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Humencuenoe pazeumue a0OumuHvIX MeXHONO2UT € YeI0M pioe OMpAacieli NPOMbIULIEHHOCU 8bI36d-
JI0 He0OXOOUMOCHb peanu3ayuy HOOOOHBIX NPOeKmos 6 cmpoumenvcmee. Ha pvinke cmpoumensnoil mexmu-
KU WUPOKO PEXIAMUPYIOMCSL YCMAHO6KY OJisl NPOU3EOOCHEA CHPOUMENbHBIX PADOM U U320MOGNEHUS Yel020
paoa cmpoumenvHuix uszoeauti. Cnedyem OmMmemumb, YMO 6 HACHMOSUjEe 6peMs 60 MHOSUX HAYYHO-
UCCTCO0BAMENBCKUX YEHMPAX 8e0EMC YeNblli KOMIIEKe padom no ompadomxe OnmuMaibHbIX COCHAG08
CHPOUMENLHOT CMECH, CMECUMENbH020 U opmyloweeo 0b0pyoosanis, cpeocms aemoMamuKy 1 ynpaeie-
HUsl OJsl NOJVYEHUs] CIPOUMETbHBIX MPEXMepHbIXx Mooeneli. HM3eecmuo, 4mo 6 cMediCHbIX Ompaciax npo-
MBIUTCHHOCIUY, MAKUX KAK MEOUYUHA, NPOUIBOOCHIBO KOMNBLIOMEPHO20 000PYO0SaAHUs, HAKONIEH HeKOmO-
Ppbill OnvIm, KOMOPHILl MOJICEem DbIMb UCNONB306AH 8 AOOUMUGHBIX MEXHONO2USIX CIMPOUMENbHOS0 NPOUIEO0-
cmea. AHanus u Kpumuueckas OYeHKa CYUecmeyIouux UHCMPYMeHmMO8 6 CMEIHCHBIX OMPACTAX MOJCEHm CY-
U eCMBeHHO COKPAMUMb 00bEM 1 8PeMs HAYUHBIX UCCACO08AHUT NO BHEOPEHUIO AOOUMUBHBIX MEXHONOZUTL 6

cmpoumeilibcmee.

Knrwoueevie ciosa: aooumuenvie mexHoi02ul, CMpOUMENbHOE NPOU3BOOCMEO, ULHEKOGbIN HACHemd-
meiib, POPMYIOWAL 20068KA, CONIO, PEONOZUHEeCKAa MOOeb, 3PPeKMUBHAL GA3KOCD.

WHTeHCHBHOE Pa3BUTHE AXTUTHBHBIX TCXHO-
JOTHH NPHUBOANAT K TOMY, UTO CYIIECTBEHHO MEHS-
FOTCA B3TVIAABI M HA TEXHOIOTHIO M3TOTOBICHUS KaK
HEKOTOPBIX CTPOUTEIBHBIX HU3JSIHH, TaK U CTPOH-
TEIBHBIX TEXHONOTHH B nenom. Ha perake ctpon-
TEIBHON MHAYCTPUH TosBisieTes [ 1, 2 u ap.| messii
psiA NpeIOKEHUM IO CO3JAHHIO M pealH3alyu
crpoutensHelx 3D npunTepos. JlanHOe Hampasie-
HHUE B CTPOHUTEILCTBE CETOAHA HAPAIIHBACT OIIBIT
CO3JaHUS U MMPOU3BOACTBA TAKOTO 0O0PYJOBAHHS.

CreayeT OTMETUTD, YTO YacTh PabOvYUX Y3IIOB
3D npuHTEPOB, B TOM WM WHOM BHAE, HCIONb3Y-
€TCS B CMEXKHBIX OTPACIIAX MPOMBIIIIICHHOCTH. Ec-
mu 3D npuHTEp paccMaTpUBaTh KaK «IIEUATAIOIIYIO
PYKY B CTPOUTEIBCTBE», AN YIOOCTBA HA30BEM
takoe yctpoiictBo — PERST, To oHO B 00mem ciy-
Yae COCTOUT M3 HECKOJBKUX OCHOBHBIX V3J0B H CH-
CTEM: pama; y3el MPUTOTOBJICHHS CTPOUTEIbHOM
CMECH; CHCTEMA IOAAYH, CTPOUTEIBPHOH CMECH;
dopMyromuii  y3ex, CHCTEMa aBTOMATHYIECKOTO
VIPABICHUS U CUCTEMA HHTE/UICKTYAJIBHOTO 00ec-
neucHUs. B xauecTBe GOpPMYIOIIEro HHCTPYMEHTA,
HPEXKIE BCETO, MOXKET OBITh PACCMOTPEHO - COILIO.

1. O630p obnacreii TeXHHKH, HCHOJB3YIO-
IMX HHCTPYMEHT — COILIO.

Comnno - kaHaI NEPEMEHHOTO MOMEPEUHOTO CE-
YCHHS, NPCIHA3HAYCHHBIA NI PA3eOHA IICUOKO-
cmeti Uy 2a306 10 ONPEACIEHHON CKOPOCTH U MPH-
JaHusg TOTOKY Tpebyemoro HampasieHus |[3].
IIpuHOMn melicTBUS COIUIa OCHOBAH HA HEMIPEPHIB-
HOM VBEJIHYCHUH CKOPOCTH KHUAKOCTH HIH Ta3a B
HaIPaBJICHUH TEYCHHSA OT BXOAHOTO A0 BBIXOJHOTO

ceucHust. [l oOeCnieUeHUs TCUCHUS JKUAKOCTH (ra-
3a) HeOOXOAMM TMepena AaBICHIS C PEBHIIICHUEM
€ro Ha BXOJHOM CCUCHHH.

B wactHOM cnywae, comio mpeacTaBILeT CO-
00l KaHaN, CY)KCHHBIH B CCPEAHHE.

