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Jla6oparopsas pabora Nel
BJIUSIHUE YIUIOTHEHUSA HA ChIPYIO NnrPOYHOCTH
U rA30INPOHUHAEMOCTD ®OPMOBOUYHLIX CM ECEH
lleas paGorbi. YCTAaHOBHTE JKCIIEPUMEHTANLHOE COOTHOIICHHE MeXy yn-

notHenueM (GOPMOBOUHOIN CMECH H €€ TPOHHOCTRIO H FA30NPOHHILAEMOCTHIO B Chi-
pPOM COCTOSTHHH.

O6umme cBeieHHs

[1pO4HOCTb M ra30NpOHHLAEMOCTb POPMOBOUHbIX cMecei OTHOCATCS K Yucy
paxHeiux paGouux CBONCTB NHTEHHBIX GOpM 1 crepxueii. [Nokasarenu NpoOYHOCTH :
§ ra30TPOHNIIAEMOCTH JIODKHBI COOTBETCTBOBATE ONPEAE/ICHHOMY YPOBHIO TpeboBsa-
uuit [1]. HecoorsercTBHe 3THM TpeGOBAHMAM MPUBOAMT K HAPYUICHHAM cTabubHO-
CTH TeXHOJIOTHYECKOTo fpoliecca, nossieHuio Gpaxa Gpopm 1 CTEePIKHEN.

Onepauus yniOTHEHHs, IIPH KOTOPOH (hopMOBOYHbBIE CMECH npuobperaioT co-
OTBETCTBYIOLIHE MPOYHOCTH W ra30NPOHULIAEMOCTD, SBIACTCH OJIHOM W3 OCHOBHBIX B
TEXHOJOFMYECKOM IMKJIE M3roToBNeHMsA (opMm. YIUIOTHEHHE OCYECTBIACTCS pas-
#00Opa3HBIMU GOPMOBOYHBIMH MAIWHAMH, & HHOIA, B CITyHac E/IMHUYHOIO NIPOH3-
BOJCTBA, MHEBMATHYECKUMH MM py4HbiMH Tpamboskamu. B npoLecce ynIoTHCHHUA
OpMOBOUHOM CMECH MPOUCXO/IHT U3MEHEHHE ee nepBoHaYNLHON CTPYKTYPBL, B Ha-
CTHOCTH, YMEHBILAETCA NMOPUCTOCTh W YBENHIHBACTCS 06BeMHBIH BEC NpUMEPHO OT
1,2 r/em3 no 1,6 — 1,8 r/em’. C yMEHBIIEHHEM MOPUCTOCTH CMECH CHHIKACTCS M raso-
[POHHIIAEMOCTh, MOITOMY 3aKOHOMEPHOCTE H3MEHEHHSA ra30NPOHHIIAEMOCTH B CBA3H
¢ YIJIOTHEHHEM, KOIMUYECTBEHHO XapaKTepH3ykowas Mpouece ¢popmoobpazoBanus,
A0IOKHA OBITH YCTAHOBIEHA JUIA KAXK/IOr0 KOHKPETHOIO ciydas npoussoscTsa. U3
JINTEPATYPSI M3BECTHO NPUOIMKEHHOE YPAaBHEHHE, CBA3BIBAOLIES razonpoHMIiae-
MOCTH W YIUIOTHEHHE:

K _(S). ()
oo v B

MITH gt
lg K, — lg K; = C(lgSz" lg Sl)s (2)

rne Ky, K — xoaddpuIMenTsl ra3onpoHniiaeMocTy rocne 1-i 1 2-ii cTeneHu yn-
JIOTHCHUSA, :
Sy, S> — COOTBETCTBEHHO CTENEHHN YIUIOTHEHUS B [IEPBOM M BTOPOM CJy4ac.

[Ipu nabopaTopHbIX MCCHEAOBAHUAX B KA9ECTBE KPUTCPUS CTCNICHH YIUIOTHE-
Hus S MOXKHO NPUHATE YKCTO yjaapoB 6abel cTaHAapTHOrO Kopa (n=1,2,3, ...n
‘pa3), T.e. ypasHenue (1) Oyaer nMeThb BHJL /1Sl CTAHAAPTHOTO MCITLITAHHA (n=3)
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Orciofia nokasarelib CTefeHH YIUIOTHAEMOCTH 110 razoNpOHHLIACMOCTH

€= —lg L. (5)

[lpu NONHOM OTCYTCTBHM BIHAHHA YNIOTHEHHA Ha razonpoHuiaeMocts Ky =
= K3. DTOoMYy 3HAYEHUIO C COOTBETCTBYET HauMeHbIas yruorHsemocts. Hanbons-
wiee 3Hauenue nokazarensi C MOXeT ObiTh HACHO TONBKO IKCIIEPUMEHTANBLHO U HE
npessinaer 1. llpumepHas 3aBHCHMOCTb NOKa3aTens C or cozepaHus FIMHUCTOMH
cocrapnsromniei (cm. Tabim. 1).

: : Tabnuua 1
BiysiHie rIUHHCTONH COCTaBISIOWIEH HA H3MEHCHHE YITOTHACMOCTH
Jlonst rAMHKCTONH cocTapasiomeH, % 0 10 20 30
(o4 0,01 0,05 0,15 0,3

Brusinue yNniOTHEHHS HA NPOYHOCTH B CHIPOM COCTOSIHUH MOXeT OBITh Bhipa-
KEHO ypaBHeHHeM, ananoruassiv (1):

d
O
I (6)
o Sl P .
min min

[1€  Omins O; — IPOYHOCTH B CHIPOM COCTOSHHM COOTBETCTBEHHO INPH MHHHAMAJILHOM
(HaYaJBHOM) U i-M YIUIOTHEHMSAX,
Prmins Pi — COOTBETCTBEHHO MUHHMAJIBHOE U I-€ JIABJICHUE YTUIOTHEHHS,
d — nokaszareJsib CTENEHH YILUIOTHAEMOCTH 1O NMPOYHOCTH.

Pacyer creneHH yIiOTHAEMOCTH d MO MPOYHOCTH B CHIPOM COCTOSIHHH AN
cmeceit cocrasa 90 % dopmosousroro necka U 10 % OGeHTOHWTA MPH BAAKHOCTH
3,25%, 4,9%, 6,5% naer cneayiomue pesynsrarsl (Tabn.2):

Tabnuna 2
Pacuer noKasaTens CTENEH) YILIOTHAEMOCTH 110 IIPOYHOCTH CMeceH
Hapaueﬂiw Cwmech ¢ coaepxanneM Biaary, %
3,25 4,9 6,5
Cpeanee 3nayenne d 0,35 0,35 0,25
Orxnounenne, % *15 +15 +20

Tlokasarens crenenu d He 0CTaeTCsl MOCTOSHHBIM, @ HECKOJIBKO CHHKAETCs NpH
NOBBILICHHH JABJEHAA YIUIOTHEHHS. MOXHO MPEANONOXHTh, YTO CBA3b MEWILY
NPOYHOCTBI) W YIIOTHAEMOCTBIO JUIS Pa3fiH4HBIX cMeced HOCHT Oosiee Heomnpene-
JICHHBIH XapakTep, yeM ypaBaeHue (6).

B npoK3BOICTBEHHBIX YCIOBUAX MEPOH CTENEHH YIUIOTHEHHS CIIy)KaT MoKasa-
Hug TBepAocTH Habusku Qopm, onpenensiembie no TepaoMepy. Ilosromy oTHome-
HUS TIOKazaTeneil nasnenus p B Gpopmyse (6) MOXKHO 3aMEHHUTH B J1JaDOPATOPHBIX MC-
cnesloBaHMsIX NoKazatensMu Teepaomepa H,,. TsepaocTs 3amepsercs Ha CTaHAApT-
HOM TMJIMHApUYeckom obpasie & 50 + 0,2 MM u Beicotoit 50 + 0,2 mm. Berpedaro-
HIMECS HA NPAKTUKE 3HAYEeHHs TBepHOCTH GopM koaebOmoTcs B HAPOKUX npenenax
(60 — 90 epunuiL).



OGopynoBanne, HHCTPYMEHT W MaTEPHAILI

Jla6opatopHbie GeryHbi, nabopatopHbiii Konep, npudop Juis ONpEeacCHIs ra-
30MPOHULIAEMOCTH B ChIPOM COCTOSHHH H ChIPOH NPOYHOCTH Ha CXKATHE, TBEPAOMED,
CcTaHAapTHBIE HAIMHAPHIECKHE CTEPKHEBBIC ALMKH, BECH! TEXHUYECKHUE, COBOK, rna-
JAIKa.

Iopsaok npoBeeHns paboThl
1. [lpuroToBuTh 4 KI (OpPMOBOYHO#H CMECH COCTABA: .

KBapuesblif ecok - 88%.
dopMOBOYHAs IIHHA - 6%.
Boja - 6%.

BeinycTHTh cMech W3 GEeryHoB Hepes JIOK B BEPO HJIH Ha METATHHECKYIO TUINTY.
7 W3 CMECH M3rOTOBHTH JUIS MCCIENOBAaHUA 4 CTAHJAPTHLIX LUMIHHAPHYECKHX 00-
pasua, yIIOTHAS X Ha KONpe OJHUM y/apoM 6abei. Ha xaxaom obpastie nocne-
JIOBATENBHO NMPOBECTH CIEAYIOUIHE UCTIBITAHNA:
a) onpejenuTs ra3onpoHHIAEMOCTE Ha npubope;
6) onpenenuTs TBEPAOMEPOM NMOBEPXHOCTHYIO TBEPAOCTE B TpeX TO4Kax, He Bhbl-
pumas obpazen w3 uununapa. [lpy onpejeneHiy TBEPAOCTH TBEPAOMEP NPHXKU-
MalOT K MOBEPXHOCTH ofpasua /0 CONpUKOCHOBCHHA ONOPHO#H NMIOCKOCTH TBEP-
Jomepa C HCTbITYeMOH nosepxHocTsio. Ha mudepbnare CHUTHIBAIOT NOKA3AHIA H
13 Tpex nokazanui GepyT cpe/tHee 3HAUCHHE.
B) BRIHYTH O0pasel| ¥3 IMIHH/IPA A TIPOH3BECTH HCNBITAHUE EI0 1 cxKaTue.
3. ITpou3secTH MCOBITAHWSA, YKA3aHHBIE B HYHKTE 2, MoCNeAoBaTEeNBHO HA YeTHIPEX
obpasuax npu 2, 3, 10 ynapax Gabp Komnpa (KONMYECTBO YIAPOB YTOHHACTCH Y

npenojasaress).
4. Pe3y/ibTaThi ONBITOB 3aHECTH B TAOAMLLY.
Ne Yucno CaoiicTsa cMecH
onuiTa | ynapos I'a30npoHHLAEMOCTD TeepaocTs TTpounocTs
6abwi obpasua, Ne obpa3sua, N obpazua, Ne
wonpa |1 [2 [3 |4 |Cpen. |1 |2 |3 |4 Cpea. |T |2 [3 |4 |Cpen.

Copaepxanune oT4eTa

1. TexHONOruYeckoe 3HaYeHHe MPOYHOCTH M raz0NpPOHUIEAEMOCTY NIPH U3NOTOB-
NIEHUH JIMTEHHBIX hOopM.

2. CraHgapTHBIE METO/bI OTPEEICHNSA IPOYHOCTH TIO-CRIPOMY H [A30TIPOHULAC
MOCTH.

3. KoMMeHTapHii B3aMMOCBSA3H ra30NpOHUIIAEMOCTH H YIIOTHEHHS, IPOYHOCTH H
yIiIoTHeHMs 110 ypaBHenusm (1) u (6).

4. lens paboThl H METO/IMKA BLINONHEHHS. ,

5. TNpusecty TabnuIy 3KCNEPUMEHTANBHBIX JAHHBIX W COCTAB WCCNIENOBAHHOH
CMECH. _

6. TIpoaHanu3MpOBATH IKCHEPUMEHTANIBHBIC JIAHHBIC B CIEYIOUIEM TOPAIKE:

e OInpejeNuTh NoKa3arTesib CTENeHH YIUIOTHACMOCTH C 1o razonponuuae-
mocTH pasienue (1)). CpaBHUTH C TUTEPATypPHBIMH NAHHBIMH (tabn.1);
6



ONPEACTUTh TOKa3aTellb CTENeHH YIIOTHSeMocTH (TBepaocTH) d o
npounocTi. CpaBHUTH ¢ pacueTHbIMH (Tabn.2) 3HaueHHAMH d,

HAHECTH J3KCIIEPHMEHTAIBHBIE IAHHBIE B BHJIE TOYEK B CIEAYIOIHX KO-
OpAMHATaX: NPOYHOCTL = f (TBEPAOCTH); ra3onpoHunaeMocts = f (Teep-
JIOCTB); rasonpoHunaemMocts = f (MPOYHOCTH); TBEPAOCTh = f (YMCHIO
YAapoB); _

YCTAHOBHUTH, UMEETCs JIM KOPPeNslMOHHAs CBA3b MEXLY MONy4eHHbIMH
jHayeHusmMu Teepaocty (H,,) 1 npoyHocty (0); Npo4HOCTH (C) U raso-
niponuu@aemoct (K); teeppoctu (H,,) u rasonponnuaemocts (K); uuc-
nom ynapos (n) u teepaoctu (Hy,), KoTopas MoXkeT ObITH ONKCaHa JIH-
HelHbIM ypasHenuem. [lig atoro paccuutaiite K03QOHUUEHT Koppesis-

nuu {2].
Jns ynobcTBa BefieHHa pac4era COCTaBHTh TabiHULLy.
Ne onbira X Y Xi Y/ XY,
¥n=N X Yy )53, T s T XY,

Xiwu Y;— IKCIICPUMCHTAJILHBIC 3HAYEHHUA TOYECK B COOTBETCTBHH C NMPUHATHIMH KOOD-

JHHaATaMH.
o

paccYuTaTh CHEAyIOl[He 3HAYEHHS BENUYHH, WCIIONB3Ys NpPHBENECHHLIS
YPaBHEHUS:

2Y;
X=Yx: Y=t
A’ N
Cpennee apudpmernueckoe: g A
2 _ =l i -2
0, = '—N—— -X
Jlucnepcus onsita: N
&2 = igyi _y-2
ot 1 4
Cpennee kBajiparuusoe: o, = ("i; ¢ = ,ci’ ;
Koppensuuonueiii  MOMEHT N
(xoBapnaims): oI !§xiy i
A
Koapdunmenr xoppensimu: ny
ro = :
Xy Gxoy .

