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V]IK 621.91

I'.JI. XaBuH, KaH]. TEXH. HayK, XapbKoB, YKpauHa

MOJIEJJMPOBAHUE MEKCJONHOI'O PA3PYIIEHUS
ITPU CBEPJIEHNU KOMIIO3UIIMOHHBIX MATEPHUAJIOB

Poszenanymo 3adauy eusnauenns nossu ma po3eUmKY MpiujuHu po3uapy8ants npu ceepoieHHi
Waposux KOMRO3UYILIHUX Mamepianis, wo 6a3yemvcs Ha BUKOPUCTNAHHI TIHIUHOT MeXAHIKU PYUHYBAHHA.
Modeny  nokanvho2o  pyUHYBaHMA — CYMICHO 3 GIOOMUMU — EMRUIPUYHUMU — 3ANEHCHOCTHAMU
BUKOPUCIOBYEMBCS OJIA PAYIOHATILHO20 BUOOPY PEJCUMHUX napamempie céeponenns. [Ipayezoammicmo
3anpONoOHOBAH020  NIOX00Y NPOOEMOHCIMPOBAHO 0N  PO3PAXYHKY —MEXHOIOLIYHUX — Napamempis
ceeponens enoKcUOH020 8y2neniacmuxy.

Paccmompena 3adaua onpedenenusi NOSGNCHUSL U PA3GUMUSL MPEWUHbL DACCIOCHUS NpU
CBepIeHUU CIOUCIbIX KOMNOZUYUOHHBIX MAMEPUAN0s8, Oa3upylowecocs Ha UCNOIb308AHUY TUHEHOU
mexanuxu paspyuwenus. Mooens 10KanbHo20 paspyuienus. COBMeCHto ¢ U38ECIHbIMU IMIUPUYECKUMU
3A6UCUMOCAMU  NPUMEHEHd Ol PAYUOHATBHO20 6bLOOPA  PENCUMHBIX NAPAMEMPOS  CEPIEHUS.
Pabomocnocobnocmv ~ npeonodicennozo  noO0Xo0a  NPOOEMOHCHPpUpOSana  Oas  pacuema
MEXHONOSUYECKUX NAPAMEMPOB CEEPIEHUS. INOKCUOHOR0 Y2NeNIACUKAL.

The problem of crack delamination appearance and propagation in the drilling of composite
laminates is considered. It’s as basic model use linear fracture mechanic. For the rational choice of
drilling parameters the local damage model in common empirical dependences are used. Efficiency of
proposed method is showed for the calculation of drilling parameters of epoxy carbon plastic.

