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AHorauis. [prBeaeHo aHaniTUYHUIA MEeTOZ PO3paxyHKy NapaMmeTpiB diarpam «HanpyxeHHs — fedhopmallis» npus-
MaTUYHKX 3pa3KiB Npu iX KNWHOBIN hOPMi PyHYBaHHS HA OCHOBI PO3MOAINY KOHTAKTHUX HanpyxeHb J1. MpaHaTns 3 BUKO-
PUCTAHHAM EKCrepPUMEHTAbHNX 3HaYEHb YOTUPLOX NOKA3HWKIB BNACTUBOCTEN MPCHKMX MOPIA: MEXi Onopy Ha 3cyB, Koe-
(iLlieHTIB BHYTPILLHLOrO i KOHTAKTHOMO TEPTS, MOAYNS NPYXHOCTI. ski MPOCTUMM cnocobamm MOXyTb GyTW BCTAHOBNEHI
eKCrnepuMeHTanbHO B yMOBAX MPHWUYMX NiANPUEMCTB, A€ Pe3ynbTaTi po3paxyHKy MOXyTb ByTi onepaTyBHO BUKOPUCTaHI.
Y OCHOBY MeTOAY B3siTa TEOPist NOKANbHOTO PYMHYBAHHS MiPCHKMX MOPIA MO NiHisX KOB3aHHS, sika po3pobneHa aBTopamm.
Teopis 4O3BONSE BU3HAYNTW NOTOYHI 3HAYEHHS] HOPMANbHUX HANPYXeHb Y BEPLUMHI TPILLMHKM B Mpoueci i po3sBuTky. 3a
KpUTEPIN MILHOCTI MPUAHATUIA KPUTEPI MILHOCTI KynoHa, AONOBHEHMI aBTOpamu LLASIXOM 061Ky KOHTaKTHOrO TepTs 3pa-
3KiB TipCbKMX nopig. 3akoHOMIPHOCTI PO3noAiny HOpManbHWX HanpyXeHb Bif KOHTAKTHOMO TEPTS paHille BCTAHOBNEHI
€.11. Yukcosum i J1. MpangTnem. 3akoHomipHicTb €., YHkcoBa Gyna BUKOprUCTaHa aBTopamm paHille Ans po3pobku me-
TOAY PO3paxyHKy Mexi MILHOCTI 3pa3kiB ripCbkuX Nopif 3ragaHoi hopMu pyitHyBaHHS. B JaHii cTaTTi B OCHOBY npuBese-
Horo meTogy noknagemo metog J1. MpaHatns. [ns Bu3HaueHHs Mexi MiLlHOCTi HeobxigHo Oyno po3pobuti meToa po3pa-
XyHKY napameTpiB fdiarpam «HopMarnbHa HanpyxeHHs — NoJoBXHsA Aedopmalis». bys ninTBepmxeHnit cakT, Lo Hanpy-
KEHHS , NPU SKii YTBOPIOETLCA TPILLMHA, HE € MEXet0 MiLHOCTI. Mexeto MiLHOCTI Npy KNHOBIA OpMI pyitHYBaHHS 3paskiB
€ MakcMMarbHe 3HaYEHHs! HanPYXXeHHS Ha NO3aMEeXHIN rinui giarpamn «HanpyxeHHs — aecopmauis». [leski nozamexHi
KpWBI MaKOTb CKMOAHHS HANpPYXeHb, SKii NiATBEPAKYIOTCS EKCNEPUMEHTANbHAMM HarnsgaMn. Y MOMEHT CKUOAHHS BU-
HWKaIOTb MMOLMHW Y BUMNAGI Tak 3BaHOr0 3yba TEKy4OCTi, yTBOPEHHS SKUX MM MOSICHIOEMO NafiHHAM HanpyXeHHs Ha
ONYKIi YaCTUHI MiHii KOB3aHHS. B CcepepHiin YacTuHI N03aMeXHOI KPMBOI CKa4oK MigBULLEHHS HANPYXeHb CBiAYaThb Mpo
3MILHEHHS 3paskiB , SIKi HE OJepKanu NOKW L0 TEOPETUYHOro 0BrpyHTYBaHHS. Lle siBuLLe MU MOSICHIOEMO Nepexoaom
npoLecy pyiHyBaHHA 3 ONYKIOI YaCTWHM NiHii KOB3aHHSI Ha YBIrHyTY. 3iCTaBNEHHs pO3paxyHKOBMX MEX MILHOCTi Npu3ma-
TUYHWX 3paskiB, OAEPKaHUX MO 3aKOHAX PO3NOZiMY KOHTAKTHWUX HOPMaribHWX HanpyXeHb, MO EKCMOHEHLianbHoOMy —
€.1. YHkcoBa i no niHiHoMy — J1. MpaHATNS CBIig4NTL NPO iX NPAKTUYHY iDEHTUYHICT.