TIPOBEPHTEH THIIOTE3y CYIECTBOBAHUA CBA3H Mexay x u y. Ecnu Beinosn-
r
HRETCH HEPABEHCTBO %—_——1 >3, TO CBSI3b MEXY HAWJACHHBLIMH B pa-

fbore BenMYMHAMMU AOCTATOYHO BCPOATHA. B stom cny4ae HeobXoIMMO

/



HAMTH ypaBHeHMS JIMHEAHON perpeccuu Y, or X u X, or Y, nenons3ys
obuiee BhipaXKeHue:

Yx—y:"-rxy%v—(x—f)’
X
x, ~E=ry =0/~
y
e MOCTPOWMTB JIHHMH PErpeccHy Ha COOTBETCTBYIOUIMX JHArPAMMAX.
KonrposibHbie BONPOCHI
|. Kakas NpO4HOCTb XKeNaTelibHa Nnpy 3anofHCHHH OIOKHM CMECHIO, NPH 3AJTUBKE
dopMbl METAILIOM? JledexTsl OTIMBOK M3-32 HEJIOCTATOYHOM NPOUHOCTH POp-
MBI. .
9. BausHue ra3onpoHALaeMocTH GOpMBI Ha Ka4eCTBO OTIMBOK.
3. B3auMOCBSi3b TPOYHOCTH M ra30NPOHUNIAEMOCTH, NPOYHOCTH ¥ TBEPAOCTH
dhopm.
CRucoK JINTEPATYPhl
1. TexHONOrMA NUTEHHOTO MPOU3BOAICTBA: JIUTHE B NECUAHBIC dopmbi: yIeOHHK

s crya. Bysos / ATLTpyxos, 10.A.Copoxun, M.IO. Epmios u Ap.; noA pea. AL
Tpyxosa. M. Uanatensckuii nentp «Axanemus», 2005. — 528 c.

2. Jleynmn W.O. JlaGopatopHblit NPaKTHKYM IO METONaM MaTeMATHYECKOro
moaenupoBanus: ydeb. nocobue / HU.0. Jleymun; Himkeropoa. roc. TexH. yH-T. =
H.Hosropoj, 2007. - 122¢.



Jlaboparopnas pabora Ne2
BJMSIHUE PEXKUMA CYHIKH HA ITPOYHOCTD CMECEH

O6umne ceeennsn

Vayduenne KauecTsa CPeAHUX M KPYMHBLIX OTJIHBOK M3 4YyryHa H CTanH
JIOCTHUrAETCH WX W3rOTOBNeHHeM B cyxux dopmax. Ha Bribop pexuma cyku 60ms-
IOC BAMSHME OKa3biBAIOT TErjiopu3uydecKie CBOHCTBA CMECEH, BHUI U KOJIWYECTBO
CBS3YIOLIMX MaTEPHANOB, CONePKaHUe Bjiaru, KOHQHUIrypailis W pa3mepbi GOpM H
creprkneit. [Tponece cyuky Bkmouaet [1] nsTe 91anoB win nepuoaos (puc. 15).
B Teuenne nepuona 1 crepxuu (GopMel) NporpesaioTcs no BcemMy 00hemy; HPOHCXO-
JMT YACTHYHOE MCTIapeHHe BAar# ¢ MoBepxHOCTH crepikHsa. B Teuenue nepnona Il
H3 CTEPXKHS YAANseTCs Bhara; UIMTENbHOCTD 3TOTO [1EPHO/IA ONPEACHSCTCSA KakK Ten-
NOPMINYECKUMHU CBOWCTBAMM CMeCeH, Tak M pasmepamu (GOpM H CTEpKHEH — HeM
TONIME CTEPKEHb, TEM DoNbluee Bpems HeOOX0AHMO /TS HCNApEeHUs BJlarn U3 ero
rnyounHpiX cnoes. CokpalileHue JUIMTENBHOCTH 3TOr0 fepHojia NpHBOJAUT K TOMY,
4TO B CepeiMHe CTEPXKHA OCTAeTCA Bjiara, a NpH MocjaeayioumeM MoBblilieHHH TeMIe-
parypst (nepuoa lII) oHa HaumHaeT MATEHCHBHO HUCTIAPATHCH U BbI3bIBAET PpacTpec-
KMBaHME [OBEPXHOCTHBIX cnoes. Ilocne yaanenus Baard w3 obbema CTepxHA Mo~
CHIC/AHMI HArpeBaroT 10 TeMMepaTypsl, P KOTOPOH IMPOUCXOAMT OTBEPIKIACHHE CB3-
3YIOLIEro MaTepuasa. 3HaueHHe dTOH TeMIepaTyphbl 3aBHCHT OT BHA CBA3YIOLICTO
Marepuasia.

PekomeHnjlyembie pexuMbl CYIIKH CTepXHel ¢ pa3fiM4yHbIMH CBA3YIOLIHUMH
npuBeaeHbl B Tabu. 1.

[Nponomxurensuocts nepuoaa [V gomkHa GeITh Tako#, 4ToOBI LEHTpalbHAd
YacTh CTePIKHA [IPOTPeNach J0 TemMnepaTypbl, HEOOXOAUMON JJIs OTBEPKIEHUA CBA-
3yroniero marepuana. [lossilienue pekoMeHayeMo# U JaHHOTO CBA3YIOLIEro Ma-
Tepuana TeMrepaTypbl CYUIKK ¢ [e/Ibl0 YCKOPEHHUsA NMpOoLEcca NPUBOAHT K PE3KOMY
CHIKEHHMIO MTOBEPXHOCTHOI MPOYHOCTH cTepikHs. 3a nepuox V. crepxens (popmy)
OXJIaXKAAI0T C HU3KOH CKOPOCTBIO B LIENsIX YCTPAHEHMsI BEPOATHOCTH 0Opa3oBaHHs
MOBEPXHOCTHAIX TPEILKH. |

1051102k
I r ml ¥ |F
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Puc.1. Pexcum cywuku Gopm v crepiHei

M3Bnekarth CTEPXKHU M3 CYLIMIIBHOrO arperata HeoOXoAuMO fpu TeMreparype
OJI3KOI K HOpMaNbHOH, BO U30eKaHHE MOTMOUICHHA CTEPIKHEM BArd U3 OKpYXKaro-
wied armocgepni.

Orpepxienne 00paslos MNPOBOIAT HO PEKUMY, MNPEAYCMOTPEHHOMY Hopma-
THBHO-TEXHUHECKON JOKYMEHTAUMeH Ha KOHKPETHbIE CBA3YIOWME MaTepHaibl U CMe-
cu. Jlna onpeneneHus NpOYHOCTH NPH PaCTIKEHUH CTEPIKHEBBIX CMECEil, OTBEpKiae-
MBIX B rOpsiyeil ocHacTke, 06pasiisl rOTOBAT B IOOTPETOM /10 3a/laHHOM TeMIIepaTyphl
CTEPIKHEBOM situMKe. YTIOTHeHHS CMeCeH peKOMEeHyeTcs NMPOBOAUTE HA MECKOAYB-

]



HOM crenze. OTBEPXK/IEHUE OCYIIECTBAAOT M0 PEKHUMAM, PEKOMEH/IYEMbIM JUTR KOH-

KPETHBIX CBA3YIOUIMX MaTepHalos. .
. Tabnuna |

Peumbl CYLIKH CTEPKHEH . N

Ceazyouee Temneparypa [1POAOIKUTENBHOCTL CYLIKM, ', HPH TONHHC

CYLIKH, A CTCPHKHA, MM b

Jo 100 100-200 | bonee 200 |

Opranuieckoe 160 - 240 0,75-1.5 pESe=3 ) 30-70 |

Inuna ~ 300 - 350 1,0-20 2,0-5,0 50-240 |

XKuaxoe crekno 200 - 250 0,75-1.0 1.0-2.0 20-50 |
TepMmopeakTnBHan 300-350 0.3 -0.75 0,75-15 -

cMOa Y i |

lpounocTs cvecu npu pacTskenun. [lpeaen NpouHOCTH CMECH TIpk pac
TSOKCHHH ONPEAEMOT Ha CyXux obpa3zuax, HMEOLHX tbopmy BochbMepky (puc. 2, a),
KOTOPHIC H3TOTORISIOT B CHEUNANBHOM CTCPKHEBOM ALIHMKE (puc. 2, 6). Ha nopnon /
CTABAT NONOBHHBL 2 1 3 CTEPKHEBOTO AUIMKA, HEe JIOMyCKas HX Mepekoca, 3aTeM
Ha SLUMK YCTAHABIMBAIOT BOPOHKY 4 TAKHM 0OpasoM, YToOb! HITHIPH, UMEIOLIHECS Ha
HWKHEN TNOCKOCTH BOPOHKM, BOLUIM B I'HE3A CTEPIKHCBOTO AlUKA. [lonosuHbl
SALMKA CKPETUIAIOT BUHTOM 6. Hasecky cmecH maccoii 110— 120 r nacsinaior B c00-
PaHHBI# SLIMK, 3aTeM CBOOOAHO YCTAHABIHBAIOT KOJIOAKY 5. Cmech yrIOTHAKOT Ha
CTAHAAPTHOM KOIpe TpeMs Yapamu rpysa.

0125402
.h'e
2l
. ’
o,
: i "" L i 4 s
9/ #an )
Bl a
LTI
@)
}
&= M 2
7
t J
G
2
! ‘ =1 - ‘
@ ¢
1 <00 AUR
&
Puc.2. O6pasent (¢). CTEPHEBOH SLUHK TS CIO HATOTORIEI (0)
u npubop Moa 04116 aas onpeaencHus NPOUHOCTH OOPAIIE 1 CYXOM COCTOAHNUH (6)

Eciu yIIOTHEHHE MPOBEJEHO MPAaBHIBHO, TO BEPXIN IUIOCKOCTL BOPOHKH
HAXOMTCA B NPENENax TPeX KOHTPOJIBHBIX PHCOK, HMEIOIINXCH 11 KOJI0/IKe (TIpH He-
cobmoaeHnH 3TOro yciosus obpase Gpakyior). TIoCe 91010 yiaisior KONoaKy,
OTBUHUMBAIOT BUHT 6 ¥ CHUMAIOT BOPOHKY. Crepmuencll sk ¢ obpasinom octo-
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POXKHO TMEPEHOCHT Ha CneunaibHylo noaAcTaBky ¥ pasbupaior. Obpasen Ha noj-
CTaBKe MOMEWAIOT B CYLIMIbHbIA tukad. Pexxum Cyllkd onpeaensercs BHAOM CBs-
syiouero marepuana. [lepe uenbitanneMm BbiCyLICHHBIH 00pasen oxnaxaaioT. [pe-
Jen MPOYHOCTH XONOAHO-TBEPACIOIMX CMECeH MPH PaCTKEHHH ONpPEeAeNAioT Ha Ta-
KuX e obpazuax. O6pasisl UIrOTORIAIOT CAEAYIOUMM 00pa3omM: cMeCh HaChl-

MalT B CTEPKHEBOH AWMK U YIIIOTHAIOT pyKoit. M30biToK cCMecH cpe3aroT.

Puc.3 Peruaxusiii nprbop 1U1s onpeaencHHs npejieaa NnpoYyHoCTH
ofpa3zua npy pacTsHHKEHUH B CYXOM COCTOSHHH

Tabnuna 2
ITpenen mpoUHOCTH CMECH NPU PaCTHKCHHH
. T'pamMmbs KusorpamMmbl
0 7 S 3 4 6

0 - 157 314 471 628 785 942
50 7.8 165 322 478 636 793 950
100 .. 10% 173 330 487 643 800 957
150 23.5 180 337 494 651 808 965
200 3,14 188 345 502 659 816 973
250 39.2 196 353 510 667 824 981
300 47,1 204 361 518 675 832 -
350 55,0 212 369 526 683 840 -
400 62.8 220 377 534 691 848 -
450 71.0 228 | . 385 541 698 855 -
500 78.5 233 392 549 706 863 -
550 86.3 243 | 400 557 714 871 -
600 94.1 251 408 565 722 879 -

RN 0 102,0 259 416 573 730 887 -

}___]00 1100 "1 267 424 581 738 895 -
750 118 2T 432 589 746 902 -
800 126 283 439 596 753 910 -
850 133 290 447 604 . 761 9218 -
900 141 298 455 612 769 926 =
950 149 306 463 620 777 934 -

OGopyaoBanne, HHCTPYMEHT H MaTepPHAJIbI :
JNabopatopubie GeryHsl, TEXHWYECKHE BEChl C pasHosecamu, jabopaTopHbii

KOMep, CTEPIKHEBOH AUMK, CYIMILHBIA WwKad ¢ TepMoMeTpoM, npubop s onpeae-
JNIEHUS NPeAEia NPOYHOCTH HPH PECTSHKECHAM CMECH, IMILbI, MEH3YPKH, KBapLEBbli
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NecoK, CBA3ylouue MaTepHasl, kopobku ans cmeceit. [l paboThl cliejlyeT BLIOH-
paTh CBS3YIOILME MATEpHanbl, BBICHIXAIOUWNE IPH pazIMuHbIX TEMNEpaTypax, Harph-
mep I'T®, onudy «Oxconby, Cyl bOHAHO-CIIUPTOBYIO Bapay. :
[opsiaok nposeaenus paboThbl '
PaGora paccyuTaHa Ha 4 4.

1. [puroToBHTL CMECH MO YKAa3aHHIO MPErnoaasaTeiiem (peKOMEHJLYeTCH 3a/1aBaTh CO-
CTaBb! CMeceif, COOTBETCTBYHOIME TEXHONOIMYECKHM npobam CBA3YIOMIETO MaTe-
puana). [IpofoNKUTENBHOCTH NEPEMEILIMBAHA cmecu B GeryHax 10 muH.

