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BBenenne

B macrosiiee BpemMsi HHTCHCHBHO BEIETCS pa3pabOTKa JIETKHUX, BBICOKOMPOY-
HBIX U HEJOPOTUX KOHCTPYKIIMOHHBIX MaTepuaioB. B pe3yinbrare MHOTHE mMaTepua-
7Bl JIOCTUTIIHN TIpejesia CBOUX CBOWCTB. Kak crienctBue, ydeHble, Mepea KOTOPHIMU
CTOWT 3a/iada CYIIECTBEHHOT'O YJIYUIICHHsI CBOWCTB, BBIHY)KJICHBI CO3/JaBaTh TMPHUH-
ITUTTHATHFHO HOBBIE MaTEPHUAIIbI, IPUMEPOM KOTOPBIX SIBIISIOTCS KOMIIO3UTHI.

B neficTBUTENTLHOCTH, KOMITO3UTHI — HE TaK YK M HOBbIC MaTepuaibl. Komrio-
3WIIMOHHBIMU HAa3BIBAIOT MaTE€pPHUabl, COCTOSINE U3 IBYX WIH 00jee KOMIIOHECHTOB
win a3, a MoJI 3Ty KIACCUPUKAIUIO MTOAXOISIT, HAIPUMED, U3BECTHBIC JPEBHUM ITH-
BUJIM3AIASIM CaMaHHBIC KHPITAY, JCJIABIIHECS W3 apMHUPOBAHHOW COJIOMOM TJIMHBI.
beron Taxke MOIXOMUT TMOJ ATO OMpPEACIICHHUE, MOCKOIbKY OH COCTOMT M3 CMECH
KaMHEH, CKpEeTUIEHHBIX IIleMeHTOM. KpoMe Toro BeTpeuaroTcsi KOMITIO3UTHI B B TIPUPO-
7€, KaK, HallpuMep, KOCTH, PAKOBUHBI MAJTFOCKOB WJIU IPEBECHHA.

B mocnennee Bpemsi mpoUCXOaUT OBICTPBIN POCT MPOU3BOACTBA MCKYCCTBEH-
HBIX KOMIIO3UTOB Ha OCHOBE BBICOKOIPOYHBIX BOJIOKOH W Pa3IUYHBIX MOJMMEPHBIX
matpuil. CoriiacHO MPOTHO3aM, TPOU3BOJICTBO KOMITO3UIIMOHHBIX MaTepHUAIOB OyaeT
BO3pacTaTh U jajiee, MpuieM OyJeT YBEIUYUBATHCS OTHOCUTENbHAS JOJS KOMITO3H-
TOB Ha OCHOBE METAJUIOB U KEPAMHUKH.

bonwmoli nHTEpEC K KOMIO3UITMOHHBIM MaTepuaiamM OOBSCHAETCS 3ameda-
TEIBHBIM KOMIUIEKCOM HMX KOHCTPYKIIMOHHBIX CBOWCTB. I B camMoM jene, ucTopus
MaTepHAIOBEICHUS HE 3HACT MOJAO0HOTO MPUMepa MOBHIIICHUS MPOYHOCTH B 2 pasa,
MOJIyJIsl YIPYTOCTH U TIpejiesia BRBIHOCIUBOCTH B 3 pasa (10 CpaBHEHHUIO C HEAPMHUPO-
BaHHBIMU MaTepHaJIaMH), a TaK)KE MCKIIFOUYUTEIHLHO OOJIBIIION BO3MOKHOCTH CHHKE-
HUS MaTePUAJIOEMKOCTH KOHCTPYKIIUH MPU OJHOBPEMEHHOM TOBBIIIEHUN HX MPOY-
HOCTH, KECTKOCTHU U YBEIIMYEHUHU BECOBOM 2(P(HEKTUBHOCTH.

Pa3paboTka KOMITO3UIITMOHHBIX MaTEpUajoB TPeOyeT 3HAKOMCTBA C HECKOJb-
KUMH CMEKHBIMU Haykamu. Hampumep, s co3gaHusi KOPPO3HOHHO-CTOUKOTO KOM-
MO3UIIMOHHOTO MaTepuaia HyKHO 3HAaHHE XUMUU U MaTepuanoBenenus. [Ipoektupo-

BaHHUC HCCYHIUX KOHCprKI_[I/Iﬁ H3 KOMIIO3HUTa Tp€6y€T TAKIKC MHKCHCPHBIX 3HAHUM.



[ToaTomy 11st manmpHelIel pa3padoTKU KOMIIO3UTOB M 3P(HEKTUBHOTO MPOESKTUPOBa-
HUSL U3ACJIUNA U3 HUX HEOOXO0JIMMO, YTOOBI CIIEIUATNCTHI pa30upaInuch BO BCEX Nepe-
YHUCJICHHBIX 001acTsIX 3HAaHUMH.

Kypc "CtpykTypa U cBOMCTBa KOMIO3UIIMOHHBIX MaTepUaloB" YUTAETCS IS
CTYJCHTOB B paMKaX CHCTEMbl MaruCTEpCKOM MOATOTOBKU HAPaBJIEHUS MOATOTOBKU
15.04.01 MammHocTpoenue; npoduio NoAroTOBKH: MallHbl U TEXHOJOTUU KOM-
MO3UIIMOHHBIX U QYHKIIMOHATHHBIX MAaTEPHAIIOB.

OH paccmaTpuBaeT COBpeMEHHbIC (PU3NUYECKHUE MPEICTABICHUS O B3aUMOCBS3U
CTPYKTYpPBI U CBOMCTB IPOMBIIIEHHBIX MAaTEpUaJIOB, CIIOCOOBI YIPABIEHUS MPOLEC-
caMU WX CTPYKTYpOoOOpa3oBaHUs JUIsl TIOJYyYEeHUs 33JJaHHBIX CBOMCTB, BOMPOCHI pa3-
pabOTKU ¥ IPUMEHEHHSI BBICOKOI(P(EKTUBHBIX KOHCTPYKIIMOHHBIX U KOMIO3UIIMOH-
HBbIX MaTepUaIOB Pa3IMYHOr0 Ha3HaueHus. OCHOBHOE BHHUMAHUE YJIEISIETCSl aHAIU3Y
bu3MUeCKMX MEXaHU3MOB CO3JaHUS U YNPOYHEHHS KOHCTPYKIMOHHBIX M KOMIIO3H-
UOHHBIX MAaTEPUAJIOB, POJIA 1€(PEKTOB CTPOCHUS B (POPMUPOBAHUM 33JAHHOTO YPOB-
HSI IPOYHOCTHBIX CBOMCTB MHYKEHEPHBIX MATEPHUAJIOB JUIsl PA3IUYHBIX YCIOBUU TEM-
nepaTypHO-BPEMEHHOTO U CUJIOBOTO HATrPY>KEHUSI.

JlaHHbIE METOJIMYECKHE YKa3aHUsl JOJKHBI HCIOJIb30BaThCS MPU OCBOCHHUU
pa3ziesioB AUCUUILIMHBI, BBIHECEHHBIX Ha CEMUHAPCKUE 3aHATHUS, COOTBETCTBYIOLIUE
pazzienbl KOTOPBIX YKa3aHbl B paboyeil mporpaMme.

