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OBOCHOBAHHE ITAPAMETPOB VIIPYTOI'O
KPVI/IOIO HAPY2KHOI O 1I/THPOBAHHA
IMPHPOAHOI'O KAMHHA

Ornpene/ierbl KHHeMaTHYeCKHe H CH/IOBBIe TapaMeTpbl Ipoliecca YIPYroro Kpyriaoro
HapYKHOTO II/THGhOBAHHS, TPE/ICTaB/ICHHOIO B BH/E YIIPAB/ISEMOrO OPHEHTHPOBaHHOIO
OOBeKTa, C Y4eTOM (DH3HKO-TeXHHYECKHX CBOFICTB MPHPOAHOIO KaMHSA, a/IMa3HoO-
abpasHBHOIO HHCTPYMeHTa, MPOYHOCTH 06pabaThiBAEMOro H3Ae/THA.

KrroueBbre crioBa: yripyroe m/HgoBaHHe, YIpaB/IsSeMbIH OpPHEHTHPOBAaHHBIE OOBEKT,
BXOZIHBIE M BbIXOZHBIE IapaMeTpbl, HOpMa/lbHasl, TaHTeHLIMa/lbHas H CYMMapHas CH/a
LI/THGhOBaHHS, eIMHHYHAS CH/a pa3pYIIeHHs, a/lMa3HOe 3epPHO, BBIKO/, CKO/, CKOPOCTH
LI/THGhOBa/IbHOIO Kpyra, H3Ae/1Hs, MoAayH.

A.P. Verjanskiy, P.I. Dubinin

SUBSTANTIATION OF THE PARAMETERS OF ELASTIC CIRCULAR EXTER-
NAL GRINDING OF A NATURAL STONE

The kinematic and force parameters of elastic round grinding are defined; the grinding is rep-
resented by controlled oriented object. The physical and technical properties of natural stones,
diamond abrasive tools and products being processed were considered.

Key words: viastic grinding, controlled oriented object, input and output parameters, normal
tangential and accumulative force of grinding, unit force of destruction, single-point diamond, in-
dent, chip, abrasive wheel, products, feeds.

a 151 BBIIB/IGHHS CTPYKTYPhl M B3aMIMOCBS3ei MapaMeTpoB U (PakTOPOB, OKa-
3bIBAIOIIMX B/MAHME Ha PEXUM a/MasHO-aOpasuBHON OOpabOTKH H3aenmi
13 TIPHUPOAHOTO KaMHH, MPeACTaBUM TeXHOIOIMYECKHH MPOLIeCC YIIPYroro Kpyraoro
1I/1MPOBAHMS B BU/E YITPAB/ISEMOrO OPHEeHTUPOBAaHHOIO o6beKTa (puc. 1).

M3BecTHO, UTO ropHbIe MOPOo/b! (MPUPOAHBIM KaMeHb), MpeaCTaB/IeHbl TOMUKPU-
CTa//IMUECKUMH Te/laMy MMeIolIre TTIOPHCTOCTb, CAOUCTOCTh, MUKPO M MakKpOTpPeIlM-
HOBAaTOCTb U Apyrue aedekThbl. C1oKHOCTb CTPOEHUS TOPHBIX MOPOA He T03BO/AeT
MIPHMEHSATh CTAaTUCTUUYECKHEe MeTO/bl pacdeTa K M3YUEHHIO OCHOBHBIX ITPOLIECCOB
nepOPMUPOBAHMA M Pa3pyIlleHus IPUPOAHOTO KaMHS Pas/iuuHBIMH KaMHeobpaba-
TBHIBAIOUIMMU MalIMHAMU.

Hcronsaysi oeHOMEeHOMOTMUeCKHU TOAXO0/, OIIHILIeM KOPTeKeM OCHOBHbIe (PU3U-
KO-TeXHUYECKHe CBOMCTBA U TMapaMeTpbl CTPOEHMs TIPHUPOAHOrO KaMHsl, CYILECTBeH-
HO BAMSIONIME Ha NPOLIECC YIIPYroro KPyraoro aiMasHo-abpasMBHOIO IITMA)OBAHMS:

PTC=( E,11,65,K 111,00, a> (1)

rne E v p — cootBerctBenHo Moaynb IOnra u koadpdpuiment INyaccona (TOCT
29985-91), o, — nmpenen npouHocty npu pactxkeHnr ([OCT 211553-85),
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®TC CNT CAM Puc. 1. Cxema Kpyraoro ynpyroro Ii/H-
c¢oBaHHA, KaK ynpaBiseMbIH OpPHEHTH-
poBannbnii 06bekr: TC YKAAII - TexHo-

