU3BOJAUTEIILHOCTH, TEPMOJAMHAMUYECKUM Harpys3kam,
TOYHOCTH U Ka4eCTBY 00pabOTaHHBIX JETaJICH.

MopenupoBanue  aOpa3WBHO-aJIMa3HbIX  MHCTPYMEHTOB  SIBJISIETCSA
ONPENEISIONMM 3TallOM MpPU pa3padOTKE TEOPETUYECKUX OCHOB Ipolecca
nuiidosanus. Teopetuueckue paboOThl B ATOM 00dacTH, Kak MPaBUIIO,
HaIlpaBJIeHbl Ha CO3JJaHUE MOJIEIBHBIX MPEJCTaBICHUN O NITU(OBAIBLHOM Kpyre
Kak 0OOBeKTe M TOJIy4YeHHE Ha HX OCHOBE AHATUTHUYECKUX 3aBHUCHUMOCTEH,
CBA3BIBAIOLIMX HCXOJHBIE MapaMeTpbl C XaPaKTEPUCTUKAMHU PaCIOJIOXKEHUS
AJIEMEHTOB 3€PeH Ha ero padoueit mopepxHoctu [1, 2, 3, 7] u ap.

CH0XHOCTh MOJTYYEHUS] PEATTUCTHUECKON MOjenu padoueil MOBEPXHOCTH
abpa3vBHOTIO MHCTPYMEHTA CBsA3aHa CO CTOXaCTHMUYECKOH MPHUPOIOH HCXOTHOTO
oObekta. Cpean BcCeX PEXKYLUIMX HHCTPYMEHTOB aOpa3uBHbBIEC SBISIIOTCSA
€IMHCTBEHHBIMH, Y KOTOPBIX PpErIaMEHTHUPYIOTCS HE T'€OMETPUUYECKUE
napameTpbl PEXKYLIUX JIEMEHTOB, @ 36pPHOBOM COCTAB UCXOIHOM HAaBECKH 3€PEH.
OTO 3aTpyAHSIET HCCleA0BaHUE pelibepa MHCTpYMEHTa, TpeOyeT MPUMEHEHUs
METO/JIOB TEOPUM BEPOSITHOCTU W  MATEMATHYECKOW CTATUCTUKU MIpH
MOJICJIMPOBAHUU U ONMCAHUU PE3YJIHTATOB SKCIEPUMEHTAIBHBIX UCCIIEOBAHUM.

MOXHO BBIIECJIUTh YETHIPE OCHOBHBIX 3JJIEMEHTa Ha 0a3e KOTOpBIX
CTPOSITCSl CTaTUYECKHE MOJENU paboueill MOBEPXHOCTH abOpa3HMBHO-aJIMa3HOTO
UHCTpyMeHTa: (opMa M 3aKOH paclpeleleHus pa3MepoB 3€peH, 3aKOH
pacnpeneneHuss LEHTPOB 3€peH B aOpa3MBHOM MPOCTPAHCTBE, MPOCTPAHCTBO
aOpa3uMBHOTO CJIOA W TOBEPXHOCTh CBSI3KM  OINPEIECICHHBIM  00pa3oM
pacnosoxeHHast B aOpa3uBHOM MPOCTPAHCTBE, pacHpeeieHUe BEPIIMH 3epeH
OTHOCHUTEJIBHO IIOBEPXHOCTH CBSI3KH.

IIppu  TeopeTMdeckMx  pacyeTax W MOJCIMPOBAHUM  CIIOXKHAs
reoMerpuyeckas (QopMa peajbHbIX aJIMa3HbIX M  aOpa3UBHBIX 3€peH
UCCJIEOBATENsIMU B 3aBUCMMOCTH OT pellaeMOd 3aJaud  3aMEHSeTCs
YIPOIICHHBIM SKBUBAJICHTOM Ha 0a3e TPEeXOCHOTO 3JUIMICOuAa: mapom [2, 7]
WK 3JUTUIICOMIOM BpAIICHUs] C TIOCTOSHHBIM COOTHOIIeHHeM oced [1, 9].
[IpoBeneHHbIEe CHielUMANIbHBIE UCCIEAOBAHMS MO aHAIU3Y METPUYECKON (POpMBI
IJIOCKOTO CEYEHHUsS 3€peH M3 CBEPXTBEPAbIX MaTepHaloB [6] mokaszanau, 4ToO
ceueHueM, HanboJsiee OJM3KUM K pealibHOU (popMe 3epHa, SIBISETCS JUIUIC. ITH
JTAaHHBIE XOPOIIIO COTJIACYIOTCS ¢ paboTamMu MO omnpeaesieHnto kKoddduimenTa
3aIl0JIHEHUSI IPOCTPAHCTBEHHOM (POPMBI 3€peH B BHJIE AITUIICOUIA BPAIICHHUS.

Hcnonb3oBanne Monaenu B BHUAE TPEXOCHOTO SJUIMICOMJA elne Oolee
TOYHO COOTBETCTBYET JKBHMBAJICHTHOM (opMe 3epeH. BeposSTHOCTHBIN 3aKoH
pacnpesiesieHue pa3MepoB 3€peH IO KaXKIOW M3 OCeil 3aJaeTcs OAHOMEPHBIM,
HEIPEPBIBHBIM, OJMHAKOBBIM M HE3aBUCUMBIM. Torjaa Kaxaoe OTAEIbHOE 3€pHO
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OyZneTr TmpeACTaBisATh COOOW  TPEXOCHBIA  DIUIMICOMI C  Pa3IU4YHBbIM
COOTHOLIEHHEM oceil. [[is mocTaToyHo OOMNbIION BBIOOPKH TAaKUX 3€peH HUX
cpenuss Gpopma OyaeT aCUMITOTUYECKU MPUOIMKATHCA K IIapy C AUAMETPOM
paBHBIM MaTEMaTHUYECKOMY OKHJIaHUIO 3aKOHA paclpeiesieHus! pa3MepoB.