Ha cemunapckux 3aHATHSIX CTYJICHT OCBAMBAET CIEAYIOLINE PA3IEIIbl.

1. JlucniepcHO-yNPOYHEHHbIE KOMITO3UIIMOHHBIE MaTepHUAaIIbI

2. KoMIo3u1nmoHHbIe MaTepUaibl, YIIPOUHEHHBIE YaCTUIIAMU

4. BOJIOKHUCTBIE KOMITO3UIIMOHHBIE MAaTepHUabl C METATTIMYECKON MaTpHUlIeH

5. Bonokaucteie KM ¢ HeMETaIM4eCKON MaTpuLen

6. Ciouctble KOMIO3UIIMOHHBIE MATEPHUAIIBI.

TeMbl CEeMUHAPCKUX 3aHATUN:
1. HucnepcHo-ynpounennsie KM: cocrtaB, cTpykTypa, CBOICTBA U 00JIaCTh

IMPUMCHCHHMU.



2. KM, ynpoYHEHHBIX YaCTHUIIAMH: COCTaB, CTPYKTypa, CBOWCTBAa W 00JIaCTh
PUMEHEHUSI.

3. BosOKHHCTBIE KOMITO3MIIMOHHBIE MAaTEPHAIIBI. COCTaB, CTPYKTypa, CBOHCTBA
U 00JaCTh MPUMECHECHHUS.

4. CroucTple KOMITO3UIIMOHHBIE MaTepHallbl: COCTaB, CTPYKTypa, CBOMCTBA U

00JaCTh NPUMEHEHMUS.

[TonroToBka copepkaHusi KOHCIEKTa U M3YYEHHUE YKa3aHHBIX TE€M BEIETCS C
MOMOIIBI0 M3YUYEHHS] M aHAIW3a MPEAJIOKEHHOUW HUXKE JIUTEPATypbl U BBIPAOOTKU
3HaHUW, YMEHUN U HABBIKOB 10 JAHHOW JTUCIUIUINHE.

Ha ceMuHapckux 3aHSATHSX CTYJICHTHI JEJIAIOT JOKJAIbl MO BHIOPAHHBIM MU

TEMaM U IPOXOAUT OOCYk JIECHUE PACCMATPUBAEMOI'0 MaTepHaa.

[Ipaktrnueckas padorta

HpOCKTI/IpOBaHI/Ie CTPYKTYPBI 1 CBOICTB KOMITO3UMIITHOHHBIX

MaTCpUuaJIOB C AMCKPCTHBIMU BOJIOKHaAMH

enp paboOTHI: M3YyUUTh METO]I BbIOOpAa Marepuaia KOMIIOHEHTOB, PELENTYpPHhI, pac-
YETHBIC 3aBUCUMOCTH KOMITO3UIIMOHHOTO MaTepuajia Ha MPUMEpPEe KOMIIO3UTA C Xao-

THYHO OPUCHTHUPOBAHHBIMHA JUCKPCTHBIMH BOJIOKHAMMU.

1. O0mue noJI0:KeHNs U MOPSIIOK BHINOJHEHUS] PACYETHOH PadoThI

CryneHT mojydaeT M BBINOJIHAET OAWUH M3 BAPUAHTOB 3aJaHHOIO IPENOoJaBaTesIeM
3ananusd. 3AJJAHUE: BeiOpaTh MaTepraibl MaTPUIbl U BOJIOKOH ABYXKOMIIOHEHTHO-
ro KOMITO3UTa C XaOTHYHON JTUCKPETHOM apMupytomieil Gpa3oi, 1aTh OLIEHKY YHEPTO-
€MKOCTH M3TOTOBJICHUS BO3MOJKHBIX BapHMaHTOB IPOEKTHPyeMOro marepuana. s
CIIPOEKTHUPOBAHHOTO MATEpPHAJIIA PACCUUTATh IUIOTHOCTb, IPOYHOCTb, YJIEIBHYIO

IMPOYHOCTb U SHCPIrOCMKOCTb H3IOTOBJICHHUA. Z[J'Iﬂ BCCX BAPHAHTOB 3aIlaHI/II>'I HCXO0O-



HBIMU JTaHHBIMH SIBJISIFOTCSI: OHOOCHOE pacTsbkeHue cTepxHs miuuHon L = 0,45
(M), ceuennem S=10"* (m?), maccoit M (kr), cumoii N =__ (H) B HeliTpansHOii
cpene nipu temneparype T ~ 293 K. dakTopsl cpoka ciay>kObl B pacuere HE YyUUThI-
BatoTCs. [[TOTHOCTH MPOEKTUPYEMOTO KOMITO3UTA MOXKET ObITh HIbKe Ha 10% Tpely-

€MOM BEJIUMYHUHBI. UMCIICHHBIC 3HAYCHUS 3a1al0TCA IIPCIIOAaBATCIICM.

2. KpaTtkue cBeeHUs U3 TEOPUH

Pazpabotka uzgenuii U3 KoMno3uuoHHbIX MatepuanioB (KM) cBsizaHa HE TOJBKO C
dbopmooOpazoBaHUEM U TETUIOBOM 00pabOTKOM, HO U ¢ (DOPMUPOBAHHEM €0 CTPYK-
Typbl U GU3UKO-MEXaHUUECKUX XapaKTEPUCTHUK, BHITIOTHAEMBIM Ha CTaUU MPOCKTHU-
poBanusi KM. Takum o6pa3om, coznanue netaneit n3 KM - HarisaHbIii TpuMep BO-
TUTOLIEHUS! TPUEAMHCTBA MaTepuasia, KOHCTPYKIIMM U TEXHOJIOTHH, TIOCKOJIbKY B IPO-
1eccax MPOEKTHUPOBAHUS U M3TOTOBJICHUS MpEycMaTpUBaeTCs U OOECIEeUeHHE OC-
HOBHBIX CBOMCTB MaTepuaia usnenus. HanbGonbmas 3¢pheKTHBHOCTh UCITOIH30BAHUS
KM nocturaercs mpu pelieHruu 3ajiad COKpalleHUsT METAIOEMKOCTH, UCKITIOUCHHS
TETJIOBBIX OTIEpANHii (?HEPro3aTpar), MOBHINICHHUS XapaKTEPUCTHK MPOYHOCTH, JOJI-
TOBEYHOCTH M HAJICKHOCTH (yACIbHON MPOYHOCTH), CHUKEHUS BECa KOHCTPYKIIUI U
MOBBIIICHUSI TEXHOJOTUYECKON MPOU3BOJUTEILHOCTH B COYETAHUU C THUOKOCTHIO U
YHHUBEPCAIBHOCTHIO MeToga KM,

Komnozuyuonnvimu mamepuanamu (COMPOSIite, aHTJI. - CIOKHBINA COCTABICHHBIN 13
Yero-au0o0) sIBISIOTCS UCKYCCTBEHHO CO3JIaHHBIE YEJIOBEKOM MATPUYHbIC MATEPHUAIIHI,
coJepkalme JBa Wik 0ojiee KOMIOHEHTa, reTepoda3Hbie 0 CTPOCHUIO, OJHOPOJ-
HbIE B MAakKpO - U HEOJHOPOJHbIE B MUKPO Mae ImTade, o0Jaaroiue aJIuTHBHBIM
KOMITJIEKCOM (PU3UKO-MEXaHUYECKUX CBOMCTB, OOYCIOBICHHBIM COXpPAaHEHUEM HH/IH-
BUyJIbHOCTH KaXKJIOTO 00pa3yIoero KOMIO3UT KOMIIOHEHTA.

