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BUKOPUCTAHHA MATEMATUYHOI'O MOAEJIIOBAHHA ANA
BU3HAYEHHA NTPPAHYJIOMETPUYHOIO CKINALY NMPOOYKTY
APOBJIEHHA PYOU B WWAPI NI TUCKOM

IIpobnema ma ii 36’130k 3 Haykoeumu ma npakmudnumu 3ae0aunsamu. OTHUM 3
Cy4acHHUX CIIOCO0IB pyHHYBaHHS PyAH IIPH MIHIMyMI1 €HEPTOBHUTPAT, € MI>KUaCTHHKO-
Be JIpOOJICHHS.

OCHOBHUM MOKa3HUKOM POOOTH IpoOapHOro 00JIaJHAHHS € TPAHYJIOMETpUY-
HUW CKJIaJ JPOOJICHOr0 MPOAYKTY. MOXKIIMBICTH MPOTHO3YBaHHS CUTOBOTO CKJIAITY
MPOJIYKTY MicCIs orneparii JpoOJIeHHs JO3BOJIUTH MiJIBUIIUTA €(EeKTUBHICTh PyHHY-
BaHHSI 1 CEJICKTUBHICTh PO3KPUTTS MIHEPAIB [0 MEX1 3€pEH 1 B KIHIIEBOMY MIJCYMKY
3HM3UTH €HEPTOBUTPATH HA OTPUMAHHS MaTepiary 3a1aHOi KPYITHOCTI.

Ananiz oocniodcenv ma nyoaikayiu. JIjist OIIHKY MIIHOCTI TUIAa Y BUTJISIAL IIMa-
TKa pyJH 3aCTOCOBYEThCSI EHEPreTUYHUIN KpuTepi pyriHyBanns ['pudditca [3], 3ria-
HO 3 SIKUM TPILIMHA [TOYMHAE MOIIUPIOBATUCA B KPUXKOMY T, SIKIO IIBUAKICTH 3B1-
JBHEHHS €Heprii NpykHoi aedopmarlii B npouect ii po3MOBCIOAKEHHs Oyae Ouiblie
MPUPOCTY MMOBEPXHEBOT €HEPTIi:

j—luul)—W(P*Il):o, )

ne: U(l;) — noepxueBa eHepris Tpinan; W(P*,l;) — moTeHmianeHa eHepris npyx-
HUX aedopmMariid, 00yMOBJI€Ha PO3KPUTTIM TPILIMHU JOBXHHOK 2|1 pH BIUIMBI Ha
TLUJIO 30BHINIHIX HaBaHTaXXeHb P, P*, ne rpannyHe 3HaueHHs HAaBaHTAXKEHHS — P.

OpHak, po3MmoJIil B MIMAaTKaxX Pyad TPIIUH, BKIFOYEHb, TUCIOKAIIN Ta 1HITHX
HEpPaBHOMIPHOCTEW Mae BUMAAKOBUH xapakTep. JlaHa Mojenb HE MICTUTh MaTeMaTH-
YHUX CIIBBIJHOIICHD Il BU3HAYCHHS PO3MIPIB TJIa 1 TPIIIUHM, TAKUM YUHOM HE €
ITOBHOIO.

Benuki TpyaHOIII BUHUKAIOTH MPHU OIIHIII MEXaHIYHUX BJIACTUBOCTEH PyIU B
yMOBax Iapy pyau. B mpoMmy BUTaIKy BEIHMYUHUA TTOKA3HHUKIB MIIHOCTI 1 qedopma-
11i, IpY IHIIKMX PIBHUX yMOBax, OyJie BU3HAUATH, MEPII 3a BCe, CKIAAHUI HaNpyxe-
HO-epOpMOBaHUI CTaH PYaH, IO XapaKTECPUIYETHCSI B3aEMOJIEI KOXKHOTO IIMAaTKa
(00'emy) 3 IHIIUMHU TMATKAMH.

