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BBenenue

B macrosiiiee BpemMsi HHTEHCUBHO BEJIETCSl pa3pabOTKa JIETKUX, BBICOKOMPOY-
HBIX M HEJOPOTMX KOHCTPYKLUMOHHBIX MaTepuanoB. B pe3ynprare MHOrne mMarepua-
Jbl TOCTHUIJIM TIpEnesia CBOMX CBOWMCTB. Kak cieacTBue, ydeHsle, Iepes KOTOPhIMU
CTOMT 3aJaya CYIIECTBEHHOI'O YJIYYILIECHHS CBOMCTB, BBIHYKIEHBI CO3JaBaTh MPHH-
LIUITAAIBHO HOBBIE MATEPHUAJIBI, IPUMEPOM KOTOPBIX SIBIISIOTCS KOMITO3HUTBHI.

B nencTBUTENBHOCTH, KOMIIO3UTBI — HE TAK YK U HOBbIE Marepuaibl. Kommo-
3UIIMOHHBIMU HAa3bIBAIOT MaTepHUaibl, COCTOSIINE U3 JBYX WIH Oojee KOMIIOHEHTOB
win a3, a Moj 3Ty KIACCU(PUKALUIO MOAXOAST, HAIPUMEDP, U3BECTHBIE JPEBHUM IIH-
BWIM3ALIUSIM CaMaHHbIC KHUPIHWY, JEJIAaBUIMECS W3 APMUPOBAHHOM COJIOMOM TJIUHBI.
beToH Takke MOAXOOUT IOJ ATO ONPEAEIEHHUE, MOCKOJIBKY OH COCTOMT M3 CMECH
KaMHEH, CKPEIUIEHHBIX [IeMEeHTOM. KpoMe TOro BCTpedaroTcss KOMITO3UTBI U B IIPUPO-
1€, KaK, HalpuMep, KOCTH, PAKOBUHBI MAJIFOCKOB WJIM JIPEBECUHA.

B nocnennee BpeMst mpOMCXOAUT OBICTPBIN POCT MPOU3BOJICTBA MCKYCCTBEH-
HBIX KOMIIO3UTOB Ha OCHOBE BBICOKOIPOYHBIX BOJIOKOH M Pa3JIMYHBIX ITOJIUMEPHBIX
maTpull. CoriiacHO MpOrHo3am, NPOU3BOACTBO KOMIIO3ULIMOHHBIX MaTepHUanoB OyaeT
BO3pacTaTh U jAajiee, mpuyeM OyAeT yBeIWYUBATHCS OTHOCHUTENbHAS A0S KOMIIO3H-
TOB Ha OCHOBE METAJIOB U KEPAMUKH.

bonpmiold MHTEpeC K KOMMO3UIMOHHBIM Marepuaiam OOBSCHAETCS 3ameda-
TEJIbHBIM KOMIUIEKCOM MX KOHCTPYKIIMOHHBIX CBOWCTB. I B camom paene, ucropus
MaTepHaJIOBEICHUSI HE 3HAET MOJA0OHOT0 NMpUMepa MOBBIIICHHUS POYHOCTH B 2 pasa,
MOJyJsl YOPYTOCTH M IpeJeia BEBIHOCIUMBOCTH B 3 pa3a (110 CPaBHEHHUIO C HEAPMHUPO-
BaHHBIMU MaTepHajiaMH), a TaKKe HCKIIOUUTEIbHO OOJIbIION BO3MOKHOCTH CHUXKE-
HUS MaTE€pUaJIOEMKOCTH KOHCTPYKIMU MPHU OJHOBPEMEHHOM IOBBIIICHUHU HX MPOY-
HOCTH, KECTKOCTH U yBEJINMYEHUH BECOBOM 3(PPEKTUBHOCTH.