B nmpombinieHHBIX  MacmiTabax — KOMIIO3UTHI  MOJIy4alOT METOJaMH  IOPOIIl-
KOBOHW METAJUTypruu, IEPepadOTKH TTOJIUMEPOB M OJTUTOMEPOB.

CrpykrypHbiMu 35ieMeHTaMu KM sBIISIIOTCS MaTpulia U apMaTypa, pa3MelleHHas B

HernpepbriBHOUN cpene nepBoil. [lo BHyTpeHHel apxurektype (cTpykrype) KM kiac-



cU(UIUPYIOT HA HEMPEPHIBHO apMUPOBAHHBIC (CETKH, TKaHH, (OJIbIH, KTYThl U CH-
CTEMBbl HUTEHW) M JUCKPETHbIE (YACTUIIbI, TUICHKH, KOPOTKHUE BOJOKHA U BOMJIOKH).
Kpome Toro, opueHTanuio apmMaTypbl AEJIAT HA Xa0OTUYHO OPUEHTHPOBAHHYIO U CIIE-
[[MaJIbHO OPUEHTUPOBAHHYIO (AaHU30- U U30TPOIHYI0, OPTOTOHAILHO apMUPOBAHHYIO

U T.IL).

2.1. lIpuHUI KOMOMHUPOBAHUS KOMIIOHEHTOB KOMIIO3MLIMOHHBIX MATEPHAJIOB

Hayunbsle ocHOBBI npoekTupoBanuss KM cocraBisier npyuHIMO KOMOMHUpoBaHus. B
CBOIO OYepeb OH OCHOBAH Ha COBOKYIIHOCTH JBYX IIPUHIIMAIIOB: COYETaHUsS CBOMCTB
U QU3BHKO-XUMHUYECKON, MEXaHUYECKON COBMECTUMOCTH.

[TpuHuMn coueTaHus MOAPA3yMEBAET CIOKEHUE (PU3NYECKUX CBONCTB KOMIIOHEHTOB
aJJIMTUBHBIM 00pa3oM. BTopoll mpuHLUMI JaeT rpaHuilbl BO3MOKHOCTH COYETaHUs
KOMIIOHEHTOB M IOAPA3yMEBAET COXPAHEHHE BCEX OTJIMYMUTENBHBIX Npu3HakoB KM
IIPU €TI0 U3TOTOBJICHUH U SKCILTyaTalUH.

OCHOBHBIMM MAaT€MaTHUYECKUMHU BBIPAKEHUSMH MPUHIUIIOB KOMOMHUPOBAHUS KOM-
noHeHToB B KM sBisttores:

a) 3aBUCUMOCTH  CTPYKTYPHBIX  COOTHOIICHM  KOMIIOHEHTOB. Hanpuwmep,
aHaIUTU4YeCKue BbIpaxkeHus Uit KM, MMeromux mopsel, OTpa)XarlIue CBI3b MEXKIY
KOKYIIUMHCS U HCTUHHBIMHU JOJSMHM BOJIOKOH M MaTPHUIbI, a TAaK)KE BBIPAXKEHHS,
UHTEPIPETUPYIOIINE TUarpaMMbl COCTOSIHUSI KOMIIOHEHTOB M 3aKOHBI TU(Py31u;

0) 3aBUCUMOCTH KOHIIEHTPAallMOHHBIX COOTHOIIEHHH KOMMOHEHTOB. Hampumep,
BBIDQ)KCHUE, YCTAHABIUBAIOUIUME CBA3b MEXAY IPOYHOCTHBIMH U  YIPYyIH-

MU XapaKTepUCTUKaMH oAHoHampaBieHHoro KM wdepe3 om0 BOJIOKHA

Omes' p
Ko

B CJIy4ac IIOIICPCHYHOI'O PACTAKCHUA MaTCpHraia:
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moxayJsin FOHra MaTpuiel 1 BOJIOKHA, Oms'p IIPOYHOCTh HEAPMUPOBAHHOI'O MATEpH-
ajia MaTpPULBbI IIPU PACTSKEHUU;
B) 3aBUCHUMOCTHU (pU3NKO-MEXaHUYECKUX COOTHOILIEHUMU MaTepUaioB

KOMIIOHEHTOB. Hampumep, npaBuiio mog60pa Marepyana BOJIOKHA 10 M3BECTHOMY
MaTepHaIy MaTPULBL: Oyymarp.< Oyx.sonokna, II€ Oyxmarp U Oynsonokna = YACIBHBIC IIPOYHO-
CTH MaTpullbl 1 BOJIOKHA,

r) 3aBUCHUMOCTH, OTpaXarouc TEXHOJIOTUYECKHUE IMPOLCCChI CO31aHuA

KOMITIO3UTOB M OKa3bIBAIOIIKWC BIUMAHNUEC HAa UX IIPOCKTUPOBAHUC.

2.2. BeinosiHeHHe MPaBUJI KOMOMHUPOBAHUSA

Cranueit, mpeanecTBYIOMEH YUCICHHOMY MPOSKTUPOBAHUIO U MOJ00PY KOMIIOHEH-
ToB KM, siBiisieTcsi 0030p HAy4YHO-TEXHUYECKOU JTUTEPATYPhl, KOTOPBIN BBHIMOIHIETCS
KaK aHaJIu3 M3BeCTHOro Marepuana B obsactu KM. OnHOBpeMEHHO MPOUCXOIUT Me-
PEBOJI JAHHBIX JTUTEPATYPHBIX, CIPABOYHBIX UCTOYHUKOB U TEXHUUYECKOTO 3aJaHUS B
MarmMaTH4eCcKoe OMHUCAHHUE (MATEeMAaTHYECKYI0 MOJEIb), OTPAXKAIOLIYI0 U3MEHEHUE U
CTPOEHHUE COBOKYITHOCTM HCIIOJIb30BAHHBIX B OINMCAHUM I1apaMETPOB BO BPEMEHH,

MOJIE TEMIIEPATYPhI U CPEBI.