Aoruyeckasl CHCTeMa Ynpyroro Kpyriaoro
F, . anAMa3Ho-abpa3sHBHOIO wangpoBaHusA,
— ¥ BK/IIOYaer:
Vi R BXO/IHbIE TTapamMeTphl:
A TC 2 ®TC - PuUsMKO-TexHUUeCKHe CBOMCTBa c36pa—
— L GatbiBaemoro Marepuvana; CIIT - cBomcrea
Vi yK AAI.U % npenmera tpyma; CAM - cBoicTBa anMasHO-
I abpasuBHoro uWHctpyMenta; COXK - mapa-
= O MeTpbl pexKrMa OX/IaKAeHUs W YAasleHHs Ipo-
COX AYKTOB paspyieHus; F, - BenmunHa cHoBOro
— BO3MEMCTBYS UI/IM(OBANbHOTO Kpyra B 30HE

KOHTaKTa Ha oOpabaTbiBaeMsblit Matepuarn; Vy -

OKpYKHasi CKOPOCTb BpallleH!s MI/TMOBa/IbHO-

n q ro0 HWHCTpYMeHTa; V, - OKpYmHasg CKOPOCTb

BpallleHUs] M3/e/isi B 30HE KOHTAaKTa C HHCT-

pyMeHTOM; V;, - CKOPOCTh IMOauM UHCTPYMEH-

Ta WM uaaenust; L, - [vMHa KpUBOM KOHTAKTa aZMasHbIX 3epeH ImMdoBasbHOrO Kpyra ¢ obpaba-
ThIBaEMBIM MaTepHalIoM;

BbIXO/IHbIE TTapaMeTphb:
ty — dpakTHyecKas ray6uHa mwMdosanus; 1 — npoussoauTensHocts; R, — mepoxosartocts o6pa-
6OTaHHO! MOBEPXHOCTH; hyeq, — TOMIMHA HAPYIIEHHOTO (1edeKTHOrO) C/105; q — YAebHbIA pacxon

a/IMa30B; @ « — TeMriepatypa B 30He KOHTaKTa a6pa3I/IBHOI'O 3ePpHa C KaMHeM.

Kun - Koadbduument nrnactiudocty ([OCT 29985-91); 6, — KOHTaKTHAst MPOYHOCTh
no bapony; o — KoaddulMeHT TeronpoBoaHOCTH U Ap. [IpuBeneHHble mapameT-
pPbl  HeOOXOAVMEI /s pacyeTa PeXMMHBIX MapaMeTpoB IIMGPOBAHUA M MPOYHOCT-
HbIX CBOVICTB W3TOTOB/IIEMOTO U3/e/Hs.

[eoMeTpryeckrie pasMepbl HU3rOTOB/ISEMbIX H3Ie/Mi OrPaHUYMBAIOT BeUUMHY
CH/IOBOTO BO3/CHUCTBHS a/IMasHOTO HHCTPYMEHTa Ha oOpabaTblBaeMblii MaTepuarn
MPU NP OBAHKH.

YcnoBre NpoYyHOCTH HU3AeMuit U3 MPUPOAHOTO KaMHSA MPH KPYI7ZIOM [ITMPOBaHHU
onpeaensercsa U3 CUCTeMbl YPaBHEHUWM C Y4EeTOM MUHHMAa/IbHO-I0IYCTUMOM TOMMIMHBI

oBpabaTsiBaeMoro Matepuanma O, :

0 =T O 4T o 407, <o)

2
_F Fz, Fy, @)
GA ==+ ZA + yA - [O-CJIC]
S J J
y z
T€ Gmax Y Tmax — COOTBETCTBEHHO MAaKCHMMa/IbHOE HOpPMaZlbHOe M KacaTe/bHOe Ha-
npsxKeHUs B omacHoM cedenun, Mlla; [op] = op/n, u [o]=0.,./n -

COOTBETCTBEHHO AOIIYCTHMbIe HallpA2KEeHHWA Ha pPacCTA2KeHHre M CxXKaTve B OITaCHOM
CeyeHuu, Ml—la, rae O'p N Ocx - COOTBETCTBEHHO IIpeaesibl ITPOYHOCTM KaMHHA Ha

pacTsKeHUe U cxKaTve, N — KoaHUIIMEHT 3araca MMpouHoCTH; F — cura, nercteyio-
s Ha Msaenve B OMAacHOM CeYeHHH, MIla; S — naomanas ceyeHusi B OMacCHOM ceye-
HUH, M*; Z, U Yp — PACCTOSIHME TOUKM NPW/IOKeHUs chibl P oT ocu vsnenvs, M; z, 1
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YV, —PacCcTofgHMe OT OCU M3ze/us A0 OINacHOW TOUKH, M; Jy %1 Jz —OCeBble MOMEHTbI
VMHepLWH usae/1rda B OITaCHOM CeYeHMH.