2. U3roToBuTh 00pasiip-BOCEMEPKH (CM. paboTy 3), U3 KaXJI0H CMECH 110 12 06-
pasloB.

3. BeicyliTs no TpH obpasua 3 Kaxoi cmecu nipu Temneparype 180, 220, 260 u
300 °C, NPOAOIKHTENBHOCT CYLIKH 1 4.

4. OxnanuTh 0Opasubl 10 HOPMATBHOH TEMNEpaTypbi H ONPEACHHTE X npeaen
NPOYHOCTH NPU PACTHKEHNUH (cm. paboty 3).

5. OueHuTb BAUSHUE PEXKUMA CYLIKH Ha MPOYHOCTH CMECEH, YCTaHOBHTh OIITH-
MaJIbHYIO TEMIIEPaTypy CYIUIKH s KaXKA0TO CBA3YIOIIETO mMaTepuana.

PesyasraThi HaG04enuil 1 BX obpaborka
Pe3ynsTarsl HaOMIOJCHHIA CBECTH B tabn. 2. 3a pe3ynsTaT UCNBITAHUS NPH-

HUMAIOT cpenHee apudMeTUYecKOe 3HAYCHHE TPEX onpenenenuii. Ecau MuHR-

MANLHOE MK MAKCHMAIBHOE 3HaYeHHUe Orpe/efieHHit OTINYACTCS OT CPEAHETO 6o-

nee yem Ha 10 %, TO HCIIBITAHUE NOBTOPAIOT.

OueHnTh TPeeN MPOUHOCTH MPH PACTAKEHHH, HAAGKHOCTD IKCTIEPUMEHTAN b~

HBIX Pe3yJNbTATOB MPH BEPOATHOCTH 0,95, a Takke abcoMOTHLIC ¥ OTHOCHTEIIBHBIC

MOTPEIIHOCTH ONpeieeHHH.

Tabanna 3
PR o TIPS, - WL, o Bt SRR  Pesynpratnl Habmoznenni

Homep | _ Temneparypa cymkH, °C ¢

L TG | SIS N 220 260 300
1 {2 ]3| Cpeanee | 1|2 3 [ Cpennee | 1|2 |3 | Cpemnee | 1|2 3 C';)cnncc
: IHAdeHHE IHAYCHHE 3HAUCHHUE 3HAYCHHE
- 8 9 A T e =
200 F e v 1 (S C ] M
e L | - BN

~ Copepmxanue 0T4eTa
Coctasbl cMecei ¥ MOPSJIOK UX NIPUTOTOBIICHH,

l.

2. PeXuM CYUIKH CTEPKHEH.

3. TTop#0K NPOBEJEHHA UCTTHITAHHH.

4. I'paduueckne 3aBUCUMOCTH Npejiena NpovHOCTH TpH pactaKeHnn oOpasues oT
TEeMIEepaTyphbl CyUKH. :

5. [TpoBecTH NEPBHYHYIO M BTOPUUHYIO MATEMATHHECKYIO obpaboTky nojy4eHHsbIX
IKCMEPUMEHTANbHBIX AaHHBIX. PesyapTaThl obpaborku npescrasuti B opme
nucTuHra BenonHenHoi paboter B MathCAD u Excel ¢ npunoxennem pyHnoro
cyera [3].

6. BeiBO/IBI.



‘:&JI\J—-

S,
6.

T

2.

3.

KonrTpoibHbie BONPOCHI
Kaxue ueian npeciieAyioT Npyu cyluke GopM U CTEPKHEA?
Ha3zoBuTe nepuosibl nponecca cyuiku GopM M CTepiHei.
Kak BimsieT Ha CBOMCTBA cMecel yMEeHbIUEHHE JIHTENILHOCTH NEpHOAOR I ull
CyUIKu?
Kakue cBoHcTBa yXyAlLATcs, €C/IM Ha3HA4YWTR TEMMEpaTrypy CYLIKH CTEPIKHEH
BBILIE ONTHMaNbHON? '
Kak MOBAMSET HA KAYECTBO CTepKHEN CHHKEHHE TeMINEpaTyphbl CYUIKu?
O7 kakux GAaKTOPOB 3ABUCUT BLIGOP peKMMa CyUWKH HOpM H cTepxHEen?
Cnucpk TuTepaTyphl
JlaGopatopHble paboThl 10 TEXHONOMHH JTHTEHHOTO NPOU3BOACTBA: yueb. nocobue
JUIS CTYJIEHTOB BY30B M0 CrieunanbHocTH «Jluteiinoe NpOH3BOACTBO HEPHBLIX M
userHbix Metamosy/ A.B. Kypmomos, A.M. Muxaiios, b.B.bayman 1 ap.; noa
obut. pea. A.B. Kypmaiomosa. — M.: MaiunnocTpoenue, 1990. — 272 ¢c.: ua.
TexHONOrUs AUTEHHOTO npon3BoAcTBa: JIuTbe B TecyaHbie GOpMbI: yueOHHK 1
y3os / A.I1.Tpyxos, H0.A.Copokun, M.IO. Epios u ap.; 0 pel. A.Tl. Tpyxosa.
M.: Usaatensckuii LeHTp «Axanemus», 2005. — 528 c. '
Jleymmn M.O. JlabopaTopHbiil NPaKTHKYM (0 METOJIaM MaTEMaTHYCCKOrO MOJIC/TH-
posauusi: yueb. nocobue / W.O. Jleywun; Hikeropoa. roc. TexXH. yH-T. —
H.Hoeropoj, 2007. - 122c.



JlaBoparopnas pabora Ne3
OINPEAEJEHUE TEIJIOAKKYMYJIMPYIOUENR CNIOCOBHOCTH
. ®OPMOBOYHBIX CMECEMN

O6mue cBeICHHA \

CtpykTypa OTIHBKH GOPMHPYETCs B MEPHOA OXJKACHUA KHIKOIO MeTajlia
B nuTeiiHON HOPME W BO MHOTOM 3aBHCHT OT CKOPOCTH OXN@KAcHMA, (CKOpOCTE
OXNAKIEHHS B 3HAYUTENBHOI Mepe ONpeAeNserTcs CnocobHOCTHIO (POPMBLI M0r7o-
1aTh TEMIOTY, OTAABaeMyIo oTIMBKO#M [1].

Crnioco6HocTh GopM H cTepXKHEH aKKyMyJIMpOBaTh TEIUIOTY, NOCTYNAIONLYIO OT
OTIMBKH, HA3BLIBAIOT TEIUIOAKKYMYJIHpPYIOWEil criocobHOCTbiO. ITa CnocobHOCThL Xa-
pakrepuzyeTcs Ko3QPHIMEHTOM aKKyMYJISALHK, ONPENEHACMBbIM TTO dbopmyne b. JL
bornanona:

L
b, = 1856 ?" 3
(:,‘p —t"¢) Ji- [,

pae Lo~ yaennuan Teiora Kpuetauimsanmuu Metania, kJDHr/kr; p — naoTHOCTH
Meramia, Kr/M's @ — ronugna oramsku, a = 0,03 Mm; 1, — Temnepatypa KpHcTa-
au3aun oTIHBKH, °C; fg —— HAMAILHA TeMIepaTypa popMbl (OKpyKatoled cpejibl),
°C; T - BpeMsi OT KOHU@A 3aJIMBKH 10 KOHLA KPHCTAUIM3ALNK METANIa, Oonpeeser-
Cs N0 TIOTEHLMOrpaMMe Kak CyMMa BPEMEHH OTBOJA TEIUIOTHI NEPErpesa U KpucTa-
nu3anuu (TeMneparypHoif OCTARHOBKH ), 4; T; — BpeMs 0TBOJIA TEIJIOTHI ITeperpesa,
Y. A

£117

i1

o — e & -

il v - — -

Puc.l. Cxema pacnonoxc'ennx TEPMOIIAp Npy OnpeacieHun
Tenaopu3InYEcKuX CBOHCTR

3navenna L u p HAXOAAT M0 CripaBOYHUKAM.

JIpyrumMu OCHOBHBIMHM BEJIHYHMHAMH, XapPaKTEPH3YIOWHWMH OCHOBHbLIEC Ten-
nopu3zuyecKkue CBOHCTBA (GOPMbI, ABARIOTCH KOIPOHUHEHTH TENIONPOBOAHO-
CTH Ay M YAECHbHOH TEMNOEMKOCTH ¢;. KoMOuHALHS UX BMECTC € NJIOTHOCTHIO
MaTepuana GopMsl 1aeT KO3PPULMEHTH aKKYMYJISALHH Telna:
b¢ = ‘/lzczpz
H TEMNEPaTypPONpPOBOAHOCTH:




CgoiicTBa (hOpPMbI ONMpeAensioTcs B YCJHOBHSAX, CXOAHBIX C peajlbHbIMH yClO-
BUAMM JIMThS, NyTEM 3aNMBKH MeTanna B GopMy H MCCIEOBaHHA €& TeMnepa-

TYPHOI'O NOJS.
"k

-

TN W Gt 0 2 W A im
Puc.2. TemnepatypHoe Noje OTINBKH H GOpMbI
npu onpencneHuu TenaoQU3InIECKHX CBOHCTE
MMokazarens crenedu napabonsl n onpepenseTcs U3 COOTHOLICHUA n =
=S/S;: S u S, — nnowanu obaacTH Hal KPHBOH W MOA KPHBOH COOTBETCTBEHHO
(cM. cxemy).
OHu onpefensioTcs MOACYETOM KJIETOYEK, €C/IH HEPTEX BbINOIHEH HA
MHUJITUMETPOBOI Oymare uiu NIaHUMETPOM.
[lpu Takom cnocobe uccienosanus [3] monydeHusie 3(ppexTHBHBIE KO-
3 PHUMEHTH ABTOMATUYECKH YYMTHIBAIOT BCe 3(pPEKThl, CBA3aHHbIE ¢ NOrio-
LieHUEeM MM BbifedeHueMm Tennotsl B ¢opme. MeToA NMO3BONAET ONPEACIUTH
TenioBsie cBolicTBa GopMel NIpH JHOGBIX TeMnepatypax. JLis 3TOro 10CTaTouHO
3a0UTh META C W3BECTHBIMU Ternao(U3HYEeCKHMH CBOWNCTBAMH H COOTBETCT-
BYIOLIEH TeMIIepaTypoi KpHCTaNIN3aLHH.
Onpenenenue TemIoQU3MIECKHX CBOHCTB (OpMOBOHHOH H CTEPHHEBOH
CMECH MOJKET OBbITh OCYIIECTBIEHO METOJAOM MNIOCKOH 16O UMAWHAPUYECKOH
OTIAHBKH. :

MeToa HNOCKOH OTIIHBKH

[pr onpeaenciuy rennodpu3nyeckux KoIGGUUUEHTOB HA TOYHOCTH H3-
MEpEeHHii BIMAIOT KOHEHHBIE Pa3’Mepbl HCMBLITYEMbIX 00pasuoB. [TosTomy TON-
LMHa OTIMBKM J0KHa GbITh He Gonee 0,1 ee mupunbl U BoicoThl. Kpome ToroO,
TepMOIapsl, ONpeeasioliie pacrnpeie/ieHne TEMIEpaTypel 10 TONUHHE thop-
Mbl, JOJKHBI HAXOAUTHCA HAMPOTHE LEHTPA OTIUBKH, NPUYEM MOCHCIHAA TEp-
Monapa Jo/kHa ObITh yjajieHa OT MOBEPXHOCTH OTJIHBKH Ha pacCTOAHHE HE
Gomee 4 ee BHLICOTH WM WUpHHEL. Hanpumep, OTIMBKA TONAWMHONA 30 MM
NOIKHA UMETH BBICOTY M miupHHy He menee 300 MM, a Tepmonaphl B popme ue-
jlecooGpa3Ho pasMecTHTh Ha paccTosnuax 2, 5, 10, 20, 35, 50 u 75 MM OT no-
BEPXHOCTH CONPUKOCHOBEHUS HOPMBI ¢ OTIUBKOH.

U3amepaTts TeMneparypy cieayeT TepMOnapaMH, paciiojl0KEeHHbIMY B
U3OTEPMHUUYECKUX MUIOCKOCTAX, T.€. B IUIOCKOCTAX, MapaulebHbIX IJOCKOCTH
MOBEPXHOCTH OTJIWBKH, TOJNUIMHA IJIEKTPOJOB HE JOJKHA NPEBLIIATH 0,5 mm.
Boliee TOACTBIE TEPMOTAPHl MCKakKAIOT TEeMIlepaTypHoe rnone (Gopmel U AaKOT
MOrpeIHOCTH B CBA3M ¢ OWMGKaM¥ M3MEpPEeHHH PAacCTOAHHH rOpAvMX Cnaes oT
oTAUBKN. Temnepatypy B OTIMBKE Cile/YeT M3MEPATh TEPMONapoH, 3alHIneH-
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HO¥ TOHKHM KBaplLEBbIM KOJINAYKOM.

[Mocne MOCTAHOBKM ONBITa HeoGxoauMo paszobpars Gopmy W TIMATENBHO
H3MEPUTh PACCTONHHE OT TEPMONap A0 OTIHBKH, TaK KakK NpH dhopmMoOBKe BO3-
MOXHO UX CMEIUIECHHE.