Ha mpakTtuiii BUKOPUCTOBYIOTBCSI TaK 3BaH1 KpUTEPii pyrHYBaHHS (MIITHOCTI), 3a
SKUMU 1 BU3HAYAETHCS MOMEHT PYHHYBaHHS PYAH B TIPOIIECI 30BHINIHHOTO BIUTMBY HA
HeT.
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[Ipu npobsieHH1 MaTepialy B poJiep-Tipeci, MeKUYaCTUHKOBE pyHHYBaHHS PyaH Bi-
A0YyBa€THCS 3a paxyHOK CHJI IO TUCHYTH Ha IIap, B SIKOMY KOHIICHTPYIOThCSI PO3TS-
ryioui i 3cyBHi HanpykeHHs [1, 2]. [Ipu BigcyTHOCTI O0KOBOTO THCKY ab00 Majiux Ho-
ro 3HAUYEHHAX, OMip 3CyBa BCEPENNHI 3epHA Ha MOPAIOK OlIbIlE OMOpy 3CyBa MO Me-
x1. [lpu 3cyBi, Moke BiIOyBaTHCS 3MILICHHS B HAMPSIMKY, MEPIECHANKYIIPHOMY TO-
BepxHi TpimuHU. [Ipn BucOkOoMy OIYHOMY THCKY 1 HEMOKJIHMBOCTI 3MIIIEHHS, Mill-
HICTB Ha 3CYB 110 MEX1 HAOIMKAETHCS 10 MILHOCTI 3epHA. Y TOYIll NEPETUHY MPSIMO1
teptst Kynona st mexi 3epHa 1 00Bi1HOT Mopa asist 3epHa, MIITHOCTI BUPIBHIOIOTHCS,
1 CKOJI 10 3epHaM cTa€e OinbII iMoBipHEM [3].

Ilocmanoska 3as0annsa. Y poyep-npeci, Ipu HAsIBHOCTI OOKOBOTO THCKY, 1CHYE
MOKJIMBICTh 3CYBY 3€pPEH OJIHOT'O BIIHOCHO I1HIIIOT0, MIXK BaJIKaMH, 4Yepe3 HEOTHOP1I-
HICTb 110 KPYITHOCT1 BChOTO MIapy Matepiany. Lls ymoBa HeoOXiiHa JIJIs T1IBUILIEHHS
e(eKTUBHOCTI pyHHYBaHHS, CEJIEKTUBHOCTI PO3KPUTTS MIHEpPAJiB MO MEXI 3€peH 1
3HIDKCHHSI CHEPTOBUTPAT.

TakuM 9rHOM, MOKHA MPHUITYCTHUTH, 1[0 OCHOBHOIO MPUYMHOIO MPOIIECY PyHHY-
BaHHs MaTepially B poJiep-TIpeci, € HasBHICTh 3CYBHOTO MEXaHI3My pyHHYBaHHS 3e-
peH.

ToOTO, B IKOCTI OCHOBHOI XapaKTEPUCTUKHU MIITHOCTI Py, TOLULIBHO BUKOPUCTO-
BYBaTH TPAaHUYHE 3HAUEHHS 3CYBHOI CKJIaJI0BOI HApYy>KEHOTO CTaHy; B SIKOCTI TPaHU-
YHOTO 1O 3CYBHHM HANPYKEHHSM 3HAUYCHb BUKOPHCTOBYBATH MEXKY MPY>KHOCTI, Tak
SIK MEK1 MIITHOCTI 1 IT03aMeXHOT MIITHOCTI MalOTh Yy OLIBIIIOCTI BUAIB Py Ha MOPSI0K
MEHIITy 30HY (00JaCTh) ICHYBaHHS, @ TAKOK BUCOKHI KOE(IIIEHT KPUXKOCTI.

YuclieHHUMH JOCIIKEHHSIMHU 3pa3KiB pyJl Ha CTUCHEHHS, BCTAHOBJICHI JIEsK1 3a-
raJibH1 3aKOHOMIPHOCTI mporiecy nedopmariii i pyitHyBaHHs matepiamry. Lli 3akoHo-
MIPHOCT1 JJOCUTh CTIHKI 1 JIO3BOJIAIOTH MPOBOAMTH, 3 3aJ0BUTHHOIO ISl TPAKTUKH TO-
YHICTIO, OIIUC MpoLIeCy APOOIEHHS PY/I.