3d)d)eKTI/IBHOCTb NPYMEeHeHHWd a/IMa3HbIX I.LI['II/ICbOBaIIbeIX KPYroB pPa3HbIX KOHCT-
PYKLIMKM 3aBUCUT, Npexkae BCero, OT IIPaBU/IbHOTO Bbl60pa XapPaKTepUCTHK pexyIlen
yactd. K HuM oTHOCATCS: THI CBA3KH, MapKa a/IMa3HOro IropollKa, ero rnpo4yHOCTb,
3epPHHMCTOCTb M KOHLICHTPAaLMA.

OcHoBHbIe rnapaMeTpbl CBA3KH, B/HMAIOLIME Ha ITPOoLIeCC YIIPYroro Kpyr/ioro asi-
Ma3HO-a6pa31/IBHOI‘O I.U[II/ICbOBaHI/IH, OIMHIIIeM KOpPTexKeM:
TCB= < GCB.H.quBu(’vcaaHB> (3)
rae ocg — npeaesn rnpoYHOCTH CBA3KU IIPU PaCTAXKEHHH, Ocgy — Ipeaesn INpoYHOCTH
CBA3KHM Ha I/ISFI/I6, Ocg — TeI/IOTIPOBOAHOCTL CBA3KHU, H; - TBEepPAOCTb CBA3KH I1O BpI/I-
He/nmo.

OCHOBHBIM KpuTteprem .C[I/ICbeepeHLII/IpOBaHI/IH a/IMa3HbIX TIOPOILIKOB Ha MapKHh
AB/1IeTCH MexXaHW4YecKas TPOYHOCTb Ha pasZaB/IMBaHUe 3epeH OIlpefie/IeHHOW 3ep-
HHCTOCTH, OITMIIIEeM KOpPTezKeM:

Ta= < Opn.a:Opp.a.omx. > (4)

rde Opg — MPOYHOCTb a/IMA3HOTO 3epHa Ha pasfaB/IMBaHHe, Oppaomkx — MPOYHOCTD
a/IMa3HOT'O 3epHa Ha pa3aaB/ivBaHUe I10C/1e OTXKUra,

OcHOBHBIE CBOIMCTBa MHCTPYMEHTa A7 06pabOTKU MPUPOAHOTO KaMHs OIMUIIeM
KOpTexeM:

CAU=(T_;T,;T.;3;K) (9)

rae Ty — Tvn mMdoBaIbHOTO HMHCTPYMEHTa (reoMeTpuyeckre pasMepbl M dopMa
Kpyra); T, — Tvn (MapKa) a/iMasHOro TOpOIlKa; 1. — THM CBSA3KH; 3 — 3ePHUCTOCTb
aZIMasHoro ropoiika; K — oTHocuTeibHasi KOHLIGHTPALIMA a/IMa30B.

Uuncno 3epeH aziMa3HOro ropollka B a/IMAa30HOCHOM YacTy MIIMGOBAILHOTO KPy-
ra (gkoHLeHTpaLus K) ro3so/sier onpenensith UX KOINMUeCTBO PeasibHO YYaCTBYIOIMX
B Pa3pylIeHUH KaMHS.

[pu KpyraoM HapyxRHOM HIMMGOBAHUM KaMHs OAHOBPEMEHHO ¢ oBpabaTbiBae-
MbIM MaTepUa/ZioM B3aHMMOEWCTBYET Ollpe/e/leHHOe KOMMYEeCTBO 3epeH LIINdOBa/b-
HOT'O Kpyra, U3roTOB/ICHHOIO Ha MeTa/l/IMUecKoM cBfA3ke [8):

LK

n, =023-102 6)
dz

3
rae K — oTHocuTenbHasi KOHLIGHTPaLMA a/IMas0oB B a/IMa3OHOCHOM croe, %; d, —
CpeﬂHI/Iﬁ AVaMeTP a/IMa3HOI'o 3epHa, OHpeﬂeHﬂeMbII;I C Y 4eTOM MHWHHMMa/IbHO AO0ITYC-

2
7k’ H,o

THMOTIO pa3Mepa 3epeH, dymin = [7], MM ; S; — naIOIIAAL KOHTAK-

3K u(1-2u)0 k;
Ta W OBANBHOIO Kpyra ¢ 06pabaThiBaeMbIM MaTepHasioM, MM2.

[nsa vactpyMeHTa «MOHAMNT KOMMYECTBO aZIMasHBIX 3epeH, PacriooKXeHHbIX Ha
KPUBOM KOHTaKTa II/IMGOBaZIbHOTO Kpyra ¢ o6pabaThiBaeMbiM MaTepHazioM, orlpe-
nensieTcs U3 BulpaxkeHus [3]:

n, = 0.8 (7)
d;

rae Ly — mnvHa KPUBOM KOHTaKTa a/IMa3HbIX 3epeH LM OBa/IbHOTO Kpyra C KaM-

HeM, MM, d,— cpeaHuil AMaMeTp aZIMasHbIX 3epeH, MM.
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[lnvHa KPUBOM KOHTAKTa 3aBUCHT OT Be/IMUMHBbI OGbeMa CBOBOIHOIO MekK3epHO-
BOTO IMPOCTPaHCTBa Ha paboyelt MOBepXHOCTH IIMMEOBaTLHOTO Kpyra (06beM pas-
PYIIEHHOTO KaMHs He 0/XKeH MpeBbiliaTh o6beMa CBOGOAHOTO MPOCTPAHCTBA Mexk-
NIy CBAI3KOM MHCTPYMEHTa M KaMHeM).

