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TPEIHIEHOOBPA3OBAHME ITPHU CBEPJIEHHUHA ITOJIUMEPHBIX
KOMIIO3NIIMOHHBIX MATEPHAJIOB

PaccMoTpeHa 3aaya onpeielIeHNS BEIMUNHbBI U TTYOHHBI 3aJIeTaHUs TPEITHHBI PacCIOCHHS IPH
CBEPJCHUM TIOJIHMEPHBIX MHOTOCIOHHBIX KOMIIO3HUTOB. YUMTBIBas aHH3aTPOIHIO CBOHCTB
MaTepHana, IMpeAnoiaraeTcs, YTO TPEIIMHA PACCIOCHHS HMECeT SIUIMNTHUYECKYI (GopMy, H
3HaueHHEe OosbImell OCH TpaKTyeTcss KaK MaKCHMaibHas JUIMHAa TpemmuHbl. Mcemons3ys
SMIIHPUYECKOE Ipe/iCTaBICHUE (aKTOpa pacciOeHHUsS, KaK (YHKIHH PEKHMHBIX IapaMeTpoB
00paboTKY, MpeAcTaBIeHA MOAEIb JOKAaJbHOTO paccioeHHS. llomyueHHOE COOTHOIICHHE
CBSA3BIBACT INIyOMHY NOSBJICHHSI MAKCHMAaTbHON TPEITHHBI pacclanBaHMs W 3HAUCHUE €€ JUIHHBI.
IIpencTaBneHBl KONMYECTBEHHBIC 3aBUCHMOCTH JUIMHBI TPEIIMHBI OT YacTOTHl BpAIeHHS H
nojavy.
KiroueBbie cJI0Ba: TPEIHHA paccIOCHHS, (PaKTop pacclanBaHMsL, HOINMEPHBIE KOMIIOZHTHI.

Berynaienune. Ilpu CBEpICHUH TOIMMEPHBIX MHOTOCIOMHBIX KOMIIO3HTOB,
Kak W JAPYTHX KOHCTPYKIMOHHBIX MATCPHAJOB, BO3HHKAIOT JC(EKTHI,
VXY AMAIIAC KAYeCTBO 00pabOTAHHOH MOBCPXHOCTH. OTH AC(CKTHI B OCHOBHOM
CBA3AHBI C HAYAJTBHBIM KOHTAKTOM HHCTPYMCHTA H €T0 BBIXOAOM H3 3dTrOTOBKH.
Pa3pymenne mpu CBEpIACHUA OBLIO KIACCH(PHIIMPOBAHO MHOTHMH aBTOpamH [1-5],
KOTOpBIC BBIICTHIN CICAYIOUIME SIBICHHSA. Pa3PblB BOJIOKOH AapPMHPOBAHIL,
ME)KCJIOWHAsA TPCINMHA, PACHICIUICHWE BJOIb BOJIOKOH, PACTPECKUBAHHEC W
BBIKPAIIMBAHUE, HAPYIICHHE AATC3HOHHOHM CBS3H BOJOKHO — CBA3YIOIIEE H
TEPMHYECKOEC  paspymeHme. JTH  (akropsl  ObBUIM  PacCMOTPEHBI |
MPOAHATH3HPOBAHKI B padoTax [6-8].

