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Jlaboparopras pabota Ne 1
N3y4eHue TeXHOJIOTHIT U3rOTOBJIEHUS W3eJUH U3
MOJIMMEPHBIX MATEPHUAJIOB H KOMIIO3UTOB HA UX OCHOBE

1. Heab paGoTsl.
O3HaKOMUTBCS €  TEXHOJOTMYECKHMM  TpOIeCCaMH  HM3TOTOBJICHUS  W3AETUN U3

KOMIO3UIMOHHBIX MaTepuaioB (KM), mony4uuts HaBbIKH pabOTHl HA COBPEMEHHOM 000pYyA0BaHUU.

2. TeopeTnueckue mMoJI0KeHUsI.

2.1. Ochoenble noHamus u onpeoesieHus

Komnosunmonnsie Matepuajbl — 00bEMHOE MOHOJIMTHOE HCKYCCTBEHHOE COUYETaHME
pPasHOPOAHBIX MO (OopMe M CBOMCTBAM JBYX M Oojiee MarepuajoB (KOMIIOHEHTOB), ¢ YETKOU
TPaHULEN pa3lena, UCIONb3YIOIIEe MPEUMYIECTBa KaXKIO0r0 U3 KOMIIOHEHTOB M IPOSBISAIOLICE
HOBBIE CBOICTBa, 00YCJIOBICHHBIE TPAaHUYHBIMU IIPOLIECCAMH.

Takum 00pa3oM, K KOMIO3UIIMOHHBIM OTHOCSITCSI MaTepHalibl, O0JIaJaiouIie Ciexyromen
COBOKYITHOCTBIO ITPU3HAKOB:

— HE BCTPEUAIOTCS B IPUPOJIE, IIOCKOJIBbKY CO3JaHbl YEJIOBEKOM;

— COCTOAT M3 ABYX WM 0ojiee KOMIIOHEHTOB, Pa3IHUYAIONIMXCS MO CBOEMY XHMHUYECKOMY
COCTaBy U pa3/eJEHHBIX BBIPA)KCHHOW IPAHULIEH;

— HMEIOT HOBBIE CBOMCTBA, OTIMYAIOIIUECS OT CBOMCTB COCTABIISIFOIIUX UX KOMIIOHEHTOB;

— HEOJHOPOAHBI B MUKpOMacIlTabe U OHOPOIHBI B MaKpomaciuTaoe;

— cocTaB, (hopma U pacnpeziesieHue KOMIIOHEHTOB «3allPOEKTUPOBAHbI) 3apaHee;

— CBOWCTBA OINpPENENAIOTCA KaXAbIM M3 KOMIIOHEHTOB, KOTOpBIE JOJDKHBI OBITH B
MaTtepuaje B JOCTaTOYHO OOJIBIIMX KOJM4yecTBax (OOsblI€ HEKOTOPOro KPUTUYECKOIO
COJICpI)KaHUsA).

Wcxons n3 JaHHOTO BBILLE ONpEAeeHNs, KOMIIO3ULIMOHHbIE MaTepual MpeACTaBIsA0T co00it
OCHOBY U3 OJIHOI'O MaTepHala, B KOTOpYyIo J00aBjeH APyroi Marepuan B BUAE BOJOKOH Pa3InyHON
JUIMHBI, CIOEB, JUCIEPrHpPOBAHHBIX yacThll. KOMIOHEHT, HempepbhiBHBI BO BceM o00bEMe KM,
Ha3bIBACTCSl MATPHIICH; MPEPHIBUCTHIN, pa3beINHEHHBI B 00bEME KOMIIO3UIIMU — HAIMIOTHUTEIIEM.
Mexay MaTpullel U HalOJHUTEIEM CYILIECTBYeT YeTKas I'paHMIa pasjesia — Mek(daszHas rpaHuIa,
MMEIoLIasi CBOKWCTBA, OTJIMYHBIE OT CBOWCTB MaTPUILIbI M HaNoJHUTENS (puc. 1).

IlyréM mnopbopa cocTaBa M CBOWCTB HAIOJHHUTENS W MATPHULbl, HX COOTHOLICHMS,
OpUEHTAIlMM  HANOJHWUTENSl MOXXHO IOJNy4YUTh MaTepual ¢  TpeOyeMbIM  cOoYeTaHHEM
SKCIUTyaTallMOHHBIX W TEXHOJIOTMYECKUX XapakTepucTuk. Kpome »3toro, Ha CBOWCTBa
KOMITO3MIIMOHHOIO MaTrepuala B 3HAYUTEIbHOM CTENEHU BIMSIOT YCIOBHS W METOJBI €ro
NoJTyueHus (TemIepaTypa, JaBJIeHHUE U ApyTrue BO3ACHCTBUS).

MatpuiiaMy B KOMIIO3ULIMOHHBIX MaTepHaliaX SIBISIFOTCS METAJUIbI, TIOJIUMEPHI, LIEMEHTHI U
KepaMuKa. B kauecTBe HamoJIHUTENEH HCIOJIBb3YIOTCS caMmble pa3HOOOpa3Hble MCKYCCTBEHHBIE U
NPUPOAHbIE BELIECTBA B PA3NUYHBIX (QopMax (KpyNnHOpa3MEpHbIE, JIMCTOBBIE, BOJOKHHCTHIE,

JAUCIICPCHBIC, MCIIKOAUCIICPCHBIC, MUKPOAUCIICPCHLIC, HaHO‘IaCTI/IHH).
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Martpuua

MexdasHas
rpaHuua

HanonHutenb

Puc. 1. OcHoBHBbI€ KOMIIOHEHTHI KOMITIO3UIIMOHHbIX MaTepuaioB

B Hacrosmee BpeMs NPUMEHSIOTCS TAKXKE MHOTOKOMIIOHEHTHBIE KOMIIO3UI[MOHHBIE
MaTepuaibl: IOJIMMATPUYHBIE, KOIZJa B OJHOM KOMIIO3MIIMOHHOM MAaTepuale COYEeTarTCs
HECKOJIbKO MAaTpull; TMOpHIHbIE, BKIIOYAIOUIME HECKOJIbKO Pa3HBIX HAMOJIHUTEICH, KaXAbld M3
KOTOPBIX UI'PAET CBOIO POJIb.

Hcnons3oBanue B OHOM MaTepHalle HECKOJBKUX MATPULl WJIA HAIOJHUTENIEH Pa3iIu4HON
IPUPOJABI 3HAYMUTEIBHO PACIIUPAET BO3MOXKHOCTU PETYJIMPOBAHUS CBOMCTB KOMIIO3ULIMOHHBIX
MmatepuanoB. HamonHuTenpb, Kak IpaBuilo, ONpeAesseT IPOYHOCTb, )KECTKOCTh U 1e(OPMHUPYEMOCTh
KOMIIO3UTa, a MaTpulla 00ecreynBaeT €ro MOHOJUTHOCTh, NIEpeayy HaMpsDKEeHUH U CTOMKOCTH K

Pa3IMYHBIM BHCITHUM BO3}1€I>1CTBI/I$IM .

2.2. Knaccugpuxayus KOMRO3UYUOHHBIX MAMEPUANO8

Hns toro 4roObl cuctematusupoBaTb KM 1o pa3nuyHbIM IMpHU3HAKAM, T'PAMOTHO
peanu3oBath mnporuenypy Bbibopa KM g HM3roToBICHMS pa3iIWYHBIX JeTajel, yNopsgoYuTh
TEPMUHOJIOTHIO B O0JACTM MaTepHAJIOBEICHUs] KOMIIO3UTOB, HE0OXoauMa 00OCHOBaHHas
KJaccu(uKaus 3TUX MaTepHaoB.

Enunoii  oOmenpuHATON Kiaccu(UKAUMK KOMIIO3UIMOHHBIX ~MaTepuanoB HET. JTO
oOBsicHsieTcst TeM, yTo KM mpeAcTaBisioT camblii MIMPOKHM KJIacC MaTepuasoB, 00beAUHSIOMINN
METaJUIbl, IOJMMEPBI U KEPAMUKY .

Ha puc. 2 npexacraiena kinaccupuKaiysi KOMIO3HIIMOHHBIX MaTEpPHAJIOB IO Pa3IMYHBIM

KJIaCCI/I(i)I/IKaIII/IOHHLIM IMpU3HAKaM.
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Knaccmtmxauuﬂ KOMMO3UMUMOHHLIX MaTepuanoB

| | | I I |

Marepuan FeomeTpus Crpyktypa u OpwueHTauus u MeTop

MaTpuubl HanonHuTens B TWN HanonHWTens  MOMy4eHns

HasHnauyenue

| Merannnueckue MopouwkoBbie | Marpuunan W3oTponHble | KuakodpasHbie - Obuwe-
KM CTpyKTYpa KM meTogb! KOHCTPYKLWOHHbIE

| MonumepHbie BonokHucrtele KapkacHas AHM3OTPONHbIE | Teepaodaausie
KM KM

— KaponpouHsie
CTpyKTYpa meTozae!

| Kepamuueckue Cnowuctble | Cnoucras | | LI |
KM KM

CTpyKTYpa HanGINeHMs»

L_ Monumarpuyxbie |_ KomBunupoBaHHas | Kom6uHmpoBaHHbie
KM CTPYKTYpa MeTofb!

Puc. 2. Knaccupukauuss KoMIno3MIUOHHBIX MATEPUAJIOB

Haunbonee BaxkHpIM npu3HakoB kKinaccupukaumum KM sBisercs maTepuan MaTpUIb
(marepuanoBequeckuil npuHuumn). KM ¢ MeTainueckoil MaTpulled Ha3bIBalOT METAJUIMYECKHUMHU
KOMIIO3UIIMOHHBIMU ~ MaTepuaiamu (MKM), c¢ mnomumepHOW MaTpuued — TOJIUMEPHBIMU
KoMIo3umoHHbIMU Matepuanamu (IIKM), ¢ kepamuueckoit — KepaMUUECKUMH KOMIIO3ULIMOHHBIMU
marepuanamu (KKM). KM, conepkamue nBa u 0oJjiee pa3IMUHBIX IO COCTaBYy MaTPHYHBIX
MaTepuasa, Ha3bIBalOT NOJUMATPUYHBIMU.

Haspanue noinumepubix KM 00bIYHO cOCTOUT U3 IByX yacTeil. B mepBoii yacTH Ha3bIBaeTcs
MaTepuaj HaIOJIHUTENS, BO BTOPOW HPHUBOJUTCS CIOBO «IUIACTUK». Hampumep, monumepHsle
KOMIIO3UTBI, APMUPOBAHHBIE CTEKJIOBOJIOKHOM, HA3bIBAIOTCS CTEKJIOIIACTUKAMU; METAJUIMYECKUMU
BOJIOKHAMU — METAJUIOIUIACTHUKAMM, OPraHWYECKMMU BOJOKHAMHU — OPraHOIUIACTUKAMH, OOpHBIMU
BOJIOKHAMHU — OOPOIUIACTUKAMHM, YIJIEPOJHBIMU BOJIOKHAMH — YTJIEIIACTUKAMH U T.JI.

Jns xapakTepucTuku Mertamnueckux KM uyamie wucnosb3yroT [BOMHOE 0003HauyeHHE:
BHayajle MUUIYT MaTepual MaTpuUllbl, 3aTeM — MaTepuan BojokHa. Hanpumep, o003HaueHne Meap —
Bosibppam (Cu — W) COOTBETCTBYET KOMIO3MIIMOHHOMY MaTepualy, B KOTOPOM MaTpHIEH
ABJIIETCS ME/1b, @ BOJIOKHAMU — BOJIb(pam.

s xepamuueckux KM xapakTepHO Takoe ke 00O3Ha4eHHE, KaK U JUI METAJUIMYECKHX:
Harmpumep, 0003HAUEHHE «OKCHJ aTIOMHHHMS — MOJHMOAEH» COOTBETCTBYET KOMIIO3HIIMOHHOMY
matepuainy ¢ marpuueit u3 A1203 1 Moau0OIeHOBBIMU BOJIOKHAMH.

B Hekoropeix ciywasx s o6o3HaueHuss KM ucmonb3yeTcst OHO CIIOKHOE CIIOBO,
HampuMmep OOpOalOMMHUN WK yrieamoMuHMA. B 3TomM ciyuae mnepBas dYacTh CjoBa

COOTBETCTBYET MaTepHajy BOJIOKHA, a BTOpas — MaTepuaay MaTpUIIbL.

C Touku 3pCHHA r€OMETPUU HATIOJIHUTEJISA PA3JINYAr0OT:

— IIOPOHIKOBBIC HWJIW JUCIHCPCHO-YIIPOYHCHHLIC KM, ra€ B KadyCCTBC HAIIOJIHUTCIIA
HCIOJIB3YIOTCH IMMOPOLIKHU WUJIU I'PAHYJIBI;

— BOJIOKHHUCTBIC KM, ApMUPOBAHHBIC HCIIPCPBIBHBIMU U JUCKPCTHBIMH BOJIOKHAMU;

— cuoucteie KM, cocrosimue u3 yepenyromnxcst HEMPEPbIBHBIX U IUCKPETHBIX TUIACTHH.

ITo crpykrype M pacmojiokeHHMI0 KOMNOHeHTOB KM nensarcs Ha rpynibl ¢ MAaTPUYHOM,
CIIOMCTOW, KapKacHOW W KOMOWHHUPOBAHHON CTPYKTypoW. MaTpuuHylO0 CTPYKTYypy HMEIOT

IMOPOIIKOBLIC HW BOJIOKHUCTLIC KM. K mMarepuajiam cCo CIIOUCTOM CprKTypOﬁ OTHOCATCA
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MaTepHualbl, MOJYyYCHHbIE M3 HA0Opa uepeyIoLIMXCs CI0oeB (POJbIM WM JIUCTOB MaTepHasoB
pa3IMuyHOM NpUPOIbl M cocTaBa. K KOMIIO3MIIMOHHBIM MaTepHallaM C KapKacHOM CTPYKTypou
OTHOCSITCSI MaTepHaJIbl, MOJTYYEHHbIE METOJIOM NpONUTKU. KOMOMHUPOBAaHHYIO CTPYKTYpY HMEIOT
MaTepHalbl, CoAepKalre KOMOWHAIIMY NePBbIX TPEX IPYIIIL.

KM ¢ maTpuyHOi CTpyKTypoO#l IemsTcs Ha XaOTHYHO-ApMUPOBAHHBIE U YNOPSIOYEHHO-
apMupoBaHHbIE (puc. 3).

XaotuuHo-apmupoBaHHele KM cozpepxar apMUpYIOIIME 3JIEMEHTHI B BUAE JHUCIEPCHBIX
BKJIIOUEHUH,  JUCKPETHBIX WM  HENPEPBIBHBIX  BOJOKOH. OTHU MaTepUaibl SBJISIOTCS
M30TPONHBIMU MM KBa3UU30TPOIHBIMUA. TEPMHH «KBAa3UM30TPOIHBIN) 03HayaeT, yTo KM sBisgercs
AHU30TPOIHBIM B MUKPOOOBEME, HO U30TPOIHBIM B 00BEME BCETO U3EIUS.

YnopspouenHo-apMupoBanHble KM mogpasgensrorcs Ha  OZHOHAIIPABICHHBIE, T. €.
OJIHOOCHO apMMpOBaHHbBIE, JBYXOCHOAPMHUPOBAaHHBIE (C pacIOJIO)KEHUEM HAINOJHUTEIS B

IJIOCKOCTH) U TPEXOCHOAPMUPOBAHHBIE (C OOBEMHBIM PACTIOI0KEHUEM HAIOTHUTES ).

1 1

LN ANMELS
S

///////////////////
Ui
////////(////////////

a 0 B r

Puc. 3. Knaccndpukanusi KoMno3uIHOHHBIX MATEPUAJIOB M0 KOHCTPYKIIMOHHOMY NMPHU3HAKY:
Xa0THYHO- (2); OIHOMEPHO- (0); AByMepHO- (B) U MPOCTPAHCTBEHHO-apMHPOBaHHbIE (T);

(1, 2 — pazimuHas cTeneHb AUCTIEPCHOCTH HATIOJTHUTEJIS)

Ilo opueHTaUMM W THUIYy HANOJHUTENs (KOHCTPYKIMOHHBIM mpuHimn) Bce KM moxHO
pa3eauTh Ha JBE IPYMIBI — U30TPOIHBIE U aHU30TPONHbIE. MI30TpONHBIMU HA3BIBAIOT MaTEPUAIbI,
KOTOpBIE MMEIOT OJMHAKOBBIE CBOWMCTBA BO BCEX HampaBicHMsX. (CBOWCTBa AaHM30TPOIHBIX
MaTepHaioB 3aBUCAT OT HANIPABIICHUS B UCCIIEAYEMOM OOBEKTE.

B 3aBucumoctu or Meroga mouryudeHusi (TexHosorndeckuit npunuun) KM penstcs Ha
MaTepuasbl, MOJIy4YeHHbIE >XUIKO(MAa3HBIMU M TBEpAO(DA3HBIMH METOJAMH, a TaKXKe METOJaMHU
OCAKICHUSI—HAIbICHUS, KOMOMHUPOBAHHBIMU METOAAMH.

K xunkoda3zHbIM MeTO/aM OTHOCATCS MPOMUTKA (NMPOMHUTKA apMaTyphl MOJIUMEPaMU MU
pacIIaBlIeHHBIMU METaJUIaMU) U HalpaBJIeHHAs KPUCTAJUTM3AIMs CIUIABOB.

K tBepmodaszneiM Meromam mnoiydeHus KM oOTHOcCSATCS mHpoKaTKa, SKCTPY3Hs, KOBKa,
IITaMIIOBKA, YIUIOTHEHHE B3pPbIBOM, IU(Qy3HOHHAsl cBapka, BojodeHHe W Ap. KommosunmoHHble
MaTepHabl, oTy4aeMble TBEpA0(ha3HbIMU METOJaMHU, UCTIOJIb3YIOTCS B BHJI€ TIOPOIIKA UM TOHKHX

JIUCTOB.
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I[Ipu mnonydenun KM wMeTomamu  ocCaXACHUS—HANBUICHUS MaTpUIla HAHOCUTCS HA
BOJIOKHA U3 PACTBOPOB COJICH WIJIH JPYTHX COCTUHCHHM, U3 Tapora3oBoi (hasel, U3 TUIa3Mbl U T.11.

KoMmOuHMpOBaHHBIE METOIBI 3aKIIOYAIOTCS B TIOCIEIOBATEILHOM WM IMapauieIbHOM
MPUMEHEHUN HECKOJIBKUX METOIOB.

Ilo Ha3HayeHn0 (OKCIUTyaTannoHHBIN npuHIKN) KM nensrcs Ha 0OMIEKOHCTPYKIIHOHHOTO
Ha3Ha4YeHHs (HECyIMe KOHCTPYKIMH CYyAOB, CaMOJETOB, aBTOMOOWIEH H 1p.), >KaporpoyHbIe
MaTepuaibl (JIOnaTKu TYpOUH CaMOJIETOB, KAMEPHI CTOPaHHUs), TEPMOCTONKHUE MaTepHUambl (U3IEUs,
paboTaroniye B yCIOBUAX YaCThIX TEIUIOCMEH), (GPUKLIMOHHBIE MaTepuaibl (TOPMO3HbIE KOJOIKK),
AHTU(PUKIIMOHHBIE MaTepHalibl (MIOALIIUIHUKN CKOJIbKEHUS), yAapONpOUHble MaTepHasibl (OpoHs
CaMOJICTOB, TAHKOB), TEIUIO3AIIUTHBIE MAaTE€pUajbl, MAaTePUAIbl CO CHEIUATHHBIMH CBONCTBAMH
(MarHUTHBIMH, 3JEKTpPUYECKU- MU) U Jp. JaHHas kiaccuukanus BecbMa YCJIOBHA, MOCKOJBKY

HJaCTO KOMITIO3HUTHI ABIAOTCA MHOFO(l)YHKL[I/IOHaJIBHBIMI/I MarcpuajaMu.

2.3. IIpou3800cmeo KOMNOZUYUOHHBIX MAMEPUATLO8 U UZ0ENULL U3 HUX

Bakneiimieit 0cOOEHHOCTBIO MTPOU3BO/ICTBA COBpeMeHHBIX KM sBisieTCs TO, YTO KOMITO3UT H
TEXHOJOTHSl €ro H3rOTOBJIEHUS pa3paldaThIBalOTCS JUIA  KCIOJb30BaHUS B KOHKPETHOM
KOHCTpYKUUU. [1lo3TOMY MPOM3BOJACTBO CaMOTro KOMIIO3UTA U U3/ U3 HEro Mpe/ICTaBIseT coOoi
€MHYIO0 3a]1a4y, COCTOSIYIO U3 CIEIYIOIIMX 3TAIlOB!

— pa3paboTKa KOHCTPYKIIMH U3JeNUs U TpeOOBaHUN K HEMy, HUCXOAS U3 YCIOBHM
JKCILTyaTaluu;

— CoO3J1aHHe KOMIO3UIIMOHHOTO MaTepuaia Jjisl €r0 U3rOTOBJICHHUS (THII, COCTaB, TpeOyeMble
CBOMCTBA);

— pa3paboTKa TEXHOJIOTMYECKOTO MpOoIiecca MOIyYEeHUs U3IEIHSL.

MokHO cKa3aTh, YTO KOMITO3UIIMOHHBIN MaTepual M H3JCJINE W3 HEr0 B psANE CIIydacB
(bopMHPYIOTCS OTHOBPEMEHHO HEMOCPEICTBEHHO B TEXHOJIOTHYECKOM IIpOIECcCe.

Y4YuThIBass OTMEUEHHOE, BOIPOCHI Pa3pabOTKH HOBBIX KOMIIO3HIIMOHHBIX MATEPUATIOB U UX
TEXHOJOTHYECKON MepepadoTKU cleAyeT paccMaTpuBaTh COBMECTHO W YUYUTHIBATh MHPU STOM
Ha3Ha4YeHHE U3Jeus, ero (GopMy, rabapuThl, yCIOBUS IKCILTyaTaIHH.

B o0mem ciydyae TeXHOJIOTHUS MPOU3BOACTBA M3JEIHUNA U3 MOTMMEPHBIX KOMITO3UIIMOHHBIX
MaTepUajoB BKJIIOYAET B ceOs CIeAYIONINE ONepalnu:

— MOJArOTOBKAa apMHPYIOILIEro HAIIOJIHUTEIIS;

— TPUTOTOBJICHUE MTOJIMMEPHOTO CBSI3YIOIIETO;

— COBMEIIIEHHE MAaTPHUILIbI C ApPMUPYIOLIUM HAMIOJIHUTEIIEM;

— (¢opMoobOpa3oBaHHE IETAIH;

— OTBEP)KICHUE CBSI3YIOIIETO;

— MeXaHHW4YecKas JOBOJKA JAeTalu (MPU HEOOXOMMOCTH);

— KOHTPOJIb Ka4CCTBa ACTAJIH.

B nacrosmee BpCMs pa3pa60TaH0 0O0JIBIIIOE KOJTHYECTBO MCTOJOB N3I'OTOBJICHUA PI3,I[€J'IPII>1 n3

MOJIMMEPHBIX KOMITO3UITMOHHEBIX MAaTCPUAJIOB, KOTOPBIC YCIIOBHO MOKHO Pa3ACIuTh Ha TPU T'PYIIILI
(puc. 4):
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— METOJBI MepepadOTKH MOJIUMEPOB, HAXOSIIUXCS B BA3KOTEKy4YeM (TUTACTUIIMPOBAHHOM)
COCTOSTHUM, OCHOBAHHBIE Ha OJHOBPEMEHHOM BO3/ICHCTBUH HA MaTepHall TEMIIEPATYPhI U JABJICHUS.
K nmanHO# rpynme OTHOCATCS: JUThE MOJA JAABICHUEM, DKCTPY3US M COIKCTPY3Us, IPECCOBAHUE,
KaJlaHApPOBaHMUE,

— METOJIbI nepepadoTKu MOJIUMEPOB, HaXOJISIIHXCS B pa3MAT4eHHOM
(BBICOKORIIACTUYECKOM) COCTOSTHIH, OCHOBaHHBIE Ha eopManuu Harperoro marepuana. K naHHoun
TPyIIE OTHOCATCS: TOpsYasi MITAaMIIOBKa, pa3ayBHOE (POPMOBAHUE, THEBMO- H BaKyyM(OpPMOBaHUE;

— METOJBI TepepabOTKU TOJIMMEPOB, HAXOIANIMXCS B TBEPAOM (CTEKIOOOPAa3HOM WIIH
KPUCTATMYECKOM)  COCTOSHUHM, OCHOBaHHBIC HA  CIIOCOOHOCTH  Marepuajia  IPOSBIATH
BBIHYXKJICHHYIO JJIACTUYHOCTh TIOJ[ JeWcTBHEeM JaBieHus. K 1JaHHOW Tpynme OTHOCSATCS:
HITAaMIIOBKA, TPOKATKA, MPOTSHKKA (MTYJATPY3Hs).

Oco00 cienyeT OCTaHOBUTHCS HA PAa3BUBAIOIIUXCS B MOCIEAHEE Bpems TexHojiorusx 3D-
NeYaTu, TPy KOTOPBIX H3AENUE CO3/IaeTCs IMyTeM MOCIOMHOro HaHeCeHHUs MaTepuana. TpexMepHbIii
00BEKT, KOTOPBIM CO3/1aeTCsl ¢ UCMOIb30BaHNEM TexHonoruu 3D-nevaru, cHayalia MOJeIUpyeTcs ¢
MOMOIIbIO CUCTEMbI aBTOMATU3HUPOBAHHOTO TPOEKTUPOBAHMUS, 3aTeM (Paiisl MOJIEH SKCIIOPTUPYETCS

B IIPOrpaMMHO€E oOecreueHue JiIsl OCIOMHOro pa3oueHus u 3arpyskaercs Ha 3D-npunHTep.

MeToabl usrorosnenus usgenuu us NKM

MKM MKM MKM
B Bazkotekysem ——  3D-nevyartb B pa3MsryeHHoOM B TBEpPOAOM
COCTOSIHUN COCTOSAAHUM COCTOSAAHUMU
| Jlutee nog - lopsiyasn .
nasneHnem SLS-nevate LTamnoeka liramnoska
| Okctpyauau | PasgysHoe -
CO3KCTPy3uns FDM-neuatsb ¢opmosaHue lporara
L Mpeccosanue L [HeBmo- [ Tporsxka
chopmoBpHue (nynTpyaus)
L— KanaHgpoBaHue L— rboi?\;(ggzrzwe

Puc. 4. MeToabl H3rOTOBJIEHUS U3AeJIUH U3 MOJUMEPHBIX KOMIMO3UIIUOHHBIX MaTEPHUAJIOB

B mnacrosmee Bpems wusgenus u3 KM ¢ nomoumipio 3D-medaTtd  M3roTaBIIMBAIOTCS
CEJICKTUBHBIM JIa3epHbIM criekaHueM (SLS) v MeToloM MOCIOMHOrO0 HaHECEHUsl pacIulaBICHHOU
nonumepuoit autu (FDM, FFF).

SLS mpeacrasiseT coboii mporecc, B KOTOPOM 3a CYET TEIUIOBON IHEPTHUH JIA3€PHOTO HITH
AIEKTPOHHOIO JTyya MPOUCXOIUT H30MpaTeIbHOE MOCIOWHOE CIUIaBlieHHe 00JacTel MopoIiKa 1is
CO3JIaHUS TBEPAOU CTPYKTYphl. B TexHomorun FDM s medatu Ccnoib3yeTcss HUTh, 3arpyskaemas
B CHCTEMYy Il€yaTH, KaKk IpaBWJIO, 4Yepe3 JABUrarelb MexaHu3ma mnojaaud. Hute HarpeBaercst 10
MIOJIYKUJKOTO COCTOSIHUSL M BBIAABIMBAETCA 4yepe3 comulo. IleyaTs ocyliecTBisercs IOCIOWHO 10

HOJHOTO (POPMHUPOBAHUS OOBEKTA.
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®akTuyecku MeToanpl 3D-medaTu SBISIOTCS Pa3HOBUIHOCTHIO METOJIOB MEPBOM TPYIIIbI C

IMPUMCHCHUEM aBTOMATH3UPOBAHHOI'O IPOCKTUPOBAHUA.

Br160op MeTo1a M3rOTOBIEHUS! KOMITIO3UIIMOHHOTO MaTepralia U U3/AEJHsI U3 HETO 3aBUCUT OT
MHOXecTBa (paKTOpPOB, B TOM 4YHcie (GOpMbI W TabapUTOB H3/AEIHs, CEPUIHOCTHIO BBIMYCKA,
IPOU3BOIUTEILHOCTEIO TEXHOJIIOTHUECKOTO Tporecca, (U3NYECKUMH NapaMmeTpaMH Ipoliecca,

Tpe6OBaHI/I$IMI/I, MNPpEABABIACMBIMU K U3ACTIUTO (HpOLIHOCTB, TOYHOCTDb U I[p)

3. O0beKTHI U CPeICTBA UCCIIEIOBAHNS
OObeKTOM  HCCINEOBaHUN  SIBISIFOTCSL  MPOLIECCHl  W3TOTOBJICHUS — U3JENUA U3

KOMIIO3UIIMOHHBIX MAaTEPHAJIOB C HCIOJIh30BAaHUEM OOOpYyIOBaHUS, MMEIOIIECrocss Ha Kadeape
OuHT.

4. llopsiioK BHINOJTHEHHS PA0OTHI

1. O3HaKOMHUTBCA C METOAMYECKUMHU YKAa3aHUAMU.

2. O3HaKOMHUTBCA C 00OPYJOBaHHMEM, MPEAHA3HAUYCHHBIM [UIsI U3TOTOBJICHHS W3JEIHH U3
KM (akcTpynepamu, TepMmolUiacTaBTOMaTaMH, MPeccaMmM, YCTaHOBKOM Il BaKyyMHOH uH]y3uu,
3D-npuHTEpamMu, yCTaHOBKOH JIJIsl HAMOTKH). MI3y4HTh OCHOBHBIE IPHHIIUTIBI X PAOOTHI.

3. Jlns 3a1aHHOTO TIPETIoIaBaTeNIeM U3JIeNUsl C MCIIOIb30BaHUEM CIIPABOYHOM JIMTEpaTyphl
[1-5] mnomoOparh cocTaB KOMIIO3WUI[MOHHOTO MaTepuaia (HAlOJHHUTEIb, CBSA3YIOIICE, UX
COOTHOILIEHUE) M TPEAJOKHUTHh TEXHOJIOTUIO M3TOTOBJICHUS W3JENUS W3 JaHHOTO MaTepuana ¢
UCIIOJIb30BaHUEM 000py10BaHMs, UMeromerocs Ha kapeape SuHT.

4. CnenaTb BBIBOJBI.

5. OpopMHUTBh OTYET 1O TabOpaTOPHOI padoTe.

5. KoHTpoOJ/IbHBIE BONIPOCHI

1. Yto Ha3pIBaeTCs, KOMIIO3UIIMOHHBIM MaTepraioMm?

2.1 e MpUMEHSIOT KOMITO3UIIMOHHBIE MAaTEPUAIbI?

3. Kakue BbI 3HaeTE HAMIOJIHUTENHN JJIS1 KOMITO3UIIMOHHBIX MaTepHaioB?

4. Kak knaccupuuupyoTcsi KOMIO3UIIMOHHbBIE MaTepHallbl [0 TUITY MaTPHIIbI?

5.0T uero 3aBUCHUT BBIOOp METOAA W3TOTOBJIECHUS HW3JEJIUA W3 KOMIIO3UIIMOHHOTO

Marepuaia’?

6. Cnincox iurepatypsbl

1. bonnanerosa JIL.U. IlonmuMepHble KOMITO3UIIMOHHBIE Marepuanbl (4acTh 1): ydeOHOE
nocobue / JL.U. boumanerosa, B.I'. borganeros. — Tomck: M3a-B0 TOMCKOTO IOIUTEXHUYECKOTO
yHuBepcurera, 2013. — 118 c.

2. IlonuMepHble KOMITO3UIIMOHHBIE MaTepuaisl : yuebHoe mocodbue. Yacts 2 / coct. JLU.

bonnaneroBa, B.I'. bonnaneros. — Tomck: M3a-B0 TOMCKOr0 MOJUTEXHUYECKOTO YHUBEPCUTETA,
2020. - 130 c.
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3. [MonumepHBIE KOMITO3MIIMOHHBIE MaTEpPHANIBl: CTPYKTYpa, CBOMCTBA, TEXHOJOTHS: y4eO.
nocooue / M.JI. Kep6ep, B.M. Bunorpanos, I'.C. ['onoBkun u ap.; mox pea. A.A. bepnuna. - -
CII6.: IIpodeccus, 2088. — 560 c., u.

4. Xonoguukos 0. B. CriocoOb! M3roTOBICHUS U3AEIUI U3 KOMIIO3UTOB //MeX1yHapoTHBII
KYPHAJ PUKIATHBIX U QYHIAMEHTaIbHBIX uccnenoanuil. — 2016. — Ne. 6-2. — C. 214-221.

5. Komno3unmonHele Matepuainsl : cnpaBoyHuk / B. B. Bacunbes [u ap.] ; mox obmr. pen. B.
B. BacumbeBa, KO. M. TapuoBckoro ; penkomni. H. A. AndytoB [u np.] . — Mocksa :
Mammunoctpoenue, 1990. — 512 c. : wir. — ISBN 5-217-01113-0.
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JlabopatopHas pabota Ne 2

I/I3yqe1me nmpouecca moaAroOTOBKM HANOJIHUTeJed 1J11 KOMIO3UIHOHHOTI0 Martepuajaa

1. Heab padoThl.

HSquHI/Ie nmponecca moAroToBKHU HaMoJHUTEICH AJI1 KOMIIOBMIIMOHHBIX MAaTCpHaJIOB Ha
pUMeEpe HEMPEPHIBHOTO CTEKIITHHOTO poBHHTa. O3HAKOMIJICHHE U MOJIy4YeHUE HaBBIKOB pabOThI Ha
obopyoBaHuu JIsi mepepaboTku BoJiokHA. [lodyueHue 3HaHUN O TEXHOJIOTMYECKOM IpoIlecce

MOATOTOBKH HaOJIHUTENIEH JJ11 KOMIIO3UTHBIX COCTaBOB.

2. TeopeTnueckue mMoJa0KeHUS.

2.1. OcHognbie noHaAmMUs U OnpedeneHus.

HanmoJyiHuTe 1M KOMIO3MLMOHHBIX MaTepUaIOB — TBEPAbIC, XKUJAKHE U Ta3000pa3HbIe
OpraHMYeCKHe W HEOPraHMYECKHE BEIECTBAa, KOTOPBIE DPACHpPENEINIIOTCS B HENpepbIBHOU (ase
(Matpuue) ¢ oOpazoBaHHeM reTepodazHON CHCTEMBI C BRIPAKEHHOM rpaHulieil pasaena das.

