[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHdopmaumsa o Bnagenbue:

®MO: Gypcos Branumnp AnekceesN\ THUC TEPCTBO HAYKU U BBIC

[ITEI'O ObPA3OBAHUA PO

flomxocrs: W.o. ’l”pe@ﬁgﬁ@ﬂ%ﬁ@ﬁ@@Wﬁﬂﬁ@%ﬁfﬁ@@ABTOHOMHOE OBPA30BATEJILHOE

(henepanbHOro YHUBEPCUT

[ata nognucanus: 03.06.2026 16:11:57 YUPEXEHUE ]\?HC]‘HEFO OBPA§ OBAHMA
VHUKanbHbIiA MPOrPaMMHbIA KiTioy: «CEBEPO-KABKA3CKHUM ®EJIEPAJIbHBINM YHUBEPCUTET»

1c378726a41fd0143ae5bccc8ba81860b00daa6?  IIATHrOpcKUit HHCTUTYT

¢dmman) CKOY

MeToanuyeckue ykazaHus

I10 BBIITIOJIHCHUIO ITPAKT

WYIECKUX padboT

o nucruiuiiae «CoBpeMeHHBIE CTPOUTENBHBIE MaTePHAIIbl U KOHCTPYKILIUK
JUTst cTyaeHToB HanpasieHust moarotoBku 08.04.01 CtpoutenbcTBo
HarnpaBIeHHOCTh (podwiib) TexHoIorus, opraHu3aius 1 3JKOHOMHUKA CTPOUTEIIbCTBA

[Tsturopck, 2026 r.

1



COJEPKAHUE

1. Henp 1 3a1aun u3y4eHUs: JUCIUTUTMHBI

3. HaumeHnoBaHMe MpakTHIECKUX paboT

4. ConeprkaHue MPaKTUYECKUX padboT

5. IlepeyeHb OCHOBHOM U JOTIOJHUTEIHHOU JTUTEPATYPHI, HEOOXOAMMOM JIJI1 OCBOCHHUS
JHACIHAIIINHEI



1. lesan u 32124 U3yYeHUSs] TUCHUTLIHHBI

Ilensimu  ocBoeHuss aucUUIUIMHBI «COBPEMEHHBIE CTPOMTENBHBIE MaTepHallbl U
KOHCTPYKLIMN» SBIIIOTCSA:
- IPUBUTHE CTYACHTaM TBEPABIX 3HAHUU 110 TEOPUU CTPOUTEIIBHBIX MATEPUAIIOB
- (opMUpOBaHUA Yy CTYACHTOB IPEACTaBIECHUS O B3aMMOCBS3M MaTepuaia U KOHCTPYKLHH,
IpeIoIpeaessonieil BEIOOp U ONTHMH3ALNI0 CBOMCTB CTPOMTEIBHOTO MaTepuala, UCXOIs M3
YCIOBUH AKCIUTyaTallM KOHCTPYKIMN U TpeOyeMOil JOIroBeUHOCTH
- OBJIAJICHUE CTYJEHTAaMU IPAKTUYECKUMH METOJAMHU OIPEACIICHUS IIPOYHOCTH, KECTKOCTH,
YCTOMYHMBOCTH CTPOUTEIBHBIX MaTEpUAJIOB
- pa3BUTHE CTYACHTAMHM LEJIOCTHOIO U KOMIUIEKCHOIO IIPEICTaBICHUs IIPOCKTUPOBAHMS,
M3TOTOBJICHHSI, MOHTAKa, KCILUIyaTallud CTPOUTENIBHBIX MAaTEPUAJIOB

3ajayamMu  M3y4deHUs JAUCUUIUIMHBI «COBPEMEHHBIE CTPOUTEIbHBIE MaTepuanbl U
KOHCTPYKLIMN» SBIIIOTCSA:
- OIpe/IeJIEHUE CTPOUTENbHBIX MaTepUaoB, CUCTEMaTU3alusd U Kiaccupukauus oObEKTOB, UX
UCCIICIOBaHMsl, YTOYHEHHME OO0JIaCTH pPAlMOHAJIBHOIO IPUMEHEHHUs, a TaKKe IEpPCIEeKTUB
Pa3BUTHUSA U IIyTEW COBEPILIECHCTBOBAHMS;
- IPEICTAaBICHUE TEOPETHUYECKUX IOJIOKEHHUH, M3YyYEHHE COCTaBa, CTPYKTYPbl M TEXHOJIOIMH
IIOJIy4EHHUSI OCHOBHBIX CTPOMUTENIBHBIX MATEPHUAIIOB C 3aJAHHBIMHM CBOMCTBAMM W3 IPHUPOJHOIO U
TEXHOIE€HHOI'O CBHIPbs, CYIIECTBYIOLUIMX METOJ0B KOHTPOJS CBOMCTB M KayeCTBa CTPOMTEIBHBIX
MaTepUaOB, pAaCYETHbIX M KOHCTPYKTMBHBIX CX€M, METOJOB, OCHOBHBIX IPHUHIUIIOB
IPOEKTUPOBAHUS CTPOMUTENbHBIX MaTepUaoB C (PU3UUYECKUM COJCPKAHHUEM pEeLIaeMbIX
WHKEHEPHBIX 33]1a4;
- HapaOOTKY MPAKTUYECKUX U METOJMUYECKUX HABBIKOB IPUMEHEHHUS CTPOUTEIbHBIX MaTepUaAIOB
IIPU IIPOEKTUPOBAHUH 3/1AHUM U COOPYKEHUH;
- (hopMupoBaHHE HEOOXOIUMON MHKEHEPHOW UHTYHMIIMU U TJ1a30Mepa.

B pe3yabTare 0CBOCHUSI AUCHMILIMHBI CTYICHTHI 10JIKHbI:
3HaTh:
- MeTobl (POPMUPOBAHUS Y CTYIEHTOB CUCTEMBbI 3HaHUN 00 OCHOBHBIX 3Talax U OCOOEHHOCTAX
pa3BUTHs BU3YaILHBIX CUCTEM PaCCEICHUS;
- MeTobl CHOPMUPOBAHUS TPECTABICHUN O IPUPOTHO-TEXHOTEHHBIX KOMIOHEHTaX TOPOACKOMN
Cpelbl;
- BapUaHTBl PACCMOTPEHUS OCOOEHHOCTH AHTPOMOTCHHOTO BO3ACUCTBUA HA OKPYKAIOUIYIO
BU3YyaJIbHYIO CPEIY;
- CIIOCOOBI PACKPBITHUS TIPEMETA, METOJOB U 33]1a4 IKOJIOTHH OOJBIINX TOPO/IOB;
YMmeTh:
- BBIOMpATh U PEAIN30BHIBATh METO/IbI BEACHUS HAYYHBIX HCCIIEIOBAaHUI;
- opmynupoBark HU3NKO-MAaTEMAaTHIECKYIO IOCTAHOBKY 3a/1a4H MCCIICIOBAHUS;
- palMOHAIBHO IJIAHUPOBATH SKCIIEPUMEHTAIbHBIEC UCCIIEI0BAHNUS;
- aHaAM3UPOBaTh M 0000IIaTh PE3yJIbTaThl HCCICIOBAHHUM, TOBOAUTH HMX 10 MPAKTHYECKOMN
peanu3ainm;
Baanern:
- OCHOBHBIMH MOHSATUSAMH HAYYHBIX UCCIEAOBAHUI M UX METOJIOJIOTHIA;
- HaBbIKAMH aHAJIN3a PE3yIbTaThl UCCIIETOBAHUN;
- HaBBIKAMH BBIOOpPa METONOB TPOBEACHHUS U PAIMOHAIBHOTO TUTAHUPOBAHUS HAYYHBIX
HCCJICIOBaHHT;
- IOCIEA0BATEIBbHOCTHIO BEICHUSI HAYUYHbIX HCCIIEJOBAaHUM;

CryneHTsl, oOyJaroniyecs: Ha OYHO-3a09HON M 3a04HOM (hopme O0OyueHUs, BBIOTHSIOT
tembl Nel, 9, 10 mnpaktudeckue pabOThl Ha 3aHATHUAX, OCTAJIbHBICE TEMBI H3y4alOT
CaMOCTOSITEIILHO.



2. O0opyaoBaHue U MaTepPUAJIbI

Jlnisi TpoBeACHUs MPAKTHMYECKUX 3aHATHH HEOO0XOAMMO CIEeAyIoIllee MaTepHalbHO-
TEXHUYECKOoe OOecreueHue: MepCOHAIbHBI KOMIBIOTED; MPOEKTOP; BO3MOXHOCTh BBIXO/JA B
cetb VIHTEepHET 1151 IOMCKA 10 00pa3oBaTeIbHBIM CaliTaM U MOpTajlaM; MHTEPAaKTUBHAS JTOCKA.

3. HammeHnoBanue NMPAKTUYIECCKUX paGOT

Ne HaunmenoBanue paboThl Ob6bem O6wvem O6wvem
Tem 4acoB, 4acoB, 4acoB,
Bl 8]0]0) 0390 300
1
1 cemecTp 1 cemectp
cemMecTp
1 [Ipaktnueckas pabora 1. Kiaccudukamus cTpoUTEIBHBIX 2 2
MaTEpUAJIOB.
o | HpakTudeckas pabora 2. @usuueckue U XUMHUUYECKUE - -
CBOWCTBA CTPOUTEIHHBIX MATEPHAIIOB.
3 IIpaktnuyeckas pabGora 3. MexaHuueckue  CBOICTBa - -
CTPOUTENBHBIX MaTEPHAJIOB.
4 | HpakTudeckas pabota 4. TexHonornueckue U - -
HKCILTYaTaIMOHHBIE CBOWCTBA CTPOUTEIBHBIX MAaTEPHAIIOB.
5 IIpaktnyeckas pabora 5. CoBpeMeHHbIE OpraHUYecKHe - -
' | BsOKyIHMe MaTepuasibl, pACTBOPHI M OCTOHBI HA X OCHOBE.
6. [Ipaktuyeckas pabora 6. CoBpeMEHHBIE BO3AYIIHBIC - -
BSDKYIIME BEIIECTBA.
7. [IpakTnueckass pabora 7. Iloprinannuement. CoBpeMeHHbIE - -
CIelMaJIbHbIE BUbI IIEMEHTOB.
8. [Ipaktnyeckas pabora 8. CoBpeMeHHBIE CTPOHTEIBHBIC - -
pacTtBOopbl. COBpEMEHHBIE CYXUE CTPOUTENbHbIE CMECH.
2
2 cemecTp
cemMecTp
9 [Ipaktnyeckas padora 9. CoBpemeHHble OeTOHBI. beroHHas 212 2/2 2/2
CMECh U €€ CBOMCTBA.
10 [Ipaktnyeckas pabdora 10. Ctpykrypa OeroHa W CBOICTBa 212 2/2 2/2
OeToHa.
11| Tpaktuueckas pabora 11. XKenezo6eToH. - - -
12 [Ipaktnyeckas pabora 12. CoBpeMeHHBIH >Kelne300eTOH. - - -
CoBpeMeHHBbIe kKelle300€TOHHbIE KOHCTPYKLIUU
[Mpaktnyeckas padora 13. Crexio W COBPEMEHHBIC - - -
13| crexnsuubie nznenus. CoBpeMEHHBIE METATINYECKHUE U3IETHA
Y KOHCTPYKITHH.
14/ TIpakTHyeckas pabora 14. CoBpeMeHHbIE MOJMMEPHBIE - - -
MaTepHAITBL.
15 [IpakTnueckas pabota 15. CoBpeMeHHbIE - - -
TETUTON30JISIIMOHHBIE M OTJICIOUYHBIC MaTEPHAIBI.
16| Ipaktuueckast pabora 16. [IpupoiHblc KAMEHHBIC MATEPHAITBI. - - -
17 [IpakTnueckas pabora 17. I'maparanronHsle - - -
(HeopraHW4ecKHe) BsLKYIIME BEeIECTBA.
18 IIpaktuyeckas pabota 18. OmpeneneHue IUIOTHOCTH H - - -
BSI3KOCTH CBSI3YIOILIETO.
Hroro 6/4 6/4 6/4




4. ConepxkaHue NpakTU4YeCKUX padoT

IIpakTnyeckas padora 1
Tema 1. Kinaccupukanus cTpouTeIbHbIX MATEPHAJIOB.

Hean pa6oTbI:

e (QopmupoBaHuE y CTYICHTOB MPEACTABICHUS O B3aMMOCBA3M MaTepuaia U KOHCTPYKIUH,
MPEIOTPECIIAIONIEH BEIOOP M ONTHUMH3AIUIO CBOMCTB CTPOMTENHLHOTO MarepHalia, UCXOMAs W3
YCIIOBUH 3KCIUTyaTallud KOHCTPYKUUN U TpeOyeMOl J0ITrOBEYHOCTH;

° OBJIAICHUC CTYACHTAMU IHPAKTUUYCCKHUMU MCTOAAMHU OIPCACIICHUA IMPOYHOCTH,
KECTKOCTH, yCTOfI‘IHBOCTPI CTPOUTCIIBHBIX MaTCPUAJIOB

TEOPETUYECKASA YACTDH

BBenenue crneuuanbHbIX 100aBOK B OETOHHYIO CMECh SIBJISETCS YAOOHBIM CIIOCOOOM
yIy4lIEHUS] KaYECTBEHHBIX XapaKTEPUCTHUK LIEMEHTa, O€TOHa M pacTBOpHOro kamus. JloOGaBku
MO3BOJIAIOT 3HAYUTEIBHO YIYYIIUTh KX TEXHUYECKHUE M DKCIUIyaTallMOHHBIE II0KAa3aTelIu.
CriennanpHble T00ABKH MPUMEHSIOT TP U3TOTOBJICHUU CTPOUTENFHBIX PACTBOPOB U OETOHHBIX
cMeceilf, NpH MPOU3BOACTBE BSKYIIMX BewecTB. OHM TO3BOJIAIOT JOOUTHCS IOBBIICHUS
KayecTBa OETOHHOM CMecH, OKa3blBas BIIMSHHWE Ha TaKHE I0Ka3aTeld, KaK BOJIOCTOMKOCTb,
y1000yKJIaIbIBAEMOCTb, MOPO30CTOMKOCTb, MEXAHMYECKYI0 IIJIOTHOCTh, YCTOWYMBOCTh K
TpellMHAaM U pa3pylIEHUsM, YMEHbBIIUTh TEIUIONPOBOAHOCTh U YBEIMYUTb CTOMKOCTH K
OKpYXKaroIlen cpefe.

OCHOBHBIMU CBOMCTBAMM OETOHHBIX CMECEH CUMTAIOTCS CBSA3aHHOCTH, T.€. CHOCOOHOCTH
NONJEPKUBATh  OJHOPOABIHM COCTaB M HE paccilamBaTrhbCcsd IPU  TPAHCIIOPTUPOBKE,
BOJIOYJIEP)KMBAIOIAsl CIIOCOOHOCTh (MIPaeT OYeHb BAXKHYIO pOJIb INPU Habopa MNPOYHOCTH,
MOpPO30CTOMKOCTH U  BOJIOHENIPOHHUIIAEMOCTH), YJOOOYKIIaJbIBAEMOCTh WM CIOCOOHOCTH
NPUHUMAThH TPEOYEMYIO IUIOTHOCTh U KOH(PUTypaLUIO.

CBexast OeTOHHas cMeCh JOJKHA OBITH OJHOPOJHA, NMPUTOJHA K IEPEeBO3KE K MECTy
YKJIaJIKU U TIPH 3TOM JIOJKHA COMPOTHUBIISITHCSI PACCIOCHUIO U BOJOOTACIEHUIO.

IIpu mnoxbGope ¥ TNPOEKTUPOBAHUHM COCTaBa OETOHHOW CMECH BaXKHO BBIOpAThH
COOTBETCTBYIOILIME MaTepualbl, BSUKYIIHNE BEIIECTBA U T0OABKU U YCTAHOBUTH UX ONTHUMAJIbHOE
KOJIMYECTBEHHOE COOTHOILIEHUE.

OcCHOBBIBasiCh Ha TaKOM IOJ00pPE MOXHO MOJYYUTh OETOHHYIO CMECh C TpeOyeMbIMU
TE€XHOJIOTMYECKMMH CBOMCTBAMH, OTBEYAIOILYI0 NPOEKTHBIM M JKCIUTyaTallUOHHBIM YCIIOBUSM
IpYM MUHHUMaJIbHOM pacxoje uemeHTa. [logoOpanHas TakuMm oOpa3oM OeTOHHas cMech 00si3aHa
o0agaTh HEOOXOIUMON y1000YKIIaAbIBAEMOCTBIO U CBA3aHHOCTBIO, HE JIOJKHA pacciaauBaThCs.
beToH, mNpUTrOTOBIECHHBIH W3 TakoW CMeECH, JIOJDKEH COOTBETCTBOBaTb TpeOyeMbIM
XapaKTepUCTHKAM.

Haubonee mnpocToif MeToa MPOEKTHUPOBAHMS COCTaBa CMECH COCTOMT B pacdere
KOMIIOHEHTOB 1O a0CONIOTHBIM oObemam. [Ipu 3TOM HYXHO y4YUTHIBaTh, YTO YJOKEHHAs M
YIJIOTHEHHAs: OETOHHAsI CMECh HE MOYKET UMETh ITYCTOT.

OobopynoBanue 1 MaTepUaJIbI

OOpa3ipl U3roTaBiIMBaOT B (hopMe MPSIMOYTOJIBHOM MPU3MBI C MOMEPEYHBIM CEUECHHEM
20x20 MM u gHHON BAO0JIb BOJIOKOH 300 mM. JlomyckaeTcs onmpenensTe npeaesa MPOYHOCTH
IPU CTaTUYECKOM M3Trube Ha 00pasiax Mocie onpeneseH!s MOAYJIsS YIIPYTOCTH.

Jli1s mpoBeIeHUs! UCTIBITAaHUS IPUMEHSIETCS CIIeAyIolas anmnaparypa:

- MonepHusupoBanHblii mpubop IICI-2M, obecneunBaronmii 3aqaHHYIO CKOpPOCTb
Harpy>keHusi oopaslia Wil TepeMelIeHNs] Harpy)kKarolleld TOJOBKH M IO3BOJISIIOIIAST U3MEPATH
Harpy3Ky c MorpeurHocTbio He 6onee 1%;



- MpUCTIOCOONIeHHe, obecreunBaromiee M3rud oOpas3la MNPHIOKEHHEM Harpy3kd K ero
TIOBEPXHOCTH B CEPEMHE PACCTOSIHUSI MEKIY LEHTpaMH orop. Paauyc 3akpyriieHus orop u
Harpy>KaroIero Hoxka JOJKeH ObITh 30 MM;

- IITAaHTCHIUPKYJIb C TIOTPEITHOCTHIO0 n3MepeHus He 6onee 0,1 Mum;

- anmaparypa Jiis onpenenenus BuaxHoctu no FOCT 16483.7-71,

- IPOBOJIOYHBIE TATYMKH COTIPOTHBIICHHS,

- PpBIY@KHBIE WJIH 3JIEKTPOMEXaHUYECKHE TEH30METpPhl Ul HM3MepeHHs (PUOPOBBIX
nedgopmanui, MporuOOMephl WM HHIUKATOPBI YaCOBOTO THIIA JIISI U3MEPEHHSI TPOTUOOB OaKH.

Yka3aHus 1o TexHUKe 0e30MaCHOCTH

K BBIOMHEHMIO NPAKTUYECKUX PAOOT JOIMYCKAIOTCA TOJIBKO CTYIEHTHI, MPOLIE/IIINE
MHCTPYKTaX 10 TEXHUKE OE€30MaCHOCTH.

30Ha BBIMOMHEHUsI paboT IoKHA OBITH OorpakaeHa. HaxoxneHue MOCTOPOHHUX JIMI, B
TOM YHCJIE CTYJIEHTOB, HE NPUHUMAIOIINX Y4acTHE B BBIIOJHEHUU JAHHOW paloThl, B paboueil
30HE 3alpeLaeTcs.

Bce KOHTakTHBIE COEIMHEHMs JOJKHBI ObITh OUMINEHBl M IMPOBEPEHBI HAa IJIOTHOCTh
3aTSHKKU; U3MEPUTEIbHBIE TPUOOPHI JOJDKHBI OBITh UCTIpaBHBL. [101p30BaHNE TOBPEKICHHBIMA
npubopaMu He JOIyCKaeTcs.

[Tpu nepepsiBax B paboTe, a Taxke Mocie OKOHYaHUS pabOThI Bce MPUOOPHI HEOOXO0TUMO
pasrpy3uTh.

3anperaercs oCTaBIATh O€3 Ha/L30pa 3arpyKeHHble IPUOOPHI.

IIpy mnpoBeneHHMM UCHBITAHUN JOHKHO OBITh CMEIIAHHOE OCBEIEHHE, TO €CTh
€CTeCTBEHHOE M HCKYCCTBEHHOE, YTO OO0ECHEeUMBAECT OCBEIIEHHOCTh 30HBI HCIBITAHUI B
cootBeTcTBUM ¢ TpeboBanusmu CHull.

3aganus

[MToAroToBKa UCTIBITAHUI: HA CEpeIMHE JUTMHBI 00pa3iia U3MepstoT mupuHy b u Beicoty h
¢ morpeurHocTeio He 6osee 0,1 mwm.

[IpoBenenue ncnbiTanuii: oopazer; nomemiarot B mpudop I1CI-2m Tak, 4ToOBI H3rKbdaroiee
ycuinye ObUIO HAIMpaBiI€HO MO KacaTelbHOW K TOAMYHBIM CIOSIM (M3TMO TaHT€HIHUAJIbHBIA) U
Harpy’karoT 10 CXeMe, TOKa3aHHON Ha PUCYHKE.

O0pa3zer Harpy>karoT HAOOPOM I'Mpb PABHOMEPHO € TOCTOSHHOW CKOPOCTBIO HAarpy>KEHHs
WIHM TOCTOSSHHOM CKOpOCThIO mepemenieHus: 4 MM/MuH. CKOpPOCTh HarpyeHHs J10JIKHA ObITh
Takoi, 4ToObl 00pazer pazpymmics yepes (1,5+0,5) MuH rmocie Havana Harpy>KeHHs..

HcnpiTanne nOpoAomkaloT 0  paspyllieHus o0pasua, ompeaensis MaKCHMalbHOe
nokazanue crpeiaku MY-10. MakcuManbHyto Harpy3ky Fmax OMpeAesstoT ¢ MOrpelIHOCThIO He
6onee 1%.

[Tocne ucnbiTaHus ONpeAENIOT BIaxkHOCTh 00pa3noB nmo 'OCT 16483.7-71.

[Ipu ncnbITaHUM ONIPEAEHSAIOTCS:

- BEJIMYMHA U XapaKTep PAclpeneicHNus HOPMAJIbHBIX HANpPSDKEHUH MO BBICOTE CEYEHUS
OaJIky IpU pacyeTHON Harpy3Ke;

- mporu6 Oanku MpH pacyeTHOM Harpy3Ke U Ha KaKIOH CTYIEHU Harpy>KeHUs;

- BEJIMYMHA Pa3pyLIAOIIEH HATPY3KH.

Harpyxenune 6anku npousBoaurcs cryneHsaMu 0,125 Ppacaer.

[TokazaHusi TEH30METPOB 3alMCHIBAIOTCA TMPU HYJIEBOM W PACUETHOM Harpyskax.
[Toka3aHusi MHAMKATOPOB WJIM MPOTHOOMEPOB 3aMMCBHIBAIOTCA HAa KaXKIOW CTYNEHM Harpy3ku JI0
BEIIMYUHBI Ppacuer, TOCIIE YETO PUOOPHI CHUMAIOTCS M 00pa3el] Harpy»kaeTcs 10 pa3pyLIeHHUs.

ITo BennumHam mporu6oB Oanku npu Harpy3kax 0,125 Ppacuer 1 0,25 Ppacaer MOXKHO
BBIUMCIUTh YCPEIHEHHBIM MOAY/b YIPYrOoCTH IPEBECMHBI O0paslia NMpH KPaTKOBPEMEHHOM
Harpy>KeHUH U OIICHUTh BIIMSHUE IONEPEYHOM CHIIbI Ha Mporud maaHHoM Oanku. J{is sToro mo
NOKa3aHUsIM MHJMKAaTopa OIpeAesieM Nporud Oanku B cepelMHEe MposieTa U BBIYMCISIEM
yCpEeIHEHHBIH MOAYIIb YIIPYTOCTH JPEBECHUHBI 0€3 yueTa BIUSHUS OTIEPEYHON CHIIbL.
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[Ipenen mpovyHOCTH (GW) (8 MIla) obOpa3ma Cc BIAKHOCTBIO B MOMEHT HCIBITAaHUS

BBIYUCIISIOT TIO GOpMYyIIe:
— 3P, -
2bh?

rae, Puax —MakcumalibHas Harpyska, H;

| - paccrosiHEE MEXTY IICHTPAMH OTIOP, MM;

h - BeIcOTa 00Opasia, Mm;

b - mmpuna oOpasia, Mm.

PesynbTat Beruucistor u okpyriaiot ao 1 Mlla.

Pe3ynbTaThl HCHBITAHUH 3aMMCBHIBAIOT B IIPOTOKOJ.

Conep:kanue oTuéTa

1. Tema;

2. llenb paboTHI;

3. @opMybl, COOTHOILIEHUS U TPaPUKH;
4. 3aKII04YCHUE B BEIBOJBI.

KOHTpOJIbeIe BOIIPOCHI U 3alaHUA

1. Meronuku pa3paOOTKU KOHCTPYKTUBHBIX M PACUETHBIX cXeM?
2. OCHOBHBIE IOJIOKEHUS O CBOMCTBAX CTPOUTEIbHBIX MaTepHaIoB ?
3. B 3aBHCHMOCTH OT Yero CTPOUTCS CEMEUCTBO (a30BbIX TPACKTOPHIA?

IIpakTHyeckas padora 2
Tema 2. @uznuecKkue U XMMUYECKHeE CBOMCTBA CTPOUTEIBLHBIX MATEPUAJIOB.

Hean paGoTbI:

e (opMupoBaHHE Yy CTYACHTOB NPEACTABICHUS O B3aUMOCBA3M MaTepuana U KOHCTPYKIIHH,
npeonpeesnstoneid BHIOOp U ONTUMM3ALNI0 CBOMCTB CTPOMUTEIBHOTO MaTepuasa, UCXOIsd M3
YCIIOBUH 3KCIUTyaTallul KOHCTPYKUUN U TpeOyeMoil 10JIrOBEUHOCTH;

. OBJIAICHUE CTYACHTAMH NPAKTUYECKUMU METOJAMH OIPEIEICHUS IIPOYHOCTH,
JKECTKOCTH, YCTOMYUBOCTU CTPOUTEIBHBIX MaTEPUAIIOB

TEOPETUYECKASA YACTbD
K d)H?;I/I‘-IGCKI/IM CBOIICTBAM OTHOCSITCS HWCTHUHHAS IUIOTHOCTb, CpE€AHsAA IUIOTHOCTD,
CpenHsIsl HAaChIMHAS MIOTHOCTh, HOPUCTOCTh, MyCTOTHOCT.
1.1.1 Onpenesnenue NJIOTHOCTH
[InoTHOCTH Marepuana - OTHOILIEHHWE MAacChl BEHIECTBA MarepHalia K 3aHUMAaeMOMY UM
o0bemy ©Oe3 ydera MycTOT U MOp. DTO CBOMCTBO Marepuaja Ha3bIBAIOT €Ille HCTHUHHOMN

IIJIOTHOCTEIO.
m

vV (r/c™m, xr/m 3), 1.1)
rje m - Macca marepuaina (T, Kr),

V - 06vem marepuana (cm 3, M 3 ).

Jlia ompeneneHus IJIOTHOCTH MarepHalia U3 OTOOpaHHOW M THIATEIbHO MepeMelaHHOM
cpeaneit nmpoOsl orBemuBaroT 200-220 1, BeIcymuBaioT ero npu temmneparype (110 + 5)°C no
MOCTOSSHHOW Macchl, 3aTéM TOHKO HW3MEJIBYaloT B aratoBod win ¢ap@opoBoil CTymke.
[TosmyueHHBIN MOPOIIOK MTPOCEUBAIOT uepe3 cUTo ¢ ceTkoil Ne 02 pasmep sueliku B cBery 0,2 x
0,2 MM, 1 6epyT HaBecKy 0koj10 180 I. MPOCESTHHOTO MOPOIIKA.

[InoTHOCTH  OmpenmensitoT ¢ momomiplo  npubopa obObemomepa Jle-Illa-tenne,
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NPEACTaBISIONIEro Kojly ¢ paclIMpeHreM B LHWIMHIAPUYECKOH yacTH (pucyHok 1.1), umeromum
JIETICHUS] B HJKHEH U BEpXHEW 4acTAX.

n 2

A0, \ 7

-

1- mTaTus;

2- BOpPOHKA;

3- Tepmomerp;

4- oObemomep;

5- cocya ¢ Bomoid.

Pucynoxk 1.1 - IlIpu6op Jle-IllaTenne ast onpeaesieHusi IJIOTHOCTH MaTepHasia

O0weMm asTOro pacmmpeHus cocrapisieT nopsgaka 20 cm3. OO0beMoMep HAIOJHSIOT JI0
HU)KHETO HYJEBOTO WJIHM JII0OOTO JAPYroro AENEHUsl XHUAKOCTbIO, MHEPTHOW K HCIBITYEMOMY
Marepuary (Bomoi, Oe3BOJHBIM KEPOCHHOM WM CIIUPTOM). TIIATENBHO MPOTHPAIOT TAMIIOHOM
Wi GUIBTPOBAJIBHON OymMaroif CBOOOAHYIO OT KHJIKOCTH 4acTh 00beMOMepa M OMEIIAI0T ero B
CTEKJITHHBIN COCYII ¢ BOIOM, uMeroten temmneparypy (20 + 1)0 C.

UYepes 5 MuH. mocie MOMEIIEHUST 00beMoMepa B BOMY, OTMEYAIOT YPOBEHb KHIKOCTH,
MOJIBE3YSCh JICJICHUSIMA B HWKHEW YacTH IIKAJIBI TprOopa. 3aTeM OT TMOATOTOBICHHON TpPOOBI
MOPOIIIKAa MaTepHalia OTBEHIMBAIOT ¢ TOYHOCTHIO 10 0,01T. Ha TexHHYeckux Becax HaBecKy 80 T.
¥ Yepe3 BOPOHKY BBICBINTAIOT MaTepuajl B 00BEMOMEpP MOPIHSAMH JO TeX IOp, IMOKa YPOBCHb
KUJKOCTU B HEM HE MOAHHMETCS O OJHOTO W3 JEJNICHWH B BEpXHEH 4YacTH MIKajabl mpubopa.
Pa3HOCTh MEXy KOHEYHBIM W HAYAJILHBIM YPOBHSMH JKUIKOCTH B 00BEMOMEpE TOKa3bIBaeT
00BeM moporika V, BBICHITAHHOTO B MpuOOp. OCTarok MOpOIIKa B3BEIIMBAIOT U MO Pa3HOCTU
MEXTy HadyaJTbHOW HABECKOH M W OCTaTkoM ml OmpeneNsifoT Maccy BBICBHIIIAHHOTO MOPOIIKa B

o0BemMomep.
[InoTHOCTH MaTepuana B r/cM 3 paBHa:
s="""

V 1.2)

b

rJie m - IepBOHaYaIbHasl HaBECKa MaTepuaa, I,;

m 1 - ocTarok OT HaBECKH, T;

V - 00beM >KHUKOCTH, BEITECHEHHOH 3aChIIIaHHBIM MOPOLIKOM B ITpuOop, cM3.

[InmotHOCTH MaTepuana ompeaensroT ¢ TtouHocteio g0 0,01 r/cm 3 , kak cpemHee
apru(dMeTHYECKOe JIByX OT/AEIbHBIX ONpEeICHII Ha pa3HbIX HABECKaX.

JlJi5 OpUEeHTUPOBOYHOTO OIpeAETeHHs IIOTHOCTU MaTrepuaia MOXXHO BOCHOJIb30BaThCA
MEPHBIM IWIMHAPOM eMKOocThio oT 100 no 250 cm 3 ¢ nenoi aenenus 1 wim 2 cm 3 . B atom
clly4ae B LMJIMHJAP HAJIUBAIOT KHUJAKOCTh Ha 1/3 ero oObema, OTMEYAIOT YPOBEHb MO HIKHEMY
MEHHUCKY >KMJIKOCTH, 3aT€EM OCTOPO’KHO BBICBHIIIAIOT B HETO HABECKY MOPOLIKA MaTepuaia Maccon
50 — 100 . ¥ BHOBb OTMEUYAKOT YPOBEHb XKUAKOCTH. [[0 pasHOCTHM KOHEYHOrO0 M HAYaJIbHOIO
YPOBHEH ONpenensoT 00beM BBICHIIIAHHOTO B LIMJIMHJP MMOPOIIKA. 3aT€M IO BbIIIE IPUBEICHHON
dbopmyre onpenensoT IIIOTHOCTh MaTepuania.



IIpakTuyeckas padora 3
Tema 3. MexaHu4yeckue CBOMCTBA CTPOUTEIbLHBIX MATEPHAJIOB.
Hean pa6oTbI:
- HM3y4YUTh OCHOBHBIE MEXAaHUYECKHE CBOWCTBA CTPOUTENIbHBIX MaTEpPHaOB M HAYYUTHCS
ONPEAENATh TBEPIOCTh MATEPUATIOB.

TEOPETUYECKAS YACTDb
CBoiicTBa METa/UIOB M CIUIABOB OMNPEICISIOTCS XMMHUYECKHM COCTaBOM M CTPYKTypoul. Bce
CBOMCTBA METAUIOB pa3lesIOTCS Ha (QU3WYECKHe, XHMHUYECKHE, MEXaHUYeCKHe U
TEXHOJIOTHYECKHE.
MexaHuueckre CBOMCTBA METaUIOB  OMPEACNSAIOT KX CHOCOOHOCTh  CONMPOTHUBISATHCS
npuiaraeMbeIiM ycuinusaM. K Takum cBOMCTBaM OTHOCSITCS IPOYHOCTD, YIPYTOCTh, TIJIACTUYHOCTD,
TBEPJOCTh, XPYIKOCTbh, BI3KOCTh, U3HOCOCTONKOCTb.
[Ipo4HOCTH - 3TO CIIOCOOHOCTH METalIa COMPOTUBIATHCS AePOpMAIK WM Pa3pyIICHUIO O]
JIEMCTBUEM CTAaTUUECKHUX WJIU JUHAMUYECKUX HArpy30K.
[Tpu ucnbITaHUK METAIJIOB OMPEIEINAIOT CIEAYIONINE XapaKTEePUCTUKU MEXaHUYECKUX CBOMCTB:
npeaesibl  MPONOPUUOHAIBHOCTH,  YIPYTOCTH, TEKYy4eCTH, MPOYHOCTH, OTHOCHTEIIbHOE
YATUHEHUE U OTHOCUTENIBHOE CY)KEHHUE.
Ilpeoen  mpounocmu  -3TO  HaIpsSOHKEHUWE, COOTBETCTBYIOIIEE HAWOOJIbIIEH  Harpyske,
MpeIecTBYIOIEH pa3pyllieHnto odpasia.
Il;1acTUHYHOCTB- CBOMCTBO TBEPABIX TEJN IMOJ JACHCTBUEM BHEIIHUX CUJI HM3MEHSATH, HE
pa3py1iasich, cBOIO GopMy U pa3Mepbl U COXPaHATh OCTaTOYHbIE (TUIacTUYECKHe) nedopMaluu
MOCJIC YCTPAHEHUS 3THX CHUJL.
OTHOCUTENBHOE YUIMHEHUE U OTHOCUTENIBHOE CYKEHUE ABIISIFOTCS MOKA3aTeIsIMU ITACTUYECKUX
CBOMCTB METAaJIJIOB.
OTHocuTe/IbHOE YyIJIMHEHHe- 5TO OTHOIIEHWe [UIMHBI o0paslla Tocie pa3pbiBa K €ro
MepBOHAYAILHOMN JUIMHE, BHIPAXKEHHOE B MPOICHTAX.
OTHocUTe/IbHOE CY:Ke€HHMe -)3TO OTHOIICHHE AaOCONIOTHOTO CY>KEHHUs, T. €. YMEHBIICHHUS
MJIOMIAM TIOMEPEUYHOro ceueHusi olpasila Tociie pa3pbiBa, K IEPBOHAYAIBHOW TIUIONIAIN
MONEPEYHOI0 CEYEHUS, BEIPAKEHHOE B MIPOLICHTAX.
VYnapuasi  BSI3KOCThb- CHOCOOHOCTh ~ Marepuana  CONPOTHUBIATHCA  Pa3pylICHUIO  TpHU
JTUHAMHUYECKHX Harpy3Kax.
Haubonee wacto onpeaensroT TBEpAOCTh MaTepUaioB Oyiaroaapsi OBICTPOTE W TPOCTOTE METO/A,
a Tak)Ke BO3MOXKHOCTH MPOBEJCHHS MCIBITAHUS HA TOTOBBIX JeTansix 0e3 ux paspymienus. [1o
BEJTMYMHE TBEPAOCTU MOXKHO CYIUTH O IPYTUX MEXAaHUYECKUX CBOMCTBAX METAJIOB: MPOYHOCTH,
HW3HOCOCTOMKOCTH.
TBepaoCTh - 3TO CBOMCTBO MaTepUaIOB COMPOTHUBIATHCS MPOHUKHOBEHHIO B HETO JPYroro,
Oonee TBepAOrO Tela OMpeAeNeHHOW (GOpMBI U pa3MepoB, HE MONYYAIOIIETO OCTATOYHOMN
nedhopmaruu.



a — meroa bpunennsa; 6 — meroa Bukkepca; 6 — meroa Poksenna

Pucynox 2.1 - Cxemvl ucnvimanusi Ha mgépoocms

[TpuMeHsIOTCS  cleaylolue MEeTOJbl OINpeNeieHuss TBEpAOCTH: BJaBIMBaHUA (Haumbosee
pacnpocTpaHeH), mapanaHus (Meton Mooca), orckakuBanus (mpubop Illopa), xauanus
MasiTHUKA.

[To merony BmaBnuBaHuMs paboTalOT TBepaomepbl bpunemns, Poxsemna, Buxkepca. Bcee
TBEpJOMEpHI paboTAIOT MO CXEMaM, MPEICTABICHHBIM Ha pUcyHKe 2.1.

Memoo bpunenna

TBepIocTh MO ATOMY METOAY ONPENENAETCS IIYyTEM BAABIMBAHUSA CTAJIBHOIO 3aKAJIEHHOTO
HIapuka omnpezeneHHoro guamerpa (D) B UCTIBITYyeMYy0 MOBEPXHOCTh MOJ IEHCTBUEM 33/1aHHOMN
Harpy3ku (P) B TeueHue onpeneneHHOro BpeMeH! (pucyHok 2.1, a).

Uucno tBepmoctu mno bpunemtio obGo3nauvaercs HB u ompenenserca no dopmyne: rae P -
Harpyska, AelicTByromas Ha mapuk, kre (H);

HB =P F 2-P 2?2 D ?([)-1 D>-d?)' (1.1)

F - myomanas moBEpXHOCTH OTIEYaTKa, MM2;

D - nuametp mapuka, MM;

d - nmamerp ormevaTka, MM.

K nmpubopy npunaraercst KOMIJIEKT U3 Tpex mapukoB auamerpoM D =25 mm; D=5 mMm uD =
10 mm. /InameTp mapuka u mpujaraemas Harpys3ka BBIOHMPAIOTCSI B 3aBUCHMOCTH OT TOJIIUHBI
UCIIBITYeMOH JIETAJIM U MPEAToiaraeMoi TBEpI0CTH o Taduie 2.1.

Tabnuna 2.1- Pexumbl UCTIBITAHUHN TBEPIOCTH IO METOTY

bpunenns
Harpyska na mapuk P, xrc (H)
TonmuHa Juname o
o0pasma, MM mapHKZpD, MM R B st MSTKHX
’ METaJJIOB TBEPAOCTHU
30 Bl 10 02 MeTaios 2,5 D-
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Meree 3 2.5 187,5(1839) 62,5(613) 15,6(145)

013106 5 750(7355) 250(2452) 62,5(613)

Boee 6 10 3000(29421) 1000(9807) 250(2452)

JUTMTenbHOCTh BBIZICPIKKH 10T HArPY3KOi paBHa:

JUIsl TBEPABIX MaTepHalloB (cTanei u uyryHos) - 10c.;

JUISL MAaTEpHAJIOB CpeIHEH TBepocTH (OpoH3bl, 1aTyHH) - 30 c.;

JUTSL MSITKUX MaTepHaioB (aIFOMUHUSL, MarHus) - 60 c.

3Ha4YeHUEe TBEPAOCTH MOCIIE UCIIBITAHHSI MOKHO ONPENEUTh 110 Tabnuie 2.3.
Ilopsook onpedenenus meepoocmu Ha npubope bpunenis

1. 3auncTuTh (MpU HEOOXOIUMOCTH) oOpasen HaXAauHOW Oymaroi, HaIMIIBHUKOM WJTH
T (OBATHHBIM KPYTOM.

2. YCTaHOBUTD Ha pblUare 3aJaHHYI0 Harpy3Ky.

3. YcranoButh oOpasen (pucyHOK 2.2, 6) Ha CTOMUK 6 Tak, 4TOOBI IEHTP OTIEYATKa
pacroznaraics oT kpas oOpasna Ha paccTossHUH 2,5 D, a OT LeHTpa coceqHero ormneyaTka
-na4D.

4. Ilomxate oOpasell K MIapuKy, Bpalllas MaxoBHUOK 2 10 cpabaThIBaHUs TPEUIOTKH (TIPU
TOM WINHMHJENb IOAHUMAETCS, CKHUMas NPYXKUHY, M CO3JAeTCsl IpeABapUTeIbHAast
Harpy3ka Ha mapuk 100 kre).

5. VYcCTaHOBUTH MOABWKHBIM JHUCK 7 B COOTBETCTBUH C BPEMEHEM BBIICPKKHU
(BUHT 8 mOJKEH OBITh OTIYIIEH).

6. BKIIOUUTH D3JEKTPOABUIATENb, Ha)XaB KHONKY 7, KOTOpBIM uepe3 4YepBAYHBIN
PENYyKTOp, KPUBOILIUIIHBIA Bal W IIATyH OTBeneT ymop 9 or peiuara ¢ rpyzamu 5. [lpu
TOM Harpys3ka 4yepe3 CHCTEMY pbluaroB cOOOIIaeTcs MIApUKOBOMY HAKOHEYHHUKY, YTO
bukcupyercsi 3aropaHueM KOHTPOJIbHON JaMmodku 4. B 3TOT MOMEHT BUHTOM 8 3a)KaTh
JIMCK 7 Ha Baiy.

7. Ilocne BBIAEPKKM BpAIICHHUE IEKTPOJBMIaTENsl aBTOMATHUYECKU INEPEKIIIOYAETCS Ha
o0OpaTHOe, U yIOop BO3BPAILAET phluar ¢ rpy3aMu B UCXOAHOE TOJI0KEHUE.

8. CHsATh 00pa3zell, OTBeAs CTOJ mpubdopa.

9. 3meputh AuaMeTp oTIEyaTKa B ABYX B3aUMHO NEPIEHIUKYJISPHBIX HAIPABICHUAX U
B3iTh CpPE/HEE 3HAUYEHHUE. /J[nameTp oTnevyaTrka U3MepseTcs ClienUalIbHbIM MUKPOCKOIIOM
MIIB-2 co mkanoi n3mepenus ¢ TouHoctsio 0,1 miaum 0,05 MM (pucynok 2.3).

4
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a - obmuit Bua tBepaomepa TILI; 6 - cxema TBepromepa TIH
e 1 -xHomKa; 2 - MAXOBHYOK; 3 - HAKOHEYHHK; 4 - KOHTPOJIbHAS JIAMITOYKA;
e 5-rpy3s; 6 - cronuk; 7 - TUCK; 8 - BUHT
Pucynox 2.2 - Teepoomep bpunenns (TIL)
—
-~ ~
p
Omneyarok g

Okymsip co mIkanoi

Pucynox 2.3 - Cxema uzmepenus ouamempa omne4amxa

JluameTp oTIevaTka J0JDKeH HaxoauThes B mpenenax 0,3 D < d < 0,6 D, B mpoTHBHOM cily4ae
UCIBITAHUS IOBTOPUTH C MHBIM Pa3MEPOM ILIAPHKA.

10. ITo popmysne 1.1 HaiiTH 3HAUEHUE TBEPAOCTH.

Memoo Pokeenna

W3mepenue TBeproctH Ha npubope PokBeiia Mpou3BOAUTCS BIABIMBAHUEM B HCIIBITYEMBIi
oOpazen; anMa3Horo konyca ¢ yriaoMm 120° mox Harpyskoit 1471H (uepnas mkama «Cy»),
Harpy3Kou

588,4 H (uepnas mkana «A») wid mapukom auamerpom 1,588 mm, mox Harpyskoit 980,7 H
(kpacHas mkana «By).

B Tabnuue 2.2 npuBeeHbl YCIOBHS OMPEIeICHHs TBEPAOCTH.