2.2.1. Konkperu3anusi 00beKTOB IPOCKTUPOBAHUA

[IpoextupoBanre KM npoBoAUTCs 1O KpUTEPUSAM (OIPaHUUYEHUSAM) MTOITYYEHHON IpH
CO3/IaHUU COBOKYIHON XapaKTEpUCTUKU YCIOBUN pabOThl u3aenus. Bo-nepseix, 1o
TOTOBBIM YEPTEKAM U NMPOEKTHOW KOHCTPYKTOPCKOM TOKYMEHTALMHA HAa TEXHUYECKUI

00BEKT (aBTOMOOUITB, CAMOJIET U TIP.) OMPECISAIOT TUII KOHKPETHOU JETalld, OLICHH-



Basg ee popmy, Hanpumep: OBOJIOUKA (nmcr, nunusaap, npodpuis); TEJIO BPA-
IIEHUSA (mectepnsi, Ban, kynaudok); BAJIKA (cTepkeHb, maHedb, MOHOJUT), H
yCTaHABJIMBAIOT Ha3HAUYCHUE JIeTalld. BO-BTOpBIX, OMpeAeNstoT rabapuThl U3JEIUS U
CTENEHb Pa3BUTOCTU (HOPMBI (YUCIIO MEPEXO0JI0B, COMPATAEMBIX MOBEPXHOCTEH M UX
Bua). Ha sTom sTame mpoucxoauT mpelBapuTEIbHOE PACCMOTPEHHE U HAa3HAUYCHUE
croco0a ¥ TEXHOJIOTUU TMOJYyUYECHUS WU3JCNHS U3 KOMIO3UTa. B-TpeThux, ycTaHaBiu-
BAIOT CXEMY IJIaBHBIX HAIPSHKEHUM U XapakTep W BUJ MEXAHUYECKOI0 HarpyXeHUs
(UMKIIMYeCKue, CTaTHYeCKUe, JUHAMUYECKUe, 3ruda, Kpy4ueHus); HaXoAsIT KpUTHuie-
ckoe (OIacHOe) CeYeHHEe W TEH30p HanpsbKeHW. B-ueTBepThIX, yCTaHaBIMBAIOT
yCIJIOBUS DKCIUTyaTaluu (TeMIeparypa, cpeaa, TpeOOBaHUS K MOBEPXHOCTU U3ICIUS -
(bakTOpbl pO3UU U KOPPO3UH, CBETOCTOMKOCTH, TpeHHs). Ha kaxqom stame mosy-
YeHHBIC JAHHBIE MATEeMATHUECKH (POPMAIU3YIOTCS, YTO MPHUBOJMUT K CO3/IaHUIO 00-
1Ied MaTeMaTU4eCKOW MoJes KoMIio3uTta. B Havane npoextupoBanuss KM mexanu-
YEeCKHe CBOMCTBAa MaTepuaia MojaratoT M30TponHbIMU. KpuTepuu npoyHOCTH jIst
OIICHKU PabOTOCTIOCOOHOCTH KOHCTPYKITMI paccMoTpeHbl B Kypce "CompoTuBiieHHe

MarepuasnoB'.

2.2.2. Orpann4yeHus NPU NPOCKTHPOBAHNM KOMIIO3UTOB

[IpoektnpoBanne KM orpaHn4eHO KOHCTPYKTOPCKOM M TEXHOJOTMYECKOM BO3MOXK-
HOCTsIMU. [loJT KOHCTPYKTOPCKOW BO3MOXKHOCTHIO MOHUMAIOT CIIOCOOHOCTH JaHHOM
dbopMBI J1eTalu, CTPYKTYPhl U COBOKYITHOCTH BBIOPAHHBIX KOMIIOHEHTOB YAOBJIETBO-
psaTh TpeboBanusM k uznenuio (T3). [lox TexHOMOrHMYeckoi BO3MOKHOCTBIO MOHU-
MAIOT HAJIMYME TEXHUKUA U TEXHOJIOTHH, MO3BOJISIOIIUX MOJYYUTh CIPOCKTUPOBAH-
HBbIM MaTtepuai. Bece 3To oTpaxkaercst B MPOEKTUPOBAHUN HOBBIX KOMIIO3UTOB.
INPUMEP

JlaHO: 0JTHOOCHOE pacTshKeHHE cTepxHs mMaccod M = 0,1 kr, nounoi L = 0,45 m, ce-
uenuem S = 10 M2, cunoii N = 80 kH, npu temneparype 570 K. Onpenenum pacuer-

HYIO TUIOTHOCTH npoektupyemoro KM no gopmyiie:



ma _M_M_ 01 s

V SL 04510
OmnpenenuM HWXKHEE 3HAYEHHWE PACUYETHOM IUIOTHOCTH IpoektupyeMoro KM mis

nopucroctu 9%:

max
ym =y V9o = 2022k2/ 1
100%
OHpe,ZIeJII/IM PaCUCTHOC HAIIPAKCHUC PACTAKCHUSA B CTCPIKHC!
N 80000

[o"] S = 10° =80108£2:8OOMHa
M

OnpenenuM BepxXHEE M HW)KHEE 3HAYEHUE YAECNbHOM NPOYHOCTH MPOEKTHUPYEMOTrO

KM:
min O-p _ 800

o = =——=0,360Mcl ke
Yo M 9992 A
mx o° 800
O'y() = 7min = M = O,396Mﬂ3fC/K2

Takum oOpa3omM, MIIOTHOCTH npoekTupyemMoro KM nomkHa HaXOaUThCA B TUAIa30He

ot 2022 nmo 2222 xr/m3, a ymenbHas IMPOYHOCTH - B auanazone ot 0,360 no 0,396

MJIx/Kr.

2.3. Ctagnu NpoeKTHPOBAHUS KOMIIO3UTOB

Ilon maBieHHEM TEXHUKO-D)KOHOMHMYECKMX IPHUYMH, TJIABHASA U3 KOTOPBIX pacIIApe-
HUE ChIPhEBOM 0a3bl MATMHOCTPOEHUS, OCYIIECTBIIAIOT MPOEKTUPOBAHUE HOBBIX Ma-
TepuasioB, 6oabieil yacteio KM. IlpoektupoBanne KM ocymiecTBisitoT nocieaoBa-

TCJIbHBIM BBIIIOJIHCHHUCM CJICAYIOIIHUX CTElI[PIfI.

2.3.1. Be10op, pazpa0doTka CTPYKTYPbI U pelenTypbl MaTepuaJjia



IlepBas cragus npoektupoBanuss KM B Hauaje CBOEro BBIINOJIHEHHUS MOJPa3yMEBAET
OpPUEHTHUPOBOYHBII BHIOOP METOJA MOJYYEHUS! KOMIO3UTa 0€3 KOHKPETU3ALHUU TeX-
HOJIOTHYECKHUX MapamMeTpoB. B mepByro odeper OpueHTUPOBOUYHO BBIOUPAIOT CIOCO0
dbopmoobOpazoBanusi komrosurta. Ero jerko ompenenuTh, TaK Kak KaKIbI CIOCOO
OrpaHUYEH B CBOMX BO3MOXKHOCTAX (POpPMOIL, pa3mepamMu, TOUHOCTBIO (IOIyCKaMu) U
Ka4eCTBOM I0JIy4aeMOUW MOBEpXHOCTU. Kpome TOro, AEHMCTBYIOMIHMM TEXHOJIOTHYE-
CKUIl KpUTEpUil Cy’KaeT 00J1acTh BbIOOpa KOMIIOHEHTOB KOMIIO3MTa, OCOOCHHO MarT-
PULBL, TIO TUTACTUYECKUM cBOKcTBaM. [IponcxonuT Ha3HaueHUE TeMIIEpaTypHOIO UH-
TepBaia GopmooOpazoBanud. [lockonbKy KaxaoMmy BuIy (popmooOpa3zoBaHus TMpH-
cyma cBosl cnenu@uka aHU30TPONUU CBOMCTB, HANpPUMEpP OPHUEHTAIIMH BOJOKOH,
OCYIIECTBIISIETCSI BBIOOP CTPYKTYpbl KoMIo3uTa. [[j1si Bcex BapuaHTOB 3a/laHusl CIIO-
co00oM (OopMOBaHUS CTEPKHS SBISETCA TOpsiUee IKCTPYAUPOBAHUE. DHEPTreTUUECKUE
3aTparhl npu 3kcTpy3uu KM ¢ metamnnueckoit Mmarpuueit B 1,5 ¢ 1,7 paza Oomblie,

gem y KM ¢ monumepro# matpurieit u cocrapiset 2 MJxk/Kr.