Hanonaurenu Hapsay cO CBA3YIOIIMM SIBISIFOTCA BaXKHEUIIMM 3JIEMEHTOM CTPYKTypbl KM.
Kak yxe ormeuanocs, ¢pyHkuun Hanonautens B KM BecbMma pa3HOOOpasHbl - OT (hOPMUPOBAHUS
KOMILIEKCA MEXaHMUYECKUX CBOMCTB [0 MpHIAHHUs MaTepuady pa3sHOOOPa3HbIX CHEHHM(pHUUECKUX
CBOWCTB, TakMX KakK (PUKLHMOHHBIE, 3JEKTpUYECKHE, MarHuUTHble M T.N. [losToMy B KauecTBe
HanoytHuTeNed B KM BBICTYmarOT caMble pa3HOOOpa3HbIe BEIIECTBA W MATEpPUAJIbl, COIACPIKAHHE
KOTOPBIX TAK)KE€ MOKET MEHATHCS B OUEHb IIMPOKUX Ipeiesax.

B 3aBUCHMMOCTH OT XMMHUYECKOTO CTpOEHHs, (OpPMBI M pa3MEpoB YaCTHUIl, a TaKXKe HX
arperaTHOrO COCTOSIHMS CYIIECTBYET Psiji MOAXOJOB K Kiaccudukanmuu Harnoaunureneit (puc. 1). Ilo
CBOEHM IPHUpOJIE HAINOJHUTENM MOTYT MOAPA3AEIATHCS HA OPraHUYECKHUE M HEOPraHUYECKHE; II0
arperaTHOMy COCTOSHHIO - Ha TBEpHble, XUJIKHE M ra3zoobOpasnble; mo ux ponu B KM — Ha
YCUJIMBAIOIIME AMUCIEPCHBIE U apMUpYIOLIKe; 10 (opMe YacTHUIl — Ha JUCIEpPCHBIE, 3€PHUCTHIE,
BOJIOKHHMCTBIE U cioucTblie. [locnennsas knaccupukaius npeacTaBisercs Hauboee paloHalIbHON
U SIBIIICTCS HanOOoJIee YacTo yrnoTpeOsieMo.

[IpencraBnsercs nenecooOpa3HbIM pa3/IeIUTh HAIOJIHUTEIN Ha ABE TPYMIbI 0 OCHOBHBIMU
(YHKIUSAM, KOTOPBIE OHU HECYT B KaXKJIOM KOHKPETHOM MaTepHale.

IlepBasi rpynna — coOCTBEHHO HAIMOTHUTENH, KaK MPAaBHUJIO, B BUJI€ YACTULl OTPAHUYCHHBIX
pasMepoB, BBEAECHHUE KOTOPHIX oOmpenenser oOmmid komiuiekc cBoicTB KM, crmocobcTByer
CHIDKEHHIO YCaJIKH, OCTATOUHBIX HANPSDKEHUH U CKIIOHHOCTH K PaCTPECKUBAHUIO.

BTropasi rpynna — 3TO HalOJHUTENHN, OKa3bIBAIOLIME PelIatollee BIUSIHIE Ha POYHOCTHBIE
xapaktepucTuku KM, KOTOpble Ha3bIBAIOTCS apMUpYIOWUMU INEMEHMAMU. ApPMUPYIOIIIe
3JIEeMEHTbl — 3TO, KaK IPaBUJIO, BOJOKHHCTBIE MaTepuajbl JOCTATOYHO OOJBIIMX JMHEHHBIX

pa3MepoB, BOCIPUHHUMAIOIINE OCHOBHYIO HArpy3Ky, J€HCTBYIOIIYIO Ha MaTepHall.



HanonHuTenu KOMNO3ULNUOHHOIO maTtepuana

[OucnepcHble BonokHucTble (I</kp) CnoucTtble 3epHuUcTbIe
— MuHepanbHble — CTeKrnoBOnokHO — TkaHu — Mukpocdepbi
|| | BasankTtoBOe - || ~
MeTannuyeckue Ganeiis Bymaru Yewynkn
panynsl
— OpraHuyeckue —  YrneBonokHo CeTkun — nonumepos
'— PactuTenbHble | BopHoe | Martbi

BOJIOKHO

| Merannuyeckoe
BOJIOKHO

Apmupyiolme KOMNOHeHTbI (I>=/kp)

Mpupopxoe
BOIOKHO

| MonumepHoe
BOJOKHO

Puc. 1. Knaccupurkanus HanmoJHuTe el KOMIIO3ULIMOHHBIX MaTePUAJIOB

BosloKHUCTBIE HANOJIHUTENM 3aHMMAIOT BTOPOE MECTO IIOC/IE AMCHEPCHBIX 0 00BeMy
UCIIOJIb30BaHUs cpein Bcex HamosiHuTenel. IlepBbie MaTepualibl Ha UX OCHOBE ObUIM MOJIyYEHBI B
Hayasie XX B. Ha IIEPBBIX MOpax B KAa4eCTBE BOJOKHUCTBIX HANOJHUTEIEH HCIIOIb30BAINCH
OPUPOAHbIE BOJOKHA PACTUTENBHOTO (XJIOMOK, JIEH, KOHOIUISI) M MHHEpajbHOro (acbect)
npoucxoxaeHusa. OnHako ¢ cepeanHbl XX B. NEPBEHCTBO CPEIU BOJOKHHUCTBIX HAIlOJIHUTENEH
IIPOYHO MEPELLIO K CTEKIOBOJIOKHY.

Cmexknsinnoe 60J0KHO TIONYy4YaloT BBITSDKKOW U3 OJHOPOJHOM CTEKJIOBUIHOW MAaccChl,
npejcTaBistomeil coboi crutaB nuokcuaa kpeMHus SiO; ¢ OKcuaaMu pasinyHbIX MeTauioB. B
3aBUCHUMOCTH OT BXOISIIMX B COCTAB CTEKJIA OKCUAOB M UX COIEP/KAHUS CYIIECTBYET HECKOJIBKO
TUNOB CTEKOJI, CYIIECTBEHHO OTJIMYAIOIIUXCS IO CBOICTBAM U 00JacTsIM MPUMEHEHHUS.
Cy1iecTByI0T 2 OCHOBHBIX BHJla BOJOKOH — HenpepvlgHoe, TOIy4aeMoe IyTeM BBITSDKKH HHUTEH
pacIuiaBa ¢ BBICOKOM CKOPOCTBIO, U wmanenvHoe (KOPOTKHE 00pEe3KH), MOITydaeMoe IyTeM pasayBa
HUTEH pacIulaBa CTpyeHl BO3AyXa WM Iapa.

B nmepBom ciyuae SJeMeHTapHble BOJIOKHa COOMpAlOTCs B NEPBUYHYIO HUTb,
o0pabaThIBalOTCS 3aMaciiiBaTelIeM U HaMaThIBaloTCs Ha 000uHYy. Bo BTOpOoM ciydae paszayBaeMble
BOJIOKHA COOMPAIOTCS Ha JBIKYIIYIOCS MOAJIOKKY M IIOCIE OPUEHTAllMM U YIUIOTHEHHS U3 HHUX
dopmupyeTcst epBUYHasi HUTh, cMaThiBaeMasi Ha 000MHY. HenpepbIBHOE BOJIOKHO UMEET AUAMETP

oT 3 10 25 MKM, IITaneabHOE BOJIOKHO MMeeT auameTp 7-13 MM npu jummHe npsaen 125-380 mwm.

[Ipermy1iecTBOM HCTOJIB30BAHUS CTEKJISTHHBIX BOJIOKOH B KQUECTBE HATIOJIHUTENS SBJISIETCA:
— HU3Kasg CTOMMOCTH;

— XUMHUYECKasi UHEPTHOCTh

— BBICOKAas BOJOCTOUKOCTE

— HHU3KasA TCIIOIIPOBOAHOCTD,
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— BBICOKHII Npeiesl IPOYHOCTH NP PaCTKEHNH;

— HU3KUH KO3(POUIIMEHT TETTIOBOTO PACIIUPEHUS.

OCHOBHBIM HEJIOCTATKOM CTEKJIIHHBIX BOJIOKOH, OTPaHUYMBAIOIIMM HMX NPUMEHEHUE Ul
IPOM3BOJICTBA OOJIBIION HOMEHKJIATYPHI IETaJIe MaIINH, SBIISETCS:

— Majoe yIJIMHEHHE U, CIIE0BATEIbHO, XPYTKOCTB;

— HECTOMKOCTb K UCTUPAHUIO;

—  GombIIas IWIOTHOCTH 2500 K/,

2.2. Tunvi cmekn06010KHA

CymiecTByeT MHOTO TUIIOB CTEKJIOBOJIOKHA JUIsl crenuduieckoro npuMeHeHus. OCHOBHOU
COCTaB BCEX BHJIOB CTEKJIOIUIACTHKA OJMHAKOB, 33 HCKIOYEHHEM HECKOJIbKUX BHUJOB ChIPbS.
KonunuecTBo Bcex MCXOAHBIX MaTEpUAIOB B KaXJ10M THUIIE CTEKJIOBOJIOKHA PAa3jIMYHO, YTO MPUAAET
KaX/IOMY THUITy YHUKaJIbHbIA HA0Op CBOMCTB.

OcCHOBHOE CBIpbE, KOTOPOE MCIOJIB3YETCS B IIPOU3BOJCTBE CTEKJIOBOJIOKHA, BKJIKOYAET
KBaplEBbIil ECOK, KAJIbLIMHUPOBAHHYIO CO/Y U U3BECTHAK. J[pyrue MHrpeAHeHThl BKIOYAIoT 0ypy,
KaJbIUHUPOBAHHBIN TIIMHO3eM, Marue3ur, KaoJMHOBYIO TJIMHY, MMOJIEBON mmaT U T. 1. KBapuesblit
MIECOK - 3TO CTEKJI000pa3oBaTeib, a KAIbIIMHUPOBAHHASL COJIa M M3BECTHSK CHUKAIOT TEMIIEPATypy
iaByieHus. Jlpyrue MHIpeAueHThl CIOCOOCTBYIOT YJIYHUIIEHHIO Pa3iMYHBIX cBoiicTB. Hampumep,
Oypa MOBBIIIAET XUMUYECKYIO CTOMKOCTb.

K oCHOBHBIM THIIAM CTEKJIOBOJIOKHA OTHOCATCS:

A-CTtek10BOI0KHO (A-glass), Takke HM3BECTHOE KaK IIENOYHOE CTEKJIO WM COJOBO-
U3BECTKOBOE CTEKJIO0. JTO HamboJiee 4acTo AOCTYIHBIN TUIl cTekJIoBOIoKHA. Okono 90% crekna -
9TO MIEJIOYHOE CTEKJI0. OTO CaMblil pPacIpOCTPAaHEHHBI THI, KOTOPBIA HCIHOJB3YETCS IMpH
MIPOU3BOJICTBE CTEKJISSHHOM Tapbl, TaKOM Kak OaHKM M OYTBUIKA MJISl NMUIIEBBIX MPOIYKTOB U
HAIIUTKOB, a TaK)XE€ OKOHHbIE cTeksa. HaTpueBo-u3BECTKOBOE CTEKJIO XUMHYECKH YCTONYMBO,
OTHOCUTEJIbHO HEJ0pOro, 4pe3BblYailHO 0O0pabaThiBaéMO M JOBOJBHO TBEpHO. Ero MoxHO
MHOTOKPAaTHO NEPEIUIaBIsITh U pa3MArdarh, MO3TOMY CTEKJIOIUIACTHUK TUIa A-CTEKIIO SBISIETCS
UJICAJIbHBIM TUIIOM CTEKJIA JI1 BTOPUYHON NepepaboTKH.

C-cTexy10 MM XHMHYECKOE CTEKJIO TIOKa3bIBAeT CaMyl0 BBICOKYIO YCTOHUMBOCTH K
XUMHUYECKOMY Bo3JieiicTBHI0. OHO 0OecneunBaeT CTPYKTYpHOE PaBHOBECHE B arpeCCUBHBIX Cpeaax.
DT0 CBOMCTBO 00YCIIOBICHO HAIMYUEM OOJBIIOTO KOJIMYECTBA OOPOCHIIMKATA KajibIlHsl. 3HAUCHHE
pH XuMHYecKHX BeIlecTB, KOTOPbIE MCHOJB3YIOTCS MPU M3TOTOBJIEHWU CTEKIIOIIACTHKa Thuna A-
CTEKJI0, 00ECIeUrnBaET JOCTATOYHO BBHICOKYIO CTOMKOCTh CTEKJIOIJIACTUKA ATOrO THIA HE3aBUCHUMO
OT OKpyKaromieh cpenbl (KUCIOW WM 1enodHoi). C-CTEKII0 HMCHOJB3YETCS B HAPY>KHOM CJIO€
JaMHUHATa B BHJIE NMOBEPXHOCTHON TKaHU /ISl TPYO M pe3epByapoB, KOTOPHIE YIECPKUBAIOT BOIY U
XUMHUKATBI.

D-cTexi10 - 3TO THII CTEKJIOBOJIOKHA, KOTOPBIA M3BECTEH CBOEH HHU3KOM JMAJIEKTPUYECKON
MIPOHUIIAEMOCTHIO, YTO CBSI3aHO C MPUCYTCTBUEM B €ro cocTaBe TpHokcuaa 6opa. bnaromaps »toit
xapaktepuctuke D-glass sBisieTcs uaealbHBIM THIIOM CTEKJIOBOJIOKHA JUISl HCIIOJIb30BAHUS B
onTHYEeCKUX Kabensx. D-cTekso Taxkke coAepKUT OOpOCHIMKAT, KOTOPBIM NMPUAAET STOMY THILY
CTEKJIOBOJIOKHA Ype3BbIYailHO HU3KMHM KOA((UIMEHT TEeIIOBOro pacuiupeHus. braromaps stum

cBoMcTBaM D-CTEKIJIO 4acTO UCTOIB3YETCs B AJIEKTPONPUOOpaxX U KyXOHHOM TOCY/Ie.
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DyiekTpOoHHOE E-CTeKJI0BOJIOKHO 00Jiee N3BECTHO KAK AIEKTPUIECKOE CTEKII0. ITO JIETKUI
KOMITO3UTHBIA MaTepHal, KOTOPBIM MCIOJB3YETCS B a3POKOCMUYECKOM, MOPCKOHM M IPYTHX BUAAX
npombinuieHHOCTH. CTeknotkanb E-glass - aTo orpacieBoii cranmapT, obecneunBaronuii OanaHc
MEXy MPOU3BOAUTEIBHOCTBIO U CTOUMOCTBIO, UTO JIETAeT ero HauboJee 4acTo UCTIOIb3yeMbIM. E-
CTEKJIO M3HAYaJIbHO MCIOJIb30BAIOCH AIEKTPUUYECKOW OTPACIIM, HO CElYac OHO MCIONb3YETCsS B BO
MHOTMX OTpacisiX. OTO TMPHUBEIO K MPOU3BOACTBY CTEKJIOIUIACTUKA B COYETAaHUHU C
TEPMOPEAKTUBHBIMM CMoJaMu. JIMCTBI M MaHenu W3 CTEKJIOIUIACTHKA JOCTAaTOYHO HIMPOKO
UCIIOJIB3YIOTCA MPAaKTHUYECKHM BO BCEX MPOMBINUIEHHBIX 30HaXx. OH 3alIMINAET CTPYKTYPHYIO
LEJIOCTHOCTH OT JJF0O0T0 MEXaHUYECKOTO BO3ACHCTBHUS.

Crekisio Advantex - 5TO HOBBIA IPOMBIIUICHHBIA CTaHAAPT, KOTOPBI codyeTaeT B cebe
MEXaHUYECKUE U DJIEKTPUUYECKHE CBOWCTBA AJIEKTPOHHOI'O CTEKJIA C KUCJIOTHOW KOPPO3MOHHOMN
CTOMKOCTBIO cTeksIoBOJIOKHA Tuna ECR. DTOT TN CTeKioIIacTUKa COOTBETCTBYET CTaHIapTaM
KUCIIOTHOM KOPPO3UOHHO# croiikoctu crekia ECR no crommocTH, kotopas ananornuna E-glass.
Crexnorkanb Advantex umeer Gojiee BBICOKYIO TEMIIEpaTypy IUIABJIECHUS, YTO JAeT BO3MOYKHOCTh
€e HCIMOJIb30BaHUS MpU OOJIBIIMX TEIUIOBBIX KojebaHusx. CTekoBonoKHO Advantex comepXuT
OKCHJI Kalbliug B OOJIBIIMX KOJMYECTBax, kak M cTekiaoBosiokHO ECR. OH ucnome3yercs B Tex
ciy4asiX, KOrjJa KOHCTPYKIHMH Oojiee TMOABEp>KEHbl Koppo3uu. Kpome TOro, 53TOT THI
CTEKJIOBOJIOKHA ILIMPOKO HCHOJIb3YyeTCs B  HEQTAHOW, Tra3oBOM M  TOpPHOAOOBIBArOIIEH
IPOMBIIIIEHHOCTH, Ha AJIEKTPOCTAHLUAX WU B CYAOCTPOCHUM (KaHAIM3AlMOHHBIE CHUCTEMbI U
CUCTEMBI KaHAIU3aLUN).

CrexiioB0/1I0o0kHO ECR Takke Ha3bIBalOT 3JEKTPOHHBIM CTEKJIOBOJOKHOM. OH 00Jagaer
BBICOKOM MEXAaHMYECKON IPOYHOCTBIO, XOPOLIEW TUAPOM3O0JIALUEH, a TaKXKE YCTOMUMBOCTBIO K
IICJIOYHOW M KUCIOTHOM Kopposuu. Camoe Oosbmoe npeumyiiectBo ECR glass mepen npyrumu
BUJAMH CTEKJIIOBOJIOKHA 3aKJIIOYaeTCsi B TOM, YTO €ro Crnoco0 U3rOTOBJICHHS SIBISIETCA
skonoruuecku 4ucTthiM. Ctexino ECR wumeer 0osiee BBICOKYIO TEpPMOCTOMKOCTB, JIydllIUe
MEXaHUYECKUE CBOICTBa, 0o0jiee HU3KYIO DJIEKTPHUUECKYI0 YTEUKY, JYUIIYI0 THAPOU3OJSALUI0 U
0oJiee BBICOKOE IOBEPXHOCTHOE CONPOTHUBIIEHUE 110 CPABHEHHIO C 3JIEKTPOHHBIM cTekiioM. ECR-
BOJIOKHO HCIIOJIb3YETCSl TPH W3TOTOBICHUM MPO3PAuYHbIX CTEKJIOIUIACTUKOBBIX naHened. OH
U3TOTOBJICH M3 AJIFOMOCHJIMKATOB KaJbIHs, KOTOPbIE 00ECIEYUBAIOT €T0 MPOYHOCTh, CTOMKOCTh K
KHCJIOTHOM KOPPO3HMH U JIEKTPONPOBOIHOCTbD, YTO AEJIAET €T0 IMPUTOJHBIM JUIsl IPUMEHEHUS TaM,
rae 3T cBoiicTBa HeoOxomumbl. Cpok cimyx0b1 ECR-crekma Oosee mmuTenbHBIN. DTO Oojee
MIPOYHBII TUN CTEKIOBOJOKHA M3-3a €r0 IPEBOCXOAHOM CTOMKOCTHU K BOJIE, KUCIIOTE U IEI0UYaM.

AR-cTexsi0 WM 1IeJI0YeCTOHKOEe CTeKJ0 ObUIO pa3paboTaHO CHEIUATBHO IS
UCIONIb30BaHus B 6eToHe. Ero coctaB Obu1 pazpaboTaH crienuaibHO € IUPKOHUEM Ha ONTUMAIbHOM
ypoBHe. J[o0aBieHne MUPKOHUS - 3TO TO, YTO JENAEeT 3TOT THIl CTEKJIOBOJOKHA MPHUTOTHBIM JUIS
UCTIONIb30BaHusA B OeroHe. AR-CTeksIo TpenoTBpaliaeT pacTpeckuBaHue OeToHa, obecreurBas
POYHOCTh M TMOKOCTh. AR-CTEKI0 TPYJTHO pacTBOPHUTH B BOJIE, U HA HETO HE BIMSIOT U3MEHEHHUS
pH. Kpome Toro, ero Mo>xHo Jierko 100aBiisiTh B OETOHHBIE U CTaJbHBIE cMecU. AR-CTEKIIOBOIIOKHO
UCIIONB3YETCSl B PAa3IMUHBIX MaTepuaiax JJisi apMUpPOBaHUS OETOHA U CTPOUTEIBHBIX PACTBOPOB.
OH o6Onajgaer BHICOKMM MOJYJIEM YNPYrocTH M MPOYHOCTHIO Ha pacTsbkeHue. bonee Toro, B

oimure ot Ctanu, OHO HE PHKaBEeT.
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R-Glass, S-Glass u T-glass siBisitoTcst TOProBeIMH Ha3BaHUSIMU 11 OJJHOTO U TOT'O K€ THIIA
CTEKJIOBOJIOKHA. OHU HMMEIOT OOJIBIIYI0 MPOYHOCTh HAa PACTSKEHHE M MOJYJb MO CPAaBHEHHUIO C
BoslokHaMu u3 E-ctexna. CmauuBaromiue CBOMCTBaA M KHUCIOTHasE MPOYHOCTh 3TOr0 THIIA
CTEKJIOBOJIOKHA TAaKX€ BbIIIE. DTH CBOICTBA MOJIyYEHbI ITyTEM YMEHBIIEHUS JUaMETPa HUTU. DTOT
THUI CTEKJIOBOJIOKHA pa3padaThiBaeTcs i1 000OPOHHOM M a3pOKOCMHUUYECKOM MPOMBINUIEHHOCTH. OH
TaKXe MCIIOb3yeTCs MPU CO3AAHUU KECTKOM OanmucTrdyeckoit 6ponu. OObEeM NMPOU3BOICTBA 3TOIO
BUJA CTEKJIOIUIACTMKA HWXKE, a 3HAYUT, U €ro cebecTOMMOCTh OTHOCUTENbHO Bbime. O0beM
IPOM3BOJICTBA HEBEJIUK, IMOCKOJIbKY 3TOT THUIl CTEKJIOIUIACTHKA SBISAETCA BBICOKOA(M(GEKTUBHBIM U
UCIIOJIB3YETCS TOJIBKO B OIPEJEIICHHBIX OTPACIIAX IIPOMBIIUICHHOCTH.

S2-CTEKJIOBOJIOKHO - 3TO CaMblii BBICOKOA((GEKTHUBHBIN THI CTEKIOBOJOKHA, KOTOPBIH
JOCTyNEH. S2-CTeKJI0 UMeeT 0oJiee BBICOKUN YPOBEHb KPEMHE3EMa B CBOEM COCTaBE [0 CPABHEHUIO
C JPYTMMH BHUJaMHU CTEKJIOBOJOKHA. B pesynbrate OH 00J7agaeT YIy4IICHHBIMH CBOWCTBAMH,
JYy4YIIMMHU BECOBBIMU XapaKTEPUCTHUKAMH, BBICOKOW TEPMOCTOMKOCTBIO, BBICOKOM IPOYHOCTHIO Ha
CKaTMe M YIydlIeHHOW ynapomnpouHocThio. IIpexxne Bcero, S2-glass 0osiee 3KOHOMHUYEH.
[IpouHocts Ha pacTsbkeHHe S2-cTekia npuMmMepHo Ha 85% Oosblie, 4eM y OOBIYHOTO
CTEKJIOBOJIOKHA. DTO 00ecreynBaeT CTaOMIbHYIO BEICOKYIO IPOU3BOAUTEIBHOCTD U JIOJTOBEYHOCTb.
On obmagaer jyuiiedl IMPOYHOCTBIO BOJOKOH M MOJYJIEM COIPOTHBIEHHS, YTO OOecleyuBaeT
yIJIy4lllEeHHbIE YAapHbIE XapaKTEePUCTUKU FOTOBBIX JeTaliel, a Takke 00Jiee BHICOKYIO YCTOMYMBOCTD
K TOBPESXKICHHUSIM M JOJTOBEYHOCTh KoMmrio3uta. OH obecreunBaeT npuMepHo Ha 25% OO0IbIIyIO
JUHENHY0 ynpyryro JKecTKOCTh M JAEMOHCTPUPYET OTJIMYHYIO YCTOMUMBOCTH K IHOBPEXKACHUSM.
S2-CTEeKIIOBOJIOKHO B OCHOBHOM HCIOJIB3YETCSl B KOMIIO3UTHOM U TEKCTHIBHON MPOMBINUIEHHOCTH
Omaromapst CBOMM (PM3MUECKUM CBOMCTBaM, KOTOpbIE JIydllle, 4YeéM Yy OOBIYHBIX BHUIOB
CTEKJIOBOJIOKHA.

M-cTEeKJIOBOJIOKHO HMEET B CBOEM COCTaBe Oepwuiuil. OTOT 3J€MEHT Npuiaer
CTEKJIOILJIACTUKY JOMOJIHUTENIbHYIO AIaCTUYHOCTb.

Z-CcTeKJI0 TPUMEHSETCS BO MHOTHUX OTpacisfX IPOMBIIUIEHHOCTH, B TOM 4HCIE B
apMaTypHOH MPOMBIIIICHHOCTH OETOHA, B KOTOPOW OHO HCHOJB3YETCS Ul CO3JaHMs W3JIEIHH,
KOTOpBIE BBIMISIAAT Mpo3pauHbIiMU. OH TakyKe UCIIOJIb3YETCs ISl CO3JaHus BOJIOKOH 3D-nipuHTEpa.
C BBICOKMM CONPOTHUBICHUEM MEXaHUYECKHUX, YJIbTPa(pHOIETOBBIX, KHCIOTHI, IIEJIOYH, COJH,
L[apanyH, U3HOCOCTOMKOCTH U TEMIIEPATYPHI, BOJIOKHO Z-CTEKJIa OJUH U3 CaMbIX IPOYHBIX U CAMBIX

HaACXKHBIX TUIIOB CTCKIIOTKAaHU.

2.3. Ilpumenenue cmeki06010KHA 8 KOMNOZUYUOHHBIX MAMMEPUANAX

CTEKJIOBOJIOKHO SIBJISIETCS  CBIPbEM JUISl TNPOW3BOJACTBA PA3JIMYHBIX IPOJYKTOB —
CTEKJIOHUTEH, POBHHIOB M PYOJIEHOTO BOJOKHA, M3 KOTOPBIX BIIOCIEACTBUU HW3TOTABIMBAIOTCS
pasHble  MaTepualbl  CTPOUTEIBHOTO,  JJIEKTPOM3OJIIUOHHOIO,  MPOU3BOACTBEHHOIO U
KOHCTPYKILMOHHOT'O HA3HAYECHUS.

W3 HenpephIBHBIX CTEKJIIOBOJIOKHUCTBIX HUTEH MTOJIyYaroT:

— CTEKJIOTKaHM, KOTOpBIE MPOU3BOAATCS TAKUM JK€ TKAlKUM METOJIOM, YTO M OOBIYHOE
MOJIOTHO - TIEPETUIETeHHEM TPOJIOJIbHBIX M MOMEPEUHBIX HUTEH MeXIy coOoil. B 3aBucumocTu oT
BHUJIa NEPEIUIETEHUs] - CATUHOBOIO, IIOJOTHSHOIO, IIAIIEYHOIO WM CApPXKEBOIO, IUIOTHOCTH H

HU3BUBUCTOCTH MPAKU TKAHU OTIIMYAKOTCA MCKIY co0oii cBolicTBaMH M Ha3zHaueHUEeM. CTEKIOTKAHH
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OBIBAIOT  DJICKTPOM3OJSAIMOHHBIE, CTPOUTEIbHBIC, KOHCTPYKIMOHHBIC, KPEMHE3eMHBICE U
POBHUHI'OBBIC.

— apMHUpPOBAaHHOE CTEKJIOBOJOKHO W JICHTHI, OTIMYAIOIIUECS Pa3MEpOM SUEUKH, BHIOM M
IUIOTHOCTBIO TPOMUTKH U TpeIHA3HAYeHHBbIC AJI JOPOXKHBIX HIIM CTPOUTENBHBIX HAPYXHBIX U
BHYTPEHHUX OTJICJIOYHBIX padoT;

— IJJACTHMKOBOE CTEKJIOBOJOKHO - KOMIIO3UTHI C Pa3HOOOpPA3HBIMHU CBOMCTBAMH, KOTOPHIC
3a/1al0TCS M3HAYaJIbHO B 3aBHCHUMOCTH OT YCJIOBUHN dKcruryaranud. OHU MO3BOJISIFOT TPOU3BOIUTH
u3nenus J1ro00i CIOKHOCTH M KOH(HUTypallid U TIOSTOMY MMEHHO CTEKJIOBOJIOKHA B COUETAHUH C
MOJIMMEPaMH TONYYHIIM CaMO€ HIMPOKOE MPUMEHEHHE M PACIpPOCTPAHEHHE B CAMBIX Pa3IUYHBIX
chepax HalIeH KU3HHU.

W3 mTanenbHBIX CTEKJIOBOJOKHHCTBIX HHTEH W pPyOJEHBIX BOJIOKOH MOXKHO KYIIUTh
CTEKJIOBOJIOKHO CJIETYIOIIEro Ha3HAYCHHS:

— YTEIUIUTENb — CTEKJIOBATYy U CTEKIIOMATHI;

— CTEKJIOXOJICTBI PA3JIMYHON TOJIIUHBI, CTEKJIOIIACTHKY;

— TaKO€ CbIPbC UCHOJB3YETCA U KaK KOMIIOHEHT CTPOUTEIBbHBIX PaCTBOPOB.

Puc. 2. HenpepbiBHas cTekJasiHHasdg HUTh  Puc.3. llltanenbHas cTek/JIsiHHAA HUTH

2.4. Iloozomoska cmeK1080I0KHA ONsl UCNONb308AHUS 6 Kauecmee HANOIHUMENs
KOMNO3UYUOHHOM Mamepua.e

Kak mnpaBuiio, CTEKIIOBOJIOKHO NPOW3BOAMUTCS M TMOCTaBISETCS B BHJE HENPEPHIBHOTIO
BOJIOKHA, HAMOTAHHOTO Ha KaTYIIKH — CTEKJIOBOJIOKOHHBIA pPOBUHT (HUTH). [l HamonHeHus
KOMITO3UIIMOHHOTO MaTepuaia CTEKJIOBOJIOKHOM €ro HeOOXOIMMO H3MENbUUTh 10 HE0OXOIuMOi
¢dpakiuu. s 3TOro HCMONB3YIOT pa3indyHOe O0OpYyJAOBaHME, TaKOoe KaK pPyOOYHBIE MAITUHBI

OapabanHoro THmna (puc. 4) ¥ MIApoOBbIe MEIBHUIIBI (pUC. 5).



Puc. 5. lllapoBas MmeJibHULA

Jlis monydeHus: BOJOKHA JUIMHOM OT 3MM M Oojiee MCHONB3YIOTCA pyOOUHBIE MAalllWHBI
O6apabanHoro THma. J[nMHAa BOJOKHA KOHTPOJHMPYETCS KOJIMYECTBOM Jie3BMH B Oapalane, a
IPOM3BOJIUTENBHOCT — CKOPOCTBIO MOJAuM BOJOKHA. TEXHOJOTHYECKHe OCOOCHHOCTH JIaHHOIO
000py/10BaHUS HE MO3BOJISAIOT MOJIyUYUTh 00JIee KOPOTKUE BOJIOKHA.

Jlis TUCTIEpCHO-HAINIOJHEHHBIX KOMIIO3MIIMOHHBIX MAaTepHaroB HEOOXOIMMBI BOJIOKHA C
qummHON mopsanka 100 mxm. J[ns nomaydeHHs Takod AJUHBI BOJIOKOH MCIOJIB3YIOT DPA3/IMYHbIE
U3MEIBYNUTENN, B TOM YHCIIE IIApOBBIE MENbHMIBI. B TakuxX MeNbHHLIAX pa3Mep IMOIydaeMoro

BOJIOKHA KOHTPOJIMPYIOTCA JUAMETPOM U KOJIMYCCTBOM HIAPHUKOB, 4 TAKKC BPECMCHHU pa3MoJia.
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3. O0beKTHI U CPeICTBA UCCIIEIOBAHNS
OOBEKTOM UCCIICIOBAHMSI SIBJIISICTCS TPOIECC TIOMYUYEHUS JHUCIIEPCHOTO HATOJHUTEIIS
pa3nuyHOro (PPaKIMOHHOTO COCTaBa JJISl MOCJIEIYIOIIEr0 HCIOJIB30BAHUS B KOMITO3UITMOHHBIX

Marepuanax ¢ OJIMMEPHON MaTPULEH.

4. llopsinoK BHINOJTHEHHUS PadOThI

6. O3HaAKOMHUTHCS C TEOPETUUECKUMU TOT0KEHUSMHU.

7. O3HaKOMUTKCS C OOBEKTAMH U MTPOLECCOM U3TOTOBJICHHS ApMUPYIOLIETO HATIOTHUTEIIS.

8. IIpousBecTu MOArOTOBKY MaTepuaia JUisl JajdbHeHIero pasmoa.

9. llpomsBecTn pa3MoNl Marepuansa B COOTBETCTBHE C TlapaMeTpaMH, 3aJaHHBIMHU
IpenojaBaTesieM.

10.  Ilpowm3BecTu OLEHKY T€OMETPHUYECKUX XapPAKTEPUCTUK MOIYYEHHOTO HAMIOIHUTENS C
MOMOIIIBIO JTaGopaTopHOTO MUKpockora BMU-111.

11.  Omnpenpenuth BIMAHUE BPEMEHH U 00beMa 3arpy3KH Ha JJIMHY YACTHILl HATIOJTHUTEIIS.

12. Crenats BBEIBOJIBI.

13. OdopmuTts oTueT 10 1abopaTopHO padoTe.
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Tabmmma
IMapameTpsbI MoJIy4eHHUsI TUCTIEPCHOTO APMHUPYIOIIETO KOMIIOHEHTA

Ha OCHOB¢ BOJIOKHA

HauanpHas JJINHA BOJIOKHA, MKM

Macca mapukoB

IUIS pa3Molia, KT

Macca 3arpy>Ke€HHOTO
BOJIOKHA, T

Bpewmst pazmona, MuH

Z[J'II/IHa BOJIOKHA4, MKM

S. KoHTpOJIbHBIE BOIIPOCHI

1. Yro Ha3piBaeTCsl apMUPYIOLIUM KOMIIOHEHTOM?

Kakue ocHOBHbBIE XapaKTEPUCTUKH apMUPYIOLIETO BOJOKHA?
Kakwue cymiecTByroT BUibl BOJIOKHA?