Tabnuna 2.2 - YcnoBus CTaHJApPTHOT'O ONIpeAeIeHUs TBEPIOCTU

HcneiTyembiit [Tpumensemas Harpyska, O6o3HaueHue
MaTepuan nIKaina H(xrc) TBEPAOCTH
OueHb TBEPIbIii A 588,4(60) HRA
Teepabrit C 1471(150) HRC

Msirkuid B 980,7(100) HRB

Tlopsioox onpedenenus meepoocmu nHa npubope Poxeenna
e 1. IToaroroBuTh OOpa3el 1 yCTAaHOBUTH Ha MPEIMETHBIN CTOHK 7.
e 2. YcTaHOBUTH HEOOXOAUMBIH Ipy3 | M HAKOHEYHUK 3.
3. Bpamenuem MaxoBUKa 2 mpukaTh o0pa3ell K HAKOHEYHUKY 3 Tak, 4ToObl MaJleHbKast
CTpeJIka HMHJUKAaTOpa OCTAaHOBWJIACH IMPOTHUB KPAaCHOM TOYKU. DTUM oOecreyrBaeTcs
npeaBapuTeNibHas Harpy3ka Ha oOpasern P = 10 krc (s TMIIOTHOTO COMPUKOCHOBEHUS
aJMasa Wiy IapuKa C UCIIBITYEMBIM MaTEPUAIIOM).
e 4. Bpamenuem mkaiabl uHAMKaTOpa 4 ycTaHOBUTH LU(ppy 0 YepHOH MIKagbl MPOTUB
OOJBIION CTPENKH (BpaIlleHHE OCYIIECTBIISETCS CEKTOPOM &).
e 5. BIIOUUTH 3JE€KTpOABHUraTeNb Nprubopa NepekitoyaTesieM 5 U HakaTHeM KJIaBUIIU 6
CO3/aTh HarpysKy.
e 6. Ilocne cHATUS HArpy3Ku OOJIbIIAs CTPENKA YKaKeT 3HaYeHHE TBEPAOCTH.
Ha kaxmom oOpasiie TOMKHO OBITh IMPOBEIEHO HE MEHEe TPEeX MCIBITAaHHH M ONpPEesIeHO €ro
Cpe/Hee 3HaUCHHE.
OTOT METOJ HE PEKOMEHIYETCS IPUMEHSATH JUISl CIUIABOB C HEOAHOPOJHON CTPYKTYPOH (4yTI'yHBI
cepble, KOBKUE, BHICOKOTIPOYHEIE).

12



————

e 1- rpy3sl; 2 - MaXOBUK; 3 - HAKOHEYHHK; 4 - HHAUKATOD; 5 - MEepeKII0YaTeb;

e 0 - KmaBuma; 7 - MPEeIMETHBIN CTOJHK; 8 - CEKTOP
Pucynoxk 2.4 - Cxema npubopa Poxsenna (TK)
Omnpenenenue TBEPIOCTH MO MeTOAY PokBensa MIMPOKO paclpoCTPaHEHO, TaK KakK MO3BOJISET
WCTIBITHIBATH TBEPBIC U MATKUE METAJUIbI MPSIMO Ha TOTOBBIX AeTansx. [lomydeHHble 3HaUCHUS
TBEPAOCTH N0 MeToAy PokBemia MOXHO NEpeBECTH B 3HAYEHUS TBEPAOCTH IO METOIY
Bpunenns, ucnons3ys tabnuiy 2.3.
Tabnuua 2.3 - CooTHoLeHKe Yncen TBepAocTH 1o bpunemno u Poksenny
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3.35 331 6 455 174 58 5,75

Memoo Bukkepca

[Mpu wucnoeiTanum Ha TBepaocTh mo Mmeroxay Bukkepca (IOCT 2999-75) B moBepXHOCTh
MaTepuala BAaBIMBACTCS ajiMa3Hasl YeTbIpeXIpaHHas MMPaMU/ia ¢ YIJIoOM IIpu BepinHe a = 136°
(pucynok 2.1, 0).

Uucno tBepmoctu no Bukkepcy oOo3nawaercs cumBosnoM HV ¢ ykasanwem Harpysku P u
BpPEMEHH BBLIEPKKH T10J] HAIPY3KOH, MPUYEM pPasMEpPHOCTh UMCIA TBEPAOCTH (Krc/MM?) He
craButcs (pucyHok 2.5) IIpomoKUTENbHOCTh BBIACPKKHA HMHAEGHTOpPA IOJ Harpy3koi
npuHUMAOT Uit ctanei 10-15 ¢, a ana nBetHsix meramioB- 30 c¢. Hanpumep, 450 HV10/15
O3HAYaeT, yTo 4Hucio TBepaocTtd mo Bukkepcy 450 momyueno nmpu P =10 xrc (98,1 H),
IPUJIOKEHHOM K alMa3HOM nupamuje B Tedenue 15 c.

Pucynok 2.5 - Teepoomepovr Buxkepca
[IpeumymectBo MeTona Bukkepca mo cpaBHEHHIO ¢ METOAOM bpHHENs 3akiatodyaeTrcs B TOM,
YTO METOJOM BHKKepca MOXHO HCIBITHIBATE MaTephaabl 0oJiee BHICOKOW TBEPAOCTH H3-3a
MPUMEHEHUS aIMa3HOU MUPAMHU/IBI.

Memoo Mooca

TBepIOCTh TOPHBIX MOPOJ OLEHUBAETCS C MOMOIIBIO IIKallbl TBepaocTH Mooca (tabnuma 2.4),
KOTOpasi MpeJCTaBIeHa JIeCAThI0O MUHEpAJIAaMH C YCIIOBHBIM TOKa3zaresieM TBepaoctu oT 1 mo 10
(cambIil MATKHIA TalbK - 1, camMblil TBepbIit anmas - 10).

B mkame TBepAOCTH NECSTh CHENHaIbHO MOJAOOpPAHHBIX MHHEPAJIOB PACIIONIOKEHBI B TaKOU
MOCIIEA0BATEIHHOCTH, KOTJIa CIEAYIOIMINI M0 MOPSAKY MUHEPAIl OCTABIISIET YyepTy (LlapanuHy) Ha
MPEIBIIYIIEeM, a CaM UM He IPOYePIHBACTCS.

TBepIOCTh OMpPENeNsIoT CcleAyommM obpa3soM. Ha riaakol MOBEPXHOCTH HCCIETyEMOTO
o0pa3ma mpoOyIT HAHECTH YEepTy KaKABIM M3 MUHEPAIOB, YKAa3aHHBIX B IIKaie, HAYWHAs C
camoro Msrkoro. IIpu SToM ycTaHaBIMBAaIOT, KAaKOH MHHEpall OCTaBseT 4epTy (Ijapamaer
obpaserr).

Tabnuna 2.4- llkana TBepaoctd Mooca u XxapakTepUCTHKA MUHEPATIOB
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OT TPO3pPAavyHOTO

anamas YEPTUT CTEKIIO 10
710 YEPHOTO

CTCKJITHHBIN KpUCTAJNINYCCKO

[IpomexxyTOoUHBIE CTETICHU TBEPIOCTH KaMHs BBIpaKalOTCS B Bujae ApoOeit. Tak, yucmo 8 1/2,
OTHOCAIIEECS K XpU300epuilTy, O3HaYaeT, YTO OH LaparaeT Toma3 MPUMEPHO TaK JKe, KaKk caM
Hapanaercsi KOpyHIoM. ['paHaT mupom HECKOJbKO TBepke KBapua (7) U HECKOJbKO Msrde
oepua (7 1/2), moaToMy ero TBepAOCTh 0003HadaeTcs kKak 7 1/4.
BaxHO MOMHUTB, YTO CKPBITOKPUCTAJUINYECKUE, TOHKOMOPUCTHIE U IMOPOIIKOBATHIE PAa3HOCTHU
MUHEPAJIOB 00JIAJA0T JIOKHBIMH MajbiMU TBEpIOCTSIMH. Hampumep, reMatutr B KpUCTalIax
UMEET TBEPIOCTh 6, a B BUJIe KPACHOW OXPBI MEHBIIIE 4, UTO TOBOPUT O MPAKTHUECKU OTCYTCTBUU
CLEIUIEHUS B TOHKOJAMCIIEPTUPO-BaHHOM Macce remarurta. B nienom riaBHas Macca IpUPOIHBIX
coeuHEHUI o0iamaeT TBepAOCThI0 OT 2 a0 6. Hambonee TBepable MUHepaibl, Kak MPaBUio,
IPUHAJUJIEKAT K OKUCIIAaM U HEKOTOPBIM (Yallle BCET0 OCTPOBHBIM) CHIIMKATaM.
Bonpocwt ona konmpons

e 1. Yro Takoe TBEpAOCTH?
. MeTo1 onpesiesieHus: TBEp1oCT?
. Kak onpenensiercsa tTBepaocts o bpunernnio?
. OT 4ero 3aBUCHUT BBHIOOD TMaMeTpa IIapuKa, HAarpy3Ku, BPEMEHHU, BbIIEPIKKHU?
. Kak onpenensercs tBepaocts o merony Poxsemnna?
. Korna npumensiercst anmasHblii KOHYC?
. Korna npumensiercs cranpHol mapuk D = 1,588 mm?
. Korna mpumeHnsiercs anmasHasi yeTblpexrpanHas nupamua’?
. g onpenenenus TBEPIOCTH, KAKUX MaTEpUAJIOB IIpUMeEHsieTcst MeTo1 bpunennsa?
e 10. Ansa onpenenenusi TBEPIOCTH, KAKMX MaTepUajoB puMeHseTcs meron Poksenna?
e 11. lna onpenenenus TBEPIOCTH, KAKUX MAaTEpUAJIOB NMpUMeHsieTcsl MeToa Mooca?
e 12. lna onpenenenus TBEPIOCTH, KAKUX MAaTEPHUATIOB MpUMeHsIeTCs MeTo Bukkepca?

[ ]
O 0N L B Wi

IIpakTnyeckas padora 4
Tema 4. TexHoJiorHYecKHe M IKCILIyaTALMOHHbIE CBOMCTBA CTPOMTEJbHBIX
MAaTepHaJIoB.

Hean padoThI:

e (GOopMHpPOBaHHME Yy CTYJIEHTOB MPEJCTABICHUS O B3aUMOCBSI3W MaTepuajia U KOHCTPYKIIUH,
MIpEeAOTPEACIISIONIEH BEIOOP U ONTUMHU3AIMIO CBOWCTB CTPOUTEIHHOTO MaTepHalia, UCXOMIs M3
YCIIOBUH IKCIUTyaTallul KOHCTPYKLIUN U TpeOyeMoil 10JIrOBEUHOCTH;

o OBJIAZICHUC CTYACHTAMU HPAKTUUYCCKHUMHU MCTOAAMHU OIPCACIICHUSA IMPOYHOCTH,
KECTKOCTH, yCTOfI‘—IPIBOCTPI CTPOUTCIIBHBIX MaTCpUaioB

1.0Onpenenenne pU3NIECKUX CBOMCTB CTPOUTEIBHBIX MATEPHATIOB
1.1. Onpenenenre UCTUHHOMN TIOTHOCTH
Hcmunnas nnomnocmo p (2/cm?, ke/m) evluucisiemcs Ho popmyne

p=m/Va, (1.1)

eoe: m- macca mamepuana, \Va - 06vem mamepuana 8 abCoNOMmMHO NIOMHOM COCMOSHUU.
HcTuHHYI0 TMIOTHOCTH MaTepuaja ONPEeAeNsioT JTUOO C MOMOIIBI0 CHEeNHATbHON CTEKISTHHON
Kool — oObéMomepa Jle-Illatense, BMecTHMOcThIO 120-150 cm®, mu60 ¢ MOMOIIEIO
MUKHOMETPA - KOJIOBI TOYHOTO 00beMa, 00BIYHO, BMeCTUMOCThIO 100 cMe.

Hns OTIpEICIICHUS WCTUHHOMN IUIOTHOCTH KaMEHHOTO Marepuaia c
MOMOIIBIO 06bémomepa Jle-Illamenve u3 OTOOpPAHHON M TIIATEIHHO MEPEMEIIaHHOW MPOOBI
orBemmBaoT 200-220 1. Kycoukm oToOpaHHOW mpoOBI CymiaT B CYIIWIBHOM ImKady Mpu
temriepatype (110+5) C 1o mocTossHHOM Macchl; 3aT€M UX TOHKO M3MEIbYAIOT B araTOBOW WJIU
dapdopoBoii crynke. [lomydeHHBINH MTOPOIIOK MPOCEUBAIOT Yepe3 cUTO ¢ ceTkoi Ne 02 (pa3mep
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aueiiku B cBery 0,2x0,2 mm). HaBecky 180 r mpocesHHOro mopouika BBICYIIMBAIOT INpU
temriepatype (110+5)°C, 3arem oxJjaxaarOT 10 KOMHATHOW TEMIIEpaTypbl B JIKCHKATOpe, B
KOTOPOM IOPOIIOK XPAHAT 10 MPOBECHUS UCTIBITAHUS.

OO0béMomep 4 HAMONHAIOT 70 HWXKHEH HYJICBOH YepThl >KUAKOCTHIO (BOMOH, OE3BOAHBIM
KEPOCHHOM WJIM CIIMPTOM), UHEPTHOM 110 OTHOLLIEHUIO K NOPOILIKY MaTepuania (puc. 1).

e

1 - mrratuB, 2 — BOpoHKa, 3 — TepMOMeETp, 4 —00beMoMep, 5 — CTEKIISTHHBIN cOCy/T
Pucynox 1 - [Ipubop st onpeneneHns UCTUHHHOW TUIOTHOCTH

CBOOOJIHYIO OT KHJIKOCTH 4YacTh oObeMomepa (BbIIIE HYIEBOM uepThl) TIIATEIBHO
MPOTUPAOT TaMIOHOM H3 (uibTpoBanbHOW Oymarn. OOBEMOMEp MOMENIAIOT B CTCKIISHHBIN
cocya 5 ¢ Bopoit u repmomerpom 3. Boxa nomxHa umets temieparypy 20°C (Temmepatypa, npu
KOTOPOW TpaJyHpoBaliu IIKaly oObemMomepa). B Bojge oObEMOMeEp ocTaeTcsi Bce BpeMs, MOKa
uaet ucneitanue. UtoOsl 00bEMOMEp HE BCIUIBIBAJ, €T0 3aKPEIUISIOT Ha mTaTtuBe | Tak, 4YToObI
BCS I'paJydpOBaHHAs YacTh LIEHKHU HAXOWIaCh B BOJIE.

OT TDOArOTOBIEHHON MPOOBI, HAXOAAIIEHCS B OKCHUKATOpE, OTBEIIMBAIOT C
norpemHocTbio 710 0,01 r Ha TexHuueckux Becax 80 r MoOpolIKa Marepuaga U BBICHIIAIOT €ro
JIO’)KEUYKOM 4Yepe3 BOPOHKY 2 B MpHOOp HEOONBIIMMHU MOPLUUSIMH 10 TEX MOp, MOKa YpPOBEHb
JKUIKOCTH B HEM HE TOJHUMETCS 10 4epThl ¢ AeneHueM 20 cM® MIm 10 4epThl B IIpeenax
BEepXHEeW IpayupoBaHHON yacTu npudopa. Pa3HOCTh MEX 1y KOHEUHBIM U HAYaJIbHBIM YPOBHSIMU
KUJKOCTH B 00BEMOMEpEe TOKa3bhIBaeT 3HaueHHWE OoObeMa IMOPOIINKA, BCHIMTAHHOTO B MPUOOD.
OcTtarok MopoIka B3BEHIMBAIOT. Macca MOpOIIKa, BHICHIIIAHHOTO B 00bEMOMeEp, OyJeT paBHa
Pa3HOCTH MEXIY pe3yJbTaTaMH IEPBOTO U BTOPOTO B3BEIIMBAHUM.

VcThHHEAS MIOTHOCTH MaTepuana (r/cM°)

Po = (ml' mz)/\/ofc, (12)

mi1- HaBeCKa MaTepuaia J0 OIbITa, T; M2- OCTAaTOK OT HAaBECKH, T; V. -00BEM >KUIKOCTH,
BBITECHEHHOHN HaBeCKO MaTepuaia (00beM mopoiika B 00bEMOMEpE), CM .

VICTUHHYIO TIOTHOCTh MaTepHala BBIYHCIAIOT ¢ okpyrieHmeMm jgo 0,01 r/cm® kak cpennee
apuQMeTHYecKoe BYX ONPEICIICHUN, pacXOXKACHUE MEX1y KOTOPHIMU HE JIOJKHO MPEBBIIATH
0,02 r/cm®.

1.2. Onpenenenue cpeHen MIOTHOCTH 00pa3OB MPAaBUIHLHON TeOMETPUUYECKO popMbI
Cpeonsist niomuocmo p , (2/cm®, ke/m ) @vluucasiemcs no popmyine

po=m\Vg, (1.3)

20e m - macca mamepuana, Vo - 00bem mMamepuana 8 ecmecmeeHHOM COCMOAHUU.

Hns  ompeneneHuss TUIOTHOCTH  HWCHOJB3YIOT —oOpasmbpl  Marepuanma B ¢dopme KyOa,
napajuiefienumnena uid nuiauHapa. s mopUCTBIX MaTepuaioB pa3sMmep oOpasia KyOomueckoit
dbopmbl nomkeH 06Tk HEe MeHee 100x100x100 mwm, a mys oTHRIX — He MeHee 40x40x40 mm. Y
WIMHAPUYECKUX 00pas3loB JUaMETp W BBICOTA JOJKHBI OBITH COOTBETCTBEHHO He MeHee 70 u
40 mm.

OO0pa3ipl BRICYIIMBAIOT B CymIwibHOM mikady mpu Temmeparype (110+5) C, oxmaxmaror B
HKCUKATOPE U XPAHAT B HEM JIO MOMEHTA HCIIBITAHUS.

OO6pasupl m000i HopMbI co cTopoHOH pazmepoM a0 100 MM HU3MEpSIOT IMITAHTCHIUPKYIEM C
touHOoCThIO 710 0,1 MM, ¢ pazmepom 100 u Gosee - METATUYECKON TMHEUKOM C TOYHOCTHIO 70 1
MM. 3a OKOHYATENbHBIN pe3yNbTaT U3MEPEHHH MPUHUMAIOT CpefHee apu(MeTHIecKoe Tpex
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U3MEpPEHUI KaXI0i rpaHu KyOa, mapajuielienuneaa u auamerpa IumHapa. O0pasisl 000k
dbopmbl co cTopoHOU pazmepom 110 100 MM mU3MepstOT ¢ morpemnocTeio 10 0,1 MM, pazmepom
100 MM u Gonee - ¢ morpemHOCTRIO 10 1 MM. OOpa3iel Maccoit meHee 500 r© B3BEHMIMBAIOT C
norpentHocThio 70 0,1 1, a Maccoit 500 T u GoJiee - ¢ MOrpenHOCThIO /10 | T.

Brrancnsror OG’LGM O6p33].[OB U MNPOU3BOAAT HUX B3BCHIMBAHUC Ha TCXHUUYCCKHX BECaX C
TOYHOCTBIO B 3aBUCHMOCTH OT Macchl 00pa3ioB: macoid meree 500 r — 1o 0,01 r, maccoit 500 T u
Oomnee - o 1 1.

CpeaHioro MIOTHOCTh MaTepHalla BRIYUCIAIOT KaK cpefHee apuMeTHuecKoe Tpex ee 3HauYeHUM
JUISL PA3IMYHBIX 00Pa3IIOB.

1.3. Onpenenenrie HaCBITHOM MJIOTHOCTH

HacplmHy0 TJIOTHOCTH OIPENENAIOT TOJNBKO JJIS CHITyYUX MaTepHajioB (MOPOIIKOOOpa3HbBIX,
3€pHUCTHIX ).

OnpeneneHnne NPOM3BOAAT C TMOMOIIBI0 mpubopa (puc.2), MPEACTaBISIOMETO CO00M
CTaHJapTHYIO BOPOHKY B BUJIE YCEUEHHOTO KOHYCA, IEPEXO0IAUIero B TpPYOKy ¢ 3aaBuxkKkoil. [lox
TPyOKOH yCTaHAaBIMBAIOT B3BEUICHHBIM MEPHBIM NWIMHAP CTaHIApPTHBIM 00BEMOM B
3aBHCHMOCTH OT HauOOJIBIIEr0 pa3Mepa 3€PH ChIITy4Ero MaTepuaa.

h—

1 —xopnyc, 2 — mpybxa, 3 —3a08udicka, 4 — MepHblll YUTUHOD

Pucynok 2 - CranapTHas BOpOHKa

Jlns ompeneneHus HACBIMMHON TUIOTHOCTH IIeOHS (rpaBusi) OepyT CpeAHIO TpoOy ImeOHs
(rpaBHsi) B 3aBUCUMOCTH OT pa3Mepa 3€peH B CIEAYIOIIUX KolIuuecTBax, Kr: Ao 10 mm — 15, no
20 mm — 30, mo 40 mm — 60, 80 MM u 601tee — 150.

[TpoOy 3anoaHUTENs BBICYIIHBAIOT 10 TIOCTOSSHHOW MAacChl B CYIIMJIBHOM IIKa(y M YKIIaJbIBAIOT
B MEpHBIA HMWIMHAP ¢ BBICOTHI 10 cM 10 00pa3oBaHMs KOHyca Ha MOBEPXHOCTH COCyAa. 3aTeM
Cpe3aroT M3JHIIEK 3aNOTHUATEINS 0€3 YIUIOTHEHUS M B3BEITUBAIOT.

BMecTUMOCTh MEpPHOTO LWJIMHJIpPA BBIOMPAIOT B 3aBUCUMOCTH OT KPYIHOCTH 3arlOJHUTEINS
ciemyromumM oopasom (Tadm.1).

Tabnuna 1.1 - BMecTUMOCTh MEPHBIX COCYJIOB B 3aBUCHMOCTH OT pa3Mepa 3epeH 3ar0JIHUTENS

Haubonpmmii pa3mep 3epeH BMeCTHMOCTh MEPHOTO IIJIHHAPA, IM°
mieOHs (rpaBusi), MM

Jo 10 5

o 20 10

o 40 20

Bonee 40 50
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HachbinHyo m10THOCTD meGHs (TpaBHs) Pu BEIYUCIIAIOT ¢ OKpyriIeHueM 10 10 kr/m® no gopmyie:
m,-m

p= vV (14)

IJIe Pu - HACHIHAS IJIOTHOCTh MaTepuana, KI/M ; I, - Macca MEPHOTO COCYAa, KT; M2 -Macca

MEPHOTO COCY/Ia C MaTePHAOM, KT; V- BMECTHMOCTh MEPHOTO COCY/Ia, M°.

HacpimHyto mioTHOCTh 1meOHs (TpaBHsi) BBIYHCISIOT Kak cpenHee apudmMeTrndeckoe w3
PE3yJbTAaTOB JIBYX ONpECIICHUH.

Hnst omnpenenenuss HACBIMHOW IUIOTHOCTH Tecka MpoOy mecka Mmaccod S... 10 kr
BBICYIIMBAIOT B CYIIWJIBHOM IIKady A0 MOCTOSHHOM MAacChl U IMPOCEUBAIOT Yepe3 CHUTO C
pasMepoM SUYEHKH 5 MM. 3aTeM IECOK 3aChIaloT B BOPOHKY M, OTKPBIBAs 3aJBIIKKY, 3aIOTHSIIOT
cocys BMecTUMOCThI0 1 am°. M3muimek mecka Cpe3aloT JTHHEHKOH B 06e CTOPOHBI OT LEHTPA.
Cocyzl ¢ HecKoM B3BEIIMBAIOT M HACBHITHYIO TOTHOCTh C OKpyrieHHeM 10 10 Kr/m® BEIUHCIAIOT
o ¢opmye (1.4).

HacpImHyto TIIOTHOCTB TeCKa ONPEACISIOT 1Ba pasa, UCIONIb3Ys KaXbIi pa3 HOBYIO Ipo0y, U 1o
3TUM pe3yNbTaTaM BBIUUCISIOT CpeaHeapruMeTndecKkoe 3HaueCHuUE.

1.4. Onpenenenre MyCTOTHOCTH U TOPUCTOCTH

1.4.1. Onpenenenune nyCTOTHOCTH

[TycToTHOCTR CHIMydero marepuana BbIYHCIseTcs ¢ okpyrieHueM 10 0,1% Ha ocHoBaHWUM
MpelBapUTEeIbHO HAWICHHBIX 3HAYEHUN CpelHed IUIOTHOCTH 3epeH IeOHs (rpaBus) U €ro
HACBIITHOM IIOTHOCTH 110 (hopMyJie

= (1-—L5__y. 100,

V
2, - 1000 (15)

rie Vi — MyCTOTHOCTH meOHs (TpaBus), %; px — HACHIIHAS IIOTHOCTH IIeOHS (IpaBus), KI/MS;
Po— CpeaHss IIOTHOCTB 3epHa MeOHs (rpaBus), T/cM .
1.4.2.0npenenenye nopucToCcTu
Iopucmocms (0bwas) Il — onpedensemcs kax omHouleHue nop 6 mamepuaie K e2o oovemy 8
ecmecmeenHoOM COCMOSTHUUL:
I1=V,lVo, (1.6)
20e \V,, — obvem nop 6 mamepuarne; \o- 00vem mamepuana 8 eCmecmeeHHOM COCMOSHUU.
Omkpwimas nopucmocms Ilo onpedensemcs Kak omHouleHue CyMMapHo2o o06vema nop,
Hacvryarowuxcs 6000, Vn*° k 06vemy mamepuana Vo :
I1,:=V*°INo, (1.7)
3akpwimas nopucmocms I1; onpedensemcs Kak pazHocms oowell U OMKpbIMou NOPUCTMOMU:
I, =11 - I1,: (1.8)
CymectByeTr gBa crnoco0a ompeaeieHus OOLell MOPUCTOCTU: SKCIEPUMEHTAIbHBIA U
JKCIIEPUMEHTAIILHO-PACUETHBIH.
OKcrepUMeHTaNbHbIN (MPsIMOIT) cOCcO0 OCHOBAaH Ha 3aMEIIEHUH IOPOBOIO MPOCTPAHCTBA B
MaTepHale CKIKEHHBIM TeIMeM B TPeOyeT CJI0KHOM armapaTypsl I UCTIBITAHUH.

OKCIIepUMEHTAbHO-PACYETHBIH ~ METOJ,  ONpPEIENCHHs  MOPUCTOCTH  HCIOJB3YeT
Hal/ICHHBIE OTBITHBIM ITyT€M 3HAYCHHWS WCTHHHOW TUIOTHOCTH MaTepualia p U ero CpeaHeu
IUIOTHOCTHU po B cyXoM coctosiHuH. [lopucrocts 17 (%) BEIYUCIAIOT 110 (popMmyIe:

P

I1=(1- P .100% (1.9)
OTKpBITYIO TOPUCTOCTH 1ok (%) OnpenensioT no Gpopmyie
HoK:BO, (110)
rae B, - 00beMHO€e BOAOIOTIOIeHNe MaTeprana, % (cM. 11.6).
3aKkpbITyI0 TOpUCTOCTh /7;(%) BhIunCsIOT o hopmyiie (1.8).
1.5. Onpenenexnre BOJOMOTIOUIEHUS
OmnpenenstoT BOIOMOIIIONIEHHE IO Macce U 00beMy.

1
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Booonoenowenue no macce B, (%) xapaxmepuszsyemcs ~omuouieHuem Maccvl 8000l
yoepacusaemotl 6 06pazye Mamepuala K Macce cyxo2o 0opasya u eblHUcIsiom no gopmyie

Mo~ Me 100

B,= M (1.11)

20e My - MAcca HACblWeHHO020 80001 00pa3ya, 2; Me - MACCa CyxXo2o obpaszya, 2.
Booonozcnowenue no obwemy Bo (%) - cmenenv 3anonnenus obvema mamepuaia 60001,
xapakxmepuszylouyio 8 OCHOBHOM €20 OMKPbIMYIO NOPUCOCIb, — BLIYUCTIAIOM NO opMyLe

m, - m. 100

o= Pe Vo (1.12)

20e Vo - 06vem obpasya, cm® | ps - nnommuocms 600wt (1 2/cmd).

Paccuntare BOAOMOTJIONMIEHHE IO OOBEMY MOXHO 3Has 3HAYEHHUS BOJOMOTJIOIICHUS TIO
macce B, ¥ TNIOTHOCTH Po:

B :BM 'PO

o

100

Py (1.13)

HcnpiTanus npousBoaaT Ha obOpasuax B Buae KyooB ¢ pedbpom 100 wnmu 150 MM unu B
BUJE LWIMHAPOB, HMEIOIIMX Takue K€ JIuaMeTp U BbicoTy. J[lomyckaercs ompeneieHue
BOJIOMOTJIONICHHS MaTepuaia Ha 00pasiax, UMEIOIUX HENPaBIUIbHYI0 T€OMETPHUIECKYI0 (GopMy
u mMaccy He menee 200 r. OOpa3ipl BRICYIIMBAIOT A0 ITOCTOSHHOM MAaccChl, a 3aT€M IOMEIIA0T B
€MKOCTb, HAIIOTHEHHYIO BOJON C TAaKUM pacdyeToM, YTOObl YPOBEHb BOJIbI B EMKOCTU ObLT BBIIIE
BEPXHEr0 YPOBHS YJIOKEHHBIX 00pa3ioB npumepHo Ha 50 mm. IIpu 3TomM 00pa3Libl yKiiaAbIBalOT
Ha MPOKJIAJKU TaK, YTOOBI BBICOTAa 00pa3iia ObuTa MUHUMaNbHOM. TeMnepaTypa BoJIbI B €MKOCTH
noskHa ObITh (20+2)°C.

Jns B3BemmBaHUS 00pa3lioB, BBIHYTBIX W3 BOJbI, WX MPEIBAPUTEIHHO BBITUPAIOT OTKATOM
BIIQXKHOW TKaHbIO. Maccy BOJBI, BBITEKIIYI0O M3 IMOp oOpasila Ha YalliKy BECOB, CIEAyeT
BKJIIOYAaTh B MacCy HacChIIIEHHOro oOpa3sua. HacelmeHne BoAoH MpOU3BOIAT A0 TeX MOp, MOKa
pe3yNbTaThl ABYX MOCIEA0BATENbHBIX B3BEUIMBAHUI OynyT oTiinyaThes He Oosee uem Ha 0,1 T.
Bozonoromnienue o Macce U 00beMy BHIYUCISIIOT 110 hopmysam (1.11 - 1.12).

IIpakTnuyeckas padora 5.
Tema 5. CoBpemMeHHbIe OpraHuyecKue BsKyIlHe MaTepHaJibl, PACTBOPBI M 0€TOHBI HA X
OCHOBE.

Hean pa6oThl: N3y4nTh PU3MUECKHE CBOMCTBA METAJIIOB, METOJIBI UX OIPEICIICHHUS.
Xox padoThr:

1.03HaKOMBTECH C TEOPETHUCCKUMH TTOJIOKCHUSIMHU.

2.BrInonHuTe 3a7aHKe MIpernoaBaTens.

3.CocTaBbTe OTUET B COOTBETCTBUU C 33JIaHUEM.

TEOPETHUYECKASA YACTb

K ¢wusnueckum CBOWCTBAM OTHOCATCS: TUIOTHOCTH, IUIABJIICHHE (TeMIepaTypa IIIaBICHUS),
TETUIOTIPOBOAHOCTb, TETJIOBOE PaCITUpEHUE.
[InOTHOCTh - KOJMYECTBO BEIIECTBA, COJAEplKalleecss B eIuHHIle oObema. DTO oxHA U3
BOKHEHIINX XapaKTEPUCTHK METAIUIOB M CIUTaBOB. [l0 TUIOTHOCTH METayuTbl JensTcsl Ha
CJIEAYIOIIME TPYIIIbL: Jerkue (IUIOTHOCTh He Oojyee 5 r/cM3) - MarHuif, aJlOMUHUM, TUTaH U
IIp; TsizKedble - (TWIoTHOCTH OT 5 70 10 1/cM3) - xene30, HUKENb, Me/Ib, IIMHK, OJIOBO U JIp. (3TO
HanOonee OOIIMpHAs TPyYIIa); 04eHb TsKeJble (TUIOTHOCTH Ooinee 10 r/cm3) - mMonubneH,
BOJIb()paM, 30J10TO, CBUHEII U Jip. B Tabnuie | mpuBeneHb! 3HAUSHUSI IIIOTHOCTH METAJLIOB.

Temmeparypa IUIaBICHHS - 3TO TeMIepaTypa, NPH KOTOPOH MeTall NEepeXOAUT W3
KPHCTAJUIMIECKOTO (TBEPOT0) COCTOSHHS B JKUAKOE C TTOTJIOMEHHEM TEIUIOTHI.
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TemnepaTypa miaBiaeHHs METaUIOB Jexar B auanasoHe or —39 °C (pryrs) no 3410 °C
(Bomb(dpam). Temneparypa maaBiaeHUss OOJBITUHCTBA METAIOB (32 MCKIIFOYCHHEM IIEIOYHBIX )
BBICOKA, OJHAKO HEKOTOpPHIE «HOPMAJBbHBIC» METaJUIbl, HAlpUMEpP OJIOBO M CBHHEL, MOXHO
pacIiaBUTh Ha OOBIYHOM AIEKTPUUYECKOM WUIIH Ta30BOM IIJIUTE.

B 3aBucuMOCTH OT TemmepaTypbl IUIaBIECHUS METalll MOAPA3JEISIIOT Ha CJeIyIOIIHne
IpyNIbL: JerKoIIaBKkue (Temreparypa 1miasiaeHuss He npesbimaer 600 oC) - LMHK, 0JI0BO,
CBHHEIl, BUCMYT U Jp.; cpeanemyiaBkue (ot 600 oC no 1600 oC) - K HUM OTHOCATCS TOYTH
[OJIOBUHA METAJJIOB, B TOM YHCJIE€ MarHuii, aIIOMUHUH, JKelIe30, HHUKEIb, ME/b,
30710T0; TyromiaBskue (6onee 1600 oC) - Boabdpam, MonubueH, tutan, xpom u aAp. [lpu
BBEJICHUHU B METAJLI 100ABOK TeMIIEpaTypa IJIaBJIeHUs, KaK MPaBHIIO, TOHMU)KACTCS.

MeTtoabl uccie10BaHUl B MaTepUAJIOBeleHUN

OCHOBHBIMH METOJAMH HCCJIEIOBaHUS B METAJUIOBEACHUM U MaTepUAIOBEICHHUU
SABJISIIOTCS:  W3JIOM, MaKpOCTPYKTypa, MHUKPOCTPYKTYpa, OJEKTPOHHAs  MHUKPOCKOIIHUS,
PEHTTEHOBCKHE METOIbI UcCliefoBaHms. PaccMoTpu x ocoOeHHOCTH Oos1ee moapoOHO.

1. U3nom - camblil mpOCTON W JOCTYIHBIM CIMOCOO OIIGHKHM BHYTPEHHETO CTPOCHHUS
MeTaJlJI0B. MeTOo/T OLIEHKH M3JI0MOB, HECMOTPS Ha CBOIO KaXKYIyIOCsl TpyOOCTh OLIEHKH KauecTBa
MaTepuaia, IPUMEHSETCs JOBOJIBHO IIUPOKO B PA3IMUHBIX OTPACISAX MPOU3BOJCTBA U HAYUHBIX
ucciaenoBanuii. OneHka Hu30Ma BO MHOTMX CIIy4asX MOXET XapaKTepu30BaThb KauecTBO
MaTepuaia.

W3nom MoOxkeT ObITh KPUCTAITMYECKUM WM aMOp(hHBIM. AMOpP(MHBII U3]I0M XapaKTepeH
JUIS MaTEpHAJIOB, HE UMEIOIIETO KPUCTAUIMYECKOTO CTPOCHHS, TAKUX KaK CTEKJIO0, KaHU(OJIb,
CTEKJIOBUIHBIC IIJIAKHU.

MerTannnueckue CIUIaBbl, B TOM YHCIE CTajlb, YyT'yH, aIFOMUHHUEBbIC, MarHUEBBIC CILIIABHI,
IMHK M €T0 CIUIaBbl JAIOT 36PHUCTHIN, KPUCTAIUTUYECKUN U3JIOM.

Kaxxnias rpaHb KpUCTaUIMUECKOTO U3JI0Ma SIBISIETCS INIOCKOCTHIO CKaJIbIBAaHUS OT/AEIBHOIO
3epHa. [loaTomMy M3710M NOKa3bIBAET HAM pa3Mephl 3epHa MeTasuia. M3ydast uzinom craiam, MOXHO
BUJIETh, YTO pa3Mep 3€pHAa MOXET KoJie0aThCAd B OYCHBb HIMPOKUX Tpelesax: OT HECKOJIbKHX
CAaHTUMETPOB B JIMTOW, MEJUIEHHO OCTBIBIIEH, CTaad A0 THICSYHBIX JOJEH MWUIUMETpa B
MPaBUJIBHO OTKOBAaHHOMW M 3aKaJIeHHOW cTaiu. B 3aBHCHUMOCTH OT pa3mepa 3epHa, U3JI0M MOXKET
OBITh KPYMHOKPUCTAJUIMYECKUH U METKOKpUCTATUTHYeCKUH. OOBIYHO METKOKPUCTAITUYECKUN
U3JIOM COOTBETCTBYET 0oJiee BRICOKOMY KaueCTBY METANTMYECKOTO CIIIaBa.

B cnyuae ecnm paspylieHue uccieayeMoro oOpasia MpOXOAMT € MPEeIIeCTBYIOLIEH
TIacTUYecKo nedopmaiueii, 3epHa B MIOCKOCTH H3JI0Ma Ae()OPMHUPYIOTCS, U U3IIOM YK€ He
OTpa)KaeT BHYTPEHHETO KPHUCTAIUIMYECKOTO CTPOEHUS MeETajlla; B O3TOM CIIy4yae H3JIOM
Ha3bIBACTCSI BOJOKHUCTHIM. YacTo B OJHOM 00pa3le B 3aBUCUMOCTH OT YpPOBHSA €ro
IUTACTUYHOCTH, B M3JIOME MOTYT OBITh BOJOKHHCTHIE M KPHUCTaJUIMYECKHE y4acTKU. HacTo 1o
COOTHOIIEHUIO TUIOMAAN H3JI0Ma, 3aHATOTO0 W KPUCTALIMYECKUMH YYacTKaMU TIPH JaHHBIX
YCJIOBHSIX MCIIBITAHUS OIEHUBAIOT KaY€CTBO METaJIA.

XpynKuid KpUCTAIUTMYECKUM M3JI0OM MOJKET IMOJYy4YaThCA MPU Pa3pyILICHUH MO TPaHULIAM
3epeH WIM MO IUIOCKOCTAM CKOJIbXKEHHS, NepeceKalmuM 3epHa. B mepBoM ciydae wu3iiom
HA3BIBACTCSI MEKKPHUCTAJUIUTHBIM, BO BTOPOM TPAaHCKPUCTAITUTHBIM. MHOTIA, OCOOEHHO mpu
OYEHb MEJIKOM 3€pHE, TPYJHO ONPEACIUTh NPUPOAY U3JIoMa. B 3TOM ciydae M3JI0M M3yYaroT ¢
MTOMOIIIBIO JIYTTBI WJI OMHOKYJIIPHOTO MUKPOCKOTIA.

B mocnennee Bpems pa3BUBaeTCS OTpaciib METaUIOBEACHHs MO (pakTorpaduieckoMy
M3YYEHUIO U3JIOMOB Ha MeTAJUIOrpaUuECKUX U AJIEKTPOHHBIX MUKpOCKomax. [Ipu aToM Haxomsar
HOBBIE JIOCTOMHCTBA CTaporo MeToJa HCCIENOBaHUI B METAJUIOBEJCHUH - HCCIeA0BaHUN
U3IIOMa, TPUMEHSISI K TAKHM HCCIIeI0BAaHUSM MOHATHS (DPaKTATBHBIX Pa3MEPHOCTEH.

2. MakpocTpyKkTypa - SIBISETCS CIEIYIOIIUM METOJOM HCCIIEIOBAaHUS METaJUIOB.
MakpocTpyKTypHOE HCCIIEIOBAHUE 3aKII0YACTCS B U3YYEHHUH IUIOCKOCTU CEUEHUS U3ICIUS WU
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o0pa3ua B MpOJOIbHOM, MONEPEUHOM WM JIFOOBIX MHBIX HAlpaBJICHUSX MOCJE TpaBieHHs, 0e3
OPUMEHEHHUs YBEIMUYUTENbHBIX MNpHOOPOB MWIM MpH HOMOIIM Jynbl. JlOCTOMHCTBOM
MaKpOCTPYKTYPHOTO HCCJIEIOBAHUS SIBISIETCS TO OOCTOSITENBCTBO, YTO C IOMOIIBIO 3TOTO
METO/1a MOXHO HM3Y4YMThb CTPYKTYPY HEHNOCPEICTBEHHO LIE€JOH OTJIMBKU WU CIMTKA, IOKOBKH,
ITaMIOBKH U T.J. C MOMOILBIO 3TOr0 METOJIa UCCIEJOBAHUS MOXKHO OOHAPYX UTh BHYTPEHHUE
NOPOKH MeTayljla: IY3bIpH, IYCTOTBI, TPEUIMHBI, I[UIAKOBBIE BKIIOUEHHS, HCCIEI0BATh
KPUCTANINYECKOE CTPOCHUE OTIMBKH, N3y4yaThb HEOJHOPOAHOCTh KPUCTAIM3ALMU CIUTKA U €ro
XUMHUUYECKYIO HEOTHOPOJAHOCTh (JIMKBALIUIO).

C 1nOMOmIBIO CEpHBIX OTIEYAaTKOB MakpouuindoB Ha ¢oroOymare mno baymany
OIpesieNsIeTCsl HEPABHOMEPHOCTh pACHpEAEICHUs Cepbl II0 CEYEHMIO CIMTKOB. bonbmioe
3HaYEHHUE ITOT METOJ MCCIEIOBAHUS UMEET MPH HMCCIECOBAHUU KOBAHBIX WMJIM IITAMIIOBAaHHBIX
3arOTOBOK JJIsl OIIPEENICHHs IPaBUIIbHOCTH HAIIPaBJIEHUs BOJIOKOH B METaJlIE.

3. MuKpOCTpYKTypa - OJIUH U3 OCHOBHBIX METO/I0B B METAJJIOBEJJICHUHU - 3TO UCCIICI0BAaHUE
MHUKPOCTPYKTYPbI METaJlJIa HA METAIIOTPahUIECKUX M AIEKTPOHHBIX MUKPOCKOTIAX.

OTOT METOJI 03BOJIAET U3y4aTb MUKPOCTPYKTYPY METAUIMYECKUX OOBEKTOB C OOJIBLIIMMHU
yBesmueHussMu: ot 50 10 2000 pa3 Ha ONTHYECKOM METAIUIOrpauuecKOM MHUKPOCKOIIE U OT 2 110
200 ThIC. pa3 Ha 3IEKTPOHHOM MHKpockorne. MccienoBanie MUKPOCTPYKTYpPbI IPOU3BOIUTCS Ha
noJaupoBaHHbIX HuMpax. Ha HeTpaBneHblx numdax H3ydaercss HaJlM4Me HEMETAJUIMYECKUX
BKIIIOYCHUH, TAaKMX KaK OKCHIBI, CyJIb(QHUAbI, MEJIKHWE NUIAKOBBIC BKIIOYCHUS W Jpyrue
BKJIIOYEHUS, PE3KO OTJIMYAIOIIUECS OT IPUPO/Ibl OCHOBHOI'O METaJlIA.

MHuUKpOCTpYKTypa METaJUIOB U CIUIABOB M3Yy4aeTcsl Ha TpaBieHbIX uuingax. TpaBieHue
OOBIYHO TPOM3BOJUTCS CIAOBIMH KHCJIOTaMHM, IIEIOYaMH WIH APYTUMH pPAacTBOpaMH, B
3aBUCUMOCTH OT MpUpoAbl MeTaia nuiida. JleficTBre TpaBieHHs 3aKIH0YaeTCs B TOM, YTO OH
[0-Pa3HOMY PacTBOPSET Pa3IUYHBIE CTPYKTYPHBIE COCTABIIIOUINE, OKpAIIMBas UX B pa3HbIE
TOHA WJIM IBETA. | paHMUIIBI 3€pPeH, OTIMYAIOIIAECS OT OCHOBHOTO PacTBOpa MMEIOT TPABUMOCTH
O0OBIYHO OTJIMYAIOIIYIOCSI OT OCHOBBI U BBIAEISAETCA Ha HUIM(pE B BHJE TEMHBIX MJIM CBETJIBIX
JIMHHM.

Buaumble 1oJ; MHUKPOCKOIOM MOJIMBJPBI 3€peH MPECTABISAIOT cOO0OM CceueHHs 3epeH
HOBEPXHOCThIO HUIHGa. Tak Kak 3TO CeUYeHHUE SIBIAETCS CIy4alHbIM M MOXKET MPOXOJUTh Ha
pasHBIX PACCTOSHUSAX OT IEHTPa KaXJIOro OTAEIBHOTO 3epHa, TO pa3jiuyhe B pa3zMepax
HOJM3POB HE COOTBETCTBYET ACHCTBUTEIBHBIM pa3iIMuusM B pa3Mepax 3epeH. Haumboisee
OJIM3KOM BETMUYMHOM K IEHCTBUTEIBLHOMY pa3Mepy 3epHa SBJISIFOTCS HanOoJiee KpYIHbIE 3epHa.

[lpu TpaBmeHHH 00pasla, COCTOSAIMIETO W3 OJHOPOIHBIX KPUCTAIUIMYECKHX 3€pEeH,
HalpuMep YUCTOTO MeTajula, OJHOPOJHOTO TBEPAOTrO pacTBOpa M Jp. HAOMIONAETCS YacTo
pa3IMYHO MPOTPaBIICHHBIE IOBEPXHOCTH Pa3HBIX 3€PEH.

370 siBIEHHE OOBACHSAETCA TEM, YTO Ha MOBEPXHOCTHU HUIM(a BBIXOIAT 3epHA, UMEIOIINe
pas3InYHbIe KPUCTAJUIOTpaQUUECKyl0 OPHUEHTHPOBKY, BCIEICTBHE YEro CTENEHb BO3JCHCTBHUS
KHACJIOTHl Ha 3TH 3€pHA OKa3bIBarOTCA pa3HOW. OJHW 3epHA BBITISAAT OJECTANIMMH, IPYTHE
CHJIBHO TMPOTPABIMBAIOTCS, TEMHEIOT. DTO NMOTEMHEHHUE CBSI3aHO C OOpa30BaHHEM DPA3JIMYHBIX
buryp TpaBieHUs, MO-pa3HOMY OTPaKAIOIIMX CBETOBHIC JIydd. B ciryuae CruiaBoB, OTAeNbHBIC
CTPYKTYPHBIE COCTAaBISIONIME 00pa3yloT MHUKpopenbed Ha TOBEPXHOCTH NLIH(a, WMEIOMINN
YUYaCTKH C PA3IMYHBIM HAKJIOHOM OTJIENIbHBIX TOBEPXHOCTEH .