Berynuienne.  3a mocnepmHuMe  BpeMs TEXHOJOTHS — IIPOM3BOJICTBA
KOMIIO3UIIMOHHBIX MarepuaioB (KM) 3HauMTeNbHO yJemeBHIACh, YTO BBI3BAJIO
3HAYUTEIbHOE PACIIMPEHHE WX NMPHMEHEHHS B PAa3JIMYHBIX OTPACisAX TEXHHWKH. B
NpaKTHKEe MeXaHudeckoil o0paborkn KM oTnmuarorcsi TBEpIOCTBIO M HMEIOT
BBICOKHE a0pa3uBHBIE CBOWCTBA. OTH, M HEKOTOpBIE JApyrue KadectBa [1,2],
NPUBOAST K HAIMYMIO CEPHbE3HBIX TPYIHOCTEH mnpu 00paboTke, KOTOphHIE B
OCHOBHOM CBOJTCS K CHJIBHOMY W3HAIIMBAHUIO DPEXYILEro HHCTPYMEHTa |
HHU3KOH TOYHOCTH OOpabOTKH. DT OOCTOSATEIHCTBA NMPUBOJAT K CYIIECTBEHHBIM
9HEPreTHYeCKUM 3aTpaTaM Ha IOJHYI0 0OpabOTKy JeTaylii M, KakK CIIEACTBHE, K
BBICOKOW cTomMocTH o0paboTku. [losBunmck HOBBIE mporecchl o0paboTku KM,
TaKHe KaK Ja3epHOE U BOJOCTPYHHOE pe3aHue, U APYTUe, OJHAKO, HECMOTPSI Ha X
JIOCTaTOYHO OypHOE pa3BHTHE, TO—TPEKHEMY TIABHBIMH MeETOAaMH 00paboTKH
KM  ocrarorcss  TpaAWIMOHHBIE  MHPOLECCHL, CPEAM  KOTOPBIX  CaMbIM
pacipocTpaHEHHBIM sBJIAETCA cBepieHue. [loaTomy 3amada obecrieueHns KauecTBa
00paboTaHHBIX OTBEpCTHHA TpH cBepieHMH KM sBisercss akTyaldbHON M HMeEeT
MPaKTUYECKYIO LIEHHOCTb.
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CocrosiHre pobaeMsl B GOpMYIHPOBKa 331a4H. B cpaBHUTEIBHO HEJABHUX
HCCIIEIOBAaHUAX TIPOIECCOB MexaHmdeckoit o0paboTku KM ocoboe BHHMaHUE
VACTSUIOCH  CBEPJICHHWIO JIAMUHHUPOBAHHBIX KOMITO3UTOB [3-8]. IIpm sToMm
pa3BHBaNIOCh KaK (yHIAaMEHTAaIbHOE H3Y4EHHE IIpoIecca CBEPICHUS, TaK W
NPOBOAMJINCH ~ MHOTOYMCIICHHBIE  3KCIICPUMCEHTAIBHBIC  ONBITHL. | J1aBHOM
npobieMoii TpH  cBepieHHH MHOTOCHOMHBIX KM (1aMHHAaTOB) —SIBIIsETCA
obecrieueHne KayecTBa 0OpaOOTKH OTBEPCTHS, H, B NIEPBYIO OYepe/b, OTCYTCTBUE
TPELINH paccIOeHHUs Ha BBIXOAE WMHCTPYMEHTAa M3 3aroToBku. Hammume Taxux
nedekToB sBISETCS NPUYMHON OrpaHMYeHHi mpu ucnojibp3oBannd KM B
Pa3IMYHBIX TPUIIOKEHUSIX, OCOOEHHO B CIly4ae BO3JCHCTBHS Ha KPEIUICHUE B 3TOM
OTBEPCTUH [UINTEIBHON IMKINYECKOW Harpy3ku. OCHOBOMOJAraromeil MoJenbo,
YCTaHABJIMBAKOIIEH CBsI3b MEXJy BEIMYMHOW pacciauBaHus co cBoiicTBamu KM,
sBunack mojienb Ho—Cheng u Dharan [9], koTopbie BBeNd MOHATHE KPUTHYECKON
Harpys3KH, Io3BoJIsTIonIel n3berate paccioerus. Jlanee 3Ta Mozens OblTa pa3BuTa
B pabotax [10,11], rme ocHOBHOE BHHMaHUE OBUIO YJEIICHO YCTAHOBJICHUIO CBS3U
paspyIIaroeii CUIIbl C Ha4aJloM pacciIanBaHMs.

IMocTaHoBKa 3agaun U Heab padoThl. [ TaBHON Henbl0 HacTosImeH paboTHI
ABJISIETCS Pa3BUTHE AHAIWTHYECKOTO METOJa JUI TpeACKa3aHWs IOSBICHUS WU
pa3BUTHA TPEIIMHBI PACCIOCHHUS IPU CBEPJICHHH CIIOMCTBIX KOMIIO3MIIMOHHBIX
MaTepuanoB, Oa3UpyIOMIErocss Ha  HCIOJB30BAHMU  JIMHEHHOW  MEXaHUKH
paspymeHus. Takxke ceflaHa TONbBITKA YBA3aTh IPUMEHEHHE AaHAJIUTHYECKOI
MOJIEJIN B COBOKYITHOCTH C TPAIUIIMOHHOW METOIUKON BBIOOpa MOJAaYl U YaCTOTHI
BpamleHud Ui HMHCTPYMEHTa C 3apaHee 3aJaHHBIMH T'C€OMETPHUYECKUMHU
napaMmeTpamu. Kpome TOro mpeayiokeHa IpoBepKa pacueTHBIX 3HAUYCHHH C
W3BECTHBIMH M3 JIMTEPATyPHBIX MCTOYHUKOB JAHHBIMH, HOJYYCHHBIMH PAacdyeToM
0 3MIMPHYECKAM 3aBHCHMOCTSIM.

