YK 536.7+66.047

HEKOTOPBLIE OCOBEHHOCTU YCAOKWU
FMMHNCTBIX MACC MNP CYLUKE

MBAHOBCKWIA W. K., OCUIMOB C. H., PAGEEHKOBA /1. B.

OAO «MWUHCKMIA 3aBOf, CTPONTENbHBIX MaTEpPUanoB»

Mpu cyLuKe U3Lennii CTPOUTENBHON KePaMUKM OLHUM M3 OCHOBHbIX (haKTo-
POB, BNSAIOLLMX HA KAYECTBO U3LeNUI, ABNAKOTCA YCaf0uHble CBOMCTBA (DOPMO-
BOYHbIX Macc. Mpn HepaBHOMEPHON YCafKe, BbI3BaHHON NOCTENEHHbIM YMEeHb-
LLIEHNEM BNXXHOCTM OT neputepun K LeHTpasbHbIM 061acTaM U34enus, B 3aBU-
CMOCTU OT €ero KOHQurypauum u 0cobeHHOCTeA CyLIKM (paguaumoHHas,
KOHBEKTUBHasA W [p.) 06pa3yeTcs CMOXHOe Moe HanpshkeHuid, KOTopoe B Cry-
yae MPeBbILEHNSA MPOYHOCTHbLIX CBOMCTB KEPaMUYECKOW MacChbl MPUBOAUT K 00-
pa30BaHMIO TPELLMH N KOPOBJIEHWIO.

Pa3finyHble rIMHUCTbIE MAcchl 06M1afat0T Pa3HbIMK YCaf0YHbIMU CBOWCTBA-
Mu. Ecnun paHee 06LENPUHATON cumnTanach NMHeliHas [1] 3aBUCUMMOCTL ycaaKu
Mo Mepe YMeHbLUEeHUs BNarocofepxaHus ot HavyansHoro Uy 0 onpeseneHHoro
ANA KKA0ro Bufa rnHMUCTON maccbl Uy, NMpu KOTOPOM pe3ko (MpUMepHO Ha
Nnopsf0K) YMEeHbLLAETCA UHTEHCUBHOCTb YCAKN U €e MPaKTUYEeCKN MOXHO He
YUATbIBATb, TO Tenepb B pe3ynbTaTe UCC/efOBaHUA pas/NyHbIX BUAOB [/IMH
[2...5] BnonHe npaBOMEPHO WCMONb30BaHNE KPUBOSIMHENHBIX 3aBUCUMOCTEN,
MO3BO/IAOLLMX aHa/IMTUYECKM ONMcaTb ropasgo 6o/bluyto 06n1acTb ycanku. Mo-
CNnefHee OTHOCUTCH TaKXe K T/lyXOBCKOMY W T/lyXOBELIKOMY KaonuvHam U ux
cMecam [5]. MprHUMaemas paHee NiMHeHas annpoKcUMaLms ycafouHbIX Xapak-
TEPUCTUK KepamMUyecKMX Macc naacTuyeckoro (hopMoBaHus, No-BUAMMOMY, AB-
NAETCHA YaCTHBIM C/ly4YaeM HeJIMHENHOMN 3aBUCUMOCTU.

BaXHOCTb yueTa BMAa YCafOuHbIX XapaKTepUCTUK W CTOXACTUYECKUX
CBOWCTB CNedyeT U3 MOYYeHHOr0 Ha OCHOBE WCMOJ/b30BaHWUS TEOPETUYECKMX
OCHOB TEPMOYNPYrocTu [6] NPOCTOro aHa/IMTUYECKOro BblpaXkeHus [7] ans pac-
yeTa npefenbHO [ONyCTUMOro MO YCNOBUAM 06pa3soBaHWs MOBEPXHOCTHbLIX
TPELLUVH nepenaja B/laroCofepXkaHnsa MeXay NMoBepXHOCTHbIMU U BHYTPEHHVMU
CNOSAAIMM Macchbl

P

"TRE,

roe P, — npefenbHas nnactuyeckas NPOYHOCTb FAMHUCTONM Macchl, MIMa; B —
OTHOCUTENbHBIN Ko3ththuLMeHT ycaaku, (%)™ E, — NpuBeaeHHbI MOy b fJe-
thopmauum, MMa; K — 6e3pasmepHblii KO3WPULMEHT, YUNTbIBaIOLWMIA 0COBEHHO-
CTW AMHAMWKW CUIOBbIX U NMPOYHOCTHBIX MOMEN Npu M3MEHEHWUU Bnarocogep-
XaHVs KepammnyecKoi maccbl.