HopmanmbHO pacrloioKeHHbIE YYacTKA OTPaXKarT HauOOJbIIee KOJMYECTBO CBETa W
OKa3bIBalOTCS Hambosee cBeTIbIMH. Jlpyrue ydactku - Oosnee TeMHbIe. YacTO KOHTPAcT B
U300paKeHNH 3E€PHUCTONW CTPYKTYpPbI CBS3aH HE CO CTPYKTYpOW MOBEPXHOCTH 3€peH, a ¢
penbedoM y TpaHuil 3epeH. Kpome TOro, pa3iuvHbIE OTTEHKH CTPYKTYPHBIX COCTABIISFOIIMX
MOTYT SIBJSATBCA pPe3yJabTaToOM OO0pa3oBaHMs IUICHOK, OOpa30BaHHBIX INPH B3aUMOJCHCTBUU
TPABUTEJS CO CTPYKTYPHBIMH COCTABIISTFOIIIAMH.

C nomomibio MeTaorpaduyeckoro UCCiIe0BaHUsl MOXKHO OCYILECTBIISATh KAUYECTBEHHOE
BBISBIICHHE  CTPYKTYPHBIX  COCTaBJIIONIMX  CIUIABOB M KOJIMYECTBEHHOE  HM3y4YCHHE
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MUKpPOCTPYKTYpP METAIJIOB M CIUIABOB, BO-TIIEPBBIX, IYTEM CpPAaBHEHHUS C W3BECTHBIMU
U3YYEHHBIMH MHKPOCOCTABIIIOUIMMHU CTPYKTYp M, BO-BTOPBIX, CIHELUAIBHBIMU METOJaMHU
KOJINYECTBEHHON MeTauiorpaduu.

Benuunna 3epHa onpenensercs. MeTogoM BU3yalbHOH OLIEHKH, COCTOALIEH B TOM, YTO
paccmaTpuBaeMasi MUKPOCTPYKTYpa, MPUOIMKEHHO OICHWBaeTCs OaljlaMHu CTaHAAPTHBIX LKA
no ['OCT 5639-68, TOCT 5640-68. IIo cooTBeTCTBYIOIMUM TaOJMIaM, JUIsl KaKJoro Oaia
onpeieNsieTcs MIOoa b OJHOTO 3€pHA U KOJMYECTBO 3epeH Ha 1 MM2 u B 1 Mm3.

Meronom mojcyera KOJMYECTBA 3€pEeH Ha E€IUHULE IOBEPXHOCTH HuiMda 1o
cooTBeTcTBYOIMM (opmynaMm. Eciu S - miomans, Ha KOTOPOM MOJCUUTHIBACTCS KOJIUYECTBO
3epeH n, a M - yBelIMueHne MUKPOCKONA, TO CPEIHsSAS BEIMUMHA 3€pHA B CEYEHUM ITOBEPXHOCTU
numda

Omnpenenenne ¢azoBoro cocraBa. Pa3oBbIil cOCTaB CIIjlaBa Yalle OLIEHUBAIOT HA IJ1a3 WK
IIyTEM CPABHEHMSI CTPYKTYPbI CO CTAaHAAPTHBIMU LIKATAMH.

[TpubnnKeHHbI METOJl KOJMYECTBEHHOIO OIpenieneHuss (pa3oBoro cocraBa MOXKET ObITh
IPOBEJEH METOJOM CEKYyLIEHl C MOJACYETOM NPOTSKEHHOCTH OTPE3KOB, 3aHSTHIX Pa3HBIMU
CTPYKTYPHBIMU COCTaBISIOIIMMU. COOTHOIIEHHWE 3TUX OTPE3KOB COOTBETCTBYET OOBEMHOMY
COJICPKAHUIO OTJEJIBHBIX COCTABIISIOIINX.

Toueunbrii meron A.A. I'nmaroneBa. DTOT METOJ OCYILECTBISETCS IYTEM OLIEHKH
KOJINYECTBA TOYEK (TOYEK IepeceueHs] OKYJISAPHOH CEeTKM MMKpPOCKOIa), MONaJaloliMX Ha
MOBEPXHOCTU KAXKJIOW CTPYKTYpHOU cocTaBisironierd. Kpome TOro, METogomM KOJIMYECTBEHHOM
MeTayuiorpaduu MPOU3BOAAT: ONpEACTICHHE BEIMYMHBI MOBEPXHOCTH pasznena (a3 u 3epeH;
olpeseNieHue  4YMciaa  4acTUIl B oObeMe;  ONpe/eleHue  OpUEHTALUMU  3€peH B
MOJIMKPUCTAIIINYECKUX o0pa3nax.

4. DnexkTpoHHas MHKpockomnus. bonbmioe 3HaueHme B MeTauIOrpaUuUecKux
UCCIICIOBAaHUSIX HAXOIUT B IIOCIIEAHEE BPEMs AJIEKTPOHHBIM MHKpockoln. HecomHeHHO, emy
IpUHAUIEKUT Oombiioe Oynyuiee. Ecnu paspemiaromas cnocoOHOCTh ONTHYECKOI0 MUKPOCKOMA
nocturaer 3HadeHudd 0,00015 mm = 1500 A, To pazpemaromas CocCOOHOCTb 3JIEKTPOHHBIX
MHUKPOCKOIIOB JocTHTaeT 5-10 A, T.e. B HECKOJBKO COT pa3 O0JIbIIe, YeM y ONITUYECKOTO.

Ha »51eKTpOHHOM MHMKpPOCKOIIE OCYIIECTBISIOT MCCIEAOBAHUE TOHKUX IUIEHOK (PEIlIuK),
CHATBIX C TOBEPXHOCTH IIIM(a HIM HENOCPEICTBEHHOE H3y4EHHE TOHKHMX METaUIMYECKHX
IJIEHOK, TIOJTy4YE€HHBIX YTOHEHHEM MacCUBHOI0 00pas3lia.

B HauOosbliell creneHW HYXAAOTCA B MPUMEHEHHM 3JIEKTPOHHOW MHUKPOCKOMHMU
UCCIIEIOBaHMs MPOLIECCOB, CBS3aHHbBIE C BBIJCIEHHMEM H30BITOUHBIX (Da3, Hampumep, pacmaj
MEPECHIIIEHHBIX TBEPBIX PACTBOPOB MPH TEPMUUECKOM WM Je(OPMAIITMOHHOM CTAPEHUH.

5. PentrenoBckue Mmeroabl ucciepoBaHus. OnHUM M3 HauOojiee BaKHBIX METOJIOB B
YCTaHOBJIEHUM KPUCTAIIIOTPaQUUECKOro CTPOSHMS Pa3IUYHbIX METAJJIOB U CIUIABOB SBIISETCS
PEHTT€HOCTPYKTYPHBIA aHamu3. DTOT METOJ MCCIEI0BaHUS JIa€T BO3MOXKHOCTH OIPEIEIICHUS
XapakTepa B3aMMHOI'O pPacloJIOKEHUsI aTOMOB B KPUCTAJUIMUECKUX TeNax, T.€. PELIMTh 3ajady,
HE JIOCTYITHYIO HU OOBIYHOMY, HU 3JIEKTPOHHOMY MHUKPOCKOITY.

B ocHOBE pEHTI€HOCTPpYKTYpHOTO  aHajau3a JIEKUT  B3aUMOACUCTBHE  MEXIY
PEHTTC€HOBCKUMH JIydaMH U JISKAIIMMU Ha UX MYTH aTOMaMH HCCIEAYyeMOoro Tena, Omaromaps
KOTOPOMY IIOCJIETHUE CTAHOBSTCS Kak Obl HOBBIMH MCTOYHMKAMH PEHTIEHOBCKHX JIydew,
ABJIAACH EHTPAMHU UX PACCESHMUSL.

PaccessHue nydeil aTomMmaMud MOKHO YNOAOOUTH OTPAKEHUIO 3THUX JIy4ed OT aTOMHBIX
IUIOCKOCTEH KpHcTasia o 3aKOHaM FeOMEeTPUYECKOMN ONTHKH.

PeHTreHoBckue qy4n OTpa)karoTCsl HE TOJIBKO OT IJIOCKOCTEH, JIEKaIMX Ha TOBEPXHOCTH,
HO U OT IIyOMHHBIX. OTpa)kasich OT HECKOJIbKMX OJMHAKOBO OPHUEHTHPOBAHHBIX IIOCKOCTEH,
OTpaXEHHBIN Jy4 ycunuBaercs. Kaxaas IUIOCKOCTh KPUCTAIUIMYECKOM DPEIIETKH JaeT CBOH
Iy4OK OTpPaXeHHbIX BOJH. IlomyuuB omnpeneneHHoe dYepenoBaHUE OTPAKEHHBIX ITIyYKOB
PEHTI€HOBCKUX JIyded II0J OINpPENEIECHHbIMU YIJIAMH, PAacCCUUTBIBAIOT MEXKIIIIOCKOCTHOE

24



paccTosiHue, KpUcTauiorpaduyeckue MHIEKChl OTPaXAIOIUX IUIOCKOCTEH, B KOHEUHOM CUETe,
(bopMy 1 pazMepbl KPUCTATUINYECKOH PEILETKH.

IIpakTHYeckas 4acTb
Conep:kanue oT4yera.
1. B ordyere HEOOXOIMMO yKa3aTh Ha3BaHHE, 1e]b PAOOTHI.
2. Ilepeuncnure OCHOBHBIC (PU3NYECCKHE CBOWCTBA METAILIIOB (C OMPEICICHUSIMHU ).
3. 3adukcupyiite B TeTpanu tabmuisl 1-2. Caenaiite BBIBOIBI IO TAOIUIIAM.
4. 3anonuauTe Tabmuiy: «OCHOBHBIE METOBI HCCIIEIOBAHUS B MATEPUATIOBEICHUN.

IIpakTuyeckas padora 6.
Tema 6. CoBpeMeHHbIe BO31YIIHbIE BSKYIIHE BeleCTBA.

Hean pa6oThI:

e (opMUpOBaHHE y CTYACHTOB INPEJICTABICHUS O B3aUMOCBSI3M MaTepualia U KOHCTPYKIIUH,
MIPEIOTPEICIIAIONICH BEIOOD M ONTHMH3AIUIO CBOHCTB CTPOUTEIIEHOTO MaTrepuaia, UCXOIsl U3
YCIIOBHI DKCIUTyaTallil KOHCTPYKIIUN ¥ TPeOyeMO JJO0JITOBEUYHOCTH;

L4 OBJIAAICHUC CTYACHTAMU IPAKTUYCCKHUMU MCTOAAMHU OIPCACIICHUSA IMPOYHOCTH,
KECTKOCTH, YCTOﬁqHBOCTH CTPOUTCIIbHBIX MAaTCPUAIOB

TEOPETUYECKAS YACTb

['mapatanoHHble (HEOPraHMYECKUE) BXKYIIME BEIeCTBa

1. BozayuiHble BSKYIINME BELIECTBA.

2. I'mapaBianueckue BsOKYLIME BELIECTBA.
['upparaniioHHBIMU ~ (HEOPraHMYECKMMM)  BSOKYLIIMMHU  BEIIECTBAMU  HA3bIBAlOT  TOHKO
U3MeNbUEHHbIE MaTepuaibl (MOPOIIKH), KOTOpble MNpPHU CMENIMBAHUU C BOAOH 00pa3yroT
IUIACTUYHOE TECTO, CIIOCOOHOE B MPOIlECCe XMMUUYECKOTO B3aUMOJICHCTBUS C HEW 3aTBEp/EBaTh,
HaOUpaTh MPOYHOCTh, CBA3BIBAs IIPU ITOM B €AMHBIIMOHOJMT BBEJIEHHbBIE B HETO 3allOJHUTENH,
00OBIYHO KaMEHHbIE MaTepuaibl (IIeCOK, rpaBuil, 1e0eHb), 00pa3ysl TeM CaMbIM MCKYCCTBEHHBIN
KaMeHb TUIIA TeCYaHUKa,KOHTJIOMepaTa.
['unparanioHHbIE BSXKYIUE MOAPA3AEIAIOT Ha:
e BO3/YIIHBIE (TBEpACIOLIME U HAOUPAIOLIHE TPOYHOCTh TOJIBKO B BO3AYILHON Cpeie)
e TUApPABIMYECKHE (TBEPJCIOLIME BO BIAXXHOMN, BO3AYIIHOM Cpejie U MO/ BOAOK).

Cmpoumenvras 6o30ywnas uzeecms (CaO) — npoayKT ymepeHHOro odxura npu 900—
1300 °C npupoansix kapbonatHbix mopoa (CaCOz), conepxamux 10 8§ % TIMHUCTHIX MPUMeEceit
(M3BECTHSK, JOJIOMHT, M€l U Jip.). OOXKHUr OCYIIECTBIISAIOT B IIAXTaX M BpalAOIIMXCS Meyax.
Haubonee mmpokoe pacrnpocTpaHeHHE MOJYUUIIM MIaXTHBIE meud. [Ipu oOXure u3BeCTHSKA B
HIaXTHOW MeYM JABMXKYIIMICS B IIaXTe CBEpXY BHU3 MaTepuajl MPOXOJIUT MOCIEI0BaTENIbHO TPU
30HBI: 30HY NoOJOrpeBa (CyIIKa CBHIpbS M BBIJCNCHHE JIETYYUX BEIIECTB), 30HY OOXKHUTa
(pa3znmokeHue BEILIECTB) W 30HY OXJIaXJeHHsA. B 30He mojorpeBa M3BECTHSAK HarpeBaeTcs 10
900 °C 3a cuér Teruia NOCTYMAIOUIETO U3 30HBI 00XKHUTa OT ra3000pa3HbIX MPOAYKTOB ropeHus. B
30He O0XKHra MPOUCXOAUT TOpeHue TOoIuIMBa M pasioxeHue uzBecTHsika (CaCOs) Ha u3BecTb
(CaO) wu mmokcuna yraepona (CO2) mpu temmnepatype 1000—1200 °C. B 30He oXJaKACHUS
000XOKEHHBIA M3BeCTHSIK oxiaxmaaercs 1m0 80-100 °C pBuraronuMmcs CHH3Y BBEPX XOJIOIHBIM
BO3/JyXOM.

B pe3ynbTare 00kHra noJHOCTBIO TEPSIETCs ABYOKUCH YIIIEpOJia U MOIYy4aeTcss KOMOBas,
HeraméHasi M3BeCTb B BUJE KYCKOB 0esioro miu ceporo mnpera. KomoBas HeraméHas M3BECTh
ABIISIETCS IPOAYKTOM, U3 KOTOPOTO MOJy4aloT pa3Hble BUbI CTPOUTENLHOMN BO3AYIIHON U3BECTH:
MOJIOTYIO MTOPOIIKOOOPa3HYIO HEraléHyI0 U3BECTh, H3BECTKOBOE TECTO.

CTpouTenbHyl0  BO3AYIIHYIO  M3BECTb  pa3jIMYHOIO  BHJA  HCIHOIB3YIOT  IPH
NPUTOTOBIICHUU KJIAI0OUYHBIX U IITYKATYPHBIX PAaCTBOPOB, OETOHOB HU3KHX MapokK (paboTaromiux
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B BO3AYUIHO-CYXHMX YCJOBHSIX), W3TOTOBJICHUHM IUIOTHBIX CHUJIMKATHBIX H3JEAUN (KUpOuya,
KPYIHBIX OJIOKOB, MaHeNeil), MOJyYeHUU CMEIIaHHBIX [[EMEHTOB.

lanporexHuUecKre u THIPOMEITHOPAIIMOHHBIE COOPYKEHUS M KOHCTPYKIIUU padOTaloT B
YCIIOBUSX MOCTOSIHHOTO BO3ICHCTBHS BOJIbL. DTU TSKENbBIE YCIOBUS SKCIUTyaTallud KOHCTPYKLIUN
U COOpY)KEHUH TpeOyIoT TPUMEHEHUsS BSDKYIIMX BEIISCTB, OOJAJArOIIMX HE TOJIBKO
HEOOXOJUMBIMU MPOYHOCTHBIMU CBOMCTBaMH, HO HBOJOCTOHMKOCTbIO, MOPO30CTOMKOCTBIO U
KOPPO3MOHHON CTOMKOCThIO. TakuMu CBOHCTBaMH OOJIAZAlOT THIPABIUYECKUE BSDKYILUE
BEIIECTBA.

lanpaBnuyuecKkyr0 W3BECTh MOTYYAIOT YMEPEHHBIM OOKUTOM MPUPOIHBIX Mepreyied u
MeprenucTbix u3BecTHAKOB mpu 900—1100 °C. Meprenb U MEpreaucThlii U3BECTHIK HIYIINC
JUIsl TPOU3BOJICTBA THAPABIMYECKONW M3BECTU COAEPKAT OT 6 10 25 % TIMHUCTBIX U MECUAHBIX
npumeceld. E€ runpaBinueckue CBOMCTBA XapaKTEPU3YIOTCS TUAPABINYECKUM (UM OCHOBHBIM)
MoayjeM (m), MPEACTABIISIIONIMM OTHOILIEHHWE B IMPOIEHTAX COJEPKAHUSI OKHCIIOB KaJbIUs K
COJIEP’KaHUIO0 CYMMbI OKHCIIOB KPEMHHUS, aTFOMUHUS U JKeJe3a:

I'unpaBnuueckass W3BECTb — MEIJIEHHO CXBaTbIBAIOLIEECS U MEAJIECHHOTBEPCIOIIEE
BelecTBO. EE€ MpUMEHSIOT A7 MPUTOTOBJICHHS CTPOUTENBHBIX PACTBOPOB, HU3KOMAPOUHBIX
0CTOHOB, JIETKMX OCTOHOB, ITPH MOJTYYCHHH CMEIIAHHBIX OSTOHOB.

OobopynoBanue U MaTepuabl

OO0pa3ipl U3roTaBIMBAOT B (hOpME MPSIMOYTOIBHON HPU3MBI C TOMEPEYHBIM CEUCHHEM
20x20 MM u anuHHOM BAOJL BOJMIOKOH 300 mm. [lomyckaeTcsi onpenensaTs npeaen MpoYHOCTU
MIPU CTAaTHYECKOM M3rHuOe Ha 00pa3iiax mocie OnpeaeeHust MOAYJIsl YIPYrOCTH.

Jl1is ipoBeIeHUs UCTIBITAaHUS IIPUMEHSIETCS CIeAyIolas anmnaparypa:

- wmonepHusupoBanHbidi mipubop I[ICI-2M, oOecneunBarOmMii  3aJaHHYI0 CKOPOCTh
Harpy>kKeHusi oopaslia Wil TMepeMelIeHUs] Harpy)karlleld TOJIOBKH M IO3BOJISIIONIAS U3MEPATH
Harpy3Ky C MOTrpenrHocThio He Oonee 1%;

- mpucnocobieHue, obecreurBaroliee u3rud obpasla MNPHIOKEHHEM Harpy3kd K ero
MOBEPXHOCTU B CEPEIUHE pACCTOSIHUSI MEXIy LeHTpamu orop. Pammyc 3akpyrieHus omnop u
Harpy>Karolero Hoxka J0JKeH ObITh 30 MM;

- IITAaHT€HUMPKYJIb C MOTPELIHOCTHIO n3MepeHus He 6omnee 0,1 MMm;

- anmaparypa Juis onpenenenus Bnaxaoctd mo [OCT 16483.7-71;

- MPOBOJIOYHBIC JATUYUKH COTIPOTUBIICHNUS;

- PpblUaQXHBIE WU DJIEKTPOMEXAaHUYECKHE TEH30METPhl ISl H3MepeHHs (UOPOBBIX
nedopmaruit, mporuOoMepsl WM UHIUKATOPHI YACOBOTO TUTIA JIJISI M3MEPEHHUs TPOTrHO0B OalKH.

Yka3anus no TexHuke 0e30MacHOCTH

K BBIMOTHEHWIO MPaKTUYECKUX paldOT MOMYCKAIOTCS TOJIBKO CTYACHTHI, MPOIICININE
WHCTPYKTaX MO TEXHUKE OE30MaCHOCTH.

30Ha BBHINOHEHUSI padOT JOMKHA OBITh OrpaxaeHa. HaxoxjaeHne moCTOPOHHUX JIUIL, B
TOM 4YHCJIE€ CTYACHTOB, HE MPUHUMAIOIIMX YYacCTHE B BBINIOJHEHUU NAaHHOW paboThl, B paboueii
30HE 3alperaercs.

Bce koHTakTHBIE COENMHEHUS JOJDKHBI OBITH OUHWIIEHBI M MPOBEPEHBI Ha IUIOTHOCTH
3aTSDKKW; U3MEPUTENbHBIC MPUOOPHI JOJDKHBI OBITh MCIPaBHBL. [lob30BaHNEe TTOBPEKICHHBIMU
npubopaMu He TOMYyCKaeTCsl.

[Ipu nepepsiBax B paboTe, a TakKe Mocie OKOHYaHUsI paboThl Bce MPUOOPHI HEOOXOIUMO
pasrpys3uTh.

3amnperaercs oCTaBIATh O€3 Ha/l30pa 3arpyKeHHble TPUOOPHI.

[Ipn mnpoBeneHWM WCHBITAHUN OMKHO OBITH CMEIIAHHOE OCBEIIEHHE, TO €CTh
€CTECTBEHHOE M WCKYCCTBEHHOE, YTO OOECHEYMBAECT OCBEIICHHOCTh 30HBI HCIBITAHUN B
cootBeTcTBUM ¢ TpedoBanusiMu CHull.

3ananus

[TonroroBka UCTIBITAHUI: HA CepeIMHE JITMHBI 00pa3iia U3MepstoT mupuHy b u Beicoty h
¢ morpenrHocThio He 6omee 0,1 Mm.
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[IpoBenenue ucnpiTanuii: oopasen nomemarot B mpudop [1CI-2m Tak, uToOs! H3rnbdaromiee
ycuire ObUIO HaIpaBJICHO IO KacaTeIbHOW K TOMWYHBIM CIIOSIM (M3TUO TaHTCHITMAIBHBIN) U
Harpy’karoT 110 CXEME, IOKA3aHHON Ha PUCYHKE.

O6pazen HarpyxarT HA0OPOM THUPH PABHOMEPHO C MOCTOSIHHOM CKOPOCTBIO HArPYKEHUS
WIA TIOCTOSIHHOW CKOpOCThIO mepemenienus 4 Mm/MUH. CKOpPOCTh HarpyXeHus JOJDKHA OBbITh
TaKoM, 4TOOBI 00pazer paspymmics yepes (1,5+0,5) MuH nociie Havyaia Harpy>KeHHUs.

VcnplTanue NpONOIDKAIOT 0 paspylleHus oOpasia, omnpenenss MaKCHMaIbHOe
nokazanue crpenku MY-10. MakcuManbHy0 Harpy3ky Fmax ONPEACNSIOT ¢ MOTPEITHOCTBIO HE
6onee 1%.

[Tocne ucnpITaHus ONpeAesaoT BiIakHOCTh 00pa3ioB o ['OCT 16483.7-71.

[Ipu ucnbITaHUU ONPENEIIAOTC:

- BEJIMYMHA U XapaKTep paclpeeieHus HOPMAIbHBIX HAMpPSDKEHUI MO BBICOTE CEUEHUS
OaJIky IpU pacueTHOM HArpy3Ke;

- mporu6 OaJKy MpU PacYETHON HArpy3Ke M Ha KaXKJOW CTYIEHU HArpy>KeHUs;

- BJINYMHA Pa3pyLIAOIIEed HArPy3KH.

Harpyxenue 6anku npousBoautcs cryneHs M 0,125 Ppacuer.

[TokazaHusi TEH30METPOB 3alMCHIBAIOTCA IPU HYJIEBOM W PACYETHOM Harpyskax.
[Toka3zaHusi UHAUKATOPOB WJIM MPOTHOOMEPOB 3aMMCHIBAIOTCS Ha KaXJIOW CTYIEHU HArpy3KH J0
BEJIMYUHBI Ppacuer, TOCIIE YETO MPUOOPHI CHUMAIOTCS M 00pa3el] HarpyKaeTcsi 10 pa3pylIeHuUsI.

ITo BenmnumHam mporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIYUCIIUTh YCPEOHEHHBIH MOJIYJb YHOPYrOCTH APEBECHHBI 00Opasla IMpH KpaTKOBPEMEHHOM
HArpy>XEHUH U OLEHUTH BIUSHHUE IMOMEPEUHON CHIIBI Ha Mporud naHHoW Oanku. J[ns sToro mo
NOKa3aHWsIM HMHIUKATOpa OIpeAesieM Nporud Oajakd B cepeluHe MposieTa W BBIYHCISEM
YCpeIHEHHBIH MOIYIb YIIPYTOCTU APEBECUHBI 0€3 yueTa BIHMSHUS MONEPEYHON CUIIBL.

[Ipenen mpodyHOCTH (GW) (B MIla) obOpa3ma ¢ BIAKHOCTBIO B MOMEHT HCIBITAHUS
BBIYUCIISIIOT TI0 (hopmyiie:
oy = 3Pmaxz I
2bh
rae, Puax —MakcumanbHas Harpyska, H;
| - paccrostHEEe MEKIY IICHTPAMH OTIOp, MM;
h - BeIcOTa 00pasia, MuM;
b - mmpuna obpasia, Mm.
Pesynprar BeruncasaoT u okpyristoT 1o 1 Mlla.
Pe3ynbTaThl HCOIBITAHUI 3aMKCHIBAIOT B MPOTOKOJ.
Conep:xanue oT4éTa
1. Tema;
2. llenb paboThI;
3. ®opMyIbl, COOTHOLIEHUS U TPaQUKH;
4. 3aKI0UYeHEe U BEIBOBI.
KouTpoJibHbIe BOIPOCHI M 3a1aHUA
1. Meronuku pa3pabOTKH KOHCTPYKTUBHBIX M PACUETHBIX CXeM?
2. OCHOBHBIC ITOJIOKECHHSI O CBOWCTBAX CTPOUTEIHHBIX MaTePHATIOB?
3. B 3aBUCHMOCTH OT Ye€ro CTpPOUTCS CEMEUCTBO (a30BBIX TPACKTOPHIA?

IIpakTuuyeckas padora 7.
Tema 7. IlopTaanauemenT. CBpeMeHHbIE ClleMATbHbIE BUIbI IIEMEHTOB.

[enb: onpenenuTh MIOTHOCTD U BA3KOCTh OU(BI (HaTypalbHON WIIH MOJIYHATY-PaJIbHOM).

Xoa pabotbl. IIIOTHOCTH KHUAKHUX MaTepUaANOB OIPENEISIOT apeoMETpPoOM (JIeH-
cuMeTpoM) (puc. 1) — CTEKISTHHBIM NPHOOPOM, B HIDKHEH YacTH KOTOPOTO HAaXOIUTCS Tpy3
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(Ipobb), a B BepxHEW — TrpalydpoBaHHas Iikana. [ TyOMHa morpyxeHus apeomerpa B onudy
XapakTepU3yeT €€ MIOTHOCTh. [NIOTHOCTD JKUAKOCTEN onpeAesstoT npu temmneparype + 20 °C.

Jns ompeneneHus IMIOTHOCTH OJMH(BI MPUMEHSIOT apeoMeTp C MpeleiaMu JeTCHHS
mkanel  0,65... 1,00 rv/cm3. Omudy HamuBarOT B NPO3PAYHBIM CTEKISHHBIA ITUJIHHAD
BMecTUMOCTBIO 250 cMm3 Tak, 4TOOBI YeTBepTash 4acTh €ro odbeMa ocraBaiach CBOOOTHOW, W
MEPEeMENINBAIOT CTEKIISIHHOM MaNo4yKoil. ApeoMeTp OCTOPOKHO NorpyxaroT B oiudy. [Ipu stom
OH HE JIOJDKEH KacaTbCsl CTEHOK M JHA MUINHIpa. OTCUeT 1Mo apeoMeTpy OepyT Ha ypOBHE HHU3a
MeHHUCKa KuaKocTu. [lokazanue mo apeomMerpy, OTCUUTAHHOE C MOTPEIIHOCTHIO 10 COTHIX JI0JIeH
€IMHUIIbI, IPUHUMAIOT 32 IIOTHOCTh XKUJAKOCTH.

i

gl s

7,600
1,02
1,04
1,06
108
7,10

-4

®

a) &)

Puc. 1. Apeometp: a — oOuruii Bu11, 6 — npubop B paboueM COCTOSTHUH

11

Puc. 2. Boponka HUJIK:
1 — cocyn, 2 — BBIYCKHOE OTBEPCTHE, 3 — KOHYC ISl BOJBI, 4 — BOPOHKA ISl UCTIBITYEMOTO
MaTepuania, 5,6 — mrymepa, 7 — KpaH

OneIT ¢ HOBOM TopuMel onudbl MPOAETHIBAIOT JABa pa3a. llocie ombITOB apeoMerp,
HACyXO BBITHPAIOT MATKOH TKaHblO. Pe3ynbTaThl 3aNKChIBAIOT B XKYpHAJ MPAKTHYECKUX padoT Mo
dbopwme:

Bun onmuds [Ipenenst nenenus mkansl apeomerpa r/cm3. IlepBblif oTcueT mo apeomeTpy
r/cM3, BTOpPOIl OTCUET TI0 apeoMeTpy T/cMm3.

[TnoTHOCTH OnUBI: 10 onbITY r/cM , o 'OCTy r/cm .

Bsizkocts omudbr onpenensitor ¢ momoribio Boponku HWJIK (puc. 2) ¢ mmamerpom
BBIITYCKHOTO KaJTMOpPOBAaHHOTO OTBepcTHs 7 MM. BopoHky 4 10 KpaeB 3amoyiHAOT oiaudo, a
KOHYC 3 11 BOJBI HAMOJHSIOT Bojaou, Harpetor mo 20..25 °C. Boma B KOHyce I0JDKHA
LIUPKYJIUPOBaTh B TEYEHHE BCETO OmNbITa. Boay moparoT yepes mrynep 6" M BBITYCKAIOT 4Yepes
mryrep 5. Ilox BeiTyckHOE OTBEpCTHE 2 BOPOHKH MOMELIAIOT cocysl / BMectTuMocThbio 100 cm3.
Kak Ttonmpko temmneparypa omugsl nocturuer 20 °C, OTKpbIBalOT KpaH 7 M OJHOBPEMEHHO
MyCKaIOT CEKyHIOMeEp.

[TokazaTens BA3KOCTH — BpeMsi B CeKyHJaX, HeoOxoaumoe ans ucteueHus 100 cm3
onu@bl. ONBIT MPOBOJAT TPHIKIIBL, 33 PE3YJIbTAT MPUHUMAIOT CpeIHEE apu(PMETHUECKOE U3 TPEX
ornpeneneHuil. Pe3ynbraTsl 3aMCHIBAIOT B XKYypHAJI paboT 1o (gopme:
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Bun omudsr [Ipubop uamerp kanuOpoBaHHOTO OTBEpPCTUS . . . MM. lemmeparypa
Martepuaina . . . °C. Bpemst ucreuenus 100 cm3 onmudsr:

I)...c,
2)...c,
3)...c.

Bsi3kocTh 0Bl 0 ONBITY .... ¢, 1o ['OCTy .... c.
Xoxa paboT 1Mo onpeAeNeHUIO TUIOTHOCTH U BS3KOCTH CBSI3YIOIIETO OMKCHIBAIOT B )KypHAJe pador,
JIEJIal0T KPATKHUE BBIBOJIbI U BHIUEPUUBAIOT CXEMbI IPUMEHSBIIMXCS IPUOOPOB.

KOHTPOJIBHBIE BOITPOCHI

1. YUto Ha3bIBaeTCS CBSA3YIOIIMM BEIIECTBOM?

2. B ueM COCTOUT MPUHIUIHUAIBHOE pa3jiNurie MEXIy HEOPraHWUYECKUMU U OpPraHMYeCKUMU
CBSI3YIOIIUMU BEIIECTBAMU?

3. Jlns kakux 1ened TNPUMEHSIOT B MaJPHBIX paboTax MOPTIAHAINEMEHT, OebIi
MOPTIAHIIIEMEHT U I[BETHON MOPTIAHALIEMEHT?

IIpakTuyeckas padora 8.
Tema 8. CoBpemMeHHBbIe CTPOUTE/IbHbIC PAacTBOPbl. COBpeMeHHBbIE CyXHe CTPOHWTe/IbHbIe
CMecH.

Hean pa6oTbI:

e (QopmupoBaHuEe y CTYICHTOB MPEACTABICHUS O B3aMMOCBA3M MaTepuaia U KOHCTPYKIIUH,
MpeonpeeNoneld BHIOOp U ONTUMH3AIUIO CBOICTB CTPOUTENHHOTO MaTepHalia, UCXOAs W3
YCJIOBHM 3KCIUTyaTallid KOHCTPYKIIUNA U TpeOyeMO# JOITOBEUHOCTH

. OBJIQJICHUE CTYACHTAMHU MPAKTUYECKUMU METOJAMH ONpPENESCHUs MPOYHOCTH,
JKECTKOCTH, YCTOMYMBOCTH CTPOUTEIIbHBIX MATEPHUAIIOB

TEOPETUYECKASA YACTb

CrtpoutenbHBIE pacTBOp — OOBENMHSAET TIOHITHUS «PACTBOPHAS CMECHY, «cyXas
pacTBOpHasi CMeCh», «pacTBOp». CTPOUTENIBHBIM PAaCTBOPOM Ha3bIBAIOT MaTEpUall, MOJIy4aeMblii
B pe3yjbTaTe 3aTBEpJCBaHMs CMECH BSDKYIIETO BelIecTBa (LEMEHT), MEIKOTO 3alOJHHUTENs
(mecok), 3aTBopuTeNs (BOAa) U B HEOOXOMUMBIX CITydasx CHEIHAaIbHBIX T00AaBOK. DTy CMECh JI0
HayaJia 3aTBEpAECBaHUS HA3bIBAIOT pacmeopHol cmecwvio. Cyxas pacmeophas cmecb — 3TO CMECh
CYXUX KOMITIOHEHTOB — BSIKYIIETO, 3alOJIHUTENS U J0OABOK, T03UPOBAHHBIX U MEpPEMEIIaHHbIX
Ha 3aBOjie, — 3aTBOpsieMas BOJOH mepes ynoTpebieHneM. Bspkyiee B pacTBope 00BONIaKUBaeT
3épHa 3aloJHMUTENS, YMEHbIIAs TPEHHE MEXIY HMMH, B PE3yJbTaTe€ Yero pacTBOpPHAs CMECh
npuoOpeTaeT HEOOXOIUMYIO JUIsl paboThl MOABMKHOCTh. B mporecce TBeplaeHHs BSOKYILIUN
MaTepHual MPOYHO CBA3BIBACT MEXIY COOOH OT/ENbHblEe YacTHIBI 3amoyiHuTens. B kauecTe
BSDKYILETO HCIHOJIB3YIOT LIEMEHT, IJIMHY, TUIIC, W3BECTb MJIM HX CMECH, a B KadecTBe
3anoyHUTeNs — 1ecok. CTpouTeNbHbIE PacTBOPHI KIACCU(PHUIMPYIOT B 3aBUCUMOCTU OT psija
(GakTOpOB: NMPUMEHSEMOTO BSIKYIIET0, CBOWCTB BSIKYIIErO BELIECTBA, COOTHOLICHHUS MEXIY
KOJIMYECTBOM BSIKYILIETO MaTepuasa 1 3aroIHUTENS, IJIOTHOCTA U Ha3HAYEHHUSL.

[lo BuAy nDpPHUMEHSEMOrO BSIKYIIETO BELIECTBA CTPOUTENbHBIE PACTBOPHI OBIBAIOT
IPOCThIE C MCHOJb30BAHUEM OJHOTO BSDKYILETO (LIEMEHT, U3BECTh, THUIC U JP.) U CIOXKHBIE C
MCIIOJIb30BAaHUEM CMEIIAHHBIX  BSDKYIIUX (1IIEMEHTHO-U3BECTKOBBIE,  M3BECTKOBO-TUIICOBBIE,
M3BECTKOBO-30JIbHBIE, [NINHO-COJIOMEHHBIE U Jp.).

CocTaBbl IPOCTBIX PacTBOPOB 0003Ha4yarOT IByMs uuciamu. llepBoe uucio (0ObBIYHO
€/IMHUIIA) MTOKAa3bIBAET, YTO BSKYIIET0 MaTepuaya B pacTBOpE OJHa 0ObeMHas (MM MaccoBas)
yacTh. llocienHee 4uciO B COOTHOIIEHUU C MEPBBIM MOKA3bIBAET, CKOJIBKO OOBEMHBIX (MK
MAcCCOBBIX ) YaCTeH 3alOTHUTENS MPUXOAUTCS Ha OJIHY YacTh BSOKYIIEro marepuana. Hampumep,
M3BECTKOBBI pacTBOp cocTaBa 1:3 o3Hayaer, 4To B JAHHOM pacTBOpe Ha | 4. u3BecTH
IPUXOAUTCS 3 4. 3alOJIHUTENS. {1 CIOXKHBIX paCTBOPOB COOTHOILIEHUE COCTOUT U3 TPEX YMCEl,
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U3 KOTOPBIX IEPBOE YMCIO (EAMHHUIA) BBIPAXKAaeT OOBEMHYIO YacTb OCHOBHOTO BSDKYILETO
MaTepuaia, a BTOPOE YHCIIO MOKa3bIBAET, KAKOBO KOJUYECTBO JOMOJHUTEIBHOIO BSIKYIIETO
HY)KHO B35Th Ha OJHY 4acTb. B 3aBUCMMOCTH OT CBOMCTB BSIKYIIEIO BEIIECTBA Pa3INYarOT
BO3/IyIIIHbIE PACTBOPHI, TBEPICIOUINE B BO3AYIIHO-CYXHX YCIOBHSX (HampuMep, TUIICOBbBIE), U
TU/IPaBIMYECKHUE, HAUMHAIOIME TBEPAETh HA BO3AyXE M MPOAOJIKAIOLIME TBEPAETh B BOJAE WU
BO BJIQKHBIX YCJIOBUSX (LIEMEHTHBIE).

B 3aBUCMMOCTM OT COOTHOIIEHMSI MEXJy KOJHMYECTBOM BSDKYLIETO MaTepuaisa u
3aMOJIHUTENS PA3JIMYalOT KUPHbIE, HOPMAaJbHbIE U TOIIME PACTBOPHI U PACTBOPHBIE CMECH.
JKupHbIMM Ha3bIBAIOT pAcTBOPBI C M30BITKOM BsDKyLIero wmarepuaia. UX cMecu OYeHb
IUTACTUYHBI, HO JAIOT MPHU TBEPACHUU OOJBIIYIO YCAAKy; HAHECEHHBIE TOJCTBHIM CIIOEM YKUPHBIE
pacTBOpHl  pacTpecKHBarOTcs. Tomme pacTBOpbl  COAEPKAT  OTHOCHUTENBHO  HEOOJBINOE
KOJIMUECTBO BSKYIIEro mMaTepuana. OHAKO OHM J1al0T OYEHb MAJIyI0 YCaJIKy, YTO BeChbMa LIEHHO
npu O0JUIIOBOYHBIX pabOTax.

[Io mioTHOCTH CTpoUTENbHBIE PACTBOPBHI MOAPA3ACISAIOT HA TSDKENble — CpeaHei
IUIOTHOCTBIO B cyxoM coctostHun 1500 xr/m3 u Gosiee, MPUTOTOBIISIEMBIE HA OOBIYHOM TIECKE, U
Jerkue — cpenHeit mmoTHOCThIo 10 1500 kr/M3, KOTOpble MPUTOTOBISIOT Ha JIETKOM MOPUCTOM
necke 3 nemsbl, Tyda, kepamsurta u ap. Ilo Ha3HAUYEHUIO CTPOUTENFHBIE PACTBOPHI OBIBAIOT
KIaJo4YHble (A711 KaMeHHOW OOBIYHONM U OTHEYNOpHOM KIAJAKH, MOHTa)xa CTeH U3
KPYITHOPa3MEPHBIX 3JIEMEHTOB), OTAEIOYHbIE (ISl OLUITYKAaTypUBaHUS [MOMEILEHUN, HAHECECHUS
JEKOPAaTUBHBIX CJIOEB HAa CTEHOBBIC OJIOKM U TAHENH), CHelHalbHble, 00JaJarirue 0coObIMU
cBoiicTBamMu (rUApoU30sIUOHHbIE TD-2, aKkycTUYECKUE, PEHTI€HO3aLIUTHbIE).

Oo0opynoBanue H MaTepUAJIbI

OO0pa3ipl U3roTaBIMBAOT B (hOpME MPSIMOYTOIBHON HPU3MBI C MOMEPEYHBIM CEUCHHEM
20x20 MM u anuHHOM BAOJbL BONIOKOH 300 mm. [lomyckaeTcst onpenensaTh npeaen Mpo4HOCTU
MIPU CTAaTHYECKOM M3rHOe Ha 00pa3iiax mocie OnpeaeieH st MOAYJIsl YIPYrOCTH.

Jl1is mpoBeieHUs UCTIBITAaHUS IIPUMEHSIETCS ClIeAYIolas anmnaparypa:

- wmonepHusupoBanHbid Tipubop I[ICI-2M, obecneunBaromuii  3aJaHHYI0 CKOPOCTh
Harpy>kKeHusi obpaslia Wid TepeMelIeHHUs] Harpykarolleld TOJIOBKH M IO3BOJISIIOIIAS U3MEPATH
Harpy3Ky ¢ MorpemHocTbio He Ooiee 1%;

- TpucIocobIeHne, obecreunBaroliee M3rud obpaslia NPUIOKEHHEM Harpy3ku K ero
MOBEPXHOCTU B CEPEIUHE PpACCTOSIHUSI MEXIy LeHTpamu orop. Pammyc 3akpyrieHus omnop u
Harpy>kKarolero Hoxka J0JKeH ObITh 30 MM;

- IITAaHT€HUUPKYJIb C MOTPEIIHOCTHIO n3MepeHus He 6omee 0,1 MMm;

- anmaparypa Juis onpenenenus Bnaxnoct mo 'OCT 16483.7-71;

- IPOBOJIOYHBIE TATYUKH CONPOTHUBIICHHUS;

- PpblUaQXHBIE WU DIIEKTPOMEXAaHUYECKHE TEH30METPhl ISl U3MepeHHs (UOPOBBIX
nedopmaruit, mporuOoMepsl WM UHIUKATOPHI YACOBOTO TUTIA JIJISI M3MEPEHUS TPOTrHO0B OalKu.

Yka3aHus 1o TexHuKe 0e30MacHOCTH

K BbIMOMHEHHIO TPAKTUYECKUX PAOOT JOMYCKAIOTCS TOJIBKO CTYJIEHTHI, MPOIIEIIINe
MHCTPYKTaX I10 TEXHUKE O€30MaCHOCTH.

30Ha BBINOMHEHHS] padOT JOKHA OBITH orpaxaeHa. HaxoxaeHue mocTOpoOHHHUX JIMI, B
TOM YHCJIE€ CTYACHTOB, HE MPUHUMAIOIIMX yYaCTHE B BBHINOJIHEHUU NAaHHOW paboThl, B paboueit
30HE 3arperaercs.

Bce koHTakTHBIE COENMHEHUS JODKHBI OBITH OUHWIIEHBI M MPOBEPEHBI Ha IUIOTHOCTH
3aTSHKKU; U3MEPUTEIbHBIE TPUOOPHI JOKHBI ObITh UCHpaBHbL. [lob30BaHNEe MOBPEXKACHHBIMU
npubopaMu He JOIyCKaeTcs.

[Ipu nepepsiBax B paboTe, a TakKe Mocie OKOHYaHUS paboThl Bce MPpUOOPhI HEOOXOIUMO
pasrpys3uTh.

3anperiaercs oCTaBIATh O€3 Ha/l30pa 3arpyKeHHble TPUOOPHI.

[Ipy mnpoBeneHUM UCHBITAHUN JIOJDKHO OBITH CMEIIAHHOE OCBEIEHHE, TO €eCTh
€CTECTBEHHOE€ U HCKYCCTBEHHOE, YTO O0O0eCHeurMBaeT OCBEIICHHOCTh 30HBbI HCHBITAHUN B
cootBeTcTBUH ¢ TpedoBanusiMu CHull
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3aganusn

[ToaroToBKa UCIIBITAHHUIN: HA CEpEeMHE JUIMHBI 00pa3la H3MEpSIOT HUPHHY b 1 BeIcoTy h
C morpenrHocTeio He 6oiee 0,1 mm.

[IpoBenenue ucnbiTanuii: oopaser; nomeniaroT B mpuodop [ICI-2m Tak, uToObI n3rudaromee
ycuire ObUIO HAIlpaBJICHO MO KacaTelNbHOW K TOAMYHBIM CIOSIM (M3TMO TaHTCHLUANbHBIN) H
HarpyXxaroT 110 CXeMe, IOKa3aHHO! Ha PUCYHKE.

O0pa3zer Harpy>karoT HaAOOPOM I'MpPb PABHOMEPHO C TIOCTOSIHHOW CKOPOCTBIO HArPy>KEHHS
WINA TOCTOSHHOW CKOpOCThIO mepemenieHus 4 MM/MUH. CKOpPOCTb HarpyXeHus AOJKHA ObITh
Tako#, 4To0bI 00pa3er paszpymics yepes (1,5+0,5) MuH nocie Hagana HarpyKeHUs.

VcnblTaHue NpoJO/DKAIOT 0  paspylleHus oOpasina, omnpenenss MaKCUMajabHOe
nokasanue crpenku MY-10. MakcumanbHyo Harpy3ky Fmax OIpPENeNsioT ¢ MOTPEIIHOCTbIO HE
6onee 1%.

[Tocne ucnbliTaHUs ONpPEAETAIOT BiIakHOCTh 00pa3uoB o 'OCT 16483.7-71.

IIpu ucnbITaHUM ONIPENEIIAIOTCS:

- BEJIMYMHA U XapaKTep paclpeieieHNss HOPMAJIbHBIX HAIpPSDKEHUI MO BBICOTE CEYEHUs
OaJIKu NP pacyeTHOU HArpys3Ke;

- mporu® OaNKH MpH pacyeTHON HArpy3Ke W Ha KaKIOH CTYIIEHU HArpyKEHUS;

- BeJIMYMHA pa3pyllarolield Harpy3KH.

Harpy:xenune 6anku npousBoautcs cryneHsMu 0,125 Ppacuer.

