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PA3PABOTKA METOJIA PACYETA COCTABA IIUXTHI JJISA JEKOPATUBHOM

KEPAMMKHN KAPKACHO-OKPAIIIEHHOU CTPYKTYPBI

/.B. Akem, A.FO. Cmonéoymrun

E-mail: daniel axt@mail.ru

Cubupckuii rocyaapcTBeHHbII HHAYCTPHAJBHBIN YHHBepcuTeT, HoBoky3Henk, Poccus

Annomayusn. TlpuBencHa pa3paOoTaHHAsT MOJCNb OIYAPSHHOHW TPAHYJIbL CPOPMHPOBAHHOH M3 IBYX CBHIPHEBBIX

KOMIIOHCHTOB. B OCHOBY MOJENIH MONOKEHO YCIOBHOE PA3ACICHUE HA 30HBI (30HA Aapa, MEPEeXOaHas 30HA H
30Ha 000yOuKH). M37105kCH pa3pabOTaHHBIH METOJ PacucTa MHOTOKOMIIOHCHTHOTO COCTABA HIMXTHI IA
(OpMHPOBAHUS KEPAMHYCCKAX MATPHYHBIX KOMIIOBHTOB C 33JAHHBIMH (DH3MKO-MCXAHHUCCKUMH U
JEKOpPATHBHBIMH CBOMCTBaMH. [IpHBEACH MpUMEP pacyeTa rpaHy IMPOBAHHON IMUXTHI U3 TIHHUCTOTO CHIPBA H
MaPraHenCOACP/KAMMX TEXHOTCHHBIX OTXOJOB MM ACKOPATHBHOTO KEPAMHYECKOTO KHPIHMYA KAPKACHO-
OKpAIICHHOH CTPYKTYPHL. PacueTHBIM IyTeM YCTAHOBICHO ONTHMAJIBHOC KOJMYECTBO KPacsIuei T00aBKH B
roymdecTBe 7 % OT Macchl mMUXTHL B abopaTtopHEIX YCHOBHAX (IO PACUYETHHIM COCTaBaM) IOJy4YCHA
JEKOPATHBHASA KEpAMHUKA KOPHYHEBOTO ILBETA C HCMOJB30BAHHEM KPACAININX TEXHOTCHHBIX OTXOAOB C
TIOHIKEHHBIM COJICPyKaHHEM XpOMO(pOPOB MAPTaHIIA.

Kniouegvie cnoga: Mopmenb ONYAPSHHON TpPaHyJbl, pacyeT COCTAaBA TPAHYJIUPOBAHHON MIMXTHL, KEPAMHUHUCCKHH

MATPHYHBIA KOMIO3HUT, ICKOPATUBHAS KEPAMUKA, KAPKACHO-OKPAIICHHAS CTPYKTypa.

THE DEVELOPMENT OF A METHOD FOR CALCULATING THE CHARGE

COMPOSITION FOR DECORATIVE CERAMICS WITH A FRAMEWORK-COLORED

STRUCTURE

D.V. Akst, A. Yu. Stolboushkin
E-mail: daniel axt@mail.ru

Siberian State Industrial University, Novokuznetsk, Russia

Abstract. A developed model of a powdered granule formed from two raw materials is presented. The model is based

on a conditional segmentation into zones: the core zone, the transition zone and the shell zone. The developed
method for calculating the multicomponent charge composition for the formation of ceramic matrix composites
with required physical, mechanical and decorative properties is presented. An example of the calculation of a
granular charge from clay raw materials and manganese-containing technogenic waste for decorative ceramic
brick with framework-colored structure is given. The optimal amount of the coloring additive in the amount of
7 % of the charge weight is calculated. In the laboratory conditions, brown decorative ceramics is obtained
from the calculated compositions using technogenic waste with a low content of manganese chromophores.

Keywords: powdered granule model, calculation of a granular charge composition, ceramic matrix composite,

decorative ceramics, framework-colored structure.

BBeaenne

HHHOBamonHOE pa3sBUTHE HHIAYCTPHAIHHOTO
KOMITICKCA CTpPaHbl W €€ OTACIAbHBIX PETUOHOB
HEPA3PBIBHO CBA3aHO C JBOJIOLUEH CTPOUTEIBHOM
otpacou [1]. B cBoro ouepeap ce veroiumpas Mo-
JCpPHU3AUMS HCOTACTUMA OT COBCPIICHCTBOBAHMS
OCHOBOTIOJIAraloIICH HAyKu (CTPOUTEIBHOTO MAaTe-
pI/IaJ'IOBe,Z[CHI/IH). BoapmmaCcTBO COBPCMCHHBIX HC-
ciaemoBaHUE B 00JaCTH MOJIYYCHHUS WHHOBALIMOH-

HBIX W3ACIMHA M MATCPUANIOB B HACTOAILICE BPEMS
HAMNPaBJICHO HA VIYYLICHUE UX 3KCILTYATALMOHHBIX
XapaKTEPUCTHK 32 CUCT U3MCHCHHS BECLICCTBEHHOTO
COCTaBa, PETYIUPOBAHUS CTPYKTYPBI, HCIIOIb30BA-
HHUS HETPAIULMOHHOTO CBHIPbS M KOPPEKTHPYIOLIHX
no6asok [2 — 4]. OaHEM U3 TaKUX NPHOPUTETHBIX
HANPaBJICHUH Pa3BUTHS OTPACIH B CPEIHECPOIHOM
MCPCICKTUBE SIBILICTCA MONYUCHUE HOBBIX YIIOPSI-
JOYCHHBIX CTPYKTYP W KOMITO3HLIMOHHBEIX MaTepHa-
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JOB C BBICOKHMH MPOYHOCTHBIMH U JCKOPATHBHBI-
MH CBOHCTBaMH [3, 6].

B npowu3BoAcTBE CTPOUTENBHOW KEPAMHUKH BCE
OONBIIYIO AKTYAIPHOCTh NPHOOPETAIOT HAYYHBIC
pa3paboTk B OOJACTH CO3JAHHUS KEPAMHUCCKUX
MaTPUYHBEIX KOMIIO3uTOB. HampaBneHHoe perymm-
poBaHuE U (OPMHUPOBAHHEC ONTHMATIBHON CTPYKTY-
PBl KCPAMHUKH TMO3BOJISICT 3HAYHUTEIBHO IMOBBICHTh
MPOYHOCTE U MOPO30CTOMKOCTb, & TAKXKE YCHIHTh
LBETOBYIO OKPACKy JCKOPATUBHBIX HM3ACTHU JaiKe
MPH HCIONB30BAHHH HU3KOCOPTHOTO CHIPhS U TEX-
HOTCHHBIX 0TX00B [7, 8].