Teoperuueckne mogoxkeHns. CBepieHHE CIOUCTBIX IUIACTUKOB  —
JaMUHATOB 33/IaHHOM TOJNMIMHBI 3arotoBku t (puc. 1) obOmagaer psgom
ocobenHocTed. [Ipu npuOmmKeHNH cBepiia K BBIXOJLY M3 3arOTOBKH, JKECTKOCTh
OCTaBIIIUXCSI CJOEB Yyke He obecrneunBaeT MPOTHUBOJIEHCTBUS JEHCTBYIOUIEH
OCEBOIl cumile, HIDKHHE CJIOS HAYMHAIOT NMPOTru0aThcs BOKPYT OTBEPCTHS U IPH
MIPEBBIIICHUN MPOYHOCTH MEKCIIOMHOM I'paHHUIBI IPOUCXOAUT paccilanBaHHE, YTO
cxeMaTndecku n300pakeHo Ha puc. 1.

IIpoBenennsiii B [9] aHanW3 Ha OCHOBE WM3OTPOITHOW W JIMHEWHOW MOJAEIH
KPYTOBOM 30HBI paccioeHus pamumycom |, puc.l, MO3BONMI ONPENeTnTh OCEBYIO
CUIly, NpPH KOTOPOM TPOUCXOAUT CTAPT MENKCIONHON TpEeIUHBI CIEeTYIOLUIUM
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rae G — KpUTHYECKOe 3HAUCHHE SHEPTUH TPEIIMHOOOpa3oBaHUA 1o [-My THy,
2,
Jx/m”; E — monynb ynpyrocty, [la; v — ko3dduiment Ilyaccona. U3 ypaBHeHus

(1) MoxHO HajiTm 3HaueHme h" COOTBETCTBYIOIIIEE KPUTHIECKOMY 3HAUYCHUIO
0CEBOM CHJIBI
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Pucynok 1 — Mogens 00pa3oBaHust MEXKCIOHHOM TPEIIWHBI P CBEPIICHUN JIAMHHATA

C 1pyroil CTOpPOHBI W3 TEOPHHM W TMPAKTHKA TEXHOJOTHH CBEpJICHUS
KOMITO3UIIMOHHBIX MaTepuanoB [1,2] W3BeCTHO, YTOOBI M30€XKATh PACCIOCHHS
apmupoBaHHbIX KM HEoO0XOIMMO KOPPEKTHO BBHIOMpATh TI'€OMETPHUYECKHE
rmapamMeTpel MHCTPYMEHTa, NPHUMEHATh CBEpJla ¢ MHHUMAJIBHBIM H3HOCOM IIO
3a/IHe TIOBEPXHOCTH (KpUTEpHi 3aTyMJEHHWs) W HUCIOJIb30BaTh pa3jIHyYHBIC
HpI/ICHOCO6IIeHI/I$[ Ha BXOJIC MHCTPYMEHTA U MOJAKJIAJIKN Ha BbIXOAC U3 3arOTOBKH.

IIpu cBeprnennn OompmuHCTBa KM peXHMBI pe3aHHs Ha3HAYalOTCS B
cienyronien mocneaoparenbHocTy [1]:

> BBIOMpaeTCst Mapka HHCTPYMEHTAJIBHOTO MaTepHuajia CBepiia;

> BBIOMpPAIOTCSl NapaMeTphl 3aTOYKM CBEpila, M Ha3HAYaeTCsl KpPHUTEpUil
3aTyIJICHUs 10 3aJHEH TOBEPXHOCTH;

> 10 33JaHHOM IIepOX0OBAaTOCTH MOBEPXHOCTU HAa3HAYAETCS M0Aa4a;