[lenpro paboOTHI ABISETCS MOCTPOEHUE TTAPAMETPUUECKON BEPOSITHOCTHON
MOJICNIA ISl OTpENIeTICHUsI XapaKTEPUCTUK paclpelesieHus: 3epeH Ha paboueit
MOBEPXHOCTU aOpa3uBHBIX HHCTPYMEHTOB.

AOpa3uBHbIE 3€pHAa U TOPOIIKA W3 CHHTETUYECKHMX alMa3oB M JAPYTHX
CBEPXTBEPbIX MAaTEPUATIOB PECTABISIOT COOO0M COBOKYITHOCTh 3€PEH PA3IUUHOM
BEJIMYMHBI U (POPMBL: MOHOKPUCTAIUIBI, OCKOJIKH, CPOCTKU U NOJUKpUCTALIBL. [1pn
IPOU3BOCTBE U KOHTPOJIE MOPOILIOK MOJPA3AEISAIOT Ha (PPaKIHH.

OcHoBHOM (pakiell Ha3bIBa€TCsl COBOKYITHOCTb 3€pPEH OIpPEEICHHOIO
pasMepa, TMpeoOiagaroMX B COCTaBe JAaHHOTO TMOPOIIKa IO Macce B
UM (IopoIIKax M Mo YUCIy 3epeH B MUKponopoukax. [Tomyunts abpa3uBHbIii
HOPOILIOK, COCTOSIIIMN TOJBKO M3 3€pEH OJHOr0 pa3Mepa, He MpPEeJCTaBIseTCs
BO3MOXXHBIM, IO3TOMY, KpOME OCHOBHOW (pakiii, B COCTaBE IOPOIIKOB
coaepkaTcst To0ouHbIe (PpaKIIU, KOTOPBIE KPYITHEE HIIM MEIbue OCHOBHOM.

Jlns  ommcaHus  BCero  pasHooOpasusi JAMAna3oHOB C  yUeTOM
BEPOATHOCTHOM TMPUPOJBI pa3MEpOB 3€peH HEOOXOAMMO BBINOJHUTH UX
CTATHCTUYECKYIO TapameTpu3anuio [3].

Cratuctuueckasi — mapameTpuzanusi — oOecrieurMBaeTcss — Moaudukaiueit
napamMeTpoB MacHITa0MPYEMbIX 3aKOHOB PACIpEICTCHUsI C TPHUBEICHHUEM HX K
TPEM: XapaKTePUCTUYECKOMY pa3Mepy aOpa3uBHBIX 3€peH 8y (MaciTaOHBIN
KOO(PPUIMEHT, MKM), KOA(DOUIIMEHTY CMEIICHUS MaTeMaTU4YeCKOTO OXHJIaHUS
OTHOCHUTEIILHO XapaKTEPUCTHIECKOTO pa3mepa Ky (KodpPUIEHT OTHOCHTEIBHOTO
pacnonoxkenus) U ko3 durmeHty Bapuanuu K, (koappuiueHt Gopmsi).

XapakTepuUCTUYECKUM pa3Mep @y - MAKCUMAaJbHBIM pa3Mep 3€peH
OCHOBHOM (ppaKIMK B MKM, TOTJIa B 3aBUCUMOCTH OT 0003HAYEHHSI 3€PHUCTOCTH
U TUNOB aOpa3WBHBIX IMOPOIIKOB €ro 3HAYEHHs OINPEAEISIOTCS CIEAYIOLUM
obOpazom:

* abpasuBHoe numud3epno u unmmdmopomku (I'OCT 3647-80) = ag=12,6 Z,
rae Z - Homep 3epHuctoctu (Z = 200...4);

* abpasuBHbie Mukponopomku (TOCT 3647-80) = ap - COOTBETCTBYET YHCITY
nocye OykBel M (M63...M5);

* IOPOLIKHA U MUKPOIOPOLIKU U3 cuHTeTHueckoro anmasza u KHb (JCTY 3292-
95, panee Ob1 ['OCT 9206-80) = ap- COOTBETCTBYET IICPBOMY YHCITY
(uncnurento aApodn).
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KoaddumueHT OTHOCHTENIBHOTO pachojoxeHus Ky - OTHOIICHHUE
MaTemaTrueckoro oxumanus E (dnean) 3aK0HA pacmpesenieHne pa3MepoB 3epeH
K XapakTepucTuueckomy pasmepy: Km = E / ag (dmean = 0 Km).

Koaddumment Bapuarum K, - OTHOIIEHWE CpEIHEKBAIPATUICCKOTO
OTKJIOHEHHSI S 3aKOHa paclpe/ICiCHUs Pa3MEpPOB 3€peH K MaTeMaTHUYCCKOMY
oxkuganuio: K, = S/ E (S = dyean Ky = @g Ky ky).

NHTEepBa)l BO3MOXKHBIX 3HAYEHHUW Pa3MEPOB 3€PEH COOTBETCTBYET
0<d<dpx B ob0mem ciaydae MakcHMaibHO BO3MOXKHBIA pa3Mep 3epeH
OIpEeNIIeTCS IO 3aBUCHUMOCTH (3HA4YeHUs KO3(PPHUIMECHTOB NPUBEICHBI B
tab. 1):

dmax =4dy kmax =4dy kIim kform; (l)

rae Kim - K03(pOUIUMEHT NpeaeabHON (PpaKIMK, 3aBUCIIIANA OT 3HAMEHATENs
TCOMETPUYECKON  TMPOTPEecCHMH  WHTEpBaia  pa3MepoB  Qpakuuit;  Kiorm -
K03 dunreHT HopMbI 3epEeH XapaKTEepU3yeT UX BO3ZMOKHOCTh MPOXOJAUTH Yepe3
SYCHKH MPENeIbHOr0 CHTa HAaWMEHBIIMM ceueHueM Kim = 1...1.3  (mms
OPUEHTUPOBOYHBIX pacueToB Kiorm = 1,15), TS MUKPOIIOPOIIIKOB
KOHTPOJIMPYEMBIX MUKPOCKOITHYECKUM METOJIOM Kiorm = 1.