YcpeaHeHHbIe 3HaYeHUA B BCTPEYatoTCA B Hay4YHO-TEXHNYECKO NnTepaTtype
B 3HAUMTENbHOM KONMNYeCTBe A4/ Pas/IYHbIX IMHUCTLIX MaTepuanos, U BCe
orpefeneHbl Ucxoaa 13 NpuHaToro A. B. JIbIKOBbIM [1] NOCTOAHCTBA BENMUNHbI
Koah(huLMeHTa ycafkn B OCHOBHOM [Mana3oHe ycafo4HON BAaxHocTu. C yye-

AU 1)
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TOM 3TOr0 NpuHLMNa B [4] npuBeseHbl pe3ybTaTbl IKCNePUMEHTANTbHbIX UCChe-
[0BaHUI C TYKOM/IbCKOWA FIMHOM 1 ()OPMOBOYHBIMU CMECAMU Ha €€ OCHOBE.

OfHako [0 CuX MOp B Hay4YHO-TEXHWYECKOW NuTepaType OTCYTCTBYHOT pe-
3ynbTaTbl UCCNEA0BAHNIA CTOXACTUYHOCTY YCaA04YHbIX CBOMCTB MIMHAHLIX Macc,
XOTS M3BECTHO SIBNIeHNEe pa3bpoca 3KCNepUMEHTaNIbHbIX U3MEepPEeHWUIA yCcaaKu BO-
Kpyr annpoKCUMUPYHOLLel Npsmoid. Mo3aToMy aBTOpbI NPOBENN CheunanbHble
3KCMepUMeHTa/IbHbIE UCCNefoBaHUA [4] ycagKun NYKOMIbCKOW TIMHbI U pasnny-
HbIX (DOPMOBOYHbIX MacC Ha ee OCHOBe, a TaKXe CTaTUCTUYECKY0 06paboTKy
NONYYeHHbIX Pe3y/bTaToB, UCXOASA W3 JIMHENHON N 3KCMOHEHLMaNbHOW annpok-
CUMUpYIOLLMX 3aBucuMocTel (Tabn. 1, 2), rge: n — KOAMYECTBO UCMO/b30BaH-
HbIX M3MepeHuii ycagkun; AU = Uy — Uy; r — KoadduumeHT Koppenaunm; K, —
OTHOCUTE/bHBIN KOA(MULMEHT Bapnaummn. Takxke UCMO/Mb30BaHbI 1 CTaTUCTUYe-
CK1 06paboTaHbl rpamyeckre pesynbTaTbl 3KCNEPUMEHTOB [5] Mo ycagke rny-
XOBCKOFO W [/TlyXOBELKOro Kao/IMHOB ¥ 13 CMECEIA.

Tabamya 1
MokasaTenn IMHeNHOM annpoKCcMMaL MM YCaoUHbIX Y CTOXaCTUUYECKMX CBOMCTB
(hopMOBOYHOI Maccbl MUHCKOO 3aBOfia CTPOUTE/IbHbIX MaTepuanoB
Ha OCHOBE JTYKOM/IbCKOW T/INHBbI

[Noka3artenb n, wr. | Ug, % | Uy, % |AUy, %| oy |Bi, (%)‘1 r Kso

Nykomnbckas ranHa 100 % 4 34,6 | 29,9 47 0 1,24 0,96 | 0,437
6 299 | 22,7 72 447 0,27 0,90 | 0,060

Nykomnbckada rnvHa 80 % +

rpaHnTHbIN 0TCeB 20 % 10 319 | 105 | 214 | O 0,57 0,97 | 0,129
Jlykomnbckada rnvHa 80 % +
necok 20 % 7 253 | 125 | 128 | 0 | 0,554 | 0,96 | 0,145

Nykomnbckada rnvHa 80 % +
rpaHuTHbI oTceB 10 % +
necok 10 %

dopMoBOYHAA Macca nocrne
BaKyyM-npecca:

Jlykomnbckada rnvHa 80 % +
rpaHnTHbIN oTCeB 20 %

232 | 115 | 117
20,0 | 10,2 9,8
19,5 6,4 13,1
19,2 7,9 11,3
210 | 109 | 101

0,50 0,96 | 0,136
0,63 0,95 | 0,139
0,58 0,92 | 0,162
0,64 0,91 | 0,079
0,62 0,95 | 0,100

[e2B N>R Ne RN RN
o|oo|Oo|O| O

B KauecTBe NIMHENHO annpoKCUMMaLMK 1CMO/b30BaHO YpaBHEHME

B =ar£Pi(Uo—U), )

rae Y — cymmapHas OTHOCUTeNbHaA NHeliHas ycaaka obpasua; o — NOCTOsH-
Has, 3aBMCALLas OT BblbOpa KOOPAMHAT U CUCTEMbI CHETa; B; — OTHOCUTE/bHbIN
KO3(PULMEHT NMHeNHOI ycagkm npu cyluke, (%)™ U — Tekyllee 3HaueHue
BNaXHocTu, %.