Pa3paboTka KOMIO3MIIMOHHBIX MAaTepuajoB TpeOyeT 3HAKOMCTBA C HECKOJb-

KMMHU CMEXHBIMU Haykamu. Hampumep, miist co3gaHusi KOppO3MOHHO-CTOMKOrO KOM-



NO3WLMOHHOTO MaTepHalla HY’)KHO 3HaHWE XUMHUU U MaTepuanosenenus. [Ipoextupo-
BaHHUE HECYIIUX KOHCTPYKIMM M3 KOMIIO3UTa TPEOYeT TaKkKe MHKCHEPHBIX 3HAHUM.
[ToaTOoMy 111 HanibHeHIIel pa3pabOTKU KOMIIO3UTOB U 3P(HEKTUBHOTO MPOESKTUPOBA-
HUS U3JIEIUIA U3 HUX HEOOXOIMMO, YTOOBI CIEMATIUCTBI pa30upaIiuch BO BCEX Mepe-
YUCJICHHBIX 001acTsIX 3HAaHUH.

Kypce "CrpykTypa 1 cBOMCTBA KOMIO3WIMOHHBIX MAaTEPHANOB' YUTAETCS IS
CTYJIEHTOB B PaMKaX CHCTEMbl MaruCTEPCKON MOArOTOBKH HAIIPaBJIEHUS MOJArOTOBKU
15.04.01 MammuHocTpoeHue; npodiro NoAroTOBKH: MalllMHbl U TEXHOJOTUH KOM-
NO3ULUOHHBIX U (YHKIHUOHAIBHBIX MAaTEPHAJIOB.

OH paccMaTpuBaeT COBpeMEHHbIE (PU3NYECKUe MPE/ICTABICHUS O B3aUMOCBSI3U
CTPYKTYpPBI U CBOMCTB IMPOMBIIICHHBIX MAaT€pUaJIOB, CIIOCOOBI YNpPaBIEHUs MPOLieC-
caMH MX CTPYKTypooOpa3oBaHHs JJIsl MOJyYEHHUs 3aJJaHHBIX CBOMCTB, BOIIPOCHI pa3-
pabOTKN U MPUMEHEHUSI BHICOKOA(D(HEKTUBHBIX KOHCTPYKIIMOHHBIX M KOMIIO3UIIMOH-
HBIX MaTe€pUaJIOB Pa3IMYHOrO HazHauyeHHs. OCHOBHOE BHUMAHUE YJIEISIETCSA aHAIU3Y
(Gu3NYeCKuX MEXaHW3MOB CO3/IaHUS M YNPOUYHEHUS KOHCTPYKIMOHHBIX U KOMIIO3H-
[IUOHHBIX MAaTEPHUAJIOB, POJIU J1€(PEKTOB CTPOCHUS B (POPMUPOBAHUH 33]JAHHOTO YPOB-
HSl IPOYHOCTHBIX CBOMCTB MHKEHEPHBIX MATEPHAIIOB Ul PA3JIMYHBIX YCIOBUUA TEM-
[EPATYpPHO-BPEMEHHOIO U CUJIOBOT'O HATPYKEHHUS.

JIaHHBIE METOIMYECKME YKa3aHUS JOJDKHBI HCIIOJIB30BaThCA IIPU OCBOCHUH
pa3ze’aoB JUCUUIUIMHBI, BBIHECEHHBIX HA CEMUHAPCKUE 3aHSATHUS, COOTBETCTBYIOLIUE
pazJienbl KOTOPBIX YKa3aHbl B padoueil mporpaMmme.

Ha cemuHapckux 3aHATHIX CTYJEHT OCBAMBACT CIEAYIOLINE PA3IEIIbl.

1. JlucnepcHO-yNIpOYHEHHBIE KOMITO3UIIMOHHBIE MaTEPHUAIIBI

2. KoMIIo3uIIMOHHBIE MaTEPHUAIbl, YIPOUHEHHBIE YaCTUIIAMU

4. BONOKHUCTBIE KOMIIO3UIIMOHHBIE MATEPUAJIBI C METAJUTMYECKON MaTpUIIeit

5. Bosokuucteie KM ¢ HEMeTAINIMYECKOW MaTpULIEH

6. CioncTble KOMIIO3ULIMOHHBIE MATEPHUAIIBI.

Tembl CEeMUHAPCKUX 3aHITUN:



1. HucnepcHo-ynpounennsie KM: cocrtaB, cTpykTypa, CBOICTBAa U 00JIaCTh
IIPUMEHEHMUS.

2. KM, ynpouHEHHBIX YacTHUIIAMHU: COCTaB, CTPYKTypa, CBOMCTBa U 00JaCTh
IIPUMEHEHHS.

3. BookHHCTBIE KOMITO3UIIMOHHBIE MAaTEPHAJIBI: COCTaB, CTPYKTYpa, CBOMCTBA
1 00JaCTh IPUMEHEHHUS.

4. Cnouctble KOMIIO3UIIMOHHBIE MAaTEpHUAJIbl: COCTaB, CTPYKTypa, CBOMCTBA U

00JaCcTh NPUMEHEHHUS.

[ToaroroBka comepaHus KOHCIIEKTa M M3YYEHHUE YKa3aHHBIX TEM BEAETCS C
MOMOIIIBI0 M3YUCHMS M aHAIW3a MPEAJIOKEHHOW HUXKE JIMTEPATypbl U BBIPAOOTKU
3HAHWM, YMEHHUU U HABBIKOB MO JAHHOW JUCIUILINHE.

Ha cemunapckux 3aHATHSIX CTYJIEHTHI JENAIOT JOKIAIbl IO BEIOPAHHBIM UMU

T€MaM U MPOXOJUT 00CYX IEHUE pacCMAaTPUBAEMOI0 MaTepuaia.

[Ipaktuueckas paborta

IIpoekTrupoBaHue CTPYKTYpbl U CBOMCTB KOMIIO3UIIMOHHBIX

MaTCpUaJIOB C TUCKPCTHBIMH BOJIOKHAMUA

enp paboOTHI: M3YyUUTh METO]I BbIOOpa Marepuaia KOMIIOHEHTOB, PELENTYpPhI, pac-
YETHBIC 3aBUCHUMOCTH KOMITO3ULIMOHHOTO MaTepuajga Ha IpUMeEpPEe KOMIIO3UTA C Xao-

THUYHO OPUCHTUPOBAHHBIMU NUCKPCTHBIMU BOJIOKHAMMU.

1. O0umue M0JI0KeHUS U MOPSA0K BHINOJHEHHUS PACYETHOM PadoThI

CTyeHT MojaydaeT W BBINOJHSET OJAWH U3 BAapUAHTOB 33JaHHOTO IPENOJaBaTeNIEM
3aganus. 3AJIAHUE: BeiOpaTh MaTepuaibl MATPUIIBI U BOJIOKOH JIBYXKOMITOHEHTHO-
ro KOMITO3UTa C XaOTHYHON JTUCKPETHOW apMupytomieit Ga3oit, 1aTh ONEHKY YHEPTO-

€MKOCTH HM3TOTOBJIEHMS BO3MOXKHBIX BapHaHTOB MPOCKTHUPyeMOro marepuana. [ns



CIIPOCKTHUPOBAHHOTO MaTepuajia PacCYUTaTh IUIOTHOCTh, MPOYHOCTH, YACIBHYIO
IPOYHOCTh U DHEPrOEMKOCTh M3rOTOBIEHUS. [ BCeX BapUMaHTOB 3aJaHUN HCXOJ-
HBIMU JTAaHHBIMU SIBJISIIOTCS: OJJTHOOCHOE pacTsbkeHue crepxkHs jiuuHout L = 0,45
(M), ceuennem S=10"* (m?), maccoit M (kr), cuioit N = (H) B HelTpanbHOM’
cpene nipu Temneparype T ~ 293 K. dakTopsl cpoka ciay>kKO0bl B pacyeTe HE yUUTHI-
BatoTCs. [IIOTHOCTh MPOEKTUPYEMOTO KOMIIO3UTA MOXKET ObITh HIke Ha 10% Tpely-

€MOM BeJIUMYUHBI. UMCIICHHBIC 3HAYCHUS 3aJal0TCA IIPCIIOAaBaTCIICM.