Tabnuna 1 — 3Hauenus KO3PGUIUCHTOB, ONPEAETAIOMUX Umax = 8o Kmax

HaumeHoBaHUe Kiim Kform Kmax
AOpa3uBHOE IUTM(3EPHO U MITH(IOPOIIKU ¢ =126 1,15 | 145
HImudnopomku n3 CTM y3koro auamna3zoHa (p2 =159 1.15 1,83
3€pPHUCTOCTH
nudnopomku u3 CTM mupokoro auanazoHa (p4 =254 115 2.92
3EPHUCT.
Muxkponopomiku u3 CTM y3koro auanazoHa (p2 = 1,59 1 1,59
3EPHUCT.

Pacnpeoenenue pazmepos abpasuenvix 3epen

PaccMoTpruM OCHOBHBIEC CBOMCTBa HOPMAJIBHOTO 3aKOHA pacHpeieiICHHs 1
(MPOM3BOAHOTO OT HEro) Jorapu(pMUYECKH-HOPMAIBHOTO, Hamboyiee YacTo
UCTIONIB3YEMBIX TIPU  ONHMCAaHUM  PACTPEACICHHUS IapamMeTpoB  pabouei
TIOBEPXHOCTH a0pa3WBHOTO WHCTPYMEHTa W HCXOJHBIX  XapaKTEPHCTHK
nudmopomkos [1, 8].

180



[10OTHOCTE BEPOSITHOCTH paclpeneneHuss pa3MepoB 3epeH d =X 1o
HOpPMaJIbHOMY 3aKOHY UMEET BHI:

exp _Lix=m , 0<x<d__, (2)

FOX 0 ) = —
N TN TYN UN ,272_ 2 O_N

IZIe Ly, On - apaMeTphl 3aKOHa paclpee/ICHUs, 3aBUCAIINE OT XapaKTePUCTHK
nopomka (uy = ag Kn, on =agknK,) H coOTBETCTBYIOIIHE MaTeMaTHYECKOMY
okugaHuIO E (diean) ¥ CpeiHEKBaIPATHUECCKOMY OTKIOHEHHUIO S; Umax = Ao Kmax-
CrayuaiiHass BeaMuWHA X HAas3bIBACTCS JIOTapH(PMHUCCKH-HOPMAIBHO
pacnpeaenennoit, ecnu ee jorapudm (In X) mogunHEH HOPMAILHOMY 3aKOHY
pacrpenenenus. [IT0THOCTh BEPOSATHOCTH IS JIOTapH(PMUUCCKH-HOPMATbHOTO

pacripenenenus pa3MepoB 3epeH d = X:

_ 1 1(Inx—u
fLN (X’/uLN’O-LN):—eXp e 1 O<X<dmax’ (3)
Xo ] 27 2 oL\
rae  Wn, OLN - [apaMeTpbl  3aKOHA  PacHpedesieHus, 3aBUCIIIME  OT

XapaKTEPUCTHUK MTOPOIIKA U ONPEAEIIAEMBIE 10 3aBUCUMOCTAM [4]:

ILILN :In &
J kZ+1

[Tepexoq K  XapakTepUCTHYCCKHUM  mapamerpam (o, Km, Ky) s

L o =4 In(kZ+1). (4)

J'IOFapI/I(i)MI/I‘ICCKI/I-HOpMaJ'IBHOFO 3aKOHa pacnpeaciCHus IMPpON3BOAUTCA

PELICHUEM CHUCTEMbl HEJIIMHEHWHBIX YPAaBHEHUM OTHOCUTEIBHO NapaMeETPOB

ULN; OLN -

eXp(ﬂLN + o /2);
EXp(Z iy + O ) [eXp(O'EN )_1]'

2,k
(ao km kv )2

rae ag Ky, = E - maTematnueckoe oxumanue; (g Ky k\,)2 =s°=D- JTUCTICPCHSL.

()

Takum 00pa3om, GYHKIMH MJIOTHOCTH BEPOSATHOCTH HOpMaibHOTrO (2) u
JorapupMHIECKA-HOPMATBHOTO (3) pacnpeeeHui 3aBUCST oT
XapaKTepUCTHUSCKUX (MOIU(DUIIMPOBAHHBIX) IMPEACTABUTEIBHBIX IapaMeTPOB
(0, km, ky). 3HaueHwWsT mapamMeTpoB JUIS TPAKTHYESCKHX pacueTtoB [1, 3, 4]
npuBeneHbl B Tabn. 2 (mpumepbl TpadUKOB IUIOTHOCTEH pacrpeaeneHus
pa3MepoB MpeICTaBICHBI Ha puc. 1).
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Tabnuua 2 — 3HaueHus mapaMeTpOB 3aKOHOB pacIpeiesieHus pa3MepoB 3epeH

3aKoH pacnpeieleHHs pa3MepoB 3epeH

HanmenoBanue HOPMAJIbHBIN JIOT-HOPMAJIbHBIN

km kv km kV

AbpasuBHoe mmp3epHo u 0.85:0.88 | 0.22:0,23 | 0,85:0,87 | 0,19:0,20
UTMIOPOIIKY C HAeKcoM I1

AbpasuBHoe mmp3epHo u 0,79:0,83 | 0.25:0,29 | 0,81-0,85 | 0,20-0,22
M QHopoIIKy € uHaekcom H

AGpazuBHoe mud3epHO

0,81+0,82 | 0,34+0,36 | 0,84+0,85 | 0,27+0,28
¢ uHAeKCcOM /[

Hmudnopomku uz3 CTM y3koro

0,91+0,93 | 0,11+0,19 | 0,92+0,94 | 0,11+0,19
JMana3oHa 3€pHUCTOCTH.