HzroToBncHue KEpaMHUKH MATPUYIHOH CTPYKTY-
PBHl TPEANONAracT WCIONb30BAHUE TPaHYIHPOBAH-
HBIX HPECC-TIOPOIIKOB M3 ABYX U OO0JIee ChIPBEBBIX
COCTaBIIIOMIMX, YTO, C YYETOM OCOOCHHOCTCH
BHYTPCHHETO CTPOCHHS MAaTepuala U XapaKTepH-
CTHK HCIIONB3YEMOTO CHIPbS, 3HAYUTCIBHO VCIOXK-
HSCT MPOTHO3UPOBAHNE CBOHCTB FOTOBOTO M3ACTHAL.
Tak, HampuMep, B HacToALICH padoTe HCCIeaOBa-
HUS IO MONYYCHHIO JCKOPATUBHOU KEPAMHKH Kap-
KaCHO-OKPAIICHHON CTPYKTYPhI MOKA32JH, YTO Tpe-
OyeMbIll I[BET OOOOKCHHOTO HYCPEIKA BO MHOTOM
OOVCIIOBIICH XMUMHKO-MHUHEPATOTHICCKUM COCTABOM
BBOJUMOTO MHUTMEHTA, MO3TOMY «BBIUHCICHHEY €TO
ONTHUMANTBPHOH KOHLECHTPALWH B IIUXTEC UIPACT OIpe-
gensiroryio ponb [9, 10]. Oanako HA ceromHSIIHMI
JCHb HE CYIICCTBYST CAHHOH, OOIICTIPHUHSITOH METO-
JUKH TMPOCKTHPOBAHUS M PacuyeTa MHOTOKOMIIO-
HCHTHBIX [OUXT JUIS KCPAMHUYCCKUX MATPHIHBIX
KOMITO3HUTOB, KOTOpas Obl YYHTHIBANA BCE (aKTOPHI,
BJMSIIOLIUC HA TIPOLICCC MOTYICHUS U3ACTHS.

Lenero HacTosmeit paboTel sBnsieTcs paspadboTka
MoaenH (popMHUPYEMOH JBYXKOMIIOHCHTHOH IpaHy-
Jbl ¥ METOJA MATEMATHYECKOTO pacyera COCTaBa
IIUXTHL [ MOJYYCHHS NCKOPATUBHOH KEPaMUKH
KapKacCHO-OKPAIIEHHON CTPYKTYPHI.

Teopernueckue moJI0KeHUs pacyera

Tak Kak OCHOBHBIM «KOHCTPYKTHBHBIM 3JICMCH-
TOM) B TCXHOJIOTHH KEPAMHKH C MATPUIHOU CTPYK-
TYPOH SIBISCTCS OMYAPCHHAS TPAHYJIA, BBIYUCICHHUS
COPaBEATHUBO HAYHUHATE C OMPEICICHHS KOIMICCTBA
HCOOXOAMMBIX Ui €€ H3TOTOBJCHHUS CBHIPBEBBIX
KOMIIOHCHTOB.

Arperauust ChIPCBBIX MATCPHAIOB B TPAHYJIBI SIB-
JSIETCSL CTIO’KHBIM TPOLIECCOM, KHHETHKA KOTOPOro 3a-
BUCHT OT MHOXCTBA (haktopoB. OCHOBHBIME (haKTO-
paMH SIBISIFOTCS. KOHCTPYKTHBHBIC OCOOCHHOCTH U pe-
JKHMBI PaboTHI TPaHYIATOPa; PUHKO-MEXAHUICCKUE U
XUMHYCCKUC XAPAKTCPUCTHKH CHIPHCBBIX MATCPHATIOB,
BHJ, KOTHYECTBO U CIIOCOO BBSACHMS CBA3YIOLICTO.

Iporece rpanymoodpasosanus R [11] ompene-
JAETCSl KaK OTHOIIEHHE CPeAHero auamerpa (d.,)
(hopMHPYEMBIX TpaHyd K AuamMeTpy (d) HCXOTHBIX
YaCcTHUL] ChIPBI:

=_4 (1)
R: CP: g
da 3 457

q 1

- _5
1-[>]1 o | G

=1 i

TIe g — A0S MMOBEPXHOCTHOTO 00bEMa IPaHYIIBL, HE
3aHATad CBA3YIOLINM, Gi — A0JId TpaHyJI, UMCIOIIUX
JUAMETP dy;, ! — KOMUYECTBO TPAaHyN YHHKATBHOIO
JHaMeTpa.

IMockonbky poct rpaHy/bsl 0O OONBHICH YacTH
O6CCHC‘H/IBaCTCH HAIUIIAHUCM CYXHUX YaCTHUIl HC-
XOJHOTO MaTepuana Ha CMOYCHHOC SAPO, KOIHYIC-
CTBO CBS3VIOLIECTO B MPHIIOBEPXHOCTHOH 30HE rpa-
HYJIbI JOJDKHO OBITh Kak MO>KHO Gombmie. Ha camom
JCJic B 3TOM MPOLIECCE YYACTBYIOT H CMOYCHHBIC
YAcTUIBI MCHBLICTO pa3Mepa MO CPaBHCHUIO C
HakaTeiBacMbIM sapoM. [losTtomy mas ympormeHus
pa3pabaTeiBacMON MOJACIH WX y4aCTHEM HEOOXO-
JUMO CO3HATEIBHO MpeHeOpeub. Toraa, UCXOAS U3
vpaBHeHms (1), BemuunmHa g OyJeT HAXOAMTCS B
mpegenax 0,1 — 0,2 u ycranaBimBarhCa SKCIEpH-
MCHTAJIBHO JJIA KAXKAOI'0 KOHKPCTHOTO BUJAA I'PaAHY-
JTUPYEMOT0 MaTepraa.