[Ans wHcTpyMeHTa Mapku «MOHAMMT 06beM CBOGOAHOTO MEX3epHOBOIO OIpe-
[esieTcs:

k,d?
V, = —Ean +5;zd3Hi2 —d?H, + 2> (8)
3 2 7C , H,

Hcxons u3 BenmumHbl 0GbeMa CBODBOIHOTO MeXK3epHOBOTO MPOCTPAHCTRa (8) 1 06b-
eMa KaMHsl, pa3pyllaeMoro eIMHUYHBIM a/IMa3HbIM 3ePHOM, C YueToM KOoaddHiIMeHTa,
XapaKTepHsyolllero ero 71s urmdoBaibHoOro anmasHoro kpyra C, =1.52 [8], onpene-
7IM MaKCHMa/TbHYIO /TMHY KPUBOM KOHTAKTa /718 MHCTpYMeHTa «MoHAMMD:

2
|_ — _% + H + ﬂ
max 3m onm 7ZC H
p- " onm

3

)

[pumenuB B (7) 3Hauenus Ly (9), monyumM 3aBUCHMOCTb KO/IMYECTBa a/iMa3HbIX
3epeH Ha O/HOM /MMHUK Pa3pylieHys B 30He KOHTAaKTa LIIM(OBA/IbHOIO Kpyra ¢ 06-
pabaTbiBaeMbIM MaTePHa/IOM OT BE/TUUMHBI «CTPYKKUW:

-y . - ¥
n, =0.8 (— Tomr | Homs 2, Teds (10)
3dy d; T mC, Hopr

Hccnenosanuamu [1, 3, 4, 5, 9] nokasaHo, 4To B IpoLiecce paspylleHust OaHO-
BPEeMeHHO YUJacCTBYIOT He BCe 3epHa, BBICTYIAIOIIME Ha paboyel IOBepXHOCTH a/iMa-
30HOCHOTO C/1051 UHCTPYMEHTa. VX MOXHO pasaesnvTh Ha TpU TPYIIbl: K [IEPBOM OT-
HOCHTCH — 3epHa, BeicTyrnaomme Ha 0,3d;; Ko BTOpOM Ipyrre — BhICTYIAIOIME Ha
0,09d,; K TpeTbell Ipyrile — OCTaBIIMECH 3epHa, KOTOPbIe TOMNbKO HauMHAIOT OGHAa-
xKaTbcsl. [loaTomy, yrounssa dopmyny (7), BMecTo n, crieayet B pacyeTax MPUHHUMATh

KO/IMYECTBO 3epeH, PeanbHO YUACTBYIOIIMX B PaspylleHHH MpU Kpyr7ioM mmmdoBa-
Huu [17]:

n? = (nok. k' )+(nokg3k;’0) (11)

pz " "yo

/ n 9 .
rae kp3 U kp3 — Ko3ppuUlIeHTs paboumx 3epeH MepBOM 1 BTOPOM TPYIIILL [IPU

/ I / I
kpyrnom mmudosanvn Ky, =03, ki, =04; kK, u k|, - xospcuiments yna-
nsieMoro oGbeMa ob6pabaThiBaeMOro MaTepuasa /s [epBOM U BTOPOM IPYIIN 3epeH
I "o
NP KPYI7IoM MIMdOBaHUN kyo_ =10, k! =03.

)o.6

CyMMapHYIO CH/Y pa3pyllieHHsi MMPU KPYr7ioM HapyxKHOM HITM(DOBAHHM Lie/1eco-
0BpasHO OrpeaensTh UCXOAA W3 KO/MMUeCTBa a/MasHbIX 3epeH, PacrioZIoKeHHbIX Ha
OIHOM MMHHM KOHTaKTa MHCTPYMeHTa ¢ o6pabaTbiBaeMbiM MaTeprazioM (10).