Iloka3aHuss TEH30METPOB 3allUCHIBAIOTCS IPU HYJIEBOM W pacueTHOM Harpyskax.
[Toka3aHusi MHAMKATOPOB WIJIM MPOTHOOMEPOB 3alMCHIBAIOTCS HA KAXKIOW CTYNEHHW HArpy3Kd [0
BEJIMUUHBI Ppacuer, TOCIIE YET0 MPUOOPHI CHUMAIOTCS U 00pa3el] Harpyaercs 10 pa3pyLieHHUs.

[lo BenmnumHam nporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIUUCIIUTh YCPEJHEHHBIH MOIYyJb YHOPYrOCTH JApPEBECHHBl o0Opas3la IMpH KpaTKOBPEMEHHOM
Harpy>KeHUH U OIICHUTH BIIMSIHUE TOTIEPEYHON CHJIBI HA MpOrud maHHOW Oanku. J{s aToro mo
NOKa3aHUsM MHJMKAaTopa OIpeAesieM Nporud Oanku B cepeluHe MposieTa U BBIYHMCISIEM
YCPEIHEHHBIH MOIYJIb YIIPYTOCTH APEBECUHBI 0€3 yueTa BIMSHUS TONEPEYHON CUIIBL.

o

[Ipenen mpounoctu (W) (B MIla) obpa3ma ¢ BIaXKHOCTBIO B MOMEHT HCIIBITAHUS
BBIYHUCIISIOT IO popMyIie:

3P

q
max
oW T oph?
rae, Puax —MakcumanibHas Harpyska, H;
| - paccrosiHre MEXIy LIEHTPAMH OIIOP, MM;
h - BeicOTa 00Opasia, Mm;
b - mupuHa obpasia, MM.
Pesynbrar BeiunciasioT u okpyrisitor g0 1 MlTa.
Pe3ynbTaThl HcnbITaHUI 3aMTMCHIBAIOT B TPOTOKOJI.
Conep:xaHue oT4éTa
1. Tema;
2. llens paboTHI;
3. ®opMyIbl, COOTHOLIEHHS U TPaUKH;
4. 3aKIIFOYEHUE U BBIBOJIBI.
KoHnTpoJibHbIe BOIPOCHI M 32/1aHUA
1. Meronuku pa3paOOTKU KOHCTPYKTUBHBIX M PACUETHBIX cXeM?
2. OCHOBHBIE IOJIOXKEHUS O CBOMCTBAX CTPOUTEIHHBIX MaTepHaIOB ?
B 3aBucHMOCTH OT 4ero cTpOUTCSl CEMENHCTBO (ha30BBIX TPACKTOPUIA?
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IIpakTuuyeckas padora 9.
Tema 9. CoBpemeHHbIe 0eTOHBI. BeTOHHAasi cMech M ee CBOMCTBA.

Ieab padoThi:

e (QopmupoBaHUE y CTYIACHTOB MPEACTABICHUS O B3aMMOCBS3M MaTepuana ¥ KOHCTPYKIIUH,
pelonpeeNaomneil BIOOp U ONTUMHU3AIUIO CBOICTB CTPOUTENBLHOTO MaTepHalia, UCXOAs W3
YCIIOBUH IKCIUTyaTallud KOHCTPYKIUN U TPeOyeMOil T0JITOBEUHOCTH;

. OBJIQJICHHE CTYACHTAMM MPAKTUYECKUMHU METOJIaMH ONpPEEJICHUs MPOYHOCTH,
JKECTKOCTH, YCTOMYUBOCTH CTPOUTEIBHBIX MaTepUaIoB

TEOPETHUYECKASA YACTDb

BBenenne crnenuanbHbIX J100aBOK B OETOHHYIO CMECh SIBISETCS YAOOHBIM CIIOCOOOM
yIy4IIEHUs] KaYeCTBEHHBIX XapaKTEPUCTUK LIeMEHTa, O€TOHa M pacTBOpHOro kamus. JloGaBku
MO3BOJISIIOT 3HAYUTENBHO YAYYIIUTh MX TEXHUYECKHE M OKCIUTyaTallMOHHBIE MOKa3aTesH.
CrneunanbHble 100aBKY MPUMEHSIOT MPU U3TOTOBICHUH CTPOUTEIBHBIX PACTBOPOB U OETOHHBIX
cMeced, MpH TPOU3BOACTBE BSUKYIIMX BemecTB. OHH TMO3BOJSIOT JOOWUTHCS TOBBIIICHUS
KauecTBa OETOHHOM CMecH, OKasblBas BIIMSHHE Ha TaKWe IMOKa3aTelld, KaK BOJIOCTOHWKOCTH,
yI1000yKIIaIbIBAEMOCTb, MOPO30CTOMKOCTh, MEXAaHHYECKYI0 IUIOTHOCTh, YCTOWYHBOCTH K
TpellMHAM U pa3pylICHUSIM, YMEHBIIUTh TEIUIONPOBOAHOCTh U YBEIMYUTh CTOMKOCTH K
OKpY>Karollen cpere.

OCHOBHBIMU CBOMCTBAaMH OETOHHBIX CMECEH CUMTAIOTCSA CBSI3aHHOCTH, T.€. CHOCOOHOCTH
NOJICP)KUBATh  OJHOPOABIHH COCTaB W HE pacclamBaThCsi NPHU  TPAHCHOPTHPOBKE,
BOJIOYJICP’KUBAIOIIAsl CIIOCOOHOCTh (MTpaeT OYeHb BaXKHYIO pOJb MpH Habopa MPOYHOCTH,
MOPO30CTOMKOCTH M BOJOHENPOHUIIAEMOCTH), , YyI0OOYKIAIbIBAEMOCTh WU CIIOCOOHOCTH
MPUHUMATH TPEOYEeMYIO IUIOTHOCTh U KOH(PUTYypaLUIO.

CBexass OeTOHHasi CMeCh JOJDKHA OBITH ONHOPOJHA, NMPHUTOAHA K IEPEBO3KE K MECTy
VKJIQJIKH U TIPH 3TOM JIOJKHA COMPOTHUBIIATHCS PACCIOCHHUIO M BOJOOTACIECHUIO.

IIpy mnonbope W MNPOEKTHPOBAHMM CcOCTaBa OETOHHOW CMECH BakKHO BbBIOpaTh
COOTBETCTBYIOIIIME MaTepUabl, BSLKYIINE BEIIeCTBa U J00ABKU M YCTAHOBUTH MX ONTHUMAIbHOE
KOJINYECTBEHHOE COOTHOIIICHHE.

OcHOBBIBasiCb Ha TaKOM TMOJ0OpPE MOXKHO TOJIYYUTh OCTOHHYIO CMECh C TPeOyeMbIMU
TEXHOJIOTUYECKHUMH CBOMCTBAMHU, OTBEYAIOIIYIO MPOCKTHBIM M JKCIUTyaTAIMOHHBIM YCIIOBHSIM
py MUHUMaJIbHOM pacxoje leMeHTa. [logoOpanHas Takum oOpa3oM OeTOHHas cMech 00si3aHa
o0agaTh HEOOXOIUMON YI0OOYKIIAIBIBAEMOCTBIO U CBS3aHHOCTHIO, HE JIOJKHA pacCiIanBaThCs.
beron, mNpUTrOTOBIEHHBI W3 TakoOM CMecH, JOMKEH COOTBETCTBOBAaTh TPeOyeMbIM
XapaKTEPUCTHKAM.

Haubonee mnpocToif MeTox MNpPOEKTUPOBAHMS COCTaBa CMECH COCTOMT B pacyere
KOMIIOHEHTOB 1O a0CONIOTHBIM oObemam. [Ipu 3TOM HYXKHO y4YUTBIBaTh, YTO YJOKEHHAS U
VIJIOTHEHHAsE OETOHHASI CMECh HE MOKET HMETh ITYCTOT.

Oo0opynoBanue U MaTepUAJIbI

OO0pa3ipl U3roTaBIMBAOT B (hOpME MPSIMOYTOIBHON MPU3MBI C TIOTIEPEYHBIM CEUCHHEM
20x20 MM u mHHOHM BIoNb BONOKOH 300 mMm. Jlomyckaercs ompeaensiTh mpeael MPOYHOCTH
MIPU CTAaTHYECKOM M3rHOe Ha 00pa3iiax mocie OnpeaeeH st MOIYJIsl YIPYrOCTH.

Jl11s ipoBeIeHUs! UCTIBITAHMS IIPUMEHSIETCS CIIeAYIoIas anmnaparypa:

- wmonepHusupoBaHHbd TipuOop I[ICI-2M, obecneunBarommii  3aJaHHYI0 CKOPOCTh
Harpy>KeHus: oopaslia Wid TepeMelIeHUs HarpyKarlield TOJIOBKH W IO3BOJISIIOIIAS U3MEPATH
Harpy3Ky ¢ MorpemHocTbio He Oonee 1%;

- TpHcIocobJeHre, obOecreunBaromiee M3rud obpaslia NPHIOKEHHEM Harpy3ku K ero
TIOBEPXHOCTH B CEPEMHE PACCTOSIHUSI MEKIy LEHTpaMH orop. Pamuyc 3akpyriieHusl omop |
Harpy>kKaroIero Hoxka J0JKeH ObITh 30 MM;

- IITAaHT€HIUPKYJIb C MOTPEIIHOCTHIO n3MepeHus e 6omee 0,1 MMm;

- anmaparypa Jis onpenenenus BiaaxHoctu no FOCT 16483.7-71,
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- IPOBOJIOYHBIE JATYHKH COTPOTHBIICHHUS;

- PpblUaQXHBIE WM HJIEKTPOMEXAaHUYECKHE TEH30METPhl Il U3MepeHHs (UuOPOBBIX
nedopmanuii, mporuOOMepsl WM HHIUKATOPhI YACOBOTO TUIIA [T U3MEPEHHSI IPOTUOOB OAJIKH.

Yka3aHnus 10 TexHUKe 0e30I1aCHOCTH

K BBIONHEHMIO NPAKTUYECKUX PAOOT JOIMYCKAIOTCS TOJIBKO CTYIEHTHI, MPOLIEIIINE
MHCTPYKTaX 110 TEXHUKE OE30MaCHOCTH.

30Ha BBINOMHEHUsI paboT IoKHA OBITH OorpaxkaeHa. HaxoxneHue MOCTOPOHHUX JIWI, B
TOM 4YHCJIE€ CTYACHTOB, HE MPUHUMAIOIIUX y4acTHE B BBHINOJIHEHUU NAHHOW paboThl, B paboueit
30HE 3alpeLaeTcs.

Bce koHTakTHBIE COeNMHEHUS AOKHBI ObITh OYMIICHBI M IPOBEPEHbl Ha IJIOTHOCTD
3aTSHKKU; U3MEPUTENIbHBIE TPUOOPHI JOJKHBI OBITh UCTpaBHBL. I101p30BaHNE TOBPEKICHHBIMU
npubopaMu He JI0MYyCKaeTCsl.

ITpu nepepsiBax B paboTe, a TaKkKe Mocjiae OKOHYaHHs paboThl BCe MPUOOPHI HEOOXOMMO
pasrpys3uTh.

3ampemaercst OCTaBIATh O€3 HaZ30pa 3arpy>KeHHbIE TPUOOPHI.

[Ipn mnpoBeneHWH WCHBITAHUI [OMKHO OBITh CMEHNIAHHOE OCBEIEHHE, TO €CTh
€CTeCTBEHHOE M HCKYCCTBEHHOE, YTO O0ECHEeUMBAET OCBEIICHHOCTh 30HBI HCIIBITAHUHA B
cootBeTcTBUM ¢ TpeboBanusmu CHull.

3aganusn

[ToAroToBKa UCIBITAHUI: HA CEpeMHE JUTHHBI 00pa3ia Uu3MepstoT mupuHy b u Beicoty h
¢ morpenrHocToio He 6omee 0,1 Mm.

[IpoBenenue wucnbiTanmii: obOpazer; nomemaror B npubop I[ICI-2m  Tak, YTOOBI
u3rubaroniee ycuiane ObUIO HAmpaBlIeHO MO KacaTeIbHOM K TOJMYHBIM CIIOSIM  (M3rH0
TaHTeHIMAJIbHBII) U HATPYKAIOT 1O CXEME, MOKa3aHHOW Ha PUCYHKE.

O6pa3zen Harpyx)arT HA0OPOM T'UPh PABHOMEPHO C IMOCTOSTHHON CKOPOCTHIO HArPYKEHUS
WIH TOCTOSIHHOM CKOpOCThIO mepemeieHuss 4 MM/MuH. CKOPOCTh HArpyXeHHs JTOJDKHA OBbITh
TaKoM, 4ToOBI 00pazer] pazpymmuics yepes (1,5+0,5) MuH nmoce Havaga Harpy>KEeHuUs.

VcnblTanue MNpoJO/DKAIOT 0 paspylleHus oOpasia, omnpenenss MaKCUMajabHOoe
noka3anue crpenku NY-10. MakcumanbHyo Harpy3ky Fmax ONpenensioT ¢ MOTPEeIIHOCThIO He
6onee 1%.

[Tocne ucnipiTanus onpeaesnsoT BiaxkHocTh 00pasmos mo 'OCT 16483.7-71.

[Tpu ucnibITaHUM OTIPENeINIAIOTCS:

- BEJIMYMHA W XapakTep pachpeiesieHnss HOPMAIbHBIX HANPSDKEHUH 10 BBICOTE CEYECHUS
OaJIKu MpH pacyeTHON Harpys3Ke;

- mporu® OaNKH MPH PacyeTHOW HArpy3Ke W Ha KKIOW CTYIIEHU HArpyKEHUS;

- BeJIMYMHA pa3pyllaroliel Harpy3KH.

Harpy:xenune 6anku npousBoautcs cryneHs M 0,125 Ppacuer.

Iloka3aHusi TEH30METPOB 3allUCHIBAIOTCS TMPU HYJIEBOM W pacueTHOM Harpyskax.
[Toxa3zaHusi UHAUKATOPOB WJIM MPOTMOOMEPOB 3aMMCHIBAIOTCS Ha KaXJIOW CTYIEHU HArpy3Kd 10
BEJIMYUHBI Ppacuer, TOCIIE YET0 MPUOOPHI CHUMAIOTCS U 00pa3el] HarpyKaeTcst 10 pa3pyLIeHusI.

[To BenmnumHam nporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIYUCIUTh YCPEJHEHHBIH MOJYJb YIPYrOCTH JApPEBECHHBI OOpas3lia NMpH KpaTKOBPEMEHHOM
Harpy>X€HUH W OLEHUTHh BIUSHHUE IMONEPEYHON CHIIbI Ha Mporud naHHoM Oanku. J[is sToro mo
MOKa3aHWsIM HMHJMKAaTopa OIpeessieM Nporud Oajkd B cepeluHe MposieTa U BBIYHMCISIEM
YCpEIHEHHBIH MOJIYJIb YIIPYTOCTH APEBECUHBI 0€3 yueTa BIMSHUS TONEPEYHON CUIIBL.

e}
[Ipenen mpounoctu (W) (B MIla) obpasma ¢ BIaXHOCTBIO B MOMEHT HCIIBITAHUS
BBIYHUCIISIOT IO GOpMyIIe:
3P -1
Oy =g
2bh
rae, Puax —MakcumanibHas Harpyska, H;
| - paccTosiHEE MEXKTY LICHTPAMH OTIOP, MM;
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h - BeicoTa 00pasia, Mm;
b - mmpuna obpasia, Mm.
Pesynprar BelunciasaoT u okpyrisitoT 1o 1 Mlla.
Pe3ynpTaTel HcnbITaHUI 3aIIMCHIBAIOT B IPOTOKOJI.
Conep:xanue oT4éTa
1. Tema;
2. llenb paboTHI;
3. ®opMyIIbl, COOTHOIICHUS U TpaduKu;
4. 3aKJII0YEHHUE U BBIBOJIBI.
KoHTpoJibHbIE BOIPOCHI M 321aHUA
1. Meronuku pa3paboTKH KOHCTPYKTUBHBIX M PACUETHBIX CXeM?
2. OCHOBHBIE MTOJIOKEHUSI O CBOWCTBAX CTPOUTEIHHBIX MaTepUAIOB?
3. B 3aBHCHMOCTH OT Ye€ro CTPOUTCS CEMEUCTBO (a30BbIX TPACKTOPHIA?

IIpakTnyeckas padora 10.
Tema 10. CTpykTypa 0eToHa M cBONCTBa 0eTOHA.

ean padoThi:

e (GOpMHpPOBAHHME Yy CTYJIEHTOB MPEJCTABICHUS O B3aUMOCBSI3U MaTepuaja U KOHCTPYKIIUH,
MpEeAOPEACIISIONIEH BEIOOP W ONTUMHU3AIMIO CBOWCTB CTPOUTEIBHOTO MaTepHalia, UCXOMs M3
YCIIOBUH 3KCIUTyaTallud KOHCTPYKUUN U TpeOyeMoil 10JIr0OBEUHOCTH;

L4 OBJIAICHUC CTYACHTAMU IPAKTUYCCKHUMU MCTOAAMHU OIPCACIICHUSA IMPOYHOCTH,
YKECTKOCTHU, YCTOMUNBOCTH CTPOUTEIIHLHBIX MaTEPHAIIOB

TEOPETUYECKAS YACTb

[IpuroroBnenre  OETOHHOW  CMECH  MPOU3BOAMTCS  LEHTPAIM30BAaHHO  Ha
0ETOHOCMECUTENIBHBIX 3aBOJaX, 00OPY/TOBAHHBIX BECOBBIMHU J103aTOPAaMU JUIsSl 3allOJHUTENCH U
BSKYILETO ¥ OOBEMHBIMU J103aTOPaMU JJIs BOABI U T00AaBOK.

IIpu »TOM ycraHaBnuBaeTcs cienymoomas (o0s3aTenbHas) MOCIEI0BATEIbHOCTD
BHECEHUS 0OABOK: MEPBbIM B BOJY 3aTBOPEHUSI BBOJIUTCS pacTBOp abueTaTra HATpHs, a 3aTeM
xyiopuctoro Kambius. IlocnmeanuMu B 6GapaGaH OGeTOHOMEIIAIKH MOJAIOTCS OCTaJIbHBIE
KOMIIOHEHTbI OETOHHOI CMeCH U IPOU3BOJUTCS €€ IepeMEIBaHHE.

IIpoaOMmKUTENBHOCTh  OJHOBPEMEHHOTO IEPEMEIINBAHUS BCEX KOMIIOHEHTOB JUIS
OeToHOMEIIANOK eMKOCThIo 10 425 1 He meHee 60 cexk. m emkocthio 1200 u 2400 n1 —
cootBeTcTBeHHO 120 1 150 cek. (3uMOi Bpems nepeMelinBanus yuimHsaercs B 1,25—1,5 paza).

JloctaBka OETOHHON CMECH C LEHTPaIM30BAaHHOTO CMECUTENIBHOIO y3ja JOJKHA OBITH
OpraHu30BaHa Tak, YTOOBI BpeMs, HEOOXOIMMOE JJIs IOCTaBKU U YKJIAJIKM CMECH, HE MPEBBIIIAI0
CpOKa Hauajla CXBaTbIBaHMs, OMpEAEsIeMOro nocrpoeuHoi jgabopatopueid. Bo Bcex ciydasx
MPOJOKUTEIFHOCTh TPAHCIIOPTUPOBAHMSI OETOHHOW CMeCH He JOJKHa ObITh Ooniee 45 MuH.
Jls M3MEHEHHUs ATOT0 CPOKa TpedyeTcs 3aKIII0YeHHe J1abopaTopuu.

[Ipu TpaHCcmOpTHPOBaHUU OETOHHOW CMECH HeNb3sl JOMYCKaTh YTE€YKHU LIEMEHTHOTO
MOJIOKa M pacciioeHusi O0eToHHOW cmecu. [Ipm HOpPMaNbHBIX YCIOBHUSX NEPEBO3KUM OETOHHAs
cMech ¢ 00aBKoi abuerara HaTpUs HE pacciauBaeTcs U He TepPSET CBOIO MOABUKHOCTD.

JlocTaBKy OETOHHOM CMECH K MECTYy YKJIAIKHU CIeAyeT OCYIIECTBIATh B OyHKEpax WM
Oanpsix, mpudyeM Hambosee I1enecoo0pa3HO TOJIb30BATHCA 6uUOpoOAdbeli uiu 6Oalvel muna
«Tazuncmpoun.

[Tonaya cMecu TEHTOYHBIMHU TPAHCIIOPTEPAMU HE JIOMYCKAETCS.

O0opynoBanue U MaTepUAJIbI

OO0pa3ubl U3roTaBIMBAIOT B (OpME MPSMOYTOJIBHON MPU3MBI C MONEPEYHBIM CEYEHUEM
20x20 MM u anuHHOM BAOJL BOJMIOKOH 300 mm. [lomyckaeTcst onpenensTs npeaen MpoYHOCTH
IIPU CTATUYECKOM M3rHde Ha 00pasliax 1mocie ONnpeAesieHNs] MOAYJIS YIPYTrOCTH.

JUnist mpoBeIeHHs UCIIBITAaHHSI TPUMEHSIETCS CIIeyIoNIas anmaparypa:
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- MognepHusupoBanHblii npubop IICI-2M, obecnieunBaronmii 3aqaHHYI0 CKOPOCTb
HarpykeHusi oOpaslia WM NEpPEeMEIICHUs] Harpy>kKarolled TOJOBKHM M IO3BOJISAIONIAS H3MEPSTh
Harpy3Ky C IMOorpeurHocThio He 6onee 1%;

- TMpHUCIIOCOOJIeHHe, oOecreunBaromee M3rud oOpasiia MPHIOKEHHEM Harpy3KH K ero
IIOBEPXHOCTU B CEPEIMHE pACCTOSIHUS MEXIy LeHTpamu orop. Pammyc 3akpyrieHus omnop u
HArpy’karoIiero Hoxa JokeH ObITh 30 MM;

- IITAaHTEHLIUPKYJb C MOTPEIIHOCTHI0 n3Mepenus e 6onee 0,1 Mwm;

- anmmaparypa s onpeneneHus BiaaxHoctu mo 'OCT 16483.7-71,

- IPOBOJIOYHBIE JATYHKH COTPOTHBIICHHS;

- PpBIYQXKHBIE WIM 3JIEKTPOMEXAHUYECKHE TEH30METphl JUIsl HU3MepeHHs (PUOPOBBIX
nedopmanuii, mporuOOMepsl WM HHIUKATOPhI YACOBOTO TUIIA [T U3MEPEHHSI IPOTHOOB OANIKH.

Yka3aHus 10 TeXHUKe 0€30IaCHOCTH

K BBIONHEHMIO NPAKTUYECKUX PAOOT JOIMYCKAIOTCS TOJIBKO CTYIEHTHI, MPOIIE/IIINE
MHCTPYKTaX 10 TEXHUKE OE30MaCHOCTH.

30Ha BBINOJHEHUSI padOT AOJKHA OBITh orpaxaeHa. HaxoxaeHue mocTOpOHHHUX JIMIL, B
TOM YHCJI€ CTYJIEHTOB, HE NPUHUMAIOIINX YYacCTHE B BBIIOJHEHUH JAaHHON paboOThl, B paboueit
30HE 3alpeLaeTcs.

Bce KOHTakTHBIE COEIMHEHMs JOJDKHBI ObITh OUMINEHBl M MPOBEPEHBI Ha IJIOTHOCTh
3aTSHKKU; U3MEPUTEIbHBIE TPUOOPHI JODKHBI OBITh UCTIpaBHBL. [101bp30BaHNE TOBPEKICHHBIMA
npubopaMu He JOIyCKaeTcsl.

[Tpu nepepriBax B paboTe, a TakkKe Mocjiae OKOHYaHHs paboThl BCe MPUOOPHI HEOOXOMMO
pasrpy3uTh.

3anperaercs ocTaBIATh O€3 Ha/30pa 3arpyKeHHble IPUOOPHI.

IIpy mnpoBeneHUMM UCHBITAHUN JODKHO OBITH CMEIIAHHOE OCBEIIEHHE, TO €CTh
€CTeCTBEHHOE M HCKYCCTBEHHOE, YTO O0ECHEeUMBAET OCBEIICHHOCTh 30HBI HCIIBITAHUHA B
cootBeTcTBUM ¢ TpeboBanusmu CHull.

3aganusn

[ToAroToBKa UCIIBITAHKUI: HA CEPEMHE JUTMHBI 00pa3lia H3MEPSIOT WHUPHHY b 1 BbicoTy h
C TIorpenrHocThio He 6omee 0,1 Mm.

IIpoBenenue ucnbiTanuii: oopasen nomemaroT B mpudop ICI-2Mm Tak, 4roOs! H3rudaromiee
ycuiare ObUIO HampaBIeHO MO KacaTelbHOM K TOAMYHBIM CIOSIM (M3rM0 TaHTeHIMAJIbHBIN) U
HarpyXxaroT 1o cxeme, oKa3aHHO! Ha PUCYHKE.

O6pa3zer Harpyx)arT HA0OPOM TUPh PABHOMEPHO C IMOCTOSHHON CKOPOCTHIO HATPYKEHUS
WINA TIOCTOSSHHOW CKOpOCThIO mepemenieHus 4 MM/MUH. CKOpPOCTb HarpyXeHus JOJDKHA ObITh
TaKoM, 4ToOBI 00pazer] pazpymmuics yepes (1,5+0,5) MuH nocne Havana Harpy>KeHus.

VcnblTanue MNpoJO/DKAIOT /0 paspylleHus oOpasia, omnpenenss MaKCUMajabHOe
noka3anue crpenku MY-10. MakcumanbHyo Harpy3ky Fmax ONpenensioT ¢ MOTPEIIHOCThIO He
6onee 1%.

[Tocne ucnipiTanus onpeaAessoT BiakHOCTh 00pasmnos mo 'OCT 16483.7-71.

[Tpu ucTibITaHUK OTIPENeIIAIOTCS:

- BEJIMYMHA W XapakTep pachpeiesieHnss HOPMAbHBIX HAINPSDKEHHH 10 BHICOTE CEYCHUS
OaJIKy MpH pacyeTHOU Harpys3Ke;

- mporu® OaNK¥ MPH PacyeTHOHW HArpy3Ke W Ha KKIOH CTYIIEHU HAarpyKEHUS;

- BeJIMYMHA pa3pylIaloield Harpy3KH.

Harpy:xenune 6anku npousBoautcs cryneHsaMu 0,125 Ppacuer.

Iloka3aHusi TEH30METPOB 3alUCHIBAIOTCS TPU HYJIEBOM W pacueTHOM Harpyskax.
[Toxa3zaHusi UHAUKATOPOB WJIM MPOTMOOMEPOB 3aNMCHIBAIOTCS Ha KaXJIOW CTYIEHU HArpy3Kd 10
BEJIMYUHBI Ppacuer, TOCIIE YETO MPUOOPHI CHUMAIOTCS U 00pa3el] Harpy»KaeTcs J10 pa3pyLIeHUs.

[To BenmnumHam nporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIYUCIIUTh YCPEJHEHHBIH MOJYJb YHOPYrOCTH JApPEBECHHBI oOpas3lia NMpH KpaTKOBPEMEHHOM
Harpy>)KeHUM U OLICHUTb BIMSHUE IONEPEYHOM CUiIbl Ha NMporud aaHHoM Oanku. s sToro mo
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NOKa3aHMsIM HMHIMKAaTopa OIpeAesieM Nporud Oajakd B cepeluHe MposieTa U BBIYHCISIEM
YCpEIHEHHBIH MOIYJIb YIIPYTOCTU APEBECUHBI 0€3 yueTa BIMSHUS MONEPEeYHON CUIIBL.

[Ipenen mpovyHOCTH (GW) (8 MIla) obOpa3ma Cc BIAKHOCTBIO B MOMEHT HCIBITAaHUS

BBIYUCIISIOT IO OpMyIIe:
o = 3P -1
" 2bh?

rae, Puax —MakcumalibHas Harpyska, H;

| - paccrosiHEe MEXY IICHTPAMH OTIOP, MM;

h - BeIcOTa 00pa3ia, MuM;

b - mmpuna oOpasia, Mm.

Pe3ynbTat BRIUUCIAAIOT U OKpYTJsAtOT 10 1 Mlla.

Pe3ynbTaThl HCHIBITAHUH 3aMMCBHIBAIOT B IIPOTOKOJ.
Conep:kanue oTuéra
1. Tema;
2. llens paboTHI;
3. ®opMyJibl, COOTHOLIEHUS U IPaQUKH;
4. 3aKIrovYeHne U BEIBOBI.
KouTtpoJibHbIe BOIPOCHI M 32/1aHUA
1. Mertoauku pa3pabOTKH KOHCTPYKTUBHBIX U PACUETHBIX cXeM?
2. OCHOBHBIC TIOJIOKCHUS O CBOMCTBAX CTPOUTEIHHBIX MATEPHUAIIOB?
3. B 3aBHUCHMOCTH OT Ye€ro CTpPOUTCS ceMENUCTBO (Pa30BbIX TPACKTOPHIA?

IIpakTuyeckasi padora 11.
Tema 11. CoBpemeHHBbIil ke1e300eTOH. CoBpeMeHHBbIe Kej1e300eTOHHbIe KOHCTPYKIIUH

Hean paGoTbI:

e (opMupOBaHME y CTYACHTOB NPEACTABIECHUS O B3aUMOCBS3M MaTepuayla U KOHCTPYKIIUH,
Ipeopeesoneid BHIOOp U ONTUMM3ALNI0 CBOMCTB CTPOMTEIBHOIO MaTepuana, UCXOns U3
YCIIOBUH 3KCIUTyaTallul KOHCTPYKUUN U TpeOyeMoil 10JIrOBEUHOCTH;

. OBJIAICHUE CTYACHTAMH NPAKTUYECKUMU METOJAMH OIPEIEICHUS IIPOYHOCTH,
JKECTKOCTHU, YCTOMYUBOCTU CTPOUTEIBHBIX MaTEPUAIIOB

TEOPETUYECKASA YACTb

[lo Buny OeroHa cOOpHbIE OETOHHBIE U KEJIE300€TOHHBIE M3JETHUS KIaCCUPUIMPYIOTCS Ha
CHJIMKaTHbIE W LeMeHTHble. [lo BHYTpeHHEMY CTpPOCHHMIO OETOHHBIE W3/eIMsS JeNiIT Ha
CIUIOIIHBIE U MyCTOTelNble. Takke X MOXHO Pa3/eITh MO HA3HAYEHUIO: Ui OOIIeCTBEHHBIX,
JKHUJTBIX FITH TIPOMBIIIUTCHHBIX 3IaHUM.

Xene3o0eToHHbIE COOPYXKEHHSI M3TOTABIMBAIOTCA U3 IJIOTHOTO CHJIMKATHOrO OETOHAa MapKu
He Hiwke 100, oobruHoro Oetona mapku He Huxke 200 u nerkoro 6erona e Huxke 50. beron 200
MapKl HCIONb3YyeTCs JJIs M3TOTOBJIEHUS CIa0OHAarpy>KeHHbIX KOHCTPYKLUH, Harpyska B
KOTOPBIX B OCHOBHOM HJIeT Ha cxkartue. beronsr mapku 300, 400, 500 u 600 ucnonb3yroTcst AJist
W3JIeTTNI, UMEIOINUX OOJIBIIYI0 HECYITYIO CITOCOOHOCTD.

beroHbl, KOTOpBIE MPUMEHSIOT MPU COOPYKEHHU KOHCTPYKUUH T'HIPOMETHOPATUBHOTO
Ha3HAYEHUs, JOJDKHBI 00€CTIeYUTh HAIeKHOCTh U JOJITOBEYHOCTh OOBEKTA.

IIpu dopmupoBaHUM OOBIYHBIX MOHOJMTHBIX >KEJI€300€TOHHBIX COOPYXEHHH U COOpPHBIX
KOHCTPYKIUH M U3JENUA HUCHOJB3YIOT KapKachl CETKHM W PYJOHHBIE CETKM W3 CTaJbHOI
apMaTypbl. Jlsi M3TOTOBJIEHUS HEHANpPSIKEHHBIX KOHCTPYKLUMN TNPHUMEHSIOTCS apMaTypHbIe

KaHaTbl U BEICOKOIIPOYHAs! TPOBOJIOKA.
OobopynoBanue 1 MaTepUAJIbI
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OO0pa3ipl U3roTaBIMBaOT B (hopMe MPSIMOYTOJIBHOM HMPU3MBI C MOMEPEYHBIM CEUCHHEM
20x20 MM u guHHON BAO0JIb BOJIOKOH 300 mM. JlomyckaeTcs ompenensiTh Mnpeaea MPOYHOCTH
IPU CTAaTUYECKOM M3THOE Ha 00pasiax Mocie OonpeneseH s MOAYJIS YIIPYTOCTH.

Jlnist ipoBeIeHHs UCIIBITAaHMsI TPUMEHSETCS CIeyIolas anmnaparypa:

- MognepHusupoBanHbeii mpubop IICI-2M, obecneunBaronmii 3aJaHHYI0 CKOPOCTb
HarpyxeHusi oOpasla WM MEepeMEIICHUsl Harpy>kKarouled TOJOBKHM M I03BOJIAIONIAS H3MEPSTh
Harpy3Ky C MOrpeurHocThio He 6onee 1%;

- TMpHUCIIOCOOJIieHHe, obOecreurBaromiee M3rud oOpasiia MPHIOKEHHEM Harpy3KH K ero
IIOBEPXHOCTU B CEPEIMHE PpACCTOSIHUSI MEXIy LeHTpamu orop. Pammyc 3akpyrienus omnop u
HArpy’karoIiero Hoxa JokeH ObITh 30 MM;

- IITAaHTeHLIUPKYJb C TOTPEIIHOCTHIO n3Mepenus e 6onee 0,1 Mwm;

- anmmaparypa s onpeneneHus BaaxHoctu mo 'OCT 16483.7-71,

- IPOBOJIOYHBIE TaTYUKH CONPOTUBIICHUS;

- PpBIYQXKHBIE WIHM 3JIEKTPOMEXAHUYECKHE TEH30METphl JUlsl HU3MepeHHs (PUOPOBBIX
nedopmanuii, mporuOOMephl WM HHIUKATOPBI YACOBOTO THIIA [T U3MEPEHHSI TPOTUOOB OaKH.

Yka3aHusi 10 TeXHHKe 0e30IaCHOCTH

K BbIOMHEHMIO NPAaKTUYECKUX PAOOT JOIMYCKAIOTCS TOJIBKO CTYJEHTBI, MPOIIEIIINE
MHCTPYKTaX 10 TEXHUKE OE30MaCHOCTH.

30Ha BBINOJHEHUS padOT AOKHA OBITh orpaxaeHa. HaxoxaeHue nmocTOpOHHHMX JIMIL, B
TOM YHCJIE CTYJIEHTOB, HE NMPHUHUMAIOIIMX YYacCTHE B BBIIOJIHEHUM JaHHOH paboThl, B paboueii
30HE 3alpeLaeTcs.

Bce KOHTakTHBIE COEIMHEHMs JOJDKHBI ObITh OUMINEHBl M INPOBEPEHBI Ha IJIOTHOCTh
3aTSHKKU; U3MEPUTEIbHBIE TPUOOPHI JODKHBI OBITh UCTIpaBHBL. [101p30BaHNE TOBPEKICHHBIMA
npubopaMu He JOIyCKaeTcsl.

[Tpu nepepsiBax B paboTe, a Takke Mocjae OKOHUYaHHUS paboThl Bce IPUOOPHI HEOOX0IUMO
pasrpy3uTh.

3anperiaercs oCTaBIATh O€3 Ha/l30pa 3arpyKeHHble TPUOOPHI.

IIpy mnpoBeneHHMM UCHBITAHUN JOJDKHO OBITh CMEIIAHHOE OCBEIIEHHE, TO €CTh
€CTECTBEHHOE€ U HCKYCCTBEHHOE, UYTO O0OECHeuMBaeT OCBEIIEHHOCTh 30HbI HCHBITAHUN B
cootBeTcTBUM ¢ TpeboBanussMu CHull.

3aganusn

[ToAroToBKa UCIIBITAHHUI: HA CEPEMHE JUTMHBI 00pa3lia H3MEPSIOT WHPHHY b 1 BbicoTy h
¢ orpenrHocThio He 6omee 0,1 Mm.

IIpoBenenne wucnobiTanmii: oOpazeny nomemaror B npubop IICT-2m  Tak, 4YTOOBI
usrubaroniee ycwive OblJIO HANpaBlIEHO IO KacaTelbHOM K TOAMYHBIM closiM  (U3THO
TaHT€HI[MAJIbHBIN) 1 Harpy’KaroT 10 CXeMe, I0Ka3aHHOM Ha PUCYHKE.

O6pa3zer Harpyx)arT HA0OPOM TUPh PABHOMEPHO C IMOCTOSTHHON CKOPOCTHIO HATPYKEHUS
WINA TIOCTOSSHHOW CKOpOCThIO mepemenieHus 4 MM/MUH. CKOpPOCTb HarpyXeHus JOJKHA ObITh
TaKoM, 4ToO0BI 00pazer paspymmiics depes (1,5+0,5) MuH nociie Havyaa Harpy>KeHHUs.

VcnplTanue MNpoJODKAIOT 0 paspylleHus oOpasia, omnpenenss MaKCUMajIbHOoe
noka3anue crpenku NY-10. MakcumanbHyl0 Harpy3ky Fmax OIpenensioT ¢ MOTPEeIIHOCThIO He
6onee 1%.

[Tocne ucnipiTanus ONpeAessoT BiIakHOCTh 00pasmnos mo 'OCT 16483.7-71.

IIpu ncnplTaHUM ONPENENIAIOTCA:

- BEJIMYMHA U XapaKTep paclpeieieHnuss HOPMaIbHBIX HANpPsDKEHUI MO BBICOTE CEUEHUs
OaJIKu MpH pacyeTHOU Harpys3Ke;

- mporu6 OajKu MpU pacYETHON HArpy3Ke M Ha KaKJOW CTYIEHU Harpy>KeHUs;

- BEJIMYMHA pa3pyLIalolled Harpy3KH.

Harpy:xenune 6anku npousBoautcs cryneHsIMu 0,125 Ppacuer.

[lokazaHusi TEH30METPOB 3alMCHIBAIOTCS IPU HYJIEBOM M PACUETHOM Harpyskax.
[Toka3aHuss MHAMKATOPOB WJIM MPOTMOOMEPOB 3aMMCBHIBAIOTCA HAa KaXIOW CTYNEHM HArpy3ku JI0
BEJIMYUHBI Ppacuer, TOCIIE YET0O MPUOOPHI CHUMAIOTCS U 00pa3el] HarpyKaeTcsi 10 pa3pyLICHuUsI.
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ITo BenmumHam mporu6oB Oanku npu Harpy3kax 0,125 Ppacuer 1 0,25 Ppacaer MOXKHO
BBIYHMCIINTh YCPEAHCHHBIH MOAYIb YIPYrOCTH APEBECHHBI 00paslia NpH KPaTKOBPEMEHHOM
Harpy>KeHUH U OIICHUTH BIHMSHUE TOMEPEYHOM CHIIBI Ha Mporud manHoW Oanku. J{is sToro mo
NOKAa3aHUSAM HHAWKATOpa OmpenenseM Nporud Oanku B CEepeJuHE IpoJeTa M BBIYHCIAEM
yCpEeIHEHHBIH MOAYIIb YIIPYTOCTH JPEBECUHBI 0€3 yueTa BIUSHUS MOTIEPEYHON CHIIBL.

e}

[Ipenen mpounoctu (W) (B MIla) obpa3ua ¢ BIaXXKHOCTBIO B MOMEHT HCIIBITAHUS
BBIYUCIISIOT O popMmyIie:

3P

q
max
oW T oph?
rae, Puax —MakcumanibHas Harpyska, H;
| - paccTosiHEE MEXKTY [IECHTPAMH OIIOP, MM;
h - BeicoTa 00pasia, Mm;
b - mupuHa obpasia, MM.
Pesynprar BeiunciasoT u okpyrisitor g0 1 Mlla.
Pe3ynbrarel nCHbITaHU 3aMCHIBAIOT B IPOTOKOJL.
Conep:xanue oT4éTa
1. Tema;
2. llenb paboTHI;
3. @opMyIbl, COOTHOILIEHUS U TPaUKH;
4. 3aKkJIFOYeHHUE U BBIBOJIBI.
KoHTpoJibHbIe BONPOCHI U 3a]aHUs
1.  Meroauku pa3paboTKy KOHCTPYKTUBHBIX U PACUETHBIX CXeM?
2. OCHOBHBIE MOJIOKEHUS O CBOWCTBAX CTPOUTEIHHBIX MAaTEPUAIIOB ?
3. B 3aBHCHMOCTH OT Yero CTPOUTCS CEMEUCTBO (a30BbIX TPACKTOPHIA?

IIpakTnyeckas padora 12.
Tema 12. CoBpeMeHHbIe KepaMHYecKHe MaTepHaJibl U U31eTusl

Hean padoThI:

e (GopMHpPOBAHHE y CTYJECHTOB MPEJCTABICHUS O B3aMMOCBSI3M MaTepHalla U KOHCTPYKIIUH,
MIpEeAOTIPEACIISIONIEH BEIOOP U ONTUMHU3AIMIO CBOWCTB CTPOUTEIHHOTO MaTepHalia, UCXOMIs M3
YCIIOBUH IKCIUTyaTallud KOHCTPYKIUN U TpeOyeMoil 10JIrOBEUHOCTH;

o OBJIAZICHUC CTYACHTAMU HPAKTUUYCCKHUMU MCTOAAMHU OIPCACIICHUA IMPOYHOCTH,
KECTKOCTH, yCTOfI‘-IHBOCTPI CTPOUTCIIBHBIX MAaTCPUAIOB

TEOPETHUYECKASA YACTDH
N3BecTkoBO-necyaHble U3eaus (CTPOUTENBHBIA KUpPHHUY, OJOKH, TPYObI, uepemnuia,
MaHEeJIW U JAp.) U3rOTaBIMBAIOT U3 CMECH KBaplLEBOTO IeCKa M BO3AYUIHOW M3BECTH (MHOTAA U
N00aBOK) C MOCHEAYIOIUN MepeMelInBaHueM, MeXaHUYeckoi (pOPMOBKOIM M 3armapuBaHUEM B
aBTOKJIABE pu TeMIlepaType OKaJo 180°C nu JABJICHUH 9 I1a.

Hanuuue B OONBIIMHCTBE pallOHOB OCHOBHOT'O CHIPbSi KBapIlEBOrO IECKa, MCIOJIb30BaHUE B
Ka4yecTBE BSKYIIETO0 BO3AYIIHOW M3BECTH, CPABHUTEIBHO HEOOJNBIION pacXxo/] TOIJIMBA, a TAKKe
BO3MOXXHOCTh TOJIHOM MEXaHW3alluh W aBTOMATH3allMU TEXHOJOTMHM H3TOTOBJIEHUS SBHINCH
¢dakTopamMu OBICTPOro pocTa MpPOU3BOJACTBA CHJIMKATHBIX M3JEIUH  pa3jIMyHOrO BHJA.
CyIHOCTh TEXHOJIOTUU MPOU3BOJICTBA CUIMKATHBIX M3ZENUi 3akitoyaeTcs B ciaeayromem. [Ipu
THIATEJILHOM IEPEMEIINBAHUN PA3HO3EPHUCTOIO KBApIEBOIO IECKAa C BO3AYLIHOW H3BECTHIO,
npu BiIaxXHOCTH cMmecu 7-10% u panpHelneM ee YIJIOTHEHUWHU CHIPIIOBOE H3JENUE IMpu
BBIIEP’)KMBAHUM Ha BO3JlyX€ MEUIEHHO 3aTBEPAEBAET, AocTUras npoyHocTd 10 1-2 MIla. Emie B
1881 r. Hemenkuii yueHslii B. Muxasnuc mokasai, 4To U3BECTKOBO-TIECHAHBIE U3EIUS MOCIE
00pabOTKM MX MMapoM IPH MOBHIIIEHHOM JIaBJICHUU B aBTOKJIaBE OBICTPO HAOMPAIOT MPOYHOCTb.
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B nacTosimiee Bpemsi U3roTaBIMBAET CIENYIOIIUE CUJIMKATHBIC U3JEHS: W3BECTKOBO-TIECUAHBII
(CHIIMKATHBIM) KUPOUY, BOJOCTOMKHE CWIMKaTHble wu3aenus (Omoku, TpyOwl, Ap.).
Cunukamuolil _Kupnuy N3roTaBIMBalOT U3 CMECHM M3BECTM U KBApLEBOIO JIECKa IIyTEM
IIPECCOBAaHUSI U TOCHEAYIOLIEro 3alapuBaHUsl B aBTOKJIaBe OT(HOPMOBAHHBIX U3JICIHA.
OCHOBHBIM MaTEpHaJIOM JUIsl MPOU3BOJCTBA CHJIMKATHOTO KUpIUYa SIBISETCS NECOoK (ero
conepkanue B kuprnuye Oomee 90 %) mo Becy. Ilecok HYKHO HPHUMEHSTh C BBICOKUM
conepxkanueM SiO2 (kpemHe3eMa). 3epHa Mecka JOJDKHBI OBITh Pa3IMYHONW KPYIMHOCTH — TaKOM
MECOK HUMEEeT HAMMEHbIIMH O00BEM IyCTOT, KOTOpbIE€ YAaCTHUYHO 3aIOJIHAIOTCS H3BECThIO.
W3BecTb i TPOM3BOACTBA CHJIMKATHOTO KHUpPIHAYa TPUMEHSIOT  OBICTPOTacsuIyrocs,
conepxkanyto okoio 70% axtuBHOM okxucu Kaibius (CaO). B u3Bectu He NOMKHO OBITh
nepexora, HaJIu4yue KOTOPOTo MPENsTCTBYET raiieHue W3BECTH.
CWIMKaTHBIN KUPIIAY M3TOTABIUBAIOT pazMepoM 250%120X65 MM WU MOTYTOPHBIN (TONIIMHON
100 mm) mapok 150, 100, 75, oobemuas macca kupnuda — 1,8-1,9 | Bogonornamenue — He 6oiiee
16%, mopo3ocroiikocts — 15. CTOMMOCTh CHIIMKaTHOrO Kupnuya npuMmepHo Ha 30 % nemesie
TJIMHSHOTO.