2.3.2. Bei0op maTtpuuHoro marepuana KM

3/1ech KOHCTPYKIMOHHBIE TPEOOBAaHUS CO3AAIOT OTPAaHUYEHUS, KOTOPhIE paccMaTpu-
BAIOTCS B MOCJIEIOBATEIBHOCTH;

® OrpaHUYEHUS M0 MJIOTHOCTH U3IENuUs (Beca KOHCTPYKIIHH);

® OrPaHUYEHUS MO YJEJIbHBIM IIPOYHOCTHBIM U YIIPYTUM XapAKTEPUCTHUKAM;

® OrpaHUYEHUS MO MPOYHOCTH, KECTKOCTH U JOJITOBEYHOCTH;

® OrpaHUYEHUs 110 MOBEPXHOCTHBIM CBOMCTBAM W3/CIIHS;

® OrpaHUYEHUS MO BPEMEHU IKCIUTyaTalluy U3AEIus;

e orpaHuueHus no padouel TemnepaType U3JIeNnus;

® OrpaHUYEHUs 110 CTOUMOCTH.

PacueTHbiM 00pa3om onpenenstoT MaTepuail MaTpullbl U albTepPHATUBHbIC BAPUAHTHI,
IPOBOJAT MEPBYI0 KOHKPETU3ALUIO CIIO0cO0a MOJyYEeHUs U3/AETUs U OPUEHTUPOBOY-

HBIM SKOHOMHUYECKHI pacueT. BriOupatoT Haubosiee npueMiieMble BapUaHThl MaTepH-



ajla MaTpULbl U TEXHOJIOTWI. B Hacrosiee BpeMs CHEUaIMCThl MaT€pUAIOBEIbl U
KOHCTpYKTOphl KM mpu noucke mMaTepuaioB UCHOJIb3YIOT CIIPaBOYHbIE HH(POPMAIIH-
onnble cucteMbl OBM u INTERNET. B nacrosmeil padore ucnoyib3yroTcsi JaHHbIE
IPUBEACHHBIE B CIIPABOYHBIX TaOnMIax. AJITOPUTM TOHUCKA, MPUBEAECHHBIN BBIIIIE,
MOKET OBITh OTIOJIHEH APYTMMH OrpaHuueHusMH. B xoje BrIOOpa MaTpuyHOro ma-
TepHajia BO3MOKHBI JIBa CITy4as:

1. u3BecTHBIE MaTepUaibl 0€3 ApMUPOBAHUS HE OTBEUYAIOT KOHCTPYKIIMOHHBIM KpHUTe-
pusiM. 371eCh IPOUCXOAUT MEPEXO0]T K KOMIIO3UTY;

2. U3BECTHBIE MaTepuasbl JJs MaTpHll YAOBIETBOPSIOT TpeOOBaHUAM H
KOHCTPYKIIMOHHOW M TEXHOJOTHYECKOM BO3MOXKHOCTH. B  maHHOM ciyuae
npoektupoBanue KM He mpepbIBaioT, a paccCMaTpUBAIOT BApUAHTHI MEHEE MPOYHBIX
(ckecTkMX) W OoJiee MENeBbIX MaTpUUYHBIX MaTepuanoB. Hampumep, eciau Oblia BBI-
OpaHa Marpulla M3 IUIACTHYECKOM MAacChl, TO MOSBISETCS BO3MOXKHOCTh BBECTU
HAIOJIHUTENHU (MeJ, OyMa)KHbI€ OTXOJbI U T.II.), YTO CKa3bIBAETCS MOJOKUTEIBHO Ha
cedbecronMocTu u3aenud. llpuMeHeHue neneBblX apMHUPYIOLIUX JIEMEHTOB (CTallb-
HOM MPOBOJIOKH, CTEKJISIHHBIX HUTEH, BOJIOKOH M TKaHEl) B KOMIIO3UTE — aHaJlore
MaTPUYHOI'O MaTepuaia B JAaHHOM CJIy4yae JOCTaTOYHOE YCIIOBHUE JUISl BBINOJ-

HEHUs1 TPeOOBaHUI 110 KOHCTPYKTOPCKUM U TEXHOJIOTUYECKUM OTPAHUYCHUSM.

NNPUMEP
[Ipu BbIOOpEe MaTpuyHoro marepuasia KM mo TakoMy mapameTpy, Kak IUIOTHOCTb

YUYUTBIBAIOT aJANTUBHOC IIPABUJIO:

=y +y,1-Vy)



rae v, Ym u yf - wiotHoct KM, BonmokHa u maTpuiisl, Vi- 00beMHas 10JI BOJIOKHA.
Mo>kHO BBIOpaATh TSKEIYI0 MATPUILY U JIETKHE BOJIOKHA, MOKHO - HA00OPOT | TMOITy-
YUTh TpeOyeMblii KOMIIO3UT.

BriOupaem u3 Ttabn. 1 1Ba Hambojiee ONM3KUX MO IIOTHOCTH MaTepuaa:
®ropomnact @ y = 2150 kr/m® u anmromuanessii cia AK - 4 y= 2750 kr/m3. Duep-
reTUYECKUe 3aTpaThl HA U3TOTOBJICHHUE MPUMEPHO OJIMHAKOBKI. Pabodas Temmeparypa
@ cocraBisiet 560 K, a AK-4 600 K, yto 01m3k0 k 3HaueHusIM 13.

PaccuuThiBaeM UX yAeNbHYIO IPOYHOCTD, MOJCTABIISAS YUCICHHBIC 3HAUCHUS MTOTyYa-
eM: oak4 = 0,177 MIx/kr; co= 0,016 MIx/kr. PacuetHas yjaenbHasi MPOYHOCTH
BBIOpAaHHBIX MaTEPHAJIOB HIKE TpeOyeMoro 3HaueHus. Bo3HHKaeT He0OXOAUMOCTh B

apMUPOBAHUH MATPULIBI.