2. KpaTkue cBe/ieHHsI U3 TeOPUU

Pazpaborka uzgenuii U3 KoMno3uuoHHbIX MatepuainioB (KM) cBsizaHa HE TOJBKO C
(dopMo0OOpa3oBaHUEM U TEIIOBOM 00pabOTKOM, HO U ¢ (OPMUPOBAHUEM €0 CTPYK-
TYpbl U (PU3UKO-MEXAHUUYECKUX XapaKTEPUCTUK, BBHITOIHIEMBIM Ha CTaJUU MPOCKTHU-
poBanusi KM. Takum oGpa3om, co3nanue aeraneil u3 KM - HarysaHbeli npuMep BO-
IUIOLIEHUS TPUEANHCTBA MaTepuaia, KOHCTPYKIIMK U TEXHOJIOIMH, TIOCKOJIBKY B IPO-
[eccax MPOEKTUPOBAHUS M M3TOTOBJIEHUS MpEeaycMaTpuBaeTcs U oOecrnedyeHue oc-
HOBHBIX CBOMCTB MaTepuana uzaenus. Hanbomnpias 3¢(eKTUBHOCTH MCIIOJIb30BAHUS
KM nocturaercs mpu peuieHUd 3a/iad COKPAIeHUs METAUIOEMKOCTH, HUCKIIOUCHHUS
TEIJIOBBIX OMNEpPALM (3HEPro3aTpar), MOBBIIICHUS XapaKTEPUCTHK MPOYHOCTH, AOJI-
TOBEYHOCTH M HAJIEKHOCTH (yAEJIIbHOM MPOYHOCTH), CHUKEHHUSI BECA KOHCTPYKIMHI U
MOBBIIIEHUS TEXHOJOTMYECKOW MPOU3BOJUTEIBHOCTH B COUYETAHUU C THOKOCTBIO U
YHUBEPCATBHOCTHIO MeToga KM,

Komnozuyuonnvimu mamepuanamu (COMPOSIite, aHTJI. - CIOKHBINA COCTaBICHHBIN 13
4ero-1100) SBJISIOTCS UCKYCCTBEHHO CO3/IaHHBIEC YEJIOBEKOM MaTpUUYHbIE MaTEpHAIbI,
coJieprKaliye JBa Uiau Oojiee KOMIIOHEHTa, reTepodasHbie MO CTPOCHUIO, OJHOPOI-
HbI€ B MAaKpO - U HEOJHOPOIHBbIE B MUKPO Mae ITabe, o0iajaromue aJIuTUBHBIM
KOMILJIEKCOM (PU3UKO-MEXAHUYECKUX CBOMCTB, 00YCIOBICHHBIM COXPAHEHUEM HHJIU-
BUAYaJIbHOCTH KaXI0r0 00pa3yromero KOMIO3UT KOMIIOHEHTA.

B npoMmbInuieHHbIX  MacmTabax — KOMIIO3UTHI — MOJIYYalOT —METOJaMU  MOPOIII-

KOBOM METaJUTypruu, NepepadoTKy NOJIUMEPOB U OJUTOMEPOB.



CrpykrypHbiMu 3semeHTaMu KM SBISIOTCA MaTpulla M apMarypa, pa3MEIICHHAs B
HemnpepbsIBHOHN cpene nepBoit. [lo BHyTpeHHel apxurektype (cTpykrype) KM kiac-
cU(UUUPYIOT HA HEMPEPHIBHO apPMUPOBAHHbBIE (CETKH, TKaHHU, (OJIbIH, KIYThl U CH-
CTEMbl HUTEW) U AUCKPETHbIC (YACTHUIIBI, MJIEHKH, KOPOTKHE BOJOKHA M BOMJIOKH).
Kpome Toro, opueHTannio apMaTypbl AT HA XaOTUYHO OPUEHTHUPOBAHHYIO U CIIE-
UAJIbHO OPHUEHTHPOBAHHYIO (aHWU30- U U30TPOIHYI0, OPTOrOHAIIBHO apMHPOBAHHYIO

U T.IL).