[Tpu onpeneneHny cyMMapHOU CH/IbI HEOGXOAMMO YUHTHIBATh KHHEMATHUKY Tepe-
MellleHUs] a/IMa3HbIX 3epeH MO TIOBePXHOCTH oBpabaThiBaeMOro MaTepuana. AnMas-
Hble 3epHa, BCAeACTBHE TMPOAO/IBHOM WM MOMepevyHOoM MoAayu, OCYIIeCTBASIOT pas-
pyllleHHe B peXuMe BBbIKO/A, MPH BpallleHWH Kpyra W u3fenus B peXuMe CKoa
(7,8]. [na onpenenenvsa cymMMapHOH cu/bl mivdoBaHud Fp,, MpHUMeHUB MPHUHLIMI
CYMepriostLIMK, Pa3IokUM ee Ha COCTaB/AIIMe: HOPMaIbHYIO WK paadanbHyio Fy,
TaHreHuManbHyio F, v nomaun Fy (puc. 2).
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Puc. 2. CymmapHas cuaa waHgoBaHHS
F, npu Kpyraom npoaonasHoM maHcpoBa-
HHH H coctaBaaiomne F,, F,, F,

HopmarnbHas cuna siBisercss pesyib-
TUPVIOIEN eAMHUUYHBIX CH/I a/IMA3HbIX
3epen [7, 8], ocyliecTBASIOMNX pa3py-
IIeHKe B PeXHMe BbIKO/Ia:

2 2 2
o K, 0 H,; (12)
v e P (- 2u) [0 I
r[)ﬂ ( - ﬂ) [O-p]an
rae H, - ray6una nyHRY BhIKOMA, Orpe-
fensieMas MCXOAS W3 CKOPOCTH  MPO-

. M
AO/bHOM T104a4M nsp - KO/IMYEeCTBO a/IMa3HbIX 3€peH, pea/IbHO Y4YaCTBYIOIIMX B
Pa3pyilieHr BbIKO/IOM IIPpH l'IpOﬂOIIbHOIZ roaayve:

n! = 0,97x10° dﬁ ! (13)

3

rae Lz - [VTMHA AYTY KOHTAKTa IIPY NPOAOALHOM M OBAHUH.
TaHreHLManbHaA CU/Ta SAB/ISETCH Pe3yNbTUPYIONIeH eMHHUUHBIX CH/T a/IMasHbIX 3e-
pet [7,8], ocyiecTBsOMYK paspylieHre B peXUMe CKo/a:
2 2 2
pf! km O-p H onm
: = e (- 2u) [0 ]’ 4
(1;1u ( - ,U) [O-p]a

f
rae N?' -KOMMUYECTBO a/Ma3HbIX 3epeH, peaslbHO YUaCTBYIOLIMX B Pa3pylIeHHH CKO-

7IOM TIPU TTPOAO/BHOM MI/TMADOBAHHM.
Cuiria poA0O/IbHOM MOAAYN AB/SeTCS PEe3yIbTHPYIONIEeH eIMHUUYHBIX CU/ a/Ma3HbIX
3epeH [7,8], ocyiiecTBasIONIMX pa3pyilleHre B PexKrMe BhIKO/a:

2 2772
4 K k:o H
Fo=0,64x10"—(d —d )L" G
d2 H K Kﬂkz 2(1_2 )2[0_ ]3

3 zjnu ,U p an

CyMMapHast crzia Mpy KPYI7ioM MpoAoAbHOM 1M¢OBaHUM paBHa:

F, = F2+F2+F? (16)

PaccrosiHye nvHUM NMPUIOKEHUsT CYMMapHOM CH/Ibl UIMdOBaHKsA OT OCH Bpallle-
HUS U371enusi OTpeie/IsieTCsl UCXO/st U3 YC/IOBHST paBeHCTBa paboThl, 3aTpaurlBaeMort
npu 06paboTKe Ha paspylieHre OAUHAKOBBIX 06HeMOB KaMHs (puc. 3):

2 2
dy +d
dp - % (16)

[Tpu «BcTpeyHOM» cXeMe Kpyr/ioro Bpe3HOro MAW LIMK/AMYHOTO HIMgOBaHUsA KO-

OPAMHATHI TOUKH TPH/IOKEHUsI CYMMAPHOM CH/IbI OTPee/sioTC U3 YPaBHEHUH:
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Puc 3. CymmapHas cunaa wmaH¢oBaHHS
NpH «BCTPEYHOH» CXeMe KPYI/I0ro Bpe3Ho-
ro HAH UHK/IHYHOTO L/TH(POBaHHSA

-
g
: __(4Dd, +3d? +dg) a7
| 8(D+d,)
B ,_ 8(d2 +d?)(D+d,)? - (4Dd_ +3d? +d?2)?
B 64(D +d )2
y' (18)

HopwMmaribHas cuna siBasieTcss  pesyrib-
TUPVIOIEH e/IMHUYHBIX CH/T a/IMa3HbIX 3e-
peH [7,8], ocyiecTBISOLMX pas3pylieHre
B pekMMe BHIKO/A:

ke o2H?
367k 1 ” (1-2u) [0, 137
(19)

rae Hy - rny6yHa NYHKY BLIKO/IA, oNpesesseMas UCKXOAA U3 CKOPOCTH POAOIBHOMN
rolayum:

&= p<=
Fy =n,

(20)

n:c- KO/IMYeCTBO a/IMa3HbIX 3epPeH B OMHOW [TMHUM I.U[II/ICbOBaHI/Iﬂ, pea/ibHO y4acCT-

BYIOIIMX B pPa3pVyIileHNH BbIKO/IOM:

n= = 0,97x10°° di L= 1)

3
rae L:(: - [/INMHa [MMHHKX KOHTaKTa a/IMa3HOI'O 3epHa O6pa6aTbIBaeMbIM MaTepHra/loM

[IPU «BCTPEUHOIM» CXeMe KPYI7ZIoro Hapy:KHOTO BPE3HOTO MM LIMK/IMYHOIO  MIIMdo-
BaHMA.