KntoyoBi cnoga: ripcbka nopoga, Mexa MiLHOCTI, pyiHyBaHHs, TPiLLMHa, diarpama «HanpyxeHHs — gedopmalisy

Beryn. OnHiero 3 BaXIMBUX 1HPOPMAIIHHUX XapaKTEPUCTUK, HEOOXITHUX JJIS Ke-
pYBaHHs HaIIPYy>KeHO-e(POPMOBAHUM CTAHOM MAaCHBY T1PCHKUX TOPiJa, € MEKa MIITHO-
CT1 1 3JIMIIIKOBA MIIHICTh 3pa3KiB, III0 BU3HAYAIOTHCA 3a JlarpaMaMu «HOpMaJlbHE Ha-
NPY>KEHHS-TTO3I0BXKHS JepopMaliish» iX mo3aMexHOTo pyiHyBaHHs. [liarpama onucy-
€THCS MAaTEMATHUYHOI 3B’ SI3KOM MIX JIBOMa IapaMeTpaMH — IMO30BKHIMH HaIpy KeH-
HSMH O¢ 1 1epopMalissMH € 1 300pakyrOThCsl T03aMEKHUMU KpuBUMHU. Lli mapameTtpu
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3HIMAIOTHCS Ha CICHIAIbHUX Tpecax, Kl € B OK-
pemux H/II, na Ykpaini B [I'TM, KpuBopizskomy
TEXHIYHOMY YHIBEPCHUTETI. AJle BOHH BUMAraroTh
BHCOKOKBaTI(hiKOBAHOTO OOCITyTrOBYBaHHS 1 3Ha-
XOJATHCS JJAJIEKO BiJ CIIOXKHUBAya, JIe AKpas3 1 Mmo-
TpiOHa onepaTuBHA iH(OpMaIIis PO BIACTUBOCTI
ripcbkux nopia. OTxke, icHye moTpeda B po3pooI1Ii
AHAITUYHOI'O METO/lY PO3PaXyYHKY MEX 1 3aJIM1II-
KOBOI MIIIHOCTI 3pa3KiB MPU 3HAHHI MOKa3HUKIB
BJIACTUBOCTEH TIPCHKUX TIOPiA, $KI BHU3HAYa-
I0OThCSL OUIBIIT TPOCTHUMHU CIOCOOAMU, JOCTYII-
HUMH JIJISL TIPCBKUX I ATPUEMCTB.

Binomo, 1o npu 01HOOCHOBOMY CTHCKaHHI
3pa3ka MpaBUIILHOT T€OMETPii YTBOPIOETHCS KITU-
HOBa (hopMa pyHHYBaHHS 3pa3KiB, HANOIBII TTO-
IMPEHA 3 11’ SITH 3arajibHoB1IOMHUX (puC. 1).

VY naunii crarti [1] po3po0aeHo aHamiTHUHUI
MeTOoJl TOOYIOBHU JiarpaM «HOpMaJbHE HAIMPYXEHHI-TO30BXHS AedopmMariis» 1 BU-
3HAUEHHS MEXI1 MII[THOCTI Ha Mi/ICTaBl €EKCIOHEHI1AJIbHOTO 3aKOHY KOHTAaKTHUX HOpMa-
JbHUX 1 1oTHYHUX HanpyxeHb E.Il. YHKcOBa, oTpuMaHOro 3 pimeHHs OAHOro Aude-
peHLiaIbHOrO 1 anredpaiunoro piBHsaHb [2]. Lleit meTon miggaeTbes ¢axiBIsIMU B Ta-
Jy31 MIITHOCT1 MaTepiajiB KPUTHIll B CUJTy MIKOMOA10HOTO HaBaHTaxeHHs. [IpoBenemo
MOPIBHSHHS PO3PAaXyHKY MEXi MIITHOCTI 3pa3ka Il KJIMHOBOI (popMu pyiHYBaHHS
(puc. 1) Ha 6a3i 1HIIOTO, JIHIMHOTO 3aKOHY KOHTAKTHHUX HOPMaJbHUX HABAaHTa)KCHb
JI. Tlpanatis [2], oTpuMaHOro Ha OCHOBI OUTBII CTPOTHX MIAXOMIB MEXaHIKH J1edop-
MOBAHOTO Tijla, Ha BHUpIMIEHH] ABOX AudepeHIliaIbHUuX 1 OJHOTO alredpaiyHoro piB-
HsHb. PO3MOIT HOpMAJIbHUX HANPY>XKeHb HA KOHTAKTHIN mrommHi 1o JI. [Ipanatis

OMHCYETHCS PIBHIHHIM
2
o, =0, (14—%), (1)

Jie 0, — HOpMAJIbHE HANIPYIKEHHS B KyTOBIH TOYLIL; /— KOE(DILIEHT KOHTAKTHOIO TEPT;

Pucynok 1 — 3pa3ok kiarHoBoi (o-
pMu pyiiHyBaHHA 3a JI.I. baporom

X — abcImca po3risiHyTOl TOUYKHU B 3pa3Ky; /1 — BUCOTA 3pa3Ka.

KoepitieHT, mo 10piBHIOE JBOM, O3HAYA€ Bl CHMETPUYHI IIOJOBUHU 3pa3Ka.

Metoauka. BuszHaueHHs MIITHOCTI 3pa3KiB MpU KIWHOBUN (HopMi pyHHYBaHHS
MPEJICTaBISIETHCS MOXKIIMBUM IIPOBOANTH 32 TAKOKO METOIMKOIO, B OCHOBI SIKOT IMOKJIa-
neHa teopis JiHik ko3anHa (JIK). ¥V maniil crarTi npuitHATO OUIBII YiTKE MO MOPIB-
HsHHM 710 cTatTi [ 1] mo3navenus: JIK &1 & maroth Hanpsimok 3BepXy BHu3, JIK 171 77/
— 3HU3Y yBepX. Y Mipy po3BUTKY TpimwmHH 1o JIK yacTrHa Matepiany BUXOIUTH 3-T11]T
HaBaHTa)XeHHs. [Ipy 3HaHH1 B KO’K€H MOMEHT 3HAUEHHSI KOOPAUHAT BEPIIMHU TPIILIMHU
MO>KHA BUBHAUYUTH HECYUy YACTHHY MaTepially 3pa3Ka, sika JIOPiBHIOE MEPBICHIH IO
OCTaHHBOTO 32 BUpaXyBaHHSIM YaCTWHH, 110 BUUIILIA 3-TiJ HaBaHTaXeHHS. YacThHa
3pa3ka, IO BHMIIUIA 3-TiJ] HABAaHTA)KCHHS, BHU3HAYAETHCSA 32 3HAYCHHSIMHU aOCIUCH
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BepmmHN  TpimmHM  Ha JIK sk