2.1. lIpyHIUI KOMOMHMPOBAHUSA KOMIIOHEHTOB KOMIIO3MIIMOHHBIX MaTEePHAJIOB

Hayunbsle ocHOBBI npoekTupoBanusi KM cocrasisier npuHIMI KOMOMHUpoBaHus. B
CBOIO OYepeb OH OCHOBAH Ha COBOKYIIHOCTH JBYX IIPUHIIMIIOB: COUYETaHUS CBOMCTB
U PU3UKO-XUMHUYECKOM, MEXaHUUECKOH COBMECTUMOCTH.

[IpuHUMN coueTaHus: MOAPA3yMEBAET CIOKEHHE (PU3NUECKUX CBOMCTB KOMIIOHEHTOB
aAUTUBHBIM 00pa3oM. BTOpoil MpuHUMIT JaeT I'paHUIbl BO3MOXXHOCTH COYETaHUS
KOMIIOHEHTOB M IMOAPAa3yMEBAET COXPAHEHHUE BCEX OTJIMUMUTENBbHBIX MpU3HakoB KM
IIPY €r0 U3rOTOBJICHUU U DKCILTyaTaluu.

OCHOBHBIMU MAaTEMaTUYECKUMH BBIPAKEHUSMU MPUHIUIOB KOMOMHUPOBAHUS KOM-
noHeHToB B KM sBisttores:

a) 3aBUCUMOCTH  CTPYKTYPHBIX  COOTHOIIEHH  KOMIIOHEHTOB. Hanpuwmep,
aHanuTU4yecKue BbIpaxkeHus st KM, nMeromux mopel, OTPa)XarIlue CBI3b MEXKIY
KOKYIIUMUACS U UCTUHHBIMU JOJISIMA BOJIOKOH W MATPHUIIbl, & TAaKXE BBIPAKCHUA,
UHTEPIPETUPYIOIINE AUATPAMMBI COCTOSIHUSI KOMIIOHEHTOB U 3aKOHBI U dy3uu;

0) 3aBUCUMOCTH KOHIICHTPAlIMOHHBIX COOTHOIIEHHH KOMMOHEHTOB. Hampumep,
BBIP@KCHUE, YCTAHABIUBAIOIIME CBA3b MEXKAY MPOYHOCTHBIMU U YIPYIH-

MU XapakTepUcTUKaMu ofHoHamnpaBieHHoro KM depe3 1oni0 BOJIOKHA

Omeg' p

Oye'p =
o

B CJIy4ac IIOIICPCHYHOI'O PACTAKCHUA MaTCpHraia:



rac

rae 'p - OTHOCSIIUMCS K HANPsDKEHUIO pacTsokeHuem; Vi - 1o BOJIOKHA; Em U Ef -

Moxaysiu FOHra MaTpuiisl ¥ BOJIOKHA, Ome'p MIPOYHOCTh HEAPMHUPOBAHHOTO MAaTEPH-
ajia MaTpULbl IPU PACTKEHUN,
B) 3aBUCHUMOCTH (bUBUKO-MEXaHUYECKUX COOTHOIIEHUM MaTepPHUaIoOB

KOMITOHEHTOB. Hampumep, npaBusio moadopa MaTepraia BOJIOKHa 1O U3BECTHOMY
MaTepuaxy MaTPUIBL: Cyxmarp.< Oyxsonoxua, II€ Oyxmarp U Oyxsonokna = YAEIBHBIE IIPOYHO-
CTH MaTPHIIBI U BOJIOKHA;

I') 3aBUCUMOCTH, OTPXKAIOIIUE  TEXHOJOTMYECKHE  MPOILIECChl  CO3JaHus

KOMIIO3HUTOB M OKAa3bIBAIOIHEC BJIMAHHUC HA UX IIPOCKTUPOBAHHUC.