Kakue BbI 3HaeTE TUIIEI CTCKIIOBOJIOKOH?

ok wbd

OcHOBHBIE napaMeTpsbl, BIIUAIOMUC HA JJIMHY apMUPYIOIICTO KOMIIOHCHTA.
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JlabopatopHas pabota Ne3

I/I3yqeﬂne CBOMCTB MOJUMEPHBIX CBASYIOINHUX NIl KOMIIO3UIIUMOHHBIX MaTEPHUAJIOB

1. esanb padoTbl

HGHBIO pa60T1>1 SABJIACTCA H3YUCHUC CBOMICTB CBA3YIOIHUX, HUCHOJB3YCMBIX JIS1 CO3OAaHUA
KOMMO3UI[MOHHOTO MaTepuaia Ha IPUMEpPE ONpPeeICHHUs OTHON U3 PEOIOTUYECKUX XapPaKTEPUCTUK
TEPMOIUIACTOB — TIOKAa3aTelisi TEKy4yecTH pacillaBa, HUCCIEJOBaHUE BJIUSHUA  JAHHOU
XapaKTepUCTHKU Ha BBIOOP METoZa nepepaboTKU MoJIMMepa U Ha peKuM (GOPMUPOBAHUS U3ICITHIMA

N3 TCPMOILTIACTOB.

2. TeopeTnueckne MOJIOKEHUS

2.1. Cazyromue a1 KOMIO3UIMOHHBIX MaTeEpUaioB

Komnosunmonnsle Marepuan NpPeACTaBISIOT COOOH OCHOBY M3 OJHOTO Marepuaia, B
KOTOpYIO J100aBiIeH Jpyroi MaTepual B BHJAE BOJOKOH Ppa3IUYHOM JUIMHBI, CIOEB,
JMCTIEprUpoBaHHbIX uacTul. KoMmroHeHT, HempepbIBHBIE BO BceM o00béMe KM, Ha3biBaeTcs
MaTpUIIEeH; IPEPBIBUCTBIN, pa3beJUHEHHBINA B 00bEME KOMIIO3UIIMH — HAIIOJHUTEJIEM.

Matepuasbl, UCTIONb3yEMbIE B KAUE€CTBE HAMOJIHUTENEH, KaK MPaBUIO, UMEIOT AUCIIEPCHYIO
CTPYKTYpy U HE SBIAIOTCA KOHCTPYKLUMOHHBIMH MaTepuasiaMu. J[ias Toro 4rtoObl MOJIYyYHUTH
KOMITO3UITMOHHBIE MaTepHall, YaCTULbI HATIOJTHUTEINS (BOJIOKHA, YACTHUIIBI, CJIOU U T.J.) HEOOXO0IUMO
COCIMHHUTH JIPYT C APYroM, 00eCHeunTh Nepefady YCWIMA MEXAy HUMH, 3aUKCHUpOBATh (OpMy
U3JENHUs U B3aUMHOE PAcCIOJIOXKEHUE apMHUPYIOLUIMX KOMIIOHEHTOB, T.€. CO34aThb MOHOJMTHYIO
CTPYKTypy KOMIIO3UTa. {151 3TOro UCronb3yroTCs pa3jinyHble CBA3YyroIKe. B kadecTBe CBA3YIOLIMX
IOPUMEHSIOTCS  NOJMMEpHbIE, METaJUIMYecKHue M KepaMmuyeckue Marepuansl (puc. 1). B
noauMarpuuHbix KM codeTaroTcsi HECKOJIBKO MATpPHIL.

OU3NKO-MEXaHUYECKUE M TEXHOJOTMYECKHE CBOMCTBA CBS3YIOLIUX JOJKHBI IO3BOJIATH
[0JIyyaTh KOHCTPYKLMH IPOYHbIE, JIETKUE, Majo-dHEeproeMkue, TexHosoruusele. Ilpu BbIOOpE
CBSI3YIOIIETO, IIOMHUMO YJOBJIETBOPEHHsS TpPEOOBaHMAM K TPOYHOCTHBIM, TEXHOJIOTHYECKHM,
aJAre3MOHHBIM CBOHCTBaM, HEOOXOJUMO OOpaTUTh BHHMAHUE Ha CIEIYyIOIIee: OTHOCHUTEIbHOE
YAJIMHEHUE MAaTPULIBI TP PACTSKEHUH, CKATUHU, CIIBUTE JOJDKHO OBITH HE MEHbBIIIE OTHOCUTEIFHOTO
YAJUHEHUS BOJOKOH. MHaue mpu NelCTBUM BHEIIHEH HArpy3Kd pa3pylIEHUE B MEPBYIO OYEpENb
HAYHETCs B CBS3YIOLIEM, BBICOKAsl IPOYHOCTh apMUPYIOIIEH KOMIOHEHTHI He OyJIeT UCIOIb30BaHa
HOJHOCTBIO, YTO CYIIECTBEHHO CHU3UT HECYIYI0 CHOCOOHOCTh KOHCTpYKUUH. Hy>kHO cTpemuThes
K TOMY, YTOOBI KOO(QPUIIUEHTHI TEIJIOBOIO PACHIMPEHHUS CBA3YIOLIETO U BOJIOKHA ObUIH OJU3KUMH.
Ces3yromiee JA0KHO 00JagaTh Majioll BS3KOCTBIO M XOPOIIEH aare3MOHHON CIIOCOOHOCTBIO K
apMHpYIOIIeMy Marepuainy. Manasi BS3KOCTh HEOOXOAMMa ISl TOTO, YTOOBI CBSI3YIOIIEE MOTJIO
IPOHUKHYTh U CKJIEUTh MEXIy COOOW YacTHIbl HANOJHUTENS U MOCJIE OTBEPXKJIEHUS IMOJIyYHUTh
MOHOJIUTHYIO CTPYKTYpY. BbI- OpaHHBIM THUIT CBSA3YIOUIETO JOJKEH OOECHEeYUTh JIETKOCTh U
IPOCTOTY TEXHOJIOIMYECKOro (POPMOBAaHUS M 3aroJHEHHs (HOPMBI IPU BO3MOXKHO Oo0Jiee HU3KHX

TEMIICPpATypax U JaBJICHHAX.



ManM uUa KOMNo3mMunMoHHOro martepuana

KM KM KM
C MeTannuyeckon C KepaMmyeckomn C NoNMMepHoW n°"”""';‘("’§“““b'e
MaTpuuen maTpuuen maTpuuen
— Al n cnnaBbl — Siu — PeakTtonnactbi
coeguvHeHusn
— M Bu T
g u cnnaebl - — lepmonnacrtel
coefunHeHuns
- Yrnepoa- Cynep-
— Ti n cnnaBbl — L— KOHCTPYKUWOHHbIE
yrﬂepoﬂ“ble KM TepMmonnacTtbl

Puc. 1. KJIaCCH(l)HKaIII/Iﬂ KOMITO3UIIMOHHBIX MAaTCPHUAJIOB 110 BU1Y MAaTPHUIIbI

Kommo3umnmonnslii  mMaTtepuai, HenpepbiBHas (a3a KOTOpOro oOpa3oBaHa IOJTUMEPOM,
Ha3bIBAIOT IOJIMMEPHBIM KOMIIO3ULIMOHHBIM MaTepuajoM (IOJUMEpHbIM KoMmio3utoMm, [IKM).
Nmenno KM Ha OCHOBE NOJMMEPHBIX MATPULl MPEACTABIAIOT TOT KJIACC HOBBIX MATEpPHUAJIOB,
KOTOPBIN IIO3BOJISIET HA3BATh HACTOALLEE BPEMsI BEKOM IIOJIMMEPOB U KOMIIO3UTOB.

Bce cBazyromue, ucnonb3yemsle npu cozganuu [IKM, MoXkHO paznenuts Ha J1B€ IPYIIBL:
TEPMOPEaKTUBHBIE (PEAKTOIIACTHI) U TEPMOILIACTUYHBIE (TEPMOILIACTHI).

Tepmonnacmuunvie  noaumepsvl  (MepMOnIACMbLY) —  OMO  NOAUMEPbL,  KOMOpbIE
PazmASuaomes npu HA2pesaHuu U 3ameepoesarom Npu OXAANCOEHUU.

[Ipn oOBIYHON TemiepaType TEpMOIUIACThI HAaXOIATCS B TBEPAOM (CTEKIOOOpa3HOM WM
KPUCTAIZIMYECKOM)  cOCTOSHUU. [lpy  MOBBILIEHMHM  TeMIEpaTrypbl OHU  IEPEXOASAT B
BBICOKO?JIACTUYECKOE M Jlajiee — B BA3KOTEKy4Yee COCTOSHHE, 4TO 00eCledrBaeT BO3MO>KHOCTb
¢opMOBaHUS WX Pa3IUYHBIMU METOJaMH. OTH TNepexoabl OOpaTUMBl U MOTYT HOBTOPSATHCS
MHOT'OKPaTHO, YTO JIelaeT BO3MOXHOH, B YACTHOCTH, epepabOTKy ObITOBBIX U MPOU3BOJICTBEHHBIX
OTXOJIOB B U3ZCIINUS.

Bri6op TepMoruiacta omnpenensieTcsi 0O4eHb MHOTUMU bakTopamu: YCIOBUSMU
SKCIUTyaTalluy U3JEIUsl, TEXHOJIOTMYECKUMH CBOMCTBAMM IOJIMMEPA, CTOUMOCTBIO TUIACTMACCHI, €€
JIOCTYITHOCTBIO, CHOCOOHOCTBIO OKPALIMBAThCS.

CoiictBa HeKoTOphIXx KM Ha 0CHOBE TEPMOIIJIACTUYHBIX CBSA3YIOMIUX ITPUBEICHBI B TAOINIIE
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Taobmuma 1
CpoiictBa IIKM Ha ocHOBe TepMOILIACTHYHBIX CBA3YIOIIHMX
Hasznauenue Marepuaibl  |CBolicTBa
ITnotOCTE — 900...970 Kr/M3;
Pazpymaromiee HanpsbkeHue mpu pactsbkenud — 10...20 MIla;
[ lomsTrmien Paspymaromee HanpsbkeHue mpu usrube — 15...40 Mlla;
OtHocutenbHoe yamuHeHue — 70...700%.
ggiiifi;;jecmm ITnotHOCTE — 1000...1100 Kr/M3;
A Paspyiaroiiee HanpspkeHue npu pactsokeHud — 30...60 Mlla;
[IomCTHPON  |py v iatomee  nanpsoxenne mpu wsrnbe — 50...100 MITa;
OTtHOCHTENBHOE yuTnHeHne — 1...3%.
ILnotaocts — 1100...1300 KF/M3;
[ lomameTeot- Pazpymaroniee HanpspkeHue npu pactsbkeruu — 10...50 MIla;
MCTaKpHIAT Paspymaromee Hanpspkenue npu m3ruoe — 100...120 Mlla;
OTtHocurenbHoe yumuHenue — 50...250%.
ILrotaOoCTs — 1000...1200 KF/M3;
Pazpyiatoiee HanpspkeHue npu pactsbkeHuu — 50...120 Mla;
TlommaMuibl  |pysouiaomee nanpsokenne mpu wsribe — 60...120 MITa;
OtHOcuTenbHOE yunHeHue — 80...280%.
E;I;ZX;;ZH - [omoen— 1200...1400 ke,
 extecKoro OJKAPOO~  |pa3nyimaroniee HampsbkeHue IpH pacTsukeHnd — 50...70 MITa;
A— HatT Paspymiatomee HampspkeHue npu usruoe — 80...120 Mlla;
OtHOCUTENBbHOE yHHEHUE — 5... 120%.
ITnotaocTts — 1400...1450 Kr/M3;
[lomicop- Pazpyatomee HanpspkeHue npu pactspkernu — 70...80 Mlla;
MalbICTHA Paspymaromee Hanpspkenue npu m3rnoe — 100...120 Mlla;
OtHOcuTenbHOE yanuHeHue — 15...50%.

Jlnst OONIBIIMHCTBA TEPMOIUIACTOB XapakTepHa Oojee BBICOKAs MPOU3BOAMTENBHOCTh U
Ooylee WHTEHCHBHBIE METOIbI TepepaboTKW; (GOpMOBaHWE  JeTalel  MEHee  DHEProeMKO;
BO3MOXXHO (pOpMOBaHME KPYIMHBIX, CIOXHOW KOH(PHUIYpaluH [eTajeld; BO3MOXHAa BTOPHYHAS
nepepadoTKa; XapaKTepHa NPaKTHYECKH OECKOHEeUHas >KU3HECIIOCOOHOCTh MpPENperoB (Bpems
MEXy M3TOTOBJICHHEM M IepepaboTKOW B H3J/ENHe); MOHIKEHHAsT TOPIOYECTh, IBIMOBBIICICHNE
IpY TOPEHUU U TOKCUYHOCTH NMPOIYKTOB TOPEHUS; BBICOKAs CTOMKOCTh K M3JIYUYECHHIO; COUCTaHHE
BBICOKOM IIPOYHOCTH U TEIIOCTOMKOCTU (mommdupcynbhoH, nonmGupumu,

noJau(peHUICHCYb(UI) C BHICOKOH yAapHON MPOYHOCTHIO M TPEUIMHOCTONKOCTHIO.

2.2. Ceoticmea mepmMoniacmos u ux euusHue Ha Memoo nepepadomxu
Bri6op MeTom0B TiepepabOTKH TOJMMEPOB M PACUET TEXHOJOTHYCCKUX IapaMeTpOB

nporecca U3rotopiaeHus msnenuid n3 KM ¢ TepMoriacTH4HOW MaTpuLeld MPOBOJUTCS C YYETOM
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TEXHOJIOTMYECKUX CBOMCTB MCXOIHBIX MAaTEPHAJIOB: TEKYUYECTH PACIJIaBa, TEMIEPATYPbl TEKYUECTH,
IUTaBJICHUS (KPUCTAJIIM3AllMKU), CTEKJIOBAaHUS, BIAXXHOCTH, YCaJIKH, TaOJIETUPYEMOCTH, BPEMEHU
OTBEPXKJICHUS PEAKTOIJIACTOB, OOBEMHBIX XapaKTEPUCTUK MOPOIIKOB U T.N. C yd4éToM 3HAUYECHUU
TEXHOJIOTHMYECKHX  XapaKTEepPUCTUK  pa3pabaThBAalOT  HOBBIE  METOABI  IMepepadOoTKH,
TEXHOJIOTHYECKYIO OCHACTKY M 000py10BaHHE.

OpauM u3 Hambojee pacmpoCTPaHEHHBIX METOJOB MEPepabOTKU SIBISETCA MONTy4YCHHE
U3JIENU U3 MaTepUaIOB, HAXOJSIIMXCA B MOMEHT (OpPMOBaHUS B BSI3KOTEKyYeM COCTOSHHH.
[ToaToMy 3HaHHE PEOJIOTMYECKHUX CBOMCTB MaTepuana SIBISETCS HEOOXOAMMBIM YCIOBUEM Jis
pa3paboTKU TEXHOJIOTUYECKUX MPOLIECCOB U3rOTOBICHU n3enus u3 KM.

OpHolt M3 BaXHEHIIMX TEXHOJOTMYECKUX XapaKTePUCTHK TEPMOILJIACTOB SIBIISIETCS
TEKy4ecThb pacIulaBa MOJIUMEpPOB. TeKydyecTb ONpeAesnsieT CHOCOOHOCTh IMOJUMEPOB K BA3KOMY
TEUYEHUIO MPH B3aMMOJCHCTBHM BHEIIHUX CHJI M YHCICHHO paBHAa OOpAaTHOW BEIUYMHE BSI3KOCTU
1/[J; a Takxe sIBISIETCS PEOJIOTUYECKOH XapaKTepUCTHUKON pacIuiaBa.

OT BenMUYMHBI TEKY4YECTH pPACIUIaBa 3aBUCUT €ro CIHOCOOHOCTh 3allOJHATH BCE IOJOCTH
npecc-GpopM MoA ACUCTBUEM NPUIOKEHHOro AaBieHHA. Ha OCHOBaHMM HAHHBIX O TEKY4YeCTH
MOJIUIMEPHOIO MaTrepuaia ONpEeAeNAIOT YIEIbHOE [aBJIE€HUE IIPU JIUTbE, IPECCOBAHUU WIH
SKCTPY3HUH U3ACIIUMN.

[Ipumensiemoe yJaenbHOE JaBieHHE OOpPaTHO MPOMOPIHOHAIBHO TEKYYECTH: YEM BBIIIE
TEKy4eCTb, TEM MEHbLIE JOJKHO ObITh YJEJIbHOE JIaBJICHHE paciiaBa, 1 Ha000poT. OueHb HU3Kas
TEKy4ecTb IIOJIMMEPHOIO0 MaTepuajga, KaK U CIUIIKOM BBICOKAs, BBI3bIBAET 3HAYUTEIIbHBIC
TPYAHOCTHU B €T0 mepepadoTKe.

TepMoruiacTu4HbIle MaTepHalbl, OOJAJAIONINEe HU3KOW TEKYUYeCThIO, IJIOXO 3aMONHSIOT
BHYTPEHHIOIO MOJIOCTh (DOPMBI, B OCOOCHHOCTH CJIOKHOTO MPOGuUIIs, B pe3yibTaTe Yero U3aenus
MOJIy4aroTCs TI0X0 O(OPMIICHHBIMH. /{7151 MOBBIILIEHUST KayecTBa U3ACIUN MPUXOJUTCS MOBBIIIATH
JTaBJI€HUE BIpPBICKA B (OpPMY M yCHUJIIME CMBIKaHUS Ipecc-(popMbl. DTO MPUBOAUT K YCIOKHEHUIO
JUTHEBBIX MAIllMH, TPEOYET MPOYHBIX, MACCUBHBIX, U COOTBETCTBEHHO, JOPOTUX Mpecc-(hopm.

IIpy o4eHb BBICOKOM TEKYy4YECTH BCIEACTBUE 3aTCKAaHUsA MAaTepHUalla B MEJIbYAMIINE 3a30DbI
npecc-(hopMbI 00pazyercst OOJIBIIOE KOJUIESCTBO 3ayCeHHMIT (00JI05); MAaTEpHAN JIETKO BBITEKAET U3
dopMBbl uepe3 He3HauMTeNIbHbIE HEIUIOTHOCTH, a 3TO MEMIAeT XOopouieMy O(GOpPMIICHHIO TPYAHO
3a0JIHAEMBIX.

O Teky4ecTH TEpMOIUIACTUYHBIX TMOJMMEPHBIX MAaTE€pUalIOB CYIAT MO IOKAa3aTeNto
TEeKy4eCcTH paciuiaBa (MHIEKCY paciuiaBa), U3MEpseMOMY METOJIOM KalWJUIAPHOW BUCKO3UMETPHUH
IIPU CTPOTO ONPEENIEHHBIX YCIOBHSIX.

3a nokaszamenv mekydecmu pacniasa i (uHOeKc pacniasa) MPUHUMAIOT Maccy IMOJIMMeEpa,
BbIIaBJIEHHYI0 B TeueHue 10 MHUHYT dYepe3 CTaHAapTHOE COIUIO (Kamwuisp) MOJ JaBICHHEM
COOTBETCTBYIOILETO I'py3a M IpH 3aJaHHOW Temmeparype. MHIekc pacmiaBa sBISIETCS MOHITHEM
YCIIOBHBIM, OJHAKO 3Ta BEJIMYMHA TOYHO XapaKTEPU3YET PEOJIOIMUECKOE MTOBEACHUE MTOIMMEpa IIPU
nepepaboTKe ero B U3/IeNUs JINTHEM I0J1 AABJICHUEM, SKCTPY3UEH U JPyTUMH METOJIaMH.

Omnpenenenue MPOU3BOIAT HA TPY30BOM KANWIISIPHOM BHUCKO3UMETpe (puc. 1), KOTOpBIH
MPEACTABISIET COOOM CTANBbHOM NMUIMHAPUUYECKUN KOPITYC, UMEIOIINI MPOJAOIbHBIN IEHTPaTbHBIN
KaHaJ. B 3TOT kaHan 3arpyaroT UCHBITYeMbIi MaTepuai, B 00KOBOM KaHal MOMEIIal0T TEPMOMETP

WIHM TepMomnapy Ui KOHTPOJIs TeMIiepaTypsl. luameTp neHTpaibHoro kanana 9,55 mMm, qmuna 115
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MM, CEYEHHE 10 BCEH JJIMHE OAMHAKOBOE. B IEHTpaJlbHOM KaHalle KOpIlyca ITOMEINAETCs MOPIIECHb
U3 3aKaji€HHOM cTanu. Ha HM)KHEM KOHIlE NOPINHS MMEETCS HAIpABIISIIOLIASCA 4acThb, AUAMETP
koTopoii Ha 0,75 MM MeHbIIe JuamMeTpa KaHana. JlJinHa HanpaBisionieil yacTi paBHa 6,35 MM.

Ha BepxHell yacTu NOPIIHSA HAaXOAUTCS BTYJIKA, HA KOTOPOM MOMEWIEH CBEMHBIN Ipy3. B
HIDKHEM YacTW IEHTPAJIbHOIO KaHajla YKpPEIUIEHO CTAaHJApPTHOE COIUIO, BBIIOJHEHHOE U3
3aKJIEHHOM CTalu U uMeroliee quameTp kanuwuisgpa 2,095 [1 0,005 u pymuny 8,0 [1 0,25 mm.

Koprtyc umeer 31ekTpoodorpes, py MOMOIIU KOTOPOTO MOXKHO MOAJIEPKUBATh B LIMIIUHAPE
3alaHHyI0 TeMIeparypy. Bce moBepxHOCTHM LMIMHApA, NMOPIIHSA U COILIA, CONPUKACAIOIIUECS C
HOJMMEPHBIM MaTepUanoM, JODKHBI ObITh OTHONMpOBaHbL. [Ipubop nomkeH ObITH YCTaHOBJIECH
CTPOTO BEPTHKAJIBHO M YKPEIUIEH Ha METAJIMYECKOM mTaTtuBe. [lonuMep [UId MCIIBITAHWNA MOXKET
IIPUMEHATHCA B BUJIE TPaHyJI WX IOPOIIKA.

VYcnoBus, peKOMEHIyeMble UId ONpPENEIeHMs MHJIEKCa paciulaBa, pPerjIaMeHTHPYHOTCS
cTa”zapTamu. Pekomennyrorcs: crangapTHble Harpy3ku 2,16; 5 u 10 xkrc u temmneparypsl, KpaTHbIE
10 [JC. Yame Bcero unaekc pacmiaBa omnpenessitor npu 190 [1C u nHarpyske 2,16 krc. 2To

COOTBETCTBYET HANPSIKCHUIO CABHIA HA CTCHKE KAIMIUIAPA mpuMepHo 13,5-16 kH/M? .
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Puc. 1. IIpn6op nist onpeneieHus: nokasarens tekydectu pacmiaasa IITP-JIAB-11
(KanuJUIAPHBIA BUCKO3UMETP): a — o01mii Bua; 0 — cxema; 1 — Tensiou3onsinusi npudopa;
2 —dJIeKTpoHArpeBaTe/ib; 3 — HWIMHAP; 4 — COMJI0; S — IITOK ¢ MOPIIHEM;
6 — BTYJIKA /151 yCTAaHOBKH rpy3a; 7 — rpy3

[TokazaTenb TEKy4eCTH paciuiaBa SIBISETCS CPABHUTEIBLHOM XapaKTEPUCTHUKOM, OAHAKO, OH
IIMPOKO UCTIOIB3yeTCsl Ha mpakTuke. [1o 3HaUueHHUI0 ToKa3aTesis TEeKYy4eCTH paciijiaBa MPOBOJIUTCS

npeBapuTeNbHBIA BBIOOpP MeTona nepepadboTku noimuMepa 1 KM. Hanpumep, sKkCTpy3ueid MOKHO
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nepepabarbiBaTh mosmmepsl ¢ | = 0,3-1,2 1/10 mun; muthéM moa gaBaeHueM 1,2—3 1/10 muH, a as
HAHECCHHSI MOKPBITUN HANBUICHUEM TOJIMMEPHOTO TOPOIIKA ¢ TOCISAYIONUM €T0 OIUIaBICHUEM
HPUTOTHBI TIOUMEPBI ¢ | 6oubImM, yeM 7 /10 muH. KoHeuHO, 3TH 3HaUYeHHS HECKOJIBKO YCIIOBHBI,
T.K. HOI[60pOM TeMHepaTprI pacnnaBa BSIBKOCTH MOXXHO HU3MCHATH B HOCTATOYHO I_HI/IpOKOM
I/IHTepBaJIe, YTO I1I03BOJISIET BBICOKOBA3KHUC HOJII/IMepBI HepepaGaTHBaTb noa AaBJICHHCM, a
HU3KOBSI3KHE — DKCTPY3HUCH.

[To 3HayeHWIO WHAEKCA pacmiaBa MOXHO OPHEHTUPOBOYHO OIEHUBATh 3(P(HEKTHBHYIO

BSI3KOCTB pacIuiaBa TEPMOILIACTA B YCIOBUIX UCIbITaHUH 110 popmyie (B cucteme CH):
0.5Gp
i

rae M — sbdexruBras Bszkocth, H-cex/M” ; G — Harpys3ka Ha mopmenb, H; [] — IUIOTHOCTB
pacruiasa, T/cM® | | — MHIEKC pacIuiaBa.
D¢ deKTHBHYIO BA3KOCTD B ITya3ax MOKHO ONPEACIHUTSH 110 hopmyIie:
5- 104Gp

T L

rae N — 3ddexTuBHAs BA3KOCTh, 13; G — Harpy3ka Ha MOPIICHb, KI'c; [| — IUIOTHOCTh pacIuiaBa,
r/em®; | — uHgekc pacruiaBa.

Nupekc pacrmiaBa MOXKHO HCHOJIB30BAaTh ISl OLEHKH CPEHEMACCOBOM MOJIEKYJISIPHOM
MacCChbI HOJII/IMepOB. I/I3MeHeHI/Ie HHICKCAa pacnﬂaBa B pa3JII/I'-IHbIX YCJIOBI/ISIX HUCIIBITAHHUA I1IO3BOJISICT
OILICHHUTH HpeBpaH_IeHI/ISI, HpOI/ICXOI[HIJ_II/IG B HOJII/IMepe B 3TUX yCJIOBI/IHX, HaHpI/IMep, IIOBBIIIICHUC
TEKYUYeCTH pacijlaBa B PE3YyJIbTaT€ TEPMOOKHUCIUTEIBHON JECTPYKUMU WIM TOHM)XEHHE — B

pe3yibTaTe 00pa30BaHUs CETUATBIX CTPYKTYD.

2.3. Memoouxka onpedeneHusi meKyyecmu pacniasa ¢ NOMOWbIO  KANULISAPHOZO
8UCKO3UMempa

[Tokazarenp TekydecTH paciulaBa OIpEAENsoT cieAyromuM obpazoM. Ha perymnstope
TeMIIepaTypbl Mpudopa, N300paKEHHOTO HA PUCYHKE |, yCTaHABIMBAIOT 33JJaHHYIO TeMIEpaTypy U
BKJIIOYAIOT HarpeBartelsib. [locie mocTwxkeHust 3alaHHON TemmepaTyphl, Hampumep, 190 [1C,
BBIICP)KUBAIOT MPUOOP MpHU 3TOH Temrieparype B TeueHue 10 muH. /|15 KOHTpOISI TeMIepaTrypsl B
HEHTPAJIbHBIA KaHaJl BCTaBJISIOT TEPMOMETP ¢ MaKCUMaJIbHOUM TeMieparypoi usmenenus 300 [1C.

[Tocne BeIAEPKKH TEPMOMETP BBIHUMAIOT M B IIEHTPAIbHBIN KaHAN [UJIUHAPA HEOOIbITUMU
nopumsivu (1,0 — 1,5 CM3) 3arpy’karT TMOJTUMED, YIUIOTHSSA KKIYI0 TOPIHI0 0 00pa3oBaHUS
OJTHOPOJIHOM Macchl pactuiaBa. Kanam nuimuHapa 3amoHIIOT MPUMEpPHO Ha 3/4 ero TiyOuHBI, OCe
Yero B KaHAJI BBOJAT MOPIICHb W BBIICPKUBAIOT €r0 B TEUYCHHE 5 MUH I yCTaHOBJICHHS
PaBHOMEPHOI TemmepaTyphl, 3aTEM Ha MOPUIEHb YCTaHABIUBAIOT CTaHAApTHBIA rpy3 (2,16; 5; 10
KI'C) ¥ BBIJIABJIMBAIOT PACIUIaB Yepe3 Kamumusip.

[TepByro BBIAABICHHYIO MOPIHIO paciiaBa (MPHOIU3UTENBHO 1-2 cM) OTpe3aroT HOXKOM H
orOpaceiBatoT. UYepes ompenenéHHble TMPOMEXKYTKH BpeMEHU (Hampumep, depe3 S5 MHH)

BLI,I[aBJ'IeHHBIfI pacilyiaB B BUJAC KT'YTHUKOB CpC3ar0T C COILJIa HOKOM H BIIOCJIICACTBHUH B3BCHINBAIOT.
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Macca 3arpy:kaeMoro IMOJMMEPHOr0 MaTepuaia B IWIMHAP HOpUOOpa U NPOMEXKYTKH
BPEMEHH, 4Yepe3 KOTOpbIE CIEAyeT OTpe3aTh BBITEKAIOIIMKA W3 COIUIA pACIIaB, 3aBUCAT OT
IpeIojiaraeMoro noka3aTessi TEKy4eCTH pacIliaBa.

B tabnure 2 npuBeeHbl pEKOMEHIyeMble 3HAUEHUsI MACC 3arpy3KH B LIITHHIP U IPOMEKYTKH
BPEMEHM, Yepe3 KOTOPBIE CIEIYET OTpe3aTh PacIuIaB, BHIXOAALIMN U3 KalWLIsIpa, B 3aBUCUMOCTH OT
NPEATIONIaracMoro NHIEKca pacIuiaBa.

TaOmwuma 2
PexoMeHnayemMble 3HAUEHUS] MACC TOJIMMeEPA J1Jisl 3arPy3KH B UMJIMHAP
WNHunekc pacriasa, Macca 3arpy3ku [TpomexxyTKH BpeMEHH, C
r/10 muHa B LHWJIMH]IpE, T
0,15-1,0 3-4 240
1,0-3,5 4-5 60
3,5-10 6-8 30
10-25 6-8 20

3a BeMMYMHY NOKa3aTess TeKy4ecTH MPUHUMAIOT cpefHee U3 TpéxX ompeneneHuii. Pasnuia
MEXIy MaKCHMaJlbHOW M MUHMMAJIbHOW MacCOW BBIJABJIECHHOTO paciulaBa HE JOJDKHA MPEBBINIATH

10 %.

IToka3zatens TekydecTH paciiaia I (B r/10 MUH) pacCUUTBIBAIOT 110 GOpMYJIC:

. 10m

L =—
t

re M — Mmacca Bl AaBacMoro paciuiaBa nojaumepa, I, t— BpEMs BblJaBJIMBAHUA, MUH.

3. O0beKTHI U CPeICTBA UCCIIEIOBAHNS

OOBEKTOM  HCCIEIOBaHUSL  SIBISIOTCS  PEOJOTMUECKHE CBOMCTBA  TEPMOILIACTUYHBIX
MOJIUMEPOB, UCTIOJIB3YEMBIX B KAUECTBE CBSA3YIOIIUX /Il KOMIIO3UIIMOHHBIX MaTepUaIOB.

HccnenoBanus npoBOAATCS IMyTEM OIPENETICHUs] TEKY4YeCTH IMOJMMepa MO CTaHJapTHOM
metoauke Ha npudope [ITP-JIAB-11 ¢ ucnonp3oBannemM 00pa3IOB TEPMOIUIACTHYHBIX TOJIMMEPOB
B BUJIE TPaHyJ WIH MOPOLIKA.

4. MeToauKa BbINOJHEHUS] padoThI
14. O3HaKOMUTECS ¢ TEOPETUYECKUMU TOJIOKEHUSIMU.

15. O3HakOMUTKCS ¢ MpUHIUIOM padoTsl mpudopa I1TP-JIAB-11.

16.  IlpomsBecTy NOATOTOBKY MAaTEPUAIOB JJIsl H3MEPEHHS TEKYUECTH.

17.  IlpousBecTM uU3MEpPEHUs] TEKY4YECTH paA3IUYHBIX TEPMOIUIACTOB (KOHKPETHBIN
nepevyeHb MaTepHajIoB 3aJaeTcs MpenojaBaTeeM B Xoe J1a00paTopHOil paboThI).

18.  Ilo moxa3zaTento TEKy4ecTH ONpeleNuTh Haubojee MOAXOIAIIMNA METOJ MOTyUeHHS
uznenus u3 KM Ha ocHOBe 331aHHBIX TEPMOIUIACTUYHBIX MAaTEpHAIIOB.

19. Crenarts BBIBOJIBI.

20. OdopmuTts oTueT 1o 1abopaTopHO padoTe.

5. KoHTpoOJ/IbHBIE BONIPOCHI
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1. Yro takoe mepepaboTKa MONMMMEPHBIX MaTepuanioB? HazoBuTe Meroasl mepepadOTKH
MOJIMMEPOB B BA3KOTEKYUEM, BRICOKOAJIACTUICCKOM, TBEPIOM H KHUJIKOM COCTOSHUHN?

2. Kakoro Bmma wu3aenusi MOXKHO IIOJIy4aTh W3 IIOJIMMEPOB TIpU IepepaboTKe B
BSI3KOTEKYUYEeM, BBICOKOJIACTHYHOM, TBEPAOM, JKUKOM H IMOPOIIKOOOPA3HOM COCTOSTHUU?

3. Kakue TeXHONOTMYeCKHe CBOWCTBA UCXOMHBIX MOJIMMEPHBIX MATEPHUAJIOB YYUTHIBAIOT
npu BeIOOpe MeToAa (hopMOBaHUS U3AETUs?

4. Yto uzyyaet peoyorus?

5. Kak Bimser TekydecTh pacmiiaBa Ha odopmiieHHE M3JAeNusl B mpecc- GopMe U €ero
Ka4yecTBO?

6. Uto Takoe rmokasareib TCKYy4eCTH paciuiaBa (MHACKC paciuiaBa)?

7. Kak yctpoeH mpuOOp IUIsl ONpeesieHHs IOKa3aTellss TEKYyYeCTH paciijlaBa M KaKoOB
IPUHLINII €r0 AeUCTBUA?

8. Kak Bnuser BennmunHa HHAEKCA PacIuIaBa Ha BEIOOP METOa nepepa- O0TKH moaumepa?

9. [Ilo kakoii (hopMyIie pacCUUTHIBAIOT MOKA3aTeNb TEKy4eCTH paciiiaBa?