B o6iem Buae mpouecc rpanyioodpazoBanus K;
JUI TPaHyJd AMAMETPOM ¢} MOXKHO OXapaKTeph30-
BaTh CJIACAYIOIIUM BbBIPAKCHUCM !

i

r=9 )
d‘{

Torma cpeanuii muametp GOPMHUPYEMBIX TPaHYI
d., OGyaeT onpeaenasThes 1o Gopmye:

gd ~ €)
d u
T v T
1- }:[1—3;“j(i

i

J1s panpHEHIIMX PACUCTOB U OMPEACICHUS KO-
JAUYUCCTBA KPACAIIErO KOMIIOHCHTA, HEOOXOIHUMOIO
JUISL ONYAPUBAHUS OJHOW TPAHYJIBI BEIHIHUHOH dp,
OBLIH PUHSITHI CJCAYIOIINE Oy IICHUS:

— YACTHIBI MCXOTHOTO CHIPbs U CHOpPMHUPOBAH-
HBIC U3 HHUX TPAHYJIBl HMCIOT TOJBKO CHEPUICCKYIO
opmy;

— WCXOJHBIH MaTepUaN MOCTYIACT B TPAHYIIATOP
TOJIBKO B BUJC OTJC/IbHBIX YacTuil (0€3 arperatoB u
KJIACTCPOB);

— KCXOJHBIH MaTepUaN MECPEMEIIUBACTCH PAaB-
HOMEPHO O¢3 00pa3oBaHHs LICHTPOB MEPCYBIAKHE-
HUS B JTFOOOH TOUKE YAINH MPAHYIATOPA,

— YACTHIIBI MATCPHAJIA TIOTHOCTBI) HUCTIOIb3YIOT-
¢S Ha MOCTPOCHHES TPAHYJ M HE OCTAKOTCH HA CTCH-
Kax TPaHyJIsITopa;

-35-
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— W3 TPaHyITOpa ¢ OAUHAKOBOH BEPOSTHOCTHIO
BBIXOASAT TPaHyJbl JIIOOOrO0 pasmepa BILIOTH 10
MaKCHMAJIBHOTO quameTpa D, mu;

— 3HAUCHHS JUAMCTPA, CKOPOCTH BPAIICHUS U
yIjia HAaKJIOHA Tapeid TPAHYIATOPA, IUIOTHOCTH U
Pa3sMepoB KaleIbHOrO MOTOKA CBI3VIOLICTO MOCTO-
SIHHBI HA MPOTSKCHUH BCETO TMPOLIECCa TPaHy NN,
HUX BO3MOXKHBIMH JOMYCKAMH M OTKJIOHCHUSMH
MOKHO HpeHeOpeYb.

s HaxOXKIACHMS 3HAYEHHUS d, LEIecO00pazHo
HCTIOB30BaTh JAHHBIC MHTCTPAIBHOTO pacmpecsic-
HHS UCXOJHBIX YAacTHL N0 pazMepaM (d.), moayucH-
HBIC TI0 PE3Y/IbTATAM FPAHYJIOMETPHICCKOTO aHAIN3a
chIpbst. JIaHHBIC O COOTHOIICHUH KOJHYCCTBA MPAHY.T
O pasMepy paccunTsiBaroTes no Gopmyne dynepa ¢
VYETOM PALMOHATBHOTO (PPAKIIMOHHOTO COCTaBa
IPaHyIiTa, 0OCCHICUHBAIOIICTO IUIOTHYIO YIIAKOBKY
TpaHy IpH NpeccoBaHny u3aenuii [ 12]:

¥, =100 %, C))

rae y; — coaepkanue ppakumii ¢ pazmMepoMm rpaHyn
MCHBIIIC BEIUIHHBI d;, Yo.

[NoayucHHBIC pacUCTHBIC 3HAUCHHSI TPAHYJIO-
METPUUCCKOTO COCTaBa NPOBEPSIOTCSI, KOPPEKTH-
PVIOTCS OSKCICPHUMCHTAIBHO W MPUHUMAIOTCA K
JaTbHEHIIEMY pacueTy.

MarpudHas CTPYKTYpa KOMITO3HLIMOHHOTO Ke-
PaMHYIECKOr0 MaTepHana MpeACTaBICHA ABYMS OC-
HOBHBIMH 3JICMCHTAMHU (IpOM H  OOOJIOYKOI),
chOpPMHUPOBAHHEIMHU B MPOLIECCE OOKUra rpaHy.T U3
6a30BOro CHIPbS M ONYAPUBAIOIIETO CJOS MO HX
nosepxHocTH. [lpu sTom a1t hopMupoBaHus Kap-
KACHO-OKPAIIEHHOM CTPYKTYPBI JCKOPATUBHOM Ke-
PAMUKH KPaCSILIHC KOMIIOHCHTH KOHLICHTPHUPYIOTCS
B 000IIOYKE, IIBET KEPAMUYCCKOTO H3ICITHUS MOCIE
0O’KHra BO MHOTOM 3aBHCHUT OT €€ TOJIIIHHEIL.

Ecmn mpeanonoxute, 4to MaTpHUYHAS CTPYKTYpPa
KEpaMHIECKOr0 U3ICHs 00pa30BaHa WACHTUIHBIMH A
rpaHynamMu guamMeTpom i 1 o0bemoM V), To TommuuHa
25 ONMyAPHBAOILETO CIOS, OOCCTIICUMBAKOIIAT HUICATh-
HYIO YIIAKOBKY I'PaHYJI C MOCTOSHHBIM KOOPIHHALOH-
HBIM 9HCIOM, coctaBsieT 7,7 % ot auametpa D siaep:

3
1,25050, = "2k (%)

[Ipaxrryeckn QopmupoBanne MOHOGPAKLIHOH-
HBIX TIOPOIIKOB TPaHY/IIIHEH OKATBIBAHHEM IIO
JBIDKYIIEH TTOBEPXHOCTH ABJAETCS TPYAHOJOCTH-
JKAMBIM B CHIIy LIEJOTO KOMIUIEKCA TPHYHMH JAXKE
IIPH UCTIOJTE30BAHNH BBICOKOCKOPOCTHBIX JIOTIACTHBIX
Memaiok. [losToMy 11 yIpoImeHHOM ONTHMaIbHOM

IPaHyJIOMETPUH MPECC-TIOPOIIKA, COCTOSIIETO M3
KPVITHOH, CpexHeH v MeaKkod (pakunii B COOTHOLIE-
HuM npuMepro 25:25:50, obecneurBarome IOTHYIO
VIIAKOBKY TPaHyJ1 npu npeccosanr [ 13], Tomumpmy 26
OIYPUBAIOLICTO CJIOSI NPHHAMAIOT B HHTEPBAIC 5 —
10 % ot auameTpa eso rpaxyst D;.

Takum oOpazom, paccUHTaB CPEIHHI AHAMETP
MOJYYacMBIX Ipanyi no gopmyne (3), MOXKHO TIpH-
OMIKCHHO YCTAHOBUTE CPCIHUC Pa3MEpPhl UX SLICP H
000NOYKH.