2.2. BoinoJiHeHWe MPaBUJI KOMOUMHUPOBAHU S

Cranuelt, mpeAleCTBYIOENH YUCIEHHOMY MPOEKTUPOBAHUIO U MOJ00PY KOMIOHEH-
ToB KM, siBnisieTcsi 0030p HAyYHO-TEXHUYECKOU JTUTEPATYPbl, KOTOPBIN BBIMOIHAETCS
KaK aHallu3 U3BECTHOro marepuaina B obsactu KM. O1HOBpEMEHHO MPOUCXOIUT Tie-
PEBOJ TAHHBIX JIMTEPATYPHBIX, CIIPABOYHBIX UCTOYHUKOB U TEXHUYECKOTO 3aJaHUs B
MarmMaTH4ecKOe ONHMCAHHME (MATEMAaTHYECKYH0 MOJEIIb), OTPAXKAOIIYI0 U3MEHEHUE U
CTPOECHHUE COBOKYITHOCTH HCITOJIb30BAHHBIX B ONMCAaHHMM IAPAMETPOB BO BPEMEHH,

I10JIC TEMIICPATYPbl U CPCIIbI.

2.2.1. Konkperusanusi 00beKTOB IIPOCKTHPOBAHUA

[IpoextupoBanre KM npoBoauTCs 1o KpuTepusiM (OrpaHUYEHUsIM) MOTYYEHHOM TTpH

CO3JaHUU COBOKYITHOM XapaKTEpPUCTUKHU YCJIOBHM paboThl m3nenus. Bo-nepBbix, 1o

TOTOBBIM YEPTEXKaM U IMTPOCKTHOM KOHCTPYKTOPCKOW JOKYMEHTALUU HA TEXHUYECKUN



00BEKT (aBTOMOOUJIb, CAMOJIET U IIP.) ONPEIEISAIOT TUI KOHKPETHOU AETalll, OLEHU-
Basg ee popmy, Hanmpumep: OBOJIOYKA (muct, muwmHap, npoduis); TEJIO BPA-
IIEHUSA (mectepusi, Ban, kynauok); BAJIKA (cTepxkeHb, maHedb, MOHOJUT), U
YCTaHaBJIMBAIOT Ha3HAUYCHHE JeTalnu. BO-BTOPBIX, ONPEAEIAIOT radapuThl U3AEIUS U
CTENEHb Pa3BUTOCTU (POPMBI (UHUCIO MEPEXO0B, CONPSITraeMbIX MOBEPXHOCTEW U MX
Bua). Ha aTom 3Tame mpoucxoauT MpeaBapUTENbHOE PACCMOTPEHHE W Ha3HAUYECHHE
croco0a U TEXHOJOTUH MOJYUYEHHUS U3JENUs U3 KOMIO3UTa. B-TpeThux, ycTaHaBiu-
BalOT CXEMY IJIABHBIX HAIPSKEHUN W XapakTep U BUJ MEXaHUYECKOTO HarpyXeHus
(UMKIMYECKUE, CTaTUYECKHUE, JUMHAMUYECKUE, U3r1u0a, KPYUEHHUs); HaXOIAT KpUTHYE-
CKOoe (OMacHOe) CEYeHHEe W TEH30p HamlpssKeHuil. B-ueTBepThIX, yCTaHaBIUBAIOT
YCIJIOBUS 3KCIUTyaTaluy (TeMIeparypa, cpeaa, TpeOOBaHUs K MOBEPXHOCTU U3EIHUS -
(akTOphl SpO3UU U KOPPO3UHU, CBETOCTOMKOCTH, TpeHUs). Ha kaxkaom stame momy-
YEeHHbIC JJaHHbIE MaTeMaTHYeCKu (OPMaIM3YyIOTCs, YTO MPUBOAUT K CO3AAHMUIO 00-
1€ MaTEMAaTHYECKON MOJENN KOoMIo3uTa. B Hayane npoektupoBanus KM mexanu-
YECKHE CBOMCTBAa Marepuaia IoJiaraloT U30TPONHBIMU. KpuTepuu MpOYHOCTH IS
OILICHKH pabOTOCIIOCOOHOCTH KOHCTPYKIIMI paccMoTpeHbl B Kypce "ConpoTuBlieHHE

MarepuanoB".