Mmudnopomku nz3 CTM
IIMPOKOTO JHAara3oHa 0,79+0,83 | 0,29+0,35 | 0,78+0,82 | 0,28+0,30
3epHUCTOCTH

Mukponoporii 13 CTM y3koro | 0. 093 | 0962097 | 052073 | 0,230,52
JHuarra3oHa 3€pHI/ICTOCTI/I

Mukponopouiku n3 CTM
HIMPOKOTro Axana3oHa 0,30+0,65 | 0,32+1,46 | 0,44+0,58 | 0,35+0,58
36pHUCTOCTU

Jl7is mpumepa paccCMOTPUM HOPMATbHBIN 3aKOH paclpe/esIeHUs pa3MepOB
3epeH ¢ MapaMeTpaMHd, HWMCEIOIIMMHU COBIAJAlONINe 3HAa4eHWs 1Mo Tabm. 2
(abpazuBHOE U (3epHO U nuTHdIOpoIKU C nHAekcoM H u nmmudnoponiku u3
CTM mmpokoro auama3oHa 3€pPHUCTOCTH): KOI(DPHUIIMEHT OTHOCHUTEIBHOTO
pacIOJIOKEHUSI  MareMaTHYecKoro  oxuaanus Ky =0,82;  koaddummeHt
Bapuanuu K, = 0,27. XapakrepucTuaeckuit pasmep 3epeH npumem dg = 200 Mk,
4YTO OJHOBPEMEHHO COOTBETCTBYET 3epHUCTOCTH: Z = 39/ 12,6 = 159 =~ 16
(abpasuBHOe muMd3epHo u nwmdnopomku) u 200/125 (ummdnoponrku U3
CTM mmpoKoro auama3oHa 3epHUCTOCTH). Torga cpeaHuii pasMep 3epeH Umean
= ag ky, = 200-0,82 = 164 mkMm.

Konuuecmeo 3€PEH 6 eduuuue obvema a6pa3u6H020 UHCmMpymeHnna

PaccmoTpum mcxoHbIi aOpa3uBHBIN ci0i (a0pa3uBHOE MPOCTPAHCTBO X-
Y-Z), KOTOPBINA JUIsl MPOCTOTHI JATBHEHIIINX PACCYKIACHUIN MPECTaBUM KaK KyO
co cropoHamu A, MKM. LleHTpbl 3epeH paBHOBEPOSTHO (MO 3aKOHY PpPaBHOU
BEPOSITHOCTH)  paclpeiesieHbl B MPOCTPAHCTBE  aOpa3sMBHOTO  CIIOS.
Matematuueckoe oxXugaHue (CperHud pa3Mmep) 3epeH HMerlux GopMmy mapa
paBHO Omean = @g K. 3€pHA 3aHUMAIOT TOJILKO 4YacTh oObema kyoa: V, = A3K, ,
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3

Torma xonmuyecTBO 3epeH Z, B BbIICICHHOM 00bemMe A° Oyaer paBHO
3

OTHOIIIEHHIO0 UX 00beMa V, K 00beMy T (Umean)” /6 CpPEIHETO €IMHUYHOIO 3€pPHA

rae K, <1 - ko3pdUIMEeHT OTHOCHTEIBHOTO O0BbEeMa 3aHMMAaEeMOTO 3E€pHAMH.
(A, diean, 89 — BEIIMYUHBI OJTHOM PA3MEPHOCTH):
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Z,

6

T

3 6 A 3
( dmean) KV:;(AOkmj KV-

(6)

KOS(b(I)I/IHHeHT OTHOCHUTEJIBHOT'O 00beMa OIIPCACIIACTCA 110 3aBUCUMOCTSM:
® 11 UTHCTPYMCHTOB M3 a6pa3I/IBHBIX MaTCpUuaJIOB

K, = (31 - N)/ 50;

* JUIsl UYHCTPYMEHTOB U3 CUHTeTH4YecKoro animasa u KHb

K, = K /400,

(7)

(8)

rne N - Homep cTpykTypwl (ycioBHbif); K - koHneHTpamus (ycioBHas)
CBEPXTBEPJIOTO MaTepuaia B abpa3suBHOM cioe, %o.
B3aumocBsI3p MeXIy OTHOCUTEILHON OOBEMHOM KOHIIEHTpAIlUEH 3epeH B
abpasuBHom cnoe K, m xapakrepuctukamu abpasuBHbX (N) u abpa3uBHO-
anMma3ubix wuHCTpymMeHTOB (K) mpuBegena wa pwuc.2. g  amMazHOro
uncrpymenta Ky = 0,0625...0,5 (K =25...200%), a nns abpasuBHoro Ky =
0,38...0,6 (N=12...1), T.e. aiqMa3HBII WHCTPYMCHT HMEET, KaK MPaBUIIO,
CYIIIECTBEHHO MEHBITYI0 00BEMHYIO KOHIICHTPAITHIO.

Jlns mpumepoB BbiOepeM coBmnagaromee 3Hadenne Ky= 0,5 (N =6,
K = 200%).
[Mpumep: Zy = 216,5 /M (A =1000 mxM; Opean = 164 MrMm).