OTnuuuTeabHOH OCOGCHHOCTBIO COIIA SBILA-
CTCS: HA3HAYCHHUC (/1S Pa3roHa JKUIKOCTH, ra30B U
raso-teépaoi cmecu); dopma KaHama (CHCHUATB-
setii mpoduib, comwto JlaBams, comno Bewtypwm);
PE3KOC M3MCHCHHUC IO JUIMHE COILIA CKOPOCTH IMO-
ToKa (V) 1 gaBacHuUs (p).

1.1. Comuno Jlasans — razoBelii kaHaia ocoboro
mpoduiIst, PA3TOHSIOIIMN TPOXOMAIIHH MO HEMY
Ta30BBIM MOTOK J0 CBEPX3BYKOBBIX CKOPOCTEH, pHUC.
1.

Hu omHO W3 KOHCTPYKTHBHBIX OCOOCHHOCTCH
corria JlaBans ucnons3osats B cucteMe [IEPCT wHe
HMCCT CMBICTIA, TaK KaK B ,Z[aHHOI\/'I CHUCTCMC
OCCKOHCYHO MaJIbIe CKOPOCTH ABMKCHUSI MOTOKA B
CpaBHCHHH CO CKOpocTssmMu B comte Jlasams.
OnaHako, XapakTep MOBSACHUS AABICHUS B JHOOOM
Buge ¢Gopmyromero 3seHa cucrembr  [IEPCT
JAOJKCH YUUTBIBATHCA. 3aKOHOMCpHOCTb CHIZKCHUA
AaBJICHUA OT BXOAHOTO CCUCHUA K BBIXOJHOMY —
coXpaHseTcsi B J0OOM (PopMyIOLIeM VCTPOWCTBE
MPOXOIHOTO THIA.

1.2. Conmo Bentypu — corio, puc. 2, KOTopoe
COCTOHUT U3 BXO,HHOﬁ JacTH, TOPJOBUHDBI, U BbIXOd-
HOU 4YacTH B BHIAE pacxodsiiuerocs konyca, 1uddy-
3opa. Koncrpykuums comia MCA 1932 pernamenTu-

I'oCT8586.3-2005(MCO  5167-3:2003),
puc. 3.

&9



Becmuux BI'TY um. B.I'. Illyxosa

2017, Ne5

A

P=1

M=1

Hanpaanenwe

noToka
3
«
o
&
$
o |
5

3

[=]
o[ 7
3
o

d=< 203 d>2D3
a 6

Puc. 2. Comna Benrypu
1 — yxopoueHHOE cotro BeHTypu;
2 — HEYKOPOUYEHHOE cOILIo BeHTypH

UYacTp coruta, pacmonoKeHHas B TPyOe, SBIA-
cerca kpyrimoi. Commo COCTOMT W3 CYKAIOMICHCS
CCKLUH C 3aKPYIVICHHBIM MPOoQHIeM U LIHHAPH-
YECKOU FOPJIOBUHBL.

1.3. KoHcTpykuuu comjia JJisi MeCKOCTPYIii-
HOH yCTAHOBKH.

IMeckocTpyitHas oOpaboTKa MaTepPHAIOB MPSA-
cTaBaseT coOOH LEMyK OTpacip Mo 00paboTke,
BOCCTaHOBJICHUIO, MPOAJICHUIO CPOKa CIYKOY pas-
JUYHBIX W3ACTUNA M MarcpuajioB. IleckocTpyiHHOM
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Puc. 3. Commo MCA 1932

00paloTKE MOABEPralOT TAKUEC MATCPUANBI KAK ME-
TaN1, ACPEBO, KEPAMHUUCCKUAEC MATCPHATIbl U MHOTHE
apyrue. Cpean 0OBEKTOB MECKOCTPYHHOM 00paboT-
KH. JHHINA CYAOB, TPYOOIPOBOIbI, LIICTEPHEI U ME-
TAIMYECKUE EMKOCTH, KHUPIHYHBIC KIAAKH CTCH,
JEPEBSIHHBIC KOHCTPYKIUU 30AHUN U COOPYKECHUI.

PaccMoTpuM KOHCTPYKIIMM OTIACTBHBIX TPEA-
CTAaBUTCICH TAaKUX COMEN [35], KOTOPHIC SBISFOTCS
PacXoIHBIM MaTCPHATIOM.
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Puc. 4. Comta BLVW-6 (9,5 MmM). Marepuan
Kap6ug 6opa. Pecype (1) — 1000

Puc. 6. Mucrpymentsr OO0 «['pynna Kommannii
«TexnoCrennCuaby»

Puc. 8. Comura Benrypu u3 xapouja oisdppama cepun MTC.
Cpoxk cay k0bl — J10 400 gacoB; 060JI0UKa — aTIOMAHUIL,
pe3bba — 50 MM, BXOoJHOH AuaMerp — 25 MM. Jluamerp

u JumHa comia, MM: 5.0x80; 6.5x80; 8.0x&80; 9.5x8&0;
11.0x80; 12.5 x80

B KOMIUIEKT HWHCTPYMEHTOB MECKOCTPYHHBIX
YCTAHOBOK BXOJAT TAKKE COIUIOACPIKATS/IM U Kpa-
OOBBIC CLICTIICHHSI.

2. O630p opmyroiero 060pyaA0BaHHUS IKC-
TPY3HOHHBIX MAILIHH

ITpon3BoACTBO MONMMEPHBIX MaTEPHATIOB IIO-
JAVYIUIO IMHAPOKOS PACIPOCTPAHCHUE B OTCUCCTBCH-
HOM u 3apyOekHON mpoMbiiIeHHOCTH. (CHOBBI
TCOPUH SKCTPY3UOHHBIX MPOLIESCCOB OBLIH 3aI0XKE-
HEI B icpeoit uetBepTtu 20 Beka. Teopuro skcTpy3u-
OHHBIX MMPOLECCOB (OPMHUPOBATH TAKUEC YUEHBIC,

Puc. 5. BS435-8 (12,5 Mmm). Marepuan
Kap6ug 6opa. Pecype (1) — 1000

Puc. 7. Comuta Benrypu u3 xapouia Boiab(ppama
cepuu CTC
Cpoxk cay k05! - 10 400 gacoB; 000104IKa —
ATIOMUHMIM; pe3bba — 50 MM BxoiHol auamerp —
32 MM. JluameTp U AnuHa cotuia, MM: 6.5x130;
8.0x150; 9.5x170; 11.0x200; 12.5x210.