[ns annpokcumauymn KpUBOMMHENHON 3aBUCMMOCTM BblbpaHa 9KCMOHEHLM-
aNibHas opma B BUe

2B = ax{1 - exp[-Pi(Uo — U)]}, @)
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rae o, — NOCTOSHHasA, 3aBUCALLAsA OT BblI6Opa KOOPAMHAT U CUCTEMbI CHeTa; Y —
KO3(PULMEHT, XapaKTEPU3YIOLLMIA MHTEHCUBHOCTb YCaAKN KepamMmnyeckor Mac-
Cbl C BENIMUMHOI 06e3B0XKMBaHNSA (CyLLKM), (%)™

Tabamua 2
MokasaTenv 3KCMOHEHLMaIbHOM annpoKCUMaLUn YCafoUHbIX U CTOXaCTUYECKUX CBOMCTB
(hopMOBOYHOI Maccbl MUHCKOO 3aBOfia CTPOUTE/IbHbIX MaTepuanoB
Ha OCHOBE JTYKOM/IbCKOW T/INHBI

MokasaTenb nwr. | Up, % | Uy, % AU, % | o, |U; (%) r Kso
Nykomnbckas ranHa 100 % 10 346 | 185 | 16,1 | 8,0 | 0,227 | 0,99 | 0,132
Nykomnbckada rnvHa 80 % +

rpaHuTHbI oTceB 20 % 16 31,9 4,3 276 | 58 0,177 0,96 | 0,058
Jlykomnbckada rnvHa 80 % +
necok 20 % 10 25,3 7,8 175 | 6,8 | 0,154 | 0,98 | 0,147

Nykomnbckada rnvHa 80 % +
rpaHuTHbIA oTceB 10 % +

necok 10 % 8 23,2 7,5 15,7 | 58 | 0,177 | 0,99 | 0,058
dopMOBOYHAA Macca nocrne 15 20,0 3,2 16,8 | 7,1 0,161 0,94 | 0,155
BaKyyMm-npecca: 14 19,5 3,3 16,2 | 69 | 0,174 | 0,95 | 0,181
Jlykomnbekas rnvHa 80 % + 15 19,2 | 34 | 158 | 6,4 | 0,193 | 0,92 | 0,104
rpaHnTHbINA oTces 20 % 15 21,0 3,6 174 | 7,2 | 0,453 | 0,99 | 0,082

Pe3ynbTaTbl 06pab0OTKN 3KCNEPUMEHTaNIbHLIX TOYEK, NPUBEAEHHbLIX Ha rpa-
thmkax B [5], npeAcTaBneHbl B Tabn. 3, 4.

Tabnuua 3
MokazaTenv MHEeNHO annpoKcMMaL MM ycago4vHbIX U CTOXaCTUYECKMX CBOCTB
rIyXOBCKOrO 1 FlyXOBELKOro Kao/IMHOB 1 UX cmeceit no [5]

[Nokasartenb n, wr. | U, % | Uy, % |AUy, %| oy | B, (%)‘1 r Kso
I"nyxosckuii 100 % 28 |60,74| 24,8 | 3594 |10,28| 0,17 | 0,99 | 0,184
nyxoBckuii 75 % + rnyxoBew-

Kuin 25 % 12 | 50,60 | 24,7 | 25,90 |10,60| 0,21 | 0,99 | 0,199
"nyxoBckuii 50 % + rnyxoBew-

Kuin 50 % 13 | 41,30 | 25,3 | 16,00 {12,50( 0,30 | 0,99 | 0,199
"nyxoBckuii 25 % + rnyxoBeL-

Knin 75 % 8 34,10 | 26,1 | 8,00 |12,50| 0,36 | 0,99 | 0,17
I"nyxoseLkuin 100 % 4 2960 | 279 | 1,70 |17,00] 056 | 0,92 | 0,19

Mpn KpPYBONIMHENHON 3aBMCUMOCTY BENMYMHA TPaAWULIMOHHOIO KO3(hquuu-
eHTa yCaflKu ABNSETCA NepeMeHHOM, MaKCUMYyM KOTOPOW NPUypoYeH K Havany
06e3BOXMBaHUs, @ MMHUMYM — K OKOHYaHWIO npoLiecca ycaaku. MoHsTe Kpu-
TWYECKOW BNaXKHOCTU Mo ycagke Uy, Mpu KOTOPOI 3aKaH4Y/BaeTCA OCHOBHOI
npovecc, TepseT 04HO3HAYHOCTb M CTAaHOBUTCA BECbMA Pacn/ibiBYaTbiM. AHaNN-
TUYECKOE peLLeHve 3afay Mo OMNMUCaHWIO MONE HaNPsHKEHWIA NPU KPUBONVHEN-
HOW 3aBMCMMOCTW YCaJKu OT 06e3BOXXVBAHUA PE3KO YC/IOXKHAETCA Y NPOBeAeHNe
pacyeToB CTAHOBUTCA BO3MOXHbBIM B OCHOBHOM YMCNEHHbIMW KOMMbHOTEPHBIMM
MeToamm.