BBenenue B CHIPLIOBYIO CMeCh JOOABOK TOHKOMOJIOTOT'O KBApIIEBOTO IECKa WM JOMEHHOTO
rpa"nyiaupoBaHHoro uwviaka okojo 10% c¢ comepkanwem wu3Bectd 10 15% yBenmuyuBaeT

IMPOYHOCTb H3I[eJ'IPII>i.
Ecnu necok 3aME@HUTh TOHKOMOJIOTEIM CYINIMHKOM HWJIN TSKENOoH CYIIEChIO TOJTYYUM HU3BCCTKOBO-
TJIMHHUCTBIC KUpIYHU.

Ecnu kBapleBbIii IECOK B CHIPLIOBON CMECH 3aMEHHTH JOMEHHBIM I'PaHyIMPOBAHHBIM [IJIAKOBBIM
IECKOM WJIM 30JI0i OYpbIX yrJiel, MOKHO MOJYYUTh HW3BECTKOBO-LIUIAKOBBIC MJIM U3BECTKOBO-
30JIbHBIE KUpNMUYM WM Onoku (pasmepoMm, Hampumep, 250x120x140 MM u  Oodjbie).
JU1s U3roTOBJIEHUS KPYIHBIX OJIOKOB M APYTHMX 3JEMEHTOB MPUMEHSIIOT U3BECTKOBO-TIECUAHbIE
(cunukatHbIe) OETOHBI, B COCTaB KOTOPBIX BBOJAT 3allOJIHUTENh B BHJIE TPAHYJIMPOBAHHOTO
IUIaKa,  MEJKOAPOOJeHOM  NUIAaKOBOM — mem3bl,  Kepam3uTa,  Iepaurta H  Jp.
PUMEHSISI IPOTPECCUBHYIO TEXHOJIOTHIO TIPOM3BOJCTBA (TIIATEIBHBINA TMOAOOP COCTABISIONINX,
BBEJICHHE HEOOXOIMMBIX J00aBOK, IPUHYIUTEIbHOE TIepeMELIBaHe, BUOPOYINIOTHEHHUE U JP.),
MO’KHO TMOJIYYUTh U3/IENINS U3 aBTOKJIABHOTO CUJIMKATHOrO OeToHa npouyHocThio 10 50-60 MIla.
Cunuxamuvle _usdenus (0€TOHbBI) — HCKYCCTBEHHBbIE KaMEHHBIE MaTepHajbl, IMOJyuYE€HHBbIE W3
TIHIATEIBHO TIEPEMEIIAaHHOM B JIE3WHTETPATOPE CMECH KBAPIIEBOTO MECKA, BO3AYIIHOW M3BECTH H
HeOOoJIbIIOro KonuyectBa Bojabl. CMech MOC/IE MEXaHWYECKOro YIJIOTHEHHs IOABEPraroT
ABTOKJIABHOMU obpaboTke.
Cunukar-6eTOHHbIE W3JeNUs MOCNe YIUIOTHEHUS BBIAEP)KUBAIOT B aBTOKJIABE IPU TeMIIEpaType
HE HITKE 175°C u JaBICHUH 1 MlIIa B TEUECHUH 8-10 JacoB.
Hapsiny ¢ MIOTHBIMM MOKHO M3TOTOBUTH MOPUCTBIE U SYEHUCThIE CUIMKAT-OETOHHBIE M3/ETHS
MyTeM BBEJICHHUS B IE€CUAHO-U3BECTKOBYIO CMECh J00aBOK TMEHO- HJIM Ta3000pa3oBaTeliei,
HampuMmep, WM KaHUQOJIbHBIX MbIT (NEHOCHJIMKAT-O0E€TOH), WJIM allOMUHHEBOM IyIpBHI
(razocmiiuKaT-0eToH). CpoiicTBa  cuiMKaT-O€TOHa  TPUBEICHBI B TalJI. 4.3.
Cunukar-0eTOHHbIE M3/IeIHsS MOXKHO M3TOTaBIUBAaTh apMHpOBaHHBIE. VI3 CHIMKAaTHBIX OETOHOB
W3TOTABIMBAIOT CTCHOBBIE W Jpyrde OJOKH pa3HBIX pa3MepoB, TaHEIH H .
U3z0enua na ocnoge eunca XapakTepU3YyIOTCS CPABHUTEIBHO HEOOJBIIUM OOBEMHBIM BECOM,
HECTOPAaeMOCThIO, HHU3KOM  TETUIONPOBOJAHOCTBEIO ¥ BBICOKHUMH  3BYKOHM3OJSIIHOHHBIMHU
CBOMCTBAaMH.

W3nenust Ha OCHOBE THIICA TIOPA3/IEISICTCs] Ha TUTICOBBIE U THIICOOETOHHBIE. [ MTICOBBIE M3/1eHs
U3rOTaBJIMBAET U3 TMIICOBOTO TeCTa (CMECH THIICa, BOJIBI U HEOOJBIIOTO KOJUYECTBA J00ABOK,
PETYIHPYIOIUX CPOK CXBATHIBAHHSI M ITOJABIKHOCTH TUTICOBOTO TECTA); TUIICOOETOHA, T.€. CMECH
THIICa, BOJBI, J00ABOK M MOPUCTHIX MUHEPAIBLHBIX 3aMOJIHUTENEH, C KOTOPHIMU THIIC CLHETUISETCS
Jydie, YeM C OOBIYHBIM TECKOM M TpaBHEM, W3-3a HAIWYHS MIEPOXOBATOCTH IMOBEPXHOCTH
(HampuMep, JOMEHHbIE M TOIUIMBHbBIE NUIAKH, Ty(QOBBIH M MEeM30BBIA mieOeHb U Ap.). OTH
3alOJIHUTENN YMEHBIIAIOT MPOYHOCTh M3EINN, HO COKpAIlaloT pacxon rumca B 1,5-2,5 paza.
JUise yMEHbIIEHUS! XPYIKOCTH W TOBBIMIEHHS MPOYHOCTU MPU U3rHOE MPUMEHSIET BOJIOKHUCTHIC
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OpraHUYeCcKHe 3arOJIHUTEIHN — IPOOJIeHbIE APEBECHBIE OTXObI, OyMaKHYIO MaKyjnarypy u jap. B
KauecTBE  BSDKYILIETO  IPUMEHSIOT  CTPOMTENbHBIM  WJIM  BBICOKONPOYHBIA  THIIC.
HaubGonee vacto NmpuUMEHSIET TUIICOBBIE MEPErOPOJOYHBIE IUIMTHI WJIM IAaHEIUM U THIICOBYIO
CyXyIo ITyKaTypKy. OObeMHas Macca TMIcoBbIX m3zenuii 950-1300 kr/m°, THICOOGETOHHBIX —
1250-1400 xr/m®, rumcosas cyxas mrykarypka 1000-1100 xr/m°, a npu BBeieHUM
neHooOpasoBarers — 750-800 Kr/M°,
OO6opynoBaHne U MaTepuabl

OO0pasupl U3roTaBIMBAIOT B OpME MPSAMOYTOJIBHON MPU3MBI C MONEPEYHBIM CEYECHHUEM
20x20 MM u anuHHOM BAOJL BOJIOKOH 300 mm. [lomyckaeTcsi onpenensaTh npeaen MpoYHOCTH
IIPU CTATUYECKOM M3rHOe Ha 00pasliax Mmocie ONpeAesieHNs] MOAYJIS YIPYTrOCTH.

JUi1g mpoBeIeHUs UCTIBITAaHUS IPUMEHSETCS CIIEAYIOIas anmnaparypa:

- wmonepHusupoBaHHbd TipuOop I[ICI-2M, obecrnieunBarOmMii  3aJaHHYI0 CKOPOCTh
Harpy)xeHus: oOpasia Wi MepeMeIICHUs] Harpy)Karolled TOJOBKHA M IO3BOJISIONIAS HU3MEPSTh
HArpy3Ky ¢ MOrpemHocThio He Ooee 1%;

- MPHUCTIOCOOJICHUE, OOecIeunBaroee M3rud oOpas3ia TPHIOKECHUEM HArpy3kd K ero
MOBEPXHOCTU B CEPEIUHE PACCTOSIHUSI MEXIy LeHTpamu omop. Pammyc 3akpyrieHus omnop u
Harpy>KaroIero Hoxka JJOJKeH ObITh 30 MM;

- IITAaHT€HIUPKYJIb C MOTPEIIHOCTHIO u3MepeHus e 6omnee 0,1 MM;

- anmaparypa i onpenernenus Bnaxaoct mo 'OCT 16483.7-71;

- IPOBOJIOYHBIE TATYUKH COTPOTUBIICHHUS;

- PpBIYQKHBIE WIH 3JIEKTPOMEXaHUYECKHE TEH30METpPhl Ul H3MEpeHHs (PUOPOBBIX
nedopManuii, mporudOMephl UITH UHIUKATOPBI YACOBOTO TUTIA JIJISl U3MEPEHHS MPOTrHO0B OATKH.

Yka3anus no TexHuke 0e30MaCHOCTH

K BbIMOMTHEHHIO TPAKTUYECKUX PAOOT JOIMYCKAIOTCA TOJIBKO CTYICHTHI, MPOIIEAIINE
MHCTPYKTaX I10 TEXHUKE OE30MTaCHOCTH.

30Ha BBINOJIHEHHUS Pa0OT JOJDKHA OBITH orpaxkieHa. HaxoxkneHne MOCTOPOHHUX JTHII, B
TOM 4YHCJE CTYAECHTOB, HE MPUHUMAIOIINX Y4acTHE B BBINOJIHEHUU TAHHOM palOoThl, B paboueit
30HE 3ampeniacTcs.

Bce KOHTakTHBIE COEIMHEHUS JOJKHBI ObITh OUMIIEHBI M NPOBEPEHbl Ha IUIOTHOCTH
3aTSKKU; U3MEPUTENIbHBIE TPUOOPHI JOJKHBI OBbITh UcHpaBHBL. [lo1bp30BaHNE MOBPEKICHHBIMU
npuOopaMu He T0MyCKaeTCsl.

ITpu nepepsiBax B paboTe, a TaKkKe Mociae OKOHYaHMs paboThl Bce MPHUOOPHI HEOOXOAUMO
pasrpy3uTh.

3ampenaercs ocTaBIATh 0€3 Haa30pa 3arpy’KeHHbIE IPUOOPBI.

[Ipy mnpoBeneHUWM UCHBITAHUM JOMKHO OBITh CMELUIAHHOE OCBELIEHUE, TO €CTh
€CTeCTBEHHOE M MCKYCCTBEHHOE, YTO O0ECHEeUMBAET OCBEIIEHHOCTh 30HBI HCIBITAaHUH B
cooTBeTcTBUM ¢ TpeboBanusmu CHull.

3aganns

[ToAroToBKa UCTIBITAHUI: HA CepeIMHE JUTMHBI 00pa3iia U3MepstoT mupuHy b u Beicoty h
¢ morpeurHocTeio He 6osee 0,1 mm.

[IpoBenenue ucnbiTanuii: oopazen nomemarot B mpudop [ICI-2Mm Tak, uToOB! H3rKbdaromiee
ycuinye ObUIO HAlpaBieHO MO KacaTelbHOW K TOAMYHBIM CIOSIM (M3TM0 TaHT€HLUANbHBIN) U
HaArpy’karoT M0 CXeMe, TOKa3aHHON Ha PUCYHKE.

O0pa3zer Harpy>karoT HAOOPOM I'MpPb PABHOMEPHO € TIOCTOSIHHOW CKOPOCTBIO HAarpyKEHHsI
WIHM TIOCTOSIHHOM CKOpOCThIO mepemenieHuss 4 MM/MuH. CKOpPOCTh HarpyXeHHs J10JKHA ObITh
TaKo, 4roObl o0pazer pazpymmics yepes (1,5+0,5) MuH nocie Havana Harpy>KeHHsl.

HcnpiTanne nOpoAomKalOT 0 paspylleHus oOpasia, ompeaenss MaKCHMalbHOe
nokazanue crpeiaku MY-10. MakcuManbHyt0 Harpy3ky Fmax OMpenesstoT ¢ MOrperIHOCThIO He
6onee 1%.

[Tocne ucnbiTaHus ONpEAENSIOT BIakHOCTh 00pasuoB no 'OCT 16483.7-71.

[Ipu ncnpITaHUM ONIPEENIAIOTCS:
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- BEJIMYMHA U XapaKTep PaclpeieieHNus HOPMAJIbHBIX HAIpPSDKEHUH IO BBICOTE CEYEHUs
0aJIKK IpU pacueTHOM Harpy3Ke;

- mporu® OaNKH MpH pacyeTHOM HArpy3Ke U Ha KaKIOH CTYIEHU HArpy>KEHUS;

- BeJIMYMHA pa3pyllarolleld Harpy3KH.

Harpyxenune 6anku npousBogutcs cryneHsaMu 0,125 Ppacaer.

Iloka3aHuss TEH30METPOB 3allUCHIBAIOTCS IPU HYJIEBOM W pacueTHOM Harpyskax.
[Toka3aHusi MHAMKATOPOB WJIM MPOTHOOMEPOB 3aMMCHIBAIOTCA HA KaXKIOW CTYNEHHW HArpy3Kd [0
BEJIMUUHBI Ppacuer, IOCIIE YET0O MPUOOPHI CHUMAIOTCS U 00pa3el] HarpyXaercs 10 pa3pyLeHHUs.

Ilo Bennumnam nporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIUUCIUTh YCPEJHEHHBIH MOIYJb YIPYTOCTH JApPEBECHHBl 00Opa3la INpH KpaTKOBPEMEHHOM
Harpy>KeHUH U OIICHUTH BIIHMSHUE TONEPEYHOM CHIIBI Ha Mporud manHoW Oanku. J{is sToro mo
NOKa3aHUsIM MHJMKAaTopa OIpeAesieM Nporud Oanku B cepeluHe MposieTa U BBIYMCISIEM
yCpEeIHEHHBIH MOAYIIb YIIPYTOCTH IPEBECUHBI 0€3 yueTa BIUSHUS MOTIEPEYHON CHIIBL.

o

[Ipenen mpounoctu (W) (B MIla) obpasua ¢ BIaXHOCTBIO B MOMEHT HCIIBITAHUS
BBIYHCJISIIOT TI0 hopmyIie:

3P

q
max
oW T oph?
rae, Puax —MakcumanibHas Harpyska, H;
| - paccTosiHEE MEX Ty [IECHTPAMH OIIOP, MM;
h - BeicoTa 00Opasia, Mm;
b - mupuHa obpasia, MM.
Pesynprar BeiunciasaoT u okpyrisitor g0 1 Mlla.
Pe3ynbrarel nCHbITaHU 3aMCHIBAIOT B IPOTOKOJL.
Conep:xanue oT4éTa
1. Tema;
2. llens paboThI;
3. ®opMymbl, COOTHOILIEHUS U TPAPUKH;
4. 3aKkJIFOYeHHUE U BBIBOJIBI.
KoHnTpoJibHBIe BONIPOCHI U 3a1aHUsA
1. Meronuku pa3paOOTKU KOHCTPYKTUBHBIX M PACUETHBIX cXeM?
2. OCHOBHBIE IOJIOKEHUS O CBOMCTBAX CTPOUTEIbHBIX MaTepUaIOB?
3. B 3aBHCHMOCTH OT Ye€ro CTPOUTCS CEMEUCTBO (a30BbIX TPACKTOPHIA?

IIpakTnyeckas padora 13.
Tema 13. CTekJ10 4 COBpeMeHHbIe CTeKJ/JIsIHHbIE u3ejus. CoBpeMeHHbIe MeTAJIHYeCKHe
U3/1eJIUA U KOHCTPYKIHH.

Heab pa6doThI: U3yUYNTh MEXaHUYECKHUE CBOMCTBA METAJIJIOB, METO/IbI UX U3YUECHUSI.
Xoxa padoTbI:

1.O3HaKOMBTECH C TEOPETUUECKUMU MOJTO0KEHUSIMH.

2.BpInonHUTE 33a/1aHKE NPENOIaBaTeNs.

3.CocTaBbTe OTUET B COOTBETCTBHH C 3aJlaHUEM.

TEOPETHYECKASA YACTbH

OCHOBHBIMH MEXAaHUYECKUMHU CBOMCTBAMHU SIBISIIOTCS MPOYHOCTH, YIPYTOCTh, BSI3KOCTH,
TBEPAOCTh. 3Has MEXaHWYECKHE CBOMCTBAa, KOHCTPYKTOp OOOCHOBAaHHO  BBIOMpaeT
COOTBETCTBYIOIIMN MaTepuai, 00ecreurnBaOmUNi HaIeKHOCTh M JTOJTOBEYHOCTh KOHCTPYKIUI
IIPU UX MUHUMAJIBHOW Macce.

MexaHuueckre CBOMCTBA OIPEEIAIOT TOBEACHNE MaTepuaa mpu JedopMaluu U pa3pylieHun
OT JeHCTBUS BHEIIHMX HAarpy3ok. B 3aBHCHMOCTH OT YCIOBMH HarpyXeHHs MEXaHHYEeCKHe
CBOICTBAa MOTYT OIIPENEIATHCS IPU:
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1. CratnyeckoM Harpy>KeHUU - Harpy3ka Ha oOpa3zell Bo3pacTaeT MeIJICHHO U TUIaBHO.

2. JInHAaMUYECKOM Harpy>KeHHUH - Harpy3Ka BO3pacTaeT ¢ OOJBIIONH CKOPOCTHIO, UMEET YAapHBIN
Xapaxrep.

3. IloBTOpHO-TIEPEMEHHOM WJIM IMKIMYECKUM HArpy>K€HUU - Harpys3ka B MpoOIecCce MCIBITaHUs
MHOTOKPAaTHO U3MEHSETCS M0 BEJIMYMHE WX M0 BETMYMHE U HAPaBICHUIO.

JIJist TIOJTydeHusl COMTOCTaBUMBIX PE3YJIbTATOB 0Opa3Ilbl M METOIMKA TIPOBEICHUS MEXaHUYECKHX
ucnbiTanuil perinamentupoBanbl ['OCTamu. [lpu cTaTHUYeCKOM HMCHBITAHUM HA PACTSIKEHUE:
I'OCT 1497 nony4aroT XapakTepUCTUKN IPOYHOCTH U IJIACTUYHOCTH.

[TpoyHOCTH — CITOCOOHOCTH MaTepraia COMPOTHBISTHCS AehOPMAIUIM U pa3pyIICHUIO.
[InacTuyHOCTP — 3TO CHOCOOHOCTH MaTepuana H3MEHSITb CBOM pa3Mepbl U GopMy MOJ
BO3/ICHICTBHEM BHEIIHUX CHJI; Mepa TUIACTUYHOCTH — BEJIMYMHA OCTaTOYHOH JehopManuu.
YcTpoiicTBO, onpenensoniee NPOYHOCTh U IJIACTUYHOCTh — 3TO pa3pblBHAS MalllMHA, KOTOpas
3alUChIBACT JAMArpaMMy pacTsbkeHus (cM. puc. 4), BBIPaXAIONIYI0 3aBUCHMOCTb MEXIY
yIJIMHEHHEM o0pas3lia U ACHCTBYIOIIEH HAarpy3KO.

Puc. 4. I[I/Ial"paMMa pPaCTAXKCHUA: a — 8.6COJ'IIOTH8.H, 0 — oTHOCHUTEILHAS.

YyacTok o0a Ha JuarpaMMe COOTBETCTBYET YHpyroil nedopmanuu MaTepuana, Korja
cobumoiaercs 3akoH ['yka. HampspkeHue, cOOTBETCTBYIOIIEE YIPYTroi npeaeabHol qegopmanuu
B TOYKE a, Ha3BIBAETCS MPEIEIIOM ITPOMOPIIHOHAIEHOCTH.

[Tpenen mponoOpHMOHATBHOCTH — 3TO HauWOoJbllee HAMPsDKEHUE, 10 JOCTUKEHUS KOTOPOro
crpaBeuIMB 3aKkoH ['yka.

[lpn HampspKEHUSX BBIIE TpeAesia MPOMNOPIHOHAIFHOCTH —IMPOUCXOMUT  paBHOMEpHAs
iactTruueckas fedopmanus (yUIMHEHUE WIN CYKEHHE CeUSHHUS).

Touka b — npenen ynpyroctu — HaubosbIlIee HapsDKEHKE, 10 JOCTUKEHUSI KOTOpOro B oOpasiie
HE BO3HUKAET OCTaTOYHOMU AedopMarii.

[Tnomanka cd — mulomazKa TEKy4ecTH, OHAa COOTBETCTBYET Mpenely TEeKy4yecTH — 3TO
HanpsDKeHUE, TP KOTOPOM B 00pasIie MPOUCXOAUT yBEIHUeHHE nedopMannu 0e3 yBEINICHUs
Harpy3Kku (MaTepuall «TeueT).

MHorre MapKu CTallv, IBETHBIX METAUIOB HE UMEIOT SIPKO BBIPAKCHHOM TUIOIIAJAKH TEKY4YeCTH,
MOATOMY ISl HUX YCTAQHABJIMBAIOT YCIIOBHBIN MPEJEN TEKYIeCTH. Y CIIOBHBIN MPEeNl TeKYIeCTH
— 9TO HAampsHKEHHEe, KOTOPOe COOTBETCTBYET ocTaToyHOW naedopmanuu pasHoit 0,2% ot
NMepBOHAYAILHON JUMHBI oOpasma (CTanb JIeTUpOBaHHas, OpoH3a, MIOPATIOMHUHUN U Jp.
MaTepHasbl).

Touka B cooTBeTcTBYeT mpeneny NpoyHOCTh (Ha 00paslie MOSBISAETCS MECTHOE YTOHBIIEHUE —
nIelika, 00pa3oBaHMEe YTOHBIICHHS XapaKTePHO IS TNTACTHYHBIX MaTEPHAIIOB).

[Ipenen mMpoYHOCTH — 3TO MaKCUMAJIbHOE HANpsKEHHE, KOTOPOE BBIAEPKHUBAEeT oOpaser a0
paszpenieHus (BpeMEHHOE COIPOTUBIIEHUE Pa3PbhIBY).

3a toukoil B Harpyska manaer (BCJIEICTBUE YIIMHEHMS IIEWKH) U pa3pylIeHUE MPOUCXOIUT B
touke K.
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IIpakTH4Yeckas 4acTsb.
Conep:kanue oT4yera.
1. YkaxuTe Ha3BaHUE pabOTHI, €€ 1ETb.
2. Kakne mexaHnueckue cBoicTBa Bbl 3HaeTe? Kakumu MeTo1aMu OnpeiessstoTesl MEXaHUYeCKue
CBOICTBa MaTepHaioB?
3. 3anumure OmpeaeieHUe MOHATUA MPOYHOCTh W IUIACTUYHOCTh. KakumMu Merogamu OHU
onpexaenstorcs? Kak Ha3pIBaeTCsl yCTPOMCTBO, KOTOPOE onpeAessieT 3Th cBorcTBa? C MOMOIIbIO
4ero OnpeesitoTcs cBoiicTa?
4. 3adukcupyiiTe aOCONIOTHYIO JUArpaMMy PacTsHKEHUS TUIACTUYHOTO MaTeprana.
5. Ilocne nuarpaMMbl yKa)KuTe Ha3BaHUS BCEX TOUEK U yYACTKOB IUATPAMMBI.
6. Kakoii mpenmen sBIsieTcs OCHOBHOM XapaKTEPHCTUKOW TMIpH BBIOOpPE Marepuayia Jyis
W3TOTOBJICHHS Kakoro-nmn6o u3aenus? OTBeT o00oCHYMTE.
7. Kakue marepuansl 6ojiee HaZSKHBI B pad0Te XpyIKHe WK IacTudHbie? OTBET 000CHYHTE.

IIpakTuyeckasi padora 14.
Tema 14. CoBpeMeHHbIE TOJTUMEPHbIE MATEPHAJIBI.

Heab padoTbi: 03HAKOMIJIEHHE CTYIEHTOB C OCHOBHBIMH BUIAMHU JarpamMM COCTOSHUS,
UX OCHOBHBIMHU JIMHUSMHU, TOUKAMH, UX 3HAYCHUEM.

Xon padorsi:

1.M3yunre TEOPETUUECKYIO YaCTh.

2.BpinonHuTe 33aHKsI IPAKTUYECKON YacTH.

TEOPETUUYECKAS YACTbD
Jlnarpamma cOCTOSIHUS IPEACTaBIIAET co00i rpaduueckoe N300pakeHNUE COCTOSHUS
J000T0 CIUIaBa U3y4aeMoi CHCTEMBI B 3aBUCUMOCTH OT KOHIIEHTPAIMK U TEMIIEpaTypbl (CM.pHC.

1)

Puc.1 /Inarpamma cocTossHus

JluarpaMMbl COCTOSIHMSI TOKa3bIBAIOT YCTOMYUBBIE COCTOSIHUS, T.€. COCTOSIHHS, KOTOpPbIE
IIPU JAaHHBIX YCJIOBUAX 00JIaJal0T MUHUMYMOM CBOOOJIHOM 3HEPTUH, U MOATOMY €€ TaKxKe
Ha3bIBAIOT IMAarpaMMoOi paBHOBECHS], TaK KaK OHA IMOKA3bIBAET, KAKKUE MPU JAHHBIX YCIOBUAX
CYIIECTBYIOT PaBHOBECHBIC (DA3BbI.

[TocTpoenue nuarpaMM COCTOSTHUS HarOoJee YacTo OCYIIECTBISAETCS MPU TOMOIIN
TEPMHUYECKOTO aHanu3a. B pe3ynbrare mosydarT Cepuio KPUBBIX OXJIAXKICHUS, HA KOTOPBIX MPU
Temreparypax (a3oBbIX MPeBpaIeHU HAOMIOAAIOTCS TOUKH Mepernda U TeMIepaTypHbie
OCTaHOBKH.

Temmeparypsl, COOTBETCTBYIOIINE (a30BBIM MPEBPALICHHSIM, Ha3bIBAIOT KPUTUIECKUMU
Toukamu. HekoTopble KpuTHUECKHE TOUKH UMEIOT Ha3BaHUs, HallpUMEp, TOUKH OTBEYalOIIHe
HavaJly KpUCTalJIn3allu HAa3bIBAOT TOYKAMU JIMKBUAYC, 4 KOHIIY KPUCTAJJIN3allUN - TOYKaMH
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COJIUIYC.

ITo KpHUBBIM OXJIAXKAEHHSI CTPOAT JUarpaMMy COCTaBa B KOOpAWHATAX: 10 OCH abcIuce -
KOHIIEHTpAIHMsi KOMIIOHEHTOB, 110 OCH OpJIUHAT - Temreparypa. [llkana KoHIeHTpauii
IIOKA3bIBACT COZIEPKaHNE KOMIOHEHTa B. OCHOBHBIMHU JINHUSMU SIBIISIFOTCS IMHUN JIUKBUAYC (1)
u conupayc (2), a TakKe JMHUM COOTBETCTBYIOIIME (ha30BBIM MPEBPAIICHUSM B TBEPIOM
coctosiHuH (3, 4).

[To quarpaMmme COCTOSTHHSI MOYKHO OTIPECIIUTh TeMIeparypsl (ha30BbIX MPEBpaIICHUH,
U3MeHeHHe (a30BOro cocTaBa, MPUOIN3UTEIIFHO, CBOWCTBA CIIIaBa, BUIBI 00pabOTKH, KOTOPHIE
MOXHO TIPUMEHSATH /IS CILIaBa.

Hwoke mpeacTaBiieHbl pa3InyHbIe TUIIBI IMArpaMM COCTOSTHHSL:

Puc.2. JIlnarpamMmMa cOCTOSHUS CIIJIAaBOB C HEOTPAHUYCHHOW PACTBOPUMOCTHIO
KOMITOHEHTOB B TBEPJIOM COCTOSHUH (2); KPUBBIC OXJTKICHUS TUITHIHBIX
cru1aBoB (0)

AHanu3 NoJy4eHHOU AuarpaMmsl (puc.2).
1. KonmnuectBo koMnoHeHToB: K = 2 (komnoHeHTs! A u B).
2. Yucno ¢az: f=2 (xuakas ¢aza L, kpuctaiisl TBEpAOTO pacTBOpa
3. OCHOBHBIE JIMHUU AHarpaMMBbl:
. acb — JTMHUS JTUKBHUIYC, BBIIIE STOW JIMHUHU CIIJIaBbl HAXOJSATCS B JKUJIKOM COCTOSTHUU;
. adb — auHMS conuayc, HUKE ITON JIMHUU CIUIaBbl HAXOASTCS B TBEPAOM COCTOSIHHH.

Puc.3. /lnarpamMma COCTOSIHHS CIUIABOB C OTCYTCTBHEM PAaCTBOPHMMOCTH KOMIIOHEHTOB B
TBEPJIOM COCTOSTHUHM () U KPUBbIE OXJIAX/IEHU CILIaBOB (0)

AHanu3 quarpamMmbl COCTOSTHUS (pHcC. 3).

1. KonnyectBo koMnoHeHTOB: K = 2 (koMIoHEHTHI A 1 B);

2. Yucno da3: /= 3 (kpucTauibl KOMIIOHEHTa A, KpUCTaJIbl KOMIIOHEHTa B, skxukas
daza).

3. OCHOBHBIE JINHUU AMATrPAMMBI:
. JVHUSA JTUKBUIYC acb, COCTOUT U3 IBYX BETBEH, CXOASIIUXCS B OHOW TOYKE;
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. JMHUA conuayc ect, mapanensHa OCH KOHIIEHTPALUH CTPEMUTCS K OCSIM KOMIIOHEHTOB,
HO HE IOCTUTACT HX;

Puc. 4. Jlnarpamma coCTOSIHUS CIIJIABOB C OTPaHUYCHHON PACTBOPHUMOCTHIO KOMIIOHEHTOB
B TBEPJOM COCTOSIHUH (2) U KPUBBIC OXJIQKICHUS TUIIMYHBIX CIIJIaBOB (0)

AHanu3 nuarpamMmmsl coctosiHus (puc. 4).
1. KonmnuectBo komrnoHeHTOB: K = 2 (kommoHeHTHI A u B);
2. Yucno ¢da3: f =3 (kuakas ¢aza ¥ KpUCTAUIBI TBEPBIX PACTBOPOB

KOMIOHeHTa B B kommoHeHTe A) u L pacTBOp KOMIIOHEHTa A B KOMIIOHEHTE B));
3. OCHOBHbIE JTUHUH JUArPAMMBI:

* JIMHUSA JIUKBUYC acb, COCTOUT U3 ABYX BGTBGI\/JI, CXOOAIINXCS B OI[HOI71 TOYKE,
. JIMHUS COJINAYC adcfb, COCTOUT U3 TPEX YUACTKOB,

* dm — nmuHMs HpeﬂeﬂbHOﬁ KOHICHTpAaIN KOMIIOHCHTA B B xoMmonenTe A;

i fn — nuuus HpeI[CHBHOﬁ KOHIOCHTpAIlUNU KOMIIOHCHTA A B xomnonenTe B.

IIpakTnyeckas yacThb

3agaHue 1J1s1 CTYICeHTOB:

1. 3anuiuTe Ha3BaHUE pabOTHI U €€ LEb.

2. 3anuIInTe YTO TaKOe JUarpaMma COCTOSHHSL.

OTBeTbTE HA BONPOCHI:

1. Kak ctpoutcs quarpamma cOCTOSHHUA?

2. YTo MOXKXHO OIPENETUTh 110 AUarpaMMe COCTOSIHUS?

3. Kakue Ha3BaHUs UMEIOT OCHOBHBIE TOYKHU JHarpaMMbl?

4. Yto yka3pIBaeTCs Ha [uarpamme mo ocu aocrucc? Ocu opauHar?

5. Kak Ha3bIBalOTCSl OCHOBHBIE JIMHUU IHAarpaMMBbl?

3agaHue o0 BapuaHTaM:

CTyneHTbl OTBEYAIOT Ha OJIHU M TE YK€ BOIPOCHI, PA3IMUYHBIMU SIBIISIOTCS PUCYHKH, 110
KOTOPBIM HEOOXOIMMO OTBeYaTh. | BapUaHT JJa€T OTBETHI IO PUCYHKY 2, 2 BaApUAHT JA€T OTBETHI
[0 PUCYHKY 3, BapHaHT 3 JaeT OTBETHI 110 pUCYHKY 4. PUCyHOK HeoOXonnMo 3auKCupoBarh B
TeTpaib.

1. Kak Ha3pIBaeTcs auarpamma?

2. Ha3oBuTe CKOJIBKO KOMITOHEHTOB y4acCTBYIOT B 00pa30BaHMH CIiiaBa?

3. Kakumu OykBamu 0603Hau€Hbl OCHOBHBIE JIMHUU JUArPaMMbl?

IIpakTnyeckas padora 15.
Tema 15. CoBpeMeHHBIE TENIOM30JIAMOHHBIC U OT/1eJ109HbIe MAaTEPHAJIbI

Leap padoTbl: 03HAKOMIIEHHE CTYIEHTOB C MApKUPOBKOM 1 00JI1aCThIO IPUMEHEHHUS
I[BETHBIX METAJUIOB — MEJIU 1 CIUIABOB HA €e OCHOBE: JIATYHEW U OpoH3; (POPMHUPOBAHUE YMEHUS
pactmrdppOBKA MapKUPOBKH JIATyHEH U OPOH3.
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Pexomenaanuu 1Jist CTYACHTOB: [IPEXK/E YEM IIPUCTYNUTD K BBHIITOJHEHUIO
IIPAKTUYECKON YaCTH 3alaHUs, BHUMATEIbHO 03HAKOMBTECH C TEOPETUYCCKUMH MTOJIOKEHUSIMM, a
TaKXKe JICKIMSIMU B Balleil paboueil TeTpaau 1o JaHHOH TeMe.

Xon padoTbi:

1.0O3HaKOMBTECH C TEOPETUUECKOH YaCThIO.

2.BpInonHuTe 3a/1aHue MPAKTUYECKON YaCTH.

TEOPETHUYECKASA YACTbD

Jlatynu

JlatryHu MOTryT UMETh B CBOoeM cocTaBe /10 45 % nuHka. [loBblllieHHE conepKaHusl [IMHKA
no 45 % mnpuBOOUT K YBEIMYEHHUIO mpenena npouyHoctd a0 450 Mlla. MakcumanbHas
IUTACTUYHOCTh UMEET MECTO IPU COAEP>KaHUU LIMHKA 0KoJI0 37 %.

[To criocoOy M3roTOBIICHUS U3CIUI PA3INYAIOT JAaTYHH Je(hOPMUPYEMBIC U JTUTCHHEIE.

Hledbopmupyembie JaTyHHM MapKHpPYIOTCs OykBo JI, 3a KOTOpoi ciemyeT dYwucio,
MOKa3bIBAIOIIIEE CONEP)KaHUE MEIU B MPOLIEHTax, HarpuMep B JaryHu JI162 comepxutcs 62 %
meau u 38 % uumuka. Ecnu kpoMe Menu W UHKA, UIMEIOTCS IPYTHE SJIEMEHTHI, TO CTaBATCS UX
HadanbHbie OykBBI (O - omoBo, C - cBunen, XK - xenezo, ® - dochop, Mu - mapranen, A -
aTrOMUHUM, 1] - TUHK).

KonndecTBo 3THUX 37I€MEHTOB 0003HAYAeTCsl COOTBETCTBYIOIUMH U(pamMu MOCIIe YUCia,
MOKA3bIBAIOIIETO CoJiepKaHue Meau, Hanpumep, criaB JIAYXK60-1-1 conepxkut 60 % meau, 1 %
ammomunus, 1 % sxene3a u 38 % LUHKA.

JlaTyHHM HMMEIOT XOpPOIIYI0 KOPPO3UOHHYIO CTOMKOCTh, KOTOPYIHO MOXHO TIOBBICUTH
JIOTIOJIHUTENBHO Ipuca ko onoBa. Jlaryns JIO70 -1 cToiika mpoTUB KOPPO3UM B MOPCKOI BOziE U
Ha3bIBaeTcsl ‘“‘MOpckoil naryHbio. JloOaBka HHKeNs W jKele3a IOBBIIIAET MEXaHUYECKYIO
npouHocTs 10 550 Mlla.

Jluteiinble naTyHu Takke Mapkupytorcs OykBoil JI, Ilocne OykBeHHOro o0Oo3HaueHUs
OCHOBHOTO JIETHPYIOIIErO dJeMeHTa (IMHK) M KaXIOro TMOCIEeAYIONero cTaBuTcs Iudpa,
yKa3bIBalollasl €ro yCpeJHEHHOE colep:kaHue B cruiase. Hanpumep, naryns JIL23A6XK3Mu2
comepxut 23 % mwmHKa, 6 % amomunus, 3 % xene3a, 2 % wmapranna. Hawumyumei
KHUJIKOTEKy4YecTbto oOnagaer naryHb Mapku JIL[16K4. K nuTeliHbIM JaTyHSIM OTHOCATCS JIaTyHU
tuna JIC, JIK, JIA, JIAXK, JIAXKMu. JluteliHple JaTyHH HE CKJIOHHBI K JIUKBAIlMU, UMEIOT
COCPEIOTOYEHHYIO YCAJIKY, OTJIMBKH MOJIYYalOTCs C BBICOKOM INIOTHOCTBIO.

JlaryHu SBJISIOTCS XOPOIIMM MarepuajoM JUIsi KOHCTPYKIUMH, paboTamommx Mpu
OTPHULIATEIBHBIX TEMIIEpaTypax.

Bpon3sl

CrnaBel MeM C IPYTMMH 3J€MEHTaMH KpOME ILIMHKA Ha3bIBAIOTCS OpoH3aMu. bpoH3bI
MOJIPa3EISIIOTCA Ha Ne(hOPMHUPYEMBIEC U JTUTEHHBIE.

[Tpu mapkupoBke nedopmupyeMbix OpoH3 Ha TIEpPBOM MecTe cTaBsTcs OykBbl bp, 3arem
OYKBBI, YKa3bIBAIOIIHNE, KAKUE AJIEMEHTHI, KpOME MEIH, BXOIAT B cOCTaB ciuiaBa. [locie OykB
uayT nudpsel, MOKa3bIBAIOIINE COMEP)KaHNEe KOMIIOHEHTOB BeruiaBe. Hampumep, mapka bpO®10-
1 o3HauaeT, uTo B 6poH3y BxoauT 10 % onosa, 1 % ¢ ocdopa, octanbHOE - MeIb.

MapkupoBka JTHTEHHBIX OpOH3 TaKke HauumHaeTcs ¢ OykB bp, 3arem yka3bIBaroTCs
OyKBEeHHbIe O00O3HA4YeHMs JIETHPYIOIIMX JJIEMEHTOB W CTaBUTCA Lu(pa, yKaszbIBaiomias €ro
yCpeAHEeHHOe conepkanue B ciiaBe. Hampumep, 6ponza bpO31[12C5 comepxur 3 % onosa, 12
% 1nHKa, 5 % CBUHIIA, OCTAIIBHOE - MEMb.

OnoBsinHble OpoH3bl [Ipy crmaBieHU MEAHW C OJIOBOM OOpa3yrOTCS TBEpPJbIE PACTBOPBHI.
DOTH CIUIaBbl OYEHb CKJIOHHBI K JIMKBAllMM W3-3a OOJBIIOTO TEMIIEpaTypHOTO HHTEpBaa
KpUCTAJUTM3alMU. braromaps JUKBaIlMU CIUIaBbl C COAEp)KAaHUWEM OJioBa Bbime 5 % sBiseTcs
OJIaroNpUsATHBIM JJIsl JACTaJed TUIAa MOAIIUITHUKOB CKOJBXKEHUS: MsArkas (aza oOecriednmBaeT
XOPOIIYI0 MPUPadaTbIBAEMOCTh, TBEPJbIE YACTHIBI CO3/IAI0T H3HOCOCTOHMKOCTh. [loaTomy
OJIOBSIHHBIE OPOH3BI ABJISIOTCS XOPOIIMMU aHTU(PPUKIIMOHHBIMHA MaTepraIaMHu.

OnoBsiHHBIE OpOH3BI MMEIOT HU3KYI0 00beMHYyI0 ycaaky (okoio 0,8 %), mostomy
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UCTIONB3YIOTCSI B XYIOXKECTBEHHOM JuThe. Hamumume dQocdopa obecrednBaeT XOPOIIYIO
KHUIKOTeKy4decThb. OJOBSIHHBIE OPOH3BI MOAPA3AEIAIOTCS Ha 1eopMUpyEMBbIe U JTUTEHHBIE.

B nedopmupyembix OpoH3ax coiep)KaHHE OJI0OBa HE JOJDKHO NpeBbImars 6%, s
obecrieueHrss HeoOXoauMou TutacTuuHocTd, bpO®d6,5-0,15. B 3aBucHMMOCTH OT cocTaBa
nedopMupyembie  OpOH3BI OTJIMYAOTCS BBICOKMMH MEXaHWYECKUMHU, aHTUKOPPO3SHOHHBIMH,
AHTU(QPUKIMOHHBIMU U YIPYTUMHU CBOMCTBAMH, M HUCHOJB3YIOTCS B PAa3IMYHBIX OTPACISIX
MIPOMBIIIUICHHOCTH. V3 3THX CIJIABOB M3TOTABIMBAIOT IPYTKH, TPYOBI, JICHTY, TPOBOJIOKY.

IIpakTHyeckasi 4acThb

3aaHue 1J151 CTYI€HTOB:

1.3anumuTe Ha3BaHUE U 1IETTb PAOOTHI.

2.3anonuute Tabnuny: HazBanue crasa, ero onpenenenue. OCHOBHBIE CBOWCTBA CILIaBa

[Tpumep mapkupoBku. PacimdpoBka mapku.O0nacTb NpuMeHEHUS

IIpakTuyeckasi padora 16.
Tema 16. [IpupoaHble KAMEHHBbIE MATEPUATBI.

Hean pa6oThI:

e (QopmupoBaHuEe y CTYICHTOB MPEACTABICHUS O B3aMMOCBA3M MaTepuaiga U KOHCTPYKIIUH,
MpEeAOIPEACIISIONIEH BEIOOP U ONTUMHU3AIMIO CBOWCTB CTPOUTEIBHOTO MaTepHalia, UCXOMs M3
YCJIOBHM 3KCIUTyaTallid KOHCTPYKIIUNA U TpeOyeMO# JOJITOBEUHOCTH

. OBJIQJICHHE CTYACHTAMM MPAKTUYECKUMU METOJaMH ONpENEJICHUs IPOYHOCTH,
JKECTKOCTH, YCTOMYMBOCTH CTPOUTEIIBHBIX MATEPUAIIOB

TEOPETUYECKASA YACTDb
[IpupoaHbIE KAMEHHBIE MaTEPHUAIIbL
Knaccudukanus 1 OCHOBHBIE BUJIbI TOPHBIX TOPOJT
B kaudecTBe ImpUPOAHBIX KAMEHHBIX MAaTE€pUAIOB B CTPOUTEILCTBE UCIOJIB3YIOT FOPHBIE
MOPO/IbI, KOTOPbIE 00J1aJal0T HEOOXOAUMBIMU CTPOUTEIILHBIMU CBOMCTBAMH.
ITo reonornyeckoit knaccupuKay ropHble MOPOIbl NOAPA3IENIAI0T Ha TPU TUHA:

1. MarmMaTtuyeckue (MepBUYHbIE)
2. 0caJIouHble (BTOPUYHBIC)
3. MeTamopduieckue (BUIOU3MEHEHHBIE)

1) Us3BepxkeHHble (IEpPBUYHBIC) TOPHBIE MOPOJBI O0PA30BaINCh MPU  OCTHIBAHUHU
MOJIHABILIEHCS M3 TIyOMH 3eMJIM paciliaBieHHOW Marmbl. CTpOEHHSI U CBOWCTBA M3BEP’KEHHBIX
TOPHBIX MOPOJI B 3HAYUTEIHHOM CTETIEHHU 3aBUCT OT YCIOBUI OCTBIBAHUS MarMsl, B CBSI3U C Ye€M
9TH MOPOBI NOJIPA3AEIAIOT HA TTIyOMHHBIE U U3IMBIIHECS.

I'myOuHHBIE TOpHBIE HOPOJBI OOPA30BANNUCH NMPU MEAJCHHOM OCTHIBAHMM Marmbl B
ryOuHe 3eMHOW KOpbhl TMpH OOJBIIMX JABICHMUAX BBIILIENEXKAIUX CIOEB 3€MJIM, 4YTO
Croco0CTBOBAJIO (POPMHUPOBAHUIO MOPOA C IJIOTHON 3€pPHHUCTO-KPUCTAJUIMYECKON CTPYKTYpOH,
O0JBIION U cpellHEel MIIOTHOCTBIO, BHICOKUM IPEAEIOM MPOYHOCTH MPU CXKATUU. DTH TOPOIBI
00yaal0T MajbIM BOJIOTIOIJIOIIEHHEM M BBICOKOM MoOpo3ocToikocThio. K 3TuM mopojam
OTHOCAT TPaHMT, CHEHUT, JUOPUT, TabOpo U Jp.

WznuBmmecss mnoponabl oOpa3oBajiuCh B IPOLECCE BbIXOJAa MarMbl Ha 3E€MHYIO
MOBEPXHOCTh MPHU CPABHUTENBHO OBICTPOM U HEpaBHOMEpPHOM oxJyaxjaeHun. Haumbonee
pacnpocTpaHEHHBIMU M3ITUBIINMHUCS nopoJiaMu ABIsAIOTCA opdup, nuabdas, 0azaneT,
BYJIKAHUYECKUE PBIXJIbIE TOPOIBI.

2) Ocagoynple  (BTOPHYHBIE) TOpPHBIE  IMOPOABI OOPA30BAIUCh W3  MEPBUYHBIX
(M3BepKEHHBIX) TOPHBIX IOPOJ IMOJ BO3JCHCTBUEM TEMIEpPAaTYpPHBIX IEPENagoB, COJTHEYHOH
paauvanuu, JecTBHUs BOAbI, aTMOC(hEpHBIX Ta30B M Ap. B cBsA3u ¢ 3TUM ocaiodHble TOpHbIE
HOPOJIbI OJPA3ALIISAIOT Ha 00JI0MOYHBIE (PBIXJIbIE), XUMUYECKHE U OPTaHOTCHHBIE.

K 06510MOYHBIM PBIXJIBIM TOPHBIM MTOPOAAM OTHOCAT I'paBUid, 11€0€Hb, IECOK, TTIUHY.