OnHIEIO 3 HUX, € 3AJIEKHICTh TPAHYJIOMETPUYHUX MapaMeTpiB pyHHYBaHHS PyIau
B1Jl BEJINYMHU pOOOTH 30BHIIIHIX CUJI, SIKA B IIPOLIEC] IpOOIEHHS, BU3HAYAE BETUUNHY
MOTEHI[1HOI eHeprii AedopMallii MMaTKIB pyau. TakuM YMHOM, 3HAIOYM BEIUYUHY
poOOTH 30BHIIIHIX CHJI 1 BUXIJHI PO3MIpHU IIMATKIB PyAM 110 PYWHYIOTbCS B LIapi,
MOYKHa OI[IHUTU TPaHyJIOMETPUUHUM CKJIaj Ha BUXOJIl Mpolecy pyiHyBaHHsA. Ls 3a-
KOHOMIPHICTh BH3HAuYa€ MIAX1A JO CaMOro MpoLecy, s pi3HUX YMOB JpOOJIEHHS,
TOJIOBHUM YMHOM, B 3aJICKHOCTI BiJ] BUX1JHOTO IPaHYJIOMETPUYHOTO CKIIAy PYIH.

Buxnaodenus mamepiany ma pezynemamu. Y 3araJbHOMY BUTIISII (opmyna mpo-
1ecy IpoOJieHHS Ma€ BUTIISI:

E,=kD” (R*°—1)/3 g, )

ne: E, — eHepris, 110 BUTPAYAETHCS Ha PyHHYBAaHHS; CTYIIIHb G y JIHIHHOIO po3MIpy
YaCTUHKHU, 3HAXOJUTHCA JOCTIAHUM HUISIXOM JUJISi KOKHOTO KOHKPETHOTO BMIAJIKY
apoOienHs; K — koedimienT nponopitiitHocTi; R — cTymine ApoOeHHsl.
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Ha ocHOB1 BUBYEHHS TPaHyJIOMETPUYHOTO CKIIAy PYAH, OTPUMAHOI Tichs i1 py#-
HYBaHHS B POJIEP-TIPEC], BUSIBICHO, IO JJIS OMUCY MPOIeCy HAHO1IBIIIO MIipOIO TiI-
XOJUTHh OKpEMUI BUMAIOK, IKUW BU3HAYAEThCs popmyroro bonaa y Bursi:

W = k(1/\d — 1/AD), (3)

ae: W — poboTa 30BHIIIHIX CHJI, HEOOX1qHA JJs pyHHYBaHHs mMaTka pyau; D — mia-
METp IMaTKa PyAH 10 pyHHYBaHHS; 0 — qiaMeTp IMaTKa pyad Iicias pyHHYBaHHS;
K — xoedillieHT IPOMOPIIHHOCTI, IKHH BU3HAYAETHCSA JOCIIIHUM ILIAXOM 3a (hopmy-
JIaMH OTIOPY MaTepiaiB 3 JllarpaMyi CTUCHEHHS 3pa3Ka pyJId Y BUTJISIL:

k = O'max/ 2En y (4)

1€ Omax — 3HAUEHHS PYHHIBHOTO HANpPYXEHHSI Ha CTUCK; E,, — MOJIYyJb MPY>KHOCTI
Marepially ImmaTka pyJau JaHOTO PO3Mipy.

3 ¢opmynu (3), orpumyemMo (opMyny s OOUMCIICHHS JiaMeTpa YacTHUHOK
(IIMaTKIB) pyau MiCIis Mpouecy APOOICHHS:

d = k?°D / (WND+k)?°, (5)

TakuM YMHOM, aNTOPUTM BUPILICHHS 337a4l HaNpPYyKEHO-Ae()OPMOBAHOIO CTaHY,
3BOJIUTHCS 10 OOUMCIICHHS MOTEHIIIHHOT eHeprii 1epopMyBaHHs IIMATKIB Py/IU B I1a-
pi, sIKa TIOTIM BUKOPUCTOBYETHCSI B pOpMyJIi S, JUIsl BU3HAUEHHS IPAaHYJIOMETPUYHOI
XapaKTEPUCTUKHU PyIX Ha BUXOJI 3 1Iapy.