Hamnbosee onmacHbIM Je()EKTOM CUHTAETCS PACCIAMBAHUE MEKIY COCCIHHMHU
CJIOSMH apMHUPOBAHUA BAOJIb €TO HAMMPABJICHHUA. OcHoBHOH HpH‘{HHOfI TIOSABJICHHSA
pacCianBaHuA NP CBCPJICHUH MHOTOCIIOMHBIX KOMIIO3HTOB SBIIICTCS BBICOKOC
3HAYCHUE ACHCTBYIOMICH OCEBOM CHIIBI, BEJIHYMHA KOTOPOH B OCHOBHOM
ompeneiieTcss mojaded. Kpome TOro CyIECTBEHHYIO pOJIb HIPACT TAKKE
HETPABWIBHBIN BHIOOP PEKYIIECTO MHCTPYMCHTA W CTEINCHb €T0 H3HOIICHHOCTH.
I[JI}I YMCHBIICHHA PACCTIAUMBAHHUA H3BCCTHO HCCKOJIBKO NMPHCMOB, HAMPHMCED,
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CHIDKCHHUE TMOJAYH M CBEPJICHHE B IOJKIAJHYIO IUTHTY. B mocmemHee BpeMs At
yCTpaHeHHsI 3TOTO Ae()eKTa BCE Halle MPUMEHSACTCS BHOPALMOHHOE CBEPJICHHC.
MeKCIOHHOE PpACCIAUBAHKME, BO3HHKAKOLIECE IPH CBEPJICHHH MHOTOCIIOMHBIX
KOMIIO3HTOB, ABLICTCA TJIABHBIM I[G(I)GKTOM, HC TOJBKO YMCHBIIAKOIIUM
LETOCTHOCTh KOMITO3MTA W €r0 H3THOHYI0 TPOYHOCTb, HO TAKKE BO MHOTOM
ONPEACIIET YCTAJIOCTHYIO MPOYHOCTh MOJ ACHCTBHEM LHUKIMYECCKOH HArpy3KH.
[Mo3romy 3amava co3maHMS MaTEMATHUYECKUX MOZCTCH, MO3BOJLIFOIIMX HA CTAIUH
MPOCKTHPOBAHUA TEXHOJNOTHYECCKOH OIEpalMu CBEPIACHHA HPOTHO3HPOBATH
MOSIBJICHHE M POCT BETUYHUHBI MEKCIOWHOTO PA3PYIICHUSA, ABIACTCA AKTYyaJbHOH U
HMECT MPAKTHUCCKY IO IECHHOCTb.

AHAM3 TOCJEAHUX JOCTICKEHHIT M JIMTEepaTyphbl. OKCIICPHMCHTAIBHBIC
HAOMFOACHUS TOKA3AJIH, YTO PACCIAMBAHWE TOSBILIETCS BOKPYI OTBEPCTHSA HA
BXOAC W BBIXOAC HHCTPYMCHTA H3 3arOTOBKH, pI/IC1 MexaHu3M 3TOTO SBICHUS
moapoOHO PACCMOTPEH B JjmTeparype [5.9-10]. PaccmamBaHWe BOBHHKACT IOX
JEHCTBHEM TIONIEPEYHON pPEKyHIEH KPOMKH CBEplIa M COOCTBEHHO PEXYIICH
KPOMKH.

1 Cnou
apMupyloLLmx Cron
' BONOKOH CBASYIOLETO "
\ :
> / 1
- - -
* | -
|
a 6

Puc. 1 — MexaHusm mosiBIeHus TPEIIHHLL pacCcianBaHMA:
a — Ha BXO/JIC UTHCTPYMEHTA B 3aI'OTOBKY, 6 —Ha BBIXOE

[MosBIeHHE MCEKCIOMHBIX TPCHOIMH HA BX0AC OOVCIOBICHO KOHTAKTHBIM
B3aUMOJCHCTBHEM MOMEPEYHOM PEKYIICH KPOMKH C MOBEPXHOCTBEO 3arOTOBKH,
BCICACTBHE YEr0 TOHKHUH CJIOM HAYWMHACT IICAYIUUTHCS, B PE3yIbTATE OTACIACTCS
OT COCEIHETO M 00pa3yeTcs 30HA PACCIAMBAHUSA BOKPYT BXOJHOTO OoTBepCcTHA. BO
BTOPOM CIIy4ae, B MOMCHT, KOTAa CBEPJIO HAXOJUTCS BO3JIC BbIXOJA M3 OTBEPCTHA,
YHCIO CIIOCB KOMIIO3HMTA, HAXOOAIUXCA MEPEN CBEPIOM, YMCEHBIIAETCS H
CHIDKACTCA WX 00mAs >KCCTKOCTh B CTPYKTYPS KOMIIO3HTA, W, KaK CIICACTBHC,
MPOUCXOAUT PACCIAMBAHUE (OTCIAMBAHME) MOCICAHHUX CIOCB W Pa3pyLICHHE
TOCJICAHUX BOJIOKOH (3KTYTOB) B MarcpHale, puc.2.

H3yueHn0 KA4YECTBEHHBIX M KOJMYECTBEHHBIX XAPAKTCPUCTHK 3TOrO
MPOLIECCA MOCBSIIEHO AOCTATOYHO MHOTO uccaeaosaunuii [3,8,11-13]. Pa3mep 30HbI
PACTPECKUBAHKA U €€ aMIUTHTY/A OTPEACISCTCS YCIOBISIME CBEPICHILT U pabOIiM
HHCTPYMEHTOM. Tak, U3BECTHO, YTO MPHU CBEPJACHUH TPAIULUOHHBIM CITHPATbHBIM
CBEpJIOM W3 OBICTPOPE/KYHICH CTANH, BEIMYHHA 30HBI PACTPECKUBAHMS PACTET C
YBEJIMYCHHUEM MOJA4YH, HO YMEHBIIACTCA C POCTOM HaCTOTHI BPALCHUS IIIMMHHIACTL.
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OpHako BNHSHWE TOAAYM YaCTO HAMHOTO CHIJIBHEE, YeM YaCTOTHI BPAIICHWUS
IITAHIEIIS.