66



Tabamua 4
MoKasaTenn 3KCNOHeHUMaIbHOM annpoKcUMaLun ycafiouHbIX U CTOXaCTUYECKUX CBOMCTB
r/TyXOBCKOIO U T/TyXOBELKOIO KaO/IMHOB M UX cMeceli Mo [5]

[Noka3artenb n, wr. | U, % | Uy, % |AUy, %| o, |U;, (%)‘1 r Kso
"nyxosckuid 100 % 29 |60,74 | 2484|3590 |24,1| 0,052 | 0,99 | 0,304
nyxoBckuii 75 % + rnyxoBew-

Kuii 25 % 13 | 50,60 | 20,70 | 29,90 | 23,6| 0,062 | 0,77 | 0,440
"nyxoBckuia 50 % + rnyxosew-

Kuii 50 % 15 | 41,50 | 20,50 | 21,00 {31,3| 0,080 | 0,99 | 0,420
"nyxoBckuia 25 % + rnyxosel-

Kuii 75 % 9 34,10 | 22,20 | 11,90 | 44,8| 0,110 | 0,94 | 0,430
nyxoBeukuii 100 % 7 29,60 | 24,20 | 5,40 [39,1| 0,130 | 0,82 | 0,280

Heo6xo4nMo OTMeTUTb, YTO MpUBEAEHHOe B [4] TpexcTyneHyaToe n3meHe-
HVe KOo3(h(uLmMeHTa ycaakn (hakTUUECKN ABNSIETCS YaCTHbIM ClyYaeM KpPUBOJIN-
HEeMHOM 3aBUCMMOCTW. pun OLEeHKe YyBCTBUTENBHOCTM K CyLUKe (HOPMOBOYHOM
Maccbl Ha OCHOBE /IyKOMbCKOM FnHbI B nabopaTtopun dmpmbl «Keller GMBH»
(1995 r.) TaKke nonyyeHa KPUBOMHENHAS 3aBUCMMOCTL (TaK HasbiBaeMas Kpu-
Basl buro). Moatomy B 3aBUCUMOCTY OT Lie/IN UCCMIefOBaHNSA UM NPAKTUYECKOTO
MCNO/Mb30BaHUA MOXHO MPUHMMATL B OrpaHUYeHHON 06/1aCcTV IMHEVHYIO 3aBW-
CUMOCTb yCaaKu npu 06e3BOXMBAHUM KepamMUYecKol Macchl NPu NOCTOSHHOM
KO3(h(hULMEHTE YCALKN UM KPUBOIMHENHYIO 3aBUCUMOCTb AJ11 CYLLECTBEHHO
60nbLLeV 06/1acTN NPU NEPeMEHHO BENNYMHE KOAhULIMEHTA YCaaKN.

AHann3 CTaTUCTUYECKON 06pabOoTKMN pe3y/bTaToB 3KCMEPUMEHTaNIbHbIX MC-
CNnefoBaHUlA ycaaKn NyKOMAbCKON FIHBI Y POPMOBOYHBIX CMECe Ha ee OCHOBE
(Tabn. 1, 2) cBMAETENLCTBYET O TOM, YTO MPW IMHEHON annpoKCMMaLMKN 3Ha-
yeHns Ko3(hhMUMeHTOB Koppenaumm coctasnsoT r = 0,90...0,97, a oTHoCUTESb-
HbIX KO3hhmumeHToB Bapuaunn Kz, = 0,06...0,437. OgHako ans nocnefHero
3HauveHusi (0,437) 0COGEHHO XxapaKTepeH HeOoObIKHOBEHHO 00MbLLOV pa3bpoc
BEMYMH M KO3(DULIMEHTA YCaaKN NYKOM/IbCKOR [/IMHbI NPU BbICOKOW BNaXKHO-
CTW, KOTOpas He NPUMEHSETCSA B NMPOMBbILLIEHHOM MPOU3BOACTBE KMpNMya. Yxe
HaumHaa ¢ BnaxHoctn U = 29,9 % K;, = 0,06 npu B, = 0,27, UTO 3HaUMTENILHO
MeHbLLIE MO CPAaBHEHWIO C OCTa/IbHbIMW BEIMYUHAMM 4151 (DOPMOBOYHbIX Macc Ha
OCHOBE /TYKOM/IbCKOWA FAMHbI. [N8 pasfMyHbIX COCTaBOB (POPMOBOYHBLIX Macc
r = 091..097 n Ky, = 0,079...0,162 npu cpegHeM 3HayYeHUM I?B_0= 0,112.
Heo6xoanMo 0TMETUTb, YTO Nocne 06paboTKM (DOPMOBOYHON MacChl B BaKyyM-
npeccax cpeaHas MHTEHCMBHOCTb ycaaku Bo3pocna Ha 10...15 % (¢ 0,50...0,57
[0 0,58...0,64).