B cBaA3M c rnepeMeHHOM TOMUMHOM C/I0sl, Pa3pyllaeMOro a/IMasHbIMK 3epHaMH
IIPY KPYr7oM IanudpoBaHUK, PacyeThl M0 OfpeIe/IeHUI0 ONTUMA/ILHOM CH/Ibl BO3/AeH-
CTBUf WHCTPYMEHTa Ha M3/e/ue OCYLIECTB/ISIOTCA WCXOAA W3 CpelHed TO/MMHBI
cTpyxRKW [2, 6, 9, 10]:

_ zvulcp (D+d0)(do_dx)
cp
v t, Dd,
TaHreHLManbHaA CUla ABIAETCH Pe3yAbTUPYIONIeH eMHHUUHBIX CH/ a/IMA3HbIX 3e-
pet [7,8], ocylecTBISIOMMK pa3pylIeHye B peXruMe CKo/Ia:
2 2 2
k:‘o°H
F< =nPf= z_r_P (23)
z c 2. .2 2 3
367k > (- 24)° [0, 12

(22)
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Puc. 4. CymmapHasa cuaa WAH(POBaAHHA
npH «IONYTHOH» CXeMe KPYI/I0oro Bpe3HOoro
H/H UHK/IHMYHOTO LITH(OBaHHS

rae NP - KonMuecTBO anMasHbIX 3epeH B
ONHOM MVMHUM WWANGOBaHUS, Pea/bHO

nudepancHER KpyT

.~ YYacCTBYIOIMX B PA3PYLUICHUH CKO/IOM:
' K
n’< =0,69x10°° a4 LS (24)

CymMapHast cuv/la pas3pylieHus Mpu
«BCTPEYHOM» CXeMe KPYI7/IOro HapyKHOTO
BPE3HOr0 WM LIMK/AMYHOTO MIN(pOBaHUS
paBHa:

Fo=F +F? (25)

CyMMapHBIA MOMEHT CH/Ibl, [eHCT-
BYIOIIIeH Ha H3aenve OTHOCUTeTbHO OCU
BpallleH!s], paBeH:

2 2
1 d°+d
M= =ZF7 |2—= (26)
2 2
[py CIOMYTHOM» CXeMe KPYIr7ioro BPesHOro WM LMK/MYHOTO lvdpoBaHys (puc. 4)
KOOPAWHATLI /IMHWHK TTPU/I02KEeHHA CyMMapHOIZ CHW/Ibl OrpeendioTCd U3 YpaBHEHHA:

__(4Dd, +3d; +dg)
- 8(D+d )
L _ [8(ds +dZ)(D+d,)* ~(4Dd, +3d; +d5)’ 23
64(D +d. )2

HopMarbhas cuna rpu «onyTHOM» CXeMe KPYI7ZIoro HapYKHOTO BPE3HOTO W/H
LIMK/IMYHOTO  1I/TMPOBAHMS SIB/ISCTCS Pe3Y/IbTHPYIONEH eAMHHUUYHBIX CH/ a/IMasHbIX
3epeH [7, 8], ocymiecTBAAIONMX pa3pyIlleHre B PexKUMe BhIKO/a:

2 2 2
FD — nps k"ﬂGPHS
y © 36nkiut(1-2u)[o, ]}
gb:u ,U p an
rae H; - ryGrHa myHKY BBIKO/, OrpenerseMast UICXO/S M3 CKOPOCTH TPOAO/IBHOM MOoAauM:
Dd!l (dH B dK)
D+d,

N/~ - KOMMYEeCTBO a/Ma3HbIX 3epeH B OAHOM /IMHHM LI/MOBAHKSA, PeabHO YuacT-

(27)

(29)

BYIOIIMX B Pa3pyIleHNH BbIKO/IOM:
n’= = 0,69><10—3O|£ ing (31)
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=
rae LK - [A/TMHa /IMHHWK KOHTaKTa a/IMa3HOI'o 3epHa O6pa6aTbIBa€MbIM MaTepHa/ioOM