I

TpelLmMHa
paccnoeris

A
\ 4

—

2a - A

z

Puc. 2 — Monens 06pa3oBaHus MEKCJIOMHOMN 3JUTMIITHYECKON
TPEIIUHBI PACCIIOEHHS

B GONBIIMHCTBE TPAKTHUECKAX MPHIOKEHHM 30HA PE3aHWs HA BXOAC H
BBIXOAC CBEpJIa TMOMHMMO TOABJICHUSA MEXKCIIORHBIX TPECIIAH COMPOBOXKIAACTCA
HalIM4uMEeM HE CPE3aHHBIX BOJIOKOH B BHAE 3ayCEHIEB, PACIyLIUBAHUH U
pasmoxmaunBanuii. OOIIHe 3aKOHOMEPHOCTH TIOABIICHHS STHX Me(DEKTOB CBOIATCS
K CIIeIyOLIeMy:

® pacciamBaHue (PAaCTPECKUBAHWE) TMPOSBISETCS BIONb HAMPABICHHS
apMUpoBaHus (BIONb BOJOKOH) M €ro pasMepbl OOBIYHO OoOblie, YeM
CONPOBOXIAIOIIEE paccianBaHue (PacTpecKUBaHKE) PACTY IIHBAHKE;

e paccianBaHue (pacTpecKuBaHue) pa3BuBaercs B aBa srana. Ha mepsom
3Tale pacCcIauBaHUE MPOUCXOAUT MO AEHCTBHEM MONEPEUHOM PEXYILIEH KPOMKH,
KOTa oceBasl CHia, IEWCTBYIOIIAs 4Yepe3 IIONEPEeYHYI0 PEeXYLIyI0 KPOMKY Ha
BBIXOAHYIO MOBEPXHOCTb 3arOTOBKM CTaHET OONblle€ HEKOTOPOHM KPUTHUYECKOW
BEJIMYMHBI, TIOCIE€ UYero HACTyHmaeT pacciaWBaHWe, puc. 3, 4. OJTOT ITal
3aKAHYMBAETCS, KOTHA TOMEePEeUYHas PEXyImas KPOMKa BBIXOAMT 3a TPENEITBI
3aroToBKd, puc. 3, 6. C 3TOro MOMEHTa HACTynaeT 3Tam ACHUCTBHS DPEeXyIIeH
KPOMKHM M pacciauBaHue (pacTpecKHBaHHE), KOTOpoe OOpa3oBanoch HA MEPBOM
JTame, NPOAOIIKAST PA3BUBATHCS W 3aKAHUMBACTCS KPYTALIMM BO3IEHCTBHEM
PEKYIIMX KPOMOK Ha Kpait 00pa3oBaBIierocst OTBEPCTHS, prc.3 , 6.

Jlnist OLeHKH YPOBHsI pa3pyLIeHHs BOKPYT MPOCBEPIEHHOTO OTBEPCTHS OBLIO
MPEJIOKEHO HECKONBKO KpuTepweB. Ilpm obpaboTke oTBepcTuit B paborte [2]
paccnavBaHWe TPEITOKEHO XapaKTepHU3OBaTh OJHOMEPHBIM KpHTepHeM [/,

am
(daxTop paccnauBaHusl), KOTOPBIH OMpeIENseTcss OTHOLIEHHEM MaKCHMaJbHOTO
JMaMeTpa 30HbI paspylueHus — D, K HOMHHAJIBHOMY JHAMETPy OTBEPCTHS —