10. Kakue xapakTepUCTHKU TMOJMMEpPa, KPOME PEOJOTUYECKUX, IO3BOJSET OIEHUBATH

BCJIIMYHMHA UHACKCA pacrmaBa?
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JlabopaTtopnas pabota Ne4

N3y4yeHne TexHOJI0TMii U3rOTOBJIEHUS M3/1eJIMi U3 MOJUMEPHBIX

U KOMIIO3MIIMOHHBIX MAaTE€PHUAJTOB METOAOM JIMTHSA NOA TaBJICHUEM

1. Hesab padoThI.

O3HaKOMUTBCA C TEXHOJOTMYECKUM IPOIECCOM HW3TOTOBICHUS M3AEITUN M3 MOIUMEPHBIX
KOMIO3UIIMOHHBIX MaTepuanoB (IIKM) MeTonoMm nuThs moj AaBI€HHUEM, METOJIAMHU OMpPECIICHUs
npoYHOCTHBIX cBOMCTB [IKM, monyuuTs HaBbIKM pabOThI HA COBPEMEHHOM OOOPYIOBaHUH IUIf

JIMTBA 110 JAaBJICHUEM PA3JIMYHOI'O THUIIA.

2. TeopeTnyeckue MOJI0KeHUS

Pazpabotka nonmumepHoro kommnosuuonHoro Matepuana (IIKM) craBuT KOHEYHOH 1ETBIO
IIOJIyYEHUE U3 HErOo KOHKPETHOro usjenus. B ciywae nosydeHus uspenus u3 HarnoiaHeHHOro KM
METOJ NepepadOTKU Majio BIMAET HA IPOYHOCTHBIE XAPAKTEPUCTHKH HU3JENUs, OJHAKO, HX
HEOOXOMMO KOHTPOJIUPOBAaTh €ro B IMpolecce pa3padOTKU TEXHOJOTHUH HM3TOTOBJICHHUS
KOHKPETHBIM METO/IOM U1l OLIEHKH HKCIUTyaTallMOHHBIX CBOMCTB Oy yILIero u3aeus.

Metoa auThsd HOJ JIaBIEHUEM SIBJII€TCSI HauOoJiee pacHpOCTPaHEHHBIM IpU MepepadboTKe
OOJIBIIMHCTBA MPOMBIIIJIEHHBIX TEpMOIUIacTOB. Ero, HO HECpaBHEHHO peXke, HUCIOJIb3YIOT TaKKe
JUIsL U3TOTOBJIGHUS JETajel W3 HEKOTOPbIX Pa3HOBHJIHOCTEW peakToruiactoB. K OCHOBHBIM
JIOCTOWHCTBAM JINThS TIOJ] JABJIEHUEM OTHOCSTCS: YHUBEPCAIHLHOCTH MO BHJIaM NepepadaThIBaeMbIX
IUTACTUKOB, BBICOKAs IPOU3BOAUTEIBLHOCTD B PEXUME aBTOMATHU3MPOBAHHOI'O IPOLIECCA; BBICOKAs
TOYHOCTb IIOJyYaeMBbIX H3J€IHi, BO3MOKHOCTb HW3IOTOBJICHHS JETajedl BecbMa CJIOXKHOW TIeo-
METpUYECKO (HOpMBI, HETOCTHKUMOHN NMPH HUCHOJIB30BAHUU JIFOOBIX Ipyrux TexHosoruil. Kpome
TOrO, JIUTBEM TIIOJ [JaBJIECHUEM IPOU3BOAAT U3JEIUS apMUPOBaHHbIE, THOpHIHBIE, IOJbIE,
MHOTOIIBETHbIE, W3 BCIEHUBAIOLIMXCA IUIACTUKOB U Ap. Meron mo3BoiseT (HopMoBaTh H3IENUs

MAaCCOM OT JI0JIEN TpaMMa JI0 IECATKOB KHJIOTPAMMOB.

2.1. Cywynocms memooa 1ums noo 0asieHuem
[Ipouiecc nUTHsT TON JaBICHUEM Ha YEPBSIYHON JIMTHEBOM MAaIIMHE CBOJUTCS K

cnenyromemy: (puc. 1).

Mpanynbi

MogewHas nauta HenoageuxHas naura

MLL Unnunuap

/ ByHkep

Mpueog wHeka

KonoHHb! Uunuugp snpbicka

Uununap
CMBIKaHUA

Harpesarenu
3anopHoe Konbuo
Pacnnas marepuana

Puc. 1. Cxema npouecca JUThbs M0/ AaBJIeHHEM HA YePBAYHOI JUTHeBOMH MallIuHe
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Marepuan B BHIE TpaHys 3achlmaeTcss B OyHKep, OTKyJa pPaBHOMEPHO M HEMPEPHIBHO
3aXBaTbIBACTCS YCPBAKOM (HIHGKOM), HarpeBacTCd, IIaCTUUUPYCTCA U MPOABUTACTCA B NECPCIHIOIO
30HY HarpeBaTeNbHOTO IWIMHApA, T/A€ 3a CYeT Temla, IOJydyaeMoro OT HarpeBaTenei,
OKOHYATCJIIBHO MIaCTUIIUPYCTCA (HJIaBI/ITCSI H HOepexoauT B BA3KOTCKYYCC COCTOHHI/IG).
PacnaBnenHbIn Marcepuajl MNCPUOJUYCCKH TIIPOTAJIKUBACTCA YCPE3 MYHIALITYK B IOJOCTb
NpeIBapUTEIILHO COMKHYTOM JINTheBOU (opMBI. [Ipy 3TOM MPOUCXOAUT 3aroyIHEHHE (POPMBI O]
naBieHHeM (BIPBICK MaTepuana). 3amoidHeHHas (opma HEKOTOpOE BpeMsi BBIICPKUBACTCS O]
HAIOPHBIM JIaBJICHUEM Marepuajia. B NMpOTUBHOM cilydae W3JeNue HE IMOJY4YUTCS IUIOTHBIM. Bo
BpeMs BBIZICPIKKH TI0]] JaBJICHUEM 3a CUYET OXJIKIACHUS GOPMBI BOJIOW H3/1eire B (hOpME OCTHIBACT
H TBEPACCT. ITociie oxoHUaHusa BIIPBICKWMBAHUSA ITOPIICHL OTBOJAUTCA B 3a/JHCC (npaBoe) IIOJIOKCHUEC
U OJTHOBPEMEHHO (opMa pa3MbIKaeTcst Ha JBe Moy dopMbl. M3nenne TonkareiseM BbhIOpachiBaeTCs
U3 mojiocT (hOpMEI. 3aTeM HAYMHACTCS OTIUBKA CIEMyIomei netanu. HakuMaercs: KHOMKaA ImycKa
(TIpy aBTOMAaTHYECKOM PEKUME HAXKATHsI KHOTIKH HE TpeOyeTcs), U LUK TOBTOPSIETCS.

Takum oOpa3om, B mpoiecc (OpMOBAaHUS U3ICIUS JUTHEM IOJ JABICHHEM MOXHO
BBIIETTUTH HECKOJIBKO TAIlOB:

1. PacrinaBiieHue KOMIIOHEHTOB | 110/1a4a paciuiaBa B Gopmy.

2. Co3nanue AaBlICHHsI C IEJIbI0 OBICTPOTO 3alOJHEHHS U PABHOMEPHOTO PACIpeesICHUs
MOJIMMEPHOM Macchl o opme.

3. OxmakieHue HaANOJHEHHOTO0 00BhEeMa JIO IMOJIHOTO 3aTBEpCBaHMS IUIACTMACCHL. Bpewms,
TpeOytomeecss Uil KPUCTAUTM3AlMK  TOJIMMEpPa, 3aBHCUT OT MHOTHUX TapaMeTpOB: THIIA
NPUMEHIEMOT0 IUIACTUKA, BA3KOCTH pacIuiaBa, TeMnepaTypsl B ¢opme U mp. s HerabapUTHBIX
JeTanel mpoIece OXJIaXAeHUs JJIUTCS Ha MPOTSHKEHUH HECKOJIBKUX CEKYH]I.

4. Tlonydyenue roroBoro m3zaenus. [lociie MosHOro ocThiBaHUs (GOpMa pasbeAMHSIETCS C

LEJIBIO IMOJTYYCHHUA JCTaIn.

2.2. Peoxcumul nepepabomku niacmmacc iumsem noo 0ae1eHuUeM.

OCHOBHBIE TEXHOJIOTUYECKHE (DAKTOPBI, OMpEICNSAIONINE TIPOLECC JUThS W KadecTBO
roToBoro wusnuenusi: 1) moaroroBka matepuaina; 2) CBOMCTBa martepuana; 3) TemmepaTypa B
oborpeBaTeIbHOM IUIWHApPE; 4) TeMIepaTypHbI pexkum (Gopmbl; 5) HdaBieHHE B HMWIHHIPE U
dopme; 6) IPOAOIKUTETHHOCTD LIUKJIA.

IloaroroBka Martepuajna. boabIIMHCTBO TECPMOINIACTOB HC HYXOACTCS B HpeHBapHTeHBHOﬁ

00paboTke mepes 3arpy3Koil B INTHEBYIO MAIIMHY, €CJIH HE CYMTATh OKPAIINBAHUS B HYKHBIH IIBET.
[Tonmmamuapl, 3Tpoabl U MOJIMKApOOHAT, CHOCOOHBIE MPU XPAHEHUH YBIKHITHCS, HEOOXOIUMO
nojcymuBark. [Ipu mepepa®oTke YBIaXHEHHBIX MaTepuaioB 00Opa3ylOTCs Iy3bIPH, YTSXKUHBI,
IIs1THA, Cepe6pI/ICTOCTI> Ha MOBCPXHOCTHU PI3I[CJIPII>1. HOIICYHII/IBaHI/Ie MMPOU3BOAAT HEMIOCPCACTBCHHO
nepej nepepaboTKoM.

IloBeneHue marepyana B MOPOIECCE  JIMTHS. TeMnepaTypHo-BpeMeHHoe IIOBCACHUC

nepepabaTbIBaeMOro MaTepHuaia UMeeT OoJIbIIoe 3HAYeHUE KakK B Mpolleccax IMIacTUKALUH, TaK U
3arnosHeHuss (GOpMBI U BBLACPXKKHM TOJ JAaBJICHHEM, OCOOCHHO C TOYKM 3peHus mnoadopa Hu
HOJ/IEpP)KaHUsl TEMIIEPATYpHOI'O PeKUMa B IUIACTUKALIIMOHHOM LIWJIMHIPE JIUTHEBOW MAIIMHBI U B
autbeBol ¢opme. Ilpu BbIOOpEe mepepabaThiBa€MOTro MaTepHasla BaXKHEWIIUM KpUTEpPHEM IUIs

TEPMOILJIACTOB  SIBJISICTCSI TEKY4YeCTh Kak (YHKIUS TEeMIEpaTypbl MacChl (XapakTepusyemas,
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HampuMep, MmoKa3aTelieM TeKy4eCTH paciiiaBa), a Uil PeaKTOIIACTOB - BPeMs )KH3HECITOCOOHOCTH
(BpeMs 10 HavaJsia peakiiui OTBEPIKIACHHSI ), OTPEACIIIEMOE 110 KPUBOU OTBEPIKICHHUS.

[Tepexon aMOpPHBIX MOJUMEPOB B BA3KOTEKYUYEE COCTOSHUE MPOUCXOAWT B IIMPOKOM WH-
TepBasie Temmeparyp. [logoOHBIE TepMmoIIacThl mepepadaThiBalOTCs 0€3 OCOOBIX 3aTpyTHEHHIA.
Konebanus temrepaTypsl paciuilaBa HE BBI3BIBAIOT PE3KOr0 M3MEHEHHsI TPOIECCa JIUTHS;
TEPMOIUIACT HE BBITEKaeT uepe3 3a3opbl B (opme. Ycaaka amMop(hHBIX TEPMOIUIACTOB OOBIYHO
0,4+0,6%.

B npoTHBOIOI0KHOCTS aMOP(PHBIM, KPUCTAIUTMYSCKHAE TEPMOIUIACTHI (KAIIPOH, TIOJTUITHIICH )
UMEIOT Y3KUH HMHTEpBAJI TEMIIEpaTyp Mepexoia B BA3KOTEKydYee COCTOSHUE, HU3KYIO BSI3KOCTh H,
COOTBETCTBEHHO, BBICOKYIO TEKYUYeCTh. DTO HECKOJBKO YCIOXKHSET HUX IepepadOTKy, BHI3BIBACT
HEOOXOJUMOCTh TOYHEE IMOJICPKUBATH TEMIEPATypy pacIuiaBa, JAelaTh 3allOpHBIC YCTPOMCTBA K
MYHIIITYKY, oOecre4ynBaTh IUIOTHYIO TIOCAAKy TOpPIIHS B  UWIHHIApE. TepMOIUIacThl
KPUCTATMYECKOTO CTPOSHUS TpPH 3aTBEPJEBAHUU HMEIOT 3HAYUTENBHO OOJBIIYI0 YCANKY,
noxondauryro 10 3%., ueM BbIlIe TeMIlepaTypa TepMoIuiacTa, TeM OOJIbIINI 00beM OH 3aHUMAET U
TeM OOJIbIIIe ycaJKa MPU OXJIKICHUH. KpoMe TepMUYIECKOW YCaJKH MOXET MPOUCXOJUTh ycajaka
BCJIC/ICTBHC WM3MCHCHHS CTPYKTYPBI IMMOJHMMEpa. Ycajka TPOSBISCTCS HE TOJNBKO B W3MCHCHUU
pasMepoB, HO W B NOSBICHUM YIIyOJNeHWH, BHYTPEHHUX IyCTOT. UeMm HmKe TeMIieparypa
TEpMOIUIACTa M YEeM BHINIC JaBIICHWE B MPOLIECCE JUThS, TEM MEHBIIE yCajaKa, TeM OOJbIIe
IUIOTHOCTh MaTepuana B U3ACIUH.

[Ipn mepepaboTke TEPMOPEAKTHUBHBIX IUIACTMACC HEOOXOIUMO YUYHUTHIBATH CIEAYIOLIUE
ocobennoctu. [Ipu nepepaborke QeHOIIACTOB MUHUMAJIbHAS BIAXKHOCTH JIOJDKHA OBITH OK. 3%.
Jnst ynaneHue JIeTydyuX KOMIIOHEHTOB B IPOIECCe IIACTUKAIMM BOJU3U 3arpy30YHON BOPOHKH
HE00XO0IUMO TIPETYCMOTPETh YCTPOHUCTBO IS JIera3aliui. AMHHOIUTACTHI MPOSIBIISFOT CKIIOHHOCTD K
MPEIOTBEPXKACHUIO, YTO TIPOSBISETCS B IOBBIMICHHOW XPYNKOCTH u3nenwii. Hemocratkom
ATIOKCHJIHBIX JIATHEBBIX MACC SIBIISICTCS OTBEPIKICHUE NIPU OTHOCUTEIIEHO HU3KHUX TeMIlepaTypax U
Oonpmras anre3ust K JauTheBoW Qopme. s ycTpaHeHUs MOCIETHET0 HEAOCTaTKa BHYTPEHHUE
MOBEPXHOCTH JINTHEBHIX (DOPM XPOMUPYIOT.

C yuetoM YyKa3aHHBIX (DAKTOPOB MPOUZBOAUTCS BBIOOP TEMIEPATyp MaTepUATHLHOTO
WIMHAPA U HOPMBI.

TemneparypHBIA peKUM HarpeBaTeJIbHOIO IMUIHHAPA. HaneBaTeHBHHﬁ (I/IH)I(GKI_IHOHHblﬁ)

OUWIMHAP ABJIACTCA OCHOBHBIM  TEXHOJOTMYCCKHMM  Y3JIOM  MAIIWHEL, OIpECACIIAIOIINM €€
MMPOU3BOANUTCIBHOCTE U Ka4€CTBO HSﬂeHHﬁ. K HarpeBaTCJIbHOMY HUIUHAPY MNPEABABIIAIOT CJIC-
TYIOIIHe TpeOOBAHMS:

— BBICOKHI KOY(PUIMEHT Teruionepeay OT MCTOYHWUKOB HarpeBa K MaTepHally NpH
HEOOJIBIINX PA3HOCTIX TEMIEPATYP CTEHOK LIUJIMHAPA U MaTepHaa;

— PaBHOMEPHBIN HarpeB MaTepHalia U OTCYTCTBUE MECTHBIX ITEPETPEBOB.

TeMnepaTypHEI peKUM d)ODMLI. Pexum oxnmaxkaeHus u3aenus B (bOpMC BJIMACT KaK Ha

OPOM3BOJUTENBHOCT MAIMHBI, TaK M Ha KauyecTBO u3Jenuil. VHTEHCHBHOE OXJaXJIeHHE
YBEJIMYUBAET MPOU3BOIUTEILHOCTh MAIIMHBI, HO MOXKET NMPUBECTU K CHUIKEHUIO KauecTBa M3/EIHi
U3-3a MOSBJICHUS] BHYTPEHHUX HAINPSKEHU, YeM BbIIlIe TeMIlepaTypa 3aTBEpIeBaHUs TePMOILIacTa,
TEM BBIIIIE JI0OJKHA OBITh TemriepaTypa ¢popMmbl. TemnepaTypa ¢hopMbl niepe]] 3a0IHEHUEM O0BIYHO

HIDKE TeMiiepatypsl auThs Ha 100 — 150 °C.
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OcCHOBHbBIE PEXUMBI JHUThS MO/ JaBICHHEM (TemrepaTypa U BpeMs MOJCYIIKH, yJIeIbHOe
JaBJICHUE JINThS, BPEMS BBLACPKKHU, Temieparypa (popmbl) MOAOMpalOTCS MO JUTEPATypPHBIM

JaHHBIM JJIsI KOHKPETHOTO MaTCpHralia.

2.3. Ocobennocmu nepepabomku pasiuiHbIX MepMoniacmos

Honwstunen Huskoil mnotHoctu (ITOHII) xapakrepusyercsi OBICTPBIM pacIljiaBI€HUEM.

[Tocne oxnaxkaeHuss KPUCTAJUIM3UPYETCS M MEHseT TBEpPAOCTh. Tpedyercs coOmroaaTh
OTlpesiefiecHHOE [JaBjeHHEe U O00eCleYUTh MAaKCHUMallbHO PaBHOMEpPHBIN HarpeB mpecc-(hOpMBI.
[ToaromMy ansi OXJIaxAEHHS, BXOJA BOJAbI 00ECIIEUMBACTCS BO3JIE JTUTHUKOBBIX COIMEN, a OTBOJ B
JanbHEH TOYKe. 3allOIHCHHE OXJIAKIAIOMIEH >KUIKOCTHIO BBIMOIHIETCS OBICTPO C XOpOIIeH
BEHTWIALIEH (POPMEI.

Honustunen Bbicokod muotHoctd (IIOBIT) mo cpaBHenuto ¢ nomudtwieHoMm HII

OTJINYaCTCA Hy‘-IHlCﬁ KpI/ICTaHHI/I?;aL[I/Ieﬁ 1 MEHBIIIEH CTEICHBIO TCKYUYCCTH B PACIIJIaBJICHHOM BHJIC.
JInThe IIaCTMACChl 3TOr0 THIIA IIAPOKO MHNPAKTHUKYCTCA I IMOJTYYCHHUA PI3,Z[CJ'IPII>1 C TOHKHMH
CTCHKaMU, HO IIPpU 3TOM obOecrieunBacTCs A0CTAaTOYHAA KCCTKOCTb KOHCTPYKIHUHU.

Honunponunen (I1I1) ornuyaercs KpUCTAUIMYHOCTHIO, He mpeBbimatoieit 60%. IIporecc

BBITNOJIHACTCS IPA IOHM)KCHHOM JAaBJICHUHM M JOCTAaTOYHO BBICOKOW TeMIlepaType IUIACTUKALMH,
KOTOpasi B 3aBUCHUMOCTH OT Mapku Mmarepuana moxker nocturate 280 °C. [laBnenue pacimiaBa
¢dopmupyercss Ha ypoHe 140,0 MIla. Bs3kocTh MOJyuye€HHOM Macchl PeryaHpyeTrcs CKOPOCTbIO
CABUI'a U HE3HAYUTCJIBHO 3aBUCUT OT TCMIICPATYPHOI'O pCKUMa.

Honuctupon (IIC) mpencraBnser co0oil MaTepuasn, KOTOPBIA B Pe3yJIbTaTe MPUMEHEHUS

TEXHOJIOTMM JIUThSl MOJ JABJICHHEM OTJIMYAETCS JErKOM TEKy4yeCThbl0 B PACIUIABICHHOM BHUJIE.
[To3BosiseT M3rOTaBIMBATh W3JETHUS, KOTOPbIE XapaKTEPU3YIOTCS >KECTKOCTbIO KOHCTPYKIMH U
TOHKUMU cTeHKamHu. [lonrMep 4yBCTBUTENBHBIN K IIEperpeBy.

Honucrupon yaaponpounsiit (YIIC) — noiaumep, OTIMYAIOLIUICS HECKOJIBKO OOJbIIeH

BSI3KOCTBIO, YeM OOBIYHBIN MOJUCTUPOII U JTAET MPHU OXJAKIACHUHM OOJbIIYI0 ycaaky. [Ipumensercs
JUJIS1 TOHKOCTEHHBIX JIETAJIEN C MOBBIIIEHHON YCTOMYMBOCTHIO IPOTHB MEXaHUYECKOIO BO3ACUCTBUA.

AKPWIOHUTPWI-OYTaIMOH-CTUPOIBHBIN  miacTuk  (ABC-miiacTuk) — XapakTepusyercs

00JBIION BA3KOCTBIO B PACIIaBIEHHOM COCTOSIHMHM, OTIMYAETCs TPYAHOI nepepaboTkoil u Tpedyer
NOBBILIEHHOTO AaBiieHUs. IIpuMeHseTcs nis M3roTOBIEHUS AETalNEd C TOHKUMH CTEHKAMH, HO B
OTJIIMYHUE OT, HallpUMep, nonuctuposa, ABC-1iacTuk uMeeT BBICOKYIO KECTKOCTh U YCTOHYHMBOCTh
K yJlapaM.

Honumernnmerakpunar (IIMMA) mno3BosisieT mnoiydarh U3Aenus pas3Hoil ¢GopMbl U

koHurypauu. OTaudaercs HHU3KOHM TEpPMHUYECKON CTaOMIBHOCTBIO M YYBCTBHTEIBHOCTHIO K
neperpeBy ¢ morepeil gpusnuecKkux mapameTpoB. TpeOyeT MomosHuUTEeNbHOU CymKH. B mporecce
00pabOTKM HYXEH TOYHBIM TeMIepaTypHbIii KOHTpOib. OCOOEHHOCTh MaTepuana B 0Opa3oBaHHUU
my3bIpel MpU MHXEKTHPOBAHUU B XOJOJHYIO Npecc-(popMy, MOITOMY B HEH MHUHUMH3UPYETCS
KOJIMYECTBO IJIaBHBIX IIEPEXO/IOB.

ITonMBUHMIXJIOPH, (HBX) MMHAPOKO HNPUMCHACTCA JIA JIUThA IOA JaBJICHHUCM, ITOCKOJIBKY

XapaKTepu3yeTcsl  JIETKOCThIO  00paboTku. Marepuan  4YyBCTBUTENEH K  COOJIOICHHUIO
TEMIIEPATyPHOTO peXXHMa U TepsieT CBOICTBa mpH neperpese. [Ipu HaXoX/IeHUN B pacIiaBI€HHOM

COCTOSIHUM OTJIMYAETCSl HECTAOMIBLHOCTHIO M aBTOKATATMTUYECKON NECTPYKIHEH, TMPOSBIISIOLICHCS
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B PAa3HOM IIBETOBOM OTTEHKE. J{nama3oH 1[BeTa MOXKET MEHSTHCS OT CIIOHOBOM KOCTH 10 BUILIHEBOIO
oTTeHKa. /|1 nory4eHus BceX CBOMCTB MoIUMepa TpeOyeTcs OCYILECTBIIATh IPOLECC TUIACTUKALIUN

34 MUHHUMAJIbHOC BpCMHI.

Hommamun (ITA) mpexacraBiseT cOO0H KPUCTALIMYECKUM TEPMOIUIACT, OTIMYAIOLIMNACS
TUTPOCKOIIMYHOCTBIO U XOpOILIEH TEKydyecTbl0 Macchl. IIpu HaxoXAeHMM B pacIUIaBIEHHOM
cocTosiHUM 00BbeM yBenuuuBaeTrcs Ha 15%. Ilo mpuunMHe HU3KOW TEepMHUECKON CTaOUIBHOCTH
IIPOLECC JIMThsSI IUIACTMACC STOrO THIIA BBINOJNHSETCA 3a MHUHHUMAajlbHOE BpeMsa. B pacmiase
BO3MOXKHO oOpa3oBaHHe my3bipeil. Matepuan TpeOyeT JOMOJHUTENBHOIO BpEMEHU s
THiaTeNnbHOM mpocymku. [Iponecc mmactukanuu obecneunBaetcs npu aasiaennn 100 MIla. [pu
HAIOJHEHUH JIUTHEBBIX (POPM JOITyCKACTCSI OPUEHTALMS YACTHULI.

Honukap6onar (IIK) sBnsieTcss TEMIOCTOMKUM MOJIMMEPOM. XapaKTepU3yeTCs BBICOKOM

TepMOCTa6I/IJIBHOCTBIO W TOBBIIICHHOM BSI3KOCTHIO B paciiiaBJICHHOM COCTOSIHHH, 3aBHCHHleﬁ oT
temneparypHoro pexuma. IIpecc-popma narpeBaercs no temmeparypel 100 °C. Ilo mpuunne
HOBBIIIEHHON TUTPOCKOIMYHOCTH MaTepualia, Uil HOPMaJIbHOIO JINThS O] 1aBJIeHUEM TpeOyercs
IIPEIBAPUTEIIBHBIN IIPOTPEB B LIMJIMHAPE JINTHEBOM MAIlIMHBI U TIIATEIbHAS CYLIKA.

[omustunenrepedranar, noaudoyrwiearepedTanar u noaunokcuMerwied (II9TD, [IFTD u

[IOM) KiaccupuIUPYOTCS KaK  IOJUMEPBI, OTIMYAIONIMECS  BBICOKOH  TEPMHYECKOM
ctabunpHOCThIO. [Ipolecc nUTHSA IUIacTMAcC 3TOrO TUIA MPELyCMATPUBAET JOIMOJHUTEIBHYIO
CYIIKY, BBIIOJHSEMYIO O CHI)KeHUs Biaru Ha ypoeHb 0,01%. B pacmiaBieHHOM cOCTOSIHMM
UMEIOT BSI3KOCTh CPEIHEH CTeneHW, KOTOopas CHMIYKAeTCsl NPU YMEHBIIEHUH TemmepaTypsl. s
MIOJIyY€HUsI TOHKOCTEHHBIX U3EIUN UCIOIb3YETCS pa3/lyB C UCIOJIb30BaHUEM BO3/IyXa.

Homudpenunencynbdun (IIPC) sBnsercss BHICOKOTEXHOJIOTMYHBIM MaTEpUAIOM U3 pa3psiaa,

TaK Ha3blBa€MBbIX, CYNEPKOHCTPYKUMOHHBIX TepMmoIutacToB. [IOC npumensiercs B aBTOMOOMIIBHOM
U aBUALMOHHOW IPOMBIIIJIEHHOCTH, MAIIMHOCTPOEHUH, HEPTSIHON U Ira30BOM NPOMBIIIJICHHOCTH,
JNEKTPOTEXHUKE U JIEKTPOHUKE, CBETOTEXHHUKE U T.J. OH yCIENIHO 3aMEHSIET HE TOJIBKO Ipyrue
IUIACTUKHM, HO, TaKXKe, peakTomiactel MU MeTamwisl. [lonudenunencynb@ua dyaiie BCero
nepepabaTbiBaeTCd JIMThEM TIOJ  JIaBJI€HHEM. [OTOBBIE W3AENHMS OTIUYAIOTCS  BBICOKOU
CTaOUIIBHOCTBIO Pa3MEpPOB BCIICJACTBUE HM3KOM yCaaKu MHOJMMeEpa. BTOpPUYHO HCHOJIB30BaHHBIN
MaTepual MOXHO J100aBJIATh K NepBUYHOMY B KonuuecTBe 10 10-20% OGe3 m3MeHeHus (U3MKO-
MEXaHUUYECKUX CBOMCTB. PexomeHayemasi TemmepaTypa pacmaBa no 3oHam TIIA: 300-340°C.
TemmnepaTtypa ¢opMbI T0JDKHA OBITH yCTaHOBJICHA B nuama3oHe 135-175°C, T.k. mpu 0ojiee HU3KUX
TEMIEPaTypHbIX 3HAYEHHMSX TPOUCXOAUT 3HAYUTEIbHOE YXYALICHHE KadyecTBa IOBEPXHOCTH
JeTaredl ¥ BO3HUKAeT IMOTEHLMaJIbHash BO3MOXKHOCTH KopoOneHus. Ilomumep noctaTouHo
YYBCTBUTEJIEH K BJlare, IMOATOMY HEOOXOAMMO 00s3aTENIbHO KOHTPOJIHUPOBATH OCTATOYHYIO
BJIQ)KHOCTb I10CJIE CYILIKH.

Homudenunencynbhon (IIDPCY) sBnsercs oAHUM U3 MOAM(PHUKAINUN TOIHCYIb(HOHOB U

IpeJCTaBIsieT cCOO0N CyNepKOHCTPYKIIMOHHBIM aMOpP(HBIN TepMOIIAaCTUYHBIHN M1acTUK. MaTepuai
XapaKTEepU3yeTcsl JIETKMM BECOM M BBICOKOW IPOYHOCTBIO, YPE3BBIYANHO BBICOKOM yAapHOU
BA3KOCTBIO TPU BBICOKMX W HU3KHX Temneparypax Oo6mactu npumenenus [IOCY nocrarouno
IIMPOKH, B YACTHOCTHU 3TO TEIUIOCTOMKHE JETaal aBTOMOOUIIS, I€TalIH MO/ KalloTOM aBTOMOOWIIS.
JlanHblif  MaTepuan HUCIOJIB3YeTCs TaMm, TI/Ae TpeOyroTcs BBICOKHE AKCIUTyaTallHOHHBIE

XApPaKTCPUCTHUKHU, KaK, HaIpUMCp, MNOAMMUIIHUKHA W BBICOKOTOYHBIC 3Y6‘-IaTI)Ie nepeaaiu,
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(GYHKIIMOHUPYIONTUE B YCIOBUSAX HHU3KUX W BbICOKMX Temmeparyp. [IDOCY wucnonbsiyrorcs mis
HEKOTOPBIX KOHCTPYKUMH Ui TEepMETH3alMM SACPHBIX PEAKTOPOB B 30HAX MaKCHMAalbHOU
pamuanuu. [lpu nuThe 1O JaBlIEHWEM TOJMMEp JAaeT ycaaky mnpuomusutensHo 0,65%.
[lepepaboTka OMKHA OCYIIECTBIATHCA Hpu Temmeparype pacmiaBa 340 — 370 °C B ¢opwme,
Harpetoi o 120 — 155 °C.

Honusrdupsrpupkeron (II99K) 9TO MOJIyKPUCTAJUINYECKU I IIOJIUMED c

BBICOKOTEMIIEPATYPHON yCTOMYMBOCTBIO. VIMeeT Bblharomuecs MEXaHWYECKUE, XUMHUYECKUE U
INEKTPOTEXHUYECKUE OKCIUTyaTallMOHHbIE XapaKTEPUCTUKU, COXPAHSIOLIMECS TMpU pabdoyux
temriepatypax no +310 C. IMommddupapupkeToH — caMblii yCTOWYMBBIA W3 TOJUMEPOB K
JNEeNCTBUIO BOASHOrO mapa. lMmeer HauMeHbIIMN W3 IUIACTUKOB YpPOBEHb BBIICIEHUS BPEAHBIX
ra3000pa3HbIX BELIECTB MO JEHCTBUEM OTKPBITOTO IJIAMEHH. XapaKTepU3yeTcsi OYeHb BBICOKOM
CTaOMIBHOCTBIO pa3MmepoB. [Ipumensiercst B cdepax, rie HeoOXOIUMBI yIydIIeHHBIE CBOWMCTBA
YCTOMYMBOCTU K BBICOKMM TEMIIEpaTypaM WM YCTOMYMBOCTb K XMMHUYECKH arpecCUBHOM Cpele,
TAK)KE€ HUCIIOJIb3YETCS IIPU CHIIBHBIX PaJUOAKTUBHBIX U3IYyUEHHUSAX U JIEKTPUUYECKUX HArpy3Kax, 4yTo
IIO3BOJIMJIO ATOMY MaTepHally CTaTh YHHUBEpPCAJIbHbIM. Ero nmpUMeHeHue CTajno TpaJuLUOHHBIM B
A’POKOCMHUYECKON, XUMUYECKOU U SACPHBIX 00IACTAX.

Honmydupkeronkeron (II9KK) sBisieTcst BEICOKO3(PGEKTHBHBIM MOJUMEPOM C OOITUPHBIM

criektpom npumeHeHus. [IOKK sBisieTcss orHecTOMKMM C TMOHMKEHHBIM JBIMOBBIJICIICHHEM H
HU3KOM TOKCHYHOCTHIO. OH o00€ecreurnBaeT BBICOKYIO YCTOMYHMBOCTh K IIUPOKOMY CHEKTPY
XUMHUKATOB, B TOM YHCJE TPU TOBBIINICHHBIX paboumx Temmeparypax. [IDKK rtaxxke Moxer
UCIIOJI30BAaThCS B KAueCTBE HAJEKHOTO JHUPJIEKTPUKA B IIMPOKOM JUANA30HE YAaCTOT C
MOBBIIIEHHOW TEPMOCTOMKOCTBIO M YCTOWYMBOCTBIO K BO3ICHCTBUIO OKPYIKAIOIIEH Cpelbl.
Onarojapsi MOBBIIEHHONW MEKCIOWHOM aAre3uu MOJUMEpP MOKET JOCTUTraTh emle 0oJjiee BBICOKHX
MpEJEIoB MPOYHOCTH MPH PACTHKEHUMU B cpaBHeHun ¢ nojaumepom [190K. Ckopoctb
KPUCTAJUTH3allMd HECKOJIbKO MemieHHee, 4yeMm y monumepa [199K, uto cymiectBeHHO obierdaer

MPOIIECC MEeYaTH U TTO3BOJISET JOOUTHCS JTyUIIel MEKCIOMHON aAre3nu.