Puc. 9. Coruta juist Tpy OHo#t ounctku cepuu PTC
360° u3 kapbuaa BombppamMa, CpoK CIIyKOH — J10
400 gacoB, o0o0uKa — aTroMuHni. Pesnba —
50 mm. Bxoguo#t iuamerp — 32 MM, Jluamerp u
aauHa commta: 8.0x75 MM

kak: J.Il. bepuxapa, M. Peitnep, B. @umumnod u
JpyTHE.

JKeTpy3us - MeTo  GOPMOBAHUSA B BKCTPYICPE
naenuil umu nonypadpHKkaToB HEOTrPAHUYCHHOMN
JAJIUHBI ITPOAABIUBAHUCM PACILIABA IMMOJIUMEPA UCPC3
(OPMYIOIIYIO TOJIOBKY ¢ KaHAJIaMU HEOOXOIUMOTO
mpodust [14]. as 3TOro MCHOMB3VIOT IMTHEKOBBIS
HJIU YEPBAYHBIC SKCTPYACPHL.

HauGosee opocThiM SIBASETCS OIHOIIHEKOBBIH
skcTpyaep Oe3 3onbl Acrazauuu (puc. 10). OcHos-
HBIMH 3JICMCHTAMH SKCTPYACPA SIBISIFOTCS 000rpe-
BacMBbIi LIWIMHIP, MHEK (C OXJIAKACHUCM UH 0¢3
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HETO), CETKH, pa3MEMacMble Ha pemetke, u ¢op-
MyIoInas roioska. B zaBucuMocT ot npupoas! mo-
JAMMEPa, TEXHOIOTHUCCKUX PEKHMOB MEPEpabOTKH

MPUMEHSIOTCS IMHCKH Pa3Mu4HOr0 Mpoduisi, B
YACTHOCTH C Pa3IHYHBIM XapaKkTepoOM H3MEHCHUS
ryOHHBI h HApe3KH Mo ATHHE ITHEKA.
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Puc. 10. Cxema oaHOIMHEKOBOrO dKeTpyAepa: 1 — OyHKep; 2 — IHEK; 3 — MUIUHJP; 4 — TOIOCTh JIIs ITUPKY ISITAR
BOJIEI, 5 — HarpeBaTelh, 6 — pereTka ¢ ceTkaMu, 7 — dopmMyrormas ronoBka; 1, 11, [T — TexHoxormueckne 30HH [5]

B 3aBrcuMOCTH OT BHAA BBIMYCKAEMOTO H3IC-
J¥S IPUMEHSIOT THOO KOPOTKO-, THOO JIIMHHOLIHE-
KOBBIC MAIIUHBIL, T. €. C MAJIBIM WIH OOJBIIUM OT-
HomeHnneM anusabl L x mguametpy D mmeka (L/D).
3uaucuust D u L/D gBastoTCs OCHOBHBIMH XapakTe-
PUCTHKAMH OJHOIIHCKOBOTO OSKCTpyacpa. llapa-
METPUUCCKUH PsIJ OTCUCCTBEHHBIX OKCTPYICPOB
MOCTPOCH mo auameTpam mHeka: D = 20; 32; 45;
63; 90; 125; 160; 200; 250; 320 mMm. B HauMeHOBa-
HUHM TUHIOpasMepa mpecca vkaseiearores D u L/D.
Hammpumep, UI1-45x20 oznagaer crenyromee: YlI-
yepBsuHbi mpecc, D = 45 mm, L/D =20.

Hecmotps Ha mpoctoty cxembl (opmyromen
rojoBku Ha puc. 10, B mpakTHKE MPOSKTUPOBAHNA U
CO3JaHUs FKCTPYACPOB, AAHHBIH y3€il IPEACTABIIET
coO0H CI0KHOE TEXHHYECKOE PEHICHHE WU HOCHT
V3KHAH, CIICIIHATH3NPOBaHHBIM Xapakrtep. OxHako,
IIHEKOBAs YacTh IKCTPYAEpa MPEACTABIAECT COOOH
V3€N, YHHBEPCATbHBIA I MHOTHMX MAIOUH W €ro
PacCMOTPEHHE MOXKET OBITh MOJC3HBIM AN CHUCTE-
mbl PERST.

BaxHol 0COOCHHOCTBIO DKCTPYIACPOB SBIACT-
€5 3aBUCHMOCTH TPOU3BOANTEIBHOCTH ITHEKOBOH U
dopMmyrOmed YacTH OT [JAaBJICHHUS MPECCOBAHUS,
puc. 11.
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[MpoussogureapHOCTD, Q, M'/C

Hasnenue, P, MIla

Puc. 11. Onpenenenne gpakruaeckoit mpousBoAUTENHOCTH (Qg) 1 JaBieHus (Py)
o xapakTepucTukaM 1mHeka (1) u gpopmyromett ronoBku (2) [7]

W3 puc. 11 BugHO, UTO C POCTOM MABICHUS

MPOU3BOAUTCILHOCTE TONOBKH PacTET, a MPOU3BO-

JATCITBHOCTh IDHCKOB — mamacT. [Ipmuaém, maek 1

MOJBEPKECH MCHBIICMY BJIMSHHUIO JABJICHHS, HYEM
IITHEK 2.