Dhale > puC. 4’ F = Ddam /Dh

OHAKO 3TOT KPUTEPHH MMEET PsiJ HETOCTATKOB TaK, KaK pacclanBaHUE HA
BXOJIE€ ¥ Ha BBIXOJE UMEET HEKOTOPYIO MPOTSIKEHHOCTD MO ITUPHUHE U pPeajbHO 30Ha
paccianBaHuUs OTIMYAETCS OT €€ M300PAKEHHUS B BIIE OKPYKHOCTH Ha puc.4.
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Puc. 3 — O0mast cxema MOSBJICHUS U Pa3BUTHS TPEIIMHBI PACCIIAUBAHUS Ha BBIXOJIE
HMHCTPYMEHTA: @ — PaccllanBaHue II0 ]| IeHCTBUEM ITOMIEPEUHON PEKYINEeH KPOMKH,
6 — pacciIauBaHye HeTIoCPeICTBEHHO 10 IEHCTBIEM PEKYIIIX KPOMOK,

6 — KpyTSIIee BO3IcHCTBIE PEKYITIMX KPOMOK Ha BBIXOJE U3 3arOTOBKIL

3oHa
paccnavBaHus

Puc. 4 — PaccnauBanue IIPH CBEPJIICHUN CIIOUCTOI'0 KOMIIO3UTAa

CrenoBatenpHO, OOnee KOPPEKTHO WCIOIB30BaTh JBYMEPHBIH KpPHUTEPHH,
KOTOPBII 00JIee KAYECTBEHHO OYAET OTPA’KaTh CTCHICHD MEKCIOEBOTO PA3pyIICHH.
B [15] pmna cpaBHEHHMA TOBPEKICHHOCTH TIPU  CBEPJACHHUH NPEATIOKEHO
HCTIONIB30BaTh KOA(PQHUIUCHT MOBPSKACHUS K ;,, , KOTOPBIH IPEACTABIIECT COOOH

OTHOIICHHWE IUIOIIAAM Pas3pyllcHHd S, ~ K HOMHHAIPHOM IUIOIATH OTBEPCTHA
Shole» Kiom = Sam ! S

JByMepHBII KpHTepHH F, Taioke ObLI IpeAaoskeH B pabore [16], rae oH

ole *

ONPEACTACTCA KAK OTHOCHTCIBHOC YBCIHMYCHHC IUIOIAAM Pa3pymcHMsS S, =~ IO
OTHOIICHHIO K HOMHHAIbHOM IIomanu oTeepetus S, .. F, =(S,,,, —S,..)/S,

a ole *

B pabore [17] mpennoskeH KOMIPOMHUCCHBIM (pakTop paccmampammsa [, ,
KOTOPBII OCHOBAH HA aHAmM3€¢ LU(PPOBOTO W300pa’KCHMSA TPH HM3YUCHHH 30HBI
Pa3pYMICHHS IIOCNC CBEPICHAS MHOTOCIOHHOTO KOMIIO3HTA, 4 HIMCHHO BBIMHCIICHIC
(axropa paccnamsanus B BuAe [, =o- (D, /D, VB (S, ./ Shee)> TAE S —
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IUIOINAAb Pa3pyLICHHA, COOTBETCTBYIOIAA MAKCHMAIbLHOMY AHaMeTpy D, =~ 30HBI
PacCIOCHH; o, 3 — BECOBBIC KO3(PQHUITHCHTEL

B [18] 6110 MpeANOKEHO BBIMHCIATH BETMYMHBI [, W [, , HCHONB3yA
npudmwkeHne w3 [17]. Koadduumenr [ paccmarpuBaeTcs Kak OTHOMLICHHC

obnactu pazpymeHus .S

max >

COOTBCTCTBYIOIICH AWMAMETpy 1), 34 BBIMCTOM
HOMMHAJIBbHOH IUTOImanu oTeepctua S, — S, - KoahduuueHr o ompenemtercs
KaK JOMOTHCHHC BECOBOTO Ko3((ummmeHTa oo =1—f. Torma COOTHOMICHHC A

2
I, moxker ObITh mepenucano B BuAC I, = F, +S, . /(S / Shore) * Qi = Foaam) -
Cpenm BCEX NPEICTABICHHBIX KPUTCPHEB HAWOOJBINECE PACIIPOCTPAHCHHC
NOJy4HJI OJHOMEPHBIH Kpurepmit F, ., Kak Oojice NPOCTOH A M3MEPEHHUA H

am »
MPAKTHYIECCKOTO HCTIONb30BaHWA. B  Hacrosmee BpeMsi HMEETCS JOCTATOUHO
60JIBIIOC KOTMIECCTBO IKCICPHMEHTAIBHBIX HCCICTOBAHMI 10 CBEPICHHUIO YIIe- U
CTCKIIOIIACTHKOB PA3JIAIHBIMA THINAMHA HHCTPYMCHTOB, IJIA KOTOPBIX ITOJIY'ICHBI
SMITHPUHCCKHE 3aBHCUMOCTH pacuera (pakropa paccmamsanms [18-23].