2.2.2. OrpaHn4eHus NPU NPOEKTUPOBAHUU KOMIIO3UTOB

[TpoektupoBanre KM orpaHu4eHO KOHCTPYKTOPCKON M TEXHOJIOTMYECKOW BO3MOXK-
HOCTsIMH. [loJT KOHCTPYKTOPCKON BO3MOXXHOCTHIO TMOHUMAIOT CITOCOOHOCTH JTaHHOU
dbopMBI AeTanu, CTPYKTYPhl U COBOKYITHOCTH BHIOPAaHHBIX KOMITOHEHTOB YIOBJIETBO-
paTh TpeboBanusaM k uzaenuio (T3). [Toa TexHOIOrHYECKOH BO3MOXKHOCTHIO ITOHU-
MalOT HaJU4Hhe TEXHUKH W TEXHOJOTHH, MO3BOJSIONUX MOJTYYUTh CIPOCKTUPOBAH-
HBI MaTepuai. Bee 3To oTpakaeTcsi B MPOSKTUPOBAHUH HOBBIX KOMITO3UTOB.
IMPUMEP

JlaHO: 0JTHOOCHOE pacTsbKeHHe crepxHsa maccod M = 0,1 kr, nnunoi L = 0,45 m, ce-
gyenneM S = 10 m?, cutoit N = 80 xH, npu Temnepatype 570 K. Onpenenum pacuer-

HYIO0 IIOTHOCTH IIpoekTupyemoro KM mno dopmyie:
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V SL 0,4510°*
OmnpenenuM HWXKHEE 3HAYEHHE PACUYETHOM IUIOTHOCTH IpoektupyemMoro KM mis

nopucroctu 9%:

max
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100 %

OHpG,ZIGJII/IM PaCUCTHOC HAIIPAKCHUC PACTAKCHUSA B CTCPIKHC!
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OnpenenuM BepxXxHEE W HU)KHEE 3HAYEHUE YAEIbHOM NPOYHOCTH NMPOEKTUPYEMOTO

KM:

_ p
Gy()mm = O-max =@:0,360Mﬂ3fc/1<2
/4 2
w  G° 800

o =——=——=0,396 M/orc| xe
¥ ™ 2022 A

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
[Tox naBiaeHUMEM TEXHUKO-dKOHOMHYECKMX MPUYMH, TJIABHAsI U3 KOTOPBIX paclliupe-
HUE ChIPhEBOM 0a3bl MATMHOCTPOEHUS, OCYIIECTBIIAIOT MPOEKTUPOBAHUE HOBBIX Ma-

TepuasioB, 6oabieil yacteio KM. IlpoektupoBanne KM ocymiecTBisitoT nocieaoBa-

TCJIbHBIM BBIIIOJIHCHHUCM CJICAYIOIIHUX CTElI[PIfI.

2.3.1. Bbi0op, pa3padoTka CTPYKTYpPbI U pelenTypbl MaTEepHaIa



IlepBas cragus npoektupoBanuss KM B Hauaje CBOEro BBIINOJIHEHHUS MOJPa3yMEBAET
OpPUEHTHUPOBOYHBII BHIOOP METOJA MOJYYEHUS! KOMIO3UTa 0€3 KOHKPETU3ALHUU TeX-
HOJIOTHYECKHUX MapamMeTpoB. B mepByro odeper OpueHTUPOBOUYHO BRIOUPAIOT CIIOCO0
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,
OCYLIECTBJISIETCS BBIOOP CTPYKTYphl KoMno3uTa. Uil BCeX BapUAaHTOB 3aJaHUs CIO-
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 cocrapiser 2 MJk/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 XapPAKTEPUCTUKAM;

® 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 onpeaenstoT MaTepuail MaTpUlibl 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 maTepualioB 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 OrpaHHueHusMH. B xoxe BpIOOpa 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  TEXHOJOTMYECKOM BO3MOXKHOCTH. B  1aHHOM ciydae
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:

™ =7V +7,Q=V,)



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
c,=0016 <oy, = 700 - 0,865 M/[orc [ ke

4140
Oara =0170 <0op o = 2960 1,045 Mo | ke

YcnoBue yAenpHOU TPOYHOCTH BBITIOTHAETCS.