XUMHUYECKUE 0CaI0UHBIE TOPOIbI: U3BECTHSK, TOJIOMUT, THIIC.
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OpraHoreHHble TOPHBIE TIOPOABI: H3BECTHAK-PAKYIICUHUK, TUATOMUT, MEJl.

3) Meramopduueckue (BUIOM3MEHEHHBIE) TOPHBIC TIOPOJABI  O0Opa30BAINCH U3
U3BEP)KEHHBIX M OCAJOYHBIX TOPHBIX MOPOA MO/ BIUSIHUEM BBICOKMX TEMIIEPATyp U JaBICHUH B
nporecce MNOJIHATHUSA u OITyCKaHUs 3eMHOI KODBL. K HUM OTHOCSIT
TJIMHUCTBIN CIIaHel, MpaMop, KBapIIHUT.

Krnaccudukanys u 0ocHOBHbIE BUJIbI IPUPOJAHBIX KAMEHHBIX MaTepUaIoB

[TpuponHble KaMEeHHBIE MaTepHUaIbl M W3JCNUS TONYYalOT IMyTEM OOpaOOTKHU TOPHBIX
MOPO/I.

o criocoOy nosyueHust KaMEHHbIE MaTepUallbl OAPA3ACIAIOT Ha!

e pBaHbIi KaMEHb (0yT) — JT0OBIBAIOT B3PBIBHBIM CIIOCOOOM
e TpYOOKOJIOTHII KAMEHb — IIOJIY4alOT pacKaJibIBaHHEM 0e3 00paboTKu
e JIpoONEHBIN — moJydaroT apodieHrneM (1ebeHb, HCKYCCTBEHHBIHN MECOK)
e COPTHUPOBaHHBIN KaMeHb (OyIbDKHHK, TPABUN).
KamenHnble matepualsl 1o ¢popme AensIT Ha
e KaMHH HENpPaBWIBHOU (hopMbI (1eOeHb, IrpaBUii)
e NITYYHBIE M3/ENUS, UMEIOIINE MPABIIbHYIO (OpMY (TUIUTHI, OJIOKH).

Ll]ebenb — OCTPOYTOJbHBIE KYCKH TOPHBIX TOPO pazmMepoM 5-70 MM, mosryyaemble pu
MEXaHMYECKOM WJIH MPUPOIHOM JIpoOsieHnu OyTa (pBaHbI KaMEHb) MIJIM €CTECTBEHHBIX KaMHEH.
Ero mcnonp3yloT B KadyecTBE KPYITHOTO 3allOJHUTENS JUIsl MPUTOTOBIICHUS OSTOHHBIX CMECEH,
YCTPOMCTBA OCHOBAHUU.

I'pasuii — okaTaHHBIE KyCKH TOPHBIX MOPOJ pazmMepoM 5-120 MM, Takke UCTONB3yeTCs
JUTS IPUTOTOBIICHUSI UICKYCCTBEHHBIX IPaBUMHO-IIEO0EHOYHBIX CMECEH.

Ilecok — ppixiast cMech 3€peH TropHbIX nopon pasmepoM 0,14-5wmm. OH obpasyercs
OOBIYHO B pe3yJabTaTe BBIBETPUBAHUS TOPHBIX IOPOJ, HO MOMKET OBITh TONyYeH U
HCKYCCTBEHHBIM ITyTEM — JIPOOJICHUEM IpaBusi, MeOHs, U KYCKOB TOPHBIX TIOPOJ.

OobopynoBanue U MaTepuabl

OO0pasipl U3roTaBIMBAIOT B (OpME MPSAMOYTOJIBHON MPU3MBI C MONEPEYHBIM CEYEHUEM
20x20 MM u IIMHHOM Brosb BOIOKOH 300 mm. JlomyckaeTcsl OnpenenaTb Npeaesl IpOYHOCTH
MIPU CTAaTHYECKOM M3rHOe Ha 00pa3iiax mocie onpeaeaeH st MOIYJIsl YIPYrOCTH.

Jlnist mpoBeIeHHs UCIIBITAaHUSI TPUMEHSIETCS CIeyIolIas anmnaparypa:

- wmonepHusupoBaHHbid Tipubop I[ICT-2M, obecneunBaromuii  3aJaHHYI0 CKOPOCTh
HarpyxeHusi oOpaslia WM NepeMeIleHUs] Harpy)kKarolled TOJOBKHM M TO3BOJIAIONIAs U3MEPSTh
Harpy3Ky ¢ MorpemHocTbio He Ooiee 1%;

- TpucrocobeHne, obecreunBaroliee M3rud obpaslia NPHIOKEHHEM Harpy3ku K ero
MOBEPXHOCTU B CEPEIUHE PpACCTOSIHUSI MEXIy LeHTpamu orop. Pammyc 3akpyrieHus omnop u
Harpy>Karolero Hoxka J0JKeH ObITh 30 MM;

- IITAaHT€HLIUPKYJIb C MOTPEIIHOCTHIO n3MepeHus He 6omnee 0,1 MMm;

- anmaparypa Juis onpenenenus Bnaxxnoct mo 'OCT 16483.7-71;

- POBOJIOYHBIE TATYHKH COTIPOTHBIICHHS,

- pBIY@KHBIE WJIH 3JIEKTPOMEXaHUYECKHE TEH30METphl JUIsl M3MepeHHs (PUOPOBBIX
nedopmaruit, IporuOoMepsl WM UHIXKATOPHI YACOBOTO TUTIA JIJISI M3MEPEHHUS TPOTHO0B OaKH.

Yka3aHus o TexHuKe 0e30MacCHOCTH

K BbIMOMHEHMIO TPAKTUYECKHUX PAOOT JOIMYCKAIOTCS TOJIBKO CTYIEHTHI, MPOIIEIIINe
MHCTPYKTaX I10 TEXHUKE OE30MaCHOCTH.

30Ha BBINOMHEHHS padOT JOKHA OBITH orpaxaeHa. HaxoxaeHue mocTOpoOHHHUX JIMI, B
TOM YHCJIE CTYJIEHTOB, HE NMPHUHUMAIOIIMX YY4acTHE B BBINOJIHEHUM JaHHOM paloThl, B paboueii
30HE 3arpernaercs.

Bce KOHTakTHBIE COEIMHEHHs JOJDKHBI OBITh OUMINEHBI M MPOBEPEHBI HAa IJIOTHOCTh
3aTSHKKH; H3MEPUTENbHBIE TIPUOOPHI JIOJDKHBI OBITh MCIIPaBHBI. [l0b30BaHNE MTOBPEXICHHBIMU
npubopaMu He JOIyCcKaeTcsl.

[Ipu mepepriBax B paboTe, a TaKkKe MOCIIe OKOHYaHHs pabOThI BCe TPHUOOPHI HEOOXOIUMO
pasrpys3uTh.
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3ampenaercs OCTaBIATh 0€3 Haa30pa 3arpy:KeHHbIE TPUOOPEI.

IIpy mnpoBeneHNMM UCHBITAHUN JOKHO OBITH CMEIIAHHOE OCBEIIEHHE, TO €CTh
€CTeCTBEHHOE M HCKYCCTBEHHOE, YTO O0ECHEeUMBAET OCBEIICHHOCTh 30HBI HCIBITAaHUHA B
cootBeTcTBUU ¢ TpeboBanusmu CHull.

3ananusa

[ToAroToBKa UCIIBITAHUI: HA CEpeMHE JUIMHBI 00pa3lia H3MEPSIOT HUPHHY b 1 BbicoTy h
¢ morpenrHocTeio He 6oiee 0,1 mm.

[IpoBenenue ucnbiTanuii: oopaser nomeniaroT B puodop [ICI-2m Tak, yToOBI H3rHbaromee
ycuiye ObUIO HAINpaBJICHO MO KacaTelbHOW K TOAMYHBIM CIOSM (M3TUO TaHTEHIMAIIBHBIA) U
HarpyXxaroT 110 CXeMe, IOKa3aHHO! Ha PUCYHKE.

O0pa3zer Harpy>karoT HAOOPOM I'MpPh PABHOMEPHO € TOCTOSIHHOW CKOPOCTBIO HArPy>KEHHS
WINA TOCTOSHHOW CKOpOCThIO mepemenieHus 4 MM/MUH. CKOpPOCTb HarpyXeHus AOJKHA ObITh
TaKo, 4To0bl 00pazen paszpymmics yepes (1,5+0,5) MuH mocie Havana Harpy>KeHHs..

VcnblTaHue NpoJO/DKAIOT 0  paspylleHus oOpasina, omnpenensis MaKCUMajabHOe
nokasanue crpenku MY-10. MakcumanbHyo Harpy3ky Fmax OIpEneNsioT ¢ MOTPEIIHOCTbIO HE
6onee 1%.

[Tocne ucnbiTaHUs ONpPEAENAIOT BiIakHOCTh 00pa3uoB o 'OCT 16483.7-71.

[Ipu ucnbITaHUK OTIPENEIIAIOTCS:

- BEJIMYMHA U XapaKTep paclpeieieHNss HOPMAJIbHBIX HAIPSDKEHUI MO BBICOTE CEUEHUs
OaJIKu NP pacyeTHON HArpy3Ke;

- mporu® OaNKH MpH PacyeTHON HArpy3Ke U Ha KaKIOH CTYIEHU HAarpyKEHUS;

- BeJIMYMHA pa3pylIaroliell Harpy3KH.

Harpy:xenune 6anku npousBoautcs cryneHs M 0,125 Ppacuer.

Iloka3aHuss TEH30METPOB 3allUCHIBAIOTCS IPU HYJIEBOM W pacyeTHOM Harpyskax.
[Toka3aHusi MHAMKATOPOB WJIM MPOTHOOMEPOB 3alMCHIBAIOTCS HA KaXKIOW CTYNEHHW HArpy3Kd [0
BEJIMUUHBI Ppacuer, IOCIIE YET0O MPUOOPHI CHUMAIOTCS U 00pa3el] HarpyKaeTcst 10 pa3pyLIeHus.

[To BenmnumHam nporu6oB Oanku npu Harpy3kax 0,125 Ppacuer U 0,25 Ppacuer MOXKHO
BBIYUCIIUTh YCPEJHEHHBIH MOJYJb YHOPYTOCTH JApPEBECHHBI oOpas3lia NMpH KpaTKOBPEMEHHOM
Harpy>K€HUH U OLEHUTh BIUSHHUE IMOMNEPEYHOW CHIIbI Ha Mporud naHHoW Oanku. s sToro mo
NOKa3aHUsIM MHJMKAaTopa OIpeAesieM Nporud Oanku B cepeluHe MposieTa U BBIYHMCISEM
YCPEIHEHHBIH MOJIYJIb YIIPYTOCTH APEBECUHBI 0€3 yueTa BIMSHUS TONEPEYHON CUIIBL.

o
[Ipenen mpounoctu (W) (B MIla) obpasma ¢ BIKHOCTbIO B MOMEHT HCIBITAHUS

BBIYHUCIISIOT IO popMyIie:
3P

q
max
W T oph?
rae, Puax —MakcumanibHas Harpyska, H;
| - paccrosiHre MEXIy LIEHTPAMH OIIOP, MM;
h - BeIcOTa 00Opasia, Mm;
b - mumpuHa oOpasua, Mm.
Pe3ynprar BeraucisoT 1 okpyrisioT 1o 1 Mlla.
Pe3ynbrarel ncnbpITaHUH 3alMCHIBAIOT B IPOTOKOJL.
Conep:xaHue oT4éTa
1. Tema;
2. llens paboTHI;
3. ®opMymbl, COOTHOILIEHHS U TPaUKH;
4. 3aKJIFOYEeHHNE U BBIBOJIBI.
KoHnTpoJibHBIC BONIPOCHI U 3a1aHUsA
1. Meronuku pa3paOOTKu KOHCTPYKTUBHBIX M PACUETHBIX cXeM?
2. OCHOBHBIE TIOJIOKEHHS O CBOMCTBAX CTPOUTEIHHBIX MAaTEPHAIIOB ?
3. B 3aBHCHMOCTH OT Y€ro CTPOUTCS CEMEUCTBO (a30BbIX TPACKTOPHIA?
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IIpakTyeckas padora 17.
Tema 17. 'uaparaunuoHHble (HeOPraHuvecKue) BSKyMe BelecTBa.

Ieab padoThi:

e (QopmupoBaHue y CTYJACHTOB MPEACTABICHUS O B3aMMOCBS3M MaTepuaia M KOHCTPYKIIUH,
pelonpeeNaomneil BIOOp U ONTUMHU3AIUIO CBOICTB CTPOUTENBLHOTO MaTepHalia, UCXOAs W3
YCIIOBUH IKCIUTyaTallud KOHCTPYKIUN U TPeOyeMOil T0JITOBEUHOCTH;

. OBJIQJICHHE CTYACHTAMM MPAKTUYECKUMHU METOJIaMH ONpPEEJICHUs MPOYHOCTH,
JKECTKOCTHU, YCTOMYMBOCTU CTPOUTEIBHBIX MaTEPUAJIOB

TEOPETUYECKAS YACTb

['unparannoHHble (HEOPraHUYECKHUE) BSUKYILHE BELIECTBA

3. BosznymiHsle BsSXKylie BELIECTBA.

4. T'mapaBiIMUecKue BSDKYIHE BEIIECTBA.
['mapaTtanlMOHHBIMM ~ (HEOPraHWYECKMMH)  BSOKYIIMMH — BELIECTBAMU  HAa3bIBAlOT  TOHKO
U3MEIbYEHHBIE MaTepuasbl (MOPOIIKM), KOTOpbIE IpPU CMEUIMBAaHUU C BOJOH 00pa3yroT
IUTACTUYHOE TECTO, CIIOCOOHOE B MPOIecCce XMMHUUYECKOI0 B3aUMOJICHCTBUS ¢ HEW 3aTBep/ieBarhb,
HaOWpaTh MPOYHOCTH, CBA3BIBAS MIPH ATOM B €AMHBIMMOHOJNT BBEJEHHBIC B HETO 3allOJHHUTEIIH,
0OBIYHO KaMEHHbIE MaTepHalbl (IECOK, I'paBuil, 1eOeHb), 00pa3ys TeM CaMbIM MCKYCCTBEHHBIN
KaMeHb TUTIA IeCYaHUKa,KOHTIIOMepaTa.
['mapaTanoHHbIE BSDKYIIHME [TOIPA3AEISIIOT Ha!
e BO3JYIIHbIE (TBEpACIOIIKE U HAOUparoIIe MPOYHOCTh TOJIbKO B BO3AYIIHOMN CpEIe)
e TMJpaBIUYEcKUe (TBEpICIOIINE BO BIaKHOU, BO3IYLIHON Cpesie U MO BOIOH).

Cmpoumenvras o30yunas uzsecms (CaO) — nmpoaykT ymepeHnHoro odxwura mpu 900—
1300 °C npupoansix kapbonatueix nopof (CaCOz3), cogepxamux 10 8 % TTUHUCTBIX MpUMeceit
(U3BECTHSIK, AOJIOMHUT, Ml U Ap.). OOXKUT OCYILECTBISIOT B IIAXTaX M BPAIIAIOIIMXCS IeYax.
HauOonee mmpokoe pacnpocTpaHeHUE MONYyYWIM IaxTHele neuu. Ilpu oOxure n3BecTHsKa B
[IAXTHOM TeYM JBIKYIIMICS B IIAXTE CBEPXY BHU3 MaTepHal MPOXOAUT MOCIEI0BATEIHLHO TPU
30HBI: 30HY HoOJOrpeBa (CylIKa ChIpbS U BBIJENEHHE JIETYYUX BEILIECTB), 30HY OOXKHUTIa
(pa3nokeHne BEMIECTB) M 30HY OXJIAXIEHHs. B 30He mojorpeBa WM3BECTHSK HArpeBaeTcs [0
900 °C 3a cuér Tema NOCTYMAIOIIETo U3 30HbI 00KUTa OT Ta3000pa3HBIX MPOIYKTOB ropeHus. B
30H€ O0XHUTra MPOUCXOJUT FOpeHue TOIUIMBa U pasnokeHue u3pectHsaka (CaCOs) Ha u3BeCTb
(CaO) wu guokcun yriepona (CO2) mpu Temneparype 1000—1200 °C. B 30He oxJakaeHHs
000OKEHHBIN M3BECTHIK oxyaxnaercs 10 80-100 °C ngBurarommMcst CHH3Y BBEPX XOJIOIHBIM
BO3/yXOM.

B pesynbpTrare 00KuTa MOJHOCTHIO TEPSIETCS IBYOKUCH YIIIepoAa M MOJTy4aeTcsl KOMOBas,
HeraméHasi M3BeCTb B BUJE KYCKOB 0esioro miu ceporo npera. KomoBas HeraméHas M3BECTh
ABJISIETCS MIPOAYKTOM, M3 KOTOPOTO MOJTYYaroT pa3Hble BUJIbI CTPOUTEIBHON BO3IYIITHON U3BECTH:
MOJIOTYIO MTOPOITKOOOPA3HYIO HEralmEHYI0 H3BECTh, H3BECTKOBOE TECTO.

CTpouTenbHYyl0  BO3AYIIHYIO  HM3BECTb  pa3jIMYHOIO  BHJA  HCHOJB3YIOT  IPH
MPUTOTOBJICHUH KJIAIOYHBIX U IITYKATYPHBIX PAaCTBOPOB, OETOHOB HU3KHX MapokK (paboTaromix
B BO3JAYIIHO-CYXHMX YCJIOBHUSX), HM3TOTOBJIIEHUHM IUIOTHBIX CHJIMKATHBIX W3JeNnuil (Kuprnuya,
KPYITHBIX OJIOKOB, MTaHEIeH ), TOTyYeHUH CMEIIaHHBIX [IEMEHTOB.

I'uapoTexHUUYecKUe U THIPOMETHOPALIMOHHBIE COOPYKEHHSI U KOHCTPYKIIMH pabOoTaroT B
YCIIOBHSX TIOCTOSIHHOTO BO3ICUCTBUS BOJBI. DTH TSIKEIBIC YCIOBUS IKCIUTyaTaI[iH KOHCTPYKIIHNA
U COOpYKEHHH TpeOyIoT NpUMEHEHHMs BSDKYIIUMX BEIIECTB, OO0JAJAONMX HE TOJBKO
HEOOXOJMMBIMU TIPOYHOCTHBIMH CBOMCTBaMH, HO HWBOJOCTOHKOCTBIO, MOPO30CTOMKOCTBIO H
KOPPO3MOHHON CTOMKOCThIO. TakumMu CBOMCTBaMH O0JIAalOT THIPABIUYECKUE BSDKYILUE
BEIIECTBA.

I'uapaBaMuecKyt0 M3BECTb MOMYYAIOT YMEPEHHBIM OO0KMIOM MPUPOJIHBIX Meprenei u
MeprenucTbix n3BecTHAKOB mipu 900—1100 °C. Meprenb U MEprequcThlii U3BECTHIK HIYIINC
JUIS TIPOU3BOJICTBA TUAPABIMYECKON U3BECTH COAEPKAT OT 6 10 25 % TIIIMHUCTBIX U MECYaHbIX
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npumeceid. E€ runpaBianueckue CBOMCTBA XapaKTEPU3YIOTCS THIPABINYECKUM (MM OCHOBHBIM)
MonysneM (m), MPEeACTaBIAIONIMM OTHOIICHHWE B IPOLEHTaX COJEp>KaHUS OKHUCIIOB KaJbIUs K
COJIEP’KaHUIO CYMMBI OKHCIIOB KPEMHMUS, AIFOMUHUS U JKEJIe3a:

l'unpaBnuueckass W3BECTb — MEIJICHHO CXBaTbIBAIOLEECS U MEAJICHHOTBEpCIOIIee
BeulecTBO. E€ NpUMEHSIOT 1 NPUTOTOBJIEHMSI CTPOMUTEIBHBIX PACTBOPOB, HHU3KOMAPOUHBIX
0eTOHOB, JETKNX OETOHOB, MPH MOJTYYEHUHU CMEIIAHHBIX OETOHOB.

O0opynoBaHue U MaTepPUAJIbI

OO0pasupl U3roTaBIMBAIOT B (opMe MPSMOYTOJIbHON MPU3MBI C MONEPEYHBIM CEUYECHUEM
20x20 MM u anuHHOM BAOJL BOJIOKOH 300 mm. [lomyckaeTcsi onpenensaTh npeaen MpoYHOCTH
IIPU CTATUYECKOM M3rHOe Ha 00pasliax Mmocie ONpeAesieHNs] MOAYJIS YIPYTrOCTH.

JUig mpoBeIeHUs UCTIBITAHUS IPUMEHSETCS CIEAYIOLas anmnaparypa:

- wmonepHusupoBaHHbd TipuOop I[ICI-2M, obecrnieunBarOmMii  3aJaHHYI0 CKOPOCTh
Harpy)xeHus: oOpasia Wi MepeMeIICHUs] Harpy)Karolled TOJOBKHA M IO3BOJISIONIAS HU3MEPSTh
HArpy3Ky ¢ MOrpemHocThio He Ooee 1%;

- TMPHUCTIOCOOJICHUE, OOecIeunBaroIee M3rud oOpas3la NPHIOKEHHEM HArpy3kd K ero
MOBEPXHOCTU B CEPEIUHE PACCTOSIHUSI MEXIy LeHTpamu omop. Pammyc 3akpyrieHus omnop u
Harpy>KaroIero Hoxka JJOJKeH ObITh 30 MM;

- IITAaHT€HIUPKYJIb C MOTPEIIHOCTHIO u3MepeHus e 6omnee 0,1 MM;

- anmmaparypa s onpeneneHus BuaxHoctu no FOCT 16483.7-71,

- IPOBOJIOYHBIE TaTYUKH COMPOTUBIICHUS;

- PpBIYQKHBIE WIH 3JIEKTPOMEXaHUYECKHE TEH30METpPhl Ul H3MEpeHHs (PUOPOBBIX
nedopManuii, mporudOMephl UITH UHIUKATOPBI YACOBOTO TUTIA JIJISl U3MEPEHHS MPOTrHO0B OATKH.

Yka3anus no TexHuke 0e30MaCHOCTH

K BbIMOMTHEHHIO TPAKTUYECKUX PAOOT JOIMYCKAIOTCA TOJBKO CTYISHTHI, MPOIIEAIINE
MHCTPYKTaX I10 TEXHUKE OE30MTaCHOCTH.

30Ha BBINOJIHEHUS padOT OJDKHA OBITH orpaxeHa. HaxoxkIeHue MmocTOpOHHUX JIHUII, B
TOM 4YHCJE CTYAECHTOB, HE MPUHUMAIOIINX Y4acTHE B BBINOJIHEHUU TAHHOM palOoThl, B paboueit
30HE 3aIpeLacTcs.

Bce koOHTakTHBIE COEIMHEHUS JOKHBI ObITh OYMIIEHBI U MPOBEPEHbl HAa IJIOTHOCTH
3aTSKKU; U3MEPUTENIbHBIE TPUOOPHI JOJKHBI OBbITh UcHpaBHBL. [lo1bp30BaHNE MOBPEKICHHBIMU
npuOopaMu He T0MyCKaeTCsl.

ITpu nepepsiBax B paboTe, a TaKkKe Mociae OKOHYaHHUs paboThl Bce MPUOOPHI HEOOXOUMO
pasrpy3uTh.

3ampenaercs ocTaBIATh 0€3 Haa30pa 3arpyKeHHbIE IPUOOPBI.

[Ipy mnpoBeneHUWM UCHBITAHUM JOMKHO OBITh CMELUIAHHOE OCBELIEHUE, TO €CTh
€CTeCTBEHHOE M MCKYCCTBEHHOE, YTO O0ECHEeUMBAET OCBEIIEHHOCTh 30HBI HCIBITAaHUH B
cooTBeTcTBUM ¢ TpeboBanusmu CHull.

3aganns

[ToaroToBKa UCTIBITAHUI: HA CepeIMHE JUTMHBI 00pa3iia U3MepstoT mupuHy b u Beicoty h
¢ morpeurHocTeio He 6osee 0,1 mm.

[IpoBenenue ucnbiTanuii: oopazen nomemarot B mpudop [ICI-2Mm Tak, uToOB! H3rKbdaromiee
ycuinye ObUIO HAIlpaBieHO MO KacaTelbHOW K TOAMYHBIM CIOSM (M3TMO TaHTE€HIUANIbHBIA) U
Harpy’karoT 10 CXeMe, TOKa3aHHON Ha PUCYHKE.

O0pa3zer Harpy>karoT HAOOPOM I'MpPb PABHOMEPHO € TIOCTOSIHHOW CKOPOCTBIO HAarpyKEHHsI
WIHM TIOCTOSIHHOM CKOpOCThIO mepemenieHuss 4 MM/MuH. CKOpPOCTh HarpyXeHHs J10JKHA ObITh
TaKoi, 4To0bl 00Opazer pazpymuics yepes (1,5+0,5) MuH nocie Havana Harpy>KeHHs..

HcnpiTanne nOpoAomKalOT 0 paspylleHus oOpasia, ompeaenss MaKCHMalbHOe
nokazanue crpeiaku MY-10. MakcuManbHyt0 Harpy3ky Fmax OMpenesstoT ¢ MOrperIHOCThIO He
6onee 1%.

[Tocne ucnbiTaHus ONpEAENSIOT BIakHOCTh 00pasuoB no 'OCT 16483.7-71.

[Ipu ncnpITaHUM ONIPEENIAIOTCS:
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- BEJIMYMHA U XapaKTep PaclpeieieHNus HOPMAJIbHBIX HAIpPSDKEHUH IO BBICOTE CEYEHUs
0aJIKK IpU pacueTHOM Harpy3Ke;

- mporu® OaNKH MpH pacyeTHOM HArpy3Ke U Ha KaKIOH CTYIEHU HArpy>KEHUS;

- BeJIMYMHA pa3pyllarolleld Harpy3KH.

Harpyxenune 6anku npousBoautcs cryneHsaMu 0,125 Ppacaer.

Iloka3aHuss TEH30METPOB 3allUCHIBAIOTCS IPU HYJIEBOM W pacueTHOM Harpyskax.
[Toka3aHusi MHAMKATOPOB WJIM MPOTHOOMEPOB 3aMMCHIBAIOTCA HA KaXKIOW CTYNEHHW HArpy3Kd [0
BEJIMUUHBI Ppacuer, IOCIIE YETO IPUOOPHI CHUMAIOTCS U 00pa3el] HarpyKaercsi 10 pa3pyLIeHus.

[To BenmumHam mporu6oB Oanku npu Harpy3kax 0,125 Ppacuer 1 0,25 Ppacaer MOXKHO
BBIUUCIUTh YCPEJHEHHBIH MOIYJb YIPYTOCTH JApPEBECHHBl 00Opa3la INpH KpaTKOBPEMEHHOM
Harpy>KeHUH U OIICHUTH BIIHMSHUE TONEPEYHOM CHIIBI Ha Mporud manHoW Oanku. J{is sToro mo
NIOKa3aHWsIM MHJMKAaTopa OIpeesieM Nporud Oaaku B cepeluHEe MposieTa U BBIYMCISIEM
yCpEeIHEHHBIH MOAYIIb YIIPYTOCTH IPEBECUHBI 0€3 yueTa BIUSHUS MOTIEPEYHON CHIIBL.

o
[Ipenen mpounoctu (W) (B MIla) obpasua ¢ BIaXHOCTBIO B MOMEHT HCIIBITAHUS
BBIYHCJISIIOT TI0 hopmyIie:
3P

max'l

2bh?

Oy =

rae, Puax —MakcumanibHas Harpyska, H;

| - paccTosiHEE MEX Ty [IECHTPAMH OIIOP, MM;

h - BeicoTa 00Opasia, Mm;

b - mupuHa obpasia, MM.

Pesynprar BeiunciasaoT u okpyrisitor g0 1 Mlla.

Pe3ynpTaTel HcnbITaHUI 3a1IUCHIBAIOT B IPOTOKOJI.
Conep:xanue oT4éTa
1. Tema;
2. llens paboThI;
3. ®opMymbl, COOTHOILIEHUS U TPAPUKH;
4. 3aKkJIFOYeHHUE U BBIBOJIBI.
KoHnTpoJibHBIe BONIPOCHI U 3a1aHUsA

1. Meronuku pa3paOOTKU KOHCTPYKTUBHBIX M PACUETHBIX cXeM?

2. OCHOBHBIE OJIOXKEHUS O CBOMCTBAX CTPOUTEIbHBIX MaTepHaIoB ?
3. B 3aBHCHMOCTH OT Yero CTPOUTCS CEMEUCTBO (a30BBIX TPACKTOPHIA?

IIpakTnyeckas padora 18.
Tema 18. Onpenesnenue NIIOTHOCTH M BA3KOCTH CBA3YIOLLEIO.

Lenb: ompenenuTh CPEAHIOI IUIOTHOCTb, MpEAeN NMPOYHOCTH MPHU CKATUM U Tpeaes
MIPOYHOCTH TIPU M3TUOE 3aTBEPICBIIETO CTPOUTEILHOTO PacTBOpPA.

Xon paboTsl. [t JOCTHKEHUS MOCTAaBICHHON LENH PEKOMEHJYeTCsl BOCHOJIb30BaThCs
paHee W3rOTOBJICHHBIMA W3 PAcCTBOPHOM cMecn coctaBa 1:3 Mae.d. (IIEMEHT:IIECOK) U
3aTBEPJEBIIMMHU CTaHJIAPTHRIMU oOpa3liaMu B BHIEKYyOOB pasmepoM 7,07X7,07X7,07 cm u
npusM-6anouek pazmepom 4X4X16 cm. Obpazen-kyo B3BemmMBaroT. [lomycTuM, 4TO B HalieM
ciy4ae Mmacca oOpa3na paBHa 700 T. [Iran-
TEHIMPKYIIEM U3MEPSIOT IUTAHY, IAPUHY " BBICOTY obOpa3ria.
[Tockonbky 00pa3iubl 0THOPMOBAaHBEI B CTAaHAAPTHHIX (hopMax, UX pazMepbl — CTaHJApTHHIE —
7,07X7,07X7,07 cm. O6bpemobpasima 350 o,

[Ipenen mpoYHOCTH MPU CXKATHMU CTPOUTENILHOTO PAacTBOpa OINPENENA0T Ha OCHOBaHUU
ucnbiTanuss Ha tunapaBiamdeckom mpecce (IICY-10) vHe MeHee Tpex 00pas3IoB-KyOOB 10 HX
pazpyuienus. [lepen ucnbpITaHUEM ONpPENENSIIOT IJIOMAAb MONEpeyHoro ceueHus odpasua (5); y
CTaHJApPTHBIX 00pa3oB-ky0oB oHa paBHa 7,07X7,07 = 50 cm2. OOpaszer moMemiaroT Ha
HIDKHIOIO TUTUTY TIpecca TakK, 4TOOBI €ro HepoBHas (BEpXHssI Mpu (OpMOBaHWHM) TpaHb HE
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compukacanach ¢ Iumramu mnpecca. OOpaszern-kyd IEHTPUPYIOT, 3aT€M OITyCKAIOT BEPXHIOIO
IUTUTY J0 CONPHUKOCHOBEHUS C 00paslioM U cjerka 3aKMMaioT ero. BkiouaioT MOTOp mpecca.
[Ton naBineHumeM Macia B IMUIMHApE Ipecca IMOPILICHb MOJHUMAETCS BBEpX, oOpaszen moj
Harpy3Koil pazpymutcs MoTop npecca BBIKJIIOUaIOT

a) 6)
’ | & ¥}
1 Y \ |
a, |
; I X | &
% B £ | ¥ g
B a2
L3 1 &
4 b

Puc. 1.1. Cxema usmepenust oobema oopasia
a — xyouyeckoit popmbl; 6 — MIUHIPUYECKON POpPMBI

Crpenka cUJIOU3MEpUTENS MMOKaXeT HauOOJBIIYI0 HArpy3Ky, NMpU KOTOpoW oOpaserr
pa3pyLmics.

JlommycTtuM, 4TO B HAllleM cliy4yae pa3pyllarolas Harpy3ka Ha oOpasel] oka3aiach paBHOMN
50 000 H. I'itomags momnepeunoro ceueHus oopasma pasua 0,005 m2. Ilo popmyne KCOK = P/5
BBIUMCIISIIOT TpeAeN MPOYHOCTU MpU cxaTuu pactBopa B mackaimsax (Ila) ¢ mocnmemyromimm
nepecyeroM B Meramackamm (Mlla): Rex = 50 000/0,005 = 10 000 000 ITa, v 10 MIla (1 MIla
pasen 1 000 000 ITa).

JlommycTuM, 4TO Tpenes MpOYHOCTH BTOporo odbpasma paBeH 9 MIla u tperbero — 11
MlIla. Cpennee apudmernyeckoe U3 pe3yabTaTOB TPEX UCIBITAHUN paBHO, TaKUM oOpazom, 10
MIIa. D10 u ecTh Ipees IPOUYHOCTH MPU CIKATUU CTPOUTEITHHOTO PACTBOPA.

IIpenen mpoyHOCTH MpH M3rHOE CTPOUTENBHOTO PAacTBOPA OMPENEISAIOT, UCTIBITHIBAS Ha
ruapasimnueckoMm mpecce (IICY-10) e MeHee Tpex 00pa3ioB-OamoveKk 10 HMX pa3pyIICHHS.
[lepen ucmbplTaHMEM IITAaHTCHIMPKYJIEM HM3MEpSIOT HMIMPUHY oOpasna b u ero BhICOTY K B
canTuMmerpax. Ha HIDKHIOIO MIIMTY mpecca NMOMELIAIOT HPUCIIOCOOJIEHHE C JIBYMSI ONOpaMu-
BaJIMKAMHU, PACCTOSIHUE — MPOJIET /— MeXIy KoTopeiMu paBHO 10 cm. Ha omopsl momeriaror
o0pa3zern-0agouky U CBEpXY IO cepeauHe o0pas3iia— BaIHMK. bayoyky moMemarT Tak, YTOOkI ee
HEepoBHas (BepXHsisl IpH (OPMUPOBAHUN) TPaHb HE CONPHKACAIACh C BAJIMKAMHU.

ITpucnocobnenne BMecTe ¢ 00pa3lOM TIIATENBHO LEHTPUPYIOT. 3aTeM OCTOPOIKHO
OITYCKalOT BEPXHIOIO ITUTY IIpecca JI0 COMMPUKOCHOBEHHUS € BaJIMKOM. BkitouaroT MoTop mpecca.
Obpazer; noja Harpy3koil mepenomurcsi. CTpernka CHIOW3MEPHUTENs MOKaXET HauOOJIbLIYIO
Harpy3Ky, nIpu KOTopoil oOpaser] paspymmicsi. MoTop npecca BbIKIIOYaOT. JlomycTuMm, 4TO B
HalieM ciydae obOpaser paspymmuics moj Harpyskoi (P), paBuoit 1600 H. ITo dopmyneRy; =
(3I1)/(2bn2 ) BEMHCISIOT Tpees MPOYHOCTH MpH u3rude pactBopa Ru;=(3-1600-0,1 )/(2-0,04-
0,042 ) =3 750 000 ITa, wm 3,75 MITa.

JlommyctuM, d4YTO TpeAen MPOYHOCTH BTOPOro obOpasma MexaHuueckue CBOWMCTBa
CTpOUTENBbHOTO Marepuana paseH 3,47 MIla u Tperbero — 3,88 MIla. Cpennee
apu@mMeTnyecKoe U3 pe3yaIbTaTOB TPEX UCIIBITAHUN paBHO, TaKUM oOpa3om, 3,7 Mlla, 310 u ecth
npezen MPOYHOCTH NP U3THOe CTPOUTENIBHOTO PacTBOpa.

CpaBHuBas npenen npoyHocTy npu cxatur Rex = 10 Mlla u npenen npoyHOCTH npu
u3rn6eRuz= 3,7 Mlla, nerko BHIETb, YTO NMPOYHOCTH CTPOUTEIHHOI'O PAcCTBOpAa Ha CXKaTHe
MIOYTH B TPU pasa BbILIE, YEM HA U3THUO.

PesynbTaThl paboThl 3aKMCHIBAIOT B BUJIE TAOIHUIIBI.

Onucanue xoJia BBIOJIHEHHON paboThl, HEOOXOAUMbIE (OPMYJIBI U pacyeThl, TaOIUIly
pe3yIbTaTOB, CXEMbI UCIBITAaHHUS 00pa3I[0B MAaTEpHAJIOB HA C)KaTHE U M3THO 3aHOCAT B >KypHAal
MIPAKTHYECKUX padoT.
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5. IlepeyeHb OCHOBHOH M JONMOJHHUTEJIbHOW JIMTEPATYpPbl, HEOOXOAMMOW IS
OCBOCHHSH JHCHHUIIIHHBI

IlepeyeHb OCHOBHOM JIUTEPATYPbHI:

1. UlysaeBa E.A. MarepuanoBenenue [DIEKTPOHHBIM pecypc]|: HEMETAUIMUECKHE U
KOMMO3uIMOHHbIe Marepuanbl. Kypc nekmuii/ IllyBaeBa E.A., IlepmunoB A.C.—
OnexTpoH. TekcToBble AaHHble.— M.: Wsnarensckuii JJom MUCuC, 2013.— 77 c.—
Pexxum noctyma: http:// www.iprbookshop.ru/56261.— 3BbC «IPRbooksy, mo mapoito

2. Typuiuna B.}O. MarepuanoBenenue [DIEKTpPOHHBIN pecypc]: MEXaHMYEeCKHUE CBOMCTBA
MetaioB. Tepmuueckas o6paboTka MerauioB. CriennaabHble CTAIH U CIUIaBbl. Y4eOHOe
nocobue/ Typunmuna B.KO.— DnekTpoH. TekcToBbIe naHHbie.— M.: W3narensckuii JJom
MUCuC, 2013.— 154 c.— Pexxum nocrtyna: http://www.iprbookshop.ru/56262.— 3bC
«IPRbooksy, mo mapoito

IlepeuyeHb IONOJTHUTENBLHOM JIUTEPATYPbBI:
1. MarepuanoBenenue [DIeKTpoHHBIH pecype]: yueOHoe mocoome/ FO.I1. 3emckoB [u
Ip.]— DJEKTPOH. TEKCTOBbIC JaHHbie.— BopoHex: BOpOHEXKCKHIl TOCyIapCTBEHHBIH

YHUBEPCUTET  HMHXKEHEepHBbIX  TexHosmorumi, 2013.— 200 c— Pexum pocryma:
http://www.iprbookshop.ru/47426.— 3BC «IPRbooksy, 1o mapoJio
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MMHUCTEPCTBO HAYKHU U BRICHIEI'O OBPA30OBAHU S POCCHUMCKOM
OEJNEPALINN
OEJIEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YUPEX/IEHUE BBICILIEI'O OBPA3OBAHN
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

MeToanyeckue ykazaHus
110 OPTaHU3alUN U TPOBEACHUIO CAMOCTOSTEIBHOM PaOOThI
o aucturuimie «COBpeMEHHbBIE CTPOUTETBHBIE MAaTEPUAITBI M KOHCTPYKIIHI
JUIS CTy/IeHTOB HarpaBieHus moarotoBku 08.04.01 CtpoutenscTBO
HarpaBJIeHHOCTH (Mpoduis) TexHomorus, opraHu3anusi 1 SJKOHOMHUKa CTPOUTEIHCTBA

[Tsaturopck, 2026
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COJEP)KAHUE

1. O61mue nonoxeHus

2.1lenb 1 331241 CAMOCTOATEIBHOM paboThI

3. TexHonoruueckas KapTa caMOCTOATEIbLHONU pabOThI CTYACHTA

4.Tlops10K BBITIOTHEHUS] CAMOCTOSATEIHLHOU PabOThI CTYJEHTOM
4.1. Memoouueckue ykazanus no pabome ¢ y4eOHol aumepamypou
4.2. Memoouueckue ykasanusi N0 N0O20MoeKe K NPaKkmuideckum 3aHamusim
4.3. Memoouueckue yKazanus no camonposepxe 3HaHull
4.4. Memoouueckue ykazauus no HANUCAHUIO HAYYHBIX MEKCMO8 (00K1A008, pedhepamos,
acce, HAYYHLIX cmamell U m.o.)
4.5. Memoouueckue pexomeHOayuu no NOO20MOGKe K IK3AMEHY

Cnucok nureparypsl 11 BeinosiHeHuss CPC
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1. O01mme moJ0KeHUs

CaMocrosiTenbHast pabora — TUIaHUpyemas ydeOHas, y4eOHO-HCCIIeOBATEIbCKas,
HAy4YHO-UCCIIeI0BaTeNbCcKasi paboTa CTY/ICHTOB, BBINOJIHSEMAas BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpeMs 10 3aJaHUI0 M TPH METOJUYECKOM pYKOBOJCTBE TIpemnojaBareis, HO 0e3 ero
HEMOCPEJACTBEHHOTO y4yacTusi (MpU YaCTUYHOM HEMOCPEICTBEHHOM YYacTHUU IperojiaBaTes,
OCTaBJISIONIEM BEIYIIYIO POJIb 32 pabOTOM CTYJICHTOB).

CamocrostensHas padota crynaeHToB (CPC) B BY3e siBiseTcs BaKHBIM BUIIOM YUEOHOM
U Hay4yHOM JesTenbHOCTH cryaeHTa. CamocrosArenbHas paboTa CTYAEHTOB  HIpaeT
3HAYUTENIbHYIO POJIb B PEUTHHIOBOM TEXHOJIOTHH 00YUECHHUSI.

K 0CHOBHBIM BHJIaM CaMOCTOSITETILHON paOOTHI CTYIEHTOB OTHOCSTCSI:

— ¢opMupoBaHHE U YCBOEHHE COJEp)KAaHMS KOHCIEKTa JeKuud Ha 0aze
PEKOMEH/IOBAaHHOM  JIKTOPOM  y4eOHOH  juTeparypsl, BKIO4Yas  MHGPOPMALUOHHBIE
00pasoBartelbHbIC PECYPCHI (AICKTPOHHBIC YUEOHUKH, JIEKTPOHHBIC OMOIMOTEKH U p.);

— HamucaHue JOKJIA/I0B;

— IIOJrOTOBKA K CEMHHApaM, MPAKTHYECKUM H MTPAKTUIECKUM padoTam, ux oopMIICHHE;

— COCTaBJICHUE AaHHOTHUPOBAHHOT'O CIHMCKAa CTAaTell M3 COOTBETCTBYIOIIMX >KYPHAJOB IO
OTpacJisIM 3HaHHH (IIe1arorHYeCKUX, TICUXOJIOTUYECKUX, METOIMYECKUX U JIP.);

— BBINIOJIHEHHE y4eOHO-NCCIIEAOBATENILCKUX paboT, IPOCKTHAS AEIATEIbHOCTD;

— THOJrOTOBKA MPAKTUYECKUX Pa3pabOTOK W PEKOMEHIAIMH MO PEIIeHUI0 MPOOJIEMHOM
CUTYalluu;

— BBINOJHEHUE JOMAIIHUX 3a/laHUi B BUAC PEIICHUS OTICIBHBIX 3a7ad, MPOBEICHHS
TUTIOBBIX PACYETOB, PACUETHO-KOMIBIOTEPHBIX U HMHIWBUIYaJbHBIX pabOT MO OTIEIbHBIM
paszenam colepKaHus JUCIUTUIHH U T.J.;

— KOMIBIOTEPHBIA TEKYIIUl CAMOKOHTPOJIb M KOHTPOJIb YCIIEBAeMOCTH Ha 0aze
3JIEKTPOHHBIX 00YUAIOIINUX U aTTECTYIOUINX TECTOB;

— BBITNIOJIHEHHE KYPCOBBIX paboT (MMPOEKTOB) B paMKaX JUCIMILINH;

— BBITMIOJTHEHHE BBITYCKHOW KBaM(UKAIIMOHHOM paboTHhI U JIp.

Mertoarka opraHu3alii CaMOCTOSTENIbHONW paboThl CTYJEHTOB 3aBUCHUT OT CTPYKTYpHI,
XapakTepa W O0COOEHHOCTEW HM3y4aeMO IMCUMIUIMHBL, 00be€Ma YacoB Ha €€ M3y4eHHUe, BUIA
3a/laHuil 11 CaMOCTOSITETbHONW pabOThl CTYAEHTOB, WHAMBHUAYAJIbHBIX Ka4eCTB CTYJIEHTOB W
YCJIOBHM Y4EOHOMU IeATeTbHOCTH.

[Iponiecc opraHu3alMM CaMOCTOSTENbHOW pabOThl CTYIEHTOB BKJIKOYaeT B cels
CJIETYIOIINE ATAlbI:

— TIOArOTOBUTENBHBIA (OMpesaeseHrue Lenel, COCTaBIEHHUE NpPOTrpaMMbl, MOATOTOBKA
METOIMYECKOro 0OecredeH s, MoAroTOBKa 000PYJ0BaHHUS);

— OCHOBHOH (peanu3aius MporpaMMbl, UCIIOJIB30BaHUE MPUEMOB MOMCKa WH(pOpMannu,
YCBOEHHsI, NepepadOTKH, TNPUMEHEHUs, Mepefayd 3HaHuM, (UKCHpPOBaHHE pPE3yJIbTaTOB,
camoopraHu3zalus mnporecca padoThl);

— 3aKJIIOYMTENbHBIN (OIIEHKa 3HAYMMOCTH U aHAJIU3 pe3ysbTaToB, UX CHCTEMaTHU3aLus,
oreHka d((EKTUBHOCTH TPOTPAaMMBI M TIPUEMOB pabOTHI, BBIBOABI O HAINPABICHHUIX
ONTUMM3AINH TPYIQ).
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2.11eab ¥ 321241 CAMOCTOSITEILHON PadoThI

Benymas unens opranuzanuu u ocymiectienus CPC coBmagaer ¢ menpio oOydeHUs
CTy/IeHTa — ()OPMHPOBAHUE YHHUBEPCATbHBIX KOMITCTCHIINH.