N

Homep crpykrypbl abpasiBHOrO HMHCTpYMEHTa
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Koaurmenr  otHOCHTeIIBHON O00BEMHOM KOHIHTpaIi peH  K'v

Pucynok 2 — B3aumMocBsI3bp MEXIy OTHOCHTEIHHON 00BEMHOM

KOHLEHTpauuen 3epeH K, 1 xapakrteprucTukamu abpa3uBHBIX U
abpa3uBHO-aJIMa3HbIX MHCTPYMEHTOB
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Konuuecmeo 3epen mna edunuye naowaou paboueu NOBEPXHOCMU
abpasuHo20 uHCmpymenma

Pabouyro nmoBepXHOCTh aOpa3sMBHOTO MHCTPYMEHTA MOYHO IPEACTaBUTH
KaK IOJYIIPOCTPAHCTBO a0pa3WBHOTO CIIOSI OTPAHUYEHHOE TOBEPXHOCTHIO
CBS3KU. B 00mieM ciydae MOBEPXHOCTh CBS3KHM MOXKET UMETh MPOU3BOJILHYIO
dbopmy. 11 MpOCTOTHI pacCykJACHUN MPUMEM TUIOCKOCTh, YTO HE OTPa3UTCS Ha
KOHEYHOM pe3yJIbTaTe.

BreimonarM  ceueHue  HMCXOAHOTO  aOpa3sMBHOTO  MPOCTpaHCcTBa A
MI0CKOCThIO X-Y (yCIIOBHAsi TOBEPXHOCTh CBSI3KM). B cedenue momagyT 3epHa
IIEHTPBI, KOTOPBIX HAXOATCS OT HEro Ha PacCTOSHUU MEHBIIEM TOJIOBHHBI MX
auameTpa Upean. TOrma KoIHMUECTBO 3epeH Zgy MOMABIINX B ceueHre X-Y OyaeT B
Aldyean MeHBIIIE Z,):

6 ? 6 ?
20~ o V) Ko = V) o ©)

Paznenum abpasuBHOE mpocTpaHcTBO A 1o ceueHuto X-Y, yJIajauB OJHY
€ro 4acTh, U MOJIYYUM IOJIYIPOCTPAHCTBO paboyeil MOBEPXHOCTH UHCTPYMEHTA.
[Ipu »TOM HE Bce 3epHA IMEepeceKaeMble IMOBEPXHOCTHIO CBS3KHM OCTaHYTCS
3aUKCUpOBAaHHBIMM Ha  paboyel  MOBEpPXHOCTH, dYacTh uX (ciabo
3aKpETUICHHBIX) BBIBAMMTCA. JIJIS  ydeTra OCTaBIIMXCS 3€PEH  BBEAEM
K02 (D (PUITMEHT OTHOCUTEIHLHOM BBICOTHI BBICTYIIAHUS 3€PEH HAJ YPOBHEM CBSI3KH
ki (0<k,<1). Torma MOXHO 3amucaTh BBIPAKCHHE /IS KOJIMYCCTBA 3€PEH Ha
SMHMIIE TUTONIAIU paboyeil MOBEPXHOCTH:

6(A 2 6(A 2
zszzsokh:;[ dmeanj K, kh:;(ékm) K, K, . (10)

OTHoOcUTENbHAs KpUTHUYECKasi TUIyOMHA 3aJIeJIKH 3€peH B CBsi3Ke [1]
€p = 1-Ky I8 TpakTHYECKHMX pPACUCTOB MOXKHO HPUHUMATH CIECIYIONIHE
snaueHus: kp =0,9...0,5 mas 3epen u3 abpasuBHBIX Matepuanos; K, =0,5...0,3
g anvaza u KHbB. PasHmma B jauamazoHax 3HA4YeHUM — OIPENENseTCs
OCOOEHHOCTSIMU MX CTPOCHHUSI.

DKCrepuMeHTalIbHOEe — ompeziesieHne K, COOTBETCTBYST HAXOXICHUIO
OTHOWICHHSA Zs (paxr) | Zs0, THE Zs (paxr) HAXOIUTCS HEOCPEICTBCHHBIM MOACYETOM
36peH BHJIMMbBIX Ha E€IUHUIIE IUIONIAAN IMOBEPXHOCTU HHCTPYMEHTa, a Zgy
omnpenensercs 1o (9).

[Mpumep: Zs = 17,75 1T/ MM (A = 1000; diean = 164 mxm; Ky =0,5; ky =0,5).
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Pacnpeodenenue sepuiun 3epen na paboueii nogepxHocmu

BeposiTHOCTHBIN XapakTep mpoiiecca aOpa3uBHON 00paOOTKH 3aJI0KEH B
camMoil  mpupoge MHCTpyMeHTa. llpu  ompeneneHuum  CTaTHCTHYECKU-
O0OOCHOBAaHHOTO 3aKOHAa pacHpeleNeHHs BEpIIMH 3epeH Ha pabodyeit
MOBEPXHOCTH  a0Pa3sUBHOIO HMHCTPYMEHTa HEOOXOAMMO  OJHOBPEMEHHO
YUUTHIBATh BEPOSITHOCTHBIA XapaKTep pachpeiesIeHUus] X EHTPOB U pa3MepoB.
PaccmoTrpum ciywal, koraa LIEHTpAa 3€pPEH pACHpPENeSIeHbl B HCXOJHOM
aOpa3sMBHOM  MPOCTPAHCTBE  PABHOBEPOSTHO  (PaBHOMEPHBIA  3aKOH
pacmpenenieHusi), a  pachnpeleiieHHue  pa3MEpPOB  3€pPEH  COOTBETCTBYET
HOpPMaJIbHOMY 3aKOHY (2).