> pacCUuTHIBACTCA CKOPOCTh pE3aHUS B 3aBUCUMOCTH OT IOAA4YH HU

JraMeTpa CBepia.
B nanHOM anroputMme omnpeaereHus peXXUMOB CBEpIICHUSI HUKOMM 00pa3oM He
¢durypupyer mosiBieHHE >(PQeKTa MEKCIOHHOTO PACCIOCHHUS, a BXOAWT TOJIBKO
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HpesoaraemMas IepoxoBaTocTh 00paboTaHHO MOBepXHOCTH, KoTopas aiust KM, B
OTIIMYHE OT METAIIIOB, IPEJCTABISIET COOOH TOCTATOYHO CIIELM(PHIECCKUN TapaMeTp.

[nst  ompenenenuss oceBoil cuibl npu  cepiaeHun KM - cymecTByror
SMIIMPUYECKUE COOTHOMICHHS, KaK OOIINe, TaK W JaCTHBIC A OTACIBHBIX THUIIOB
KM. B o0mmem cinydae 0ceByIO CHITy ONPEAeTsioT 1Mo Gopmyie

m n
F,=C,-d"-s"-K,, (2)
roe S — momada, mMm/00.; d — mamamerp cBepia, Mm; K, — COBOKYMHOCTh
nonpaBovHbiXx ko3¢ ¢unuentos, C, , M, N — mnocrosHHbie. COBOKYITHOCTh
MOMPAaBOYHBIX KOIPDHUIMCHTOB MPEACTABISCTCS B BUIC
Kzszh'Kz¢'Kza'szv 3)

rre K, KZ¢, K

[IOBEPXHOCTH, TIJIABHBIM YroJ, 3aJHUH W NEPEJHUN Yroll COOTBETCTBEHHO.
Hampumep, anst crexio u yrinemnactukoB Qopmynsl (3) u (4) cnpaBemiuBel B
JranasoHe u3MeHeHus mnapamerpoB S = 0,08...0,62 mm/06; d = 4...20 MM u
ckopoctu peszanus V = 0,04 ...0,58 m/c. UncaoBble 3HAYCHUS IMOCTOSIHHBIX U
MOMPABOYHBIX KO3()(UIMEHTOB OOBIYHO CBEIICHBI B TAOJIMIIBI, COCTABJICHHbIE Ha
OCHOBE 9KCIIEPUMEHTAIbHBIX TaHHBIX.

B kadecTBe OCHOBHOW THNOTE3Bl IPHMEM, YTO Hadaly pacCIOCHUs,
MPOSIBISIFONIEMYCS B BHJC JBHKEHHS MEXKCIOWHON TpemuHbl Ha riiybune h,
COOTBETCTBYET HEKOTOpPOE 3HAuUeHHWE IMOJadyd IIPH H3BECTHBIX IapaMeTpax
HHCTPYMEHTa H CTENEHH ero wu3Hoca. Torma mpu BeIOOpe momaunm Oynem
PYKOBOJICTBOBAThCSI MPEICIBHO 3aJaHHOW TIIyOWHOW, Ha KOTOPOW HAYMHACTCS
paccnauBanue. [lpumem, uto miybuna h, Moker OBITh TpakTOBaHA Kak
COBOKYITHOCTH CJIOEB B BHIE hzk-h,ay , TIe h,ay — TONIIMHA €IMHUYHOIO CJIOos,

ZOL,KZY — TOmpaBOYHBIE KOA((GUIMEHTH HAa W3HOC O 3aIHel

MM; K — grciio cioes, puc. 1. @akTHYECKH TP TAKOM TOIXO0/IE MM0jaua BEIOUpaeTcs
HE 10 TpeIoNaraeMoMy 3HAUSHHIO [IEPOXOBATOCTH OTBEPCTHS, KakK 3TO
NPUBEJICHO B KJIACCHYECKOW METOAMKE pacdeTa PeXMMOB pe3aHus, a Mo Havaly
00pa3oBaHMs pPACCIOCHHMsS Ha HEKOTOPOM PACCTOSIHUM OT Kpas BBIXOJa
MHCTPYMEHTA U3 3aTOTOBKH.