2.4. Obopyoosarue 05 1umvbsa H00 0asieHuem

2.4.1. TepmoniacTaBTOMAaThI

CoBpemenHble auTheBble MamMHb (JIM) mpeacTaBisiioT cOOOM CIOXKHbBIE TEXHHUYECKUE
YCTpPOICTBa, OCHAIICHHBIE Pa3HOOOpPa3HBIMU CPEACTBAMH aBTOMATH3MPOBAHHOIO YIIPABJICHUS
napaMeTpamMu TEXHOJOTHYEeCKoro rmpoiecca. Hepeako HMX Ha3bIBAIOT TEPMOIUIACTaBTOMATAMHU
(TITA) wmm  peaxtoriacraromatamu  (PIIA) B 3aBucMMOCTM  OT BHJa OCHOBHOTO
nepepadaThIBAEMOT0 MaTepHaa.

KoHCTpyKIIMM JUTHEBBIX MAaIIMH BechbMa pa3HOOOpa3Hbl. OCHOBHBIMH KJIACCH(HKAIIH-
OHHBIMHU TIpu3HaKkamu JIM sBistiroTcs ycunue 3anupanus Gopmel (kH), To ecth cMbIkanust HOPMBL,
CO3/1aBa€MOE€ MPECCOBBIM OJOKOM, M 00BEM BIOpbICKA MM MOIIHOCTb, BbIpa)kaeMas YHCIOM
KyOMYeCKHX CaHTHUMETPOB pacIUlaBa, KOTOpPbIE MOTYT OBITh MOJTOTOBJICHBI MAIIMHOM is
OJIHOKpPAaTHOM TMoJayl B JUTheBYIO (opMmy. Brimyckaemble MNPOMBIIIIEHHOCTHIO CEpUITHBIC
JUTHEBbIE MAIIMHBI, KaK MPaBWIO, OObEIUHEHBI B THUIIOPAa3MEpUbIE PSAAbl MO JABYM YKa3aHHBIM

BBIIIC MMapaMETpam.
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B Hactosmee Bpemss HauOoubliiee pacHpoOCTpaHEHHE MOJYUYUIHM TOPU3OHTAJIbHBIE
OJTHOIITHEKOBEIC ¢ coBMelIeHHOU miactukamnueit TITA. Ouu obecriednBarOT 00OBbEMBI BIPHICKA OT 4
em® 10 70000 ev® npu ycwimu 3anupanusi popmsr ot 25 1o 60000 kH.

Ha puc. 1 npencrasieHa TumoBasi cxema TEPMOIUIACTABTOMATA, a Ha PUC. 2 — BHEITHUI BUJT
TIIA JIE3727.®@1, ucnons3yemMoro mpu npoBeIeHnH 1adbopaTopHOii paboTsl Nel.

Puc. 2. Bueminuii Buja tepmoriacraromara JIE3727.01

2.4.2. Py4Hble TUTHEBBIE MALLIMHBI

B ycioBusiXx MEIKOCEpHITHOTO TMPOM3BOACTBA W3JEIUN, a Takxke ISl TPOBEIACHUS
9KCHEPUMEHTAIbHO-UCCIIEJOBATENBCKUX U OINBITHO-KOHCTPYKTOPCKMX PAabOT Ha MPOMBILIUIEHHBIX
OPEANpUATHIX, KOHCTPYKTOPCKMX OHpo M B cdepe 4YacTHOrO MpealpUHUMATEIbCTBA
WCIIOJB3YIOTCSl PYYHbIE JINTHEBBIE MAIIWHBI. [IpuHOMO AEHCTBUS PYyYHOM JIUTHEBOM MAIIMHBI
aHAJIOTMYEH TepMoliacTaBToMaTy. OTJIMYME COCTOUT B TOM, UYTO BCE OIEpalMM BBIIOJIHSIIOTCS
BPYUHYIO.

Ha puc. 3 npuBeneH BHEIIHUN BUJ py4HOH JuTheBOM MamuHbl PJIM, ncnons3zyemoii npu
npoBeieHUH JabopaTopHOil paboThr Ne2.

Puc. 3. Pyuynas q1urbeBasi MalimHa



35

MakcumanbsHbie pa3Mepbl GopMbl, yctanaBimuBaemort Ha PJIM, 200x92x80 MM (40 Mm x 2,
JIBE TIOJIOBHUHKH), PACCTOSIHUE OT CTeHKH A0 coruia 40+/-0.5 mM. /lnamerp HkHEl gactu coma O
10 MM, yron cormia 45°. JIMTHUK Jenaercs MeXIy IBYMs IMOJIOBUHKAMH JIJISl yI0OHOTO M3BJICUCHUS

u3 (hOpPMBI TIOCTIE TUTHSL.

2.5. Jlumvegovle popmbi

JIutbeBble (HOpMBI IpeIHA3HAUEHBl JJISi HEMOCPEACTBEHHOI'O MOJYYEHHs W3JeIUN U3
paciuiaBa, MOATrOTOBJICHHOrO B y3ie ruactukauuu JIM. IToaToMy ux QyHKIMSI COCTOUT B MpUEMeE
paciuiaBa, ero pacrnpezesieHuu o GopmMooOpaszyoUIM MOJI0CTAM, B POPMOBAHUN U3NIEIHHA U 3aTEM
B WX BBITAIKMBAaHWU. KOHCTPYKIIMH JINTHEBBIX (OPM BEChbMa pa3HOOOpa3HBI, YTO BBI3BAHO ABYMS
TJIABHBIMHA TPUYMHAMU: IMAPOYAUIINM aCCOPTHMEHTOM MOJIyYaeMbIX W3ICIUH W pazHooOpasueMm
nepepadaTbIBaeMbIX MOJMMEPHBIX MaTepuaioB. Kpome TOro, Ha KOHCTPYKLHIO JUTHEBBIX (hopm
BIMSAET BUJ MaTepHuaia (TepMO- WM PEaKTOIUIACT), THI 00OPYAOBaHUs, XapaKTep MPOHU3BOJCTBA,
0co0ble TPeOOBaHUS K U3AETHIM U JIp.

C TOYKM 3peHHs COCTOSHUS NOJIMMEPHOrO MarepHuaja B TE€UEHHE IMKJIa MPOM3BOJCTBA
U3JIeNUsl JUTheBble (OPMBI AJIi TEPMOIUIACTOB MOJPA3ACNAIOTCS Ha XOJOJHOKaHAIbHBIE H
ropsiuekaHaibHple. B XxonogHokaHanpHBIX (hOopMax B TeueHUE IukiIa (GOpMOBaHUS 3aTBEP/EBAET
BECh 00BEM IMMOCTYNHBIIETO B (hOpMy MaTepuasia. B ropsiuekaHaIbHBIX OIpeieieHHas 30Ha (OpMBI,
ropsiyasi, IMOCTOSHHO 3arOjHEHa paciylaBOM, YacTh KOTOPOrO NEPUOAMYECKH IIOCTYyIaeT B
(dopMyroILIHe TOJIOCTH, PACIIONOKEHHBIE B OXJTaXKIAIONIEH 30HE.

@opMbl Ui PEaKTOIIACTOB MPUHIUIHAIBHO CXOJHBI C XOJIOJHOKAHAJIBHBIMH C TEM
OTJMYUEM, YTO BMECTO OXJAXKIAIOIIEHl CHUCTEeMbl OHM MMEIOT HarpeBaTesIbHbIE YCTPOMCTBA,
nojjepxKuBarone B (Gopmyromeil  kamepe — TeMmieparypy, TpeOyemMyr  yCIOBUSMU

otBepxkaeHus noiaumepa (160+200 °C).

[To yuciy popmoobpasyronux nojgocteld (THE3M) TUTheBbIE (POPMBI MOTYT OBITH OJHO- U
MHOTOTHE3IHBIMU (710 720), 4TO B CBOIO OUEpEIb OMPEEIAeT OCOOCHHOCTH JINTHUKOBBIX CHCTEM.

XonoaHOKaHanbHble (OpMBI Hamboliee paclpoCTpaHEHbl B JIMThE MOJ JABICHUEM.
JIOCTOMHCTBAMH TaKUX JHMTHEBBIX (DOPM SIBJIAIOTCSA: CPAaBHUTENBHO HEBBICOKAs CTOMMOCTD,
MIPOCTOTAa M3TOTOBIIEHUSI W OOCTYXUBAaHUS, CPAaBHUTEIHLHO HEBBICOKAs CTOMMOCTh PEMOHTHO-
BOCCTAHOBUTENBHBIX OINEpalii W YHUBEPCAIBHOCTh MO BUIY INepepadaTbIBa€MbIX IOJIUMEPOB,
BKTrouas [TIKM.

Ha puc. 4. npuBeneH npuMep TUIOBOI KOHCTPYKIMH JTUTHEBOU (DOPMBI.

Puc. 4. TunoBas nutbeBas popma
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2.6. Hccrnedosanue npounocmmuuix ceoticmse IIKM

[lon TEpMHHOM «IPOYHOCTH» IOHHMMAIOT CIHOCOOHOCTH MaTepHuaja CONPOTUBIATHCS
BO3JICHCTBUIO BHEIIHEIO0 MEXaHWYECKOro IoJisd, Ipu naerctsuu kortoporo B IIKM Bo3HMKarOT
MEXaHWUYECKUE HalpspkeHus. Ecny 3HaueHMs HanpsHKEeHWM paBHO WIM MPEBBINIAET pa3pylIaroliee
Hanpsbkenue, To [IKM paspymaercs. [Ipounocts IIKM siBrisieTcst cnnoxxHON (yHKUIMEH ynpyrux u
pEllakCallMOHHBIX  CBOMCTB. B mpomecce 5SkCrulyaTaluu — JA€Tanel, M3TOTOBIEHHBIX WM
BOCCTAHOBJIEHHBIX ¢ ucnojp3oBanueM 1IKM, 31u cBOiCTBa HENIPEPHIBHO MEHSIOTCS.

OuenuBas npouHOCTh Jetaneit u3 [IKM, yale Bcero ucnosib3yroT J1Ba MOHSATHS:

— HaIlpsDKEHHE, KOTOPOE OIpEAEIIseT YPOBEHb Harpy KEHHOCTH;

— paspyliarouniee HalpspKeHHUe, KOTOPOe ONpEAeisaeT Npeeil HarpyKEHHOCTH.

B 3aBHCHMOCTH OT COOTHOIIEHHS BEKTOpA BHEIIHEN Harpy3KH, HAPSKEHUs MOAPA3ICIIIIOT

Ha HOPMAJIBHBIC G U KACATCJIbHLIC (I/IHI/I TaHFeHL[I/IaJIbHBIG) T.

N M

% =% =y
N M,

=5 e Ty,

IJle Gp — HOPMAJIbHBIE HANPSOKEHHs PACTSKEHUs (CXKATHS); Gy — HOPMaJIbHbIE HAIPSKEHUS
m3rn6a; M — wu3rubaromuil MOMEHT OT JAEWCTBUS HPUIOKEHHOro ycwius; W — MOMEHT
COMpOTUBJIEHUSI cedeHMs; N — NPUIIOKEHHOE YCWIIME; S — IUIOIIAJb HAUMEHBIIErO MO BEKTOPY
IIONIEPEYHOr0 CeYeHMs; My, — NPHUIOKEHHBIM KPYTAMHA MOMEHT; W, — IOJSAPHBIM MOMEHT
COIIPOTHBIICHUS ce4eHUs1 00pa3La.

PacuerHbie 3HaUCHUS HANIPSDKEHUIA HE TOJDKHBI MIPEBBIIIATH JIoycKaembie [G], [t]:
a0 T
P. [] — _€
[o] =—; [Tl =—
n n

rze n — Ko3QpQUIUEHT 3arnaca NPOYHOCTH.

Hns obecniedenust paborocrnocodHoctn m3penuit u3 IIKM HeoOXoauMo BBINOJHEHHE
ycnoBuil 6< [c]lu T < [1].

IIpyn mpuinoXkeHuM yCWIMK MOKET MMETh MECTO HM3MEHEHHE I€OMETPHYECKUX pa3MepoB

neranei u3 [IKM, kotopoe 4daiiie BCero OleHUBAOT MOHATHEM «OTHOCUTEIBHOE yUIMHEHUE) []:

Al
£ =—100%
Lo
rae lo — ncxomHelil pasmep HeHarpykeHHoOro oOpasma; Al — wu3MeHeHHe pazmepa oOpasma Iox

JIEUCTBUEM MPUIIOKEHHOU CHIIBI.

OTHOCUTENBbHOE YAIMHEHHE NP PACTSHKEHUH €p ONPEIEISIOT IyTeM PACTSKEHUs: 00pa3LioB
C TIOCTOSIHHOW CKOPOCTBIO 70 pa3phiBa. [Ipy mpoBeIeHUN HCIIBITAHUI MPOBOAST W3MEPEHUE CHITBI
NIpY 3aJIJaHHBIX YJIMHEHUSX ¥ B MOMEHT pa3pbiBa 00pasiia, a Takke YUIMHEHHe o0pa3iia B MOMEHT
paspeiBa. OOpasen ajsi ucnbiTaHui u3rorapinuBaetcs u3 [IKM meTomom JauThst 1oj AaBiICHUEM U
umeer (opMy nAByXcTOpoHHEH nomatku. Popma 00pa3loB Ui ONpeJeNeHUs] MEXaHMYECKHX
xapaktepuctuk [IKM ycranaBnuBaercs ciemyroummu cta"gapramu: [OCT  11262-2017
«Ilmactmaccer». Merton wucmblTaHus Ha pacTsokeHms»  (puc.  S.a), T'OCT 568710-2015

«ITmactmacce». MeTon wucnbeiTaHuss Ha pactsokerms» (puc. 5.0) m ['OCT 204651-2014
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«Ilmactmaccer». Meroa uUCHBITaHHS Ha pacTsokeHus» (puc. 5.B). McmbITanust NMpoOBOAAT TIPH
temneparype (23+2) °C u cKOpocTH JBWXKEHHS akKTUBHOro 3axBara (5000150) wmwm/muH.
JomyckaeTcsi IpOBOJUTD UCIIBITAHUS TP MOBBILIEHHBIX TEMIIEpATypax.

[Io pe3ynbraTaM WCHOBITAHUN TMOMYyYarOT JUarpaMMmy pacTsSOKCHHs, 3allMCaHHYI0 B
KOOpAMHATax «aehopMalius — Harpy3Kay.

[InacTuyHOCTh XapaKTepU3yeT CBOMCTBA TBEPIBIX Tes Ae(OPMUPOBATHCA MOJ ACHCTBHEM
HArpy3kd M, KaK TOJIbKO Harpy3ka Hcue3aeT, MTHOBEHHO BO3BpAIIaThCA B UCXOJHOE COCTOSHUE C
COXpaHEHHEM CBOHWX MEPBOHAYAIBHBIX pazMepoB. [lomydaemasi SHEPrUs «XpaHUTCS» B MaTepuale.
OOmmM CBOMCTBOM BCEX TBEP/ABIX TEIN SBJISICTCS MX IJIACTUYHOCTH JI0 OMPEICICHHOTO TMpeserna,
KOTOPBI HA3bIBAIOT TMPEACIIOM YIPYrOoCTH. 3a OSTUM MPENeiIoM IUIacThdecKas aedopMarus
CTaHOBHTCSI HEOOPATHMOM M YaCTh SHEPTHH PACCEUBACTCS B BUJIE TEILIA.

Monyns ympyroctu npu nedopmanuu casura G (MOOynb COBUTA), OMpEIENseTcs U3

YpPaBHCHUS:
E

2(1+p)
rae pw— kodpouuuent IlyaccoHa, XapaKTepH3YIOIIMM HW3MEPEHHE IIONEPEYHOr0 CeYeHHs B

IIPOLIECCE MPOJIOJIBHOTO PacTsKEHUs; E — MOyJb yIIpyrocTu.

|

e
]
]

L

P -

B
Puc. 5. ®opma 00pa3uoB 111 MeXaHHYEeCKHX MCIIbITAHUIA:
a - ucnbiTaHus Ha pacTsikenue no F'OCT 11262-2017; 6 - ucnbitanus Ha u3rud no F'OCT
568710-2015; B - ucnbiTanust Ha c:katue mo FOCT 204651-2014

MOIIyJH/I YOpyrocTtu En caBura G He ABISIOTCS MOCTOSHHBIMUA BEIUYMHAMUA JJI1 JaHHOI'O

[TIKM, nockoybKy MX BEJIMYHHBI CYHIECTBEHHO 3aBUCAT OT TEMIIEPATYPBHI.
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[Tnactuunocts u Moxynb ynpyroctu I[IKM nHambGonee 3¢ @dEeKTUBHO oOmNpenenstores ¢
WCIIOJIb30BAaHUEM METOJa TUHaMoMexaHudeckoro ananusa (JIMA). /lunaMmoMexaHWYeCKUil aHau3
— 3TO METOJ TEPMUYECKOTO aHAJIN3a, B KOTOPOM CBOMCTBA MaTepuasa U3MEPSIOTCS B IIPOLIECCE €ro
NEepUOIUYECKO aepopManuy IMoJx JAEHCTBHEM JMHAMHYECKOM HArpy3Kd W KOHTPOJIUPYEMOH
temneparypbsl. Meton JIMA npuMmeHsieTcs U1l UCCIEA0BaHUsS BA3KOYIIPYIMX CBOMCTB MaTEpHajoB
(monynsa ynpyroctu E', monyns Baskoctu E", TanreHca yria MexaHudeckux norepsb tgll[u ap.) B
3aBUCUMOCTM OT BpPEMEHH, TEMIIEpaTyphl, 4acTOThl MU 3HAYEHUN NPUIOKEHHOW LHKINYECKOU
Harpys3KH.

3. O0beKTBI H CPEeACTBA HCCICAOBAHUSA

B xone nmabopaTopHoit pabOThI IPOU3BOAMTCS MOATOTOBKA OOpAa3IOB ISl UCHBITAHUN W3
pasmuuHbix IIKM meToaoM nuThs 1O [JaBIEHUEM C HCHOJb30BAHHEM TEPMOILIACTABTOMATA
JE3727.®1 win py4yHoit 1utbeBoi MaminHel PJIM.

4. llopsiioK BHINOJHEHHS Pa0OTHI

1. O3HAaKOMUTHCS C TEOPETUUECKUMHU TTOTOKECHHUSIMH.

2. O3HAaKOMHUTHCS C MPUHIUIIOM paboThl TepMoruiacTaBTomaTa JIE3727.d1

3. ns 3amaHHBIX mpenojaBarerieM BapuaHToB [IKM ¢ uWCHOIb30BaHUEM CIPABOYHOM
muteparypel  [1-7] momoOpaTe pPEXHUMBI JIMTHS: TEMIEPATypy MaTepUaIbHOTO IMIIMHIPA,
TeMreparypy GOpMbl, JaBICHUE JIUThS, BPEMS BBIICPKKH MOJI JTABICHUEM.

4. B cOOTBETCTBHUE C BHIOPAHHBIMH PEKUMaMU M3TOTOBUTH 00pa3Ilbl 3a1aHHON (HOpMBI (CM.
puc. 5).

5. IlpousBecTu ucbITaHUs 00pa3IOB Ha M3ruoO mockux odpasmnos mo 'OCT 568710-2015.

6. Caenatpb BBIBOJIBI O CBOMCTBAX pa3iauvHbIX [IKM.

7. OopmMuTh OTUET 10 JIAOOPATOPHOU padoTe.

5. KoHTpoOJIbHBIE BONIPOCHI

1. HazoBuTE OCHOBHBIE ATAIlbI MPOIECCA JIUThS O] JABJICHUEM.

2. Kak Ha3HayaroTcs peXKUMBI JIUThA MO/ 1aBJICHUEM?

3. Ilepeuncnute OCHOBHBIE Y3JIbl TEPMOILIACTABTOMATA.

4. KakoBbl 007aCTH IPUMEHEHUSI PYUYHBIX JINTHEBBIX MAIIUH?

5. OxapakTepu3yiTe 0COOEHHOCTH JIUThS 1Mo/ JaBieHrneM AbC-turactuka.

6. [lepeuncnure 0OCHOBHBIE NPOYHOCTHBIE cBOMCTBA [IKM.

6. Cnimcok tureparypbl

1. bounaneroBa JIL.U. [lonumepHble KOMITO3UIIMOHHBIE MaTepuaibl (4acth 1): ydyeOHOe
nocobue / JL.U. bounanerosa, B.I'. bornganeros. — Tomck: M3a-B0 TOMCKOTO IOIUTEXHUYECKOTO
yHuBepcurera, 2013. — 118 c.

2. TlomumepHbIe KOMIO3UIIMOHHBIE MaTepualibl: yueOHoe mocooue. Yacte 2 / coct. JILU.

bonnaneroBa, B.I'. bonnaneros. — Tomck: M3a-Bo TOMCKOr0 MOJUTEXHUYECKOTO YHUBEPCUTETA,
2020. - 130 c.
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3. [MonumepHBIE KOMITO3MIIMOHHBIE MaTEpPHANIBl: CTPYKTYpa, CBOMCTBA, TEXHOJOTHS: y4eO.
nocooue / M.JI. Kepoep, B.M. Bunorpanos, I'.C. ['onoBkun u ap.; mox pen. A.A. bepnuna. - -
CII6.: Ipodeccus, 2088. — 560 c.

4. XononuukoB KO.B. CriocoObl H3roTOBIECHUS U3EIUN U3 KOMIIO3UTOB //Mex1yHapoTHBIN
KYPHAJ PUKIATHBIX U QYHIAMEHTaIbHBIX uccnenoanuil. — 2016. — Ne. 6-2. — C. 214-221.

5. Komno3unuonusie MaTepuansl: cripaBouynuk / B.B. BacunweB [u ap.]; moa obm. pen. B.
B. BacunweBa, 0. M. Tapuosckoro ; peaxomr. H. A. AndyroB [m ap.]. — Mocksa:
Mammunoctpoenue, 1990. — 512 c.: un. — ISBN 5-217-01113-0.

6. Sheryshev M.A. Analysis of constructional causes of defects of thin-walled injection
molded products / M.A. Sheryshev, N.S. Dikanova, V.M. Kropachev // Advances in chemistry and
chemical technology. — 2017. — VVol.31. — No.11. — P.37-39.

7. KaxpamanoB H.T., AsuzoB A.I'., Ocunuuk B.C., Mamemm V.M., Apsymanosa H.b.
HanocTtpyKkTyprpoBaHHbIE KOMIIO3HUTHI M MOJIMMEpHOE MaTepuaioBeaenue. //Ilnactuueckue maccsl,
Mocksa, 2016, Nel-2, c. 49-57.
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JlabopaTtopnas pabota Ne5

H3yuyenne TexHOI0Truii NMOJTy4eHHS TUCTEPCHO-HATIOJIHEHHBIX KOMIIO3UTOB
HA OCHOBE TEPMOIJIACTOB METOAOM IKCTPY3UH
1. Hesab padoThl.
O3HAaKOMHUTBCA C TEXHOJOTHMYECKUM IponeCCOM HM3TOTOBJICHUSA AUCHCPCHO-HAIIOJIHCHHBIX
KOMIO3UIIMOHHBIX MaTepHalioB HA OCHOBE TEPMOILJIACTOB METOJOM JSKCTPY3HH, O3HAKOMHUTBCS C

HOPUHIUIIAMU paOOThI SKCTPYIEPOB, MTOJYUYUTh HABBIKK PaOOThHI HAa HUX.

2. TeopeTnyecKkue MoJI0KeHUs

Hanonuurtenu Hapsay cO CBS3YIOIIMM SIBJSIOTCS Ba)KHEHIIMM 3JIEMEHTOM CTPYKTYpPBI
komno3uuonHoro marepuana (KM). @yukiuu Hanonxutens B KM BecbMa pa3HO0OpasHbI - OT
(dopMHpOBaHUS KOMIUIEKCA MEXAaHHYECKHUX CBOWCTB 10 MpPUIAHHUA MaTepHaly pa3sHOOOpa3HbIX
cnenu(UIecKux CBOWCTB, TAKUX KaK (DPUKIIMOHHBIE, SJIEKTPUUECKHE, MATHUTHBIC U T.11. [loaTomMy B
KadyectBe HamonHuTene B KM BBICTYHalT camble pa3HOOOpa3Hble BEIIECTBA U MaTepHalbl,
COJIEp’KaHNE KOTOPBIX TAK)KE€ MOYKET MEHATHCS B OYEHD IIMPOKUX IPEIEIIax.

Ilo d¢opme wacTul HANOJHUTENN TNOAPA3IEIAIOTCS HAa TUCIEPCHBIE, 3EpHUCTHIE,

BOJIOKHUCTBIC U CIIOUCTHIC (pHc. 1).

HanonHutenu KOoMno3uuuoHHOro Matepmana

[ | | 1

HOucnepcHble BonokHuctsle (I<Ikp) Crnowuctble 3epHUcTbIE
— MuHepanbHble — CTeKnoBONoOKHO — TkaHu Mukpocdepbi
BaszansToBoe .
— MeTannuueckue T —  Bymaru Yewynkun
Mpanynsl
— OpraHuueckue YrneBomnokHo — CeTku nonumepos
'— PacTuTtenbHble [ BopHoe L Matb!

BOJIOKHO

| Merannuyeckoe
BONOKHO

MpupogHoe
BOJIOKHO

| MonumepHoe
BOJIOKHO

Puc. 1. Knaccudpukanus HanoJHUTE e KOMIIO3UIMOHHBIX MaTEePHAJIOB

[MpexacraBnsercs nenecooOpa3HbIM pa3IeIUTh HAIOJHUTENN Ha JIBE TPYIIIBI IO OCHOBHBIMHU
(YHKIMSIM, KOTOPBIE OHH HECYT B Ka)KJIOM KOHKPETHOM Marepualie, IMOJIOKHB B OCHOBY HOHSTHE
KpUTHYECKON JIMHBI BosokHAa. KpuTHueckasi nymmnHa BoJiokHa |, — sto nmmna (l) BonmokHa, 1o
KOTOPO#l HampshKEHHE, BOCIIPUHUMAaeMOe COOCTBEHHO BOJIOKHOM B IIACTHKE, BO3pAcTacT M IpH
I=l,,, craHOBHTCS paBHBIM IPOYHOCTH BOJIOKHA.

IMepBasi rpynna — cOOCTBEHHO HAINOJIHHUTEIU, KaK MPABUIIO, B BHJIC YaCTHI[ OTPaHHUYCHHBIX

pa3MepoB, BBEICHHE KOTOPBIX OIpeneiseT oOmmii komrmiekc cBoiictB KM, cmocoOcTByeT
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CHIDKCHUIO YCaJIKM, OCTATOYHBIX HAMPSKEHUH U CKIOHHOCTU K PAcCTPECKUBAHUIO (OucnepcHwvie
Hanonnumenu). JIns TaHHOM TPyNIBI cpeqHUH pa3Mep dacTull | onennBaercs kak | < |,

Bropasi rpynna — 5T0 HamoOJIHUTENH, OKa3bIBAIOIINE PEIAIOIIECE BIUSHAE HA TPOYHOCTHBIC
xapaktepuctuku KM, KOTopble Ha3bIBAIOTCS aAPMUPYIOWUMU ITNEeMeHmamMu. ApMUPYIOITUE
DJIIEMEHTHI — 3TO, KakK MPaBUJIO, BOJOKHHCTBIE MaTepuaibl JOCTATOYHO OOJBIIUX JIHHEWHBIX
pa3MepoB, BOCIIPUHUMAIOIINE OCHOBHYIO HArpy3Ky, ICHCTBYIOIIYIO Ha MaTepual, s KOTopbix | >
lip-

JlucniepcHbIe HATIOTHUTENN — HAaNOOJIee PacCpPOCTPAaHEHHBIN BU/] HATIOJIHUTEIICH, B KAYECTBE
KOTOPBIX BBICTYMAIOT CaMble pPa3HOOOpPA3HbIC BEIIECTBA OPraHUYECKOW U HEOPraHUYECKOM
npupobl. Kak mpaBuiio, B Ka4eCcTBE NUCIEPCHBIX HAMOJTHHUTENEH BBICTYIAIOT MOPOIIKOOOpa3HbIS
BEIIECTBA C pa3Nu4HbIM pazmepoM yactuil oT 2-10 mo 200-300 mxm. OOBIYHO pa3Mep YacTHIl HE
npesbiaer 40 MKM, OJIHAKO B IMOCJEAHEE BPEMs MPU CO3AAHUM HAHOKOMIIO3UTOB HUCIOJIB3YIOTCS
yacTulpl pasmepom meHee | mxm. CopaepkaHue nucrepcHbiXx HamojHutenedl B KM mensiercs B
LHIMPOKHUX MpeAesax — OT HECKOJbKHX IMpoueHToB 10 70-80%. Takue maTepuaibl, Kak MpPaBUIIO,
M30TPOIHBI, OJHAKO AaCMMMETpUYHas (opmMa dYacTUIl MPH YCIOBHUM 3aMETHOM OPHUEHTAIMU B
mpoiieccax nepepadoTKU MOXKET MPUBOIUTH K BOSHUKHOBEHHIO HEKOTOPOW aHU3OTPOIMH CBOWCTB,
XOTsI MOCTEeAHss OoJiee XapaKTepHa JJIsl BOJIOKHUCTBIX HAIOJHUTENCH.

K umcny BaxHeWmux TpeOOBaHWA, NPEABSIBISIEMBIX K JUCIEPCHBIM HAIOIHUTEISIM,
OTHOCSITCSI CIIOCOOHOCTh COBMEMIATHCS C TMOJMMEPOM WM JUCHEPTHUPOBATHCS B HEM, XOpOIIas
CMayuBaeMOCTh PaCIUIaBOM WJIM PACTBOPOM IOJMMEPA, OTCYTCTBHE CKJIOHHOCTU K arjoMepaluu
YacTHll, OAHOPOJHOCTh HX pa3Mepa, a TaKKe HU3Kas BIAXHOCTh (KaK NpaBUIIO, HEOOXOAMMa

CYIIIKa).

2.1. Cmewenue xax cnocob nonyuenus KM

W3 onpenenenust cieayer, 4YTO KOMIIO3MLMOHHBIA MaTepuan IpeAcTaBiIseT CcoOoi
JMCIIEPCUOHHYIO Cpedy, B KOTOpOil pacmpeneneHa paucrepcHas ¢aza. s IocTHKeHUs
PaBHOMEPHOTO paclpeseeHUss YacTUL AMCIEPCHONM (a3bl B MOJMMEPHONW MAaTpPHUIE Yalle BCEro
npuberaroT K mpoueccy cMmenieHus. CMelleHne 3T0 OCHOBHOM Mpolecc MOMyYeHHs MOJIMMEPHBIX
KoMno3umoHHbIX Matepuanos (IIKM). ITostoMy nmoHumaHue 3aKOHOMEPHOCTEH 3TOro mporecca
OUYEHb BAXXHO IIPH CO3JaHNM KOMITO3ULIMOHHBIX MaTEPHAJIOB.

CMmenleHHe — 3TO MEXaHMYECKUH MPOLECC pacHpelesIeHUs UCXOAHBIX KOMIIOHEHTOB IO
BceMy 00beMy cucTeMbl. CO CTaTUCTHYECKON TOYKH 3pPEHUS CMEIICHHE — 3TO MEXaHMYECKHM
IPOLECC, LENbI0 KOTOPOIrO SIBJISETCS IMPEBPAILlEHUE HMCXOJHOM CHUCTEMBI, XapaKTepH3yolencs
OIIPECIEHHBIM YIIOPSIOYEHUEM B PACTIONOKEHUN KOMIIOHEHTOB, B CUCTEMY C HEYIIOPSIOUYEHHBIM,
CTaTHUCTUYECKHU CIIydyallHbIM pacnpezaeneHueM. [Ipu cMenmeHnn Ha cMech AEUCTBYET HaIpsDKEHHE
C/BUra, KOTOpOE BBI3bIBAET B CHCTEME CABHMIOBbIE Je(QOpPMALUM U IEpPEeMELIeHHE YacTHIL
OTHOCUTENIBHO Jipyr apyra. HampaBnenuwe caBuroBoil aegopmanuu B IpOLECCE CMEUICHUs
U3MEHAETCS, B pe3yJIbTaTe Yero MpOUCXOIUT paciipe/ielieHre YacThll JUCepCcHOM (a3bl Mo 00beMy.

WneanbHoll Ha3bIBaeTCs CMeCh, B JIIO0OW TOYKE KOTOPOM BEPOSITHOCTh NPUCYTCTBUSA
KaXJIOTO KOMITOHEHTa OCTaeTCs MOCTOSIHHOM. OJHako u3-3a OOJbIIOr0 4Yucia (HaKTOpOB,
JNEHCTBYIOIIMX IPH CMEUIEHUM, HAEaJbHOTO CMEIIEHHWS B TE€TEPOre€HHOM CHCTEME JIOCTHTHYTb

HCBO3MOXHO.
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Paznuuator pacnpenenurenbHoe (MpocToe) M AUCIEprupyroiiee cMmemienue. B mporecce
IPOCTOTO CMEIICHHs pa3Mep YacTHIl TUCTEPCHON (ha3bl HE M3MEHSETCS, a MPOHCXOJUT TOJIBKO
pacrpeieleHre 3TUX YacTHIl 110 00beMy MaTepHara.

[Ipn gucneprupyronmeM CMENIEHUH ONOJHUTEIBHO IPOUCXOJUT YMEHBIIEHUE pa3Mepa
YyacTUIl JUCTIEpCHOM (a3bl (aucneprupoBanue). Hanpumep, cMerienue noamuMmepa ¢ HaloOJIHUTEIEM
OTHOCAT K AUCHEPTrUpyIOUIeMy cMelIeHuo. [Ipu cMenmennu npoucxoauT pa3pyLieHue ariioMepaToB
HAIOJIHUTENS MOJ JACUCTBUEM CIBUTOBBIX HAIpsDKEHHH. B GOJBIIMHCTBE MPOLECCOB MOIYYEHHUS
paznuuHbix [IKM cmenienrnem umeer MecTo IUCIEeprupyroliee CMeeHue.

PacnpenenurenbHoe M IHUCHEPrUPYIOIIEE CMENIEHHE HE CIEAyeT paccMaTpuBaTh Kak
COBEPUICHHO pa3jinyHble Ppuznyeckue npouecchl. [Ipu qucneprupyroniemM cMeneHUH Beeraa B TOn
WIM WHOM Mepe MposBIsieTcsl pacnpenenurenbHoe cMmemienne. OnHako Ipu pacipeiesiuTeIbHOM
CMEIICHUH AMCIIEPTUPYIOIIEE CMEIIEHUE MOXET HWMETh MECTO JIMUIb NPU HAJIUYMHU TBEPIOTO
KOMIIOHEHTA, UMEIOLLET0 MpeAEs IPOYHOCTH U JIMILB TOI'/A, KOI/Ia HalpsKEHUs, JEHCTBYIOIUE Ha
JTAHHBIM KOMIIOHEHT, IPEBBICAT 3TOT Ipejeln (puc. 2).