W3 mpuseacHHONW uHHOGOPMAIMHU BHIAHO, YTO
(dopMyOIIAs YaCTh SKCTPYACPA HE MOKET CIIYKUTh
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aHaOroM  MOCTPOcHUs  (QOpPMYIOIIEH  4acTH
cuctembl PERST. Oxnako, BOpocCh!, OTHOCAIITHECS
K  [IHCKOBOMY  HATHCTATCII0, TakKHE  Kak
COOTHOIICHHE ANAMETPA U AJHHBI, U3MCHCHHUE IIara
U ryOHHBI KaHaIa MO JJIMHE U Ap., B IOTHOH Mepe
MOTYT VYHTBIBATBCSl MPH PaspaboOTKe IITHEKOBOMH
ygacTtH cuctemsl PERST.

3. AHajqu3 000pPYAOBAHHSI KEPAMHYECKOrO
NPOH3BOACTBA

Kak mnokaseiBaecT anamu3 oOOpyIOBaHHUS A
crpoutensHeIX 3D MpUHTEPOB, B KOHCTPYKIMH T10-
JAIOIIETO MaTepral MEXaHH3Ma, KaK MMPABHIO, IPH-
CYTCTBYET IIHCKOBHIH H dopMyromui pabouunii op-
raH. [Ipuuém, popMyromuii MEXaHH3M COCTOHT H3
KOpITyCa, BHYTPH KOTOPOT'O HAXOAUTCS KaHAT Teue-
HUS cTpouTeabHOro Marepuaia. Ilostomy, HamGo-
Jce OMU3KUMH MO KOHCTPYKTHBHBIM IIPH3HAKAM,
Ui co3AaHus pabovero oOOpyIOBaHUS CHCTCMBI

PERST MoryT gBIATHCS aHAIOTH M3 KEPAMHUECKO-
r'0 TIPOM3BOICTBA.

3.1 IITHckoOBBIN HATHETATCTID

IITHeKOBBIM HarHeTaTENh — JOBOJIBHO Pacmpo-
CTpaHEHHBIA M HM3VUCHHBIH MexaHu3M. CyiecTBy-
0T OJHOIITHEKOBBIE M ABYXINHEKOBBIC HArHETATEIIH,
C TOCTOSIHHBIM M TIEPEMEHHBIM IaroM BHHTOBOM
MOBEPXHOCTH, C MOCTOSHHBIM H IEPEMCHHBIM 00b-
¢MOM MEKBHUTKOBOTO TpocTpaHcTBa. OgHaKo, mpu
0O0JIBIIOM PA3HOOOPA3UHM KOHCTPYKIUH IIHEKA ClIC-
OyeT oOpaTuTh BHUMAaHHE HA COOTHOIUICHHE BETH-
YUHBI [TPOTHBOJABICHH HAa YYacTKE TPAaHCIIOPTH-
POBaHMIA, PACIIONOKEHHOM 32 ITHEKOM, M IPOM3BO-
JUTEITBPHOCTBIO ITHEKOBOTO HarHerarend. M3eectHo
[8, 9], uro HaubGobIICE JABICHUC B ITHCKOBOM ME-
XaHU3ME paCHOIOKEHO B IUIOCKOCTH BBIITOPHOM
(KOHEYHOI) JIOTACTH.

P P us.

"--.-...____

Puc. 12. Cxema pacnpesielieHus JaBICHUS B IITHEKOBOM MEXaHHU3ME

Ilo Bceli mauHE MIHCKA AABICHHE MPH PabOTe
mrHeka nosbimaeres ot 0 1o Pys. BeanuwmHa 3TOrO
JABJICHUS OTPCIACICTCI ¢ OAHOUW CTOPOHHI HArHE-
TaTCIBHON CIIOCOOHOCTBIO IMHEKA, T.€. Cr0 TCOMET-
PUUCCKUMH TIAPAMETPAMH, a ¢ JPYTOH CTOPOHBI —
comporuBiacHueM (popmyroreh yactu. Eciu B3aTh
TPU IIHCKA pa3HOU KOHCTpykumwu, Hanpumep LI,
III,, [IT;, TO MOXKHO MOIYINUTh TPHU PA3HBIX MPOLICC-

Q ! ®1

QQ} axT]

€a, U4TO TOCTATOYHO XOPOIIO MILTIOCTPHUPYECTCS Tpa-
(bukaMu 3aBUCHMOCTH MMPOU3BOAUTSIBHOCTH U JAB-
acHus B mexanusme, puc. 13. OueBuMAgHO, 4TO €
VBCIAMUCHUCM MPOTHBOAABICHUS TPOU3BOIUTCITb-
HOCTB ITHCKOBOT'O HAarHeTareys cHmwkactea. C apy-
roii ctopoHel, B (opmytomiein yactu @), D, O;
ITHCKOBOTO HATHCTATC/IS MPU VBCIHUCHUM JABJIC-
HUA P s, MPON3BOAUTCIBHOCTE PACTET.

-\

Puc. 13. XapakrepucTuky MHEKOBOH U hopMyIoieii 4acTi NIHEKOBOTO HarHETaTeNs

93



Becmuux BI'TY um. B.I'. Illyxosa

2017, Ne5

T xakmo#l mapel «mHek - (opmyrommast ro-
JOBKa» WMEETCT (PakTHUeCKas TMPOMZBOIAUTCITb-
HOCTb Qgarr M DAKTHIECCKOE AABNECHUE Py, KOTO-
PHIC OTIPEIACITAIOTCA TOUKOM MEPECCUCHUS X Xapak-
TECPUCTHK. BUIHO, YTO TOUKOM MEpeccUcHUs Xapak-
TECPUCTHK CHCTEMBI «IITHEK - (POPMYIOIIAs TOIOBKA»
MOKHO YIPABJIATh MOCPSACTBOM MX KOHCTPYKTHB-
HBIX TIAPAMETPOB.