INPUMEP

OnpenenuM KpUTHYECKYIO JUIMHY BOJIOKHA. KpuTndeckas JjivMHa BOJOKHA - 3TO JJIH-
Ha, IPU KOTOPOM HACTYIAET YIPOYHECHUE MPU BBEIACHUU apMaTypbl B Marpuily. B To
KE BpEeMs 3TO MUHUMAaJIbHAs JIJTMHA BOJIOKHA, B KOTOPYIO JOIyCKaeTcs mepepadboTka

HCXOJHOTO ChIpbiA apMaTypbl, HAIIPUMCD HCHpCpBIBHOfI HutH. OHa PaCCUHUTBIBACTCA

o gopmyie:
dio,,
v 9

ep
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-

UCXOJIUT OT CABUTOBBIX HAMPSIKEHUU, ONPEACIISIIOIIMUX TPOUYHOCTh IPaAHULIBIL:
r, =0,COS (45°); Gemak-4=430 Mlla, nomyuyaeM: Trpak-4= 304 MIIa; Gum@)=35
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MIla, nonydaem Trp@) =25 MIla. [loacraBisds 4MCIEHHbIE 3HAYEHUS, PACCUUTHIBAEM
Lp:
501 - 3960

L (Al.,O,) = ———— = 3263 mkm
Kp( 2 3) 2304

6-2210 265 1kt

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:

VYpaBuenue s pacuera moayisa FOura nuckpernoro KM

L
E=E, (1+V, -n d’“”)-(l—nvf)

E,
—=1
Em
n=
rae E, LKP
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-

17



BBIX 3((EKTOB apMaTypbl OLIECHUBACTCS BBIPAKEHUEM :

z,
O-em = (LKp d_p)vf + O-em(l_vf) (A).

f

HaiineM u3 Hero KoHIIEHTpaluo BoJIOKOH Vr. [Tomydaem:

V _ O-G}CM - Gem
T (B).
- — O
df em

HO,Z[CTaBJ'IHH YHUCJICHHBIC 3HAYCHUA, I10JIy4aCM:

800 —430
V, (Al,0,) = — 0,21(00151)
3263 - 304 430
501
800 — 35
V,(BMH) = 265 .25 =0,71(0015)
e

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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ol-o0 +o0 V.)M _ . )
L (BMH) - ([e]l-0o,,+0,,V)d; _ ([800]-35 +35-0,21) 6=882MKM
V. 25.0,21

[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) = 368 xIorc | kI"
W_ (@ + BMH) =1460 - 0,21 +120 (1— 0,21) = 401x/Torc | 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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IMPUMEP

OnpenenuM 1iotHOCTh KM 1t KaXA0ro MpOEKTUPYEMOTo BapuaHTa 110
dbopmyiie:

G, =GV, +G,1-V,),

rae G - mrotHocth KM 1 komnoneHToB. [locTaBuB YKClIEHHbIE 3HAYEHH? TTOTyYa-

CM:

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

G,_ (®+ BMH) =1700 -0,21 + 2150 - (1— 0,21) = 2055 x2 / 2.°

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 W +W

(kmobwee ) = OKCMpYyouUpo 6anue

e Wi oomee)- OOIME dHEPreTHYECKUE 3aTpaThl Ha m3roToBieHue aetanu; Wm -
sHepreTnyeckne 3arpaThl KM u3 BBEIOpaHHBIX KOMITOHEHTOB; NOSIICTAHPOJUTHHS -
SHEPreTUYECKUE 3aTpaThl Ipolecca IKCTpyaupoBanus. [loacrasiss yncieHHble 3Ha-
YEHHUS TTOJTYyYaAeM:

Wkrobwee(AK — 4+ Al,O,) = 2000 +1,5-368 = 2552 x/{orc | ke
Wkrobwee(® + BMH ) = 2000 + 401 = 2401 k/[orc | 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+ Al,0,),, = % = 0,27 M/[oc | ke

o(®+BMH) , = % = 0,39 M /] [ 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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