[Tpu onmpeaeneHUN KOIMYIESCTBA KPACAIIETO KOM-
MOHCHTA MUHHMAJBHOTO H JOCTATOYHOIO IS Tpe-
OyeMOl OKpacKd H3ACHAHS TNPEACTABHM CICAYIO-
VIO MOJENb ONYAPCHHOU TPaHyIBl (CM. PUCYHOK).
Bce Teno rpanynel pazaenuM Ha 77 KOHLICHTpHYC-
ckux cioes. [Ipu 3TOM Ha ee Mozenu VCIOBHO
MOXKHO BBIJCTHUTH TPH 30HHL:  — 30Ha saapa; I] — me-
pexonHas 30Ha; {/] — 30Ha 0060I0UKH.

3oHa [ mpeacraBnseT coboi sapo (Teo) rpaHy-
JBI B COCTOMT M3 oxHOoro ciaosg (i = 1), 3ona / nenu-
KOM MpPEACTABICHA YaCTHLAMH 0a30BOTO CHIPbS
(kOMMOHEHT A), CKPCIUICHHBIMU CBSI3YIOLIUM. 30HA
Il obpazoBaHa ABYMS BHAAMH 4YacTUL 0a30BOroO
(xommoHeHT A) U Kpacsmero (KOMHoHeHT B) Chi-
pps. OHa COCTOWUT M3 MHOXECTBA cloeB (I = 1 — 2;
3aech 1 — 00Iee Koau4ecTBo c¢iioeB). CooTHoIIe-
HHC MEKIy KommoHeHTamu 4 U B BO BTOPO#l 30HE
HE TIOCTOSIHHO M HHTETPATBHO M3MEHICTCS MO Mepe
yaaneHus ot ueHrpa sapa. C yBenHICHUEM paguy-
€a U MOPSAIKOBOTO HOMEpA /-0ro CIOS BO3PACTAIOT
KOJIMYECTBO KPACALICTO KOMIIOHEHTA B W TONIIHHA
cnost O, 3oHa /Il 3aMBIKACT OKPAIIHBANOIIYIO 000-
JIOUKY BOKPYT sapa U (OPMHUPYET MOBEPXHOCTD Ipa-
Hynel. [Ipu 3TOM OHA Tak e, Kak U 30Ha I, COCTOUT
M3 OJHOTO CJI10s (i = 77) U HOMHOCTBIO MPEACTABICHA
YaCTHLIAMHU KPaCSIIEro ChIPbs (KOMIIOHCHT 5).

Js mpumepa paccMotpum ciydaii popmuposa-
Hus Tpanyisl opu # = 5. CornacHo pazpaboTaHHOI
MOJCJH, PETJIAMCHTUPYIOIICH PacIpeacICHIEe KOM-
MOHEHTOB A ¥ B 1o 30HaM (CM. PUCYHOK), OBLIO
MPUHATO WX MOCTOSHHOE COOTHOLICHHWE B MPOLICH-
Tax A Kakaoro cios (tabma. 1).

[lep.eiit cnoit (7 = 1) daktuuecku gBmsgeTcs sSa-
poM rpanynel 10 6; = D. Torga Hymepanusa ciocs
OKpaIIuBaromed 000I0uKH OyIeT U3MECHATBCS OT 2
JO 5, a WX TONIIMHA ONMCHIBATHCS CICAVIOIIHM
VpaBHCHUEM:

5,=ad, . (6)

[Tpu sTOoM sMIuprvecknii k03¢ HUIHEHT ¢ 3aBH-
CHT OT XapakTepa IrpaHyIHpyeMOro MaTepHaia, ma-
paMeTpoB (HOPMHUPYEMBIX TPAHYT H OMPEACIACTCS
SKCIICPUMCHTAITBHO.
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Mozgesb FpaHy/ibl 13 CMECH KOMIOHEHTOB Sipa A 1 OKpaLLIVBAIOLLIEA 060I04KY B, COCTOSALLIER 113 N KOHLIEHTPUHECKVIX C/I0EB

B ocHoBy 3aBUCcMMOCTM (6) ObINO NONOXKEHO crie-
Jyloliee YCMOBME: MUHUMaSibHas TO/LWMHA i-0ro
CNOsi Ha FpaHuLe C A4POM TpaHysbl He AO/MKHA ObITh
MeHbLLEe AMaMeTpa CamOi KPYMHOM YacTuLbl NCXOS4-
HOro matepuana, KOTOPbIA 3TOT Cnoil hopMuMpyeT.
ToNWwuHa Kaxaoro nocnegytowero ¢os 060/104KK
OyfeT Bo3pacTaTb MO CPaBHEHWIO C NpefbliaylwuM B
CBA3M C W3MEHEHMEM B €ro COCTaBe MPOLEHTHOro
COOTHOLLIEHNA MeXAy KOMMoHeHTamun A n B.

C yueToM TOoNWMHbI fgpa (D) 1 okpawmBatoLLe-
ro cnos (5), BbluNCNEHHbIX No (opmyne (5), ganee
paccuMTbIBAOTCA TO/WMHBI BCEX BXOAALMX B rpa-
HY/Y CNOeB:

b=Yj5t=0,0385] ; @

i=2

D=D -5=D -0,0385D =0,9615/. (8)

[N NPUHATON MoAenn W3 NATU CNOeB ypaBHe-
HUEe NPUMET BUA;

0,0385D1 = 22+ 53+ A4+ % =
=R+ ab2+aXn2+ a2 (9)

a 06beM i-0ro cnos 6yaeT onpefensiTbCs BblpaXke-
HMeM

(
(L5 (15 (10)

VH Vj=

B pabote [14] B pamkax Mofenu TBepabix cep
npegnoxeHa opmyna Afis onpefeneHus naoTHO-
ctn (P,) 3anonHeHMs NPOCTPaHCTBa 3afaHHOro
obbema MNOAMAWCMEPCHBIMKU YacTuuamn chepuye-
CKoli (hopMbl ¢ paguycamu rO=rmax rl, ..., rm

( V' m
(11)

k=1 r0 noj Vi k=0

rge ®0- NAOTHOCTL YKaAKM chep MakCMManbHOro
paguyca; nk- kKonuuyectso ctep k-oro paguyca; VK
- 06bem chepbl k-oro paguyca, Mm3, Vi - 06bem
3ano/iHAeMOoro cepamy NPOCTPaHCTBA, MM3.

B kayecTBe 06beMa NPOCTPAHCTBA, 3arOHAEMOro
TBepAbIMU Chepamu, MPUHMMAETCS 06beM i-0ro C/ios
rpaHy/bl, onpegensiemblii no gopmyne (10). Cumtas,
4TO YKNafKa 4yactu, B 06beMe NPONCXoAUT Heynops-
[l04eHHO (amop(hHO), MNOTHOCTb WX pacnpeaeneHuns
®T, KaK NoKasbIBalT HATYPHbIE U YMC/IEHHbIE 3KCMe-
pumeHThI [15, 16], He npeBbiwaeT 0,64.