Tabmumna 1
CBolicTBa MATPUYHBIX KOMIIOHEHTOB KOMIIO3MIIMOHHBIX MATEPHAJIOB

Marepuan [Tnotaocts, |IIpounocts, |PabGouas Temrie-|YnenbHbIE SHEPTETH-

v kr/m3 o Mlla parypa YyecKHe 3aTpaThl Ha
T, °C U3TOTOBJICHUE MaTe-
puana, kJ[>K/kr

All-1 2700 410 660 180

AK-4 2650 430 600 200

AJl-1 2750 470 560 210

B-95 2800 600 470 300

IITH3-1 (Ti) 4700 1650 500 250

bepunnuii 1300 1360 500 240

HIT-2 (Ni) 8900 450 1100 540

XH70HO 7800 750 1400 600

[Momuctupon 950 40 300 160

5110 1160 35 370 180

dennnon 1350 120 400 200

[Tommytunen {1050 35 320 220

dTopormmact O (2150 35 560 120

CI190-3 (Fe-C) | 7800 700 400 300




2.3.3. Boi0op apmupywomero matepuana KM

[TepBbIM HCTIONB3YETCSl OTPAHUYEHUE 10 TUITY apMHUPYIOIIETO AJieMeHTa (HerpephiB-
HbIC BOJIOKHA, TJICHKH, TKaHU U T.1.) OHU NPOAMKTOBAaHBI POPMOM, reoMeTpUeh u3-
JEIUsl U CXEMOHN HAaNpsHKEHHOTO COCTOSHMS. YMCIIO allbTepHATUBHBIX BApUAHTOB
YMEHBIIIACT MPABUIO: OPUEHTAIMS CTPYKTYPHBIX AJieMeHTOB apMmaTypbl KM (cxema
apMUPOBAHUS) JI0JKHA CTPOTO COOTBETCTBOBAThH HAIPABICHUSM CHII (CXEM€) BHEUI-
HEr0 MEXaHWYECKOTo HarpyxeHus. [IpakTUdeckuil OnbIT MOKA3bIBAET, YTO KPYIHO-
rabapuTHbIC W3JAENHS, UCKIIOYas JJIMHHOMEPHBIC, TUIA HEMOJOTUX 000JI0YEK, KOp-
IIyCOB, COCYJI0B, HHEPLIMOHHBIX HAKOIUTEIEH NPUHATO U3TOTABIUBATH U3 HENIPEPHIB-
HBIX BOJIOKOH YKJIAJIKOW WJIM HAMOTKOU JIEHT, HUTEU, TKAHEH, KI'yTOB. {715 mTOBBIIIE-
HUS )KECTKOCTH TaKHe U3JENHsI KOMOMHUPYIOT CO CTePKHSAMU U Kapkacamu. U3nenus
MaJibIX T€OMETPUUECKUX pa3MEpOB THNA TeJl BPALICHUS U MOHOJIUTOB MPUHATO ap-
MHUPOBATh TUCKPETHBIMU BOJIOKHAMHU, (POJIbTaMHU, TIICHKAMH.
JlanpHelunii BEIOOp apMaTyphbl OTPAaHUYEH:

1) pabouyum TeMIepaTypHBIM HHTEPBAIOM JKCILIyaTalluy U3CINi;

2)  TEepMOJMHAMUYECKOW U TEPMOKHHETHYECCKONW COBMECTUMOCTBIO KOMIIO-
HEHTOB, TUTIOM MEXKKOMITOHEHTHOH CcBsi3u. OrpaHudeHus 1o rerepodasHocTu
Y HAJIMYUE KaK MUHUMYMa MEXaHUYECKOU CBSI3M U MAKCUMYMa, KaK MPOSBJICHUE CUJT
CMayuBaHUs WIH c1ab0l pacTBOPUMOCTH KOMIIOHEHTOB B 33JITaHHOM TEMIIEPAaTypPHOM
WHTEpBAJIEC AIKCIUTyatanuu W u3rotoBieHuss KM, mo3BosisieT BoIOpaTh XUMUYECKUN
COCTaB apMaTypbl, KOHKPETU3UPOBATh JAHHBIE O TEMIEPATYPE U MPOIAOJLKUTEIBHO-
CTH Omepaluii, CBSI3aHHBIX C HArPEBOM, UJIM Topsiueil 00pabOTKe NaBICHUEM.
B nacrosmee Bpemsi NPpUHATO MATPUIBl U3 IIACTMACC apPMHUPOBATh CTEKJISTHHBIMH,
OPraHUYECKUMH U YTIIEPOAHBIMH BOJIOKHAMH, MATPHIIbl U3 METAJUIOB U UX CILJIABOB -
KEpaMUYECKUMHU, YIIIEPOJIHBIMUA U METANTMYECKUMHU BOJIOKHAMM.
HNPUMEP
W3 tabn. 2. Beioupaem mns Matpuisl AK-4 kepamuueckue BonokHa u3 Al2Os nuna-

MCTpPpOM 501 MKM, TaK KaK OHH O6JI&I[8.I-0T MUHUMAJIbHBIMH SHCPICTUYCCKUMU 3aTpa-
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TaMH Ha WX W3rOTOBJIEeHHE. (s MaTpuibl U3 ¢GToporiacTa - yriaepoaHble BOJIOKHA
BMH nuamerpom 6 MKM;

3)  yaenbHOUM MPOYHOCTHIO. Eciu ynenbHas NpOYHOCTh BOJIOKOH HIKE
yAEIbHOW NPOYHOCTU MaTpulibl, Torja ynpounenuss KM He HacTynaer. 3nech nepe-
XOJAT K IPYTrOMYy BOJIOKHY WJIM MaTPUYHOMY MAaTE€pUAILY C IMMOAXOIAIINMU XapaKTe-
PUCTHKAaMH YAEIbHOM IPOYHOCTH. KpoMe TOro, y4uThIBatOT TN apMaTyphl U BO3-
MO>KHOCTB TIepepadOTKU apMUPYIOIINX 0Ty (HhaOpHKaTOB HEMOCPEICTBEHHO B
YOPOYHSIONYIO (ha3y U aHATU3UPYIOT MOBEACHUE apMaTypbl B Ipoliecce popmMoBa-
HUS.

IMPUMEP
[IpoBeprM BBIMOJHEHUE YCIOBUS YIEIbHOW MpovHOCTU. JJisi mMaTpuibl U3 QTopo-

macta u BoJiokoH BMH:

1470
=0,016 < =——=0,865M/rc/
oy O g 1700 1o | ke

4140
O k1= 0,170 < GALZO3 = %

YcnoBue yAenpHOU TPOYHOCTH BBITIOTHAETCS.

INPUMEP

=1,045M/]oc [ ke

OnpenenuM KpUTHYECKYIO JUIMHY BOJIOKHA. KpuTnueckas AJIMHa BOJIOKHA - 3TO JUIH-
Ha, IPU KOTOPOM HACTYIAET yIPOUYHEHHE NPU BBEACHUM apMaTypbl B Marpuily. B To
’Ke BpeMsl 3TO MMHHUMaJbHas JJIMHA BOJIOKHA, B KOTOPYIO JOMyCKaeTcs nepepadboTka

HCXOJHOTO ChIpbiA apMaTypbl, HAIIPUMCD HCHpCpBIBHOfI HutH. OHa PaCCUHUTBIBACTCA

o gopmyie:
d f Gef
v 2r

op

rne L - KpuTHYeckas JUIMHA JUCKPETHOTO BOJIOKHA; Of -ITUamMeTp BOJIOKHA; Osf -
IIPOYHOCTH IIPU PACTSLKEHUU BOJIOKHA; Trp - IPOYHOCTh IPAHULBI "BOJIOKHO - MaTpH-
na". [Ins yxxecrouenus pacuera Ly, mpennonaraeM, 4To paspyiieHlue MaTpHIlbl MPO-

MCXOUT OT CABUIOBBIX HAINPKEHHH, ONPEAECIAIOUIMX IPOYHOCTH TPAHUIIBL:
7, =0,C0S(45°) ; Gumax4=430 MIla, momyuaeM: Trpak4= 304 MIla; Gum@)=35
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MIla, nonydaem Trp@) =25 MIla. [loacraBisds 4MCIEHHbIE 3HAYEHUS, PACCUUTHIBAEM
Lp:
501-3960
Lkp (AlLO;) = ——— =3263mxm
2-304

6-2210 _ 2651111

L, (BMH) =

bonee KOPOTKHC BOJIOKHA ABJIAKOTCA IPCAIIOYTHTCIBHBIMU IIPU H3TOTOBJIICHHH

KOMITO3UTOB METOJIOM TOpsiueit SKCTPY3UH, HO OHU JIOPOTHE.