JUid monydeHus: KOMIO3MIIMOHHOIO MaTepuajga Ha OCHOBE IIOJMMEpa M AMCIIEPCHOIO
HATIOJTHUTEINI HEOOXOJMMO HE TOJbKO PABHOMEPHO pacHpelesuTh W XOPOLIO IUCIEPTUpOBaTh
HAIIOJHUTENIb B TOJMMEPHOM MaTpHIle, HO M OOECHEeYUTh XOpOIIee CMAuMBaHUE IMOBEPXHOCTU
HAIOJHUTENS NojJuMepoM. [ 3TOro mojaumep JOHKEH HAaXOJUTHCS B BS3KOTEKY4YeM (MKHIKOM)

COCTOSIHUM XOTsI Obl Ha OJIHOM U3 cTaauil mporecca npurotosiaeHuss KM.
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Puc. 2. Tunsl cMemenus

C YUCTOM IJSTHX Tpe60BaHHfI HCIOJIB3YIOTCA CIICAYIOIIUC HanOoJee PacnIpoCTPpaHCHHBIC

CIIOCOOBI IIOJIYUYCHUA IIKM ¢ JUCIICPCHBIM HAITOJIHUTEIICM.
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1. CmenieHne HAMOJHUTENS C MOJMMEPOM, HAXOISAIIMMCS B BSA3KOTEKY4YEM COCTOSHUU
(BBILIE TEMIIEPATyPbl TEKYUECTH WU BBILLE TEMIIEPATYPhI IIABJICHUS).

2.CmenieHre pacTBOpa MOJMMEpPa C HANOJHHUTENEM C TOCIEAYIOUIMM yAaJeHUEM
pacTBOpPUTESL.

3. BBeneHue HamoNMHUTENS B JIATEKC MOJMMEpPA C MOCIEAYIOIIEH KoaryysiMen jarekca u
yYAAJIEHUEM BOJIbI.

4. BBeneHue HamnoJIHUTENS B MOHOMEDP C MOCIEAYIOIIEH IOJIMMEpU3aluell MOHOMepa
(monuMepu3alysg MOHOMEpa B MPUCYTCTBUU HATIOTHUTEIIS).

[Ipu nonyuyenun HanonHeHHbIX [IKM Ha OCHOBE TEpMOIIACTOB, PE3MHOBBIX CMECEH U
peakTomiacToB Hauboyiee pacHpOCTpPaHEHHBIM SIBIISIETCA MEpBbIM crocod cMmemeHus. CMemnieHue
BEIYyT B JBYXPOTOPHBIX CMECHUTEISIX WJIM B MHOTOIIHEKOBBIX JKCTpyJepax (uaiie BCEero B
JIBYXIITHEKOBBIX). DKCTpPyJepbl pabOTalOT 1O HENMPEPBHIBHOW CXEME, POTOPHBIE CMECHTENIH — IO
nepuoanueckoi. [Ipu manbix o0bemMax MpoM3BOACTBA WIK B J1a0OpaTOpUU BO3MOYKHO IPOBOJUTH
CMEIIEHUE Ha BaJiblLiax.

K nocrouncTBaM croco6a OTHOCSTCS: BBICOKOE€ KayeCTBO JAUCIEPrUPOBAHUS HAIOTHUTEIS;
YHUBEPCAJIbHOCTh; OTCYTCTBUE OOJBIINX KOJUYECTB BCIIOMOTaTEIbHBIXBEIIECTB (pacTBOpUTENEIH,
KOAryJsiHTOB U T.JI.).

2.2. Obopyooesanue onsn cmewenus [IKM

Kak yxe oTmeuanoch paHee, ocHOBHOM cnoco0 mnomyuyenuss [IKM - sto cmemenue
koMroHeHTOB [IKM ¢ monumepom, HaxoAsIUMCS B BSA3KOTEKYYEM COCTOSIHUM (BBICOKOBSI3KUIA
pactBop wiu pacmiaB). [lonuMepel B BS3KOTEKyYe€M COCTOSSHUM, KakK M HX PacTBOPBI,
XapaKTEepU3yIOTCs OYEHb BBICOKON Bs3KOCThIO. [losTomy mnomyuutrs IIKM MOXHO TONIBKO B
CHeIMallbHOM 000pYJOBaHUM, PACCUUTAHHOM Ha CMEUIeHHE OYeHb Bs3KUX Macc. K Takomy
000pYZIOBAaHUIO OTHOCSITCS Balblibl, ABYXPOTOPHBIE CMECHUTEIH 3aKPBITOTO THUIA, JABYXPOTOpPHBIE
JIOTIACTHBIE CMECHUTENIU OTKPBITOTO TUIA U PA3JIMYHOTO THUMA IKCTpyHepbl. B »Tux cmecuremnsx
MOKHO CMEIIMBAaTh BBICOKOBSA3KHE IMOJMMEPHl C JUCHEPCHBIMU HANOJHUTENISMU, JIPYTHUMHU
HOJMMEpaMH U KUAKOCTAMH. CMecuTenu OBbIBalOT MEPUOJUMUECKOTO0 W HENPEPBIBHOTO JEHCTBHUS.
Banblipl, 1ByXpOTOpPHBIE CMECHUTENN 3aKpPHITOIO THUIA U JABYXPOTOPHBIE JIONACTHBIE CMECUTENH
OTHOCSITCSI K CMECUTENSM MIEPUOJUYECKOTO JIEHCTBUSA, IKCTPYIAEPHI — K CMECUTEISIM HENPEPBIBHOIO
JEUCTBHS.

Banpipl m03BOMISIOT cMEMUBaTh MaTtepuaibl ¢ 3PPeKTHBHON Bs3KocThIO OT 10 10 10104
[TalJc. JIByXpOTOpHBIE CMECHTENM 3aKpBITOTO THUMA IPEAHA3HAYEHBbl JUISI CMELIEHUS Macc C
Bs3kocThi0 or 10 mo 1-10% Tla-c. JIByXpOTOpHBIE JIONACTHBIE CMECUTEIN OTKPBITOTO THUIIA
MOTyTCMEIIHUBaTh Marepuasibl ¢ Bsi3kocThio OT 0,1 mo 100 Ilallc. B skcrpyaepaX BO3MOMKHO

3
CMeIIeHne MaTepranoB ¢ BsI3kocThio oT 1 g0 1-10° [Ta-c.

B cuny TOro, 4ro SKCTpyAepbl SBISIOTCS alllapaTaMy HENPEPBIBHOTO JEUCTBUSA, HX
npuMeHeHue B nporeccax cMmemenus [IKM nmo3Bosisier yiydimuTh Ka4ecTBO IOJIYy4aeMbIX CMeECEH.
Bo-niepBbIX, HENPEPBIBHOCTH IpoIlecca IO3BOJSAET IIOBBICUTH  CTENEHb  aBTOMAaTU3ALUU
IPOM3BOJICTBA U YMEHBIIAET PY4YHOU Tpya. Bo-BTOpBIX, MO3BOJSET MOMy4aTh MPOAYKIMIO Oosee
CTaOWJIBHOTO KauecTBa, 0e3 KoJleOaHWM CBOWCTB MEXAy pa3HBIMH 3aMecaMu. B-Tperbux,

NEPCUUCIICHHBIC HU3MCHCHHA ITIO3BOJIAIOT YIIYUIIHTH 3KOHOMHNYCCKHC ITIOKA3aTCJIM IMIPOU3BOJACTBA.
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IMeHHO MO3TOMY 3KCTpyJIepbhl Ha JaHHBII MOMEHT SBJISIOTCS Haubosiee pacnpoCTpaHEHHBIM
obopynoBanuem st mosrydeHus: cmeceit [TIKM.

Cy1miecTByeT 00JBbIII0E KOJUYECTBO Pa3HOBUIHOCTEH SKCTPYAEPOB U UX MOAUUKAIIHIL (pucC.
3). BeIBatoT 3KCTpynepsl OJHO-, JBYX- W MHOTOIIHEKOBBIC (TUIAHETApHBIE), AUCKOBbIE. OHHU
3HAQUYUTENILHO PA3IMYAI0TCS IO MPOU3BOIUTEIBHOCTH, CTOUMOCTH U CMECUTEIBHOMY BO3JIEHCTBHIO.

Haubomee pacnnpoCTPAHCHBI B HACTOAIICC BPEMA OJHO- U ABYXIITHCKOBBIC SKCTPYACPHI.

OIHONTHEKOBBIE SKCTPYJIEPHI ,HByXH.IHeKOBLIe SKCTPYACPBL MHOTOIIHEKOBBIC SKCTPYLACPEI
| I | | I 1 | I |
I'mankuit Iumuaap ¢ Conanpas- Berpeunoe Bpamenue Hemnonsmx-
UHTAHID KaHaBKaMH JICHHOE BpalleHue LIEHTpalb- HBII
HIIN BpallleHue HOTO Bajla LEHTpaJlb-
ITH)TAMH HEIH Ball
' |
[ 1 |
3anerng- Hezanenus-
Formecs FOIIUEC S

el E— 3 A
O T |CD| | OO

Puc. 3. Knaccupukanus niHeKOBbIX IKCTPYAEPOB I

0 YUCJTY 1 HANIPABJICHUIO BPAIICHUS IITHEKA

2.2.1. Oonownexosvie sxcmpyoepbvi

CMmecuTenbHOE BO3ACHCTBHE B OJIHOIIHEKOBOM 3KCTPYyAEpEe 00YCIOBIEHO B OCHOBHOM TEM,
YTO 4YacTh paciuiaBa oOpa3yeT NPOTUBOTOK B pabodyeM LMIMHIAPE SKCTPYJEepa, B pe3yibTare 4ero
BO3HUKAET LMPKYJSIMS MaTepuaia B MPOCTPAHCTBE MEXKAYy BHUTKaMH IHEKa. [IpoTHBOTOK
BO3pacTaeT NpU YBEIWYEHHHM COMPOTHUBICHUS TMPOXOXKIECHUIO MaTepuaia Mo UWINHApY. B
YaCTHOCTH, 9TOTO MOKHO JOOUTHCS MMyTEM YCTAaHOBKH IMakeTa (UIBTPYIOIIMX CETOK Ha BBIXOJE U3
WIMHApa 3KcTpyaepa. OAHAKO TPYIHO NOIYYUTh B OJHOIIHEKOBOM 3KCTpyJepe C MNpsMOM
Hape3KoW IIHEKa OOJBIIOe CMECHTENIbHOe Bo3zciicTBHe. OIHONTHEKOBBIH SKCTPYAEP XOPOIIO
paboTaeT Kak HacOC, HO CMECHTENBbHYIO ()YHKIIMIO OH BBITIOJIHSET IJI0XO.

[IpuHnunuansHOe yCTPOWCTBO OJHOIIHEKOBOTO JKCTpyJepa mokazaHo Ha puc. 4. Ou
neiictByer cruenyromuM oOpasoMm. Ilomumepnsiit matepuan u3 OyHkepa 3 TMOCTyHmaer B Ma-
TEePUANBHBIA MHIWHAP 2, 3aXBaThIBACTCS BpPAILIAIONIMMCS IMHEKOM 1 W TpaHCHOPTUpPYETCS K
dbopmyromieil rogoBke, ¢pparMeHT KOTOpod mokazaH mosuieit 7. Ilpu sTom momumep B mepBoOit
(mutaroneii) 3one mHeka (l3) pa3smsrdaercs W ymioTHseTcst B mpoOky, B 30He cxartus (l2) on
pacruiaBisietcs, a B 30He no3upoBaHus (l1) roMoreHusMpyeTcs M MOArOTaBIMBACTCSA K MOJAYe B
dopmytronryto ronmoBky. Jlns oOecmeueHus TpeOyemMoro TEIUIOBOTO peXHMa M YCIOBHUS
TPAHCIIOPTUPOBAHMS Ha MaTE€pPUAIbHOM LIMJIMHAPE YCTAaHOBJICHBI 30HHBIE KOJIbLIEBBIE HArpeBaTENIN
5 ¢ WHIUBUIYaNbHBIMA BEHTWISIIMOHHBIMH YCTPOWCTBAMH; Yy4YacTOK IIWJIMHApAa BOIU3U

3arpy304YHOTr0 OTBEPCTHUA OXJIAXKAACTCA BOJOM IO KaHaJaM 4, a UL KOHTPOJISA TCMIICPATYPhI CIIYXKaT
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Tepmornapsl 6. KoHcTpykIus 1IHeKa, Kak MpaBuilo, IPeIyCMaTPUBAET €ro BHYTPEHHEE OXJIAXKICHHE
BOJIOM, ToJaBaeMoi W oTBoaMMOM depe3 ycrporictBo 10. IllHek mosrywaer BpamieHWE OT
JIEKTPOMEXAHUYECKOTO TIPUBOJIA, COCTOSIIETO W3 JJIEKTPOJIBUTATENI 12 TOCTOSHHOTO WIIH
MEPEeMEHHOTO TOKa, M PEeIyIHUpYIoIei Mexanndeckon nepenadn 9. OceBoe ycuiue, IeHCTBYOIIEe
Ha IIHEK B HaIPaBJICHUHU, NPOTHUBOMNOJIOKHOM TPAHCIIOPTUPOBAHMIO PACIUIaBa, BOCIPUHHUMAECTCA
MOIIUITHUKOBBIM y3710M 11.

Bce paboume y3mbl dKCTpyZepa CMOHTHpPOBaHBI B Kopiyce 8. Creayer OTMETHTh, YTO B
COBPEMEHHBIX 3KCTPYAEPAaX MATEPUATbHBIM HWIMHAP U SJIEKTPOMEXaHUYECKUN IMPUBOJ HEPEOKO
pacnoJyiararorcsi B TOPU3OHTAIBHOW, IIOCKOCTH, 4YTO MO3BOJISIET CYIIECTBEHHO YMEHBIIHTH

BEPTHUKAJIbHBIN radapuTHBIN pa3Mep MallUuHbI.

L

Puc. 4. IlppHIunuanbsHoe yCTpoiCTBO 0OJHOIIHEKOBOI0 KcTpyAepa. IlosicHeHust B Tekcre

AL

Pacuer mnpOM3BOAMTENBHOCTH  OJHOIIHEKOBOIO OJKCTpyJAEpa B  HACTOSIIEE BpeMs
IIPOM3BOJUTCS] HA OCHOBE aHAJIM3a MPOLIECCOB, IPOUCXOAAIIUX B 30HE JO3UPOBAHMS.

B nosupyroiieit 30He CymecTBYIOT TP OCHOBHBIX MOTOKA. BBIHYKJIEHHBIH OTOK (TpsAMOit
notok) Qp mpeacTaBisgeT coOOl MocTynmaTellbHOE TEUEHHUE pacijiaBa, KOTOPOE BO3HHMKAET Kak
CJIEICTBHE OTHOCHUTEIILHOIO ABWKCHUS LMIMHIpPA U IIHeKa. IIpotmBoTOK Qp, BOSHMKAIOIIUI 10X
JeICTBUEM JaBJEHMsSI, Pa3BUBAIOLIErOCs B (OPMUPYIOIIEM MHCTPYMEHTE, MOXKHO paccMaTpHUBAaTh
KaK TE€YeHHE paciijiaBa B 0OpaTHOM HampaBi€HHH. TpeTbs pa3HOBUIHOCTH MOTOKOB — 3TO MOTOK
yTeukn Qs B KOJBLIEBOM 3a30pe MeEXIy IMIMHIpPOM W rpebHeM miHeka. [lepemas maBneHwus,
BO3HMKAIOIIUNA BCJIEACTBUE CYILIECTBOBAHUS IMOBBIIICHHOTO JABJIECHUS B TOJOBKE, MEXIY BYMs
OOKOBBIMH MOBEPXHOCTSIMU CTEHKU KaHalla BBI3bIBACT MOSBICHUE YTEUKU Yepe3 KOJIbLIEBOW 3a30p
MeX1y TpeOHEM IIHEeKa U BHYTPEHHEH MOBEPXHOCTHIO KOPITyca.
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OOBIYHO yTeuKa MO CPAaBHEHUIO C JABYMS JAPYTUMHU YIOMSHYTBIMU BbIIIE TTOTOKaMU OYEHb
HE3HAUMTENIbHA M €I B pacderax mnpeHeOperatoT. Takum o00pa3oMm, MNPOU3BOIUTEIHHOCTD
JIO3UPYIONIEH 30HBI paBHA PAa3HOCTH MEXIY PACXOAOM BBIHYXKJIEHHOTO IOTOKa M PacxoJoM
MPOTUBOTOKA U MOTOKA YTEUKH:

Q=Qp-Qp - Os.

BeiayxaeHHblid moTok Qp MpenacTaBisieT coOOW MOCTyNaTelbHOE TEUYCHHE pacIllaBa,
BO3HUKAIOIIIEE BCJIECJICTBUE HAIWYMS BSI3KOCTH Y >KUIKOCTH U CYIIECTBOBAHHS OTHOCHUTEIHHOIO
ABVOKCHUS IMHCKA W LOUJIWMHApPA. OCHOBHBIMH napamMeTpamu, OIPCACIIAIOIINMA BCINYUHY
00BEMHOTO pacxoJa BBIHYKIACHHOI'O IIOTOKA, ABJIAIOTCA rny61/1Ha U HIMpUHA KaHajla, OAUaMETp
ITHEKA U CKOPOCTh €0 BpallleHHUs.

[TpotuBoTOK Qp BOSHUKAET B PE3yJIbTATE CYIECTBOBAHUS U30BITOUYHOTO JIaBJICHUS PacILaBa
B FOJIOBKE 3KCTPYAEpA.

Ecnu npenedbpeur notokoM yredek Os, 00bEMHYIO0 MPOU3BOAUTEIHLHOCTH OJHOLIHEKOBOTO
AKCTpyAepa MOKHO OMUCATH CICAYIOIUM YPaBHEHUEM:

ie

72 D? sin @ cos a(l—?)hN 1Ap hg

2 12ul

Q:

sin? a - D (1 — %), (¢D)

rne D — Hapyxublii quamerp mneka; t, h, W — miar, rnyOuHa M HIMpHHA BHHTOBOTO KaHaja
COOTBETCTBEHHO; € — IIMPHHA I'PeOHsI HApe3KH BIOJIb OCH; | — YHCIIO 3aX0J[0B BUHTOBOH Hape3Ku
nIHeka; L — ayimHa 30HbI 103UPOBaHUS IIIHEKA; « - YToJl MoJbeMa BUHTOBOM Hape3ku; N — CKOpOCTh
BpallleHUs IIHEKa; 4 - THHAMUYecKas BSI3KOCTh paciuiaBa; Ap — naJieHue JaBJICHUS Ha JIJIMHE 30HbI

A03WPOBAHMS IIHCKA.

[lepBriii unen ypaBHenus (1) mpezacraBiser co00il MPOU3BOAUTEIBLHOCTD BBIHYKIECHHOTO
notoka Qp, a BTOpPOl — NMPOU3BOAUTENLHOCTh MOTOKA mHoj aaBieHueM Qp. OueBuano, uto Qp
3aBUCUT TOJIBKO OT F€OMETPUYECKHUX MapaMeTpoB M 4acTOThl BpamieHuss N IIHeka, a MOTOK IOJ

JaBJIEHUEM — OT CBOICTB nepepa6aTLIBaeM0ro MaTcpHrajia U pCKUMOB 3KCTPY3UH.

2.2.2. Jlsyxuinexogvle sxcmpyoepoi.

B cepennne 30-x romoB XX Beka IMOSBIAETCS HOBBIM THUII IIHEKOBBIX JKCTPYAEPOB IS
nepepaboTKU IUIACTMAacC — JIBYXIIHEKOBBIM, B KOHCTPYKIHUIO KOTOPOro ObLI 3aJI0KEH
OPUHLMINAIBHO JpYrod MeEXaHW3M MpOJBMKEHMSI MaTepuana, 4YeM BOJHOIIHEKOBOM,
OPUHYAUTENbHBIA. HEeCOMHEHHBIMH NPEMMYIIECTBAMU JBYXIIHEKOBBIX AKCTPYAEPOB SBISIOTCA
XOpOILIMH 3aXBaT UCXOJHOTO ChIPhsI B 30HE 3arpy3KH BHE 3aBUCUMOCTHU OT arperaTHOr0 COCTOSIHUS U
dopMBl HacTHIl MaTepuala, IPUHYAUTENBHOE MPOABIKEHHE MaTepuana K (GOpMyIoLIeMy
MHCTPYMEHTY U B3aUMHasl CaMOOYMCTKA IIIHEKOB.

B skctpynepax qjaHHOTO THMA /IBa IIHEKA PAclojIoKeHbI B 001el pabouell kamepe, KoTopas
MpEICTABISIET COOOM JIBa MIJIMHIIpA, COOOIAOIIMECs Mo 00pasyromien (puc. 5).

OCHOBHBIMH Pa0OYMMH OpPraHAMH JIByXITHEKOBBIX JKCTPYIEPOB SIBIISIOTCS JBa IITHEKa 2,
Bpalllaloluecss B MaTepualbHOM LMIMHApPEe 1, HAa KOTOPOM pa3MEIIEHbl KOJbIIEBbIE
aneKkTpoHarpeBarenu 3. [ KoMmIeHcanuy TEIIOBOM WHEpIMHM HarpeBareseld Ha KaXkJIoW 30HE
o0orpeBa HUMEIOTCA WHAMBHUIYaJbHblE BO3AYLIHbIE BeHTWIATOPHl 4. IIpu wucnoiab30BaHUU

HOpOIJ_IKOO6p8.3HLIX MaTCpHaJIOB SKCTPYACPHI 4aCTO CHa0KaroTCs JOIIOJIHUTCIIbHBIMHA IIIHCKaMU 5¢
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WHAUBUAYAIbHBIM TPUBOJOM 7, TPAHCHOPTHPYIOIMIMMH IMOJUMEP OT OyHKepa 6 K 3arpy304HOMY
OTBEPCTUIO MaTEpPHAIBHOTO IMJIMHIpA. YCTAaHOBKA MMOJOOHBIX JIOTIOJIHUTEIBHBIX ITHEKOB
rapaHTHPYET TOJHOE W PAaBHOMEPHOE 3allOJIHEHHE B 30HE 3arpy3KH MEKBHUTKOBOTO MPOCTPAHCTBA
pabounx mHekoB. Tak ’ke, Kak ¥ B OJHOIIHEKOBBIX MAaIIMHAX, 30Ha BOJHM3M 3arpy304HOTrO
OTBEPCTUSl MATEPHATIBHOTO HMJIMHIPA OXJIAXKIACTCS BOAOH (Ha CXeMe KaHalbl OXJIaXICHUS He
noka3aHbl). Bo MHOTMX KOHCTPYKIMSIX SKCTPYIEPOB Ui yAalleHUs Ta3000pa3HbIX MPOIYyKTOB B
MaTepUaJbHOM IWIMHIPE W IIHEKaX NpeaycMaTpuBaeTcs 30HA Jerazanud. B 3ToM ciydae
SKCTPYACp MOXKET OBITb CHa0XeH BakyyMHbIM HacocoMm 11. IlpuBom pabouymx NITHEKOB C
OeccTyneHYaThlM PEryJUpOBaHUEM YacTOThl BPALIECHUS MOXKET OCYIIECTBISITHCS Pa3IMYHBIMU
cmocobamu. Ha cxemMe HW300paKeH  AIEKTPOMEXAHUYECKHH  TMPUBOJ, COCTOSIIHA U3
anektpoasuratenst 10 u peaykropa 9. OceBble ycwiius, BO3HUKAIOIIUE TpU paboTe IKCTpynepa,
BOCTIPHHUMAIOTCSL Y3JIOM YIOPHBIX NOMIIMINHUKOB 8. Bce y3mbl W arperaTsl 3KCTpylepa
MOHTHPYIOTCSI Ha CTaHUHE 12.

[IIHeku >KCTpyAepa MOTYT BpalllaThbCsl B OJIHY CTOPOHY (COHANpPaBICHHOE BpAI[CHHE) WU B
pa3HbIe CTOPOHBI (BCTpeUHOE BpalleHue) — puc. 6. [Ipu coHampaBiIeHHOM BpalICHHH T'€OMETPUS
000MX IIHEKOB abCONIIOTHO UJeHTHYHA. [Ipu BCTpEeUHOM BpalleHUH OJIMH IIHEK MO0 KOHPUTypauuu
SBJISIETCS TIOJTHBIM 3€pKaJIbHBIM OTPAKEHHUEM JPYTOro.

[[Tnexkn OBIBAIOT C TMOJHBIM (TUIOTHBIM) 3alleIUIeHHEeM BUTKOB (puc. 6, ctpoka 1), ¢
YaCTUYHBIM 3allerieHueM (cTpoka 2) u 0e3 3alerieHusl BUTKOB IHeKa (cTpoka 3). B mocinennem
cllydae pacCTOSHUE MEXy IIHEeKaMu Oouiblie ux auamerpa. Hapeska miHekoB ObIBaeT 0HO-, IBYX-
U Tpex3axonHo. C yBeNMYEHHEM YHWCIIa 33aX0J0B HAPE3KH YMEHBIIACTCS TPaHCIOPTHUPYIOIIas

CIIOCOOHOCTH DKCTPYAepa, HO YBEITUUUBACTCS €r0 cMecuTeNbHas 3 (HEKTUBHOCTD.
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Puc. 5. IlIpuHuunuajbHOe YCTPOMCTBO ABYXIIHEKOBOI0 3KCTpyAepa. [losicHeHus1 B TeKcTe
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ConampaBiieHHOE BceTpeunoe BpameHue
BpaIllCHHE

3alceIlJicHHUue

[TosHOE
[IIHEKOB

3alerieHrue

YacTtuuyHoe
[LIHEKOB

Hesaneruis-
FOLIIHECS
[LIHEKH

Puc. 6. PacnoJio’keHHe IHEKOB B IBYXIIHEKOBBIX IKCTPyAepax

B BYXIIHEKOBBIX 3KCTpyAepax C IUIOTHO 3alCIUISIOIMMUCS IMHEKaMU B OTIWYHE OT
OJHOIIIHEKOBBIX AKCTPYJEPOB MPOTUBOTOK MaTepuaja [0 KaHaly Hape3Ku NPaKTHYECKU
HeBo3MOkeH. [IlHeku mnpoaBuUraroT MaTepuan BIEped IyTEeM BBITECHEHHs, KakK Hacoc.
CMmecuTenbHOE BO3ACHCTBHE MPOUCXOAMT M3-32 MHOTOKPATHOI'O MEPETEKAHUs MaTephalla MEXIY
Hape3KaMu pa3HbIX IIHEKOB. Jlucmeprupyromniee BO3ACHCTBUE B JBYXIITHEKOBBIX JKCTpYyJAEpax ¢
TJIOTHO3ANCTUISIONIMMUCS BUTKAMH OOYCJIOBJICHO BBICOKMMH CABHUTOBBIMH BO3JICHCTBUSAMH Ha
MaTteprall B 3a30pax MEXKIy ABYMS IIHEKAM U MEXK]y IIHEKOM M CTEHKOW UWiIuHIpa. braromaps
9TOMY B JBYXIIIHEKOBBIX OKCTPYAEpax IOCTHTaeTcs Xopomuid 3(PdeKkT aucrneprupoBaHus
arsiomepaToB. OCOOEHHO BBICOKHE CABUTOBBIC JIeOpPMAIIMK BO3HUKAIOT B 3a30p€ MEX]y LTHEKAMH,
BpAILIAIOIIMMHUCS COHAIIPABIICHHO, ITOCKOJIBKY COMPHUKACAIOIINECS MOBEPXHOCTH IIHEKOB JBUKYTCS
B pasHble CTOpoHbl. Ho B Takux »JKcTpynepax OMAacHO TMepepadaThiBaTh MaTepHabl,
YyBCTBUTEJIBHBIE K BBICOKUM TEMIIEpaTypaM U MEXaHUYECKUM BO3/ICUCTBUSIM.

JIBYXIITHEKOBBIE SKCTPYEPHI C TUIOTHO 3aLECTUISIIOIIUMUCS IIHEKaMH HAIIIM CaMO€ IIUPOKOE
npuMeHenue B mpou3BojicTBe [IKM Ha ocHOBe miiacTUKOB. VX BBIMTYCKAIOT C IMAaMETOPOM IIIHEKOB
ot 18 mo 380 mm, cootHomenueM L/D 1o 64, co ckopocThio BpaieHus nrHekoB 10 1200 o6/muH,
MIPOU3BOAUTENHHOCTHIO /10 40 T/4 M MOITHOCTRIO NpuBoAa 10 10 MBT.

ITpou3BOANTENHLHOCTD ABYXIITHEKOBOTO SKCTPYAEpa MOKHO MPEICTaBUTh B BUJIE:
Qnax = INR(2m — a")(mD tana — e)(D — h), (2)
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rae D — mapyxubiii quaMeTp mHeka; h — riyOnHa BUHTOBOTO KaHaja; € — MIMpUHA TPeOHS Hape3KH

BJI0JIb OCH; | — YHCJIO 3aX0JI0B BUHTOBOW Hape3ku IIHeka; N — CKOpOCTh BPAICHHUS IITHEKOB; O’ —
YTOJI IEPEKPBITHUS, KOTOPBIH ompenensiercs mno popmyIe:
2h h2
cosa' =1 — —_—
D—h  2(D—h)2

VYpaBHenue (2) onpenenseT MaKCHMAaJIbHYIO MPOHM3BOAUTEIBLHOCTh JABYXIIHEKOBOTO
aKCTpydepa, koraa C-oOpa3Hble CEKIMA BUHTOBBIX KAHAJIOB TMOJIHOCTHIO H30JMPOBAHBI JPYT OT
Apyra, U CUHUTACTCA, 4YTO BCCH MarTcpual, 33HOJ'IH$II—OHIPII71 00BeM CCKIII/If/’I, BbIJABJINBACTCA U3
K)K0T0 IITHEKA 3a OJJUH 000pOT.

OnmHako B peaJbHOCTH HAlM4YUe 3a30pOB B 3alCIUICHUU IIHEKOB, CONPOTHBIICHUE,
BO3HHKaIIee B (OPMYIOIIEM HHCTPYMEHTE (TOJIOBKE), a TaK JX¢ HAJMYUE OTHOCUTEIHHOTO
JIBUDKCHUSI CTCHOK BHUHTOBBIX KAHAJIOB WM IWJIMHIPA SBJSICTCS NMPUYMHONW BO3SHUKHOBEHHS yTEYCK.

HOBTOMY p€ajibHas IMPOU3BOAWTCIBHOCTE JABYXIIHCKOBOI'O JKCTpyACpa QR HaMHOIo MCHBIIC

TeopeTHYECKON Qmax, PACCUNTAHHOU 10 YpaBHEHUIO (2).
>

2.2.3. CpasneHue 00HO- U 0BYXUIHEKOBBIX IKCIPYOepOs

B tabu. 1 mpuBeneHO cpaBHEHHE BO3MOKHOCTEH OTHO- U JIBYXIITHEKOBBIX 3KCTPYICPOB.

Tabnuua 1

JIBYyXITHEKOBBIN IKCTPYIEP

OnHOUIHEKOBBIN IKCTPYAEP

Hcnonp3yercs B NpOQUIBHONW 3KCTPY3HH, MPH
CMEILEHUH U 3KCTPY3UU PEKLMOHHOCIIOCOOHBIX

(XMMUYECKHU aKTUBHBIX) MaTEPHAIIOB

Hcnonb3yercss B HpocTod  mpoduiIbHOM

9KCTPY3UHU U COIKCTPYIUU

Yacro HCIIOJIB3YCTCA MOAYJIbHass KOHCTPYKIUSA

IMHEKAa W OUWIWHIOpA, obecneynBas 60J'IBH_IYIO

MOIIYJ'IBHaH KOHCTPYKIHUA INHEKA W LHUIMHAPA

HCIIOJIB3YCTCA PEAKO, HE3HAYUTCIIbHAA THOKOCTh

THOKOCTh

[Ipenckazanme pexuma padboTel dKcTpyAepa | [Ipenckazanue pexxuma pabOThI  IKCTpyIepa

SIBJISIETCS 3aTPY IHUTEIIBHBIM SBIIICTCS ~ MEHee  TPYOHBIM, 4YeM s
JBYXITHEKOBOTO IKCTPYIepa

Xopomiass  3arpy3ka MOXHO  HCIIOJIb30BaTh | Y IOBIETBOPUTENbHAS 3arpy3ka HCIOJIb30BaHUE

TPaHyJIbl, TOPOIIKH, KUAKOCTH CKOJIB3SIIHNX JI00aBOK MOJKET cO311aTh
poOIIeMbI

Xoportee TIJIaBJICHHE, 00yCJIOBJICHHOE | Y IOBJIETBOPHUTEIBHOE IIJIaBJICHUE,

JUCTICPCUOHHBIM ~ MEXaHU3MOM  IUIABJICHHS | OOYCJIOBIICHHOEC  COBMEIICHHUEM  Pa3lIMIHBIX

TBECPABIX MaTCpHUaAIOB

MCXaHU3MOB IIJIaBJICHUA TBECPAbIX MaTCpPHUAIOB

Xoporiee TUCTPUOYTUBHOE
Xopotee TUCTIEPTUPYIOIIEe CMEIIECHHE

Xopoiuas aerazanus

Xoporiee TUCTPUOYTUBHOE CMEIIICHHE
Xopotee TUCTIEPTUPYIOIIEe CMEIICHHE

y,Z[OBJ'IeTBOpI/ITCHBHaH Jgcrasanus

DKCTpyJepbl C 3aleIUISIONMMUCS IIIHEKaMu

MOT'YT OBITH MMOJIHOCTEHIO CaMOOYHIINAOIITMMHUCA

Her camoouwnienus: OUWIMHAP OYHUIIACTCA, a
OCHOBAaHHC HNIHCKAa WM CTOPOHLI JIOIMACTHU IITHCKaA

HCT
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Bricokas CTOMMOCTD MOJYJIbHOTO | OJHONTHEKOBBIN AKCTPY J€p OTHOCUTEIBHO

JAyXITHEKOBOTO 3KCTpyIepa Heopor

DKCTpyzsepsl €  JABYMsl  OJHOHAmpaBieHHO | OMHOJHEIIHEKOBbIE  JKCTPYIEphl  OOBIYHO
BpAIIAOIIMMUCS [ITHEKAMU MOTYT paboTaTh npu | padorator npu ckopoctax 10-150 o6/muH.