HOens padorel.  Llemsro HacTOAmCH pPadOTHI  ABIACTCA MOCTPOCHHC
MATEMATHYECKOM MOJECHH, MO3BOJMIOIECH I 3arOTOBKH M3 MHOTOCIOHMHOTO
KOMITO3HTA I[aHHOfI MApKH, BI)I6paHHOFO THNA WHCTPYMCHTA U TCXHOJOTHICCKUX
MAPAMETPOB CBEPICHUS CIPOTHO3HMPOBATH XAPAKTEp IPEIANONATacMOW 30HBI
Pa3pyIICHUS ¥ PACCUUTATh €€ BEIIMUMHY.

30Ha pa3pyIICHUS MOXCT CIY)KHTh OJHOW M3 BAKHCHINNX XaPAKTCPHCTHK,
OTIPEACTLIFONIMX MPOYHOCTs W JAOJTOBEYHOCTh KPEIUICHHUS B OTBepCcTHH. [lo3aTtomy
MPSACKA3ATh BCIHYHHY 30HBI PA3PYLICHUSA OUCHB BaXkHO. B padorax [9-10,24] qma
XaPAKTEPUCTHKU 30HBI PA3pPyILUCHHSA HCIOJB3YIOTCA JOCTIDKCHHSA MEXAHHKHU
JUHECHHOTO PaspyIICHUs, TAC HNPHUHATO, YTO HO AOCTIJKCHUIO YIPYTOH JHEPIHH
BBICBOOOXKICHHS OTMPEICJICHHOTO, XAapaKTEPHOTO U1 JAHHOTO MaTrepHana,
SHAYCHHUA MPOUCXOOUT ABHKCHUC TPCIIUHEIL HpOBGZ[eHHBIe OKCTIICPUMCHTHI BIIOJTHC
SICHO TOKA3alH, YTO 30HA Pa3pyIICHHS 3aHHMACT JOCTATOYHO MAIyl0 00IacTh
BOKPYT OTBSPCTHSA, a HC BCIO 3aroTOBKY, KOTopas oOpadareBactcsa. B paboTax
[24,25] moka3aHO, YTO pa3MEp 30HBI PACCIOCHUS BO MHOTOM OIPEACIACTCS
JEHCTBYIOIICH OCEBOM CHJIOH. BBUIM NMPOBEACHBI 3aMEPBI 30HBI PACCIOCHHA LA
OMOKCHUAHBIX CTCKIO- W YIJCIUIACTUKOB H, HCIOJIB3YS J'II/IHGfIHYIO 3aBHCHMOCTbD,
MOJYYCHO COOTHOMICHUE MEKIY OCEBOM CHION M BEIMYMHOM 30HBI PACCIOCHHA.

B [11] 6p1m1 POBEACHBI AKCIICPHMCHTATBHBIC 3aMCPHI 30HBI PACCIOCHHA KAK
(VHKIHH OT Pa3IHIHBIX TMAPAMCTPOB MPOICCCA: MOAAYH, YACTOTHI BPAIICHHS H
pammyca cBepna. [loxydeHHBIC pPe3yiabTaThl  OBLTH  OOOOIICHBI MCTOIAMH
PETPECCHOHHOTO aHAMH3a. bBLTO MOIyUeHO COOTHOICHUE BHAA

F — ldam :k T['f'Dhole n‘ F;
@ p, 10° s E-D2, )~

ole
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rae [, — pasMep 30HsI paccnoenud, L, =, .+, /2, mm; D,

OTBEPCTHA, M, § — BCJIHYMHA NOAAYH, MM/MI/IH, f — YaCTOTa BPALUICHUA

dam dam ole AUAMETP

LIMHHAE, 00/MuH; F, — oceBad cuiaa, H; £ — MoAyIb yIpyroCcTH apMHPYOMIMX
BOJIOKOH, I1a; #,m, k — MOCTOSHHBIC.