ITpu oprannzanuu CPC BaxXHBIM 1 HEOOXOAMMBIM YCIOBHEM CTAHOBATCS (POPMHPOBAHUE
YMEHHUSI CaMOCTOSITEIIbHOW paboThl JJIsl TPUOOPETEHHsI 3HAHWW, HABBIKOB M BO3MOXKHOCTH
OpraHu3aiy ydeOHOM U HAay4yHOH JesTenbHOCTH. Llenpio caMmocTosTenbHON paboThl CTYyICHTOB
SBIISICTCS  OBJIAJiIcHHE (DyHIaMEHTaIbHBIMH 3HAHHSIMHU, NPOPECCUOHATBHBIMU YMEHHSIMH U
HaBBIKAMU  JICTEIBHOCTH MO  TPOQHII0, ONBITOM  TBOPYECKOH, HCCIEI0BATEIbCKON
nestenbHocTH.  CamocrosiTenpHass ~— paboTa  CTYIACHTOB — CIIOCOOCTBYET — Pa3BHTHIO
CaMOCTOSITENIbHOCTH, OTBETCTBEHHOCTH U OPraHW30BaHHOCTH, TBOPUECKOTO MOIX0/1a K PEIICHUIO
po0JsieM yueOHOTo ¥ poheCcCHOHATBLHOTO YPOBHS.

3agauamu CPC sBasitoTCs:

— cUCTeMaTH3alMs W  3aKpeIUIeHHE TIOJIYYCeHHBIX TEOPETUYECKHX 3HAHUH U
NPAaKTUYECKUX YMEHHI CTYACHTOB;

— yruyOJIeHHe W pacuIMpeHUe TECOPETUYCCKUX 3HAHUIA;

— (dopMUpOBaHHE YMEHHWI HCIIOJIB30BaTh HOPMATHUBHYIO, IPABOBYIO, CIPABOYHYIO
JOKYMCHTAIUIO M CIICIHATIBHYIO JINTEPATYPY;

— pa3BUTHE TO3HABATEIFHBIX CIIOCOOHOCTEH M AKTHUBHOCTH CTYACHTOB: TBOPYECKOMH
WHHUIIMATHBBI, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAaHHOCTH;

— (opMUpOBaHHE CAMOCTOSITCIBHOCTH MBIIUICHUS, CIOCOOHOCTEH K CaMOpPa3BHUTHIO,
CaMOCOBEPILICHCTBOBAHUIO M CAaMOPEaIH3aIIHH;

— pa3BUTHE UCCIIEIOBATEIbCKIUX YMEHHIA;

— HCIIONIb30BaHUE MaTepualia, COOPaHHOTO M IMOJYYCHHOTO B XOJI€ CaAMOCTOSTEIHHOMN
paboThI ¥ IPAKTUYCCKUX 3aHITUH.

3.TexHoJoru4YecKasi KApTa CaMOCTOATEIbHOW PaGoThI CTyeHTa

CpencrBa u O6beM 9acoB, B TOM YHCIIe
Konabt
TEXHOJOTHH CPC | KonraktHas | Bcero
peanu3yeMbix | Bung nestenpHOCTH
- OLICHKHU paborta c
KOMIICTCHITHIHA, CTY/ICHTOB
mperojaBaTe
UHIUKaTOpa(oB)
JIeM
OuHnas popma 00ydeHus
1 cemectp
CamocrositenpHoe | CobecemoBaHu
U3y4yeHue e 27 3 30
K-1 JUTEPATYPBI
(Lo [ToxgroroBka kK CobOecenoBanu
! MPAKTHICCKHM e 5,4 0,6 6
N-2nk-1;
3aHATHUSIM
LS [ToaroroBka Jokiia
W JT-4ric1) A A 13,5 1,5 15
JIOKJTaJa
BeinosnHenue KypcoBas 97 3 30
KYpPCOBOT'O MPOEKTa pabota
Hroro | 72,9 8,1 81
OunHo-3a049Hast popMa 00ydeHUs
1 cemectp
T1K-1 CamocrosrensHoe | CobecenoBanu 36 4 40
(UO-1nk-; W3Yy4CHUE e
N-2nk-1; JUTEPATyPHI
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N/I-3nk-1 ITonroroBska k CobecenoBanu 7,2 0,8 8
N-4nk-1) MIPAaKTUYECKUM e
3aHATHIM
IToaroroska Joxman 18 2 20
JIOKJIa1a
HTtoro 1 cemectp | 61,2 6,8 68
2 ceMecTp
CamocroarensHoe | CobecegoBanu
HU3y4YeHue e 27 3 30
I1K-1 JIUTEPATYPBI
(MO-1rk-1; IToaroroska K CobecenoBanu
N-2nx-1; NpPaTKMYECKUM e 9 1 10
N/I-3nk-1 3aHATHIM
N -4nk-1) IToaroroBka Jloknan 9 1 10
JIOKJIa1a
Brimonnenue Kypcosas
KypCOBOTO pabora 14,4 1,6 16
IIPOEKTa
HToro 3a 2 cemecTp 59,4 6,6 66
Hroro | 120,6 13,4 134
3aouHas popma 00ydeHHS
1 cemectp
IK-1 Camocrositensao | CobecemoBanue 36 4 40
(MI-1nk-1; € U3yueHue
N-2nk-1; JIMTEPATYPBI
N J-3nk-1 [ToAroToBKa K CobecenoBanue 7,2 0,8 8
N/T-4nk-1) NPaKTHYECKUM
3aHATUAM
[ToaroroBka Joxman 18 2 20
JIOKJIaga
Hroro 1 cemecTp 61,2 6,8 68
2 ceMecTp
Camocrostensno | CobecemoBanue
€ U3y4YeHue 27 3 30
I1K-1 JUTEPATYypBI
(UA-1nk-1; IToaroroBka K CobecenoBaHue
N-2nx-1; MPAaTKUYCCKUM 18 2 20
N 1-3mx-1 3aHATHIM
N -4nk-1) IToaroroska Jloxmnan 18 5 20
JIOKJIa1a
Beimonaenue KypcoBas
KYpPCOBOTO pabota 20,7 2,3 23
IPOCKTA
Hroro 2 cemecTp 83,7 9,3 93
Hroro 144.9 16,1 161

4.I1opsioK BBINOJHEHUS] CAMOCTOATEIbHON PadoThl CTYI€HTOM
4.1. Memoouueckue ykasauus no pabome ¢ y4eOHOU 1umepamypou
[Ipu pabGoTe ¢ KHUTOM HEOOXOAMMO MOAOOPATh JUTEPATYPY, HAYUHUTHCS MPABHIBHO €€
YUTaTh, BECTH 3amucH. J1st moabopa nuTepaTypbl B OMOIMOTEKe UCTIONB3YIOTCS aj(aBUTHBIN U
CUCTEeMAaTUYECKUI KaTalOrH.
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BaxxHO MOMHUTB, YTO pallMOHATBHBIE HABBIKA PabOThl C KHUTOW - ATO Bceraa OoJbluas
SKOHOMMSI BpEMEHU U CUJI.

[IpaBunbHBIE TOAOOp YYEOHHMKOB PEKOMEHAYETCS IMPEerojaBaTesieM, YUTAOIIUM
JeKUMOHHBIN Kypc. HeoOxomumas nurepatypa MOXKeT ObITh TaKKe yKa3aHa B METOAMYECKHX
pa3paboTKax 1o JaHHOMY KYpCYy.

N3yuast matepuan no y4eOHUKY, CIEAYyeT MEPEXOAUTh K CIIEAYIOIIEMY BOIPOCY TOJIBKO
[ocjie TPaBUJIBHOTO YSACHEHUS NpPEIbIAYyILEro, ONMChIBas Ha Oymare BCE BBIKIAAKU U
BBIUKCJICHHS] (B TOM YHUCJIE TE€, KOTOpbIe B y4YEOHHMKE OIYIIEHbl WM Ha JIEKIUU JaHbl IS
CaMOCTOATEIIBHOTO BBIBOJIA).

[Tpu u3yueHuu n000i AUCUUIINHBI OOJBIIYIO U BXKHYIO POJIb UTPAET CaMOCTOSITeNIbHAS
UH/IMBUyallbHAs paboTa.

Oco0oe BHHMaHME cJeayeT OOpaTUTh Ha OIpelejeHHEe OCHOBHBIX IOHSATUH Kypca.
CryneHT noikeH noAgpoOHO pa3Ouparbh NPUMEPHI, KOTOPHIE MOSCHAIOT TaKUE ONPEIEICHUS, U
YMETh CTPOUTH AaHAJIIOTUYHBIE MPUMEPHI camocTosTenbHO. HykHO 100MBaTbCA TOYHOTO
IPEJCTaBICHUsT O TOM, YTO H3ydaewb. [lone3HO cocTaBisATh ONOpPHbIE KOHCHEKTHI. [Ipu
M3YYeHUU MaTepuaia 1o y4eOHUKY TOJE3HO B TeTpaau (Ha CHEHUANbHO OTBEICHHBIX IOJISIX)
JIOTIOJIHSTh KOHCIIEKT JIeKIuil. TaMm ke cielyeT OTMe4aTb BOIPOCHI, BbIAEICHHBIE CTYJECHTOM
JUTSL KOHCYJIBTAIlUU C MPENOIaBaTEIIEM.

Bb1BOIBI, [TOJIyYEHHBIE B PE3YJbTATE U3YUCHUS, PEKOMEHIYETCS B KOHCIIEKTE BBIJEIIATD,
YTOOBI OHU TIPH MEPEUUTHIBAHUH 3aMUCEN JTy4Ille 3alI0MUHAIIUCE.

OnpIT MMOKa3bIBa€T, YTO MHOIMM CTYJEHTaM IIOMOTraeT COCTAaBJIEHHME JIMCTa OIOPHBIX
CUTHAJIOB, COJIEp>KaIIero BayKHEHIIMe 1 Haubosee 4acTo ynorpedusiembie GOpMYIIbl U MOHSATHUS.
Takol IUCT MOMOTAeT 3allOMHUTH (POPMYJIbI, OCHOBHBIE TMOJIOKEHHS JICKIIUU, & TaKKe MOXKET
CILY’)KHTb ITOCTOSIHHBIM CIIPAaBOYHUKOM JJIsI CTYJEHTA.

UreHne Hay4dHOTO TEKCTa SIBJISIETCS YacThIO MO3HABATENbHOU aesrenbHOocTU. Ee menb —
U3BJIEYCHHE U3 TEKCTa He0OXxoauMoil uHopmaru. OT TOro Ha CKOJIBKO OCO3HAHHA YHUTAIOLIUM
coOCTBEHHasi BHYTPEHHsSl YCTaHOBKA MpU OOpallleHUH K MEeYaTHOMY CJIOBY (HallTM HYy)KHbIE
CBE/ICHUS, YCBOUTh MH(OPMALIMIO MOJHOCTHIO WM YaCTUYHO, KPUTUYECKH MPOAHAIU3HPOBATH
MaTepuai U T.I.) BO MHOI'OM 3aBUCHUT 3()()EKTUBHOCTh OCYILIECTBISIEMOTrO JEHCTBUS.

Boiaenstor uemoipe 0choénbie yCmano6Ku 6 YmeHuu Hay4Ho20 MeKCcma.

MH(POPMaIIMOHHO-TIOUCKOBBIN (3a/1a4a — HAUTH, BBIJICIIUTH UICKOMYIO HH(OPMAITUIO)

ycBauBaroliast (yCWJIMs YHUTaTeNsl HamnpaBleHbl Ha TO, YTOOBI KAaK MOXHO TIIOJIHEe
OCO3HAaTh W 3allOMHUTh KaK CaMU CBEJCHHS H3JaraéMbleé aBTOpPOM, TaK U BCIO JIOTHKY €ro
paccyxIeHui)

AQHAJIMUTUKO-KPUTHUYECKAsl (YUTATENIb CTPEMUTCS KPUTUYECKH OCMBICIUTh MaTepHall,
POaHAJIM3UPOBAB €0, ONPECIIUB CBOE OTHOLLICHHE K HEMY)

TBOpUECKas (CO3JaeT y YMTATEessl TOTOBHOCTh B TOM WJIM MHOM BHUJE — KaK OTIPaBHOI
IYHKT JJIl CBOUMX pacCyKIeHMH, Kak o0pa3 Juisd JeWCTBUS MO aHAJOTHM U T.II. — UCHOJIb30BATh
CYXKICHHsSI aBTOpa, XOJ €ro MbICIeH, pe3yibTaT HaONo/eHus, pa3pabOTaHHYI0 METOAMKY,
JOTIOJIHUTD UX, TOJABEPTHYTh HOBOM IIPOBEPKE).

OcHognbie 8U0bl CUCMEMAMUZUPOBAHHOLL 3aNUCU NPOYUMAHHO2O:

AHHOTHpPOBaHHE — TMPEAEIBHO KpaTKOE CBSI3HOE OIMCAaHUE MPOCMOTPEHHOM WIH
MPOYUTAHHOMN KHUTHU (CTaTbH), €€ CO/EP KaHUs, UCTOYHUKOB, XapaKTepa U Ha3HAUYEHUs;
[InanupoBanue — KpaTkas JIOTMYECKas OpraHu3alus TEKCTa, pPAaCKpbIBAIOIIas

COJIEpXKaHUE U CTPYKTYPY U3y4aeMOro MaTrepuana;

Te3upoBaHne — JTaKOHMYHOE BOCIPOM3BE/IEHHE OCHOBHBIX YTBEp)KICHHMH aBTOpa 0€3
MpUBJIEYEHHS (PAaKTUUECKOTO MaTepuara;

[{utnpoBaHue — TOCIOBHOE BBIMCHIBAHUE U3 TEKCTa BBIACPIKEK, U3BJICUCHUI, Hauboee
CYILIECTBEHHO OTPAXKAOIINX Ty WJIA UHYIO MBICIIb aBTOPA;

KoHcnexktupoBaHue — KpaTkoe U IOCJIEI0BAaTEIbHOE M3JI0OKEHHE COJIEPIKAHUSA
IIPOYUTAHHOTO.
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KoHcrneKkT — CloXHBIN CIIOCO0 M3NI0KEHUsI COACPKAHUS KHUTH WM CTAThU B TIOTUYECKOU
nocieaoBaTeabHOCTH. KOHCTIEKT akKyMyJIHpyeT B ce0e Mpeablayline BUIbl 3alUCH, TTO3BOJISET
BCECTOPOHHE OXBAaTUTh COJICPKAHUE KHUTH, CTaThU. [103TOMY yMEHHE COCTABIIATH IIaH, TE3UCHI,
JienaTh BBIMUCKU U JPYTHE 3alIMCH ONPENENeT U TEXHOJIOTHUIO COCTABIICHUS KOHCIIEKTA.

Memoouueckue ykazanus no cOCMagieHu0 KOHCNeKma:

1. BHuMaTeNnbHO NPOYUTANTE TEKCT. Y TOUHUTE B CIPABOYHOM JINTEPATYpE HEMOHSITHHIC
cinosa. [Ipu 3anucu He 3a0yAbTEe BEIHECTH CIIPABOYHBIC JAaHHBIC HA MOJIS KOHCIICKTA.

2. Boigenute riaBHOE, COCTaBbTE IUIAH.

3. Kpatko chopmynupyiite OCHOBHBIC IOJOXKCHHS TEKCTa, OTMETHTEC apryMEHTAIUIO
aBTOpA.

4. 3akoHCHEKTUpPYTE  Marepual, 4YETKO  cieays  nyHkram  I1uaHa.  Ilpu
KOHCIIEKTUPOBAHUM CTapalTeCh BBIPA3UTh MBICIb CBOMMHU CIIOBAMHU. 3aIlUCU CIEAYeT BECTH
YETKO, SICHO.

5. I'pamotHO 3amnuckiBaiite uutathl. L{luTHpys, yduThIBaiiTe JIAKOHUYHOCTH, 3HAYUMOCTD
MBICIIH.

B TekcTe kOHCIEKTa kKenaTreibHO IPUBOJAUTH HE TOJIBKO TE€3UCHBIE MOJIOKEHUS, HO U UX
JoKa3atenbeTBa. [Ipu odopMiICHHHE KOHCIIEKTa HEOOXOIUMO CTPEMHTHCS K €MKOCTH Ka)JIO0TO
npemioxkeHus. MpICTU aBTOpa KHUTH CIEAyeT H3JlaraTb KpaTko, 3a00TsICh O CTWIE U
BBIPA3UTEILHOCTH HAMMMCAHHOTO. YHCIIO IOMOJHUTEIBHBIX AJIEMEHTOB KOHCIIEKTA JOHKHO OBITh
JIOTUYECKHM  OOOCHOBAaHHBIM,  3alMUCH  JOJDKHBI  PAcCIpeleNsiThCs B ONpeAeTeHHOU
MOCJIEIOBATEIbHOCTH, OTBEUAIOINIECH JOTHYECKON CTPYKTYpe mpousBeAcHUs. s yTouyHeHus u
JIOTIOTHEHUS HEOOXOIMMO OCTABJIATH IOJIA.

OBianeHre HaBBIKAMU KOHCIICKTHPOBAHHS TPEOYeT OT CTYACHTa IeJIeyCTPEMIICHHOCTH,
MOBCEIHEBHOI CaMOCTOATEIbHOU PabOTHI.

4.2. Memoouueckue ykasauusi no no020moeke K npakmuieckum 3aHamusim

Jigs  Toro 4YTOOBI TPAKTUYECKHE 3aHITHS MPUHOCKHIM MaKCHUMAaJbHYIO IOJb3Y,
HEOOXOMMO MOMHHUTb, YTO YMPAXKHEHUE W PEIICHHE 3a/Ja4 MPOBOJATCSA MO BHIUMUTAHHOMY Ha
JEKIUSAX MaTepualy W CBSI3aHbI, KaK MPaBUJIO, C JETAIbHBIM pa300poM OTIEIbHBIX BOIPOCOB
JEKUMOHHOTO Kypca. Crenyer MNOAYEpPKHYTh, YTO TOJBKO IOCJIE YCBOECHUS JIEKIIMOHHOIO
MaTepuana ¢ OMpPEeJICeHHON TOUYKHM 3peHHs (2 UMEHHO C TOW, ¢ KOTOPOW OH H3jaraeTcs Ha
JIEKIHX) OH OYyJIET 3aKpeIUIAThCS Ha MPAKTUUECKUX 3aHATHSIX KaK B pe3yJbTare OOCYKICHUsS U
aHaJM3a JEKIMOHHOTO MaTepuaia, Tak ¥ ¢ TIOMOIIIBIO pelIeHHs MPOOJIEMHBIX CUTYalluid, 3a1a4.
[Ipu >THX yCIOBUAX CTYJIEHT HE TOJILKO XOPOIIO YCBOUT MaTepuaj, HO U HAYYUTCS TMPUMEHSTH
€ro Ha MpakTUKe, a TaKKe IMOIYYUT JOMOTHUTENbHBIM CTUMYN (M 3TO OYEHb BAXKHO) IS
AKTUBHOM MPOpPabOTKH JIEKLIUH.

[Ipu camocTOSITENFHOM pELICHUH 3a7a4 HY>KHO O0OOCHOBBIBATh KaXK[IbI 3Tall PEIICHUs,
UCXOJI U3 TEOPETUUECKHUX TOJIOKEHUH Kypca. Eciu CTyIeHT BUAUT HECKOJIBKO MYTEeH pPEeIIeHUs
npo0sieMbl (3aaun), TO HYXKHO CPaBHHMTb UX W BBIOpaTh camblii pannoHanbHbIH. [lone3no mo
HayaJla BBIYUCIEHWNW COCTaBUTh KpPATKUW IUIaH perieHust mpoosiemsbl (3amaum). Pemenue
MpOOJIEMHBIX 3a7a4 WM MPUMEPOB CIEAYyeT M3JIaraTh MOAPOOHO, BHIYMCICHHUS pacrojiarath B
CTPOTOM TIOPSIAKE, OTHENSAS BCIOMOTATEIbHBIE BBIYMCICHHS OT OCHOBHBIX. Pemenust mpu
HEOOXOIUMOCTH HYXKHO COTIPOBOXKIATh KOMMEHTAPUSIMHU, CXEMaMH, YePTEKAMHU 1 PUCYHKAMH.

Crnenyer MOMHHTB, YTO peIIeHUE KaXKJIOW y4eOHOW 3a7aud JOJHKHO JIOBOIAUTHCS 10
OKOHYATEJILHOTO JIOTHYECKOTO OTBETa, KOTOPOro TpPeOyeT YCIoBHE, U TIO BO3MOXKHOCTH C
BBIBOZIOM. [loJTydeHHBIH OTBET CJIENYET MPOBEPHUTH CIIOCOOAMHU, BHITCKAIOIIMMH M3 CYIIECTBA
naHHoW 3amaun. llonme3Ho Takke (ecmu BO3MOXKHO) peliaTh HECKOIBKHMMH CIOCOOaMU H
CpPaBHUTH TOJYYEHHBIC pe3yJabTaThl. PemieHue 3aad JaHHOTO THIA HYXHO MPOAOKAThH JO
MPUOOPETEHUS TBEP/IBIX HABBIKOB B UX PEUICHUH.

4.3. Memoouueckue ykazaHus no camonposepke 3HaHuil

[Tocne u3ydeHHUs OMpeeIeHHON TEMBbI MO 3alKCsIM B KOHCIIEKTe M YUeOHUKY, a TaKKe

pEelIeHUs] TOCTAaTOYHOTO KOJINYECTBA COOTBETCTBYIOIIMX 337a4 Ha MPAKTHUYECKUX 3aAHATUAX M
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CaMOCTOATENIBHO CTYIEHTY PEKOMEHIYETCs IIPOBECTH CaMOIIPOBEPKY YCBOCHHBIX 3HAHUU,
OTBETHB HAa KOHTPOJIBHBIE BOIIPOCHI 110 U3YYEHHOH TEME.

B ciryyae HE0OXOAMMOCTH HYXXHO €IIe pa3 BHUMATEIbHO pa3o0paThcsi B MaTepHale.
WHorma He0CTaTOYHOCTh YCBOCHHS TOTO HMIIM MHOTO BOIIPOCA BBICHSETCS TOJBKO TPU

M3Y4YEHUU JajbHelIero marepuana. B aTtom ciydae Hafo BEpHYThCS Ha3al U MOBTOPUTH IJIOXO
YCBOGHHBII Marepuasl. BaxHbIH KpUTepuUl yCBOEHHUS TEOPETHMUECKOr0 MaTepuana — yMEHHE
0TBEYATh Ha BOIPOCHI sl cOOECeI0BaHMUS.

arONE

LNk wNE

©

CoNoOAEWNE

[EN
o

11.
12.

Bonpocsl 1151 codecenoBanust

ba3oBblii ypoBeHb
Tema 1-3. Knaccudukaius CTpOUTENBHBIX MaTeprasioB. DPU3HMYECKUE W XUMHYECKHE
CBOWCTBAa CTPOMUTEIBHBIX MATE€PUAIOB. MEXaHMYECKHE CBOWCTBA CTPOUTEIbHBIX
MaTepUaJIOB.
[IpupoaHbie COBpEMEHHBIE CTPOUTEIBHBIC MAaTEPUAIIBI i U3ICIIHSL.
OCHOBHBIE BU/Ibl CTPOUTENIBHBIX MATEPUATIOB U U3JICTUH.
Tennodusnyeckre cBOWCTBA.
3amuTHRIE CBOMCTBA.
IIpo4HOCTB M TBEPAOCTE.

Tema 4-6. TexHonoruueckue U SKCILUIyaTAallMOHHBIE CBOICTBAa  CTPOUTEIbHBIX
MmarepuanoB. OpraHuyeckue BSOKYILME MaTepuaibl, paCTBOPbl U OETOHBI Ha UX OCHOBE.
Bo3nyninsle BsKynue BEIIECTBA.

duznyeckue CBONCTBA.

XHUMHUYECKUE CBOMCTBA.

TexHonornueckue CBOMCTBA.

OO61ue cBeaeHus.

XapakTepucTUKa OCHOBHBIX IPYIIIL.

XapakTepucTuKa OUTYMHBIX BSYKYLIUX BEILECTB.

XapakTepucTuka ac(haabTOBBIX M JETTEBBIX PACTBOPOB U OETOHOB.

[TonsiTve 0 moxy4eHUH, BaXKHeHIIne CBOMCTBA U 001aCTH MPUMEHEHHUS BO3YIITHBIX
BSDKYIIMX BEILECTB.

I'uncoBsle BsSOKyIIUE BELIECTBA.

Tema 7-10. Iloptnanauement. CrienuanbHble BUIbI IEMEHTOB. CTPOUTENbHBIE PaCTBOPHI.
Cyxune crpoutrenbHble cMecH. beronel. betoHHas cmech u ee cBoiictBa. CTpyKTypa
OeToHa U cBOICTBa OETOHA.

beicTpoTBEpACIONIMI TOPTIAHALIEMEHT.

Cynb(haTtocToiKuii MOPTIAH/IIEMEHT.

bBenplii 1 1BETHBIE MOPTIAHILIEMEHTBHI.

Bunbr u knaccuduxarusi.

Knaccugukarus pacTBOpoB B 3aBUCUMOCTH OT YCIOBUM TBEPACHUS.

Knaccudukanus pacTBOpoB B 3aBUCUMOCTH OT TUIOTHOCTH.

OO1me cBOMCTBAa CTPOUTENBHBIX PAaCTBOPOB

ChIpbeBble MaTepualbl AJ1s TSHKEJIOro 0€TOHa, MX CBOMCTBa, HOPMaTUBHbIE TPEOOBAHUS.
Pacuer cocTaBa Tskenoro 6eToHa.

. Metozas! hopMoBaHUsi OETOHHBIX KOHCTPYKIIMM B 3aBUCUMOCTH OT TUKCOTPOIIHH

OETOHHOI CMecCH U €€ y1000yKIIabIBAeMOCTH.
TennoBnaxxuocTHas 00paboTka 6eToHa.
JloGaBku st OETOHOB
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Tema 11-14. XKenezoberon. Kepamuueckue marepuainsl u uzaesnusi. CTEKIO0 U CTEKISTHHbIE
u3nenus. Metamiel 1 Mmetayutndeckue uaaenus. [lonmumepHsie MaTepuatbl.
CymHoCTS kene300eToHa.

Buibl sxene300eTOHHBIX KOHCTPYKITUH.

Henocratku xene300eTOHHBIX KOHCTPYKITUH.

Knaccudukanust kKepaMU4eCKUX CTPOUTEIBHBIX MATEPHAIIOB U U3JICTTUH.
ColIpbe AJ1 MPOU3BOJICTBA KEPAMUUECKUX MATEPUATIOB M U3JIEIIHM.
[Tpon3BOACTBO KEPAMUUYECKUX CTPOUTEIBHBIX MaTEPUAIOB U U3CITHA.
CBoiicTBa CTEKIIA.

Bune! cTeKIAHHBIX U3ETTUHN.

W3nenus U3 MeHOCTeKIa.

Buibl molMMepHBIX MaTepPUAIIOB.

I/ICKYCCTBCHHBIG IMOJIMMEPHBIC MaTCpHaJIbI.

Tema 15-18. Tennous3oasALMOHHBIE U OTAENOYHBbIE Marepuansl. [IpuponHele KaMEeHHbIE
marepuasbl. ['maparanyoHHble (HeOpraHudeckue) BsKyliue BellecTBa. OrnpeneneHue
IUIOTHOCTH U BS3KOCTH CBSI3YIOLLETO.
OcHOBHasi TEXHUUECKAs XapaKTEPUCTUKA TEIUIOU30JIALIMOHHBIX MaTEPUAJIOB.
Termon3onannoHHbIE MaThI.
[TenonosucTUpOII.
O06paboTka NPUPOIHBIX KAMEHHBIX MaTEpUAJIOB.
Bo3nyminas u3BecTs.
[TopTnanauemeHt.
KapOoHaTHbIl MOPTIAHIIIEMEHT.
[TnoTHOCTH ONIUBI.

IloBbIlIEHHBIN YPOBEHD
Tema 1-3. Knaccudukanust cTpouTenbHbIX MaTepuasoB. Puszndeckre U XMMHUYECKHE
CBOMCTBAa CTPOWTENBHBIX MarepuaioB. MeXaHMYEeCKHE CBOWCTBA CTPOUTENIBHBIX
MaTepUaJIoB.
HckyccrBenHble COBpeMEHHbBIE CTPOUTETbHBIE MaTepUaibl U U3/EINS.
I'mapodusnueckue cBOMCTBA.
AKyCTHYECKHE CBOMCTBA MaTepUaIIOB.
ITonsATHE O HAIEIKHOCTH U TOCTOBEPHOCTH PE3YJILTATOB UCCIIEJOBAHU.
N3HOCOCTOMKOCTD U AepOpMaTUBHOCTD (YIPYTOCTh, INIACTUYHOCTD ).

Tema 4-6. TexHonoruueckue W SKCIUTyaTallMOHHBIE CBOICTBAa  CTPOUTEIBHBIX
MmarepuanoB. OpraHMyecKue BSOKYILME MaTepuabl, paCTBOPbI U OETOHBI Ha MX OCHOBE.
Bo3nymssle ByKyIMe BENIECTBA.

MexaHnyeckue CBONUCTBA.

DKCIUTyaTallMOHHBIE CBOMCTBA.

CrangapTu3anus CTpOUTENBHBIX MaTEPUAIIOB.

Knaccudukanus opraHMuecKux BSKYIINX BELIECTB.

TpeboBaHMs K KaueCTBY.

Knaccudukanus, MapkupoBKa, COCTaB, CBOMCTBA, IPUMEHEHUE.

Knaccugukarus, MapkiupoBKa, COCTaB, CBOHCTBA, IPUMEHEHHUE.

OO61ure cBeIeHNs 0 BSUKYIIUX BEIECTBAX U UX KJIaCCU(pUKALUS.

M3BecTh BO3YyIIHAS CTPOUTEIbHAS.

10. XKunkoe crexio.
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NoabkowhE

0.

. BI/II[I)I MMOJIMMEPOB, MPUMCHACMBIC B CTPOHUTCIILCTBEC.

Tema 7-10. Iloptnanauement. CriennanbHble BUBI IEMEHTOB. CTPOUTENBHBIE PACTBOPHI.
Cyxue crtpoutenbHble cmecH. betoHbl. beroHHas cmech um ee cBoiicTBa. CTpykTypa
OeToHa M cBOIcTBa OETOHA.

I'uapodoOHBIN MOPTIAHIIEMEHT.

[[1akonopTIaHALIEMEHT.

CtpoutenbHbie PaCTBOPHI.

Knaccudukanus CTpouTEeNbHBIX PACTBOPOB IO BHUTY BSIKYIIIETO.

Knaccudukanus pacTBOpOB B 3aBUCUMOCTH OT KOJIMYECTBEHHOT'O COOTHOIICHUS
KOMITOHCHTOB.

Knaccudukanus pacTBOpoB o Ha3HAYEHUIO.

Knaccudukanus 66TOHOB U OTIMYUTEIHLHBIC CBOMCTBA.

CaoiicTBa 6€TOHHOI cMecH U OeTOHa.

Vkiaaka v yruioTHeHue OETOHHOM cMecH

. TBepaenue 6eToHa.
. Oco0eHHOCTH 3UMHET0 OETOHUPOBAHUS.

Tema 11-14. XKenezoberon. Kepamnueckue marepuansl U usaenus. CTEKIO U CTEKJISIHHbIE
uzaenus. Meramuisl ¥ Metajuindeckue uzzenus. [lomumepHbie MaTepuabl.
IIpeumyiecTBa 1 HETOCTATKH.

[TonoxurenbHbIE KauecTBA KeIe300€TOHHBIX KOHCTPYKIIUH.

OO61ne cBeieHNs 0 KEPAMUUYECKUX CTPOUTEIbHBIX MaTeprallax v U3JEIHsIX.
CBoiicTBa, NpUMEHEHUE.

Knaccugukarus, TeXHOTIOTHYECKUE CBOHCTBA.

OO1111e TeXHOJIOTUYECKUE MTPOLIECChI

Buasl mucToBOro crekina.

CuTaiisl 1 HUTAKOCUTAILIIBL.

Matepuasnbl Ha OCHOBE CTEKJIOBOJIOKHA.

CocraB nonaumepa.

Tema 15-18. Tennou3osAIMOHHBIE M OTAENOYHbIE Martepuanbl. [IpupoaHbie KaMEeHHbIE
Mmarepuanbl. ['maparanyoHHble (HeopraHMYecKue) BsDKyIue BemiectBa. OnpezneneHue
IUIOTHOCTHU U BSI3KOCTH CBSI3YIOILETO.

Tennon30ALHOHHBIN CIION.

MuHepanoBaTHbIE IPOIINBHBIE MATHI.

OO0u1ue cBefeHuUS.

Knaccudukanus npupoiHbIX KaMEHHBIX U3EJINH.

I'mapaBnnueckas U3BECTb.

[[1akonopTIaHALIEMEHT.

[110THOCTD KUAKUX MaTEPUAJIOB.

4.4. Memoouueckue ykazanus N0 HANUCAHUIO OOKIAO08

Ilepen Tem, kak NPUCTYNUTh K HANMCAHMIO HAYYHOTO TEKCTa, BAXKHO pa3olparbcs,

KaKOBa MCTHHHAaA LCJIb BAICTO HAYYHOT'O TCKCTA - 3TO IMOMOXKCET BaM PA3yMHO pacHpCACINTb
CBOM CHUJIbI U BPEMI.

BO-HCpBLIX, CHa4dalla HYKHO OIPCACIUTHBCA C uaeeun HAay4YHOI'O TCKCT4, a IJId 3TOI'O

HEOOXOAMMO HAYYHTHCS JHOO OTHOCHUTBCS K pa3HbIM SBICHUSM U (akTaM HECKOJIBKO
KPUTHYECKH (CBOS MJesd — KaK MHas TOYKa 3PEHUsl), TMOO HAYYUTHCS YBIEKATHCS KAKUMHU-TO
W3BECTHBIMH HJIEIMH, KOTOPBIE HYXKIAIOTCI B J0paboTKe (Maes — KaK ONTHMHUCTHYECKas
MO3ULIMSI W HANpaBJICHHOCTh Ha JajibHEWINIee COBEPLICHCTBOBAHME YXKE€ H3BECTHOro). Bo-
BTOPBIX, HAYYUTHCSI OPraHU30BbIBAaTh CBOE BPEMSI.
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[Tucatp crnenyer SICHO W TMOHATHO, CTAapasChb OCHOBHBIC IMOJIOKEHHS (OPMYIUPOBATH
YETKO M HEJABYCMBICIICHHO (4TOOBI M caMOMy TIOHSATHO OBLIO), a TakKXe CTPEeMsCh
CTPYKTYPUPOBATh CBOM TEKCT.

CucremaTuzanuss M aHald3 HW3YYEHHOH JHUTEepaTypbhl MO MpoOJIEME HCCIEeTOBaHUS
MO3BOJISIOT CTYJCHTY Halucarb padory.

PaGounit BapuaHT TekcTa JOKIaJa MPEAOCTABISIETCS PYKOBOAMTENO Ha IpoBepKy. Ha
OCHOBe palouero BapuaHTa TEKCTa PYKOBOJIUTENIb BMECT€ CO CTYACHTOM OOCYyXAaer
BO3MOXKHOCTH JI0pabOTKH TE€KCTa, €ro ohopmiieHue.

Cmpyxmypa doxnada:

— Bsenenne (He Oonee 3-4 crtpanwmil). Bo BBemeHuM HE00X0IMMO OOOCHOBATH BHIOOD
TEMBI, €€ aKTyaJIbHOCTh, OYEPTUTh 00JACTh MCCIEAOBAHM, OOBEKT MCCIEeIOBaHUS, OCHOBHBIE
LEJH U 33JJa41 UCCIIEIOBaHMUSI.

— OcHOBHas 4acTh COCTOMT U3 2-3 pa3nenoB. B HUX pacKpbIBaeTcs CyTh HCCIIETyeMOMN
poOJIEMBI, IPOBOAUTCS 0030p MUPOBOI JIUTEPATYpbl M MCTOYHUKOB VIHTEpPHET MO MpeaMery
UCCIIEIOBaHMS, B KOTOPOM JaeTcs XapaKTepUCTUKa CTENEHH pa3pabOTaHHOCTU MPOOJIeMbI U
aBTOpCKasi aHAIWTUYECKas OIEHKAa OCHOBHBIX TEOPETHYECKMX IOJIXOM0B K €€ PEIICHHIO.
W3noxkeHne marepuaia HeE JIOJDKHO OTPAHUYUBATHCS JIMINb OIMNKCATENBHBIM MOAXOJIOM K
pacKpbeITHiO BBIOpaHHON TeMbl. OHO TaKXke OJDKHO COAEp)KaTh COOCTBEHHOE BHIICHHE
paccMaTtpuBaeMoi MpoOIeMbl U U3JI0KEHHE COOCTBEHHOM TOYKH 3pPEHUS HAa BO3MOKHBIE ITYTH
€€ peLICHHUS.

— 3akmouenue (1-2 ctpanunel). B 3akiioueHun KpaTKo H3NIAraroTCsl HOCTHTHYTHIE MPU
M3Y4YEHHUHU MTPOOJIEMBI 1IeTTH, MIEPCIEKTUBBI PA3BUTHUS UCCIIETyEMOr0 BOIpoca

— Chucok HCIOJIb30BaHHOHN JITepaTyphl (He MeHblne 10 MCTOYHUKOB), B an(aBUTHOM
nopsiike, OQOPMIICHHBII B COOTBETCTBHM C MPHUHATBIMH TpaBwiamMH. B crnmcok
WCIIOJIb30BAHHOM  JUTEpaTypbl PEKOMEHAYETCS BKJIIOYATh pPAa0OTHl OTEUECTBEHHBIX H
3apyOeKHBIX aBTOPOB, B TOM YHCJIE CTaThH, ONYOJIMKOBAaHHBIE B HAYYHBIX JKypHaJlaX B TEUCHHUE
MoCNeAHNX 3-X JIET ¥ CCBUIKHM Ha pecypchl cetu HTepHeT.

— Ilpunoxenue (npu HEOOXOAUMOCTH).

Tpebosanus k oghopmnenuro:

— TEKCT C OJTHOM CTOPOHBI JIUCTA;

— mpudrt Times New Roman;

— Kerib wpudra 14;

— MEXCTpPOUYHOE paccTosiHue 1,5;

— MOoJs: CBepxy 2,5 cM, cHU3y — 2,5 cm, ciieBa - 3 cMm, crpasa 1,5 cMm;
— pedepar gomKeH ObITh MPEACTaBIEH B COPOIIIOPOBAHHOM BH/IE.
Topsook 3awumer doxnaoa:

Ha 3amuty noxnana orBoautcs 5-7 MUHYT BPEMEHH, B X0JIe¢ KOTOPOIO CTY/AEHT JOJKEH
1oka3aTb CBOOOJHOE BIIaJICHHE MaTepuanoM IO 3asBiIeHHOW Teme. [lpu 3ammre nokIana
MPUBETCTBYETCS HCIOIb30BaHUE MYJIbTUMEIUA-TIPE3EHTALINN.

Jlokax OLEHHMBAETCS IO CIEAYIOUUM KpUTEpUsIM: coOlo/ieHHe TpeOOBaHUIl K ero
0(QOpMIIEHHIO; HEOOXOAUMOCTb M JIOCTATOYHOCTH JIJISl PACKPBITHSI TEMbI MPUBEJICHHON B TEKCTE
JIOKJIa1a UH(pOpMAIMK; YMEHUE CTYJEeHTa CBOOOJHO M3JaraTb OCHOBHBIE WU, OTPaKEHHBIC B
JIOKJIaJie; CIIOCOOHOCTh CTY/AEHTAa MOHATh CYTh 3aJ1aBa€MbIX INpENoJ/iaBaTeleM U COKYPCHUKaMU
BOINPOCOB U C(HOPMYIIMPOBATH TOYHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHoy» BBICTABISIETCS CTYIEHTY, €CIIM B JOKJIAJE CTYyAEHT MCUEPIBIBAIOLIE,
MOCJIEI0BATENbHO, YETKO M JIOTHUECKH CTPOMHO H3JlaraeT MarepHuall; CBOOOJHO CHpaBIsieTcs ¢
3a7layaMM, BOIIPOCAaMHU M JIPYIMMM BHJaMU NPUMEHEHUs 3HAHUM; UCIOJIb3YET JUIsl HAIIUCAHUS
JIOKJIala COBPEMEHHbIE HAay4Hble MAaTEepUaJIbl; AHAJIM3UPYET MOJYYCHHYI0 HH(POPMALUIO;
IIPOSIBIISIET CAMOCTOATEIBHOCTD IPU HAIIMCAHUM JTOKJIa/1a.
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Oyenka «xopouioy» BBICTABISETCA CTYIEHTY, €CJIM KAaueCTBO BBIMOJHEHUS JOKJIaaa
JIOCTaTOYHO BbICOKOE. CTYJIEHT TBEPAO 3HAECT MaTE€pHUal, IPAMOTHO U MO CYIIECTBY M3JIaraeT €ro,
HE JIONYCKAasl CYIIECTBEHHBIX HETOYHOCTEW B OTBETE HA BOMPOCHI 10 TEME JIOKJIA/IA.

Oyenka «y0061emeopumesibHo» BBICTABIACTCS CTYIEHTY, €CIM Marepuaia JoKjIaaa
U3JIAraeTcsi YaCTUYHO, HO MPOOENhl HE HOCAT CYIIECTBEHHOTO XapaKTepa, CTYICHT JOIYyCKaeT
HETOYHOCTH M OIIMOKH IPH 3aIIUTe JOKJIaaa, JaeT HEJOCTATOYHO MPaBUIbHBIE (DOPMYIUPOBKH,
HaOJII0AI0TCA HAPYILICHUSI JIOTHYECKOM MOCIeA0BATEIbHOCTH B U3JIOKEHUN MaTepHaa.

Oyenka «Hey0081emeopumenbHo» BBICTABISETCS CTYACHTY, €CIM OH HE IMOATOTOBUII
JOKJIaJ] WM JIOMYCTHJ CYIIeCTBEHHBbIC OMMUOKUA. CTyIEHT HEYBEPEHHO H3JIaracT MaTepHal
JIOKJIaJla, HE OTBEYAET Ha BOIPOCHI MIPEroaaBaTes.

TemMbl 10KJIa70B

ba3oBblii ypoBeHb
1. VuukanpHOE MNpPUMEHEHHE KEepPaMUYECKMX MaTepUaloB B COBPEMEHHOMH
TEXHHKE.
Komno3uTHble MaTepuanbl B HayKe U TEXHUKE
®Top-nonumepsl. CBONCTBA U IPUMEHEHUE.
Marepuassl 1151 KOPOHAPHOTO CTEHTUPOBAHUS (COCYIOB CEPALIA).
OKCHepUMEHTAJIbHBIE METO/IbI IOCTPOEHHUS JUarpaMM COCTOSIHUN U aHallu3 UX
OCHOBHBIX TUINOB. CBs3b MEXIYy AMarpaMMaMH COCTOSHUSL M CBONCTBaMu
criaBoB (nmpaswio KypHakosa).
Menunuackue Matepuanbl. TpeOoBaHus, TNpeAbsABISeMble K JIaHHBIM
MaTepuaiam.
7. CpaBHHTEJIbHbIE XapaKTEPUCTHKH IJIACTMACCHI U CTaJIH.
8. OKCHHUTPHUIHBIC IOKPBITHSI.
9. ITlopouikoBsle MaTepuanbl.
10. AnroMUHUI ¥ CTUTaBBI HA €TO OCHOBE.
11. MHOrOKOMITIOHEHTHBIE CIIJIaBbl HA OCHOBE MEIH.
12. IlupKOHMIA U CIIIaBBI HA €T0 OCHOBE.
13. TutaH u ero crassbl.
14. TyronnaBkue MeTaJIbl U CIIJIaBbl HA UX OCHOBE.
15. Marepuassl ¢ naMsITbi0 POPMBI.
16. BeicOKOHEPreTHYECKIE MAarHUTHI.
17. Sinepnas sHepreruka Poccuu: mepcrnekTuBbI pa3BUTHSL.

arwN

S

IHoBbIIEHHBIN YPOBEHD
Marepuanibl COBpEMEHHON SHEPTETUKHU.
Meramnosenenue.
KoHCTpyKIIMOHHBIE 3JIEMEHTHI AKTUBHOMW 30HBI SP.
CpaBHUTENBHBIE XapaKTEPUCTUKU TUTaHA U TaHTasa. [[puMenenune
Panunanuonnsie nedekThl B KpUcTaiax.
DKOJIOTUYECKHUE BOIIPOCHI 3aXOPOHEHUS SAEPHBIX OTXOI0B.
BnnsHMe erupoBaHus Ha CBOMCTBA METAJIOB.
PaguanuonHas CTOWKOCTh MaTEpUAIIOB.
[TosryueHne MOHOKPUCTAIIIIOB U aMOP(HBIX METAIIJIOB.
0. B3anuMocBsI3b MEXJly COBEPIIEHCTBOBAHUEM MAaTEpHAIOB U Pa3BUTHEM HayKU
U TEXHUKH.
11. ®us3uKo-MexaHUUECKHUE CBOIMCTBa METAUIOB M CHOCOOBI ONpENeNeHus HUX
KOJIMYECTBEHHBIX XapaKTEPUCTUK
12. Hanomarepuasbl B COBPEMEHHOM MUpE: BpeJ] UJIH M0JIb3a.
13. Kocmudeckne MaTepraibl.
14. TexHuuyeckue KUJIKOCTU U Ta3bl

BOooo~NoRWDNE
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15. Heopranuueckue HeMeTaUIMU€CKUE MaTepUalibl B COBPEMEHHOM TEXHUKE

16. YHukanpHbIE CBOMCTBA TaQHUS U €T0 TPUMEHEHHE.

17. Camble onacHble MUHEpAJIbI JIsl YETTOBEKA.

4.5. Memoouueckue yKkazanus no no020mosKe K 9K3aMeH)

Lenp sk3amMeHa — 3aBEPUIUTh KypC H3Y4YEHHS] KOHKPETHOM IUCIMIUIMHBI, OLIEHWUTH
YpOBEHb TOJYYEHHBIX CTYAEHTOM 3HaHui. [IpaBuiibHas MOArOTOBKAa K 9K3aMEHY MO3BOJISIET
HOHSTH JIOTMKY BCEro npeamera B LejaoM. HoBble 3HaHMS CTYIEHT IOJIy4aeT HE TOJBKO U3
JEKIUN U CEMUHAPCKHUX 3aHATHI, HO U B pe3ylibTaTe CaMOCTOSTENIbHON padoThl. B Tom umcine
u3y4das OTAENIbHbIE TEMbI (IPOOIEMBI), IPEIOKEHHBIE ISl CAMOCTOATENbHOrO u3yueHus. Ilpu
MOJMOTOBKE K 3K3aMEHY CJIeyeT HCIOIb30BaTh y4EeOHYIO JIUTEPaTypy, NpeAHa3HAYEHHYIO, O
U3YYEHHUIO TUCHUILINHBI «COBpEMEHHBIE CTPOUTEIBLHBIE MAaTEPUATIBIY.