Pacuer ko3 puuueHToB BegeTcs no hopmynam:

b2=.-————~——Rp'q"" :
t "-gﬁ'—t
"V n+l
TAe Gup = Gnep T F + 0,5¢1 (1xp - 14).
R +1
A P (a+D)
2 b o AR
2 2n

TennonpoBOAHOCTh U TEMIIEPATypONpPOBOAHOCTE HAXONATCSE W3 COOTHO-
HICHUH:

b2
Xz—'z ;
€0,
A
02==——3—.
€P,

[TocKONbKY TEMIEPAaTYpy MeTajlla [elecoodpasHo HIMepATh OJIHO# Tep-
MOMNapoii, pacioioKeHHOH B reOMeTPHYECKOM LUEHTPE OTIMBKH, B NEPBOM TpH-
GAHIKEHUN MONHO CUHMTATH I, = Iy, I10 paccuMTaHHOH TENIONMPOBOJHOCTH ON-
pefenseTcs mepenaj TeMNepaTyphl B OTJIMBKE H JIENAETCH NONpPaBKa Ha U3Me-
HEHHEe 3HAYCHUH 1, U Iy,

Benuuuna f, N0 H3BECTHBIM n, R u X = X, (u3 onsita) onpejenseTcs us3

ypaBHEHUs

l+n =—
M X,
MeToa HHIHHAPHYECKONH OTIAHBKH
Kak u B ciy4ae mockoro obpa3sua, npH onpeaeneHuy Tennodguinieckux
K03 PUIUHEHTOB U3MEPSETCH TEMIEpaTypa N0 CeYEHHIO POPMLL M B LiCHTPE OT-
JIUBKH.
TennoeMxocTh GOPMBI HAXOAMTCS U3 ypaBHeHus Tennoporo Gananca nas
OTNUBKH ¥ GOPMBI:
FRp,

; P
e O Fszzczt"(l + =

2
+2 R )

B
1+n
Otkyna

Rp G, (n+1) _

02 ! X2 :
2X 51+ =5 =)
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B aHHOM CHYHAE Gy = Guept 7 + 2/3 Ci(tep — 1,)- 3nauEHHUE A, OTpEnens-
eTCR U3 ypaBHEHUS '

¥
= Rz("+2) (ﬂ+2)€'2P2 l+2n+l pqup 2 2} _pqup
2 4nt, 3(n+1) n+2p,e.l, P

TemnepaTypa NOBEPXHOCTH OTJIHBKH onpeaenAeTcs METOAOM IOochaenona-

TeAbHBIX NpUGNMIKEHNH U3 ypaBHEeHHA HEPa3phiBHOCTH TEMJIOBOIO NOTOKA:

t
f = -

n ] A R 4
+n 5
A X,

Cpeatee 3HaYCHUE TEMIICPATYPHI
b3 :f_'!_j-_t‘_p.
ncp 2
OGpasei (GOpMB H3rOTaBIMBAETCS B BH/E TOJCTOCTEHHOrO HWIMHAPA
BbicoTOil H. TIpy 3TOM I HCKIIOUEHHUS TOPLEBOro dppexTa AOMKHO coburio-

narecs ycnosue H/R210. Tonmmusa cTeHKH (GOPMbI OPHEHTHPOBOYHO BbIOMpa-
etcs no gopmyne A = 1,2 X5, rae

X =Rn+2 l+2n+] pqup '
2 2 \J n+2pc,t,

3HAYEHHE ¢y MOXKHO NPUHATH B NepPBOM NPHOIHKEHHH PaBHBIM TEIIOEM-
KOCTH OCHOBHOIO KOMIIOHEHTa CMECH, HAalpuMep MeCKa, a {, = Ikp.

OcHoBHBIE NEepeMeHHbIe, HCNOoJb3yeMbie B pacderax Tenaopu3InIecKux
CBOHCTB (hOPMOBOYHON ¥ CTEPKHEBOM CMECH:

1 — NoKazaTteib cTeneHu napaboust, n = S5/8;;

R — nonoBuHA TOANMHBI OTJIUBKH, M;

P — IJIOTHOCTH MaTepuasa OTIHBKH, Kr/m;

X — riny6una nporpesa GopMbl, M;

X5 — 3naueHHe X B MOMEHT BPEMEHHU Ty, _

g — yaenbras 3¢pPeKTHBHAA TEIIOTa KPUCTAIH3AINH, JIx/xr;

P2 — MIOTHOCTb MaTepuana Gopmal, Kr/M’;

1, — W36pITOYHAs TeMieparypa noBepxHocTH, K;

T, — BpeMs OKOHYaHus 3aTBep/eBaHus OTIHBKH, C;

Guep — YACBLHASA TETUIOTA Tieperpesa, JUx/kr;

Guep = €1 (Tsan - A 4

¢y - yAenbHas TernoeMkocTh pacruiasa, Jix/kr K;

T'yn — TEMIIEPATYPA 3a0UBKH, K;

T.wx — TEMOEpATYpa AuKBHAYCa, K; :

¢ — yAenabHas TenioeMKOCTh MaTepuaia OTIHBKH, Jbx/kr K;

teo — M30BITOYHAS TeMNEpaTypa KpucTaH3auuu, K;

Ob6opyacBanue, HECTPYMEHT H MATEPHAJIbI

JlaGoparopubie Gerysbl, HHAyKUMOHHAs Neydb eMKOCTBIO 150 Kr, TeXHHYEcKue
BECHI C Pa3HOBECAMY, TREPAOMED, NOTCHIHOMETP, rajibBAHOMETD C IUIATHHOBOH Tep-
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Bechl C PAa3HOBECAMH, TBEPAOMED, NOTEHIMOMETD, FAIbBAHOMETD € IIATHHOBOA Tep-
MONapoii, MOJENh OTIMBKH, MOJENb JIMTHHKOBOH CHCTEMBI, TpamboBKa, OMnoKa,
KBApLEBbIC HAKOHEYHUKHM JUIA TEPMONAP, JIMTHHKOBLIC BOPOHKH, KOBLI LTS MeTa)a,
(GopMOBOYHAS CMECH, WKXTOBLIE MATEPHAIBI.

4.

- 5

6.

7.
8.

IMopsok nposeneHusn paboTs
Pabora [2] paccuuTana Ha 6 4.

. TIpuroToBHTH GOPMOBOUHYIO CMECE, HCXOS U3 YCIOBHH naboparopuu.

WU3roToBUTH NTUTEHHYIO GOPMY C WIENEBOH THTHUKOBOH CHCTEMOMN U NOJTye-
HUS NAOCKOM nauThl pazmepom 300x300x30 mm (puc. 1) u onpeaents cre-
MeHb YIIOTHEHKA (GOPMBI C MOMOLIBIO TBEpAOMEPA.

YCTAaHOBUTH B MONOCTH GOPMbI TEPMOIIApy ¢ KBAPLUEBbIM HAKOHEYHHKOM, Craii
TepMONaphl JIOJIKEH pacronarateCs Ha pPacCTOSHHH 100 MM OT BepxXHEro Kpas
ornmeku. Cobpare Gpopmy.

IMoacoeanuTh TEpMONapy K npubopy aBTOMaTHYECKOH 3arMCH TEMIIEpaTypbl.

T@E -+ DT

Puc. 3. @opma juis noayuenus nIockol minTeL:
!« onoka; 2 - crosk; J - wenenoit nurarens: 4 — IMTHHKOBAA BOPOHKA,
5 < kpapuensiit HOKOHEUHHK TEPMONaphi; 6 —BbITIOP

Pacnnasurs M neperpers Metajul A0 3ajaaHHoit Ttemnepartypsl. Jlig onpenene-
s kodphuumeHTa aKKyMyIsUMH TeNnoTh (GOopMy 3aJIMBAIOT YUCTBIM MeTal-
JIOM MW CIUIABOM € MajibiM HHTEPBAIOM KPHCTANIW3ALUHK, KOTOPLIH KpHCTA-
JM3YETCH NPH NMOCTOSHHOM TeMnepaType, YTo NO3BOIACT NONYYHThL Ha KPHBOH
OXJ1akACHHS YETKO BBIPAKEHHYIO TeMMepaTypHyio ocraHoBky. [lpu onpeje-
nenun by cMmecell, npeaHasHAYEHHBIX UIA M3rOTOBACHHUS CTANbHBLIX OTIIHBOK,
dopMbl 3aTHBAIOT APMKO-XKee30M; NMpH onpeieneHun by cmeceil, npejHa-
3HAYEHHBIX IS HM3rOTOBJIEHHs UYYTYHHBIX OTAMBOK, 3QJIMBKY BeAyT HHCTOM
MeIbI0, TaK KaK TeMI'epaTypa IJaBiAeHHst MEIM HE3HAUUTEIEHO OTIHYACTCH OT
Temnepatyp rniasienus 4yryHos. Kpome Toro, uzsecthsl Tersopuinyeckue
napaMeTpbl Meiu, HeoOXoaUMBIe /Il pacyeTos.
3anuth Gopmy MetaniaoMm. [TpoJONKUTENLHOCTE 3ANHBKH HE JIOJKHA TPEBbI-
wath 12 c.
OxnapuTh OTAHBKY B (POpMe 10 NOJTHOH KpUCTaIH3aALMWK,
[To kpuso#t oxnaxaeHus Metanna B Gopme onpeiennTh BpemMs 0TBOAA TENJIo-
18



Thl IEPErpesa ¥ BpemMs OT KOHUA 3aJMBKH 10 KOHUA KPHUCTAJLTU3ALHH.
9. Onpenennts by. OnpeseneHne peKOMEHAYETCs MPOBOAHTL HE MEHEE TpeX pas.
PesyasTarsr nabmogennii u ux obpaborka
[To nortenuporpaMme ONpeAeIuTh TeMNepaTypy 3ajJlHBKH, TEMIepaTypy Kpu-
CTANNM3ALMA CIIaBa, JUTMTENBHOCTL 3aTBep/leBaiusa oTiuBKH. [lonydeHHbie aaH-
. HblE cBECTH B Tabuuuy.
OnpesenuTs J0BEPUTEbHBIH HHTEPBAN 3HaueHnH by npu BeposTHOCTH 0,95.

Cocras 3anusae- fxp - Iuds P. Vs T T b,
opmo- Mbli - me- | °C Kr/m’ kJUx/kr kJlx/(m*a'? °C)
BOYHOM Tami Ty _
CMECH &

Conepxanue oryera

i. CocTas 1 nopsjOK NpUroToBneHus PoOpMOBOYHON CMECH.

2. CoctaB HCXOAHBIX WUXTOBLIX MATEPHAJIOB ¥ NOPAAOK [UIABKH MeETalaa.

3. Onwucanue MeTo/|a U3roTOBNEHUS POPM.

4. TlocTpoenue KpHBBIX OX/JQXKAEHHS OTIMBOK B KoopauHatax «Temnepary-

pa—BpeMs».

Pesynstarsi onpeaenacHus by,

[TpoBecTH NEPBUYHYIO M BTOPUYHYIO MaTeMaTH4ecKyl oOpaborky mony-
YEHHBIX 3KCMEPUMEHTANBHBIX AaHHBIX. Pe3ynbTaTel 00paboTky NpeaAcTaBHTh B
dopme nucTunra seinonnenHoi paborsi B MathCAD u Excel ¢ npunoxenuem
py4HOro cuera [4].

7. BpiBOABI.

KonTposibHubie BONpocsl

YTo Takoe TeIoaKKyMyIupyIoiias criocodHocTh GOpMOBOYHON cMecH?

Kak by BiusieT Ha MpoLEece KPUCTAUIN3aHH METALIOB?

[Toyemy npu u3rotosiennn Gopm s onpejenerus by peKOMEHIYETCs MpoBe-

pATH TBEpAOCThL hopm?

4. Kax u3MeHsAeTCs NIOTHOCTL METALIA MPH AaBICHHH?

5. Tlouemy npwu onpenesnieHun by, cMeceid s OCTANBHbLIX OTIWBOB PEKOMEHYEM 3a-
nnBate Gopmy ApMKo-kene3zom?
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JlaGoparopHas pabora Ned
U3IrOTOBJEHHUE ®OPM MO NNOCTOSAHHLIM MOJAEJINIM

O6mue cBeICHHSA :

Jluteiitibie (popMbl OBBLIYHO COCTOAT M3 1ONY(HOPM H crepxkueil. Ilponece ux
u3rotTonseHus nHasbiBaloT popmoskoii [1]. Oxa BrioMaeT CACAYIONNE TEXHOIOTHHE
_CKHe Onepaiyi: MOATOTOBKY OCHACTKH, JIO3UPOBAHUE CMECH M BBEACHHCE CC B NoNoCTh
OMOKH HaJl MOJAETLHOMN MJIMTON WM CTEPHHEBOIO ALMKA, YIIOTHEHHE CMECH B OTIOKE
MM CTEPXKHEBOM SIIMKE, BBINONHEHHE B YIUIOTHEHHOH CMECH M CTEPXKHAX BEHTHIISA-
LHOHHBIX KAHANOB, W3BJEHEHHE MOAenel U3 noay(popM U OTAENCHHE CTEPHKHEBBIX
SIMKOB OT CTEP)KHEH, YNPOYHEHHE BIEMEHTOB JINTEHHOH dopMbl 1o MK nocTie
yaaneHus OCHACTKH, OTAENKY M OKpacky nosepxHocTeil nonydopm u crepiHed,
KOHTAKTHPYIOWHX C JKUAKHM MeTamioMm, cOopky (OpMBI, BKAIOHAA YCTAHOBKY
crepikneit u ee narpyxenve (kpernenue). Kpynubie nonydopMbl U CTEPXKHU APMH-
PYIOT KPIOMKAMH M KapkacamH. VX ycTaHaBiMBaiOT 0 WIH MOCAE HacTHIHOTO 3a-
NOJHEHUA ONOK M CTEPIKHEBLIX AUIMKOB CMECHIO.

[loaypopMst W CTEPKHM NOAYHAIOT 1O MOJCILHOH OCHACTKE — NUTEHHON MO-
NICH, CTEPKHEBLIM ALMKaM W wabnonam. Jinteiinbie MojenH ObIBAIOT PA30BLIMH H
[IOCTOSHHBIMA. Pa30Bble MOJEIH UCTIONBL3YIOTCS ML B CAMHCTBEHHOM UHKIE H3T0-
toBnenust popm. OHH HE WU3BNEKAIOTCH, a YHHUTOKAIOTCA B dopme 1yTemM BhIKHIA-
HUs, BbIIABIEHUS Wan pacTBopenus. [lostomy dopma Moxer OBITH HEPA3HEMHON,
4TO OBeCneYUBaeT MOBBINIEHHYIO Pa3MEPHYIO TOUHOCTh OTJIMBOK. [loCTOAHHBIE MO-
Aeny chryxat mHorokparHo. Ilocie kaxaoro UHKIa H3roToBIeHHS dbopmM MOaEnHn 13-
BNEKAIOT M HCNONB3YIOT OBTOpHO. UTOOBI H3BJIEYb MOJENH, (POPMBI ACHAIOT Pas3h-
eMHBIMH. DJTO CHWXAET TOYHOCTh MONYHAEMbIX OTIMBOK, HO NOBBLILIACT HKOHOMHY-
HoCTB mipouecca. [TOCTOSHHbBIE MOAIENM B 3aBHCHMOCTH OT KOHCTPYKIMH OTIUBKH Bbi-
MONHAOT PA3bEMHBIMH HJTH HEPAILEMHLIMH.