X =n-Ah-ctga, e n —4uUCIIO MapiB MO ¥

opauHarti y, a — kyT Haxwty JIK & B Bep- Oyp] Oy
IIUHI TPIIMUHA 1100 oci Ox, Ah — BU- P A E— 1

coTa mapy. [Ipu 3HaHHI HanpyeHb y al dl % (@ la x
BEpILMHI TPIIIUHY, ii KOOPAUHAT 1 3aKO- Tx 7

HOMIPHOCTI PO3MOJIITy KOHTAKTHHUX Ha- ' g & 7 {Tx
Npy’KeHb HAa HECyuoi YacTMHM 3pa3Ka g AL
MOJKHA TIOOYTyBaTH JiarpaMy «HOpMa- L, ‘ 4 .
JbHE HATIPYKCHHSI - TTO3J0BXKHS edop- k k

MalIlish» 3 BUKOPUCTaHHSAM YOTHPHOX I10- Q

Ka3HHKIB BIACTUBOCTEH I1PCHKUX MOPIAL: T o7 | 7 Te
MeEX1 OMIPHOCTI 3pYyIIEHHIO, KOe]iIlieH- ¥ KC — | -

TIB BHYTPIIIHBOTO 1 30BHIIIHBOTO TEPTH, b ag 7w B[
MOJYJISl IPYXHOCTI. d;

Ha puc. 2 nokazana cxema JIK 3pa- .
3Ka, Ha IKOMY IMMO3HAYeH1: a1 — IOBXKUHA
3pa3ka, M; 1 — BUCOTA 3pa3Ka, M; & — KyT Pucynok 2 — Cxema JIK npu knnHOBI# dopmi
naxuny JIK & pan.; k— omip mopoau 3py- PyHHYBAHHA
meHHto, [1a; 7. — TOTUYHI HaMpyKEHHS
BiJl KOHTAKTHOTO TepTs, [1a.

Ha BepxHiii J11Bii IOJIOBHHI 3pa3Ka KOHTAKTHI JOTUYHI HAIIPY’KEHHS 7i MAIOTh I10-
3UTHUBHUM 3HAK, a HUWKHIA — HeratuBHUi. Ha mpapiil mosioBUHI iX 3HAKK MarOTh MpO-
TUJICKHI 3HaUYCHHS. Big3zHaunmo, 110 mija Ji€l0 BEPTUKAILHOIO HaBaHTaKEHHS 3a pa-
XYHOK HEpIBHOMIpPHOT NonepeyHoi nedopmarnii 3pa3ok HaOyBae onykiny Gopmy. Tomy
B KyTax 3pa3ka MO)kKe OyTH 3aCTOCOBAHO MPABWJIO MAPHOCTI JOTHUYHUX HAIMPY>KEHb.
Oco6nuBicTio KinHOBHUH (hopmu € niepetuH JIK BepTukanbHOI oci cumeTpii 3pa3ka i
BUXI1J 1i Ha MPOTHJICKHY TOJIOBUHY KOHTAKTHOI IJIOIIMHM, BHACIIIJIOK YOTO 3HAKHU JI0-
TUYHUX HaIpy>KeHb Ha BXoAl 1 Ha BuxoAl JIK mMaroTh 1o 3HaKy oJlHaKOBE 3HAYCHHS.
Tomy JIK cknamaerbest 3 IBOX PI3HOPIMHUX YACTHH: OMYKIIOi 1 YBIrHyTOi. B meprry
4yepry, He0OX1THO BUSHAUYUTHUCS, B SIKOMY HANpPSMKY Oyjie pO3BUBATHCS TPIlllMHA: 3BE-
pxy BaU3 10 JIK & a6o &, abo 3umu3y Bropy mno JIK 7’ abo 7. Tpimuna nounHae po3Bu-
BaTHUCS B HAINPSIMKY MEHIIOIO 3HAYEHHSI HEOOXiHOTO HaBaHTAXEHHS, MO0 KOPOTIIIii
ruiku JIK, Tomy 1110 BoHa Mae MEHIIUH KyT MOBOPOTY B MOPIBHSHHI 3 JOBroto. Omip
MaTepially 3CyBY k HarpaBieHo npoTu Hanpsamky JIK, sk mokazano Ha pucysky. Cyt-
HICTh 3aBIaHHS HE 3MIHIOETHCA, SKIIO OyIeMO PO3TJISJaTH PO3BUTOK TPIIIMHHU TIO
cxemi (puc. 2), MOYMHAIOYN 3 BEPXHHOI TOPU3OHTAILHOI MOJOBUHU 3pa3ka. YsBIMO
€001, 10 CIIOYATKY TPIIIMHA YTBOPIOEThCS B Toulll d'. Tak Outbil HaouHo. /{151 boro
BUIIAJIKy HaMU po3pobiieHa nporpama Ha EOM Ha 0CHOBI METOy iTepalii.