Cy1ecTBYIOT pa3Hble IpHUeMbl pabOThI ¢ MAaTEPUATIOM.

1. Camoe ri1aBHOE MOHATH MaTepuall, pa3o0parbcs B HeM. OYeHb MOJE3HO COCTABIIATH
IUTaHBl KOHKPETHBIX TeM M Jep’KaTh X B yMe («IUIaH B yMe»), a He 3a3yOpuBaTh BCIO TEMY
MOJIHOCTBIO «OT» U «J10». MOYKHO Takke MPaKTUKOBAaTh HAIlMCAaHUE BOIIPOCOB B BHJIE KPaTKOTO
U3JI0KEHUS MaTepuana.

2. 3ayynBaeMbIii MaTepuai JIydllie pa30UTh HA CMBICIOBBIE KYCKH, CTapasich, YTOOBI UX
KOJIMYECTBO HE MpeBbImano ceMu. CMBICIOBBIE KYCKH MaTepuana HEOOXOAUMO YKPYHHSTh U
0000m1aTe, BbIpaXkas TJIABHYIO MBICIb OJHOW (pa3oil. TekcT MOKHO CHIIBHO COKPATHTh,
MIPEJICTABUB €0 B BUE CXEMbI TUIIA «3BE3/bI», «I€PEBAY», «CKOOKM» U T.II.

3. K TtpynHo 3amomMuHaeMoMy MaTepuaigy HEOOXOJMMO BO3BpAIllaThbCs HECKOJIBKO pas,
MIPOCMATPUBATh €r0 B TEUEHUE HECKOJIBKUX MUHYT BEYEPOM, a 3aTEM €Il Pa3 —yTPOM.

4. Ilepecka3 TekcTa CBOMMH CJIOBaMHU IMPHUBOJAUT K JIYULIEMY €ro 3allOMHMHAHUIO, YEM
MHOTOKPAaTHOE YTEHHUE, MOCKOJIbKY 3TO aKTMBHAs, OPraHU30BaHHAs 1EIbI0 YMCTBEHHAs paborta.
BooOme roBopsi, moOas aHanuTHdeckas paboTa € TEKCTOM MPHUBOJUT K €ro JIydliemy
3alIOMUHAHHUIO.

5.Mcnons3yii pa3Hble IPUEMBI 3AIIOMUHAHHUS - 3PUTEIBHO, HA CIyX, MUCbMEHHO.

Takke mnpu TOATOTOBKE K H3K3aMEHY CJIEAyeT BHHUMATEIbHO BYMTHIBATHCS B
(GbopMyIUPOBKY BOIIPOCAa U YTOYHUTH BO3HHKIIME HEICHOCTH BO BpeMs IMpendK3aMeHallMOHHOM
KOHCYJIbTAIIHH.

Bonpocel Kk 3k3ameny

ba3oBblil ypoBeHb
Knaccudukaiusi CTpOUTENbHBIX MaTepPUATIOB
Ou3nyecKkue CBOWCTBA CTPOUTENBHBIX MaTePUaJIOB
Tennodusnueckne cBOMCTBA CTPOUTEIHHBIX MAaTEPHAJIOB
XVMHYECKUE CBOWCTBA CTPOUTENBHBIX MaTepUaIoB
TexHomoTUYECKHEe U CTIeHAIbHBIC (PU3UIECKHE CBOMCTBA CTPOUTEIIBHBIX MaTepUaIOB
[TpupoaHbIe KAaMEHHBIE MaTEPUAITBI
CrIpbe 1)1 MOTy4YeHUsT KePaMUIeCKOT0 KUPIHYa.
Kepamuueckue creHoBBIe MaTepuanbl. CBoiicTBa. VcIbITaHUS KEPAMUYECKOTO KHPIIUYa
Bo3nyiiHas ctponTenbHast M3BECTh
0. XKungkoe crekio.
11. lN'uppaBanueckas U3BECTb
12. CtoiikocTh IEMEHTHOTO KaMHs (3 BUa KOPPO3HH)
13. LleMeHTBI ¢ MUHEPATLHBIMH T0O0OABKaMHU.
14. llInakonopT/IaHIIEMEHT
15. Marepuansl 17151 TSOKEIOTo O€TOHA: BSDKYINEE, BOJIA, T00aBKH
16. Beronnas cmech. Ee coctaB 1 cBOMCTBa
17. Jlerkue 6erona. Knaccuduxamus. CoiicTBa
18. ITeHoOETOHEI.

BOoo~NoORWDNE
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19. CpoiicTBa CTpOUTENBHBIX PACTBOPOB. METO/IbI UCTIBITAHUN

20. AcOecrorieMeHTHBIE U3aesl. AcOecT

21. Oprannueckue Bsokymue BemectBa. Knaccudukarus. CoiictBa. MeTOIbI HCTIBITAHUN
22. Jlecuble maTepuaibl. CTpOCHHUE TPEBECUHBI

23. ITunomarepualibl © KOMITO3UITUOHHBIE IPEBECHBIEC MATEPUAITBI

24. CocTaB 1 CBOMCTBA IIACTMAcCC

25. Kpacounbie MmaTepuainsl. Kinaccugukaius KpaCOUYHBIX COCTaBOB

26. Teron3oauoOHHbIE MaTePUAITBI

27. Merannudeckue Matepuainbl. OCHOBBI TIOJNyUEHUS YyTryHa U CTad. M3aenus u3 4epHbIX

MCTAJIJIOB.

28. Crioco0bl ynpOo4HEHHs cTalell 1 0COOCHHOCTHU MX MOBEACHUS IPU HArPEBaHUH.
29. 3amMTa TMOJMMEPHBIX KOHCTPYKIMH OT BO3rOpPaHUs, HEroprYHe IOJMMEpHbIC

KOMITO3UIIUOHHBIC MAaTCPpUAJIbI

30. CrnoucTtsle IUIACTUKH.
31. 3ammTa MONMMMEPHBIX KOHCTPYKIIMA OT BO3TOPAaHHS, HETOPIOYHE IOJIMMEPHBIC

KOMITIO3MIIMOHHBIC MAaTCPHAJIbI.

32. DKcmTyaTanyst JepeBSHHBIX U TNIACTMACCOBBIX KOHCTPYKIIUH

33. Db dexTUBHOCTH MPUMEHEHUS JEPEBIHHBIX KOHCTPYKILIUH.

34. Mexanndeckasi 00pabOTKa ¥ CTHIKOBaHUE IPEBECUHBI U IIJIaCTMACC.

35. [Togbop cocraBa Tspkenoro 6erona. KoppekTupoBka coctaBa

36. Hepaspymarommue MeTo1bl KOHTPOJIS KadecTBa OETOHHBIX KOHCTPYKITHA

37. Apmatypa a5 ’Kene300eTOHHBIX KOHCTPYKITHI

38. O6cnenoBanme AEPEBIHHBIX KOHCTPYKINH.

39. KoHCTpYyKIIMOHHBIE MIaCTMACChI, CTEKIJIOTIACTHK.

40. UsroTtoBieHne KOHCTPYKIMH ®3 IiactMacc. KOHCTPYKIIMOHHBIE — IUIACTMACCHI.

BOoo~NoORWDNE

21.
22.
23.

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

IlenonmacTsl.

IoBbIlIEHHBIE YPOBEHb
CBs13b cOCTaBa, CTPYKTYPHI U CBOMCTB CTPOUTEIHHBIX MaTEPHAIIOB
['unpodusmdeckre cBONCTBa CTPOUTENHHBIX MAaTEPHATIOB
MexaHnyeckne CBOMCTBA CTPOUTENBHBIX MAaTEPUAIIOB
PannoakTUBHOCTH CTPOUTENBHBIX MAaTEPUATIOB
Kommo3uimonasie MaTepuaibl
Kepamuueckue matepuansl u uznenus. Knaccudukanus.
Cnoco0ObI TPOU3BOICTBA KEPAMUUYECKUX MATEPUATIOB U U3JCIIUM.
Heopranunueckoe Bskyiiee BemiectBa. Kinaccudukanus. TeXHOTOTHS U3TOTOBICHUS
['uncoBsie BspkyIue BemiecTBa. CBoiicTBa. MeTOIbI HCTIBITAHUN
KucnoroynopHslii HeMeHT
[Toptnananement. CocraB kimHKepa. CriocoObl MPOU3BOICTBA
CaoiicTBa noptriananeMeHTa. MeTo bl UCTIBITAHUN
[TynonanoBbIA MOPTIAHIIEMEHT.
Beronsl. Knaccudukanus
beronnas cmech. Ee cocTa u cBoiicTBa
Jlerkue Getona. Knaccuduxarms. CoiicTBa
[TenoOeTOHBI.
CBoiicTBa CTPOUTEIBHBIX PACTBOPOB. METO1bI UCIIBITAHUI
AcOecTorieMeHTHEIE U3aeius. AcOect
Marepuansl Ha OCHOBE OpraHMYeCKUX BsDKYIIMX. KpoBenbHbIE U THIPOU30JIALIMOHHBIE
MaTepHuabl
Jlecubie matepuansl. CBOMCTBA JPEBECUHBI
[InnomaTepuanbl 1 KOMIO3ULIMOHHBIE IPEBECHBIE MAaTEPHUAIIBI
CocraB 1 CBOWCTBA IJIACTMACC
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24. Kpacounblie MaTepuaiisl. Kinaccugukaius KpacOUYHbIX COCTaBOB

25. AKyCcTHYeCKHE MaTepUallbl: 3BYKOMOIJIOMIAIOIINE U 3BYKOU30JIALIMOHHBIE

26. Merannmnyeckue marepuaibl. OCHOBBI MTOJIYYCHUS YyT'yHA U CTAJIH.

27. 3nenust U3 4epHBIX METAJIOB.

28. YriepoIucThie U JISTHPOBAHHBIC CTAIH: COCTaB, CBOMCTBA, KIacCH(UKAIUs, MAPKUPOBKA,
MEXaHUYECKUE XapaKTEPUCTUKH.

29. D¢ PpexTUBHOCTD MPUMEHEHHUS ACPEBIHHBIX KOHCTPYKLIUH.

30. 3amuTa qepeBsIHHBIX KOHCTPYKLIUNA OT THUCHHUS.

31. 3amuTa nepeBIHHBIX KOHCTPYKIMNA OT BO3TOPaHUSL.

32. I[IKM cnernuanbHOro Ha3HAYeHUsI B CTPOUTEIIbCTBE.

33. TpancnopTupoBaHUE M MOHTAXK MaTEPHUATIOB.

34. du3uKo-MeXaHUYECKHE CBONCTBA MIACTMACCOBBIX CTPOUTEIBHBIX KOHCTPYKIIUN

35. TBepaeHue MOPTIAH/AIIEMEHTA.

36. IlocTostHHBIC HATPY3KU B CTPOUTENLHBIX MaTepraiax.

37. HopmaTHBHBIC ¥ pacUCTHBIC 3HAUCHHUS COMPOTHUBIICHUN MaTEpUAIOB U HArPYy30K.

38. YcuieHue cocTaBHBIX ACPEBIHHBIX OaJIOK.

39. KoHCTPYKIIMOHHBIE IJIACTMACCHI, CHHTETHYECKHE CMOJTBI.

40. KoHCTpyKIIMOHHBIE MIacTMacchl. Bo3nyxoHenpoHuIlaeMble TKaHU.

KoHTpoJib camocTosiTe/IbHOMH padoThI CTY/ICHTOB

KoHTpoJib caMOCTOSITENIbHOM PaOOTHI TPOBOIUTCS IIPETIOIaBATENIEM B ayAUTOPHUH.

[IpenycMOTpeHbl CIEAYIONIME BHUABI KOHTPOJIA: coOeceqoBaHHe, OICHKA BBIMOTHEHHS
JIOKJIaJIa U €r0 MPE3CHTAUH.

[ToapoOHBIE KpUTEPUU OICHWBAHHS KOMIIETCHIMH IpuBeaeHb B (DOHIE OIEHOYHBIX
CPENICTB JIJIsl TPOBEICHUS TEKYIIEH U MPOMEXYTOUHON aTTECTaIUU.

Cnucok gureparypsl 1 BoinojHeHust CPC

IlepeyeHb 0CHOBHOI JTUTEPaTyPbI

1. HlysaeBa E.A. MarepuanoBeaenue [DneKTpoHHbIN pecypc]: HeMeTalIMuecKue Hu
Komno3uonHuele Matepuansl. Kypc mneknuit/ IllyBaea E.A., IlepmunoB A.C.—
DOnekTpoH. TekcToBble maHHble.— M.: Mznatenbckuit Jlom MUCuC, 2013.— 77 c.—
Pexxum noctyma: http:// www.iprbookshop.ru/56261.— 2bC «IPRbooks», o maposto

2. Typununa B.JO. MarepuanoBenenue [DneKTpOHHBIH pecypc]: MexaHU4YecKHe CBOMCTBA
MeTaiioB. Tepmuueckas o0paboTka MetamuioB. CrielaabHble CTAIN U CIIJIaBbl. Y4eOHOe
nocobue/ Typuinna B.}O.— DnexTpoH. TekcToBble naHHble.— M.: M3natensckuit JJom
MUCuC, 2013.— 154 c.— Pexxum nmoctyma: http://www.iprbookshop.ru/56262.— 3bC
«IPRbooksy, mo mapoto

ITepedyeHnb 10NMOJHUTENBHOM JTUTEPATYPBHI
1. MartepuanoBeneHue [DIeKTpoHHBIA pecypc]: yuebnoe mocobme/ HO.IT. 3emckoB [u
Ip.].— ONEeKTpOH. TEKCTOBBIE JaHHbIE.— BopoHex: BopoHexckuil rocynapcTBEHHBIN
YHHUBEPCUTET WH)XEHEepHBIX TexHojorui, 2013.— 200 c.— Pexum pocryna:
http://www.iprbookshop.ru/47426.— 3BC «IPRbooks», 1o maposto.
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MMHUCTEPCTBO HAYKHU U BEICHIEI'O OBPA3OBAHU S POCCUMCKOM
OEJNEPALINN
OEJIEPAJIBHOE T'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIbHOE
YUPEX/IEHUE BBICILIEI'O OBPA3OBAHN
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBIA YHUBEPCUTET»
[Taruropckuit uactuTyT (pruman) CKOY

MeToanyeckue ykazaHus
IO BBITIOJIHEHHUIO KYPCOBOTO MPOEKTA
o aucturuimae «COBpeMEHHbBIE CTPOUTENBHBIE MAaTEPHAIBI M KOHCTPYKITHH
JUIg CTy/ieHToB HarpaBieHus noarotoBku 08.04.01 CtpoutenscTBO
HarpaBJIeHHOCTH (Mpod k) TexHonorus, opraHu3anusi 1 SJKOHOMHUKa CTPOUTEIHCTBA

[Taruropck, 2026
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COJEPKAHUE

BBEJIEHUE

1. Lens 1 3a1a4n U3y4CHHST JUCIUTUTAHBI

2. ®opMynupOBKa 3aIaHUSI U €r0 00BEM

3. O0mue TpeboBaHUs K HATMCAHUIO U 0()OPMIICHHIO PaOOThI

4. Yka3aHusl 10 BBIOJHEHUIO 3a/IaHUs

5.I1epeveHb OCHOBHOI U JOTOTHUTEIBHOMN JTUTEPATYPhI, HEOOXOIUMOM JIJIsi OCBOCHUS
JCITUTIAHBI
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BBEJIEHUE
1. Hess u 3a7a4n u3y4eHUs: AUCHHUILIMHBI

HCJBIMI/I OCBOCHHA  JUCHHUIIIIMHBI <<COBpeMeHHBI€ CTPOUTCJIBHBIC  Marcpualibl U
KOHCTPYKIUKN» ABJIAIOTCA:

- IPUBUTHUEC CTYACHTAM TBEPABIX 3HAHWH 110 TCOPUU CTPOUTCIIbHBIX MAaTCPHUAJIOB

- hOopMUPOBaHUS Y CTYICHTOB MIPEICTABICHUS O B3aUMOCBS3HM Marepraia U KOHCTPYKIIHUH,
NpeAONpeAeIoneld BBIOOP U ONTHMU3ALUIO CBOMCTB CTPOUTEIHHOIO Marepuaia, UCXous
U3 YCIOBUH 3KCIUTyaTallii KOHCTPYKIUN 1 TpeOyeMOi 10Ir0BEYHOCTH

- OBJIaACHHUE CTYACHTaMU MNPAKTHUYCCKHUMHU MCETOAAMH  OIPCACICHUA IIPOYHOCTH,
KECTKOCTH, yCTOﬁHHBOCTH CTPOUTCIIbHBIX MAaTCpHUajioB

- Pa3BUTUC CTYACHTAMH LCJIOCTHOI'O WM KOMILICKCHOT'O MPCACTABJICHUA IMPOCKTHUPOBAHUA,
H3TOTOBJICHUSA, MOHTAXa, SKCILTyarTallul CTPOUTCIIbHBIX MATCPHAJIOB

3aﬂa‘laMI/I HU3YyUCHUA JHUCHUIIINHBI «COBpeMeHHHe CTPOUTCIIBHBIC MATCpHUaJIbl H
KOHCTPYKIHH» ABJIAIOTCA:

- ONpe/eJCHHWE CTPOWTENBHBIX MAaTepuaoB, CHCTEMAaTH3alUs M KiIacCH(pHUKAIus
00BEKTOB, X UCCIIEZI0BaHMs, YTOUHEHHE 00acTH PaLlMOHAIBHOIO IPUMEHEHUS, a TaKXKe
IIEPCIEKTUB Pa3BUTHUS U IIyTE€W COBEPLICHCTBOBAHUS;

- TPEICTaBIIEHUE TEOPETUUYECKUX IOJIOKEHUM, M3Yy4EHHE COCTaBa, CTPYKTYpbl U
TEXHOJIOTMM IIOJIyYE€HUSI OCHOBHBIX CTPOMTEIBHBIX MAarTe€pHaoB C 3aJaHHBIMU
CBOMCTBAMHU U3 MPUPOJTHOTO M TEXHOTEHHOTO ChIPbS, CYIIECTBYIOIINX METOAOB KOHTPOJIS
CBOMCTB M KadeCTBa CTPOUTEIBHBIX MaTepUaJIOB, PACUETHBIX MU KOHCTPYKTHUBHBIX CXEM,
METO/I0B, OCHOBHBIX NPHUHIMIIOB TMPOEKTUPOBAHUS CTPOMUTEIBHBIX MAaTEpUajoB C
(GU3nYEeCKUM COIep)KaHUEM pelllaeMbIX HHKEHEPHBIX 3a/1a4;

- Hapa60TI<y MPAaKTUYCCKHUX U MCTOAUYCCKHX HABBIKOB IIPUMCHCHUA CTPOUTCIBbHBIX

MaTepHUaJIOB IIPU MPOECKTUPOBAHNUH 3/1aHUN U COOPYKEHUN;
- (hopMHpOBaHNE HEOOXOAMMOM MHKEHEPHOM HHTYUIIMU U TJIa30Mepa.
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2. ®opMyJIMPOBKA 3aJ1aHUSI U €ro 00beM

TemaTnka KypcoBOro npoekra:

1. Pacuer koHcTpykuuu. IIpumMeHeHHE NOJMMEPHBIX KOMIIO3UIMOHHBIX MaTepUaIOB B

CTPOUTEIILCTBE.

2. Pacuer koHcTpykuuu. CoOBpeMEHHBIE KpOBEJIbHBIE MaTepuanbl B IPOU3BOJCTBE
KPOBEJBHBIX PadOT.

3. Pacuer koHcTpykuumu. IlonumepHble BemiecTBa, (HU3MKO-XMMHUYECKHE CBOWCTBA M

OCOOEHHOCTHU CTPOEHHSI.

4. Pacyer KOHCTpyKUMHU. MeXaHNYECKHEe CBOMCTBA MIACTMACCOBBIX KOHCTPYKIIMH.

5. Pacuer xoHcTpykuu. IlepepaboTka U IpUMEHEHNE OTXO/10B JPEBECHUHBI U IJIACTMACC B

CTPOUTEIILHBIC U3/IETIHS.

6. Pacuer xoncTpykumu. IlomumepHble BemiecTBa, (HU3UKO-XMMHYECKHE CBOWCTBA M

0COOEHHOCTH CTPOEHMUS.

7. Pacuer koHcTpykuuu. [IpumeHeHHE NOJMMEPHBIX KOMIIO3UIIMOHHBIX MaTepUaioB B

CTPOUTEIILCTBE.

8. Pacuer koHCcTpykumu. OCHOBHBIE BHIBI JIPEBECHO-TIOJIMMEPHBIX MAaTEpPHAJIOB,

IIPUMEHSEMBIX JUIsl CTPOUTENBHBIX KOHCTPYKLIAH.

9. Pacuer xoHcTpykunu. OCHOBHBIC BUABI APEBECHBIX MATEPUAIOB, MPUMEHIEMBIX IS

CTPOUTENIBHBIX KOHCTPYKLIUH.

10. Pacuer  koHCcTpykumu. JKene300€TOHHbIE  KOHCTPYKIMH, HpPUMEHSIEMbIE B

IIPOMBIIITIEHHOM CTPOUTEIILCTBE.

11. Pacuer koHcTpykuuu. KOHCTpyKIIMOHHAs TpEBECUHA.

12. Pacuer xoHcTpykuuu. Chnenuduyeckue CBOICTBa CTPOUTEIbHBIX JKEIE€300€TOHHBIX

KOHCTPYKLUH.

13. Pacuet xoHcTpyKumu. OCHOBHBIE BUbl BCIIEHEHHBIX U Fa30HAINOIHEHHBIX IIacTMacC U

UX IPUMEHEHHE B CTPOUTEIILCTBE.

14. Pacuer KOHCTpyKUMH. VIHHOBalMOHHBIE BSKYIIME COCTaBbI, IPUMEHEHHE B

CTPOUTENIbHBIX KOHCTPYKLIUSX.

15. Pacuer koHCTpykIMH. TepMo-MexaHHUECKOe OBEJCHHNE TIACTMACCOBBIX KOHCTPYKIIUH.

16. Pacuer koHCTpyKIuH. BrusHHe TemmepaTypbsl Ha KOHCTPYKIMH W3 JIPEBECHHBI U

IJIaCTMAcC.

17. Pacuer KOHCTpYKIMHU. 3alIUTa MOJIUMEPHBIX KOHCTPYKLUNA OT BO3rOpaHUsl, HErOprovKe

IIOJIMMEPHBIE KOMIIO3UIIMOHHBIE MaTEpUaibl B CTPOUTENBCTBE. PacueT KOHCTpyKIUi

18. Pacuer KOHCTpYKIMH. 3aIUTa COBPEMEHHBIX JIPEBECHBIX KOHCTPYKIIMIA OT THUEHHUSI.

19. PacueT KOHCTPYKIMH. DKCIUTyaTalusl IePEBIHHBIX U MIACTMACCOBBIX KOHCTPYKIIUH.

20. Pacuer koHcTpykumu. [lommmepHbIe HaHOKOMITO3WTHI CHEIMAIbHOTO HA3HAYEHUS B

CTPOUTEIILCTBE.

21. Pacder koHCTpYKIIMU. KOHCTPYKITMOHHBIE MJIACTMACCHI, COBPEMEHHBIE CTEKIIOTTACTUKI

IIPUMEHEHNE B CTPOUTEILCTBE.

22. Pacuer koHCTpyKumH. KOHCTPYKIIMOHHBIE WHHOBAIIMOHHBIE MaTepHAIBI OIPEEIICHUE,

IIPUMEHEHNE B CTPOUTEILCTBE.

23. Pacuer xoHCcTpyKImu. HaHOKOMIO3UTHBIE MaTepHalbl U IUIACTMACCHI MTPUMEHEHHE U

CBOMCTBA.

24. Pacuer xoHcTpykiuu. [lommmepHBIE W METAJUTONOJIMMEPHBIE KOMITO3HTHI, (hHU3HUKO-

XMMHUYECKHE CBOMCTBA M OCOOCHHOCTH PUMEHEHUS B CTPOUTENBCTBE.

25. Pacuer koHCcTpykinmu. [IppMeHeHNE KOMITO3UITMOHHBIX MaTEpHAIOB B CTPOUTEIIHCTBE,

BU/Ibl KOHCTPYKLIUN U3 HUX.

26. Pacuer koHCTpyKIHMH. DPU3NKO-XUMHUYECKHE CBOWCTBA JAPEBECHHBI, ONPEIEISIONINE ¢

IIPUMEHEHUE B CTPOUTENBHBIX KOHCTPYKIUAX.

27. Pacuet koHCTpyKIMH. CyXue CTpOUTEIbHBIE CMECH MECTHOT'O IIPOU3BOJICTBA B PETHOHE.
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28. Pacuet koHCTpyKIMH. MeXxaHHUECKHE CBOMCTBA jKeIe300€TOHHBIX KOHCTPYKLIUH.

29. Pacuet koHCcTpyKIHH. COBpeMEHHBIE KOHCTPYKIIMH U3 Ta30- GruOpoOETOHOB.

30. Pacuer xoHcTpyKkuuu. [Ipo4HOCTD APEBECHHBI U TUIACTMACC.

31. Pacuer koHcTpykuumu. OCHOBHBIE BHUJIBI COBPEMEHHBIX HEKOHCTPYKLMOHHBIX
CTPOUTENBHBIX MaTEPHAJIOB, IPUMEHIEMBIX B CTPOUTEIILCTBE.

32. Pacuer koHcTpykumu. JKecTKOCTh M TBEpAOCTh IUIACTMAcC M JpeBecHHbl. Pacuer
KOHCTpYKUMU. CpaBHEHHE TEPMO-MEXaHUYECKOTO IOBEICHUS, METAJUIONOIMMEPHBIX,
OETOHHBIX U JKe€JI€300€TOHHBIX KOHCTPYKLUH.

33. Pacuer KoHCTpyKuuH. BrusHue yCIOBHII JKCIUTyaTalud M TEeMIIEpaTypsl Ha
JIOJITOBEYHOCTh CTPOUTENIBHBIX KOHCTPYKIIMH.

3 CTPYKTYPA PABOTHBI

B meromuueckux ykazaHUSX HW3JIOKEHA IIOCIICAOBATEIbHOCTh BBITIOJIHEHUS, B COCTaB
KypCOBOTO ITPOEKTA BXOJIHT:
- THUTYJIBHBIH JIKCT;
- 3aJlaHUC Ha BBITIOJHEHUE KYPCOBOTO IMPOCKTA;
- OT3BIB;
- CofIep’KaHue KypCOBOT'O MPOEKTA;
BBCJICHUE;
OCHOBHasI 4acTh.
3aKJII0YCHHE (BBIBOJIBI);
CIIMCOK HCITOJIb30BaHHBIX UCTOUYHUKOB;
- TPUJIOKEHHE.

OCHOBHBIMHM dTanlaMy BBIIIOJIHEHHS KYpPCOBOT'O IIPOEKTA SIBIISFOTCS:
- Bb160p TEMBI KypcOBOTO MPOEKTA.
—  Onpeznenenue ey U 3aad KypcoBOIo MPOEKTa.
—  CocraneHue IIaHa KypcoBOro IIPOeKTa.
—  H3yueHue HEOOXOAUMOM JIUTEPATYPHI.
—  Ilonbop ¢pakTuyeckoro Marepuana, ero aHajaIu3.
—  OdopmieHne KypcoBOro InpoeKTa.
—  3ammura KypcoBOTO IPOEKTA.

4 Yka3zaHus 110 BBIIIOJTHEHHIO 3aJaHuA

ITo 'OCT 7.32-2001 TexcT neyaraeTcs Ha OAHOM CTOpPOHE JucTa O6enoi Oymaru gopmara
A4 uepes nonropa unTepBana. Liser mpudra - yepusiil. Pazmep mpudra (kerb) - He MeHee 12.
OO6brynas npaktuka - kerb 14. TOCT e onpenenser tun mpudTa, HO o0buHO - Times New
Roman.

Pa3meps! noneit: mpaBoe - 15 MM, BepxHee u HrkHee - 20 MM, JieBoe - 30 MM.

Crpanunsl paboTel HyMepyIOTCsl apabckuMu nuppaMu (Hymeparus CKBO3HAs 10 BCEMY
TekcTy). Homep crTpaHHIbl CTaBUTCS B NIPaBOM YIVIy HUKHETO KOJIOHTUTYIa 0€3 TOYKH
(ITpunoxenue 1). TUTyAbHBIA JUCT BKJIIOYAETCS B OOIIYI0 HyMepalMio, HOMEp Ha HEM He
CTaBUTCS.

ITo TOCT 7.32-2001 rnaBel OCHOBHOM 4YacTH paOOThl HE SIBISIOTCS CTPYKTYPHBIMU
AIIEMEHTaMH - TaKUM 3JIEMEHTOM (Hapsay C COJep:KaHHUEM, BBEIEHUEM, 3aKIIOUEHUEM, CITUCKOM
MCIIOJIb30BaHHBIX MCTOYHUKOB, MPHJIOKEHUEM M [p.) SABJSETCS TOJIBKO BCS OCHOBHAs 4acTb B
nenom. [lo 'OCT 7.32-2001 3arofoBKH CTPYKTYPHBIX JJIEMEHTOB pPaOOTHI pacHojiaraior B
cepeliHe CTPOKHM 0€3 TOYKM B KOHIIE M IE€YaTalOT 3arjaBHBIMH OyKBaMHU 0O€3 MOAYCPKUBAHUS
MOJTY>KUPHBIM TIpudTOM. KaXKIb1ii CTPYKTYPHBIN 3JIEMEHT CJIETyeT HAYMHATh C HOBOW CTPAHHIIBI.
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I'maBel MOTYT nenuThCS Ha maparpadbl, KOTOpbIE B CBOIO OY€pEIb MOTYT JEIUTHCS Ha
MYHKTHI ¥ TIOAYHKTHI (M 00J1ee MEJIKUE pa3aesbl).

Howmep maparpada cocTouT W3 HOMEPOB INIaBbl M maparpada B IIaBe, pa3/IeleHHBIX
TOYKOH. B KOHILle HOMepa TOuka He CTaBUTCS. AHAJOIMYHBIM 00pa30M HYMEPYIOTCS U ITyHKTHI B
naparpade (Hanpumep: 2.4.2 Ananu3 pe3yasraToB). B npuHmmne, 1onyckaeTcsl HaTu4ue B I1aBe
BCEro oHoro naparpadga, a B naparpage - ogHoro nyHkra. B stom ciyuae maparpad u myHKT
BCE PaBHO HYMEPYIOTCS. 3aroyioBKu naparpaoB, MYHKTOB M HOAIYHKTOB CJEIyeT Nedyararh C
a03alHOro OTCTyNa ¢ NPONUCHONW OyKBBI 0€3 TOUKHM B KOHILE, HE MoxdepkuBas. Eciu 3aronoBok
COCTOMT M3 JIByX NpPEUIOKEHUN, MX pa3lessitoT Toukoil. IlepeHochl €l0B B 3arojoBKax He
JIOITyCKAIOTCA.

Pa3mep ab3anHoro orcryna 15mm.

PaccrosiHue Mexy 3arojloBKOM U TEKCTOM JOJKHO ObITh paBHBIM 3 WK 4 MHTEpBallaM
(15 mm). Ecir pedpepar, KoHTpOIbHAS WIK TUIUIOM HareyaraHbl HHTEpBajIoM 1,5, TO 3TO 3HAYUT,
YTO PAaCCTOSIHUE MEX Y 3ar0JJOBKOM M TEKCTOM PaBHO OJHOM ITyCTOH CTpOKe.

I[To TOCT 7.32-2001 3aronmoBox COHAEPXAHWE mnwumercs 3armaBHbIME OyKBaMu
HocepeuHe CTPOKH.

ConepxaHue BKIIOYAeT BBEIECHUE, HaMMEHOBAaHHE BCEX IVIaB, maparpadoB, IyHKTOB,
3aKJIIOUYEHHE, CIUCOK MCIOIb30BAHHBIX MCTOYHUKOB U HAMMEHOBAHHE NMPUIIOKEHUH C yKa3aHUEeM
HOMEPOB CTPaHMUII, C KOTOPBIX HAYMHAIOTCS 3TU AIEMEHTHI PaOOTHI.

[To T'OCT 2.105-95 HaumeHOBaHMS, BKJIIOYEHHbICE B COJACpP)KAHHUE, 3alMCHIBAIOT
CTpOYHBIMH OyKkBamu, HaunHas ¢ mponucHoi Oyksel. [OCT 7.32-2001 3TOT BOmpOC HHMKaK HE
peramMeHTUpyeT U NOCKoIbKY oH umeeT npeanourenue nepeq 'OCT 2.105-95, To B npuHuune,
BCE€ OCTAETCs Ha yCMOTPEHUE aBTOpa.

ITo I'OCT 7.32-2001 Ha Bce PUCYHKH B TEKCTE JOJDKHBI OBITH JaHBl CCHUIKH. PUCYHKH
JIOJDKHBI  PAcIioylararbCs HENOCPEACTBEHHO IIOCHIE TEKCTa, B KOTOPOM OHM YIOMHHAIOTCS
BIIEPBbIE, WM Ha ClleAyIoLIel cTpaHulle. Pucynku Hymepyrorcs apaOCKuMu 1u@ppamu, Ipu 3TOM
HyMepalus CKBO3Has, HO JIOMyCKaeTcs HyMepoBaTb W B Ipeaenax pasaena (miaBbl). B
MOCIIEAHEM CIIydae€ HOMEp PHUCYHKAa COCTOMT W3 HOMEpa paszena MU IOPSIKOBOIO HOMepa
WUTIOCTpAllK, pa3ieleHHbIX Toukod (Hampumep: Pucynokx 1.1). Ilogmucs k puCYHKY
pacronaraercs og HUM nocepeause crpoku. CiioBo «PucyHok» nuiercs noaHoctsro. [loanuce
JIOJKHA BBIITISLIETh Tak: PucyHok 2 - Ctpykrypa pupMmsl.

ITo TOCT 7.32-2001 Ha Bce TaOMUILI B TEKCTE MOJDKHBI OBITH CCHUIKH. Ta0muia JoJnKHA
pacnosararbCsi HEOCPEICTBEHHO MOCJe TEKCTa, B KOTOPOM OHA YIIOMMHAETCS BIEPBBIE, UM Ha
cienytomel crpanuie. Bee Tabnuubl HymepyroTcs (Hymepalusi CKBO3Hasi, JIMOO B mpejaenax
paszena - B MOCJIEAHEM Cly4yae HOMeEp TaOJMIbl COCTOMT M3 HOMEpa pasfesia M IMOPSIIKOBOTO
HOMEpa BHYTPM pasjiesia, pasfeleHHbIX Toukoi (Hampumep: Tabmuna 1.2). CnoBo «Tabmuua»
MUIIETCS TOJHOCThI0. Ha3Banue Tabmuibl cieayeT ToMemarh Haj TaOnuied cieBa, 0e3
a03a1HOro OTCTyNa B OIHY CTPOKY C €e HoMepoM uepe3 Tupe (Hanpumep: Tabmuua 3 - Jloxonsl
¢upmbl). Touka B KOHLIE HA3BaHUS HE CTaBUTCS.

IIpu mepeHoce TaOMUIBI HA CIEAYIOIIYIO CTPaHMILy Ha3BaHHE MOMEIIAIOT TOJBKO HaJ
MEePBOM YaCThIO, MPU 3TOM HIKHIOK TOPU30HTANILHYIO YEPTY, OFPaHUYMBAIOIIYIO MIEPBYIO YacTh
TaOIMIIbI, He TPOBOAAT. Hax npyrumMu dacTsMu Takxke cieBa nuuryT cioBo «lIpogomkenue» u
yKa3bIBatoT HoMep Tabmuisl (Hanpumep: [Iponomkenue Tadmauust 1).

ITo 'OCT 7.32-2001 dhopmyinel M ypaBHEHHS CIEAYET BBLACATh U3 TEKCTa B OTJIEIBHYIO
ctpoky. Han u mon kaxxnoil ¢popmynoil Wil ypaBHEHHEM HYKHO OCTaBUTH IO MYCTOH CTPOKE.
Ecnu ypaBHeHME HE yMeIaeTcs B OJIHY CTPOKY, TO OHO JIOJDKHO OBITh IEPEHECEHO MOCIe 3HaKa
paBeHCTBa (=) WM MOCIEe 3HAKOB IUTIOC (+), MUHYC (-), YMHOXKEHHUS (X), AeiAeHUs (:), WIH IPYTUX
MaTeMaTH4YECKUX 3HAKOB, MPUYEM JTOT 3HAK B Haudaje CIEAYIOIEHd CTPOKH NOBTOpsAOT. [lpn
nepeHoce (opMyiabl Ha 3HaKe, CUMBOJIM3UPYIOIIEM OIEpalvio YMHOXXEHUS, IPUMEHSIOT 3HaK
«Xn.

Ecnu HyXHBI OACHEHUsI K CUMBOJIAM M KO3 (QHULMEHTaM, TO OHU MIPUBOJAATCS Cpa3y MOA
(dbopmysoii B TOI JKe 1MOCIIe0BATEIbHOCTH, B KOTOPOH OHU UAYT B (popMyIIe.
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Bce dopmynsr Hymepyrorcs. OOblYHO Hymepalusi CKBo3Has. Homep mpocraBisieTcs

apabckuMu nudpaMu B KPYIJIbIX CKOOKaX B KpatHEM MPaBOM TOJIOKEHUH Ha CTPOKE.
A =a:b(l)

Jomyckaetcst Hymepanusi GopMmyll B npezaenax pasnena. B atom ciiydae Homep (popmyIibl
COCTOMT W3 HOMEpa pasjiesia M TMOPSIKOBOTO HOMEpAa BHYTPH pasliena, pa3felIieHHBIX TOYKOH,
Harpumep: (1.4).

I[lo TOCT 7.32-2001 cmnucok Jsureparypbl JOJDKEH  Has3biBaTbesl — «CIMCOK
UCIIOJIB30BaHHBIX HCTOYHUKOB». [lo T'OCT 7.32-2001 cBemeHus 00 HMCTOYHHKAX CIIETyeT
pacmonararh B MOPSIIKE MOSBICHUSI CCHUIOK HA UCTOYHUKHM B TEKCTE M HYMEpOBaTh apaOCKUMU
nrdpamu 6€3 TOUKH | 1eyararb ¢ ad3aIHOro OTCTYIIA.

TocymapcTBeHHOrO cTaHmapTa MO O(GOPMIICHHIO CITUCKA JTUTEPATYPhl HET, HO CYIIECTBYET
oOuienpuHaATas npakTuka. Hanpumep, NpuHATO UCTOYHUKYU B CITUCKE JIMTEPATyphl pacnoiararh B
angaBUTHOM  TOpsAKEe  (OTHOCHUTENBHO  3arojlOBKa  COOTBETCTBYIOIICH  HCTOYHUKY
oubmuorpaduueckor 3amucu). Ilpm sToM HeE3aBUCMMO OT an¢aBUTHOTO IMOPSAKAa BIEPEId
OOBIYHO WAYT HOPMATHBHBIC aKTHI. MICXOIS M3 3TOTO MOXHO CUUTATh YCTOSBIIMMCS IPABUIIOM
CIEIYIOIUNA MOPSAIOK PACTIOIOKEHHSI HCTOYHUKOB:

L HOPMAaTUBHBIC aKTHI,

o KHUTH;

° IeyarHast IEpUOaUKa;

o WCTOYHUKH Ha DJIEKTPOHHBIX HOCHUTEIIAX JIOKATbHOI'O JOCTYIIA;

° HMCTOYHUKH Ha DJIEKTPOHHBIX HOCHUTENAX YAAJICHHOTO JOCTyMa (T.€. MHTEPHET-
HCTOYHHKH).

B kaxnom paszgene cHauajga MIYyT UCTOYHUKH HA PYCCKOM SA3BIKE, a IOTOM - Ha
WHOCTPAHHBIX SA3bIKaX (Tak ke B aj(aBUTHOM MOPSIKE).
HopmaruBHbIe akThl pacnoaratoTcsi B CISAYIOEM MOPSIIKE:

o MEXyHapOJHbIE aKThl, paruduuupoBaHHble Poccueil, mpuuem cHavajga UAYT
nokymentsl OOH;

. Koncturynusa Poccnn;

. KOJICKCBI;

. denepanbHbIe 3aKOHBI;

. ykassl IIpesunenra Poccun;

o nocra”osienus [IpasurenscrBa Poccuu;

o IpUKa3bl, MUCbMAa M Tp. YKa3aHUS OTAEIbHBIX (hefepabHbIX MHHUCTEPCTB H
BEJIOMCTB;

. 3aKoHBI cyObekToB Poccuu;

. pacrnopsiKeHUs T'yOepHaTOpOB;

. pacnopspkeHns 0071acTHBIX (peciyOIMKaHCKUX ) TPaBUTENbCTB;

. cyneOHas mpakTHKa (T.e. mocTaHoBlIeHUsI BepxoBHoro u npounx cynoB Poccun);

[ ]

3aKOHOAATEIbHBIE aKThI, YTPATUBILHUE CUTTY.
denepanbHbIe 3aKOHBI CIEIYET 3alKChIBaTh B (hopMare:

®denepanbublii 3aKk0H OT [nata] Ne [Homep| «[Ha3Banue]» // [odUIIMATBHBIN WCTOYHUK
MyONIMKAIUY, TOl, HOMED, CTaThs |

3aKoHBI pacronaratoTcss He 1o andaBuTy, a MO Jare MNpUHATUSA (TMOANHUCAHUA
[Tpesunentom Poccun) - Bepenu 6osee crapele.

Ecam mpu Hanmumcanum paboOThl MCTIOIB30BANICA 3aKOHOAATEbHBIN COOPHUK WM M3JaHUE
OTJENIBHOTO 3aKOHA, B CIIMCOK JIUTEPATYPhl BCE PaBHO CIEAYET 3alucaTh 3aKoH (IpUKa3 U T.I1.) C
yKazaHueM OQUIIMATLHOTO WCTOYHWKA myoOnukanuu. Jlins ¢enepanbHbIX aKTOB TaKUMHU
UCTOYHHKaMH sBIsitoTCs: «CobpaHue 3akoHonarenscTBa Poccuiickoii @enepanumy, «Poccuiickas
razera», «Cobpanue aktoB [Ipesunenrta u [IpaButensctBa Poccuiickoit deaepanmm» u ap.
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OOmmii o0beM paboThl MOKEH cocTaBiATh 25-30 nmcroB. BapuaHT BhIOMpaeTcs mo
nocienHen nudpe 3a4eTHON KHUKKH.

HOCJIIEAOBATEJBHOCTD BBIIIOJIHEHUA 3AIAHUA

Jljis ycremHoro U CBOEBPEMEHHOIO BBIMOJHEHUS KOHTPOJIBHOM paboThl HEOOXOIUMO
coOroaTh ONPENEIIEHHYIO MOCIEI0BaTeIbHOCTh U METOJUYHOCTh B pabdore. B cBsA3u ¢ 3TUM
nepuos pazpaboTKu 1enecoo0pa3Ho pa3euTh Ha ATambl: — MOArOTOBUTENbHBIN dTamn. V3ydyenue
U paz0op 3a7aHus1, 3HAKOMCTBO C IIPUMEPAMHU U3 CIICIHATFHON U TIEPUOANYECKOMN TUTepaTyphl; —
NEepexol OT MPEATIOKEHHON CXEMbl 3[JaHUSl K ICKU3HBIM YepTekaM, BBIMOIHIEMbIM B 3aJJaHHBIX
MmacmTabax; — AeraibHas pa3paboTKa M BBINOJHEHHE YepTexel; — rpaduyeckoe opopmieHue
yepTexel, opopmIIeHHE MOSICHUTEIBHOM 3a1CKH.

5. YueOHo-MeTOAMYeCKOEe U MH(OPMAITMOHHOE O0ecTieyeHre JUCHMIITTHHBI
5.1. IlepeyeHb OCHOBHOH H /ONOJIHUTEJIbHON JHUTEpPaTypbl, HeOOXOAMMOM s
OCBOEHMS THCIMIIJIHHBI
5.1.1. IlepeyeHb OCHOBHO¥ JIMTEPATYPbI:

1. I[lyBaeBa E.A. MarepuanoBenenne [DIEKTpPOHHBIM pecypc]|: HEMETaUIMYEeCKue |
KoMIio3ulmoHHsle Marepuansl. Kypc nexuumii/ IllyBaeBa E.A., IlepmunoB A.C.—
DneKkTpoH. TeKCcToBble AaHHbIe.— M.: Uznmarensckuit JJom MUCuC, 2013.— 77 c.—
Pexum noctyna: http://www.iprbookshop.ru/56261.— 3BC «IPRbooks», mo mapoito

2. Typwmna B.}O. MarepuanoBenenue [DIEKTpOHHBIN pecypc|: MEXaHHMUYECKHUE CBOMCTBA
MetaioB. Tepmuueckas o0paboTka MerauioB. CrienMaiabHble CTAIH U CIUIAaBbL. Y4eOHOe
nocobue/ Typumuaa B.FO.— DnexTpoH. TekcToBble naHHbie.— M.: M3narenbckmii JJom
MUCuC, 2013.— 154 c.— Pexxum noctyna: http://www.iprbookshop.ru/56262.— 5bC
«IPRbooksy, mo maposto

5.1.2. IlepeyeHb JONMOJIHUTEIbHOM JUTEPATYPbI:

1. MarepuanoBeaenue [OnekTpoHHBIH pecypc]: ydeOHoe mocobue/ HO.II. 3emckoB [u
Ip.].— DNeKTpoH. TEeKCTOBbIE NaHHbIe.— Boponex: Boponexckuil rocynapcTBeHHBIN
YHUBEPCUTET HWH)XEHEepHBIX TexHojorui, 2013.— 200 c.— Pexum pocryna:
http://www.iprbookshop.ru/47426.— 3BC «IPRbooks», o mapoito
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