Mpy MCMNOMb30BaHMMN 3KCMOHEHUMAIbHOM 3aBUCMMOCTI 18 annpoKCUMaLmm
pe3y/ibTaToB 3KCMEPUMEHTOB MO YCafKe IYKOMbCKOW MMHbI 1 (DOPMOBOYUHbIX
Macc Ha ee ocHoBe (Tabn. 2) 3HauyeHuss KO3(h(hMUMEHTOB KOppensaumm n Bapua-
LN UMEIOT MPUMEPHO TaKMe XXe 3HaYeHUSA, KaK NPy IMHEHON annpoKcuMaLmm.
Tak, cpegHee 3Ha4eHne OTHOCMTE/IbHOrO KOapumLmeHTa BapyaLmm cocTaBnset
K., = 0,115 (Npu nuHeiiHoii annpokcumaunn K, = 0,112). Mpun aToM 06/1acTh

9KCMOHEHUManbHOM annpokcuMaumm B 1,5...2,0 pa3a 60/blle N0 CPaBHEHMIO C
JNINHENHOM.
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BennunHa TpaguLMOHHOro KoahuumeHTa ycagkm (hOpMOBOYHON Macchl B
CNyYae 3KCMOHEHUMaNbHON 3aBUCUMOCTM (2) HE MMEeT NMOCTOSHHOIO 3HAYeHUs
W YNCNIEHHO paBHa NepBOii MPON3BOLHON

Bi = aWiexp[-Wi(Uo — U)]. (4)

Mpn U = Uy KO3hUUMEHT By = o, UTO ABNSIETCA MaKCUMa/bHON BENNYK-
HOM, XapaKTepHOW TOMbKO [N1A MOMEHTa Hayasa ycagku npu cylike. [ns
(hOPMOBOYHOIM MacCbl Ha OCHOBE NYKOM/bCKOW rauHbl PB; = 1,03..1,23, a
Bo/Bi = 1,8...2,1. MNocneaHee co3aaeT NOBbILEHHYO OMAacHOCTb TPELMHOO6Pa30-
BaHWA B HayaJlbHOM Mepuofe CywWwKW. Mpu BbICOKON HayasbHOW BNaXXHOCTM
34,6 % NYKOMILCKOM TMHbI (Tabn. 1) B Hauane cywkm B; = 1,24 (%)™
C yMeHbLUEHNEM BarocofepXXaHns KepaMnyecKoi Macchbl BenMymHa Koadhu-
LiMeHTa yCaflKn CyLLECTBEHHO yYMeHbLuaeTcs u npm U — 0 cTpemmutcs K Becbma
MaJ10ii BE/IMYMHE, YTO COOTBETCTBYET BCEM UCCNELOBAHUAM.

Takum 06pa3oM, Ans NyYKOMSIbCKOW TNHBI 1 (POPMOBOYHBIX Macc Ha ee oc-
HOBe 9KCMOHEHLMabHasi MHTEHCMBHOCTb YCafKu B npouecce 06e3B0XKM1BaHNSA
6onee npegnoytutenbHa. OfHAKO B OrpaHMYeHHbIX NPOV3BOLACTBEHHBIX Mpese-
nax yaobHee nosb30BaTbCA SIMHENHOM 3aBUCMMOCTBIO.

Kak nokasblBaeT cTaTucTnyeckas 06paboTka pesynbTaToB IKCMepUMeHTasb-
HbIX UCCNef0BaHWI YCafKM [yXOBCKOMO W IlyXOBELKOro Kao/MHOB U UX CMe-
celi [5], yeTblpe NUHENHbIE 3aBMCMMOCTM M3 NATK (Tabn. 3) xapakTepu3ytoTcs
BeCbMa BbICOKO TECHOTOW KoppensuumoHHoi csasn (r > 0,99). OpgHako npu
3TOM OTHOCUTENbHbIA KO3MULMEHT BapuaLmm OTKNOHEHUS (haKTUUECKUX faH-
HbIX OT annpoOKCUMUPYHOLLKMX NPAMbIX focTaTouHo Benvk (0,17...0,20).