Hagenemo nuisaxom iHTerpyBanHs Gopmyiu (1) 3Hau€HHS MUTOMOTO 3yCUILIA p Ha
KOXHIM yacTuH1, Hanpukiad, JIC & npu x > 0,5a; 1 mpu x < 0,541 3 ypaxyBaHHSIM BU-
XOJTy TUIOII 3pa3Ka 31111 HABAHTAKEHHS Yy MIpY PO3BUTKY TpimuHU. B moganbmomy 3
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BUKOPUCTAHHSM 3HAYE€HHS TUTOMOTO 3yCHJUISI BA3HAYaTUMEMO BEIMUUHY nedopmartii
— OJIVH 3 TTapaMEeTPIB JlarpaMu «HOpMaJIbHE HANPYKEHHs-Iehopmarrisny 3a GopMyIor0

=2, 2)
ne E — monynb npyKHOCTI TOPOJIH.

Tenep oTpumaemo KiHIEBI (HOPMYJU JIS BCHOTO LMKIY PO3BUTKY TPIIIMHU
(puc. 2) mist moOyIOBYU JiarpaMu «HATPYKEHHS -AedopMallish» 3a 3aKOHOM PO3TOLITY
JI. Ilpanaris.

Bpaxyemo, mo npu x = 0,5a1 x&°= a1 - x. [Ipu po3BuTKy TpimuHu npu x > 0,5a;
MaTepial B JiBIM MoioBHUHI 3pa3ka mpu x < 0,5a; 30epirae cBOO 1iJIiCHICTh. Bu3Ha-
yrMo Ha mizacTtasi popmynu (1) mpu x < 0,5a1 cyMy HOpManbHHUX HaINPYKEHb — CHILY,
110 JII€ Ha JI1B1¥ MOJIOBUHI KOHTAKTHOT TOBEPXHi

0,54,

P= jay(1+2fx/h)-dx:O,Say(1+O,5fa1/h). 3)

Jani nuisixoMm inTerpyBanHs ¢popmyinu (1) Ha rimi x > 0,5a1, Bukopuctasmu Gop-
Myiy (3) 1 3HaUEHHS TJIOIIAIKY, sIKa HE BUUIIUIA 3-T11]] HABAHTAXKCHHS, 3HAXOJUMO TTH-
TOME 3yCHJLJISL Ha 3pa3Kax

(xé, +x0’,)+(x§, +x;)2£+0,5(1+0,5]:1j

!
0,5+ x, +x,

: (4)

p:O'y§,

Jie O, — HOPMallbHe HAIPY)KECHHs B BEPIUMHI TPILMHK; X, — abcuuca BEpLIMHU Tpi-

§!
IIMHY TPH i1 PO3BUTKY; X¢ — abciuca Touku d'.
AHAaNOT14YHO NpU PO3BUTKY TPIIMHU HA YaCTUHU T'UIKHU X < 0,5a1 3HaX0AMMO

x+xd+£(x2+xd2)

=0 . . 5
p=0, o (5)

HJ’IH BHU3HAUCHHA HAIIPY>KCHH:A Gy CKOpHUCTAEMOCA MCTOAOM, BHKIAJICHHM B

g/
ctarTi [1]. 3a ymoBu x > 0,541, OTUYHI HANIPY>KEHHS HAa BEPTUKAJIbHIN OC1 CUMETPIi B
toull x = 0,5 TOPIBHIOIOTh HYJIIO B CUJTy 3MIHHU B HIW COpPSIMYBaHHS LIUX HANPYKEHb.

Toni cucremy po3paxyHKy HanpyxeHb o, 1 JIK & mpu: x 2 0,5a1,; a = -1, (tomy

mo npu: x > 0,5a1 f= -f) cnig 3anucaty 3 ypaxyBaHHSIM LIbOTO MOJIOKEHHS Y BUTIISIAL

1 kn(l+sinp l—b;,)-exp(aZ,u-ﬁf,)_ko ’
Y7, I-sinp
(,uay5+kn)(1—sinp l—bgf,)

(1+sin p)

Ve

(6)

k:

0 3
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7€ 1 — KOe(IIIEHT BHYTPINIHBOTO TEPTS; O = arctg 4 — KyT BHYTPIIMIHbOTO TEPTSI, pas;
kn — Me3Ka omopy Marepiany 3cyBy B BepuuHi Tpimunu, [Ta; B, — kyt nosopory JIK
&' B1JI KOHTAKTHOT'O TEPTS B BEPILUMHI TPILIMHHU, paj; ko — €PEKTUBHI JOTUYHI HAIpPY-
YKEHHS 3T1HO0 BioMoi Teopii mintHocTi Kynona B Toutti O (puc. 2), I1a.

oY 2f-x§,j
) 1= 1.1
IR | G T

& 2 . , ’ﬂg/_z . 2’
kn+,u0'y-(1+ fhxgj sin p— /-0,

IIpu boMy HEOOXIHO HOTPUMYBATHCS YMOBH: X, = d1 - X.

Kyt naxuny JIK & BusHauaerbces 3a Gopmysioro

3z
ag':T_p/z'i'ﬂ;’- (7)

Tenep posrasinemo po3Butok Tpimuuu no JIK & npu x < 0,5a,. Hanpyxenuns Bu-
3HAYalOThCS 32 CUCTEMOIO PIBHSHb

:i kn(1+sinp l—bé)-exp(Zy(,b’g,+,6’c))_
H 1—sin py1-b’
L :(,u0y5,+kn)(l—sinp l—bg,)

' (1+sin,0«/1—bc2 )-exp(4,u,6’6)’

2Y UWJ
1-==| 1+ :
b _f( hjay‘g’( h . h =— f.o-yi' .

e e T 2%y ¢k tupo
" c THO,,
k, + MO, (1 + P j

: .. . :
B-1 B, — xkytn nosopoty JIK &' Bift KOHTaKTHOTO TEPTS B BEPIIMHI TPILUMHH 1 HA HU-

Ve kc )

(8)

YH1 KOHTAKTHOI IUTONIUHYU B TOYIII ¢, PiBHI

b. cos p b, cosp

1
; B =—arctg

p —larctg
T2 sin p — l—b; 2 sin p — /1 -5’

ke — ebexTUBHI JOTUYHI HAIPY>KEHHS B TO4Il 3 (puc. 2), [1a.
Kyt naxuny JIK & onucyerbest hopmynoro (7). [Ipu nboMy HEOOXiTHO TOTPUMY-
BaTuCs ymoBu: ipu x < 0,541 X, = x.