MocranoBra 3agaun. Kak OBLIO CKA3aHO BBIIC, PA3BHTHE PACCIOCHHS
MPONCXOJUT B JBA 3Tama. JTO IOPOXIACT O0OpA30BaHHE TJIABHOM M BTOPHYHOH
0o0macTH TpemuHOOOpa3oBaHud, puc.S. [maBHasg 0071aCTh ¢ MAKCHMATBHBIM
MOBPESKICHACM PACIIOJNIOKEHA B OCHOBHOM B HANPABJICHHH BOJIOKOH. BTOpWuHas
00NacTe MMEET HEOOIbIIME pa3Mepsl U 00pasyercsa B pexymieH (ase, B KOTOPOH
KOHTAKT MEKIY HAMPABICHHEM AapMHPOBAHHA H CKOPOCTBIO Pe3aHHA 00pasyeT
OCTpBIi1 YTOL

Maakas

BropwuyHas obnacts
obnacre

paccnavsaHus

nasHas obnacts
paccnaveaHus

nasHas obnacte
paccnaneanus

BropuyHas obnacte

paccnaveaHusa
nagkas

obnacts

Puc. 5 — Mojens 06pa3oBaHus I71aBHOM U BTOPUYHOM 00JIaCTH Pa3pyIIeHHs. U MEKCIIOMHON
SIUMIITUYECKOH TPETMHBI PACCIOCHUS

IIpoBeacHHBIN B [26] aHANMN3 HA OCHOBE AHW3ATPOIMHON TCOPHHU YIPYTOCTH H
JMHCHHON MEXaHWKH PAa3pyLICHUA I JJUIMOTHYECKOM 30HBI PACCIOCHHA,
MO3BOMHI  OMPEACIHTE OCEBYH) CHIy, IPH KOTOPOM MPOHCXOAWT CTapT
MEKCIOMHOH TpEeHMHBI HAa PpAcCTOSHUM /iy, OT HIDKHETO Kpas 3aroTOBKH,

CIEAYIOIMM YPABHEHHEM
£, [G. K, -h. 1"
F - 22 IC a dam , (1)
Ey | 1=vyevy

rae G — KPHTHYECKOE 3HAUCHWE 3HEPTHH TPEHIMHOOOPa3oBaHU 1Mo [-My Ty,
Joxw/M2; E,,, E,, —MOIyIH yIPYTOCTH B HANPABJICHUU apMUpPOBaHuA — 11 u eMy
MEPICHAMKYAAPHOM (TPAHCBEPCANIBPHOM HampasiaeHum) — 22, Ila; v,,, v, -
COOTBETCTBEHHO K0o3(uuuentsl IlyaccoHa, 3HaucHme ko3(uuueHTa K,
paccuuThIBacTCA 10 (hopMmye
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2 |E
K,=2E, +§ E_H [Vlz Ey +2'Glz(l_vlz 'Vzl)]>

22

. .
rne G,, — moxyns casura. M3 ypaswenms (1) MOXKHO HaiiTh 3HaucHWE #

COOTBETCTBYIOIIEE KPHTHYCCKOMY 3HAYCHHIO OCEBOM CHIBI F,

l=vy, vy | Ey

h =3
G K, -’ Ey

P

3aMeTuM TarkKe, YTO W3 BBIpAXCHHA (1) MOKHO TONYUHTH H3BECTHOC
cootHonreHne Ho—Cheng u Dharan [14] mnst m30TpomHOTO MaTepmana, HMPHHSIB
E=FE»n=E, vp=vy=v, G,=E/2/(1+v). CoorHomenue (1) moOxHO
TIPE/ICTABUTH B BHUJC

1/m

lam T['f'Doe - m m—|
F.= dT(T;lj By D | 2)

[Tpupasrsem npasbie yactw (1) u (2) 1 pa3permmM OTHOCHTEIHHO /

dam

" 5 m/2
:h3”’/2-k~£n S Dhole) D ET G -K,-n" [Ey )

dam 3 holg
107 -s 1-v,-vy E,

/

dam

VYpaBHeHue (3) IpH 3aJAHHOM OTHOIICHUHM CKOPOCTH PE3aHMA K BEIHYHHE
MOJAYH CBA3BIBACT YCPSAHCHHOE 3HAYCHHE MAKCHMANBHOHW BEIHMYHMHBI PACCIOCHUA
C TOMIMHOM MaTepHana 3aroOTOBKH OT HIDKHETO €€ Kpas, Ha KOTOPOM 3TO
PACCIOCHUE PEaNMU3yETCS. JTO COOTHOIUCHWE IIO3BOIIICT OLCHHUTb BEIHUHMHY
Pa3pyLICHUA MOBEPXHOCTHBIX CIOEB MATEPHAIA NMPH 3aJAHHBIX TEXHOIOTHYCCKUX
mapaMerpax 00padOTKH B 3aBHCHMOCTH OT PACCTOSHHA A0 HIDKHCH MOBCPXHOCTH
3arOTOBKH.