Tabnuua 1

Cogaep>xaHne KOMMOHEHTOB MO CN0SIM FpaHy bl

KOMMOHEHT 1

Ba3oBoe cbipbe (A) 100
Kpacswas gobaska (B) 0

CopepxaHue, %, KOMMOHEHTa B C/oe

2 3 4 5
6 50 25 0
25 50 6 100
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C y4eToM CpeOHEB3BCIICHHBIX 3HAUCHWH AHA-
METPOB 3JEMEHTAPHBIX YaCTHL CHIPHCBBIX KOMIIO-
HEHTOB si7pa A 1 000/104KH B, MONYYCHHBIX M0 Pe-
3yIbTaTaM TPaHYIOMETPHUYCCKOTO AHATH32 CHIPBIL,
JUTSL IBYXKOMIIOHCHTHOH CHCTEMBI (CM. PHUCYHOK),
VpaBHCHHE VKIaIku chepuucckux dactun 4 u B
BHYTPH i-OT'O CJI0SI TPAHYJIBI IPUMET BUA!

o VAV (12)
” V.

rae V; u Vp — oObem chepuueckux yactun 4 u B,
i ,
MM; 7', ¥ nj,; — KOJIMYECTBO C(PEPUUCCKHX YACTHIL

A u B B i-0M CJI0€ rpaHy.JIbI.

Hcnonp3ys mpuHATOC paHee MPOLICHTHOE pac-
MPEACACHUE CHIPHCBBIX KOMIIOHCHTOB MO CJOSIM
rpanyssl (tabm. 1), ans npeacTaBIeHHON HA PUCYH-
K& MOJCNU KOIM4uecTBO 4acTun A u B MOXHO
HAWTH, MOACTABUB V3KC M3BCCTHBIC 3HAUCHUS U Pe-
LIHMB CJICAYIOLIVIO CHCTEMY YPABHCHHUH:

O V. =V, n, +V,n,,
Vi, =20 V: (13)

m’ 12

Veny, = Z;(D V

m’ 12

rac z', ¥ z, — coaepxauue yactun A u B B i-oM

CJI0€ TPAHYIIBL.
OOmumii 00bEM YACTUL KOMIIOHCHTOB, COACpIKa-
IMUXCS B TPaHyJIe, ONpeaesieTcs mo ¢hopMyaam:

n s (14)

i

VAOWI =V,

ME

i

m

Vo=, (15)
i=2

TJC M — KOJHUYICCTBO CIIOCB, HA KOTOPOS Pa3acicHa
rpaHyna.

Io HaiineuueIM 3HAUCHUSM 00ILIErO OOBECMA Ua-
CTHUL 6330]301"0 CprbH nin KpaCI/ITeJ'IH BBIYUCIIACTCA
o0mas Macca KOMIIOHCHTA, HEOOXOIHUMOTO It
(hopMHPOBaHHUS SAPA M OKPAIMHBAIOINCH 000I0UKH
OJHOU I'PaHyJIbL:

_r (16)

M = ?
1/p

rae 1/p — yaeapHbIi 00beM yacTHIl 0A30BOTO CHIPbS
WU KPACUTENsL, MOMYyUYECHHBIN N0 JAHHBIM JTa3¢PHOU
IPAHYIOMETPUH, MKM /T.

Hcnomnp3ys BEIICH3NOKCHHBIN aarOPUTM, MOKHO
PacCcUHTATh KONMUECCTBO Kpacsieil 100aBKy, HEOOX0-
JMMOH Kak Ha OIMYAPHBAHUC OTHOM I'paHysbl CPEAHE-
'O pa3Mepa, TaK U Ha MOTYUCHHE LISIOT0 W3ACTIHS:

=m__——mi (17)

Y KOMIT KOMII 3

rae Vi, — 0oObEeM 3acHIIACMOro IpaHyJaMHu Ipo-
cTpaHcTBa A1 (POPMOBKH U3ACTHI-CHIPLA, M.

IloBBIIIICHHE TOYHOCTH BBIYMCICHUH BO3MOYKHO
OyTEM VBEIWYCHHsI KOJIUYECTBA CJIOEB BO BTOPOM
(nepexoanoii) 3one (cM. pucyHok). Kpome Toro,
0onee AETaTbHBIN YIET PasMEPOB IPaHyT U YaCTHI
TAKXKEC IIO3BOJUT yﬁTH OT UCHOJIb30BaHUA CPCAHC-
B3BCIICHHBIX 3HAYCHUM U ITOBEICUTD AOCTOBCPHOCTDH
PaCUCTHBIX AAHHBIX. O,Z[HaKO, KaK IIOKa3al HUTOoro-
BbIM aHAIW3 BBIYMCJICHUMN, VBEIWYEHHUE CJIOEB 10
kosmuecTBa Oosice 8 — 10 3HAUUTCIPHO YCIOKHSICT
MPOLICAYPY PacuyeTa U HE MPHBOIUT K CYINECTBEH-
HOMY H3MCHCHHIO PE3yJbTATOB IO CPABHCHHUIO C
BEJIMYHHOM 7, paBHOH 5 — 7.

IIpumep pacuera

PaccmoTpuM  mpeAnoKEHHYIO METOOUKY IS
Cy4as OKpAIUMBAHUS TIIHHHUCTOTO CBHIPbS TEXHO-
TCHHBIMH Maprasencoaepxkamumu otxogamu. Co-
[JIACHO pazpabOoTaHHON MOJACIH U3 ISTH CIIOCB (CM.
PHUCYHOK) B KauecTBES 0a30BOTO ChIPhS Uist (hOPMHUPO-
BaHHA AAcp (KOMIIOHEHT A) K pacuery ObLia NMPUHATA
rvHa Jlennnack-KysHenkoro Mectopoxknenns (Keme-
posckast 001, — Kyabace), a B poii Kpacsinero Chiphst
Jutst hOPMHUPOBAHUSL 000TOYKH (KOMIIOHSHT B) — bLTh
Ta3004MCTKA OT MPOU3BOACTBA (HEPPOCHUIHKOMApTaH-
ma. [loapobHoe ommcaHue HCXOAHBIX MAaTEPUATIOB,
BKJIIOYAs JAHHBIC TPaHYJIOMETPHUYCCKUX HCCIEA0BA-
HHUMY, mpueeAcHO B pabote [9]. CpeaHeB3BEILICHHBIH
pa3Mep HCXOAHBIX YACTHIL CHIPEECBBIX KOMITOHCHTOB A
U B, a Take UX YACTbHBIH 00BEM COOTBETCTBCHHO
pasubt d.' = 153 mxm; d° = = 162 wmxwm;
1/p*=2,2-10" mav'/r; 1/ p® =2,5-10" M/