Ha mincrasi popmynu (2) 3 Bukopuctanasm ¢hopmyd (4)-(8) BUBHaAYaEMO TTOTOYHE
3HAYCHHS JedopMallii — mapaMmerp JiarpamMmu «HOpMajabHE HAMPY>KEHHS — TI030BXKHS
nedopmarisy. s BU3HAYCHHS PYTOro mapameTpa yMOBHOI JiarpaMu — IOTOYHOTO
3Ha4YCHHS HOpMaJIbHOTO HamnpyxeHHs o¢ (I1a) moTpiOHO 3HAYEHHS MUTOMOTO 3YCHUJILIIS
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MOMHOKWTH Ha BIIHOIICHHS HECY4Ol IUIOMIAAKK JI0 MepBicCHOI o 3pa3ka. [licms
YOr0 OTPUMAEMO:
pu x > 0,5ai

o,
o, = ;‘f (xé,+xd)+(x§,+xd)2%+0,5(1+0,5%); 9)
1
npu x < 0,5a;
O,
o, == (x+xd+i(x2+x2d)j. (10)
a, h

Pe3yabTaT Ta ix 00ropopenns. Temnep 3a BukiageHumu popmynamu (2), (9) ta
(10) moOymyemo Tmo3aMeKHI KpUBI Jiarpam «Harpy>KeHHs-Ie(opmaliis» KyOoid4HOTro
3paska 31 cropoHamu a1 = h = 1.0 nipu k, = 10 MIla, f= 0,25 1 pi3HUX 3HAYEHHAX KyTa
BHYTpIIIHbOTO TepTs. Ha puc. 2 nmpuBeneHi TeopeTUdHi aiarpamMu. 3a 30BHIIIHIM BH-
TJISIJIOM T03aMEXKH1 KPUB1 JOOPE y3ro/KYIOThCS 3 JlarpaMaMu, OTpPUMaHUMH Ha TIpe-
cax Ipu pyWHYBaHHI 3pa3KiB 3 MOP1J1 aJeBPOJITY 1 aprumiTiB [3]. 3a XxapakTepom mnosa-
MEXHHUX KPUBUX HEBAKKO BCTAHOBHTH, 1110 MOIYJIb CIIaAy 1 3aJIMIIKOBA MIIIHICTh 3pa-
3Ka 3aJeXaTh BiJ (PUKIIAHUX TapaMeTpiB TipChKUX Topifa. s miaTBepIKeHHS
IILOTO BUCHOBKY Ha pHUC. 3 MpUBEJeHA NpsiMa 5 MpH HYJbOBUX 3HAYCHHSX IHMX Tapa-
METpiB

AHai3 Mo3aMeXHUX KPUBUX PyIHYBaHHS CBIJYHUTh, IO AESKI KPUB1 MAIOTh CKUIU
HaAIpPY>KEHHsI O B MOMEHT Tiepexoay 3 onykiow yactuau JIK & Ha yBirnyty. Ckuau
(GhopMyIOTh TUTOIIAAKH, IO HATAAYIOTh TUIOIIAIKHU IITMHHOCTI MTpH Aedopmariii MeTasiB
y BUIJISIAL TaK 3BAHOTO 3y0a naunHocmi. Y TBOPEHHS 3y0a IMIIMHHOCTI MU MOSICHIOEMO
NaJlHHSAM HAnpy>KEHHs Ha OMYKJIM YaCTUHHU JIiHII KOB3aHHS IO THUITY MO3aMEXHUX
KPUBHUX IIPU YCIYEHO-KJIMHOBIN (popM1 pyilHyBaHHS 3pa3KiB. Y cepelH1i 4acTHHI NO-
3aMEXH1 KpHBI MalOTh 3MIIHEHHS, SIKE HE
OTPUMAJIO TIOKH TEOPETUYHOTO OOIPYHTY-
BaHHs. MU 1€ SIBUIIE MOSICHIOEMO IIEPEXO-
JIOM TIpoliecy pyHHYBaHHS 3 OMYKJIOK Yac-
tunu JIK Ha yBITHYTY, III0 XapaKTepU3y€eThCS
PI3KUM 3pOCTaHHSAM HarpyskeHHsa. OHa Tpi-
IIMHA PO3BUBAETHCS /10 IEPETHHY OC1 CUMET-
pii. [Ipyra (;1iBa) TpimuHa, 1mo Gopmye KIvH,
IPUMHUKAE JI0 MPaBOi MOCTIOBHO. 3TriIHO 3i -
cnocrepexeHHsaMu b. o [4], B «BUIpoOy- 0 /
BaHHSAX Ha CTHUCK KOCE 1 KOHIYHE (KJIMHOBE)
pyiiHyBaHHs BiIOyBa€ThCs Maibke OJHOYA-
CHO». 3 LIbOTO MOXHa 3pOOUTH BUCHOBOK, 1 -p=30; 2_— p=383-p=39,4-
o npouec (GpopMyBaHHS KiIMHA Hae 3 Je- cripasKHs Aiarpama; 5 — o= 0; zc=0