Martepuaiibl ¥ pe3yJbTaThbl HCCJIEIOBaHHUsl. B KayecTsBe mpuMmepa
HCIOJNB30BAHUA MPEATI0KCHHOTO MNOAXOJA PACCMOTPHM CBEPJICHHE OTBEPCTHA
JAAMETpOM 5,5 MM B 3arOTOBKE H3 JSHOKCHAHOTO OJHOHAIPABICHHOTO
yriaemiactuka Mapku 1300 TommHOH 2 MM ¢ OOBEMHBIM COACPKAHHCM BOJIOKOH
60% M OCHOBHBIMH MCXaHHYCCKAMH XapaKTEPUCTHKAMHE: TUIOTHOCTB — 1600 Kr/m3;
MPOIOABHBIN MOAY b yOpyroctu Fj; = 181 I'Tla; momepe4HsIit MOAYJIb YIIPYTOCTH

Ly, = 103 ITla; mogyns casura Gy, = 7,17 I'Tla; xo3(ppuuuent Ilyaccona
Vi5 =V, = 0,28, KPHTHUECKAS SHEPTHSA TPEIMHOOOpasoBarus G, = 250 Jlr/v’.

3HAYCHHA TOCTOSHHBIX KO3()(UumeHTOB mpuHATHEL k& = 1,3-103; n = — 0,35;
m=0,5.
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0.2 0,4 06 038 h, Mm

Puc. 6 — VM3MeHeHue TIMHBI TPEIUHEL B 3aBUCHMOCTH OT 3a/[aBacMOon
TITyOHHBI e TTOSBIICHUS

Ha pmc.6 mpueeneHa 3aBUCHMOCTh AMMHBI TPEIIMHBI / PACCIOCHUSA OT
TJIyOMHBI €€ 3aJCTaHUSI OT HIDKHEH NMOBEPXHOCTH 3arOTOBKH /1, BBIMHCICHHAS W3
COOTHOIICHHS (3) IMPH 3HAYCHMAX YaCTOTHI BpameHws mmuHaext /= 3000 ob6/MuH
Hnogave s = 20 MM/MHH.

I, MM

3.0

25

2,0

1,5
1000 2000 3000 4000 f, o6/MuH

Puc. 7 — V3MeHeHre JIHHBI TPEIIMHEI B 3aBUCHMOCTH OT YACTOTHI BPAITICHIS
TIITAHETS U 3a1aHHo# moaauwm 20 Mv/MuH 1 iy Gume 0,5 MM

HpI/IBGI[eHHBIe PE3yIbTATEI TOATBCPKAAOT TOT (I)aI(T, YTO TJIABHBIM
(paKTOPOM, OMPEACILIOIIUM KAUYCCTBO BBIXOJHOTO OTBEPCTHSA, ABIACTCHA 3HAUCHHE
oceBol cuibl. Yem Oopmre oceBast CHiIa, TeM OOJbIIE ITyOHHA HAYANIA TOSBICHHS
paccanBaHus 4 ¥ TeM OOJIbINE UIMHA TPCINUHBI /[y, PUC.S. MOKHO BHICTH, UTO
3aBUCHMOCTD UIMHBI TPCINMHBI PACCIOCHHUS OT IIIYOMHBI ¢ 0Opa3oBaHMA Il
paccMaTpHBAEMOrO JHATIA30HA H3MECHEHU HOCHT IPUMEPHO JTUHCHHBIM XapakTep.

C YBCIIHYUCHUEM “ACTOTHI BPAIUICHUA IIMHHACI BCIWYHWHA MOABJLIFOIMUXCSA
Je(eKkToB W, B YACTHOCTH, TPCIIMHBI PACCIOCHWS YMCHBINACTCS, PHC.7, 4TO
HA0TF0ATI0Ch HKCTICPUMCEHTAIFHO MHOTHMHE aBTopamu [18].