Ucnonp3ys cootHomienus (1) u (2) mus rryOWHBI, HA KOTOPOW HAYHHACTCS
paccioeHue, MOJIy4UM COOTHOIICHHE BU/IA

s V) c,-ams"k,f . 4)

8G,. - E - ni?

VYpaBHeHHEe (4) OMUCHIBACT 3aBUCHMOCTH TIIYOMHBI Hayalia PacCIOCHHUS OT
MOJJAYM M MOXET CIY)KHTh OICHKOW IOBPEXICHUS MaTepualia 3aroTOBKH Ha
BBIXO/IE CBEpJIa.

PesyabTaThl M 00CyKIeHHsI. PaccMOTpuM BBIOOD PEKHUMOB CBEPJICHHS
AMOKCHUIHOTO OJTHOHAIPABICHHOTO yriemiacTika Mapku T300/5208 ¢ o6beMHBIM
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colepkaHneM  BOJOKOH  70% W MEXaHWYECKHMMH  XapaKTePUCTHKAMH,
MIPUBEJCHHBIMH B Ta0I. 1.

Tabnuua 1 — OCHOBHBIE MEXaHHYECKHE XapaKTEPUCTHKU OHOHAMPABICHHOTO SIIOKCHIHOTO
yriemactraka T300/5208

MexaHHYecKHe XapaKTepPUCTHKH
IIpononensii | [Tonepeunslit . Kpuruuccias
[Tonepeunsrit SHEpPTrus
IInotHOCTS, MOZyJIb MOJyJb MOYITD Koa¢durment TPEIIHHO06-
kr/m® YOPYrOCTH, | YIPYrocTHy, Y ITyaccona P

Ia a capura, ['Tla pazoBaHgm,

Jx/m

1600 181 10,3 7,17 0,28 250

CaeprieHHe 3aroToBKHM TONIIMHON 30 MM OCYIIECTBISETCS CBEpJIOM U3
TBepaoro cruiaBa BK8 mumamerpom 10 MM Ha monHyto riayOuny. BreiOpano
CIMpaJIbHOE CBEpJIO0 ¢ HopMaibHOM 3aroukoir HITJI [1], dopma pexymielr yactu
KOTOpPOTO IIpeACTaBIeHa Ha puc. 2. I'eomerpuyeckwe mapaMmeTpsl cBepia
cJenyIoIKe: yroia Nnpu BepiuHe cBepaa — 2¢ = 100°; nepennuit yron —y = 10°;
3aaHUl yroa — o = 20°. B kadecTBe TEXHOJIOTMYECKUX OTpPaHUUYEHUI NpUMEM
M3HOC TI0 3a/iHei moBepxHOCTH He Gonee h, < 0,2 MM u croiikocth HHCTpYMeHTa T
= 60 mun. CBepiieHHE OCyIIECTBIsIETCS 03 MPUMEHEHNS CMa30YHO-0XJIaXK JafoIeH
KUJKOCTH.

Pucynok 2 — KoHcrpykuus cBepiia U3 TBEpJIOTo CIUIaBa
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3HaueHHs MMOCTOSHHOM M MOKa3aTeliel CTETIeHH B COOTHOUIEHHH (2), a TaKkxke
ko3 dunnenToB u3 Beipaxkenusa (3) mo manHeM [1] ciemyromme: C, = 79,8;
m=102;n=085K,,=204; K,, =1; K,, =1; K,, =1