OUYeHb BBICOKMX CcKopocTsx ImHeka a0 1400 | Beicokue CKOpPOCTHM TIIHEKa BO3MOXKHBEI, HO

00/MUH UCIIOJIB3YIOTCS PEIKO

2.3. Jlunus komnayHoupoeanusi mepMoniacmuyHslX KOMNOZUYUOHHBIX MAMEPUATIO8

KomnaynnupoBanue mpenctaBisier co0oil mpoliecc CMEIICHUs paciijiaBa IMOJIHMepa C
HAIOJHUTEJIEM, BbIX0/1a KOMIIAyH/Ia U3 COILIa B BUJE CTPEHTU, OTBEPKICHUS U TpaHysauuu. JInnus
JUTs KoMIayHaupoBanus Scientific cocTouT u3 ABYXIIHEKOBOTO IKCTPYIepa, OXJIaKIA0IIeH BaHHBI
U Tpanysitopa (puc. 7).

Jleyxunexosutii 3xcmpyoep LTE20-44 cepun Scientific umeeT aBa mHeka quameTpom D =
20 MM u nmHON 44D. JInuHa NTHEKOB U €r0 HAOOPHBIX YacTe OOBIYHO BBIPAXKAETCS B AMAMETPaX
IIIHEKAa; CaMH [IHEKH MOTYT XapaKTepPH30BaThCS COOTHOIICHUEM JTHHBI K quametpy L/D (B Hariem
ciyyae L/D 44).

OcHOBHBIE XapaKTEPUCTUKH IKCTPYIEpa:

— IIHEKH COOCHbIEe, HAaOOpHBIE, OHOHANIPABICHHBIC;

— MOJIYJIbHBIA COOPHBIM IWIMHAP, KAXABIA MOIyIb uMeeT mainuny 4D. Humuaap umeer
OTKPBIBAIOLIYIOCS YPAaBHOBEIICHHYIO BEPXHIOIO YacTh JUIsl 00JIErueHus JOCTYIa K ITHEKaM;

— BOJSHOE OXJIAKJEHUE U AIEKTPUUECKUI HArpeB KaxI0T0 MOIYJIS IWIMHIPA;

— CTaHJApTHBIA PEAYKTOpP € MOTOPOM MOIIHOCTBIO 5.5 KBT, MakcumanbHas CKOpPOCTb
BpanieHus 10 800 06/mMuH;

— cucTeMma Jierazalnu LHUIUHApA ¢ narpyOkaMu, o0opyIoBaHHAs CMOTPOBBIM CTEKIIOM H
MaHOMETPOM. DKCTpyJep o0OpyAOBaH JByMsl 30HAMHM JAETa3zallid, K KaKIOW U3 KOTOPBIX MOXKHO
MOJIKJIFOYUTh CUCTEMY BaKyyMHOI Jlera3aiuu;

— CTaHJApTHBIA OJIHOIIHEKOBBIM OYHKEpHBIM mNuTaTenb. VMeeT NmepeMEeHHYI CKOpPOCTh
BpAIlICHUs [ITHEKA U JIOTIACTHYIO MEIAaIKy (BOPOIIUTENh) HAJl IITHEKOM

— cTpeHroBasi Guibepa ¢ 2-Msi OTBEPCTUSIMHU, IPUCOSTUHECHHAS K SKCTPYIEPY MPH TTOMOIIH
HABECHBIX BHWHTOB, MOXET OTBOAHUTHCS BOOK Ha mmapHupe. DraHenm (uIbepbl WMEET JETKO
yAAISIEMYI0 PEIIEeTKY, KOTOpast MOXKET OBITh 3aMEHEHA PACTIOPHBIM KOJIBIIOM.

Booanaa oxnancoarowas eanna LLW-100 umeer pabouyto mmuny 150 cm. Banna
o0opysoBaHa TpeMsl MOTPYKHBIMH POJIMKAMH, HE3aBHCHMO DPETYJIUPYIOMIUMUCS TO BbicoTe. Tpu
MOTPYXKHBIX POJHMKA C Ma3aMu JUIsl MPEJOTBPAIICHUs CIyThIBAHUSA CTPEHT 3aKpeIieHbl ¢ OJHON
CTOpPOHBI, 4TO oOecreynBaeT CBOOOAHBIN JocTyn K crpeHre. CucreMa BakKyyMHOM CYIIKU
o0ecrieunBaeT yJaJieHue BIIard CO CTPEHTH TPU BXOJIE B TPAHYIISATOP.

Ipanynamop LZ-120 oGopynoBan ¢pe3oid, wumeromeir 20 pexymux KpOMOK U
Bpalaromeics ¢ nepeMeHHoi ckopoctbio oT 50 1o 1200 06/MuH. MIMeeT ynpaBiIsionIyo NaHeb ¢
U(POBBIMU MTPOTPAMMHUPYEMBIMH PETYJIATOPAMU JUTHHBI TPaHyJl U CKOpOCTH rpanysiun. Kamepa
TpaHyIaTOpa 00OpYJOBaHA CHCTEMOW MOJAuu CXKATOTO BO3ayXa JUisl dPQPEKTUBHOTO YIATCHUS

MaTepHaia ¢ (hpe3bl U U3 KaMephl. 3alMTHAs KpPbIIIKa U3 TOJIUKapOoHaTa 000py10BaHa AaTYHMKaAMH,
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OCTaHaBIIMBAIOLIUMU BpallleHNE Ppe3bl IPU OTKPHITHH.

Puc. 7. JIuHus KOMIAYHAUPOBAHHUS TEPMOILIACTUYHBIX KOMITO3UIIHOHHBIX

MAaTepHaJIOB HA OCHOBE JIBYXITHEKOBOIro YkcTpyaepa LTE20-44

2.3.1. H3zeomoenenue oucnepcro-uanoanennozo IIKM memodom cmewenus Ha JTuHUU
Scientific

HcxomuapiMu JaHHBIMU SIBIISIFOTCS:

— CKOpOCTh OCHOBHOI1 1oj1auM riactTika — He MeHee 10 06/mMuH;

— HaBecka IiacTuka — He menee 10 r/mumn;

— COOTHOILIEHUE CKOPOCTH OCHOBHOM MOIaY U CKOPOCTH BpallleHue MHeKoB — 1/2+1/3;

— CKOpocCTh OOKOBOH mojaun — He 6omee 450 06/MuH.

[lomaua HenmpepbIBHOTO BOJOKHA C KATYIIKHA OCYIIECTBIIAETCS depe3 OOKOBYIO MOAauy,
PacIOIOKEHHYI0O MEXIY 30HOW 3arpy3Kd LWIMHApPAa U 30HOM BaKyyMHOW nerasanuu. BoiokHo
(MpeArnouTUTENHHO B BHJIE POBUHTA) 3aTATMBAETCS M U3MeENbyaeTcs IIHeKaMHu OOKOBOHM Mojauu ¢
MOCTOSTHHOM  CKOpOCThIO. JlanbHeliliee OuCHEprupoBaHUE HAMOIHUTENS OCYIIECTBISIETCS B
WIMHIPE SKCTPYIAEpa.

[Togbop w KOpPpPEKTUPOBKA CKOPOCTH TOJAa4u BOJIOKHA — TpyJdoeMKuil mpormecc. He
PEKOMEHIyeTCsl YCTaHaBJIMBATh CKOPOCTh O0KOBOM mojauu 6osee 450 06/MUH (PEKOMEH/I0BaHHBIN
muana3os: 200-300 o06/muH).

[To »>TuM mpuYMHAM MOIOOP TEXHOJOTHUECKUX PEKHMMOB CJeIyeT HayMHATh ¢ Toadopa
pexrMa JUIs [0JIa4M BOJIOKHA B CIIEAYIOLIEH MOCIe10BaTeIbHOCTH:

1. Otmeputh U OTpe3aTh 5 M POBHHTA.

2. BsBecurb poBuHr, ompenenutbh maccy | merpa (ecim macca 1 merpa menee 1.5 T,
JIOTTYCKaeTCs T0JaBaTh JIBa POBHHTA OJJHOBPEMEHHO).

3. VYcraHoBUTH CKOpocTh OokoBOM momaunm 200 00/MUH M W3MEPHUTH BpeMs, 32 KOTOPOE
1ojiaya «3aTsSHeT» 5 M pOBHUHTA.

4, PaCC‘-II/ITaTB, CKOJIBKO METPOB POBUHIA ITOJJa4Ya «3aTAHET» B MUHYTY.

5. Paccuurath, Kakasi Macca poBHHTA MOCTYNUT B IKCTPYJEp 3a MUHYTY npu nogade 200



52

00/MUH.

6. PaccumraTh, CKONBKO TpaMM IUIACTHKA B MHHYTY NOTpeOyeTcsl TIoaaBaTh TIpU
MOJTy4YEHHOM Macce pOBUHIA U 33JaHHOM IIPOLIEHTE 3aII0JHEHUS.

7. Ecnum pacuetHas TpeOyemas macca riactuka MeHee 10 r — moBTOPSTH MyHKTHI 3-6 C
NOCTETNICHHBIM TOBBIIIeHHEM noaa4yn Ha 50 ex. Ecam pacdernas Tpebyemas Macca macTuka 6osee

10 r — nepeitTu K 1.8.

8. OrtBectu OyHKEep OCHOBHOI MMOAAUU OT 30HBI 3arPY3KH, Pa3BEPHYTh K ONEPATOPY

9. 3acemarp B OyHkep maactuk (He menee 100 1)

10. YcTaHOBHTH CKOPOCTH OCHOBHOW MMOgayu 15 00/MHH W HW3MEPHTh, CKOJBKO TpamMm
IUIACTHKA IoAaeTcs 3a | MuH.

11. CpaBHUTH TIOJyYEHHOE 3HAUEHUE CO 3HA4YEHHEM, I[oJiyueHHbIM B 1.7. [lpu
HEOOXOIMMOCTH TPOBECTH KOPPEKTHPOBKY CKOPOCTH MOAAYU M TOBTOPUTH HM3MEPEHHE MAaCChI
[10/1aBa€MOT0 IJIACTHUKA.

12. Tlocne oxoH4YaHMs MOAOOPAa CKOPOCTH IMOJAYM IUIACTHKA, BEPHYTh OyHKEp IMOJAud B
UCXOJHOE TOJIOKEHHE.

13. Ilpwu 3amycke CKOpOCTb BpallleHHs IIIHEKOB YCTaHOBUTH BJIBOE OOJIbLICH, YeM CKOPOCTh
nonayn. HaGmronast uepe3 cMOTpOBOE CTEKJIO CTaKaHa B 30HE 3arpy3Ku, OLIEHUTh 3((HEKTUBHOCTh
M0JIa4yM IJIACTHKA (OH HE JOJDKEH HaKaIIMBaThCs Ha IIHEKax). YBEJIUYMBATh CKOPOCTh BpallleHUs
IIHEKOB JI0 IOCTMKEHUSI HEOOXOIUMOT0 pe3yibTaTa (IIACTHK BCEe BpeMs MIPUCYTCTBYET Ha IITHEKaXx,

HO HE HaKaIlJIMBacTCs).

2.4. Oyenxa kauecmea cmeuieHusl

Xapakrepuctuku nonyyaeMbix I[IKM  HampsiMyro 3aBUCAT OT KayecTBa CMELICHUS.
[ToaTomy mpu paspaboTke peuentyp, TexHojorud u npu npousBojactBe I[IKM mocTtosiHHO
MPUXOJUTCS OLIEHUBATh KAYECTBO CMEIIEHUS.

[Ipu npocTOM CMEIIEHUM KaYECTBO CMECH OLIEHMBAETCS MO PABHOMEPHOCTH PacIpeeIeHUs
KOMITIOHEHTOB 110 00beMy. B cilyyae aucneprupyroniero cMemeHus JI0MOJHUTEIbHO OIICHUBAETCSA

CTCIICHb U3MCJIBYCHHUA AUCIICPITUPYEMOI'0 KOMIIOHCHTA — CTCIICHB JUCIICPTUPOBAHUA.

2.4.1. Oyenka pasHomeprHocmu pacnpeoenienus KOMNOHEHMO8

KonnenTpanus BeliecTB B pa3iMYHBIX TOYKAaX MaTepuala - BEJIMYMHA CTATUCTUYECKHU
ciyuaiinas. [ToaTomy 17151 OTICHKM KadecTBa pacmpe/eieHus KOMIIOHEHTOB B MaTepuaie mpuoeramT
K CTaTUCTUYECKUM METOJIaM aHalin3a. PaccmorpuM ux.

Campiii  mpocTOM  TOAXOA ~ JJIi  OLIGHKA  PAaBHOMEPHOCTH  CMECH COCTOHUT B
ONpeIeTICHUU OTKJIOHEHUS! KOHIICHTPAIIUY KOMIIOHEHTOB B PA3JIMYHBIX TOYKaX CHUCTEMBI OT €€
cpenHero 3HadeHus. Jlns  ero peamuzanuu OTOMPAIOT CIIyYailHBIM 00pa30M HECKOIBKO Mpob ¢
pa3IMYHBIX y4acTKOB cMecu. Kak mpaBuio, KOJMYeCTBO TaKuX Mpod MOMKHO ObITh HeMeHee 5. [l
Ooyiee KauecTBeHHOW omeHKH OepyT 20 — 25 mpo6. B kaxmod mpobe AKCIIEPUMEHTAIBHO
OTIPEICNIAIOT KOHIEHTPAIMI0 KOMIIOHEHTOB.

Ecniu 310 cmech mnonumepa ¢ MOPOIIKOOOPA3HBIM HAMOJIHUTENEM, TO OMNPEIENSIOT

KOHOCHTPAIUIO HAITOJTHUTCIIA. B 3aBucumoctu ot NpUupoAbl MOJIUMEPA U HATTOJIHUTECIA UCITIOJIB3YIOT
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pa3IUYHbIE METO/IbI U3MEPEHHs KOHIeHTpaluru. KoHIeHTpalyio HamoIHUTENS. MOXKHO OINpPENeTUTh
[0 YAEIbHOMY BECy MaTepuana, IMyTeM ONpPEENICHHUS MacChl OCTaTKa IOCIE CHKUTaHWsS WIN

TECPMHUYCCKOI'0 Pa3JI0OKCHUA ITOJIMMEPA, IO OITHYECKOH INIOTHOCTH Marcpuaia u ap.

Ha OCHOBAaHUHU HOHy‘ICHHBIX JAHHBIX OHpeI[eHHIOT Cpe,Z[HIOIO KOHHeHTpaHI/IIO
HAIIOJIHUTCIIA:

- 1 oM

X = ﬁEi:lxil (3)

rae M — gmciio npo6; X; — KOHIIGHTpAIMs YaCTHIl HAMIOJIHUTENS B I-0M mpode; X - cpeaHee

S3HAYCHUC KOHLUCHTApIHNHU HAIIOJTHUTEIIA B CMECH JJIsL M Hp06.
C IMOMOIIBIO 3TUX AAHHBIX MOYKHO PaCCUUTATh SKCIICPUMEHTAJIBHOC 3HAUYCHUC BI)I60pO‘IHOI71

2.
AUCIICPCHUU KOHOCHTPALUH HAIIOJHHUTECIIA B npo6ax S™.

1 _
s? = Frary ?il(xi _x)z (4)

Benmmunna v s? mokassiBaeT pa3opoc KOHIIEHTPAIMH HAIIOJIHUTENS 10 00beMYy MaTepuaa u

TECM  CaMbIM  XapaKTCPU3YyCT PABHOMCPHOCTb C€ro pacrnpcacjiCHUs. 0] PaBHOMCPHOCTHU
pacnpeaciicCHu KOMIIOHCHTOB, KaK IIPaBUWJIO, CYIIAT IMPO BCIMYUHE OTHOCUTCIIBHOTO pa36poca

KOHIICHTPAIIMX HAIIOJIHUTEIIS 110 00bEMY CMECH V, KOTOPBIM PaBEH:

Vs2
v=-—-100% (%)

Benuuuny v 4Yacto Ha3bIBalOT KOA(G(GUIHMEHTOM HEOJHOPOJHOCTH cMecu. UeM HuUxKe
3HaueHUE Vv, TeM paBHOMEpHee cMech. Ha mpakTuke MoiydeHHbI TakuMm oOpa3oM  pas30Opoc
KOHLICHTPAIlMW HAIOJHUTEIIS CPAaBHUBAIOT C MAaKCHMAJIbHO JOIYCTUMBIM €ro 3HauYeHHeM JJis
KOHKPETHON cMecu. MakcUManbHO JOMYCTUMBIA pa30poc MONydaloT SKCIEPUMEHTAIBHBIM yTeM
aHaJM3a ero BIUSHUSA Ha KOMIUIEKC CBOMCTB Marepuana. [lomydyeHre MakCUMallbHO JOIYCTHMOTO
pa3dpoca KOHIIEHTpAIMK SKCIIEPUMEHTAIBHBIM IIyTEM - BeCbMa TPYJOEMKas U CIIO)KHas 3ajaya,
MOCKOJIbKY HEJb3sl MOMEHSTh TOJBKO PAaBHOMEPHOCTH paclpeiesieHus HAlOJIHUTENS, HE OKa3aB
BIIMSHUS Ha JpPYyTHE TapamMeTpbl CMECH, TaKhe KaK KadeCTBO JUCIEPTUPOBAHUS HATOJHUTEINS,

CTEIIEHb MEXaHOXMMHYISCKOM 1 TepMOOKI/ICHI/ITeHBHOI\/II ACCTPYKIOHHU ITOJINMEPA.

2.4.2. Oyenka kauecmea OuCnepeUpo8anusi HanoJIHumes

BaxHoll XapaKTepUCTHKON Marepuasna, IOJIYyYEHHOTO AMCHEPTUPYIOIIMM CMEIICHUEM,
SBISIETCA pa3Mep dYacTtull aucrepcHod ¢aszpl. Hcxons u3 TpeOOBaHHS OMHOPOAHOCTH H
BOCITPOM3BOJAMMOCTH CBOMCTB KOMITO3UIIMOHHOTO MaTrepuaia >KeJlaTeabHO, YTOOBI BCE YaCTHIIBI
JTUCTIepCHOM (ha3bl OBUTH OMHOTO pa3mepa. A, UCXOJ M3 TPeOOBaHUS IMOTYUYEHUS MaKCHMAIbHBIX
MIPOYHOCTHBIX CBOWCTB, - YTOOBI YACTHUIIHI HATIOJHUTENSI ObUIM KaK MOKHO Menbde. OmgHaKo u3-3a
00JBIIIOTO Yncia (PaKTOpoOB, OMPEACISIIONINX MPOIeCcC AUCTIEPTUPOBAHUS, OJMHAKOBOTO M OYCHB
MEJIKOTO pa3Mepa 4YacTHI[ JoCTHYb He ypaaercs. Kak mnpaBuiio, HaOMOgaeTcsi HEKOTOPOE
pacrpeziesieHle YacTHlIl TI0 pa3MepaM, HHOT/Ia BEChMa IIMPOKOE.

Haubonee momHo#M XapaKTepUCTUKONW KavyecTBa JUCIIEPTUPOBAHUS HATOTHHUTENS SBIISIOTCS

JaHHBIC O PACHpCACJICHUU YaCTULl HAIOJHUTCIA B IMOJIUMEPE II0 pasMepam. I[aHHBIe 0
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pacnpenesieHuy 4YacTUll HamoiaHuTens mno pasmepam B I[IKM MOXHO MOJy4uTh € MOMOIIBIO
ONTUYECKON WM AJIEKTPOHHOW MUKpockonuu. st atoro w3 a”anuszupyemoro IIKM roroBsiT
TOHKHE TIeHKH TommuHou 0,2-5 Mkm. [IIeHKM MOXKHO HM3rOTOBUTH MPECCOBAHUEM pacIUIaBa,
OTIIUBKOM W3 pacTBOpa WU Cpe3aHueM Ha MHUKporome. I[IpenmoutuTenbHBIM U Hambolee
YHUBEPCATBHBIM CIIOCOOOM SIBJIIETCS MHUKPOTOMHPOBAHHE, MOCKOJIbKY B HAMMEHbBINEH CTETICHH
BIIMSIET HA CTeNeHb AucneprupoBanus HanojaHutens. [lnenku [IKM npocmaTpuBaroT ¢ mMOMOUIBIO
Mukpockomna. [lns dactur; pazmepom Oonee 10 MKM UCHONB3YIOT ONTHYECKUNH MHMKPOCKOM, MpHU
pa3mepe yactull MeHee 10 MKM - 3JIEKTPOHHYIO IPOCBEUYMBAIONIYI0O MHUKpockonuro. /[lanee
BPYYHYIO MM C [IOMOIUBI 3JEKTPOHHOM  KaMmMepbl U  CHEUUAJIbHOTO  MPOrPAMMHOIO
obecrieueHust ONpeAeSIIOT JUHEHHBIE Pa3Mephl M TUIOIAAb MPOSKIIUU KaKI0M JacTuilbpl. M3 aTux
JIAHHBIX PACCUUTHIBAIOT YCJIOBHBIM JUAMETP Ka)XJOW YacTHUIbl KaK TUAMETP HUCKA, UMEIOIIErO
OJIMHAKOBYIO IUIOIIAAb C IJIOMIA[bI0 MPOCKIMH YacTHULBl (B OOJBIIMHCTBE CIy4aeB TOCTATOYHO
TOYHBIM MOXHO CUMTATh JUAMETP YaCTHI[bl, PACCUMTAHHBIN KaK KOPEHb KBAJPATHBIA U3 IUIOLIAIN
MPOEKIIUK YacTUIbl). DTH JaHHBIE 7S yAOOCTBA aHaiW3a CBOJSAT B TAOJHUIly WU Tpaduk.

Ha puc. 8 mnpuBegen mnpumep obpazua I[IKM Ha mnpocBeduBaromeMm 3JIEKTPOHHOM

MHKPOCKOII€ C KOHTYpaMH 4aCTUIL] HAIIOJTHHUTECIIA.

Puc. 8. Illpumep pacnpenenennst YacCTUL HANOJTHUTEJIS,

Ha0/1I01aeMasi ¢ IOMOIIbIO MPOoCBCYNBAIOIICIO IJICKTPOHHOI0 MMKPOCKOIIA

OKCHEpUMEHTAIBHO TIOJYUYEHHOE pacHpeleIeHUe 4YacTHIl 110 pa3MEpaM CpPaBHUBAIOT C
TpeOyeMbIM pacrlpeieieHHeM M JeJaioT BBIBOA O KadecTBe cMecH. Tpebyemoe KauecTBO
JUCTIEpTUpoBaHMs (pa3Mep YacTHLl M MX paclpelelieHHe 10 pa3MepaM) OIpelensercs u3
3aBHCHUMOCTH CBOMCTB MaTepualla OT pa3Mepa YaCcTHUL] HAIIOJHUTEISI B HEM.

Opnako Takol aHanmu3 TpeOyeT HAIUYUS CIIEHUAIbHON JOPOTOCTOSIIEH TEXHUKHY, B TIEPBYIO
ouepellb AITO KacaeTcsl MCIOJIb30BaHUS JJIEKTPOHHOW MHUKPOCKONHH, BEChbMa TPYJIOEMOK U
mteneH. CyImecTBYIOT YIPOIIEHHBIE METO/IbI, KOTOPBIE HE AAI0T MCUEPIBIBAIONIEH HHpOopMaun
0 KauecTBE JUCIEPTHPOBAHUS HATIOJIHUTEINS, HO TPEICTABIAIOT Hanboee BaXXKHYI0 HHPOPMAIIHIO O
HeM. OHH OCHOBBIBalOTCS Ha (hakre, 4ro HauOonbpmui ypoH coictBam [IKM HaHOCAT camble

KPYIHBIC arjioMepaThbl HAIIOJIHUTCIIA. HOBTOMy 10 BBIIICONMCAHHOM METOOUKE OIIEHHUBAIOT TOJBKO
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YKCJIO WX J0JII0 KPYTIHBIX arJioMepaToB, HAYMHAs, Kak IpaBuio, ¢ 10 MkMm u 6osee (a B HEKOTOPBIX
cinydasix HaunHas co 100 Mxm).

JlucnieprupoBaHUe CUUTAETCS YIOBJIETBOPUTEIbHBIM, €CJIM U3MEPEHHOE YUCIIO arjioMepaToB
Ka)KI0ro pa3Mepa (pa3MEepHOIo Mara3oHa) He MPEBBIAET MAKCUMAJIBHO JOIIyCTUMOIO 3HAYEHHMS.
Hampumep, ASTM D 2663 npeayaraer mIKady OLEHKM KadecTBa IUCHEPTUPOBAaHUS YaCTHIL
TEXHUYECKOT0 yIieposa B Kaydyke, IpeJICTaBIeHHy0 B Taln. 2. OToT cmocol, CBA3aHHBIA ¢
npenapupoBaHUEM TOHKUX IUICHOK 00pa3loB, UX MPOCMOTPOM B ONTUYECKHH MHMKPOCKOI, TaKXe
JIOBOJIBHO JUIUTEIIEH U TPYA0EMOK.

Tabmnuua 2

3aBHCHMOCTDH KauecTBa JUCIIEPIrHPOBAHNUS TEXHUYECKOI0 yIiiepoJa B moJjimmepe

OT JI0JIM KPYIHBIX arjiomepatoB corjiacio ASTM D 2663

OO0beMHas 0715 4acTUll pa3MepoM KauecTtBo nucneprupoBanus
6onee 5 MxM, %
Mesnee 1 Ouens xopotiee
1-3 Xopotee
3-5 Cpennee
5-8 Huskoe
bonee 8 OueHb HU3KOE

3. O0beKTHI M CpecTBAa UCCJIeI0BAHUSA

B xome nabGopartopHoil pabOThl NPOM3BOAMTCS O3HAKOMIIGHHE CO CTPYKTYpOH H
OpUHLUNIAMHA PaOOThl JIMHUA KOMIIAyHAMPOBAHHMS Ha OCHOBE OJHO- U JIBYXIIHEKOBBIX
3KCTpyAepoB. Ha OCHOBaHNMM M3y4EHHBIX MATEPHUAIOB M TEOPETHYECKUX PACUETOB IPOU3BOAMTCS
obocHOBaHUE BBIOOpA TUTIA IKCTPYAEpa IJIs U3TOTOBIEHUS AUCTIepcHO-HanogHeHHbIX [IKM. 3atem
IIPOU3BOAUTCS IOATOTOBKA MCXOIHOTO CBIPbsl, M3TOTOBJICEHHE JHUCIEPCHO-HANOJHEHHbIX [IKM
METOZOM CMEIICHMs, OLIEHKAa PaBHOMEPHOCTH pACHPEACIICHUsT W CTENEHU JTUCIEPTHPOBAHUS
HaronHuTens B oopasuax [TKM.

4. IlopsiioK BHINOJHEHHS PA0OTHI

1. O3HaKOMHUTBCS C TEOPETUUECKUMHU MOJIOKEHUIMHU.

2. O3HaKOMHUTBCS C TEXHHKOW Oe30macHOCTH 10 padoTe Ha IKCTPY3HMOHHOM
BBICOKOTEMIIEPATYPHOM 000pYI0BaHUH.

3. UW3yunTh yCcTpOICTBO JIMHUHM KOMIAYHIUPOBAHUS TEPMOIIJIACTUYHBIX KOMITO3UITMOHHBIX
MaTepHajIoB, 03HAKOMUTHCS C MOPSIKOM pabOTHI.

4. CocTaBUTb CTPYKTYPHO-(QYHKLIHMOHAIBHYIO CXEMY JIMHUM KOMIIayHIUPOBAHUSI.

5. Ilo ¢opmynam (1) u (2) paccuuTarh TEOPETHUYECKYIO NMPOU3BOAMTEIBHOCTh OJHO- U
JIBYXIIIHEKOBI'O 3KCTPYAEpa, BXOAIMX B COCTaB JIMHUHM KOMIIAyHAUPOBAHUS.
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6. Ha ocHOBaHMM  CTPYKTYpHO-(YHKLIMOHAIbHBIX CXEM, Ppe3yJbTaTOB pacyera
IPOU3BOJUTENBHOCTH U TEOPETUUYECKUX IOJIOKEHUH 00OCHOBaTh BBIOOp THIA JKCTpyAepa AJis
W3TOTOBJICHMSI TUCTIEPCHO-HAnoJHEeHHbIX [IKM.

7. MWzroroButh 00pa3ipl aucrnepcHo-HanogHeHHbIX [IKM mo MeTojuke, OMUCaHHOM B II.
2.3.

8. OueHuTh PaBHOMEPHOCTh pacHpeAeIeHNUs U KaueCTBa JUCIEPrUpPOBAHUS HATIOJHUTENS
B IIOJIYYEHHBIX 00pa3lax MeToAaMHu, ONUCAHHBIMU B 11. 2.4.

9. Cpnenate BBIBOABI O B3aUMOCBSI3M CKOPOCTHBIX U TEMIIEPATypHBIX PEXKHUMOB
SKCTPYAUPOBaHUS U NpoueHTa HanoJiHeHus [TKM.

10. Odopmuth oTUeT 1O TaOOPATOPHOH padoTe.

6. KoHTpoJbHBIE BONPOCHI

1. Kakoil Tun cMenieHust XxapakTepeH s paciiiaBa oJIuMepoB?

2. Kakum MOXeT OBbITh COTPSKEHHE ITHEKOB B IBYLTHEKOBOM JKCTpyaepe?

3. DKcTpynepsl ¢ KaKUM TUIIOM BpallleHUs IITHEKOB OOECMEeYMBAIOT JyYlllee KadecTBO
cMereHus?

4. Tlepeuncnute OCHOBHbIE €IUHUIIBI 000PYAOBaHUS B IMHUU KOMIIAyHIUPOBAHUS.

5. Ha xakWe THIBI TOAPA3JCISAIOTCS MOJUMEpPhl B 3aBHCHMOCTH OT CTPYKTYPHOMH
OpraHu3aIuu?

6. IlpuBenute KIACCH(PHUKAIMIO TEPMOIUIACTOB IO YPOBHIO (DM3UKO-MEXaHHMUYECKUX U
TETUIO(PU3NUECKUX XapAKTEPUCTHK.

7. HazoBuTe OCHOBHBIE TPEOOBAHUS K HAMIOJHUTENSIM TEPMOIIJIACTHYHBIM KOMITIO3UTOB.

8. Ilepeunciure OCHOBHBIE AIEMEHTHI IBYIIIHEKOBOTO IKCTPYAEpa.

9. Kakue TexXHOJOTMU NPUMEHAIOTCS i1 (OPMUPOBAHUA W3AETUN M3 JUCIEPCHO-

HAITOJIHEHHBIX KOMIIO3UTOB?

6. Criicok iuTeparypbl

1. TlonumepHbIe KOMITO3UIIMOHHBIE MaTEpUANbl: CTPYKTypa, CBOWCTBA, TEXHOJOTHUS: y4el.
nocobue / M.JI. Kep6ep, B.M. Bunorpanos, I'.C. 'onoBkuH u np.; nox pea. A.A. bepauna. - -
CIIG.: Ipodeccus, 2008. — 560 c.

2. T'epacumona H.C. TTonmumepHbIe 1 KOMIIO3UIIMOHHBIE MaTepHaNIbl: yueOHOE TTocodue. M.:
MI'TY um. baymana, 2019. 46 c.

3. Amnpapeesa A. B. OcHOBBI (PM3UKOXUMHH U TEXHOJIOTHH KOMITO3UTOB: ydeOHOE TocoOue
s By30B. — M.: UTIPKP, 2001. 192 c.

4. Kum B.C. Teopus u npaxtuka 3kcTpy3uu nonumepos. — M.: Xumus, KonocC, 2005.
568 c.
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JlabopaTtopnas pabota Ne6

HN3zy4yenue texnosorun FDM-neuarn usgenui

U3 TEPMOIUVIACTUYHBIX U KOMIIO3UITMOHHBIX MaTepPHUAJI0B

1. Hesab padoThI.
O3HaKOMUTBCA C  TEXHOJOTMYECKHMM  IPOLECCOM  HM3TOTOBJICHMS  W3ACIUNA U3
TEPMOIUIACTUYHBIX U KOMIO3UIIMOHHBIX MaTepuanoB meTogoM FDM-medatu, 03HaKOMUTBCS C

npuHIUIAaMU padoTel 3D-pUHTEPOB, MOTYyUYUTh HABBIKK Pa0OTHI HA HUX.

2. TeopeTnueckne MOJIOKEHUS

Cpenu Bcex metonoB 3D-meuatn Hambosee pacrpocTpaHEeHHbIM siBisieTcss meronq FDM
(Fused-Deposition Modeling), ocHoBaHHBIIT Ha IKCTPY3UHM MaTepuala yepe3 NeyaTarolly o roJ0BKY
3D-npunTepa.

[IpunuunuaneHas cxema npouecca FDM-neuatu npencrasineHa Ha pucyHke 1. Bo Bpems
nevyaTd UCXOAHBIA MaTepuai B BuAe HUTU ((UIaMeHTa) pa3MaThIBACTCS C KaTYUIKUA U MOJAETCS B
[eYaTalolyl0 TOJOBKY, KOTOpas HarpeBaeT MaTepHall A0 MOJYKUIKOIO COCTOSIHUSI BBIILIE
TEMIIEpaTypbl CTEKJIOBaHUSA. 3aT€M OH BBIJIABJIMBAECTCS M3 COILNIA U HAHOCHUTCS HA BCTPOCHHYIO
mwiatdopmy (cton) mpunTepa. [logaBaemass OT KaTylIKd TBEpAass HUTHh BBITONHIET (PYHKIIHIO
MOPIIHS, BBITAJIKUBAIOLIETO PACIUIaBICHHYI0 HUTh W3 COIUIa. Y CHUJIME, MPUIaraéMoe HHUTHIO JJIs
BBIJIABJIMBAHUS PAcIlIaBa, JOJDKHO OBITH JIOCTaTOYHBIM Ui MPEOAOJICHUS MEepernaaa JaBICHUs Ha
Ie4yaTaroen ToJ0BKe, KOTOPBIM 3aBUCUT OT PEOJIOTMUECKUX CBOMCTB PACILIABIECHHOIO MaTepuaia
¥ TE€OMETPUU MyTH NOTOKA. Takum 00pa3oM, HUTh JAOJKHA OBITh JOCTATOYHO KECTKOW U HE I0JDKHA
pa3pymartbces npu u3rude. [ledararomas ronoska uim miatdopma cToja MepeMeniarTcs mo ocaM X
u Y, 4TO MO3BOJIAET OCAXKJATh PACIIABICHHBIN MaTepuain A (GOpMHUPOBAHUS JABYMEPHBIX CJIOEB
nperanu. [lo 3aBepmieHMM KakKJOro CJIOsl IeYaTarolias TOoJOBKa IlepemMeniaeTcss no ocu Z Ha
BEJIMYMHY TOJIIMHBI CJIOS, YTO IO3BOJISIET HAHECTU CIEAYIOLIUN CJIOM MOBEPX MpPEabLAyIIEro.
[Tony>xuakoe COCTOSIHME MaTepHalla, OCakKJaeMOro ¢ HAKOHEYHMKA COIUIA, ITO3BOJISET CMEKHBIM
CJIOSIM CIUIABIIATHCA APYT € ApyroM. HakoHEUHUK comia IpUKUMAEeT pacIUIaBJIEHHBIM MaTepHual K
IpeblyIIeMy ciaot0. M3-3a naBieHus U BBICOKON TeMIIEpaTypbl IOBEPXHOCTh MPEABIAYIIETO CIIOs
MOBTOPHO pacIUIaBisieTcs. DTO 00ECreynBaeT CIUIaBI€HHE HOBOTO CJIOs C paHee HareyaTaHHBIM.
[Tocne HaHeceHus MaTepuand HUTU OBICTpO 3aTBepaeBaeT. [lpoliecc MOCIOWHOTO HAaHECEHUs
poJODKaeTcs 0 TeX IMop, MoKa He OyJeT HameyaTaHa BCs 3a/laHHas TeoMeTpus u3nenus. Takxke
JOCTYIHBI MPUHTEPBI C JBYMS SKCTPY3MOHHBIMH TOJIOBKAaMH, B KOTOPBIX OJIHO COIUIO IOAAET
0a30BBIH MaTepuan Ajisi COOpPKM JeTalu, a BTOPOE - Marepual Uid Hecyllled KOHCTPYKLIHU

(MOIEPIKKH).
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dunameHT

(HUTB) MexaHunam nogayu

punameHTa

[Neyarawwas
ronoska

MNa3penuve

/ Basosas
nnatcopma (cton)

Puc. 1. IlppuanunuanbHas cxema npouecca FDM-neuarn

B nacrosimee Bpems texnosiorusi FDM-nieatn siBnisieTcst HanboJiee MHUPOKO HCTIOIb3YEeMOn
C TOYKH 3pEHHS KOJIMYECTBA YCTAaHOBJICHHBIX 10 BceMy MHPY 3D-mipuHTEpoB. DTO camasi 1OCTyIHas
HACTOJIbHAS TeXHOJOorusi 3D-medatu, 4ro JAejaeT €€ O4YeHb MOMYJISIPHOW CpPEAHd OTEUECTBEHHBIX
norpeburenei, moduteneil 1 00pa3oBaTENbHBIX YUPESIKICHUN.