Mpun ncnonb3oBaHUM ANA anNMNPOKCUMALIMK IKCMOHEHLMaNbHON 3aBUCMOCTI
yCaZiKv T/lyXOBCKOrO W F/yX0BELKOro Kao/IMHOB U MX cMecei (Tabsn. 4) Koad-
(OMLMEHT KOPPenaLmmn NMeeT BbiCOKMe 3HadeHus (r > 0,94) 1 ToNbKO ANs riyxo-
BELLKOTO KaonnHa cHmkaetcst go 0,82. OaHako npy 3TOM OTHOCUTENbHbIA KO-
3AhhMLUMEHT BapraLuy OTKIOHEHUS 3KCNEePUMEHTa/IbHbIX 3HAYeHWIA OT pacyeT-
HbIX A0OCTATOYHO 3HauMTeNbHbIN (Kgo = 0,28...0,44), 4TO Npu He06XOAUMOCTY
yueTta gaxe 5%-ro KBaHTWUNA TPebyeT CTaTUCTUYECKOrO YPOBHS yyeTa Ko3gdu-
LUneHTOoB ycaaku B 1,45...1,7 pasa BblLLIE CPefHEro.

Mo3aTomy A/t T/TyXOBCKOIO U F/TyXOBELLKOTO KaO/IMHOB N MX CMECE NINHENR-
Has annpokcumaums ycafkum (NOCTOAHCTBO OTHOCWUTENILHOrO KOo3jdguLmeHTa
ycafiku B) npeanouTuTelbHee KPpUBOSIMHENHON.

HeobxoguMo OTMeTUTb, 4TO BO BCEX C/y4asX BbICOKMX 3HauveHuid Kg,
HanmbonbLUMe OTKIOHEHWNA NPUYPOYeHbl K Havasy npolecca ycaaku, Korga ab-
CO/MIOTHbIE 3HAYeHWs ellle [OCTATOYHO Mabl. [103TOMY A1 BbICOKOYYBCTBU-
TeNbHbIX (POPMOBOYHBIX Macc Takue KonebaHWsi ycaflouHbIX CBOMCTB B Havasle
CYLIKM MOTYT MMeTb 0C060e 3HaueHue B mpoueccax KOpobfieHus u TpeLm-
Hoo6pa3oBaHus. s (HOPMOBOUHbLIX Macc CpeaHein 1 0CO6eHHO Masoi YyBCTBU-
TEeNbHOCTM K CYLLKE, KOrja npesfesibHO LONYyCTUMbIA N0 KOPOBIEHMIO U TPeLym-
HOO6pPa30BaHWIO Nepenag BNaXKHOCTEN npesBbllaeT 4...5 %, Hava/bHbIA Nepuos
yCaiKv B OnpesenieHHON CTeneHn CrnakmneaeTcs. B aTux yCnoBUSX MOXHO UC-
M0/b30BaTbh MEHbLUME 3HAYEHWS OTHOCUTENIbHOTO KO3PMULUMEHTa BapmaLmn no-
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psgka Kgo = 0,10...0,15. Hanpumep, Ans nabopaTopHON LUMXTbl HA OCHOBE Ny-
KOM/IbCKOW IMIUHBI CYMMapHOe 3HayeHne OTHOCUTENIbHOTO KO3(duLMeHTa Bapu-
auum npw NMHenHOM annpokcumaumm coctaenseT Kg, = 0,17, Npu aKCNoHeHLu-
anbHON — Ky, = 0,11. Ans Npom3BOACTBEHHOM (POPMOBOYHONM Macchl Nnocne Ba-
KyyM-MpeccoB Mpu AuMHeiHol annpokcumaumm Ky, = 0,128, npwu
3KCMOHEeHUManbHom — K , = 0,132.

Mpu OLEHKe YCNOBWIA TpeLMHO06pa30BaHNsA B NPOLECCEe YCaaKu MMUHUCTBIX
Macc npu 06e3BOXKNBaHMN peLLatoLLee 3HaYeHe UMeeT NpefesibHO LonyCcTumas
BEMYMHA OTHOCUTENbHOW ycaaku (geopmauun) &, %. OHa aBnseTca 0606-
LLIEHHON XapaKTepPUCTUKOM MPOYHOCTW He TONbKO B TEOPUW YMPYrocTu, HO K
Npv ONMcaHnn paspyLUeHns ynpyroniacTUyHbIX Tes.

Ecnun gng ynpyrvx Ten BeiMUMHa € He 3aBUCUT OT BPEMEHW, TO npu fedop-
MaLMK MIACTUYHBIX TeN € 3aBUCUT OT BPEMEHW U PEXMMA HArPYXXEHNUS, & TakxKe
OT NPOLIECCOB penakcaumny HanpshxkeHuii B 06beMe, XapakTepyyembiX Benmuu-
Hamy MaKCBE/INIOBbIX W LUBEOBCKMX MEPUOAOB penakcauuu, YTo MOXET BHO-
CUTb CYLLECTBEHHbIE KOPPEKTUBbI B XapakTepuCTUKN TpeLLmHoobpasoBaHus [9].