Oco0biM citydacM pa0OThI THEKOBOT'O HArHe-
TATE MOXKET CTATh €O HCTIOJB30BAHUE B CHCTEME

P

a1

PERST, xkorma paccTosSHHC TPaHCIIOPTUPOBAHUS
CTPOUTEIBHOM CMECH CTAHOBHUTCA 3HAUHUTEIBHBIM,
MOpsAAKAa HECKONBKUX MeTpoB. CompoTHBICHHE B
(OopMYIOIIEH YacTH JOMONHACTCS CONPOTUBICHUEM
MOJAOIIETO MnaHra. Takue ycnmoBus paboTHI IIHE-
KOBOT'O HATHETATENsl MOTYT MPHBECTH K HEOOXOOU-
MOCTH VCTaHOBKH [JOTIOJIHUTEIBHOTO HITHEKOBOTO
HArHeTaTelnsd Ha BBIXOAE CTPOUTEIBHOM CMECH M3
nutasra, puc. 14.

L MH. [um.

l’. MParcn. .L mos.

L wm._xomy

HInexoBbIii
HATHeTATeJb
OCHOBHOMH

HInexoBbIii
HarHerareJjb
JOMOJTHHTEJIbHbIH

Puc. 14. Cxema yCTaHOBKH JIOTIOJIHUTEINHHOTO IITHEKOBOI'O HATHETATEI S

Ha pgnmunae momaum marepuana L umeeM He-
CKOJIPKO YYaCTKOB. YYACTOK IMHUTAIOIICTO IITHCKA,
YYaCTOK TPAHCIIOPTHPOBAHUS CMECH, YYACTOK KOH-
LICBOTO IMHEKA W YYACTOK (DOPMYIOIICH T'OJOBKH.
BenuunHa naBneHus, KOTOPOS Pa3BUBACT IIHEK CO-
CTaBIET Pgaer. 110 MeEpe NPOABIKEHUS CMECH K
BBIXOJHOMY OTBEPCTHIO JABJICHUE B CUCTEME CHHU-
sKaeTest. be3 KOHIEBOrO IIHCKA JABICHHUC CHIKACT-
Cst 10 MUHUHU L yarer — Oo». Tlpu HATTIIMK KOHIIEBOTO
IITHEKA OCTATOYHOS AABJICHUE P, MOKHO TIOBBICHTD
Jo Heobxoaumoro - P, KoTopoe MOXkeT cocTas-
aate 0,7...0.9 or mamboneimero gaBicHud. Takum
o0pa3oM, MOXKHO pa3aeiauTh (DYHKIHA OCHOBHOTO
IITHCKOBOI'O HACHETATEISI — HA TPAHCIIOPTUPOBAHHE,
a KOHIICBOTO — HA (POPMOBAHKE.

3.2 dopmyromas 9acTh — MPEeCccoBas roJI0BKa

IlpeccoBas 4acTh JICHTOYHOTO IIHEKOBOTO
mpecca Uit MPOU3BOACTBA KEPAMUUICSCKOTO KHPIIHYa
COCTOMT U3 MPECCOBOH TOAOBKH M MYHAIITYKA.
IIpeccoBas romoBKa UMEET KaHAI C KPYIJIBIM BXO/-
HBIM U TOPSMOYTOJABHBIM BBIXOJHBIM OTBCPCTHEM.
MyHAIITYK UMEET KaHAJ B BUAC MPHU3MBI C TPSMO-
YTOJIbHBIMH OTBEPCTHSIMU HA BXO/C U BBIXOJE.

IIpu npoekTHpOBaHUH MTPECCOBOM TOJOBKH IS
cucreMel PERST moMuMo  KOHCTPYKTHBHBEIX
MapaMeTpoB. [IMHA, COOTHOIICHHE BXOJHOU W
BBIXOAHOH miomanu, ¢popomMa 00pa3yoNuX KaHaja,
CYLICCTBCHHYIO POJIb OYICT UrpaTh BUA U CBOWCTBA
(dhopMyeMOl CTPOUTETBHON CMECH.

4. VYnpapjeHHe PeOJIOrHYeCKHMH CBOIi-
CTBaAMH CTPOHUTE/IbHBIX cMeceit AJIsT CHCTEMbI
PERST

Bo Bcex OTpacidxX NPOMBINUICHHOCTH, 3aHU-
MAIOIIUXCSL TICPEPAOOTKON BI3KOYIIPYTHX, BSI3KO-
IUTACTHYHBIX, YIPYTO-IIIACTHYHBIX U BA3KO-YIIPYIO-
MIACTUYIHBIX MaTCPHUAJIOB, UCIIOJIb3YHOT MCXAHU3MBbI
JUTS ONIPEACTICHHS M YIIPABICHHS PCOIOTHICCKUMU
CBOMCTBAMH U PCOIOrHICCKUMU XapPaKTCPUCTUKAMU
nepepabarsiBacmbix Matepuanios [10, 11, 12, 13]. B
Pa3HBIX HAYYHBIX IMMKOJAX MOI'YT TIIOJb30BATbCA
PasHbBIMU PCOJTOTHUUCCKUMHU XAPAKTCPUCTUKAMH U
METOAAMH UX onpeaciacHUs. YHCIO peoIorniIeckux
XapPaAKTCPUCTUK, KOTOPBIMHU TOJB3YIOTCA CIICHHAIN-
CTHl B Pa3HBIX OTPACIIX MPOMBILLICHHOCTH OONee
aByX mecaTtkos [8]. Tloatomy, KOMHYICCTBO PEOO-
THYECKUX TApaMETPOB CTPOUTEIBHBIX CMECEH Ke-
JATCIIBHO COKpAaTuTh A0 MHUHHUMYMa U O6€CHC‘II/ITI>
CXOIUMOCTb, BOCIPOHU3BOANMOCTb  PE3YIbTATOB
WCCNICAOBAHUN W BO3MOXKHOCTh HCIONB30BATh B
pacyéte TmpH NPOCKTUPOBAHUHU Y37I0B BHOBb CO34a-
BAaCMBbIX MAllTHH.