1.1. Marepuansl ans FDM-niedatu

Hcxonnoe ceippe mnss FDM-meyatu mnpeacTtaBisieT coO0o HUTH (puiramMeHT), OOBIYHO
M3TOTOBJICHHYIO U3 TEPMOILIACTUYHOTO MaTepHalia, XapaKTepU3yIOILyocss 0ECKOHEYHOU UTMHOM 110
OTHOIICHHUIO K TIONEPEYHOMY CEUCHHIO. B HacTosIee BpeMsi MPOMBIIUICHHO BBITyCKAIOTCS HHUTH
nuamerpom 1.75 u 2.85 mm.

Meron FDM wucnones3yercs s Ie4aTH TEPMOIUIACTHYHBIX IIOJUMEPOB, KOMIIO3UTOB C
HOJMMEpPHOM  MaTpuued, OHOKOMIIO3UTOB WM  IOJIMMEPHO-KEPAMHUYECKUX  KOMIIO3UTOB,
HAaHOKOMIIO3UTOB M KOMIIO3UTOB, apMHUPOBAHHBIX BoJOKHaMu. HambGosee yacTto MCHosib3yeMbIMU
TEPMOIUIACTUYHBIMU MOJIMMEPAMH SIBJISIOTCS aKpUIOHUTPHI-OyTaaueH-ctupon (ABC), monunaktua
(IUIA),  momumamun  (ITA), mommdtminentepedranar  (I19T),  mommdTHIEHTEepedTanar,
monupunuposansbiii raukoneM (II9TI) m monukxapOonar (I1IK). B mocnennee Bpems oGnactb
npuMmeHennss FDM-meuaTu CyIIeCTBEHHO pacIIMpWiIach 3a CUET CYNEepPKOHCTPYKIIMOHHBIX
TEPMOIIACTOB TakuX, Kak mnommdupspupkeron (I[133K), mommspupkeronkeron (II9KK) u
nommupumug (IION) [15, 16].

Ha pucynke 2 mpexcraBieHa MUpaMuia TEPMOIUIACTHMYHBIX MaTE€pHajoB, UCIOIb3yEMbIX

g FDM-nieuatn.
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Puc. 2. [lupamuia TepMOIJIACTUYHBIX MOJUMEPOB,
HCMOJIb3yeMbIX B TexHosioruu FDM-neuatun

JUid  DOCTMXKEHMS JIydIIMX MEXAHWYECKHX, ONTHYECKHUX, TEIUIOBBIX M JJIEKTPUYECKUX
CBOWCTB I10 CPAaBHEHUIO C YUCTHIMH MOJMMEpaMu B TexHosorusix FDM-nieuatu B mociennee Bpems
BCE Yalll€ UCIIOJIb3YIOTCS KOMIIO3UI[MOHHBIE MaTepHaibl HAa OCHOBE TEPMOIUIACTUYHBIX MaTpull. B
KaueCTBE HAIOJIHUTEIEH B TaKUX MaTepUallax BBICTYNAOT YIJIEBOJOKHO, CTEKJIOBOJIOKHO, KEBJap,
JIepeBo, METAJUINYECKUIA NOpOIIoK U T.4. HenpepbiBHOE apmupoBaHue BOJOKHaMu HUTEH i1t 3D-
IIeYaTH TAKXKe CTAHOBUTCS BO3ZMOKHBIM OJ1aroiapsi pa3iuyHbIM TEXHOJIOTUSM.

ITockonbKy MaTepua HaIpsMYIO BIMSET HAa NOBEJCHUE JETalIU MPH NeYaTH U PU3NUEcKue
CBOMCTBA FOTOBOIO M3/I€JIHs, BBIOOP €0 CTAHOBUTCS OAHHMM M3 IVIABHBIX BOIIPOCOB, PEIIAEMBbIX Ha
JTaIe NpeABapUTENbHON O OTOBKH.

B mHacrosimmee Bpemsi OCHOBHBIMH TEPMOIUIACTAMH, HCTONb3yeMbIMU mpu FDM-neuatn
BCIIEJICTBME HM3KOW Temmeparypsl miasienus, ssisitorcs ABC, TTJIA u ITA. Kpome storo, stu
TEpPMOILIACTBI  SIBIAIOTCA Hauboyiee PACHpOCTPAaHEHHBIMH MATPUYHBIMM  MaTepualaMud B
KOMIIO3UTaX, HUCHONb3yeMblx npu 3D-mewatu. lMeHHO NOATOMY B KadecTBE MOJIEIBHBIX
(cTaHAapTHBIX)  TEPMOIUIACTUYHBIX ~ MaTepUaloB  MpH  JaJbHEHIIMX  HCCIIEAOBAaHUIX
paccMaTpuBaEeTCs OJUH U3 3TUX MaTtepuanoB — ABC-miacTuk.

1.2. ITapametpsl iporiecca FDM-nrewatn

Kak mobo#i TexHomormdeckuii mporecc, mpomecc FDM-meuatn mpeamnonaraeT HaJIudue
pa3IMYHBIX TAPaMETPOB, OKA3bIBAIONINX OOJBIIOE BIMUSHUE HA BPEeMs MevaTd, KadyecTBO U (U3HKO-
MEXaHWYECKHE CBOMCTBAa  HANE€YaTaHHBIX  u3aeiauil. Bpibop  mpaBuiIbHOrO  codeTaHus
TEXHOJIOTUYECKUX MapaMeTPOB MO3BOJISIET MPOTHO3UPOBATh XapAKTEPUCTUKU Oy IyIIEro U3eius U
YIPAaBIATh UMH.

Bce texnonornueckue napameTpsl npouecca FDM-nedatu MOXHO yCIIOBHO pa3/ienuTh Ha
Tpu Tpynmsl (puc. 3):

— mapameTpsl 000py10BaHuUs (TEOMETPUs IKCTPYAepa);
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— mapameTpel 00pabOTKH, OOYCIIOBIEHHBIE PEOJOTMYECKUMH CBOMCTBAMH MaTepuaa
(TemmepaTypa KaMepbl, TEMIIEpaTypa 3KCTPY3HH, TEMIIEpaTypa CToJa);

— CTPYKTYpHBIE TapaMmeTpbl MedaTd (OpHeHTamus Ie4aTd, TOJIIUHA pacTpa, IIWpHHA
pacTpa, 3aroJHEHUE, MEKPACTPOBBIN 3a30p U T.1.).

1.2.1 IMapameTpsr 000pyTOBaHUS

Kak oTmeuanoch BblIlle, K TapameTpam 000pyA0BaHHs OTHOCSTCS F€OMETPUUECKUE Pa3Mephl
AKCTpyZepa — JUaMETP COILIa U ero mupuHa. TunuyHsiMu pasmepamu comnen sisitorest 0.15, 0.2,
0.25, 0.3, 0.35, 0.4, 0.5, 0.6, 0.8 u 1.0 mm. O4eBUAHO, YTO Yepe3 COIUIO OONbIIEro pazmepa Oyaer
BBIJIaBJIMBATHCS 0OJIbILIE MaTepUaia B €JUHUIYY BPEMEHH, YTO MMO3BOJUT COKPATUTh BPEeMs IEYaTH.
C npyroii CTOpOHBI, AMAMETP COIIAa OKa3bIBAeT CYLIECTBEHHOE BIUSHUE HAa KaueCTBO [TOBEPXHOCTHU
HareyaTaHHoro w3nenus. [losToMy B HacTosmiee BpeMs IS T€YaTH CIIOKHBIX JeTanel
UCHOJIB3yeTCsl comia ¢ auaMmerpoM MeHee 0.4 MM, a ansa Jetaneil Oojbliero pasMepa ais
COKpalleHus BpeMeHH medaTn — jauametpom Oomee 0.4 wmM. CoBpeMeHHBIE NPUHTEPHI
KOMILIEKTYIOTCSI CMEHHBIMU COIUIaMH, OJHAKO, B OOJIBIIMHCTBE HMCCIEIOBAHUN IUAMETp COILUIa
SIBJISIETCS] BETMYMHOM IMOCTOSTHHOM M COCTaBIIsAET, Kak npasuio, 0.4, 0.6 mm.

1.2.2 ITapameTpsl 00pabOTKH

[TapameTpsl 00pabOTKN BBIOMPAIOTCS B 3aBUCUMOCTU OT MaTepualla HUTH U TUIa IPUHTepa
U BKJIIOYAIOT B ce0s TeMmIeparypy SKCTPY3UH, TeMIIEpaTypy KaMepbl, TemIeparypy croja Hu
CKOPOCTH 1euatu (cM. puc. 3).

1.2.2.1 Temmepatypa 3KCTpY3HH

Bs3kocTh  pacIulaBIIEHHOTO  MaTepuana, BBIXOAAILEIO U3  COIUIA, PEryJIupyeTcs
Temnepatrypoil 3kcTpy3un. C MOBBIICHHEM TEMIEpPaTypbl KCTPY3UH BSI3KOCTh PACIUIABICHHOTO
MaTepHuaja yMeHbIIaeTcs. JTO NO3BOJISIET PACIUIABY JIerye MPOXOJUTh Yepe3 MeyaTaroly o roJ0BKY
Opyu MeHbIleM nepenajne AasieHus. [loBblIIeHHWE TeMIepaTypbl SKCTPY3UH TaKKe YIIydllaeT
CIUIABJICHHE MEXJy IOCJIeI0BAaTeIbHbBIMM pPAaCTpaMU SKCTPYAMPOBAHHOIO MaTrepuana, uYTo
HOBBIIIAET MEXAaHUYECKYI0 MPOYHOCTh IeuaTaemoro usnenus. IIpu Oosiee BBICOKOH Temmeparype
yacTh MoJIMMepa OBICTPO pasjaraercs M BHYTPH COIUIA OCTAaeTCsl OCAI0K, KOTOPBI MOXET
3arps3HUTH JAJBHEUIINN PACIUIaB.

1.2.2.2 Temmepatypa Kamepsl

OueBUIHO, YTO TemIeparypa KaMepbl HMEET 3HAaYeHHe TOJBKO B CIIy4ae OCHAIICHUS
OpUHTEpa 3aKpBITBIM KoprycoM. Hanuume kopmyca MOXeET MOBBICHTH IPOU3BOAUTEIBHOCTD
HeyaTH, He JIOycKasl MonalaHusl BHYTPb TOCTOPOHHUX 3arpsi3HEHUN U MOJIepKUBas TeMIepaTypy
OKpY’Karollel cpelapl IMOCTOSIHHOM B TEYeHHME BCero IMKiIa mnedatd. MccnenoBaHus BIMSHUSA
TEMIIepaTypbl KaMephl Ha XapaKTePUCTUKU M3MIEHH, HanedaTaHHbIX MeTogoM FDM, mpaktndeckn
HE TIPOBOJATCS B CHJIIY CHJIBHON 3aBHCHMOCTH JAaHHOTO MapaMeTpa OT THIa HCIoib3yemoro 3D-
pUHTEpA.

1.2.2.3 Temmepatypa crona

Cron mnpuHTepa OOBIYHO HarpeBaeTcs s YIyYIICHHsS CIEMJIeHHs IepBOro Clos
neyaTaeMoro uszenus. Jis JoCTHKeHHUsT ONTUMAIBbHOM aAre3uy Me4aTaeMoro U3Aeiaus co CTOJIOM
TEMIIepaTypy CTOJIa PEKOMEHAYeTCs MOJePKUBATh BBILIE TEMIIEPAaTyphl CTEKJIOBAaHHUS MaTepuana
HUTH. CHCTEMHBIE HCCIIEOBAHUS BIMSHUSA TEMIIEpaTyphbl CTOJIAa HA XapaKTEPUCTUKU W3JENHH,

HarevyaTaHHbIX MeTogoM FDM, Tak ke OTCyTCTBYIOT.
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Puc. 3. ITapametpsl npouecca FDM-neuatn

1.2.2.4 CxopocTh meqyaTu
CKOpOCTh Te4YaTH — 3TO CKOPOCTh MEPEMEIICHUS MeYaTatoiell TOJIOBKH BJIOJb IJIOCKOCTH

XY Bo Bpemsi BbIJIaBMBaHus. TunuyHas ckopocTs nevyatu Ayt FDM-nipuntepa Bapsupyercs ot 30
1o 80 mm/c.

CKOpOCTh MeYaTu HanpsIMylo BIMSIET Ha BpeMs nedatu uznenus. C yBeIndeHueM CKOpOCTU
cokpamaeTcsi Bpems Tmedatu. J{ias mosydeHus Oosiee BBICOKOH TOYHOCTH PEKOMEHIYeTCs
WCIIOJIb30BaTh HHU3KYIO CKOPOCTh MEYaTH, TaK Kak MpH 0ojee BHICOKOW CKOPOCTH YBEITUYHMBACTCS
JTUHAMHYECKOe BO3/JEHCTBIE MPUBOAHON CUCTEMBI, YTO MIPUBOJAUT K PE3KUM ABMKEHUAM. CKOPOCTH
TaKk)K€ OrpaHHYeHa MaKCHUMaJlbHbIM OOBEMHBIM PacxoJOM TOJIOBKH 3KCTpyJlepa. MakcuManabHYyIO

CKOPOCTb MOXXHO paCcCYUTATh 11O YPABHCHHIO:



62
voe (1)

max Hy- BR'
rae Q — MakcuManbeHbIN 00beMHBIN pacxon; Hi — BeicoTa cnosi; Br — mmpunHa pactpa.

Kpome »3TOro, ckopocTh mneyaTd BIUSET HA TEIUIOBOM LMK KaXAOro CJosi, W MpuU
YBEJIMYEHUU CKOPOCTH BpeMs, HEOOXOIUMOE AJii HAHECEHUS CIEAYIOLIEro CJO0s, YMEHbLIAeTCs.
VBennueHne CKOpPOCTH NEeYaTH CHHUXKAET CKOPOCTh OXJIAXJAECHHS, IMOCKOJIbKY MOCIEAYIOUIUN CIION
HAHOCHUTCS Ha TPEIbLAYLIMH 3a MEHbIIIEe BPEMs, YTO TAaK K€ MOXET BIUATh HA MEXaHUYECKHE
CBOMCTBA TOTOBOTO M3JIEHHS.

1.2.3 CtpyKTypHBIE TapaMeTphl IIeYaTH

OcHoBHBIMU OocoOeHHOCTssMH FDM-mieuaT  SBASIOTCS TMOCIOWHOE W3TOTOBJIICHUE W
BO3MOXXHOCTh TMOJIYYCHHUS TOPUCTBHIX u3neianiti. C 3TUM OCOOCHHOCTSIMH CBSI3aHO TMOSIBICHUE
CTPYKTYpPHBIX MapaMeTpOB Me4yaTH. JTa KaTeropus MapaMeTpoB Ooiiee OOIIMpPHA M HE HMMEEeT
OTPAaHMYEHUN Ha MHCHOJB30BAHUE PAa3IU4HbIX MarepuanoB. CTpPyKTypHbIE MapaMeTpbl Me€YaTd
IIPE/ICTABIICHBI B HUYKHEW YaCTU PUCYHKa 3.

1.2.3.1 OpueHTanus nevatu

OpueHTanus nevyatu — 3TO PACIONIOKEHUE MeYaTaeMOro M3/eIusl Ha CTOJIE OTHOCUTEIIBHO
CUCTEMBI KOOPAMHAT IPUHTEPA (CM. puc. 3).

OpueHTanusi meyatd SIBISETCS OJHUM U3 KIIOYEBBIX TEXHOJOTMUYECKUX MapaMeTpoB,
KOTOPBI OKa3blBae€T CYIIECTBEHHOE BIHUSHUE HA JIECTHUYHBIH JP(PEeKT Ha MOBEPXHOCTHU
MeYaTaeMoro HW3Jeius U HEOOXOAMMOCTh CO3JaHHs U O0bEM TaK HAa3bIBAEMBIX MOJICPKEK —
BCIIOMOT'aTeJIbHBIX HECYIIMX KOHCTPYKLMH JJIi HABUCAIOLIMX 3JIEMEHTOB M3Jenus. JlecTHUYHBIM
3¢ dexT BIMIET Ha TOYHOCTh Pa3MEPOB U KAYECTBO MOBEPXHOCTH T'OTOBOrO u3neius. B To Bpems
KaK CO3/IaHHE HEeCyIIeW KOHCTPYKIIMH YBEJIMYMBAECT TPeOOBaHMS K MOCTOOPAOOTKE, KOJIUYECTBY
Marepuaia U BpeMeHu nedatd. Kpome 3Toro, opueHTamus mneyaTd ONpeNessieT HampaBlieHUE, B
KOTOPOM, KaK MPaBWJIO, HAOIIOJAaeTCsl HAanOObIast aHU30TPOIUS MEXaHHUECKUX CBOMCTB M3/CIIH.
DTO cBA3aHO € TeM, 4yTo npu FDM-neuaTtu aHU30TPOIMS CBOWCTB MO OCH Z SABISIETCS cCamMou
BBICOKOH U3-3a C1a00T0 MEKCIOWHOTO CLICTIIICHHS.

1.2.3.2 TonmuHa ciios

TonmmHa €10s1 — 3TO BBICOTA Ka)XJOrO CJIOSA MEYaTh BAOJIb OCH Z TpuUHTepa. TunnyHas
tommuHa ciosi s FDM-npuntepoB Bapsupyercs ot 0.05 go 0.4 mMMm. PekomeHmyeTcsi, 4TOObI
TouuHa ciost cocrasisia 0.25+0.8 quamerpa cora.

TonuHa cn0s HaOpsIMylO BJIUSET HAa KAaueCTBO MOBEPXHOCTH U Bpems mnedaru. [lpu
YMEHBIIIEHUU TOJIIMHBI CIIOS JICCTHUYHBIN 2PPEKT HAa TOBEPXHOCTH CBOJIUTCS K MUHUMYMY, B TO
BpeMsl Kak BpeMs IedyaTu yBenauuuBaeTcs. [Ipy MeHbLIeH TOJIUHE CI0sl YJy4dllaeTcsd KayecTBO
MOBEPXHOCTU TOTOBOro usaenusd. Kpome TOro, mpu MeHbIIEH TONIIMHE CJIOSA HPOrpaMMHOE
oOecrnieyenue, ucnoabzyemoe B 3D-neuatu, obecrnieunBaer 6oee Tounyto pazdousky CAD-monenu
Ha OT/ICJIbHBIE CJIOH, YTO B KOHEUYHOM UTOTE€ YCTpaHsET MOTEHIMAIbHBIEC ITyCTOTHI U 3a30phL. B psje
HCCJIEI0BAaHUI OTMEYAeTCsl TaK K€, YTO MEHBIIME 3HAYSHUS TOJIIUHBI CJI0S MOBBIIIAIOT MTPOYHOCTh
Ha pacTsHKEHHE.

1.2.3.3 [lupuna pactpa
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Mlupuna pacTpa — 3TO IIMPHHA KallJld MaTepuaia, BblAaBiuBaeMoro u3 comia. lupuna
pacTpa 3aBHCHT OT AMaMeTpa dKCTPY3HMOHHOTO COIUIa, 0OBEMHOTO pacxoja M CKOPOCTH TEYaTH.
3aMe4eHO, YTO MEHBIIINE 3HAYCHUS IMUPUHBI PACTPa TIOBBIMAIOT MPOYHOCTH HA PACTSKEHHE.

1.2.3.4 Yron HakioHa pacTpa

VYron HakJOHa pacTpa — 3TO YroJI, MOJ KOTOPBIM COIUIO TEpeMelaeTcsi Ui HaHECEHHUs
KaXKIOro CJ0s OTHOCUTENbHO ocu X mpuHTepa (cMm. puc. 3). VIMEHHO 3TOT mapaMeTp Hrpaer
BOXHYIO pOJb B (OPMHUPOBAHUU MEXAHMYECKHX CBONCTB M aHU30TPOIMU T'OTOBOTO M3JIEIHA.
Bo3MoxHOCTE BapbUpPOBaTh 3HAYCHHS YIIa HaKiIoHa pactpa oT 0 g0 90°, HAHOCHUTH TOCIIE Ty FOIIHIA
cJIoil ¢ u3MeHeHreM yria Ha 90° 1Mo CpaBHEHUIO C MPEIBIIYIIUM MPELyCMOTPEHa B OOIBIIMHCTBE
coBpeMeHHbIX FDM-npunrepoB. Haunbosnee 4acTo ucnoiab3yeMble 3HaU€HHsI YIJIOB HAKJIOHA pacTpa
—0°/90°, 30°/-60° u 45°/-45°.

W3mensist yron HakJIOHA pacTpa, MOYKHO KOHTPOJIMPOBATH MPOYHOCTH, YAAPOIPOYHOCTH HITH
MEXaHU3M pa3pyLICHUsI.

1.2.3.5 [1apameTpsl 3ar10THEHHS

OnHuM u3 npeumyiiectB 3D-nevatu sBIsSETCS BO3MOXKHOCTD I€YaTH KaK CIUIOIIHBIX, TaK U
HOJHOCTBIO MJTM YACTMYHO NOJbIX u3aenuil. C TOUKH 3peHHsl IPOU3BOACTBA 3TO HE TOJIBKO CHUXKAET
pacxoj MaTepualioB, HO M1 YMEHBIIIA€T KOHEUHbII BEC U3/1EIusl.

Kaxk mpaBuiio, uznenue mpeactaBisieT co00il KOHTYp (000JI0UKYy) U BHYTPEHHIOIO 00JIacTh,
Ha3bIBAEMYIO 3allOJIHEHHEM, C pa3JIMYHBIMU IIapaMeTpaMu, K KOTOPHIM OTHOCSTCS: CXeMma
3aIOTHEHHUS, TUIOTHOCTD 3aIOJIHCHUS U MEXKPACTPOBBINA (BO3AYIIHBIN) 3a30p (CM. puc. 3).

C ToYKH 3peHus PU3NKO-MEXaHUUECKUX CBOMCTB TOTOBOTO M3/ENNs HAUOOJBIINN HMHTEPEC
NPECTaBISAIOT apaMETPhI 3aII0JIHEHUS.

Cxema 3amojiHeHHs NpeACTaBiIseT CcOO0OW pUCYHOK (1IallOH) YKIAAKH pacTpoB BO
BHYTpEHHEH o0yiacTu meyataeMoro uzjeius. BeiOop cxembl 3amoinHeHus 0ObIYHO MPOU3BOAUTCS B
3aBUCHUMOCTH OT BPEMEHHU Ie4aTH U TpedyeMbIX (PU3MKO-MEXaHMYECKHX XapaKTEPUCTHK W3JICIIHSL.
CymectByeT /1Ba Tuna mabnoHoB 3anoiaHeHus: 2D u 3D. B nporpamMmmuom obecnieuenun ans 3D-
ne4yaTtyd, Kak IpaBWIO, JOCTYIIHO MHOXECTBO I1a0iIoHOB o6oux tunoB. Ha pucynke 4

Ipe/ICTaBICHbI Han0oJIee 4acTo UCIoNb3yeMble 2D cXxeMbl 3aI0IHEHUS.

a 0 B r
Puc. 4. TunosBbie 2D cxembl 3anoaHenus 1jiaga FDM-neuarn:

a — JuHeiiHas; 0 — KOHIEHTPUYECKas; B — ceTyarTasi; I' - 3Be314aras

HapaMeTPOM, TECHO CBSI3aHHBIM CO CXEMOIt 3aIll0OJIHCHUS, ABIACTCA IINIOTHOCTH 3aI1O0JTHCHHA

— TPOIIEHTHOE COOTHOIIEHHE 3arlOJHEHUS BHYTPEHHEH OO0JIaCTH H3JeNHs MaTepualioM HHTH.
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[InotHocTs MoOkeT BapbupoBaThesi OT 0% (momHocThiO myctoTenas) a0 100% (moaHOCTBIO
TBepaasi). bonee BRICOKas MIOTHOCTH 3allOTHEHUS 00ecreunBaeT 6osee BEICOKYIO TPOYHOCT U BEC
JCTaJIn. Ha PUCYHKC 5 NPCACTABJICHBI PA3JIMYHBIC BapUAHTBI IIJIOTHOCTHW 3allOJIHCHHUA JIA

3BE€3/14aTON CXEMBIL.

Puc. 5. BapuaHnTbl mi1oTHOCTH 3anotHeHus:: a — 20%; 6 — 40%; B — 60%; r — 80%

TpeTpbrM TapamMeTpoM 3arlOJIHEHUs, OKa3bIBAIONIMM CYIICCTBEHHOE BJIHMSHHAE Ha (PH3HMKO-
MEXaHUYECKHE XapaKTEPHUCTUKU TOTOBOTO M3JEINS, SIBIISIETCSI MEKPACTPOBBII 3a30p — pPacCTOSHHE
MEXK/Iy COCEJIHUMH PacTpaMH B OJIHOM cJioe (CM. puc. 3). 3HaUeHHE MEXPACTPOBOTO 3a30pa MOKET
OBITh MTOJIOKUTEIHHBIM, HYJIEBBIM WM OTpHIATEIbHBIM (pHc. 6). [TonoxuTensHoe 3HaYeHHE 3a30pa
— paccTosHHE O MEXAY ABYMs COCEIHUMH ciosMu (puc. 6, a). B ciyuyae HyneBoro 3a3opa aBa
COCEITHUX pacTpa ColpHuKacaroTcs, O mpu 3ToM paBHO 0 (puc. 6, 0). Ilpu oTpumarenbHOM 3a30pe

COCEIHME pacTpbl MEPEKPHIBAIOT JIPYT ApyTra Ha 3aJjaHHOe 3HaueHue O (puc. 6, B).

zA
550 5=0

a 0 B

Puc. 6. Pazinunble BapuaHThI 3HAYEHU MEKPACTPOBOTO 3a30pa J:

a — MMOJIOZKUTECJIBbHOE, 0-— HYJE€BO€C; B — OTPHLIATEC/IbHOE

Ou4eBUIHO, YTO NpPU TOJOKHUTEIBHOM 3a30p€ CO3/Ia€TCS MEHEE IUIOTHAsl BHYTPEHHSA
CTPYKTYypa, a BpeMsi NedaTd yMeHblnaeTcs. HaoGopoT — oTpunarenbHbI 3a30p oOecrneynBaeT
OTHOCHUTEJIBHO IUIOTHYIO CTPYKTypy Ipu OoibllieM BpeMeHH mnedyaTu. [l yiydiieHus
MEXAHUYECKUX CBOMCTB IIPEIIOYTUTENICH HYJIEBOM MU OTPULIATEIbHBIA MEXPACTPOBBIH 3a30p.

Taxkum 006pa3oM, OUEBHIHO, YTO PA3THUYHBIE TEXHOJIOTHYECKHE mapaMeTphl mpoiecca FDM-
Me4yaTd INpsAMbIM MM KOCBEHHBIM 00pa3oM BIUSIOT HAa BpeMs IIe4aTH, MEXaHHYEeCKHe

XapPaKTCPUCTHUKHU, KAYCCTBO IMOBEPXHOCTU U TOYHOCTH pa3MCPOB M€UATACMOI0 U3CIINA.
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2. O0beKTBI U CPeACTBA HCCICA0BAHUSA
OOBeKTOM HCCIIeIOBaHHUN SBISIOTCS 00pa3nbl B (hopMme JonaTok (puc. 7), Hare4aTaHHbIE B

cootBercTBUM ¢ ['OCT 11262-2017 na 3D-npuHTepe mnpu pa3IdyHbIX MapaMmeTpax IedaTu

(IIpunoxenue).
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Puc. 7. UepTtex odpa3ua 1jisa ucnpiTaHuii Ha pactskenne no FOCT 11262-2017

HccnenoBanusi MpOYHOCTH HA PACTSKEHUE MPOBOJATCA HA YHUBEPCATbHOM UCIBITATEIbHON
MammHe POMS0A PO B cootBerctBuM ¢ 'OCT 11262-2017 no cranaapTHOM METOIUKE.

3. llopsiioK BHINOJHEHHUS PA0OTHI

1. O3HaKOMUTHCS C TEOPETUUECKUMHU TTOTOKEHHUSIMHU.

2. O3HaKOMHUTKCS C TEXHUKOW Oe3omacHOCTH 1Mo padore Ha 3D-mpunTEpe.

3. Hamewarate 00Opa3mpl U3 pa3iUyHBIX MaTEpUAIOB IMPH 3aJaHHBIX Iapamerpax IedaTH
(cwm. TIpunoxenue).

4. ITpon3BecTH UCTIBITAHUS IPOYHOCTH HAllEYaTaHHBIX 00PA3II0B HA PACTsSKEHHUE.

5. Odopmuts otder 1o 1abopaTopHoii padore.

4. KoHTpoJIbHBIE BONPOCHI K JIaDOPaTOPHOIi padoTe

1. Onumure npuniun FDM-neuatu?

2. Kakwue MaTepualisl SBISIOTCS HanOoJIee HCIoJIb3yeMbIMu pu FDM-meuatu?
3. Uro oTHOCHUTCA K apameTpam obopyaoBanus npu FDM-nieqatn?

4. Kakyro GpopMy UMeIOT 00pasiibl Ul UCTIBITAHUI HA pacTsKeHue?

5. Cnncok utepaTtypsl K J1a6opaTopHoOii padore

1. KpaBuenko, E. I'. AnuTuBHbBIE TEXHOJIOTHH B MAIIMHOCTPOCHHUH: yueOHOoe mocobue / E.
I'. KpaBuenko, A. C. Bepemaruna, B. 0. Bepemarua. — M.: Aii [lu Ap Menua, 2021. — 139 c.
— TexkcT: snextponnsiii // [{udposoit oopazoatenpHbIl pecypc IPR SMART: [caiit]. — URL:
https://www.iprbookshop.ru/105721.html. — Pexwum goctymna: [uist aBTOpU3. MOJIB30BATEINEH

2. AntonoBa, B. C. HoBeiimue TOCTIKEHUS aITATUBHBIX TEXHOJOTUH: yueOHOe mocodue /

B. C. Anronoga, 1. 1. Ocosckas. — CI16: Cankr-IleTepOyprckuii rocy1apcTBeHHbIN YHUBEPCUTET



66

MIPOMBIIIUICHHBIX TeXHOJOTui W au3aiiHa, 2019. — 60 c. — Tekct: anmexTponnsiit // [{udposoit
obpasoBarenbubiid pecypc IPR SMART: [caiit]. — URL: https://www.iprbookshop.ru/102536.html.
— Pesxxum mnocTyna: st aBTOpHU3. TOJIb30BaTeNei

3. Tpodumon, A. B. KommblOTEepHBIE TEXHOJOTHHM B MAIIMHOCTPOCHUHU. AJUTUBHBIC
TEXHOJIOTUH [DIEeKTpOHHBIN pecypc]: yuebnoe mocobue / Tpopumor A. B. — CII6: CIIGIJITY,
2019. — 72 c¢. — Texkct: snexTpoHHblii // JlaHb: 31eKTpoHHO-OMOMMoTeyHas cucrema. — URL:
https://e.lanbook.com/book/120060. — Pexxum moctyna: 1yisi aBTOPH3. MOJIb30BATEICH.

4. TlpeobOpaxkenckas, E.B. TexHomorum, martepuaqbl W O0O0OpYyJAOBaHHE aIJUTHBHBIX
npou3BoAcTB. YacTh 1: YuebHnoe nmocodue. / [Ipeodpakenckas E. B., boposuk T. H., bapanora H.
C. — M.: PTY MUPOA, 2021. — 173 c. — Tekcr: snexTpoHHbIN // JlaHb: 37I€KTPOHHO-
oubmmorteunas cucrema. — URL: https://e.lanbook.com/book/182471. — Pexum moctyna: s
aBTOPU3. TI0JIb30BATEIICH.

5. IlpeoGpaxenckas, E.B. Texnomorum, marepuansl u 0OOpyAOBaHHE aJIUTHUBHBIX
npou3BoJCcTB. YacTs 2: YueOHoe nocodue. / [Ipeobpaxenckas E. B., 3yes B. B., Mbleukun A. A.
— M.: PTY MUPDA, 2021. — 164 c. — TekcT: 31eKTpoHHbIH! // JIaHb: 27€KTpOHHO-O0MOIHOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/182474. — Pexum pgocTyma: s aBTOPH3.

IOJIL30BAaTEIICH.
[Ipunoxenue

ITapaMeTpbl ne4aTH AJis1 BHINOJHEHUS JJA00PATOPHOM padoThI

Temneparypa neuatu, °C 235
Temneparypa kamepsbl, °C 105
TommuHa ciaos, MM 0.1; 0.2
Vroun HakIIoHa pactpa, ° 0; 45; 90
CkopocTb nevatu, MM/c 40
KonnuecTBo ci1oeB cTeHKH 2
KonmuecTBo ci10eB KpBIIKH 3
KonuuectBo cioeB qHa 3
3anonuenue, % 60; 80; 100