Ha puc. 3 npexacraBieHa 3aBHCHMOCTb DIIyOMHBI Hadana pacClOCHUS OT
BEJIMUMHBI TOJAa4M, BBIYMCICHHAs C WCIOJb30BaHMEM 3aBucuMocTH (4). B
BbIOpaHHOM Juana3oHe u3MeHenus nogadu 0,01 — 0,6 Mm/00 riTyOHHA MOSIBICHHUSI
MEKCIIOWHOTO Pa3pyLIeHUs] He NpeBbILacT | MM, JUIi PEKOMEHAYEMBIX CPEIHHX
3HAYEHUH MoJauu INpu cBepieHun yriemiactukoB 0,2 — 0,3 mMm/00 He Ooiem
0,5 — 0,6 MM, 4TO CBHAETENLCTBYET O JOCTATOYHO LIAJIIEM PeXUMe 00paboTKU
otBepcTrs. Ilpm 3TOM BO3HHMKarom@as oOceBas CHJIA HAXOJUTCS B JHANla30HE
350 — 600 H (puc. 4), uro Taxke CBHUAETEIBCTBYET O TOM, YTO CBEpJICHHUC
OCYIIECTBIISIETCSI C Harpy3Koi, oOecrieuuBaronieli MHHHMAaIBHYIO BEpPOSTHOCTh
MOSIBJIICHHS Pa3IMYHBIX JIOKAJbHBIX MOBpEXIeHUH [1,2].

h, MM

/

0.8 ~

-

0,6 /
0.4 d

0,2 //

0 01 02 03 04 05 s mm/o006

Pucynok 3 — 3aBHCHMOCTS TTyOMHBI Ha4aa paccIOSHUS OT BEIMIHNHBI MOAA4N

Jlis  ompeneseHdss B3aMMOCBSI3M  [IEPOXOBATOCTH  IMOBEPXHOCTH, IO
3aJJaHHOMY 3HAUEHHMIO KOTOPOW HasHa4yaeTcs Iojadya, W Hayajga MEKCIOWHOIro
paspylieHust OblIa HCIIOJIB30BaHA SMIMPHYECKAs 3aBUCHMOCTh JUIS CTEKIIO- H
YTIIETUTaCTUKOB [1]

R,=C,+m, -v+p,-d+n,-s, (5)
rae V — CKOPOCTh CBepiicHHs, M/C. 3HAYCHHUS TOCTOSIHHBIX B BbIpaskeHuu (5)
npuHUManuch crenytommmu [1]: C, = 11,6; m, =-0,42; p, = 1,78; n, = 49,8.
CKOpOCTh CBEPIIEHHS OPEAENSETCS U3 COOTHOIIEHHSI

_Cv,dpv )

V=
T g

Ky, (6)
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rjie JUisl JAHHOTO KOHKPETHOTO Cliydas HPUHUMAINCh CIEAYIOIIHE 3HAYCHHS
MOCTOSHHBIX k03¢ ¢urmenToB B ypasuenuu (6): C, = 19,6; m, = 1,34; p, = 0,11; n,
= 0,96; K, = 1,1. Torna, ucnonp3ys 3aBUCHMOCTb BEIIMYUHBI IOJAYU OT TIIyOWHBI
Haydajga MeEXCIOWHOTO pa3pyIIeHHs, MONYyYCHHYI0 U3 BBIpaXeHHS (4) MOXKHO
paccuuTath CKOpPOCTh Kak (YHKIHMIO 3aJaHHOrO Hayaja MEXKCIOHHOrO
paspytuenust h.

U]

1,2

0.9 e

0.6
0.3 pd

! 7

e

0 01 02 03 04 0,5s, mm/ob

PucyHok 4 — 3aBUCMMOCTb OCEBOM CHIIBI OT BEJTMUMHBI MIOJIA4N

Ha puc. 5 npezncraBieHo M3MEHEHHE BEJIMYMHBI MOAAYH B 3aBUCUMOCTH OT
MPEAIOoIaraeMoro 3Ha4eHHs TIIyONHBI Hauaa MEeXCIOHHOTO pa3pymeHusl.

Hcnone3ys cootHomenune (7) B paMKax IPEACTaBICHHONH MaTeMaTHYecKOi
MOJEJI MOXKHO PacCUuTaTh HEOOXOIMMOE 3HAUCHUE MOJauy, 3aJaBLINCh 3apaHee
OTpaHUYEHUEM [0 BEIMIHHE TIIyOHHBI Hadajla MEXXCIOHHOTO pacCIauBaHMs.