MpuBeaeHHbIe B [5] aKCnepyMeHTasIbHbIE AaHHbIe MO YCafKe ryX0BCKOro U1
INIyXOBELKOro Kao/IMHOB N UX CMECENA, & TakXKe UX CK/IOHHOCTM K TpeLLMHoo6pa-
30BaHUMIO MO YCKOPeHHOI meToanke A. ®. Ywmkckoro [9] no3BonstoT HarnsagHo
npeAcTaBuUTb BO3MOXHOE B3aMMOZENCTBME MoKasaTeneit ycaaku f3i u AUy, B npo-
Liecce TpeLLmHoo6pa3oBaHus. Kak BUAHO U3 NpuBeSeHHbIX Ha puc. 1 3aBucuMmo-
CTeil, C POCTOM [Anana3oHa BIAXHOCTW aKTUBHOW ycafkn AUy BennMumnHa 0THO-
CWUTENIbHOTO MOKa3aTens, XapaKTepu3yHLero YyBCTBUTENbHOCTb T/IMHUCTOM
Macchbl K CyLLKe T, [9], cHavana pe3ko YMeHbLLAeTCs, a 3aTeM HECKO/IbKO YBenu-
umBaetca (Kpusas 1), UTO CBUAETENLCTBYET O Mepexofe OT MasioyyBCTBUTESb-
HOro ryx0BeLKoro KaonuHa (t, > 250 ¢ [5]) uepes cpefHe- 1 CUIbHO YyBCTBU-
Te/lbHble CMECU K TaKOMY >Xe r/lyXOBCKOMY Kao/IMHy. pu 3TOM Be/IMYMHBI OT-
HOCUTE/IbHbIX KOIPMULIMEHTOB YCafKN MOHOTOHHO YMeHbLuatoTCs (KpuBas 3).

AU,
% 1P

30 106
25 105
20 104
15 103

Puc. 1. 3aBMCUMOCTb pas/IMyHbIX Nokasa- 10 102

Teneil CBOMCTB FIMHWUCTOM Macchl OT CO-

OTHOLLIEHWA FYXOBELKOrO U FTyXOBCKOr0

KaoNnHOB: 1(e) — 3aBMCUMOCTb T, OT CO-

ctasa; 2(A) — 3aBUCUMOCTb AUy, 3(0) —
TO Xe B

0 0
100/0 75/25 50/50 25/75 0/100
["nyxoBeLKuiA + rNyxXoBCKUiA

ConocTaB/eHve BAMSHUSA BENNYMHBI Aedopmalyy paccMaTprBaeMbiX Kao-
JINHOB 1 UX CMECEN C T, U B TaKKe NMOATBEPXKAAOT OTMEUEHHYHO BbilLe 3aKOHO-
MEPHOCTb, CBMAETENbCTBYHOLLYHO O HEAOCTATOYHOCTU OLEHKMN YCMOBUIA TPELLM-
HO06pa3oBaHMs TONLKO MO BenunumMHam B v AU,. 3gecb, Mo-BUAMMOMY, CyLie-
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CTBEHHOE B/IMSHME Ha TPELLMHO0Opa3oBaHME OKa3blBaKOT TaKXe Apyrue napa-
METPbI IMIMHUCTbIX MAcc, K KOTOPbIM ClefyeT OTHECTU MX MPOYHOCTHbIE U NNa-
CTUYeCKMe CBOWCTBA.

NHTEpecHO OTMETUTb, YTO FNYXOBELKMWIA KAONNH MPU CaMOM 60/bLIOM 3Ha-
yeHun B = 0,56 xapakTepun3yeTcsd HaMMEHbLLIMM AMana30HOM BIXXHOCTW aKTUB-
HOM ycagkm AU, = 2 %. pn 3TOM Yy BCEX OMUCaHHbLIX KaO/IMHOB U UX CMe-
Cell Haya/lbHble YCM0BMA MO BENMYMHE NPefeNbHON NNacTUYeCKOW MPOYHOCTY
P 66111 ognHakoBbiMK npu cyLwke (P, =~ 0,15 MMa [5]).

Heobxo4uMo OTMETUTb HEKOTOPOE HeCOBMafeHWe 3HaueHwin B;, NnpuBeseH-
HbIX B [5], C onpegeneHHbIMU B pe3ynbTaTe KOPPensauMoHHOro aHanmnsa no aKc-
NePUMEHTaNbHBIM TOUYKaM, NPeACTaB/EHHbIM TaM e (puc. 2). Ans cmeceit rny-
XOBCKOI0 WM r/lyXOBELKOro Kao/MHOB Hab/oAaeTcs SBHbIA CUHEPreTUYEeCKMin
agpekT (puc. 2) B HaNpaBNeHUN CHUKEHUA KOIPMULMEHTOB YCaaKu.