OnpeneneHne 3akOHAa pACIPENEIICHUS BEPIUMH 3€PEH OTHOCHUTEIIBHO
YPOBHSI CBSI3KU OYyJIEM BBITIOJIHSTE B CIAEAYIOIIEH MOCIeA0BaTENBLHOCTH [3]:

* BeinonHuM ceyenne abpa3uBHOrO NPOCTPAHCTBA TNIOCKOCTHIO.

* Onpenenum IJIOTHOCTh PACIPEAEIICHUsS] BEPUIMH 3€PEH OTHOCHUTEIBHO
CEKYIIEH TIOCKOCTH. PaccTosiHUE OT BEpPIIMHBI KaXIOTO OTICIBHOTO I-TO 3epHa
70 CEKyIed IIOCKOCTH OyaeT paBHO: Y= Cj+ di/2, rae Ci, - pacCTOSHHE OT
IeHTpa 3epHa OO0 CeKymed miockocth; d; - pasmep 3epHa. [LmoTHOCTBH
pPE3YNbTUPYIOLIEr0 pachpeaesieHus s ciy4das CyMMHUPOBAHHUS B3aUMHO
HE3aBUCHUMBIX CIy4yallHBIX BEJIMYMH OyJIeT NpeacTaBiIsITh CcOO0OW  UX
komro3uiuio [10].

e [lepeiimeM oOT aOpa3sMBHOTO MPOCTPAHCTBA K MOJYIPOCTPAHCTBY
(pabouell TOBEPXHOCTH HWHCTpyMeHTa). llepexon NpOM3BOAUTCA YCEUYEHUEM
pe3yJIbTUPYIOLIETO 3aKOHa paclpeaeseHuss JUisl OTpULATENbHBIX 3HAuYE€HUMN
KOOpJIMHAT BEPILIVH 3€PEH.

Teopernyeckas INIOTHOCTh BEPOSITHOCTH PACHpENENICHUs BEPUIMH 3€PEH
HaJ] IOBEPXHOCTBIO CBA3KU Oy/IE€T UMETh CIAEAYIOIINI BUA:

1 Y- K
f , , =——|erf| 2="52 |—erf Z_16b ; O0<y< , 11
GD (y L) O-GD) 2 fies \/E s «/5 G y<oo |, (11)

TIie Uep, Ocp - TapaMeTphl pactpeaeicuus; erf(z) - dyHkums ommokw.
@Oynkius onmbku erf(z) ceszana ¢ ynkiueit Jlamnaca (MHTErpaybHOM
(GyHKIMEH cTaHIAPTHOTO HOpPMalbHOTO pachpenencHus) O(Z) cOOTHONICHUEM:

erf(z)=2®(ﬁ )

y
BepositocTs pacnipesenerust Fop (Y, figp, Ogp ) = JO feoo (V) Hep: Oap )Y
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o Z, z /2 7’ 72
F :&zerf—— fl % — -1 |- -2 12
oD 2 1 ( ,_) Z, er( 2j+ — exp > exp 5 , (12)

rne Z :(y+luGD)/o-GD; Z, :(y_:uGD)/O-GD'

BeposTHOCTH pacnpenenieHus BEPIIMH 3€PEH OTHOCUTEIIBHO YPOBHS
cBsi3ku Fop(Y, Mep, Ogp) OMNpEneNseT OTHOCHUTEIILHOE KOJMYECTBO BEPIIUH
3epeH (OTHOCHUTENIbHO OOINEro KOJIMYeCTBa 3€pEH Ha MOBEPXHOCTH CBSA3KU) B
uHtepBaiie 0...Yy, T. €. B CJIoO€ MEXIy MOBEPXHOCTHIO CBS3KH M SKBUJIMCTAHTHOM
MMOBEPXHOCTHIO PACIIOJI0KEHHOW HA PACCTOSIHUM Y.

OcoOblii MHTEpEC TMPEACTaBIACT B3aUMOCBS3h MApaMETPOB 3aKOHA
pacnpeneneHus BEpIINH 3€PEH gp, Ogp C NapaMeTpaMy PACHPENECICHUS HX
pasMepoB Uy, On. Kak mokazanu  MoJeNnbHbIE HUCchaenoBaHus [3], s
HOPMAJIBHOTO 3aKOHA PACIPEAECICHUS TUAMETPOB 3€PEH 3Ta B3aUMOCBSA3b UMEET
CJICTYFOIIUMN BUL:

Uep = Un Kn = 89 km Kn; o6p = on Kn = ag K Ky Kn, (13)

rae Ky, - KO3 QHUIMEHT OTHOCHUTEIBHONW BBICOTHI BBICTYIIAHHS 3€PCH HaJ
YPOBHEM CBSI3KHU.

[Tomy4yeHHBIM TEOPETUUECKUN 3aKOH PACIPENCIICHUs BEPLIMH 3€PEH Hal
MOBEPXHOCTHIO CBS3KM 3a7aH Ha uHTepBasie oT 0 1o co. B peanbHOCTH pa3mep
aOpa3MBHBIX 3€PEH OTrPaHUYCH 3HAUYCHUAMHU Omax = Qg Kmax (Tabm. 1). Torna,
MaKCHMajJbHO BO3MOJKHAsi BBICOTA BBICTYIIAHHUS 3C€PEH M3 CBSI3KH  Npax
OIPEAETUTCS BBIPAKEHHEM: Npay = Umax Kn = @g Kmax Kn-