Jag omucaHWS TOBEACHUS HBKOTOHOBCKOH
KUAKOCTHU YPABHCHUC HAIMNPAXKCHUA CABUTa OT Ipa-

AUCHTA CKOPOCTHU 3alTUChIBACTCA B BUIAC

du
T=pg, (1)
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rae T — Hampspkenue casura, Ila; u — xosddumpent

du r HUCHT
dy pax

JOUHAMHYCCKON Bsa3kocTu, Ila-c;
-1
CKOPOCTH, C .
Vpasnenne [Isenosa — bunarama, xotopoe mo-
Ka3blBAET, UYTO TEUCHME IUIACTHYCCKHUX JKHIKOCTEH
HACTYIIAeT HE Cpa3y, a TOJBKO IOCIE JOCTIDKEHUA

OnpeIeIEHHOTO 3HAYCHIS HAMIPSIKCHUS CIBUTA To.
T=Totu )

[Ipu Hampsokenun casura T < Tg 3TH BeLie-
cTBa BeAyT ce0s Kak YIPYTHE Tema.

HanpHelmee WU3y4YCHHE TUIACTHYHBIX KEPaMH-
YECKHX MAcC MOKA3alo, YTO UX MOBEICHHE NMPH AC-
dopManIX B ACHCTBUTCIBHOCTH UMECT ele Oomee
CITOJKHBIN XapaKTep, YeM 3TO CIEAYET U3 YPABHEHHUS
(2). 310 CcBA3aHO ¢ TaK HA3BIBACMBIM SIBJICHHEM
aHOMaTUH BA3KOCTH. CYIIHOCTB 3TOTO SIBJICHHUS CO-
CTOUT B TOM, UTO MOCIE JOCTWKCHHS MPEACTBHOTO
HANPSDKCHUS CIBUTA BA3KOCTh HE OCTACTCS BEIUUH-
HOH MOCTOSIHHOW, & U3MEHSETCA ¢ POCTOM I'PaJHUECH-
Ta CKOPOCTH H 3aBHCHUT, B CBOIO OYEpEAb, OT
HANPSDKCHUS COBUTa W TPagucHTa CKOPOCcTH. Biaz-
KOCTh MaTCPHAIOB, 3aBUCAINAS OT I'PAIHCHTA CKO-
POCTH M HANpPSDKCHHUS CABUTa, MOIYYHWIA HA3BAHHC
"3(peKTUBHOM BAZKOCTH" .

Peonoruueckoe ypaBHEHHE TCUCHUS IIACTHY-
HOW TJIMHBI 3aITUCHIBACTCS B BUAC

d
T=To 4y (3)

Takum o0OpazoM, Tpu ONPESACICHHH MAPAMET-
POB TITHHOOOPAOATHIBAOIIIMX MAIIHH HPUHITO [8,9]
TIOJICTABIATh 3HAYECHHS BASKOCTH [Lyg,, TIOMYYEHHBIE
B 3aBUCHMOCTH OT CKOPOCTHOIO pPe:Kuma paboThI
MAIIHUHBI, T.€. OT [PAJUCHTA CKOPOCTH.

Takas mpakTHKa HAILIA IUPOKOS MPHUMCHEHHUES
B NEpepalbOTKe IIaCTMACC MOPU PCIICHUU aHAJO-
rudHeX 3a4a4. [lomyueHHbIE TaKUM CIIOCOOOM pac-
YCTHBIC PE3Y/IBTATHL XOPOIIO COBHAJAIOT C DKCIC-
PUMCHTAIPHBIMU AAHHBIMH, U TOYHOCTH MOJYUCH-
HBIX PACUYCTHBIX YPABHCHUI B OCHOBHOM 3aBUCHT OT
TOYHOCTH OMNPSACACHUS PEONOTHUCCKUX XapaKTe-
PHUCTHK mepepadaTbiBACMON TJTHHOMACCHI.

Kak moxazamu paboter [7.8,9,15,16], mpose-
JCHHBIC MO PYKOBOACTBOM mpod., A.T.H. TypeHKO
AB., MI'CY, ¢ TOYHOCTBIO, JOCTATOUHOM I UH-
JKCHEPHBIX IEJCH, MOKET OBITh MOMyueHA HUHOOP-
Malusl O MOBSJACHUH MATEPHaIa B MPOLICCCE BHKE-
HUSI, €CJTH BOCIIOJIb30BATHCH MOHATHEM 3(hdekTus-
HOW /aHOMAaJIbHOH/ BA3KOCTH.

[Tonsatuem >(QeKTUBHON BI3KOCTH OYCHb
yAOOHO MOJB30BATHCS, TAK KAK 3TO AACT BO3MOXK-
HOCTb BMECTO 20 KpUTEPHEB, ONMHCHIBAIOIINX TIOBE-
JCHHE TIACTHYHBIX MATCPUANIOB MpHU HX achopma-
LUK, TIOJIB30BATHCS TPAKTHIECKA OTHHEM - [y,

5. MeToa nmocTpoeHHsI PEeOJIOTHYECKHX KPH-
BbIX KEPaAMHYECKHX CTPOUTELHBIX MACC B AHA-

NA30He TPAJHEHTOB CKOpPOCTeii padoThl CHCTEMBI
PERST

Haubonee mnomHO peonorudeckuie CBOHCTBA
KEPaMUYECKHUX MacC MOTYT OBITh OMHCAHBI PEOJIO-
THYCCKOH KPHUBOH TCUCHMS - TpaduKOM 3aBHCHMO-
¢t 3(pdEKTUBHON BI3KOCTH / WIH HAMPSDKCHUS
cABHTa/ OT IPaJUCHTA CKOPOCTH.