Tabawnra 2
CBolicTBa apMUPYIOIIMX KOMIIOHEHTOB KOMITO3UIIMOHHBIX MaTePHAJIOB

Marepuan | Quamerp | [lmoTHOCTSB, | [IpOYHOCTB, Pabouas Y nenpHbIE

BOJIOKHA, Y Kr/M° oz MIla | Temneparypa | SJHEPreTHIECKUEC

df MM T,K 3aTparhl Ha U3-

TOTOBJIEHUE Ma-

tepuana W,
kJ>K/KT
KEPAMUWYECKHME BOJIOKHA
127 2410 1300 950
Al;Os 280 3960 3400 1300 950
501 4140 1400 1000
TiC 280 4910 1540 1500 1380
CTAJIBHBIE BOJIOKHA
140 3150 1200
220 3100 1160
Cr. 35 400 7700 3000 600 1140
800 2950 1120
1000 2800 1100
40 3600 1300
09X13H13 90 7800 3400 700 1250
M
120 3000 1220
1170 3100 1180
CTEKJISHHBIE BOJIOKHA

6 1250 600
CB 7 2580 1950 400 590
10 3500 580
20 5000 500

OPI'TAHMYECKHWE BOJIOKHA
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OB 10 1430 2500 420 350
OxcanoH 15 1450 2950 420 400
YI'JIEPOAHBIE BOJIOKHA
6 2210 1146
BMH / 1700 1470 2200 1440
9 1143 1400

2.4. Pa3paboTka penentypbl KOMIIO3UIIMOHHOTO MaTepuaia

ITorck KOHIIEHTpPAMOHHBIX COOTHOIIEHUH (peuentypsl) KM Bo3MOXeH MO ABYyM Ba-
pUaHTaMm:

® C UCIOJb30BaHUEM pacueTa mpoyHocTh KM mo cBoiicTBaM KOMIIOHEHTOB;

e C IPUMEHEHHEM pacyera ynpyrux KoHCTaHT KM mo cBoMcTBaM KOMIIOHEHTOB.
[Touck KOHIEHTpAIMK KOMITIOHEHTOB CBOJMUTCS K MPOBEICHUIO OOpATHBIX BBIUKCIIC-
uuii Ff mo 3aBucHMOCTSIM, CBA3BIBAIONINM aqIUTHBHOE CBOMCTBO KM co cBOMCTBAMH
OTAEIbHBIX KOMIIOHEHTOB YEPE3 UX JI0JIM, KOHUECHTPALMIO apMaTyphbl.

Hanpumep, ypaBHeHue mist onpeneseHus MPOYHOCTA KOMIIO3UTA C HENPEPBIBHBIMU

BOJIOKHaAMH:

667}1

G6KM :G(;fvf +1 V
Vs

VYpaBuenue s pacuera moayisa FOura nuckpernoro KM

L
E = E,(L+V, -n—)-(A-nVy)

Ef
—-1

n= E
rae E; L,
E, d;

rae Ef, Em- Moy KOHra BOJIOKHA M MAaTPHUIIbI.
N3 dopmyn BblpaxaroT KOHIIEHTPALUIO BOJIOKOH, IOJICTABIJISIIOT YHUCJICHHBIE 3HA-
YEHUs, TEM CaMbIM ONIpeNeIsitoT peuentypy KM.

HNPUMEP

HpO‘-IHOCTB KOMIIO3UTa apMUPOBAHHOTO JUCKPCTHBIMH BOJIOKHAMU C YUYCTOM KOHIIC-
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BBIX 3((EKTOB apMaTypbl OLIECHUBACTCS BBIPAKEHUEM :

TZ
oxm=(L,, d—p)vf +o,, (1-V,) (A).

f

HaiineM u3 Hero KoHIIEHTpaluo BoJIOKOH Vr. [Tomydaem:

O — O
Vf — 6 KM em
L, 7, o (b).
d
HO,Z[CTaBJ'IHH YUCJICHHBIC 3HAUCHMNA, nonyqaeM:
800 — 430
V, (AlL,O,) = 3263.304 =0,21(0015)
209U 430
501
V, (BMH) = 800-3% _ 0,71(00.15)
265- 25
e P

B Hekorophix ciaydasx perrenus Gopmynsl (b), Hanpumep, npu L/ df < 1 u yuere
MOPUCTOCTH 3HAUeHUsT V¢ MosydaroTcs OOJbIIEe €MHULIBI, KpoMme Toro, V¢ orpaHu-
YeHa BO3MOXXHOCTSMH METOJOB cMelmMBaHusi U (opmooOpa3oBaHus. Tak KOH-
LEHTpalus, BO3MOXKHAs MPU IKCTPY3UH MEXAHUUECKON cMmecH, He npeBbimaet 0,7. B
TaKHX CIIydasx U3MEHSIOT Wiu L« wian df mpuaumast Vi paBHOH 3HadeHHsIM T3 win
TEXHOJIOTMH, a TaKX€ YUYUTHIBAIOT OrPAHUYEHUSI AMaMeTpa M JUIMHBI BOJIOKOH,
Hanpumep, df orpaHMYCHA TOJIIMHON SKCTPYAUPYyEeMOro u3ienus. Jluamerp BOJIOK-
Ha 0f mommkeH ObITh B 100 pa3 MeHbIIIe TuamMeTpa SKCTPYIUPyeMoro cTepkas. Kpome
toro, npumenenne Vs < 0,05 B KM 3KOHOMHYECKH M TEXHOJIOTHYECKH HEIPHEKTUB-
HO, M1 OOBEMHas 10J1s1 apMaTyphl He npeBsbimaeT 0,75.