IMOuprIecKui K03 GHUUEHT ¢ I UCIONb3Ye-
MOTO CBHIpbS B (POPMHUPYEMEIX TPaHyl ObLT MPHHAT
1,276. Torma, 3amaBasicb MHHHMAJIbHOH TOIIIHHOMN
€0 1 = 2, paBHOHM AMAMETPY CaMOl KPYITHOH Ha-
cTuipl (KOMIIOHCHT B), BXOAAIICH B 3TOT CJIOMH, MO
dopmyiie (6) onpeaeiseM TONIMUHY 2 — 5 CIIOSB:

5, =d.” =16,2 MM,
8, =ad, =1,276-16,2 = 20,67 MKM:;
8, =ad, =a’s, =1,276-20,67 = 26,38 My,
8, =ad,=a’s,=1,276-26,38 =33,65 MKM.

Paccuuras TOMImMHY BCEX CIOCB, COCTABILIO-
mMx 000JI0UKy TpaHybl, mo dopmyaam (9) u (8)
BBIYHCISICM COOTBETCTBCHHO €€ CYMMAPHVIO TOII-
LIUHY | JHAMETP Sapa;
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8=0,+8,+6,+06,=16,2+20,67+
+26,38+33,65=96,9 MKM;
D=D, -3=2500-96,9=2403,1 MKM.

Onpeaenennas toamuaa 26 (1938 MrMm) kpacs-
et obonouku coctasuset 7,8 % ot auametpa (2500
MKM) LIEJIOH TpaHyJIbl, YTO COTTIACYETCS C MPHHITHIM
pance untepBaioM 5 — 10 %, oGecneunBarouum
IUIOTHYKO YIIAKOBKY T'PaHyJ1 OPH MPECCOBAHUU.

3Hast CPCAHCB3BCIICHHBIM AHAMETP KOMIIOHCH-

to8 A (d," = 153 mxm) u B (d,°=162 mxwm),

OTPEACACM UX 00BEM

v, =%nrj =3 765 —1874.4 Miv;

7-8.1° = 2225.0 MKM .

B B

W | & w

V. :imﬁ =
3

JIist BBIYUCICHUS KONMMYESCTBA 4acTUI] 0a30BOTO
U KPaCAIICTO ChIPhS MO CI0sM (popmupyemoit rpa-
HyJiel 10 ypaBHeHuo (10) mpeasapurepHO paccuu-
TaeM 00BEM KAKIOTO U3 CJIOCB!

Vv =i7tr13 =f7c-2403,13 =
3 3
=7262630146.1 Mmxm® = 7,26 mm’;

=50 -8 -

‘:%n[2419,33 ~2403.1° | =1

= 147870918 5mrm’ = 0,15 mm°

(80 {3

:%n[2440,03—2419,33]:

= 191568871, 6 MxM® = 0,19 mv’;

i) 8

= %n[2466, 4% — 2440, 03} =

=249247251,5 Mxkm® =0,25 MM,

= [zs][zsj _

= gn[2500, 0° — 2466, 43] =

-

=325766199.6 mxm® = 0,33 mv°.

Hanee, ucnonp3ys JaHHBIC O MPOLICHTHOM CO-
JCPKAHUU KOMIIOHCHTOB A U B MO CI0SM IpaHyIbl
(rabn. 1) m mnotHOCTE WX pacnpeaeiacaus @, =
= 0,64, gepe3 ypaBHEHHU:I, BXOAAIHE B CHCTEMY
(13), ycraHaBauBacM TOYHOE KOJTHYUCCTBO YACTHI
JUTS KQXKIOTO U3 cnoeB. Pesynprarel pacuera npea-
cTaBncHsl B TabM. 2.

KomuuecTso yactuir A u B B mepBoM ciioe (siape)
TPaHyIbl

o 2,0, /1 _1-0,64-7262630146,1 _
“ v, 1874.4
= 2479826 yacTwir;
= z,®,1; _0-0,64-7262630146,1 _ 0 HacTHLL
vV, 2225.0

KonuuecTBo uactuiy 4 u B BO BTOPOM ClIOE rpa-
HYJIBI

o _ 20V, _0,75-0,64-147870918 5 _

Ty 1874, 4
= 37868 vactwi;
S 2,0V, _0,25-0,64-147870918,5 _
? vV, 2225.0
= 10634 vacTu.

Tadbauna 2

PacnpeaeneHne 4acTul no CJIOSIM I'PAHYJIbI

KomrdaecTBo YacTHIL B CT0C

Kommorenta

1 2 3 4 5
Bazosoe coipse (4) 2479826 | 37868 | 32706 | 21276 0
Kpacsamas no6aska (5) 0 10634 | 27552 | 53771 | 93705

-39 -



Bectruk CHOHPCKOTO TOCYIAPCTBCHHOTO HHAYCTPHATRHOTO YHEBEpcHTeTa Ne 3 (33), 2020

KoauuecTto vactuiy A u B B TpeTheM CJIOC Tpa-
HYJIBL

50V, 0.5-0,64-191568817.6 _

“ v, 1874, 4
= 32706 yactuir;
2 2;0,V; _0,5-0,64-191568817,6 _
? vV, 2225.0
= 27552 vacTuiL

KoauuectBo uactuiy 4 u B B 4eTBEPTOM CJIOC
TPaHyJIbL:

o _ZAD,V, _0,25-0,64-2492472515

“ v, 1874.4
= 21276 yvactwui;
o z;®,V, _0,75-0,64-249247251,5
? v, 22250

= 53771 uacTuiL

KomuuectBo vactuir A u B B ITOM CJI0€ TPaHYJIbI:

s _ 20V 0-0,64-325766199.6

“ v, 1874.4
= (0 yacTwiI;
o 2,0,V _1-0,64-325766199,6 _
? V, 2225.0

= 93705 vacTuiL

OObmume 00beMBl YacTUL 0A30BOTO U KPACSIIETO
KOMITOHEHTOB, COACPKAIIUXCA B OJHON LIEJIOH rpa-
HYJIC ONpeacastoTes mo popmyaam (14) u (15):

5-1
VS =V, > n, =1874,4-2571676 =
i=1

= 48202429163 mxm® = 4,82 mm’;
5
VBo&u = VBZni =2225,0-185661 =
=2
=413090417.1 mxm® = 0,41 mm’.