MPY «TIOMYTHOM» CXeMe KPYI7ZIOrO Hapy:KHOTO BPE3HOrO WM LIMK/IMYHOTO M/IMdOBa-
HUSL.
TaHreHMa/IbHas CH/la SABISETCS Pe3y/IbTUPYIONIEeN eIMHUYHBIX CU/ a/IMa3HbIX 3e-
pet [7, 8], ocyiecTBASIONMK pa3pylieHre B pekuMe CKoa:
2 2772
F= =n" K0,y (32)
‘ ¢ 36k ut(1-2u)%[o, ]2
f,b:u lu pla

rae N’~ - KOMMY4eCTBO a/MasHbIX 3epeH B OAHOM /IMHWM LIMGOBaHHs, PeasibHO

YUACTBYIONINX B Pa3pyLIIeHUHU CKO/IOM:

n’~ =0,69x107° X g (33)
d.’s’

CyMMapHaﬂ CH/la pPa3pVilieHnda I1pyr «HOI‘[yTHOFI» CcxXeMe KpVyr/ioro HapyzkHOIro Bpe3-

HOIr'o W/ HMK/IMYHOTI'O ILIIII/I(bOBaHI/IH PaBHa:

Fo = F2+F2 (34)

CyMMapHbI MOMEHT CHW/bl, AeVCTBYIOIIEN Ha M3aenve OTHOCHTeNTbHO OCH Bpa-

IlleH1sl, paBeH:
2 2
MaziFs d0+dx (35)
2 ° 2

CkopocTH IM1aBHOrO (BpallieHue HIrdpOBaZIbBHOTO KPYra V) W BCIIOMOTaTe/IbHBIX
[BVKEHUI (BpallleHHe U3enus vy, U Moaada UHCTPYMEHTa V) 3aBUCAT OT Ipeeslb-
HO [OTIYCTUMOM CKOPOCTM TlepeMellleHusi aZMa3HbIX 3epeH Mo obpabaTbiBaeMoMy
MaTepyany U CXeMbl MG OBaHUS.

AnMasHble 3epHa MepeMeniaTcs o obpabaTbiBaeMol MOBEPXHOCTU C MaKCH-
Ma/lbHOM CKOPOCTBIO Ha /IMHWUM, COeAVHSIOIIeN LIeHTPbl OCell BpalleHUs IIdOo-
Ba/IbHOT'O Kpyra U y3aenus:

U, =g U, (36)

rze Vg, — /IMHeHHas CKOPOCTb BpallleHUs MIMGOBa/IbHOTO Kpyra, M/C; vy, — /1Hel-
Has CKOPOCTb BpallleHWs U3ae/s Ha /AWHHUW, COelMHSIONIer LIeHTPhl Ocell Bpallle-
HUA.
[lMHeMHas CKOPOCTb BpallleHHs M3ae/rs B TOUKe MPU/IOXKEHHs CYMMapPHOM CH/IbI

111dpOBaHUSA PaBHa:

dZ+d:

A

Upye =—2— X, (37)

dy
rae dp v dx - COOTBETCTBEHHO HauBO/IBIIMK M HaUMEHbIIWI AhaMeTp U3e/1dsl Ha
KPUBOM KOHTaKTa C MIIN(OBa/IbHBIM KPYTroM.

BpeMﬂ KOHTAKTa a/IMa3HOrIo 3epHa C O6pa6aTbIBaeMbIM MaTepHa/ioM:
Ly
Tk = (38)
1"!‘:5‘
rae Ly — amvHa KprBOM KOHTaKTa MIIM(pOBa/IbHOTO Kpyra ¢ oGpabaThiBaeMbIM Mate-
PHAIOM.
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3a BpeMst KOHTaKTa ¢ o6pabaThiBaeMbIM MaTepUa/ZioM a/IMasHOe 3epHO BHEAPHT-
Cf 3a CYeT BpallleHUs W3fe/rs B TOUKe MPU/IOKEHHs CYMMApHOM CU/bI IIMKOBa-
HUA Ha [1YOUHY:

Up Ty :dg+d§
Hom'= d,_.c _\" A (39)

[Mpumenus B (36) dopmyrsl (38) u (39) nocne npeobpa3oBaHuil TOMYUUM BbI-
pazkeHHe /1 orpeaesieHus1 MMHEHHOM CKOPOCTH BpallleH s MIZINGOBa/IbHOTO Kpyra
B 3aBHCHUMOCTH OT IyOUHBI MI/IMPOBAHUA Y A/TUHBI KPUBOM KOHTaKTa:

[dg+dg

®
— Ly N2

kp = TV Uy (M/0) (40)
Lex | T b oy

-

u

[IvHeMHas CKOPOCTh BpallleHUs! U3e/Us B TOUKE MTPU/IOKEHUS CYMMAPHOM CH/IbI
1/1MdpOBaHUs oMnpeaenyM U3 Beipaxkerus (36) ¢ yuetom (40):
dZ+d?