JUIs 3THX CiydaeB IejecooOpa3Ho BbIpasuTh w3 Gopmyibl (A) L B MPOIOIIKHUTH
pacueTt KoHLeHTpaluu Vi HOBOM KpuTuueckou aiauHou BosokHa. [IPUMEP
[Ipunumaem nns KM ®+BMH pemenue u3menuTs L Mpu coxpaHeHHUH Bcex

OCTaJbHBIX MapaMeTpoB U KoHueHnTpamuu Vi= 0,21:
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— +o_V.)d — . .
L, ayrry = L7 0wV A0 ([BO01=35+35-020):6 _gg,
7V, 250,21

[IpoBoMM yTOYHEHHE BBIOOpAa KOMIIOHEHTOB U PELENTYPhI MPOEKTUPYEMBIX

KM 1o ynenbHbIM 3HEpreTHYeCKUM 3aTpaTaM Ha M3TOTOBJICHHE MAaTepUaliOB UX 00-
pa3yIoluX.
PaccunThiBaem oO1ME YIHEPTETUIECKUE 3aTPATHI:

WKM :vaf +Wm (1_Vf)

rac Wn 1 Wr - YACIIBHBIC SQHCPI'CTUYUICCKUC 3aTPaThbl HA U3IrOTOBJICHUC MATPUYIHOI'O U
BOJIOKOHHOT'O KOMIIOHCHTOB, (CM. CIIpaBOYHBIC Tabn. 1 m 2) HOI[CT&BJIHSI YU CJICHHBIC

3HAYCHUI, ITOJTy4YacM.

W, (4K _+ Al,0,) =1000-0,21+200(L - 0,21) = 368x/Jorc | kI"
W._ (& + BMH) =1460-0,21+120(1—0,21) = 401x/Jorc | kI”

2.5. Pazpa0doTka pailMOHAJbHON KOHCTPYKIIUU M3/1eJIMs U3 KOMIIO3UTA

OTa cTaaus NpOU3BOJUTCS C LIENIbI0 yuyeTa TpeOoBaHUM K (GopMe IeTanu, BOSHUKIINX
Ha 3Tane MpOEeKTUPOBAHUSA CTPYKTYpPhI, CBOUCTB U coctaBa KM. B cimyuae, ecin 3a-
MEHSIETCA YCTAapeBIIMKA MaTepuajia Ha KOMIIO3UT C JyYIIUMU XapaKTepUCTUKAMH, B
YepTeX BBOAST TpeOyeMble M3MEHEHUS, HAIPUMEP COMNPSHKEHUS] U KOHYCHOCTD ISt
TEXHOJOTUYHOCTH (HOPMOOOpPA30BaHUS MPECCOBAHUEM; MTPUITYCKH HA MEXAHUYECKYIO
00paboTKy U paguyca KpOMOK MPH JIMTHEBOM CIOCO0E; B YEPTEK MPOCTABIISIIOTCS
HOBbIe 0a30Bble MoBepXHOCTH. Eciau B deprex yxke 3anoxeHn KM, sta cragus yxe

BBITIOJIHCHA.

2.6. YTOouHeHMe CTAAMii NPOCKTHPOBAHUS KOMIIO3MIIMOHHOI0 MaTepHasia
Ha oM sTare npoucxoauT OBTOPHBIN PACYET 110 BCEM YKA3aHHBIM JTaIlaM C
UCII0JIb30BAaHUEM BHOBB IMTOJIYYEHHBIX JaHHBIX U, IJIaBHOE, IPOBEPSETCS COOII0IEHNE

yCJIOBUI U TpeOOBaHMIA, 3aJI0KECHHBIX B TEXHHUYECKOM 3aIaHUH.
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MMPUMEP

OnpenenuM  IOTHOCTE KM [UIsI  Ka)KAOTO TMPOCKTUPYEMOTO BapHaHTa IO
dbopmyiie:

G, =G;Vy +G,(1-V,),

rae G - miotHocTh KM 1 koMmioHeHTOB. [loicTaBuB YrcieHHBIC 3HAUYCHHUS? TTOTyda-

CM:

G, (AK —4+Al,0,) = 3960 -0,21+ 2700 - (1—0,21) = 2965k2/ 1 °

G, (®+BMH)=1700 -0,21+ 2150 - (1-0,21) = 2055kz/ m°

s matepuana KM(AK-4 + A1,03) He BblAEpKUBAETCA OTPAHUYEHHE IO TUIOTHO-
ctu, a i1 O+ BMH) pacueTHas BeMuMHA TJIOTHOCTH BXOJUT B MHTEPBAJ IUIOTHO-
CTH (CM. BBIIIIE).

[IpoBoauM pacyersl yAEIbHBIX SHEPreTUYECKUX 3aTpaT Ha M3TOTOBJIICHUE CTEPXKHS
10 IByM BapuaHTaM NpoektupyeMoro KM, yuuTeiBasi, 4TO SHEPreTUYECKHUE 3aTPaThl
npu 3kctpyaupoBanuu KM ¢ Meranmnnueckumu Matpunamu B 1,5 ... 1,7 pa3a Oosnblie,

yeM ju1s nosimMmepHbix KM. Tlpumensiem dhopmyiny

W(KMO6L(4€€) - WKM + Wakcmpy()upoeaﬂ ue ,

e Wi oomee)- OOIME dHEPreTHYECKUE 3aTpaThl Ha m3roToBieHue aetanu; Wm -
sHepreTnyeckne 3arpaThl KM u3 BBEIOpaHHBIX KOMITOHEHTOB; NOSIICTAHPOJUTHHS -
SHEPreTUYECKHUE 3aTpaThl Mpolecca SKCTpyarupoBaHus. [loacTaBisisa yuciaeHHbIE 3HA-
YEHHUS TTOJTYyYaAeM:

Wkrobwee( AK — 4+ Al,O,) =2000+1,5-368 = 2552« /orc [ ke

Wikkoowee(®@ + BMH) = 2000+ 401 = 2401x/[c | ke

Buano, uyTo o0mue yaenpHbIe SHEPTETHYECKHE 3aTpaThl HAa U3rotoBiaecHne KM ¢ mo-
JUMEPHON MaTpULIEd HIXKE, 4eM y MeTajunyeckoro KM.
PaccuuTeiBaeM yJeiabHbIE MPOYHOCTH JBYX BapuaHtoB KM (dopmyna mpuseneHa

BBIIIIE):
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o(AK -4+ AlL0O,), = % =0,27M/c | ke

o(®+BMH),, = % = 0,39M/{xc [ ke

BbBIBO/{

Pacuer ynenpHOM mpouHOCTHM mokasbiBaeT, uyto misi KM ®+BMH BeimonHsercs
OTpaHUYECHHE MO UHTEpBANLY 13 yHelIbHOU MPOYHOCTH.

Takum 00pa3oM, JJIM W3rOTOBJICHHS CTEPKHS HEOOXOIMMO BBIOpaTh MaTpHUILy U3
dToporutacta, apMatypy Ha yriepOoJIHbIX BOJIOKOH, TMaMETPOM 6 MKM U JJIUHOUN 882

MKM ¢ KoHUeHTpanuen 0,21.

3. TunoBble 3a1aHUA K pacuyeTHOI padore

Ne Macca, kI’ Cuna, xkH Ne Macca, kI’ Cuna, xkH
I 0,10 80 120,13 90
2 0,12 120 13 0,14 120
3 0,36 90 14 0,10 HO
4 0,23 110 15 0,32 75
5 0,34 70 16 0,40 110
6 0,40 56 17 0,37 180
7 0,15 89 18 0,10 190
8 0,31 180 19 0,31 150
9 0,28 130 20 0,29 170
10 0,37 70 21 0,25 110
11 0,11 65 22 0,21 90
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