Toraa, ucnosp3ys AaHHBIC 00 YACIBHBIX O0bBEC-
Max 4acTHil, oOmias Macca KOMIIOHECHTOB Jist (op-
MHPOBAHUS SIAPA U OKPAIIUBAIOIICH 000JI0YKH Of-
HOW rpanyisl o dopmyie (16) onpenenurcs Tax:

Voo 4820242916,3

m, = = =0,0219 r;
4 1/p? 2,2-10"
obm
m, = v, " 4130904}17,1 _0.0017 .
1/p 2,5-10

IpeanonoxumM, 9TO IUIOTHOCTE 3aCHINTKH TPAHYI
B mpecc-hopmy aast GOPMHUPOBAHUS CHIPLIOBOTO H3-

my S =, () 0219

JICNUST COCTABIICT HE MeHee 85 % OT 3armoHsIeMOoro
obbema, Toraa mo dopmyne (17) MOKHO paccuuTaTh
O0IyI0 Maccy KOMIIOHCHTOB, HEOOXOIMMBIX IS
M3rOTOBJICHMS Tienoro maaenus. Hampumep, Ha mo-
JYYCHUEC OJHOTO TMONHOTEIOro Kupmuua (opmara
IH® (250 x 120 x 65 MM) ZOMKHO OBITh COOTBET-
CTBCHHO HCIIOJIB30BAHO CJACAYIOMICE KOJTHUCCTBO
6az0Boro (4) u kpacsiero (B) KOMIIOHCHTOB!

om _ 0.85V 0,85-1,95-10"  _
A4 =My =Y 9'—3: -
4 (D, 4 (2500
I e} Tl 22
3702 370 2
0,0219-202701 = 44412 r;
0,85V, -1,95-10%
o =y 25 2030017_0,85 1,95 1(1 _
4 (D, 4 (2500
L e} Tl 22
3702 370 2

0,0017-202701 =334 9.

B cBoro ouepep, 1t hOPMOBAHHUS OJJHOTO MYCTO-
TEJOr0 KHUPIIHYA HOPMANbHOTO (opMmara ¢ CeMHa-
AHATBKO CKBO3HBIMHU LII/IJ'II/IH,Z[pI/I‘{CCKI/IMI/I OTBepCTI/I-
MU HEOOXOUMO:

0,85V

M3

0.85-1,603-10"°

4 (DY 4 (2500
3702 )

=0,219-166633 =3651,0 T

nyer _ 0,85V, 0,85-1,603-10"
B - 3—3203 T =
4 (D, 4 (2500
a2 4.
3702 3 2

=0,0017-166633 =275.3 .

Ilocne oxpyrieHus pacueTHBIX JAHHBIX IPHHH-
MacM KOJHMYECTBO TIHHBI (4) W Kpacsimero mapra-
HEICOACPKAIIET0 KOMIOHECHTA (B) COOTBETCTBEHHO
Jutst osiHOTeoro kuprnuia: A = 4,44 xru B=335r,
U myctoTenoro kupraya: 4 = 3,65 kxru B=275r.

Boisoasl

C wucmoab30BaHHEM  pa3paboTaAaHHOrO METOAA
pacuera Ha MPHUMEPE ABYXKOMIIOHCHTHOH IIMXTHI
VCTaHOBJICHO, YTO Ha (JOPMHUPOBAHUC OXHOH rpaHy-
Jbl CPEIHEB3BCIICHHOTO pasMepa 2,5 MM HeoDXo-
gumo 0,0219 r rmuancToro ceipes u 0,0017 r map-
TaHCLCOACPKAINUX TEXHOTCHHBIX 0TX0x0B. Onrtu-
MaJIBHOE KONHYCCTBO MAPraHUCBOH MBIIM ra3o-
OYUCTKH JUI TOJNYUCHHS JCKOPATUBHOTO KEpaMu-
YECKOTO KHUPIUYA KAPKACHO-OKPAIICHHOH CTPYKTY-
pst n3 riuael Jleanack-Ky3uerkoit MecTopokaeHus
coctasysieT 7 % oT Maccel muxThl. bes yuera cBs-
3VIOIIETO YCTAHOBIEH PAcXOJ 3THUX CBHIPHEBBIX KOM-
MOHCHTOB TS U3rOTOBJICHUS JCKOPATUBHOTO Kepa-
mMuueckoro kupruda popmara 1HO (250 x 120 x
65 MM) ¢ YYCTOM ILIOTHOM YMAKOBKH TPaHYTHPO-
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BAaHHOTO Tpecc-mopomka. g momHOTEa0TO KHp-
nuua HeoOxoaumo 4,44 xr raunsl U 335 © mapras-
LICBBIX OTXOMOB, IS MYCTOTCIIOTO KHPOHYIA ¢ CCM-
HAIUATBI0 CKBO3HBIMH LTHHIPUICCKUMU OTBCP-
CTHSIMH COOTBETCTBEHHO 3,65 Kr 1 275 1.

PazpaGoraHHbpIii MATEMATHYCCKUN METO]| pacue-
Ta COCTaBa IIUXTHI MO3BOJLICT C JOCTATOYHOM TOU-
HOCTBIO BBIYHCIIATH KOMWYCCTBO CHIPHCBBIX MATC-
pHANOB, HCOOXOAMMBIX IS TOIYICHUS KCPAMUKH
MaTPUYHOU CTPYKTYPBI ¢ TPEOYEMBIMU ACKOPATHB-
HBIMH U PU3UKO-MEXAaHHUCCKUMHU CBOWCTBAMHU.

IMoay4ucHHBIC COCTABBI MPAHYTHPOBAHHBIX IMAXT
ObUTH anpOOHPOBAaHEl B JA0OPATOPHH CTPOUTEIb-
HeIX MarepuanoB CHOMPCKOTO ToCyAapCcTBCHHOTO
WHIYCTPUAIBFHOTO VHHUBCPCUTCTA W JATH XOPOIIHC
pesyapTaTel o okpacke. Kepamwuueckue oOpasipl
MMCITH KOPUYHCBHIN LBET. B mampHEHmeMm mianu-
PYETCS TPOBCACHUC OIBITHO-TIPOMBIIIICHHBIX HC-
OBITAHUH.

BUBJIHOTPA®UUYECKHN CTUCOK

1. Ilyxapenko HO.B., Craposepos B.Jl., I'epacu-
MeHKO A A. [loBbicHHe Oe30MacHOCTH U Ka-
YEeCTBA CTPOHUTENBHEIX MAaTePUATOB HA OCHOBE
OLICHKU OIBITA M JACTOBOU PEMYyTALMU MPEA-
npusitus // Crpoutenebie Matepuansl. 2019.
Ne5.C.3-8.