. PucyHnok 3 — [liarpamu «Harpy>KeHHs —
SIKOIO  3aTPUMKOIO B HacCl. Sk BH/IHO Ha JeopMaLisy KIMHOBOT hopMHu pyiiHy-
puc. 3, Ma€ MICLC MCPEriH KPUBUX 1 JHHIN-  paypg npu 3akomi pO3MOiNy KOHTAKTHHX
HICTh iX 3aKIHYY€TbCS MPU  HHU3BKHUX Hanpysxenb J1. TIpantmpis

0 1,0 2,030 40 50 £'1073
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3HaueHHsAX O¢. B.B. Bunorpanos [3] 3a3Ha-

yae, M0 NOpU KOHYCOMOIIOHIN (KJIMHOBII) o, MNa x
(opmi pyliHyBaHHs i HaBaHTAKEHHI IOHAJ 60 X<
70 % MakcuMabHOI Ma€ MICIIe CyTTEBA He- 50 e e
JIHIMHICTE. Big cebe gomamo, 1110 B Io3ame- " / 2
YKHIM KpUBIH /1€ Tak 3BaHE 3MIITHCHHS MaTe- 40 Sy s

pilaiy 3riIHO 3pOCTaru0i KPUBOi 3 MOJANb- 30] =

mmM ii ciajgom. [IpoBenemo 3icTaBiieHHSs Po- 0

3paxyHKOBHUX 3HaU€Hb MEX MIITHOCTI (puc. 4, 22 26 30 34p,srpap

kpuBa 1) npu k, = 10,0 MIla1 /= 0,25 3 exc-
NEPUMEHTATBHIMH JTAHUMU, 3aMT03UYECHUMU

) —3a YHKcoBHUM; 2 — 3a [IpanTanem
3 Kajactpy [5]’ R i e Pucynok 4 — 3ane;xHOCTI MeX MILHOCTI
k.= 10,0 Mlla i TIOPIBHAEMO iX 3 KpUBOIO 2_: BiJl KyTa BHYTPILIHBOTO TEPTS IPH KIIMHO-
OTPUMAHOIO 32 €KCIIOHEHITIAJIbHUM PO3MO/Ii- Buii popmi pyiiHyBaHHS
JIOM KOHTAaKTHUX HanpyxeHsb 3a E.Il. YHkco-
BuM [ 1]. Ha miacTaBi puc. 4 MoHa BCTAHOBUTH, 110 31CTaBJICHHS PO3PAXYHKOBUX MEXK
MIIHOCTI MPU3MATUYHUX 3pa3KiB, OTPUMAHUX 332 3aKOHAMHU PO3IOI1TYy KOHTAKTHUX HO-
pPMaJIbHUX Hampy’KeHb: 3a ekcrioHeHTHUM — €.11. YHkcoBa 1 3a minitauM — JI. [Ipana-
TJIS1 CBIITYUTH MPO iX MPAKTHYHY 1ICHTUYHICTb.

VY crarTi [1] npoBeieHO BU3HAYEHHS CTYIIEHS! JOCTOBIPHOCTI METOY PO3PAXYHKY
M1 MIITHOCTI IMPY €KCTIOHEHITITHOMY 3aKOH1 PO3IMO/I1TY KOHTAKTHIX HOPMaJIbHUX Ha-
npyxenb E.Il. YakcoBa. 301kHICTh pO3paXyHKOBHUX JIaHUX 3 €KCIIEPUMEHTAIIbHUMH,
3aMmo3u4eHUMH 3 KagacTpy [5], ckmana 82,1 %. BiqnocHa moxubka po3paxyHKy A0Opi-
BHIO€ 0,14, koediuient Bapiamii — 0,147 npu HaaIHHOCTI pe3ysbTaTiB s 17 1ociiiB
B 98 %, 1110 CBIAYUTH ITPO XOpoIly 301KHICTb 3r11HO 3 pekoMenaauiamu ['OCTy [6] o
JOIYCTUMINA TOCTOBIPHOCTI TeOpii 3 ekcriepuMeHToM. [IpuOnu3Ho Taky *k JOCTOBIp-
HICTb 3a0e31euye po3poOIeHUI METO] PO3PAXyHKY MEX1 MIITHOCTI Ha MACTaB1 JiHIH-
Horo po3noainy JI. [Ipanatis.

BucnoBkn. 1. Po3po6iieHO aHAMITUYHUA METOJ| PO3PaxXyHKY Jlarpam «Harpy-
KeHHS — edopmMaltish KIMHOBO1T (popMu pyHHYBaHHS MPU3MATUYHUX 3Pa3KiB NPCbKUX
MOPIJT IPH 3aKOH1 PO3MO/I1ITy KOHTaKTHUX HarpyskeHb JI. [Ipanaris 3 BukopuctaHHIM
JOTHPHOX MOKA3HUKIB 1X BiaacTuBOCTEH (k, — MIITHOCTI MaTepially 3CyBy, f 1 1 — Koe-
(1LIE€HTIB KOHTAKTHOT'O 1 BHYTPIIIHBOIO TEPTS, £ — MOAYJS MPYKHOCTI), TOCTYITHUX
JUISl €KCIIEPUMEHTAJIbHOTO BU3HAYEHHS B J1JA0OpATOPISIX BUPOOHMYMX MHIANPHEMCTB
IPOCTUMHU TEXHIYHUMH 3ac00aMU. 3a MAKCUMAJIBLHUM 1 MIHIMaJIbHUM 3HAYEHHSAM HOP-
MaJbHUX HaNPYKEHb IM03aMEKHUX KPUBHUX JliarpaM MOXYTh OyTH BU3HAYCHI 3HAUCHHS
MEXI1 1 3JTUIIIKOBOI MIITHOCT1 3pa3KiB.