TpeOyemblii 3aKOH pacrpeeieHus MOXET ObITh TOJNy4YEeH YCEYCHHEM
cupaBa ypaBHenuss (11) 10 KOOpAWMHATBHI  BEPIIMHBI  MaKCHMAJIbHO
BBICTYIIAIONIECTO 3¢PHA Nppay:

k —
fGD(y’:uGD’O-GD)ZZ— erf o —erf % 0<y<h,, |, (14)
GD GD

GD
rae K - koaddunuent, komneHcupyrommii yceuerue (K> 1, st mpakTHUECKUX

Pimax
pacuetos k = 1): k :1/.[() fGD(y’ luGD’GGD)dy :]7/FGD(hmax’ /UGD’GGD)'

MaremaTtuyeckoe oxkuaaHue (OKHUJaeMO€ CpejHee 3HAUYE€HHE) BBICOTHI

mean = Ep = j: Y feo (y)dy:

BBICTYIIAHHUA 3CPCH OTHOCUTCIIbBHO YPOBHS CBA3KHU h

1 1
hmean = EGD (/uGD’kv)::uGDE (:L—i_kvz)erf W +ﬁexp _W !(15)
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rJie Uep = &g Km Kp; Ky - KoaddunmenT Bapuanuy.

JUIs ~ yOpoIIeHHWs  NPaKTUYECKUX  PacueTOB  BBIPAKCHHE IS
MaTEeMaTUYeCKOTO OXKHUTaHHS MOJKHO IPEJICTABUTH B BHJIC
Nimean = Ecp(Mep, Kv) = Mep @ecp(Ky), rae  @ecp(ky) -  ammpokcumupyromas
byHkuus, obecneuuBaromias OTHOCHTENbHYIO omuoky 6<0,1% s
k,=0,1...0,8:

0,0277

k)=|0,365+0,407k +——"-""_
eco () ' k,+0,178

(16)

Wmest BeIpaKeHUE TSI MAaTEMaTHIECKOTO 0KHJIaHUS BBICOTHI BBICTYTIAHHSI
3epeH HaJ YPOBHEM CBSI3KHM MOXKHO OIPEACIUTh OTHOCHUTCIIBHBIC KOJIMYCCTBA
(ko3 dummentsr) 3epeH pacnoyiokeHHbIX HHUXKE K. (0 <Y < hpean) mimm BoIme K
(Nmean <Y <) ypOBHS CBI3KH Npean. Mekay co0oii 3TH  K03(DPHUIIMESHTHI
cBsi3aHbI 3aBUCUMOCTBIO K. + K, =1 (k; = 1 - k). Ananurnuecku koapuimeHT K,
OTpe/IeIIAETCS TOACTAHOBKOW B (yHKIMIO BepostHocTH (12) pacmpenencHus
BEPILKH 3epeH Haa ypoBHEM cBI3KU Fgp(Y, Lep, Ocp) MapaMeTpoB Lep, ocp (13)
U 3HA4YCHHS apryMeHTa Y =Npean (15). st Gojiee KOMITAaKTHOrO BHUA
nonydenHoe BeipakeHue K, = f(k,) anmpokcMMHpPOBaHO C OTHOCHUTEILHOU
ommoko 6<0,1% mra k,=0,1...0,8. OkoHYATEIBHO 3aBUCUMOCTH JUIA
OTHOCHTEJILHOTO KOJMYECTBA BEPIIUH 3€PEH PACIOI0KECHHBIX HIKE K, 1 BbIIIe
k, MaTeMaTH4ecKoro OXHIaHHWs BBICOTHI BBICTYMAHUS 3€peH Nmeasn HMMEIOT
CHEIYIOIINI BU;

(k) 0.621+(2,2829k, - 1,543)k, |
“NY/T1,259+(4,7474k, - 3,359)k,

12

K (k)=1-k (k). (@7

Pe3ynbTaThl pacueTtoB (puc. 3) MOKA3bIBAIOT HE3HAYUTEILHOE U3MEHEHHE
KO2((PHUITMEHTOB OTHOCUTEIHHOTO KOJIMYECTBA 3€PEH OTHOCUTEIIBHO 3HAUYCHUS
0,5, 4TO MO3BOJIAET JUIsI TPEABAPUTEIBHBIX pacyeToOB MpUHUMATH K ~ k; ~ 0,5.

Torma, cpemHee KOJMYECTBO 3€pEeH Ha €AUHUIE IUIOMAAM padouei
IIOBEPXHOCTH, COOTBETCTBYIOLIEE CPEOHEW BBICOTE UX BBICTYNAHUS HAJ
YPOBHEM YCIIOBHOM TOBEpXHOCTH CBsi3ku ¢ yderom (10) Oymer umeTh
CJICIYFOILIUN BUL:

2 2

3( A A

Zopean =25 K, <05Zg = =) === | KKy x| | K, k. (18)

S mean z

mean mean
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0.544
0.524
] OTHOCHTEIIBHOE  KOJIMYECTBO BEPILIMH  3PEH
PAaCTIONIOKEHHBIX HIDKE  MAaTeMaTHYeCcKoro
] OXKUIAHUSL BBICOTHI BBICTYTIAHHS 3epEH
0.5
] OTHOCHTEIIBHOE  KOJIMYECTBO BEPILIMH  3ePEH
1 PACTIONIOKEHHBIX  BIIIE  MATeMaTMYECKOIO
0481 OKUIAHUSL BBICOTHI BBICTYTIAHHS 3epEH
045

01 02 03 04 05 06 07 0B
Koo(uipieHT Bapuaipn pasMepoB eper Ky

Pucynok 3 — 3nauenust k03QPUIIUEHTOB OTHOCUTEIHFHOTO KOJIMYECTBA BEPILIUH 3€PEH

TunoBoii rpaduk tiotHocTH (14) m dyskmum (12) pacnpeneneHus
BEPIINH 3€PCH OTHOCHUTEIILHO YPOBHS CBSI3KM B OTHOCHTEIBHBIX KOOPAMHATAX
(y/ap) mpencrasnen Ha puc. 4. [lapameTpsl U XapaKTEPUCTHKH PACIPEICIICHHS
ONPEACISUINCHh JUIS  YCIOBUM MPEABIAYIIMX MPUMEPOB (I CAMHUYHOTO
XapaKTepUCTHUeCKoro  pasmepa ap=1): uep=0,41a; ogp=0,11 ay;
hmax = 0,72 @¢; Nmean = 0,22 @p; Fep(Nmean) = 0,53 (ki = 0,82; k, = 0,27; k, =0,5);
Zs mean = 8,88 1rm/mMm? (2o = 200 MkMm).