CrepiKHH H3rOTORIAIOT B CTEPIKHEBBIX ALLIHKaX. ITo cnocoby wu3zBnedeHus
CTEPIKHEH PAINYAIOT BUITPAXHBIE H PATLEMHBIC SLTUKH.

[10 0cOBEHHOCTAM MONYHEHHs BHEWHEH rpaHuilbi GopM paznHyaiot Gpopmos-
Ky i onokax n 6esonounyio GopmMoBKy, GOPMOBKY B MOUBE U KECCOHAX. flpu nony-
GeHNH OTIMBKH CHOKHOI Kondurypauuu nonoctb Gopmsi HHOrAA (GOPMHPYIOT
crepxusamu. B orom ciyyae pOpMOBKY Ha3bIBalOT (hOpMOBKOH B CTEPKHAX.

[lo creneHH MEXaHWU3alMH Pa3iiM&aloT PyuYHYH, MAMIHHHYIO M aBToMaTh4e-
ckyio dopmoeky. [Tpn pyunoii Gopmoske Bce onepaiiiy BbITOMHIIOT BPYUHYIO. Tpu
MalIMHHOH (OPMOBKE MEXaHH3UPOBaHbl OCHOBHbIC, HanboOEE TPYNOEMKHE H OTBET-
CTBEHHbBIE ONepalliy — HarolHeHHe noay@opM CMeCchlo U ee ynioThHeHnne, oraene-
HUE OCHACTKH oT nonydopm u crepxHeii. [Ipy aBTOMaTHYECKOM dpopmoBKe BCe one-
paiup M3roToBNeHHs GOPM BBIIOAHAIOT (POPMOBOYHBIE ABTOMATHI. [Ipu srom psan
TEXHOJIOTHYECKHX OMNEpaLMii, TUIOX0 HOAJAIOUMXCA aBToMaThiaunn (yCTpoHCTBO
BEHTHISIMOHHBIX KAaHATOB, oTaenka Gopm), He BHIMONHAIOT. Heobxomumblil razoBbid
pexum (GOpMbI B 3TOM CiIyyae CO3Aal0T NMyTem noadbopa cMecH ¢ BLICOKOH ra3zo-
TIPOHHLIAEMOCTLIO U HH3KOH ra3oTBOPHOCTBIO. CTEPIKHH BO BCEX CIlydasX TpebytoT
TATeNbHON oTaenKH. [To3TOMY NONHOCTEIO ABTOMATHIUPOBATE IPOLICCC H3IOTOB S
HUS CTEPKHEH HE yaaeTcs. . _

Haubosnee OTBETCTBEHHBIMH OnepauusiMu (POPMOBKH ABIAIOTCH YIIOTHEHNE K
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yripouHeHue GOpMOBOMHBIX M CTEPKHEBLIX CMeceil. YIoTHEHHe cMeced oCyilecTs-
Asior pyunoi TpamMOOBKOWM, BCTPAXMBAHMEM W BUOpaUWed, NPeccoBaHUEM H HM-
YJbCHBIM BO3/IeCTBUEM (B3PLIBOM, MECKOMETHBIM, MIECKOAYBHBIM U NMECKOCTPE)Ib-
HBIM MeToAaM#) U Ap. Bo MHOPMX cliydasiX BbICOKOKAa4YeCTBEHHbIE GOPMbI MONyHatoT
TOJIBKO KOMOUHHPOBAHHBIMU CTIOCODAMMU YIUIOTHEHHSA.

Tpebyemasi npousocTs GOpM B CHIPOM COCTOSHMM OBecneuuBaeTcs NoiAdopoM
cocrasa cMecH [2], OCHOBHBIMM KOMIIOHEHTAMH KOTOPOW SIBJIAIOTCSA NECOK, IMHA, 10~
GaBKU ¥ BO/A, U MOBBILIEHUEM CTENEHH ee ynioTHeHud. B nepBoM cilyvae aKTHBH-
pyeTcs CBS3YIOL@s ClIOCOOHOCTL MIMHBI U JIOCTHIaeTcsl yCHJICHHE aAre3MoHHOro
B3AUMOJICHCTBIS MEXILY TeCHMHKAMI W TTMHUCTON 060/104KO Ha HUX. Bo BTOpOM
chy4ae yBeNMHMBAETCH MIOLAAL KOHTAKTA MEXAY NeCHHHKaMH, NOKPLITHIMH TJIH-
HucToi obonouxoit. O6a ¢axTopa obecneunBaioT NOBbILICHHE OOLWEH NPOYHOCTH
hopm.

JlononuurensHoe ynpoyHeHue Gopm U CTEPXKHEH AOCTUraeTCs MNpu TENJO0BOM
WIH XHMHYECKOM OTBEPXICHMH CBA3YIOWMX KOMIOHEHTOB. OHO MOXeT ObiTh Bbl-
MOJHEHO B OCHACTKE (/10 M3BACHCHMA MOJENH W3 Nony(popM U CTEPKHEH W3 AIH-
KOB) U1K BHE €€,

dopMbl H CTEPKHM M3 CMECEH ¢ TIHHOH, MaciaMyi ¥ IIPOJyKTaMH MX nepepa-
DOTKH, KHIAKAM CTEKIOM, BbICHIXAIOIIKMH M PaciuaBAsiOUHMHCA OpPraHHYeCKUMH
CBSI3YIOUIMMH YNIPOUYHAIOT TEIUIOBOH 0OpabOTKOH nocie yAaieHusi MOACHeH U3 no-
ny$opM M M3BIEHEHUA CTEPHKHEN M3 CTEPKHEBBIX SUMKOB. Jlnd 5TOro MX noasep-
ralT JUIMTENbHON TEIIOBOH CyIIKe 1pH YMEpPeHHBIX Temmneparypax, KpaTkoBpe-
MEeHHO# TeroBoil 06paboTke rpu NOBLILICHHBIX Temnepatypax («TepMooK» - npo-
uecc), obpaboTke TOKaMu BHICOKOW 4acToThl K JAp. POPMBI U CTEPIKHH, H3rOTOBJICH-
HbI€ OTBEPHKACHHEM YILIOTHEHHOH CMECH B OCHACTKe, UMEIOT MOBLIMICHHYIO pa3Mep-
HYIO TOUMHOCTb. ITH CrOCODbI OCHOBaHLI HA CBOWCTBE CBA3YIOIMX OBICTPO ¥ HEOO-
paTHMO 3aTBEp/AEBATH IPH HArpeBe MM NpPH HOPMANbHOH TeMMnepatype B npu-
CYTCTBMH KaTaJlH3aTOPOB UM OTBEPAUTEICH.

TennoBsIM OTBEPHICHHEM B OCHACTKE MOMYHAIOT JIaBHbIM 00pa3soM CTEPKHH
M3 MecyaHo-cMOAHbIX cmeceil. HeoOXoauMeld JUIS OTBEPXACHHUS CBA3YIOLETO
NpOrpeB CMECH ocyluecTBasoT Harperoit 1o 220 - 260 °C ocHAacTKOH, NIpOAYBKOH
CMECH FOpPAYMM BO3AYXOM M 3a CHET TeIJIOThl IK30TEPMHYECKOH peakuHH OTBep-

JIEHUS CBA3YIOILETO.

TeXHOAOT|S 3rOTOBIICHHUS CTeP)KHEN U3 CMecei, TBePACIOMX B HArpeTOM
ocHacTke, HanGonee a(pekTHBHA TP NMECKOAYBHOM WIH NECKOCTPENbHOM cnocode
ynaotHenus. MOPMOBKY CTEPKHEH B «TH-MEC»- HIH «IKJIEP»-NPOLECCEe OCYIECTB-
JNAIOT 3aMPECCOBKOI NCEBAOOKMKEHHON YBIAKHEHHON NecYaHo-CMONSHON NEHOCMe-
CH B MOJIOCTE HAIPETOro CTEpiKHeBOro sumka. [lpu OTBEpH/ICHHH ITEHOCMECH B OCHA-
cTke (OPMUPYETCS CTEPX)EeHb ¢ MPOUYHON MOBEPXHOCTHOW KOPKOH u pbIXJa0# (io-
N0#) CEpALIEBHHON, BbITIONHAIONICH PONlb €CTECTBEHHOIO BEHTHIISLIHOHHOIO KaHaja.

OTBepKACHHEM B XOJIOAHON OCHACTKE MOJMYYAIOT MOJAY(POPMBI H CTEPKHM H3
camoTBep/eromnx cMmeceid. [locnenue conepxar OTBEPANTENIH HITH KaTaau3aTopkl. B
HX NPUCYTCTBHH YIIPOUHEHHe cMeceil TPOHCXOANT Ge3 BHELIHEro TeruioBOro BO3/ieH-
cteus. lpy 3TOM OTBEpAHTENH HEIOCPEACTBEHHO YHAaCTBYIOT B peaKunu OTBEpHkIe-
HUS CBA3YIOUIEro, a KATANU3ATOPK! ML CO3JAI0T CPelly, MPH KOTOPOH ycKopAeTcs
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npoilecc oTBepAeHUs cBadylowero. [lo cBoemy (pn3UtHecKoMy COCTOSIHMIO Ccamo-
TBEPACIOLHE CMECH MOTrYT OBIThL XKHIKUMH (NCEBAOOKHKEHHBIMH), TTACTHYHBIMH
WJIH CBITNYYUMHU.

Kuakue camorsepaetoue cmvecu (OKCC) 3anonHa0T nojiocTs OCHACTKH NOJ
JICACTBUEM CHJIbI TSHIKECTH, MOITOMY MX €Il€ Ha3biBAOT HANMBHBIMK. [lisi yckopeHus
npouecca 3anonHeHus wHorna gopmoBxy XKCC ocymecTsastor noja JAeHCTBUEM
BuOpauum. Inacruunsie camorsepaerouime cmecu (I1CC) conepkar riamuy, ux yn-
NOTHAIOT KaK NecYaHo-riuHucTeie. Chillyyne caMOTBEPACIOLINE CMECH, COo/lepiKalilie
NecoK, CMOJIy M KaTrajau3arop, MOJIy4HIn HasBaHue xonoaHorsepaewoux (XTC).
Beicokas tekyuects XTC no3ponser ynnotHsaTh ux subpauueii. Hepocratkom camo-
TBEPACIOILMX CMecel ABasieTcs manas xusyuyects. [lpakruueckn HeorpanHMyenHyio
KUBYHECTh UMEIOT CMECH, OTBEPIKACMbIE Aa30BLIMH PEAreHTamMu, Tak KaK OHW He
co/llep)KaT oTBepAMTeNeH MM Katanu3atopoB. CTepxHM M3 TaKUX CMece# ynpou-
HAIOT NMPOJIYBKOH ra3oBbIMM peareHTamMu nocie UX yrnoTHeHus B ocHacTke. B kaue-
CTBE PEAreHTOB MCIONLIYIOT YrJIeKNCablit raz (npu (OpMOBKE KHAKO-CTEKONbHBIX
CMeECeit), cepuncTbliil ra3, napesl TPHITHIAMUHA WK LUKIorekcaHona (npu ¢popmoske
NECHaHO-CMOJISHBIX CMECEH ),

DOpMOBKa MO MOCTOSHHBIM MOJESAM ABiseTcs Hanboiee pacrnpocTpaHeHHbIM
BAPDHAHTOM M3roTOBJAECHUS NHTCHHLIX nonydopm. Ilpu srom mojens Moxer ObITh
pasbeMHOH, HEPa3beMHON WM C OTHEMHBIMH YACTAMM.