2. [To3aMexHi KpUBI TEOPETUIHHUX JllarpaM 3a 30BHIIIHIM BUTJISIOM BiIMIOBIAIOTh
eKCIIepUMEHTaIbHUM. Jlesiki mo3aMexH1 KpUB1 MalOTh CKUIU HANPY>KEHb, 110 MiATBE-
PIKYIOTHCSI €KCIIEPUMEHTAIBHUMU CIIOCTEPEKEHHIMHU. Y MOMEHT CKUIaHHS BUHUKA-
I0Th TaK 3BaHi IUIOMIAJIKKM TUIMHHOCTI y BUTJISAI TaK 3BaHOTO 3y0a IJIMHHOCTI, YTBO-
PEHHS KX MH TMOSCHIOEMO TMaJiHHSIM HANpPY>KEHHS Ha OMYKJIiM YacTWHH JIiHIi KOB-
3aHHS. Y CepeqHIN YacTUHI M03aMEKHI KPHMBI MalOTh KPUBI 3MIITHEHHS, SIKI HE OTPH-
MaJId MOKU TEOPETHUYHOTO OOIPYHTYBaHHS. MU 1€ SIBUIE MOSCHIOEMO IEPEXOI0M

IpY PO3MOJILTI KOHTAKTHUX HAIpPy>KeHb: |
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IpoLecy pyHHYBaHHS 3 ONMYKJIOi YACTUHU Ha YBITHYTY, IO XapaKTePU3YEThCS PI3KUM
3pOCTaHHAM HalpyKEHHS.

3. B pouieci no0y10BM O3aMEXHUX KPUBUX MTPEACTABISIETHCS MOXKIMBUM BU3HA-
YEHHS MILHOCTI MPU3MATHUYHUX 3pa3KiB MpHU iX OJHOOCROBOMY CTHUCKaHHI. 3iCTaB-
JIEHHSI PO3PaXyHKOBUX MEX MIIHOCTI MPU3MATHYHUX 3Pa3KiB, OTPUMAHUX 3a 3aKO-
HaMU PO3MOJIIITy KOHTAKTHUX HOPMaJIbHUX HaIpy>KeHb 3a ekcrnoHeHTHUM E.I1. YHk-
coBa 1 3a jiH1dHUM JI. [IpanaTis cBiAUMTh MPO iX TPAKTUYHY 1AEHTUYHICTh. Y CTATTI
[1] mpoBeeHO BU3HAYEHHS CTYIICHSI IOCTOBIPHOCTI METOIY PO3PaXyHKY MeEX1 MIITHO-
CTl MPU EKCHOHEHI[IHHOMY 3aKOHI PO3MOJLTy KOHTAaKTHUX HOPMaJbHUX HaIpY>KE€Hb
E.I1. YakcoBa. 301KHICTh PO3PaxXyHKOBUX JaHUX 3 €KCIEPUMEHTAIIbHUMH, 3a1103u4e-
HUMHU 3 Kagactpy [5], ckiana 82,1 %. BignocHa noxubka po3paxyHky nopisHioe 0,14,
koedimient Bapiamii — 0,147 npu HaaIHHOCTI pe3yabTatiB A 17 pocniais B 98 %, 1o
CBITYUTH TIPO XOPOITy 301KHICTH 3rigHO 3 pekomeHaamisimu ['OCTy [6], mo nomycTu-
M1 TOCTOBIPHOCTI Teopii 3 ekcriepumeHToM. [Ipubnn3Ho TaKy & JOCTOBIPHICTH 3a0€3-
nevye po3poOJIeHH METO ] pO3PaxyHKyY MEKI MIITHOCTI Ha MiJICTaBi JIHIHHOTO PO3IO-
ITy HOpMallbHUX Hanpy»keHb JI. [Ipanaris.