Bormpocel TpanchopMary CTaTUCTUYECKUX XapaKTEPUCTUK pesibeda padoueit
MOBEPXHOCTH NUTU(OBATBHBIX KPYTOB MPU U3HOCE 3€PEH PACCMOTPEHHI B [S].

—_— ]
fop (y, HepOcp )

4

hmean = EGD (MGD’kV)

- '

151 hmax :aOk

1 N\

max

.51
Fep (y, Ueps GGD)

0r " " "ol 0oz 03 04 05 06 07
OmocHrenbHas BBICOTA BEPUIMH 3€PEH HAl YPOBHEM CBSBKM  Y/a,

Pucynoxk 4 — CxemMa pacnpeieseHusl BEPIIMH 3€PEH HAJl YPOBHEM CBSI3KU
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Konuuecmeo 3epen na eounuye onunsl paboueti nosepxHocmu

Beinonnum ceueHue paboueii HOBEPXHOCTHU IJIOCKOCTBIO,
NEPIICHNKYJIIPHOW YCIIOBHOM IIOBEPXHOCTM CBA3KU. KosmuecTBo 3epeH
nonasmmx B ceueHune Oyzaer B A/d, pa3 menbiie Zs. Torga nmeemM KOJTHMYECTBO

3€pEH Ha €ANHUIIE IJTMHBI padoyell TOBEPXHOCTH O YPOBHIO CBS3KU:

5 A ok =8 A k. (19)

T dmean T aO km

ZL

CpenHee KOJMYECTBO 3€PEH Ha €IUHUIIC JJIMHBI pabodeil MOBEPXHOCTH,
COOTBETCTBYIOIIIEE CPEHEU BBHICOTE MX BBICTYNAHMSI HAJl YPOBHEM YCIOBHOMU

MOBEPXHOCTH CBSI3KH MOJYYMM aHaorndxo (18):

3 A 3 A
:ZL kz zO,5ZL :;K&an KV kh :;mKV kh' (20)

Z

L mean

Cpennee paccrosHue (IIar) MeXIy 3€pHaMU IO YPOBHIO HX CpEIHE

BBICOTBI TPOU3BOJUTCS JIEJNIEHUEM JUIMHBI a0pa3uBHOTO MpocTpaHcTBa A Ha

ZL mean:

A7 Gy _ 7 BK, (21)
3K, k, 3Kk,

Zmean
Z L mean

pumep: Z; mean = 1,46 mt/mMM; |z mean = 0,687 MM (A = 1000 MkM; Uiean =
164 mxm; Ky =0,5; k, =0,82; k, = 0,5).

3axnouenue

1. Pa3paborana  mapameTpuyeckass  BEpPOSITHOCTHas  MOJEIb  JUIs
OTIPEJICIICHHS] XapPaKTEPUCTUK PaCIpPECIICHUs 3epeH Ha pabodeil MOBEpXHOCTH
aOpa3uBHBIX MHCTPpyMeHTOB. [loydueH 3akoH pacrpenesiecHus BEpIIHH 3epeH H
pacyeTHBIC 3aBUCUMOCTH ISl OIPEACICHHS CPEIHUX 3HAYCHUN KOJIMYECTBA
3epeH B €AUHUIIC 00beMa, Ha €IWHHUIIC TUIOMATU M CIWHHUIIC JJIMHBI pabodei
MTOBEPXHOCTH.

2. O6ocHOBaHHa HEOOXOAUMOCTH CTATUCTUYECKOW TapameTpu3aiuu (B
JIOTIOJTHEHWE K TEOMETPHYECKOH © (U3WYECKOW) TMpH pEIIeHUH 3aaad
npeaMeTHon o0yiacT abpa3uBHONW 00PaOOTKH, CBSI3aHHBIX C HCXOJHBIMH

pazMepaMu aOpa3uBHBIX MOPOILIKOB.
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3. Cratuctudeckasl TapameTpu3anus oOecreunBacTcs Moaudukarmei
napaMeTpOB MacIITaOUPYEMBIX 3aKOHOB PACIIPEICIICHUS C MPHUBEACHUEM UX K
TPEM: XapaKTEePUCTUICCKOMY pa3Mepy aOpa3uBHBIX 3epeH, Ko3(pQuimeHTy
CMEIIICHUSI MaTEMaTHYEeCKOTO OXKHJIAHUS OTHOCHTEIBHO XapaKTEPHCTUICCKOTO
pasMepa u K03 HUIIMECHTY BapHaIliu.

4. ITpeyioskeHHass MapaMeTPU3alns TMOBBINIACT MPEJICTABUTEIBHOCTD |
COZICPKATEIBHOCTh CTATUCTHYCCKUX BBIBOJIOB U MOXKET ITO3BOJIUTH BBISBIIATH
o0IIMe 3aKOHOMEPHOCTH (OPMHUpOBaHUs pabodell MOBEPXHOCTH aOpa3sMBHOTO

MHCTPYMEHTA B MpoIecce NUTU(OBAHMUS.
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