PasbeMHbIe MOJENMHM MPUMEHSIOT NMPU PYYHOM, MAIIWHHONW M aBTOMATHYECKOi
¢dopmoBke. POPMOBKY MO HEPa3bEMHOM MOCTOSHHON MOE/IH OObIYHO OCYIHECTBISIOT
BPYYHYIO, NMPHMEHss ClIeHaNbHbIE TIPHeMBI (C nojipeskoi, ¢ daibiunBoii onokoi u
Ap.). [Ipn HanwiMM y HepazbeMHOM MOJEIIH TTOCKOH NOBEPXHOCTH W BO3MOKHOCTH ee
pasmemnieHus B oiHOH rnonygopme GOPMOBKY BEAYT, KaK U 1Mo pasbeMuoi monenu. B
TOM CJIyvyae HEpasbeMHYIO MOJENh MOXKHO PacCMATpHBAThL KAK OHY [ONOBUHY
paibeMHOW Monend. Jlns mexannsauuu npouecca GoOpMOBKH HO HEPA3HLEMHON 1TOCTO-
SHHOH mojenun 6e3 tIocKoil NOBEPXHOCTH NPUMEHAIOT (ACOHHBIC MOAMOACIbHBIE
manTel, B ruesa rakux naMT yeranaBiMBalOT HepasbeMHYK MOJENlb M yTOI-
JAIOT ee JIO NOBEPXHOCTH pazbema. DOPMOBKA ¢ OTHEMHbBIMY YaCTAMH TpebyeT X
M3BJIEHEHUA M3 1TONYHOPM BPYUHYIO, MOITOMY JIOCTHYL TOJHOH aBTOMATU3ALMHU
BCEX TEXHOJIOIMYECKHX onepaunii GOpMOBKH 1O MOJIENIH C OTHEMHBIMH HacTAMH HE
yAaeTcs.
®opmoska 110 pazbeMHoii Moean B onokax. MOpMOBKY OCYLIECTABISIOT B ABYX
onokax (puc. 1). CHavana no oHON YacTH pa3beMHONW MOJAECTH M3rOTOBIAIOT HUK-
HI010 nostydopmy (puc. 1, 6). Jlnst 37010 Ha NOAMOALTBLHYIO IIIUTY 6 YCTAHABIUBAIOT
ONOKY 5 W HHXHIOI NosioBuHy mMoznenu /. Ha moBepXHOCTH MOJIeNIM HAHOCST pasje-
AUTEbHOE MOKPBITHE JUISL NpeoTBpalleHHs NpuiunaHus K Heit (GopmoBouHOM
CMeCH. 3aTeM ONoKY 3anoNHsOT (POPMOBOUYHON CMECLIO 4, PA3PLIXIEHHON M nipoce-
AHHOH Yepe3 CHTO C pasMepoM syeek 3—4 MM, .M YIUIOTHAIOT JI0 NOJyYeHUSs
tBepaocTd 60—80 eaunun no reepaomepy. IlpH H3rOTOBICHHH OTIMBOK, CKIOH-
HbIX K OOpa3oBaHHIO MpHUrapa, Ha MOJE/Ib CHAYana HAHOCAT CJIOH OBNMIIOBOUHOI
(popmosouHOii cmecu TomuuHol 20—30 mm. Tocie ee nerkoro ynaoTHeHus pyKamu
BOKPYI' MOJI€/IN OMNOKY 3anofHAT HanoiaHuTeNbioi cmecsio. Tipu pyunoi dop-
MOBKE CMeCh B OMOKY 3achinaloT caosaMu no 50—75 mm. [locne ynnorHenus npejibi-
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AYWEro Cios 3achlaoT CReayouuii cioil Takoi »e TOJIHABL 1o obecneunsaer
paBHOMEpPHOE YINNOTHEHHE cMecy 0 BhicoTe onoku. HuxkHue cnon cmecn ynnorHs-
FOT KIIMHOBBIM KOHUOM TpaMbOBKH 3 CHAYana y CTEHOK OIOKH, a 3aTeM B ee Cpe/Heit
4acTh. Bepxuuii cnoii cMecH B Oroke yaOTHSIOT TYNbIM KOHIOM TpamGosku. M3-
JMIIEK CMECH Hajl BEPXHHM CPe30M ONOKH yAansior nuHeikoil. Bentuisuuonusie
KaHanbsl B noayQopme BbINOMHAIOT HAKATLIBAHHEM YIUIOTHEHHON CMECH JLYUIHMKOM.
3aopmoBaHHyIO ONMOKY nepesopaunBaioT Ha 180° 1 yCTaHABAMBAIOT HA NONONOYHYIO
Ty pasbemMom seepX. Ilpu pyunoii hopMoBKe B kavecTBe NOAONOYHON MIAHTHI
MOXHO MCMONB30BaTL NOAMOAENbHYIO TUIHTY. (DOPMOBOUYHYIO CMECh NO pazbemy 3a-
rIKUBAIOT MaauIKonR. Ha HIKHIO 1TOIOBUHY MOJICHH 110 LICHTPUPYIOUIMM LIMNAM
YCTaHaBAMBAIOT BEPXHIOIO NOIOBHHY 2.

NABIN LM

g

i

CTRI T LSS IS

T hm

2)

Puc.1. DopmoBKa 1o pazseMHO MOAEIH: Xy

¢ — ACTalb C AMEMEHTAMH THTeiROMN GopMbl: 6 — pazbemHas NUTelHas MO-
Aeb. 6 ¥ 2 - WITOTOBIEHHE COOTBETCTBEHHO HUKHEH W BepXHeil noaydopm:
@ — dopma B cbope

Ha cBoGoanoii nuowm@am nosepxHOCTH pasbemMa pasMeilaioT B COOTBETCTBUH C
paspaboTaHHOMH TeXHONOrHelH MOJIEN IEMEHTOB JIMTHHKOBOI cHcTeMbl 7, 8 (puc. 1,
2). 3aTeM Ha HUKHIOW ONOKY /) no WThIpiM 9 yCTaHABIMBAIOT BEPXHIO OTNOKY.
[ToBepXHOCTHL pasbeMa 110CHINAIOT TOHKMM CTOEM CYXOro KBapLeBOTro necka Win rpa-
¢ura a8 npeoTBpaLIeHUs CAHNAHUA CMECH B BepXHEH W HIKHEH onokax. Bepx-
HIOIO NOJY(HOPMY H3IOTOBASIOT TaK ke, Kak U HWKHIONW. [Tocne cpesanus u3nuiika
CMECH M YCTPOHCTBA BEHTHNAIMOHHBIX KAaHANOB U3 BEPXHEN nojaydhopmel u3Bjie-
KatoT MOICTH JTHTHUKOBOH Yallud (BOPOHKH), CTOSIKA H BBINOPOB, NpPeABAPUTEIh-
HO caerka packavas ux. [lpu orcyTcTBUM MOJIENH Yallld MM BOPOHKH Mepejl Hinie-
HUCHHMEM MOJCAN CTOSKA BOKPYr HEro rnajiviakof npopesaroT NpHEMHYIO MOoNOCTh
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JIUTHUKOBOM CHCTEMBI.

BepxHiolo NoayGopMy CHUMAKOT C HUIKHEH, I1epeBOpaiHBaloOT HA 180° u yc-
TAHABJIMBAIOT Ha MOAONOYHYIO NIHTY pasbeMom Bepx. M3 oboux nosydopm ussie-
KAIOT YaCTH MOJENH OTAMBKY M MOJIE/H JIEMEHTOB JIMTHHKOBOM CHCTEMbI — NHUTaTE-
ns W wnakoynosutens (komnekropa). Ilocaeanue moryT ObiTh, KaK 4ailia UM BO-
poHKa, nipopesanst B nonydopmax rnapunkoii. Obe nonyGopmbi OTANILIBAIOT U 1IPH
HEOOXOAMMOCTH HAHOCAT NPOTHBONPHUTAPHOE TIOKPBLITHE.

Mpu mawmnHoi Gopmoske o6e nonydopmbi H3OTOBAAIOT OTACIBHO M0 MO-
JIeJIbHBIM TUIHTaM € OTHEHTPUPOBAHHBIMMK M 3aKPEIVICHHBIMH HA HUX HacTAMH MOJe-
JIM OTJIMBKH ¥ MOJIEJICH 2JIeMEHTOB JIMTHUKOBOH CUCTEMBI,

3atem dopmy cobupator (puc. 1, d). [ls 31010 B HWKHIOW nouydopmy [0 yc-
taHasanBaloT crepxkerb /3. IIpy 3ToM 3HAKOBBIE HACTU CTEPHHA BXOAAT B COOTBETCT-
BYIOIIME 3HAKOBbIE YacTH (rHesza) nonydopm. 3ateM HWKHIOW nonydopmy Hakpbi-
aloT Bepxueii /2. Jlna npenoTBpalieHHs UX CMELIEHNs OTHOCHTENIBHO APYT Apyra
noayopMsl CapHBaloT ¢ MOMOMIBIO wWiTkiped. [Ipy 3anonHeHuu NONOCTH POPMBI
YWHAKMM META/UIOM BO3HHKAIOT CHJIbI, CTPEMSILHMECS NPUIIOAHATL BEPXHIOK MOy~
dhopmy. D10 06YCIOBIEHO THIPABINYECKUM YapOM M CHIamMu ApXHMMEa, 103TOMY
nepej 3aJIUBKOI Mony(popMbl CKperisioT ckobamu, OONTOBLIMU U KIIHHOBBIMH COC/IH-
HEHMSMH MM HAKIAABIBAIOT HA BepxHiow noiydopmy crienHansusii rpys /7. Tlpu
MPOM3BOJICTBE MEJIKMX OTJIMBOK, KOTJIa MOJABLEMHas CHNa JKMIKOro Mmerania, AeHcT-
BYIOUIAs HA BEPXHIOIO MOMy(POPMY, CYIIECTBEHHO MeHbllue ee Beca, (PopMbl HE Harpy-
KAIOT ¥ HE CKPEerLIsIoT.

dopmoBKa N0 HepazbeMHO# MoaeH. B 3aBHCHMOCTH OT KOHCTPYKUMH HEpaih-
eMHOIi MOJIC/IH BO3MOXKHBI HECKONBLKO BapHaHTOB (POPMOBKH.

DopMOBKA N0 HEPATLEMHOH MOJE/N ¢ TUIOCKHM OCHOBAHHEM. JTOT BapHHT
ABNIAETCA Hanbosiee NMPOCThIM W PEIM3YeTCs TOMBKO NPy COOMOACHHH ABYX YCIIOBHIL:
COBMNAACHHA OCHOBAHHMS MOJICJIH C TUIOCKOCTBIO pasbeMa (POpMb! M H3BJICKAEMOCTH MOJIe-
w3 nonydopmbl 6e3 ee paspyuieHns. B aTom ciydae MOAEND MOTHOCTBIO Pacroiaraer-
ca B oanoi U3 nomydopMm. OCHOBHBIE IEMEHTHI JIMTHUKOBO-TIMTAIONICH CHCTEMb] Bbi-
NOJNHSIOT B BepXHeil nonydopme, a HeKOTOpble — B HIKHEH. PopMoBKy Moimydopm 1
BCE TOCJIEYIOLINE TEXHOIOMMYECKHE ONEepaliHi BBIMONHSIOT TaK XKe, Kak ¥ npu GopMoB-
K€ 110 pa3beMHOH MOJICIIN.

~ DopMOoBKa N0 HEPATLEMHON MOJICTH € NOAPE3KOH. [Ipu w3rorosineHuH GopM nNo
HEpazLEeMHON MOJIeNTH WK HATYPHOMY 0Opasily, UCTIOIB3yeMOMY B KaUeCTBE MOJIC/H, HE
MMEIOILAM IOPH3OHTANBHOM MUIOCKOCTH pasheMa, MPUMEHAIOT (POPMOBKY C MOAPE3KOH.
JluTyro nerans, H306paKeHHYIO Ha PUC. 2, @, MOJKHO W3rOTOBUTD KaK 110 Pa3beMHON, TaK
M 10 HepaszbeMHOI moziensim. B nocnenuem ciydae mMojenh 4 yCTaHasIdBaroT Ha mnio-
CKYIO TIOAMOAENBHYIO IUTHTY 5 Haubonee yCTOHUYHBOK HacTbio (pUC. 2, 6) U 10 onucan-
HOH BbIlLIE TEXHOJIOrHH, YINOTHSS TpamOoBKOH / cMech 2 B Onoke 3, NonyydaioT HHXK-
wioto nonygopmy. Ilocne nepesopora nonydopmbi Ha 180° u ycraHOBKM e Ha 10AMO-
JIENLHYIO TUIMTY pazbeMOM BBEPX IMIAAUIKOH 6 MOAPe3aioT M YAAISIOT YacTh CMeCH (pHc.
2, 8) ana obecrneyenus cBOBOAHOrO W3BnedeHus monenu. Ipu 3Tom Kpas noape3aHHowH
4acTH MoMy(GOPMbI BHIMOMHSIOT C yKJIOHOM He Menee 30° u noaydaior (acoHHyio Mo-
BEPXHOCTH pazbema. Ha HiKHIO noityopMy yCTaHABIHBAIOT BEPXHIO OOKY H MOIC-
JIM ANEMEHTOB JIMTHUKOBOH cHCTeMbl. [10M0CTE OMOKH 3achINaloT GOPMOBOHHOH CMECHIO,
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[ocse ynnoTHEHHs 1 CPE3aiiys HIMILKA CMECH HAKAILIBAIOT BEHTH/SLIHOHHBIC KaHajlbl
10, npope3aloT BOPORKY MK Hallly 8 U H3BJICKAIOT MOJIeNIH CTOsIKa M Bbiniopa 7 (puc. 2, 2).
[ostyuennyto BepxHio0 nonydopmy CHUMAIOT ¢ HIKHEH, nepesopauvBaloT Ha 180° u
YCTAHABAMBAIOT HA NOAMOACILHYIO anTy. M3 nonydgopm yaansior MOJenH OT/INBKH,
nuaKoysosuTens (xouiektopa) v nutareneit. [lis ynanenus u3 crepxcis // rasos, Bbi-
JIENSFOLLMXCSA [IPH 3ai0HEeHHH GOPMBbI KHAKHUM METAILIOM, HAIIPOTHB €r0 BEHTHIIALIHOH-
Horo Kavana /2 B nonygopmax co CTOPOHBI [TOBEPXHOCTH KX pa3sbeMa BBIMOMHSAIOT 10~
MONHATENILHBIC BEHTWIALMOHHLIE KaHaib! 9. 3aTem opmy cobuparoT.
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Puc 2. MopMOBKa NO HEPA3LEMHON MOJIENIH C NOAPE3KOHA:

a — aerans; O = U3rOTORIEHHE HIDKHER MoNnyQopMbl; 6 — NOAPE3Ka HHKHEH

nonvopMbl ¥ H3FOTOBACHHUE BEPXHCH nony«bop\lbl 2 — (hopma B chope

DopmoBKa 110 HEPAIHLEMHON MOAEIH € OTHLEMHBLIMHU HACTAMH. YacTo 0THBKY

MMEIOT PA3HYHbIE BRICTYMAIOILHE YacTH B Bujle O00bIIEK, MIATUKOB, DYPTHKOB M T. 11,
KOTOpBIE HE NONAJAIoT B pazbeM Gopmbl. M3rieds HepazbeMHYyO0 MOJie/h TaKO#H OTJIHBKH
n3 nonocti dopmbl 63 ee paspyileHns HEBO3MOXKHO. YCTPaHHTE HETEXHOJIOIHYHOCTD
KOHCTPYKLHHM OTAMBKH IyTEM ee U3MeHEeHHs yjaercs He scersa, B Takux ciyuasx Bbi-
CTYNAIOUME YacTi 2 MOZenH / BbillOIHSIOT OTheMHBIMY (pUC. 3, Q).