AHaJIOTHYHO, TOJa4ye TOCTPOEHA 3aBHCHUMOCTh CKOPOCTH CBEpJIEHHUS OT
rTyOMHBI HaYaja MEXCIOWHOTO pa3pylIeHHs], IpeIcTaBlIeHHas Ha puc. 6. Hammune
OTOW 3aBHCHMOCTH IIO3BOJISIET, HCIOJNB3Ys OSMIMpHUEcCKoe BeIpakenue (5),
paccunTaTh 3HAUYEHHE IMIEPOXOBATOCTH KaK (YHKIHMIO 3aJaHHOHM TIyOWHBI Hadaja
MEKCIIOWHOTO pa3pyIIeHHs, KOTOpas IIPUBEAEHa Ha puC. 7.

ITomyueHHOE COOTHOIIEHUE, CBA3BIBAIOIIEE BEJIUYMHY ILIEPOXOBATOCTU
00paboTaHHOrO OTBEPCTHUSI M BEIMYMHY TIIyOWMHBI pacciavBaHMs, MO3BOJSET Ha
CTaJMU pacyeTa peKUMOB CBEPJICHHS ONPENEIUTh PU HEOOXOJUMOCTH BEIMUUHY
Hauaja paccilanBaHUs UIIM IIEPOXOBATOCTH MPOEKTUPYEMOH ONEpaluu CBEPICHHUS
CJIOMCTOr0 KOMIIO3UTA.
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3akaoyenue. Takum o0pa3oM, aHaNM3UpPys IIOJNYYCHHBIE pPACUCTHBIC
pe3yJbTaThl MOXKHO CHIENIaTh BBIBOJ O TOM, YTO PEKOMEHIYEMBIil B OTEUECTBEHHOI
JUTEpaType K NPUMCHEHHIO IHAlla30H HW3MCHEHHs BEJMYMHBI MOJAYH IPH
CBEpJICHHH KOMITO3UIMOHHEIX MarepuanoB 0,08...0,62 mm/006 rapaHTHpYeT
o0Opa3oBaHNe MEXKCIONHBIX Ie(eKTOB B BHIE paccioeHHs Ha riryOmHe He Oojee
4yeM | MM IO HIDKHEH KpoMKe 3aroToBKH. [loirydeHHbIe pe3yibTaThl ClIpaBeJIBEI
NpU  CBEPJCHUHM OJHOHAINPABICHHOTO KOMIIO3MTa CHHPAIbHBIM CBEPJIOM U3
TBEpAOro cruiaBa. JlanmpHelliee pa3BUTHE NPEIUIOKEHHOTO IOJIXO0Aa CBI3aHO C
YTOUHCHHUCM DPCUICHUA 3aJavun MEXKCIIOMHOTO pacciiauBanus Ijid UHCTPYMCHTA
OTIIMYHOTO OT CIHPAIBHOTO, YYeT BIHMSHHUS TOAJOXKKA W BBIOOpa Ui HOBBIX
YCIIOBUI PEKUMHBIX I1apaMeTpoB 00paOOTKH.

s, MMM/06
0,6 /
0,4 /’
0,2
/

0 2 4 6 8 h-10* mMm

PI/ICyHOK 5 — 3aBUCHMOCTD BEJIMUHMHBI noJaayvyu OT NMpEAInojIara€Moro 3Ha4CHus

FJ‘[yGI/IHLI Hayaja MEXXCIIOMHOTO paspymcHus
v, M/C

\-‘
0 2 4 6 8 h-10* mm

Prcynok 6 — 3aBHCHMOCTB CKOPOCTH OT IPEATONIAraéMOro 3HAUCHUS TITyOHHEI
Havaja MeXCIOWHOTO pa3pylIeHHs
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PI/ICyHOK 7 — 3aBUCHMOCTh BEJIMUHUHBI HIEPOXOBATOCTH OT IPEATIOJIAraéMoro 3Ha4CHUsA
FJ'Iy6I/IHLI Hayajia MeKCJIOWHOTO paspyumieHus
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