Jns 9uCIeHHOro ONMPEACICHUS PEOIOTHUECKHX
MapaMETPOB BBICOKOBSIZKHX IIACTHUCCKUX MATCPH-
anoB pa3padoTaHbl PA3TUIHbIC TPUOOPEI H METOABI.
OOBIMHO /151 3TOU LCIH MPUMCHSIOT KalWLUISIPHBIC
WIN POTALIMOHHBIC BUCKO3UMETPhl. OJHAKO B CHUITY
Creiu(HICCKUX CBONCTB ILIACTUYHBIX TWHH (op-
MYEMOW BIQXKHOCTH 3TH NPUOOPHI, KaK IMPaBHIIO,
OKa3BIBAIOTCS HEMPUTOMHBIMU ISl PEOTOTHUYCCKUX
uccnenosanuii. [lostomy Oblna paspabortana cre-
OHanbHasg METOJAUKA JJIS ONPEACICHHS PEONOTrHye-
CKHUX TOKa3aTeNcH Takux cucteM [7,8,16].

5.1 TloctpocHUE PEOTOTHUCCKUX KPHUBBIX HA
71a00pATOPHBIX CTCHAAX

[TocTpocHue peonsornueckux KpUBbIX HA 1abo-
PaTOpHBEIX CTEHJAX HMEET CMBICI U LeIb B TOM
clydac KOoraa HeoOXOAMMO MONTYYUTh HMOJTHYIO PEo-
JOTUYECKVIO KPUBYIO B LIMPOKOM JUANa30HE rpa-
JUCHTOB CKOPOCTEH HCHONb3yeMoro obopynosa-
Hust, Hanpumep, oT 0 10 4500 ¢'. B Hamewm ciyuae
OCTAaHOBUMCS Ha TPaIHCHTAX CKOPOCTEH, KOTOPBIC
MOTYT BO3HHUKATH MPU (HOPMOBAHUN HCTPESPHIBHOM
JICHTH MaTepuaia, yKiaapBacMou B m3aenue. Teo-
petudeckue uccacaosanus [8,15,16] mokazanm, uro
HW3MCHCHHUE BCIMYWHBI JABICHHS U pacxoaa odpa-
6aThIBACMOI0 MaTepHana B KOHYCHOH T'OJIOBKE JCH-
TOYHOTO Mpecca MPONOPUHOHANBHB H3MEHCHHUIO
BSI3KOCTH KCPAMHUYCCKOH MAacChl H F€OMETPHUESCKIM
napameTpam padodero KaHajma 1abopaTOPHOro
CTCHJA.

Jns JTEHTOYHOro NIHEKOBOTO Mpecca ¢ KOHH-
YeCKOH TONOBKOHM, Hacamkol, >¢QeKTHBHAA BI3-
KOCTb [y, (ITa-c) ompenensercs mo dopmyae [7.8]:

3nD3d3-AP
K¢ = Tzsqipz+parary )
rae D — muamerp xanana va Bxoge, M; d — auameTp
KaHalla Ha BbIXOAE, M; [ — JnmMHA KaHaia, M; AP —
JaBICHHE B TONOBKE HA BXoJAe B kaman, H/m*; O —
«pacxoIy» MaTepHaa Yepe3 KaHam, M/c.

I'paauenT ckopocty cocTaBIseT:
__du _ 256Q
Y =3 = amray 5)

Ha puc. 15 mpeacrasicH rpadik 3aBHCHMOCTH
BS3KOCTH OT TPaJUCHTA CKOPOCTH OECKYAHHUKOB-
CKOM M KeMOPHICKOH IJIMH B HHTEpBaIC UX GOPMO-
BOYHOU BIakHOCTH. [ paduk monyveH H3noKeHHbIM

MeToaoM. ['paduk mocTpoeH B Jorapu)MUUCCKUX
du

KOOpPAMHATAX, B KOTOPBIX 3aBUCHMOCTD Mg — o

9

HPEACTABIIIET COOOH MPAMYIO JIHHUIO.
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Martemarndeckass HHTEpIpeTanys 3TOH rpa-
(hUUeCKON 3aBHCHMOCTH OMHCHIBACTCS CTCICHHBIM
ypaBHEHHEM BHAA [7]:

oy = 11 DD (6)

Hsc xoncrantel W u ¥ - MUHEIMATBEHO BO3-
MOKHOE YHCIIO HapaMeTPOB, KOTOPEIMH MOXKHO Xa-
PaKTepU30BaTh AAHHYIO 3aBHCHMOCTb H, CICIOBA-
TEJBHO; 3TO YPaBHECHUE OIMHCHIBACT NOBCACHHUC 1A~
CTHUYHOU TJIMHBI B NMPEABAPUTEIBHO MPOCTOU Mare-
maTtrdaeckoli gopme. [Napamerp W moxeT ObiTh ner-
KO HalIcH W3 rpaduka, TaKk Kak TAaHICHC YIa
HakaoHa mpsmoii paseH (Y - 1). C apyroii cTOpoHsI,
MpPH TPAAWCHTE CKOPOCTH PAaBHOM CIUHHIIC,

du
lgd—y = 0 u KO3PPULKCHT W,0TPSACAACTCS MO OT-

o du
PE3KY, OTCEKAEMOMY MPSAMOM Ha OpJAUHATE ™ =1.

UeM BBIIIC BA3KOCTh MATEPUANA, TEM BBHILIC PACIIO-
JI0KCHA €0 IpsaMast Ha rpaduke.