VBCNMMCHHEC TOAAYH  OKA3bIBACT HAWOONCC CHJIBHOC BJIHSHHC Ha
BO3HHKHOBCHHC I[G(I)GKTOB, YTO MHOTHMH HCCJICO0BATCIIIMHA OOBIACHACTCS
YBCIHYUCHUEM BCJIMYIUHBI OCCBOI0 YCHIIMA IIPU CBCPJICHHUH. 3HaucHHE TPCIIUHBI
paccIocHUs pacTeT C YBCIMYCHHE MOJAYH, PHC.8, IpHYEM 3TOT POCT HE
KOMIICHCHPYCTCA YBCIUICHHUCM YaCTOTBI BPAIUICHUA, YTO TAKKC MOATBCPKAACTCA
JKCIEpUMEHTANIBHO [15-19].
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Puc. 8 — V3MeHeHMe TTMHBI TPENUHBL B 3aBUCUMOCTH OT TI0IaYH TSI 3a/TaHHOM
YacTOThI BpareHus mnwHaest 3000 o6/vMuH u ry6ute 0,5 MM

BoBoawl. IlpeacrasiacHa MOAETb, TO3BOONIAS MPOTHO3UPOBATh BEIHYUHY
TPECIIMHBI ~ PACCIOCHHWSA  HA  BBIXOJAC  HMHCTPYMEHTa.  basupysce  Ha
SKCTIICPUMCHTAIBHBIX JAHHBIX, NPEAJIOKCHHAS 3aBHCHMOCTH CBS3BIBACT (PH3HKO-
MEXaHHYECKUE IApPaMETPhl MAaTepHana KOMIIO3HTA C PEKUMHBIMH MApaMETPaMH
00paboTku. B moyueHHOH 3aBHCHMOCTH HE YYHWTHIBAIOTCS THII H Mapka
HHCTPYMEHTA, 4 TAKKE €r0 TSOMETPHYCCKHE MAPAMETPBI. YUET BIMAHHA 3THX
()akTOpPOB B HOBOW MOJCPHH3HPOBAHHON MOICITH HPCACKA3AHMSA OOPa30BaHHSA H
BEIMYMHBI JC(ECKTOB OOPAOOTKH TIIPH CBEPICHHU IIOJMMEPHBIX KOMIIO3HTOB,
SIBILIETCS PEIMETOM JATbHEHIIIX HCCIICIOBAHHH.

PaboTa BemoxHeHa N0 mpoekty M2132® (puHaHCHPYEMOTO MHHHUCTEPCTBOM
00pa3oBaHKI U HAYKH Y KPAWHBL.
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METOJUKA ONIPEJEJEHUS ®YHKIUHA IPUHATEXKHOCTH B
CHCTEME IPOEKTHPOBAHHS MAKPOCTPYKTYPEI
TEXHOJIOTHYECKOTO MMEPEXOIA

B cTaThe mpencTaBicHa METOAWKA PEHICHWS MpoOIeMbl ONTHMM3AIMH 3aTpaT BCIOMOTATEIbHOTO
BPEMEHH, CBS3aHHBIX C  MAlIHHHO-PYYHOH paboTodi B  CHCTEME  MHOTOCTaAHOYHOIO
IIPOU3BOACTBCHHOTO KOMIIIEKCa MOMyaBTOMaTHUeCKOro obopydoBanus. [l Gonee AeTanbHOTO
OoTOOpasKeHUsI ~ OCOOCHHOCTEH  HpPOBEACHHS  ONEpaluy  Ieecoo0pa3’HO  HCIOMb30BaHHE
MHKPO3JIEMEHTHOTO CHHTE3a pabouero Ipomecca ¢ IHOMOIIBI  YIPaBIsSeMBIX (QYHKIMH
IPHHAISKHOCTH. ITO CHOCOOCTBYeT ©Oojiee TOYHOMY YyUeTy MPOH3BOACTBEHHBIX HYXKI
KOHKPETHOM pabouei CUTYaIlHH.

KimroueBEIe ¢10Ba: TEXHOIOTHUESCKOS OCHAINCHUE, TEXHOIOTHUSCKAN HPHEM, TEXHOJIOITHUSCKUH
Hepexoyl, TEXHWUYSCKas HHCTPYKIWS, (aza (GYHKIHOHAJIbHOH aKTHUBH3AIMH, JIHHTBACTHUCCKAS
HepeMeHHasl.

Breaenne. g penicHUS 3amadvd PACHPCICICHHA BPEMCHH OOCIY KHBAHHSA H
00padoTKH MEKAY PAOOMHMMH MCCTAMH MHOTOCTAHOYHOTO KOMILICKCA HCOOXOAMMO,
KaK MOYKHO 00JICE TOYHO, OTPEACIIATE 3aTPATHI BPSMCHH HA KAYKABIH TCXHOJIOTHICCKHI
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