4. Y nepcrneKkTuBl IJIaHY€EThCS IEpEBIpKAa METOY MPH 1HIIKUX (OpMax pyHHYBaHHS
(miaroHaAJIBHO1, TTO37J0BXHBOI 1 BUOYXOTOIIOHOT).
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AHHoTaums. MpuBeaEH aHanUTMYeCKUil MeTog pacyéta napameTpoB AuarpammM «HarnpsbkeHne — gedopmaumsi»
npuamMaTuyeckux 06pasLoB Npu UX KIMHOBOM hopMe paspyLUEHNS HA OCHOBE pacnpefeneHnst KOHTaKTHbIX HanpspkeHWi
1. NMpaHaTNs ¢ ncnonb30BaHUEM SKCNEPUMEHTANbHBIX 3HAYEHMI YETBIPEX NOKa3aTeneil CBOMCTB FOPHbIX NOpos: npeaena
COMNPOTUBIEHMS CABUIY, KOIPPULMEHTOB BHYTPEHHETO U BHELLHEO TPEHWS, MOGYNS YNPYroCTH, KOTOPbIE NPOCTLIMM Co-
cobamu MoryT ObITb YCTAHOBNEHbI AKCNEPUMEHTANBHO B YCMOBUSX FOPHBIX NPEANPUATIN, rAe pesynbTaTbl pacyéTta MoryT
onepaTuBHO MCMONb3oBaHbl. B OCHOBY MeToda nonoxeHa paspaboTaHHas aBTopaMi TEOpUs NTOKaNbHOMO paspyLUeHus
FOPHbIX MOPOZ MO MIMHUSAM CKOMbXEHUS. Teopns NO3BOASET ONPEAEnUTL TEKYLLME 3HAYEHUS HOPMATIbHBIX HAMPSKEHUIA B
BEPLUMHE TPELLMHbBI B NpoLecce eé pa3BuTus. B kauecTBe KpUTepUs NPOYHOCTW NPUHSAT KPUTEPUIA MPOYHOCTK KynoHa,
[OMOIHEHHbIN aBTOPaMu NYTEM Y4€Ta KOHTAKTHOIO TPEHUS. 3aKOHOMEPHOCTM pacnpeaeneHmns HopMasbHbIX HAMPSKEHMIA
OT KOHTaKTHOTO TPeHUs paHee ycTaHoBneHb! E.M. YHkcoBbIM 1 1. MpaHaTtnem. 3akoHomepHocTb E.M1. YHkcosa Gbina uc-
norb3oBaHa aBTopamu paHee 4ns paspaboTku MeToaa pacyéTa npegena npoYHOCTY 0BPpa3LOB rOPHbIX MOPOA YNOMSIHY-
TOM hopMbI pa3pyLLeHus. B aaHHOM cTaTbe B OCHOBY MeToAa nonoxeH metoa J1. Mpanatng. [Ana onpegenequs npegena
NPOYHOCTM Heobxoanmo 6bino paspabotaTb METOA pacyéta napamMeTpoB «auarpaMM HOpManbHOe HanpskeHWe — npo-
ponbHas aecopmaumsy. bbin noaTBepxaéH (akT, Y4To HanpshkeHue, Npu KOTopoM obpasyeTcs TpeLuHa, He SBNnseTcs
npegenoM npoyHocTu. Mpegenom NpoOYHOCTW NPU KMWMHOBOM (hopMe paspylueHns 0bpasLoB SBNSETCA MakcMMarbHOe
3HauYeHWe HOPMarbHOro HaMPSXXeHUs Ha 3anpederibHoN BETBI AuarpaMMbl «HanpshkeHue — aedopmaumsy. Hekotopble
3anpegenbHble KpuBble UMET COPOCHI HANPSKEHMIA, MOATBEPKAAIOLLMECS AKCNEPUMEHTANbHBIMM HabrogeHnaMu. B Mo-
MeHT cOpoca BO3HUKAKT NIOLaaKM B BUAE TaK Ha3biBaeMoro 3yba TekyyecTu, 0bpasoBaHie KOTOPLIX Mbl OOBSCHAEM
NafieHneM HanpPsHKeHNS Ha BbIMYKIOWM Y4acTy NMHUM CKOMNbXeHs. B cpeaHei YacTu 3anpeaenbHble KpUBble UMEKOT CKaYKM
HanPsKEHWi, CBMAETENLCTBYOLLME 06 ynpoyHeHun 06pasLoB, He NoNy4YmBLUKE NOKa TEOPETUYECKOro 060CHOBaHMS. Mbl
3T0 fiBMEHNe 0OBACHSEM NepexoAoM NpoLecca paspyLUEHs C BbINYKION YacTh IMHUM CKONbXEHUS Ha BOTHyTYt0. Cono-
CTaBIeHNe pacyETHbIX NPeaernoB NPOYHOCTY NpU3MaTUYECKUX 06Pa3LIOB, NONYYEHHbIX MO 3aKoHaM pacnpeseneHns KOH-
TaKTHbIX HOPMaIbHbIX HANPSPKEHWUIA, N0 SKCMOHeHUuansHomy — E.IM. YHkcoBa 1 no nuHenHomy — J1. MpaHaTna ceugeTens-
cTBYeT 06 UX NPaKTUYECKON NOEHTUYHOCTM.

KntoueBble cnoBa: ropHas nopoga, npeaen NpoYHOCTH, paspyLUeHure, TPeLUyHa, Anarpamma «HanpshkeHne—aedop-
Maumsy

Abstract. An analytical method for calculating the parameters of the “stress — deformation” diagrams of prismatic
samples with their wedge-shaped destruction is presented based on the distribution of the L. Prandtl contact stresses with
using experimental values of four indicators of rock properties: shear resistance limit, internal and external friction coeffi-
cients, elastic modulus, which can be determined experimentally by simple methods in mining enterprises, where the
calculation results can be promptly used. The method is based on the theory of local destruction of rocks along sliding
lines developed by the authors. The theory makes it possible to determine the current values of the normal stresses at the
crack tip during its development. As a strength criterion, the Coulomb strength criterion was adopted, supplemented by
the authors by taking into account contact friction. The regularities of the distribution of normal stresses from contact friction
were previously established by E.P. Unksov and L. Prandtl. The regularity of E.P. Unksov was used by the authors earlier
to develop a method for calculating the strength limit of rock samples of the mentioned form of destruction. In this paper,
the method is based on the method of L. Prandtl. To determine the strength limit, it was necessary to develop a method
for calculating the parameters of “normal stress — longitudinal deformation” diagrams. The fact is confirmed that the stress
at which the crack is formed is not the limit strength. The limit strength in the case of wedge-shaped destruction of the
samples is the maximum value of the normal stress on the out-of-limit branch of the “stress- deformation” diagram. Some
exorbitant curves have stress discharge, which are confirmed by experimental observations. At the moment of discharge,
areas appear in the form of a so-called yield tooth, the formation of which we explain by the stresses discharge on the
convex part of the slip line. In the middle part, the out-of-limit curves have stress jumps, which indicate the strengthening
of the samples, which have not yet received any theoretical justification. We explain this phenomenon by the transition of
the destruction process from the convex part of the slip line to the concave one. Comparison of the calculated strength
limit of prismatic samples obtained according to the laws of distribution of contact normal stresses, exponential — by
E.P. Unksov and linear — by L. Prandtl testifies to their practical identity.

Keywords: rock, strength limit, destruction, crack, “stress — deformation” diagram
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