Puc.3. @opMoBKa U0 MOAETH € OTHEMHLIMHU YaCTAMM:
¢ — MOJEb C OTBEMHBIMH YACTAMU; § — HIBJICYCHHE MOJCTH H OTHEMHBIX HacTeR

OTbeMHbBIe 4aCTH MOIYT ObiTh ¥ Ha pazbeMHBIX Moaessix. MX Kpensar Kk Moaenu ¢
[OMOILIO COCAMHEHHS THUIMA «IAaCTOYKMH XBOCT». (POPMOBKY NO TaKHM MOLCASM Bbl-
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HOJIHAOT ONMCAHHBIMK Bhile Metoaamu. Tlpu 5TOM cremsT 3a Tem, YTOBB! OTBEMHBIC
HacTH B lpolecce yNIOTHEHHS CMECH He CMecTHMCh, [lpu u3BiieueHHH MogenH U3 no-
nyopMbl 3 OTBEMHAS HACTH CKOJIB3UT JIACTOYKMHBIM XBOCTOM B 11a3ax MOJAENIM U OCTaeT-
ca B nonypopme (puc. 3, 6). Jlist U3BICUEHNS OTHEMHOIN YacTH ee NpeIBapUTENLHO pac-
LIATHIBAIOT, @ 3aTEM BbITATHBAIOT. '

Ob6opynosanue, uncrpyment u MATEPHAIbI

Habop mozenei (pasbeMHbIX, HEPATHEMHBIX, B TOM HHCIE C OTHLEMHBIMH Yac-
TAMM), ONOKH, NOJIMOJENBHbIE U TIO/IOTIOUHbIE TAMTBI, MOJICJIH 31IEMEHTOB JIMTHHKO-
BLIX CHCTEM; KOMILICKTbI (JOPMOBOUHBIX HHCTPYMEHTOB, BKIIOYAKOLINE CHTO, aonary
MW COBOK, TPaMOOBKY, IePEBSIHHbIH MOJOTOK, KPIOK-TIOIbEMHUK [17i U3BJICHEHUS
MOAENIEH M OTBEMHBIX YacTel, NaHLeT, FNAAWIKY, JIOKEUYKY U KPIOUYOK /UId OTACNKH
H PEMOHTA NOJNyPOPM U CTEpIKHEH, BEHTHIIALMOKHYIO MIITy; TBepaomep (mox. 071),
IHIaBUIbHAR TIeYb, IMTEHHbIC KOBIIH, HABOP M1aBUABLHBIX HHCTPYMEHTOB, LLIUXTOBBIC
MATCPHANBI JUIA BBITTABKH YYTYHA MIW ANFfOMMHMEBBIX CNIABOB, elHHAS dhopmo-
BOUHAR CMECh MM ODIMLOBOYHAS W HANONHMTENbHAS CMECH, [IPOTHBONpPUrapHoe
NOKpLITHE, KepocHH M cmech 50 % kepocuua u 50 % Ma3syTa Juis NPpOTHPKU MOJe-
JIeH, CyXOH KBapueBblif MecoK i cepebpucTbiii rpaduT AN NpUCKINKH NoBepX-
HOCTH pazbema nonydopm.

[opsanok nposenennn paGors:s

Pabora paccuurana Ha 4 u.

I. TlofroToBUTL MONENH OTAUBOK M IIEMCHTOB JINTHUKOBOH CUCTEMBbI, ONTOKH, 101~
MOACJLHBIC W MONONOYHbIC TUIHTHI, GOPMOBOYHBIH MHCTPYMEHT U pabouee me-
CTO.

2. loarorosuts HopMOBOUHYIO CMeCh, Pa3NCAUTENIBHBIR COCTAB U NPOTHBONPHIap-
HOE MOKpBITHE.

3. W3 opMOBOYHO#M CMECH M3rOTOBUTS 1ony(pOPMBI M0 NOCTOSHHBIM PAIBEMHBIM U
HEPa3hbeMHBIM MOJIENIAM H MOJIEJISIM C OTheMHBIMH YaCTAMM.

4. 3amepuTe TBEpAOCTH pabounx NnoBepxHocTel nonydopm.

5. Cobpats ¢opmbi.

6. TIpUroToBUTE KUAKUI METAILT M 3ATHTS €10 B ¢dopmbi.

7. Beiaepxkats oTiMBKM B hopme.

8. Beibuth otnusku us popm. Beibuts CTCPKHH U OMMCTHTH NOBEPXHOCTh OTIMBOK.

9. OueHHTh Ka4ecTBO NOBEPXHOCTH OTJIHBOK, BbISBUTH MOBEPXHOCTHBIE AeBeKThI.

Pesyabrarel nabaioaenuii u nx obpaborka

Pe3ynibTaTel ONBITOB BHECTH B pabounii sxypHa.

liposectr crarncTuueckyro 0bpaboTKy pesynbraTos H3mMepeHHii TBEPJIOCTH MNO-
ayopm. BelMuCauTh nosepuTensHbIii MHTEpBaN npu BepositTHocTH 0,95. OueHHTD
OTHOCHTEJILHYIO HOTPELHOCTh H3MEPECHHIH.

Conepaanne oruera

I. OBume csenenus o popmMoBKe MO NOCTOSHHLIM MOJICISIM.

ICKU3bI NOCTOSHHBIX MOZIENEH (pa3beMHbIX, HEPa3beMHBIX, € OTHEMHBLIMH Yac-

TAMH).

TexHOMorus N3roToRTCHNs GOPM 1O PAZTUUHBIM MOJCTAM.

Pesynbrate Qnipesenenus Tepaoctu nosypopm. A

Ouenka Ka4ecTBa NOBEPXHOCTH OTIHBOK C ONUCAHHEM AeEKTOB W BEPOATHEIX *
26
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npuaKH UX o6pasoBanus
[IpoBECTH NEPBUUHYIO M BTOPHYHYIO MaTeMaTH4ecKylo obpaboTky nosyueH-
HBIX DKCIMEPUMEHTANbHBIX AaHHbIX. Pe3ynbrarsl 00paboTKH NPEACTABHTEL B
dopme nucTuHra seinoanentoi paborsl B MathCAD n Excel ¢ npunoxennem
py4uHoro cuera [3].
Boisoabl.

Konrpoasubsie Bonpochl
Kakue MaTepHaibl H OCHACTKA UCHIONBL3YIOTCS NIPU U3rOTOBIEHHH HopM?
Kak knaccHpUUMPYIOT JIMTeHHbBIE MOaenn?
Kakue TexHoNOrHYecKue onepainy HeobXoAMMo BBINONHATL NpU Gopmoske?
B kaxoil nocnenoBatenbHOCTH BBIMTONHAOT TEXHOMOTHYECKHE ONepaiHu npu
dhopMOBKe 10 pazbeMHO| MOjlesin B OnIoKax?
B uem oTnnuusi JOPMOBKH MO HEPATHLEMHON U pazheMHOR MojeNsmM?
3auem Nojpe3aloT 4acTh cMecH B nonydopmax npu GopMOBKe MO HEPa3bEMHOMU
mMoaenu?
3aueM HU3rOTOBNSIOT MOJAENH ¢ 00OBEMHBIMH YACTAMH M KAaK HX W3BIEKalOT U3
nonycopm?
Kakue nedektsi 06pasylorTcs B OTIMBKAX BCIEACTBHE HEKAHECTBEHHOH (opmOB-
Ku?

Cnucok Janreparypbl

-

. JlaBopatopHsie paboThl 110 TEXHONOIMH JIUTEHHOrO MPOU3BOACTBA: Yued. nocobue

JUISL CTYJEHTOB BY30B NO cHelHanbHOCTH «JInTeHiHOE NMPOM3BOJACTBO YEPHBIX W
useTHbix mertannosy/ A.B. Kypatomos, A.M. Muxaiinos, b.B.baymaun u ap.; noa
obut. pea. A.B. Kypomosa. — M.: Mansoctpoenwue, 1990. — 272 c.: nn.

. Texnonorus nureiinoro npoussojactea. Jutbe B necuansie Gopmbl: y4edHuk s

crya. Byszos / AJLTpyxos, HO.A.Copoknn, M.IO. Epmos u ap.; noa pea. AL
Tpyxosa. M.: U3natensckuii uentp «Akagemusy, 2005. — 528 c.

. Jleyumn W.O. JlaGopaTopHsiii NPakKTHKYM 110 METOAAM MaTeMaTH4ECKOro MOJIE/H-

posanws: y4ed. nocobue / M.O. Jleymmn; Hiokeropoa. roc. TeXH. yH-T. —
H.Hosropoa, 2007. — 122c.
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Jlaboparophas paGota NoS
U3IrOTOBJIEHUE ®OPM H CTEPXXHEM C OTBEPXK/IEHUEM
B XOJIOJIHOM OCHACTKE

Ob6mue ceegenusn

Crnoco6sl u3rotosnenus dopm u crepxueii [1] orsepxacHuemM B X0N0AHO# OC-
HACTKE OCHOBaHbI HA CBOWCTBE CBA3YIOUIHX OTBEPXAATBCA B CMECAX MPH HOPMAallb-
HOM TeMnepaType Nnoj BO3AECHCTBHEM TBEP/BIX, HKHIKHX WIIH ra3000pazHbiX peareH-
TOB-OTBEP/AWTENCH WK KaTanu3atopos. Teepjibie H KHAKHE OTBEPAUTENH WK KaTa-
JIM3aTOPBl BBOAAT B CMECH NpH WX npurorosicHuu. CMecH, coaepialue oTBepau-
TEIM WM KaTaan3aTophl, OTBEPKAAIOTCA 6e3 BHEUIHEro BO3ACHCTBAS M HA3BIBAIOT-
Ca camotBepAciomumM. ['a3006pasnpie oTBEpANTENH BBOJAT B CMECH 110CHE MX YII-
JIOTHEHHSI B OINOKAaX WK CTEPKHEBBIX siukax. CMecH, OTBEpXk/IaeMbie ra30BbIMU
peareHTamH, B OTIHYHE OT CaMOTBEPACIOUINX, UMEIOT MPAKTHYECKH HEeOrpaHH4eH-
HYIO XKHBYYECTb.

Iy?
Puc.1. Kunetuxa ynpounenns caMoTBepACIOMMX cMeceii ¢ nuskum (1),
cpeaHnM (2), U BHICOKHM (3) conepianueM OTBEpHTE s (xaranm3saropa)

B camoTBepaeionux CMecsX NpoLecchl, NPUBOAAIIME K TIPOYHOMY CBS3biBA-
HHIO MECHHHOK APYT € JAPYTOM, HAYMHAIOTCS Cpasy Iocjie BBEACHMS CBA3YIONUIMX.
Ha puc. 1 nokasana 3aBHCMMOCTH NPOMHOCTH CMECH MPH CKATUU Oy OT BPEMEHH.
Brauane npoueccel TBEpACHHS NMPOTEKAOT ¢ Manol CKOPOCTBIO M MPOYHOCTH CMECH
PaKTHYECKH He BospacTaer. Yem Gonbule 1ot nepuos 1, HazbiBaeMBIil HHIYKLHOH-
HbIM, TEM BBIIIIE XHBYYECTh CMECH. 3a HHAYKIMOHHLIM NEPHOLOM CIELYIOT NEPHOIBI
aKTUBHOrO ynpo4nenus cmecH Il u 3amesyienHoro pocra ee npounoctu I11. /s 3a-
BEPLICHHS NIpOLECCa OTBEPXACHMSA CMECH TpebyIoTes ecaTk qacos. QpHako Moje-
I M3 NONY(DOPM KW CTEPXHH M3 AIIMKOB H3BIEKAIOT yepe3 10—50 mun nocie 3a-
TMOJHEHUs] OCHACTKU. 34 3TO BpeMs! POYHOCTH CMECH JOJDKHA HOCTUYD B 3aBHCHMO-
CTH OT Maccel crepikhs 0,1—1,0 MITa. 1ot ypoBeHb NPOYHOCTH HA3BIBAIOT MaHHITy-
JIATOPHBIM, TaK KaK OH OKa3bIBAETCs AOCTATOYHBIM /L5 BBIIOJIHEHHUS ¢ nonydopMamMu
H CTCPIKHAMH NOCHEAYIOMHX TEXHONOIHYECKHX ¥ TPAHCIIOPTHBLIX Onepauuii (MaHu-
nyasuui). B atom cnyyae noynpounenue cmecu MPOUCXOJHT BHEC OCHACTKH — TIOCJIE
yAaneHns Mozenel u3 nomy(popm U CTepXHel U3 crepHeBbIX AlmMKkoBs. Tak, npou-
HOCTL NPH CKaTHM JKHIKOH CaMOTBEPCIOLICH CMECH HA XHIKOM CTEKe yepes | u
cocrasnsier 0,2—0,5, a yepes 24 4 — 0,7—1.3 MITa.
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KusyuecTh CaMOTBEP/ICIONIMX CMECE B 3aBUCHMOCTH OT cnocoba mirortorine-
Hug nonygopm U crepxHeit 1 ux rabapuTHbIX pazMepoB KonebneTcs OT JeCATKOB ce-
kyHa a0 20 muu. HuByyecTh CMECH W CKOPOCTb €€ OTBEPKACHHUS PeryiHpyloTcs
noaADOPOM BHIA M KONUYECTBA KAaTANH3ATOPA WK OTBEPAUTENN, a TAKKE AOMNONHHU-
TEAbHBLIM BBCACHHUEM B CMeCh JI00aBOK — perynstopos TeepieHus. Cmecu ¢ bonbluei
KHUBYUECTBIO (CM. puc. |, kpuBas /) YNpOUHSIOTCS MEIEHHEE, YEM CMECH C MEHb-
HeH KuByuecThio (kpussie 2 1 3).

Mo duznueckomy COCTOSHUIO CMECH, TBEPACIOLIME B XOJNOAHOH OCHACTKe, MO-
ryT ObITh KHUJKHUMU, NJIACTHYHBIMU U CHITTYYUMU.

Kuakue camorsepaetoume cmecu (JKCC), Hapsly € OrHEYNOPHBIM HaNONHUTE-
NeM W CBA3YIOLMM, COAEpAKAT OTBEpPAMTENbL KW neHooOpasylollee MOBEPXHOCTHO-
aktuHoe Belectso (ITAB). B JKCC ua ocHose nurnocyinsdonaros CJlb ceazyrouiee
obnanaer HEKOTOPOH neHoobpaszyioled CNOCODHOCTEIO, TTOITOMY B HX COCTAB NEHO-
o0pa3oBaTe/ii MOYXKHO HE BBOJAMTD.