¥z 3 4 sere9n [

Puc.15. 3aBucuMocTh 5 HEKTHBHOM BA3KOCTH Ly, OT
TpaJIieHTa CKOPOCTH } TIIMHOMACCH! 3alTUTHHCKOTO Me-
CTOPOX/ICHHS BIaXHOCTHIO!
1-18,75%,2—-20,2 %, 3 - 21,7 %, 4 —22,2%,

5 —23,5%, npu temneparype t = 34...35 °C.
___— KOHHMYECKas Hacajka,

_ — KJIMHOBAas Hacajka

Taxum oOpa3zoM, MyTEM CPaBHCHHS PEOJOTH-
YECKOU KPUBOM HCCAEAYEMON KEPAMHUECKOU CMECH
C PEOJOTHYECKON KPUBOM M3YUECHHONU CMECH, MOK-
HO HAa OCHOBAHUHU rpa(bm(a HC TOJBKO KAQYCCTBCHHO
OLICHUTDb ,ue(bopMaTI/IBHLIe CBOMCTBA HHTEPECYIO-
mero Hac Marcpuaia, HO, MPpUHUMAaA BO BHUMAHUC
OAHO3HAYHYIO 3aBUCUMOCTDH yCI/IJ'II/II\/'I, BO3HUKAKOIUX
B V3JIaX MITMHOOOPaOATHIBAIOIIUX MAIIIHH, OT BA3KO-
CTH MaTepHala M UX TeOMETPHUECKHX XapaKTEpH-
CTHK, IpaQuyecKy ONPEICTUTh OPUCHTHPOBOYHYIO
BCJIMYNHY OCHOBHBIX IIapaMCTPOB OSTHUX MallllH,
ABIAOMUXCA HUCXOAHBIMU IIPU UX MTPOUYHOCTHOM
pacdere.

B nanpeeiimem, koraa HaKOMHUTCS JOCTATOY-
HOC KOIIMYECTBO PCONOTMYCCKUX «KPHUBBIX TEUC-
HHUS», TUTACTHYHBIC TIIHHBI MOXKHO OYJET Kiaccu-
¢uyposars o (GOPMOBOUHBIM CBOMCTBAM B COOT-
BETCTBHH ¢ BeaUUuHON Ko3(dduimenros p; u V.
Ito cme 00jee YMPOCTHT PACUYCT ONTUMATBHBIX
MEXaHHYECCKHUX PEKUMOB PabOTH 000PYAOBAHMSL.

Hanviue wHTEnNnEeKTYansHOrO GIOKa B CHCTE-
Me PERST, MoxeT mno3BOIHTE OCYIIECTBIIATH
VIIPaBJICHUE AIAUTHBHBIM MPOLECCOM MO PEOTOTH-
YECKHUM MapamMeTpaM KaKIOH CTPOUTEIBHOU CMECH.
Taxoe ycimoBue MOXKET OBITh PEATH30BAHO B CIy4Aac,
CCITH YKA3aHHBIC PCONOTUYCCKHC MapaMeTphl MOTY-
YyaThk HEMOCPEICTBCHHO Ha (popMyromeM arperare
cuctemsl PERST.

BeiBoa. AQaUTHBHBIC TEXHOJIOTHH B CTPOH-
TENBCTBE W B MPOH3BOICTBC CTPOUTCIBHBIX H3AC-
U SABIECTCS OYPHO Pa3BUBAIOLIUMCS HAIpaBIIC-
HHEM B CTpOUTEIbHOH oTpaciu. CyImecTBVIOT OT-
JCJBHBIC BHIBI NMPOHM3BOACTB, B KOTOPBIX YIKE HC-
MOJB3YIOTCS HCKOTOPHIC PE3YNbTATHL HAYYHBEIX HC-
CIEJOBAHUM U KOHCTPVKLMH Y3JIOB U JAcTajcit ma-
LIMH, KOTOPBIC MOXKHO W HYKHO y4YECTb MPH CO31a-
HHH MAIIUH C YCIOBHBIM HA3BAHUCM «IICUATAOLIAS
pvka crpoutensHag - PERST. K Takum anemenram
cucteMel PERST MOXHO OTHECTH KOHCTPYKLIMH
COIIa TECKOCTPYWHBIX MAIIHH, KOHCTPYKIUH
HATHETATEIBbHBIX IMHEKOB, MECTOIUKH ONPEICIICHHUS
PCONOTHYCCKUX MapaMeTPOB (POPMOBOUHBEIX CMeE-
cel.

* Paboma 6vInOJIHEHd 8 PAMKAX peanu3ayuu
geoepanvroil yenesoii npocpammsl « Hcciedosanus
U paspabomxyu No NPUOPUMEMHBIM HANPAGIEHUSIM
paseumusi  HAy4HO-MEXHONOSUHECKO20 KOMNAEKCed
Poccuu na 2014 - 2020 200615, cozrauienue No
14.577.21.0193 o npedocmasnenuu cybcuouu om 27
oxmabdpa 2015 eo0a, mema: « Paspabomra pobomu-
SUPOBAHHO20 KOMMWAEKCA OJisl peanus3ayuil NOoaHO-
MACULMABHBIX AOOUMUBHBIX MEXHON02UT UHHOBA-
YUOHHBIX MAMEPUATIO8, KOMNOZUMOG, KOHCMPYKYUT
U coopyxcenutiy. VHuxauvHolli UOeHMUPUKAMOD
HHUDP REMEFI57715X0193.
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Gerasimov M.D., Gorshkov P.S., Brazhnik Y.V., Grudina V.A.
DEVELOPMENT OF PROPOSALS FOR USING VARIATION VARIANTS (SOPEL)

FOR BUILDING 3D PRINTER

The intensive development of additive technologies in a number of industries has necessitated the implemen-
tation of similar projects in construction. In the construction equipment market, installations for the produc-
tion of construction works and the manufacture of a number of construction products are widely advertised.
1t should be noted that at present a whole range of works is being carried out in many research centers for
working out the optimal compositions of the building mix, mixing and molding equipment, automation and
control means for obtaining building 3D models. It is known that in related industries such as medicine, the
production of computer equipment, some experience has been accumulated that can be used in additive
technologies of construction industry. Analysis and critical evaluation of existing tools in related industries
can significantly reduce the amount and time of research on the introduction of additive technologies in con-
struction.

Key words: additive technologies, construction production, screw supercharger, molding head, nozzle, rheo-
logical model, effective viscosity.
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