Br
0,6

0,4

02g Puc. 2. BnusHue coctaBa Tr/lyXOBCKOro U
T7lyXOBELIKOrO Kao/IMHOB Ha BENMYMHBI KO-
0.0 ‘ ahprumeHTOB ycagkm npu cyLuke: 1 (o) — no
"100/0 75/25 50/50 25/75 0/100 AaHHbIM [S]; 2 (2) — MO AAHHLIM KOppens-
"yXOBCKUIA + F/TyXOBELKUIA LMOHHOTO aHansa

MPOTMBOMONOXHbIA CUHEPreTUYECKNIA AGEKT, T. €. B CTOPOHY YBE/IMYEHNS
YyBCTBUTENIbHOCTN CMeCeld KaONMHOB K CYLLKe, HabntoaaeTcs Npu aHanmse 3Ha-
YeHuiA T, (puc. 3).

1B
10,6
T O 105
200 104
150 103
100 | 102 Puc. 3. 3aBMCMMOCTb HEKOTOPLIX MOKasare-
' Neli CBOMCTB KaO/IMHOBOW Maccbl OT OTHOCU-
50 F 10,1 TeNbHOW fechopMaumn ycaaKkn Mpu CYLUKE:
1 (®) — 3aBUCMMOCTb T, = f(€); 2 (0) — 3aBK-
0 L L L O’O _
2 4 6 &% cumocTb P = f(g)

3aKOHOMEpPHOCTH ycafikv (DOPMOBOYHbIX Macc B NpPOLIecce CYLLKM MOTYT A0-
CTaTOYHO XOPOLUO anmnpoKCUMMUPOBATLCS HE TOMbKO JIMHENMHLIMUA, HO N 3KCMO-
HEHLMa/IbHBIMW 3aBUCUMOCTSAMU, YTO OMpefenseTcs UHAUBUAYaNbHBIMU CBOA-
CTBaMM PasINyHbIX rH. Tpy 3TOM MCMOMb30BaHWE 3KCMOHEHUMaNbHBIX 3aBU-
cuMOCTeli no3sonsieT onucatb 3aBucumoctb ZB = f(Uy — U) B 3HauUMTeNbHO
6onbLUeM AMana3oHe M3MEHEHWA BXKHOCTU MO CPaBHEHWIO C NMHelHOW. Of-
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HaKO MCMonb30BaHWe HenunHeHol 3asmucumocTn 2 = f(Uy — U) He mckiouvaet
1CNOMb30BaHNA NPOCTON NMHEHON 3aBUCUMOCTH (2).

Mpyn UCNONB30BaHUW TNIMHUCTBIX CMECE BO3MOXHbI CYLLECTBEHHbIE CUHEp-
reTryeckme aeKTbl Kak B OTHOLLEHUN BENMYUH KOID(MULMEHTOB YCaiKU, TakK
1 ApYruX rnokasareseil YyBCTBUTENIbHOCTM FIMHUCTbLIX Macc K cyLike. Moatomy
MNPV NPUMEHEHNN HOBbIX U U3MEHEHWM CTapbIX COCTaBOB LUMXTbl HEO6X0AVMMO
MPOBOAWTbL HE3aBUCUMYIO OLIEHKY YYBCTBUTENIbHOCTY K CYLLKE U ee Nnpefe/bHbIX
PEXMMOB.

BblBO /bl

1. ins NYKOM/IbCKOW FIMHbI M (HOPMOBOYHbIX Macc Ha ee OCHOBE B LLIMPOKOM
AvanasoHe BIXXHOCTW YA0OHON hopmoii annpoKCcMMaLmMmn nokasaTens ycagku
ABNAETCH IKCMNOHeHUMaIbHas 3aBUCUMOCTb.

2. Mocne 06paboTKM POPMOBOYHOW MacChbl B BaKyyM-Mpecce ayuLuein dop-
MOV annpokKcuMauum nokasaTens ycagkv OpMOBOYHOM Macchbl Ha OCHOBE J1y-
KOM/IbCKOM TNMHbI B AMana3oHe OCHOBHOM YCafO4HOW BNaXKHOCTUN ABMISETCA /IN-
HeiHas.

3. [Ans nyKOMNbCKOM FANHBLI U (DOPMOBOYHBIX MacC Ha ee OCHOBE, a Takxe
IYXOBCKOrO U NyX0BELKOro Kao/JIMHOB 1 UX CMeCei BeNMYnHa OTHOCUTENbHO-
ro KoauumeHTa Bapuauuy 3KCNepPUMEHTabHbIX 3HAuYeHWUli nokasaTenei
ycaiKv OT anmnpoKCUMMPYIOLLMX 3aBUCMMOCTEN MOXeT gocTurats 0,15...0,20.
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