5
Guyeig

Vi

14

9)

Puc.2, Cxemsl npoayskn nonydopmsl (@) ¥ cTepxHs (6) YrieKHCIbIM Ta3oM:
[ = Monens; 2 — oTBEpCTHs JUts TPOJIYBKH; 3 - 0noka; 4 — NoAMOAEAbLHAS nauTa; J —
HUTanr U8 NoAsoAa raza; 6 — HaKOMEHHUKH; 7 — CTEPAKEHD; § — CTEPIKHEBOM ALLNK

Orsepaurenn XCC spibUpaloT B 3aBUCHMOCTH OT NPUPOLI CBA3YIouEero. Jlns
xuaxoctekonbHbiX KCC oTBepaMTeNnsMM CIy)KaT CHAUKAThl KalbiMs (cojpepika-
uecs B GeppoxXpoMOBOM M JIOMEHHOM lujakax, HedeNMHOBOM Hilame U Jpyrux
martepuanax), cuavumasl (heppocunuiumuit) U KpeMHUA-QTOPUCTLIE COSTUHEHMS
(H,SiFs, Na,SiFg). Oprannyeckue XKCC uwa aurnocynsdonarax CJ1b orsepxnator-
Cl B NPUCYTCTBUM OKUCINTENS — COCAMHEHUS IIECTHBANEHTHOrO XpomMa HilH anio-
MHMHATOB HATPHUS W KaJbLMS.

Opranunueckue KCC Ha CHHTETHYECKHX MO‘iCBHHObepM&UIbllernﬂllblx u dhypa-
HOBBIX CMOJIAX OTBEPXKAAIOTCS M0 BO3/ACHCTBHEM KATANU3aTOPOB—OPraHHYECKnX H
HEOpPraHM4YecKuX KHCNoT (CyNbdokucaoT, pocdopHbiX KHCIIOT).

. B xauectse nenoobpazyouux [TAB uecnons3ylor npeuMyLIecTBEHHO aHWO-
nHakTuBHbie Beuiectsa (JIC-PAC, KYHP, mbinonadr, koutaxt [lerposa).

OtanunTenbHON 0COBEHHOCTHIO TEXHOJIOTHYECKOro [poiiecca W3FOTORNEHHS
dopm u crepxueit w3 KCC ssasercs nonyyeHue NCEeBAOOKHIKEHHON cMecH, 3anos-
HEHKE €10 TMOJOCTH ONOKH MM CTEPIKHEBOrO ALMKA NyTeM 3alMBKH (6e3 nonoaHu-
TENLHOro YNIOTHEHMS ), BbIAEPKKA CMECH B OCHACTKE JIO AOCTHIKEHUS MAHUNYAs-
TopHOH NPoYHOCTH (30-—50 MuH).
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[nacTuunsie camorsepaetouue cmeck (ITICC), B ornuune or XKCC, we couep-
Kar nedoobpasyrowux MAB, no Bkmwouaior 10 S % rnuuel. [lpucyrcrsue riiMHbi
obecneunBaeT BLICOKYIO NPOYHOCTH CMECH B ChIPOM COCTOSHUH. ITO HCKIIOYAET He-
06X0ANMOCTb JUTHTENIbHOH BBIACPKKH MEPe] yAaNeHueM Moaey 13 nonyhopm u u3-
BJICYEHMEM CTepXHel M3 cTepikHeBbX AwukoB. INTCC yninoTHSIOT, KakK fecyaHo-
ranaucTeie cmecu. Yaute INCC uenons3yror kak 06IHLOBOUHYIO CMECH.

Chlryyne caMOTBEpICIOLME CMECH MONYYalT € MCMOJb30OBAHHEM JKUIKOIO
CTEKIa MM CHUHTETHYECKMX cmoi. OHu OTBepXkaaloTCs razo00pasHbIMHU, KHIAKUMH
WU TBEPABIMU OTBEPAUTESAMMY.

Cnocob u3roroBneHus nonydopMm u cTepiHer U3 KHAKOCTEKONbHOW CMECH
NPOAYBKOW YrieKMCAbIM razom noayumn Hazsanue CO,-npoitecca. [lonydopmbi u
crepxcuu npoaysatot CO, nocie yniorHeHusi cMecH B ocHactke. [Ipoaysky ocy-
LECTBAAOT YEPE3 OTBEPCTHUS B OCHACTKE MITH CTIEUMAIBHO BbINONIHEHHbIC B CTEPKHE
KaHaiel (puc. 2). JlnntensHocTh 1npoayBKu coctasiasier ~| mun. Ilpu Gonee piu-
TeJIbHOH MPOJlBKE MPOYHOCTh CMecH CHuxaeTcs. OTBepXKIeHHE CMECH U YIIPOUYHEHUe
cTepiHs 00ycnoBneHo obpa3oBaHueM relisi KPEMHNEBOMW KHCIOTHI NPH B3auMojIeicT-
BHH KHJKOI'O CTEKIA C YTNICKHCBIM Fa30M.

AHanoru4HeIM obpaszom noayyaiot noaygopmel u c*repxuu H3 MecyaHo-
CMOJISHBIX CMECEH, TBEP/CIOMX MPU MPOJIYyBKE NapaMy TPHITHIAMMHA WM LIMKIIO-
rekcanona (Ashland-nponecc), razoo6pasusimM SO,. B emecu s SO,-npouecca so-
MOJIHATEIBHO COJICPIKUTCA OKMCIIHTEND, KOTOpSLIH obecrieunsaet nepexoa SO, B SO;.
[locaennuii B3aMMOJICHCTBYET C BIAroil cMecy ¢ 0Opa3oBaHWEM CEPHOMN KHCIOTbI, B
MIPUCYTCTBUH KOTOPOH peaiu3yeTcs peakuus nonMkoHaeHcauuu cassyrouiero. u-
pokoe pacnpoctpanenue noiayqaun Cold-box-amin-npoecc, B koTopoMm B KauecTse ra-
3000pa3’HOro KaraiM3aTopa WCIONB3YIOTCA Taphl HM3KOKMIALIEH KUAKOCTA (TPUITH-
NAMHH WM JIMMETHIITUIAMHH), Bes rpynna npoueccos noiy4eHust Gopm U CTepKHei
U3 XONOAHO-TBEPACIOIMX CMECEH C NIPUMEHEHHEM Ia30BbIX peareHToB [2] nonyyuna
obulee nazsauue — Cold-box-npouecck!.

Cnoco® nonyuyenus nonyGopm MW CTEpKHEN M3 CBITY4YHX CMeceil ¢ HKHAKH-
MU otsBepauTensmu .nony4yun Haspanue XTC-npouecca — No-bake-nporiecc. Ilpu
XTC-npotiecce HCIONB3YIOT CMECH Ha JKHAKOM CTEKIE MM CHHTETHYECKHX CMOJax.
B kauectse oTBepauTeNeil XKUAKOCTEKONLHBIX CMECEH UCTIONB3YIOT CIOXKHBIE (DU~
pbl (MOHO-, M- ¥ TPHALETHHBI, NponuiieHKapboxar u ap.). Ux oreepicaarouee aei-
CTBHE OCHOBAHO Ha I'MpoJiu3e 3QHPOB B IENOYHONI cpejie, B pe3yabrare 4ero 00-
pasylorcs kuciora W cnupt. Kucnora cosznaer neobxoaumyio cpeny (pH pacrsopa
CBA3YIOLIEro) A% 00pa30BaHMns refs KPEMHUEBOW KMCHOTHI.

llecuaHo-cMONSAHEBIE CMECH OTBEPIKAAIOT BOAHBIM MM CIUPTOBLIM PacTBOPOM
KaTaau3aTopoB, Hanpumep oprodocdopHoii KHcnoTsl, HeH30CyNLPOKHUCIOTHI, napa-
TOAYONCYIb(YOKUCIOTHI, XJIOPHJIOB Kejle3a, 0JI0Ba, MEAH, ANOMMHUS, UWPKOHUS,
OTHOCALIMXCA K FPYNIE TBIOHCOBLIX KHCIIOT.

[Tostydopmet u crepikin w3 XTC nony4aior 1o MeTainyeckon, 1epeBaHHON 1
IJlacTMaccoBoi ocHacTke. MOpMOBOHHBIC YKIOHBI ITOH OCHacTku B 1,5—2 pasa
DonbuIe 110 CPABHEHUIO C YKIIOHAMU MOJIENeH Uis (POPM U3 NeCHaHO-TIMHUCTBIX CMe-
cei. Meranmueckue SUMKH pekomMeHayeTcs nojorpesars jo 30—35 °C B uensx ye-
KOPEHHs OTBEPXKACHHS CMECH W MPE/IOTBPAILCHUS ee MPHIHNauus K ocHacrke. Chl-
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MYYHE NECHAHO-CMOJISHBIE CMECH YIUTOTHSIOT BUOpallHeH, NECKOAYBHbIM H NECKOCT-
peiibHbIM cnocobaMu, pyuHoi U nHeBMarTHueckoil TpamboBkamu. [lpu H3roToBaeHnu
CTep)KHeH ¢ KapKacamM 3aChilKy U YIUIOTHEHHE CMECH BBINOJIHAIOT B JIBa NpHeMa —
20 W 1ocse yCTaHOBKU KapKacos. [TpoaoinkuTeIbHOCTh BbIAEPKKH MENKHX CTEpPHKHEN
B ocHacTke cocrasnger 10—I15 Mun, a kpynusix 30—40 muH.

ObGopynosanue, HHCTPYMEHT H MATEPHAJIbI

CmecuTeny KaTKoBble, NOMACTHLIE W IUHEKOBbIE, BUOPOCTON ANSl YIUIOTHEHHS
cMecH, DannoH ¢ YrjeKHCIbiM ra3oM, CHabXeHHbII BEHTHWIEM M Ta30M0/iBO/IHLIMH
UITAHTAMM, CTEPIKHEBbIE ALMKH [UIS H3rOTOBCHMA CTepyKHeH TomuuHOH 10—50 MM u
anuaoit 100—150 mm, nuTeliHbie MOJAENH JUIS TONYYEHHS TMOJLIX OTAMBOK JUIHHOMH
80-—120 mm wm co crenkamu TomnuHoH 10—50 MM, KOMIUIEKTBI (POPMOBOUHBIX HHCT-
PYMEHTOR, 1YJIbBEPH3aTOP IS HAHECEHUS pa3feNIMTEILHOro cocTasa, naboparopHbiii
Konep, npucnocobnenue JUIs M3rOTOBICHUS CTaHAAPTHLIX 0Opa3uoB, NpUOOpL s
OnpeIeNIeHns IEPOXOBATOCTH MOBEPXHOCTH OT/IHBOK, U3MEPHTEIILHBLIN HHCTPYMEHT
— wranrenuupkyns (IHL-1, -2 wau WILL-3), TBepaomepnt (Moa. 071 u 073M),
oboraueHHbIit U KBapUEBbIH NECKN, XHWJIKOE CTEKN0, GeppoXpoMOBBIN 111aK, MEHO-
obpazytowiee [MAB, 15—20 %-vpiii BojaHbiit pactBop NaOH, cMmonsubie cBazyio-
uiMe ¥ karanuzarops! Ui X TBepiaeHus: BC-40 u oprodocdopHas kucnora Hau
OO-1D u Hensocynsdhokucnora (naparonyoscyibPoKHCIOTA), Pa3ACTUTETLHbIH
cocTap (cmech KepocuHa, napaguHa ¥ cepebpucroro rpadguTa B COORHOIICHHH MO
macce (8 :2:1,5) unu cMech MasyTa ¥ KepoCHHa B COOTHOIIEHHH 1o macce (1:1).

B kayecTBe X)UAKOIO OTBEpAMTENs JUIA KHJAKOCTEKOJNBHOW CMECH MOXKHO MC-
noasL30Bath auerars atuieHrmkons (ALDD), oraMyaiommecs cocTaBoM alleTaTos:
1B, 2Chb, 3CM, 4M, S50M [3].

Texnuyeckas xapaKTepuCcTHKa H OCHOBHbIC CBOMCTBA

' Hammenosanue nokazarens SRR 1 26R: YTISCMT 1AM 50
Brewmnuit sun BecupeTHas XHAKOCTb, NONMYCKACTCH MKENTOBA-

r Al Faigs THIH OTTEHOK M HAJIMYHME OCaJKa
Maccosasi jons MOHoaierata JTHICHTAMKOAS, | 47-51 37-41 22-26 14-18 8-12
%, ne Gonee ol
Maccosast noas yruseHrnukons, %, ve 6onee 9.0 5.0 3.0 2.5 1,0
MaccoBas 0718 NPONUHOHATOB ITHACHIIIHKONA, 2 2 2 2 2

| %, He Goniee A L |
Maccosas nosns kuciot, %, ne donce {05 0.5 0,5 0.5 0.5

. Maccosas gons soasl, %, ve bojee 1 1 1 1 1 |

Jlanublil NPOAYKT NpeAHa3HayueH 1 OTBePIKACHHS HA BO3AYXe (POPMOBOUHBIX
M CTEPIKHEBBIX CMECEH C JKMKUM CTEKIIOM MPH H3rOTOBIEHUH CTANBHOTO W Y4YTyHHO-

o JIUThHA.

C.C.XKykosckuit u I1.A.Bopcyk peKOMEHIOBANM Ui U3TOTOBIIEHHS TEXHOJIO-
ru4eckoi npobel cMech CASAYIOLIEro cocTaBa, Mace.u.:

Ilecok kBapuessiii - 100;

Kunkoe crekno M = 2.5, p = 1,47-1,48 r/em3 — 3,5;

Anerar atunenrnukons — 0,35.

CproticTBa cMecH HAOJIVKHBI OBITH BbLIJICPXKaHbI B CAEAYIOUX TIpeaenax:

AKupyyecrs, mun — 60-80;

[Tpounocts Ha cxarue, klla, He meHee:

uepes 2 vaca — 50;
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