2. SAuenko H.JI., 3yoexun A I1. Hayunbie 0CHOBBI
WHHOBALIMOHHBIX TEXHOJIOTMH KEPaMHYICCKOTO
KHUPIHYA U YIPABICHUC €r0 CBOWCTBAMH B 3a-
BHCUMOCTH OT XHMHKO-MHHEPAIOTHYECCKOTO
cocrasa Ceipbst // CTPOUTCIBHBIC MATCPHAIIHI.
2014. Ne 4. C. 28 -31.

3. Uymauenko H.I'., Kopenskosa E.A. [Ipompr-
JICHHBIC OTXOJbl — MEPCIICKTHBHOE CHIPHE AT
MPOU3BOACTBA CTPOUTCIBHBIX MAaTepuajioB //
[IpomBIIICHHOE M TPAKAAHCKOE CTPOUTEIIb-
ctBO. 2014. No 3. C. 20 - 24.

4. Pacckazos B.®., Ammvapun I'' /1., Jluaza A H.
[Tpon3BOACTBO CTPOUTENBHEIX MATCPHANOB C
KCIIOJIb30BAHUEM TEXHOTCHHBIX OTXOA0B //
Crexno u kepamuxka. 2009. Ne 1. C. 5-9.

5. UYepnbimos E.M. K npoGneme pazsurus uccre-
JOBaHUU U Pa3paboTOK B 0OIaCTH MaTEepHAIO-
BCACHUS M BBICOKHX CTPOWTEIBHBEIX TEXHOJO-
THHA: OCHOBHBIC aKICHTHI. — B kH.: JlocTkeHUA
U npoOIEMBI MATCPHATOBEICHUSA U MOACPHH3a-
UM CTPOWUTEIBHOW HWHAYCTpHH. Marepuasl
XV Akan. uren. PAACH — Mexa. Hayd.-TexH.
koud. T. 1. — Kazans: Kasl'ACY, 2010. C. 8, 9.

6. ®denopxun C ., Makaposa E.C., bparkosckuii P.B.
YTunuzanus JUCIEPCHBIX OTXOAOB MPOH3BO-
CTBA B CTPOUTCIBHBIC MATCPUATBI MATPHIHOU
CTPYKTYpHL. — B kH.: CTPOUTENBCTBO U TEXHO-
reHHas OesomacHocTh. CO6. Hay4u. Tp. Beim. 32.
— Cumdeponons: HAIIKC, 2010. C. 70 -74.

-41 -

7.

10.

11.

12.

13.

14.

15.

16.

Bepemarua B.U., Mlunsiuna A Jl., Cenusa-
HoB [O.B. MogenupoBaHue CTPYKTYPE U
OLCHKA MPOYHOCTH CTPOUTCIIBHOH KCPaMUKH
u3 rpybozepuucteix mace // CTpouteabHbIC
marepuajnl. 2007. Ne 6. C. 65 — 68.
Cronboymkua A Y0., Aker JIB., ®omuna O.A
CeipomsicoB B.A. M3meHeHNE MHTCHCHUBHOCTH
OKpaCKHU ACKOPATUBHBIX KCPaAMHUYUICCKUX MAaTC-
puanoB MaTtpuuHOUW CTpykTypel // Tpynst
HI'ACY. 2017. T. 20. Ne 2 (65). C. 92 — 102.
Cronboymkun A 0., ®omuna O A, Axcr /1 B.
u ap. [Tonyaenne nekopaTnBHOM CTEHOBOM Ke-
PaMUKH U3 TJIUHUCTOI'O CBIPBA U OTXOAOB I0-
ObIun MapraHueBeiX pyJ // CTpoUTENbHEIE Ma-
tepuaisl. 2016. Ne 12. C. 38 — 44,

Axkcr I B., Cronboymkun A.K). Kapkacho-
OKpALICHHAs CTPYKTYpa ACKOPATHBHOTO KEpa-
MHYCCKOTO KHPIHYA C MapraHCLCOACPIKALIH-
mu otxozamu. — B ku.: Kagecrso. Texnomo-
run. WMupoBammun. Mar-ner  Beepoccniickoi
HAYHO-TIPAKT. KOH(} C MEKAYHAP. YIACTHEM. —
Hosocubupck: HI'ACY (Cuberpun), 2019,
C.109-114.

Butensky M., Human D. Rotary drum granula-
tion: an experimental study of the factors af-
fecting granule size // Industrial & Engineering
Chemistry Fundamentals. 1971. Vol. 10. No. 2.
P.212-219.

Haymoe M.M., Hoxparsa KA. Cnopasounuk
0 MOPOU3BOACTBY CTPOUTEIBHOM KEPAMUKH.
T. 3. CreHOBas 1 KpoBebHAA KepaMuKa. — M.:
T'occrpotimsaar, 1962. — 699 c.

HOmkesma M.O., Porosoit M.M. TexHomorus
kepamukn. — M.: Kaura mo Tpebosanmro,
2012. - 348 c.

Kopones JLB., Jlymanos A1, [lpugatko FO.M.
ITmorHag YHAKOBKA MOJIUAUCIICPCHBIX YACTUL] B
KOMITO3UTHBIX CTPOUTCIBHBIX Marepuanax //
CoBpeMeHHEIE TPOOIEMBI HAYKU B 00pa3oBa-
aust. 2007. Ne 6. C. 109 - 114.

Aste T., Saadstfar M., Sakellariou A., Senden T.
Investigating the geometrical structure of dis-
ordered sphere packaging // Physica A. 2004.
Vol. 339. P. 16 — 23.

Torquato S., Stillinger F.H. Multiplicity of
generation, selection, and classification proce-
dure for jammed hard particle // Physical Re-
view Letters. 2000. Vol. 84. P. 2064 — 2067.

©2020 . J[.B. Axem, A FO. Cmonboyutkun
IMoctymuna B pegakuuto 7 centsiops 2020 r.



HanHnomepom paboTtanu

Temnsaues M.B., erasnwiii peoaxmop
Hosuuuxun A.B., omsemcmeennuiii cekpemapo
bawenko JLIL., seoywyuii peoaxkmop
3anonbsckas E.M., éeoywuii peoakmop
Kucenesa H.H., seoywuii peoaxmop
Temnanuesa E.H., sepcmxa

Onenpapenko E.B., meneoowcep no pabome ¢ xiuenmamu