PesynbraTtu MosentoBaHHs Oyiv MepeBipeHi Ipu ApOOJICHHI B poJsiep-Tipeci rema-
TUTOBOI PY/IH.

MakcumanbHa KPYMHICTh IIMATKIB BUXIJTHOTO KUBJIEHHS apoOapku ckiana 40
MM. Y BUXIJTHOMY *HUBJICHHI 1 pO3BaHTaXXEHHIs poJiep-TIpeca BU3HAUABCS IPaHyJIOMe-
TPUYHUIN CKJIaJ MaTepiaty.

JloaTkoBO, 3a JIOMOMOrOK0 MaTEMaTUYHOI MOjell, Oyl0 BUKOHAHO po3paxy-
HOK TEOPETUYHOI I'PaHyJIOMETPUYHOI KPUBOI MPOIAYKTY IPOONEHHS, JJIS KOKHOTO
MOJIEJIbOBAHOTO IMATKa PYyJIU, IPU MEBHIN BETUYHHI 30BHIIIHBOI CHIIU.

Pe3ynbraTtu BUNpoOyBaHb 1 PO3PAXyHKIB MPEICTABICHI Ha pUC. 1 Ta MOKa3ylOTh

BHUCOKY 301KHICTh PE3YJIbTATIB €KCIIEPUMEHTY 1 MOJIETIOBAHHS.
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Puc. 1. I'panynomeTpudHuil CKJIaJ BUX1IHOI PyAH i IPOAYKTY APOOIICHHS TEMaTUTOBOI PyAn
(pO3paxyHKOBHH 1 OTPUMaHUHN EMIIPUYHUM LUISIXOM) B poJiep-Tpeci

Bucnoexu

1. Anani3 nporecy ApoOJIeHHs MIMAaTKIB PyJad B 1Iapi, MO 3A1HCHIOETHCS B PO-
Jep-mpect MoKas3as, 1110 OCHOBHOIO IPUYMHOIO MPOLIECY PYWHYBAHHS MaTepiaiy, € Ha-
ABHICTh 3CYBHOTO MEXaHi3My pyHHYBaHHs 3epeH. To0To, B SIKOCTI OCHOBHOI Xapak-
TEPUCTUKHU MILHOCTI PYJ, JOLIIBHO BUKOPUCTOBYBATH I'PAHMYHE 3HAYEHHS 3CYBHOI
CKJIQZIOBOI HANPYXXEHOTO CTaHy; B SKOCTI I'PAHUYHOrO MO 3CYBHUM HaNpyXEHHSIM
3HaYEHHS] BUKOPUCTOBYBATHU MEXY IPYKHOCTI.

2. PexoMeH1I0BaHO aJIrOPUTM BUPILIEHHS 3a/a4l HalpyXeHO-1e(hOpMOBAHOTO
CTaHy, KM 3BOAMTHCS J10 OOYHMCIICHHS MOTEHINIAHOT eHeprii aedopmaliii mMaTKiB
pyau B 11api, fiKa NOTIM BUKOPUCTOBYETHCS, U1l BUSHAYCHHSI TPAaHYJIOMETPUYHOI Xa-
PaKTEpUCTUKH PYJIU Ha BUXO/I 3 LIapy.

3. JlaHi1 rpaHyIOMETpUYHOTO CKJIaay, OTPUMAaH1 IUISIXOM MOJEIOBAHHS, MTOKa-
3QJIM BUCOKY 301KHICTB 3 €KCIIEpUMEHTAIBHUMHU JTAHUMH.

4. BuBuYeHHsI MEXYaCTHHKOBOTO PYHHYBaHHS PYyJIM HAa OCHOBI TEOPETHYHOTO
MOJICJIFOBAHHS J103BOJISI€ MPOBOAUTH ONTHUMI3ALIII0 €eHEPrOEMHOCTI MPOLECY PYAOMi -
TOTOBKH, 1110 € BAKJIMBUM 3aBJIaHHSM B 00J1acTi 30arayeHHsi KOPUCHUX KOMAJIMH.
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