Lecx-\‘ 2
V= (1 — Yy (/) (@1)

Ly K\I-Qz_ +dygHone

Yactota BpallieHys mMdoBasbHOTO Kpyra:

‘dZ+dz
60L, % |~ —

—

nKF =

VT Uy (06/MuR) 42)
DLy X () —2—5 td, Honr)

YacToTy BpallleHHs U3aenus Mpu IYGMHHOM BCTPEUYHOM LIIMPOBAaHUM OIpese-
M ¢ yyetoM (36):

Ly a5+a
— 60 K7y 2
ny = === YU, (06/mn) (43)
ﬁ-\il-%_” Ly K-\,‘:I—u +dHop:

[lpu rayébuHHOM MOMNYTHOM HIMMGPOBAHUK MaKCUMa/lbHas CKOPOCThb Iepemeliie-
HUSA a/IMa3HbIX 3epeH Mo o6pabaTbiBaeMOMY MaTepUasly paBHa:

Uy =V — Uy (44)

[IMHeMHYI0 CKOPOCTb BpallleHHs MIIMGPOBa/IbHOTO Kpyra U vaaenus B TOUKe IpH-
NOXKeHUs CYMMapHOM CU/bl MIZIMCPOBaHUA OIpeeqyuM IO aHa/IOTHH C BCTPEeYHBIM

M oBaHUeM:
[
® K\; -
—_ 2
(— — v, (M/c 45
Kp ‘:2+dﬁ i P ( / ) ( )
LEC’:{\ - - "i}::{:lm':]

2,42
(da+dy
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UactoTa BpaliieHus m1MdOBaIbHOTO Kpyra M M3/enusi COOTBETCTBEHHO 6yayT
PaBHBbIL:

(d2+dZ
B 6OLy X, | ——
Mo, = — Uy (06/MuH) (47)
‘TDLKK':\;_% —dgHone)
[dg+di
— 60 Ly —
n, = .d2+d2{ — = — 1) (06/mum) (48)
T BT e

[Tpy KpyraoM Bpe3HOM BCTPeUHOM I/TMGPOBAHUU B PexkUMe CBOOOAHOrO pas-
pyieHus [8], 3a oauH 06OPOT U3AeNUS UHCTPYMEHT BHeAPUTCH B oOpabaThiBaeMblit
MaTeprasn Ha Tray6uHy Hiay (6] co ckopocTbio:

—_—
L |ders
P Hm,:;'\.' F BT K
vo=— =X (1 - — )X v (49)
(dZ+d2 dZ+dZ P
’TX‘Q_EE_ LKKL\—DE— +dHom
[lnHeiHas CKOPOCTH BpalleHHs M/TMdOBaZIBHOTO Kpyra:
di+di
L. | =a K
“ Ky z
Ugp = FOYE Up (M/c) (50)
Ly, % +d Hy

[IlMHeMHasA CKOPOCTb BpallleHHs M3e/us B TOUKe MPU/IOKEHHs CYMMapHO CH/IbI

11MPOBaHUS:
—_—
L% [d3+dg
Ky 7
5 Z Z
| 5+d
[EoTC
Ly =5 +d Hopr

Wp (M/) (51)

YacToTta BpaliieHus manoBaabHOIO Kpyra:
id%+d§

60L, x

- By

Nyp =

Up (06/MUR) (52)

e z
jdg+dyg
DLy X (|~ +dyHypr)

Yacrorta BpallleHHd r3ae/nrd rpr Bpe3HOM BCTPEYHOM IH[II/ICbOBaHI/II/I:

Lo di+dZ
— 60 L R Z
n, = |m{1 — T )Up (06,/MUH) (54)
A e N e

CROPOCTb TI0/1auM TIPU KPYIZIOM BPE3HOM TOMYTHOM  [ITUAPOBAHUMU:

L di+d

- Hpmax x5y

Un = T;i—:dz x( [d2+d3 ) - DX Yp %5
:'r><.w-'—%E LHK{.\,-"Z—L— dyHomry

[TvHelHas CKOPOCTD BpallleHHs HITHdOBabHOIO Kpyra:
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_

L [di+d3
— ST o
Vi = = v, (M/0) (56)
: [d2+dZ
Lxx\il_ﬁ_ﬁ_ dxHom
[luHeriHag CKOPOCTb BpallleHHd M3/e/ld B TOUKe ITPHU/I02KeHNA CyMMapHOI;I CHU/IbI
IMPOBAHMSA:
o . -2
(dg+dz
- NT e :
Ve =( VT - l]L'P (M/c) (57)
Ly x\-l 2 F_dHHam
YactoTta BpallleHus mAnOBa/bHOIO Kpyra:
d2+dl
_ 60L,x ——
N = = Up (06,/Mun) (58)
) do+ds
"TDI'!CX':.\ _gz_r —dyHonr)
YacroTta BpallleHHUd n3ae/nnd rpy Bpe3HOM BCTPEeYHOM U.UII/ICbOBaHI/II/I:
=53
|dg+ds
- &0 L SaN e .
n, =—F——=( — — 1)v, (06/Mun) (59)
idg‘dx ,I:fﬂ+l:f,_.q ;1 f
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